.1 4 MAY: 2004 -1 ALLOCATI ON OF RADI O RESOURCES TO PACKETS | N ACCORDANCE W TH
SERVI CE QUALI TI ES UNDER RADI O COVMUNI CATI ON ENVI RONVENT 5 BACKGRCQUNMADE004
THE INVENTION 1. Field of the Invention The present invention generally
relates to a radio conmmunications systemfor carrying out packet
transm ssion, 10 and nmore 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 rglRRATGONYRI L&l IO HEsoBREES M@ PG TEO real ize
mul tinedia services to q&g}mgrl ately control packet transm ssion, taking

into account the qf@la¢ &r Wﬁféssmﬁi@; RHALTBIES MNPERTBARLO
applications. In addition, it df-m@g&@gww% igre 20 wirel ess
in

communi cati ons systens that ormation w | transmtted as packets

t hrough the network having wireless |inks. One techm que for supporting a
w de variety of service qual E?c%cruﬁ t wreless
comuni cat'f’ons systemis to c%%dsm @hgﬁggé S n accordance with the

service qualltles required by the respectlve wireless termnals, and to

determ ne t_herJf E’fi‘gf ﬁnt%cr,él gélggﬁ;%%qfor the packets based on the

classificatio ion nmethod is to set the 30 packet

transmission rate to Onﬂqé)fprfehénﬁreﬁ@éﬂiﬁ.eﬂl pahesallpusdlaaesCBR 4 condiant
bit rate), VBR varlable bit rate), or ABR %avallabl bit rate) in the ATM
( Asynchr onous “PI"QH8+E? l%dé)YSt?ﬁof%rcatréé'ﬁ BBt i RIS USSR AR $5 ¥ %er v

architectuse hnd e 204 icAlarly, 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
applicaticns. In addition, it is expected in the future

20 wireless communicaticns 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 gqualities 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




proposed by the I ETF (Internet Engineering Task Force). Under the D ffserv
architecture, the traffic type is roughly <classified into EF (exgec‘qﬂeﬁ
Forwardi ng), AF (assured forwarding) 1, AF2, AF3, AF4, and BE (b &tMA 04
effort). ADSCP 5 (Diffserv code point) value representing the identifier
of the QoS class is assigned to each afp;the traffic types. Based on this
classification, a packet is grouped into one of the traffic types in
accordance with the service quality required for that packet. 10 FIG 1 is

a tabl e definprgpbsed ngl ahleonEPet YEERke Ehfahdd:idy paskandréde.
transm ssion Bri ori t%e under the Diffserv architecture. The top priority in

data transm sSPERT e RiFéaery it tEtfedibe dadiiar §¥RY) 131 mighlyhe” EF

class is usedcfigssihradacket phegigdidheabrid ARk [t h@N3gLssian, such as
voi ce. The AF cl ass has theAErl ority next to the EF class, and weighted by

four differenfordRI®ry) 1AFAFE) A3, fldsednflobE t tResfaciképrebnt/ailiGhy vi deo
data that g reCJHiFlﬁéeﬁ?%oa%' pEihfR Slr%reéﬁ'g%&s’ﬁf t\ﬁ'edggelggffﬂre%%e or

stream ng. AFl through AF3 are applied to pac hat not contain
dat a requiri ngheeddsS tdlasst Aanss$ sHiash.toBEachast tlies tarffhe typas priority

| evel as the r t. .d Of . or | f.f s hj tecture. The
BE class is uég%&?oorg '&?fel Spggatsagjéflbcoa%li%?l ni %gb%%%% tlﬁagrébls%%tiégoql#lre e
real -tinme trafsthessimtfi25tipes dentaddoedanepresenttiheg sehei P S ivyi tt en

in advance in_the cribed field of the header of a packet or a cell.
Based on thi sr?ﬁléjrﬁ%iersrr, tgaga%?céiedct'r ansmi ssion control apparatus
classifies the packet imIGaccasdancsoM idefihbrgreepireddtionvbeewepmlthizy, and
caries o a0emssion SO ATt sen il Men Lot erding. he packel o
priority is gbyefsd®s tdiehEkect@ass. mepackeprodridie inEataat fartentilgea ons
treated wth Egeéié)nlyg %%LtEF géé%gggieéoggrwarding} class. The EF
class is used for the packet requiring real-time
15 transmission, such as voice. The AF class has the priority
next to the EF class, and weighted by four different factors.
AF4 class is used for the packet containing video data that
requires real-time transmission, such as video conference or
streaming. AF1l through AF3 are applied to packets that do
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.




-3"However, the above-described nethod may not exhibit its effect
efficiently, depending on the environnent, if it is applied to radi,

comuni cations as it is. In other words, even though the packet 1 ‘MM 2004
transm ssion control apparatus 5 classifies the packets into groups and
controls the order of transm ssion pri_o_{_ity based on the required service
qualities, a receiver or destination equl pnment may not receive the exact
service quality that the destination equipnent requires. 10 FIG 2

illustrates an exanpl e f,che r@ﬁéoab&webmé&nnmtd% The. mobi | e
cormmuni cati ons system shown in FIG I ncl udes a base station 504, which

functions as &xhplakkeits ﬁéﬁ@ﬁis@fﬁmmﬁlml depgraimiusn &hd ehybeonmend] ess

termnals 501;¢502,; 8 'bgapﬁ.(ﬁd 3@@:%% &%‘Bﬁbgét{‘%e' \éet £ ?g 13, q__%tl nation

equi pnent . The wWre term na are ins ed Wt
application cuﬂ@%pc&ﬂtﬁmghpughr’aﬁé imckieypéraFsnl ssicbnnvicoek est at;mamarta:ls 503

Is installged w . _application corres ond| otraf |ct i_.n the
D ffserv afchwg‘é% Jzl'ifr\iee.s %eﬂ%g 252 4 ﬁ gf) 635’ FF toﬁ Florfst
Qut) transm ssansmindiforr prﬁ.orltﬁeoars@elpent tke i‘écﬁ.flfrleci sgpesce When

receiving a pac t he base station 504 stores the packet in the
associ at gd tlrogﬁgﬁ#s]s n 2 aFFEH Torte S55MdrAG- E{%PRFng?I?% %3pe of the

addr essed terﬁb@@iveﬁﬁﬂlebyéxaﬁﬁ sdrwiddeiquddief aidt e débeinativh base
station 504 as&gns radio ,resourced to the packet stored in the buffer and
transmits it PR UESAAEEFon. However, under the radi o conmunication

environnmerg, the | OcatE'I@nS2(QIlﬁ§1§:aQ:|ersCHHBéﬁ&ﬁﬁﬁé o thBeryii®l ess 30
termnals differ fromane other, while each |ocation noves frequently as

time passes. FABGAGRD FHELER arfsid S6Pohe COMUNECHHEONE BYs e FEROHT

cogdl tions orihnFRsf &F 8Re8ud8s L8badharERicACSH didaly, chher (BANtIst ¥ Of
radi o resources
packet transmission control apparatus, and three wireless

terminals 501, 5302, and 503, which function as receivers or

15 destination equipment. The wireless terminals 501 and 502
are installed with an application corresponding to traffic
type AF4, and wireless terminal 503 is installed with an
application corresponding to traffic type AF3 in the
Diffserv architecture.

20 | The base station 504 has FIFO (First-In First Qut)
transmission buffers for the respective traffic types. When
receiving a packet, the base station 504 stores the packet
in the asscociated transmission buffer corresponding to the
traffic type of the addressed terminal one by one in order

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




-4'required for the packet transm ssion also fluctuates as tinme passes. For
exanple, it is assuned that the radio resource to be allocated is

transm ssi on power of the base station 5 504, and that the transm ssion
power is allocated to AF3 and AF4 classes so that the transm ssion ratio,
that is, the ratio of the nunber of packets of AF3 to the nunber of
packets of AF4, becones four to two (4/2). As illustrated in FIG 3, the
transm ssion buffer 10 for AF4 class stores packets A-1 through A-3

addressed to ruirhet&sstdreiMenshciofd. + MM <6061 SRANG 1@ th¥le Ads ¢ligRs
fields, and packets B-1 through B-4 addressed to wreless term nal 502,

whi ch al so coPR&%pdnd to two AF4-class fields. The packets are stored in

order of arrival of theJfagkealsSiel5{ nd hissS 8xa B4 ﬁ[%
recei ved at the base statior_l O%f' in orderS o) A?%&B-t%e ﬁgg%%%s f A- 3,
B-4. On the &fhe¢ dblntatedeisrbrammsisisdenbpdver drthaFBageassatistror es

packets G t ug -4 Lech . AE3-~ cl ?Eﬁ The
arrival orsldergg?'t%%%et%ﬁwégckgﬁgﬁzs%%g % Egﬁé%\ﬁiﬁ%l?%ag%é %l’ R F?éld
vertical | enghR4ofladmespackehst sttoavtransmis&iol ragpresehas the theansm ssion
power required_fo transmt these.packets t destinations. Based on the
transni ssi on F%h‘% Oaéihtehém%&?fv% pa&:}&%ﬁ O?h%%]:gatsoeﬁci"ﬁap}l%lﬁe%(? tries to
assi gn transnpaskets oS AFdyebetamgmdicrirs tA- two Be4/2)B-2, A-2, C 1, and C 2,
si mul t aneously. However, as.illustrated_in FIG 4, the required

transm ssion power | evéiSs li%ﬁﬁﬁ%ﬁ%gdé’l fIgss%gngbe trr(ﬁ‘ntsﬁ‘é%l%%g%ftfserexceeds
the maxi mon t FAASAT £ 41QRsPevBres |RMetef At Derhaseshati aadbédsed taortion of
t he packets (in 30 this exa acket C-2) cannot receive the necessary

canpl e, pack
pover, and cBRERHEEh{ISFTLRRENSH s HdrhdepaFesRans £ War AhY¢iass
predet er mi ned¢t & Ms M9 @Ackats GB-CAMGLURE BRI aimeded fo Pifeledtords, the

required Servéggkfkgylgﬁé,cgﬂggﬁ ;¥;o 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-1l. 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 C-2, C-3, and C-4. The wvertical 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-1, B-1, B-2, A-2, C-1, and C-2,
simultanecusly. 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 coccurs, whereby the

predetermined transmission ratio cannot be maintained. In

other words, the required service quality cannot be




1 4 MAY' 2404 -5 satisfied. 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, interfﬁﬂQﬂ#QWﬁ
and other factors under 5 the radi o comuni cations environment. In

addi tion, since the radio resources, sucfL as tine slots, frequency bands,
spreadi ng codes, or transm ssion power, are limted, it is also inportant
to use the finite radio resources efficiently. 10 The present invention is

concei ved to gxeispimit ror ahoyerdassys,i hedrprohd £MBpoadntt £6s an obj ect of
the invention to grovide a technique of efficient allocation of radio
resources, WhPFECELLY HNANSELERECE HRTEOLgkal fHPCH & FRAeE FRFOWSMAS dPess

termnal in packetidg@nNs@ngskoneadihglNing ol §SOMESCE é{alnf%@ét iQn technique is
applicable to a conventional system such as the Diffserv system that
carries out phERRIMEIHSS PRERSI o taTdereansmi a’d Githeri daFtyrs codamol . To

achi eve the objgctagid c%&ﬁuﬂ§8§@£or%f emﬁég%qewvemiom a method for

al locating radio resources to packets addressed to a plurality of wreless
terminals is provided. IThirgddabttwd disceatheedadin rsscarbase swctiaan in a

radi o conmuni o} S th . t hreshol d of buffering
delay is set g?*"lf\ h%s%%ge%ggguéslgﬁ iri)gar?ga%(’ bggfﬁéeg%n%%egat glén qualities of
the wirel ess teamsmizission poweed are tlHedsedyi te v &d sof immpertaste tt atskeon are

noni tored; (c héhgir&%cekerg igdgr essed to %heiwi rel_ess termnals are 30
classified i nE3t W oF ABFaC gt BIPE B5sEAT R THeY ‘communi cation qualities of
the wireliss term nal s;Thedprbséderimgndebayiof ciipadked ocSermasU@e | N
each of the above-described problems, and it is an object of the
invention to provide a technigue of efficient allocation of
radio resources, while satisfying the service quality
required for a wireless terminal in packet transmission.

15 This resource allocation technique is applicable to a
conventional system, such as the Diffserv system, that
carries out packet classification and transmission priority
control.

To achieve the cbject, in one aspect of the

20 invention, a method for allocating 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




groups;-and 1 4 MAY 2004 -6 (e) if there is a group that includes a packet
with the buffering delay at or above the threshold, priority for 4 MAY 2004
allocating the radio resources is given to the packets bel onging t% #%e
group that includes the packet with the 5 buffering delay at or above the
threshold. This nmethod is effective in ifhe congested state, where the
buffering delay of packets is apt to increase at the base station over the
acceptable delay tine. By giving transmssion priority to the packets
classified in (eheigrenyrelQst hagroms|tHias iacpagketa Wddkettheibhffres i ng del ay
over the thres transm ssion del ay can be prevented, while conducting

hol d, 1,V
transni ssi on E’Bﬁg?fﬂng FSGHp P afE 2RA1eh thRe thERFRA I STFAPFLYY ofO% he
wirel ess ternmanabsathgireh rbheo Packalesane godkessednelpatietdere is not

a group that includes a packet wth the buffering delay at or above the
threshol d, t hEelpRIERT t5P fLHP ErPeR dthiatg inpévdesi B9 &schrEesith Yivven to the

packets adglr eggedatond 1wk gkess 45y Qﬁlesfﬁf%m ower communi cation

qualities. 20 This arrangefent can nove up the total quantity of radio
resources that can be dlHligcaeshodols s fsatheesin o donghetedxsrama radi o

resources of LESrQaé?%%ﬁ‘fiegﬁlw%éﬂaﬁ?é §§E¥?téfié %g:ftetbsiﬂ%%fstegra%“p t hat
I ncl udes a packet wth the bufferin el ay at or above the reshol d,
the priority ftbe bdsecHisitiignt beer athe acesptabbs dslayi wémet 0BY hpiviacket s
e eI AL &, 8PN SR SR iDL e
transm t tBdl withhatt vecludast edpgolest iwikhofthe3Buf st ing eledayceser Ritef er abl vy,
when allocati@grégﬁ%f&¥ﬁ€%akgggggféﬁidelay can be prevented, while
conducting transmission control in compliance with the
service quality of the wireless terminals to which the
packets are addressed.
15 If there is not a group that includes a packet
with the buffering delay at or above the threshold, the
priority for allocating the radio rescurces is given to the
packets addressed to the wireless terminals having lower
communication qualities.
20 This arrangement can move up the total quantity of
radio resources that can be allocated to the packets toward
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
ié 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 is determined whether there is a sufficient quantity of

radio resources left for a current packet. If the radio




It'is determ ned whether there is a sufficient quantity of radio resources
| eft for a current packet. If the radio 14 MAY 2004 -7 resources are
insufficient for the current packet, the radio resources are all oc&t eﬁmtﬁm
anot her packet belonging to the sane group. In another aspect of t e":
invention, a base station 5 that allocates radio resources to packets
addressed to wreless termnals located in the service area i s provided.
The base station conprises: (a) buffering delay threshold setting unit that

sets a threshakdyvabdia @ RubEeringdelay at the-daseaskati ophe AQi(b) a

service quality detection unit that nonitors and neasures comunication
qualities of TRECW?eS &F¢ RelATALES tq @noghpacketkay dedirhpsayioh the t t hat
classifies th%aﬂ@%‘?&?p. into two or nore groups based on the neasured
comuni cation quafiti'es of the wireless termnals; 15 (d) buffering del ay
measuring unit that nedsueestbeffaspeny ofelthy bhveriegrackebssé ostaadcm of

the groups; ( transm ssion.priority determnation unit that determ nes
order of psri oﬁl?g ?%ﬁoctaipéeﬁs%a?%(?nﬁe%%ue%ﬁgc&%t%ac ea%seédgﬁeﬁﬁ??gﬁ ng del ay
measuring resuitebésd herdmihbesi hgeserdaehayhaesstirideg ateiht isi prewigaa.i son
with the threigol d; ang: éf%g a resource allocation unit that allocates the
radio resour (B8 D% HEATd@ReCY P SGSCor dance with the order of priority.

This base stathprbepfertinky geeay| shaddmecdt eetheng 2miadhatr esesir£es to the
packets addressed to the wireless termnals currently located in the

| .
service area, t%‘??%‘”%dﬁsﬁ“&e?#n@?%%d?@lébrﬁﬁlrﬁrt?apﬁéﬁ 8h¥F¥Yhment, such
as the degregppfacagaze glal vy ddedeehsubde GRFHRBLeabEoNandual ity. 30

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 transmissicn

priority determination unit gives transmission priority to

the packets included in the group with the buffering delay




If-there is a group with buffering delay neasuring result at or above the
threshold value, the transm ssion priority determnation unit gi velzll MAY 2004
transm ssion priority to the packets included in the group with th
buffering delay 1 4 MAY 2004 -8 neasuring result at or above the threshold
value. Accordingly, the resource allocation unit first allocates the
radi o resources to the packets included®in the group wth the buffering
del ay nmeasuring result at or above the 5 threshold value. If there is not
a group with buffering del nmeasuring r.esul ve the threshol d
val ue, then t‘??@sutrrlﬁﬂsﬁ?@%}la%r?tplpfco?#?‘§ de ee%rkﬁtrﬁgb?g% ﬁ%\iﬁ'}e ‘gi ves
transm ssi on adedr@ihgYy} ot e cgacketsal nsdatded unia fioatp addrrcespandi ng to
10 a lower comunication quality. The resoyrce ahhg‘%@\tinonc unit first

In

al | ocat es t hethadirgiPeEdtR RS &t ep%%‘%iﬁ iRE Fh&r§FBup

correspondi ng,#:9, tthe bePesr GRMIENLGAhESSur R IHekyl t ALt esalbovel Yhei f there
is not a group wth the 15 buffering delay neasuring result at or above
t he t hr eshol dcheisheldt Hel¥@ ansmi ssion priority deternmination unit may give

transmission priority ¢ phe-dackebs hngradedsith BugteHhg GRBgsponding to
a higher conmmunication quality. In this® case, the_resource allocation unit
first allocatemsasihengadesul0 atessupbeset the HETSaEREE VARG uddE™ ABhe group

Fesour co al | BB oA PD R o P ek ot muanti ty
of radio resericesyatai tabdlmdietsaioatvéed PackrouPfCUIRETRAATSNISC
R o e A T S e SR
group. BRI EF PESGRIAPTLEN:EF TH4E (BRAW NeSources to the packets included
in the group corresponding to the lower communication
quality.
Alternatively, if there is not a group with the
15 buffering 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;




30:FIG:1 illustrates the relation between traffic types and transm ssion
priority in the Diffserv architecture; 1 4 MAY 2004 -9 FIG 2 il | qgtMAN 2064
an exanpl e of a conventional nobile comrunications system enpl oying the

Diffserv architecture; FIG 3 illustrates an exanple of transm ssion 5
buffers storing packets in accordance wigh the class of the Diffserv
architecture; FIG 4 illustrates the relation between the transm ssion

power required for packet transm ssion and the maxinmum transm ssion power

of the base station; 1CG1d.Gz 31ihiteidal @9 éQaﬁ%S?@F&@ aofco%véﬁ‘éianal
conmuni cati on sgstem to which the present inventionis applied;, FIG

i | lustrates tREP$IR RITHE ISR AP STY St ieFR Loy bnaHileh Dtlrfésﬁr'ésent i nvention
is applied; 13,:EhGedtiddd;ustrates the operation flow of allocation of

radi o resources according to the first enbodinent of the invention; FIG 8
illustrates the rel ati dHheBwdéhusheatas anspkaspbn povweansagss e for

CTation achor hayro CRe E PACHERE ot AorpERRIs Mtk BRECE e O G

iI'lustrates tpéftompardbitbetueen the conventional technique and the
first enmbodinent in th Igel at i)n between.t he ransms on_power required
Iorn

for packet 25 transmis Andtt RE AL MRS FRR3 LR WSSRth%f t he base
station; 30 Ft€andfliidiamspbatesrédel repefati packdtowrehsmission and the

maximum transmission power of the base station;

10 FIG. 5 illustrates an example of a radio
communication system to which the present invention is
applied;

FIG. 6 illustrates the structure of a base station
to which the present invention is applied;

15 FIG. 7 illustrates the operation flow of
allocation of radio resources according to the first
embodiment of the invention;

FIG. 8 illustrates the relation between the
transmission power required for packet transmission and the

20 maximum transmission power of the base station according to
the first embodiment of the invention;

FIG. 9 illustrates the comparison between the
conventional technique and the first embodiment in the
relation between the transmission power required for packet

25 transmission and the maximum transmission power of the base
station;

FIG. 10 illustrates the operation flow of
allocation of radioc 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




al Focation of radio resources according to the second enbodinent pof MABS;
invention; FIG 11 illustrates the relation between the transm ss) 8 gyér
required for packet transm ssion and the naxi numtransni ssion power of the
base station according to the second enbodi nent of the invention; and 1 4
MAY 2004 -10 FIG 12 illustrates the opegf@tion flow of allocation of radio
resources according to the third enbodi nent of the invention. 5 DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present invention will now be described in
detail in conjunction wid tike;jaltacheddnau ngmf & Bow bustrates an
exanpl e of the_radi o conmunications systemto whi ch a radi o resource

al | ocation t e@hAPEEBIF Ahe&afieseptoulsriemCicoRdiRy appltihed thihd base station
1 covers the apBaaiMeNhidsh tnW EglE5S.4€r m nals 10, 20, 30, and 40 are

| ocated. These wreless termnals 10 through 40 are connected to the base
15 station 1 via radi o comuni cations. The base station 1 allocates radio

resources,: such as tine ﬁgﬂﬂédﬁ DE%IPT?&P?W%% 9 i‘ﬂ)t\FDMA‘ spr eadi ng

codes in and transm ssion power the base statiton 1, to the
packet s addressed to the wi reI ess term nal s 10 through 40. In t he 20
followi ng, the transm |eon é hﬁe base.stat i ]aﬁ Clos:at ed to
the packets, as an exanmplers Sfeﬂ ?Iémﬁrb 1O E5UF Y wht | e

term nal 10 i sletecki Mi n@pnjmageiodatiot mhm theablas® Rtaatings. 1F1d; ergni nal 20

IS receiving 23 Sontrol dat% for. a cfam%a Lm | arl%gtct%rm naé 30, which

al so functionTASURCIRTRHAR SEOMBLE 1§76 Falir FAHHCA TP SYHE hdSe

station 110 anghiernm rk’ﬁdz.%o reSoliBké NGl &€ on COBFRHI Rl b@Nthe present
invention is applied.

The base station 1 covers the area in which
wireless terminals 10, 20, 30, and 40 are located. These
wireless terminals 10 through 40 are connected to the base

15 station 1 via radio communications. The base station 1
allocates radio resources, such as time slots in TDMA,
frequency band in FDMA, spreading cocdes in CDMA, and
transmission power of the base station 1, to the packets
addressed to the wireless terminals 10 through 40. In the

20 following, the transmission power of the base station 1 is
allocated to the packets, as an example of the radio
resources.

In FIG. 5, while terminal 10 is receiving image
data from the base station 1, terminal 20 is receiving

25 control data for a camera. Similarly, terminal 30, which
also function as a personal computer, is receiving data from
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




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

transm ssion power determnation unit 103, a quality range settihéﬁﬁ“ﬂWA
104, and packet classification unit 105. The base station 1 also 1 4 NMAY
2004 -11 conprises transm ssion buffers4}Q§ and 107, mexi mum buffering
del ay neasuring units 108 and 109, a required quality acquiring unit 110,
and buffering delay threshold setting unit 111. Furthernore, the base

station 1 hasc8maridaSHapsh98s ik Wdpe det 66 MARLIPN Waktndd2, a resource
allocation unit 113, a transm ssion timng determnation wunit 114, and a

transmtter 1PBEfqREng dedsni sepowring feviss 108 amtl 1007 ar segiizedtl FO type.
The recei ver é@&l{ﬁ?%l rAnRaGKeL Addr gﬁﬁe%t:%f%ﬁ[r}%%te?‘g%eh%ésﬁﬁr&“ nal

| ocated in theé ared, and supplies the’ pack Sm SSi on power
det er m nat i onsahtind 0B itTRel. piekstemromeai hke i vdsr retlaitann( Sulcds as t el ephone

nunber or the r.ess_assigned, to the_ wireles r,mnal) for
identifyiﬁ% tﬁggékéﬁg%éﬁﬁ n?oﬁgggTﬁfgﬁgp%PéeyaﬁaIPﬁyagéfe%t¥%ﬁP%ﬁﬁ% 102
constantly nehitcaisiandnitasll ess threncoteuhore atindmgqdeketyinftieach of the

wireless termnals .10 through 40. .The c |.cation guality .includes, but
is not limted™to,* 4(r)’ar?§lﬁli ?s?ﬁ?‘f" r ﬁggﬁw%% ?r&nsgﬁgsb%‘geb%ﬁc ion to
transmit the packaid ti@7t hee 30 avirmlcesgpkernminal, receiving quality (such
as SIR) at the wireless term nal, the receiving error ra%&{at the wirel ess

termnal, throughput arfdSpaEREtVEHSP oFeEREVER el et B $Sied éc @ The

service qual i fyreedactiedmidilt1dddedOUhPehe dhen MasucepBMesagidt to the
transm ssi on power 25 determination unit 103 and to the quality range
e

setting unit PQE%@t'ﬂﬂatﬁéa§ﬁ@%§ﬁ%ﬁ$%ﬂ@sGPVeEq%R%ﬁqménﬁﬁéOPd%$&ﬁt%P3- T
i nformation ofsthe: asRaliakedtn i fel-6%s Y(8LMhNA telephone number or the

IP address assigned to the wireless terminal} for
identifying the destination.

15 The service quality detection unit 102 constantly
monitors and measures the communication quality of each of
the wireless terminals 10 through 40. The communicaticn
gquality includes, but is not limited to, transmission power
required for the base station to transmit the packet to the

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 1s input to the




The transm ssion power determnation unit 103 determ nes the transn ssion
power level required to transmt 30 the packet to the addressed wrel ess
term nal, based on the packet supplied fromthe receiver 101 and the
communi cation quality neasured by the service quality detection unit 102.
To be nore precise, every time a packet_js_input to the -12 transm ssion
power determ nation unit 103 fromthe receiver 101, the transm ssion power
determ nation unit 103 | ooks for the neasurenent result that has the sane

ldentity inforpBhsRIsSiSHd Rlet 08t 8 ARGt ohNEn PACKSS rrihCRnel Fecdiver
transm ssi on power level to be allocated to this packet for transm ssion
to the destindPlenths tansmisaten RAEF cetersinasiurivaiedlfdaberkandior

result. For et{f}gprh@asdﬁce_n{elﬁ% EOITUNLEAL 1D GHAl Ldve SRlied from the

service quali etection unit 2 I's good, the transm ssfon power 10
det er mi nat i onipAPIMAYI TS @ss that nedtaimenls AnsSherpgpdwdr. Therl theor this

packet. In. co P R |catl | I,S. not _goo t
transm ssirson g%é\gsr?lﬁjfsevlen ' gwégﬁ%\gérlggro. %%hgfﬂlfér:%é/nesdm%s itgﬁsg%?/\cferEt h'%r
det er m nat i ontuvansmiF guppl ths ddreirdetiennisedetemismdsbasad pewethd evel ,

as well as the packet 15 and the communication gquality, to the packet
classificati oﬁsgﬂﬁjrfl‘tefég'.ea‘?ﬁ@e'a%? RA' zgnggoge?%’w&eunﬁf %ﬁ cal cul ates the
aver age of comvmmiciatdtdenquabiitesuipliee Womel€ss deefitsalpsal i, t hr ough

40, based on the out put f,romoéh,e servj ce %ualaiéé%/ 20 .detection unit 102, to
det ermi ne theC1aJE|‘2\qy'th‘5'L MEridesOf of S tIR9L ¢ FBfis A F27H1F VG BP¥°406 and 107. In

this exany e, gbbermiitadiichy uh@Bge) P aiddsng HRhll 10bSetiSsacqusbidy laRrge at
or above the average for transm ssion buffer 106, and sets a ual it

) ) L y
range bel ow t BT aRFHGRKET - t FRIRESSOn bhf Fof FFUNISaTHRM THdd tqual ity
range setting;ynidt IMbOULREL 8rihnidualnt YowsANOR&1dekeEEL NEdrd&. TR

transm ssion buffers 106 and 107 to the packet classification unit 105.
transmission power determination unit 103 supplies the
determined transmission power level, as well as the packet

15 and the communicaticon quality, to the packet classificaticn
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.




The packet classification unit 105 distributes the packet to oneloj wh\hm[,
transm ssion buffers 106 and 107, based 30 on the conmunication quality
and the transm ssion power supplied fromthe transm ssion power

determ nation unit 103, and on the quality ranges of the transm ssion
buffers 106 and 107 supplied fromthe quality range setting unit 104. 1 14
MAY 2004 -13 To be nore precise, every tinme the packet classification unit
105 receives a packet, together with the transm ssion power |evel and the

comuni cation quality, tor g8 méhe drciSl Se0Fy POMWRY tehat gERkgati on unit 103,
t he packet 5 classjfication unit 105 determ nes which quality range of the

transmission BALITICEFEPs BHE" déihecreaivermumacketon togelie yiish the
packet. Then, ¢ fhespackeh pbassifdwat han unétco&%i%aeéént@gadﬂbwetfrmget her

with the necessary transm ssion power |evel to the selec uffer. 10 If
t he comuni cathertusmisyiout paner dewernénatiemmidsil8n. pove maddtesr i nat i on

unit 103 is a : -t.he ¢ QTR | | ties of the
Wi rel ess -5t er%%'%asll?a%\é&%h?olﬁ% }Oo,esgt eggﬁ%%ﬁ%% 'S se%g%g%ﬁ%ﬁg{eorogd in the
transm ssi on bl farankdd sshomswotfieat icomews t the e tES tedacgmugsiaatipovwer | evel

determned to Syjtable f t he etected co nicatiop. quality. .Lf the
conmmuni cat i onngaﬁlaJIscllyt f/j% Bﬁ?pﬁ%c%ermdm@ﬁg’t %‘chsl?ﬁc y oﬁiSSWefng%!ilé’ Xlﬂéf'i on
unit 103 is bed merndse theepagiest ttreethbe padkeathd sestosetyin t he

transm ssion puffer, 107 in assaciation wth the trapspgission 20 power

| vel cort oS pRITI T EACPHBoRRE A B COrbih SRR BREFSTy I n th <
exanpl e, 1ohe packets an€ gheupfBninilcativd® Q@RS cutplel From tgfeOUp at or

above the average and . a grou bel ow t he average. The packets bel onging to
the former grB’EFpgi"S“&rsélgPoP% Fr‘fiettﬁgmllP%é?ﬁs%r}%n lﬂgf f8rah oy aheget ﬁge

packets 25 beiedHdRg otfothBecdntiraicah OHPq@E B tSile® 8¢ tRe tiErdlled’snm ssi on
butfer 107. terminals 10 through 40, the packet is sent to and stored in
the transmission buffer 106 in assoclation with the
15 transmission power level determined to be suitable for the
detected communication quality. If the communication quality
output from the transmission power determination unit 103 is
below the average, then the packet is stored in the
transmission buffer 107 in association with the transmission
20 power level corresponding to the detected communication
quality. In this example, the packets are grouped into two
groups, namely, a group at or abowve the average and a group
below the average. The packets belonging to the former group
are stored in the transmission buffer 106, and the packets
25 belonging to the latter group are stored in the transmission
buffer 107.

The maximum buffering delay measuring unit 108
constantly measures the buffering delay of the leading
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




The maximum buffering delay neasuring unit 108 constantly neasures the
buffering delay of the |leading packet stored in the buffer 106. The
buffering delay is the 30 tinme having passed whil e the packet has beep
stored in the buffer. The neasured buffering delay is output to t hd & MAY 2004
transm ssion priority determnation unit;412. Simlarly, the maxinmm
buffering delay neasuring unit 109 constantly 1 4 MAY 2004 -14 neasures the
buffering delay of the |eading packet stored in the buffer 107, and

outputs the npassiiéy MrRSYEferigy .ddiRg OEOﬂH@SIeMﬁge?laﬂﬁegeé@/rédW_ihhi S
buffer) to transnmission priority determnation unjit 112. 5 The required
qual i ty acqui FPRgPERIRE 1006 - 2888 PEPULSHENEFORTE HithIneEeés frdir &8 or the

wireless ter mlBﬁJ;és@-(buﬁf@rQH?hdépay I, thiis sxarDle.td ReahsausL e, service
quality is an aCceptable delay ti'ne of each of the wireless termnals.

The buf f eri ngPEEPEYLY HedenBilaateen iung tuAl€- 111 sets a 10 threshol d val ue of
Ut fer 5 106 and- 107, bacsu o’ Tho ol Vel dorvi e Gual Fpca e o
wirel ess ternthal sembicet uelghidad rdduitkd fequihedigedessetepminalisedOdiffer
e R .
accept abl e bubfieacerptitilay desay asinied cfakiashyof henenivglredessetenmimadsal i ty
curtent |y 1 Bk et Sase g, d e e mn il [ g detavglo e 20
and 109, mnd enréftnidiveshel df vetdid ondeier atoestdlyl o befbatinyide gelody
(eshold setLLIanis, 111y Lhe, (LaoTas! encprLony At ebpt nalon un
in 25 the trapnsm&giigedubbeise IR61arde304f the wireless terminals 10
through 40. If the required service qualities differ from
among the wireless terminals 10 through 40, then the
15 buffering delay threshold setting unit 111 selects a
threshold value of the shortest acceptable buffering delay
so as to satisfy the highest service quality currently
required.
Based on the maximum buffering delay of the
20 leading packet measured by the maximum buffering delay
measuring unit 108 and 109, and on the threshold value
determined by the buffering delay threshold setting unit 111,
the transmission priority determination unit 112 determines
the order of priority for transmitting the packets stored in
25 the transmission buffers 106 and 107.
The rescurce allocation unit 113 reads the packets
and the associated transmission power levels from the
transmission buffers 106 and 107 one by one, based on the
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




The resource allocation unit 113 reads the packets and the associ ated
transm ssi on power levels fromthe transmssion buffers 106 and f@MAYr8lby
one, based on the priority determ ned by the transm ssion priority 30
determnation unit 112. Then, the resource allocation unit 113 allocates
the radio resources to the packet in comaliance with the transm ssion
power | evel determned for this packet, and supplies the packet, together
with the 1 4 MAY 2004 -15 value of the transm ssion power |evel allocated

to this packehlué Gof el REABSSSE h HoWeR01 806 BIAM1RRLILBA HHithilld. The
detail ed process of allocation of the radio resources carried out by the
transmi ssi on BRFERHt V£S5 6t EF AR LS GRrumiiing Mdefrrmina ties ol 4 ocati on

unit 113 will be expl aigedebel oMy Jihedssapsnh 556 sln LRI St &Idpat i on
unit 114 outputs the packet to the transmtter 115 at a predeterm ned

timng. Upon FEBRWRXGefRy COREipdcRiet by Héet tapsemissionl PFigoityansnits the

packet to 4 hey gﬁﬁs“%ﬁq W 8k €SH1 ' | hati : : l,anat i on
will be nmade o?-gt e a gcat ﬁon o% ed’[r{?e%?lgdlrégﬁdoé]u%éelge%%([é\%)%nnlfﬁg3fi r st
and second ewbblibemxplainedhes¥ad | owi ng expl anation, the transm ssion 15
buffers 106 and 107 ar C ' y. referred,to roup-1 . buffer and
group-2 buffer, respecﬁh\%e%;%gh%ﬁlnlagfénleonf %rlgl ngn%%%%ean%}:lPﬁeu?lr%ﬁs ssion
priority deteutputat ithie packefl 1D direcksahbeipaekdll$ atoaedredetdrmined

transm ssion buffer 6, nanely, t packet dressed to 20 the wreless
erm el e havEHb T B SRR i A BECEEE o o iasa PhE St e, 11 ¢ he
buf f eri ng.del ayardmittiie theagatiget packele Gddeessddavirelesuamabttiiraall ng del ay)

is equal to or_  longer, than the threshold value of the buffering delay set
by the buffer A HeIy Phreshol d setting unit 111, the

Next, explanation will be made of the allocation
of the radio resources based on the first and second
embodiments. In the following explanation, the transmission

15 Dbuffers 106 and 107 are occasionally referred to as group-1
buffer and group-2 buffer, respectively.

In the first embodiment, the transmission priority
determination unit 112 checks the packets stored in the
transmission buffer 106, namely, the packets addressed to

20 the wireless terminals having communication qualities at or
above the average. If the buffering delay of the leading
packet (i.e., the maximum buffering delay) is equal to or
longer than the threshold value of the buffering 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 thresheld, 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 rescurces according to the first




25'transm ssi on power |evel, which is an exanple of the radio resources,
is allocated to the packet in the transmi ssion buffer 106 at a hi g§ldeMAY 2004
priority. If the buffering delay of the |eading packet is shorter than the
threshold, then the transm ssion power |level (or the radio resource) is 30
allocated to the packet in the transm ssjpn buffer 107 having the

communi cation quality below the average. FIG 7 is a flowhart show ng the
operations of allocating the radio resources according to the first 1 4

MAY 2004 - 16 @rbedin®E . ﬂiléetkaa%mssl%rp@;r%wfgftde&er&ﬁ&q@taaﬁ'mﬂwltz 112
det erm nes whet her the maxi num buffering delay of the packet (that is, the

buf f eri ng del dgtermiprs Zdhag paekeadyimpm prstpring deley ofr bive rbaziedn

buffer) 106 i t t.h t t %P e bufferin

del ay %step zicg%tlais Oc bﬁg%g%ru%?égi{ﬁ]i‘agfprflgggel ng: ET( £?n %r oup 1g| S

at or above tIqeouhrbs‘»mﬁﬁﬂerbLifctémngssie:lnapu@f’ES) |lﬂ65tlesp eqﬁa(l)l;t@ ¢the

transm SSIQE E ieg:é}ytﬁ%l%'h@ @ﬁt Sotg %}12 t%uf]@e]_ylens td%pLFi?rl or| ty to the
et 0 SO e “a

| eadi ng pac group I'0 Tesourc T located to
this | eading padket. The resource aI I ocat ion unit 113 all ocates the

transm ssion power to acket of onpl i anc ith the

det er mi ned order of pr |%€% (et eprs riggTﬁ%fmay Ontle pl’aggSﬁnrbré HWBtat i on

unit 113 deteunwest dﬂ‘l%lblﬁ:&é ther‘ﬁuré‘sl‘@lﬁeﬂﬁfﬂdﬁng‘ RAWKCEYES . #n ,step

transm ssi on 83 eft by subtractin H%}t he transm ssi.on | ocat ed
br

to the packet S oU}f TTPARSHEE FECHeBE IREh Y r dRETATS AR oﬁB’rt b¥4 t he base

station 1)o (syePeSlE) pralrhityt AEr€nArne e nFopLckes A e_,esubeitsd NQ@ath step
5103), the process termnates. |f there are resources still left (YES in

step S103), t KBer ERBIR SV E8at T ot iih ©1liegated | ditds tlﬁ@d?‘%%(ﬁﬂ‘% ‘to
t he packet inrtgeoppPsiddd@ilocation unit 113 allocates the transmission

power to the packet of group 1 in compliance with the
determined order of priority (step S102).

15 Then, the resource allocation unit 113 determines
whether there is a remainder resource {i.e., transmission
power left by subtracting the transmission power allocated
to the packet of group 1 from the maximum transmission power
of the base station 1) (step S103).

20 If there are no more resources left (NO in step
$103), the process terminates. If there are resources still
left (YES in step S103)}, the resource allocation unit 113
allocates the resources to the packet in group 2 (the
transmission buffer 107) (step S104), and the process

25 terminates.

On the other hand, if in step 85101 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 S$105).




transm ssion buffer 107) (step S104), and the process 25 term nat EM(@ 6he
other hand, if in step S101 it is determ ned that the maxi num bu #rﬂ_ﬂ‘
delay of the leading packet of group 1 is belowthe threshold (NO in
S101), the transmission priority determnation unit 112 gives priority 30
to the packets in group 2. The resource_gjlocation unit 113 allocates the
transm ssion power level (i.e., the radio resource) to the packets of
group 2 in conpliance with the determned priority (step S105). 14. MNAY

2004 -17 Then, the resomiese ahkogald@ibdinitloddBiget @i Nes qubethsled here
are remai ning resources (transm ssion power |eft by subtracting the

transmi ssi on PBRERST SRATCaPFECEERRNING wReOpaERRt (tofangméapion fpainn he
o o A TERSI0) ANacRihEVRle Hrdlify 0856, SAld:0 T bhr (3L ERALP) . |

there are no nore resource le NO I n step t he process term nates.
I f there are tesbtiw qeadatdt Pf pefup (YESamM tHeepa:608) trehemt eston gewer

al I ocationg unht, 1413 ¢ aégeoggggs#%ejénegiug(r%geé?%ﬂgﬁup- 1 packets (step S107),

and 10 the process term nates Billustrate the relation
bet ween the transni ssi dif phece aeguid etbreoresanses tleftpdtiRein sep t he

11 through 156081 & WIOFERCER® G oUBLE LT8 DAF | 815" A pACRBLE S L T ough
2-4 are storedefn rE8IAN? stbpf$E06) Thiel engbhired Adokahlionkutpacket) in the
the packet . L RLLPTRTo 1595019 GO Pronp bRk AEEPL AW 20 Fhe
maxi mum buf f ech8gptteiays ebraigaesp- 1 packet (i.e., the buffering delay of
the | eadi ng packet 1-1) is helowthe threshold, priority is given to the
group-2 packets (that 8A and FIG. 8B 1llustrate the relatidn
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
15 buffer, and packets 2-1 through 2-4 are stored in group-2
buffer. The length of each block (packet) in the buffer
represents the level of transmission power required to
transmit the packet.
If, in step S101 of FIG. 7, it is determined that
20  the maximum buffering delay of a group-1l packet (i.e., the
buffering delay of the leading packet 1-1) is below the
threshdld, priority is given to the group-2 packets (that
require larger transmission power), and transmission power
is first assigned 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

5101 of FIG. 7 that the maximum buffering delay of a group-1

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




require:larger transm ssion power), and transm ssion power s first
assigned to packets 2-1 through 2-4, as illustrated 25 in FIG @l@ere
is still transm ssion power |eft after the allocation to the pac ets
through 2-4, the remaining transm ssion power is assigned to group-1
packets (that require less transm ssion power) as long as it does not
exceed the maxi mum transm ssion power IeveI of the base 30 station 1. If,
on the other hand, it is determned in step 5101 of FIG 7 that the

mexi mum buf f eriongndel s L pagkaup, landaGk@kmh 8s 8n Powd0VE Ehest hr eshol d,
then priority is given 4 04 -18 to the group-1 packets, and

transni ssi on peReened 9 ckeas st ghethramgbadkbt sag- 1l yustsaghd 116, F I
illustrated i geFl & +@8-e lifs £DERERN] Ss d-ARSHLSST QR ROMES, Itﬁgtﬁffléfggtﬂ%

al l ocation of the transm ssmn power to packets 1--1 throu
t he remai ni ngofr #he ntwarissd sgonarpivendsi paclets gTbLtpu@qua&két stigenl and

2-2 (that ¢eq e r 1.t do not
exceed the5 rra;lh%uﬁ]&ﬁgﬁaln mttggﬁ%ﬁl%%%/\cg? o@\%\egleg g%#sgq%%se%s?a?u%ﬁfl FIG 9
il lustrates coaphetsodrbetrmeént hieghdd rtemm\zeat gooatert exfansgissamd t he
resource all ocagqleg rret ré%d acc}g_)% the fcllrsl{)i enbqdi nent of the

i nvention, r&Gardi ng thesr 8fat %et%eﬁx{:ﬁ% PRI power required
for transm ssitmansxﬁlma:ketps;wandlém reEEX ithieba b & agisadissi @n power | evel of
the base station. Int 53 r.Lgiqentional nmet hod, |ch|ssownintheleft

S

drawing of FIG 9, tr U LRSS FRTBATF80% N E‘ radi o

resour ceslo i scahbesei®thll @eplfkghs drnd ahderesbuidd ialdlocatioh h@e‘@ﬁﬁket S
(order of A, B, C, D, and E). The resource allocation nethod of the present

20 invention PSCSROMRE itR ttlli‘é FLERE MRAFAER WA cH'S STVEPEERA out under the
situation whegeghtdirsy defee Bl BEfod NAtWleR® 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. 2, 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 situaticn where it is determined that the
maximum buffering delay of group-1 packets is below the
threshold in step 5101 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 1s 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 if

the total level of transmission power assigned to packets

becomes close to the maximum transmission power level of the




maxi mum- buffering delay of group-1 packets is belowthe threshold in step
5101 of FIG 7. In this case, transmssion power is allocated to gf'g)mﬂnm
packets A, B, E and F, which 25 require greater transm ssion power.' |

there is transmssion power |left after the allocation to the group-2
packets, the remaining transm ssion powg_is assigned to packet C of

group 1, which requires less transm ssion power, as long as it does not
exceed the maxi mum transm ssion power |evel of 30 the base station 1. Wth

this arrangengpbe ev&dd 1hhetns eF@NINGqt LA8SHHSS iR POWRE becases snal |
(that is, even if the total level of transmi ssion power assigned to
packets becofBslEl dsaFephEonasrenAckeaisMIat| muyidResmpeyer of the 1 4
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still allocated to nore packets that require s r transm ssion power.
Thi s neans t hepweheagpgaledt tansadissioranpbeeinaysispiedlosepacketts can be

i ncreased <l o ; t b 1.S$I r.le t.he base
staton 1.5 andekihih HRadriSi SBAANTILRT 8F AR ety Eae B i
resources i s copsepeshtliyn the éifitiegmiyodfnehlocdtdse sfatradio 1l nonitors

and neasures the ti ne- var ;azLi ng _co nication qualities of 10 wreless
termnals 10 fﬁ?%‘ﬁfﬁ'u 40° AME Y sifies packets addressed to the wrel ess

termnals 10 through 4Qn nhe fFiwst Gndida mdapenshdw satatwbat bemod ey raur r ent
conmuni cati on %ual it ach, term nal reaches the average jn the area

of
covered by th8"pHd8e i GRS 1 MR IFACREt COTHTESAdd o A 45T T Sess

term nal M thwedsT&ds teefAHALEald Othrughi 1Y, adndrclaako¥ees headatsage i s
stored in group-1 buffer 106. The packet addressed to a wireless term nal

with current 28Rt dC SReqrireisF odraRinats Afbertigeust ¢ obkp it¥ogr oup- 2
buffer 107. |gra6h tdeprndiRg RSttt @Relc@RtatMRRmubNEa 2 odTaxi mum

buffering delay of a packet in transm ssion buffer

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 is stored in group-2
buffer 107. In addition, the base station 1 determines the

20 maximum buffering delay of a packet in transmission buffer
106, If the maximum buffering delay of a packet in
transmission buffer 106 reaches or exceeds the threshold
time, the base station 1 gives priority to the packets in
group-1 buffer 106 when allocating the transmission power.

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 fhe 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




106. If-the maxi mum buffering delay of a packet in transm ssion bu%mf @536
reaches or exceeds the threshold time, the base station 1 gives pr 12 !
to the packets in group-1 buffer 106 when allocating the transm ssion
power. 25 If the maxi mum buffering delay in transm ssion buffer 106 is

bel ow t he threshold, the base station |I_first allocates the transm ssion
power to the packets in group-2 buffer 107. In the congested state where

t he maxi num buffering delay of a packet in transm ssion buffer 106 exceeds

the 30 thresholgy;tdie RAGKe! §itdddaNSHSaLon buffer 106 are given higher
priority in allocation”of transm ssion power. This arrangenent can prevent

transni ssi on del ay, and @ahprescngesissivissston parkats inntcanphissics with

the service g ' 1. _-20-. requi b i rel .termnal. In
2 mon- congest o e 2 D07 p A rea ke LLHHLEEE: R Y BE 5G4 L Caui re'a
greater quant resowfcasadior tresguiseEnf,orrer @irgen Ssigher areogitweninhi gher

priority in 5 | ocation of transm.ssion powe After t al l ocati.on of
P F ansr Ssion BoRRT e DAtk SFeP PR PRABR Aft T r Bt LR 1t
remai ni ng transahssiswicmopewetr sStagsidkeed o the frankatission blffer 107,
transm ssion buffer 106, which require less radio . resources for

transni ssi on. “FRi SEHRGe ERES 150 POYRTt He A PUIBES| tPef Rfckets

transni ssi on pAWEte agngmHeds ion NALKRLS 10eVawklicht heqimxkmues d rans™ ssi on
power |evel of the base station 1, A as conpared with the conventi onal

t echni que, maKFHPPHSESU ERSe trarsSRISHON-sINoR PREIIFKRNENCRR IR et fHhfiner .

‘Next, thesecepda PNMRA1IMBAL £ ind@SAULELpBIE e d ifhedl BoVbatk e @XRlghned
bel ow. In the second enbodi nent, the transm ssion priority determ nation
unit 112 checkBe trxinpEc kERRSBIHTOR PRWeRel eYehsth $SroRepafs&tirg7 L nanel y,

the packets addigssgdd @1tRCEAdRLAETLAR ScdiaiRBe , CATRLY CRIJLCRse
qualities below the average. It the buffering
of transmission power in an efficlent 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 transmissicon 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.
I1f the buffering delay of the leading packet is shorter than
the threshold, then the transmission power (or the radio
resource) is 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 rescurces according to the second

embodiment. The transmission priority determination unit 112




20+del ay of the |eading packet (i.e., the maxi mum buffering delayp4§ﬁ 00
transm ssion buffer 107 is equal to or greater than the threshold v Lé 4
set by the buffering delay threshold setting unit 111, the transm ssion
power, which is an exanple of the radio resources, is allocated to the 25
packet in the transm ssion buffer 107 atp,p higher priority. |If the
buffering delay of the |eading packet is shorter than the threshold, then
the transm ssion power (or the radio resource) is first allocated to the

packets in thgetbEaNSdE SHARBUEREMAOGuMWBLERe NaSy BQAPTURI €RE | @al ity
30 at or above the average. FIG 10 is a fl owhart show ng the operations
of allocatind™RE +adids E8bbpEsrg Aewdirhdgthe 19pdidecpagket i ment. The

transm ssi on phbpli Vimoedsr m | ' - - t er m nes

whether the mextnbm bt er %Bgﬁfrg%é&%% ﬁé%gg%kfe]?mészh%t&ﬂ%,g%h%ebufferi ng
del ay of the PF&8atdy Pwdkdhe shregholshof Bhpfevi{eridsdiedsyonstrE fer 107)

is equal to Ok @f eater than the threshold of the buffering delay (step 5

S201). If the maxi num buffering delay of packet in group 2 is at or above
t he threshol d bufferi ndg ddhaymgé¥ERun rbstfeping204) ay tdfe pacaasnis sjonp

priority determ patio 1t..1 l.ves . priori ot |_eadi cket of
group 2 so thgyhghét %&;#ﬁggfo%ﬁ%g%&ﬁéﬁ¥§lgréu%¥?%ﬁn%ﬂ %%8§t33£?of§ﬂﬁ%?ﬁ eadi ng
packet. The sg8bdur cehaldranamnissi amnidribl3tal decateinatient nansnl 51 on  power

to the packets.of group .2 in conpljance with the determ ned order of

briort ey (steptesnFriREy RorRP L aRaRS belkt D ST EHE: 2080 Tt Mhimes 15

whet her ther eradeo rsfsiuticeg BeSOfH LS Aliloceated rensiiissileadipgweicheaf.t by

subtracting the transniss%&i ower | evel | | ocated to the packet .of group
11gf 3d1 =8 3

2 fromthe matPRURPSIHTS B PO FOTHEDHAEE STARTUTHOY st ep

5203). power to the packets of group 2 in compliance with the
determined order of priority (step S202).
Then, the resource allocation unit 113 determines

15 whether there are remaining 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 5203).

If there are no resources left (NO in step S203),

20 then the process terminates. If there are resources still
left (YES in step S203), the resource alleccation unit 113
allocates the remaining resources to the packets in group 1
(the transmission buffer 106) (step 5204), and the process
terminates.

25 On the other hand, if in step $201 it is
determined that the maximum buffering delay of the leading
packet of group 2 is below the threshold (NC 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 radic resource)
to the packets of group 1 in compliance with the determined

priority (step S205).

Then, the rescource allocation unit 113 determines




If'there are no resources left (NOin step S203), 20 then the process
termnates. If there are resources still left (YES in step 5203), tlHeMAY 2004
resource allocation unit 113 allocates the renmaining resources to the
packets in group 1 (the transm ssion buffer 106) (step 5204), and the
process termnates. 25 On the other han?iz_if in step S201 it is

determ ned that the maxi num buffering delay of the |eading packet of group
2 is belowthe threshold (NOin 5201), the transm ssion priority

determ nationyHBihed ldhdie/ @3 ePEERL | f Mg 1R sbRecRACKE shdnl s95 8HPpdwed NE
resource allocation unit 113 30 allocates the transm ssion power (i1.e., the

radi o resour capftt by tsibtiyacking e gransmisphoropgiigradeyeni ehledrted
determ ned pri,0LiLY, 2 T; r ' ' 13
ot or m nes 1" GoME T0T 08 HEr TR T sy e RERHAEE ahORTLh o Hillec!
(transm ssi onlpugérof |@fe Hapesabathwt iNg (shept 820&nd ssi on power | evel

allocated -to the pack f._Qro 1 fr t nax| ansni ssi ower
| evel of t?’le base st at ?%fnocﬂegfs?g% %CEZO%)@.OU%%FF i'( g?re%fg émngk? s%%](‘)r@e's | ef t
(NO in step S286i, the hwdelse peociasstd=er fifnahese dife tde@peraee sesldur ces

still left (YES.I ep 5206) e resource allocation.unit 113 | | ocat es
the remai ni ngT?ggo[(}FEzéeslri §%Fﬁe56¢%}up-t§7epégﬁ8’€§ce( 28567 un Bdlltaﬁe
process termn aalesatdd HHeGrehdinimg fdourtéB tbltisd ratompt-bepaekedd on

bet ween t he transm’if'gn pmgfer required to transnmt a packet and the

maxi mum t r ansiff5&P o q?weran heP Ss{EFTSAESH these figures, packets
1-1 through 1-6 are stamyl nnagasapris. kubf eliuenchpRacket ge2adidhrough 2-4
are stored in group-2 15 buffer. The |ength of each block (packet) in the

buf fer repreSERYESR Hd'q &FEPSBESTIANRAYSS| SRIPHNRT TeddPPedit® Rakeni t

the 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 Dbuffer. The length of each block (packet) in the buffer
represents the level of transmission power required to
transmit the packet.
If, in step 5201 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
first 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
5201 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




[f in step S201 of FIG 10, it is determned that the maxi num buffering
delay of a group-2 packet (i.e., the 20 buffering delay of the |eadifnmgay 2004
packet 2-1) is below the threshold, priority is given to the group-1
packets (that require |less transm ssion power), and transm ssion power is
first 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 assigned

to group-2 pagkets addfled 2BULLSL LT thgaasﬁ%ﬁd,ogsp@mﬁag%@&éaoq% as It
does not exceed the maxi mumtransm ssion power |evel of the base  station
1. 30 If, on FAE-other Haklerptis stuiutserisished powst dpfthabtenftid G 10 that

t he maxi num b ' f - to ] t. .Qr. gbove the
hreshol ot hah ot Sror De knd - Pallititsch BORSE! ol Betheell 220 IR oo on
power is 1 4 2-WAYtR2804he?3empigin@ssiapsedssdopauieedrs 13- dssigmoedjta2- 4, as

I 1 lustrat in_ Fl 11B. .1f.there is fransm ssion wer |left after the

al | ocati on” of gf:ﬁ%ptqr ePnasC%eé:ssi (l)ﬁi]p%n o (%gég‘ef%q%rfpaﬁﬁ?uéﬁan%ﬂﬁslﬁ’?en t he
remai ni ng trapswessian Jpogeasi St assdgned bRcbedrthepmhxpmaiets 1-1 and 1-2
(that require_|l ess transm ssion ‘Pomec{f) %s gon% as it d(ies not exceed the
maxi mum  t r anSAEREMGIPIBWEPRPEVET VO Athé6a825S 131 Er™ L I n the second
enbodi nent, base stati am kheDBeéOES crdRdifBASUNESsd R altiiBR- Yahoi NG rs
comuni cation qualities of 10 wireless termnals 10 through 40, and

cl assifies patRetBeasiH@Ses88dTHBETHEF YA Pe FEERURGGHIOR SU3HLEHD R 40 into

two groups depeadidl «maAgi bero the-ckidhr a0t SQIMBINIsGalrhi 88 pakaldd y of each
term nal reaches the average in the area covered by the base station 1.
The packet ad@8fP@s’%tRd ¢Catls WiFelesss teaminasf I threushet? EdAmiMiocati on

quality at Of groups depending on whether the current communication

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 guality at or
above the average 1s stored in group-1 buffer 106. The
packet addressed to a wireless terminal with current
communication quality below the average is 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 pricority in the allocation of transmission power.

This arrangement can prevent transmission delay, and




above the average is stored in group-1 buffer 106. The packet addrqgi to
a wreless termnal with current comrunication quality bel ow the av 3&&ﬂm¢
is stored in group-2 buffer 107. In addition, the base station 1

determ nes the 20 maxi mum buffering delay of a packet in transm ssion

buffer 107. If the maxi mum buffering qQL?y of a packet in transm ssion
buffer 107 reaches or exceeds the threshold tinme, the base station 1 gives
priority to the packets in group-2 buffer 107 when allocating the

transm ssion pEUR!zeL% danshis IEX1 BHR YT &ﬁré;@gpﬂﬁ@é Qhitf PREKGIJiR

transm ssion buffer 107 is below the thresho e base station T Tirst
al | ocat es t hequgahtivi zasiudmedoir the wirelpaskeesninalgroup-1 buffer 106. In

t he congested state V\h;:fneat ReLD ﬁ@%&%ﬁ%?g%ﬁ‘ et%eli yt%né‘m Sasciko%t_ in

transm ssi on buffer 107 exceeds e packets 1h transm ssi on
buf fer 107 arbuffeen 0thi ghéchprequitey liesst heaatitpcatfii orddd tesmardessi on

power. This arrangenent can prevent transm ssion delay, a 1 4 NMAY 2004
A oal i 7o EPRACHIATT SR Lhn FoT TaYCoAsPTRRCR Y, HE SbFRAEeoTs | Ly
requi red by theamsmid=izs pewarnakftdm thenabDicengesi ed srahemifaiciets in
transm ssion buffer 106, whjch require less quantity of radi o resources 5
for transm ssPBYST ar% 'evgﬁck?b%e’rn M%PW?S’r%‘ 3?11 tggﬁ' of€ t r ansni ssi on
pover. After t&@aahiQfairbaBmobsid@NeeSioNasPNRIA t0 the Packels inn

transm ssion buffer 106, the repmaining transm ssion power is assigned to
the packets i A€t HPRTHSSAPRSPOR SufiOdr THFSh WRBH ffeuPFedtehreat er 10

quantity 0f rgdiRt{8s U 68815 0FedSANYY $8L0PrardiiSsidh! afgegent can assign
the transm ssion power to as many packets as possible. Consequently, nore
packets can bBrraipgaRant: €8s apiam tthe [LranfREsHhorerofC radlir¥esour ces,

and the throughprleLany HRGLERSE: SIdieubleidr sl $3RBts can be

transmitted under the limited quantity of radioc rescurces,
and the throughput can increase. Since the transmission

15 power is assigned to the packets requiring a greater
quantity of radioc 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 variocus 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




15<power is assigned to the packets requiring a greater quantity of radio
resources |ater, inprovenent of the communication quality of the 14 MAY 2004
destination wireless termnal can be expected. |If the comunication
quality of the wreless termnal is actually inproved before the

al l ocation 20 of the transm ssion power.,4he |level of transm ssion power
assigned to the packet can be reduced. f% this regard, the transm ssion
power can be used even nore efficiently. In both the first and second

enbodi ments, khRebgssup Stdlel BmAuSEIAITNERal Dey Balddon Lapge.dor the
transm ssion. 25 buffers 106 and 107 taking into account the average of

the communi cAEFBRIYuMARIEEs 261 2 veRT RIS EPPES, orndiacsiosdéngdy nithe s (in the
entod Ment s, WLERLESS 438! foddLiULUGRoc A0y e adledbaghyy the packets

addressed to the wreless term s 10t g are classified evenly
into two 30 geddpsssethd-csttbeediraledme teamiss popellongingatentkei samebuf f er s

106 and 1 W t e 1€SS X t.he thi [ nt.wll
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termnal varies at _a certain range, and accordiqg%y,.thg g ant%%y of_ radio

resources al | 6EEPRTFTD TRéE Batket® addPe5seTCtDd THe GhitPEl RS5O A M Qt

bel ongi ng to tkheisaresdurgeaups apsss Mdld . eEvah Af Cddial resatgess Barimk ng use

of the wvariation in co ni cation %ﬁait nd qgantit of .radio resources
129 ege i b

over a certai RerangEnShie & Picken fCeTAd 0% HE Tes is

possi bl e. 1EveRethifadidne @50UEERSo £ ANTF c1 Bt Agsdrgiiag ,t @hasdagdetlo addr essed
to a certain wireless 10 term nal due to |ack of sufficient quantity, those

radio resour E8EOWESFDEYs SPRBH-TF hriGt RBPTPAE RACKSTIAESERESTD TCanot her
wirel ess ternmhpgtndelane1egst fethth MR 16RGYR td) the same group. In

the third embodiment, when radio resocurces cannot be
assigned to a certain packet, they are allocated to another
15 packet in the same group.

FIG. 12 is g 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 radio rescurces 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 S301). Then, the resource
allocation unit 113 determines whether the value ™"n” 1is

30 smaller than min{(N, B} {(step S5302).

If *n” is smaller than min(N, B} (YES in 5302},

the resocurce allocation unit 113 further determines whether

there are any radic resources available for the current




the third enbodi ment, when radi o resources cannot be assigned to a certain
packet, they are allocated to another 15 packet in the same group. H &MAYL2004
is a flowhart showi ng the operations for allocation of radio resources
according to the third enbodinent. In the flowhart, "n" denotes the

nunber of packets that have been subjeciged to the determ nation of 20

whet her there are any radio resources avallable to the packet, "N' denotes

t he maxi num nunber of packets that can be subjected to the determ nation,

and "B" denot gsckée (wEPEB08) . pPaEkEle SHuanhedt] ot headilaragbasian buffer.
The term "mn(N,B)" represents whichever is the snmaller one between N 25

and B. The re368reEsdI10APNSM intlie CITTRPEsPagke’s if-cmpAler Eamttde or the
bui I t-in nmemoryy(Hotefhawak Qtemsﬂsan&i%g ANLRg.of sdd & HRPel 8bhgp (step 5301).

Then, the resource allocation unit det erm nes” whet her the value "n" is
30 smal ler thahlacated WAicsrepoS3ss from the maximy lredichueseunyds, B)
(YES in 5392) rce:all pcat, o ' 13 f rympes whet her
there ar eagnyorfa |% é%:egﬁrtggéggvgi ?éa}L eqeggPE?%e%lu%aggghlgﬁiﬁM@32004 - 26
packet (step 88068minds tthatqubate tareofradidi vesesmaevallegle ried the
transmt the current packet is smaller than the radio resources remaining
by subtractinﬁufﬁ%nalamléﬁ' all ocated radi o resources fromthe maxi num
radi o resources 5 of the bayerstadimrsdirckbearesawridabdll doattion unit 113

determnes, AL e Lot SR 08, [EROHLACS AUALLAlLe L 9 e, et packet
the resource ablBogBld®tashithe 28did Fealdueeatesotiin: lcadirentegatkees to the
current packet (St eD 30 men e TR ubP 08 2b 1S einS LSRN & By gt and

*n+l"” is stored as a new value of “n” (step S305). The steps

$302 through S305 are repeated for cother 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 5302 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




"n+l" is stored as a new value of "n" (step S305). The steps S302 t rou?
5305 are repeated for other packets in the transm ssion buffer unti 4 MAY 2004
reaches N or until all the 15 packets stored in the buffer are subjected to
the determination. If it is determned in step $302 that n reaches m n(N,
B), that is, if all the packets in the buffer have been subjected to the
determnation or if n reaches N, then 20 the process term nates. The

| arger the "N' value, the longer the tinme the resource allocation unit 113

requires for tBeoopesAl itoR, rafdo FEMTTESHAP B! AV JEAY-QCEY andAGHRY di ngly,
it is preferable. to choose the value of "N' taking into account the

real -time 25 BAGFABtEASSHIESE 12 NS PrenTEPup htregpidiagivenal) frthen' s

set to the nuﬁgﬁioOﬁeéﬁﬂﬂe%%5c§ﬁ95éﬂhééa Lhestrapsiy ssion buffer, the
determnation is repeated for all the packets 1n~ the transnlsS|on buffer.

If "n" is set to zero (NEdpughhén s Gpove-desorihedempaidimanss ddws not
conduct ti‘ga 3%agﬁé@§ fHdEfPe ggd\/\@gt q:relteggr %e%fnifsg e gigg%ff eciiv%'tl able to

t he packet. i'S manner, even IT a certain pac cannoi™ "Teceive radio
resour ces duetwo grmuﬂﬁihaSedcqnoﬁhaiu@mmadnoaﬂ;thQNﬁlzmﬁés Qﬂ'mEsources, t he

radi o resourc ed_.t 0 .anot her acket Ia55| he sane
group. Accor dlsfs'lﬁ‘]g?é/ éjecl %Rgfr ad“i‘he rléléfglrf ces Jgan ¥eap%$+efcg| &t
Al t hough in tbesabnveﬁde&cthéeﬂb&kﬂnxﬂamengsomﬁmd ﬂhtpamhebe @ﬂdmﬁssed to

i rel I I based
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equal |y ampl|adc&setﬁnawhﬁaﬁepafka%ndﬂas@helpafk&ﬁsisametg&@mmmntadu(lnthree or
nore groups. In addltlogs %he third enmbodi nent can b? aEglled to 10 a case
t

in which packERT% IS £ 105t PBHE TSR OPoRbOER et FLF- 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 resocurces 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 gqualities (that is, the
packets requiring a greater quantity of radio resources for
transmission), prior to allocating radio rescurces 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




thirs case, the determ nation shown in FIG 12 is carried out for eaitk
transm ssion buffer. As has been descri bed above, the communi cation MAY 7004
qualities of wireless termnals are constantly nonitored and 15 neasured,
and packets addressed to the wireless termnals are classified into several
groups based on the nmeasured qualities. dn t he congested state where
packets are apt to stay in the base sta2[| on over the acceptable buffering
delay even if the maxinumradi o resources are used, priority for 20

assi gni ng the i adior s PSHERS phSk PN IR LheLOY S SLANINGagpgcket . This
arrangenment is effective in preventing transm ssion delay, while carrying
out transm ssirgacenfRY cif the besplstaicenw Th this saxdii cbequadliey required
by the wireless teLdd nal, 4.2 Yf@é&hefﬂ%i%%%ﬁt is addressed. 25 In the

non- congested state, radi o resources are rrst allocated to the packets
addressed to wirel ess Alaennealigelyiing theweoncommmediest statguatadices (t hat

is, the ckets requiring,a greater,.quantity of radi o resqurces r

t r ansni ss!o%n) FeRPT oY (I)“aglgpgcg fa@ aflalgﬁcgtﬁgs%%r%%es qa(?%teﬁea %r%%%ﬁé&?
addressed to wireless tHeaminaak shdamiqnGqilghghbecommpenimsaniieat qoal ks ti es
(that is, the Egc%ets r%i%ui ri Q% | ess .radi o resources for transm ssion).
This arrangenéhi2tar® pdife PAGFEHe THHLGHaherT O Z6FBUFEDur B Fhat
can be 1 4 MA¥o280YocaAfing lra@as efbdduridee Racketitety e@rboséiecdraxi mum radio
resources of the base station. To this end, the radio resources can be

used ef fici entt§el9d% SSTFEPFEP yIAYING HEOVRENSEBMPYIEG St Fralitiffio 5

resourcesigray (BRaf i {15! @l paakets t&éﬂ%iﬁ??&%x@&fgﬁﬁﬁﬁﬁti V¢ relgses
term nal s having hi gher communication qualities (that is, the packets

requiring | es¥eFAMFTesJHAEedFTAIAMNNT £8D al PEXIRTAFY LhAINWWRRB Afr ces to
packets addreggepe{® tnM’ gh-eSsrd,2ialss DAY Hghd QMR £EGIMHI cat i on

qualities
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 radic 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.




10+(that is, the packets requiring a greater quantity of radio resources).
Thi s arrangenent can increases the nunber of packets that are trans 'th& d
and consequently, the throughput is inproved, while efficiently usi ﬂ]d ﬁejﬂm
radio resources. In addition, it is expected that the 15 conmunicati on
quality of the wireless termnal that isygclassified in the lower quality
group may be inproved before the packet addressed to this wreless
terminal is actually transmtted. |If the comrunication quality is inproved
dependi ng on Hwhercpoymamegbi @8 envi ronnent, the radio 20 resources
all ocated to the packet addressed to this wireless termnal is reduced,
and the radio resources are used nore efficiently. This patent application
is based on and clains the benefit of the earlier filing date of Japanese
patent 25 application No. 2002-060726 filed March 6, 2002, the entire
contents of whichharethest by ahberiomst gddhy refarrasse tolapwelioysd 29
VWHAT | S I I b ng,, r.agdi r g
pl ural i tSI:LSA 5N§E %%:}ﬁee%gsagggrgggeséégg%? gq%?%l}gﬁt@fjgﬁ Jﬁqéggeggﬁ?ler%r%’l%nal S
| ocat ed i n anlarabed cvreredabya acdesreds bat robase gnpriisnngcoterisiepshef : 10
setting a threﬁg%do f buffering delay of the packets at the base station;
nonitoring co ication qualities of the wireless termnals; classifying
t he packets addressed tsetthegwaregimessholdeptii haf fexr it devayosf ndree gr oups
based on the nonjtore onmuni cati.gn _qualities of the wireless termnals;
15 measuring Bﬁ?*%ﬁr‘% &E‘Fgggﬁ? Tt 158cket s for each of the groups; and

10 monitoring communicaticon 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 belonging 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 i1s not said group that includes the
packet having the buffering delay at or above the threshold,
giving the priority for allocating the radic resources to
the packets addressed to the wireless terminals having lower

30 communication qualities.

3. The method according to claim 1, further comprising the




if<there is a group that includes a packet having the buffering delay at
or above the threshold, giving priority for allocating the radio qeﬁsMAYr'Lﬁﬂis
to the packets 20 belonging to said group that includes the packet having
the buffering delay at or above the threshold. 2. The nethod according to
claim1l, further conprising the 25 step;pf: if there is not said group
that includes the packet having the buftfering delay at or above the
threshold, giving the priority for allocating the radio resources to the
packets addressegd ¢¢p:the wireless termnals having |ower 30 conmmunication
qualities. 3. The nethod according to claim1, further conprising the 1 4
MAY 2004 -30 step of: i¥f tHhere s mof Suidd 9gpvppthdfatindedgdethehe packet

having the bubbekenmdrliy Bk Blir ALCUE; ASaLNEESH0] dhoyOkhE NGt Oori Ly
for allocating the radio Tresources to 5 the packets addr essed 1o 1 he
wi rel ess terngAsERg higva Ry 1oliighefor orimpgiatantobheuadi eesodrcdhe-aet hod

according {0 | : r ri sing the steps
of : when a Ioggigié%&%%es %gglkgg%%%%o?g%% %&é‘?ég‘ﬁ% %%’gﬁnﬁggt e there is a
sufficient quanghty aofmmadicetiesopuxlesieseft for a current packet; and if
the radio resources are insufficient for the 15 current packet, allocating
the radi o resources to another packet belonging to the sanme group. 5. The
met hod according to claim1, further conprising the 20 steps of: after

allocating th raﬁ%o resources to the packets b I%ggjn to said:ﬁroup t hat
i ncl udes the gack < OﬁgaFﬁ%FéhHQxﬁq AGYdBP Gy atC G Tabo VR P HE thr eshol d,
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 radioc 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 said 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 radlo resources to a

plurality of packets addressed to a plurality of wireless

terminals in a radio communications system, comprising:




determ ni ng 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
remai ni ng radi o resources to the packet belonging to another group. iq' I@AY 2004
A base station that allocates radio resources to a plurality of packets
addressed to a plurality of wireless tefynnals in a radio comunications
system conprising: 1 4 MAY 2004 -31 5 10 15 a buffering delay threshold
setting unit that sets a threshold value of buffering delay at the base

station; a service quald taﬁfééﬁﬁ&i@éu&iﬂit%rtegﬁ&m{ﬂfn% andy fRAsW

communi cation qualities of the wireless termnals; a packet classification
unit that cl adsthreshalsk vagaekef soyfftaringodetayoie Wreobpsebatetians t he

measured conmuni cation gualitij.es 1 M rJm S P ering
del ay nmeasuring unit tha;é%lﬁe&%ggr@gghb‘{}?fd\gﬂa%%el%If/\iﬂ;‘t%t%hem%glcgéej{gs afn(%f: each
of the groupspeastremsiamgwinonapi¢mrqual idéeeer of ndte orirediebst batmirddisgr m nes

an order priority faqr transm.iting.the.packets ,.based _on,buffering delay
measur i ngoé; esult of thgal &F%S}Ei %%ass gﬁlé:? ﬁggsﬁ?lr gthlfh' -2PRT b‘fﬁ)atrl'ieson W th
t he threshol dpavkdte;iremd taor €8 qusme galolupeabaoed Wi tthishakaghtatat es t he

radi o resources to .t{l?%.packeti.'n acgqo%?‘ance %&th the order of priority.
20 7. The bas& T RIGHEC A hy T OH & BLIEWHEFRivTIME"8h% of said groups
has the buffering del aya mRESUEiNG dBSY tmeabuding aboMe thhe hbseshed d val ue,
the transm ssjon_prjori Ui

buffering delay of the packets for each of the groups;

10 a transmission priority determination unit that
determines an crder 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 orxder

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 allccation of the radic resources to the packets

included in the group with the buffering delay measuring




determ mation unit gives transmssion priority to the packets included in
the group with the buffering delay 25 neasuring result at or above tﬂgMM 2004
t hreshol d value, and the resource allocation unit first allocates thg&
radi o resources to the packets included in the group with the buffering
del ay neasuring result at or above the tlreshold value. 30 8. The base

station according to claim7, wherein, after the allocation of the radio
resources to the packets included in the group with the buffering del ay

measuring 14 ¥%¥u§9Q§tY§2a %%Q'£n@1t§%%ﬁQﬁﬁev%E§eFhﬁﬁ?@%h u¥asue, the

resource allocation unit determ nes whether fe are radi'o resources
| eft at the baséosabidroninigndetérmnirmre wineeheenthenea@readiadior essunes, t he

resource allo LO it.,allo he I ining radi o resources. to the
packet s belong?%E ?%uag%giSgrggégégﬁdéﬁ%%&ggghﬁ?e%ﬁga6§gélgfﬁ?i%%iﬁ%cording
to claim®6, wreseurced, ther eesdlris aldiccanéonf usat caldoaupsswihid t he

buffering elaé neasurin%g result at aqr above the thrﬁshoLd val ue, then the
transni ssidn PrErity? dEEPnF RECFORF UM tGPvBRCE T EhAR-92F4RY Hiority to

t he packets i aabuded ¢ sand gtoges d groups corresponding to a | ower

comuni cation quality, and the 15 resource allocation unit first allocates
the radio resources to the packets included in the group corresponding to
the |ower comrunication quality. 20 10. The base station according to
claim6, wherein if there is not one of said group with the buffering

del ay neasuri fig 'F%%Lhatseaﬁtéﬁl‘alboi@qqﬁjénghﬁésﬁg?ﬁ“ \Pal Weerehani § Hdere

transm ssj@n p&i Qb+ IohdRire kL §alt ALt hOkMESHl F ANS WS 8L PRy M4 Qfdity to
t he packets included in one of said groups 25 corresponding to a higher
conmmuni cat i onTeEALT t3% cFndbpre thesduesioafl| vrhie orkheni theirst al |l ocates

the radio resQULLERission priority determination unit gives transmission
priority to the packets included in one of said groups
corresponding to a lower communication quality, and the
15 resocurce 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 transmiséion
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 guantity of radio resources available for a




to-the packets included in the group corresponding to the higher

comuni cation quality. 30 11. The base station according to claim®6,
wherein the resource allocation unit determines whether there is a 14 MA 2004
sufficient quantity of radio resources available for a 1 4 MAY 2004 -33
current packet, and if the avail able ragég_resources are insufficient for
the current packet, the resource allocation wunit allocates the avail able
radi o resources to anot her packet belonging to the same group. 5 12. The
base stal i on geeoed gadieL! ahl Br {H LhAL 1a600PHLEINIGRoANALL Y d AN0E
setting unit that determnes a range of communication quality for each of
sai d groups basedffochyntarfoayéhageuvfenthearkasurthe coranwriceaal bycajualn ti es,
wherein the nagke!l.eldsnldd GAL! 001 £1AR3LT LESotNRs RACkRLEpDAsEd On The
range of communication quality determned by the quality range setting
unit. 15 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
10 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.




