;e3e$R, :6pT \'t . 1 5 TIME SLOT ASSI GNI NG METHOD, Sl GNAL TRANSM SSI ON
METHCOD, " BASE STATI ON CONTROL APPARATUS, BASE STATI ON, AND MOBI LE STATI ON
USED I N A MOBI LE COVMUNI CATI ONS SYSTEM BACKGROUND OF THE I NVENTION 1. Field
of the Invention The present invention relates to a tinme slot assigning

met hod and a signal transm ssion nethod uséd~in 10 a nobile comunicati ons
syst'em and nore particularly, to a technique for assigning time slots to
an uplink and a downlink for transmtti ng si gnal s. between a_base station

and a nobil e st ati IHETRECT RASTCNSNG M L PREE tRANGMESEAQR METHDon 15

control appar at us BASH mrrt::bm@ommmmms,t IHRSESISQA@IWF riNgdmeRir@t a
base station based on the above-descri bed time sl ot asm&\?l ng net hod. The

inventgzgh is al so direct@®dIPY SRS & MPPORE LMYNASBTT ST8M, which
trans and receive signals 20 using tinme slots assigned in accordance
Wlth* time slot assigning nethod. 2. Descrl ptlon of Rel ated Art

(Co gonal STechni que 1) 25 | BAGKER® EEDON which is one of

t he I*%-generat i on nobil e comuni cations schenes there are two known
systen’%t hat is, FDD (frequency division duplex) and TDD (tinme division
dupl exE=gyst ens. Wt Fiebd, ofipthenkraedtdonnl i nk are assigned different
frequency 30 channel s. Wt n o ed in a
ti me-dividi ng manner. [ gh%—%}ecs%eeg §%g§%e&co§]ﬁg%ggga&§ rﬁi%"!engéigg
conmuni cat i ons, t&w&tigrhegt metliod; and b BhonzEhswamemésaich meth2d used in

10 a mobile communications system, and more particularly, to

a technique for assigning time slots to an uplink and a
downlink for transmitting signals between a base station
and a mobile station.
The invention is also directed to a base station
15 control apparatus that controls assignment of time slots
carried out at a base station based on the above-described
time slot assigning method.
The invention is also directed to a base station
and a mobile station, which transmit and receive signals
20 using time slots assigned in accordance with the time slot

assigning method.

2. Description of Related Art
(Conventional Technique 1)

25 In wideband-CDMA (W-CDMA), which is one of the
third-generation mobile communications schemes, there are
two known systems, that is, FDD (frequency division
duplex) and TDD (time division duplex) systems. With FDD,
uplink and downlink are assigned different frequency

30 channels. With TDD, transmission signals are multiplexed
in a time-dividing manner.

It is expected, in the coming fast multimedia

communications, that the traffic will increase more and

AL

*159159+

M



nmore on both uplink and downlink, as conpared with conventi onal

audi o-rél ated services. Since TDD can assign tine slots to uplink and
downl i nk channels easily and efficiently, while dealing with asymetric
traffic, the 5 TDD systemis a preferable system answering the needs for
fast comunications in increasing traffic. 14T nobile comuni cations, cells
of respective base stations are arranged so as to cover the service area

wi t hout discontinuity in order to two-dinmensionally spread 10 the service
area. In such a cBPFea?? hRfEh¥RLinkiang douaddaky ya§ F£oFRevert With er f er ence

from adj acent cel kgnv&hGorhll gt AL EStddisehl e C6s RRlt @b Scdd Bstihg
adj acent cell. Base station 10la defines a cell 105a, and base station 101b

defines a cell 10%BmeThiotkke(bo ppdinksand dowplénk eehannelst epsbkerddd from the
adj acent cel | 105folé‘$é{€lg,g%§lésd&@fi L 2802 S And AU PRELBENS fdh%d' cat ed

by the circled figures in FI 1) "Iisted below. 1. Interference at base
station 10la rezcelPRdsystam tilse abpseferaitliconysddh aiswdrdngdihe emedselfbr20 2.

I nterference at b§§§tﬁ%§%ﬁeﬂq{1%%§rﬁ%gﬁii\{,&qe&gg{%%%%@.l e station 103b

| ocated in the adjace erence a station 103a
received fromthe base statiromob@le odmmurdcadjianentcaldlsl of. réspertfiseence at
nobi |l e station 10%335,90 aittvi%%sf Lom gpeanZSe rmtg)i l e ct)a(;tcivoer} 3b Ilpc%t ed_in the
adj acent cell. AnDNQ t%ese, pafafern T |gsdtl§|e dstC s&Efe " T pETAUSE £he®
desired wave fronwiheoumnlisecatatubty iin wedkyr wobi tw-idimenavend Ilgmsplreatiase
station is strong.,In_ additiaqn thf wav%Sfron% he base statipn.s

| B S fatt

unobstruct ed b&%%u% r‘fjﬁzeggﬁsf"a SR SEED p Bt L8 hi gher

pl ace. |f the nobhkeesdaty aaspt@dananthtkdFeranee | fromt @djatese dgllgach
other, interference 4 may also bec serious. In_a WCDVA TDD system the
base stations -3 incl ude%IiGn ?héfg'g&ftr@rﬁ?yﬁﬁﬁ?ﬁ‘?ﬁrfé‘% PREESTI® JEREY so as
not to produce interefadfieataduel sepysalshtaet bAgl e aegnheseh | S11 noghher
words, the operations of the base_stations have to be controlled so that

the signal transnfRSiRASS stRtiAgsl Gt dafénsant @tbhd02P1 The Iide 18Pat i ons.
(Convent i onal 1sTechyi §iusj Dretih@cabpver Aasetkb edok O RIGHaRaht WdIBMAGEHD

Interference is categorized in four patterns (indicated by
the circled figures in FIG. 1) listed below.
1. Interference at base station 10la received from the
base station 101lb of the adjacent cell
20 2. Interference at base station 10la received from the
mobile station 103b located in the adjacent cell
3. Interference at mobile station 103a received from the
base station 101b of the adjacent cell
4., Interference at mobile station 103a received from the
25 mobile station 103b located in the adjacent cell.
Among these, pattern 1 is the most severe
because the desired wave from the mobile station is weak,
while the wave from the base station is strong. In
addition, the wave from the base station is unobstructed
30 because in general base stations are set up at a higher
place. If the mobile stations 103a and 103b are located
close to each other, interference 4 may also become

serious. In a W-CDMA TDD system, the base stations



systemis capable of preventing interference patterns 1 and 4 because all
thé baseé stations in the systemtake the 10 sane transnission timng.
However, this systemis incapable of dynam c tinme-slot assignnment of uplink
and downlink for each cell. For this reason, the conventional TDD system
cannot flexibly cope with changes in up and3own traffic that vary in a
dynafii ¢ manner. To solve this 15 problem H PERLAN (hi gh performance radio
LAN) Type 2, which is one of the radi o LAN standards defi ned by ETSI

(Eur opean Tel ecomtiifleded oi $henaxstRm Isyichranese Had seeh pERffoseras

H PERLAN Type 2 epBkoys grddige( d4B8rE&rddRI4ADEYsSH) QFFeBRIng S4diidne ¢ hat
nonitors nmultiple frequency 20 channels and carries out comuni Cations

usi ng unused chanfelss. W (pthepERPRAS Tyhe 2pegatienemf thegbesr \sterinne! s
are used in adj acepbeCeb!se AALLRNSEWPRHY cho! SidEhencenapidfrgy 1 shown
in FIG 1 can be prevented. At the sane tine, assidgnhnment of t1me sl ots for
the uplink 25 andtdohngs s stheoﬁamejlalmqjyiﬁénth@lbqsef statiems cel | .
(Conventional Tec f a WCDVA TDD system for

dynam cal |y cont rgPFHUSnQQCf &QXQHFG%}M% nk time slots has al so been
proposed. An exanpl e of sucﬂrha mppoaeahmdruhmdscan@&fqawmﬂuWedDmd@Don t he

downl i nk, and asmg upl i nk %}9 n then%éase b1|__t See M k| Sanbe, and
Mori naga, "Study 8 ﬁﬁlljh ik S d?‘ﬁerYS REr bt efr STERFARRT tric
System Usi ng DS- Caha/ I DbEcauShi agaktjhé)kim BSBQD@ns?ES» tHét Bystent dalkleSthe
pr oposal , punf] ured codes ar.e agg JCed to the down nal s, and their erase
bits are arra %edSPﬂet FRRPIHSEION AL IHMG 0 HOBPVEhe WHXs8YBFPR i e assi gned

as uplink slots deﬁealdahsnge ()53 Hbﬁaxupd:ltthlmd—rsabi::f &ssfyrimeng B8BbapRink an]sl
conmuni cati ons Sy te I N transm ssjon timn or
uplink slot and d Wfﬁﬁgpsqo%t gF?f‘é ﬁ argig t F’Ff’é‘?aesr‘?E‘ bﬁbﬁ SP§Torenal
serious interferenpp o¢stdn ARnad AN ySicopal witromhangebi 1e  alndon to a

base station in a cell due to signal 10 transm ssion fromthe adjacent base
station 101b thr ogeﬂntﬁ’éa%ﬁnltpﬁ Ve 1h v 8YDRRES MeedeE ontR g oifalchis

techni que 1 av®i dgreycdh | n;mfagmn%@p%me%&mwmlbhgmwm and
downlink transm ssion timngs at al he base stations. Howeveér, this

system can not ch¥hgehthe Cﬁ”@t 06 blae iash or BAN1stansianste spEinethdyt BESdownl i nk
slot in the COWQEE%#% T"e@ébBﬂMaﬂ%ﬂr thlti@afcfsaflh'-s@lﬁlﬁ’fg' Ui differs

anong cells. It is difficult for the nobile conmunications st em usi ng
conventi onal W CDRECHPERA 0 HSERHAN r Bpsu2c e3P LAy s @Mﬁsédymm?écy

changes 1N trall! GoRBct i) RecAR 140 Athe! RBnTLUA InificiBRE ERGRRIRLS.

sati sfactory chann
20 channels and carries out communications using unused

channels. With HIPERLAN Type 2, different frequency
channels are used in adjacent cells, and consequently,
interference pattern 1 shown in FIG. 1 can be prevented.
At the same time, assignment of time slots for the uplink

25 and downlink is controlled dynamically for each cell.
(Conventional Technique 3)

Improvement of a W—-CDMA TDD system for
dynamically controlling uplink and downlink time slots has
also been proposed. An example of such improvement uses a

30 punctured code on the downlink, and assigns uplink slots
in the erase bits. See Miki, Sanbe, and Morinaga, “Study
of Uplink Slot Assigning Control for Up/down Asymmetric
System Using DS-~CDMA/TDD”, Shingaku Gihou RS2000-259. With



efficiency can not be obtained. HYPERLAN Type 2 described in the
conventional technique 2 can solve the above-described two probl ens by
changi ng the frequenci es of adjacent cells. However, this 25 technique is
not practical because it requires a nunber of frequency channels (and
therefore, a broad frequency band) in order-4o avoid nutual interference in
a nobil e communi cations system defining a two-di nensional service area. 30
The W CDVA TDD system using a punctured code described in the conventiona

t echni que 3 causedPifr BUgPHIAL t BUBEERERE CHBESanER PRIGHFoLat FmadowBode with

a | ow encoding r ars@.ghﬁl@f)piﬂc?(ihtegrt Beaglowilsnk 81 9Ainded in- Pumd\AREs. 1N
addition, this systémonly prevents the interference on the downlink

signal . SUN~1ARY @&FPPHELPMVENTEheNeBaThdridisopae dssignedhesf ipbinkislets of
the invention to pLe¥hdend dd S ; j t method and a signal

transm ssion nethoggghgt @é% gﬁff#@%gﬁ§ﬁ¥%?g§§ée interference from adj acent
stations even $f signal 10 v @nswbidé orernivnicggsiois rysdent ampbeisingr B-not

synchroni zed with h her . et ho a ighquality
and high-efficiengéﬁga%@%'?ﬁ%ﬁ%gﬁgﬁfﬁggn*géW%ggiﬁ%§3%%#§%ig%??éﬂgpsystenlby
varyi ng the resoudowslaskigraddidfehe ampinonkliéfierdrnte kdownbtakions,r esponse
to changes in 15 grgggﬁc {égéf%acgncelg. It 1s the %apa$d.ob%§§% of _the
invention to prOV|8e a base stgfloﬁecdﬁ?Fgloﬁpﬁﬁﬂﬁf §% RaPH 58 §

assi gnment of ti nmmoblibésstarionedooaitbade asthasensimtd arlacdas didGilghal he
above-described tinme slot assigning 20 fechnique. It is th hi rd obj ect of
t he inventiorfF 0 5F89Fﬁ%§§%q§a§g°§t § AIATERE ﬂ%ﬂﬁl§$35989ig?ﬁ?tﬁﬂFoth
transmt and receithe Qb@ikirk.behveshotdlsselrVBsd Usdriv@niti BRas| €dchnaggegned
by the base station cqntrol 3ggar tus. 25 To achieve the first_ object,

first through thi PYCSFdLSHYTLAPSSEr eFeRas GiedYPORITHE ey B, URIdX RBt hi r d

sl ot group is usedoRflénk |tpenBesolonindingdr RESELISItBle BASHPsEeARREdL Ng on
traffic between a base station and a nobile station. 30 To be nore grecise,

a tine slot assigHPHEVHEt HédSf ¥ SEERIHT M@Tachange Jh6t Taséq Befpween the

transm ssion o aupl ghrl sRA! WRENtRe RARMISHAL 508 aiHl theMBBinhen Atibas i N
each frane conprises the steps of assigning a first slot group -6 used

for transnission BRVArRWMISWEREE FheRrafdlpacenditdonodifberhanensi| e
station; assigningeg)$ecONd SLQEFIEPUP A63EEnE Mol 118N BhRTH G OfordN UP
signal fromthe nobile station to the base station is assigned; and
system using conventional W-CDMA TDD to assign resources
in response to asymmetric changes in traffic on the uplink
20 and the downlink, and therefore, satisfactory channel
efficiency can not be obtained.

HYPERLAN Type 2 described in the conventional
technique 2 can solve the above-described two problems by
changing the frequencies of adjacent cells. However, this

25 technique is not practical because it requires a number of
frequency channels (and therefore, a broad frequency band)
in order to avoid mutual interference in a mobile
communications system defining a two-dimensional service
area.

30 The W-CDMA TDD system using a punctured cocde
described in the conventional technique 3 causes

throughput to decrease because a convolutional code with a

low encoding rate is applied to the downlink signal in



5 arranging a third slot group imredi ately after the first slot group, the
thi'rd slot group being used giving a priority to transm ssion of another
down signal. The tine slot assigning nethod further conprises the step of
defining an interference nonitoring slot in 10 the third slot group. The
interference nmonitoring slot is used to nontior interference from ot her
base'stations if there is no other down signal to be transmitted in the
third slot group. The tinme_slot assigning nethod al so conprises 15 the step
of providing a swia®Rreg- siwtadditing, t h¥y syssemgenlip Puevenphf sthase, a tine

slot after the swistGhi-Rgreh drs t}&@ego‘grglitr{]@gg%hglgnot her up signal from

the nobile to the base station in the third slot group. In a preferable
exanple, if there is another 20 down signal to be transmtted fromthe base
station at the end of the first sl i fdown signal is
transmtted using a portion of th 4 bl qI\I%I.GﬁLoﬁb-got her words, if the
radi o resource8 for downlink transmission (that is, the first slot group)
are 25 insufficient, the supse nt third slot group.,i.s assi.gned to the
transni ssion of the renai nrﬂber%ge\?ﬁey b%alfss.sd’lef f?ﬁgf’leoqjsec 0°5t NeF  down
signal to be transmvehetlonntd hprovhideda stiote grlotpasstumnidhitr deshad agidoap i s
used for other purposes,, for exanple njtoring interference or 30
transnmitting up si%ﬁ&?i.tﬁ?ﬁ?ﬁﬁggﬁg%ﬁ%a éﬁtf g@?{i?ﬂ l@&ﬁﬁt%’trﬁ%’f&nges in
upli nk and downl i nkxtetféfénce Admpa@yLtdnt Reatiansnéddred fi Bignamti on from
being cut off_at the .receivi,ng side Conse%uentl ,__hi h-qualit%{n,

real -time appt? catiGRE™MLFEP Bgs of HaSEaSIFotiehe G Pehi ngpdianired

provided if the intiehf 856MceHeaV elthEBAinicRdsi Bah N@lddigRakahe8s thih-
nonitoring slot satisfies a predeterm ned condition, faqr exanpl if the

interference | evel®Bedb¥ednb i igh-BEF bRy &8eter ﬂ}il?'fglfltshllﬁs%oq"%ep mePdle | n

this case, a tinme ghRtinatd€iodd@ysbh Y RArSLAY the UsRdbulrBel r ASiGriedURo
signal s using the remaining portion of the third slot group. 10
Accordingly, the rd§ouPEERK & pheydednidmy dneheFRORFe AohFhANIe® i [ty .

The ratio of isne ($hekscbeimepRnt Be1il rst,

It is the second object of the invention to

provide a base station control apparatus that controls
assignment of time slots carried out at a base station
according to the above-described time slot assigning

20 technique.

It is the third object of the invention to
provide a base station and a mobile station that can
transmit and receive signals between themselves using time
slots assigned by the base station control apparatus.

25 To achieve the first object, first through third
slot groups are assigned for each frame, and the third
slot group is used as a flexible or multi-purpose slot
group depending on traffic between a base station and a
mobile station.

30 To be more precise, a time slot assigning method
for assigning a time slot used for transmission of a
signal between a base station and a mobile station in each

frame comprises the steps of assigning a first slot group



second, and third slot groups are determ ned based on uplink and downl i nk
traffic. This arrangenent allows 15 assignnent of tine slots dynamically in
response to changes in uplink and downlink traffic for each cell. The
paranmeter for determning the ratio is, for exanple, the anount of neasured
traffic, the ratio of downlink traffic to~@plink traffic, or other
paraneters expressed by 20 traffic. In another aspect of the invention, a

signal transm ssion %rhod i'S provi deg to_achi eve Ejhe first object. The
signal transni ssP¥FH ith&gae §i90s ot hg PEpSignadet eihitiengasesirst sl ot

group, a second stHtidH @6PthdmcHid edsthtish 51asighoup 4 NsR}EQ sagto frane,
the third slot group being used for nultiple purposes; transmtting a down

signal from the B 1586 6AL trars@igsber e 5tant UPnsS gy fiued thest sl ot

group; transmit thdig aNQkaes o oM 13iedBabe USLAG B 156RS¢i dhdROr bhan of the
third slot group if 30 there is said other down signal 1o be transnmitted
after the fiPst aFRNGNGUp Bbrdbedetugseup almediafshy tafitey &heupisiynal

fromthe nobile siatigRuLo the HASH g&g{%ﬁi&gnéﬂgsréfgjlwnglegt group.

_g_ Preferably, the signal transm ssion fur conpri Ses the steps
of nonitoring i MerdEtynse tramndsiaernbet eanmtierodewysiigpad .porti on of the

third slot group; determ ghggtmmsti%g: éggiéﬁqegg&?l{:ﬁggef%aﬁtﬂeﬁ icgﬁ%{ﬁées

predet ermi ned condition; generatin ng sSig
i nterference satilsdf isgept hé geEidaingr annedtenfetidnicenmomi Brmdaery sdotl irow t he

nmobi l e stati.an tg trans anot her up, signal_using the third so roup. .
Wth this mithodPs fons, 518¢ ‘%‘ﬁﬁ’u&'thedg%eﬁ%%Pg%a‘PmPot%énﬁr ShePit b i n
the third sl ot grs to mohithmngiritee feassce nEndn ohhér dnsrd sthanons dbwn
signals is termpated.hal fway through the ird slot gr, , .Lnterference
from surroundi ng-bace *§t APi QMG &§° nisi’%l?ae]ltj%sgﬁgkﬁ?nﬁq‘é’%)dalﬁoﬁ? on of the
remai ni ng part ofhidee slbtt §rsub.sl ot group. This arrangenent allows the
interference condition du o_sign waves from o;cg%r1 ase stations to be

t |
taken into account when cgﬂ?rﬁrﬁ ﬁ3°§i Rt B SOTPFPIBT t he

moni tored i nter fefenaepsati stdEsliagpsesei ®dhiinded 160 tihenthibe s | e
station is allowed to 20 transmt up signals to _the hase station. Such up

signal's are ther¥iRPFhotsiBi2t388 1 6 FHE® ARy 8EPhf Thfemvd toR PGt S ter ence,

and signal qual ity dsedmebntfdied tha8bth&F aferabhdi 8 SH@NAbbiIa&ngm ssion
met hod further conprises the steps of determ.ning an order of 25 priority

for the up si gnatP&akdssapiebtedrnufshei grakrd siett HFURase, sai d ot her up

signal is transmtted usiig §ha-drerBbni ngxpRYid, 0Rrofndhe iishibhdrgbpt if said
ot her up si %nal has a |ower priority. Up signals with higher priorities are
transm tted?dsi MPHhELFBRSNER Heotrghenpleer threm sh¢ fRase SEa§ippoa the

interference. ColigeQ@MeRhbYfitdARIBESSLOTD QUi ¥thOF dHNrSIsqBAhS 1S
mai nt ai ned satisfactory. To achieve the 'second object, a baSe station
transmitted using a portion of the third slot group. In
other words, if the radio resources for downlink
transmission (that is, the first slot group) are
25 insufficient, the subsequent third slot group is assigned
to the transmission of the remaining down signals. If
there is no other down signal to be transmitted in the
third slot group, the third slot group is used for other
purposes, for example, monitoring interference or
30 transmitting up signals.
This arrangement can flexibly cope with changes

in uplink and downlink traffic, and prevent the

transmitted information from being cut off at the



-9 control apparatus inserted between a base station and a nobile station
in a nobile conmunications systemis provided. The base station control
apparatus conprises a traffic data collecting unit configured to coll ect
traffic 5 data fromthe base station; and a slot group determ nation unit
that assigns a first slot group used for trFansm ssion of a down signal from
the base station to the nobile station, a second slot group used for
transm ssion of an up signal fromthe nobile station to the base station,
and 10 a third sFetegridgpSided GRASYSRALLY i JHEY WBLLFANSRSIHBA of anot her
down signal frompime Rasenst #td Prdadehe mobile station for each frane,
based on the traffic data. To achieve the third object, a base station in a
mobi | e communi cati ons sysPegaferaiovithedswitehingselotais drrovsdednpfi ses an

| nterface that receinas 285banrent,af nbhiBoALPLS tAL SREN{LARE rom an
external control apparatus. Such frane Imcl Udes a Trrst sl ot group, a
second sl ot @&roupenidiediagt hlot sHtdtsfgeoup piedertermédedycaritd téeher fad

control apparatu base it i\S ontroller
connected to theé}faﬁ%-gel%f’agg.thgf%gldé%%tfr%(%?ﬁ%ergOi(%éeggfﬁxgg%a%e%;rt g?#‘%ﬁ o]
transmt a down mpregedierméned mMibhidshodtal ewel usimghiibecdse sta slioe giatup,
causes the base t t . Lhtion_of t third slot grou 0
transmt anot hergé%m%%gﬁgggﬁc%ﬁﬂq%rlgti 5° s%sfeépoohgfara%%t s?ilaﬁ%#sto be
transmtted aft exsire ther sémaiminggpoupitmsoberde whedd shwt cavaps t he base
station to receive an.up,signal fromthe nobile statiopn using the second

sl ot group. “To a%%‘foﬁéngﬂl%'?ﬂﬁ FESOPEEES bt Pée‘gtﬁfﬂo ec%‘?rﬁfr?’%’é}é a radio
frequency processidghy fuekibedify.gured to 30 recei ve a down signal
transmtted froma base station using a first slot group in.a frane and to
transmit an up signal to the IRE® Statiss iﬂsqtr?gbﬁtgg%nﬁ’eslf&trsﬁr oup in the

frame; and a condddddgr af@NEn Gt &doktOgesuisearlch@etdghimed vhdelir gguency
processing unit tao receive another down signal fromthe base_station using

a portion of a tYRYF*SPBE YPHUGN HERELEF and i8n GF BRIV RIAPYS anot her  up

signal to thg basssigindkh®NofiSting &16e8BdMhait 221t 0R Alsdddet Rbrd 5 sl ot
group. BRI RF DESCRI PTI ON OF THE DRAW NGS O her objects, features, and

advant ages of t HaNIEENLRoP WY apecBRENkbte pbartentod rerlt el ol Theni ng 10

detail ed descri pidQmetBenssLat ddimifRhyNedd G tibt Ast e AGeANBRRYi itk
drawi ngs, in which FIG 1 illustrates interference patterns Influenced by
t he adj acent celdmountcofomeatiunst iteaffjci | thesraiiesof Hiowtldndt traffig: of a
nmobi | e communi catd S¢St LM 450, WRILCP+f i&%ﬁ?&{?s ngd,,si gnal
transm ssion are ag%lafileﬁ aiga({:%rl 1'ng tgtgﬁggpr#ﬁ%ﬁg?lg ol t eeiang%nti on; FIG
3 illustrat@d a ftrafifdcstructure having tine slots defined by the tine slot

assi gning nethod of the 20 i fcrhtsjo L @S 1 3L 808 od F ansaLssi on timng
at the base station; FIG Pﬁ il}}/ USEr gtsggégtl)ﬁ r%’l% leﬁ{r’n ng ?r%’ %hgqg%?%om
swi tching sl ot stramsmigsEoiGmedhod Gs Brovidest tat eshidree stheudivse of the

vent i on: Fi g CATTasPrar St eppanrtr orofrefed SR IRAN: She tB5ayi ng
to an enbodi nentobfdetteemimimenta dixrski glo¥ gidupst rasesoriches lsttr gecoup e of the
mobi | e 25 and a third slot group in each radio frame, the third slot
group being used for multiple purposes; transmitting a
down signal from the base station to the mobile station
using the first slot group; transmitting another down
signal using at least a portion of the third slot group if
30 there is said other down signal to be transmitted after
the first slot group has been used; and transmitting an up
signal from the mobile station to the base station using

the second slot group.



30 station according to an enbodi nent of the invention; Fig. 8 illustrates
an operation flow of determ nation of a ratio between slot groups A B and
C carried out by the base station control apparatus shown in -11 FIG 5;
Fig. 9 illustrates a boundary between the uplink region and the downlink
region determined fromthe average of the ufdown traffic ratios obtained
fromthe base 5 stations included in the nobile comunications system
according to the invention;, FIG 10 illustrates an operation flow carried
out by the base station shdheferable ®e sigrelcransnissien agEwdcn

operation flow cagpireed Cipril¥st Be NRRIJSC 08t AbA LILSROMIN S Fd K ance
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The details of the

preferred enbodi néRe8 FhamdasgyeRetAnwUsingo prrtdesc ofbele vihirdr sfetence
to the 15 attaChegrgﬁ?%"‘Oﬂ%mEhgn??wﬁéﬂ kAL esn Al RAANBLEs Of 1 iDL e

communi cati ons sysSte \nich a Tine slot assigning nmethod and a signal
transmi ssi on net hpdedetempipiede gondtviati ,ngndogene eaitiodi meavioéhirge signal

i nvention. This syst | f ; I t] LV $] l.ex, _and
075 horei naf ter “Feb rai g aenge 1H5 iR re s e T AL R
2, the TDD nobi | eivoorder dat iadhosyshemabddpr ss@sian bas erahsiioranoaher ol
apparatus 1-6, and 25. nultipl.e b 1-1, 1-2, 1-3, and 1-4, each

Signal i & ﬁi@# %n% U
defini ng one of the ee¥1% Cred. cudl ) Row?on el | Cl, a nobile station
1-5 is located in cell Cl, wartth atjisacesthdogseéfstiadieons ho2otHe3 duweh 1-4 t hat

define surro ing.cel]s , and, G4, respectjvely, y give interference
30 to the bag:[e‘ksj st gi'?%# 1§°f%eT%§éaB§§Je%etdathoﬁge 1%“%%%58@%% are connect ed
to the base stati gbnebidire} thppasss utn WhlchEaecinoiiddienbasedsdmtsdionald- 1,

1-2, 1-3 and 1-4 carries, out prescribe -12 data co nications with
nmobi | e stations | 68a¥‘:éﬂmir}?tiefis¥‘€i$‘fa%tt I’?Eg%i Fr}i“?lgtl'&frdtmgﬁrj@ts?‘auf’det er m ned

by the base stati antepfdrediceaFRamnaéwsSrolmBli ndghba Ha a3t ahk 0fs GRIHitBred
using at least a portion of the remaining part of the
15 third slot group. This arrangement allows the interference
condition due to signal waves from other base stations to
be taken into account when controlling signal transmission.
Only when the monitored interference satisfies a
predetermined condition, the mobile station is allowed to
20  transmit up signals to the base station. Such up signals
are thereby not subjected to the adverse influence of
interference, and signal quality is maintained high.
Preferably, the signal transmission method
further comprises the steps of determining an order of
25 priority for the up signal and said other up signal. In
this case, said other up signal is transmitted using the
remaining portion of the third slot if said other up
signal has a lower priority. Up signals with higher
priorities are transmitted using the second slot group
30 that suffers less from interference. Consequently,
transmission quality for up signals is maintained
satisfactory.

To achieve the second object, a base station



apparatus 1-6 determnes a ratio of tinme slot groups used 5 in signal
transm ssion for each of the base stations 1-1 through 1-4. The base
station control apparatus 1-6 al so controls establishnment and connection of
radi o |links, and handover of nobile stations. Although in the enbodi nent
the base station control apparatus 106 is provi ded 10 i ndependently, the
invention is not limted to this exanple For exanple, the functions of the
base station control gﬁaratus 1-6, ma BrOVIded at swi tchi ng nodes of

the nobile conmunFEREFOh<LRRANAGHR. 17§ PEHSER & &858nSEXBHYF @16 2a radi o
frame 15 (herei najpbBile Sé#EYdn’ €hes rr%bltl% @%muﬁ?éﬁa:ﬁon%og§é§éd1% of

mul tiple successive tine slots (hereinafter, ly referred to as "slot")
determ ned i n accBragiéedwithe Rasenetation §§§F RPPFERREE ePmRHiges a
invention. FIG 3¢akgp;d!ddest . @,ggé 3 gnal ik apsEl N b f ase
20 stations in accor dalnce wth a sfé ’QEF tnrltegnsmﬁssgiﬁ‘gtlrcle rré%hg%lfﬂ%ﬁt)ﬁer%?lg
invention. To e doke fracithe bﬁaetsmﬁwnl-?l a\d3alsﬂqxs1gmaupsd¢tmmattixmg
and receiving sig ; t fase t ugh

solid arrow i ndi cgﬁgg ?lgagtﬁgal%fgktsr%ﬁgsm ttls%%@ %ﬁaﬁﬁ % Eé‘g ar r%sw P I’l%l cates
si gnal receiving. ofha dewmesigoilt feohade b‘aael gzt ibnl tohtbeghold-14 ar e
synchroni zed vm'th t he v | L.nk ownlink.transm S|on
timngs are not syngﬁ?%lﬁl tz}"e e&%ﬁgsf % %%Eg 5§ @?foo%s%ﬁg rfu%“%q} = e
illustrates a sI oth3£)1c§mac1u<ﬂmmetbé rwolcf:rlaretatlometdom baa¢ | oratli-ch, hmdt he
exanpl e sho n FI,CCTg aJTOf T hase stati.on. cgns' sts af sl ot
group A i ncI u | ng26 2t et & roﬁ] PH@ %se FAVAGY 3 RR G SYp e FIRATSRECY
slots (7th -13 Sfoéndﬁl‘[em,lghwiﬁﬁlgnasﬂ (ffr)om and Isa<d sghalbipn Bed ntHaudiobglS
slots (14th slot through 16th s|o roup A is a_downlink slot group,
t hr ough which a sFB?lBJrC%? Yr &ASth %% ?’Sﬁgﬁh‘é b t§f“5fq?‘8néaital to the

mobil e station 1-5 (see Fl Go &chibvé rtrssl @higaOosE et Pl BabéYstfi@nven 40
transmtting downlink signals. To this end, slot group Cis referred to as

a downl i nk pri ori PYPEIOICYFBRS CaFEonhhaws taeln PrRESE: gRag Pass F&ation

transmtted from tbGpPRsE Hratin@Briade thaltheeBBbid £ sSlsdabhRént tderimkhe base
station 1-1 stops 10 transmtting down signals and starts nonitoring the

interference | eveFLlPEdidth&ast £ 5¥PRIiTHe™s BAt PEFRETEL COREBRY RPRMFALYEE - nobi | e

stations |ocated ggaf £fine Gheilhatdey &iake @M tdupd hhsedoyldink priority
slots. For exanple, if the base station 1-1 finishes transmtting 15

signals within t herewyi gR $hard gHldthp IRCUPheeeymIBRACRY | Bite sdernal
swi tched from theg &ﬁ%lmatpp@g%HEO Fe bra‘?:%eb’é&i@p%ls@ascb L caded by the

dashed arrow in Part A. Theéen e base station 1-1 uses slot group Cto
moni tor the i3fter c@ﬂ*@t@d&ﬁa@@@neomdngd the sonreniand.nghet eentorslleZ0 The

base station 1-1 checks e dhuel aliddieol BLERLRrECaoIRvERRl thea

begl nni ng of each as |n |cate he verti ca arr ows
"Interference Det®elpilmtitativhniaifig miilePérLtESB slaot reunx anpiEess banbase FI G

3, the base stati %g% tgn ter t@sgag orsg g,r;lal f21§hf-:- rﬂ{’ﬁ@ E%QR%P%‘%‘%]% 10t h sl ot,

t he base station ermnates signhal transm ssion at t sl ot, and
t he base stati on nraﬂn?ere:mnarmatthsrsd@nalsugnahsnfs‘mm as saed Tathesd dbwnas

1 ustrated in, Pagl A Qunsgauently,ddie evel of dhed pist fgrgpeg paves

nmoni t ored at Tt ion ecOmes shal I'er th reshol d at
the 11th slot (bebeerseaddrs singnedudesarthel basenstdtriom thersceiveuedi ng base
L L througgnglz%ég%' gat £?g J%at%g%hugiég)the second slot group.
To achieve the third object, a mobile station
comprises a radio frequency processing unit configured to
30 receive a down signal transmitted from a base station
using a first slot group in a frame and to transmit an up
signal to the base station using a second slot group in

the frame; and a controller configured to causes the radio



If the level of the interference waves fromthe -14 base stations 1-2
through'1-4 lowers to or below the threshold during the nonitoring period
2-9, the base station 1-1 switches the available slot fromdownlink to
uplink. The swi tching between downlink and uplink is 5 carried out by
transmitting an up/down switching signal 216-%romthe base station 1-1 to
the hobile station 1-5. The slot used to transmt the up/down switching
signal is called an up/down swi tching s|ot 2-10. Then, the up signal

recei ving period ZTFEIUSRGY tRFCEESFLBE WHE Lp-regeiife anethespdeise signahe

up/ down swi t chi ng rzbnghe Dokl sthei IS hapbPRidhy Dt haBRMEY SR Signal s
to the base station 1-1 using a part of slot group C as well as using sl ot
group B. The base95pHPi ¥h thel framei ard/ ath&oupranymidl anptbartie shobpaleto
station at the hatghe : I d be
noted that no basgﬁgtg?%éon%ﬁ%ﬁgﬁzﬁﬁioﬁnﬁéﬁg%gﬁs%ogfg% gf‘o‘%ﬁegf%ggéc, and
that up signals asédotegedwed in the subsequent slot group H without
conditions. The down signals are transnmtted fromthe base station fromthe
head of each 20 frame. Slot group A slot group B, and slot group C nay be
referred to as t hBRIRFSDESIRIPTHONURE THE: DRAWODNGS sl ot group, and the third

sl ot group, respectively. E 4 jllustrates the swifching timn the 25
up/ down switching slot 2- 1éjtg$5mﬁb?%cﬁ' afte§.%uf?si rﬁ'@i P&Vé‘ﬂ}}%g‘?% O%oghe
detected at the ihheefiet@ncd ldebecomeaidren appatdrg: Saomathé hfoliegiingi ng of

t he up/down switching.slot. 2-10, the hase statjon 1-1 nerates and
transnmits an J\[,J}%D/ d ﬁ/ﬁgjs;?fc%sﬁélg?:b%lw el) rFBStJrfé %iulng%é@ns‘fja% 58e1-5 in
the latter half okctbmsarstivly dfheingsnsm saien of the up/ down switching
signal 3-2 is controlled sq _as not#o overlap the interference

determination timng. Wen e hobltesdadesotnieEfaralice PaE-%i ved t he

up/ down swit chi ngisEUhéhced byStRst&dfdcamsebiing up signals as fromthe
next slot. If it is difficult for the nobile station to start transmtting
up sisgnal s begi nni ng from ttHE - nédxEcRIMAtigadly ol bbiitirategeray Stwctrre

propagation ded ayoknatishinar dWahEniddie MRbEL Sest ald QRich time slot

assignment and signal transmission are applied according

to an embodiment of the invention;
FIG. 3 illustrates a frame structure having time
slots defined by the time slot assigning method of the
20 invention, as well as signal transmission timing at the
base station;
FIG. 4 illustrates control timing in the up/down
switching slot shown in FIG. 3;
FIG. 5 illustrates the structure of the base
25 station control apparatus according to an embodiment of
the invention;
Fig. 6 illustrates the structure of the base
station according to an embodiment of the invention;
Fig. 7 illustrates the structure of the mobile
30 station according to an embodiment of the invention;
Fig. 8 illustrates an operation flow of
determination of a ratio between slot groups A, B and C

carried out by the base station control apparatus shown in



starts transm ssion at the slot after the next slot. In this manner, the
base station nonitors interference fromthe surrounding stations using the
downlink priority slots. Wen interference is not detected 10 (or when the
interference level lowers to or below the threshold) during the nonitoring,
the base station 1-1 allows the nobile statton 1-5 to transnmit up signals
to the base station 1-1. In consequence, even if the signal transm ssion
timngs of the surrounding base stations are 15 not synchronized with each
other, interfereéft® friom the surrounding base stations 1-2, 1-3 and 1-4,
whi ch diversely affects thequpd inkskestdéde, BRinkgryiBdtianlthe bSLimRduUCed
efficiently. Each of slot groups A B, and C are dynam cally controlled
(whi ch means t ha¥egqipa padi helgehigknredinn gegepnined Hrondthe | averadeabl e)
i n accordance wish GhangeaclR LA Radbeehba R gontrol of the
slot ratio between gr ou%g ,OA, B, an& Crvm&ff&abe explained in detg%l bel ow.
FIG 5 illustratstatieassinotuded iof thhendlisle 2zemmbai¢ariagsnsystemppar at us
1-6 that dynam c erm ; o of slots assigned for groups A,
B, and C. The baagéeé%tdgﬁpo%g]c%ﬁ{rlégggggé}rlht us 106 includes n base station
interfaces (BSi |INTF 21 tBiGugld BStukhf&te?)an operathidn cflodat aacoliddcti ng
unit 23, a slot gro term nation unit 30 .24 n ATM swi tcher 25, and a
nobi | e commruni ca‘gftolrﬂl’g ?Tg?\?\g?ie SH &ﬁpn%h%“ahilﬁlrrgﬁ?‘i t f'face 26. The
interfaces BS1 | NTF t hr ougbc B |iNThsarst¢y @i dpdravisresiiondiagriad t he base

stations connected to _,-16 the base,station gon | apparatus 1-6. In the
exanpl e show i no'% éy f?eﬁb%ﬁ%ﬁﬁﬁﬁﬁgﬁp% lPI\#IE:garﬁ' provi ded

corresponding to the base stations 1-1 through 1-4 in order to transmt and
receive signals n these base S ions. Th raffic ta collectin
ini t 23 gener a dEALAER, hSCR AR, BePhdl ' RenkaS, ARnil 0 % o The

Co TATTCTE oo

base stations 1-1 throughThe 4ddetiad 1ishef Celid giededi-ag émbRiinaaes. ofhee
receiving the traffic data fromthe base 10 statjons, the traffic data

col lecting unit T¥SORERI %is N9t PvErSERiRad FRERUESFFHETGSWRP i FRC traffic
ratios and tke simneaecd dexiaidon for each base station based on the
gathered traffic data. The calculation results are_supplied to the sl|ot
group determ nation unit B49- Thelldnstrategyragusxaspie mha MeRiRit 24
updates the ratiQRhwegRisthe dRideRkts! WiH & QuReA1ot R sdgWhg Nk sl ots
(Goup B), and the downlink priority slots (Goup C) for each base station,
based on the infeathed apdsypplaned ftransmias ionameirhodaze @ppléeding unit 23.
The traffic data,20a0hbees g diokhiRdn@ndk the Sholn@f AP rHebesMnat i on
unit 24 constitute a tifme slot assigning nenber. The ATM sw tcher 25
transfers tR8 damrloysai fied sfarrdee bime trhiviistienf deeke:BSENANTF i$hr ough BSn
| T LT om each Gfl/eind R0PINSLe AT B8 LENPirol nbBE) DBt IgPUON L he
nobi | e 25 comuni cat1 ons network swi tching equl pnent I1nterface 26. FIG 6
illustrates the sststgmt.ure of the base station 1-1, which transmts signals

using slot groups A B, apg Lrdeterghaethby 1§ DA HmM A t98nCoPL LA

apparatus 1-6.

comprises a base station control apparatus 1-6, and
25 multiple base stations 1-1, 1-2, 1-3, and 1-4, each
defining one of the cells Cl-C4. Focusing now on cell C1,
a mobile station 1-5 is located in cell Cl, and adjacent
base stations 1-2, 1-3 and 1-4 that define surrounding
cells C2, C3 and C4, respectively, may give interference
30 to the base station 1-1.
The base stations 1-1 through 1-4 are connected
to the base station control apparatus 1-6. Each of the

base stations 1-1, 1-2, 1-3 and 1-4 carries out prescribed



30 The base station 1-1 conprises an antenna 11, an RF processing unit 12,
a denodul ator 13, a nodulator 14, an interference nonitoring unit 15, a TDD
processing unit 16, a signal processing unit 17, a controller 18, and an
-17 interface 19 with the base station control apparatus 1-6. The antenna
11 receives a radio frequency signal from tHe2nobi | e station 1-5, and
transmts a radio frequency signal to the nobile station 1-5. The RF 5
processing unit 12 down-converts the signal received at the antenna 11 and
suppl i es the conv&Rt@d°STgHa CAtS oPAev Hehwfnideop tagionphdorptef debddisng uni t
12 al so up- convertcgmhsttf@@se*ﬂnﬁ%%;ogf St GNAls 184t Qute ARG B 4D gy ecessi ng
unit 16 and nodul ated by the nodulator 14. The nodulator 10 14 and the
denodul at or 13 coEetioRiepntizeli apparatitsil-éd Toe nkase Fhietion exdrdiredce
nonitoring unit 1 nL t i Y} L.om, ﬁg] ce ase
stations, which ar%ggget {é‘g% Zld dg?e;tﬁgﬁ%%g%%g?n?u%t ng{-‘ e ‘%BDG%B
processing uni$ 18nr ejghal esransmingioi fimeachoef tttendaiset stgtiamd dedei vi ng
signals to and fr b | tation 1-5, an upplies_a.slat sw.tching
instruction to thgﬂ]ﬁéﬂg?gigeds'sﬁ‘% %’Eﬁ%? Sl’%ti?ﬁlecg?éﬂcgj] aﬁP%E%E%? ﬁlg 6tsjr?'|lf°‘°17
encodes and decodesnthel®regiardli semgmalandlicenceatiml lofr r28i201 dedser ahdes
whet her or not the _level of_the.interference ves .mani tored by .t he

i nterference noni ?‘Splgﬂ‘éeﬁnﬁ "f%lilg DI O | %%@%H@d%ﬁ%r?ﬁ‘%‘g‘%}”&eﬁ%shol d.
Based on the det erhenbBis®nstaasvht cohtwolc @ppachtes 1B daupesvidwd TDD
processing unjt 16 to contral up:signal receiving tim.ng .25 fromthe nobile
station 1-5. The 5§§§p§?§?ff"§lﬁ’r E%Eer ‘éeir\Fé?nsilén%‘gE lf%ﬁgflhﬁo bEE station

control appar at us ekafipYé a Rdie eixBipLé ACthel FunbiDogs tdTe theCBayekstsitgnal s, the
data signal is supplied to the signal processing unjt 17, while the control

signal is suppliefoPETPhePRRAFATHFI £7° TRY PRoRFIBI4sh athEliFeRkNA godesg 7

illustrates the strUughaforiild Remieiide ionat hebwdri®. The nobile station 1-5
conprises an antenna 31, an RF processing unit 32, a denodul ator 33, a

-18 nodul ator 34, a TDD pr déssnglititradss anseyplprdcassrdy fiicle3s, a

controller 3715a kaxbesnslrd, 3ifbsplke3PedatsPeakairaflr) aibha sHiaHOpAONE
41. The antenna 31 receives a radio frequency signal 5 fromthe basé
station 1-1, and PHARSMHE SUEICAEIYS fHMpUSHOSsilprtinadteRe BHBRLYt ati on
1-1. The RF procesgifgrdtido 33 4QVWe GONNKRLLS1 he & Wabragrsl uadnal the
antenna 31 and supplies the converted signal to the denodul ator 33. The RF
processi ng unit 32i@esdleip-assigeing nefdod efisiiesiiention. FIG. 3 also

illustrates signal transmission timings of the base

20 stations in accordance with a signal transmission method
of the invention.

To be more precise, Part A in FIG. 3 illustrates
transmitting and receiving signals at each of the base
stations 1-1 through 1-4. The solid arrow indicates signal

25 transmitting and the dashed arrow indicates signal
receiving. The frames of the base stations 1-1 through 1-4
are synchronized with each other; however, uplink and
downlink transmission timings are not synchronized among
the base stations. Part B in FIG. 3 illustrates a slot

30 structure of a frame of the base station 1-1.

In the example shown in FIG. 3, a frame of the
base station 1 consists of slot group A including 6 slots

from the beginning, slot group C including 7 slots (7th



10 signal output fromthe TDD processing unit 35 and nodul ated by the
nodul at'or 34. The nodul ator 34 and t he denodul ator 33 convert signals into
a desired format. The TDD processing unit 35 allocates the slots for
transmtting and receiving signals to and fromthe 15 base station and
supplies a slot switching instruction to the3RF processing unit 32. The
signal processing unit 36 encodes and decodes the original signal. The
signal processing unit 36 outputs analog audio signals to the speaker 40,

or takes in the et shyende 16 FIQHd - f Aot TIRE 200WP B obdweling Jrplots
converts it into dige f €eont | e es. t ignal
v Lt dia® tabef erMugtha seonrh el | %%03{ 993%%%?‘5 %sé 1413?&9(1145.}19

priority information set by the user using t esl gnat es
a sl ot group usedlogr guphp nkherorghnvieieh ensignadctorttanseinied ftve dbgr ee

of priority. 25 I tyrat \%%. [ of r a3 i t he
rati o between sl c%a%r gﬁ%ﬁ“ﬁ ]B%aﬁ'g @Qe [ cJ%tei gg%gir%,veld Soﬂgggyﬂ%erigase
station contrbdl dppaslatugrdus C, Theibrbey sitsativen comtti@nsappaisg us 1- 6
determ nes the frcf%rvgel?%ﬂlr:,%l ur g of gghﬁé?/set rp ts)igfd on tl&e.graf i C 0to

i nformation gat h&P&d +1om 1HE Base®star] s 121° i sligh “12° R §1E

eﬂbo?i _rretnt, e?cth_alsaaeds‘témitrm p&*&?ﬁi’éﬁ :u]pdlti: @ko_aﬁ]g UDW{H_eimkgt‘é?Ef in!brtdat a : n a
short interval tine nd_stores e, sa ng i rmation_ i.n the interna
menory (not - 15?19“835)1.:0\}%6 r?ﬂémbﬁgegg)sétrgg‘i Bﬂer PETAOR  ht i@ EéFa

col I ecti on comuamdbilenstdwidn,atthes, deiea ekl seitigh unilt s28pef the base

station control apparatus, 1-6, the, base station supplies the sanpling
i nf or mati on i‘?or SHPATE RNy SoBr §1aRaL ARSh SRETTY "ﬁﬁ?ﬁﬁén?oﬂ?ehe base

station control apparaéiénde Qevibertsmifies sdatausd e aitafgonsi1-23
determnes if a predeterm ned tine, has %assed in step S31)._ Every
predet er mi ned ti MBEPYER 17# S9F) Mobhkie FLEFPasgheA Y dsPretethdlundift 23

generates and trapgrbt sré drydf isendatide n@shk Ofr LITWNA160s t ey base
stations 1-1 through 1-4 via the corresponding interfaces BS1 | NTF t hrough

d
BSS INTF (in stef*ssp}e, ¥ @ﬁebamr%%a,titqﬁlelrgaﬁniesm &repFEetingn command
is not transqitt gqghglg h@i@ﬂ§letﬁga£é@fbdﬂyfe§§c,@ &15365 gdetgem ned tinme has

passed (No in S31)." The traffic data collecting unit 23 calcul ates the
average of the upgraowpieztifdn modat i9sswjdidhedefrem ohe feabamet rads das 1- 1

t hrough 1-4, whi a iped | opdi e t ase
stations 1-1 thr%&Shg%ﬁmTﬁ{gago %?aﬁ]iﬁc&a%te aB o?%ega %%ggu%f%&ggﬂ ¥ E?f ﬁer

cal cul at es a st aRdafbedevilst begeastatinn HelaveeageldtogreuphC ofo meaisanpl ed
upl i nk/ downl i nk i i . af f .ect | unit 23
supplies the cal (r:tg1 a?ﬁ%%&%&???%%%ﬁ@,@t Eg&g\%%ggﬂggggt%e sltégllﬁdard 25
devi ation 6)2@0 the slot dihmupadet staiimat ilod ghecks Zhe Theedl of Treoup
determ nati on uni; erm a_sl rat . 0 A and C (in
step S33) for eaéht%ggéej%s aetrr:wgﬁgsﬁg 1%Eeet é’%&#ﬁ%d&éﬁ%ﬁ%ﬁ%@i %EC?E’ sau%pl ied to
each base stati odndiaatdm kasshei aeedid&8 iantrews ace lntestfepedfe S34). FIG 9

L} Ut et es o bOUMEEY, BRSER UL ot ofh A0 Lhsa ol g gl on
stati ons. FIG. 3, the base station 1-2 terminates signal
25 transmission at the 10™ slot, the base station 1-3
terminates signal transmission at the 8™ slot, and the
base station 1-4 terminates signal transmission at the 7%
slot, as illustrated in Part A. Consequently, the level of
_ the interference waves monitored at the base station 1-1
30 becomes smaller than the threshold at the 11™ slot
(because the signal transmissions from the surrounding
base stations 1-2 through 1-4 terminate by the 10% slot).

If the level of the interference waves from the



-20 The slot determnation unit 24 of the base station control apparatus
1-6 sets the boundary 7-7 between the uplink slots and the downlink slots
at a slot position corresponding to the average of the up/down 5 traffic
rati os gathered fromthe base stations 1-1 through 1-4. In addition, double
of the standard deviation (2 Q fromthe bodAdary is assigned for the
downlink slots 7-5, and the standard deviation (a) fromthe boundary to the
opposite direction is assigned for the uplink slots 7-6. 10 The sum of the
downl i nk sl ots 7-BR¥hPteRdonpl Ik xeugh7le? pksiss tPher e Skepriority

slot group C. As {i9rddie1eHRE M EHLH AN or L JBGbAN2 DPar 1 {NBabEgI NN NG of

the frame is assigned to slot group A and the region near the end of the
frame i s assi gnedstatisinotl—¢r swptehes fhehavaiRikensdet Brem fdowmdink to

const r uct ed "‘“h_@pfig}ﬁggi fgiﬁg %xh?&cﬂj]%tgj Ee*&%éﬁ’?edb_yﬁug%kgéﬁ #AnkBignd C 11

t he downlink region e upli'nk region /-6 exceed the reglons of
sl ot group A &nd sdwtiegr oup By trensevcsénymp rayidons Fwhtciidig7ségmalk 2-
reduced to 1/2, 13, 4 ) cul atj r Lation (Q
fromthe average %ég ?%/én EB?d%?I\%QtI&éT ?é rya?i%égq;g% ﬁ‘hgﬂg%s%as%\ébi (i)ng', t he
degree of change The tdl@tupsddviro ttrainsmd trtite apaowbe sgiagped. sifnéheis

standard devi ation_j mal | i spersion.fromth erage is small, and
therefore, 25 cha%agielseicﬁaflh'épﬁg?vggv?ﬁlttf:gf’wcsriogt ?26&}63 small. If the standard
deviation is |arge, disperShen, fthamucheignel agedivihgr gperoodl 2t-he shange in
the up/down traffic ratio.js large._The range of the d link priority slot
(e 30" a1 d0gr bR Ghei 128y AARP o N FeaBPBPR TR kPO EREPeRe
standard devi ati o§igrd102ag6pUtlie mbbiSedkt&IRTERS akSAsliOWp Shghals
assignnments for each ce in response_to changes inogP/ down traffic ratio

|
of that cell. -& t@?ng’éaﬁeﬁ?ﬁ&o“t Helr UeHRE h&FFE 5t 31T GFeYPcarPDe

greatly inproved.wdfl tReuking s1¥teigrabpl B WRNGaki Bgadidd afli eedaives
collection command is shortened, real-tine slot assignnent can al so be
real i zed refl ectiFRf (e StPRAES EEPM ShEcHARE I ffiatirat #h. the Batehed

illustrates am operld QerbbovVE it [HRuBase SidtH.0ntlshol NAtbeL ABEEESLIH
signal transm ssion using slot groups A through C determ ned by the base

station control appdta@ustareond (Fremdsntiewh | Eyaned s( begord GLog) 9EPup He
base station 1-1 defehTings %:ﬂg th[a POLe 1R & %h@f dygpiegpaliddat is

to be transmtted at a timn group A in the frame-synchroni zed

channel (in step ®up Bf winkewt jeprgigdons siYraldownosbanaksigri tted at a
timng of slot transmitted from the base station from the head of each
20 frame.

Slot group A, slot group B, and slot group C may
be referred to as the first slot group, the second slot
group, and the third slot group, respectively.

FIG. 4 illustrates the switching timing at the

25 up/down switching slot 2-10 shown in FIG. 3. If
interferénce is not detected at the interference
determination timing set at the beginning of the up/down
switching slot 2-10, the base station 1-1 generates and
transmits an up/down switching signal 3-2 to the mobile

30 station 1-5 in the latter half of this slot. The
transmission of the up/down switching signal 3-2 is
controlled so as not to overlap the interference

determination timing. When the mobile station 1-5 has



15 group A (YES in S1), the controller 18 instructs the RF processing unit
12 via'the TDD processing unit 16, to transmt the down signal by the end
of slot group A (S2). If the transm ssion timng of slot group A term nates
(NOin S1), the controller 18 determ nes 20 whether the next slot bel ongs
to slot group C (in step S3). If the next s1lot~ bel ongs to slot group C (YES
in S3), the controller 18 deternines V\/net her or not there is a down signal
to be transmitted in slo tc% ingt I.Lf there is . a down signal to be
transmtted in sl 68°GHY ?FE) & YREP ﬁwlnghél%‘?%e§§ PERTITHs to step S2
and the RF processiafshittink? ubl Qik?ﬁal@ dsherdawens inidl s1b6t. therie iig no
down signal to be transmtted Iin s roup C (NOin $S4), then the

i nterference noni F‘é?fh‘@}l]tﬁﬂlftOr15h§tfa?rt331WﬁﬁﬁléPPnEeP AT E ERR BN AOWAR es
fromthe surroundtigpaseeidhiansela? 40 BE&QUQIb% dhedkol BSALISY BRESy
determnation timng for each slot (1n step S5) e Interference

moni tori ng uni2 19rslamna@§2110hedﬁbw tigy mhg hasdware o theemelihte citiegion8. The
controller -22 1854 ; l.e t r waves i s
equal to or |ess t %ﬁgtnhe pr\eq@g'rtsgf%rriatn{e1 ht hrggéﬁ %%EJ\}:Z%% %lé%gssfle%%e%) | f
the interference |evel exceTefd§hv.hemarmeash¢hé bale i stal8pn mbmitans i s

det er m ned whet hetg t .bel .Sl o . i t.ep S7). |If
it is not at the El%gﬁfgéro ?Lgrglﬁep q%éykg@i%t%})%ggtﬁsejg%t%rm nation
result is suppliedovnlinie pnmentgrelmtfs rrmhiehomht@rﬁmiehcé&s win iC ldetthened
conti nuously nitors .t he int er nce determ ned
that the 10 next é?Btw}beé} 6%“5 o redﬂ,c% ge§e§@ rﬁ“ §?) or %glogoﬁﬁﬁol ler 8
suppl i es an up/ domhrsshdxchl raigurd:ngnﬂ-m rfomittbeifddp fHeobasei sgatln 136 in
order to svmtchth nlcaég e to.t erecelwng node, The TDD
processi ng unit 1% i ?nﬁt % dndl §°i I E8poniR SEM3S: /8
command (in step Sﬁé.béée istagtiep 561t er echsefendy ellvehentechmsdgilat ect ed
at atimng of slot group .C, which nmeans_ that the [nterference |evel is
equal to or |ess Fﬁ%’gsr‘ﬂlf%”ﬂ?r ESHOTYP (&E§hﬁns’$€5?mt PRES cOTRTONSeTe S
instructs thelsTDDnge Phrasningduiith BachOogREL] alrtedfe HPASD W ciiVthehi Ny
signal at the next slot. The up/down sw tching S|gnal is transmtted to the

mobi |l e station 1- SUfF?PrﬁJé‘@ Bgre SFRLIRE Bade STAAGh T4 i s receiving

up signals fromtheyapdui faﬁéht@ntﬂé pliiRkSELs e mbbildistdtidme1-5,
termnates 25 (YES in S1 the process returns to step S1 and the base

station 1-1 carri &% ’&ﬁuct%eﬁlfééé%%tlﬂbr Eprb AExslat gFeursfAt o APEnE is not

finished (NOin SiQ], d;}ﬁﬁlt&%i‘i Sééﬁtf?ﬁl%& QQHiéﬁ%atn% Eﬁ&@'ﬁ’ﬁ:‘e tfaeidp signal
fromthe nobile station 1- 6 his nmanner, the base station 1-1

transmts dow si @ﬁ%ﬁv%eruﬁh@g gr@vp@rpou@ And| € i%eraxigbdehpie afswrdangaal s
to be transm ttedwééﬂeéhaﬁleg%g, %OHPaf"fJ]'cS lﬁvséchtc%ﬁlba% §xh .thx{(rol of

conti nuousl y transmts t own signals 3 using the priority
slot (i.e., slot greuplad) rasdoobetwrpny grevpa Af Rlatead: 6 well densmtted to

the nobile stati op, A1 2 L lg;aag‘ﬁgﬁ ﬁeﬁ% transm ssion of the data can be
n

conpl eted w t hout é{t erruptio through the 5 transm ssion. The base
station 1-1 can distri but e B&al 5t Llrbaﬂq{xptltlesathenst;rmheasfvtlseuéalasenages or

msic, to thezémbycgtfér?tdo?&é%l éﬁé chtss 3_geLeld of x g%%gﬁi’fr tcﬁeez E}{Lge

quallty I f transm SSIon s frnrs roughthe
downl i nk prioritytse atatiio @f, s3bbs aﬁmlg;pe@) for hgrdamse Ast At |c1mi IZ- 1T9E3arts

monitoring the ingerl erence f LOMINE S8ahauRd’ ¥ D3RG uaLketh Bikel sfation
interfaces (BS; INTF 21 through BS, INTF 22), a traffic
data collecting unit 23, a slot group determination unit
30 24, an ATM switcher 25, and a mobile communications
network switching equipment interface 26.
The interfaces BS; INTF through BS, INTF are

provided corresponding to the base stations connected to



through 1-4 using the remaining slots in slot group C. If the interference
I'evel 'l owers to or bel ow the 15 predeterm ned | evel during the period of
slot group C, the base station 1-1 allows the nobile station 1-5 located in
the cell ClL to transmt up signals to the base station 1-1. The nobile
station 1-5 can then transnit up signals wéhout being subjected to
inferference fromthe 20 surroundi ng base stations 1-2 through 1-4, and
therefore, signal deterioratjon due to interference can be greatly reduced.
FIG 11 illustrdtés PaseopeRatarofoPLERt APRIE tHEDE TR siatthenSHamlq f the
current timng ighown GREFi6 MiNIBEP AlTEs Bk o@ERURs ALY A p2étlded he NMODI | €
station 1-5 receives down signals fromthe base station 1-1 (in step S28).
Recei vi ng t he d&AF¥resSyARALNE Giet ithgebasmtstatilpasper} ddinsugdl bt4 gitoup A
termnates (NO id}a8¢1) Lebntthenki PE-Si R Sl p een used
(NOin S21), the 30 .rmBi ﬁ% stmalttl oﬁ 1- c:conti ﬁﬁgﬁg% %i%%?{vgﬁé%%m\&%% gnal s
fromthe basé ststaitdeng-.1 (S28) in slot group C (YES in S22) as long as no
up/ down swit ching signal .regelyved .f-raom S i -1 (NOin
S23). \When receiving the Pﬁ?Z%%Sféoam%{és’w lclﬁ%%agﬁbﬁgf%farg%}’%g% ase
station 1-1 at @nd riragswitslaottrgféip datar'Es lilncB2oh athm328) to tthee nobil e
station 1-5 starts transmtti.n up signal .with order of priority
relatively | ow (b \ﬁﬁq’lecﬁ%ﬁgl?résf elr 3e%gf:8u%% laql" hfs] {Sh%r'?%ﬁrietsf?"ﬁgl%? gnal" ) as
fromthe next sliofttefifacses ewisdrecAititg tihe peafdik afatal dirogr thp bAse

term nates i 21) and if the.subseque sl ot doe t _belong to slot
broup & (NOLPn AT E0he. Hish T8 e &1 PEFR 1200 P bR TG o PO GR LS A8 i Ty up
signal or a non-gwe akekigeosSitgealipl ondOidWha ihasersifild eatiod &IERhE26). In
this manner, the co traller. 37 of _the bile statjon i)—S geter i nes whet her
an up/ down swi tcﬁ%ar?%% gAY 1aTdehERR FRTLIRASE PFOMAIhLA554eCRtHS on 1-1 at

the timng of slgeicheredptfarFirddatasSorhd healconkeodd efesdiitsnateucts 15 the
TDD processing unit 35 to transnmit a non- riorit%tqu%}si nal to the base

station 1-1 at tHWEPLERANEC oSS PIPLGPERKP Eeter™iR £ £fni TF iSdOhot

i ncluded in1sl olgr@i@uBefefthidatibReus PRt IPRIE AL tHStHa#GbSbbBRecDRhe
processing unit 35 to transmt either a priority up signal or non-priority

. p : P
20 up signal toYHdnkageoks atGrenr A nothrdownilifk yplafisgr§rorR Bramdfitt ed

using the |atteryRoublANiff $YiQki8y08b{s (@b ¢f #d@RIFHhSBLGN tim ng
noves to slot group B (YES in S25)7 up signals wth either higher priority

or lower prioritSFa&iens reaesd opeghesizgpguatipn sweplpressdremt te ng is not in
slot group B (NQ2r$25%at2 RANPELAG I UR3ST GRE! tiaFaenkhpYouUS]y
transmtted. Wien a priority up signal or non-priority up signal has been
transmtted2@t tdodilegtdng sttt gioapd B-HsSZdPt proup dRieaminateon funilyi s frane
| s_compl eted (ins30oaLepiadly AHENSIOE LUiERThg Il S chimhaed (YES I
S27), the process ig repeat ed for tﬁe next lfgr%ar'r%. t he Prama has not been
finished (NO ins8itrhea Y iumEnsfess bonpldter pbyaipedivjrabnesofaiitd nuousl y
transnitted 10 4 0988.c 55FPALIANAN LT AGHOE S Olodf QR B(S26). The
order of priority 15 §6t°t0 up signals i n allvance. " Priority information is
inserted in up singhes BIMtdve tehgnabdt prive esxitngodei thidhigbaskd rwbitllee user's
25 communications network switching equipment interface 26.
FIG. 6 illustrates the structure of the base
station 1-1, which transmits signals using slot groups A,
B, and C determined by the base station control apparatus
1-6.
30 The base station 1-1 comprises an antenna 11, an
RF processing unit 12, a demodulator 13, a modulator 14,
an interference monitoring unit 15, a TDD processing unit

16, a signal processing unit 17, a controller 18, and an



5 instruction. For exanple, inportant nmessages are given higher priorities.
The controller 37 determ nes which slot is to be assigned to which signal
depending on the order of priority. Wen transmtting up signals of higher
priorities, slot group B in which the probablllty of 10 suffering from
interference is relatively lowis used. FoRr7ap signals of |ower priorities,
slot group Cis used. This arrangement guarantees the signal quality of

hi gher priority u In the above descri bed exanples, a tine slot 15

signal s.
assi gnment i ncl uag‘s' G hon¥EFBnthe basel 8EatiAn GOREEREEFPRAGEISr bths A, B
and C carried out by the Q%%eaﬁﬁélﬁﬁ@rllCQ@Eé%e@l@%fa@tlklsfﬁécﬁ:en@&agwhéi' ng
down signals fromthe base station 1-1 at the timng of slot gfoup”A (Sl
and S2 in FIG 1@¥°’20tfrﬁay‘°l§>é1?e$*éﬁw floSasanetdansai ts raradiosi on of down

signals. Transm §l.iL rgkgy\@ hY €. bass statign e timng of
sl ot group C (S3~ S@ge ng Ee regr{arreé?t% asett %e segon%;tﬁp‘gnsm ssion of
own- si gnal s.2 A PEPT@SS gnaps ohveyts egreacter edn

d i gnal 5 Jcn‘g B 1lofdatat-e yts rither fsé tercg8yedndt
transmtting an %13 o UR oW s\ Lchi gﬁlgga‘l:h%,%gc)m}&)éegesfé‘raqr ftﬁ thQ as

envi ronment - dependent transm ssion ntrol ransmttin down

swi t chi ng si gnal d¢BJulkeyprbé3r eTleer rRt ptrocassmgammxrtséﬂoanlsﬁ wpnhemp
control signal. e he t n f at,. . B (S3~ S8
and S7~ S8) 30 na@ﬁ;/gb%%{r é"rg'fgé ai\nalt %u lmrme%glgw n% i up gf‘%nal S.
Recei ving up signaits Mhemdt medmmmd euyeruhe rsfaiulsaftloesle pr e etoeln ira e
condition (S~ S be referre e .second, recei vin up
Sonal s\ L7 3 RraRreRRLein 0 SodernaaBiRTE it S PEREF at Tt he
timng of slot gfoupath (S21-528) may be referred to as the first receiving
of down signals. Transmitting.,up signals to the base stafion at the timng
S of ellor Sroup B (033 SoBeuigCBE SRR, BON (PG HBLE 1S MALEAE B8 on o
up signals. Transptéffdr@nep ﬁa@é’@f:"rdmnthésw;rt&%dtobbbé sipddong , swhiehi ng
signal (S23 S24) may_ be refe g to _as prIOI’Jt Eendent si_gnal
transmission. ReBEF IS cttFrQ WPEﬁ??]’d’ be 10

referred to @ rﬁﬁ@d:é’s!élglgauﬁi\/ttmlﬂ'&;u@@ﬁééOhrﬁlr@;n@E sRQ@@lﬂUrng down signal s
fromthe base station at the timng of slot group C before receivin the

up/ down swi t chi n§r3RFHALing2andCeHiy)nges g &8 BB akrahdheerah

recei ving of dowgtsighaliss, ThRASH fﬁﬁmae gpsﬁa@wl%cﬁhaglﬁtlzﬁc@éﬁlw of
slot group C (S23-@®24) may be re

erred to as the second transm ssion of up
signals. As has B’é%rRF(:Ié’éf@FPBéHn@bmﬂéi 1¢i t Bhey sigmalspeecessingnipgtnet hod of

the present inveghlQfhs %nﬁaghgoéédéarﬁe' 859%5./11[\&?'?% grﬂégdt'w? Uornff2HE %%‘ Qféee in

t he enmbodi nent) 20 sections based on th I nk ink tra
condi ti ons. #hongetemingsoupstiier Br and th% o¥evelle ofj tke  infwadrdenead third

sl ot groups) in &:Q@e@%ﬂ‘i‘tﬁ?@& by | e %QHPfeCrér! e mon}@&rirﬁj ruﬁi;igl 95 gl oup)

is used as a nultipurpose slot group. For exanple group Cis used to
25 transmit bot hodowin beilgnakke apredgresingned sthmsdbndingBased loe tbemuni cati on

envi ronnment (e. r e a e Ler i vel hnmay be
used for other pg?%%ﬁs@g{alt%ﬁ L%rr}gl% (‘)—'ﬁE {zgl)’trO?LOlSQS § Q%S'Jéensg téei EB?I exi bl e
correspondi ng t opnqad:ésrﬂd.nandnd’ov&ﬂ itk conafél mﬁ-mlgeaéhreeéil\zin@OtWitht he

si gnal tran%ﬁéss%?&nqgﬁp%ngEetg%%tion 1-5. The base station 1-1 receives
signals from the base station control apparatus 1-6 via
the interface 19. Among the received signals, the data
signal is supplied to the signal processing unit 17, while
the control signal is supplied to the controller 18, from
30 the interface 19.
FIG. 7 illustrates the structure of the mobile
station 1-5. The mobile station 1-5 comprises an antenna

31, an RF processing unit 32, a demodulator 33, a



invention, if there are no nore down signals to be transmtted hal fway
through'slot group C, interference fromsurrounding stations is nonitored
usi ng the remaining -27 portion of slot group C. If interference is not
detected (or if the level of the interference is at or bel ow the

t hreshol d), an up/down switching signal (or-lfir up-signal pernission signal)
is transmtted to the nobile station in 5 order to allow the nobile station
to transmt up signals using the renai ning portion of slot group C. By

using sl ot group ECAYLaRRFtIP & PRPpPLEREeSHPInHrAE I héLlebaHi ti ons of the

communi cati on envigrgREEsing idHi®r BEl epct it yMmadi grend keobbsrdufs 1 Q
different transm ssion timngs anong 10 these cells can”be substantially
reduced. The base KeRLapn3tormt speakppat®ht @nddet BieFordwnehéls| ot ratio of at

| east two different sl ot gr,f%o%nt&@ﬁﬁgaj)pm e:&I%i@QQV - G if?g%‘aéﬁ?f?gﬁhé

assigning nethod. A base station an e station locat
cell controll el byfrohnethadesmss sttavhon rlarismandahdanscidisve sagialfSregueeagh

ot her using slot gr et ined by .the base station _control apparatus.
Al t hough the pr es%ﬁgglgilvg%tﬁe?bﬁgg eaetnlodlegcrﬁi' b@ae %fﬁé%%%%%’%? gongl%a | es,
it is not |imteddpen28otbvemses ehanpiasal huwicetmay stbdiel butemms Hnend

nodi fi cati ons can _he de wi thout d rt.ing.fromthe, sc of the

i nvention. For exasHBPg?e%I%eoﬁﬁﬁvFﬁf‘%g sﬁ%‘glgFSU }ée é’reglogﬁt'e)@?%d{%'n'rgef rane
in the enbodi ment RFt pwposésdirgy anps IAyalye upedonasettdndhastomesnifsstibam i s
used as a multji-purpose 25 slot. gro that can dynam cal ly_cope with
changes in tr§i¢fi E,lgﬁﬁg %%t%tnﬁrg@ ﬁget rﬁ%nPEBFF'ﬁ g Eﬁ“lﬁnﬁs &'ownl i nk sl ot
are guarant eed. Thi8upatedtbyappel AodhRtdrS 3Raselle Givcandteladatarichenbenef i t

of the earlier filjng. date of Japanesen{),atent 30 appljcation_No.
2001- 216453 fi | ed S§BPFIIFLODAF CORFRE lerftligr@LEor Bht%s I LRRT cHPRAE her eby

incorporated by reference. The 28pVW¥dcdssingl AhMEDRY a3 1bcafed | PR H10ks

assigning nmethod for assigning a tinme slot 5 used for transm ssion of a
si gnal between a B25et%RRAMdiTiaAd2RA nHe W 18828 i Fhplish teadRd f F&a% thehe

met hod conpri $6 Ngha88Ss €4k 1t Ankl 5&tp Bl 95980 HFALHIAL LASMASIEEBNOROf a
down signal fromthe base station to the nobile station, the first slot
group consi sting &PeoRE RFOCEFSABPeuRife essiThe $igralspypsesabng gwiifg 3

second sl ot groupeHsgdes OUnd 'RRBHLS LR o2fi g3Ra UPs RhH1al Theosidhg nobil e
station to the base station, the second sl ot group consisting of one or

nore successive tPRecesoing umid 36 artrartgi Agaacy Muddoskségnglo itheedi atel y
riority to transareaion B Shothers donis: Gaar = 201 Yhetody eriche ;g
to claiml, f20thaiccoppensidigandetomiargsanti avee fdigdned Aomi diieng slot in
the timng of the PRFFehaTor orany “Chat i By Fif bc e asnt tor T HAMEEbEL: ng
used to nonitor 25eknberther erseg bsbmy dihisekephoardtift,i end. designates a
slot group used for uplink communications in accordance
with the degree of priority.
25 FIG. 8 illustrates an operation flow of
determining the ratio between slot groups A, B and C,
which is carried out by the base station control apparatus
1-6. The base station control apparatus 1-6 determines the
frame structure of the system based on the traffic
30 information gathered from the base stations 1-1 through 1-
4. In the embodiment, each base station samples uplink and
downlink traffic data in a short interval time, and stores

the sampling information in the internal memory (not



3. The method according to claim1, further conprising: providing a
switching slot in the third slot 30 group, wherein a tine slot after the
switching slot inthe third slot group is used to transmt another up
signal fromthe nobile station to the base station. -29 4. The net hod
according to claim2, further conprising: ptdvi ding a switching slot in the
third slot group if an interference level nonitored in the 5 interference
nonitoring sl ot sgﬁisfies a predeterm ned, condition. 5. The nethod

according to clai PR Ih&PEPNTRE (R3%8 SFBEIQD ZaCdVePn? SRa%d AgtR1 ot in

the third slot gresplddivpedotarid Fo thanotd¥eicURath Wl 1d0tenyt i drobi | e
station to the base station. 15 6. The nethod according to claim11, further

conprising: deterf? fihd& Paee certioMnECBTFHS aPeRaERS t +ieb 1 ithet Paset group,

the second sl ot gé@&'ﬁorﬁ@@ﬁbbfeé hRired 8B 1 84 OMHE RASE dor? s tldddnknt 1 fi ¢ and
downlink traffic between the base station and the nobile station. 20 7. A

si gnal transmiossi®RNorst Redaf 5esRINElaE MespePsitgnihs besswahatdopasentnadt i on
and a nobile statignif}.,@ HoPile communication system the nethod
conprising: 25 determining a first slot group, a second slot group, and a
third slot group in each r&deotfatfike daha c¢hikattdhgt ugibdsd Beitrymimed f or
mul tiple purposes;t LEL] I fro h tat] to the
nobi |l e station uszl'fngJ %ﬁ%{t%}é‘rpﬂlsﬁ%o%qg{rgoﬁ%g Sterdagglﬁ ﬁ%ﬁg%%alzét %{é(? down
signal using at |mesdeterpéonedopingf (YBE ihi$)s| chegrovaffid dattere is said

other doun sigpal R bEIAN Uedlistel N Wi hoalel SiptRlan,een
base station usi ngplleetienononsdrat tgr ahp. bisd8.stihéons ghdl tthrangh 554 on
method according to ghaim /7, furtfer GOPPLLSINIRs INTF through BS, INTF
(in step S832). In other words, the traffic data collection
command is not transmitted to the base station unless a
15 predetermined time has passed (No in S31). The traffic
data collecting unit 23 calculates the average of the
up/down traffic ratios gathered from the base stations 1-1
through 1-4, which are contained in the responding
messages from the base stations 1-1 through 1-4. The
20 traffic data collecting unit 23 further calculates a
standard deviation o from the average for each of the
sampled uplink/downlink ratios in step S32.
The traffic data collecting unit 23 supplies the
calculation results (that is, the average and the standard
25 deviation ¢) to the slot group determination group 24.
The slot group determination unit 24 determines a slot
ratio between groups A, B and C (in step S33) for each
base station. The determined slot ratio is supplied to
each base station via the associated BS interface (in step
30 S34).
FIG. 9 illustrates a boundary between the uplink
region and the downlink region determined by the average

of the up/down traffic ratios of the base stations.



nonitoring interference fromother base stations using a portion of the
third slot group; determ ning whether the interference satisfies a 10
predeterm ned condition; and generating a switching signal if the
interference satisfies the predeterm ned condition in order to allow the
nmobil e station to transmit another up sign&0-using the third slot group. 15
9. ‘The signal transmission method according to claim$8, further conprising:

determ ning an order of priority for the up 20 signal and said other up
signal, wherein if said offher SLPt SJefrraminasien BT 28r Pér s basgi d ot her up

signal is {ransiiihechditiondsbliCabildtisl OLe GO B! Bhubderpuibchi ng signal

is generated. 25 10. base station control apparatus provided between a
base station andbatwessl Ithesuplinh skvts apBi the downlinkaslors adyst ebett he

base station con l]v[aqqpr nrd sing; .3 traf i | ecting
unit configured #%Qc% e%tog%gg?ﬁ%m{(?laftg fq?%m%%ea easog glfl%ta‘%p?r??%gnd a slot
group det er ninat toaffid traténsi garleekado fassi gre ddsier stasiats gr-duphusegh f or

transm ssi on of own signal -31 fromthe base station to th bile
station, a secong—gl \(,)fn jﬁdgﬂlglﬁ%e e Pgngrr’ﬁ s%a&q%g g?\‘”c?ptlé’ﬂ“gﬁégo)f romthe
nobi |l e station tfréhecHzadeustiaty oy assdgaed hfom thieotognbink udedsgivi ng a
priority to transm,ssi on of _anot her, do\évg zﬁs)i %nal fromthe base station to

the mobile stati®Rft® SZERIFFARLVIFES &0 B¢ iRogeRY cb? I ed at
the traffic datacppddicet digeotidn il akbighde fmsehet aplomk cdritsol-@ppar at us

according tag ¢claimIO erein,the sl ot 0 eternination unit determ nes
aratio bet \%eoen he #‘1"}\5% .Z:ﬁﬁtd%ﬂ’rgd&k Fﬂ,gjégg'&)ﬁ& e gtk £HatEh "{ hi rd
sl ot group for ebsbodsamBebasesl ik Wieokief f4otaraupot| exd ed ahet he
traffic data collecting unit, 15 12. The base station control apparatus

accordi ng to cl aF A INghEPEFPPE hePhe ZPPLER AR CHF| ReF1pRINhPE EB® cul at es
a ratio of unlinkrimafifd askogalenid okl gidis A r @Myt BBe region near the

end of the frame is assigned to slot group B. In this

15 manner, one frame is constructed with a specific slot
ratio between slot groups A, B and C. If the downlink
region 7-5 and the uplink region 7-6 exceed the regions of
slot group A and slot group B, the exceeding regions 7-5
and 7-6 are reduced to 1/2, 1/3, 1/4 ...

20 By calculating a standard deviation (g} from
the average of the up/down traffic ratios of the base
stations, the degree of change in the up/down traffic
ratio can be grasped. If the standard deviation is small,
dispersion from the average is small, and therefore,

25 change in the up/down traffic ratio is small. If the
standard deviation is large, dispersion from the average
is large and the change in the up/down traffic ratio is
large.

The range of the downlink priority slot (i.e.,

30 slot group C) is dynamically determined taking the current
standard deviation into account. This arrangement also
allows slot assignments for each cell in response to

changes in up/down traffic ratio of that cell.



20 traffic data collected fromthe base station, and the slot group
determ ation unit determnes the ratio between the first slot group, the
second slot group, and the third slot group based on the ratio of uplink
traffic to downlink traffic. 25 13. The base station control apparatus
according to claim10, wherein the base statdlon control apparatus allows
the base station to use the third slot group to nonitor 30 interference

with other base station if there is no other down signal to be transmtted
fromthe base stafPBRed¥RRH + FPpdratin fiesngl efffpieney mapee weativn in

a nobile comuni caﬁbeweéySﬁﬁrﬂlecemiﬂ%aqnfbﬁtgﬁéﬁ%iﬁanéiwﬁqct 0
receive assignment of 5 time slots for each frame Troman éexternal contro
apparatus, said fFafe saklandiieg sompanrd is shogkewgd. Fesécoime stlstt group,

and a third slot 9599@@&@%% ghk&rpeannached +ort & \%ni?atl gﬁéﬁéﬁaﬁ%%ﬁ

configured to cause the base station to transmt a to a
mobi | e st ati ond usbhRgdewre fiaffiicsratiqr oup, to cause the base station to use

a portion of the third sl oty groyp Efﬁ&g§g€§§g2?§2§5%§%§q$gwg%g& Itﬂéf t here

is said other down signal to be fransm TSt sl ot group has
been used, and tobesesetdticorbdsé shat iaarrtieslbut exiggned anangmisisgooal from

the nobile station_using the secon | ot grqup.. 15.. The base station
according to clajm129f C{%@F%B%@,ﬁé}ﬁoﬁgﬁgg gﬁt?mlélr ePgn?:l%e %ﬂ‘ﬁet oring
unit configured tetabhon aroritrbér bpparemsf 1ed. ot her base stations and supply
2, moni toring fpsult to the ontroll e e M5 Ghlet i 0Ot 9! LEL latermi nes
station 1-1 determines whether or not there is a down
signal that is to be transmitted at a timing of slot group
A in the frame-synchronized channel (in step S1). If there
is a down signals to be transmitted at a timing of slot
15 group A (YES in S1), the controller 18 instructs the RF
processing unit 12, via the TDD processing unit 16, to
transmit the down signal by the end of slot group A (S2).
If the transmission timing of slot group A
terminates (NO in S1), the controcller 18 determines
20 whether the next slot belongs to slot group C (in step S3).
If the next slot belongs to slot group C (YES in S3), the
controller 18 determines whether or not there is a down
signal to be transmitted in slot C (in step S4). If there
is a down signal to be transmitted in slot group C (YES in
25 S4), the process returns to step S2 and the RF processing
unit 12 transmits the down signal. If there is no down
signal to be transmitted in slot group C (NO in S4), then
the interference monitoring unit 15 starts monitoring the
interference waves from the surrounding base stations 1-2
30 through 1-4 at interference determination timing for each
slot (in step S5).
The interference monitoring unit 15 supplies the

monitoring result to the controller 18. The controller



25 satisfies a predeterm ned condition, and if the predeterm ned condition
is satisfied, the controller causes the base station to receive another up
signal fromthe nobile station using a renmaining portion of the third sl ot
group. 30 16. The base station according to claim 15, wherein the

controll er causes the base station to trans#®t a sw tching -33 control
signal to the nobile station if the nonitoring result satisfies the
predeterm ned condition. 5 17. A nobile station conprising: a radio
frequency proces$SetGTRARES COFthGHr het bevek aifvéhg Hteristgnar vavarksdist t ed

froma base staligatskBOof {d4Skrshotng" SilhdelofiAlarEAMCLQ dapsi t an

up signal to the base station using a second slot group in 10 the frang;
and a control | er dankitgar8e) ¢ oL fc&hseinherfentingef Levrierrireedectlsi ng unit to

recei ve anot her %%sﬁbﬂga'mé r{ 5}65‘? PRse St 3yl BQtélfth"}%@wBQEﬁépfﬁh%f a
third slot group In the frame and/or to transmt another up signal to 15
t he base st at Pon nesitnglatriesddngisngopetet agrasio Bhéin hitap 70t §f oup.is18. The

nobile station a rdi.n 0. Gl.ai 7 er.ei h 0 r er_,det erm nes
whet her a sw tchi%(réfg gl(‘):ntglrl%lt%llgjﬁrglo%hgjs'g\ge‘%%u?’e%e ?/%d(hlfdr)lqtghgbi hiJ?hae sl ot
group, and if sodetteemipatial |mysudausessugrd irddio thedueeerfepenomessi ng unit

to transmt said _other up signal .to the bhase station using the remaining
porti on of the ¢ ARTdTerSha giBtls 1 5o wheth R EBr o Ront Eof st o
claim 17, furtherimteffershdg: (i stgpab5pr afessi ng detdrndmetli gnaedHs0 set an
30 order of iorit

the controll calr sfs%atl?%o‘?ur% ?t'f’gggéhgg%%g gégligﬁslrrh%gt)sﬁt gﬂ?'r én\gﬂ‘ﬂ eggi d
other up signal usnfgolherr®mippligspa tupticwh bRetdhlingd cinbnd fteahd ot her
up TDD processing unit 16 in order to switch the
communication mode to the receiving mode. The TDD
processing unit 16 starts receiving up signals in response
15 to the command {(in step S8).

If in step S6 there is no interference wave
detected at a timing of slot group C, which means that the
interference level is equal to or less than the threshold
(YES in S6), then the controller 18 instructs the TDD

20 processing unit 16 to generate an up/down switching signal
at the next slot. The up/down switching signal is
transmitted to the mobile station 1-5 (in step S9), and
the base station 1-1 starts receiving up signals from the
mobile station 1-5 (in step S8). If this frame terminates

25 (YES in S10), the process returns to step S1 and the base
station 1-1 carries out the process for the next frame. If
the frame is not finished (NO in S10), the base station 1-
1 continue to receive the up signal from the mobile
station 1-5.

30 In this manner, the base station 1-1 transmits
down signals using slot group A. If there are more down

signals to be transmitted after slot group A is over, the

base station 1-1 continuously transmits the down signals



-34 signal has a lower priority.
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The mobile station l 5 can then ransmlt up 51gnals

without being subjected to interference from the
20 surrounding base stations 1-2 through 1-4, and therefore,
signal deterioration due to interference can be greatly
reduced.
FIG. 11 illustrates an operation flow of the
mobile station 1-5. If the current timing is at the timing
25 of slot group A (YES in S21), the mobile station 1-5
receives down signals from the base station 1-1 (in step
S28) . Receiving the down signals continues until the
period of slot group A terminates (NO in S21). After the
time slots in slot group A have been used (NO in S21), the
30 mobile station 1-5 continuously receives down signals from
the base station 1-1 (S828) in slot group C (YES in S22) as
long as no up/down switching signal has been received from

the base station 1-1 (NO in S23). When receiving the
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in S21) and if the subsequent slot does not belong to slot
group C (NO in S22), the mobile station 1-5 transmits
either a priority up signal or a non-priority up signal to
10 the base station (in step S26).

In this manner, the controller 37 of the mobile
station 1-5 determines whether an up/down switching signal
has been received from the base station 1-1 at the timing
of slot group C, and if so, the controller 37 instructs

15 the TDD processing unit 35 to transmit a non-priority up
signal to the base station 1-1 at the timing of slot group
C. If the current timing is not included in slot group A
or C, the controller 37 instructs the TDD processing unit
35 to transmit either a priority up signal or non-priority
20 up signal to the base station.

A non-priority up signal is transmitted using
the latter portion of slot group C (S24). If transmission
timing moves to slot group B (YES in S$S25), up signals with
either higher priority or lower priority are transmitted

25 (S26) . If the present timing is not in slot group B (NO in
S25), a non-priority up signal is continuously transmitted.

When a priority up signal or non-priority up
signal has been transmitted at timing of slot group B
(826), it is determined if this frame is completed (in

30 step S27). When the current frame is finished (YES in S27),
the process is repeated for the next frame. If the frame
has not been finished (NO in S27), a priority or non-

priority up signal is continuously transmitted to the base



1000 1000 1000!ys 10%0& ()-,!'as 10%0& ()-,!kSs 10%0& ()-,!s 10%"' & ()-,;
HHSSS[ WG [OM 'p, 10OWVWWE& ()-!y, 10%7& ()-L10% & ()-!'% 10% /& ()- !
10%7& ()- 10% & ()-988& "' {\=M ! "10% & ()-S 10% & ()-! 10%:& ()-!
10% /| & (?- 10% | & ()_. T 10% & ()-: (()Q)_)g%LZXQ./ lp/ 810‘%1&' O-'~@
10%/ e/ & ()-g!' k2 109%<XX& ()-9g 010% & ()-!'t*=«A0%/[/& ()-f!y*-
10% & ()-f)))) 7*e**+ H 10/ 81! 109k ()-f L10%&' ()-!l 10%& ()-
1096 () - 10% () 30 s8R/ 22 tininly of $100 grovp & tdag) ) @ TOMAME (-
The order of priority is set to up signals in
advance. Priority information is inserted in up signals by
the signal processing unit 36 based on the user’s
5 instruction. For example, important messages are given
higher priorities. The controller 37 determines which slot
is to be assigned to which signal depending on the order
of priority. When transmitting up signals of higher
priorities, slot group B in which the probability of
10 suffering from interference is relatively low is used. For
up signals of lower priorities, slot group C is used. This
arrangement guarantees the signal quality of higher
priority up signals.
In the above described examples, a time slot
15 assignment includes determination of a slot ratio between
slot groups A, B and C carried out by the base station
control apparatus 1-6.
Transmitting down signals from the base station
1-1 at the timing of slot group A (S1 and S2 in FIG. 10)
20 may be referred to as the first transmission of down-
signals. Transmitting down signals from the base station
at the timing of slot group C (S3—>S4—>S2) may be referred
to as the second transmission of down-signals. A series of
steps of detecting interference (S5) and transmitting an
25 up/down switching signal (S9) may be referred to as
environment-dependent transmission control. Transmitting
an up/down switcﬁing signal (S9) may be referred to as
transmission of switching control signal. Receiving up
signals at the timing of slot group B (S3->S8 and S7-2S8)
30 may be referred to as the first receiving of up signals.
Receiving up signals when the interference satisfies a
predetermined condition (S6—2>S89->S8) may be referred to as

the second receiving of up signals.



109 () - S109%& ()-! p@109DD& ()-S 109%& ()-{--..//]0wWX9H 10/ ,5:10% ()-g,)
109 ()-g'p,) 1090D& ()-g'~,) 109RR& ()-g'N &

109& ()-S!, #109%& () - -] Ot OUOVOWO{ OP11&2~\: 10/!f 109& ()-y'L 109@@& ()-z!JL
10966& () -zl 109& ()- 10 10 10 , 8@O0% () - &2d334*5556WU3~\: 10!t

& 10%41& ()-! & 10%BMNB& ()-!t & 10% ;& () —126-&! 10%& ()-!f 10%& ()-y!

1090) M & () -y5667C7D7ETF7J7}oP; 10't & 10941& Y10% & ()- 10A A 10A A 10A

A 1l16GLOYA A & ()-SI't0109%& ()-g!f010% ;& ()-9J7*8K99:}; <wU3P:
10! X! 10%& () - Z1! k! 10% As to the mobile station 1-5, receiving down

' % " & 0
()2l o 10%%@1%@ e (L 17 KL QYBE (Yl B Q% -5%26) - Ak B>>>>>} 0

erred to as the first receiving of down signals.
Transmitting up signals to the base station at the timing
5 of slot group B (S22-2S26) may be referred to as the first
transmission of up signals. Transmitting up signals in
response to the up/down switching signal (S23-2S24) may be
referred to as priority-dependent signal transmission.
Receiving the up/down switching signal (S23) may be

10 referred to as receiving a switching control signal.
Receiving down signals from the base station at the timing
of slot group C before receiving the up/down switching
signal (S23-»S28) may be referred to as the second
receiving of down signals. Transmitting up signals using a

15 portion of slot group C (S23-2S24) may be referred to as
the second transmission of up signals.

As has been described above, with a time slot
assigning method of the present invention, a radio frame
is divided into two or more (three in the embodiment)

20 sections based on the uplink and downlink traffic
conditions. Among slot groups A, B, and C (or the first,
second, and third slot groups) in the embodiment, slot
group C (i.e., the third slot group) is used as a multi-
purpose slot group. For example, slot group C is used to

25 transmit both down signals and up signals depending on the
communication environment (e.g., the interference state),
or alternatively, it may be used for other purposes.
Assignment of slot groups A, B and C is flexible
corresponding to uplink and downlink traffic for each cell.

30 With the signal transmission method of the
invention, if there are no more down signals to be
transmitted halfway through slot group C, interference

from surrounding stations is monitored using the remaining
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using the remaining portion of slot group C. By using slot

group C for multiple purposes depending on the conditions

of the communication environment, interference from

adjacent cells due to different transmission timings among
10 these cells can be substantially reduced.

The base station control apparatus determines
the slot ratio of at least two different slot groups based
on the above-described time slot assigning method.

A base station and a mobile station located in

15 the cell controlled by the base station transmit and
receive signals to each other using slot groups determined
by the base station control apparatus.

Although the present invention has been
described using specific examples, it is not limited to

20 those examples, but many substitutions and modifications
can be made without departing from the scope of the
invention. For example, although three slot groups are
provided in a frame in the embodiment, two slot groups may
be used as long as one of them is used as a multi-purpose

25 slot group that can dynamically cope with changes in
traffic, and as long as both an uplink slot and a downlink
slot are guaranteed.

This patent application is based on and claims
the benefit of the earlier filing date of Japanese patent

30 application No. 2001-216453 filed July 17, 2001, the
entire contents of which are hereby incorporated by

reference.
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and a mobile station in each frame, the method comprising;
assigning a first slot group used for
transmission of a down signal from the base station to the
mobile station, the first slot group consisting of one or
10 more successive time slots;
assigning a second slot group used for
transmission of an up signal from the mobile station to
the base station, the second slot group consisting of one
or more successive time slots; and
15 arranging a third slot group immediately after
the first slot group, the third slot group being used

giving a priority to transmission of another down signal.

20 2. The method according to claim 1, further comprising:
defining an interference monitoring slot in the
third slot group if there is no other down signal to be
transmitted in the timing of the third slot group, the
interference monitoring slot being used to monitor

25 interference from other base stations.

3. The method according to claim 1, further comprising:
providing a switching slot in the third slot
30 group, wherein a time slot after the switching slot in the
third slot group is used to transmit another up signal

from the mobile station to the base station.
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4. The method according to claim 2, further comprising:

providing a switching slot in the third slot
group if an interference level monitored in the
5 interference monitoring slot satisfies a predetermined

condition.

5. The method according to claim 4, wherein a time slot
10 after the switching slot in the third slot group is used
to transmit another up signal from the mobile station to

the base station.

15 6. The method according to claim 1, further comprising:
determining a ratio of time slots between the

first slot group, the second slot group, and the third
slot group based on uplink traffic and downlink traffic

between the base station and the mobile station.

20
7. A signal transmission method for transmitting signals
between a base station and a mobile station in a mobile
communication system, the method comprising:

25 determining a first slot group, a second slot
group, and a third slot group in each radio frame, the
third slot group being used for multiple purposes;

transmitting a down signal from the base station
to the mobile station using the first slot group;

30 transmitting another down signal using at least

a portion of the third slot group if there is said other
down signal to be transmitted after the first slot group

has been used; and
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5 8. The signal transmission method according to claim 7,
further comprising:
monitoring interference from other base stations
using a portion of the third slot group;
determining whether the interference satisfies a
10 predetermined condition; and
generating a switching signal if the
interference satisfies the predetermined condition in
order to allow the mobile station to transmit another up
signal using the third slot group.
15

9. The signal transmission method according to claim 8,
further comprising:
determining an order of priority for the up
20 signal and said other up signal, wherein if said other up
signal has a lower priority, said other up signal is
transmitted using the third slot group after the switching

signal is generated.

25
10. A base station control apparatus provided between a
base station and a mobile station in a mobile
communications system, the base station control apparatus
comprising:

30 a traffic data collecting unit configured to collect

traffic data from the base station; and
a slot group determination unit configured to assign

a first slot group used for transmission of a down signal
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traffic data collecting unit.

10 11. The base station control apparatus according to claim
10, wherein the slot group determination unit determines a
ratio between the first slot group, the second slot group,
and the third slot group for each frame based on the
traffic data collected at the traffic data collecting unit.

15

12. The base station control apparatus according to claim
11, wherein the traffic data collecting unit calculates a
ratio of unlink traffic to downlink traffic from the

20 traffic data collected from the base station, and the slot
group determination unit determines the ratio between the
first slot group, the second slot group, and the third
slot group based on the ratio of uplink traffic to
downlink traffic.

25

13. The base station control apparatus according to claim
10, wherein the base station control apparatus allows the
base station to use the third slot group to monitor

30 interference with other base station if there is no other
down signal to be transmitted from the base station in the

third slot group.
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a controller connected to the interface and

configured to cause the base station to transmit a down
10 signal to a mobile station using the first slot group, to
cause the base station to use a portion of the third slot
group to transmit another down signal if there is said
other down signal to be transmitted after the first slot
group has been used, and to cause the base station to
15 receive an up signal from the mobile station using the

second slot group.

15. The base station according to claim 14 further

20 comprising:

an interference monitoring unit configured to

monitor interference from other base stations and supply a
monitoring result to the controller, wherein the
controller determines whether the monitoring result

25 satisfies a predetermined condition, and if the
predetermined condition is satisfied, the controller
causes the base station to receive another up signal from
the mobile station using a remaining portion of the third
slot group.

30

16. The base station according to claim 15, wherein the

controller causes the base station to transmit a switching
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5 17. A mobile station comprising:

a radio frequency processing unit configured to
receive a down signal transmitted from a base station
using a first slot group in a frame and to transmit an up
signal to the base station using a second slot group in

10 the frame; and

a controller configured to cause the radio
frequency processing unit to receive another down signal
from the base station using a portion of a third slot
group in the frame and/or to transmit another up signal to

15 the base station using a remaining portion of the third

slot group.

18. The mobile station according to claim 17, wherein the
20 controller determines whether a switching control signal
has been received in the third slot group, and if so, the
controller causes the radio frequency processing unit to
transmit said other up signal to the base station using
the remaining portion of the third slot group.
25

19. The mobile station according to claim 17, further
comprising:
a signal processing unit configured to set an
30 order of priority for the up signal and said other up
signal, wherein the controller causes the radic frequency
processing unit to transmit said other up signal using the

remaining portion of the third slot if said other up
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