‘e3eHA6THO * 00002* -1 ALLOCATI ON OF RADI O RESOURCES TO PACKETS | N
ACCORDANCE W TH SERVI CE QUALI TI ES UNDER RADI O COVMUNI CATI mmm&w 5
BACKGROUND OF THE I NVENTION 1. Field of the Invention The ntion
generally relates to a radio communi cati ons system for carryi mgowout packet
transm ssion, 10 and nore particularly, to a technique of allocation of
radi o resources to a downlink packet, in conpliance with the service
quality of the wireless termnal. 2. Description of Related Art 15 It is

i ndi spensabl e for a W nekesAT LTI IRABTDORSSGYIE Tl BhogEFD real ize
mul ti media services to apgéopriatel control packet transm ssion, taking

into account the qudl ACFOBPARGEE \H SERYESE t (AL I IECe PEDBRROHY I&bpl i cat i ons.
In addition, it is expected igolfiEnttitic ZRVHRORIEFS Comuni cati ons

systens that information will be transmtted as packets through the network
having wirel ess links. One technique for supporting a wde variety of

service qqﬁlities required i%AEKﬁﬁ@ﬁﬁB d@ &%?e§§vﬁﬁ@ﬂygications systemis to
t h™the service

classify e packets in 25 accordance w't qualities required
by the respective wireless termnals, and to determ ne the transm ssion

priority for fhe, packet F sed on.the classification. One known
classificati o{rLf ﬁFe ‘%ﬁ%"ifzt % gré\ferfq.‘nlgn
The present invention generally relates to a radio

communications system for carrying out packet transmission,
10 and more particularly, to a technique of allocation of radio
resources to a downlink packet, in compliance with the

service quality of the wireless terminal.

2. Description of Related Art

15 It is indispensable for a wireless communications
system aiming to realize multimedia services to
appropriately control packet transmission, taking into
account the quality of services (QoS) that differs among
applications. In addition, it is expected in the future

20 wireless communications systems that information will be
transmitted as packets through the network having wireless
links. One technique for supporting a wide variety of
service qualities required in a packet wireless
communications system is to classify the packets in

25 accordance with the service qualities required by the
respective wireless terminals, and to determine the
transmission priority for the packets based on the
classification.

One known classification method is to set the

30 packet transmission rate to one of the prescribed rates,
such as CBR (constant bit rate), VBR (variable bit rate), or
ABR (available bit rate) in the ATM (Asynchronous Transfer

Mode) . Another technique is to use the Diffserv architecture
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30 packet transmission rate to one of the prescribed rates, such as CBR
(constant bit rate), VBR (variable bit rate), or ABR (available bit rate)
in the ATM (Asynchronous Transfer Mde). Another technique is to use the
Diffserv architecture -2 proposed by the I ETF (Internet Engi neering Task
Force). Under the Diffserv architecturep-the traffic type is roughly
classified into EF (expedited Forwardi ng), AF (assured forwarding) 1, AF2,
AF3, AF4, and BE (best effort). A DSCP 5 (Diffserv code point) val ue

rep][ fesenti Ng pHsodsienbiyf itﬁé mwla WQn]@@Snétanigﬂr&e&iﬁbgm&sﬂctmbmqg of the
traffic types. Based on.this classification, a packet is grouped into one
of the traffi%n‘?%é'g’el Ri5SEEeFY LeCRYF fie %ﬁr@g%dﬁﬂﬁ &GPEEgyf or
that packet. d0:ddiGikd $ndotEbl @xgrbiinbagréimraingy i oarbeiyward he traffic
types and the transnmission priority under the Diffserv _architecture. The

top priority FAFeRRBETD ahsmtBsi dif 3.s A§hvednd B] HEEE £ELYEH + dd DPEFwar di ng)
class. The EF(§] 888 rS cBa8dxd Oit)t RR1RRCKED r& LA iMNGNE Cfarit B 100 f

transm ssion, such as voice. The AF class has the priority next to the EF
cl ass, and wetldtQa$ ip}passuis dsFiement thagaoh Lf Ahe Erastic¢ styipesd for the
packet contai Qi vi.dea.da ad . Lre ea) =t i 191&%’&11'- i.0 such as
vi deo confereﬁ%:%&%rdnst%gégm&%%ﬁx—lfraftgggﬂg I,SALM ez;ctr égg If){Dl e tlglsclp?agﬁgts t hat
do 20 not conthithadatrafféquiypery irealccbrdants avisin sbeoperBEIquediky at the
same priority_Jleve h uter, that does not support the Diffserv
architecture.” uel%lgaglc%sgh%g %ascgfttt'o t he packets containing data that do
not requilte real -ti me FI&ndnissa drabl2bdAAindentibe eelatporsertivarg the QS
is witten i ntadélﬁnc% in the preesq:ri bed.fifl d ofi tr@_% hgg ler t%f a packet or
a cell. Based“oh SYPEENEIT i Et° ABSTRETIT BSRES o Lot ™S appar at us
cl assifies theipeodet arghaceotdancahe tbptbeiomagy teddsed viramsmiakidby, and
carries out transm ssion 30 priority . control when forwardi t packet to
t he desti nati dh.9FG" é?aﬁg?e& s{)‘eﬁ‘@@dilﬁe h Oﬁal‘rfdé'élPS/ ﬁrlgﬁ‘f‘tg[g}eu%g the top
priority i s giveds tia tRedEFo€l@&s parkpackequifidghecEF-timéfic type is
treated with the top priority. r -3 However, the above-descri bed nethod
may not exhi bFFERYESSEPBet SBFR i35 SREFE; HepeMdidtgosntehe RmRTIORRENt, if it
is applied ton&adiQ ¢PRMERAI 6844 HNINAS whlghbed Wy Fol@r dVPF fhssntevrartbRgUgh

t he packet transm ssion control apparatus classifies the packets into

5
groups and cofft dtlesshésorard BT tHhenBArket st Peiairgyvidredads that

required servigq, oual irkh®Stife EGRIsHEEsPbn desidiNaki 9Na88 W dHRHenBBY o ROL
recei ve the exact service quality that the destination equi pnent requires.
streaming. AF1l through AF3 are applied to packets that do

4

20 not contain data requiring real-time transmission. BE class
is at the same priority level as the router that does not
support the Diffserv architecture. The BE class is used to
the packets containing data that do not require real-time
transmission.

25 An identifier representing the QoS is written in
advance in the prescribed field of the header of a packet or
a cell. Based on this identifier, a packet transmission
control apparatus classifies the packet in accordance with
the required service quality, and carries out transmission

30 priority control when forwarding the packet to the
destination. For example, since in the Diffserv architecture
the top priority is given to the EF class, a packet of the
EF traffic type is treated with the top priority.



Y0 FIG 2 illustrates an exanple of the radi o conmuni cati on system The
nobi | e conmuni cati ons system shown in FIG 2 includes a base station 504,
whi ch functions as a packet transm ssion control apparatus, and three
wireless termnals 501, 502, and 503, which function as receivers or 15
destination equipnent. The wireless termgnals 501 and 502 are installed
with an application corresponding to traffic type AF4, and w rel ess
terminal 503 is installed with an application corresponding to traffic type

AF3 in the Diffserv argRiybeetUrene b?a%owedégé@i&@tﬂe%oé%p%fl FO

(First-In First Qut) transm ssion buffers for the respective traffic types.
When recei vi ngxlaipide Kds, ef fechaff istigntdl . SdPendings oRhehd RIKEronAeh ke
associ ated trapsyi ssi 1ffe .es Wl e traffjc t t he
addr essed ter%@na Sl?nge’ﬁgggéejé? ?110{30{1 e?g Shg'?c%%%ala% iI:%ein% t%g%btggg

stati on 504 awsidms avedi theegbutive dacsetherpaeidats ionocedtrel tappayather and
transmts dt dest.i I e i ;mowai ati-on
envi ronman% , %}gaeé“lf]lgfcla% t&hga%%&?%%q\glﬁhéﬁ%@%%ns Q%P EC? ﬁ%gvm&?el ess(_:‘(}:?»%lf

term nal s dif teandmicmmionepoibeity Waslked eachh¢ oosfuiaedneeesida equently as
time passes. In J¢[';1dd.i tion, the, transm ssion 1goonﬁ:li t gn%én?urgah as .pat h

condi ti ons or I/ Jeti'lfeesr'eﬁcé?c%ﬂ%% Oé:hgﬁaé.ln orcﬁqﬁlgpy, he Sﬁuan ity of

radi 0 resour cesceive rthed ekedqui set ifcer ghzipackett tthendessihanical so
fluctuates as tinme passes.  For exanple, it is assuned that the radio
resource to b&IHR efE 7 ansmi ssi on power of the base station 5 504,
and that gde transm SsiFaE.peWellist rlte@Cahedximp A3 faftle AFAdcd asses so t hat
the transm ssion ratio, that is, the ratio of the nunber of packets of AF3

to the number COHFMHRIEHENOFY 2R FCOMRE B UTOTY TGS LEARD) SYHALET SPRERT at ed
in FIG 3, thentFansm $ac00dbsf{ easkOskatifirdsed ashishor@scpiamicets A1

t hrough A-3 addressed to wireless ternmnal 501, which correspond to two
AF4-cl ass fi ePgketarirapaBikas s0B-cONHPdURPEF A Ud PESls ERT 8D Wik 1odiS8Ss

term nal 502, .uhholhial $81C0562SRARM 508, T WA A 4e A Snf b8l Hsceitt@ spaeket s
are stored in order of arrival of the packets. 15 In this exanple, AF4

packets ar®e rdestimation eHuipaEt stThe vArsbass ryrdaplsf SN Brd-92 B- 2,
A-2, B-3, A 3,8 Ao ibheother, hand; Lheot ransmssshainhuld alralres cAF3

cl ass stores %?éBkletss C1 tﬁr oughn %@% \%/%i c% corr es?%%nd Itlg tmprAaFBélcass
fields. The atrybPeAFérdad wirekese tAERipatk®d3 jss igstalped eixh @n3, ~and
C-4. The vertj| : h ;A Gapd {£pffsents the
transm ssi on %%%elréa(raéel(%ll F:ggr%%??rgg% m'ttt8 ?E%ﬁ%%&é@& S t§o tﬁge destinations.
Based on the Diffsenwssirchitattwreand the arrival order, the base station 504
tries to assign transm.ssion_25_ pawer p -y Brlr Bss 7 C1,
and C 2, 2golsrml t aneousl 3}.%% \a/v%%e?t?a as | %ﬁﬁs?%%ﬁa%qAn&ﬁth ﬁn Eii%tasgrb\géﬁl)red
transm ssi on poswsmissiehsbsef fietd diveoubley raspegriet ttoaffts etypackeibesxceeds
t he maxi mum transm.ssi Qn_po l.evel of t bas tati 504, rtion of
the packets (Fn°30" 118 & Bxﬁkggf’e,t%p?ag@? E?‘g?l%a%r@t %@g%ls vtgm? I‘rlécﬁggessary
power, and cobsethuenidsycibtadstiasmesdehayubfeurcorrehpording he the
predeterm ned_trapnsm ssion_ratio nnot .be maj nt.ai ned, In other rds, the
requi red seerﬁ% |Qyp§ 8§nﬁ%ﬁ ﬁégiessed germlnal oné by one in or@%r

25 of arrival. Then, the base station 504 assigns radio

resourced to the packet stored in the buffer and transmits
it to the destination.
However, under the radio communication environment,
the locations (or the circumstances) of the wireless
30 terminals differ from one other, while each location moves
frequently as time passes. In addition, the transmission
conditions, such as path conditions or interference, often

change. Accordingly, the quantity of radio resources



-'5 sat'isfied. For this reason, it becones inportant for priority

transm ssion control to allocate radio resources in a reliable manner,
taking into account changes in transm ssion paths, interference, and ot her
factors under 5 the radi o conmunications environnent. In addition, since
the radio resources, such as tine slots, frequency bands, spreading codes,
or transm ssion power, are limted, it is also inportant to use the finite
radi o resources efficiently. 10 The present invention is conceived to

overcome the abave-Ldeseri PRI PIoblemBandidsiiod 21838 ebhectals Lhetingyention
to provide a technique of efficient allocation of radio resources, while

satisfying theas®S. ce quality required for a wireless termnal in packet

transm ssion. 15 This @gaogggﬁ%%,B%q?ggogsg&gg@itqﬁghitﬁeapgéj'_cga}élsgu}gea

conventional system suc serv system that carries out packet
cl assi fi cati oho drel alilggeniedsivntyanisodissgosapva ofTehachiew esttadtdonbj ect, in

one aspect. of e i ng | t f l.Qcat i 1,0, Les0 es to
packet s aéﬁregégﬁ %’gﬂé?u%%?ngﬁggﬁﬁggg egém%%ﬁ%i%gFgg?é&%f%%fﬁédgﬁﬁhis
met hod i s cariFédclasseat sa baste tdHeattransmissigradiadioonibant ciat,i ahe system

Station: (b FRELbAP BT qUaPAFIBEe of the Wt o Bet Rt mtial o | ocat ed
in the servicgackes of hhe, heseonsdsatfoan asetwmni4/ayed; (c) the packets
addressed to the mnrel%gsiifag%ggﬂéé %&eFIG. 3, the transmission buffer
10 for AF4 class stores packets A-1 through A-3 addressed to
wireless terminal 501, which correspond to two AF4-class
fields, and packets B-1 through B-4 addressed to wireless
terminal 502, which also correspond to two AF4-class fields.
The packets are stored in order of arrival of the packets.
15 In this example, AF4 packets are received at the base
station 504 in order of A-1, B-1. B-2, A-2, B-3, A-3, B-4.
On the other hand, the transmission buffer for AF3 class
stores packets C-1 through C-4, which correspond to two AF3-
class fields. The arrival order of these AF3 packets is C-1,
20 Cc-2, C-3, and C-4. The vertical length of the packets shown
in FIG. 3 represents the transmission power required to
transmit these packets to the destinations.
Based on the transmission ratio and the arrival
order, the base station 504 tries to assign transmission
25 power to packets A-1l, B-l1, B-2, A-2, C-1, and C-2,
simultaneously. However, as illustrated in FIG. 4, the
required transmission power levels simultaneously assigned
to these packets exceeds the maximum transmission power
level of the base station 504. A portion of the packets (in
30 this example, packet C-2) cannot receive the necessary power,
and consequently, transmission delay occurs, whereby the
predetermined transmission ratio cannot be maintained. In

other words, the required service quality cannot be



30 classified into two or nore groups based on the communi cation qualities
of the wireless termnals; (d) buffering delay of the packet is nmeasured in
each of the groups; and -6 (e) if there is a group that includes a packet
with the buffering delay at or above the threshold, priority for allocating
the radio resources is given to the packets belonging to the group that

i ncludes the packet with the 5 buffering delay at or above the threshol d.
This method is effective in the congested state, where the buffering del ay

of packets issapisfied.negbeasgidtrdaienhase Sédnean iopertime macept abl e del ay
time. By giving transm ssion priorit¥ to the packets classified in the
group 10 that PFHIifdesranpat OMICCRTERE BRIfFEASTTCdERAP RRSOUTRES 10

threshol d, transdiisyieNmdghaY, kiR PhEY et iIntMhkBgeoNLICti ng _
transm ssion control in conpliance with the service quality of the wreless
terminal s to WRRHYSSdOpaBRERS, didexzdgrensed.ants atherhEretes NeEes gr oup

t hat inclqﬂes¥ﬁep@§i§g Winfnlin I £ Rif @Rl Rgokigd Ry, at or above the threshold,

the priority for aIIocatlng the radi o resources is given to the packets
addressed to the wirel é8saddipioml $ingei nge| AdC cesAUARFeat iBIThgaal iti es.

20 This arranggﬁgqho an ggéﬁgggu;Q%nhggﬁﬁgggﬂﬁgkt%ogg ragio resources that

can be alloca to thé pac t owar maxi mum radi o resources of the
base stati on. trdnsrisstionepygwer f ardeedémitedptita igr edpot bepoitagitudesuae packet

with the buffgring del ay_at or above the_ 25.threshold, the priority for
al I ocati ng thgh?a f%gfeﬁgg%%e%eﬁ%?ﬁﬁe3eﬁgg%§%?é}l dckets addressed to the
W rel ess 1erm nal s havitThg prgdhart cdowvennioat loncauesdivedeso dhdrscomer ahgenent

can increase the nupber ,of packets that .can be transmifte ith the limted
oty ot C st etER ke B Rae st acna BT than B BchThatide radio
resources, itinvertgiodr fonpdowhid Rerechfi guée sof efffikienhend]l Ipewttiohyoof radi o
resources left for a current packet. di o [ esources are

[ L f the r ,
i nsufficient F& RESCYFFERt SatifEY A 9'S SEGUFERTHHE I | ocated to

anot her packetedel @Qifg Lowihel AR GHONPL 1M pRRREhet rasfticisioh .t he
invention, a base station 5 that allocates radio resources to packets
addr essed 0 TRITIHESOUEERNP RS HioRateghrHaihelsePPeea} a9 € provi ded.

The base st at Lo &ARNLSESystem, such as the Diffserv system, that
carries out packet classification and transmission priority
control.

To achieve the object, in one aspect of the

20 invention, a method for allccating radio resources to
packets addressed to a plurality of wireless terminals is
provided. This method is carried out at a base station in a
radio communications system. In the method,
(a) a threshold of buffering delay is set at the base

25 station;
(b) the communication qualities of the wireless terminals
located in the service area of the base station are
monitored;
(c) the packets addressed to the wireless terminals are

30 classified into two or more groups based on the
communication qualities of the wireless terminals;
(d) buffering delay of the packet is measured in each of the

groups; and



(‘fa) buffering delay threshold setting unit that sets a threshold val ue of
buffering delay at the base station; 10 (b) a service quality detection
unit that nonitors and neasures comruni cation qualities of the wirel ess
termnals; (c) a packet classification unit that classifies the packets
into two or nore groups based on the negsured conmmunication qualities of
the wireless termnals; 15 (d) buffering delay neasuring unit that neasures
buffering delay of the packets for each of the groups; (e) a transni ssion
priority det er(ﬁ)' nad i‘cf(maﬁénié.'fs &ngouizﬁttﬂalﬂ _mﬁsllgcneldfra PacRret onitly ﬂhyl .
transmtting ackets based on huffering delay neasuring result of the
buf fering 20 BBEQ‘%‘%%#?MgaEn‘H ,a%or’(ec?iﬁﬁa?l?’é%?g%dt'hpﬂ%r’tw g9l d; and

(f) a resourcgabtdeaig @neUnhdiid hddsatirkagal esgihm adicRer Ss@kEEES to the
packets in accordance with the order of priority. This base station can

efficiently aPPoRRIET KO 2ber @R rdvduipesudes tHhe packet swhddrtdssed to the

wirel ess ternm,paks: G @Ak Yat 0sat BN thber skt . area, while considering
the radi o conmuni cati'on environnment, such as the degree of congestion,

whi ch affects the conmifiicampbhoduid iafifec3dve fin Hdiee coaoas trdgratierh
buffering del gy. pEashr ngﬁﬁgtdﬁay%faiagx&w%t UeSEOl thodldid, Hihe

transmission priorify deternination-unit-gives transSnission priority to the
packet s i ncl utkd bhasq Isgagionpover thehecbaptabringladelvagime. By mEasngi ng

result at or i h val ue, | NGl Vo e r rc

al I ocation un??g?r{%%{ﬁé) I éggggis htgo &gﬁi égg)géstgéuPc’g‘é}}séstlgggﬁeﬁgg%:h?et%go}lﬁcI uded
in the group whét idvdudesf er packetelvdy-hmehsubufifprieguidelay orexalinee the 5
threshold valug, If there_is not. a up with buffering,del ay. measuring
osult at o ST ChrBSROTHTu e, ek b e RS S Dy or ty

det er m nat i oncondiictginée x rhhamns$d S8 @dnRELDI ik Yednplliihecpagked scHencl uded in a
group correspondin nication quality. The resource

to 10 . a | r cqQ .
al | ocati on unF‘FrYJr‘?estqu&I}LIlG}fa?g\gﬁi%é’ﬁr& FoSr £8" ¥iechd€et s i ncl uded

in the group peckesPped agdteside. | ower conmuni cation quality.
Alternatively, if there is not a group with the 15 buffering del ay
measuringt¥esult at or IEbSVETENES MteShgFa R aFiRE NG UEPAR RAKSn priority

det er m nat i onyfh ttHERYuSiFE 81 hid ANSIES SitOBrPEb&Fd thd @ntBshprekate i ncl uded
in a group correspondi ng to_a higher comrunication quality, In this case,

the resource BFI®EHEY dRTuAlLofFatinig dheokaddl F9reursdrolodeivrcéseto t he

packets incl ugdgdidtl (RRr85088 COT{HSRAREN BYs 192Nk 0REY1 £PMBHI-cat | on
quality. Preferably, the resource allocation unit determ nes whether there

i's sufficientcopamicarion eealbtieSources available for a current packet.
IT the ragy o 25 resour s saLe L NSdidiCicgAt nb 0L thancurtent packet., Lke

resource allocation unit allocates the radio resources to another "packet
bel ongi ng to radigaesoyreap. tIBR ERIDESCRI PI¢OMAOrOT HES DPRAWNGS tegard

the maximum radio resources of the base station.
Alternatively, if there is not a group that
includes a packet with the buffering delay at or above the
25 threshold, the priority for allocating the radio resources
is given to the packets addressed to the wireless terminals
having higher communication qualities.
This arrangement can increase the number of
packets that can be transmitted with the limited quantity of
30 radio resources.
Preferably, when allocating the radio resources,
it i1s determined whether there is a sufficient quantity of

radio resources left for a current packet. If the radio



FIG % illustrates the relation between traffic types and transm ssion
priority in the Dffserv architecture; g FIG 2 illustrates an exanple
of a conventional nobile conmmuni cations system enploying the Diffserv
architecture; FIG 3 illustrates an exanple of transm ssion 5 buffers
storing packets in accordance with the_gl.ass of the Diffserv architecture;
FIG 4 illustrates the relation between the transm ssion power required for
packet transm ssion and the maxi mumtransm ssion power of the base station;

10 FIG 5 ill gstsates arcexaspt® Qfend E3di th& WTRHRNEAbAOKe Y SIRIMrhQ: ¥hi ch
the present invention is applied; FIG 6 illustrates the structure of a

base station F®SUHIGES £RE ptERAHeT FPeARPERET Pagksti balonsing o rhe
illustrates tglgmggja&;ﬁtd_on flow of allocation of radio resources according
to the first enbodinent of the invention; FIG 8 illustrates the relation
bet ween the transmi ssi di poaeher efifiacddof orhpadkE@ntiipansai Baiomtandonhe 20

maxi mum t ransm. Ssi o i r dj first
enbodi mantéof E@tl‘%g %}\?%%;elgt%ngﬁ%ere%%??%éﬁ%%s t%g ggﬁ%%lérél)es%%%bet ween t he
conventi onal wvechigsguaeandneéhe ¥agestedeahotherssrviicet heea el aitprmvibdetdween t he
transm ssi on power_ requi.t for packet 25 transm ssion and the maxi num
transm ssi on 'g%?/verasef %'té t‘igrésée)om aslegﬁ; FIG 10 illustrates the operation
flow of all océt) dufifferiadi delasahreshoadcsetiitgy tmithehsecoeis eanbodi nent of

t he invention; 30 Fl 11 illustrates th el at,i bet ween_the transm ssion
power requi relﬂh’f%ﬁ‘hoﬂgcV@iu?r%ﬁ%ﬁgﬁréﬁgaﬁﬁi?%eaﬁ’r%%enﬁﬁf? &% on power
of the base stofidatteedyiglity deeeseiondueidatiarrenbndtotdandivent i on;
and r-10 measures communication qualities of the wireless terminals;
(c) a packet classification unit that classifies the packets
into two or more groups based on the measured communication
qualities of the wireless terminals;
15 (d) buffering delay measuring unit that measures buffering
delay of the packets for each of the groups;
(e) a transmission priority determination unit that
determines order of priority for transmitting the packets
based on buffering delay measuring result of the buffering
20 delay measuring unit, in comparison with the threshold; and
(f) a resource allocation unit that allocates the radio
resources to the packets in accordance with the order of
priority.
This base station can efficiently allocate the
25 radio resources to the packets addressed to the wireless
terminals currently located in the service area, while
considering the radio communication environment, such as the
degree of congestion, which affects the communication
quality.
30 If there is a group with buffering delay measuring
result at or above the threshold value, the transmission
priority determination unit gives transmission priority to

the packets included in the group with the buffering delay



FIG 12 illustrates the operation flow of allocation of radio resources
according to the third enbodi nent of the invention. 5 DETAI LED DESCRI PTI ON
OF THE | NVENTI ON The present invention will now be described in detail in
conjunction with the attached drawings. FIG 5 illustrates an exanpl e of
the radi o communi cations systemto 10 ich a radio resource allocation
techni que of the present invention is applied. The base station 1 covers
the area in which wireless termnals 10, 20, 30, and 40 are | ocated. These

W reless ter n;ing%é&i]n% %%Eggghaéo?lara%o%ngg t@rgr s%otlﬁengﬁ‘rg. 15 station 1 via

radi o conmuni cati ons. € base station 1 allocates radio resources, such as
time slots i nAGEMA1idglequeheyrdmmokden aEDbatsqr eaditngicstiesl iava@es, and

transm ssi on wer_of the hase station 1, .tpo the packets addressed to the
W retesetor ERBT A FRRBBRRONS 1A RECKER GRS LENE (e 51 on
power of the haske Sabiufieting ddlne akadutong heeppaekatsor asb@re exanpl e of

the radio resources. In FIG 5, while termnal 10 is receiving i mage data
fromthe basetRfsE? Ya'B&rminal 20 is receiving 25 control data for a

canera. Simlarly, termmahes3d, iMHdh aabgsoup Urttd PurFsrangedsial conputer,
is receiving data fromthe_base station 1, and term nal 40 is making voice

communi cat i onMeaRIRENdG TRFPEE R atds AR¥esthactiresheldt HelpasElse $08t i on 1.

The base st at i findniGHIRAH B850 £ CRIteehi Al ord Lﬁﬁrtvggeegu@&aiﬁsvni@%&@ﬁti on
unit 102, a transni ssion Eomer etermnation unit 103, a quality range
setting unit RPOYOTHHY teatRetPetkels fincabfied imia JrosP FRerdEnding: ten 1

al so 10 a lower communication quality. The resource allocation unit
first allocates the radio resources to the packets included
in the group corresponding to the lower communication
guality.

Alternatively, if there is not a group with the

15 Dbuffering delay measuring result at or above the threshold
value, the transmission priority determination unit may give
transmission priority to the packets included in a group
corresponding to a higher communication quality. In this
case, the resource allocation unit first allocates the radio

20 resources to the packets included in the group corresponding
to the higher communication quality.

Preferably, the resource allocation unit
determines whether there is sufficient quantity of radio
resources available for a current packet. If the radio

25 resources are insufficient for the current packet, the
resource allocation unit allocates the radio resources to

another packet belonging to the same group.

BRIEF DESCRIPTION OF THE DRAWINGS
30
FIG. 1 illustrates the relation between traffic
types and transmission priority in the Diffserv

architecture;



rr -11 'conprises transm ssion buffers 106 and 107, maxi num buffering del ay
measuring units 108 and 109, a required quality acquiring unit 110, and
buffering delay threshold setting unit 111. Furthernore, the base station 1
has a 5 transmission priority determnation unit 112, a resource allocation
unit 113, a transmi ssion timng determmation unit 114, and a transmtter
115. The transm ssion buffers 106 and 107 are of a FIFO type. The receiver
101 receives a packet addressed to a 10 wireless termnal |located in the
area, and supplies thergacketiln:dtietbcansndsmpgle PEVRr coetaidbonalli on unit
103. The packet, contains informati onﬁ/%such as tel ephone_npunmber or the IP
addr ess assi ghet 1% FOFEUREFRFENS SYSHPRafTPI B INDERE P M The desti nati on.
15 The servi cgréndddoyirdet ection unit 102 constantly nonitors and neasures
t he communi cation quality of each of the wireless term nals 10 through 40.
The communi cation qual F&F-i Actikistrasgs p8 PrermRLenicfe T #RSM TS PS i ssi on
pover requy reg,ffl-d RePARE SIALdQN ih0aLESRSAde thenPaRKEL1 {3 e tRQ
wireless termnal, receiving quality (such as SIR) at the wirel ess

term nal, theDietsdny pgcbiteetynstie at the wireless terminal, throughput and
packet |oss of the wrehess,t e/ Ild3l tc8t fre THE SOH BE-HMAL 14, detection
unit 102 outputs the neasurenent resazlt to the transm ssion power 25

det er m nat i ontxamsmik@3 ocandover tiwrgual fyr reagjeetsetrenagissian 504, thhe

measur ement rrﬁé}%“r&mn‘;oc%g's,ﬁﬁsé{‘& L AGRL LY Lf gLt is%gt%nth.e associ ated
wirel ess terninal. THS tFansnt ssiron power “determ nation Unit 103 determ nes
the trandrd ssi on power FlIéveb ikipdtredesoatrexmsmlite 3@ &heagirket to the

addressed wirel ess itcertrii nal , based ogl.t{;e acket eggpgllq_iredtfgnoqst he recei ver
101 and the cOMRUMICATOR FUATTY omERdGR e o P A e SeriV e St y det ecti on
unit 102. To &spIawds preci se, every time a packet is input to the -12

transm ssion power determ natjon unit 103 fromthe receiver 101, the
transni ssi on power det ngﬁ: ngti'}o]ﬁ’ﬁfrﬁattefogh? o%wchblrret ﬂg egﬁ@%f‘oPesul t
that has the sammidierthet yréséod makieanias idaipgiartai ned in the packet.
Then, the 5 transm ssion power_level to be allocated t??thi s packet for

transmission to the def§tfnafi bhysrddesr IifcPyaddd ol PhePhssoci at ed

nmeasur enent rgsibdat iRl o@Xa8m & rdsbulrtbes Cosramieat ikenthdlatidgt supplied from
the service quality detection unit 102 is good, the transm ssion power 10

det er ni nat i on®TRRIIMERF &t Ehe WHENEiCPansm ssion power level for this

packet. In contrast, ifrrkhescommuiGakkoBh8uadidthdnSpBehedlP0the the
transm ssion power |evel is set larger. The transm ssion power

det er ni nat i ont¥ARIMLEGSOBuPPVERr e rget EPFi PRIk ZNIRFBEITPHAREr thevel , as
vel| as 1he Paekelud 3800nt Do SOTACEE! O BiAd Litarlon lA10-AR0KE o

classification unit 105. The quality range setting unit 104 cal cul ates the

average of cobmtinficst embgdanent &f dhet hevertieness ternminals 10 through 40,
based on the output frefsthg ?Plrd’ét‘};r%tgga{hé)/c&ﬂaa%tﬁ LHofdlY tepl02, to
or

determ ne the quality ranges the transnission buffers 106 and 107. In
thi s exanpl e, ceteerieniat y tecmjeruse enidnghanf irstoembetsmentuial ithg range at or

above the averagg for pbEADS S8l QUL EL: d09:0vad r8GhErdn B4R hkxbEnge

bel ow t he average Ttor transm Ssion
25 transmission and the maximum transmission power of the base

station;

FIG. 10 illustrates the operation flow of
allocation of radio resources according to the second
embodiment of the invention;

30 FIG. 11 illustrates the relation between the
transmission power required for packet transmission and the
maximum transmission power of the base station according to

the second embodiment of the invention; and



25 Then, the quality range setting unit 104 outputs the quality ranges
determ ned for the transm ssion buffers 106 and 107 to the packet
classification unit 105. The packet classification unit 105 distributes the
packet to one of the transm ssion buffers 106 and 107, based 30 on the
communi cation quality and the transm ssijgn power supplied fromthe

transm ssion power determnation unit 103, and on the quality ranges of the
transm ssion buffers 106 and 107 supplied fromthe quality range setting
unit 104. -13 To be mwaoGe prefisgstratesythé pdlaipackedwcdmssification
unit 105 receives a packet, together with the transm ssion power |evel and
the communi ca®tHFfiQn P, TR HM TGO UEFER AT BRI SReFact i nat i on uni t
103, the packgtb&iGleaasSbli eRt i B dHHibnl05 determ nes which quality range of
the transm ssion buffer covers the detected comunication quality of the
packet. Then, the packet classification unit 105 sends the packet together
with the necessary transgpssiren ggg\@hﬂlﬁ&ﬁd oForhRergahechrd buffer. 10 If

t he conmmuni cation quality output fromthe transm ssion power determ nation
unit 103 is at or above the average of the comunication qualities of the
wireless terninals 10 ihroyglsdl. {hRRICKSH:1S RENbe! Godifhndpred In the
transm ssion buffer 106 in association wth the 15 transm ssion power | evel
det er mi ned t od&easliinalcbe]finectidre wdehethedatiaghad dapwbnogudIiG.y5 If the
conmuni cat i on, gual i utput fromt rapsm ssj : erjg.natLon unit
103 i s bel ow %ggu%tvrtea\r{_‘aege%gt %éanm 0"hee O;%géf%& r?@%t?&%&%%&h@% - nrgéC %%sglgon
buffer 100 i nwakslod ataddn wesdutdee allanshissitech2iqgpewef tlewvaresent
correspondi ng,to the detect eij. conmmuni cation quality. In this exanple, the
packets are grolpEdIhes £RB Jg‘?cgups, nanely, a group at or above the
average and a group belmhw bhee aytedtaign. 1Thevens ktHes drebongiwtgidlo t he forner
group are stored in the transm ssiqn buffer 106, and.the ckets 25

bel ongi ng to VHeSH&RS é?rerﬁf‘ﬁﬁfns are <Por e'i"f’f“élh‘léj BrEnLAFEETOn TEIL?FFer 107.

The maxi mum by{ f&€rd g téemaya 1easHrdnigubii 10 | Hfe conskatéd yrdreasubaset he
bufferi ng1 delay of the | eading packet stored in the buffer 106. The

buf f eri ng-del B % He Va8 FRAEC RATMHG 1a55eRF whiNSe PEAR PERKEA™ Has been

stored in theybiddfles Thaipeassaddauf EaehNgs dely shstouiputpMag t he
transm ssi on EI‘I ority determnation unit 112. Siml arlé%t he maxi mum

buf fering del 8yeHHaRAy PAgduRR tFDMo eomsedRRY yoodes1AnnEBMAr % he buffering
del ay of the £?§%ﬂ%sﬁ%ﬁk§é\w|§f ¥ednnphbe Ydfen 107 oapk Qs the

measuring result (1.e., t ongest buffering delay in this buffer) to
transm ssi on pddessed dot ehei winglessutprmingls 5 0TRarpegli 4&d Iqugbhet y

acqui ri ngquni ko 119, aeguipes, Lhe seMlge 9‘9@#&4 Gl BIULT O {14, Lhe wirel ess
termnals 10 t%rouglh 40.  Tn this exarrplg, the required service quality is
an accept abl eatledcatead e ohe cpadkedfs,t he nretam e efntheal ®adithe buffering
delay thr esholf,?sag}ctésng unit 111 sets a 10 threshold value of the | ongest
acceptabl e burfering delay of the packet in the transm ssion buffers 106
and 107, based on the deq@ilGedS sethiilee tquminal €Y dis rheewwingd dowgeer m nal s

i rel eas t or niet SH FRPCRRTE A0E R L hES FRL B Por BT T e ashol ¢
setting Wit dditmsel eatts &ot ha esadrd . vaimeladly heeshonaksio asdgphabl e
ngLle; Iegg del gysosofuanscttignsgg i gfalerts%%a?.i E’Q%S&tesre,r \é.isc?:e leJJ".a‘xlle.Igg}/ cﬁ"f:far %:@E)rlny

the base station 1, and terminal 40 is making voice

communication.

FIG. 6 illustrates the structure of the base
30 station 1. The base station 1 comprises a receiver 101, a
service quality detection unit 102, a transmission power

determination unit 103, a quality range setting unit 104,

and packet classification unit 105. The base station 1 also



Based 'on the maxi mum buffering delay of the 20 | eadi ng packet neasured by

t he maxi mum buffering delay nmeasuring unit 108 and 109, and on the

t hreshol d val ue determ ned by the buffering delay threshold setting unit
111, the transmi ssion priority determnation unit 112 determ nes the order
of priority for transmtting the packetsstored in 25 the transm ssion
buffers 106 and 107. The resource allocation unit 113 reads the packets and
t he associated transm ssion power |levels fromthe transm ssion buffers 106

and 107 one byoame;sd2a%ednsRisNtorPu@irbly 64 eidd Ned, biak N r ansmi ssi on
priority 30 determ nation unit 112. Then, the resource allocation unit 113

al | ocat es t hePv&ERBINGR S6LREBLADIRING PREKEt 10h ghplPand er s eche
transni ssion ﬁggfm %%te%ﬂﬁermﬂeqlfoqr ah8i 5. PAGKeL, aans, sUpRIdres at he

packet, toget . ‘he -15 val ue of the transm ssion power |evel

al l ocated to sétsingnerét, 11d. thiertheanmomesstiom hase sgadéecer it iBon uni t
114. The t aj r S i ; i es rried out
by the trgs m%%igljs()nﬁ's%ﬁ':agr P? {L/Ogi%gt%ﬁtﬁlgﬂéﬁ%%%&sr#riq'ctlﬂﬁén%u%%sgo%rrggource

al | ocati on unatlddsiwn unbe kPl & rednbelissiom HEmtingndatssnior ttiom ng
determ nation _unjt

14 out puts_the pack to,the trapnsnm.tter at a
predet er m ned“tt ']r%L.’ @B ngréﬁaerﬁﬂln efhgiﬁag%% ?Crtaﬁlsm?Fséhsnn‘i l{]éetlsgrfw 10
transmts thelpacdet 100 ke afldh esiFed typeel ess term nal (destination).
Next, explanation wll be nade, of t al l ocation of .the radi o resources
based on the first and T%&cBﬁﬂebmdi%ﬁeﬁteg.elY%s t%é’%&ﬂ%@\?‘ﬁﬁes@?ﬁe afli on,
the transyy sswofeldsdukipifallfoctddl@h 8he aeasiaababhypIaderyned to as

group-1 buffer and group-2 buffer, respectively. In the first odj nent ,
The Ty anant sePeRkDh ot by BETETTA SR ROGRT (CAEF RS (Wek Dot S8t or ed

in the transnpssion ddchens 108omamlby. (5héen packelispadte esaakt @r2@hthe
wi reless termnals having comruni cation qualities at or above the average.

| f the bufferFREHEIesp Fsiared iithg paerbesyitesminghy £&%i num buffering

del ay) is equahed©: BfinyOREEr abdahddient hreshol d value of the buffering
del ay set by the buffering delay threshold setting unit 111, the 25

transm ssiton power |ev&he @hFehce sTuad isyadprection Maifald FuWdEnsdy, is
al located to rtnﬁr?i ehdl He%??zéé SRR A if ey q%Q@ié& & highebs
e buff cket

priprity. If t ering delay of the |eading pa I's shorter than the
t hreshol d, t hehe thieralegssiessimnl pdlethrevealt 4Gbr Thige coBmiRi¢adsOmr ce) is 30

ormuni cat i or At T e e t Rt dok AR L IofpaRa i BRer g the
oper ati ons of redriiocat ifog the bash ¢tedesour testimuesoidi thetpachet ftor she
20 wireless terminal, receiving quality (such as SIR) at the
wireless terminal, the receiving error rate at the wireless
terminal, throughput and packet loss of the wireless
terminal, etc. The service quality detection unit 102
outputs the measurement result to the transmission power
25 determination unit 103 and to the quality range setting unit
104. The measurement result contains the identity
information of the associated wireless terminal.
The transmission power determination unit 103
determines the transmission power level required to transmit
30 the packet to the addressed wireless terminal, based on the
packet supplied from the receiver 101 and the communication
quality measured by the service quality detection unit 102.

To be more precise, every time a packet is input to the



-'16 enbodi nent. The transmission priority determnation unit 112 determ nes
whet her the maxi mum buffering delay of the packet (that is, the buffering
del ay of the |eading packet) of group-1 buffer (transm ssion buffer) 106 is
equal to or 5 greater than the threshold of the buffering delay (step S101)
. I'f the maxi mum buffering delay of packet in group 1 is at or above the
threshold buffering delay (YES in step S101), the transm ssion priority
determ nation unit 112 10 gives top priority to the |eading packet of group

1 so that thesAdindsEe6QUbGHRer AckbifindtiACcainae 103t Pidm l@rdi-Bgepasket . The
resource allocation unit 113 all ocates the transm ssion power to the packet

of group 1 intGonpheaftansiissicheraeesrdf idisadérnornyl ildSi dpokst &pr S102) .

15 Then, the {1RSQULCErahtRCatdn cURKhbL Ik ct%ersmnee%m?f@er there is a
remai nder resource (i.e., transm ssion power left by subtracting the

t ransmi ssi on vof\%?ﬂaéllpbc% gehato copsapaekein dghegpaaet- f'-'ﬂmﬂ,t rEemaxi mum
transm ssmn 0 re.are no
% N%He%&ié.g &%&%%3?8 6%] d1891ceR £3408) - 1A% c‘kgi‘? ! ??fﬁ

nmor e resource e process termnates ere are
resources st |ttﬁaﬁselfltSS(LQ‘ESt¢ rnthet eles€108fion He deseumired|dazest bonthwit 113

| h buf f
T07) (stop SHAACARIC AR pPORsEe SEoptlniteh sesnbler e BRE Shand "1t i

step S101 it dcsmnimb.eani.mchuaha.ttyt hepphkédnimdoutther sagvidsd apadftyyhe | eadi ng

packet of gr s_bel ow t he .t hres n SlO t he transm ssion

e ori ty dor ASEEiBnTIRE (10 S PORE. pHibr PRIt 59 S Bcket s | n g1 oup

2. The r egourderctiminaaibownuniit t10318e8s | Hcaias thenémmdmwgrpbm1 | evel

(i.e., the radio resource) ta the ;gackets é)f rour;gm in npllagce with the
th unlcatlon ity

det erni ned pri®r ity S(BRERCS108) COntraTt qua

is not good, the transmission power level is set larger. The
transmission power determination unit 103 supplies the
determined transmission power level, as well as the packet
15 and the communication quality, to the packet classification
unit 105.
The quality range setting unit 104 calculates the
average of communication qualities of the wireless terminals
10 through 40, based on the output from the service quality
20 detection unit 102, to determine the quality ranges for the
transmission buffers 106 and 107. In this example, the
quality range setting unit 104 sets a quality range at or
above the average for transmission buffer 106, and sets a
quality range below the average for transmission buffer 107.
25 Then, the quality range setting unit 104 outputs the quality
ranges determined for the transmission buffers 106 and 107
to the packet classification unit 105.
The packet classification unit 105 distributes the
packet to one of the transmission buffers 106 and 107, based
30 on the communication quality and the transmission power
supplied from the transmission power determination unit 103,
and on the quality ranges of the transmission buffers 106

and 107 supplied from the quality range setting unit 104.



Then, 'the resource allocation unit 113 determ nes whether there are
remai ni ng resources (transm ssion power |eft by subtracting the

transm ssion power |evel allocated to the packet of group 2 fromthe

maxi mum transm ssi on power 5 | evel of the base station 1) (step S106). If
there are no nore resource left (NOin_ggep S106), the process term nates.
If there are resource still left (YES in step S106), the resource

all ocation unit 113 all ocates the resource to group-1 packets (step S107),
and 10 the process ternnBéasord ifeec8beangyddGidR théusddiaite the rel ation
between the transmi ssion power required to transmt a packet and the

maxi mum t r ansfaSS1EHCaEher Wit HOShaseetyes ivmackRte e TheFurdsh BaRket s

1-1 through l:6 %@ s34 8hCHowdr AleRMdR- dndStidlfd@imundBdt Dakpls 12yl ERgRUIN
2-4 are stored in group-2 buffer. The Iength of each bl ock (packet) in the
buf f er represEif SHERSMILEFEPN FFORGTaASHPERIRAT ISR LEeyYs r dd'q ®ackahsnit the
packet. Ifg i 891019 i & gbtelmi ehr-nedut haty 3Q hegexi mum
bufferi ng'sdel %’assf)s?. é groap-ul lp%él?et d%itcée.l,%e hbuffglrl(lg ng y(.jel él Igo t he

| eadi ng packethd -trpnsmibelow hufferhcevhvs dihedegeictedi sogivndigattdonhe

group-2 packe (s r i g r 1. SS} ) s r 1 SSi on
power is firs L§aalslS| gtr?éfd%ﬁ% %%}{?Z{'s%%-e%’?ﬁ?%t%?k%?4?9£§£%ﬁ%&qﬁgt gﬂEZnS in
FIG 8A |If theF edmsissthel packatsiiogsicbar poitgr thef heaéssaryt he all ocation to

t he packets 2-1 thr.ough 2-4, the. r inpng transm,ssi ower i s assigned
to group-1 paEﬂaerfsgl(stsggP ?%"&%If gee"’legggot#%%ssrﬁls?ﬁscg% %%ggerlg)‘ as long as it
does not 1®xceed t he malifnthe t¢amsmisaitdon povelidyevealkpot fiwen kase 30 station
1. If, on the_other, hand, it is eter.m'Jéled in %HE{B S101_of FlI 7 %hat t he
maxi mum buf f eFFHFHEPAR oPOe AR FSTTLPAERE Y Cat V3 t2v €T RECYRr Esfol d,
then priorityavéragjevelf the lSormuriilte tgonududl ifdelsebs, taadrivelrsgi Ssi on power
is first assigned. tQ packets 1-1 through 1-6, ags illustrated in FI G 8B. |f
there is transPA&diads powehrowgh 49t ERStPRekaY d6afPBh 7 Ak StPERSMRsi on

pover to packeds thrahshiiE UGN dutert 6B ntd¥sJcarmi BhNGi¢H alkeni ssion power
is assigned to group-2 packets 2-1 and 2-2 (that require greater

transni sdion BRARSTISEIOPORYHS ISV edoBS AT 8tk £0d PPN HERH HRuCE T BRg i ssi on
pover |evel ofetdiaasemptiRidfMNioh hhBity. i14 Ul abRRUSIIRAILS allaDetyeen
the 10 conventional technique and the resource allocation nethod according
to the first QWIS fEAR Bhe tHATSNIEAE PRy SedrAgL bRkl o aitonOBetSeen
the transm ssyof,,payer a{;eﬂaﬁé,edcr{?w thb APSMSST1QN s@bre@cketiheand the maxi mum
transm ssion power |evel of the base station. In the 15 conventi onal
met hod, whi cht¥anssieasonnbufiter dif7 dnagssrcisftipnGridgh theyisianssispipower ,
which isan examl r agdj €5, 15e Hd1Reatad LRnRacketsyi n order of
arrival 021?) tﬁ% pacﬁggél(gg£?§%?‘%%88?oc# %a(j g’n% E).cTrﬁTé resour(rzle
al l ocati on nmequmld tof. Thethissmample,i hrerpaaketss ashogrouped Hatei grie
drawi ng, which_ js. catrj ou r _the sj ti it..Js.d i ned
that the maxi AETHAST ?‘Slr“ugg 'aéelif}%g’f até'r §6p%61&%a§%§t égug‘ég%éelaéfv‘f tahgkig{%geshol d
in step S101 loéldw GBhe7avénagdi Theapecketansaliawiiog powehe iBorajelrogaden t o
group-2 packets A. B, .E.and F,_which 25 i at t.hansmi.ssion power.
't there s (TEnSHEE ok pover RIS Ter Hid 4 Fogat foh T RS group- 2
packet s, 25he belnaiginggtor ains nisHean gpouprars sosiednegd the paskeni€sddn gr oup
1, which req irﬁé Iggﬁ transm ssion power, as long as it does not exceed
t he nmaxi mum tTansH $si'on power |evel of 30 the base station 1. Wth this
arrangenent, even if t[rRerea®imind@uiffansng séelay measurbegomres 308! | (t hat
is, even if the total level of transm_ssipon p r assjgned tQ packets
becones cl 0se“H EREHaRERIM S zfﬁ?ng%?%ﬁl% aP’thEI Jdgef %ter“f‘éllng

packet stored in the buffer 106. The buffering delay is the

30 time having passed while the packet has been stored in the
buffer. The measured buffering delay is output to the
transmission priority determination unit 112. Similarly, the

maximum buffering delay measuring unit 109 constantly



-'19 base station 1), the remaining transm ssion power can be still
allocated to nore packets that require snmaller transm ssion power. This
nmeans that the total transm ssion power assigned to packets can be

i ncreased closer to the 5 maxi nrum transm ssion power |evel of the base
station 1, and consequently, the efficiLggcy of allocation of radio
resources is inproved. In the first enbodi nent, base station 1 nonitors and
measures the tine-varying communi cation qualities of 10 wireless term nals
10 through 40neadigh<l @bsi bhSearKabapdst egied chaihfepadus @%orb@rpnal s
10 through 40 into two groups dependi ng on whether the current

comuni cat i ont%éqqftf)?rogoéac%ﬁci OUHPHAF FRAdISSUREJdatet e (ihethetBfea
covered by the,bass $h@kbPingd dehlG RACKRLs adiiesgedot ordhdm sWibal ess
termnal with current comrunication quality at or above the average is
stored in graplarigyt ferermmatiien pasketladdressed to a wirel ess term nal

Wi th current conmuni cati,Qn g{ﬂgjl' t nvar k r I; roup- 2
buf f er 10% In additi otr%'?lgtﬁe afsetedyg‘{ag??)é\% e@?%lgﬁggétﬁfe@fmgﬁgmm

buf f eri ng del dye cferyipacieal ities argriissd ofpbifleerwitobess ftarmdnahgi him
buffering del f.a,packet _J.n transm ssj ff.er .1 £ac exceeds
the threshol d ‘Tfoﬁleqh t4ﬁé Elgs%ﬂls axl%(r)nﬁrinf’ g#@%spet)@'lll%re |dt g%%l%'ngﬁ %%gégt s%in
group-1 buff esin fcepteblal dokst itiget bé ¢acinsi $hieonipelwss t2rmbihalbe

maxi mum buf fefin ay in transm ssion buffer 106.is | ow the threshold,
the base stat %%qﬂ’%%:efgflgaﬁ%%ya&&efhg?r%%%ﬁﬁr?siuf}ﬁlcpymoﬁrse[ fhe packets in
group- 2 huf f ethddsholdnvhbee congdst edngeat eaodwytabl bebibse mng el bgrong
del ay of a packet in transm ssion buyffer 106 exce the 3Q threshold, the
backat s in b EeRAetn IS ROE B O VO TRtanap S st ori iy PRSBRIGeat i on
of transm ssigie pRRAredhsSr@ldcARGENE DL € F ARV @Akel £ SHERENANsdE) ay, and
real i zes transm ssion _control in conpliance with the service quality - 20
required by tﬂér%‘-’fhel‘lgssIfeﬁﬁ rFﬁq}‘l_‘Fﬁdas%‘fﬁ%eor%‘ééf-&ﬂeét%ﬂtfef,erpgﬁﬁ'@ts in
transm ssi on A LrEntOwi réfd £ He8alhk 8s a1 @raaiRighduent thenh aher adi o
resources for transm ssion, are %l@ven hi gher priority in 5 allocation of

transni ssi%on peiaringr fetay Hrashoddt PeRCHIT tUndits M §sPRIPPSEWEr to packet s

in the transmssdon1Rulh ehe 10F +HNSHEERBL D NG ABTET 59 AL REWEE1LT

assigned to the packets in the transm ssion buffer 106, which require |ess

radi o resour c&s dortot pahsafy sihen highest aserinigemene létn Pindengdyt he 10 tot al

| evel of tra@é%%stiegr] power assigned to packets toward the maxi num

transm ssion power |evel of the base station 1, as conpared with the

conventional techni queBageion Weodauseuwnfbuffarimgsdebay ppivdhe n an

ef fici ent,yman : r%gi l,qcation 15

w il be te%?pl a?‘%([adcf' ngg?%\?vké{;ﬁnt esgﬁ%gcgggggénbo |lr¥le%Ir?t EE;{? ﬁ%lhtcrsga?se %ggsi on

priority det eneasmtingnuoibttlQ8lanchédRs @@ qradket shseshald ivialuke

transm ssi on ffer. 7,..N I h a I d ; i

termnal s hav?%%]e%éﬁ#gnp%aﬁgegr?ﬁqffg ?Pgeéggée‘fot\?ﬁ% ggggesr%%{el&gﬁl&?rﬁeﬁl’

buf fering 20 ted eyraobmi heidregdiing ipgcletefmimtionhennexiifimciethtnesng

delay) in transm ssion buffer 107 s ual tq.or eat er, than.the.threshol d

val ue set by THe BAFFerfrg tEisy CRFeChBr T seitind "B Tc kT Sehesd oF

transm sison fiveiranshishios Wt fexanpbe aid tiog.radi o resources, is

allocated to the 25 paﬂglet in the trlinsrq__ssi on bﬁgiggr 10% a,chl a_hi Qhﬁr

priority. 1f the bufferfigt ¥ Hy of tAE* Fdi Ny et®3E shi§r PEF*Than t he

t hreshol d, thew tihe teaoshitssd arapemess{et gdverr adiels el ey is first

all ocated to the packets in_the transm ssion buffer 106, whjch has a

conmmuni cat i ontfEMEFLS0 %Tf{ﬁrsaﬁggea?ﬂeﬂgl)%g y one, basdd €1 0RS
priority determined by the transmission priority

30 determination unit 112. Then, the resource allocation unit
113 allocates the radio resources to the packet in
compliance with the transmission power level determined for

this packet, and supplies the packet, together with the



FIG 10 is a flowhart show ng the operations of allocating the radio
resources according to the second enbodi nent. The transm ssion priority
determ nation unit 112 -21 determ nes whet her the nmaxi mum buffering del ay
of the packet (that is, the buffering delay of the |eading packet) of
group-2 buffer (transm ssion buffer 107y 5s equal to or greater than the
threshold of the buffering delay (step 5 S201) . If the maxi mum buffering
del ay of packet in group 2 is at or above the threshold buffering del ay
(YES in step $20d9 .off el LaassmSH i PbWeEi 1avdletanaaabd ofb Whits 112 gi ves
priority to the | eading packet of group 2 so that the 10 radio resources
are first al B (6 FEPSW%‘P’@@lﬁ&cké‘!‘ln‘ﬂﬁet@é@éﬂ%éo%lLlrééhtlllén uni t

113 allocates the transmisgken; RYWIrdc@s5hsr PRCKRIT 18h OF OktRe Zddd
conpliance with the determ ned order of priority (step S202). Then t he

resource al | oE@3ewirasnicErIigd dettedyl #BS BandisRd,Ont REFQTHEE remai ni ng
resour ceseﬁ( aﬁetefnl[ FTbAShAM: ‘%ranldefthebi‘essé@crea%tliﬁgaﬁf% tf3sHy §Si on

power |ev ocated to the packet of group 2 fromthe maxi mum
transmi ssi on pbherbd explladhed Heelyase station 1) (step S203). If there are

no resources |eft (NO| Srt?%tas?%\;%)éonzgl{n?%&é%%ﬂiﬁ%‘%%nt@l{l”ﬂ nayes. If

there are resources sti In’S resource allocation
unit 113 al | ccatmstd hher paakeat ngp rehsotireesmitotdrhd 1paek et spradegreaminéd(t he

transm ssion puffer 6 step .S20 and. t he ess_term nat 25 On the
ot her hand. i UMy SRR 6RF v Shee P et (I EACSERT Hur U1 f or i ng

del ay of 1the teatinigspatkepacketgrimuph? bddbed o thieel bsestmdnd nalo i n S201),
the transm ssion priqrity determnation unit 111 gives priority to the
packets in gré‘g‘f)s‘%na%ﬁ D esource allocation unit 113 30 al locates the

transm ssion power' (1. ®extl hexpRtHar ibaS QUL T e tirdeherparkedSlafatgbaup 1 in
conpliance with the determned priority (st 1P S205). Then, the resource
al | ocation unPt 3 T@EEer AERRETCES PasgHetReti Hers tafBd r $5RAT ng resources

(transn ssi oneReyEimdnekt b SdtIAGbvAEgt BRo1drdNSENSSERE PaWRimilseY6h
all ocated to the packet of group 1 fromthe maxi num transm ssi on power

| evel of Yhe Pakkesst étol6oﬁn4)lq7sta§§ goeBFiomatky MeErETEA et N AT §S6UPTEs | ef t

(NO in step S30Ffer tRENGLBELPS AGESR L eLBEpatESelf. there are resources
still left (YES in step 82 % the resource allocation unit 113 allocates

the remai ni ng resour cesnt §he h@l@%@ab?dwéwét sthss ttapnepbygiotam iokétyr ocess
termnates. 18-£lG;nb1A oﬁngnﬂ G121 LBelkbushd aﬁa%]éetﬁ‘% E%f’éd o, Rekween the

transm ssi on power require transmt a pac ket and the maxi num
transmi ssion pmmml@rsmnebbéé@r stOt,i oameln, tiHes eackgts eaddyrasiest §01- 1

through L6 apg. Sdl%r %%S%Pt%{? _113 '?l‘éfvﬁﬁ& ?&Hﬂnﬁ%%lﬁ%ﬁ %ueh tél Qugh gz4 are

stored in group-2 er. e 1 engt each block (pac in the
buf fer represame tithe beeeage)f higig mmsﬁfmr}mw@dayeqﬁl tleej Jtaﬁdtllnansm' t the

Eﬁ?]l‘(gl nlgf delg a‘%%ug{ packe lh%m bﬁflﬁér%ﬁ}e%glg Eltlogg?éIcn[mtmhe
| eadi ng paCkeIOdgém hhsnbehewtmﬂﬁﬁhold value of the bufferlng delay set
by the buffering delay threshold setting unit 111, the
25 transmission power level, which is an example of the radio
resources, is allocated to the packet in the transmission
buffer 106 at a higher priority. If the buffering delay of
the leading packet is shorter than the threshold, then the
transmission power level (or the radio resource) is
30 allocated to the packet in the transmission buffer 107
having the communication quality below the average.
FIG. 7 is a flowchart showing the operations of

allocating the radio resources according to the first



threshold, priority is given to the group-1 packets (that require | ess
transm ssion power), and transm ssion power is f~rst assigned to packets
1-1 through 1-6, as illustrated in FIG 11A. If there is still transm ssion
power left after 25 the allocation to the packets 1-1 through 1-6, then the
remaining transm ssion power is assignedgto group-2 packets (that require
greater transm ssion power) as long as it does not exceed the maxi num
transm ssion power |evel of the base station 1. 30 If, on the other hand,

it is determ gachdihedkePTHE Ode Mardils@ioh Opt 1 thh@eMB¥h AR LM faring del ay
of a group2 packet is at or above the threshold, then priority is given to
t he group-2 paeteuminegnuhethers mhssmgnipendpufieringpdetay f ddsi gaelleto
packets 2-1 t 2- as,, 4 i b=k o Lf i

transmi ssion B@%ﬂ? Séf#hgf?%ﬁféﬁﬁﬁb;?%ggﬁl§%nﬁé% %%%gl?éé%%ﬁﬁégigﬁ power to
packets 2-1 téwougti 2ufferhéerrantsmisemannbuifemaddni ¢si emgbower ors assi gned

O o Groun- 1 BACKELS ol BR BALLNA oo 16,4534 A0SIY SElaR powery as
| ong as it” dog€s hot. excee he axi-mum tr ansm ssi on power 4 evVel ~of the base
station 1. Insi®i .second enbodi ment, base station 1 nonitors and neasures
the tinme-varying conmunication qualiti of 10, wireless term.nals 10

t hr ough 40, and cl assi ﬁfegﬁﬁﬂmhﬁgiggéw 6 eogli PRTEs FePRPHBI s 10

t hrough 40 inioid war @roupsveepandhiresholaieifRringedelsy e(HECAmEHEpat i on
quality of each termnal reaches the average in the area co,verei by the
base station “?Ll.OLI’h_e e kBRI H S e BT BT 5E 5j%errgﬁl§§§l?ré_r9ﬁlﬁall ith current
conmuni caty ong Ok idoy Bifri@pae thlelayelmgdckes!t 6Fegrdup Ar edpthabuf fer
106. The packet addressed to a wireless termnal with, current commrunication

qual i ty bel owtheFadior §8orecatisy £dreh gt BRRED P! ERLT 024 R%BEFEEBN, the

base station dndetiir-Besai A8 orrehium PyffialdagedetRy Wlamdmiaskseh in
transm ssion buffer 107. If the nmaxi mum bufferi ng.del ay of a packet in
|l

transni ssi on BRHRertol6her paekris odr JEREBelsIN ROMPALEBABI WL I #8E the base
station 1 gi vescdWililekt ¥rhiQr tdie pqqglé_gtt?f (D8 a4ppz buffer 107 when

al l ocating the transm ssion power. t he maxi mum buffering delay of a
packet ird%ransni ssi onTbahf ekhe sioyrpel ahledrticny eshbl Hl3 tdatapmdaest at i on

Lfirst all ocgles Lhe,LransyiS3ianAauer 10, Lhe Rackel st grauped buffer

106. In the congested state ere the maxi mum ering el ay of a
packet in trapsmsdiedit buf $ertrQTiegectbdsttdremilsséshopoyer lvd lggekeds in

transm ssion puffer p% k%rgfgé% o‘?ilg%*ii gush Phd Uodivedn" F Gl 496 tFSQePf
transm ssi on power. I'S "afrangenent “can prever’m‘t transm ssion defay, and
-24 realizes ¢f atisribaseontaoidn dl) i(stepnpldBnce with the service quality

required the wirele rmnal. In_a_non-congest t . packets in
transm ssi‘on buffer 102?f %ﬁ?ﬁ% arre(':'qﬁ’ior ré‘of:%sléesqouuzf%te’lst ;ggﬁ ﬁ\gicgil&prsgse urces 5
for transm ss§10B) ,ardegpreceds gleamipatesi t Yt itheakel acat respuwdfceisr ahshi ssi on

power. After the al)aqcation of_ .transn ssion power.to the packets.in
t ransni ssi on iﬁﬁg e&E%Oéfl t %prsélT%a'Sr‘ii %eﬁ?ﬁ% 'C§sf-’%ﬁ1°ﬁ%€ie?rpiu§u§:s§?‘gned to
t he packets ialldmtdasanigl sesatrdasf er tAd pasMutcinr ggomp €2 a(theeat er 10

quantity of radio resqurces_for transm ssig Thi s .arrangenent can assign
the transmi ss?WsﬁH\ﬁéﬁoPoblé%E%rW@aéﬁE?g %ﬁoﬁﬁos?flgl he (%‘?%c@c?&ent ly, nore

packets gan beeinfiaas@stted under the limted quantity of radi o resources,
and the throughput can _increase. Since the transm Sﬁi ]c_)n, )
On the other hand, if in step S101 it is
determined that the maximum buffering delay of the leading
packet of group 1 is below the threshold (NO in S101), the
transmission priority determination unit 112 gives priority
30 to the packets in group 2. The resource allocation unit 113
allocates the transmission power level (i.e., the radio

resource) to the packets of group 2 in compliance with the

determined priority (step S105).



15 power is assigned to the packets requiring a greater quantity of radio
resources |later, inprovenent of the communication quality of the
destination wireless term nal can be expected. hf the conmmunication quality
of the wireless termnal is actually inproved before the allocation 20 of
the transm ssion power, the |evel of trarsm ssion power assigned to the
packet can be reduced. To this regard, the transm ssion power can be used
even nore efficiently. In both the first and second enbodi nents, the base

station 1 determnes thfeayathéYrdstiGRef Q11608 1draReAkS 81 9t dridhbars 106
and 107 taking into account the average of the communication qualities of

various typeswBPLRGT ANess BEP nt BRI INEN FERRUEH SO AIHFBREBLSH TR RS er i nal s
10 through 40) s AGGPIIRGE ¥t i hhe RAGKEHSM AL &5 $RMek01Lh81 TRl @3 ed
termnals 10 through 40 are classified evenly into two 30 groups, and
stored in theteotheqsekgitngft geeimis diron boe freasimipe taATSIOSS 0Nt PoWer
unevennessy; Next.; tdye i pd.g 'irg;lntl)vx,i(lchelges cribed. Although sone
wireless termnals are classified into the -25 same group, the

communi cation quality Jdff chehewirelnssgorer neseirasarlieds 4N¥Oairmesttedm n range,
and accordi ng th u i of i.Q_resoprges all gc th acket
addressed to %%%6Mﬁﬁgﬁegggf%¥%{%§%%b§$8ﬁgigg'@53fthga%%Sg“%%%ﬁﬁgé?so
varies at a cekefai (fESarigest8y 3k )ng theeresottme \wdlbakttbon iumidoiddni cati on
qual ity and quantity of .radio resoyrces over a gertain_ra nor._e

of 11 ci ont al | GEA T DI P alr SOV e o gEORE hBTHE. (Eveh 1107 adres

resour cesicanohé eSS gaeditdtes packet addressed to a certain wireless 10
term nal due to |ack of_ _suf ichggtégyagtiti t hose r%dio {espurces may be
assigned to another pafk&r BAdPRELIF t §Bahbl R atis &N8sEetarifithal bel ongi ng

to the sanme gp&tieer thieherbhimis S0 dowent reqiieied &di Or&LSOL GEpacrAHOt be
assigned to a certain packet, they are allocated to another 15 packet in

the same groupRdFils MEXiMUMAtFInSRSSLPNSROYEN S | HESoBaPat F g OFor 1D

al  ocation of thagh o ilesedr CesclrsEPndiingnt-eudher thiard eabosh NBNigrolip-1 he
flowchart, "n" denotes the nunber of packets that have been subjected to
t he det erf naPrbfef PG RABKPEY dHertdrareh ahiv? ridd §TPESBUIR S OAWPAE| abl e to

the packet, "Nrelenoties §REPRXMUNAUBDEEK OfpRACHSt SntARd BaEdre subj ected
to the determ nation, and % denotes the nunber of packet stored in the

transmi ssi on bePfesentphé&heetavelnaf( NrBRsSME aHkes OPNSTWREGHENRS TOs t he

smal | er one beiyween N.25 e The resource allocation unit 113 first sets
n=0 in a countger or the bé??t%h menory (not shown) at the beginning of the
operation (step S301). Ifhean step r8ddurdefaE| otatitoAsudetemineagettbati nes

orml lor than’ o8 cve e Ve SEPe B =0T R s dabieeld BRFERE R nperls
further deterpufitsrinigetkréayt bErtharleadangrpaikety ésdlr tesbala Ithiel e for the
current '26t199é‘§%et1d§,5§§90§§ )is givgpetgu%iqtr%ugt rﬁé" e d SSQN5EES
required to transmt the corrent packet s smaliler tﬁa Jf e rag;ﬂo resour ces
remai ni ng by sedptizctliamget heralsneadyiocal poeat)ed ardditoanesbagices pbwem t he
naxinunlradioigegﬂ%ﬁgggsigned to packets 2-1 through 2-4, as illustrated
25 in FIG. 8A. If there is still transmission power left after
the allocation to the packets 2-1 through 2-4, the remaining
transmission power is assigned to group-1 packets (that
require less transmission power) as long as it does not
exceed the maximum transmission power level of the base
30 station 1.
If, on the other hand, it is determined in step
S101 of FIG. 7 that the maximum buffering delay of a group-1

packet is at or above the threshold, then priority is given



5 of t'he base station 1, the resource allocation unit 113 determ nes that
there are radi o resources available to the current packet. If any radio
resources are available for the current packet (YES in S303), the resource
allocation unit 10 113 allocates the radio resources to the current packet
(step S304). Then, the value of "n" isdigcrenented by 1, and "n+l1" is
stored as a new value of "n" (step S305). The steps S302 t hrough S305 are
repeated for other packets in the transm ssion buffer until n reaches N or

until all thet&&lﬂ.ﬁ@i’@h@ $t paeKets) taha bubheisyienspbjveet £ figstthe
determ nati on. s det er m ned sggg S302 tha&%n reaches m n'(:]N, B),

that is, if a‘iisthﬂfdpé:@kgﬁg ¢ the &U‘FP BEer1SHBFETTSY o FE

determ nationger if thereaghesrdhsnik@nodOpbirer Picaesstber thdatiascathen! arger
the "N' value, the longer the tine the resource allocation unit

requires for P hethsh ANSHASS BoR HWS#PS@?@F?%I%& FRYOBERe U6 AEB8Rdi ngl v,
it is pref5eragllg fé?na‘i%@.ﬁ?etEg&?sn\’l%éi%n %3 wdl i@@s@gghgﬁotéw the

real -time 25 characterisfic of the systemor the application. "It "N' is set
to the nunberpatkqiecketlsasdo?edl (Hhathseanars rdisiten bupnanission

det erm nat i O”pbéef e%esa 8f Jol4 JE%JdOte@enB@Cg)?+% d “Ehtehﬁ gimm ssion buffer.

If "n" is set"to zZero resource allocation unit 113 does not
conduct the 3©r@te&t1@r3ﬂmat pomewkﬂavteér ofhthe kase rsdditéonetources available to

the packet. In this rra?}rigr yfﬂ%g ra%egeé&gﬁ&lpsg}%k%tet%gg@o{hé eceive radio

resources due to insufficienc he Ta resources, the radio
resour ceslamyc@waiﬂi@@aﬂ.eﬂecmm lrad pheked¢saimmssihfiledatipnt ethade group.
Accordingly, all the s adi oL esources 508 Uednel thebentdy,
regarding the relation between the transmission power
required for transmission of packets and the maximum
transmission power level of the base station. In the
15 conventional method, which is shown in the left drawing of
FIG. 9, transmission power, which is an example of radio
resources, is allocated to packets in order of arrival of
the packets (order of A, B, C, D, and E).
The resource allocation method of the present
20 invention is shown in the right drawing, which is carried
out under the situation where it is determined that the
maximum buffering delay of group-1 packets is below the
threshold in step S101 of FIG. 7. In this case, transmission
power is allocated to group-2 packets A, B, E and F, which
25 require greater transmission power. If there is transmission
power left after the allocation to the group-2 packets, the
remaining transmission power is assigned to packet C of
group 1, which requires less transmission power, as long as
it does not exceed the maximum transmission power level of
30 the base station 1. With this arrangement, even if the
remaining transmission power becomes small (that is, even 1if
the total level of transmission power assigned to packets

becomes close to the maximum transmission power level of the



Al t hough in the above-descri bed enbodi nents the 5 packets addressed to
wreless termnals are classified into two groups based on the

comuni cation qualities of the wireless termnals, the invention is equally
applied to the case in which the packets are grouped into three or nore
groups. In addition, the third enbodi neRig_can be applied to 10 a case in
whi ch packet classification is not conducted. In this case, the

determ nation shown in FIG 12 is carried out for each transm ssion buffer.
As has been des<d idredisdhove, {he reeRNHIhEatiabndWahbhi SSwe M’ skess
termnals are constantly nmonitored and 15 neasured, and packets addressed
to the wirel e35tkledilAgPEedr e AI0FEs PAFEALS Nt ts &faHPAFe gFRid$hased on t he

measur ed qual { £4:8%i slsRohNBok@ngestiadnakal erihen@paskel scan@RE16R stay in
the base station over the acceptable buffering delay even if the maxi mum
radi o resour cR&it @s§388¢d pke MEAkPtRoFaRibasHigrrAgdt AEOTRNIT® thSources is
given to the ﬂé’ﬂnﬁﬁr@}ﬁ&:ﬁﬁsxﬁ%@n LS Evanasmeal besefdeligke 11 Nang

preventing transm ssion del ay, ile carrying out transm ssion éontrol in
conpl i ance wi tdnsdmiendiyi ceheuefficjeneyudf el tprathenwhf efaski® ternminal to

whi ch the pac ' ddre In the non-congested state, radio
resources ar e‘l'S%lordsrtsc%l ?(%ngﬁ[g%m{eo%ét he packets addressed to wreless
term nal s havi ng | ower Inohhanficett embqdahent edbasthatatson thengpatkess

requiring a greater %antjélt_l%/ ,é).f r_adio.resourcues fgn tran rriisséi on), prior to
al I ocating ratfi® TESTIFEeE"T o~ ¥Ie Y367 pRE KT L Hd&rE 8B (T4 WiE8I &Ss

t er m nal g.chawingelhkisgheerabnammildatthabughadd | iesl clhatifsss tdaekpasket s
requiring less radi o resources, fQr transnjssion). This .arrangenent can pull
Up the total TRFRITS GP TATIB-¥S66r CETTTIARS dBn tBEouet AP ALAVRd to ¢ he
packets cl osegtqugshelefaxd dhgn dradine thegodli€ esurdfentthechasel &itdionon. To this
end, the radio resources can be used efficiently. Alterpatively, in the

non- congest ed &L, OFf aBR0" S-S EE DG c ES2FRSS b AVEL2dF | Yt thed 362t he packet

addressed to MFedRBS Byt ERET RS JHAviBE DI ohed ereunidatdeual hties (that
is, the packets requiring |l ess radio resources), prior to allocating radio
resour ceddt o PHEKESS 268 ERZe IS WIFEPRE SCIBHRHLIFRFSOh N NG WoRksr OF

communi cat i onaHial ithieegvéPZzé hat sedrelinen RAckl3 beEBEF i NG 2 Tgkeat er

quantity of radio resources). This arrangenent can increases the nunber of
packets that RA®kal FASHPESRE, tarnd vésRseemicFRTMANaLhEl thrSUgRRk is inproved,
while effici el liShigoh heugj]aidayo btegswwel@@savéfag@d%tw&ed tin greypest ed
that the 15 conmunication quality of the wireless termnal that is

cl assified irnoufferd d@ér fuarddirignouphedyadre Stepiovet drfasmminekethacket

addr essedf 0 L1y s HREPSS: LI oeSa asiuald ol kansHldJadn Llurkhe

communi cation quality Is I nptfoved dependi ng on the conmuni cati on
envi ronnent, 10 ldditbe2BaxsuoubrésSeaihocdelay o6 rhpaphrikdm addressed to

this wirel ess.eigdingl oh Syt eAlicate a0dchhe JAUALASOLLL %Al lged or e

efficiently. I's patent application IS based on an ains t enefit of
the earlier ftimengthat basé Stogidnesd paventprRBrapyl teathempadket3002- 060726

by ror orenne ar S5 plRfef g firpdnhf1b3a lnd U BLEAR AR, LBAGEPOT &t €

25 If the maximum buffering delay in transmission buffer 106 is
below the threshold, the base station 1 first allocates the
transmission power to the packets in group-2 buffer 107.

In the congested state where the maximum buffering

delay of a packet in transmission buffer 106 exceeds the

30 threshold, the packets in transmission buffer 106 are given
higher priority in allocation of transmission power. This

arrangement can prevent transmission delay, and realizes

transmission control in compliance with the service quality




1. Anethod for allocating radio resources to a plurality 5 of packets
addressed to a plurality of wireless termnals |located in an area covered
by a base station, conprising the steps of: setting a threshold of
buffering delay of the packets at the base station; 10 nonitoring

communi cation qualities of the wirelessyherm nals; classifying the packets
addressed to the wireless termnals into two or nore groups based on the
nonit ored comuni cation qualities of the wireless term nals; 15 neasuring

buf fering del ayqofrddheypagkalsrdiQsseachbmpPhat he groups; and if there is a
group that includes a Eacket havi ng the buffering delay at or above the

threshol d, giving priofft§ RR-GANGSEAEANG AR PAGKETP DU MIGSLAR
packets 20 behoaginggh0 FRLEh 9 Er%hﬁg?%%%ékd%ﬁghﬁgtﬁa&f(eﬁaﬂ%v' ng the

buffering delay at or above the thres ‘nethod according to claim
1, further comadwioeg fhe Pransmissebn,idre ven Sigher spifibytyupnt hat

giving the prioi o Pay DB PSR, Malh Phe Pl Bt s
addr essed to timnamiseliesspowsmmtralpsckhats nin | dwertrd@spossion datfifem 107,
qualities. 3..Jhe gethod according;te ghalmily Justhes Compld ghngelle
in the transmission buffer 106, which require less radio
resources for transmission. This arrangement can pull up the
10 total level of transmission power assigned to packets toward
the maximum transmission power level of the base station 1,
as compared with the conventional technique, making good use
of transmission power in an efficient manner.
Next, the second embodiment of resource allocation
15 will be explained below. In the second embodiment, the
transmission priority determination unit 112 checks the
packets stored in the transmission buffer 107, namely, the
packets addressed to the ratio terminals having
communication qualities below the average. If the buffering
20 delay of the leading packet (i.e., the maximum buffering
delay) in transmission buffer 107 is equal to or greater
than the threshold value set by the buffering delay
threshold setting unit 111, the transmission power, which is
an example of the radio resources, is allocated to the
25 packet in the transmission buffer 107 at a higher priority.
If the buffering delay of the leading packet is shorter than
the threshold, then the transmission power (or the radio
resource) 1s first allocated to the packets in the
transmission buffer 106, which has a communication quality
30 at or above the average.
FIG. 10 is a flowchart showing the operations of

allocating the radio resources according to the second

embodiment. The transmission priority determination unit 112



-30 step of: if there is not said group that includes the packet having the
buffering delay at or above the threshold, giving the priority for
allocating the radio resources to 5 the packets addressed to the wrel ess
term nal s having hi gher communication qualities. 4. The method according to
any one of claim11 through 3, 10 furtherpiconprising the steps of: when
allocating the radi o resources, determ ning whether there is a sufficient
guantity of radio resources left for a current packet; and if the radio

resources aredetstifrics emethor the mxiaumnr Boffaackedelal| of atli@achetr adi o
resources to anot her pa kehg?glon iqgato tEe saqﬁi rroup. 5. The et hod
|

according to ¢FBFMLS g 13Y Phet™® 89oPackgtlerCtal | ocat i ng

the radi o resgubges? tousifhe paskeisifalanguiget 0L1EAI dsgequrl timtord ncl udes
t he packet having the buffering delay at or above the threshold,

det er m ni ng WHEBREST diiplofthenthFeshard edotihe Rubharisg Arlay (8P at t he

base station; gapghyif any of the radio resources are left, allocating the

remai ni ng radi o resources to the packet bel ongi ng to another group.
If the maximum buffering delay of packet in group

2 is at or above the threshold buffering delay (YES in step
S201), the transmission priority determination unit 112
gives priority to the leading packet of group 2 so that the

10 radio resources are first allocated to this leading packet.
The resource allocation unit 113 allocates the transmission
power to the packets of group 2 in compliance with the
determined order of priority (step S5202).

Then, the resource allocation unit 113 determines

15 whether there are remalning resources (i.e., transmission
power left by subtracting the transmission power level
allocated to the packet of group 2 from the maximum
transmission power level of the base station 1) (step S203).

If there are no resources left (NO in step $203),

20 then the process terminates. If there are resources still
left (YES in step S203), the resource allocation unit 113
allocates the remaining resources to the packets in group 1
(the transmission buffer 106) {(step S204), and the process
terminates.

25 On the other hand, if in step S201 it is
determined that the maximum buffering delay of the leading
packet of group 2 is below the threshold (NO in S201), the
transmission priority determination unit 111 gives priority
to the packets in group 1. The resource allocation unit 113

30 allocates the transmission power (i.e., the radio resource)
to the packets of group 1 in compliance with the determined
priority (step $205).

Then, the resource allocation unit 113 determines



30 6. 'A base station that allocates radio resources to a plurality of
packets addressed to a plurality of wireless termnals in a radio
comuni cati ons system conprising: -31 a buffering delay threshold
setting unit that sets a threshold value of buffering delay at the base
station;, a service quality detection ungythat nonitors and nmeasures
comuni cation qualities of the wireless termnals; 5 a packet
classification unit that classifies the packets into two or nore groups

based on the {RathEEdHRHRECAMDIhiGdRbEbEEced (dianwhi el ess dovied nal s; a
buffering delay neasuring unit that neasures bufferi ng del ay. of the packets
&

for each of thBEHIBUFIPLTEGCEIRY dfhitEansRip?ich iRYredet 8V R tidstedi t t hat

deternines ancgreigd Qfciil BFI §¥oldOr 3RS PhE thNdint e tRaRkRISsRasedwRl
buffering delay neasuring result of the buffering delay neasuring unit, in
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of priority. 20 7. The se station according to claim rein i f one of
sai d groups héakenhthealpaweeshetermigsttelsd d&t ehewnatcomeanircgackstld i ncl uded

R R L S
, priority
allocates the remaining resources to the group-2 packets
(step S207), and the process terminates.

10 FIG. 11A and FIG. 11B illustrate the relation
between the transmission power required to transmit a packet
and the maximum transmission power of the base station. In
these figures, packets 1-1 through 1-6 are stored in group-1
buffer, and packets 2-1 through 2-4 are stored in group-2

15 buffer. The length of each block (packet) in the buffer
represents the level of transmission power required to
transmit the packet.

If, in step S201 of FIG. 10, it is determined that
the maximum buffering delay of a group-2 packet (i.e., the

20 buffering delay of the leading packet 2-1) is below the
threshold, priority is given to the group-1 packets (that
require less transmission power), and transmission power is
Arst assigned to packets 1-1 through 1-6, as illustrated in
FIG. 11A. If there is still transmission power left after

25 the allocation to the packets 1-1 through 1-6, then the
remaining transmission power is assigned to group-2 packets
(that require greater transmission power) as long as it does
not exceed the maximum transmission power level of the base
station 1.

30 If, on the other hand, it is determined in step
$201 of FIG. 10 that the maximum buffering delay of a group-
2 packet is at or above the threshold, then priority is

given to the group-2 packets, and transmission power is



di ves transm ssion priority to the the group with the buffering delay or
above the threshold value, and the unit first allocates the radi o resources
to the packets included in the group with the buffering delay nmeasuring
result at or above the threshold value. 30 8. The base station according to
claim?7, wherein, after the allocation_ghk_the radio resources to the
packets included in the group with the buffering delay neasuring -32
result at or above the threshold value, the resource allocation unit

det erm nes whefhel Jdi@hRedr €o IR theSour eesodff L-atl sbei Dasg skaki op, and
if there are remaining radio resources, the resource allocation unit
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one of sai'd groups corresponding to a | ower co Aicatton qualmll y, and the
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cordi

quality. 20 1 “ANE S5 A88 T RYY T Seclsé:fa%l%r,l wherein if there is

not one of said group Wntbhé he=doid embogidelay Haeasytatton esulchiabrer above
the threshold value, then the transm ssion pri ori% det erm nat i o? unit
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base station gesgididRgeh@ifdy drihethBer ehd dille-on@seumaen addaeat i on unit

determ nes whether there is a

quality of each terminal reaches the average in the area
covered by the base station 1. The packet addressed to a

15 wireless terminal with current communication quality at or
above the average is stored in group-1 buffer 106. The
packet addressed to a wireless terminal with current
communication quality below the average 1s stored in group-2
buffer 107. In addition, the base station 1 determines the

20 maximum buffering delay of a packet in transmission buffer
107. If the maximum buffering delay of a packet in
transmission buffer 107 reaches or exceeds the threshold
time, the base station 1 gives priority to the packets in
group—-2 buffer 107 when allocating the transmission power.

25 If the maximum buffering delay of a packet in transmission
buffer 107 is below the threshold, the base station 1 first
allocates the transmission power to the packets in group-1
buffer 106.

In the congested state where the maximum buffering

30 delay of a packet in transmission buffer 107 exceeds the
threshold, the packets in transmission buffer 107 are given
higher priority in the allocation of transmission power.

This arrangement can prevent transmission delay, and



sufficient quantity of radio resources available for a -33 current
packet, and if the available radio resources are insufficient for the
current packet, the resource allocation unit allocates the available radio
resources to anot her packet belonging to the sane group. 5 12. The base
station according to claim6, further cgnpprising a quality range setting
unit that determ nes a range of conmunication quality for each of said
groups based 10 on an average of the nmeasured communication qualities,
wherein the pagket<&d asahbheadifh dRitkot! assddias shbe Reckelre kasedcen the
range of communi cation quality determ ned by the quality range setting
unit. 15 . A3. ualidy AguAlredfby AheawArelass permgnal .
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U&'()'1SlogbLgﬁ&)ﬂ@&%ﬂ%@ughput can increase. Since the transmission

15 power is assigned to the packets requiring a greater
quantity of radio resources later, improvement of the
communication quality of the destination wireless terminal
can be expected. If the communication quality of the
wireless terminal is actually improved before the allocation

20 of the transmission power, the level of transmission power
assigned to the packet can be reduced. To this regard, the
transmission power can be used even more efficiently.

In both the first and second embodiments, the base
station 1 determines the quality range for the transmission

25 buffers 106 and 107 taking into account the average of the
communication qualities of various types of wireless
terminals (in the embodiments, wireless terminals 10 through
40) . Accordingly, the packets addressed to the wireless
terminals 10 through 40 are classified evenly into two

30 groups, and stored in the corresponding transmission buffers
106 and 107 without unevenness.

Next, the third embodiment will be described.

Although some wireless terminals are classified into the
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same group, the communication quality of each wireless
terminal varies at a certain range, and accordingly, the
quantity of radio resources allocated to the packet
addressed to the wireless terminal belonging to the same

5 group also varies at a certain range. By making use of the
variation in communication quality and quantity of radio
resources over a certain range, more efficient allocation of
radio resources is possible. Even if radio resources cannot
be assigned to a packet addressed to a certain wireless

10 terminal due to lack of sufficient quantity, those radio
resources may be assigned to another packet addressed to
another wireless terminal belonging to the same group. In
the third embodiment, when radio resources cannot be
assigned to a certain packet, they are allocated to another

15 packet in the same group.

FIG. 12 is a flowchart showing the operations for
allocation of radio resources according to the third
embodiment. In the flowchart, “n” denotes the number of
packets that have been subjected to the determination of

20 whether there are any radioc resources available to the
packet, “N” denotes the maximum number of packets that can
be subjected to the determination, and “B” denotes the
number of packet stored in the transmission buffer. The term
“min(N,B) " represents whichever is the smaller one between N

25 and B.

The resource allocation unit 113 first sets n=0 in
a counter or the built-in memory (not shown) at the
beginning of the operation (step $301). Then, the resource
allocation unit 113 determines whether the value “n” is

30 smaller than min(N, B) (step S$302).

If “n” is smaller than min(N, B) (YES in S$302),

the resource allocation unit 113 further determines whether

there are any radio resources available for the current
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10/ If any radio resources are available for the

current packet (YES in S303), the resource allocation unit

10 113 allocates the radio resources to the current packet
(step S304). Then, the value of “n” is incremented by 1, and
“n+l” is stored as a new value of “n” (step S305). The steps
S302 through S305 are repeated for other packets in the
transmission buffer until n reaches N or until all the

15 packets stored in the buffer are subjected to the
determination.

If it is determined in step 8302 that n reaches
min (N, B), that is, if all the packets in the buffer have
been subjected to the determination or if n reaches N, then

20 the process terminates.

The larger the “N” value, the longer the time the
resource allocation unit 113 requires for the operation, and
transmission delay may occur. Accordingly, it is preferable
to choose the value of “N” taking into account the real-time

25 characteristic of the system or the application. If “N” is
set to the number of packets stored in the transmission
buffer, the determination is repeated for all the packets in
the transmission buffer. If “n” is set to zero (N=0), the
resource allocation unit 113 does not conduct the

30 determination whether there are radio resources available to
the packet.

In this manner, even if a certain packet cannot

receive radio resources due to insufficiency of the radio
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two groups based on the communication qualities of the
wireless terminals, the invention is equally applied to the
case in which the packets are grouped into three or more
groups. In addition, the third embodiment can be applied to

10 a case in which packet classification is not conducted. In
this case, the determination shown in FIG. 12 is carried out
for each transmission buffer.

As has been described above, the communication
qualities of wireless terminals are constantly monitored and

15 measured, and packets addressed to the wireless terminals
are classified into several groups based on the measured
qualities. In the congested state where packets are apt to
stay in the base station over the acceptable buffering delay
even if the maximum radio resources are used, priority for

20 assigning the radio resources is given to the overstaying
packet. This arrangement is effective in preventing
transmission delay, while carrying out transmission control
in compliance with the service quality required by the
wireless terminal to which the packet is addressed.

25 In the non-congested state, radio resources are
first allocated to the packets addressed to wireless
terminals having lower communication qualities (that is, the
packets requiring a greater quantity of radio resources for
transmission), prior to allocating radio resources to the

30 packets addressed to wireless terminals having higher
communication qualities (that is, the packets requiring less
radio resources for transmission). This arrangement can pull

up the total quantity of radio resources that can be
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to allocating radio resources to packets addressed to
wireless terminals having lower communication qualities
10 (that is, the packets requiring a greater quantity of radio
resources) . This arrangement can increases the number of
packets that are transmitted, and consequently, the
throughput is improved, while efficiently using the radio
resources. In addition, it is expected that the
15 communication quality of the wireless terminal that is
classified in the lower quality group may be improved before
the packet addressed to this wireless terminal is actually
transmitted. If the communication quality is improved
depending on the communication environment, the radio
20 resources allocated to the packet addressed to this wireless
terminal is reduced, and the radio resources are used more
efficiently.
This patent application is based on and claims the
benefit of the earlier filing date of Japanese patent
25 application No. 2002-060726 filed March 6, 2002, the entire

contents of which are hereby incorporated by reference.
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1. A method for allocating radio resources to a plurality
5 of packets addressed to a plurality of wireless terminals
located in an area covered by a base station, comprising the
steps of:
setting a threshold of buffering delay of the
packets at the base station;
10 monitoring communication qualities of the wireless
terminals;
classifying the packets addressed to the wireless
terminals into two or more groups based on the monitored
communication qualities of the wireless terminals;
15 measuring buffering delay of the packets for each
of the groups; and
if there is a group that includes a packet having
the buffering delay at or above the threshold, giving
priority for allocating the radio resources to the packets
20 Dbelonging to said group that includes the packet having the
buffering delay at or above the threshold.

2. The method according to claim 1, further comprising the
25 step of:
if there is not said group that includes the
packet having the buffering delay at or above the threshold,
giving the priority for allocating the radio resources to
the packets addressed to the wireless terminals having lower

30 communication qualities.

3. The method according to claim 1, further comprising the
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4. The method according to any one of claim 1 through 3,
10 further comprising the steps of:
when allocating the radio resources, determining
whether there is a sufficient quantity of radio resources
left for a current packet; and
if the radio resources are insufficient for the
15 current packet, allocating the radio resources to another

packet belonging to the same group.

5. The method according to claim 1, further comprising the
20 steps of:
after allocating the radio resources to the
packets belonging to sald group that includes the packet
having the buffering delay at or above the threshold,
determining whether any of the radio resources are still
25 left at the base station; and
if any of the radio resources are left, allocating
the remaining radio resources to the packet belonging to

another group.

30
6. A base station that allocates radio resources to a
plurality of packets addressed to a plurality of wireless

terminals in a radio communications system, comprising:
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10% () - @5, 10%& g%mlnes an order of priority for transmitting the packets
based on buffering delay measuring result of the buffering
delay measuring unit, in comparison with the threshold
value; and
15 a resource allocation unit that allocates the
radio resources to the packets in accordance with the order

of priority.

20 7. The base station according to claim 6, wherein if one of
said groups has the buffering delay measuring result at or
above the threshold value, the transmission priority
determination unit gives transmission priority to the
packets included in the group with the buffering delay

25 measuring result at or above the threshold value, and the
resource allocation unit first allocates the radio resources
to the packets included in the group with the buffering

delay measuring result at or above the threshold value.

30
8. The base station according to claim 7, wherein, after
the allocation of the radio resources to the packets

included in the group with the buffering delay measuring



10 108109% ()-s[z}[<_ @ pSsS 10% ()-!1y10% ()- @10% ()- @\Ef 109& ()-f!tf
109 ()-f 109%& ()-FS HIE_ @ pS , 109& ()- (f109& ()- &LOY%& ()-s

V0% () - #10%& ()-: 10%& () - H{ nopdE: / 10

10F7109& () - S5GLOY () - 34109& ()- 313109 () -/ S109%& () -

. @O0%& ()-pqvRTrP. /1S 10%& ()-!t!10%&' _(),-Ff S

109& ()-1\ &S109& ()-f!\&ELOYK ()-fyf-109& ()- 10T6AraB./!fS! 109%&

109& () - &LOY& () - F109%& () - S109& () - &Z109%& ()-'al 109& ()-1t Q2. /1S 10/ 109%&

() - f <&H10% &£ 1@ &1 O ¥Babd ik H0¥&shd1 @FL ) %&he) r@ource
98 10%& () -2kl msbC f Sl 10@10% () - @, 109%&' ()- 10 10 ,
108f 10%&' () - 53bbaeabiogrunpygdeyerpigesCrhetner KyhergoRr & Y3dio-yIeBOWres () - 10%

& ()-f109%& L O0&' .\ )- V& (D2 <bChLf SEY, Y& () = D' () - 0% ()-!
539 109 (). TEE3%8 1008 [T 1y T A00R o AT S B T00ae () SLBTGE"() - Grlo%
g& ()-f Sf @L0%RsgYrceB) IDe resource allocation unit allocates the

108GLO%&' (o) - } hCI £:51.910%&: () = 99& (10% & () L ky! 109 () yy! 1098JU& () -
fs10%g& ()52 Ng%nn%all%%%ﬂeégg?égr%%c&%ségd?% Igf'éi]éc@{:s %g%ﬁ(%]lgn%éoc" "Headi ng
43] c" "Headi ngnéd3jax' ofHeaddngr®fisc" " Headi ng 73] c" "Headi ng 83]c" "Heading
93] c"A "Default Paragraph Font 'n!!(.4: @HKOV] xdHk1lryy4*-pm x/Bxts

"bl #nB[ ' +- 1R41 78" ; =>@\CAK! OLRWr*acxgi | | ng7u~za}i J. 4$38@sHpT6Ti nes New
RomanAri al Courier New'h Root EntryWrdDocunent H

" H#S9R () *+,-./0123456789: ;

<=>7 @BODEFGH I KL MOBERETERABARA \Ioeor Sh R oy Al o ptRRE SR FPpES

10 1is not one of said groups with the buffering delay measuring
result at or above the threshold value, then the
transmission priority determination unit gives transmission
priority to the packets included in one of said groups
corresponding to a lower communication quality, and the

15 resource allocation unit first allocates the radio resources
to the packets included in the group corresponding to the

lower communication quality.

20 10. The base station according to claim 6, wherein if there
is not one of said group with the buffering delay measuring
result at or above the threshold value, then the
transmission priority determination unit gives transmission
priority to the packets included in one of said groups

25 corresponding to a higher communication quality, and the
resource allocation unit first allocates the radio resources
to the packets included in the group corresponding to the

higher communication quality.

30
11. The base station according to claim 6, wherein the
resource allocation unit determines whether there is a

sufficient quantity of radio resources available for a
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current packet, and if the available radio resources are
insufficient for the current packet, the resource allocation
unit allocates the avallable radio resources to another

packet belonging to the same group.

12. The base station according to claim 6, further
comprising a quality range setting unit that determines a
range of communication quality for each of said groups based
on an average of the measured communication qualities,
wherein the packet classification unit classifies the
packets based on the range of communication quality

determined by the quality range setting unit.



