;e3e("%v! 6! T"-1 DESCRI PTI ON PACKET COVMUNI CATI ONS SYSTEM PACKET

COMMUNI CATI ONS METHOD, BASE STATI ON, MOGBI LE STATI ON, CONTROL DEVI CE AND
PACKET COVMUNI CATI ONS PROGRAM TECHNI CAL FI ELD The present invention rel ates
to a packet communi cations system a packet comrunications nethod) a base
station, a nobile 10 station, a control device and a packet conmuni cations
program all of Wiich are for perform ng packet comruni cations through a
radi o |ink established between a RESGRIFTIONg station and a receiving
station, 1S BACKGROUND ART Fn a conventional packet conmunications systemn
upon recei pt of a packet addressed to a nobile station, a base station

all ocates _radi o resources (power resources and the like) up to maxi num

avai | abl EACHETs FCZUNT NS Y HENa RACKET | SMMENECRDIONENYBITHEDY he

packet to Sahe mobi | e station.. For_ exanpl systen) upon receipt

e, in a CDVA
of a packeBPASBdSEETERN o MOBTIE |STATIQY or-ONT Bipk DEYEEE oANB| PAEKESs code
resoug ces up to maxi num avail ission_power of the base station)
and tgransm' ts the packet toé?%bﬁg%ﬁ&gagtga?ﬁgﬁ. In the conventi onal
packet conmuni cations system as descri bed above, \Wen packets arrive at a
base station in a burst way, transm ssion power of packets in the base

station TECQN?Eﬂiikiﬁiﬁtly fluctuates tenporally. Thus, fluctuation of an
i nterferéence Tevel nterference power) in a nobile station belonging to

another cell beroMBs. & P8nvention relates to a packet communications
system, a packet communications method, abase station, amobile

10 station, a control device and a packet communications program,

all of which are for performing packet communications through

a radio link established between a transmitting station and a

recelving station,

15 BACKGROUND ART
In a conventional packet communications system, upon
recelpt of a packet addressed to amobile station, a base statlion
allocates radio resources (power resources and the like) up to
maximum available transmission power of the base station, and
20  transmitz the packet to the moblle station. For example, in
a CDMA system, upon receipt of a packet addressed to a mobile
station, a base station allocates code resources Up to maximum
avallable transmission power of the base station, and transmits
the packet to the mobile station.
25 In the ceonventional packet communications system as
described above, when packets arrive at a base station in a burst

way, transmission power of packets in the base statien



FIG 1 shows a schematic configuration of a conventional 5 packet
communi cations systemin a dowlink. k2 this drawing, it is assuned that a
base station BSI controls a cell (area) "A" and communi cates with nobile

stations M5l and MS3 which are located in this cell "A", and a base station
BS2 controls a cell "B" and communicates with a nobile station M52 which is
| ocated 10in this cell "8". Description will be given bel ow while focusing

on recepeignifiicaatilonéliuntubsesobempostalon MB2s, Iflwcpackidn of an
communi cati ons system perform ng transm ssion power control (TPC), based on
an i nt er Fatenfereagel leyed Vida e feresues \Bowe sk atn on mobhhei stediahely 15
preceding slot, transm ssion power of packets of a transmitting station in
a next sgStlc’Pgl&@t EPnPReFhes ££ltlo Depmmes tlarge - SIR

(signal -to-interference power ratio) which is obtained by addi ng a TPC
margin to a reﬁﬁ?re’dsﬁoﬁ%ﬁ FFRETRELF FIRE LT3 bhen Rdr acsempertitnaihe

pack (of0) nications,s em 20 perform ng, the transm ssjon power control,
as sﬁé)mpgﬁkﬁiéownﬁagﬁg%ﬁ %QF?H‘e’rI’Fear Bligke| ABCERYBRHIWERS, nobi | e

oSl 47 AR IR PR Ll SRR v
n LR ,_ .4 .d8 i 25 ] i
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station BSl. Thus, conpared to total transm ssion power base station
8S1 i the shigl el taval WARSHIHSIAD ROYET Hof éi\?exﬁasslahaw%mgﬂ In
the slot 2 is drastically increased. As a result, as shown in Fl B, the

interfertncesimyetni netbptibhi betahatbar VB2 theOmobha ebasa 1Sl iMyy HS1 is
rapidly increased in the slot 2. Therefore, as shown in FiG 2D, in the

nobi | e statiorliVs2,a anp@ldRetf a dopemindeth ik gnalystadn s Rrixaw ddie g equi r ed
SIR to cause packet reception failure. As described above, the conventional
packet coransmisslamspsystrempaesoli bEPcibovieadad endaawiadle rife ridinia

regardl ess of the TPC nargin, the rapid increase of the I5 interference

| evel inevrl r gecedveg shat isonreoelvbngurstdniess dah packemmeddutedyt he
packigt reception failure in many cases. Moreover, there is a drawback in

t hat*’sudtF eI a Fdedpt toan sl s 8t on dewear of ftassk et < ofmatiraasidrs iqgal i ty
and decreases a system capacity. 20 DI SCLOSURE OF THE | NVENTI ON The present
i nvent i cHEateiChddea) pexbrisiatedst fohesningd ab@& toi havasa daxgat SIR s an

obj ect of the present invention to provide a packet conmunications system
a packet ' SAENVRITIRAT RS HFRT $REROBOVE Th AL LR )at WBACha impiebeainedi by, a

adding a TPC margin to a required SIR of the receiving station,.

For example, in the packet communications system

20 performing the transmission power contrel, as shown in FIG. 2C,

based on an interference level received by the mobile station

MS2 in a slot 1 (see FIG. 2B), transmission power of a packet

addressed to the mebile station MS2 in the base statlon BS2 is

determined so as to have a target SIR (for example, 4 dB) which

25 is obtained by adding a TPC margin (for example, 1 dB) to a
required SIR (for example, 3 dB).

Eowever, as shown in FIG. 2A, when a large quantity of



control device and a packet comrunications program Wich are capabl e of

i nproving satisfaction rate with a sys3em capacity and a quality of
service (QS) by dynamically Iimting transm ssion power of packets in a
transmtting station and keeping an increase of an interference level in a
receiving station belonging to another cell Wthin a TPC margin. In order
to achieve the foregoing object, a first aspect of the present invention is
summar i zpacketa packee ednithei baskossadicone®Sihiiohapelbar Ay phekbtse
commruni cations through a radio link established between a transmtting
station &hétacreBEilvRhgosaiegoardehrsegaukerscopnbni vakions sysidable
includes a transm ssion power setter configured to set transm ssion power
of packetZ2pamasgder BPERT pef ithe PByeustabion Bhkni High sendared packet s
in a preceding steg EerLod and an interference |l evel of the receiving
station. *RbRETERDSPRESEPRSFOREFePE SPet RasprakahiornPiht iBnthg slot
SLWﬁﬁHiZ d as a% acket .conmuni cation %§%%$n1mhich perforns packet

communi cat i ThE t FrARRT i $50h BOMeTkOEst 2SR LBELRBRS h BhdbestiPton and

a nobile,statjon._ .Th agket co ni gati on tem i ncl udes: e ettin
means 1 of LhSHAN THLE ArEHT Bower o B SULLE oft S CLi enroRltol 28, @
redet er pj pe h Q lural ity of Is a transmtted
P the r TPtk SRR LHEE A e PU% Shetnlat  fisad's Rop RB, Ecpat tBe kR
transm sgi i t: St Li.ad f. Lrangpl.ssi-Qn._power in a
precedingtggégHZEé}(§ gﬁgggﬁy?ﬁ?gfggfggb%?%ggiﬁjgg?%fheﬁﬁ%%é#érgga??on. 2S
A secondsRspRn 8 Gt ey PHESERL rdiaN beRth SnSHEBBILLZ84R a5 8 ggx{]e% Cadi o

comuni cations nmethod for perform ng packet communi cati ons throu

| i nKl0est abrh gheth DES WReIbw the 2 e@ulitdes BIRL £ 80c80 86 | P iRdE A d&5E] i NI
station. The packet conmmunications nethod includes setting trarism ssion
power offphrtkeés in a next step period by use of transm ssion power of
packets in a preceding step period and an interference |evel of the

recei ving statdon, dbsepileed thabseeond ahpect cohviche ipmagent gawsdion is
10 16 summari zed as a packet conmunications nethod for perform ng packet
comuni ceenmsichtough sy 3 el aldd ard esd aldvehéd sbet deawbackame tHat i on and
a nobile station. The packet conmuni cations nethod includes: a step (1) of
changi ngFegardhessi of poher TP6r mardini dhep papiddsroirersw edft enhd ned

| engt.th when one or a plurality of packets are transmtted in the radio

i nk? anthiesierensy Igvebiin shet ransivistontabien dye £mbarsdtiaesseri od by
use of tr?nsnission power in a preceding step period and an interference

| evel fdtf BRERFIB IC8vses £56. Pé\ci‘ﬁltrHeﬁgﬁ’éé?noga%h‘érﬁr%mnm PES®Si.on i S

summari zed as 20 2
@%reover, é%ere is a drawback in that such packet reception

failure deteriorates a communications quality and decreases a
system capacity.
20
DISCLOSURE OF THE INVENTION
The present invention was made in consideration of the
above circumstances. It is an object of the present invention
to provide a packet communications system, a packet
25  communications method, a base station, a mobile statiocn, a
control device and a packet communications program, which are

capable of improving satisfaction rate with a system capacity



a base station which perforns packet comrunications through a radio link
est abl i shed between the base station afd a nobile station. The base station
i ncludes a transm ssion power setter configured to set transm ssion power
of packets in a next step period by use of transm ssion power of packets in
a preceding step period and an interference |level of the nobile station.
Moreover, the third aspect of the present invention is sunmari zed as a base
st ati on whdcha perfariny padkeservimani (20 bndit hdyngmisalddi olhimdking
est abl i shed between the base station and a nobile station. The base station
i ncl udes*r$REplgeLomnPovem S T macietiyi iy a ranesmenistbhngoskation eadh of
step per%ods‘_of a predeterm ned | ength when one or a plurality of packets
are tran$fFPLBd PR tRETCAFS A5 AR Hireiierpire siovebol®ral rateingngeans
for setting,transm_ ssiqn power in _a next step period by use of transm ssion
power i nsﬁgEFQEe %Sn§9§;§°p@ﬂ°5&‘%d:% i%@?jf%raen%%gl%%’é‘ﬂllﬂor the mobile
statiaon. A fou th%f ect of .the ﬁ%ﬁsegt inventiqQn, is sumarized as a nobile
station which p&r? PaBRBL C¥ENTIRI TR $IAENT tad §dF§t fRRECE
est abl i sggd LQjﬁtween t he mobjle station,and a_base station. The nopile

I

station | 8s: PASSHitTer rEtEHEE 90 | Vel SHTBRZGEShI &P olf ai PRFKeL

fi [ f-interf | | ived b
the basetomfnBBhELBal] KT G P o8 rbBE! RASHRT P OLFRERERT i gnal
from t herhasgoflALhago Pl 85th8N1Th3e BOLROUR! BELLEN: FARELAN LA L0 Se!
transm ssi on power oOf packets in a next step period by b USe 6
h I SSI . ! . : t f
R v A SR S s ol SRt S R Rt

IS SINMBLhZBdes o MRftidrisnsisdid Wawer PeLhRks PagkehucaAMUpLCaidoNs
through a radio link established between the 20 nobile“station and a base

stati on. tTdesmDbs ieén ParéOrof Haldkdas LAt grieienceyd peeli ot Bynigg seans for
obtai ning an average | evel of interference received by the base station in
an i mredtetrsyips boedpogefi xBdopekéos Di 4 ipPedddigadtd® P GE and
transm ssion power at the base station side for each of step 2S periods of
a predetat nintelr fenghbewhevedbnefothe peoedbiing sfapdeohets are transnmitted
in the radio link, the average | evel being obtained through an announcenent
signal fromt MeirnRer, -thetfroh,2spett refhities fimme povemddmi tdmd smeans
for ,getting transm ssion power in a next step period by use of transm ssion
poveP i nSHTRREkERR S sk epapket ogommuni natabnai syetem ehfichemesficaws . 5 A
fifth aspect of the present invention is sunmarjzed as a control device

Whi ch CHHRTIHS CHEBWGH SagmmnA SEEPEES Herrdontamk pei tehedibe tasd

est abl i shEd bet wee£ a transm tti nggstati on and a receiving station. The

control HEFFEE® TALT USSR D (AR SERSH PovneTe Rtahet SRPMGHAEE tionget
oo SRR o SRS A OB SR B
I nt erferpetm:e% lf%“:elaa%?l Egesﬁgﬁ%é’}f@dgto&%iaor;]:'redetermined length when
20 oneor aplurality of packets are transmitted in the radio link;
and transmission power limiting means for setting transmission
power in a next step period by use of transmission power in a
preceding step period and an interference level for the mobile
station.
25 A second aspect of the present invention is summarized
as a packet communications method for performing packet

communications through & radio link established between a



Moreover, the fifth aspect of the present invention is sunmarized as a
control device which controls each bas& station 15 which perforns packet
comuni cations through a radio Iink established between the base station
and a nobile station. The control device includes: step setting neans for
changi ng transm ssion power for each of step periods of a predeterm ned
| ength when one or a plurality of packets are transmtted in 20 the radio
li nk; anéran@amsHtigicons paveen| amid imgresatyihgr setitiarg, t rahenipasiket power
in a next step period by use of transm ssion power in a preceding step
peri od af@®raMNifadrifcarse meg Nosl dncladashs eoing teEatsmies s don osvdy bith
aspect of the present invention, it is 25 preferable that a transm ssion
power st BREFStE0AR FuURRET1HLER FerieR BY ok taansoies ion pasiest ofi n t he
preceding s%eg period, and a transm ssion power |imt value cal cul ator
_g. conf PGGrEFSt dPcal PEPSEE AT PARENPESEGA pHReAN| LAterFareacenlenelnext
step periqd use qf ,the transm ssion power of packets stored in the
trangﬁisg oﬁgéoﬁgFegﬁépﬁbétQQ%QQnther i ncl uded, and the transni ssion power
t the 5.trans ackets in the next

nsi sSFofi 0 fEres nc | f
Step period o EEeERery ERE ARCHRd dERCE Pk AP PhResnss Lo psIen LR t
| ) A h ifth t of th t i ti it
o abPRRfEE 2t abNS Halchl e RS A e SioTion ¥T P obrFBing
for "2 alal Py Sy TRl T PR T
O s < BRoREL G Sfinid ¢a0s SRS hodlih hor L6 1 a1 BEL SRR BREWEDE
packet s g Rt £ BERbT1 b EXCEEH, { 16,4 ERRREL S5 A, POUEL LA

val ue wit hin maxi num avail abl e transm ssi on po ransmiiinhg

st ation mbeRolihEnésladéd v DOk t8@r Yifof THamldmf tkRaRmn2%s s89%ebokerasdp
predeterm ned val ue, Mdreover, in the fifth aspect of the ptesent

inventioeachtOESSﬁ@pfﬁéﬂbﬁestaatatﬁ@aaég@ﬁmiﬁéaOﬂeﬂgwgrwﬁgﬁt@ﬁei§r a
configured to set the transm ssion power of the packets in the next step
period iplecabltunoe pddietsn &4 edarsericsde el the 20diBelirrpsgmdtd ng
station when the transm ssion power of packets in the preceding step period
is 0. Mopeewef?) iof tdetfidg tempetisaion hepopeesenta imuentdtdp pdricd
preferable that the transm ssion power setter is configured to set the
transm &Y Sifpoketrafspiseirs powehelmexpragestiony peeporebhsadand an
aver,age val ue of interference levels received by the transmtting station
in d%pr eLEERTECTeNed bevebdfor tBemspbdler stamibhe fifth aspect of the
present inventjon, it is preferable that the transm ssion power setter is
configured to RsdtitReaEPEREMSivh PEewentotnyaskérs {5 sumnamided @@ peri od
in accordance with an av éﬁge val ue of transm ssion 6 power of packets in a

precedi rfy '%?eatﬁé;.riloa‘d’."’ PRELPFEA PR SRS b F PEHEHL oAt inrk b augh ke
precedi r}%éfoe&i% r'e%ci:al.bslioshed between the base station and a moblle

station. The base station includes a transmission power setter

20  configured to set transmission power of packets in a next step
period by use of transmission power of packets in a preceding
step period and an interference level of the mobile station.
Moreover, the third aspect of the present invention is
summarized as a base statlon which performs packet

26  communications through a radio link established between the
base station and a mobile station. The base station includes:

sStep setting means for changing transmission power for each of



Moreover, in the fifth aspect of the present invention, it is preferable
that the transnission power limting mdans 10 includes: transm ssion power
storage neans for storing transm ssion power in each of the step periods;
and limt value calculation neans for calculating a transm ssion power
limt value in the next step period by use of the transm ssion power stored
in the transm ssion power storage neans, and the 16 transm ssion power

| i m ting SR@npesdedst ez mrasiatiepoied iLlendid wben stepher pdarad iy

smal l er than or equal to the transm ssion power limt value. Mreover, in
the fiftRfaBpeketorarad manegeifitedienthenradiokint epadaransmassiogquest
quality m)nitoii_ng means for 20 nonitoring QS for the radio link is
further PREBFIEIMIZART: RE2PERSK SRFPHRBAEADINHS S 10l PRNSE e AeKEnction
of setti ngd the tra sgi ssion Eower of packets to exceed a transm ssion power
limt in3H& EFé’&OEe YoHe&i Phi At ABRMAGM CRaRSHEESs-8n2pBREFEAABAE BREPQLS i s
smal | er r _.equal. t0.a edet er i ned. val ue.. 25 reover, |nthe fifth
aspecf oy%%ﬁg(apla@ efft* iiﬁ\}:e?rﬁed:rﬁn“ﬁ rIl1ie's“r%]r U abte PRRELENEEEFLREM ssi on
power limting e Lansyi ssion._po in_the.next ste erioq in
accor dance W tﬁngggggﬁa%%%ggr?grgﬁ%epfg\slgsrta%n}’ﬁ%gbﬁgelgt3’1‘%‘85%?8 when
transm sgi,on, p Ln p rhod. i L, Ln the.fifth_aspect
of ‘the presant i Buser i He s eI b Frornd bR Pl rapirs

announceRgRbyuABaN$alalk fitgfﬁiﬂ % & 'ﬂé@de%nsﬁﬁéirﬁjd%ﬁde %Q&Q;é.%rnaggdl evel

of interference recelved se station 1 n an 1 nmedi at pr écedi ng

fixed penipgs@fstdiEody 4 obrdn AQRAUACEMEAL ShERA! af 0 4 8 FODLL Eo StAti ON
fromthe base station is further included, and the transm ssion power

i mi 3 nglevabsati@sagel vaALLEOPbRALREEt £BSFLEBrSQ £6205PLERI OR DPyRLigbased on
announcenent fromthe interference | evel announcenent neans. Mbreover, in

the fifthaaspectf DhitéhPepessenleiraVenteonlviel by phefaabl eribpént he
transm ssion power linmting neans sets transm ssion power in the next step
period i & precedingef iked Hérbhodrtlyeotglansm suiom pawett of Ldhel basem st at i on
before a fixed period of time when transni ssion power in the step period is
0. A sixthedeptetstition; pred entt fansmts sion oowmerd ek asoraf Jraoked
conmuni cati ons program whi ch perfornms packet '

to set tranamission power of packets in a next step period by

15 use of transmission power of packets in a preceding step period

and the average of interference levels.

Moreover, the fourth aspect of the present invention is
summarized as a mobile station which performs packet
communications through a radico link established between the

20 mobile station and abase station. Themobile station includes:
interference level obtaining means for obtaining an average
level cf interference received by the base station in an
immediately preceding fixed period of time in order to change
transmission power at the base station side for each of step

25 periocds of a predetermined length when one or a plurality of

packets are transmitted in the radic link, the average level

being obtained through an announcement signal from the base



20 communi cations through a radio link established between a transmtting
station and a receiving station. The pfrogram allows a conputer to execute
processi ng of setting transm ssion power of packets in a next step period
by use of transm ssion power of packets in a preceding step period and an
interference 26 | evel of the receiving station. Mreover, the sixth aspect
of the present invention is sunmarized as a packet conmuni cations program
whi ch pefftditdsn; and pacaenividemi Pavesnd imdtdiangh meansli botri aktésngbl i shed
between a base station and a nobile station. The packet conmunications
progr am AFPBRELESAERPRPERE tin axkeXt s R Pesdiofybyiishofntranesisaisnep (1)
of changing transm ssion power for each of step S periods of a

pr edet erﬁ?%@ﬁ HRAGPREGRET TGN BTEP Bepted 409 Fher oBsekeed =hEeerfar8Rfeted in
the radio |lipk; and a step (2) of setting transm ssion power in a next step
period b eﬁgg'of transni ssion power in a preceding step period and an

i nt | evel for th i tation, | O A seventh t of th
oresent | vent kot TS SRRRE BAc-AE B LT AR AP Wil ERPBBRLEBHSA Backe!

i catj t dio Jink established bet
Cranom ¢ R0 2ok 0 B P R S TR R I SRR AT odie BT udes o

t fq I ' ' t
fop por 1ot RgnusE2AR8 LM 83 L8 e bRePh e el 4 BEL B o ERRLRET A PO ™
Lransmi (4580 St 2ealvARGa NACKH NI S42P BohEPdL ALY OYRRY L SOf, PaCket s
accunui ated in the tranSmtting station: An el ghth aspect of the present
i nvent i ofrsBsmUSEREH 2520 s%?ct%zbé§ﬁf§&ﬁkbar‘t%ie%ht99ﬁ£ﬁigﬁi@ﬁ?@ﬁer .

e bdse station

comuni cations through a radi o |ink eStablished between t

and ¥ nobf Igackets dm aThexinseepl peroBd Byl WEeSo B ¥ RSN TEs Bt
oonfigured to allocate a radio resource in a next step period by use of

total rectpEicdeyEonara o qpaekeis stepméheodulid en2bnséafépense N & 4l ecedi ng
step period and the quantity of packets accumrmulated in the nobile station.
A ninth @afpdee oécebeipgeseationvention is summari zed as -12 a packet
communi cati ons program whi ch perforns packet conmunications through a radio
link establ i shEFanstaeertle tiifhdnaspent sthtilon present dopiantniprstiat i on.
The program al |l ows a conputer to execute processing of allocating a radio 5
r esour ceSWHIEE Fesd ast @ PR ld dBy igsewhi cl sl tradice paichrbawavstadfi gracket s
from.the transmtting station in a preceding step period and the quantity
of pAckARichcRAHFAFBE PRAke (FeMEWREFRB4OBR attheRuhy BREE|IOESARKPTI ON OF

THE DRAMVN?%)FIG. 1 is a schematic dia%nan1shomjng an overvi ew of a
established between the base station and amébile station, The

control device includes: step setting means for changing

transmission power for each of step periods of a predetermined

length when one or a plurality of packets are transmitted in

20 the radio link; and transmission power limiting means for

setting transmission power in a next step peried by use of

transmission power in a preceding step period and an
interference level for the mobile station,

In the fifth aspect of the present invention, it is

28 preferable that a transmission power storage configured to

store the transmission power of packets in the preceding step

pericd, and a transmission power limit wvalue calculator



conventional packet communications system FIG 2Ais a graph show ng total
transm ssi on power of a base station 881 for each period of tine (slot) in
a downlink is in the conventional packet comrunications system FIG 2B is
a graph showi ng an interference |level of a nobile station Mb2 for each
period of tinme (slot) in the downlink in the conventional packet
communi cations system FIG_ 2C is a graph show ng transm ssi on power of a
packet 2@caddigaesitecalrulmbe lcetsanembasiBa power Basd tsvaluem B&Ref or
each period of tinme (slot) in the downlink in the conventional packet
communi c&EFén§ tePsPemilop) ppei 8fathraphasRBIEAGcanPSWRrob faprekeiteed
signal in. the npbile statioq M52 for each period of time (slot) in the 25
downl i nk 3FRTERIR SRR AERGFEIL SFF R POVBRMBFPERER e fysttdar Fncludeds. an
expl anat or Lagr.am show ng an overvi ew of a packet communij cations system
accordinanﬁo%éﬁﬁqﬁﬁn%ﬁﬁﬁﬁﬁ?ﬁﬁﬁ°we?1935F2Fhé3pﬁéﬁéﬁgqﬁﬁﬁﬁﬁ?oﬁ?tFFE? 4is
an expl a rv.di.agram show an.overvi ew of a base station according to
t he ?él)r st%égﬁﬁldlgﬁgﬁp & e Odrkgé’sa&ﬁeti%v’éh}tly?lbﬁn%x El1¥eBPrEigdgiapReshow ng
total tr h SS oywer _of asg, station 8S1.for_each period of tine
(sl ot) i%ﬂ%ﬂ%%&ﬁ?ﬁﬁg 0e eguai Qo ghe Qransm§ssion pewer lelt value.
Morxeover, in the fifth aspect of the present inventiocn,
it is preferable that a quality of service monitor configured
to monitor a quallty of service in the radio link is further
10 included, and the transmission power getter is configured to
set the transmission power of packets in the next step period
to exceed the transmission power limit value within maximum
available transmission power of the transmitting station when
the quality of service is smaller than or equal to a
15 predetermined value.
Moreover, in the £ifth aspect of the present invention,
it 1is preferable that the transmission power setter is
configured to set the transmission power of the packets in the
next step period in accordance with an interference level of
20 the transmitting station when the transmission power of packets
in the preceding step period is 0.
Moreover, in the fifth aspect of the present invention,
it is preferable that the transmission power setter is
configured to set the transmission power of packets in the next
26  step period based on an average value of inzerference levels
received by the transmitting station in a preceding fixed

perioed.



in the packet communications systemaccording to the first embodi ment of
the present invention. FIG 58 is a gr8ph showing an interference |evel of
a 10 nobile station M52 for each period of tine (slot) in the dowlink in
t he packet comruni cations system according to the first enbodi ment of the
present invention. FIG 5C is a graph show ng transm ssion power of a
packet addressed to the nobile station M52 in a base station 8S2 for 1&
each period of MOT®evEd oy thet hbf HovmIPeRt i9f (e paeisentcdmvenitdari,ons

system aq ordin o_the first enbodi ment of the present invention. FIG 5D

is a grapl sﬁng%‘@e%?F@‘P#?ofﬂha? e@éﬁveﬂrépaﬁéﬁsﬁ-ﬁnt HeeweDi 1etkian i é8 VB2

f h d of the 20 d | i nk th ket

cormuni CEPFOISUErS by SEC oTth HESPETE B LPPREVERBU io%sﬁe%sf fﬁﬁiq)pe§§nt

[ ti | H h t at f t kets whil

excoedi nd AR PERERT 41 RS @epﬁﬁ?ﬁ’s“ﬁvaa RESFRoBN R Rl CEBRIRPeAC NS
t ft ti FI G

56 i o s BOASE CROWRAPTOrAl T afant SoTON Bouet b1 o HoAP: téf?aviﬂ k8% o

each per ‘t?g.ngf'nits'sq%n( %ég}%%—ré? SadRUPL K the brddbdiley RAGCLEQTRUOL Cat I ons

system according fo t

Moreover, in the fifth aspect of the present invention,
it is preferable that the transmission power limiting means
10 includes: transmission power storage means for storing
transmission power in each of the step periecds; and limit value
calculation means for caleulating a transmission power limit
value in the next step period by use of the transmission power
stored in the transmission power storage means, and the
18 transmission power limiting means sets transmission power in
the next step period to be smaller than or egual to the
transmission power limit value.
Moreover, in the fifth aspect of the present invention,
it 1s preferable that'request quality monitoring means for
20 monitering QoS for the radio link is further included, and the
transmission power limiting means has a function of setting the
transmlssion power of packets to exceed a transmission power
limlt in the step periocd within maximum transmission power when
the QoS is smaller than or equal to a predetermined value.
25 Morecver, in the fifth aspect of the present invention,
it is preferable that the transmission power limiting means sets

transmission power in the next step peried in accordance with



enbodi nent of the present invention. FIG 7 is a block diagram show ng an
internal configuration of the base stelf0ton according to the first 6
enbodi ment of the present invention. FIG 8 is a flowhart show ng
operations of the packet conmunications system according to the first
enbodi nent of the present invention. FIG 9 is an expl anatoxy di agram
showi ng an overvi ew of 10 a packet communications system according to a
second emPotfihenfesencad eyedsahttlimbeacishatiRGsLide wiseranrexphasatony
diagran1shomﬁn%wgn overview of a nobile station according to the second
embodi NneROWEE tife theesdimr inzgd ok 96 FIG 11A is a graph showing total
transm ssion power of a nobile station M53 for each period of time (slot)
in an uplink i F°FREVEAckeR Ebfmirfthtairchk e dheapEspantginygentdosecond
enbodineg%lgg th pé% ent_invention. FIG _118_is a graph show ng an
i nt er f er &fict® PEPHETHRC1IE BB bade- SR IR BI EVRSr2aRAR PR pOREBE B5Fans FBT(s| ot )
int uplink i,n the packet conmmunications system according to the second
enbodt AP EETAS P BB S A ERTL O 0 LAV EEEGSL 8V 6f At SHBRFRGEnCS
transm ssi f. a,packet addressed to t ase statign BSl in_ a
nobil e s g??é%%%y%hre bEs&ERe &Pfotf* 6" S ol PﬁeFﬁglﬂﬁl Fiken the
packet coEIUBLCAE Plife WP LAE AF AThAB R LhRr1°5958. "L IR o0l LN
present Tnvention.

statlon from the base station is further included, and the

transmission power limiting means has a function of setting the

10 transmission power based on announcement from the interference

level announcement means.

Moreover, in the fifth aspect of the present invention,
itispreferablethatthetransmissionpowerlimitingmaanssets
transmission power in the next step period in accordance with

15 average transmission power of the base station before a fixed
period of time when transmission power in the step peried is
0.

A 3ixth aspect of the present invention is summarized as

a packet communications program which performs packet
20 communications through a radio link established between a

transmitting station and a receiving station. The program

allows a computer to execute processing of setting transmission

power of packets in a next step period by use of transmission

power of packets in a preceding step perlod and an intexference
25 level of the receiving station.

Moreover, the sixth aspect of the present invention is

summarized as a packet communications program which performs



-16 FIG 11D is a graph showing an SIA of a received signal in the nobile
station Ml for each period of time (sllot) in the uplink in the packet
comuni cati ons system according to the second enbodi nent of the present
invention. 5 FIG 11E is a graph showing an interference | evel of a base
station BS2 for each period of tinme (slot) in the uplink in the packet

comuni cati ons system according to the second enbodi ment of the present
i nvent i oP2ONSE compupdcatgpashtirowh@ rediaom ok o yeddarsiodd hepaeleat 10
addressed to the base station BSl in a nobile station M52 for each period
of time EsPRF ITREARN apA aAROb: eheTphirBt CBRRMdCKSY sanmupsdcamiaosor di ng
to the second enbfginent of the present invention. FIG 11Gis_a graph
showi ng &1 G RbF+ YR G FIBRUERG TR S¥5Cut e ieC BDT L BT MHiGoAnNFBERIREX each
period of tine ( Iot%$i the uplink in the packet copmunications system
accordin&'fﬁx¥%eé9ec dg%ﬂ%%ﬂFﬁeﬁFaBFmﬁﬁélﬁBe§@W@WIﬁﬂﬁn?%ﬁh efcs*eP is a
bl ockg di agr how ng_an.internal .confiquration of the nobile_ statiagn
accordinggﬁgg?%e8?25086396t8ﬁ968FHEﬁF38% H§98r8§§n9riﬁv8 PFBHitﬁlﬁf 13 is
a cubic gggg%%gl§gg ' QURUL eL- L da?le recordi ng .,medium.r rding a
packet c_nnunipatloﬁ%ggpgggéﬁggcg%raﬁﬁgr §+3 ﬁﬁP%d 3ﬁgoaiﬁgﬁP gg?tﬂg
present LBYRAhLORransmission power in a next step period by use of
transmission power in a preceding step period and an
interference level for the mobile station,
10 A seventh aspect of the present invention is summarized
as a control device which controls packet communications
performed through a radieo link established between a
transmitting station and a receiviné statioen. The centrol
device includes a resource allocator configured to allocate a
16  radio rescurce in a nesxt step period by use of total reception
power of packets from the transmitting station in a preceding
step period and the quantity of packets accumulated in the
transmitting station.
An eighth aspect of the present invention is summarized
20  as a base station which performs packet communications through
a radio link established between the base station and a meobile
station. The base station includes a resource allocator
conflgured to allocate a radio resource in a next step period
by use of total reception power of packets from the mobile
25  gtation inm a preceding step period and the guantity of packets

dcoumulated in the moblle station.

A ninth aspect of the present invention is summarized as



FIG 14 is a table used for determining a transm ssion 25 power |imt val ue
in a next step period in the packet ceé@runications system according to the
first enmbodi nent of the present invention. -18 FIG 15 is a table used
for determining a transm ssion power limt value in a next step period in
t he packet comruni cations system according to the second enbodi nent of the
present invention. FIG 16 is a flowhart show ng operations of the packet
communi cadt | FEEkRGt erpmmTiel tipne theogezmondwieibbdi pentoohst hpapkesent
invention. FIG 17 is a block diagram showi ng an internal configuration of
a base stCAFFRRgEdordishgthporak ehinatiie bibbdesdabldsheat peteeean a
invention. FIG 18 is a block diagram showi ng an internal configuration of
a nobi | e RIS Ao rHiHet D BRE BhireFeded ikt ANt heThe epeagTam
invention., FIG 19 is a sequence diagram show ng operations of a 16 packet
communi cAHIGWE 8y SPERPEEEOF Qi FHEEHES ¥ AgRTH hivdd Pl Rcadinge prddent
invengion. BEST MODES FOR CARRYl NG THE | NVENTI ON [ Fi rst Enbodi ment] 20
(Over Vi el ®8FPYPLEKAR BAHfiftmiSEaR Bﬁ§ig§-srpgrﬁ%d>fP§€I$€tl ESRRENLCR PBNETnet hod

Accordi ng &t o Thi.s .Eqbodi pent ) Detailed description will be given bel ow of
packet COfmBR REEeoREoR, ERBrT AR°A L ALRE: 2 CORNRR 31 FORESRENABE AREB: i ng
t fi di t t t d i . ElLG. 2 i | t

Vi cw shohCRg AN SharviSy SRE Bhcin "EBRNTRR.aPPoHE S Eeln SBcolRrng Lo

this enbgggggﬁ%: Noke gteRali oy N the packet conmunications system according
-17 to this e oéi nt, a base station (transnitting station) 8S2 controls

transm ssion power of packets addressed to a nobile station (receiving
station) M52 in a downlink (a direction toward the nobile station Ms2 from

t he hseRrtraFi ops3BIrrIAN BFOWRE BHREWSNGE i n the packet conmunications
system according to this enbodi nent, a base station 851 controlling a cel

AA' and the baBeGsthtion hamitioldidgran chdwRy a6l FpePbidw dhe, cel |
AA" are disposed. Mbile stations M51 and MS3 are located in the cell "A"

and the gaobvestitatlopabBati schfiuhdeatédnsnsiyldeegrl | "S" . FIG 4 shows a
schematic configuration of the base stations B51 and BS2 according to this
enbodi ment . FIG. 2A is a graph showing total transmission power of
a2 base station BS1 for each period of time (2lot) in a downlink
18 in the conventional packet communications system.
FIG. 2B is a graph showing an interference level of a
moblle station MS2 for each period of time (slot) in the downlink
in the conventional packet communications system,
FIG. 2C is a graph showing transmission power of a packet
20 addressed to the mobile station MS2 in a base station BS2 for
each period of time (slot) in the downlink in the conventional
packet communicaticns system,
FIG. 2D iz a graph showing an SIR of a received signal
in the moblle station MS2 for each perlod of time (slot) in the
25 downlink in the conventional packe:t communications gystem.

FIG. 3 is . an explanatory diagram showing an overview of

& packet communications system according to a first embodiment



In the case where a large quantity of packets arrive at the base station
BS1, the base station BS1 determ nes &l8&ransm ssion power limt value in a
next slot when transmtting 16 packets froma transm ssion buffer via the
downl i nk (downward channel ). Specifically, the base station 8Sl determ nes
the transm ssion power limt value in accordance with transm ssion power
and a TPC margin in a preceding slot (a step period of a predeterm ned
Iength)fﬁfzthauRIQSEmﬁgﬁnﬁém%nmmy increase an 20 interference level in the
nobil e station Mb2 belonging to the other cell "B". To be nore specific, as
shown in FIG $AG.t HKelbase simlanateqt ding s ashqweiranges pvieher itavarsni ssi on
power [imt value in stages for each period of time (slots 1 to 3) within
maxi num BSPaF8i $ Bt EeR paeaRdldinRopde f ios tt pebbdimentaef dmeBpresent
Consequently, as shown in FIG 5B, the interference |level in the nobile
station 8RO s located in the cell ~AB' from -18 the base station
8S1 i$ al so in%r%asgg in stages, Here, as shown in FIG 5C, in accordance
with the interféfenc® t&vEl 96FPRhENABHPICtetRAL FEARRABRSPACRNBOYRSt Of ( t he
transm ssi on, power of packets addressed to the

b t at 852 det

mobi 1 o SEADTER SAAURET HolnEok| GFH Rer HRE B FAVE LTarboin & ROWRASRKI &

bt dy TPC d SIR_Th f th

nter o o Te TS (b et Qo BHEkeS oRrore S Soske Forahe TPC

mar gi n OE-m%%E?. eht agditio eaaséﬁg_ en 1 G SD a SIR of a received
can

si gnal mobi | € St t| on e tncreased to be | arger than the

required SIR, ﬁ@d regepgi gn E%bhu ﬁg§9$gp%ﬂm53§%3€%%f¢§5raﬁ?%1s%?oﬁ power

description will be given o calcu

| i i 10 vahuBif ers ke Misbhes & EEEE#%:P&& bl#ee 4.4 %&%ft?nfr? t'h%V&éwﬂi‘;ﬁlbe

nobile station M52 15 within the mar gi n. ere, a requi ired
SINR i n the thebigatkafatdsmivbie 2ithids Efsﬁ@ﬁlghﬁcéﬁralﬁﬁp“t%s% agj sk NRL N
and "TPC', argsa", respectively, (both of which are true values, 1n other
wor ds) bethodimhicchbfdeheopreakatoinvantasraf "d8") and a noise level 2~
(noi se power) in the nobile station M2 is expressed as "N'. Here, when
transmi ssion pbi@r 3f ipaxketapH shbatinhr ansnEsss SDcRRIIxr @fF e dlase
station BS1 in the slot 1 is ~P1", an increase of transm ssion power of
packet s afdraesbdsteo sthe inmbiE stattivm #1Sat iR Gtbatei stovishepsivitih) " Pl
is calculated. 25 First, an interference |evel caused to the nobile station
V52 t B2CR oPgricdarst tihen (sdwdr ofn t hbebaerndtiatk oin BBhei maansi der ed.

Here, it is assuned that an interferes-ce | evel -19 caused to the nobile
station WWI%EJ-%# AY e SRCosideRPEeth PIL igfs tt hmbbddmentatf drheBSL i n

the slot 1 is "I", and an increase of the interference level in the nobile
stati on WESSERT"LRVERRLANt he transni ssion power of the base station BSL is

increased b ""PlM in the slot 2. Based on the required SINR of the
mobi | e statiyo %2 50 s a graph showing an SIR of aqreceived signal

in the mokile station MS2 for each period of time (slot) in the
20  downlink in the packet communications system according to the
first embodiment ¢f the present invention.

FIG. 6A is a view showing a state of transmitting packets
while exceedinyg a transmission power limit value in the packet
communications system according to the first embodiment of the

25 present invention,
FIG. 6B is a graph showing total transmission power of

a base statlon BS1 for each perlod of time (slot) in a downlink



TPC margin and the noise level in the slot 1, the base station 8S1 using
the transm ssion power control calcul etdes desired wave signal power S in
the slot 2, as shown in the following |0 expression. Specifically, the
desired wave signal power S is calculated as below. S = ~SINR-n x TPCm ., i
~XN + 1 1S Moreover, based on the cal cul ated desired wave signal power S
and the interference level in the slot 2, the base station 8S1 cal cul ates
an SINR iim tthe spacket asmshonimaitdonke sfiysitemviamrexdiegstontha0 £3rs+~SI NRr ~
XTPC~. B aXN * | N+1+Al N+l +41 Accordi ugly, as a result of this

cal cul at ies¥odimante &l Ni¢ Peepeitt tin@MNRi@nor nore, the nobile station M2
succeeds in packet reception in the slot 2. Specifically, in order for the
2S nobi | e stat F&F-M52 t dSsuccedrlack t Biagaet shewptdonann theeshal 2, it
is required to satisfy the follow ng condition. -20 (SINRu x TPCr, .o >hXN
+ 1~ ~ SPRELTUNRLAQT MRt o thespase [ REatdorovi srRP Rin@sdicorthe ddrabl i shed.
6 (SINRrn TPCmrs rn~l. + 1 ) N-5-1-1 SINRu 1 Here, the noise level Nis
ext reér\rlel ?"é’ﬁﬁﬁi@eé‘g- Efnﬁreed’ﬁe‘c?qwé It %ence level |. Thus, in the above

T ne RoB1 B°LFat ShowRBare shadingooneiptinhs PF The Basksstati on
SR e pEARYEARARLRRS! Q0o C 8N PELLANS] YA BHR: DL Windasert of the
Present lnvention.
FIG. 9 is an explanatory dlagram showing an overview of

10 a packet communications system according to a second embodiment
of the present invention.

FIG. 10 1s an explanatory diagram showing an overview of
a mobile station according *teo the second embodiment of the
present invention,

15 FIG. 11A is a graph showing total transmission power of
a mobile station MS3 for each period of time (slot) in an uplink
in the packet communications system according to the second
embodiment of the present invention.

FIG. 11B is a graph showing an interference level of a

20 base station BSl for each period of time (slot) in the uplink
in the packet communications system according to the second
embodiment of the present invention.

FIG. 11C is a graph showing transmission power of a packet
addressed to the base station BS1 in a mobile station MS1 for

26  each period of time (slot) in the uplink in the packet
communications system according to the second embodiment of the

present invention.



16 The above expression can be further transforned as below. ~r STPCmr,H 1
From the above expression, for the totl transnission power Pl of the base
station BS1 in the slot 1, a maxi mumvalue "Pi of the total transm ssion
power of the base station B81, \Wich can be increased in the slot 2, can be
cal cul at ed. -21 Moreover, a transmssion power |imt value of the base
station BS1 in the slot 2 can be calculated fromthe follow ng expression.
5 ~Pi-rPi :~TPQ%IGeM11|D~k§~apgrmﬁ_ la@w;{mgzteﬁrsd%&aﬁ)ge,nﬂmo 2vte|de6 sigqailr ed
SINR(SI NR~h), = 2 (3dB)and TPChargip = 1. [ , "P~ =

Pi . sf)eci fiincghf"ﬂ?%’ejf?ésrﬁ%ﬁls%’? Mlgégérﬁ%tpw off time bakest din ghess_lb |
inthe 10 sliot .2.is 1.26 P1. Hy use of "Ps which is cal cul ated as descri be
ibove, || NEREKIAR i€ BAPint e SRRt LA bANS) FUebPBooSAAT 01 B 4Pt Sh
transm ssji_aon L of, packet usi ng "P1+"P1" as the transm ssion power
limt valﬁﬁg.on%g%%%“{)%& r?éitt% cﬁrea_%%'_’ SuH%‘é%ﬁEh?’_‘sl ots, the base station
From transm sof 3 pader 151 “pa5RBl e TRwEng) §F IR RESRARFAUREYALLETf | b
total tr Y 0 t t] . : i.ch,can, be 1nocreased,
s set tg&%ﬁ;g;&ggo egg?iﬁéﬁ %%cﬁﬁidgﬁ&ﬁﬁﬂgﬁlﬁﬁﬁﬁs pggs% IEhFouﬁgng a

Lgﬂ)ﬁg: Rg.hfgﬁ?hg‘cag:k%gc.r RGP R dhn LSRRI 26244 Q"sEBBna
embodiment of the present invention.

FIG. 11F 12 a graph showing transmission power of a packet

10  addressed to the base station BS1 in a mobile station MS2 for
each periocd of time (slot) in the uplink in the packet
communications system according to the second embodiment of the
present invention.

| FIG. 11G is a graph showing an SIR of a received signal

15 -in the mobile station MS2 for each period of time (slot) in the
uplink in the packet communications system according to the
second embodiment of the present invention.

FIG. 12 4s a block diagram showing an internal
configuration of the mobile station according to the secend

20 embodiment of the present invention.

FIG. 13 1s a cubic diagram showing a computer-readable
recoxding medium recording a packet communications program
according to a third embodiment of the present invention.

FIG. 14 is a table used for determiring a transmission

25 power limit value in a next step period in the packet
communications system according to the first embodiment of the

pPresent invention.



Note that, when total transm ssion power 1n an imedi ately precedi ng sl ot

is small, a nmaxi num value of the 25 telfal transmission power, which can be
increased in a next slot, is |limted. Thus, a packet transm ssion del ay
occurs. In order to avoid such an adverse effect, in this - 22 enbodi nent,

the base station BS1 can transmt packets regardl ess of the transm ssion
power limt value) for exanple, by referring to a packet delay and quality
of service (QIIGudP &8 Buttbdliengsednforrdetexavipliag as tshamamise iFG  6A,
a bound "Ps+"Ps" is provided as the transm ssion power limt value of the
base stafiBIEBSEIMA %t HEakket i Fhehexhhdtamheperioda packiie epeeddng a
predet erni ned del ay, threshol d, as shown is FIG 6B, the base station 8Sl1
can repe§t°“ﬁﬁ'€&(ﬁa¥jr%ﬁf§§ﬁ6‘rﬁ%?%%%%grﬁ? 1he Sefrrberkedppent of thise

transm ssion pgwer limt value in the slot 2) before transmtting the
packet e}&?&ﬁp THEFetHY t hreshol d, within the maxi mum avail abl e

povez of packerdarn T 18 BrevBti i § ANOTES SPOAS IR S4 SHeORABET
det ' ; 1.5 [ m I ' t sl b . Here,
when ¢ he crranera o BRaPFecofind Be oo ePolbniodrorne St Bhe o1

than a p g@gte%rtm-ql%ptﬂr hol d, the base station 851 may determ ne the
transm s?i on povvelr 0 pgc ‘ets to be ~0". 20 To be nore specific, when

traffic is enp thesintgrfer evgl .| he I stati
bel onging to tgchel I§7" B&g wﬁi g%%sgkdi #gl;g%%n f?gﬁq‘g%hg céﬁl £ﬂ\t¥g§ﬁ%r ol l ed

by the basarsbataancaSlos | sseTnisaceysn dded hg: hgCrgasep Pseol 4he
transmi ssi on power of packets ir_ the base station BS1 2Sis snalT, "the

i nt eld er enbedlimealt exCend pe ddentTRGvERIWidhi S nore |ikely to be caused in
the nobile station Mb2. On the contrary, when the traffic is busy, the
-28 interferenE&GleveB ibsthe nipbbbe SdbidoamMEhbeinggi Ny tontdensel | "B
is high. Thus, even if the increase "Ps of the transm ssion power of
packets panfhgupasécst aif oa HBblle | atgelothacoeqdimed SbRthe saiisdied in
the nmobile station M52 and $ reception of packets fromthe base station BS2
is nore ErkefjmeptbefstbeepseskentTieveindion.it is required to deternine the
increase "Pi of the transm ssion power of packets 1n the next step period
in accordance fM&h iBelPntepParence Kdawralramn shiverimgbicpe rsttdtdron ¢ 462,
thatlg s, _how busy the traffic is. ‘

packet communications system according to the third embodiment

of the present invention.

BEST MODES FOR CARRYING OUT THE INVENTION
[First Embodiment)
20 (Overview of Packet Communications system and Packet
Communications method According to This Embodiment)
Detalled description will be given below of a packet
communlcations system and a packet communications method
according to a first embodiment of the present invention. FIG.
25 3 is an explanatory view showing an overview of the packet
communications system according to this embodiment.

Note that, in the packet communications system according



In this enbodi ment, when transm ssion power of packets in a preceding step
period is "0", the base station BS1l c&f-deterni ne the transmn ssion power of
packets in a next step period in accordance with a proportion occupi ed by
an average |S value of transm ssion power of packets in a certain period in
t he maxi num avail abl e transm ssi on power Pmax of the base station BSl1. For
exanple, as shown in FIG 14, when the proportion of the average val ue of
the trandd $5i6nepbadimentpadikease (shatriaye (Aoramsarisit iosi @rtagdwer)) BiSE a
certain period of tine (for exanple, n frames) in the maxi num avail abl e
transni s SOBF5\ie - femEatiS s qro fPW e s o) PRE ke addres sesl 2o3'a mebilk3 to
1", a transm.ssion power limt value PO max in the next step period is set
to "1/ 108 e 3RRo {rFeedying sFather haXFfdumraidu el ik ahdnfldspehigdwer 25
of the base station 8 res ectiv:e{‘!@/%.1 Configuration of Base Station

Accor di ng 8 Tt eMehditfemdation Yorthe baiei geathenpBeket

conmugi cat i onsAsys#lem agcp%ﬁé n% t31 this enbgdi nment, the base stations 8S1
and B52 have a®EoRtPYlra®ith® as helPok sPRES SEhEOHRUB SRS PEASSBBTSANd BS2
i ncl ud i.cal. ' the b ti 52 w || b

toscri bed oot arorke thepC R b RS Rk S b RS FoRP P BEPLEERE of the
b t at.i Sh [ t [ [ t. i n. Fl 7y

TNk (paetdopabcatid] e 0a 00 8CETROH BRY notitatilthd (B ekl 1B Les

an_upvar da3@ceRieed AHRNESLLOVE aHOREBOEERCU o Le fAARMMlILAYT o Ciroult

102, a decoding circuit 103 and a sign separatron circu € upward

i nterfermpgeatgvebestodane d QHlL MAP L340 tHkOREBE 1 deNEGR1 68NfEgu £d tO
detect and store interference levels in the uplink to the Eiase stat1on 8S2

frond@ helovhtke irbthtaid INSBMSL +0c MA3shdRS d BEREMEEERCRA Sl SagiQred in
this upward interference | evel storage circuit 101 are outpuited to a
downwar doantio e statitte BS108nd BS2 according te this embodiment.
In the case where a large quantity of packets arrive at
the base ;tation BSl, the base station BS1l determines a
transmission power limit value in a next slot when transmitting
16 packets from a transmission buffer via the downlink (downward
channel}. Specifically, the base station BS1l determines the
transmission power limit value in accordance with transmission
povwer and a TPC margin in a preceding slot {(a step period of
a predetermined length) so as not to significantly increase an
20 interference level in the mobile station MS2 belenging to the
other cell “B”.
To be more specific, as shown in FIG. 5A, the base station
BSl increases (changes) the transmission power limit value in
stages for each period of time (slots 1 to 3) within maximum
25 available transmission power of the base station BS1.

Ceonsequently, as shown in FIG. 5B, the interference level

in the mobile statlon MS2 which is located in the cell “B” from



The denodul ation circuit 102 is an arithnmetic circuit configured to

denodul ate an upward signal obtained vl the 20 uplink, and the decoding
circuit 103 is an arithnetic circuit configured to produce upward

i nformati on by decodi ng the denodul ated upward signal. The signal
separation circuit 116 is configured to separate an interference |level in
the nobile station M52 from 2b the upward infornmation, and to output the

i nt erfer dftebpsedtaion BEdrishedsodmqueasred Lnistagdsie dalreyl asisdowe rcui t
113. Moreover, as downlink (downward direction) processing -25 neans, the
base st atlifol 482 Sithc ltad e cg rdemesnivddito ik hisu fifde rEpzendee ldowinarid the

announcenent circuit 109, a signal nultiglexing circuit 108, a coding
circuit TPPILe FRALLARINE dnrtdis 619tL , AnehasmEsstéanRSededteraingsi on
storage circuit 112, the 5 transn'kssi on power |imt value calculation
circuit FF&Rsp FoRCHSE A§ REFEREE addragged b ddin sebdlieosAaitdand rcuit
115. [ler 2i51 tgﬁ ba]ie :éation S2, the signal nultiplexing circuit 108,

t he codi ﬁ{f ciPctPf $19E o 3P Bfe PROBAVEL 2 HERG G L AR M chy d 5 ABadBEdi n a
packet t 1 SSi lLreuit 214. 10 An_upward [pterference level fromthe
upwar d |?\De%1r£g§'2’|’£% ?gvépﬁrgaﬂ J"s?oﬁ'arg%q—‘%ﬁ%%iéfﬁm is inputted to the

o gnal, i1 pl g, Bl ¥ ol e oML saaguceTl, cLEeull 109

and rmultiplexed wt ownwar

ok eone SBLH 2 Sl BRSELLLEL LR 15, T LIRS B YRS 8
additlion, as shown in FIG. 5D, a SIR of a received signal in
10 the mobile station MS2 can be increased to be larger than the
required SIR, and reception failure can be prevented.
Hereinafter, description will be given of a method for
calculating a _t:ansmission power lim_ijt value for keeping the
increase of the interference level in the moblle station MS2
15  within the TPC margin.
Note that, here, a reguired SINR in the mobile station
MSZ2 and a TPC margin are expressed as “SINR.” and “TPCrargin” ,
respectively, (both of which are true values, in other words,
both of which do not take on values of *dB”) and a noise level
20 (noise power) in the mobile station MS2 is expressed as “N~,
Here, when transmission power of packets (total transmission
power) of the base station BS1 in the slot 1 is “"P1¥, an increase
of transmission power of packets of the base station BS1 in the
slot 2 {that is, a step width) ,P; is calculated,
25 First, an interference level caused to the mobile atation
MEZ by the total transmission power of the base station BS1 is

censidered, Here, it is assumed that an interference level



the nodul ation circuit 111 and a circulator 115. The transm ssion buffer
117 is configured to accunul ate dow weatsd i nformation (for exanple, packets)
addressed to a nobile station (for exanple) MS2) which is |ocated in the
cell 20 ~~H' controll ed by the base station HS2. The downward announcenent
circuit 109 is a circuit configured to inform predeterm ned nobile stations
M5l to Mb3 of an interference level in the base station HS2, which is

obt ai ned daused he thaeobliletetd eienes2 by ahestotafel winsmi ds IO poderThe
downwar d announcenent circuit 109 nultiplexes an identification signal

i ndi cati fg eh&liembaskesbatioheBd®]l iimtbeaslatrnbuisctitntasd gnalinickrelke Si gnal
mul tiplexing circuit_ 108. -26 The signal nmultiplexing circuit 108 is a
circuit @d’nghgl}rr&ﬁﬁﬁmqe pleae Inbnychs Bobs lefs totvhwa B2 né ot filt when
accunul ated in the transm ssion buffer 117 and the announcenent signal

gener at eFRSy CERBSHARARGAIPANASLME &fenbasier etpt10D9BS bri 6 ivavteasfed by
predegerqined tinme slois. he coding circuit 110 is a circuit configured to
code & sighal #BI tPBI 8x8& By the signal multiplexing circuit 10S. The

nodul ati on cirggit 111 i,s a cir ured to nodul ate the signal coded

cuit_confi .
by the codi ng EFFEMi ¥R M TEIUETESPING %fqrté?&i BOPEEB UL (FBMS@0afhre,
transm s % n_power of .packets, a codﬁ respurce and the |jke) Wiich is
aIIocateg gymgﬁglpe%%%r ® AVSELFIF I APCERE St trhdPer BASRI $ERBRCBover

cal cul at ircyit 112 . circuit_confi ed to store,
transnis??gnagg&g?%g%'gggfgﬁg%f éﬁfﬁﬁﬁﬁf(ﬁ°%ﬁﬁé};éﬁi?éﬂ???%rg%ihﬁﬁﬁe,
slots) o p r @y engt Specifically he fransm ssjpn _power
calculatﬁgﬁes%g gég g%?%%i? ?%ZPPE %gﬁ?i%Ur%% ?%5§ ore ?¢%n€%¢@§?£%gpomer
of PECkebRpkBsdiBheCogbagielen Y, I Ot dUlLed Srld QAghEd BEyblesT pgour Ce
allocation circuit 115. 20 The transm sion power |1 mt val tie cal cuTation
circuit ¢38cihigatesi BgUbkig@Nfigured to play a role of limt value

cal cul ation neans for calculating a transm ssion power limt value in the
next step period, by use of the transm ssion power stored in the
transm ssi on power calcul ation storage circuit 25 112 (the transm ssion
power inSt'-h(SINRezé‘d’Chgz.s)(Mp-lp)eri od). Moreover, when the transm ssion power
of packets in the preceding step period is "0" , the transni ssion power
11ml* _ val ue

15 Moreover, based on the calculated desired wave signal
power S and the interference level in the slot 2, the base station

B51 calculates an SINR in the slot 2, as shown in the following

expression.
20 S (SINRA X TPCrax w)N +1)
N+I+Al N+I+Al

Accordingly, as a result of thils calculation, if the SINR
is egual to SINR., or more, +he mobile station MS2 succeeds in
packet reception in the slot 2. Specifically, in order for the

28 mobile station MS2 to succeed in the packet reception in the

slot 2, 1t 1is required to satisfy the following condition.



-27 calculation circuit 113 refers to the transm ssion power cal cul ation
storage circuit 112, and cal cul ates td4e-transm ssion power limt value in
t he next step period based on an average val ue of transm ssion power of
packets in a S preceding fixed period. Meanwhile, Wen the transn ssion
power in the preceding step period is "0" or nore, the transm ssion power
limt value calculation circuitll3 calculates the transm ssion powerlimt
value in the next step period in accordance with the 10 transni ssion power
in the preceding step period. The QoS nonitoring circuit 114 is a quality

of servi (SINFIR TRC &N gyted to nonitor quality of service (QS) in a
radi o |ink ~—~pa2lé@NRdel ays of packets staying in the
transmi ssi on bUfY 17) buffering tinme and the like. |Ib The resource
allocation circuit 115 is a circuit configured to allocate a radi o resource

for packet transm ssion in accordance with respective processing results of
the circuits 11Z ﬁo 114. For _exanple, when transmtting one or a plurality
of packef8 BnTgsptédetErnitRdd oMadid axpnessindh des Aptad biehed ocati on
circygt 115 is configured to change transm ssion power of each of the
packets to be allocated for each of the step periods. Specifically, the

resource allﬁgation circuft htb constitutes a transm ssion power setter
configurgg t bS8 xTECrmamk b ssif 0N wer of packets in she next step period,
by use o= 1SS rl1of—packets in the precedi ng step period,

which is &tored in SR8 ransni ssi ond power cal cul ation

Here, the noise level N is extremely small as compared

te the interference level I. Thus, in the above expression,

10 the term “N/I” can be regarded as “0". Moreover, since *, I/I”
in the mobile:statiOn Ms2 ig equal to " ,P1/P1” in the base station

BS1l, the above expression can be transformed as below,

AP < SINRs x TPCaerg _

1
P SINR#
15
The above expression can be further transformed as below.
AP
S S TPCusan-1
P
20 From the above expression, for the total transmissioen

pewer P; of the base station BS1 in the slot 1, a maximum value
»P1 0f the total transmission power of the base station BS1, .

which can be increased in the slot 2, can be calculated.



-28 storage circuit 112, and the interference level in the nobile station
M52, which is obtained fromthe signalkeparation circuit 116. Moreover,
the resource allocation circuit 115 sets the 5 transm ssion power of
packets in the next step period to be smaller than or equal to the

transm ssion power |imt value calculated by the transm ssion power limt
val ue cal culation circuit 113, and allocates a radi o resource according to
the set transnmMIFRAVEonet Brapyekesson WedY covekt wihkwe th s hase he
radio link is, smaller than or equal to a predeterm ned val ue, the resource
al | ocati oh*2F3RiRS L 10 §BLsSLAE 4 (AiskhiesSrbAupaked HropaehetEP ikPHing next
step period to exceed the transm ssion power limt value cal cul ated by the
transni ssTOF PO 1init val ue calculation 15 circuit 113 within the

maxi mum avai |l abl e transm ssion power of the base station 852. For exanple,
when the QoS nonitoring circuit 114 determnes that there is a packet

exceegdi ng e t hr eshol,d, A h sour allocation circuit 115
al | ocat es*ﬂﬁpgamc%g'rezsg‘g%gt?Pﬁ?’fé"'f)ﬁ ket even if transnmission power of

t he packet exceeds the transm ssion power limt value in the next step
period. Moreover, the resource allocation of rcuit 115 may set the

transm ssion p f ets J e : ri ed, 6

aver age val ue %ﬁ%@ﬁ%ﬁné@%@&gﬁ s ?(‘:g%ir\%tggggy Hgggla&g sta i@nd%EZ in a
precedin i periqd.q T {r atop, 10Qy i SW 0@ aLRGW t

confi gur gehdﬁdt gﬁtm?%én sorji'i;?gﬁél cgwt r a'glglm' tgbe'dzlsar Zfz:ie'i vggggggﬁgg%ﬁgﬁetggse
station &%rﬁ?ﬁéd&ﬂ?@ﬂe& MO aVB2 o FNEn&i b L3 a1+ 100 B4 QW §ndN
upward signal received fromthe nobile station M2 to the uplink processing
ci rcdPt, sdrdtd 2 riangdnideé m .downwar d signal processed 5 by the downlink
processing circuit to the nobile station Ms2. (Packet Commrunications nethod
Accordi ng to TiBysukebofli jlntwhiEhG s Seshovba ted |anweitardr itfed apasiect in
comuni cati ons nmethod according to this enbodinment. 10 As shown in FIG 8,
in Step Shel,sidke Baselst abase 832tdererBdhealibethes andotrahemetks a
packet addressed to the nmobile station M52 in the transm ssion buffer 1l7.
Wien t he BFagemsissiicon BSFedet of nipesketat Mheneing ndP+,P1” as the

transmission power limit value.

15 As to the next slot and subsequent slots, the base station
BSl calculates a transmission power limit value *Pi+,P:” in a
slot (i+1) from transmission power of packets in a slot i. The
maximum value of the total transmission power of the base
statien BS1l, which can be increased, 1s set to “,P;” asa described

20 above. Thus, it is possible to avoid a rapid increase of the
interference level in the mobile station MS2 belonging to the
cther cell “B”,

Note +that, when total +transmission power in an
immediately preceding slot is small, a maximum value of the

25 total =ransmission power, which can be increased in a next slot,
is limited. Thus, a packet transmission delay occurs.

In order to avoid such an adverse effect, in this



packet addressed to the nobile station M52 in the transm ssion 1~ buffer
117, the base station BS2 becones a si28nd-by state until a packet addressed
to the nobile station Mb2 is accunulated in the tzansm ssion buffer Z17 by
| oop processing. Meanwhile, when the base station 852 determ nes that there
I's a packet addressed to the nobile station M52 in the 20 transm ssion
buffer 117, the base station 8S2 determnes, in Step S102, whether or not
t ransni sshbedimeert ,of thackbrse(t staltibnanBfilssitan powenpmin appcikeedi ng
slot (step period) is "0". Wen the transm ssion power i n the preceding
sl ot a "@egardlssspeSidse tas smimssivirs povrrpbiwei t Maltive v &loweesahplieat i on 25
circuit Z13 of the base station BS2 cal cul ates a transm ssion power limt
val ue i nP¥HeeFREFIRT G° Bpadiel AeAgyt andiagality ehaereice fOaddosdahce with
the traffic, | %d &the proportion of the -90 average transm ssion
transnis??ohu% RELFI FSME- in the maxi mum avail abl e Meanwhil e, when the
t ransgn ssi on ppuer I n the precagﬁﬂﬁ}S slgé is _determned not to be "0", in
Step 5109, the" PFaRgAMELRon 350w M $EFvebRal BuPaPPEn "Gitfelit! 443 of
t he base_stati 852 qfcides the transm ssion,.poywer limt value in the next
Slot in BERRHANCE W o LI VTS P ORS poReR fn "B DI CNPRF St . |
St ep Slogtgtggﬁ @§¥n§§6t3g|%T@%(g[CIEﬁghE %g%ﬁﬁtﬁggélgs a packet
exceeding a predetermined delay threshold, as shown in FIG. 6B,
the base station BS1 can repeat packet transmission processing
10 (ignore the bound of the transmission power limit value in the
slot 2) before transmitting the packet exceeding the delay
threshold, within the maximum available transmission power of
the base station BSl.
Moreover, when transmission power of packets in a
18§ preceding slot is “0”, the base station BS1 determines a
transmission power limit value in a next slot as below, Here,
when the transmission power of packets in the preceding slot
is smaller than a predetermined threshold, the base station BS1
may determine the transmission power of packets to be “0~.
20 To be more specific, when traffie is empty, the
interference level in the mobile station M32 belonging to the
cell "B”, which is different from the cell “A” controlled by
the base station BS1l, is low. Thus, even if the increase ,P;
of the transmission power of packets ir the base station BS1
26 is small, the interference level exceeding the TPC margin is

more likely to be caused in the mobile station MSZ.

On the contrary, when the ¢traffic 4is busy, the



base station BS2 allocates radio resources within the transm ssion power
limt value calculated by tha transm s28on power |limt value cal cul ation
circuit 113, and the packet transmi ssion circuit 118 transmts the packet
to the nobile station M52 by use of the allocated radio resources. In Step
S106, the QoS nonitoring circuit 114 determ nes 16 whether or not there is
a packet exceeding a delay threshold in the packets staying in the

t r ansmi ssirgre tfigdfence Lavalhém ther mobsléhetphidm tMEX decloh g ridn ek ol eehhay
threshold 20 in the transm ssion buffer 117, in Step S107, the resource

al | ocati ¢g1®ldi r BTt i813ith ocaThyst hevieadi of r tBeuricerss@s heBe pfickées until
t he maxi num avai |l abl e transm ssion power of the base station 8S2 is

reached, WEGRHLIPLTHPONRE ¢F Ansthslsl 6 Boodraag mtetiaruBStacdlraged by the
transm ssion power linmt value calculation circuit_113. Meanwhil e, when the
packet eXdSedSAyiars flfytie atkhafedeinrethaciebiinedtasionoMeRi andin the

transgi ssion buffer, the pg_ckgt conmmruni cati ons net hod accordi ng to_this
enbod? nefE SERTHHS ofoPRFEFTS1 EOQth?g%%\? Sharel A ERR desBerBedibedys s101

-81 to S106 odi nent] (Overview of Packet Communi cations system

) e[ccs?econds
and Packé® 5CSMAnT Y %ns method According to This Enbodi ment) Next,
comuni.cat,i ons system and a

dot | o0 descr b gau |40 81 YalPLR BICKEL, SOIMLeRon. et el
DL STET  SRISRE S5anEhin st pBeD AL L L RIS ERRRENIEY, o (S
the packeh £089VR4LEL WIS SHEl SR SFEOF €109 1evel in the mobile station

10 Ms2, that is, how busy the traffic is.

In this embodiment, when transmission power of packets
in a preceding step period is “0”, the base station BS1 can
determine the transmission power of packets in a next step
period in accordance with a proportion cccupled by an average

16 value of transmission power of packets in a cartain period in
the maximum available transmission power Ph. of the base station
BS1,
For example, as shown in FIG. 14, when the proportion of
the average value of the transmission power of packets (average
20 transmission power) in a certain perlod of time {(for example,
n frames) in the maximum available transmission power (traffic
load) is “0 to 1/37, *1/3 to 2/3” or *2/3 to 1", a transmission
power limit value PO_max in the next step pericd is set to *1/107,

“2/10% or “3/10” of the maximum available transmission power

25 of the base station BS1, respectively.

(Configuration of Base Station According to This Embodiment)



to this enbodinent, a nobile station (transmitting station) MS3 is
configured to control transm ssion powdr of a packet addressed to a base
station (receiving station) BS1 in an uplink 15 (a direction toward the
base station BS1 fromthe nobile station Mb3y. As shown in FIG 9, in the
packet conmuni cations system according to this enbodi nent, the base station
BS1 controlling a cell "A" and a base station BS2 controlling a cell "B"

adj acent 20 tolnhemsy tW\'reatlidespbeegacisi |lcomtuticasidfd apdthl3 are

| ocated in the cell A", and a nobile station M52 is |located in the cel

"B". FlGactgrdicmsta diteambpdinenti gihabasr sfatbens®sl dndR3R hawe MS1 to
MB3 according to this enbodiment. As shown in FIGS. 11A to 11G the packet
conmuni cdt FORELIBraFIPBMR ARDIU ng SEF et echdodi siertiens Bilewost Bfacket
reception failure in the mobile stations MS1 and M52, by limting total
transmi sgﬁsﬁus&&é%sm%m%%ﬁéwep%lmt%qms. 13 bagre s then B Whbll e

station 3 in stages. To be nmore specific, .in accordance with transm ssion
povveré)of ggaa?@tc§’1%%d$a bRYR%di ft @1 of tFoR RGN Slagramishyyingiethsbi | e

station NS3 decid%ioa trﬁngﬁission po imt value 6 [p a next slot (for
|

|
exanpl e, CRVEFGRTIFIOR ¢ h(?ﬁb%ﬁ?ﬁerﬁ\g%%t R8d rafc }F nFx hehis

transm ss§j limt value in the next slot is the sane as that o the
first en%%ggﬁgﬁ%%éXcept for the processing in the

As shown iIn FIG. 7, as uplink ({(upward direction)
proces2ing means, the base station BS2 includes an upward
10 interference level storage circuit 101, a demodulation circuit
102, a decoding elrcult 103 and a signal separation circuit 116,
The upward interference level storage cirecuit 101 is a
storage device configured to detect and store_intérference
levels in the uplink to the base station BS2 from the mobile
15 stations MS1 to MS3, The interference levels stored in this
upward interference level storage circuit 101 are cutputted to
a downward announcement circuit 109.
The demodulation circuit 102 is an arithmetic circuit
configured to demodulate an upward signal obtained via the
20  uplink, and the decoding circuit 103 is an arithmetic circuit
configured to produce upward information by decoding the
demodulated upward signal.
The signal separation circuit 116 is configured to
separate an interference level in the mobile station MS2 from
25  the upward information, and to output the interference lavel
to a transmission power limit value calculation circuit 113,

Moreover, as downlink (downward direction) processing



case where the transm ssion power of packets is the preceding 10 slot is
"0" Specifically, in the case of this-Zwbodi nent, the base stations BS1 and
BS2 informthe nobile stations M52 and M3 of interference levels in the
respective base stations HS1 and 8S2 ) by use of downward announcenent
signals (for exanple, pilot 15 signals, transm ssion perm ssion probability
announcenent signals and the |like). Thereafter, the nobile station M3

deci des tfans andeibasen tedviem BERi inghihdes iantrhesméxt ishdbuf fendddr,dance
with the infornmed interference |evels. Here, the base stations B51 and B52
i nf or m t N esisinwansl aIrpauneemeEt sdeavEs 1P ,uge ségnadnowidcépdexisicgnal s,
of "identificatiaon signals indicating the interference |evels (for exanple,

1 to 3) CAHFEE ddGespEeding 4 reedontifon Bomodnd aititsr tdrevdd 11dvel s
recei ved by the base stations 8S1 and 8S2 is a preceding fixed period in a
Taxi mum it B AT BAREL PRy BEVE T SO LT S 4587 0RPUE HC e 114t oither ence
oL S TR B T P Sl L L
perio ~88~ I e |
o e L 1o Ly PGS EPTIIL S s st gser 1 bec
Cont LT o 8RS O PR ER S RO Cag ! LS 2oV, 200 VB teluce
el on Te@rokAd 808, blagle a0 TLRUAV 10" difa GHY hBHLALL9BAOL; LG P01 ©
111 are included in a packet transmission circuit 214,

10 An upward interference level from the upward interference
power level storage c¢circuit 101 1s inputted to the signal
multiplexing cirecuit 108 via the downward announcement circuit
109, and multiplexed with downward information. Thereaftex,
the upwaxd interference level i1s transmitted to the mobile

15 station MS2 as = downward signal via the coding circuit 110,
the medulation circuit 111 and a circulator 115.

The transmissiocn buffer 117 is configured to accumulate
dowrward information (for example, packets) addressed to a
mobile station (for example, MS2) which is located in the cell

20 “B” controlled by the base station BSZ,

The downward announcement circuit 109 1s a circuit
cenfigured to inform predetermined mobile statlons MS1 to MS3
of an interference level in the base station BS2, which is
ocbtained from the upward interference level storage circuit 101.

26 The downward announcement circuit 109 multiplexes an

identification signal indicating the interference level into

an announcement signal in the signal multiplexing circuit 108,



to this enbodinment. As shown in FIG 12, as downlink (downward direction)
10 processing nmeans, the nobile stati®&§ M3 includes a downward
interference | evel storage circuit 210, a denodulation circuit 201, a
decoding circuit 202 and a signal separation circuit 203. The downward
interference | evel storage circuit 2Z0 is a storage device configured to
detect and store interference |5 levels in the downlink to the nobile
station MS3 fr@imet heipnsd staitdpéedsngandiBSRItThED S ntled f & emdacudiel s
stored in this downward interference | evel storage circuit 210 are

out put t eond igunashaiad HrToUesheETAR i Pieres 2al . davewasdnhafarmatédener ence
| evel fromthe downward 20 interference power _| evel storage circuit 210 is

i nput t ed ACCUNAHES TANS BFERFRG SERPEUPHE 59 1 a3 RA E hepARR aUARRBEREenent
Gownmar o SSARE GPBRESTREVER TRC (oD 19 ARG Dot 6 ioath to O8O an

T o 906t e fRsinnad Sire AT 205 19 as arithmetic eironit
from the base SFa FanthE, STRRNSECaT00RR .3 BRERLRE bR bliEag, tlARE" | M
The. of gna sEbaY. kiRt duEATnL0 A8 0F6nb 1 CndPERELLALES CORBURECHBROTR

_ | . ‘ | Ui . redl | Lo ke
signals requirege Bﬁdﬁﬁa%ﬁbﬁ Id Qd%%%fﬁ%?“fﬁ”énhfggﬁi%lﬁggﬁ%%gkgﬁeégpr

exarrpl e, announcerren_t Sl g_na S. rom e base st at _ SI gnal S
decoded hyduhetdeendi §10qgehl %deéﬁﬁs l‘cﬁ@dc@&lﬂgtéﬁé‘@iﬁ'ﬂﬂﬁ,‘ by Q5@ of

transm ssion power linmt value calculation cifcuit 207 to be described
|l atetQ 1@ Mpdeovesgo@bcslPl FIK dxdplied ira@GhiiQidl pesss 88 pRarsts| he

nobil e station Mb3 includes a transm ssion buffer 213, the upward
announceeerdde ireGoiurc2ldndtdise 3igeal winlikth iy eXlagateddyt thalPeséliecs0di ng
circuit 204, the nodulation circuit 205, a transm ssion power cal cul ation
storage eilcuati@6gcitrkait 115.
The transmission power calculation storage circuit 112
is a circuit configured to store transmission power of packets
15 in each of step periods (for example, slots) of a predetermined
length. Specifically, the transmission power calculation
storage circuit 11Z is configured to store transmission power
of packets in a preceding step perlod, which is allocated by
the resource allocation circuit 115.
20 The transmission power limit value calculation ecircuit
113 is a circuit configured to play a role of limit wvalue
calculation means for calculating a trarsmission power limit
value in the next step perlod, by use of the transmission power
stored in the transmisslon pewer calculation storage circuit
250 112 (the transmission power in the preceding step period).

Moreover, when the transmission power of packets in the

preceding step periodis “"0”, the transmission power limit value




is transm ssion power limt value calculation circuit 207 ) a qoS
nonitoring circuit 208 and a resource2®l | ocation circuit 209. The

transm ssion buffer 213 is configured to accunul ate upward information
addressed to the base station HS1 (for exanple, packets). 20 The upward
announcenent circuit 211 is a circuit configured to informthe
predeterm ned base stations BSI and BS2 of an interference level in the
mobi | e stalevhatEsn wiimtuits dbBairesitkrs ot Hthedotwnaasdisntenf es@nee | evel
storage circuit 210. The upward announcenent circuit 211 nultipl exes 2g the
i nterferenseulavedn nsititgagshi | eiscaiton1VB3 | remd ancahnoladesenttiss gnal in
the signal nmultiplexing circuit 212, The signal nmultiplexing circuit 212 is
a circui FransmEsgaar peven 1 omitl Yabreximehye pietestoip mewled ibdssdmt i on
accunul ated in the transni ssion buffer 213 and the announcenent signal

gener at et bt AY SFHEEr FEHOUPE e READSBLESEPR PEXN GO RaRACEEBr édetéer mi ned
tinmneslots. 5 The-gfding circuit 204 is a circuit configured to code the
upward iPFeFSEEOnt X8 eBSEF % he nodul ation circuit 205 is a circuit

configured to dul.ate the u rd. information coded by the coding circuit
204, by use of S s AHLEPESTER SPESHHPECEOURE The-11S BEFRRLAD ar o

al l ocate the resoupce 10 allocatiop circuit,209. The transm ssion power
cal cul atélj%‘%y eorrlfgaglsi r§uicfr ﬂ%rel’s%gecFFEﬁF?lﬁﬁﬁ?ngﬂ?%%rtJOir@[forv@iue
transm ssi P : I h.of e riQds.(for example, slots)
of ‘5 pr TS TRNESy BLrERTE L B IRy ShE R BRRlRB b FoFaF dane

cal cul aly Py G &n@07qb5a ELEEU! Lo fORET G Cdd R ldicd ek OLpld Mt
val ue cal culation neans for calculating a transmssion power Timt value in
a Ndot Shamderdoled haker! dangre VhLcbasRSTEEsboBepoAl Of packets in a
preceding step period, which is stored 20 I'n the transm ssion power

cal cul ati on stTeAQ@sCimoaditdord¥y ARG ANMBLis0R Hhghydded oifN sbBe1ce
announcenent signal separated in the signal separation Circuit 203 (for
exanpl e meari taerages Mpl red ofo i bl £6F e:gﬁ@lieyebs segeiyed (Qysh henbase
station H51 in a preceding fixed period). ~5 Mreover, when the

transm ssdie jowsr, dlompasiaaidd,n palket deddyng oft pAcRetisodteying in the
transm ssion power |imt value calculation circuit 207 cal cul ates the

t ransmi $icortppovemidatian bubfewal LE, imfferieyt tihepapdrthd, 1byeref erring
to FIG 15 an'd using the.information included in the announcenent signal

‘sepdPated in The srgaarrseparhlpoatipncurtr@@Bt (flohS exanple) el heudver age

value o the interference |evels received by the base station 5 BS1 in the
pr ecedi FYIFELGET BeEP Ad)Lochte avmprdiphresoungecf or packedstranamysalony of
service ,nonitor configured to nonitor quality of service (QS) in a radio
link. THE r2SBUFeERnar| Jtskh ok edPectiiveroprpseasingciesubtzond gtihed to

aIIocate.radi% r urces, for packet transm ssion fn accordance with
SoddPngor £4

r espect 08 PrFGeddingOr bidt t FUF SHRORL G c NS IFEREBIEGENISHBEI PFCA |y,
1ok, t AU BasTcR RRrBeam Eh orr et e ombieR anots tiabe sTect BOBERR of |
20 allocation circuit 115 is configured to change transmission
power of each of the packets to be allocated for each of the
step periods,
Specifically, the resource allocation circuiz 115
constitutes a transmission power setter configured <o set
256 transmission power of packets in the next step period, by use
of the transmission power of packets in the preceding step

period, which ls stored in the transmission power calculation



25 each of the packets to be allocated for each of the step peri ods.
Moreover, the resource allocation cir@8tt 209 plays a role of transm ssion
power limting means for limting the transm ssion power of packets in the
next step period to be smaller than or equal to the transm ssion power
limt value. 20 Moreover, when the QS is snmaller than or equal to a
predeterm ned value, in the next step period, the resource allocation
circuit 209n@e cércuhd Lidnsandstiom jyowerfafepas Ketveelt dretbeenobhte
transm ssion power limt w thin the maxi mumtransm ssion power. 25 The

ci rcul at &azden M2 swkhiahngsciatidinedbnfrour st eisgval ssegparstion
transmtted/ received between the npbile station Mb3 and the base station
8Sl. TI:&iECHdH 4ér 200 outputs an . 37. downward signal received from
the base statign BS1 to the downlink processing circuit, _ and transmts an
upwar d si gnal PPGBBYSEd bYet RESGPFFRKpLBEAS4PRgCEFFREEL 116 BRESpERE

statign BS1l. 5,(Packet Conmmunj cati,ons methaod According to This Enbodi ment)
Fr G @6 gﬁ&?/sa’m&gﬁPSﬁcﬁgl’”teroP I8 e 1 1t iR M 5k | DR R FkeA aER 0P®i ng to

hi mbdi : K ' ' hod di n hj
ermbodt MoAt =TS Fh MG, BE1 6L B TRAC e RTRRAT S (AT Sk FEAE AEELFRI ng €0
the fi ' ti f S 2D3 and i nt that
L ansm sSSP poser BY - paekeratrutRaRBRcPhuaR Flont Vaite bl Tallams,

Herei”afE§Ecul@e§g%giQﬁ&rgffgg? .Qlab§a8?$R£%s%§?8éi£§%€ré§é§5t§h%wg I n

FTG 16, 1n Step 1, the no e station et er m nes her not

t here issgtpgggggmgggggﬁngwgg Egepgg§% tation M5l in the transm ssion
buffer 213. Wen the nobile station Ms3 determ nes that there is no packet

addribsed to therdeser st HESEosNiANEnd AAE 33henig0sbaifor 13, the
nobil e station MS3 becones a stand-by state until a packet addressed to the

base stabrorgBSl it® acpredai@thimed healhansahesiredobtdeeraldr 4 dpop
processi ng. Meanwhile, when the nobile station MS3 determ nes that there is

a packet chdduissklb tsettshehkeaseassml EshoBHower tde paTkieranshi Sisé aresf f er
213, the nobile station MS3 determ nes, in Step S202, whether or not
transm séten pexdodoftpaekersd( tthal tranasndssibon guower ) Limita varlamedi ng
slot (step period) is "0".
calculated by the transmission power limit value calculation
15 circuit 113 within the maximum available transmission power of
the base station BS2.
For example, when the Qo8 monitoring circuit 114
determines that there 1s a packet exceeding the delay threshold,
the resocurce allocation circuit 115 allocates the radio
20 resource to the packet even if transmission power of the packet
exceeds the transmission pewer limit value in the next step
period,
Moreaover, the rescurce allocation circuit 115 may set the
transmission power of packets in the next step period based on
26  an average value of interference levals received by the base

station BS2 in a preceding fixed peried.

The circulator 100 is a switching circuit configured to



-38 When the transm ssion power in the pzeceding slot is determ ned not to
be "0”, in Step S204, the transm ssio29power limt value cal culation
circuit 207 of the nobile station Mb3 decides the transm ssion power limt
value in the next slot in S accordance Wth the transm ssion power in the
preceding slot, which is stored in the transm ssion power cal cul ation
storage circuit 206. Meanwhile, when the transm ssion power in the

precedi ngostosigrsal §"t ranentiteedS208; e il bedwernsshebgemetattilont B§2al ue 10
calculation circuit 113 of the base station 8S2 obtains an announcenent

si gnal , @hdchhies mabddsri statidy MB2. batkestaricohaisy, itlomutmitss gaml
separation circuit 203. Thereafter, the transm ssion power |imt value

cal cul at PBWa&RrTignal recedvedst romihg mabl ia ¢ et icae M 24t thenapd sk on

power limt value" 16 corresponding to an "identification signal of an

i nt ezf er BREECFEFBH" CHRFRAL ) ARG ANATSRL S BhdowAnsgAcehentl REMRESSeH Step
S205,.the resource allocation circuit 209 of the nmobile station NMS3

al | ocht eBY BR8 F9 k& RFQFAH NG 156 GG s FOs EPEMPBIER § 107 T

calcul ated by the transm ssion 20 power limt value calculation circuit
2D7, and a packet transmi ssion circuit 214 transmts the packet to the base

Rl R T R O T e g T e
there is a pacé(fé_ %Xé’ﬁ&gé r&gffo‘ggﬂ';§¥ttor}'r g?:g%lk%t communications method
according to this embodiment.
10 As shown in FIG. 8, in Step S101, the base station BS2
determines whether or not there is a packet addressed to the
mobile statlon MS2 in the transmission buffer 117.
| - When the base statrion BSZ determines that there is no
packet addressed to the mobile station MS82 in the transmission
15  buffer 117, the base station BS2 becomes a stand-by state until
a packet addressed to the mobile station MS2 is accumulated in
the transmission buffer 117 by loop processing.
Meanwhile, when the base station BS2Z determines that
there iz a packet addressed to the mobile station M52 in the
20 transmission buffer 117, the base station BS2 determines, in
Step 8102, whether or not transmission power of packets (total
transmission power) in a preceding slot (step period) is “0-,
When the transmission power in the preceding slot is “0”,
in Step 5103, the transmission power limit value calculation
25  cirouit 113 of the base station BS2 calculates a transmission
power limit value in the next slot by referring to FIG. 14, that

is, in accordance with the traffic load (the propor=ion of the



In the packets staying in the transm ssion buffer 213, when there is the
packet exceeding the delay threshold -80-39 in the transm ssion buffer 213,
in Step S207, the resource allocation circuit 209 all ocates the radio
resources to these packets until the maxi mum avail abl e transm ssi on power
of the nobile station MS3 is reached, regardless of the transm ssion power
limt value calculated by the transm ssion power limt value cal cul ation
circuit 20&rdgsmnwhrarsmViehohhe poaeket axcegtlieng Madweimiet ayatrhleabdked are
determined not to .exi$t in the transm ssion buffer 213, the packet

comuni cAHemenissdord msat)di ng to this enbodiment SO returns to Step S201

and repeats the above-descri bed Steps 5201 to S206. LThird Enbodi nent Next,
wi th referenceMegnphéde,1vhes the Braaendssien qavwamiltathéensregedéngand a
packet communi cations nmethod according to a third embodi ment of the present
i nvent i of LAY 14 Sie M SeROtRIERe1 70T s i BhABII it thieokkamsRERARPDI a
b1 ockd di EGER OF T ErBBiPe SAHET CHCNED GEEOTEY T § 6 26hEnPasnBERF AEhL .
commun; ¢ BERAREETe0 AH A PR FR4PE SOBRRULL Yong onbt Ot BCXST NG 1o
e o3P S5l 1S RCKEL SRR 00, SR AR U IBERIEKEL
descri bed In Step S105, the resource allocation circuit 115 of the
base station BS2 allccates radio resources within the
10 transmission power limit value calculated by the transmission
power limit value calculsation circuit 113, and the packet
transmission circuit 118 transmits the packet to the mobile
station MS2 by use of the allocated radio resources.
In Step 8106, the QoS monitoring clrcuit 114 determines
15  whether or not there is a packet exceeding a delay threshold
in the packets staying in the transmission buffer 117.
When there is the packet exceeding the delay threshold
in the transmission buffer 117, in Step 8107, the resource
dllocation circuit 115 allocates the radio resources to these
20 packets until the maximum available transmission power of the
base station BS2 is reached, regardless of the transmissioen
power limit value calculated by the transmission power limit
value calculation circuit 113.
Meanwhile, when the packet exceeding the delay threshold
25  are determined not to exist in the transmission buffer, the

packet communicatlons method according to this embodimen=®

returrs to Step 5101 and repeats the above-described Steps S101



above. As shown in FIG 17, the base station BS according to this -40
enbodi ment i ncludes a reception power-3torage circuit 119 in addition to
the functions of the base station 8S according to the first enbodi nent
shown in FIG 7. The reception power storage circuit Z19 is a circuit s
configured to store a sum of reception power of packets transmtted from
all nobile stations M5 in the base station in a preceding step period.

Mor eover ,td B¥&sponse to a request fromthe resource allocation circuit

115, the reception power storage circuit 119 provides the stored sumof the
reception 10 power of packets. Mreover, the signal separation circuit 116
extracts the quantity of packets accunulated in the transm ssion buffer 213

of the rofi9%ens AMRRENSTYbm anong upward i nformation decoded by the
decoding circuit 103, and transmits the quantity of 15 packets to the
resour ce AMGAS0n F r chiEEkets. CRBPUBHSATIPRSed P s umd r Baeketon

Pover "5t GPTREChAARRREL 7 e RARP bR 1 59 Th poARRe ST BRR Bl at od | n ¢ he
the oi gnal _sepiFatrof Sacq dTREHRELPEckal Lobl RICER OF of rRGFEYIS
he mobi STaLEe I Byb RRT AN Bt e B B EaE LRY esthoa @)
above- degelibed n3 Afsecond embodiment of the present invention., FIG,
9 iz an explanatory view showing an overview of the packet
10 communications system according to this embodiment.
Note that, in the packet communications system according
to this embodiment, amobile station (transmitting station) MS3
'. is configurgd‘ to control transmis_sion power of a packet
addressed to a base station (receiving station) BSl in an uplink
15 (adirection toward the base station BS1 from the mobile station
MS3).
As shown in FIG. 9, in the packet communications system
according to this embodiment, the base station BS1 controlling
a cell "A” and a base station BS2 controllinga cell “B” adjacent
20 to the cell “A" are disposed. Mobile stations MS1 and MS3 are
located in the cell "A”, and a mobile station MS2 iz located
in the cell “B*. FIG. 10 shows a schematic configuration of
the mobile staticns MS1 to MS3 according to this embodiment,
As shown in FIGS, 11A to 11G, the packet communications
25 system according to this embodiment can prevent packet

reception failure in the mobile stations MS! and MS2, by

limiting total transmission power (transmissicn power of



26 reception power in the preceding step period, the resource allocation
circuit 115 cal cul ates total avail abl&-recepti on power in the next step
peri od. -4.1 Here, in the base station BS, transm ssion power control is
performed at constant reception power. Thus, reception power per code is
the sane. Therefore, based on the above-described total available reception
power in the next 5 step period, the resource allocation circuit 115 can
cal cul atpathetaunbErtbhé mobiiewntakhioanMB8 ahl etaged.in the next step
period. Then, based on the above-described quantity of packets, the
resource all ocktibs wereuispetiFical ciil adescidenoenbéchoftra®sodeeddro be
allocated to the respective nobile stations Ms fromthe nunber of codes

whi ch caprwer #f doatkats Tmear pregedéngl pbeat (Hor cerample 116 slamddits the
number of codes allocated to the respective nobile stations M5 to the

modul at i Be gicbddie station sk derdaesi # tmagsmis s iafePABBI kimi hiviadves
according to this enbodi nent includes a Eacket quantity notification
circlit DU5 ne%edFtoentEor t AEaFphetr i 8n818E £he nobile station MB according

to the second nbo%% nt shown in FIG 12. The packet quantity notification
circuit 215 i st cFitti t *BBCEORPRGur e@ t FHEAG y $te HACELEEATI 0FDAS of the

quant'tyt§§nsmission power limit value in the next slot is the same as

that of the first embodiment except for the processzing in the
case where the transmission power of packets in the preceding
10 slot is “0”.

Specifically, in the case of this embodiment, the base
stations BS1 and BSZ2 inform the mobile stations MS2 and MS3 of
interference levels lin‘the respective base statlons BS1 and BS2,
by use of downward announcement signals (for example, pilot

15 signals, transmission permission probability'announcement
signals and the like)., Thereafter, the mobile station MS3
decldes the transmission power limit value in the next slot in
accordance with the informed interference levels.

Here, the base stations BS1l and BS2 inform the mobile

20 stations MS2 and MS3, by use of announcement signals, of
“identification signals indicating the interference levels
(for example, 1 to 3)” which correspond to “a proportion of the
interference levels received by the base stations BS1l and BS2
in a preceding fixed period in a maximum interference level”,

25 as “an average value of the interference levels received by the

base stations BS1 and BS2 in the preceding fixed period”.



packets accumnul ated in the transm ssion buffer 213 (such as an anmount of
data or the nunber of packets), by nmuias8ipl exing the quantity of packets
with control information or upward packets in the signal nultiplexing
circuit 212. 25 Moreover, the packet quantity notification circuit 215 may
periodical |y notify the base station BS of the quantity of packets
accunul ated in the transm ssion buffer 213 w t hout -42 multiplexing the
quant i ty (@fonfdckatast vt b ft heb Chattdtiof Aroardangoto thd supmbodipanket s. The
signal separation circuit 203 extracts radi o resources (code resources,
sl ot resources Iancduder | tke¥eahithethie pextkest epomuaunicatiomsn syatem
downward i nformation decoded by the decoding circuit 202, and transmts the
radi o r eSQFcEddah dpy e dBucDd saembedimentci thei mopdde EhathenﬁeMﬁlstep
period, the resource allocation circuit 209 all ocates radi o resources for
packet t re@nd$s SHVEa IGP T HERdHdEh s BG4Iy + hélngef Bhe oeRidecstatinBmi tt ed
fromthe_signal aration circuit 203. Wth reference to FIG 19, the
packe c&%ﬁ?@akﬂ?g énﬁéPHSdbaééSFa#ﬁgtbs PATS ERDEHLABAL Gheimpblle

nobj | e statlon M5 transmts _an upward 16

d bed S

i gnal  mISATHOBAES Wt BRERARIARTY Bor SHackEES - dcbamA RLeds Alegkan
t buf 213 the, b t at S. 2n St S

hoaor unnabday bBR SrREtSnatEs 88 S Mt roRal R, s ER s TeE uE Redor dinaa,

whi ch istﬁtQﬁgg E&b%@iment.
As shown in FIG. 12, as downlink {downward direction)
10 processing means, the mobile station MS3 includes a downward
interference level storage circuit 210, a demodulation circuit
201, a decoding circuit 202 and a signal separation circuit 203,
The downward inte:ference level storage circult 210 is
a storage device configured to detect and store interference
15 levels in the downlink to the mobile station MS3 from the base
stations BS1 and BSZ, The interference levels stored in this
downward interference level storage circuit 210 are ocutputted
to an upward announcement clrcuit 211,
The downward interference level from the downward
20 interference power level storage clrcuit 210 is inputted to a
signal multiplexing circuit 212 via the upward announcement
circuit 211, and multiplexed with vupward information.
Thereafter, the downward interference level is transmitted to
the base station BS1 as an upward signal via a coding circuit
25 204, a modulation eircuit 205 and a circulator 200.
The demodulation circuit 201 is an arithmetic circuit

coenfigured to demodulate downward signals obtained via the



reception power storage circuit 119 ( and the quantity of packets 20
accunmul ated in.the transm ssion buffer3£13 of the nobile station MS) which
is transmtted fromthe signal separation circuit 116, the base station 85
cal cul ates radi o resources (Code resources, slot resources and the |ike) of
the nobile station M5 in a next step period. 26 In Step S303, the base
station 8S transmts the calculated radio resources of the nobile station
M5 in thedovexiisk eprorertbed basehetatbbiohe BStlat | MorbByelry nitlet idalomding t he
radi o resources with a downward signal. In Step S304, the resource
al | ocati oplz¢wEti202d% eh ahethobitie statidh M bigoced e rdaticde edeur ces
for packet transm ssion (in other words, determ nes transm ssion power of 5
packet s) 9Medieldesd dewRmaedi sEgnahsaccordance with the radio resources of
the nobile station, which are received fromthe base station BS.
Ther eaft er) thé"%ékapaﬁr%m%ﬁ%‘%#%Céurﬂél&uttzﬁiz%ﬁ ¢ircwpbicratdasgiesh M5
transg1ts an | i nk si naI to the, base station BS by use of the allocated
radi o°r esguriRRaraee %gr?%u%ﬁ%dpEEReFa%BHﬁEHFBEtFoﬁ§a§§§#éﬁﬁéﬂ this
enbodi nent) w t.hout_ hayi ng artlcu ar | eci al configuration, the
transm ssI'T‘%Yhe toi"%&@ké?? i‘?l"‘?rﬁfé b%/q"é‘ﬁé’f%?’?%t M dnals B the st ages
at the e st side. Th s acke ce n,failure in .another
nobi | e g?%{ |eon3tc %@}praem/ e et l%’a%l‘{t? i ‘gﬁcg‘ﬁggu}@?l Bhe' ﬁeEQBéBPt y and
deteri or a.i l.Qn I nt d V according to
4 Q0. 10f Z%S S3d SLAEUR 6:?: ﬁ?%n@l 0% 8 trg/g f%ﬁ gﬁ.ggspgfzer

t he packet conmuni ¢cdtions system rment,

I nt erferqu@ﬁtonra%étcﬁrﬂg&lt@b&%ﬁcﬁfé%@ﬁ @é‘d?é @%&‘E’Pﬂbgétigﬂegua' 'ty

can be further 20 inprove reover, accordi ng

commiai cat i 0Nns MuyR kIR Oéstdf:lﬁrﬂﬁba?wa%etdlf@@w@ﬁ S¥LrirmEaNs

appropriately instruct ‘t he nobi | ation M5 to charnge the transn1sé|on

power i n theembbil eS$ €RL SR MEBE iRy 1R 0k £Aen SHEed by Hfrmackals 2Re
notif' _ed fromthe nobile station MS. Moreover, according to the packet

corr::runl catpwaixsl syshemmoémehts cindmditep1t, t16e Malkigha 1t bl ipNex £Ag

pet Orn]circuitle,thecodingcircuit294,thenwdulationcdrcuitzos,

a transmission power calculation storage circuilt 206, the

15 transmission power limit value calculation circuit 207, a QoS

monitoring circuit 208 and a resource allocation circuit 209,

The transmiszion buffer 213 is configured to accumulate

upward information addressed to the base station BS1 (for
example, packets).

20 The upward announcement circuit 211 1s a cirenit

configured to inform the predetermined base stations BS1 and

BS2 of an interference level in the mecbile station MS3, which

is obtained from the downward interference level storage

circuit 210. The upward announcement cirecuit 211 multiplexes

26 the interference level in the mobile statiom MS3 inte an

announcement signal in the signal multiplexing circuit 212,

The signal multiplexing circuit 212 is a circuit



-44 notification of the quantity of packets together with transm ssion of
packets . Thus ) it is not required t-Bs5separately notify the quantity of
accumnul at ed packets. Mreover, according to the packet comuni cati ons
system of this enbodi nent, the base station BS can periodically allocate
the radio resources to be used, by use of the periodically notified
quantity of packets. Thus, the nobile station can receive allocation of
radi o resonftgsyedhitch msl pipl exli nahlyy pisaceawedf apsdacan refqumaendred from
receiving 10 all ocation of unnecessary radi o resources. Mreover, according
to the packenuésnadninaheomsasystesiof ififerefbddintenbe anrdkecemndrtiul i ng,
it is not required to al ways exchange information, such as priority and
el apsed &igealamnarated by aienipyagdpguiaineaanieeh rede tib? ferskath ons or
16 between the 'base station and the nobile station, so as to understand
t he i nf oPfePFOAetpkBaReHelimRafPPESE] Note that the packet communications
systgﬁs and the 2a packet communi cati ons nethods according to the first to
e

thir® enbodi neht® TRIERY ehraibbie?Rant e reaTd Wiy IRPEMERIRY EP £ ket
conmput o1 hF UM (o7 P Al &y PO SGe o EBPORCOR R EEORAA F2 OF i an TG
Speti 11 i Aer Pl BB SR he el S Pod i Be b b Eu SR ated
Frret ooy niie Eonba ShrbRuE L0, cRTaB . o 2a8a% PR MRl Rl cos
b ogr am Te20 Sz 9ERCAAy PHEERZRSFOURLER, arl 8118 RSy AR PR,

117,102 RAM JdB. o84 @1 cas8etbggt ape 119) which can be read by a conputer 120
as shown in FIG 13. Accordingly, the device described in the first to

third enbodi nerte westdhhad GDURr AR NEYRA i AL S e rddic @B igkd
medi um through the conputer 120 or by directly 0 installing the program
in nenoriea efrthetnPbhtegstedi ®nstrk transmission power of packets
in each of step periods (for example, slots) of a predetermined
length.

15 The transmission power limit value calculation eircuit
207 is a circuit configured to play a role of limit value
calculation means for calculating a transmission power limit
value 1in a next step period in accordance with transmission
power of packets in a preceding step period, which is stored

20 in the transmission power calculation storage circuit 206, and
information included in the announcement signal separated in
the signal separation circuit 203 (for example, an average value
of interference levels received by the base station B8l in a
preceding fixed pericd).

25 Moreover, when the transmission power of packets in the

preceding step periodis “0”, the transmission power limit value

calcuiationcircuit 207 calculates the transmission power limit



to MS3 and the |ike. Consequently, through these recording nedia) software
can be easily saved in, delivered to e8gtransferred to the conputer 120.
Mor eover, such a packet conmuni cations program can be 1~ delivered to a
nobil e station used by a user through service nodes such as downl oadi ng vi a
a radi o network. Thus, snooth spread of the above-described packet

communi cati ons system and packet comuni cations nethod can be realized. 20
] Modi f i edvEkaapiretBE Mxemmmg pebéopr, asente flerwdmg 0o 555 ndS hhdidseichg o the
first to third enbodi nents descri bed above but may have the foll ow ng

vari ous chaadgest ermati emdmationd kb nexhapienounc ¢hen b bmigmale sepdrect ed
enbodi ments, the 25 packet communications system and packet conmunications
net hod of 18 &1 pdgaat $‘ﬁ9@ﬁﬁtéﬁnh%1¥éc%b'ér2Qi%dépirb%ualbaéed Ure tdwerage
relationsh' p between the base station _and the nobile station. -46 The
present i YRAE#®iDnh Wnip&eaifesenss teyels aceasvedhey cthe rhse & tettdtdron
funct i50ns a relay station for another nobile station or a base station,
such as a%éidl%o’ﬁh?&ﬁ%%?%’b?gaﬁﬂxﬁdnﬁfﬁfﬁgﬁbp t echnol ogy, for exanple. 6 In

this case, when.th bile station as the relay statiqn becones a .
transnitting sinqbe, eqc{gé > TSR T ATShidss P RUSGAtY0I0 G & 83acs ned.

For exa .When relayving.is_perforned_be en_anot her, nohi |l e station and
t he basg'%% F%%,c??%%%%‘g%ig% IB%%'EOEOHP?Q)\EYnc’gnSGﬁV?ﬁE 8PS hdMpdse
station &% @irrhgr med ar_d, at the same tine, transm ssion power control
in a downlink for another nobile station i s perforned. Moreover, when

relaying Is perfar Med Jhelneen hasetlahl OBs,chile t@HSM $si.on pougr contr ol

in the uplink for the base stations Is per Mor'eover , tfe first

to thord eodi e $cdepTited BRoMe re%B?x.r}cE@nfm: %Sg\i%ﬁg@fﬁésﬁﬁgtsﬁgh 'S

performed for the base station or the nobile stati"on. However) for exanpl e,
the transm sacedBrpeyee GPLER Olreaedig vl sproeehas fRd +8s@1+£2digr ceptr ol

B
devi ce which controls respective base stations. 207In this case,
i nterferencediael2)éand Q3 .of sSpespesthiy, when transmitting one or

a plurality of packets in a predetermined radio link, the

resource allocation circuit 209 changes transmission power of

15 each of the packets to be allocated for each of the step periods.

Moreover, the resource allocation circuit 209 plays a

role of transmission power limiting means for limiting the

transmission power of packets in fthe next step periocd to be

smaller than or equal to the transmission power limit value.

20 Moreover, when the QoS is smaller than or equal to a

predetermined value, in the next step period, the resource

allocationcircuit 209 may set the transmission power of packets

to exceed the transmisslion power limit within the maximum
transmission power.

25 The circulator 200 is a switching clrcuit configured to

sort signals transmitted/received between the mobile station

MS3 and the base station BSl. The circulator 200 Qutputs an



base stations are sequentially notified to the radio contro'; device and

transm ssion power and an interferencea7evel of a nobile station which

est abl i shes conmuni cations with the respective base stations are nonitored

by the radio control 26 device through the respective base stations.

Accordingly, a transm ssion power |im~ value is calculated by the radio

control device, and notified to the respective base stations and the

nobi | e stddwrwerdSpeLthatakkbyeigedoniroa tiewi baskamstagdlarzi BYL t be pdeket

comuni cati ons system acoording to the present invention controls

t ransm ssicomlpovierpodcgmaieg scincai nexandt tpapsmitd, ab upwacdosdanad wit h

transm ssi on power of packets in a preceding step period and an

i nt er f er @sedsaas bynthe rupeing Ry stessiog ctmguit toithadadieestsattdozay t hat

the control device is nounted in a base station and a nobile station.

Mor eover B&lhe control device may be nounted on the radio control device

which_10 indirectly controls the base station. | NDUSTRI AL APPLI CABI LI TY As

descr Pbed above, according to the present invention, a transm ssion power

limt value in a next step period is 16 deterpined by use of actual

transnisﬂaﬁ?ﬁﬁimﬁomﬁuﬁiﬁéiigﬁﬁr@%ﬁ&ﬁ%c%ﬂﬁ%ﬁds?%pt%e¥h%ﬂ.Eﬁhﬁg}mﬁﬁt?ncrease

of an interferﬁﬁ e I%ve in a bilﬁ stati.on belonging to anpther cell can
iChi i ®a® f

be suppressed i BeSndr 5L R¥CPATLAAE FBR, PRERBE FOPRICAFAEPSY and
det eri ] f tLsf ' e t ti 20 fail b

or event edte T har FEEar A P3accbT of gt « ROSEPANENE | nventPn. BREKRELi on of
the next c%tr&%nﬁ.%raﬂt%%ﬂssmg%%ﬁr%@ o?@%zﬁgna +hig Q,{BESS DdeS{LRRELLQE. Thus,

i nfl uences o nterferenceé on Dburs S €an be reduced and a

comuoi caly AhAYH dilgt CoEmmhA 1 O£t i UhENREthBB Q@G rding to the first

embodiment except for an operation of Step $203 and a point that

transmission power of packets is controlled by the mobille
station MS3, Hereinafter, these differences will be mainly
described.

15 As shown in FIG, 16, in Step 5201, the mobilé station MS3
determines whether or not there is a packet addressed to the
base station MS1 in the transmission buffer 213.

When the mobile station MS3 determines that there is no
packet addressed to the base ztation BS1 in the transmission

20 buffer 213, the mobile station MS3 becomes a stand-by state
until a packet addressed to the base station BS1 is accumulated
in the transmission buffer 213 by loop processing,

Meanwhile, when the moblle station MS3 determines that
there is a packet addressed to the base station BSl in the

25 transmission buffer 213, the mobile station MS3 determines, in
Step §202, whether or not transmission power of packets (total

transmisslon power) in a preceding slot (step perled) is %07,



-48 CLAIDQ® 1. A packet communi cations system which perforns packet

communi cations through a radio |ink e&8-ablished between a 5 transmtting
station and a receiving station, the systemconprising: a transm ssion
power setter configured to set transm ssion power of packets in a next step
period, by use of transm ssion power of packets in a preceding step period
and 10 an interference |level of the receiving station. 2. A packet

communi cat i ond¥ineet hide f 6rapent sstibng ppacdeetirc ofmeinpeateanagt Bletgh s radi o
| i nk established between a transmtting station and a receiving station,

t he net hdritdBntmepricsi ng: beetd 1 ng.rt Saepnt 26 & ontipevierarcfmipaciket pawea next
step period, by use of transm ssion power of packets in a preceding step
peri od akdnih vyaiiuer celenda tiierelcisicuite 2@ cef vig miEii@mtaA0.c8 M&3base
station which perfornms packet conmunications through a radio link

est abl | SFRLIRT tdentERBSBASE LonaPPBAT ahtmbt Mdiue 1ot sheorgxt I8l bhdte
stati,on conprising: a transm ssion power setter configured to set

transm s‘%‘?"ﬁﬂf%’%‘eﬁ' Waftih48ketsanAMASHERN BPEPT pbh i PBRassings slgt,

transm ssion power of packets in a preceding step period and an
[ nter f erBHER A&y SEOBRIL R Hib 1 RPAI oD Power calculation storage

ecircuit 206,

Meanwhile, when the transmission power in the preceding

slot is “07, in Step $203, the transmission power limit value

10 calculation circuit 113 of the base station BS2 obtains an
announcement signal, which is transmitted by the base station
BSl, from the signal separation clrcuit 203. Thereafter, the
‘transmission power limit value calculaticn circuit llB_réfers
to FIG. 15 and extracts a “transmission power limit value”

16 corréSponding to an “identliflication signal of an interference
level” which is included in the announcement signal.

In S8tep 8205, the resource allocation circuit 209 of the
mobile station MS3 allocates radio resources within the
transmission power limit value calculated by the transmission

20 power 1limit value calculation circuit 207, and a packet
transmission circuit 214 <ransmiis the packet to the base
station BS1 by using the allocated radio resources such as power
resourcas,

In Step 5206, the QoS monitoring circuit 208 determines

25 whether or not there is a packet exceeding a delay threshold
in the packets staying in the transmission buffer 213,

When there ls the packet exceeding the delay threshold



-49 4. A nobile station which perforns packet comunications through a
radio |ink established between the nobg$.e station and a base station, the
nobil e station conprising: an interference |evel average val ue obtai ner
configured to obtain an average value of interference |evels received by
the base station in a preceding fixed period through an announcenent si gnal
fromthe base station; and a transm ssion power setter configured to set
transm ssinntheweranbmizskiens bur FemneXi3 step peepod20hy use Hesldurce
transm ssi on power of packets in a preceding step period and the average
val ue of &hlecftiencelievit £0%.alAccmtathderadéonwhésbueoasrod stHwmoket
communi cations perfornmed through a radio |ink established between a is
transm t tPagketatyn hriheamaxdaiun ayadfabilentrahemtent.pol pdeeroef the
conprising: a transm ssion power setter configured to set transm ssion
pover of PeekedSiatiomMal ssepepebrdd, royaudiess of fwnitesinomipeden of
packetss in a preceding step period and 20 an interference | evel of the
recei Vi ngP¥eE i bt s Vadite qakawiatrdike e grrdnipise idminaver flmiter
conprising:, a transnj ssjon ppwer storage configured to store the 26
transm ss “%oﬁ%fcglaﬁja%ﬁe 3TPRLEN€0)r ecedi ng step period; and a
trar_sm ssion wer limt val ug cal cyl ator configured to calculate a
transm ssion potEt S \‘fgleﬁ?'e FR Hﬁfﬂ‘%‘éﬁ?“’?@%n tRg drY3nEhrephedd of the
transm ssj [ .of et s stored in the_transm,ssion_power, storage, and
Werein t :gé‘td %g\r%r%lg‘s?idgﬁggo%'l’a%gﬁ 53 tiqke EGAPE Pé&cf’obEEEeF Het3 r &R€ni ssi on
power of Ipaaé:]&egs | t | 0 mal l.er tha r_equal to
the transm ssi onc%{gmmgggﬁgﬁtgn\%a?%e@% %ﬁgo%g?‘lgsolswde }IUC% 35‘@8&&%& o]
clal 100, JNR 608Pep B2 anll Al IheClndPEYaaEFPBLA Y R528Y ©d 1O
to 5206,

[Third Embodiment]
Next, with reference +to FIGS, 17 to 19, a packet
16  communications system and a packet communications method
according to a third embodiment of the present invention will
be described., FIG. 17 is a functional block diagram of a base
station BS1 according to this embodiment and FIG, 18 is a
functional block diagram of a mobile station MS3 according to
20 this embodiment.

Hereinafter, description will be glven of differences
between the packet communications system and the packet
communications method according to this embodiment and the
packet communications systems and the packet communicaticns

25 methods according to the first and second embodiments described
above,

As shown in FIG, 17, the base station BS according to this



quality of service in the radio |ink, and wherein the transm ssion power
setter is configured to set the trans#lssi on power of packets in the next
step period to exceed the transm ssion power limt value within maxi mumIl5
avai l abl e transm ssion power of the transmtting station) when the quality
of service is smaller than or equal to a predeterm ned value. 8. The
control device according to claim5, wherein the 20 transm ssion power
setter | emodimpntedncd s Bhe ecepridions powmerpstherage packetis LAt he next
step period, in accordance with an interference |level of the transmtting
st ati on, adsdticme tor Shenfusrbhopsvef Wie fusieesdatiorh8Spaecedidngastep
period is 0. 25 9. The control device according to claim$5, wherein the
transm s&én fgdver sFdacdmendt Shawn tmBHe ssfon power of  -61 packets in
the next step Egriod based on an average val ue of interference |evel

recei ved by t hé:fr IFGHRRHLPy RAAT ohtPhage pFéEElLhg Ifli% e porFbacUAb. The
contrgl devi_ce according to claim5, wherein the transm ssion power setter

is confi _é:@?"g&gf’ﬁegett? h “CEEnsi §§an°i:pO\f§FeS’ftlﬁé‘ckfé?‘§an hePHEke L3t ep
per o0 B BERSIIRCE L AR S0E MALG 06, AL OB RS B o
whi ch pert BrEeeasaB B EEB BERI88 | MereRP8ton E TRRE TT ke chritrrebbd
bet ween @rom the resource allocation cireuit 115, the reception power
storage circuit 119 provides the stored sum of the reception
10 power of packets.,
Moreover, the signal separation circuit 116 extracts the
quantity of packets accumulated in the transmission buffer 213
cf the mobi;e station MS from among upward information decoded
by the decoding circuit 103, and transmits the guantity of
15 packets to the resource allocation circuit 115.
Moreover, based on a sum of reception power in a preceding
step period, which is received from the reception power storage
elrcuit 119, and the quantity of packets accumulated in the
transmission buffer 213 of the mobile statlon MS, which is
20 received from the signal separation circuit 116, the resource
allocation circuit 115 allocates radio resources {ceode
resourc¢es, slot resources and the like) of the mobile station
MS in a next step.
For example, based on the above-described sum of
25 reception power in the preceding step period, the resource
allocation circuit 115 calculates total available reception

power in the next step pericd.



transmtting station and a receiving station,

conput er

station,
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t he program
Then, based on the above-described quantity of packets,

gpéfgég.link establ i shed between a transmtting station and a
station,

the fesource aliocation circuit 115 calculates the number of
codes to be allocated to the respective mobile stations MS from
the number of codes which can be allocated.

The regource allocation circuit 115 transmits the number
of codes allocated to the respective mobile stations MS to the
modulation circuit 111.

As shown in FIG. 18, the mobile station MS according to
this embodiment includes a packet quantity notification circuit
215 in addition to the functions of the mobile station MS
according to the second embodiment shown in FIG. 12.

The packet quantity notlfication circuit 215 is a circuit
configured to notify the base station BS of the quantity of
packets accumulated in the transmission buffer 213 (such as an
amount of data or the number of packets), by multiplexing the
quantity of packets with control information or upward packets
in the signal multiplexing circuit 212,

Moreover, the packet quantity notification circuit 215
may periodically notify the base station BS of tha guantity of

packets accumulated in the transmission buffer 213 without

the program 1S allow ng a

to execute processing of: set#ing transm ssion power of packets in
a next step period, by use of transm ssion power of packets in a preceding
step period and an interference |evel of the receiving station. 20 12. A
control device Wiich controls packet conmunications performed through a
radio | ink established between a transmtting station and a receiving

h a radio |ink established between the base station
and 6 a nPBPYE~SEaFFsRed: hetpasavatiaPdR EessDitdiongPoreTedsurtde diestat or

i & Leeaddt ng
[ d th tit ket lated jn th bi | tati
10 14, A BABIRERSHrh CARPSNERERbgFam RRi Bt I5EAESF At PeXsmAAR at | ons



allowing a conputer to execute processing of: allocating a radi o resource
in a next step period, by use of totaf2-reception power of packets fromthe
transmtting station in a preceding step period and the quantity of packets
accunul ated in the transmtting station.
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'10% & ()Bgégcygléé'@onjs(& Thereafter, the packet transmissien circuit
214 of the mobile station MS transmits an uplink signal to the
base station BS by use of the allocated radio resources.

10 According to the packet communications system of this
embodiment, without having a particularly special
configuration, the transmission power of packets in the mobile
station MS is limited in stages at the mobile station MS side.
Thus, packet reception failure in another mobile station can

15 be prevented, In addition, reduction in capacity and
deterioration of QoS satisfaction can be prevented.

Moreover, according to the packet communications system
of this embodiment, influences of interference on burst signals
can be reduced and a communication guality can be further

20 improved.

Moreover, according to the packet communications system
of this embodiment, the base station BS can appropriately
instruct the mobile station MS te change the transmission power
in the next step period, by use of the quantity of packets

25 notified from the mobile station MS.

Moreover, according to the packet communications system

of this embodiment, the mobile station MS can perform
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10JJ'p#$%9é@£§ﬂ£%aliPQQ}ggfg§3W$&§Mt¥%y¥QP‘packets Thus, the mobile
station can receive allocatlon of radio resocurces, which is
periodically reviewed, and can be prevented from receiving
10  allocation of unnecessary radioc resources.

Moreover, according to the packet communications system
of this embodiment, unlike scheduling, it is not required to
alwaysexchangeinformation,suchas;miorityandeiapsedtime,
about all transmitted packets between the moblle stations or

16 between the base station and the mobile station, so as to

understand the information.

[Modified Example 1)
Note that the packet communications systems and the
20 packet communications methods according to the first to third
embodiments described above can be realized by executing a
packet communications program described in a predetermined
computer language on a computer provided in a base station or
a2 radio control device or on an IC chip included in a mobile
26  station such as a portable telephone set,
Specifically, the packet communications program

according to this embodiment is configured to execute each
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Moreover, such a packet communications program can be
15  delivered to a mobile station used by a user through service
modes such as downloading via a radio network. Thus, smooth
spread of the above-described packet communications system and

packet communications method can be realized.

20 [Modified Example 2]

Moreover, the present invention is not limited to the
first to third embodiments described above but may have the
following various changes added thereto.

For example, in the above-described embodiments, the

25 packet communications system and packet communications method
of the present invention have been desc¢ribed based on the

relationship between the base statlion and the mobile station,
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becomes a transmitting side, the above-described transmissien
control is performed. For example, when relaying is performed
between another mobile station and the base station,
transmission power control in an uplink for the base station

10 is performed and, at the same time, transmission power control
in adownlink for another mobile station is performed. Moreover,
when relaying is performed between base stations, the
transmission power cont;ol in the uplink for the base stations
is performed,

15 Moreover, in the first to third embodiments described
above, the transmission power control is performed for the base
station or the mobile station. However, for example, the
transmission power control can be alsc performed in a radio
control device which controls respective base stations.

20 In this case, interference levels and QoS of respective
base stations are sequentially notified to the radio control
device and transmission power and an interference level of a
mobile station which establishes communications with the
respective base stations are monitored by the radic control

25 device through the respective base stations. Accordingly, a
transmission power limit value is calculated by the radio

control device, and notified to the respective base stations
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step perlod and an interference level in a receiving station.

Thus, it is needless to say that the control device is mounted

in a base station and a mobile station. Moreover, the control

device may be mounted on the radlo control device which

10 indirectly controls the base station.

INDUSTRIAL APPLICABILITY

As described above, accprding to the present ;nvention,

8 transmission power limit value in a next step period is
15  determined by use of actual transmission power of packets in

a preceding step period. Thus, an increase of an interference

level in a mcbile station belonging to another cell ¢an be

suppressed within a TPC margin. In addition, reduction in

capacity and deterioration of QoS satisfaction due to reception
20 failure can be prevented,

In particular, according to the present invention,
prediction of the next step period is performed based on the
preceding step peried, Thus, influences of interference on
burst signals can be reduced and a communication guality can

26 be further improved.
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& transmissioen power setter configured +o szet
transmission power of packets in a next step period, by use of
transmission power of packets in a preceding step period and

10  an interference level of the receiving station,

2, A packet communications method for performing packet
communications through a radio link established between a
transmitting station and a receiving station, the method
15  comprising:

setting transmission power of packets in a next step
period, by use of transmission power of packets in a preceding

step perlod and an interference level of the receiving station.

20 3. A base station which performs packet communications
through a radio link established between the base station and
a mebile station, the base station comprising:

a transmission power setter configured to set
transmission power of packets in a next step peried, by use of
transmission power of packets in a preceding step period and

an interference level of the mobile station.
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9. The control device according to claim 5, wherein the

transmission power setter sets the transmission power of
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11. A packet cemmunications program which performs packet
communications through a radio link established between a
transmitting station and a recelving station, the program
15 allowing a computer to execute processing of:
setting transmission power of packets in a next step
period, by use of transmission power of packets in a preceding

step period and an interference level of the receiving station,

20 12. A control device which controls packet communications
performed through a radio link established between a
transmitting station and a receiving station, the control
device comprising:

a resource allocator configured to allocate a radio

25 resource in a next: step periocd, by use of total reception power
of packets from the transmitting statien in a preceding step

period and the quantity of packets accumulated in the
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and the gquantity of packets accumulated in the mobile station.
10
14, A packet communications program which performs packet
communications through a radioc link established between a
transmitting station and a receiving sta';tion, the program
allowing a computer to execute processing of:
15 allocating a radio resource in a next step period, by use
of total reception power of packets from the transmitting
Station in a precedling step period and the quantity of packets

accumulated in the transmitiing station.



