; stuvwxe3er d6Tr Em( FP02- 0297-00 TI TLE OF THE | NVENTI ON i ~u~eaane~ RADI O
COVMUNI CATI ON SYSTEM BASE STATI ON, RELAY STATI ON, MOBI LE STATI ON, AND

PACKET TRANSM SSI ON CONTROL METHOD BACKGROUND OF THE | NVENTI ON 5 Eiggl-d 8fq-_ ¢
the Invention The present invention relates to a radi o conmuni cation

system a base station, a relay station, a nobile station, and a packet

establ i “shi ng. connect] on between a mobi Te 10 station and a bacd NN

Lhrough il shep el gl nanXyE by stations. is applied In the iago

connuplcaélo_th g he prﬁzen} anentlop, stations "base

1ok on L RS SPIB R A ORI R LB s e

station” wi b afer §ﬁﬁ&,atwe§@0%f%§f%% e %%H?ﬁ;te first
t

station through core network, t fon""to a

requests trapsm.ssi Pfor ridppt receives a packet last (i.e., a
final 20 des ation" to a termnal that functions

to relsay a pagksty forp’r,ggehgmgigﬁtati on to the base station or to relay a
packet from s mobi | e statiop. The tern1"tran§nitting
e conyT e r o Poc B RRESELEARL AR i L0n 30 2 pRLs Bl abigpigtiol fom
and a packet transmissioncontrol method towhichthemultihop
technology of establishing connection between a mobile
10 station and a base station through multi-step relaying by
relay stations, is applied.
In the radio communication system according to the
present invention, stations associated with cne
communication operation include three stations, "base
15 station," "relay station," and "mobile station," wherein
the "base station"” will refer to a station that can be linked
with another base station through core network, the "mobile
station” to a terminal that first requests transmission of
a packet or that receives a packet last (i.e., a final
20 destination), and the "relay station™ to a terminal that
functions to relay a packet from the mobile station to the
base station or to relay a packet from the base station to
the mobile station.
The term"transmittingdirectionof apacket" generally
25 refers to an "uplink direction"” from the mobile station to

the base station and a "downlink direction" from the base

1 LT
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FP-02-0297-00 station to the nobile station in the above radio

communi cation system and the "uplink direction"” and "downlink direction"

will also be used under the above neanings . The term "hop count” RN 4NE o0
nunber of relays carried out by stations 5 existing between a

transm ssion-originating station and the destination station. For exanple,

in the case of comrunication in the uplink direction, the hop count neans

t he nunber of relays carried out by nobile stations or relay stations

bet ween t he- ; ' t-he i St.at | @Qﬂ Ll e.station
per forns thegggﬁﬁ%%f%g?ﬂgggﬂgﬁg%???g%%ﬁ§it?%%gﬁ8%g§bunQ>%§5Tﬁ£9%%§é8étation
is 0, the ho t hile. ' o] fradireect,c | cafj,on
therew th 1oy o oy FRa D bl 0 EEPRE Sy pEkB IR b AR o0

ot her than t i S ' e 5 . re : | count
in the enbod?%éﬁtéigg ?%ggg%%gﬁ?#%% esé?%ﬁéﬁnﬁgggﬁ §Fte?ﬁ§e5%£ﬁtﬂggp
foregoing "n e wOf, L 8lay § CAl K t bile, t r

stations bet%gg%tth%eggge¥sfatF%%sgngytﬂgyﬁg%i?%FE?% i%ﬁgaﬂgﬁﬂ{ éﬂﬁﬁ%ile
stati gn perf @iA% +i Ag SOFPLGH Gt 8Rsmi sk NohDEr¢g3Ra 01 GBI Legtid in
the downl i nk ireét?bn, the hop coﬁﬁ%sisotherngnggr 3§q?¢ ays ca?ﬁ;ég out
by base st at ;ga$ ;9% thieha¥% t$kalnonsrhet weeRLLBe Basepst akisan gnd the nobile
station when the base station perforns the communication. Related

Backgr ound Agbmgfink RalthenCOAVERS igalnic elilidar Jpbithe SOPTaMLEAl{Oh s
systens, a nmobile station selects a base station yielding 2 FP02-0297-00
the highest raeepihos: IVek]alsaveryi dDRit banbest abliashensdbrediay
comuni cation with the sel ected base station to participate in a network

On that occast@Riohk bbeweegephieobalseveltaftion el hase Ao ta@nsm tting
signals at the 5 maxi num power is below a required value, the nobile
station wil | whahl the asbabki shatdenupecdbiras WHa ddendasaatsicati on . I n
order to solve this problem there are proposals for the multihop system of
rel ayi ng si gapksiv¥iaadiger thebhbp stantons tloe dsdadlstsdt icommimiatiben with
the base station 10 on the occasion of failure in direct comrunication with
t he base st ahoprouEdr o €xamph £] e ishe trioin ¢&p s e iocdhd Ideshonmmmum iiag.ich i s
able to establish direct conmunication with the base station 12, but the
mobi | e st ati bheigwishuhable todeshabhiphcdiungc fcammediidat isda iiarh athe base
station 12, 15 because an obstruction 15 exists between the nobile station
11 and t he baseekutitatiion otemihenhsposechAokdgyneéd o tigxhrfiafise Daher ei n,
in the case of the failure in direct comunication, another nobile station
13 hh¥ing a PRPaPPRGEELAYL | OMPACRSP COW T elRytReabBAdiBEREFA9T the

comuni catiopn 20 between th ile ,station 11 and the base station 12,
t her eby inpl%ﬂ%ﬁ?Fh@nEHEKEHﬁﬁ%ﬁP85?FBﬁfB@Fﬁﬁﬁﬂnfﬁ@eﬁmﬁ?QP%Q%EPBW%ff and

t he base station 12. Since ng nmul ti hop. gste as descrkaﬁf enagLes
communi cat | OBt ofS THES G L LR BY TOPARS | T At SR 807 e 225 1PRdi o
waves from the_base ﬁggégggegggagnreachgbkgé it t%cilit%tes iﬁsta%%%}ion of

stations use%eF%e%% lon an mobilé station when
mobile station performs the communication.” In the case of
20 communicaticn in the downlink direction, the hop count is

the number of relays carried out by base stations or relay
stations between the base station and the mobile station
when the base station performs the communication.
Related Background Art

25 In the conventional cellular mobile communication

systems, a mobile station selects a base station yielding



FP-02-0297-00 install because of buildings and topographic features. In the
conventional nethods the entire service area had to be covered by only
cells of base stations, whereas adoption of the rultihop systen1e?%95g%zbggoo
nobil e stations to 5 establish conmunication by nmultihop even if ere are
gaps between cells. Therefore, the multi hop system nakes it feasible to
decrease the nunber of base stations and to reduce cost necessary for
construction of networks. However, the CSMA. base nultihop system proposed
10 heretof or the. sa-cal l hi dden_ t inal . .probl em (t.he
probl ent hat, g%%%i%%?%c%n%%oca %%ggreén%?ﬁet seirg{lgqogle tt ?rt?fg essargr%ﬂflrsgh%sency, a
station lying.in_ an i ar of_,cells of_ these adjacent stations
glkec%.cgﬁﬁé NG, 8§%h the.séie%tegn%asecgqégf n

) on t
fails to recéive’sign ecause colTision of Tecelve 19 waves from

15 th [ e.d. ' h .. Tt e "Do | EEE

802 | 11 NACERP BTGB Rk T B i RS O PACOSe. dif WOk BT

Aut hor: Sh . | i Ln. "l ; [ ' '

(2000)7) ), aRaUBF obFEms THP FRSPeace oF T FAPTEC bt GhEg Sof T i ghput
f th e. hi ] 5 I i

e Red aneh o8 R TRG Comvant: ral b TN AR eabr T8 Kamh et o

systens, as 9?%%4@@1}'t%bgggab&lﬂghr@a}ﬂ&rﬁfcg S e\ HHCEnansas as Jargel y

affected by arrangenent of base stations and 25 there arose the problem

that the mobi| e staiionsolaid esbice astiabld,slh GATMUNEGAL 167 EBopceas dher e

reception levels of 4 FPfI2-0297-00 radi o waves fromthe basé stations

were | ow. Thﬁoﬁ%\@ﬁhhemﬁbgcsiy@t@:ﬂ%fT%p_ﬁﬁg Y NOR 1 8YSHIEE 1@l 1 e
prom sing as neans for enabli'ng the above i nCommuni cable nobile stations to

establ i sh cogpupieati €8, e Ptébt heh b shaieim L& ti dalwiPFp MR sand tathens
occurred dependi ng upon arrangenent of relay stations, so as to cause

increase of &#affd ecand idecoeasei Dird HHoughput Edbmblei Sy5iemMwilhe thresent

i nventi on has been acconplished in order to solve the above probl ens, and
an obj ect dbasdestatviemt i orFdk eixampd epr 6 edeoni I 8ds 0a ORI GaloiwaN igy St em
a base station, a relay station, a nobile station, and a packet

transm ssi onftontt als retllod d ket adrldlshe da realti cemstuatiicant iba edtabltheh
comuni cation nore securely independently of arrangenment of relay stations
whi | e avoi dilpgse hetancorase, obutr ahéi mobslandtehéodedieaseuntbiler deghput of
the system SUMVARY OF THE I NVENTION I n order to achieve the above object,
a radi o conmstzatioh diseemn aevordingtiont Wethr é8enbasavenetonni $2a radi o

conmmuni cati on system conprising a base station, a 20 nobile station, and a
rel ayo st at | FPEFRNF AGraCPEFaYFERgORuhe €%d§ UsnbatiNERROP  aCkdtl et £ BASAPBSI on
and configured to_perform comunjication basedon a w rel ess packet transm ss

i on system Whet¥ Fhe RESS i StoRt ilen | ARenBUpAdkeP tRSRBRILSEYOAS 2
conprises: interference |evel neasuring nmeans for neafurin? 2§,an
i nterference§ e WRRTETe HF FRRerdFRgCh pBBKkERLILUWES| FBJILFEREI | evel
cal cul ating neans for_calculating a 5,. FP02-0297- desired signal |evel
on the. bast S OPTEHCT hh f GFGHIET B98I 1607 AR FoanT h T HsheuF SERERTand
desired signal_level notifyin s fo otifying,a sender station of the
oot red oi gt EVE TR dhrETETER, SEhe Cherdi PO Ru ERR R EERLI P,
20 between themobile station 1l and the base station 12, thereby
implementing the communication between the mobile station
11 and the base station 12.
Since the multihop system as described enables
communication of the mobile station lying in an area in which

25 radio waves from the base station are unreachable, it

facilitates installation of stations used to be hard to



5 conprises: transm ssion power anount cal cul ating nmeans for calculating a
transm ssi on power anopunt of a packet on the basis of the desired signal

| evel notified of by the receiver station; and determ ning nmeans f@f,_ 0297 00
determ ni ng whet her the packet is transmissible to the receiver station,

the basis 10 of the transm ssion power anount cal cul ated by the

transm ssi on power anpbunt cal culating neans. In a certain packet

transm ssion stage, any of the base station, the nobile station, and the

Ctat)on t ho AGATS. REREPSR Camy iy Pl 5obbaFHERTE ROYrEkepa 1R
‘sender statipn, L NGgRLYL LD 4DENSSEENET: AL 0L coﬁa et peansiissi on.

the interferé€nce measu nmeans neasu erence evel at
the time of ¢ |n% X %%ilth%fd%§ IIev %g
neanscalcula?gsgh% egaPeggk si gnal Fevel ase "o t i %% erence | eve

obtained in phe geasysenen, gud e desided;si gnals ﬂelvsex{ notid yigg means

notifies the sen er stati esired sighal 1Teve hus cal el ated. In

the sgnder S%@EEB%s‘nhéofnﬁléﬂ%hﬁ%ﬁ%y%ﬂt q{@y%tve%aécfujcﬁékggafr%:‘d;?@s of the

cal culates the transm ssion power 25 anount a packet on the

desired si gnghgg% Wﬁectehqg noghtied,pf, 8nd ﬁﬁ?t@ﬁ%ﬁeg}/@.‘t@ gy determ nes

6 FP02- 029 ther the packet s transm ssi receiver

station, on £Rgsba3kst PhebhBabEanmhSmbon RAWEL e aRRUALALIS ¢8l i ated. The
sender station perforns the packet transm ssion control by the search for

l'inks and thecdet gerRabirgn ror whakhenck ibe sendddir facket, on the basis
of the interference |level at the receiver station in the manner as

described. In thispypyvehe sRBAEBsMAt ahs@nmuatmﬁbFf sedteh Pregiasid ed signal
| evel obtained on the basis of the interference [evel at the receiver

station, cal Bekatesotrbestrapsstisshonspoyerldd ramuet tefrrtiespackeilan t he
basis of the desired signal |evel, and determ nes whet her the packet is

t ransm ssi bl ¢the pirlad lreacteh ater bstat s ondjerenities tresi sn ot réhemt kansmaslss on
power anount cal cul ated, whereby it is feasible to inplenent the
appropri at e det ehmi paneofirequeheyher ttatsend tlyéngadketn vEX lagpdamdance
with the interference | evel at the receiver station and to avoid the hidden
term nal probrem afdcehksintdhass eddescdniclsudimignshd aine dasegesfeitvieaf fi c,
the decrease of throughput of the system etc., independently of the
arrangenment &ignalaybecavsenst ol Ihaliabade rretti i7 ach rragHicc atavisrs dyroftem i s
characterized by the determ nation on whether to transmt the packet in
accotfance wrhf statienerfeerenceefevencatis Fadeetei o xaraiton TifHiech is a
feature different fromthe CSMA CD system configured to deternln? whet her

to transnit tHeepaEitdt 88a- 25 AP AP SOOI Wit PRAFENCER R YidlS, esﬁétead
R T e A i S e
comiTha o bade' satlef aiten L Staulonc s olar statln hai
\a/ﬁre]; g.r g] gogg‘ggc'f\(jgg'sg%f§§§glfg@ A PHEELESS PRFKEL JARRP SE Ak %X;%E%m
20 due to the hidden terminal problem and others still remained
unsolved.
In the conventional cellular mobile communication
systems, as described above, the range of the service area
was largely affected by arrangement of base stations and

25 there arose the problem that the mobile stations failed to

establish communication in areas where reception levels of



t he packet transm ssion conprises: interference | evel neasuring neans for
measuring an interference level at the tinme of receiving a packet; desired
signal level calculating 10 neans for calculating a desired signakpbgygﬁgggoo
the basis of the interference | evel obtained in the neasurenent;

determ ni ng neans for determ ning whether a packet is transm ssible from

the sender station, on the basis of at |east one of the interference |evel,
the desired signal level, 15 a reception |evel of a control signal, and a

h t f t ! i Qn-0or.i gi nat i tati to | tati ; d
noLi Tyi ng. moARE PR AR F T Rl e RS SLanlet Ous HEF 6r OBt 1 BeS Aot Fath rgal

| evel accord'ggﬁyo g g Lgaof Rg%._eternination by the.deternipiqg}neans.
20 Narmely, |_%r? e®PRcerver Statlon ppggi?gtemtsrgﬁgnﬁ’g%lpbﬁ}ngh%s_ %8S er ence
recei ving a FACKEREDIARG MU GEEoH Ba O QA e o HOCig: i1 s to

25 obt ai ned PHLPRG A0aSOr NG 1A EHE Getertriiiy THEBS et
uhet DT 2 PaSKR! oL RELEoBRALSEY BeLLAm:Lle SENSL B o AR 030T00 51 at Lon.
the tansm SorBRoRTAl Hot T BT o T T STAar, Shagoetedsd rom
noti fying neg@stﬂggh%' Sttt he sgpderskation of the desi}ed signal |evel
according to the res PF of the getgrninétion by the determning means . In
this way the receiygr Statd,on i%&{ﬂ&?%a%ﬁ%@ﬁraé@&noé’ﬁgﬁ%d'i% order

transm ssible fromthe sender station, on t asl s east one of the

interference:dOsd gyeltral abBeoer 8668 YEks stAld ARy oEE@c@eéf et $hgRak jlevel
the reception level of the control signal, and the hop count

fronthet ransps s @oRiidy Batd DS IR ASOMELAELAN, 2 ML Netkikiies,t he
sender station of the desired signal |evel according to the result of the
det erm nati of.relhisstakesn]S mbblieassbheisn, ianel emmkdtthasheeseivar
station, the appropriate determ nati on on whether to transmt the packet
fromthe sendentstatmebhodnthhe basbieob mbbliéasttaneonf tbhesicabetikar ence

| evel at the receiver station, the desired signal |evel, the reception

| evel of thecaomtnbdEtasignahor@lsendréhg hogependéntignofherrangement
transm ssion-originating station to its own station. In the radio

conmuni cat i onf systensststiessr wvhiedeabvoiddipgefbeabhyrethe péceiredfist ati on
is configured to further conprise: destination deciding neans for deciding
a nedd@ 25 rexedvebesdactreasasoh teseonghpriibnosf thepagkeemon the basis of at

| east one of a reception level of a control signal, 9 FPf 1 2-0297-00 an
interferencﬁ“ﬂﬂ@%RYa@FiTHEn%EVENE¥@Nn, and a hop count froma

transm ssion-originating station to its own station. The interference |evel
measured by the i nter@et®hce® | 2veteRashe i Mg hearRIeahy b2 BAdiAterference

| evel at the 5 receiver statioon of a channel gégu used i.n reception of the

packet. Ther® P ho? 5hati T T FLEEFPEC GYs t8n LATRE- SPYERE 1R P ess
packet transm ssion systemtaq which the present .inveniion i§ %Eglied, but
the present 3 hAGHG ﬁﬁﬁQuqéﬁéiﬁgﬂlgystem comiprising & base sta n, a

20 mobile station, andarelaystationhavingarelaying function

in multihop packet transmission and configured to perform
communicationbasedonawirelesspacket transmissionsystem,
wherein a receiver station in the packet transmission
comprises: interference level measuring means for measuring
25 an interference level at the time of receiving a packet;

desired signal level calculating means for calculating a



10 suitably applicable to systens of identifying users by codes, using the
sane frequency and the sane tine (e.g., CDVA and OFCDM). Particularly, it

is preferable in the present invention that the CDVA system be usgg ?g E@%—OO
wi rel ess packet transm ssior~system and application exanples the 8 \%II

15 be described later. In order to achieve the above object, another radio
conmmuni cation system according to the present invention is a radio

comuni cati on system conprising a base station, a nobile station, and a

relay station havin

i f [ 20 i Kk 1 SSi d
L e LU ey e R
Measur i ng MoARE S g g AT e er Gk TRV St 1 E bW St htion of a

h I N t t.the 25 ti f i Vi ck
dosi T od 91 gnaCHeVArSATURE SELHLP MERHE T 8o CHCuP AP G HoLF At o T
| evel on the hasi %0 ESQZ-OZ@?-?Q of,%pe iﬂterfer nce kgvel obt ai ned in
the measur emSAET2antc UesiTPEF STRAL 20 AbY Py TR Hsans foF HAT ¥ ng t he

bi | tati f. th ' ! | | | th l.cul d; d [
the. mobi | o sERrFenEdpr T Shet P M uf RSt o8 snsa Rt e Rerar g

f | cul,at.i .at 1 SSi i f

the desi red SEORiraraod Pnorrir e sf OBy Re pakoatls B A el BRIV G ° ©

tation: q . LT for,.dat L ning ; ket |
frgn;ﬁ?ssﬁglgggggpg%@ggg%g%%P%%Sgﬁéongég%yl?ﬂéwgg%?ggéﬁgﬁggal 10‘#%§el, on

the basis of s%a%ibp@néﬁh%é@&mgm fB%‘e&%Jcé%gnPMgtvﬂ?eEHé‘f'%ﬂessi on

power anount cal culating neans. Nanely, int ase station or the rel ay

station, thepdesiiedsignakhevshsako ahinekdmanscalsutshedhedeysad 15
signal level "on the basis of the reception | evel of the packet sent from

the gpbile statiga andnkhesisabar benercansevel cal dulist@eh it ateon, and the
desired signal level notifying nmeans notifies the nobile station of the
desired signakahewelkstbuspeateWmback dan duhe vl heaskat i of,a te@tain
transm ssi on power 20 anount cal cul ati ng neans then cal cul ates the

transm ssi onppewert tarEEti Ofidrhet packeh yat thebbhasi staofidrhetHesiabed si gnal

| evel notified of, and the determ ni ng neans determ nes whet her the packet
is transm ssshbeéita,tdred shatriedm yastat sonrcee oé thiee" dese 1 edr sitgndlonl.ével , on
the basis of the transm ssion 25 power anount cal culated. In this manner

t he nobi | e stakeonsper &oynsf tihe packestatansm sisé omlziole radlathyort,henskear ch
for 11 FP02-0297-00 links and the determ nati on on whether to transmt

t he packet, bhsedednyt h&aitiper tenendeol beelthat "skadsasés tattdonon or the
relay station. In this way the nobile station is notified of the desired
signal |evel obtai Newebsdséd Bt ¥hecineestatdpsc mreeker tapnepassion,
correspondent station, calcul ates_the transm ssion power anount of the
packet on thEhBadn&esfergBCaedrVed BREARF IRGvBRANgndCASUERH ES whet her the
packet is transm ssible to the correspondent_station, on the basig of the

transmi ssi onlPoREFCERBGRL LERES 2hITHE dtdE V&SR VIR Y @ PECK&4si bBPE to

i npl ement the apprqpr.iate determnation.on whether. to transmt the packet

| N accor danceeanROFHETH KTt GRbett abLROREaPRE kit o Han St &6 o and

to aggid t he hi dd nlt%rgigalgrobhe gnd%hg& cgnxeni?n%giig%kQQEQ% E%e

i ncrédse of traPficleYRé Hagrdass t AFSGERBUERGE ThE
the measurement, and thedesiredsignal level notifyingmeans
notifies the sender station of the desired signal level thus
calculated. In the sender station, the transmission power
amount calculating means calculates the transmission power

25 amount of a packet on the basis of the desired signal level

thus notified of, and the determining means determines



15 system etc., independently of the arrangenent of relay stations. The
present invention is also applicable to downlink packet transm ssion from

the base station via the relay station to the nobile station, as welhb-a$97-00
t he uplink packet 20 transm ssion fromthe nobile station via the relay
station to the base station, and a radi o comruni cati on system according to
the present invention is a radio conmunication system conprising a base
station, a nobile station, and a relay station having a relaying function

i n packet 25 #r 1 551 ahd- .dyﬁlqg%&}t i al L I schene
of packet tréﬁ?ﬁ?%gzgﬁégﬁkere.%BEQ%L oﬁ't e]ﬁgggngg%ggg?b%gQh%éEQ%QOZQY-00
the relay statiah paBdstdrer PRI-LE sht akh BR FABY b868nt ikRterderance-d gvel
nmeasuri ng neans or neasuring an | nterferénce | eve at its own station of a

channel grOuehgsggna@rr&%@dﬁﬁd@gergbrh@%é e th EELH¥hDEs 8o rogdesired

5 signal level calculating neans for calculfating a desired signal |evel on
the basis of pihepnteriehencts 18vAls akiaivied ddt 8 dBasy ed’f?ﬂﬁri%ﬁi?éf red

signal level notifying neans for notifying a sender station of the packet,

of the desired stgpatnd ayvelkdhusofaneubaked; oFr a0s M Sed Ofe POVES arpunt 10
cal cul ati ng neansfor cal cul ati ngatransm ssion power anmount of a packet on

the basis of ;2 desided iSianatakenslimetief hednot Ly qanethgeqast athahiat the
time of transmtting or relaying a packet; and determ ning neans for
determ ni ng whet hae bbadeacket tisrt Hans@itsFHikie do the Eldticen digyrmsour ce
of the 15 desired signal level, on the basis of the transm ssion power
anmount cal culated bythheehr anshes bR iBOWET tARD UM ctdletitinald NEwEARS AS
descri bed above, the base station, the relay station, and the nobile
station eachthaveeckitvhe isnberber,erad cdudweles?dhreaxuwnsng ssans poredt he
desired signal level calculating nmeans, ~3 the desired signal |eve
noti19i ng neamsunttdfethe grsriedsonn pones i andunh e dalsduleat s hgnakdryeland ~5
the determ ning nmeans, and in the uplink and downlink packet transm ssions,
t he base statndndetbemirkbaywihebhéeontharehehet 25 ot snistsith lon qeertfher m t he
packet transm ssion control by the search for Iinks and the determ nation
on whet her tbed@iverEPEtatd297- 00 thanbaistst BE phek st 2o8iise Lbaspowsit t he
interference |evel at the transm ssion partner. For exanple, in the case of
packet trans#eenbrea et edwifhisiekl fdctPohe s b £hee Bawd efieqtti Rt o one
relay station, 5 in the one relay station, the desired signal |evel
cal cul ati ng HMeRRSPEAREE| AR e_rRHas BEQR raft Waiedhar Fevetnenriheardssisr a
recgf ion |l evel of a packet sent from.the basﬁ§St tion _and an interference
I

| evet> at itsa%ﬁﬁrg?%f?pﬂ}tﬁnah?hén86§¢ﬁéan§ﬁg_ Vetledél TGt FEFEHY Sfeans
' the base Stat1 T, STheter aRERTSEl B pOler LRLUAP2babEAPFInG HodiE t hen
Gosi red o1 onat S TROEH EREEs ENEr pARRYT g PR BESE: PR Rs Reanttiet or i nes
dosi red si grarrgvet Db G e R e R0 Tl ChER Y hue
of the arrangement of relay stations.
20 The above radio communication system is characterized
by the determination on whether to transmit the packet in
accordance with the interference level at the receiver
station, which is a feature different from the CSMA/CD system
configured to determine whether to transmit the packet on

25 the basis of an interference signal, instead of the

interference level.



calculated. This makes it feasible to inplenent the appropriate

determ nation on whether to transmt the packet in accordance with the
interference |l evel at the 20 correspondent station even in the dog@bizr_llézm_oo
conmmuni cation and to avoid the hidden term nal problem and the

i nconveni ences including the increase of traffic, the decrease of

t hroughput of the system etc., independently of the arrangenent of relay
stations. 25 In the various radi o conmuni cati on systens descri bed above,

each of the base stati.en, . i .ation 4 P- 02- 7-.00

t herel aystation co%‘g‘toit?%tri %g‘?ﬁgﬁﬁg%ﬁ‘éﬁ%?élﬁﬁ?%gggFéﬂrae%g?%gh%%é@? htgn ans
(functions) rihe : Qﬂﬁe. t.ation. i referably

confi gured t%%%%retr%efngg%%%%g:@%#ﬁl%u SOn T agl)?ln% ggﬁiﬁﬁlc&m gﬂnéelann% 5

whi ch ol ds atfributian dnfarmebl on Gfeash TRAIJ ¢ 543! Len: pod each, el ay
station capablé o irect ‘comunication Wthits own station, and
attribution intar N f i tat | qﬂgﬁ | ay: [ on

i ncapabl e of adlyr%el%?tlél m%ﬁcggﬁ%om“{uﬁtﬁlhgoﬁo%@{%ﬂ on ‘J‘ljnflsisép%g)fgeﬂcgf
direct 10 co I I W th a8l amhali i oNg Rase {i (S SO
preferably cg%i'%gji re (ato fGrt her conpri selzcoag:elsotl:rnatl on 03{3% aﬁnr}gélr?esgéns for
deciding a MBBLE.:StabhaRigkiBn’ 8U8¥R) AhoPRe2S 2 ARNIVAL AN dQ ML the
base stati orrIBshouI d transrln'tlanpagseﬁ on t 2 %asi S 0 ‘il%tasﬁr% elast one of a

reception |eygk of &c¢0RELAlsiisGNdl RPN CHeAE A8l Al dides 0Wn
station, and a hop count froma transm ssion-originating station to its own

station. Methedsuefi ndeheaAENEHE ridiesdesid Rat EaReRY BB cAbDY @ dast itpat | on
deci di ng nmeansand by "desti nati on deci di ng means 20 descri bed hereinafter

include, for texampf eecaifhiyosd pak K@ni déZi Ped shegnkapl eenicalkbhid.athhg @

met hod of selecting a station yielding a mninmumof relative transm ssion
powers cal cuhated Feontaeeel¥edndl R &f s Load rol g5 Driadvie and ithieebizerience

| evel s at senders of the control signals (Fig. 25 8), and so on. These wil|
be descri bedofatae. ihtherliazenskatlicor li sbpaehedaihny thenhegytednea tf;urt her 15
FP02- 0297-00 conprise: channel grcup selecting neans for selecting a
channel grougetermtnangninesnen/foecedpttieoniod nighehleddies af pactkednsms tting
direction of a packet; and signal transmtting neans for transmtting a
signal to betreasmisstede §nom thanpendsr agltat ddmg ao tthve bseliscodd athannel
group. The nobile station is preferably configured to further conprise:
destinati on deabdiang pe4&hs iMrerfegiadiaryl avehsehstdadigiecbsignakbllgyedtat i on
as a_ destination to which the nobile station should transmt a packet, on
the basis of al0eeepeteptiiel &fek ePnErebritidBlalsi ghgl 2odkor AP tcdarm from
the base station to its own station, The nobile station is preferably
configured tB FIRRHRESSHIPTPERILLHEHMSIS R OWRT $61 EE| P Pddid For 286 ecti ng

a channel roup.for transm ssion/r ion on the basi f
g noEifying means %or no%g%egng tge sender s%a%ion of the

desired signal level according to a result of the
determination by the determining means.

20 Namely, inthe receiver stationinpacket transmission,
the interference level measuring means measures the
interference level at the time of receiving a packet, and
the desired signal level calculating means calculates the
desired signal level on the basis of the interference level

25 obtained in the measurement. Then the determining means

determines whether a packet is transmissible from the sender



15 both or one of a hop count fromthe base station to its own station and

a transmtting direction of a packet; and signal transmtting neans for
transmtting a signal to be transmitted, on a channel according t Pbgg 297-00
sel ected channel group. 20 The relay station is preferably configure 90
further conprise: destination deciding neans for deciding a station as a
destination to which the relay station should transmt a packet, on the

basis of a reception level of a control signal or a hop count fromthe

1 anem so oneoLLOLRRULRG: 22 Sl Lo 1 Q0 sl ald SR Tisdlapslat o

f d di i . I th il i t b

reans f T SSRLER N, 33900 gt o Lo he e gon g base
i |, d d sj t di 5th

scavence, o alirBrdHareed sianel opaersting, Temps et opreacin o the
communi cat | o sysf eyl s, pret gt Ably gonthgured o that, wien the relay
station conprrses a eas e transm ssi on power. anpunt “cal cul at i ng neans,
the 10 t i L.On - t i i
e 30,47 gaen e alheted DU ensmis m oo ST
S 7l 9112400, g, S SprAnC B it SRS iy e 5
sel ecting g?@;ggct Phesehaihling feshanneiy gzrhqtéowtﬁWtﬁé GNRIE S/, 0kLeGeRL i On on

t he basis or one of a hop count fromthe transm ssion-originating

station to idst oM StatimecR8d antrpapswibit 1BY+dbhemtis@RLek Fpackely and
signal transmtting nmeans for transmtting 20 a signal to be transmtted,

on a channelsacgor dipgiba, e sebast ¢ rcanaght ghewr tidenkeka¥rehatki on in
the present invention may be conprised of a station having a function of

t he 1wbil e staidONat OFh@ Heveceetnstathed, i aha yebieka sighAlstatikanary
facilities . 25 Incidentally, the present invention can also be grasped
from aspect scid rleheptiventeoslods the besersladigml t hadnohe vpléount

FP02- 0297-00 station, and the relay station constituting the system as
wel | as the @aspetheafranizeniismpiemt-oan gfndtheng ada ©i commiriscatn shasyshem
whil e achieving |like operations and effects. Nanely, the invention can be
descri bed asmrdmhlohistids Ahbasendéents ot aprorfdihg deas thed prigeedt Lemeént i on
is a base station constituting a radi o comuni cation system for

comuni cat i actastthorta Wi elagsl hadkdha deterindgiadr ogyst Ehiiswinekesd nobi l e
station and a relay station having a relaying function in packet

t ranshi ssi on;t tfrapHske stat apl anerbnpri Shagreaeeresr shebledel FR&suri ng
meansf ormeasuring an interference level at the tine of receiving a packet;
desired si gr@pn%a*é%|d@l§|e§ﬁlﬁ)g1tﬁ=§éh§nfwe%%GPa‘H%@SI&lBé&@r@acgiagnal

| evel on the basis of the interference | evel obtained in the neasurenent;
and desi r ed Sighdihe estdas HR FE9R ng°hesRs ?6?lﬁo?§f§Fnbe%SEeﬁH%ro tation

of the packet, of the desired signal ,level thus cal cul ate The .
interfePencéjV%9@Feﬁ§§§ﬁF%ﬁ gﬁvéﬂéﬂ?ﬁ §¥f%?§h§§rﬁgﬁgﬁiﬁéag&Fiﬂ%shﬁﬁﬂs can
be an interference |ev t. the base. station,of -a_channe 0] din
reception of° tHE (}?%é#&i%h§vﬁﬁ$%§€b%%eE%Y%}i%% %%%o?olﬁﬁgiog?ﬁgggfesent

o ot SRR e, £ROR L08R, A0LA COTIIRLEALO0 SV PLEM

applyi ng oartr nu exi ng schene of packet transmssion, with a

nDbiIe_staﬂﬂ%wﬁggjékﬂeﬁég%fgﬁqion having.ZS a relaying function in packet
transm ssion, the base station conprising:interferencel evel neasuring

meansf or neasurinQZntheradiocommunicationsystemsasdescribedabove,
preferably, the receiver station is configured to further

comprise: destination deciding means for deciding a next

25 receiver station as a destination of a packet on the basis

of at least one of a reception level of a control signal,



18 FP02-0297-00 an interference level at its own station of a channel

group used in reception, at the tine of receiving a packet; desired signal

| evel cal culating neans for calculating a desired signal |evel OnF%Q%—%§§5§OO
of the interference |evel obtained 5 in the nmeasurenent; and desiried si gnal

| evel notifying nmeans for notifying a sender station of the packet, of the
desired signal level thus cal cul ated. Another base station according to the
present invention is a base station constituting a radi o comuni cation

system 10 applyi.n C@NA to a.radi;o_nultiplexin st em of cket
transnission?nwﬁpﬁeg 5T %FgFﬁoﬁtaﬁhsaoWBI§€a§¥3?ioﬂnﬂa£i L9 by ng
function in @%cket transm ssi mo§f1i§§¥¥hst§tion

3, Lratl bl S o e N iiﬁtﬁ QNP H T ¥ ence

conpri sing: I nt rferencel evel'measuri g nean

ovel at Tts own Shall on ol -8 channel,Of oup, 48 aed, 11l J ecshti gne ol the

time of receiving a pa esired signal Teve at’i ng neans

cal cul ating 3 desi fed signg nLewel con Lhe. basis, of L.l ntegd erancg J evel

obtained in e freasurement’; desireéd signal Tevel n yihg

notifying a sendetest atiancof Jihe Ragkslr ofrdiie e ned 20 slangl devel.
t hus cal cul at éd; transm ssi on power anount cal ulati ng nmeanstor calcul ating
a transnissiQgepggg&e%qnunt of a packet on the basis of a desired signal

o]

| evel notifie y another station, at the tine of transmtting a packet;

and det erm ni ng m?ﬂéﬂg%&é’ﬁ&%’ .dliﬂ% %gwt:?f{:ﬁ%ggs%%cglgé a%%\}.es-statﬁ

. . d
transm ssible to the station as a source O esired signal level, on

the basis of ;tbg1E6aNBALEEHOR rRAWRN s3ABYNL LR em RBOAHAZA7+0Q ¢alidpt ed by
the transm ssion power anount cal culating neans. This base station is

preferably copf/bgured ité)a%#E_iQ@}’ LRRMHd Beeabhkibiidan I serplei-an 1hel di ng
nmeans which holds 5 attribution informati on of each nobile sfati on and each

rel ayostati opugapbbl/e il b a180d £ 6 YRt RIGA f QB eWtE Byl hg WY SbRldoeR:s ,and
attribution information of each nobile station and each relay station
i ncapabl e of ugi ngcthe osamui addunmoy ihd theovamst aiheon(duf. camm eref
direct communication with a relay 10 station. This base station is
preferably conrtbguredrdotfouiheryconprisepdestialal éoindese dbngsarans for
deciding a nobile station or a relay station as a destination to which the
invention that the CDMA system be used as the wireless packet
transmission system, and application examples thereof will
15 be described later.
In order to achieve the above object, another radioc
communication system according to the present invention is
a radio communication system comprising a base station, a
mobile station, andarelaystationhavingarelaying function
20 in packet transmission and applying CDMA to a radio
multiplexing scheme of packet transmission, wherein the base
station or the relay station comprises: interference level
measuring means for measuring an interference level at its
own station of a channel group used in reception, at the

25 time of receiving a packet; desired signal level calculating

means for calculating a desired signal level on the basis

10



base station should transmt a packet, on the basis of at 15 | east one of a
reception level of a control signal, an interference level at its own
station, and a hop count froma transm ssion-originating station ?9051529%500
station. This base station is preferably configured to further conprise
channel group selecting neans for selecting a 20 channel group for

transm ssion/reception on the basis of a transmtting direction of a

packet; and signal transmtting nmeans for transmtting a signal to be

transm tted, an chann cording -t he_sel ected channel group. nmobi | e
station a_ccoPgi Wge _tl ?eprr g}scgen_tqeiv%vleﬁpittgﬁnfé :fé tgh?rg%?a}seu%?“g‘ﬁto’n an’%‘i

W rel ess paGREP LraNan oe Dho b e B3 SO T By Serh LU th B BR0d 1% ati on
and a relay station baving goLelayi ng hunctign)inrpackel Ahansmssion, the
nobi | e station conpri'sing” transm ssion power anount calcu atlng_neans for
dosi red si gnarcr Sl he FPr B or By e el 1 BE Y s r e iR st tan
detergi ni ng I ; mi i R o ef. | ] "Ie from
t he snger S a@?ggggéﬁﬂghg1§ggégg§@§%gs%Fgégﬁgggﬁ%%r%%aggégﬁghggm%r

cal cul at ed bynbhf 1S ARSBLERLANORMEL (AL sCaLL UAL] i TR 1A Ehe above

nobile station is prefe y configure conprise I nterference

l'evel measuring; FRaRS, £ Py MBAS WA NG A o LTS ehelce J1gvels tal iihe Lihpe of
receiving a packets desired signal |evel calculating nmeans for calcul ating

a desired sigaglrheNehgORetns Pasi 8efbriNBidg Akehker eneepheyel qht ai ned
in the neasurenent; and desired signal |evel notifying nmeans for notifying

a sender statignsRist el packeie sehtlibe Ldesidrd & ghahel @&l rédds gnal
calculated. In this case, the interference | evel neasured by the

interd erenceléeye] oRashisipgsi®ans tB8 beaasmibsebhepenee Afouevel at the
nobil e station of a channel group used in reception of the packet. Another
nobi | e st at | @l @sTot i Ngy t ©hé her pnesessidbnvealednansuatmehilkalatahigon
constituting a radi o conmuni cation system applying CDVA to a radio
mul ti pl exi ngudnschene of packet transm ssion, wth a base station and a
relay station having a relaying function in packet 21
Namely, in the base station or the relay station, the
desiredsignal level calculatingmeanscalculatesthedesired
15 signal level on the basis of the reception level of the packet
sent from the mobile station and the interference level at
its own station, and the desired signal level notifyingmeans
notifies the mobile station of the desired signal level thus
calculated. In the mobile station, the transmission power
20 amount calculating means then calculates the transmission
power amount of the packet on the basis of the desired signal
level notified of, and the determining means determines
whether the packet is transmissible to the station as a source
of the desired signal level, on the basis of the transmission

25 power amount calculated. In this manner the mobile station

performs the packet transmission control by the search for

11



FP02-0297-00 transm ssion, the nobile station conprising: transm ssion

power anountcal cul ati ng neansforcal cul ati ng a transm ssi on power anount of

a packet on the basis of a desired signal level notified of by thebase q-_q¢
station or the relay station; 5 and determ ning neans for determning

whet her the packet is transmssible to the station as a source of the
desired signal level, on the basis of the transm ssion power anount

cal cul ated by the transm ssion power anount cal culating neans . - . 10 The
above nobile St fi r. .C
destination h%% % %gtﬁgaﬁég% Eﬁ%ﬁ% 8% asefgga#%%%ﬁgﬁlggg §3e§fat|on

as a dest'n%g@?&wecqn g%f@e%wc% %@terlogts glbdager%rts @ packet, on

the basis of at Teast one reception Tevel a conttol S|gnal 15 an

| nterference. éf‘%g tiér? 0 shati 90, and n?ok{‘ﬂ[pe %CE %‘P} Eified
transm ssion-originating sta |on £o T{s own stati on, 2 fobi 6 st&fion is
preferably Cﬁfchg e%%ée%é%‘% Den CATRIHSS ng%d% ?ﬁksg%%n a”S for

selectlng a annel group transm ssion reception on aslis o

both or one of,a hop £RUNLoLromhgcbase:stabhonclo ki ounpLat i on and a

transnlttlng direction of a packets and signal transmtting neans for

Lransm tti ng. 2, 5Lgnal 150 5,4 AASTILE! 88, 100 A SRANBE! ACGOILH 0 f pnLhe

sel ect ed chann group 5 Arelay station ing to the present

invention i 381 L&Y% 3bAtl %v%qnssm%éf@rﬁlﬁég%é:@mwmh%abbe@e%y%em 22
FP02- 0297- 00 for conmuni cation based on a wrel ess packet transm ssion

system W th 3 hases $1181é OFo afkle acdPbé b 8oSaht 08t aRdoRAVEATt ReF BLBYEND
function in packet transm ssion, the relay station

conpri si ng: idit efferaneant\welikapeietgafbanst enuBeasuEingt Sdanhateper ence
| evel at the time of receiving a packet; desired signal |evel calculating
means) f or calulatfidag i ldesor efdpiegaak teyebpphophcabasist ©fmiherion
interference | evel obtained in the nmeasurenent; and desired signal |evel
noti fyi ng meansviethawtid yirmnhansendes sda@teioninfadderpacketyid® ofiet he
desired signal |evel thus cal cul ated. The above relay station is preferably
confi gured timtferfdncoipvedea déheran i agpordast Sar tdehexmd rriongvahét her a
packet is transm ssible fromthe sender station, on the basis of at |east
one of the itheehfddendedmivell p1hlel drsindethd 5 nsiogivahn ileavels, imc hetapy i on

| evel of a control signal, and a hop count froma transm ssion-originating
station to ithe GWErseas o, tEA8Lia, athersgigaas of whepepghriiecfeshe ed
signal level notifying nmeans notifies the sender station of the desired

si giid | evelSHTeItdi HieF to B IRINGCHILY HRE JHhfict B aR $ritdh DY FakaY

determ ning means. The interference | evel nmeasured by the interference

| evel neasuﬁqﬂf%ﬁﬁﬁm can be an interference |evel at the relay station of

a channel group used in reception of the packet 9 A t er station
according Lo the PRESERESE emw%%t%%nalm SPRCAGARLGnE? i ST TR adi o
23 FP02- 0297-.00 connunlcatlon to. a radio

mul ti pl exi ng e 61" %’1 g% EEtHS ot bR a

mobi | e station and, @avwg el 2 %'t%ql %gcy el N Jogket LAt masion. the

relay statlon conprising erence evel neasurin
maa%' ng aq:rlﬁﬂ segl%}{:%roﬁlvghe mobile station via the relay station

to the base station, and a radio communication system
according to the present invention is a radio communication
system comprising a base station, a mobile station, and a
relay station having a relaying function in packet

25 transmissionandapplyingCDMA toaradiomultiplexing scheme

of packet transmission, wherein each of the base station,

12



at its own station of a channel group used in reception, at the tinme of

recei ving a packet; desired signal |evel calculating neans for cal cul ating

a desired signal level on the basis of the interference |evel obt%ﬁ%%Qd2@7_oo
the 10 neasurenent; and desired signal |evel notifying neans for notifying

a sender station of the packet, of the desired signal |evel thus

cal cul ated. The relay station according to the present invention is
preferably configured to conprise transm ssion power 15 anountcal cul ati ng
meansfor cal cuyl at t rransm ssi_Qn, pewer ount_.of, a packet on the basis of

a desired siéﬁa reddel et g R Botes © AT SRS e of

rel ayi ng a packet ;. an et.er m-ni ans_for determ ning whet her the packet

is transm ssilgjil%eertfg%teg’e(:%stla ‘}iﬂgoln mg%sél SO EDF thed é%?ad%ﬁlrré% %rllgnal | evel ,

on the basis, t s _ssi.on .p r _apount | cul.at ed by the

transm ssi onl;?)ltcg\?}ef?%é:r?%%%t rII(:eztflseclul%a ﬂ\r% ﬁ%&ns&#ﬁ%% e fgya sctha |noezi j g OuP
preferably canfig f.urth I j j . dLng, neans_ f or
deciding a s?%?ﬁ&%gggcggté%ﬁgs§§ﬁ%%ﬁgﬁhgg”ﬂﬁéégﬁg%%8?%§§§kgkéEFE%ﬂgﬁ%uld
transgit a p ; he asis 19 I t f r i_0 V. 24
FP0O2- 297_00%‘%?%%102%%7%0' c?i E?r‘faﬁ lrﬁi fnr?t%glrs‘;f g%gﬁé%acglvl&eﬁgﬁ it rszjéo%nlﬁgs ation,
and a hop count B0 A& 1 LANSHL $3I0% QFiI+G Natyi i-Qn i ation.
The rel ay stagpgn i's pref%rag%y conf?gured tgg?&%&%éfgéh%%%%%?ggﬁgg%%ding

means for despregdi ﬁ%@ﬁ%&@%ﬁa%%iﬁ%gefsri 18 ARA %tisi QN d e base

I
station, and another relay station to decode the signal into an 1 nformation

sequence si grak; n o s &a0s8haBal s ganesabingnr ARANS S1OF c$PFeadiNG Ahe
decoded i nformati on sequence signal to generate a spread 10 signal. The

relay statiopipsapreteeabkyusonbiigunadesy thahsmiRen ohhedilaknshatd on
conprises at |least the transm ssion power anount cal cul ati ng neans, the

transoi ssi oncpOwRL a€ahguleairads dyck hetil 805 A SSi 24h IOV BIFOPBL 6 alagidhaid ng
means 15 is assigned to the spread signal generated by the spread signal
generati ng nmedns paukdthensphedshsi grdl ai debiasdmidgredl 1TEwelr abay fSteat i on i s
preferably configured to further conprise channel group sel ecting nmeans for
sel ecti ng a chidynahoghens thdr oy, aats hhe Siim¥ o & depinisorn tan nigher bediay iofy 20 a
hop count froma transmi ssion-originating station to its
a packet; and determining means for determining whether the
packet is transmissible to the station as a source of the
15 desired signal level, on the basis of the transmission power
amount calculated by the transmission power amount
calculating means.
Asdescribedabove, thebasestation, therelaystation,
and the mobile station each have D the interference level
20 measuring means, @ the desired signal level calculating
means, @ the desired signal level notifying means, @ the
transmission power amount calculating means, and ® the
determining means, and in the uplink and downlink packet
transmissions, the base station, the relay station, and the

25 mobile station perform the packet transmission control by

the search for links and the determination on whether to
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own station; and signal transmtting neans for transmtting a signal to be
transmtted, on a channel according to the selected channel group. The
relay station may be configured so that the relay 25 station is Cﬁ 8L©?§ ~00
of a station having a function of the nobile station, or a relayi gB e Z
installed in a vehicle 25 FP02-0297-00 or in stationary facilities.
Incidentally, the present invention can al so be grasped from an aspect of
the invention of a packet transm ssion control method executed in the radio
communi cation_system t he. aspect .of, t he i ntion as t e radio
communi cat i oﬁrg Sildh Eﬁa ?%mﬁgtpe%ttgl Pagheg Pﬁv@ﬁ?ljorhteo? the base tat i on,
the nobil e st and the rela statlon constituting the system while
achi evi ng IiE 5 8r§5?8ﬁ?l§ﬁ& @5% Nanely, t he |nvent|on can be
described as 10 fo}?I Qws, packetttransm ssion con% met hod _acc rdl ng to
the present inventfdh e?}ganép pack@t 5 & 88RO FEPSHECHIE™ W & Hadi o
communi cati o te |n g, StaLlo a . nobi tatlo and a
relay stati oﬁ Ha@%ﬁg‘%r;% grﬁ%g?lunc Si%ﬁlcl Qicr’rlﬁltﬂ%eprﬁ K& % é’ m ssi on
and cgnfi gur ( t.

trans% SsSi onfgys%gﬁé%%&g};ac e trg%fégnﬁs?%?c%%%c%% ?E%l@%ﬁlﬁ%g an

i nterf er encenlgyel ceasyLLDg hEPbEL g, Aok fffeiélxgél YA L e packet
transm ssi on neasures Intertference esl re S| gna evel
cal cul ating st fgc@@@;%nlwelr BFLYBLSLAl Lan CaLeu! #hes 3 dedied 5] onal

| evel on the basis of the interference | evel obtaine he nmeasurenent; a

desired i gnghaldeyehtBokbtuhog SRP Wher el Bubhe 066l vahashial eanald i es a
sender station of the desired signal |evel 25 thus cal cul afed

transm ssi ons PoMBL BEPHNIL SR EPLAY I Mg 94 afb tWheres &Hé‘%a%‘“e"%%%tito%t bgn
cal cul ates a transm ssion 26 FPO2- 0297-00 power anount of a packet on the

basisoof thetdesheedrshgpatnkevekvthushiet chiediateqa dehetRknbagest ep
wherein the sender station determ nes whether the packet is transm ssible

to the recei yeatsbali eRe 0PahbrRibasbs pbwkheahbansntastaNapeWer meaapUNt
thus cal cul ated; and a packet transmtting step wherein the sender station
transmts thehgacksel cibya e paner aacodrsdiing poweheahsansw s @ak@webnanount
for the receiver station, to the receiver station determ ned as a

packet -t r ansths sdd iss stfathende$ hr ed cergred In 1 paekethdd raotansSmd sifonastiage,
any of the base station, the nobile station, and the relay station can be
the "recei vethstd¢tenninnihgkeerse, dahgrofinehewbhasbest Sheopackks dobil e

station, and the relay station can be the "sender station.”
15 transmisslble to the station as a source of the desired signal

level, on the basis of the transmission power amount thus
calculated. This makes it feasible to implement the
appropriate determination on whether to transmit the packet
in accordance with the interference level at the

20 correspondent station even in the downlink communication
and to avoid the hidden terminal problem and the
inconveniences including the increase of traffic, the
decrease of throughput of the system, etc., independently
of the arrangement of relay stations.

25 In the various radio communication systems described

above, each of the base station, the mobile station, and

14



Anot her packet transm ssion control method according 15 to the present
invention is a packet transm ssion control nethod executed at the tinme of
transmtting a packet froma nobile station via a relay station t9P62b6237 00
station in a radi o comunication systemconprising a base station

station, and a relay station having a relaying function 20 in packet
transnission and applying CDVA to a radio nultiplexing schene of packet
transm ssi on, the packet transnission control nethod conprising: an

nterforencey h?ér?e'fleareaﬁéhaveﬂ i Gl B tShY B = FrE bty
packet; a de%?aﬁ% SI g PF% I %%h%% |ng Sfrﬁgb %ﬁﬂlgeglrecelver

station calcu S|gna on the basis

f th terf I desi red |
evel noti Tyi ng st S8 aher o CHE T EBI0 g‘?i? Shran Y l’é%n%ért%Q? ati on
of the packet, pof Lhe desi Led ﬁk@?%uk?%éﬁ' sEMscaloul ated. 5 3.

ransm ssi on” power  anbu cal cul'a Ing s ern-the sen g% |on

I ] f. th
desi 120 51 gnal Rvel  Thas Bt %Jpﬁﬁtfo%&?%%?‘?ngﬁf%%%{éﬁo %Z'r%a% e

sender stali gnadetar gbiey whet oy diepackelal scLf Ansplasidl e 4o, bh

receiver station aslis o e transm ssion power anpunt t

cal cul ated; apd ee et ohl, ARSIt NG sig ‘I’H%?Inﬁt%% senden, %@&u@n

transnits the pac y a power according to the transm ssion power anount

for the reCGéﬂ@fléﬁaéhQnea&H EB§a¥e§€h¥§6nSEﬁEEBQb@§t6%”H@%@c%s a
packet -transm ssible station. he met hod herein preferably further

conprises a spkhheistetbanwdert inatbnn destdbnostepcuBehekenotrthgirect
nobi | estati on defined as the receiver station decides a base station or a

rel ayostati oforapufidesionakion sorvbhighstheisnbile station should transmt
a packet, on the basis of at |east one of 20 a reception |level of a control
signal, an interfenenaeasevetatdontss oahsstptédaraldhyg aohopgaesdt tbrom a
transm ssion-originating station to its own station. The above packet
transm ssi onfeotite ol congdiioske proafsriald tyi drudddd icenpeizses farbdseidtati on
destination 25 deciding step wherein the base station defined as the

recei ver statimobidecstesiannmobilmelstyattehion as redaytshation aswhiz28

FP02- 0297-00 destination to which the base station should transmt a
packet, on thke Hmsis sdfatdton shsuladnérehsaitesapitdiont | evelthef baséentifol
signal, an interference level at its own station, and a hop count froma
tr ank?i ssi oreorigpsatang &t & rerePs 150 Leveinodt at FORtrThesapbed, padket

transm ssion control nethod
lnterference level at its own station, and a hop count from

a transmission-originating station to its own station.
Methods of determining the destination by the above

destination decidingmeans and by destination decidingmeans
20 described hereinafter include, for example, a method of

minimizing the hop count (Fig. 7), a method of selecting

a station yielding aminimum of relative transmission powers

calculated from received SIR of control signals and

interference levels at senders of the control signals (Fig.
25 8), and so on. These will be described later.

The base station is preferably configured to further

15



preferably further conprises a relay station destination deciding step
wherein the relay station defined as the receiver station decides a station
as a destination to which 10 the relay station should transmt a pa%get, %n
the basis of at |east one of a reception |evel of a control signaﬁ? r0297-00
interference level at its own station, and a hop count froma

transm ssion-originating station to its own station. The above packet
transm ssion control nethod 15 preferably further conprises a decoding step
wherein the relay statiqgn despreads a signal received fromthe nobile
station, the %&@élﬁ%i%}ﬁnrﬁd Hrithete ret el $thR3Rh foF deebRet iR i gnal
into an inforpation sequence signal; and a spread signal generating step
wherein the CERAPS HAEVP dReddeDP 1T c*b‘%f'e%?ﬂﬁrbr%t‘g%% Ragbened
signal to generate a spread signal. The abqve packet transm ssion control
met hod pr ef elaa*blf%)qsf%?gje?g é&ﬁﬁ%i%@@ A eRETE T igr ot 5 lgBRdct dRPRt B Bther ei n
the nobile station and the relay station select a 25 channel group for

transni ssi onFEECSHI bhT BRSTHE thRTiesS IR BbER b6 RS t L hopP Edtha %% bm a

Lr ane {1 n “GEPECITEh Ot T AAGC LAl P h FiBbase. otaton cel acte a
Girection of a pacREE Tonts 2ErERER s BRenPrery Sre HRsa iR A T b | o
Cransi &t ed. CORPAAERn A HERI Aty S At S J0badd Che
above packets%r Q% -%ﬁi ng%%%&é%%a %&P%Bié &é% 'Hgéﬂﬁ@H%%Rgﬁﬂﬁyiqﬁethe

transm ssi on~channel s i n fannél” groups and assign t annel” gr oups

t l'ink si ; i [ , i hed | ow, . FQr. . | e,
prefbrabl y.  PRBLERaREE o o A TRy e RE Tl e H T S S o

chanpgls for,tg $5h0R QL 15L@NQl Soh AEG gﬁQﬁﬂQP!agﬂﬁgﬁﬁﬁ} e%ﬂ a

pegl t
comon nmanner 1% Igltt he ase st atlon, t he rge\?ay st atlon, mobi | e

station, onerghapnelk QRQWR oS taSSirgNednt @ +an ;W i nk signal a source of
which is the nobile station, and the other channel group is assigned to a

downl i nk signal a sAdMHOfe YWRhENOhS d PEe PABEL S RIION.qudQ PrEfrRralar the
channel group selecting step is to divide transm ssion channels for

transm ssi oncefipsigeal shanhe 1f gubupharnel tdheupsandNd drm s 1eIHIRY mnner in
the base station, the relay station even-nunbered fromthe base station
and the nobi trashalli gtoaphdp rcauahsafi sehicell fecetion on the basis of
15 both or one of a hop count from the base station to its own
station and a transmitting direction of a packet; and signal
transmitting means for transmitting a signal to be
transmitted, on a channel according to the selected channel
group.
20 The relay station is preferably configured to further
comprise: destination deciding means for deciding a station
as a destination to which the relay station should transmit
a packet, on the basis of a reception level of a control
signal or a hop count from the transmission-originating
25 station to its own station.

The relay station is preferably configured to further

16



25 the base station is an even nunber, a first channel group is assigned to
a downlink signal a source of which is the 30 FP02- 0297- 00 base stati on,
and a second channel group is assigned to an uplink signal a sour d§10297—oo
which is the nobile station, and in a comon manner in the relay station
odd- nunbered fromthe base station, and the nobile station a hop count of
which 5 fromthe base station is an odd nunber, a third channel group is
assigned to the downlink signal and a fourth channel group is assigned to
the uplink si |... Pr.efer.ahl. hﬁpp r Sel ect i t i S
divide tr ansr%%gﬂérc}ns%dhggﬁgpsﬁpoégg?gnsm ?sel%r}‘%o dl}l %a%%ggafilﬁeg%eﬂ’%ﬁannel
groups (N is i eYo) h _.and. L p.eac S tion
The rol gy st dtrBnERER R eLER b e ba AR b s BE el =bESnE 5 507
assigned so t : identi.cal n o] I S_AS 'gggg 0 an_upl i si gna
shE%ttlg)@l lt% Bgcgae EH% ?.rue.éngﬁ. YRy ?r_? ﬁ{an S%:Lcirg %%ﬂér%?

and a downlink signal transmtte m one Sstation ferent
channel grou r.e .assi t i 'qpﬁl Q%ﬂ!i 'Qﬂ?!
received t hergg ,aqr’ezdgleog%ﬁ)\(/}eela$ asIgfr e elr %nflé endg%naﬁne gr ou%%% ecting
step ics to diyid8-LEa0s M-S Ghanpelsef gmﬁ' j i fnto

t wo cﬁannel gﬁgdgg;étranéﬁiggﬁbn ronétﬁeeéé%' stgkégka éﬁahf oﬁ%%%e

rel ay stationigndithe nobile station even-nunbered fromthe base station is
carried out by a first channel group and reception therein by a second

channel group, andrhearaplsskeRmbihe®@alien ehay 3t ald gﬁeaf%cfatﬁl%z mobi | e
station odd-nunbered fromthe base station i's carried out by the 25 second

channel groupcard gl.eeePid eRatheiedimthy ddienf kestichamglr BBt 1¥hst
FP02- 0297-00 The channel groups may be conprised of channel groups divided

by frequencyineBy rbeseqrRiosedotierchadnelt W=0uRs MHivigdedkdns,titk or may be
conprised of channel groups divided by both frequency and tinme. Specific

enbodionment s efrahBesesIon bowke desefilkedd aterhdAs rdeseliidgdmdier t he
present invention has successfully overconme the problemthat the nobile

station fail edotiatestabhilabhiagnmuahsat  ons s teped di EHpepridal arigargenent
of base s-tations, and al so has succeeded in 10 overcom ng the occurrence
of the hi ddegenhernitedlbyproblsemeand igirtel genaréhéng oreastarohohe GgMeaand TDVA
base mul tihop systens, and the problenms of the increase of traffic and the
decrease of shgoadhpst topnshétsgst.em The peculiar channel group assigning
met hods successfullg achi eved 15 reduction of interference and i nprovenent
in frequency The relay station is preferably configured to further
15 comprise: channel group selecting means for selecting a
channel group for transmission/reception on the basis of
both or one of a hop count from the transmission-originating
station to its own station and a transmitting direction of
a packet; and signal transmitting means for transmitting
20 a signal to be transmitted, on a channel according to the
selected channel group.
The relay station in the present invention may be
comprisedofastationhavinga functionof themobilestation,
oradeviceinstalledinavehicleor instationaryfacilities.

25 Incidentally, thepresent inventioncanalsobe grasped

from aspects of the invention of the base station, themobile
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utilization efficiency. BRIEF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
conceptual diagramof a nultihop cellular nobile comunication system 20

Fig. 2 is a conceptual diagramof a search for a relay station by@orﬁo_t@jge] 00
station. Fig. 3A is a diagramshow ng an overall configuration of relay
station where channel groups are selected for respective relays by a

channel group assigning nethod. 25 Fig. 3B is a diagram show ng a
configuration of a control signal processor in a relay station where

channel grouns 32 ., FEQZ 9ﬁ§7r<99 rsetaz't'zl\.c?rgtc%%§tqrtdﬁ%§ictthevgyg?leﬁlysagy a

channel group assi gril ng I agr am showi ng*an overal |
configuration, i EFBPM
configuration ng %S gg%t%%ééﬁggg{h p?gggggééadnégﬁ%gjgﬁqe% ation %;ler e
channel grou S Gt le b group

assi gni ng net e?“f o Aexel%sélrfa)'L 3{ gl?nl s%%\é%%%org%e% coanl guration 10

of a base St?%a'm%pa/é':'t%e %.%\}e% cﬂ{aﬁrﬁrﬂé o @% ogpgljgéjf |gn of a

control si agn essor I n a base station. IS a dlagram show ng a

configuration of ag bQES@.@é@D&? FAGEI 8 -t R hE BreBBntsi Ay dhagpam show ng

a configuration of a relay
a base station constituting a radio communication system

for communication based on a wireless packet transmission
system, with a mobile station and a relay station having
a relaying function in packet transmission, the base station

10 comprising: interference level measuringmeans formeasuring
an interference level at the time of receiving a packet;
desired signal level calculating means for calculating a
desired signal level on the basis of the interference level
obtained in the measurement; and desired signal level

15 notifyingmeans fornotifying a sender station of the packet,
of the desired signal level thus calculated.

The interference level measured by the interference
level measuring means can be an interference level at the
base station of a channel group used in reception of the

20 packet.

Anotherbase stationaccordingtothepresent invention
is a base station constituting a radio communication system
applying CDMA to a radio multiplexing scheme of packet
transmission, withamobile stationandarelaystationhaving

25 a relaying function in packet transmission, the base station

comprising: interference level measuringmeans formeasuring

18



station provided with the interference canceller. Fig. 7 is a flowhart of
processing of selecting a relay station yielding a m ninum hop count. Fig.

8 is a flowhart of processing of selecting a relay 20 station y1;§P52ub297—00
maxi mum SI R of a control signal. Fig. 9 is a conceptual diagramof a first
channel group assigning nethod. Fig. 10A is a diagram show ng an exanpl e of
setting two channel groups by frequency division. 25 Fig. 10B is a diagram
showi ng an exanple of setting two channel groups by tine division. 33

FP02- 0297- 00 i j di d |
Toam R Lo A o A B DT AR PR e OB o

assi gni ng net IS a diagram show n

channel 9rouRRdy b Yorfl WeS0D ¢ iReTO 0 L 2R AR Hl2dam ghort Bg an

exanpl e of se our ‘channel groups time divisio

di agr am show 1,3 XA € ofcSEILINg s charnel) AL oLps, by baL b frgauency

di vision and ti di vi si on. iS a conce agramof a third

e, Shud SRLONATE o L0, AL dharaAp Shelpte, sya o
show ng an exaphe Rfa Setdndift Lanbi&s: LRBRgha9roURsS] RY 4R ndi N $hON-
for notifying a sender station of the packet, of the desired
signal level thus calculated.
Another base stationaccording tothepresent invention
is a base station constituting a radio communication system
10 applying CDMA to a radio multiplexing system of packet
transmission, withamobile stationandarelaystationhaving
a relaying function in packet transmission, the base station
comprising: interference levelmeasuringmeans formeasuring
an interference level at its own station of a channel group
15 used in reception, at the time of receiving a packet; desired
signal level calculating means for calculating a desired
signal level on the basis of the interference level obtained
in the measurement; desired signal level notifying means
for notifying a sender station of the packet, of the desired
20 signal level thus calculated; transmission power amount
calculatingmeans forcalculatingatransmissionpower amount
of a packet on the basis of a desired signal level notified
of by another station, at the time of transmitting a packet;
and determining means for determining whether the packet

25 is transmissible to the station as a source of the desired

signal level, on the basis of the transmission power amount
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Fig. 14Cis a diagramshowng a first exanple of setting three channel
groups by both frequency division and tinme division. Fig. 14D is a diagram
showi ng a second exanpl e of setting 20 three channel groups by botdpg,_ 0297 00
frequency division and time division. Fig. 15 is a conceptual diagram of
fourth channel group assigning nethod. Fig. 16 is a diagram show ng a
configuration of a base 25 station having the function of the relay
station. Fig. 17A is a diagram showi ng an overall configuration 34

FPf 1 2-0297- 00 V- St o S [ o L _group i

not carrledou%)i éﬂé@%@%g?lgﬁ% 4 %ﬁ%@§$% S §£§§£c%ﬁ??éﬁr§??§§lg 18& ontro
si gnal procegﬁgg %n a relay station where the 5 selection of channel group
is not carrie . Fig. 18 is a diagramshowing a configuration of a

ou
Group i s not carri od SuP2BESCR T O PR TP PR BHRED ERBEBI MERTA 50 A
SOl et o feskl5 SLERnte AN 0N il B8 pRsEal REh DRl OWckinp e ence
gs

to the drawin I'i'ne of Entire Ple - Communi cat1on Syste

mobi | & Comrﬁﬁﬁﬂﬂ&ﬁaﬁiﬁ%%aw&%@é%ﬁ nBEROdi BN 5 o513l As$Qgi at ed

mnth one connunlcatlon 15 operation include three stations, "base station,
‘relay statiqip,¢ &PQapQB@é'o@f & AL OBommuBiRe aR38E @ 1 08 M@Qaﬁb@ﬁe Is a

station capable of being Tinked W th another base station through the core
network, and dheamebibetsbat iRfoisafid®dH Babnthebifértat@AUasESeach
transm ssion of a packet or that receives 20 a packet |ast. The relay
station is adearayg nat(idd eldysda5 e i )dthadt fabielnonsa t Do el ayh ai packet
fromthe nobile station to the base station or to relay a packet fromthe
base stationdw Ehetiphide: shatbol. o ke reedtayoshah i 08+t £OASAITES apeyesy f or
rel ayi ng of packets and is thus considered 25 to be any term nal configured
to aqeept supariei.power froma solar cell or a power generator, or
through a wire, in 35

This base station is preferably configured to further

comprise destination deciding means for deciding a mobile
station or a relay station as a destination to which the
base station should transmit a packet, on the basis of at
15 least one of a reception level of a control signal, an
interference level at its own station, and a hop count from
a transmission-originating station to its own station.
This base station is preferably configured to further
comprise channel group selecting means for selecting a
20 channel group for transmission/reception on the basis of
atransmittingdirectionof a packet; and signal transmitting
means for transmittingasignal tobe transmitted, onachannel
according to the selected channel group.
A mobile station according to the present invention
25 isamobile stationconstitutingaradio communication system

for communication based on a wireless packet transmission

20



FP02-0297-00 addition to term nals powered by conventional batteries such
potential termnals include those installed for the purpose of reduction of
cost in place of base stations to cover the areas by teleconnunlcggbgn%297 00
carriers, those 5 receivingsupply ofelectricity whilenovinglike autonobile

and trains, those fixed and receiving supply of power |ike automatic

vendi ng nachines, and so on. Nanely, the relay station can be any device
having the function of the nobile station and having the relaying function,

or any relayln devi.ce t II§§£ 3{ Ie Ut o iles,
trains, or th Itlje g, %]lt |n%gaustaeo |Ecl%ven drslg ?rraec a%esgtsatﬁor} L%abv %r‘?ptlon

her ei naf ter, e% r%r‘f’xﬁr?cf’{‘@n‘iol &@Ek%sﬁﬁégﬁow Ek@eemlgﬁ%k station

comuni cat i oA sy d descrl e i nvention under ef|n| i on that
bile 15 f i

?hgoclomeruni Cg{o@gﬁq% f| ngﬁgﬁsgwﬁ%ﬁe&;ﬁ gxtﬁ?g% ?ulét e m %%%ng: zg

devi ce Capab'c%l%lg‘&%‘g‘ QN pgn 8% ﬁ}&kg&f ﬁé?tdn%hnta%fzéeﬂ% é’caéﬂ Mhe

| nci dent al | the base “station 1n esent system s to secure a

link ¢ith th%a@elg%@ﬁ%%%slr%gigﬁ&ihxvewd@lﬂed%% Qgsnaek?s)& @ on.

For thls reason, eac e station updates at every etermned tine and

retains attr b?%ﬁ@?'a'&&%&”aéﬁ@'ae%fermﬁ'ﬂrﬁ =& §1t15 G5 GaPaRh EQI nglulif her

comuni cation, attfibution information of relay stations 25 capabl e of

di rect CO”““@h%Qﬁé@Pet@ﬂQt%%h%hﬁ%%h%ﬂe‘EE@&W&&&%%n%%r”??b%?oﬁtaéﬂQﬂﬁa
i ncapabl e of direct communication but FPfT2-0297-00 capabl e of bei ng

l'inked via apkghayo$t 2hkOR rah sknglsaY ot @Jowé&s arAndS 0 e adlele Ko tit ai n
attribution informati on of all nobile stations capable of direct and
indirect comiyAheatsensn pheeebymbuhks caneuarsumedkehween the base 5
station and all the nobile stations capable of direct and indirect

comuni cati ons. EatRe ddbdodined iSteaatkitand oandsretaye sl it SieAdSed Hequest
signal with ID of its own station as information for securing paths to the
base stationfartheedebeprisedihitpefi@ennkeleaes (ern satrihigmesaefs didrgi nati on
of transm ssion packets). Al stations receiving the request signal send
relay i nformatebaenr{eggan intekudemgncef demefli et $hehtasel BDfoteices vawy
station, I D of the nobile station having sent the request signal, an

i nterferenceal peekedt tHesioerd stanpénlerslt kellbopatdnat meenshéolase
station, and so on) on their respective control signals indicating
capablllty ofalrnkagendi ehdeRrerrBbFLenstatedrl Phe thebbreist affi Gher ecei vi ng
t he control nal s decides a path fromthe information of the signals,
send5%an ACKl?:g@ﬁﬁﬁl’FBCa Ye ¥ R§tatacrol tAedropseserdrfsied eRe1path. For
exanple, the mobile station 21 shown in Fig. 2 sends a request 5| naI for
securing a patBned YK HhREEILVIPIREPAS IRICPPELE YR IR F6Y FFﬁ

chabl h h
21" and t he 25 S 47 EFavi Bhs foztde%rre EHa e‘f%rt?*@gtcﬁgﬂ)?‘é%ﬁait e
[ th I d d.th t
FPO- 0297- Soriﬂéﬁﬁ% th e r%F{% PR R OrRRERGR, T Shen e ab! P P&t i on 21
recei ves the,gonttol oglgnlse, g\‘gﬁ% S8 S ram thearel gy LpLocLi on of

the control Si sends an |ng sta
ot b7 shest eﬁé%ﬁfa&%f? 15575 ?afaay%?a??%%@f%ggsestla GeB5Fon
of the packet.

Another mobile station according to the present
invention is a mobile station constituting a radio
communication system applying CDMA to a radio multiplexing

25 scheme of packet transmission, with a base station and a

relay station having a relaying function in packet

21



Configurations of the relay station, nobile station, and base station
constituting the present systemw || be described below with focus on
portions associated with the 10 present invention. [on Relay StatigyoJdbg7-00
the present enbodinent, the relay station does not function as a repeater

that relays a received signal as it is, but is a termnal that has a

function of denbdulating 15 a signal received from another nobile station

or base station and decodi ng the denodul ated signal into an information

sequence and éﬁ;ﬁaﬁﬁx{ei\‘;éﬁ&ﬂnsc teggl%%:ﬁ%;@%‘éti‘ohfé‘&ﬁ '§§Ef)§ap %ﬁsﬁ%gﬁg'}éng to

a desired sign notifi a station expec 0 recerve

ot or mat | on Seanan 05 EEhge g Ay Rr BRI LIRS B RALPY used
as an access syal.emn g ol 8V SLALLORS UELNGL hasos LURSLiPB4OL pay

despreadi ng recei ved signa unction of agaln spreading the

| nfor mat i on SeauenGe: 9Bt alNee. » 2313 BaS .t beaf LAY, StALI 001 has. ¢ hes banct i on

of cal cul ating the transm ssion power according t ésifed signal |evel

38 P02- 0294 P Ale ifiG RAC kfdartestd NAdd Qm i i d P hipaS O e hapkepent

stable transmssion wth hi'gh reliabilitybythetransm ssion power. Since the

relay station ORcendagadesikhecr erel yesdesbgnad A BbarthecknERENBL s PPeg
sequence, it Is feasible to make 5 correction for the gain of the signal. A

configurati o iQfndihgekghayostrald @aswisl b e desahished shehopowtthah&hgt ence
to Figs. 17A and 17B, using an exanple wherein CDVA is used as an access
nethod. As skewrulntdd byl the ttheadsiays idratddwe BGnisurconpdicetaping
control signal 10 processor 31 which processes signals for securing a route
to the base sgileatisan; and data processors 32 which process packet data; the
nunber of data processors 32 is equal to the nunber of packets that can be
rel ayed i n paral | elThewhabothe aosls 5@ andst inirherupbereobBi putdanegusky to

rel ayabl e packets 15 and which is "3" in the exanple of Fig. 17A). Each

dat a processdurieexicoapird s& destried Siagnale dirdimeoa nmreeced Vied: sigmiadintg
recover an information sequence. The recovered infornmati on sequence is
agai n subj eceedase goali hep and aDEAlegnyeasiom amd dhetirstlivantosilghah is
sent on a 20 carrier wave anplified according to a transm ssion power
amount cal cultheenobiom Fhfbiaat FhAuld. gransnibrarmaoreof &n tha ddskence

| evel at a packet destination and propagation Ios%% obtained froma

transni ssi onCpodéEr 188AEr eNee? L (RotCSPOWIR . LRl tfarfs it povera L,
controller may be installed 25 in the control signal processor 31 or nay be
i nst &Pl ed i n@BpeRJBHERY SBFCt hEVESnEFof tSi gl StRo s ANB 2 KPR HEWEE ay 39
FP02- 0297-00 station 30. ,The contr.ol. signal grocessor,Sl i s caonprised, as
shown in Fi gTre¥s SRS SSHOE O EidE PLABASTI g tFEnP Y $TR TR -

measuring an interference |level. at its o station; 5 deppdul at.qr/ channel
decoder 31B for de 8&4%%%%5ﬁﬂal88&6%?53@3535%%&P@ﬁiﬂ%ﬂ%dqiﬁﬂﬂr Station
selector 31 for selecthggnglgglgﬁp?%ation' a hap information huyffer 31E for

storing hop Fnfermati oncan &FﬁgﬁF n?egﬁsA réﬁf%éfjﬁeﬁ%fhtor 31F

for generatipg.ancACK 8LgN2br 2:88%%si8h9% b eption on the basis of
20 both or one of a hop count from the base station to its own
station and a transmitting direction of a packet; and signal
transmitting means for transmitting a signal to be
transmitted, on a channel according to the selected channel
group.
25 A relay station according to the present invention is

a relay station constituting a radio communication system

22



10 generator 31G for generating a control signal; and a request signal
generator 31H for generating a request signal. The control signal processor
31 decides which route should be used for |inkage between the basepgbalgay_gg
and the nobile station (or which relay station should be used) . As 15
shown in Fig. 17B, request signals, control signals, and ACK signals
entering the control signal processor 31 are separated according to types
and source stations of the signals in the denodul ator/channel decoder 31B

t he request sd - rd s.of,: i gpal or 20
31G the con??%?%gﬁgﬁgﬁégggé g 55%9? eargfg§f§§§P$%§k%§Iecto§@§€§§8%he ACK
Sionals are i ! he dhop BTN bl Smailie QMG LARCKIRLAGN 1o
transferred to a superordinate station (a station closer to the base

station). The f@iéyiﬁ&%gin%i%%lﬁ? QEK3LG 'ivs%siaznetﬁglrye&%' 25,8 gpal s

transmtted fromr”_ei ghboring stations, and decides a relay station or a

base station 48 N16y: £OPOLELLENAD 1evERAL DN T A0nEBRE §nafdLLur &l grred

to as a "connection station®™ ) , on the basis of such information as

recei ved poveh 4@ ddURNfSI@NCR W gNal Naverifatd oS- {3 gnaly tp Jatesf erence
Rati os: hereinafter called "SIR'") of the control S|gnals,'% I nterference

level s at orignalQr & iQfndihe GRNt rQd1 & ghad sy M £ oY d-dher Dages
station, and so on. The following will describe another configuration of

the relay stakisQRddst BRatasevanes e tAeChanDElo RBWPi NEEEFbRefb aydnL | S
selected for every relaying by a channel group 10 assigni ng met hod

descri bed | ateraiord Ney hasi seefsuregient3A ant G ikaths dpta rocessor 32
shown in Fig. 3A extracts a desired signal froma received signal on the
basi s of i nf apmattiyamgahé 2mh e €d rfriom fin¢hamede gsoupisaletthe Fldxelts of
Fig. 3B described |later and despreads it to recover information. The
recovéred i nbdr rakl cresseguersdegnad dgaiel décoded]lcpragad]. and subj ected to
D) A conversion, and the resultant signal is sent on a carrier wave (a
carrier wave deci d&debgbbhe crhhapettgroup sSelmoter8dR) cnidumsd 20
according to a transm ssion power anmount cal culated fromtheinformation (e.
g., infornmat fontbert benpt 26 etetmeiiaviely aeansef packetedestimatihmther
propagation | oss, etc.) obtained fromthe transm ssion power controller
(not shown) . aTheckehnsai ssapampoaellechtoml tke sarydde Statidnedn thehe
control 25 signal processor 31 or nmay be installed indeEendentIy_of t he
control signBfspeotkgdotesdstione ré Fof ay tardigrensolensl, HPIFATRDO The
control signal processor 31 is conprised, as shown in Fi.g. 3B, of an
i nt et erenceSFggéﬂ ﬁ€3§ﬁriﬁngﬁFPt3?R ﬁ@WeﬁegguFiﬁ@n§ﬁoﬂnﬁéﬁpéﬁené@q evel
at its own station of a channe# gr in recegtion at_the tin% of

5 to 1ts

£ oug used in, at,
recei ving a patiicoH y d&Abaut AT Ot RAhRRT QEt SHRF 31 BF o FatLon
denodul ati ng/ decqodi.ng an_input_ sigpal;_ a relay statigon selector .31C.for
sel ecting a PAN&) Mratl ott A0 Smer o StpoR BEZEAR SHF ol - serddtiy a
channel group;_a.h I mat i buffer.31E. {ar ring.i_nf.or matd of the
hop count an eg?%eggFﬁ?&?hgt%Sggsaﬁokgﬁl%é E&gn3?5§8%eg5 gggglﬁ%fgge
generating aﬁ?é‘%eg' Qﬂghélalg%ﬁr%cékaﬁﬁb gener %%9?1%195 Qhegenerating a
control signal; and a request signal generator 31H for generating a request
signgp . determination by the determining means.
The interference level measured by the interference

level measuring means can be an interference level at the

relay station of a channel group used in reception of the

packet.

25 Another relay station according to the present

invention is a relay station constituting a radio
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The control signal processor 31 decides which route 15 should be used for

| i nkage between the base station and the nobile station (or which relay
station should be used) . As shown in Fig. 3B, request signals, cealyhalyjog7-gq
signals, and ACK signals entering the control signal processor 31 are
separated according to types and source stations of the 20 signals in the
denodul at or/ channel decoder 31B, the request signals are fed as triggers of
the control signal generator 31G the control signals are fed to the relay

S1E, and t he INTBHEIAON T & Vo7 SRORRrTLaP P B b Pof ARG o R O (a

ron 1s-trans a superor tTo

and | nSTerred Fo a supero
Fecel ves. the SHETOL LT RED F TIPS el S b ehtS 1T rd Her gibot A
stations and gleci des, 3 connest ol stali o140, s, ext, copected (@ el ay

station or a base station) on the bas fornmatT1on su

recei ved po - rfer | I ratias (s : trol
si gnal s, Ph\é\ﬁ“{rna%%rn’flgrsgnoine’ Ieéev}gegllzél%'rtgﬂt %%ngi%%@sélﬁﬁz hlgqégéorn%.&g?&g?gnal S,

the hap countigfq h\@%sl&%ﬁ?lgs}n@rahgnfo?tlﬁeas@flgn&h§n Ci'}?@é‘xefeﬂéﬁ’é@dlsé?\}eeft or

31D determ nes a channel group for transm ssion/reception according to a

hop court theneqf & @uhe hase Stat i0hhakhd 10 M L bgji[ri YYcébtion,

configuration of the nobile station wll be describe ow referring to

Figs. 4A and 18. 13s ishewd ndddvidly 4 admll; gstatdPnsAdhds coppri sed of
a transmtted data processor 41 for processing input data and transmtting

15 resul tant Gatiaftiely theny aeasdGula tieteiaV ek data piRERSISared) f or
processing a received signal and converting resultant data after the

processi ng i Bho tot Pals idalod tard idteaTIreince grRale IPIAGRSISAd 44 fiafe
processing a control signal, a request signal, and an ACK signal. 20 The
contnol si gnaleapioeassar; 92dadengrtiesegehl Enpatsl irotiofpingetharas fown in
Fig. 18, of a denodul ator/channel decoder 42B for denodul ati ng/ decodi ng an
i nput si gnal noairfgliay st atenokersaltadtion 4ZCther peelkedt,i g aheeldysixteaat i on; a
hop information buffer 42E fcr storing hop information 25 and ot her

i nf or mat i on; sagnACK levgialt hgenerdtcorl a42E .f or generating an ACK signal; and
a request signal generator 43 FP02-0297-00 42G for generating a request
signal . In additiofiheorehay abhtviel orfdcgunddticotie the mmiard! igivgndlion
processor 42 is preferably configured to further include an interference

| evel measur iifgrariferaRAyvf ¢ong igeasdr itrg COMPIiSEr ftararrdd sisdwdl PeWent s own
station, which is indicated by a dashed line in Fig. 18. This enables the
rel aySst at i oATPHRGSTETH AT MR PR S APACRC LS TGS At 335 BL 85 18R POHE hasi s
of the interference | evel at the nobile station in downlink packet

transmi ssi on2FPYRCt AE BaBRCEEht PRNNE LD IR Peldfyf st iSdFTed LR Shobi | e
station, in nmuch t.hg sgmg manner as jcn t he lﬁé” K acket;{ra sm,ssion. It
i s assumed iﬁoﬂgﬁélﬁ e8&nPY eABBET Font t1 e 1 HeT &1 dokiodt SRy Ing @

interference_le rreaauriﬁ% unit_42A indi Oalteett‘)ey t.ne das e(;é | i n%hien Fig.

|
18 and that PRESEACKELOL PERSFR AT A% TSt T i M P OB ey

packet is transmissible to the station as a source of the
20 desired signal level, on the basis of the transmission power
amount calculated by the transmission power amount
calculating means.
The relay station is preferably configured to further
comprise destination deciding means for deciding a station
25 as a destination to which the relay station should transmit

a packet, on the basis of at least one of a reception level
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15 according to the present invention is executed in both the uplink and
downl i nk packet transm ssions. A path deciding nethod and others about this
control will be described later. In the control signal processor %%d e _ oo
nobil e station 40 as descri bed above, control signals discrimnate f%r 20
respective senders by the denodul ator/channel decoder 42B are fed to the
relay station selector 42C. Then the relay station selector 42C sel ects one
relay station or one base station neeting connection conditions, the ACK
signal gener 3.0r gk sendsoam AGK slanateldlecteh el edscoRNEEl| o, 25
station, and, af the sane tine, witing of informaiion IS conducted {nto
the hop infor Lo 4 2 -00.:Th | .o W

descri be anofﬁ%%bc%% 3%%§g%ﬁﬁﬁmbé Fﬁggggéfgggétggﬁ %ﬁﬁﬁg%g ﬁkggéﬁﬁe*ogroup

used in relaying | gcted for every relaying by a channel group
assi gni ng net hod égggﬁ%%e ater, on the basis of Fig. 4B. Since the 5

schematic_confi gur at-one ofytie, Dl b 51840040 SR FLE. £l much

the sane as the af orenention I guration, e description thereof is

OWiFt%ﬂ_hereb%m@HQ%%N@%coBH%gCﬁ@BEQUE@Ei885?£e&8§n50Qt§£6n51EEEHeﬁU&@eS$Or
42 is different fromthe aforenentioncd.configuration and wll be described

10 bel ow. ThereanthOmcyidnaktREQERSSHe HAsRMDNGr i HEs &R BABRhEr IS 1a
conprised, as shown in Fig. 4B, of a denodul ator/channel decoder 42B for

denmodul at i ngkdeeadinngoabetBRYt tBkgBabnad {RtaYast i Osel &ctuqidled or
selecting a relay station; 15 a channel group selector 42D for selecting a
channel groupigaahgp andf epFRED iHflergehdlz ftOm sy fop dpfardm|ig on and
ot her information; an ACK signal generator 42F for generating an ACK
signal; and aheefgesdesiigifalrmgeriemas ogudREe fOrgrganes ajdiy et g eqessadsi gnal .
20 In addition to the above configuration, the control signal processor 42
i s piéferabl gigaafligured to further include an interference | evel measuring
unit 42A for measuring an interference level at its own station of a
channel group usedTha reteptsoatavnt he pre®exdblecsnd ingueepackathat2sb as
indicated by a dashed line in Fig. 4B, which enables the relay station to
det er mi ne whehher the parkay stattiranswingpsgiilsles, a5l eaFPfilpe 28000 s@idrhe
basis of the interference |evel at the nobile station in downlink packet
transm ssi onPPIeM BREUBAs €adCatlipdAng HeeRE r dhgy tIEasids Hient ROWasbi | e
station, in nmuch the same manner as in the uplink packet transm ssion. It

i s assumed 5CRACHhatpAESEHe ERPBAMAEAL ORI RAIAT S8 leRi-3EdngRENS
interference | evel nmeasuring unit 42A indicated by the dashed |ine and that
the packet ttandaFdarsd ESn?-PSI SREEGFIPAGTES CRESERESENPY] ntSP&1# %S

ted in both th | i.nk dd | i nk ket t. 1 SSI . A _path
deci di ng et ROG™ S5 TG HRIER GBI E Fhi e CHACROIS \Witinbs GeeerrBad St er

Ch I d i K 1SS d M ned .ch ls,
channcl S Ty be. et el POF Cager = FHeAy L Al b oy SBe MEVEdRE nt o
groups. Th tHeySPALLOLASANS! PEARCSRIL 44N LRI ¢ SLatiqn 15 40 as

descri bed above;"contro i SCrimnate I respéctive sénder s by

the demdul agsdabangebydeeader 42Bnace 1660, LBcLRSekbay akatan splect o

42C. Then the're tatTon selector selects one relay station or one

base) gt ati on, (16,8 -cot tCEIBEChT OPa $EAT & 813 n DBLL § NFa EPRHEEE 012G £9Rdi ti Ons,
the ACK signal generator 42F sends an ACK signal to the sel ected connection

station, andgygaductet ahdat HegSAMe Hain8iits (Mg hbBfs Kot REQhBRE @At 0 the
hop i nformation buffer 42E and sel ection of a channel group used for

ts ransm ]ssi ONAT £CERA 1 Ofb e thenchtainiedd graip $@l-eelaar a4248rddag @8 Base
tation
selected channel group.
The relay station may be configured so that the relay

25 station is comprised of a station having a function of the

mobile station, or a relaying device installed in a vehicle
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A configuration of the base station will be described 46 FP02- 0297- 00
below referring to Figs. 5A and 5B. As shown in Fig. 5A the base station
50 is conprised of a transmitted signal processor 51 for processinggs_g297-90
transmtted data fromthe core network and sending resultant data after the
processing; 5 a received signal processor 53 for processing a received
signal to generate received data to be sent to the core network; and a
control signal processor 52 for processing a request signal, a control
signal, and 'ggg! he i gnal processor 52 anong these
el enents 10 ?grégﬁﬁé%se ,n%sys£éé$?{§ ??g. 5B, of an interference |eve
measuring unit 52A ; ri ng i I | ev t ot tion
a denndulator/chanﬁ%ﬁﬁ'eco eH4§ZEﬁ€8F%§§%%§U a |ﬁ§%ﬁ§%% %ﬁak%%8¥%%%%8
signal; a hop-.J i r i t - op
Peddf Ol QL PUl{ efn S2n L Qe 28,0100, | OLIBLL Otk Ghy LR

count and ot her mati on; and a control sigmal ‘'generator

generati ng a.&iﬁg | Sl I L. S gn - 52,1 he base
station 50 as eé%gigg %§§O$EFBPE2?d@ﬁgﬁﬁféﬁ§ﬁﬁcﬁéﬁﬁgﬁfgégg %rg%%gf¢irst
demody) at es and ,decodes dieced ied-Signalive tﬂq@&q@i&?fééﬂmi[ er%&.%’e.St signal s
and ACK signals for respective senders. The request signals function as

triggers to achinAli& dthieF AYd1Qin Sl hdengiaty S2Rhn NeN AARK, shgnal is

received, the hop informati on of the signal 'sender 1s witten into the hop

i nformation Qufd Bk sa2ka€bok Paie Beelidingr Mt BRIS D tE%CPeQE?z'\@EJA*&Pon

Station, Relay Station, and Base Station] 47 FP02- 0297-00 Tncidentally,

whet her comMyGALItRN iy ROSSiHlA Het ween StalHiensids Jiudgaeshdaseh o
received SIR at the packet receiver station of channels used in

comruni cat i oprketerRittidie Nuakilgns theNaARky:icomauni gat der’drikjeddged as
possi ble 5 when received SIR at the packet receiver station exceeds a
requiloed val de;llwhar.eas communi cation is judged as inpossible when the
received SIR is below the required value. This judgnent may be made by the
recei ver station oA paekbdbbdirarsmitsdsd dantentepéntetieyekcatrditng bavtlst ati on,
or can 10 be nmade by the sender station while the receiver station notifies
t he sender spatkisentofinvketiinhel ez eprmeke evietan STinies £l o3 @roasel wediheod
plurality of stations exist as stations judged as comruni cable in this way,
and net hods of decddidEanrouien tion sy sigrecomprigangna tha se cded il 15 be
detail ed bel ow. The route deciding nethods include a nmethod of mnimzing

t he hop coung fcbillg statiied@,hamdc Guite eyorptiEd ade Vgt idorF &l@ ¥y own
station) (Fig. 7) , a method of selecting a station yielding a m ninum of
rel atPve tr a%éli‘f‘i%éioélnlﬁc}%é#%l%%ﬂ’ A tFPBﬁ“ﬂéééP@e@@l‘F@rbﬁgl%brrﬁqi d1e 20
signals and interference Ievelslg%aso rces of the control signagls (Fig. 8)

, and so on. PPRESEMAAHBYE G4 11 BRiAEF DT DWPBSKRG TERETBIES Ased on
the nobile station. In the nethod of .m nim zing the ount (.Fi.g. 7)
brong he. ab5YE Sl hbas SAHE resePe i esteoncRE EeE P AR RS o
i ni mum hop_gguat, gyt of Lel ay,shationg o base siationg haying sent

FE5IT S Showever S "afSaied "Hat® 48 © a ©

control signgPs.
station in the packet transmission measures an interference

20 level; a desired signal level calculating step wherein the
receiver station calculates a desired signal level on the

basis of the interference level obtained in the measurement;

a desired signal level notifying step wherein the receiver
stationnotifies a sender stationof the desired signal level

25 thus calculated; a transmission power amount calculating

step wherein the sender station calculates a transmission
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FP02-0297-00 the hop count of each base station is 0 and that, as to

stations with the sane hop count, a station wi thmaxinum SIR i s sel ected out

of those stations. Specifically, processing of Fig. 7 is executedgbRsthleod_qy
nobil e station. The first step is to detect and decode control signals s
fromsurrounding relay stations or base stations (S001). After 0 is

initially set in counter i (S002) , a set S of control signals s to yield

the hop count (Nhop) - i is extracted-(S003) . It is then judged whether 10
the set S 'Sgg% YahBuht éf_(asg%:k)eb oﬁ”@he!ﬁaéﬁf o¥ehhe H8sEPPhYsidital S

j udged whet her the counter i reaches a maxi mum hop count specified 1n the

system ( 50051eyehftﬂlrgen§<e%ti% d£ dges Moty 112ac stRS MMH@%&%%‘E yet,

the counter I is counted up by one (S006), and the processing in after

S003 is 15 ag?%@i@ﬁ?ﬁ%%@gmﬁﬁé AEERErt PRe CONOLLPO; MR- r MG 48, Bett eof

[
control signals s yielding t_hg Vﬁop count =1 1s not enpty in S004, t
relative trapgm SsoN, PPWRE tiSrCabs Wl 8dskaro Alhd PR gbRIBHI Snighdie set S

(S007) . A station is selected corresponding to a mninumrelative 20
transgi ssi onapewRE @HLisOLallRe 1Rkl wad RARMAIGH Gl ROWeNS: s ad cul ated
(S008). Furthernore, a value of addition of 1 to the hop count i of the
sel ected stayhBhelifi BHéE 4@t her QR IC @WHAN A (t&%oghckeanﬂytah@om&cessi ng
is termnated. This enables the nobile station to select a station 25 with
the m ni mum hepoeaunly it hef ttheshekayostpduonarurage rsted irers ik ng
sent the control signals . In addition, if 49 FP02- 0297-00 there exist a
plurality of ssaatbanstvi thet hecsikierusthep couRite itigiswhbid @ station is
able to select a station with maxi num SIR out of those stations. If the
counter i repgbesttbeananimruibhepscattabni.n SA05 bebebhonepdekecti on of a
nonenpty set S of control signals s yielding the hop count =i in S004, it
can be deternraedmibhatohhetegexi shg nd shat besec sfalilieonyf ther wiokg las a
relay station, and the processing ends in a failure in hopping, after a
negati ve nunbeatieng.andtheéydlsvassdghed cea badheoprdde toemis thltdpn(-8010) .
On the other hand, in the nethod of selecting a station with a m ni num
relative trahthtwsson ol dhsubesersgatayn, the nakls &faddmy.oknsi gnal s
are used to calculate the transm ssion powers of the respective signals:
the signals ABea¥elaprsedtinnasaenBengher d6enEr Lt KELAQASMT ssi on powers;
whet her the hop count is within a predeterm ned value is checked in the
sorted order; and,AR¢ther pachiathtraprBligedast epit el Rafihgd agrerding
correspondi ng station is selected as a connection station. 20 A nethod of
cal ctPati ng thethe SFSGFLE o e TantsuRt PRCX Sire HEPR STE SEXFPeSSBET Ot or
exanpl e, by E bel ow, usi the interference |.evel | Bm) .at_the
packet receir{}%?ﬁ%‘%a%f%%u%%% Fhe egén\?e(?fgi%ﬁéllsn\lgc\}:éngsa( Héjg%Sft fh&"cont r ol

SO0 ko SRR A o BB SERTASY TS

50 a radio communication system comprising a base station, a
mobile station, andarelaystationhavingarelaying function

20 in packet transmission and applying CDMA to a radio
multiplexing scheme of packet transmission, the packet
transmission control method comprising: an interference
level measuring step wherein a receiver station of a packet
measures an interference level at its own station of the

25 received packet; a desired signal level calculating step

wherein the receiver station calculates a desired signal
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FP02-0297-00 control signals s fromsurrounding relay stations or base
stations (5101) . The next step is to calculate the relative transm ssion
power for all the control signals s (S102), and then the control signal®$-gg
are sorted in ascending order 5 of the relative transm ssion powers

cal cul ated (S103). After 1 is initially set in the counter i (S104) , it is

j udged whether the ith control signal s (i) is enpty (null) (S105) . If the
control signal s (i) exists, it is determ ned whether the hop count of. the
control signal i) e a j Y/ - 06). Wen

t he hop coun?leo‘?eﬁt thn c%nré]%#]% gonélat%%i ?n??spg(?%%% qﬁg%ltﬁéyg%égét g%lm' ned

val ue, the counl e clSbaunt of 4D brcane; 3107y andythecpragessigo in and

after S105 is again executed for 1 after the counting-up he hop

count of the : j I i i -han_t d n.ped-val ue

CoU0n 11 R O n Sh il TR 1R BEnBEECEEEILAGL
X I N ; i t s ti ; s

St onder Ti AN A tihd N3 SRR G AL TEIRET o2 A ROUEE

predetser m ned, vgldenand dhysddie statdonedmming septsdde m&%ﬂk shgnal

s(i) is selected (S108). Then a value of addition of 1 to the hop count
Nhop (i) of the &8l edifd Bf Ald 10 iS85S oneth i di G wouindiop §5109)
and the processing is termnated. 25 This enables the nobile station to

sel ect the statdoRe WohtHdBa 8l BigTUiR & abati rkg dif@SN S6L DR hREWRS t BPDat
under 51 FP02-0297-00 the condition that the "hop count is not nore than

t he predeter gmed dealdiani MhRNst B Wil tReHEdeyr bt hth 8njdsigeth Ase £npty
in S105, it can be determ ned that there exists no station capabl e of

wor Ki ng as awhelt@yerstiéigebkeands therbsrpraciesisd 0g werdsctBigetaddat i n

hoppi ng, after a negative nunber (e.g., "-1") is assigned to the hop count
Nhop 1(0S110) onArhéipkihk gfacket ransgtiBated gddawdmhensmbt kaustadliarl sl ;
transmtted to the base station or a downlink packet comng fromthe core
network-to t hadbaspaskati bnansdittangnstépdwidérd n ttties nodider sdtattiiami s
packet-transmtted through the path determ ned by the above nethods. A

pot enti al nethrad sofi tdethepagketeoy parmrgssiconrgonegrtcothe He apeakiets iatn t hi s
time is a nethod of sending a training signal for decision of a desired

si gnal | evel roekgranquet I6r fhckezce ¥ eeis Atssion, &edthmretgingras trddkaat
source of the desired signal |evel determ ned froma reception |evel of the
traini ng si gAatezRdnad st ér Pecéede Jrapamigs id iee@diafdionst at i on. [ Channel
C}oug Assi gni ng Met hods] 20 The channel group assigni ng net hods, which are
one 6f the featuredh8MaRedfeceht PFRYEREPSH TUATNCICIHRE B3 ¢28 o8 id®  The
channel grou assiﬁnin nmet hods i n¢l.ude, for exanpl fourhtinds Gs

fol | ows. NanBl§LiPRAFSI GG HECRGAEY SHeRWREFE nﬁ:é‘[erfB‘Eib Fid awE channel
groups; ~2 a_s gong nmet hod 25 u§ing foug.cha neldgrou SIS third nethod
Using N chanfigF JGFOUBS EREI SSGRTTRE TS ThGE §ECEIThan 558 ST 6l £ et hod
52 FPO2- 0227r_gpay station as a destination to which the mobile station
should transmit a packet, on the basis of at least one of
20 a reception level of a control signal, an interference level
at its own station, and a hop count from a
transmission-originating station to its own station.
The above packet transmission control method
preferably further comprises a base station destination

25 deciding stepwhereinthebasestationdefinedas thereceiver

station decides a mobile station or a relay station as a
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using two channels groups . They will be described belowin order. In the
first nmethod, transm ssion channels for signal transm ssion are separated
into two channel groups @, G. 5 They can be divided by frequencyphhtg lwo g
frequency bands as shown in Fig. 10A or by time into two tine regions as
shown in Fig. 10B. Fig. 9 shows the general idea of assignment of channel
groups according to the first nethod, in which the channel group Gl-is
assigned to downlink signals and 10 the channel group G to uplink signals
in a comon f I 0.t Sst.at | B el ay. f S2,
RS3), and I’mg?;%g 121{3 gtli%cl)lnQ%N%%i%éoﬁgagés%eggya% éarfl isol?lc; oé1 ?ge?%éﬁgio%t?nuous
packets in thi se,.t S .chapngl s u r,t 1.5Si 15
BL21Ea5Con! BRLSBHR; EhaANaL 1848 364 $27a LIANSH S5) ofepnfl 15

reception, a efe’i’s us a possibrli hat ere ‘ari
near 1 ar Br OBLerohekod Sianal, SRk Loned elon) st B e A0es W h
cancel | er 35,5h0M, 4 dduhe Gokss | CAraRr &L oo g, | Benkelay Siatign 30 20 so

as to accept 1 nput received signal and”transnitted signal, as
showngi n Fi g, 6By, Jfhetisptighf erence canceller 35 incorporates a | 80 phase
shifter 35A %or shifting the phase of an input signal by 180; and an

anpl i tude adj ust er r3aBaHe%eafdhBREL NG rankhaBsToht edngirgnakdbhRN 25
attenuation during propagation thereof up to a receive antenna 33, whereby
the transmt %@@l rei-gnak, fremndrt tangiiked3a raRfh2s0224-00 Rtenna 3 i s
converted into a signal to cancel an interference signal (a transmtted
signal receiyediatnthetepCoh¥ecant eRBarddhy Ry aithenl @ mhase sshidier 35A
and anplitude adjuster 35B. When this signal to cancel the interference
signal is 5 addedvte dteriecaictedesi gralatiarshgnabesnchediing thehich
interference signal), the interference signal conponent included in the
received sigspk rslagneebedoauthosddasrhasabtaianpackiegnalonf tom Washs
interference is elimnated. In the above first-nethod, the assigned anmounts
of the 10 frefjuehcyedbandsne noFiay.rekFtaron Heaslsicghed camtumtls sdigriailye
ranges in Fig. 10B can be made different from each other according to needs
bet ween t he ghahneérgevapseGleveR. aThereforre, stfadri@xampide a ot keurdse
where the information amount of downlink signals is much greater than the
15 i nf or mat i fnomrptrenshiggiionk ogiighaks inohet assoyied i aamnit séktilea .channel
group GL for downlink signals is set nuch larger than the assi gned anount
of the channel grolipe@Pbeve Bpfkak Srapamssshherepptireli Betbadible to
increase the efficiency of utilization of frequency or the efficiency 20 of
utilt2ation BFefeReP1E ABETPRE AOMBEFSBF @i (PSPEANPSSHERI WORTein the | 2,
it is also feasible to limt the go-caLIed division |ass. In the second

met hod, tran§ﬁ%§¥i%ﬁaEﬁ%ﬂn%?§p%ﬁ% %ébé?é?@&ﬁﬁﬁﬁ?%ﬁﬁﬂ'ﬂfﬁghﬁgﬁ BrBapE GL,
2. (200 e, They 25 gmy. be.fivided b Lrequency, ) nLg [oul Leeduency
Zones as shoiiciTr by, thse el O R e T e et T A e o SEEPBATEnt of
G T's asd) ononef et cavaPPak el or o8 ERd Rh Chle LD Ehal opo RRRE T
signgbs in atﬁ@%ﬁ&%dedinformationsequencesignaltogenerateeaspread

signal.

The above packet transmission control method
preferably further comprises a channel group selecting step
wherein the mobile station and the relay station select a

25 channel group for transmission/reception on the basis of

both or one of a hop count from a transmission-originating
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fashion in the base station (BS ) , each even-nunbered relay station (RS2 )
fromthe base station, and the nobile station (M5) the hop count of which
fromthe base station is an even nunber. Furthernore,-the channel q?ubégﬁ 00
is assigned to 10 downlink signals and the channel group &4 to uplin

signals in a comon fashion in each odd-nunbered relay station (RS1, RS3)
fromthe base station. In this second nethod, different fromthe above
first nethod, each reIay station uses channels for transm ssion 15

di fferent frog&%g%g O JeeBHH b0 8ckhbe, sscand maihod dihus s, the

advant age tha ossibilit causing t he “$6- ca ear pr obl em

that signals S, Lkom i LB SLAL ALY BLECE R U J ecalunl g%ﬁbs at

its own statlo iI'S 1T ow. ore, e re ations do no be 20
d t nent II 3

The Socond “%%P??%rﬁe ass.%fﬁ’éﬁed&%ﬁéée%’f”&%ﬁ%%ﬁ%ec?fve“éa ParliPeafg, o as

shown in Fi 9 @f&&?ojf% capeche Jmde sq‘u% 2 €P£n 99‘:? Iﬁ‘%ﬁe?%&‘ﬂrd' ng

t o needs. ore exanpl e, In the case ere ornmatl! on

anmpunts of do"\‘ﬂ{é %b%fl u@%éthén”“@l*ﬂ %&%ﬁ?%t%%nt h§n§5che 'EP“ 25 ggez

|nfornat|on anmount pl'ink signals e assi gnéd anount s of Rannel

groups Gl, G3forsfownl bEBné&@ﬂ@&%a%Eﬁn%ﬁ&t%@@h &ﬁ&ﬂ%hahﬂ%@ £8§o§a§hgned
anounts of the channel groups &, &4 for upl I'i nk signals, whereby It s

feasi bl e to enhance ;éjggtéﬂféﬂaﬁW@y Sfodpi i zation of frequency or the
efficiency of utilization of tinme. Inthe third nethod, transm ssion

channel s are separ atredHenb@oMeCchannel gtaupmicNibs @BntBb@%étH@&l,'@ﬁS t han
3); in each of the.base station, relay stations, and 10 nobile station, an
identical chamelrgfoutbis @S Ssdignage tena pt i aksanss donndhakn sl gnahso
transmtted therefrom and different channel groups are assigned to uplink
and daowl i nk GigHied Sgreaes wad 44wl the lespeetli g yps Actasandf s Nyra Bswi | |
be descri bed bel ow. 15 The transm ssion channels can be separated into

t hree channelargt aigpe 1Gink @ gragids G byl es et hedl lod1dw equency division into
three frequency bands as shown in Fig. 14A, by a nmethod of tine division
into three tine zores esashéwn prefeyrblvB tior chpnaeieghodpofe ladtongd y
defining a channel group & 20 independent of frequency in a predeterm ned
time zone and teef iid iy &licHakmdlr gy Glon gWsanndigh o priccatsris seen
frequency and a channel group G not |ower than the predeternined frequency
i n anot her tiafe sz@mlﬁhantphgwer@mwhmnsrrrenzﬂohe ASCEHBWA ManIFYy. 14C.

It is also 25 possible to employ a nethod of uniformy defining a channel
group o i ndéﬁ’eih%l%hﬁséfsqaltﬁ@nl n-he Bﬁeaetsérar*hlﬁ@d FrehbeRePise stapon 0297- 00
band and defining a channel group Gl in a predeterm ned tine zone and a

channel gr ouP™E&3 SRATRRSt HEPUP| he %ﬁﬁﬁQQ?ﬁi % RS BPedBEeF HPRRY iR Fhe in

the f h th t, t f band h

e TS, o B RO TLARLEL LT SR R e 1
di t th h d h th | 1

SLZFSﬁeSCfSru's{‘ RS aa Cabiin vl o S ePahem 10 S e THe Base S on ©

(BS) and in the N%Qh(tQ;rd) relay station (RS3) from the base station, in
whi ch the sane 10 channel group 2 is assigned to uplink and downlink

Si nglos transim (1 ogy i, bog, L] 5 Lol ablon CR3HLciLgmihe base stati on

and In the nobile station | ocat e the fourth p romthe

base stationg:gadd rtfems&hstsu%nsem%n%%n%zgrtq%sﬁuls%ﬁ%'oen%qgtn%w' i nk

and downl i nk signals
into four channel groups; and in a common manner in the base
station, the relay station even-numbered from the base
station, and the mobile station a hop count of which from

25 the base station is an even number, a first channel group

is assigned to a downlink signal a source of which is the
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15 transmtted, in the second relay station (RS2 ) fromthe base station.
This results in assigning the different channel groups to uplink and
downl i nk signals received in the base station, the nobile stationgpandgeachgg
relay station. For exanple, concerning the relay station (RS1l), the channel
20 group 2 is assigned to the uplink and downlink transmtted signals, the
channel group 3 to the uplink received signals, and the channel group 1 to
t he downlink received signals, which can prevent interference between the
signals. In f Qur t , ot b SS h ls.ar : arat into
two channel g%%ﬁbg% %?O%E.Q%%ead%V|gin3§%etE%hgﬂﬁﬁ§§ég §ﬁ§§g§§?eﬁgﬁggoned
frequency di Vic3i;on $howa 152 sofiPEL2s P3A-00 jisht FkOnor O andh ¢ { §, di v Si on
shown in Fig. 1OB. Fig. 15 shows the general idea of assignnment of channel

groups according tBrkBR heHHER IRUHQL, rd Tk W {418 Jdd-SHuhanng! £ gheup i s

used for transm ssion and the second channel group 5 for reception in the

base stati on taad,j e @AGH RUEN2 AR RdbE ehave St Al %Wlu@ﬁ%oﬁﬁ%‘:i be A | on

fromthe base station and in which the second channel group iIs use or

transmi ssion rapd the dddstrshapnels gha hamokeseptinand fngach) eddsypinber ed
relay station and nobile. station fromthe base station. For 10 ‘exanple, in

Fig. 15, the;ghannghn 88 auptkd dowmaSHIgNegn 40 il SPuted-8hAR8L the
channel group & to received signals in each of the base station (BS) , the
second rel ay ist akisaynR32 tlor amd he 1hase ssig@ataiion, and the fourth nobile
station (MS)front he basestation. Furthernore, the channel 15 group & is
assigned to transnpPkrt€drabgnal shandhtheethatneb geowptGhdat @tegcdisved
signals in each of the first relay station RS1 fromthe base station and
the third rebayigkatiransik$3 sicamchhankdse fetratiransmSisgdent kifs seanrala les
transm ssion and reception to be 20 conducted by different channel groups
in alCertai ningébayfl shanned, groups f(®adisbke tlatpyevembtmikesal tihatrerdf)er ence
between transmtted and received signals, and it is also feasible to limt
t he di vi si onahdssn dmctauwse thhebasebdratofordi vihel paley siatihoum £ The
pecul i ar channel group assigning nethods as descri bed above can reduce
i nterferencemahdlenhbntéonhetBs N FROROR IO T raatpuese) ansd ispattherk
efficiency. The receiver station may be configured to notify the sender
station of a2Prh@enisGebrehavet! (HE WO Se3cphtined £ R tind indt eiP@rence
| evel , instead of notifying the sender 5 station of the desired signal
|l evel in ordeRdtd @t enknelgrekptidaiad dframheng ghatice Bed €ei ved
recei ver station, as e above errbodirrené:35 | nci dent al |

by th in t he

D S bes Rt g BT A L SRR Rt e Tot T bR e o B uhadl odes
ad- hoc 10 w rel,ess net rEs..The are lib r%ged £r0n1the c%nnu i cation
format thr oudict ReCBRPLEPRq o FREY RS LEt LBRS P RNnd“aPESGLFSELEd 1 o
construction of fl 'relgﬁgi forna%gon netmoig ase

i bl d .
el 1 pootunct f BREbE v e, ERE Bh OB e e PR e s tep aipngo

function. 15 f{?idé‘dﬁ%h@%i%giﬁgggh?ﬁggﬁg %Eekﬁﬁﬁs@‘ﬁé‘é‘%{%;?fggg?ngﬁée

station my %e conflgure unction o ere I on, SO

that the basensbahloRnaaReach- ol SlBLAAMRINEALLOR Lo: ALhEE2DaSH

station. For exa , as shown 1| , data processors
20 and from the relay station and the mobile station

even-numbered from the base station is carried out by a first
channel group and reception thereinby a second channel group,
and transmission fromthe relaystationand themobile station
odd-numbered from the base station is carried out by the
25 second channel group and reception therein by the first

channel group.
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20 the nunber of which is equal to the nunber of packets relayable in
paral l el (which corresponds to the nunber of multiple codes in CDVA and
which is "3" in the exanple of Fig. 16) , are added to the confi guregd-Qpof-00
t he base station shown in Fig. 5A, and the control signal processor 52 is
configured 25 as a processor for processing a signal for securing a route
to anot her basestation. Heretheadditional data processors 59 FP02- 0297- 00
54 can be configured in much the same nanner as the aforenentioned data
processors 32 of thed ehayindliagiefptmdy b3ompaRde8er caRHY)1 §HO0BkL
processor 52 can be configured”in huch the same nmanner as the control
signal processofi 3d ppfrid@udeday BARtHONCERDHi sSA dNdcThAne 3By roBYsal so
providing the base station with the function of the relay station as
described aboyssiddd BoaanRs beasiide cbRphliexid sy crdaRE 1@l advhgea
wireless networks. It is needless to nention that the radi o comunication
10 system acqopyf ¢iotdh F@elienpyeseattimyentdgrifs ARRbbeabld tisoolkocRtsar ea
networ ks including a control station and slave stations |like wreless LAN,

packets t ransniiisisi e neiywrksed ypatded by hierarchical nobile | Pv6, and
pervasi ve networks for comrunication through pocket radios such as radio

tags 15 and the |ikg arddhiteuphbdid,e Qoods canmeciakder ion nedasworks . In

such cases, elenents called radio control stations, access points, and

whi t e goods eardgesyond 1 ovike doase thlcaprobdemnthhe presesii eaboth sy, and

el ements called radio stations, nobile nodes, and pocket radios (e.qg.,

radi o tags arfGitlleel 20 lddksblticcH heomobil e tsiat, odspemdihe poesente

enbodinment. It is also needless to nmention that any of the radio control

stations, radiroastgnents,cadeess Potites nubid e adesy s pocketededi s, radio

tags, and white goods can be the nobile station, the relay station, or the

basel§t ati ono¥ericonting drhes @mcuartsodiarent tdordrididen ttenmhigial qonmudeat i on

format. 60 FP02-0297-00 It is also a matter of course that a region

cal l ed a cel kndnotherpr eselphe erfistimEmnaaf B andat B4A| e sbirehl Eidedr sender

station can radiate radio waves in the above-stated networks . |t is

obvi ous in t BA¥EteaSe ERst thite FEORARTITAT dhs eamadeds i Haveand be

limted to COMA but nay be any other radio transm ssion _system _i ncluding

short-range 65@nﬁﬁF€§Pﬁ§nO§u$é§%¥§hﬂ”@ﬂ%§iQﬁﬁnﬁﬁﬁ?%ﬁioﬁ?enﬁﬁﬁ@éﬁﬁébt

magnetic reading, etc. like IrDA and Bl yetpoth, and caontact conmunication

for reading SREDPPEANTHCUE A SthiGeree MSHaAdP fise mAHE (S ak

elec% icity aggearin fron1nus&|e . As described above,, tﬁﬁxgresent

i nvehti on subEEESFAPTY Ofad "6V ES SE1E SRS S urd i 5 SHEBIY shnent

of conmuni cat. i .at .the Il tation due to the arrangenent of base
tggézggﬁegdg?%éc e%&@h termnal problem 15 and others in the

stations and a
apd ~EDMA base multi hop systenms and the probl ens of the

conventi onal ,CS
, otrghput of the system The

XTH!
i ncrease of ST

invention al so sucpegstulily ,achi &yed:d Ny b@Na Qrfuliﬂtrgc%i lancg ;and the

i ncrease of frequency utilizationetticlency bythepeculiar channel group
assi gni ng neyPPYse communication system.

20 Fig. 2 is a conceptual diagram of a search for a relay
station by a mobile station.

Fig. 3A is a diagram showing an overall configuration
of a relay station where channel groups are selected for
respective relays by a channel group assigning method.

25 Fig. 3Bisadiagramshowingaconfigurationofacontrol

signal processor in a relay station where channel groups
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61 FP02-0297-00 What is clainmed is: 1. A radi o conmunication system
conprising a base station, a nobile station, and a relay station having a
relaying function in nultihop packet transm ssion, and 5 configureggagr297-00
perform comruni cati on based on a wirel ess packet transm ssion system

wherein a receiver station in the packet transm ssion conprises:

interference | evel neasuring neans for nmeasuring an 10 interference |evel

at the time of receiving a packet; desiredsignallevelcal cul ati ng neansfor

cal cul ating g desid et dgnal: L aualo onddie by 107 4 Nendsier ferepge | evel

obt ai ned in the neasurenent; and desired signal vel notifying ans for

notifying a lp sepoely siatipn of the desired signal level thus calcul ated;
and wherein the sender station conprises: transn ssion power anount

cal cul ating nmeans frQry cahCil At §NEgRah NS 53 0N POVET 1 AN 110f 2 @1 Packet
on the 20 basis of the desired signal |level notified of by the receiver

station; and geter@diing Jwansdor determ ni ng whether the packet is
transm ssible to the receiver station, on the basis of thetransm ssion

power aount cal cul atjed 4yiHetdBNHrssheni RS aRAMETi Al oc3F QU ALt g1 means.
2 . The radi o conmunication system according to Caim
signal processcr in a mobile station where channel groups
are selected for respective relays by a channel group
assigning method.
Fig. 5A is a diagram showing an overall configuration
10 of a base station.
Fig. 5Bisadiagramshowingaconfigurationofacontrol
signal processor in a base station.
Fig. 6A is a diagram showing a configuration of an
interference canceller.
15 Fig. 6B is a diagram showing a configuration of a relay
station provided with the interference canceller.
Fig. 7is a flowchart of processingof selectingarelay
station yielding a minimum hop count.
Fig. 8 is a flowchart of processingof selectingarelay
20 station yielding maximum SIR of a control signal.
Fig. 9 1s a conceptual diagramof a first channel group
assigning method.
Fig. 10A is a diagram showing an example of setting
two channel groups by frequency division.

25 Fig. 10B is a diagram showing an example of setting

two channel groups by time division.
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62 FPf12-0297-00 1, wherein the receiver station further conprises:
destination deciding neans for deciding a next receiver station as a
destination of a packet on the basis of at |east one of a recepticggﬁéﬂ/ 97-00
of a control signal, an interference 5 |level at its own station, and a hop
count froma transm ssion-originating station to its own station. 3 . The
radi o communi cation system according to Caim1l, wherein the interference

| evel measured by the interference | evel nmeasuring neans is an interference

| evel 10 at the recei ?”J§H%}5°%O%Eé%€ﬁ§?n%ﬂgg ggy%fugegegggéegﬁg%%gg o;

t he packet. 4. A radi'0 comiunication s em COImpri sing

nobi l e statio r I having a relaying function in nultihop
#Somﬁi‘da& n@l%g%ﬁ L4,

packet trans sion, a configured to perform comuni cati on based on a

wi rel ess packet 17any $90n SYSLEM MCLELN A SeLYSRoSLALEOD LDy e

packet transm ssion nprises: int erence neasuri ng mean

measuring an ﬁlli l’?%rgf{r{:rﬁs{le%dﬁé’%y afré@g?%é)?ed%igf&gi vi ng a packet;

desi redsi gnal | eve ating neansf or ul atTng a desired signal |evel

on the basis of theignt enferenge hgywelobhalaed LA élaggg?ésgfeg@@{i
a packet |

determ ni ng neans for determ ni ng whet her S fransm ssible from

a sender statiQn, Qudde RAsh SO @t kasti e of  the interference level,

the desired signal |evel
Fig. 12C is a diagram showing an example of setting

four channel groups by both frequency division and time
division.

10 Fig. 13 is a conceptual diagramof a third channel group
assigning method.

Fig. 14A is a diagram showing an example of setting
three channel groups by frequency division.

Fig. 14B is a diagram showing an example of setting

15 three channel groups by time division.

Fig. 14C is adiagram showing a first example of setting
three channel groups by both frequency division and time
division.

Fig. l4Disadiagramshowinga secondexampleof setting

20 three channel groups by both frequency division and time
division.

Fig. 15 is a conceptual diagram of a fourth channel
group assigning method.

Fig. 16 is a diagram showing a configuration of a base

25 station having the function of the relay station.

Fig. 17A is a diagram showing an overall configuration

34



63 FP02-0297-00 a reception |level of a control signal,

and a hop count

froma transm ssion-originating station to its own station; and notifying
means for notifying the sender station of the desired signal |evelppgo-p297-00p
according to a result of the 5 determination by the determ ning nmeans. 5

The radi o communi cation system according to Caim4, wherein the receiver
station further conprises: destination deciding neans for deciding a next
receiver station as a destination, of a packet on the basis of at |east 10

one of the regept EQE Ezegn?(ht%ntvt?ﬁef MEOls SIgalon 3 EHEEEEEVQPBE | gyel at

its own station,

op count ronthetransn155|on origin

tln station

t oi t sownst at Il’l C{lﬁgl 0 communi cati on system according to C aim4,

wherein the |nterference

evel neasured by the 15 interference |evel

Teasuring means | s gy i el el nea d VRl ol leCRIVEl BLALAN Of 2

channel group used in reception of the packet

1’0 conmuni cati on

syst em conpri$ifig A Rass St ahidihs &0l |2 SIBL Aha@iih A St@yst ati on

having a 20 relaying function in packet transm’ssion,

and applying CDVA to

a radiso mul tigli@dthg s e fn Pacdeiug rlaéﬂsfmtsscimléwea\,ed n the base

station or the relay station conprises interference |evel

measuri ng nmeans

for measuring an i mierfy e5eeid£ym@dm Showi Sg QWbrSt ikl QN n &£ ahasHialo Oroup

25 used in reception, at the tinme of receiving a packet;

desi r edsi gnalsligyelic ¢lreeaidoly ifeansiayi 1Al @ldmM@here the selection

of channel group is not carried out.

DESCRIPTION OF THE PREFERRED EMBCODIMENTS

10 Anembodimentof thepresent inventionwillbedescribed

below with reference to the drawings.

[Outline of Entire Mobile Communication System]

In the mobile communication system of the present

embodiment, stations associated with one communication

15 operation include three stations, "base station," "relay

station, " and "mobile station." Thebasestationamongthese

20

25

is astation capable ofbeing linkedwith another base station
through the core network, and themobile station is a terminal
that first requests transmission of a packet or that receives
a packet last. The relay station is a terminal (a relay
terminal) that functions to relay a packet from the mobile
station to the base station or to relay a packet from the
base station to the mobile station. The relay station

consumes power for relaying of packets and is thus considered
to be any terminal configured to accept supply of power from

a solar cell or a power generator, or through a wire, in
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64 FP02-0297-00 a desired signal level on the basis of the interference

| evel obtained in the neasurenent; and desired signal |evel notifying neans
for notifying the nobile station of the desired signal level thusgppr-0297-00
calculated; 5 and wherein the nobile station conprises: transm ssion power
anount cal cul ating neans for calculating a transm ssion power anount of a
packet on the basis of the desired signal level notified of by the base 10
station or the relay station; and determ ning nmeans for determ ning whet her

the packet isdyianyl 9 Headihdine shald D B9 Sl the des] & ed

signal level, on the basis of the transm ssi‘on power ampunt cal cul ated by
the transm s ROWRM BMURe SRl ALING R Bk ShetdMed 3O the

T
. . . . a
comuni cation system according to Caim7, wherein the-%ase station further

conprises: atfhild oF raRLFRLIOB thebdingn"Eanse Wt Ch, SOl ds, @i sk b i on
i nformation of each nobile station and each relay 20 station capable of

di rect COMURIGARLT @h Wl dsl $yOWR 1HRnnRihi AN B rd i ons | nfps ot i on of
each nobile station and each relay station incapable of direct _ _
communi cat i O@ewetimlngss%mﬁéabu@&twhi%@;m@bﬂl% 06y Sh§ 86k eGREBMHIALd LN Wi t h

a relay station. 25 e radi o conmuni cati on system according to Caim?7,
wherein the bagetshahkpnthdss NBIxLDMId $€Tei®ing supply of power like
automatic vending machines, and so on. Namely, the relay
station can be any device having the function of the mobile
station and having the relaying function, or any relaying
10 device installed in vehicles such as automobiles, trains,
or the like, and in automatic vending machines.

In the description hereinafter, let us note one
communication stage in the mobile communication system and
describe the invention under such definition that a mobile

15 station as a packet source or as a packet final destination
in the communication is defined as "mobile station” and a
terminal or relaying device capable of functioning as arelay
station, as "relay station."

Incidentally, the base station in the present system

20 needs to secure a link with the mobile station directly or
via at least one relay station. For this reason, each base
station updates at every predetermined time and retains
attribution informationofmobile stations capableof direct
communication, attribution information of relay stations

25 capableofdirect communication, andattribution information

of mobile stations incapable of direct communication but
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FP02- 0297-00 channel group sel ecting nmeans for selecting a channel group

for transm ssion/reception on the basis of a transmtting direction of a
packet; and signal transmtting nmeans for transmtting a signal 5rpgob®297-00
transmtted, on a channel according to the selected channel group. 10 . The
radi o comuni cati on system according to Claim?7, wherein the nobile station
further conprises: destination deciding neans for deciding a base station

10 or a relay station as a destination to which the nobile station should

transmt a pagiRlh1LHr b nldasi sk od vaalLeePhy A dta¥el o Ohc2aGUH 48] o84 gnal  or
a hop count fromthe base station to its own station. 11 . The radio

comuni cat i oS yst el BeCahUbngot B £h ah M dbr Youthies el Aird Aea FDbh [ @r siaf | on
further conprises: channel group selecting neans for selecting a channel

group for trapy1sSis@yHieeePldpar tdre asd s ahdotdyofecne of a hop count
fromthe base station to its own station and a transmtting direction of a

packet; and 2Qmsh@nalatticarsmvhbiragyneanss fore thansd beigeanstgoadadd be
transmtted, on a channel according to the selected channel group. 12 . The

radi o scomMmunis¢atiien syst el acgeraonyléos€alonhd, cahasrd ot hel reat@yarsd ati on
further conprises: 25 destination deciding neans for deciding a station as
a desti nati onnta rekitckob@nielaay osisat i on should transmt 66
Each of mobile stations and relay stations sends a
request signal with ID of its own station as information
for securing paths to the base station at predetermined time
10 intervals (or at times of origination of transmission
packets). All stations receiving the request signal send
relay information (e.g., including information such as ID
of its own station, ID of the mobile station having sent
the request signal, an interference level at its own station,
15 the hop count to the base station, and so on) on their
respective control signals indicating capability of linkage
with the mobile station. The mobile station receiving the
control signals decides a path from the information of the
signals, sends an ACK signal to a linking station, and
20 establishes the path.
For example, themobile station 21 shown in Fig. 2 sends
a request signal for securing a path to the base station
24. A circle of a dotted line represents a reachable range
of the request signal from the mobile station 21, and the
25 relay stations 22, 23 existing in the reachable range receive

the request signal and then send their respective control
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FPfl 2-0297-00 a packet, on the basis of a reception level of a control

signal or a hop count fromthe base station to its own station. 13 . The

radi o communi cation systemaccording to Claim?7, wherein the rel agxgtAatdy_gq
further conprises: 5 decoding neans for de spreading a signal received from
the nobile station, the base station, and another relay station to decode

the signal into an information sequence signal; and spread signal

generating means for spreading the 10 decoded i nformati on sequence signal

to generate asv\j;dgﬂ;ﬁsdw?vt\%n@ﬂe Jeﬂa‘\a/ & 2 O, compyni Caf L ony Sy st tgfr?%ggﬁdi ng

to C aim13, eln, en the relay station conprises at |eas

Lransi ssi.on POURLCATPLEL:ical G &L NG, fIRADES 19 Lhiged AN sl 25 OfmPOKE!

cal cul ated by the transni ssion power tin ans 1s assl gned

to the spread g §hf8§ﬂ§ﬁ:§bﬁ%@¥hég:%n%%roq_agitgﬁgi@l, LeNRY 2 gk SpaRs; and

the spread signal” is transmtted. 1 he radi o communi cati on

syst enmaccor didg 4 0 Qi 20: fy; e[ Lid). { Nend ehay, Statonyf uss fier oggmri ses:

channel group sel ecting Teans for selecting a EKanne group for

transmg ssi on/d /RNt Qe KL ?gtﬁqsdo%iqfe DL B 290808 y& AR SO EOm the
base station to its own station and a transmtting difection of a packet;

and 25 si gnalgdgm@angmA4) hg neans for transmtting a signal to be
transmtted, on a channel according to the selected 67

Configurations of the relay station, mobile station,
and base station constituting the present system will be
described below with focus on portions associated with the

10 present invention.
[on Relay Station]

In the present embodiment, the relay station does not
function as a repeater that relays a received signal as it
is, but is a terminal that has a function of demodulating

15 a signal received from another mobile station or base station
and decoding the demodulated signal into an information
sequence and that functions tocalculate a transmission power
according to a desired signal level notified of by a station
expected to receive a packet (a packet destination), again

20 encode and modulate the information sequence, and send it
on a desired channel. When CDMA is used as an access system,
the relay station further has a function of despreading the
received signal and a function of again spreading the
information sequence obtained.

25 Since therelaystationhas the functionof calculating

the transmission power according to the desired signal level
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FP02- 0297-00 channel group. 16 . The radi o conmuni cation system accordi ng

to daim?7, wherein the relay station is conprised of a station having a
function of the nobile station, or a relaying device 5 installed %@0? 0297-00
vehicle or in stationary facilities. 17. A radio communication syste
conprising a base station, a nobile station, and a relay station haV|ng a
relaying function in packet t ransm ssi on, and applying CODVA to a radio

mul ti pl exi ng schene of packet transm ssion, 10 wherein each of the base

station, the rejcfi‘é( ﬁetoé‘es@ﬂ‘?a{i‘c?nmi‘%' er%@&bﬁ’.@tc gh%ﬁ@nt g grence

| evel measuring ITE measuring an in er ence I'ts own

station of a %%%@assqr wglvafgggmeﬁ%%%qtfﬁn pPtnl Beabl atlnong%g'be ding a

packet; 15 desire S|gna culatin sired

[ I th t
slanal | ovel can de,dpna o dhe ol s ne e oiglaet i
station of the packel ’1ncffo Al 19 I e%c%”a' H%Vse'qe%% Hus gl é‘}l ted;

transm ssi on power anpunt ca cul at| n maarfs atl ng a ransmi ssi on

power a”DU”tc%&f%¢&%%%¢%d¥"t5%eg% 8l Ot 2 desifad signal level notified of

by another station, the timeof transmtting or relaying a packet; and

25 determi ning ”eaﬂscérﬁ)fl#@%ﬂmr%@tr‘{@gﬁgﬁ%ﬁ/é@@tP@z@‘&ﬁtll' SeldAnsmsmsi bl e to

the station as a source he desired
below with reference to Figs. 17A and 17B, using an example

wherein CDMA is used as an access method. As shown in Fig.
172, the relay station 30 is comprised of a control signal
10 processor 31 which processes signals for securing a route
to the base station; and data processors 32 which process
packet data; the number of data processors 32 is equal to
the number of packets that can be relayed in parallel (which
corresponds tothenumber of simultaneouslyrelayablepackets
15 and which is "3" in the example of Fig. 17A).
Each data processor 32 extracts a desired signal from
a received signal to recover an information sequence. The
recovered information sequence is again subjected to coding
and D/A conversion and the resultant signal is sent on a
20 carrier wave amplified according to a transmission power
amount calculated from information (e.g., information of
an interference level at apacket destination andpropagation
loss) obtained from a transmission power controller (not
shown). The transmission power controller may be installed
25 in the control signal processor 31 or may be installed

independently of the control signal processor 31 in the relay
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FPfl2-0297-00 signal |level, on the basis of the transm ssion power anount
cal cul ated by the transm ssion power anount cal cul ating neans. 18 . The
radi o communi cation systemaccording to daim5 17, wherein the ba%% _0297-00
station further conprises: attribution information holding neans igh

hol ds attribution information of each nobile station and each relay station
capabl e of direct comunication with its own station, and attri bution

i nformati on of each nobile station and each 10 relay station incapabl e of

di rect comuni.c Liongﬁtf]its own station but capable of direct
comuni cat i off Wt A relay station. 19. The radi o conmuni cation
systemaccording to ain1é7 lV\/nereiln the base station further conprises: 15
desti nation decidiggeﬁggﬁ r?oﬁléé-id?ﬁ%C%Sﬁ%ﬁff%lgfgwﬁﬁﬁs a?Pel'dy St at i on
as a destination.to i.ch the b tation shoul d transm.t a packe on the
basis of at Ilélagtlgdn\g{yo’ a?f?ea(?egt%l%c?ﬁffﬁeé:\?%ceo;leéfegloﬁ[feraoﬁurﬁn& n,ltanéIA

interferencefggygga%hrﬁkz-gﬁ“iﬁEg%%g??gégdlgv??pagofﬁédaﬁ9$#%iiga}b a

transm SSiOI’]-OI’IgI nating "stati on own - statr on.

communi cat i 0ffySlEMAGCAAING 1t %eglo%je@ Lp Whe! El':i{er}n&cﬁle_l]aec%egnsg agion

Il
further conprises: channel group selecting neans T0r se I'ng "a” channel

group for tré@%@dﬁ%@f%ﬁﬁﬁ%i 95‘98313 he P?f%igﬂnaetgi&? dd .rttﬂ;]?gfor

direction of "a pac signaf transmitt ns for transmtting a

signal 69  EB1L2+029/500 1.0, Re 41 3RSTHIASH 1 13D haGNRANEL £ REEOF F NG, O the

sel ect ed channel group.
storing hop information and other information; an ACK signal

generator 31F for generating an ACK signal; a control signal
10 generator 31G for generating a control signal; and a request
signal generator 31H for generating a request signal.
The control signal processor 31 decides which route
should be used for linkage between the base station and the
mobile station (or which relay station should be used). As
15 shown in Fig. 17B, request signals, control signals, and
ACK signals entering the control signal processor 31 are
separated according to types and source stations of the
signals in the demodulator/channel decoder 31B, the request
signals are fed as triggers of the control signal generator
20 31G, the control signals are fed to the relay station selector
31C, the ACK signals are fed to the hop information buffer
31E, and the information is transferred to a superordinate
station (a station closer to the base station).
The relay station selector 31C receives the control
25 signals transmitted from neighboring stations, and decides

a relay station or a base station to be next connected
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21 . The radi o communi cation system according to Caim1l7, wherein the

nobi |l e station further conprises: 5 destination deciding neans for deciding

a base station or a relay station as a destination to which the mghid£ 5o97-¢0
station should transmt a packet, on the basis of a reception |evel of a
control signal or a hop count fromthe base station to its own station.

10 22 . The radi o communi cation system according to Caim17, wherein the
nobil e station further conprises: channel group sel ecting nmeans for

sel ecting a C(*}?&Qﬂnagffé&p eQle ALRNEYI SSLONLLSCEPE 91 Sog}gi%,qea,sif gfrl] bot h

or one of a hop count fromthe base station to rts own station a

transmi tting disieobi-on,of i RASIALIoRAd sidnabe SRR LU N9 IPADSAL O
on a nne e

transmtting a signal to be transmtted, o according to t

sel ected chaniel, or e 23 The [0, conmuni cal ron.system agcor ding to

Claim20 17, erein the relay station further conprises: destination

dect d ng_Teans, It A A1 7 tad1ion 25¢ deStneli one i oh the el ay

station shoul% transmt a packet, on the basis of a reception |level of a

contrel signgl, Q@ Nop£auRle 1l 9l & ey PAsSE, 54 %tf'cj%_et 9@%%9%@%@1' on. 25

24 . The radi o comuni cati on systenmaccording to aim17, wherein the relay

station further copiisas ik pdH | A-D2n 00, decadiqg, means for de
spreading a signal received fromthe nobile station, the base station, and

another relay statirpr £6106860d8 w1EL el i HNbAcRRNESR FRYLPAL SEHUSACE
signal; and 5 spread signal generating neans for spreading the
the relay station in the case where a channel group used
in relaying is selected for every relaying by a channel group
10 assigning method described later, on the basis of Figs. 3A
and 3B.

Each data processor 32 shown in Fig. 3A extracts a
desired signal from a received signal on the basis of
information obtained from the channel group selector 31D

15 of Fig. 3B described later and despreads it to recover
information. The recovered information sequence is again
encoded, spread, and subjected to D/A conversion, and the
resultant signal is sent on a carrier wave (a carrier wave
decided by the channel group selector 31D) amplified

20 according to a transmission power amount calculated from
the information (e.g., information of the interference level
at the packet destination, propagation loss, etc.) obtained
from the transmission power controller (not shown). The
transmission power controllermaybe installed in the control

25 signal processor 31 or may be installed independently of

the control signal processor 31 in the relay station 30.
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decoded i nformati on sequence signal to generate a spread signal. 25 . The
radi o communi cation system according to Caim 24, wherein, when the .relay
station conprises at |east the 10 transm ssion power amnount calcukgbgng297 00
means, the transm ssion power cal culated by the transm ssion power anount
calculatlng means i s assigned to the spread signal generated by the spread
signal generating neans, and the spread signal is transmtted. 15 26 . The
radi o communi cation system according to Caim1l7, wherein the relay station

further conprises: ,60a ijgﬁjcr(g{%li%n%%l ﬁé&%gsé@aﬂ? % ﬁ§etol Fas cﬂ@rg”e'

group for transm ssion/receptio asli s or on€ count

fromthe base skaliogsl G LS euPesEaLLAR ZPe@@Pnﬁeatg  LhiRgaghragt i on of
? n to be

a packet; an SI g transmtti ng neans t1or transmtti a Sl gna

transmtted, @%’%Hn@%??éggﬂgeﬁ%d a@?%%%&@%%@%fﬁ[ﬁ% 6%17 :

radi O communi Catl on system according to alm erelrn

tati f f i t
o h Dol i RS ERet) it SLA ORI M chHIChE P L LT D8 T @4&&“" o
statignary f %Cdélhéd@f?t@lg/chﬁg‘?éfdéEBHbﬁ?@ 1@952'&%&@191&1@@'0%0@@;

comuni cati on system for communi cation based on wi rel ess "packet

transm ssion,gyshgt W ddk B HOPEL §ySd@ld 08 %’é‘ie%t o BYcSEA IS 2ty Ng 2

rel aying function 1 n packet transnission, the base
a relay station; a channel group selector 31D for selecting

a channel group; a hop information buffer 31E for storing
information of the hop count and other information; an ACK
10 signal generator 31F for generating an ACK signal; a control
signal generator 31G for generating a control signal; and
a request signal generator 31H for generating a request
signal.
The control signal processor 31 decides which route
15 should be used for linkage between the base station and the
mobile station (or which relay station should be used). As
shown in Fig. 3B, request signals, control signals, and ACK
signals entering the control signal processor 31 are
separated according to types and source stations of the
20 signals in the demodulator/channel decoder 31B, the request
signals are fed as triggers of the control signal generator
31G, the contreol signals are fed to the relay station selector
31C, the ACK signals are fed to the hop information buffer
31E, and the information is transferred to a superordinate
25 station (a station closer to the base station).

The relay station selector 31C receives the control
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station conprising: interference |evel neasuring nmeans for nmeasuring an
interference |level at the tine of receiving a packet;

desi redsi gnal | evel cal cul ati ng neansfor cal culating 10 a desired gﬂyyy_0297 00
| evel on the basis of the interference | evel obtained in the neasurenent;

and desired signal level notifying neans for notifying a sender station of

t he packet, of the desired signal |evel thus cal culated. 15 29. The base
station according to Claim28, wherein the interference | evel neasured by

t he int erfer eng vege{rieagyéﬁgge%& agtél?}ﬁ];egg&lcg ‘Lf%%l gt t he base
i

station of a chante group use n“recep fon o acke Abase

adi o0 mul t1 pl GG SR b fhcker ??é%%%%@?%%éﬁee&” PR eLer) SRR LbRon ana
a relay statign haying @a{:%ﬁ%c&g funsidon, i Ragket shragsalasion, Abe base

station conprising. I nter el evel mneasurin neasurlng an 25

i nterference bavel atl,Lhs %Bﬁﬂ%@éi%é@ggg%&g{&b‘& 4384 Jsn(§BEEPLI On,

at the time o Ceélving "a packe

desi 1 eisi gnald evel ool syl aty g, dieans! o, oal cul gL, . desised sigpal | evel

on the basis e Interference obtalne&é e neasurenent; and

?ﬁg'LSSKZ;?n%?afﬁgﬁﬁégﬁigﬁygﬁgnggﬂﬁgegoélaﬂﬁiéy'EﬁeahépSSQQﬁfsSE@IEﬁQ of
base station, etc., and the channel group selector 31D
determines a channel group for transmission/reception
according to a hop count thereof to the base station.

10 [on Mobile Station]

Aconfigurationof themobile stationwill be described

below referring to Figs. 4A and 18, As shown in Fig. 4A,
the mobile station 40 is comprised of a transmitted data
processor 41 for processing input data and transmitting

15 resultant data after the processing; a received data
processor 43 for processing a received signal and converting
resultant data after the processing into output data; and
a control signal processor 42 for processingacontrol signal,
a request signal, and an ACK signal.

20 The control signal processor 42 among these elements
is comprised, as shown in Fig. 18, of a demodulator/channel
decoder 42B for demodulating/decoding an input signal; a
relay station selector 42C foér selecting a relay station;
a hop information buffer 42E for storing hop information

25 and other information; an ACK signal generator 42F for

generating an ACK signal; and a request signal generator
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t hus cal cul ated. 31. The base station according to Caim28, further
conprising: transm ssion power anount cal culating neans for 10 cal cul ati ng

a transm ssion power amount of a packet on the basis of a desiredgpihgnabgy-gg
| evel notified of by another station, at the tinme of transmtting a packet;
and determ ni ng neans for determ ni ng whet her the packet is transm ssible

to the station as a source of the desired 15 signal |evel, on the basis of
the transm ssion power anount cal cul ated by the transm ssion power anount

cal cul ating nean Tlg]_fa Stald C ing to Caim31, further
conpri sing destl ?\fgtrisgynen emtg'?-r:?g rr\:,‘z::jt“:'lr%uc%kotra1 %g%?édll ng a nobile 20 station or a
relay station as a:destiBatbancbochli shoybectpseostalion, shauldbdrapsmt a
packet, on the basis of at |east one of a recept?on evel of a control

signal, an interfarencedeysl @t iid %qr@%x%kﬁtsk}t ;thlnon"bqlzxged;g&b L ndfoma

transm ssion-originating station to'its own ase

station accordj 0 i r .84, NG t, 1.4 shut 4 -Oni rmati on
hol di ng maansl\%r?iqglﬁteh&gdgﬁsﬁegéﬂ)éégfﬁg@éa%%ﬁ il{)ﬂnlq#n %nﬁl?on of each

mobi | g stati gR.and i8RCA ehayskakhen tapabl gt of + didgctsCanmmi catign with

its own station, anpl attribution !nformatlon _of e_ach rr_Dbll_e station and _
each relay stat &HHin%éBa@iI%} @fas%lelae@&neomg:.atllsqn wWhilb dASp P OWhsStation

but capable of direct communication with a relay station. 34. The base
station accordiRg 4 & B2t SHitRENHh EONPF P dWéet is transmissible,
on the basis of the interference level at the mobile station
in downlink packet transmission from the base station via
10 the relay station to the mobile station, in much the same
manner as in the uplink packet transmission. It is assumed
in the present embodiment that there also exists the
interference level measuringunit 42A indicated by the dashed
line in Fig. 18 and that the packet transmission control
15 according to the present invention is executed in both the
uplink and downlink packet transmissions. A path deciding
method and others about this control will be described later.
In the control signal processor 42 in themobile station
40 as described above, control signals discriminated for
20 respective senders by the demodulator/channel decoder 42B
are fed to the relay station selector 42C. Then the relay
station selector 42C selects one relay station or one base
station meeting connection conditions, the ACK signal
generator 42F sends an ACK signal to the selected connection

25 station, and, at the same time, writing of information is

conducted into the hop information buffer 42E.
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channel group selecting neans for selecting a channel 10 group for
transm ssion/reception on the basis of a transmtting direction of a
packet; and signal transmtting nmeans for transmtting a signal t%TQ%—O 97-00
transmtted, on a channel according to the selected channel group. 1 35% A
nobil e station constituting a radi o communi cati on system for conmuni cation
based on a wirel ess packet transm ssion system wth a base station and a
relay station having a relaying function in packet transm ssion, the nobile

statton comprisi gy, 20 L anyslof: RENEL. ATPUNL Gal.oul gt iy aeang Ler

calculating a transm sSion r anount” of a pac on of

desi red st analyd qusls notiiad, ol sendan st arban glohine, packetinand

determ ni ng neans for determnin e ep ansht s&F bl e

f th t at.i , i f t i i

(rom he sends/ Bastion cop Jl-Pasis gty he'f arstlasl qucnoner pomunt
means. 36 . T{becﬂq?:b'd'e%c?iﬁte'doﬂa@%?r&ﬁ NG d Ra6HQ g¥ 3P | L!ert.heéiﬁEngII‘xé' ng.
interference ev_e ) nmeasuri ng neans for neasuri ng an I nterference evel at

the tigre of reeeinvng gggfkgg;g}pg ggjgi roefd%l%nabb@gg' %%E%ﬁthﬂgshown i

nmeansforcal cul ating a level on the basi's of the interference
oo g A S s o drL RS ek el gy e
level thus calul@lRdiption thereof is omitted herein. However, the
configuration of the control signal processor 42 isdifferent
from the aforementioned configuration and will be described

10 below.

The control signal processor 42 among these elements
is comprised, as shown in Fig. 4B, of a demodulator/channel
decoder 42B for demodulating/decoding an input signal; a
relay station selector 42C for selecting a relay station;

15 a channel group selector 42D for selecting a channel group;
a hop information buffer 42E for storing hop information
and other information; an ACK signal generator 42F for
generating an ACK signal; and a request signal generator
42G for generating a request signal.

20 In addition to the above configuration, the control
signal processor 42 is preferably configured to further
include an interference level measuring unit 42A for
measuringaninterference level at itsownstationof achannel
group used in reception at the time of receiving a packet,

25 as indicated by a dashed line in Fig. 4B, which enables the

relay station todeterminewhether a packet is transmissible,
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37 . The nobile station according to Caim 36, wherein the interference

| evel neasured by the interference | evel neasuring neans is an interference

| evel at the nobile station 15 of a channel group used in receptigpoolgbhe-qg
packet. 38. A nobile station constituting a radi o communi cati on system
applying CDMA to a radio nultiplexing scheme of packet transmi ssion, with a
base station and a relay station having a relaying function in packet 20
transm ssion, the nobile station conprising: transm ssion power anount

cal cul ating rgapgefiols CalGuLab N & A4ANSME Ssken pousle ABBYL of 2 8; packet

on the basis a desired signal level notifi by t ase station or

the relay stat] %mnqqﬁé@?a@%e%r Ti-ahog i BR3RS %S?Bmd@ii@rﬂ%ﬁé"é‘@aﬂ‘@ h%athe

packet is transmssib o the station as a source of e desire

FP02- 0297- 00 +$jcgnal) ahe¥eh t1 08N tbhenbaghs i 0k é@%tiéﬁ‘”?fﬁsx%@l@ PRUEL 5 ALrouNt
cal cul ated by thé fransnm ssion power anount cal culating neans. 39. The

nobi | e stati qpGeoRdi NG R Gbhak Mk38a ckaF e kiG] Si Rg dgsid nakien
deci ding nmeans for deciding a base station or a relay station as a

destimation @ WheCh i@ nokin Sl ton oWt Ad 3N te:d Packete on the
basis of at |east one of a reception |evel of a control signal, an

i nt er f erence jh@elfedtlendel Se @M mehaLr@Rg 1811t 22RhAP.dGR¥RHed b PEMEQashed
transm ssion-originating station to its own station. 40 . The nobile

station accondnrgah@ €hat b paddrdtheraaenPessbAgcoshasnelcgsedpngedect i ng
means for selecting a channel group for transm ssion/reception on the basis

of both or lihenerekeathapvesivilon riamddreuiase st aloten the il iown &tdati on
and a transmtting direction of a packet; and signal transmtting nmeans for
transm tti ngdewailgndl phokbe tramsmidseohson apahandetidtogrmk tigod ariche
sel ected channel group. 20 41. A relay station constituting a radio
comilifi cat i onthpsteabdotr thasnumtat 1l en lbdsedesnrabedrisd ess. pddietnels
transm ssion system with a base station and a nobile station and having a
rel ayi ng funesedninrpagatkett nemarsisissoironaytihe o dgt estraini exh cbampreilsi,ng:
or channels may be determined for every relay. Channels may
be divided into groups.
Inthecontrol signal processor 42 inthemobile station
15 40 as described above, control signals discriminated for
respective senders by the demodulator/channel decoder 42B
are fed to the relay station selector 42C. Then the relay
station selector 42C selects one relay station or one base
station (i.e., a connection station) meeting connection
20 conditions, the ACK signal generator 42F sends an ACK signal
to the selected connection station, and, conducted at the
same time is writing of information into the hop information
buffer 42E and selecticn of a channel group used for
transmission/reception by the channel group selector 42D.

25 [on Base Station]

A configuration of the base station will be described
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25 interference | evel nmeasuring neans for neasuring an interference |evel

at the tinme of receiving a packet; 76 FP02- 0297- 00

desi redsi gnal | evel cal cul ati ng neansfor cal cul ating a desired signabobegeb7-00
on the basis of the interference |evel obtained in the neasurenent; and
desired signal level notifying means for notifying a 5 sender station of

t he packet, of the desired signal level thus calculated. 42 . The rel ay
station according to Caim4l, further conprising: determ ning neans.for

det erni ni ng waetheraRacket tbsrifstrapspghasshl e A4 ande ssendey. siation,
on the basis of at least one of the interference level, the desired signal

level , a recepki 8RAskevelatabna 5000kr ebmpirdraly 3nNd ahepreauwy fdigpdihe base
station to its own station, wherein the desired signal |evel notifying

means 15 not pirbesskhe sender praldsoan of thhesdasideedastanatoheved Racordi ng
to a result of the determ nation by the determ ning neans. 43. The relay

station accohdiigrko afliaisendilngWhrekeilk ahite dafthefreenee ol evelcdmasiy,ed by
the interference | evel 20 neasuring neans is an interference | evel at the

relaysstation etcaiglanaeynanoypousedoirn sBeEept bebceksting pagkelei vk A
relay station constituting a radio communi cation system applying COVA to a
radi o nul ti pkeyhAg techerer Hfc packete HaRsM S 88n tWd thaicbas @ esiwairikgn and a

25 nobile station and having a relaying function in packet
and a control signal processor 52 for processing a request
signal, a control signal, and an ACK signal.
The contrel signal processor 52 among these elements
10 is comprised, as shown in Fig. 5B, of an interference level
measuring unit 52A for measuring an interference level at
its own station; a demodulator/channel decoder 52B for
demodulating/decoding an input signal; a hop information
buffer 52C for storing information of the hop count and other
15 information; and a control signal generator 52D for
generating a control signal.
In the control signal processor 52 in the base station
50 as described above, the demodulator/channel decoder 52B
first demodulates and decodes received sighals to
20 discriminate request signals and ACK signals for respective
senders. The request signals function as triggers to
activate thecontrol signal generator 52D. WhenanACKsignal
is received, the hop information of the signal sender is
written into the hop information buffer 52C.

25 (Path Deciding Methods in Each of Mobile Station, Relay

Station, and Base Station]
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transm ssion, the relay station conprising: 77 FP02-0297-00 interference

| evel neasuring neans for neasuring an interference level at its own

station of a channel group used in reception, at the time of receippighd @g7-00
d

packet; desiredsignallevelcal culating neansfor calculating 5 a desire
signal level on the basis of the interference |evel obtained in the
measurenent; and desired signal |evel notifying neans for notifying a
sender station of the packet, of the desired signal |evel thus cal cul ated.

10 45. The relay stati, ' ' Lcafficles 019
e relay Staldion Acer i nghda eteiin Orléca %ﬁ;ﬁ%%@%é%g%sm ssi on

transni ssi on power “amount cal cul at1ng rean

pover amount 19l ACKEL {00 Ue, BasLe nale R dlestredyshanal oL evel paiokit i od of

by anot her station, at the relayi ng a pac erm ni ng

reans for debaldgindid SPARBer o W BARKEL Jskd HANSORASAPLEL Oy I SLAL T On as

a source of the desired signa , on the SIS O e transm ssi on

pover amunt ¢ gubatedshy khgel yansiast o2, pover; ATpuBLacal GUAL{90. 20

nmeans. 46. The relay station according to Caim4l, "further conprising

destinmati on decdiRGJRANSIOR dacitid g Astal I Qas,& dasid I | Oh-dogyhi ch
the relay station should transmt a packet, on the basis of at |east one of

2t ;t?icgﬁti on levelqa% f w16t ritlersd g &ommdih i el dier encridfuglagt 1ts own
| impossible when the received SIR is below the required value.
This judgment may be made by the receiver station on the
basis of the interference level at its own station, or can
10 be made by the sender station while the receiver station
notifies the sender station of the interference level.
There i1s a case where a plurality of stations exist
as stations judged as communicable in this way, and methods
of deciding a route to the base station in this case will
15 be detailed below. The route deciding methods include a
method of minimizing the hop count (i.e., the hop count from
the base station to its own station) (Fig. 7), a method of
selecting a station yielding a minimum of relative
transmission powers calculated from received SIR of control
20 signals and interference levels at sources of the control
signals (Fig. 8), and soon. Thesemethods will be described
below using examples based on the mobile station.
Inthemethodofminimizing the hop count (Fig. 7) among
the above methods, the mobile station selects a station with

25 a minimum hop count out of relay stations or base stations

having sent control signals. It is, however, assumed that
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and a hop count froma transm ssion-originating station to 78
FP0O2- 0297-00 its own station. 47. The relay station according to C aim41l,

further conprising: decoding nmeans for de spreading a signal rece%ggQ_B&quoo
5 the nobile station, the base station, and another relay station to decode
the signal into an information sequence signal; and spread signa
generating neans for spreading the decoded information s-equence signal to
generate a spread 10 signal. 48 . The relay station according to Caim47,

mherefn, whef e ebak NALLONLSOIRL ses.at < oash (Lie L apsTlasi o pover

amount cal culatin ransm ssi‘on power cul'a

transm ssion r t u j I i .10 t.he . .spread
si gnal genergggggg§§§ﬁ§g§% é&%ﬂg?QEE%kggﬁgﬁg |ng%§§§%?%§ﬁglfﬁ§%ﬁﬁﬁégi
signal is tran ”i%t%gpségstEQﬁoﬁ%lay station according to Caim4l, further

conpri si ng: 26 “cRanne gr oup Sel'écting nmeans for selecting a channel group

: . 20"chander g .
L1 ansm 851 on- or | 0f RAEBGC ST AtY b Tort e Banitsf SBr ot aficeRbag =7 the

ELZE?\%} t;icggxrzmg?%ﬂé LeLribANSMALi Pﬂﬁé‘tsé}%‘g'i§5t60%QEeI:EaQﬁH1' Hbedaeon a
g to the selected channe roup. 7

control signals s from surrounding relay stations or base
stations (S001). After 0 is initially set in counter i
(S002), a set S of control signals s to yield the hop count
(Nhop) = i is extracted-(S003). It is then judged whether

10 the set S is empty (null) (S004), and, if the set S is empty,
it is judged whether the counter i reaches a maximum hop
count specified in the system (S005). If the counter i does
not reach the maximum hop count yet, the counter i is counted
up by one (S006), and the processing in and after S003 is

15 again executed for i after the counting-up.

When the set S of control signals s yielding the hop
count = 1 is not empty in S004, the relative transmission
power is calculated for all the elements in the set S (S007).
A station 1s selected corresponding to a minimum relative

20 transmission power out of the relative transmission powers
thus calculated (S008). Furthermore, a value of addition
of 1 to the hop count i of the selected station is put into
the hop count Nhop (S009), and the processing is terminated.

This enables the mobile station to select a station

25 with the minimum hop count out of the relay stations or base

stations having sent the control signals. In addition, if
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FP-02-0297-00 50 . The relay station according to Caim4l, the rel ay

station being conprised of a station having a function of the nobile

station, or a relaying device installed in a vehicle or in stati oggiy-0297-00
facilities. 5 51 . A packet transm ssion control nmethod in a radio

communi cati on system conprising a base station, a nobile station, and a

relay station having a relaying function in nmultihop packet transm ssion

and configured to perform comruni cati on based on~a w rel ess packet

transm sl on SKsLem 1. Lhe Rackele | IANSIE #8I A1% SO UndHHAOLNGRTRED ST NG:

an interference level measuring st erein a receiver station Int

packet transglashon: fARHLES <alr kbl 641 6 ofe: leveki oardesited: shapaty | evel

cal cul ating step wherein e 15 recelver station calculates a desire

si gnal Ievelmggéhgﬁ Rasi $af &ﬁu%ﬂggéﬂgg%gﬁgﬁgjevel obtained in the
a |

measur enent ; esired signal level notitying step wherein the receiver

station notifies argender-;iatd,0n Af,dhes dgxd fnggliﬁilﬂr}?dp LeVgle {005

cal cul ated; 20 a transm ssion power anount cal culating step wherein the

sendeg stati gareakCHERERS 1Bn! 6%”5”1151’%51%1&?%’6& 8mpEnioOf v RACKSL 1 9N t he
basis of the desired signal level thus notified of; a determning step

wherein the genderngt aheOMogo @ @ nesmeidier ithe Radketddt®ermined
transm ssiblé to thé receiver station, on the basis of the transm ssion
power 80  FPA2+0284rB0e200t8tnd Mt Gt W8 2BE serving as a relay
station, and the processing ends in a failure in hopping,
after a negative number -(e.g., "-1") is assigned to the hop
10 count Nhop (S010).
On the other hand, in the method of selecting a station
with a minimum relative transmission power amount (Fig. 8),
the received control signals are used to calculate the
transmission powers of the respective signals: the signals
15 are sorted in ascending order of the transmission powers;
whether the hop count is within a predetermined value is
checked in the sorted order; and, if it is within the
predetermined value, the corresponding station is selected
as a connection station.
20 A method of calculating the transmission power amount
Ptx herein is expressed, for example, by Eq (1) below, using
the interference level I (dBm) at the packet receiver station
and the received signal level S (dB) of the control signal.
Ptx = I - S + constant (1)
25 Specifically, the processing of Fig. 8 is executed in

the mobile station. The first step is to detect and decode
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a packet transmtting step wherein the sender station transmts the packet

by a power according to the transm ssion power anmount for the receiver
station, to the receiver station 5 determ ned as a packet-transm gspplerg7-00
station. 52. A packet transm ssion control nethod executed at the tine of
transmtting a packet froma nobile station via a relay station to a base
station in a radi o comuni cation system conprising a base station, a nobile
station, and a 10 relay station having a relaying function in packet

transni ssi oncaﬂqra@plsybﬁgl@wfi&nasﬁ@p&&@}&:@ipé%i/ NG SCNSTE Af hacket

transm ssion, the packét transm ssion control“method conprising: an
i nt erferencesksz%nge@aswiﬁg SHRPnYRLTRId) 2sTR RSN 103 SR i@ 10fi R packet

nmeasures an Interference level at its ow station of the received packet; a

desired si g”%Eah@iﬁ%s?‘c%hCBF@a}eirnglo?it @R 1WReEeIBNthe 1M 8Geinkals Bt alshemn)

calculates a desired signal level on the basis of the’interference l'evel

obtained in Lhe tRasuheBRhtrd? £ HRSId 80h8d At d YRl a NAUAI M NB rSieaP
wherein the receiver station notifies a sender station of the packet, of

the desired gkgpak kevekitvBusreakaukated; pdwkkaneF1$Si1aR sROWEN oaTouNt
cal cul ating step wherein the sender station calculates a transm ssion power

amount 25 of a packetepn the ibAiisiqfy khe destrnedsigrat i gealogyhus ¢
notified of; 81 FP02-0297-00 a determ ning step wherein the sender
station is judged whether the ith control signal s (i) is empty (null)
(S105). If the control signal s(i) exists, it is determined
whether the hop count ¢of.the control signal s(i) is not more
10 than a predetermined value (S106). When the hop count of
the control signal s(i) i1s greater than the predetermined
value, the counter i is counted up by one (S107), and the
processing in and after S105 is again executed for i1 after
the counting-up.
15 When the hop count of the control signal s(i) is not
more than thepredeterminedvalueinsi06, it canbedetermined
that the station having sent the control signal s{(i) is a
station with the minimum relative transmission power amount
under the condition that the hop count is not more than the
20 predetermined value, and thus the station having sent the
control signal s (i) 1is selected (S108). Then a value of
addition of 1 to the hop count Nhop (i) of the selected station
is assigned to the hop count Nhop (S109), and the processing
is terminated.

25 This enables the mobile station to select the station

with the minimum relative transmission power amount under
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determ nes whet her the packet is transm ssible to the receiver station, on
the basis of the transm ssion power anount thus cal cul ated; and 5 a packet
transmtting step wherein the sender station transmts the packet 5@02‘30297 00
power according to the transm ssion power anount for the receiver station

to the receiver station determ ned as a packet-transm ssible station. 53 .
The packet tr-ansm ssion control nethod according 10 to Caimb51, further
conprising a m)bi | e station destination deciding step vvherei n the nobile

station defi ”ch dletlo%cedhﬁe]g tﬁ{eatﬂw @Ie§s amp@slg Idh%? Phe2 rel ay

station as a tlnatlon to t he "no e station S ou ansnlt a

packet, on 1 he hadleimlnd va east q'ﬂ?er?fth% @P&ig@ggﬁw%ﬁ ERCEC

signal an | erence eve its own s |on roma

transni ssion-qi rg)r.t(a?;o 09 St g(r;t tQ,d tbzel (gggl%es}]@dé%{l %%41; 11? e ex

packettransm Ssi 0 nt r ol'met’h accor further corrprl si ng

a base station desti;nal Lon.29.dsel dhags, eBs‘“Qefgi?%tQ@an‘éﬁ S12h1 Ofe

defined as the receiver ation nobrl'e"station of a re ay Station

as a desti nat-an LQ Wy %Bdtsh%bésfaﬂ LéoPn 1? a co(%f aé‘f’@é} & eON the

basis of at feast one o reception eve si gnal

i nter f er enceplgual ol 413 1aun )1 8t B9% R HOP SAUN NHES sal

transm ssi on- or|g| nat i ng statlon to it's own station. FP-0 0297 00 55.

Thepacket transm sspan; SO k @JaPddt0d rage akdielg; f  1{d ﬁbml% stHELB8and
conprising a relay station destination deciding step wherein the rel ay

tsg aleh :)rclhdefl Rednamithed esainebastaktafidach Hesdawsl ahkopadBe @ dastngati on
from the core network-te the base station and transmitted
10 to the mobile station is packet-transmitted through the path
determined by the above methods.

A potential method of deciding the transmission power
of the packet at this time is a method of sending a training
signal for decision of a desired signal level before the

15 packet transmission and notifying a packet source of the
desired signal level determined from a reception level of
the training signal and an interference level at a receiver
station.

[Channel Group Assigning Methods]

20 The channel group assigning methods, which are one of
the featuresof thepresent invention, willbedetailedbelow.
The channel group assigning methods include, for example,
four kinds as follows. Namely, they are four methods: Q@
a first method using two channel groups; @ a second method

25 using four channel groups; @ a third method using N channel

groups (N is an integer not less than 3); @ a fourth method
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5 the relay station should transmt a packet, on the basis of at |east one
of a reception level of a control signal, an interference level at its own
station, and a hop count froma transm ssion-originating station %Qobggfgwnoo
station. 56 . The packet-tr-ansm ssion control nethod according 10 t aim
51, further conprising: a decoding step wherein the relay station despreads
a signal received fromthe nobile station, the base station, and anot her
relay station to decode the signal into an infornmation sequence signal; and
15 a spread signal ner.at i whergin. the | ay statjon spyeads the
decoded i nf o}lﬁg‘ﬁgo%‘%e%h%%%%g%%%pst'o g}elﬁgr“é%]éf g’eséFESHléFén%‘rQiO%fn The
packettransn%§aggn control met hod according to Caimb51, further conprising:
20 a channel “group selecting step wherein the nobile station and the rel ay
station select a channel Araun.Loroh NSO ecenthen on Lhe hasi s of
both or one of a hop count from a ?ransn155|on-or|g|na I ng stationto its

on station and.a:Liansgl LLngdirects Ol B pasksband dlist ol 25 the

base station sel'ects a channel “grou ransmssion i on ‘on t’he

basi ; i ) . . ) ) o S ¢ |
sl iy e SR R A 2
the b t i i tau i t be . it , |
hecording o PhenEUoEl 18 -SRaasor! By BAESEL (RE) (6" (RIS o

transm ssi ongalhalei Hod oaccording dipfd 8h8gehe YASIRI D0 F BE sGh@RRGL group

selecting step 1s to divide transm ssion channels tor transm ssion of

si gnal s i ntogkwWen ghABNEYr SR PSe A AY vhened Fiifs 12 ne@HN) TRNPAL chn t he
base station, the relay station, and the nobile station, one channel group

i s assigned tpeapnHphkNkggbgpatbilaigodkeegabdwibcholva1tRe BBRBHLE sShal on,
ana the other channel group I's assigned to a downlink signal a source of
whi choi s thethasenstgél afrokd 39 toThppaskes i §AASH S5 i0RcaaN ghet bad
according to Caimb57, wherein the channel group selecting step is to
di vi de transihsshorb&daned sidror (B3)gnaalss) @i aofi sisgnalss ,i reQ, f ags) ¢hannel
groups, wherein in a conmon manner is the base station, the
and mobile station (MS).
For each relay station to relay continuous packets in
this case, the same channels are used for transmission and
15 reception, and there is thus a possibility that there arises
the so-called near~far problem that a signal sent from the
relay station interferes with a received signal at the relay
station. For overcoming it, an interference canceller 35
shown in Fig. 6A is incorporated in the relay station 30
20 so as to accept input of both the received signal and
transmitted signal, as shown in Fig. 6B. The interference
canceller 35 incorporates a 180° phase shifter 35A for
shifting the phase of an input signalby 180°; and an amplitude
adjuster 35B for adjusting a transmitted signal by an

25 attenuation during propagation thereof up to a receive

antenna 33, whereby the transmitted signal from a transmit
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20 relay station even-nunbered fromthe base station, and the nobile

station a hop count of which fromthe base station is an even nunber, a

first channel group is assigned to a downlink signal a source of %@ —6557-00
t he base station, and a second channel group is assigned to an uplin

signal a 25 source of which is the nobile station, and wherein in a common
manner in the relay station 84 FPfl 2- 0297- 00 odd- nunbered fromthe base
station, and the nobile station a hop count of which fromthe base station

i s an odd numnber

i.rd ch I i ' dtqgth i nk _si I
and & fourt h CHAEHER AP GUS T Lo BEEs QRGN U T CPPPAC S Ghar S5 TB5eigRe
ket t i SSi t r ol met hod [ to C ai 7, wh i h h I
G oUp. sel oot i TS b & B TE T U e AP ARart S57 P SANFar & P ARSATES on of
[ s int h | N_i 1 0. nt t | .than 3 d- 10
wharei n i eath oY ReDaes sPhPPonsPLRESFor gy Sndr PORLL KHAS: AETHEDPFe
tation, th h I . ' d t hat i dentical nnel
aroup 15 assi GHEd 1 heipr | oK biid CARACA denn i AT CAdRe ¢Ted
f tat] j ; i dt
pl i 15 51 AT AP ST T T o G F oot ek por b0 SRS IR Vel v. 6.
Th kettra ' trs t\h ' i j h
channol ar oup e o) e S e T o drui e tr et A Ty ThadL CORESLEaLne
transm ssi on Gfc SIANRIS IO MR GRANRELAN0URS ca 2B WRAN 8118 T Lnakl &5l on
fromthe base station and fromthe relfay stafion and the nobile stafion
even- number e%ﬂi{]aoﬂﬂ thes RAe St Ofhih Caltd S A cdYi & &i{minghagnel group

y,
and reception therein by a second channel group, and hﬁereln transm ssi on
fromthe relay statipananthdhe 22 s tio§f ahols 98gnBRn et § bembhbe base
station is carried out by the second channel group and reception therein by
85  1fPf 1 2- 028 R ddhe phinkst 1 g heinell o eupehé4ssigned amounts of time
Thepacket t ransm ssi oncontr ol net hod according to Caim57, wherein the
channel groupsirafes conEiced 0¥ chameeimagicoupist i ndrde df dym feecnienelyer 5 63.
Thepacket transm ssion control nethod according to Caim57, wherein the
channel groupscrelicomrd setdyd et tdroupsrdiadl decbyys tGhe. GH4.
Thepacket transm ssi on control method according to Caim57, wherein-the
channel grouf$hearef cxmvpriicgedxafiple, chanbkt gasepshereitdes byfdowdt forequency

and tine. 86
amount of downlink signals is much greater than the

15 information amount of uplink signals, the assigned amount
of the channel group Gl for downlink signals is set much
larger than the assigned amount of the channel group G2 for
uplink signals, whereby it is feasible to increase the
efficiency of utilization of frequency or the efficiency

20 of utilization of time. Since the number of division is
minimum, i.e., 2, it is also feasible to limit the so-called
division loss.

In the second method, transmission channels are
separated into four channel groups G1, G2, G3, and G4. They

25 may be divided by frequency into four frequency bands as

shown in Fig. 12A, or by time into four time zones as shown
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In the third method, transmission channels are
separated into N channel groups (N is an integer not less
than 3); in each of the.base station, relay stations, and

10 mobile station, an identical channel group is assigned to
uplink and downlink signals transmitted therefrom, and
different channel groups are assigned to uplink and downlink
signals received therein, respectively. AcaseofN=3will
be described below.

15 The transmission channels can be separated into three
channel groups G1, G2, and G3 by amethod of frequency division
into three frequency bands as shown in Fig. 14A, by a method
of time division into three time zones as shown in Fig. 14B,
or by a method of uniformly defining a channel group G2

20 independent of frequency in a predetermined time zone and
defining a channel group Gl lower than a predetermined
frequency and a channel group G3 not lower than the
predetermined frequency in another time zone than the
predetermined time zone as shown in Fig. 14C. It is also

25 possible to employ a method of uniformly defining a channel

group G2 independent of time in a predetermined frequency
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ig%ﬁig%@é E%ﬁeﬁb%%ﬁe%ﬁi%&@g@%@}&og as shown in Fig. 14D.
10@9'%109@Ef()'!{nflﬁ%o%gléﬂb%é$%9%@§éﬂéfal idea of assignment of the
channel groups according to the third method, in which the
same channel grouplisassignedtouplinkanddownlink signals
transmitted, in the base station (BS) and in the Nth (third)
relay station (RS3) from the base station, in which the same
10 channel group 2 is assigned to uplink and downlink signals
transmitted, in the first relay station (RS1l) from the base
station and in the mobile station (MS) located at the fourth
position from the base station, and in which the same channel
group 3 is assigned to uplink and downlink signals
15 transmitted, in the second relay station (RS2) from the base
station. This results in assigning the different channel
groups to uplink and downlink signals received in the base
station, the mobile station, and each relay station. For
example, concerning the relay station (RS1l), the channel
20 group 2 is assigned to the uplink and downlink transmitted
signals, the channel group 3 to the uplink received signals,
and the channel group 1 to the downlink received signals,
which can prevent interference between the signals.
In the fourth method, transmission channels are
25 separated into two channel groups Gl, G2. The dividing

methods may be the aforementioned frequency division shown
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YYYZb@ 10@ { ' AHIHODE (3 e &UPO&rEhsmi@R i¥¥Pand the second channel group
5 for reception in the base station and in each even-numbered
relay station and mobile station from the base station and
in which the second channel group is used for transmission
and the first channel group for reception in each odd-numbered
relay station and mobile.station from the base station. For
10 example, in Fig. 15, the channel group Gl is assigned to
transmitted signals and the channel group G2 to received
signals in each of the base station (BS), the second relay
station RS2 from the base station, and the fourth mobile
station (MS) fromthebase station. Furthermcre, the channel
15 group G2 is assigned to transmitted signals and the channel
group Gl toreceivedsignals ineachof the first relay station
RS1 from the base station and the third relay station RS3
from the base station.
Since this enables transmission and reception to be
20 conducted by different channel groups in a certain relay
station, it is feasible to prevent mutual interference
between transmitted and received signals, and it is also
feasible to limit the division loss, because the number of
division is minimum.
25 The peculiar channel group assigning methods as

described above can reduce interference and enhance the
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10@ &10% & ()f'rom the interference level, instead of notifying the sender
5 station of the desired signal level in order to ensure the
reception level of the signal to be received by the receiver
station, as in the above embodiment.
Incidentally, the technology expected in the
next-generation mobile .communications includes ad-hoc
10 wireless networks. They are liberated from the
communication format through the existing fixed base
stations, and are directed to construction of flexible
wireless information networks based on themultihop function
with terminals themselves having the relaying function.
15 For adapting to such ad-hoc wireless networks, each
base station may be configured to have the function of the
relay station, so that the base station can act to relay
communication to another base station.
For example, as shown in Fig. 16, data processors 54,
20 the number of which is equal to the number of packets relayable
in parallel (which corresponds to the number of multiple
codes in CDMA and which is "3" in the example of Fig. 16),
are added to the configuration of the base station shown
in Fig. 5A, and the control signal processor 52 is configured
25 as a processor for processing a signal for securing a route

to anotherbase station. Heretheadditional dataprocessors
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10@ of the relay station as described above, it becomes feasible
to flexibly adapt to the ad-hoc wireless networks.
It is needless to mention that the radio communication
10 system according to the present invention is applicable to
local area networks including a control station and slave
stations like wireless LAN, packet transmission networks
typifiedbyhierarchical mobile IPv6, and pervasive networks
for communication through pocket radics such as radio tags
15 and the like and through white goods connectible to networks.
In such cases, elements calledradiocontrol stations, access
points, and white goods correspond to the base stations in
the present embodiment, and elements called radio stations,
mobile nodes, and pocket radios (e.g., radio tags and the
20 like) to the mobile stations in the present embodiment.
It 1is also needless to mention that any of the radio
control stations, radio stations, access points, mobile
nodes, pocket radios, radio tags, and white goods can be
the mobile station, the relay station, or the base station

25 in the present embodiment according to their communication

format.
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5 system does not have to be limited to CDMA but may be any
other radio transmission system, including short-range
communication such as infrared communication, non-contact
magnetic reading, etc. like IrDA and Bluetooth, and contact
communication for reading and transmitting myoelectricity

10 of human muscle (weak electricity appearing from muscle) .
As described above, the present invention successfully

has solved the problem of failure in establishment of
communication at the mobile station due to the arrangement
of base stations and also solved the hidden terminal problem
15 and others in the conventional CSMA and TDMA base multihop
systems and the problems of the increase of traffic and the
decrease of throughput of the system. The invention also
successfully achieved the reduction of interference and the
increase of frequencyutilizationefficiencyby the peculiar

20 channel group assigning methods.
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relaying function in multihop packet transmission, and
5 configqured to perform communication based on a wireless
packet transmission system,
wherein a receiver station in the packet transmission
comprises:
interference level measuring means for measuring an
10 interference level at the time of receiving a packet;
desiredsignal level calculatingmeans forcalculating
a desired signal level on the basis of the interference level
obtained in the measurement; and
desired signal level notifying means for notifying a
15 sender station of the desired signal level thus calculated;
and
wherein the sender station comprises:
transmission power amount calculating means for
calculating a transmission power amount of a packet on the
20 basis of the desired signal level notified of by the receiver
station; and
determining means for determining whether the packet
is transmissible to the receiver station, on the basis of
the transmission power amount calculatedby the transmission
25 power amount calculating means.

2. Theradiocommunication systemaccording toClaim
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10@®&f()-LfGaO%b&I%ké%i%g%%%ﬂ ég¥§ﬂgfﬁéaﬁ§¥8rdecidinganextreceiver
station as a destination of a packet on the basis of at least
one of a reception level of a control signal, an interference
5 level at its own station, and a hop count from a
transmission-originating station to its own station.
3. The radio communication systemaccording to Claim
1, wherein the interference level measured by the
interference level measuring means is an interference level
10 at the receiver station of a channel group used in reception
of the packet.
4., A radio communication system comprising a base
station, a mobile station, and a relay station having a
relaying function in multihop packet transmission, and
15 configured to perform communication based on a wireless
packet transmission system,
wherein a receiver station in the packet transmission
comprises:
interference level measuring means for measuring an
20 interference level at the time of receiving a packet;
desiredsignal level calculatingmeans for calculating
a desired signal level on the basis of the interference level
obtained in the measurement;
determining means for determining whether a packet is
25 transmissible from a sender station, on the basis of at least

one of the interference level, the desired signal level,
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notifying means for notifying the sender station of
the desired signal level according to a result of the
5 determination by the determining means.
5. The radio communication systemaccording to Claim
4, wherein the receiver station further comprises:
destinationdecidingmeans fordeciding anext receiver
station as a destination of a packet on the basis of at least
10 one of the reception level of the control signal, an
interference level at its own station, and the hop count
fromthetransmission-originatingstationtoitsownstation.
6. The radiocommunication systemaccording to Claim
4, wherein the interference level measured by the
15 interference level measuring means is an interference level
at the receiver station of a channel group used in reception
of the packet.
7. A radio communication system comprising a base
station, a mobile station, and a relay station having a
20 relaying function in packet transmission, and applying CDMA
to a radio multiplexing scheme of packet transmission,
whereinthebasestationor therelaystationconprises:
interference level measuring means for measuring an
interference level at its own station of a channel group

25 used in reception, at the time of receiving a packet;

desiredsignal level calculatingmeans for calculating
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mobile station of the desired signal level thus calculated;
5 and
wherein the mobile station comprises:
transmission power amount calculating means for
calculating a transmission power amount of a packet on the
basis of the desired signal level notified of by the base
10 station or the relay station; and
determining means for determining whether the packet
is transmissible to the station as a source cf the desired
signal level, on the basis of the transmission power amount
calculated by the transmission power amount calculating
15 means.
8. The radiocommunication systemaccording toClaim
7, wherein the base station further comprises:
attribution information holding means which holds
attributioninformationof eachmobile station andeachrelay
20 station capableofdirect communicationwithitsown station,
and attribution information of each mobile station and each
relay station incapable of direct communication with its
own station but capable of direct communication with a relay
station.
25 9. Theradio communication systemaccording to Claim

7, wherein the base station further comprises:
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group for transmission/reception on the basis of a
transmitting direction of a packet; and

signal transmitting means for transmitting a signal
5 to be transmitted, on a channel according to the selected
channel group.
10. TheradiocommunicationsystemaccordingtoClaim
7, wherein the mobile station further comprises:
destination decidingmeans for deciding a base station
10 orarelaystationasadestinationtowhich themobile station
should transmit a packet, on the basis of a reception level
of a control signal or a hop count from the base station
to its own station.
11. TheradiocommunicationsystemaccordingtoClaim
15 7, wherein the mobile station further comprises:
channel group selecting means for selecting a channel
group for transmission/reception on the basis of both or
one of a hop count from the base station to its own station
and a transmitting direction of a packet; and
20 signal transmitting means for transmitting a signal
to be transmitted, on a channel according to the selected
channel group.
12. TheradiocommunicationsystemaccordingtoClaim
7, wherein the relay station further comprises:

25 destination deciding means for deciding a station as

a destination to which the relay station should transmit
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13. TheradiocommunicationsystemaccordingtoClaim
7, wherein the relay station further comprises:
5 decoding means for despreading a signal received from
the mobile station, the base station, and another relay
station to decode the signal into an information sequence
signal; and
spread signal generating means for spreading the
i0 decoded information sequence signal to generate a spread
signal.
14. TheradiocommunicationsystemaccordingtoClaim

13, wherein, when the relay station comprises at least the
transmission power amount calculating means,

15 the transmission power calculated by the transmission
power amount calculating means is assigned to the spread
signal generated by the spread signal generating means, and
the spread signal is transmitted.

15. TheradiocommunicationsystemaccordingtoClaim

20 7, wherein the relay station further comprises:

channel group selecting means for selecting a channel
group for transmission/reception on the basis of both or
one of a hop count from the base station to its own station
and a transmitting direction of a packet; and

25 signal transmitting means for transmitting a signal

to be transmitted, on a channel according to the selected
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XMB7 101 10< 16. TheradiocommunicationsystemaccordingtoClaim
7, wherein the relay station is comprised of a station having
a function of the mobile station, or a relaying device
5 installed in a vehicle or in stationary facilities.
17. A radio communication system comprising a base
station, a mobile station, and a relay station having a
relaying function in packet transmission, and applying CDMA
to a radio multiplexing scheme of packet transmission,
10 wherein each of the base station, the relay station,
and the mobile station comprises:
interference level measuring means for measuring an
interference level at its own station of a channel group
used in reception, at the time of receiving a packet;
15 desiredsignal level calculatingmeans for calculating
a desired signal level on the basis of the interference level
obtained in the measurement;
desired signal level notifying means for notifying a
sender station of the packet, of the desired signal level
20 thus calculated;
transmission power amount calculating means for
calculating a transmission power amount of a packet on the
basisof adesiredsignal levelnotifiedofbyanother station,
at the time of transmitting or relaying a packet; and

25 determining means for determining whether the packet

is transmissible to the station as a source of the desired
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calculated by the transmission power amount calculating
means.
18. TheradiocommunicationsystemaccordingtoClaim
S 17, wherein the base station further comprises:
attribution information holding means which holds
attribution informationof eachmobile stationandeachrelay
station capableof direct communicationwith its own station,
and attribution information of each mobile station and each

10 relay station incapable of direct communication with its
own station but capable of direct communication with a relay
station.

19. TheradiocommunicationsystemaccordingtoClaim
17, wherein the base station further comprises:

15 destination deciding means for deciding a mobile
station or a relay station as a destination to which the
base station should transmit a packet, on the basis of at
least one of a reception level of a control signal, an
interference level at its own station, and a hop count from

20 a transmission-originating station to its own station.

20. TheradiocommunicationsystemaccordingtoClaim
17, wherein the base station further comprises:
channel group selecting means for selecting a channel
group for transmission/reception on the basis of a
25 transmitting direction of a packet; and

signal transmitting means for transmitting a signal
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17, wherein the mobile station further comprises:

5 destination deciding means for deciding a base station
orarelaystationasadestinationtowhichthemobile station
should transmit a packet, on the basis of a reception level
of a control signal or a hop count from the base station
to its own station.

10 22. TheradiocommunicationsystemaccordingtoClaim
17, wherein the mobile station further comprises:
channel group selecting means for selecting a channel
group for transmission/reception on the basis of both or
one of a hop count from the base station to its own station
15 and a transmitting direction of a packet; and
signal transmitting means for transmitting a signal
to be transmitted, on a channel according to the selected
channel group.
23. TheradiocommunicationsystemaccordingtoClaim
20 17, wherein the relay station further comprises:
destination deciding means for deciding a station as
a destination to which the relay station should transmit
a packet, on the basis of a reception level of a control
signal or a hop count from the base stationtoits own station.
25 24. TheradiocommunicationsystemaccordingtoClaim

17, wherein the relay station further comprises:
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L# $1OWMU&T()s€étlon to decode the signal into an information sequence
signal; and
5 spread signal generating means for spreading the
decoded information sequence signal to generate a spread
signal.
25. TheradiocommunicationsystemaccordingtoClaim
24, wherein, when the.relay station comprises at least the
10 transmission power amount calculating means,
the transmission power calculated by the transmission
power amount calculating means is assigned to the spread
signal generated by the spread signal generating means, and
the spread signal is transmitted.
15 26. TheradiocommunicationsystemaccordingtoClaim
17, wherein the relay station further comprises:
channel group selecting means for selecting a channel
group for transmission/reception on the basis of both or
one of a hop count from the base station to its own station
20 and a transmitting direction of a packet; and
signal transmitting means for transmitting a signal
to be transmitted, on a channel according to the selected
channel group.
27. TheradiocommunicationsystemaccordingtoClaim
25 17, wherein the relay station is comprisedof a stationhaving

a function of the mobile station, or a relaying device
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transmission system, withamobilestationandarelaystation
5 having a relaying function in packet transmission, the base
station comprising:
interference level measuring means for measuring an
interference level at the time of receiving a packet;
desiredsignal level calculatingmeans for calculating

10 a desired signal level on the basis of the interference level
obtained in the measurement; and

desired signal level notifying means for notifying a
sender station of the packet, of the desired signal level
thus calculated.

15 29. The base station according to Claim 28, wherein
the interference level measured by the interference level
measuring means is an interference level at the base station
of a channel group used in reception of the packet.

30. Abasestationconstitutingaradiocommunication

20 system applying CDMA to a radiomultiplexing scheme of packet
transmission, withamobile stationandarelaystationhaving
a relaying function in packet transmission, the base station
comprising:

interference level measuring means for measuring an
25 interference level at its own station of a channel group

used in reception, at the time of recelving a packet;
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5 sender station of the packet, of the desired 51gnal level
thus calculated.
31. The base station according to Claim 28, further
comprising:
transmission power amount calculating means for
10 calculating a transmission power amount of a packet on the
basisofadesiredsignal levelnotifiedofbyanother station,
at the time of transmitting a packet; and
determining means for determining whether the packet
is transmissible to the station as a source of the desired
15 signal level, on the basis of the transmission power amount
calculated by the transmission power amount calculating
means.
32. The base station according to Claim 31, further
comprising destination deciding means for deciding a mobile
20 station or a relay station as a destination to which the
base station should transmit a packet, on the basis of at
least one of a reception level of a control signal, an
interference level at its own station, and a hop count from
a transmission-originating station to its own station.
25 33. The base station according to Claim 28, further

comprisingattributioninformationholdingmeanswhichholds
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10( Thhhh4iliidE:/ 34, The base station according to Claim 28, further

comprising:
channel group selecting means for selecting a channel

10 group for transmission/reception on the basis of a

transmitting direction of a packet; and

signal transmitting means for transmitting a signal
to be transmitted, on a channel according to the selected
channel group.

15 35. A mobile station constituting a radio
communication system for communication based on a wireless
packet transmission system, with a base station and a relay
station having a relaying function in packet transmission,
the mobile station comprising:

20 transmission power amount calculating means for
calculating a transmission power amount of a packet on the
basis of adesiredsignal levelnotifiedof bya sender station
of the packet; and

determining means for determining whether the packet
25 is transmissible from the sender station, on the basis of

the transmission power amount calculatedby the transmission
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5 interference level at the time of receiving a packet;
desiredsignal level calculatingmeans for calculating
a desired signal level on the basis of the interference level
obtained in the measurement; and
desired signal level notifying means for notifying a
10 sender station of the packet, of the desired signal level
thus calculated.

37. Themobile stationaccordingtoClaim36, wherein
the interference level measured by the interference level
measuringmeans is aninterference level at themobile station

15 of a channel group used in reception of the packet.

38. A mobile station constituting a radio
communication system applying CDMA to a radio multiplexing
scheme of packet transmission, with a base station and a
relay station having a relaying function in packet

20 transmission, the mobile station comprising:
transmission power amount calculating means for
calculating a transmission power amount of a packet on the
basisof adesiredsignal level notifiedofbythebasestation
or the relay station; and
25 determining means for determining whether the packet

is transmissible to the station as a source of the desired
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5 comprising destination deciding means for deciding a base
station or a relay station as a destination to which the
mobile station should transmit a packet, on the basis of
at least one of a reception level of a control signal, an
interference level at-its own station, and a hop count from

10 a transmission-originating station to its own station.

40. ThemobilestationaccordingtoClaim35, further
comprising:

channel group selecting means for selecting a channel
group for transmission/reception on the basis of both or

15 one of a hop count from the base station to its own station
and a transmitting direction of a packet; and

signal transmitting means for transmitting a signal
to be transmitted, on a channel according to the selected
channel group.

20 41. A relay station constituting a radio
communication system for communication based on a wireless
packet transmission system, with a base station and a mobile
station and having a relaying function in packet
transmission, the relay station comprising:

25 interference level measuring means for measuring an

interference level at the time of receiving a packet;

76



10<y3+10% u& () - S)Z10% u& ()-ys' 10% u& () - 9%40% u& ()-#: $10% u& ()-y! 10% u&
()- P9dEbC

10<68$10% u& () - f410% u& () - S210% u& () -f010% u& ()-/10% U& ()-& Fbor-0297-00
10% u& () - 9t wxyzbC 10< 10%& ()-10%& ()- &10%& ()- 10-u 10-u

10- uY=10% u& ()-f810% u& ()-: 1 dEbC

10<3MLO%<& () - S10%& () - & 10%<& () - 910%& ()-y10%& ()-: 10%& ()-V =dEbC

10<! @O0%& ()-10%& () - F10%& () - 10%& () - F&$10%& () - &L0%& () - =qW dEbC

0" 10%4 () Sa0vel [ - SH OS] SkrBL B HAOAENS ToT6R et ng
ool () BIEE U IR (108, 0o TR e opanes Loyt
105/ 310908 (72 ATDRRE D) T3+ T6IRR" () erL0REE () 10908 ()90
109%% () - (adE:/ desired signal level notifying means for notifying a
5 sender station of the packet, of the desired signal level
thus calculated.
42. The relay station according to Claim 41, further
comprising:
determining means.for determining whether a packet is
10 transmissible from the sender station, on the basis of at
leastonecf the interference level, thedesiredsignal level,
a reception level of a control signal, and a hop count from
the base station to its own station,
wherein the desired signal level notifying means
15 notifies the sender station of the desired signal level
according to a result of the determination by the determining
means.
43. The relay station according to Claim 41, wherein
the interference level measured by the interference level
20 measuringmeans is an interference level at the relay station
of a channel group used in reception of the packet.
44. A relay station constituting a radio
communication system applying CDMA to a radio multiplexing
scheme of packet transmission, with a base station and a
25 mobile station and having a relaying function in packet

transmission, the relay station comprising:
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10

15

20

25

desiredsignal level calculatingmeans for calculating
a desired signal level on the basis of the interference level
obtained in the measurement; and

desired signal level notifying means for notifying a
sender station of the packet, of the desired signal level
thus calculated.

45. The relay station according to Claim 41, further
comprising:

transmission power amount calculating means for
calculating a transmission power amount of a packet on the
basisofadesiredsignal levelnotifiedofbyanotherstation,
at the time of relaying a packet; and

determining means for determining whether the packet
is transmissible to the station as a source of the desired
signal level, on the basis of the transmission power amount
calculated by the transmission power amount calculating
means.

46. The relay station according to Claim 41, further
comprisingdestinationdecidingmeans for decidinga station
as a destinaticn to which the relay station should transmit
a packet, on the basis of at least one of a reception level
of acontrol signal, an interference level at itsown station,

and a hop count from a transmission-originating station to
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comprising:
decoding means for despreading a signal received from
5 the mobile station, the base station, and another relay
station to decode the signal into an information sequence
signal; and
spread signal generating means for spreading the
decoded information seqguence signal to generate a spread

10 signal.

48. TherelaystationaccordingtoClaim47, wherein,
when the relay station comprises at least the transmission
power amount calculating means,

the transmission power calculated by the transmission

15 power amount calculating means is assigned to the spread
signal generated by the spread signal generating means and
the spread signal is transmitted.

49. The relay station according to Claim 41, further
comprising:

20 channel group selecting means for selecting a channel
group for transmission/reception on the basis of a hop count
from a transmission-originating station to its own station;
and

signal transmitting means for transmitting a signal

25 to be transmitted, on a channel according to the selected

channel group.
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themobile station, orarelayingdeviceinstalledinavehicle
or in stationary facilities.

5 51. A packet transmission control method in a radio
communication system comprising a base station, a mobile
station, and a relay station having a relaying function in
multihop packet transmission and configured to perform
communicationbasedonawirelesspacket transmissionsystem,

10 the packet transmission control method comprising:

an interference level measuring stepwhereinareceiver
station in the packet transmission measures an interference
level;

a desired signal level calculating step wherein the

15 receiver station calculates a desired signal level on the
basis of the interference level obtained in the measurement;

a desired signal level notifying step wherein the
recelver station notifies a sender station of the desired
signal level thus calculated;

20 a transmission power amount calculating step wherein
the sender station calculates a transmission power amount
of a packet on the basis of the desired signal level thus
notified of;

a determining step wherein the sender station

25 determines whether the packet is transmissible to the

receiver station, on the basis of the transmission power
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52. A packet transmission control method executed
at the time of transmitting a packet from a mobile station
via a relay station to abase station in a radio communication
system comprising a base station, a mobile station, and a

10 relay station having a relaying function in packet
transmissionandapplying CDMA to a radiomultiplexing scheme
of packet transmission, the packet transmission control
method comprising:

aninterference levelmeasuring stepwhereinareceiver

15 station of a packet measures an interference level at its
own station of the received packet;

a desired signal level calculating step wherein the
receiver station calculates a desired signal level on the
basis of the interference level obtained in the measurement;

20 a desired signal level notifying step wherein the
receiver station notifies a sender station of the packet,
of the desired signal level thus calculated;

a transmission power amount calculating step wherein
the sender station calculates a transmission power amount

25 of a packet on the basis of the desired signal level thus

notified of;
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transmits the packet by a power according to the transmission
power amount for the receiver station, tothereceiver station
determined as a packet-transmissible station.
53. Thepackettransmissioncontrolmethodaccording
10 to Claim 51, further comprising amobile station destination
deciding step wherein the mobile station defined as the
receiver station decides a base station or a relay station
as a destination to which the mobile station should transmit
a packet, on the basis of at least one of a reception level
15 of acontrol signal, an interference level at its own station,
and a hop count from a transmission-originating station to
its own station.
54. Thepackettransmissioncontrolmethodaccording
to Claim 51, further comprising a base station destination
20 deciding stepwherein thebase stationdefinedas the receiver
station decides a mobile station or a relay station as a
destination to which the base station should transmit a
packet, on the basis of at least one of a reception level
of a control signal, an interference level at its own station,

25 and a hop count from a transmission-originating station to

its own station.
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5 the relay station should transmit a packet, on the basis
of at least one of a reception level of a control signal,
an interference level at its own station, and a hop count
from a transmission-originating station to its own station.
56. Thepacket-transmissioncontrolmethodaccording
10 to Claim 51, further comprising:
a decoding step wherein the relay station despreads
a signal received from the mobile station, the base station,
and another relay station to decode the signal into an
information sequence signal; and

15 a spread signal generating step wherein the relay
station spreads the decoded information sequence signal to
generate a spread signal.

57. Thepackettransmissioncontrolmethcdaccording
to Claim 51, further comprising:

20 a channel group selecting step wherein the mobile
station and the relay station select a channel group for
transmission/reception on the basis of both or one of a hop
count from a transmission-originating station to its own
station and a transmitting direction of a packet and wherein

25 the base station selects a channel group for

transmission/reception on the basis of a transmitting
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58. Thepacket transmissioncontrolmethodaccording
to Claim 57, wherein the channel group selecting step is
to divide transmission channels for transmission of signals
into two channel groups, and

10 wherein in a common manner in the base station, the
relay station, and the mobile station, one channel group
is assigned to an uplink signal a source of which is the
mobile station, and the other channel group is assigned to
a downlink signal a source of which is the base station.

15 59. Thepacket transmissioncontrolmethodaccording
to Claim 57, wherein the channel group selecting step is
to divide transmission channels for transmission of signals
into four channel groups,

wherein in a common manner is the base station, the

20 relay station even-numbered from the base station, and the
mobile station a hop count of which from the base station
is an even number, a first channel group is assigned to a
downlink signal a source of which is the base station, and
a second channel group is assigned to an uplink signal a

25 source of which is the mobile station, and

wherein in a common manner in the relay station
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a third channel group is assigned to the downlink signal
and a fourth channel group is assigned to the uplink signal.
5 60. Thepackettransmissioncontrolmethodaccording
to Claim 57, wherein the channel group selecting step is
to divide transmission channels for transmission of signals
into N channel groups (N is an integer not less than 3),
and

10 wherein in each of the base station, the relay station,
and the mobile station, the N channel groups are assigned
so that an identical channel group is assigned to an uplink
signal and a downlink signal transmitted from one station
and so that different channel groups are assigned toanuplink

15 signal and a downlink signal received thereby, respectively.

61. Thepackettransmissioncontrolmethodaccording
to Claim 57, wherein the channel group selecting step is
to divide transmission channels for transmission of signals
into two channel groups,

20 wherein transmission from the base station and from
the relay station and the mobile station even-numbered from
the base station is carried out by a first channel group
and reception therein by a second channel group, and

wherein transmission from the relay station and the

25 mobile station cdd-numbered from the base station is carried

out by the second channel group and reception therein by
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the first channel group.

62. Thepackettransmissioncontrolmethodaccording
to Claim 57, wherein the channel groups are comprised of
channel groups divided by frequency.

63. Thepackettransmissioncontrolmethodaccording
to Claim 57, wherein the channel groups are comprised of

channel groups divided by time.
64. Thepacket transmissioncontrolmethodaccording
to Claim 57, wherein -the channel groups are comprised of

channel groups divided by both frequency and time.
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