29 DECEMBER 2005 -1 TIME SLOT ASSI GNI NG METHOD, Sl GNAL TRANSM SSI ON METHOD,
BASE STATI ON CONTROL APPARATUS, BASE STATI ON, AND MOBI REDETEMIBERI2UBED | N A
MOBI LE COVMUNI CATI ONS SYSTEM BACKGROUND OF THE I NVENTION 1. Field of the

I nvention The present invention relates to a tinme slot assigning nethod and
a signal transm ssion nethod used in 10 alwobil e comuni cations system and
nore particularly, to a technique for assigning tinme slots to an uplink and
a downlink for transmtting signals between a base station and a nobile
station. The i nvermIiMainSLET aASILGNINSC MEGHOD, &S1AE FRANSMISSION MBAHODI

S ot on based. on_ Phet e thobERPheR andeds g Sauk M i b aechl©
invention is al so direstadoNoUgsEDase AIMUBIOR caviduNroRToNg ststEdn, which

transmt and receive signals 20 using tine slots assigned in accordance
with the tine slot assigning nethod. 2. Description of Related Art

(Conventionals Techni que 1) 25 IgacticebrRpdofoMe @W/ERPMYN Which is one of the

t hird-generati on nobil e conunications schemes, there are two known
systens, that is, FDD (frequency di vi si on duplex) and TDD (tinme division
dupl ex) systens.; Wtk eﬁ%) % gownl i nk are assigned different
frequency 30 channel S tﬁ transm ssion signals are multiplexed in a

time-dividing manner. |t Theerpestred, inventhen comiatgst ast anbine nedita
conmuni cati ons, égg ggﬂya &e%fféc gﬁlg Jig E?aégéﬁg%f%s§gg %ékﬁxgj%se%Ri%OOS -2
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 Techniqﬁe 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



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

audi o-rel ated services. Since TDD can assign tine sl otSPDEGEMBERAKSand
downl i nk channels easily and efficiently, while dealing with asynmetric
traffic, the 5 TDD systemis a preferable system answering the needs for
fast communications in increasing traffic.-4n nobile communi cations, cells
of respective base stations are arranged so as to cover the service area
wi t hout discontinuity in order to two-dinensionally spread 10 the service
area. In such a setd @&t mageapbinkidnd sicv@ceaRarys taonpaeeentyitint er f erence
fromadjacent cells. FIG 1 illustrates interference ah,hgr ns from the

adj acent cel | . BERRAHOGH 1BFLCTET1HEL FoC8t FeiosinSaAdPhadR &1HGon 101b

defines a cell 109k sihescebl up0bak lind HosubifRt &thimRlisntasfeyesee fromthe
adj acent cell 105b. Interference is categorized in four patterns (indicated

by the circled $FhiFently FrE1e)dealsngg WBEhowsyeinicetref Ehee e base
station 101a g ecpyyed Juhmihs phase-shal oacdfLloleding adbasent, cell 20 2

I nterference at base “stati on 10la recei ved from _m)bl | e station 103b
| ocated in the athstanmmalicagionstir ficareeiny wrdfiflie.stati on 103a recei ved

fromthe base station 10 ggig cell 4. . Int erf nobi | e
station 103a recei ved fro#?lt ﬁébigg nobi %g%éttgﬁl%h ?ﬁﬁb% ?’gcg%gﬁg%\l tehe
adj acent cell. RKaongtadidsas pattarrerbeds sbhes nostca@rertbe hecause drea

desired wave fromthe nmohile station.s ak, while t.he wave om t he base
station is strony Wt &4d° Pgh?u{% Wav FFoﬁ?tWéc"ﬁféé“Snéﬁa?? Jr"P’iss,pread
unobstruct ed 0 30tihecaiisdcenageaer il iase astall oasraigemsat , upt ais a hi gher
place. -If the nobile stations 103a and 1Q03b are %ocat d close to each

other, interfer €Ay 81 BEEHRond teEEFFEHSS 179 o 2BRRC T8 Sy stem the

base stations 29 DECEMBERF2@051 illustrates interference patterns from
the adjacent cell. Base station 10la defines a cell 105a,
and base station 101b defines a cell 105b. The cell lOSa
15 1is subjected to interference from the adjacent cell 105b.
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 101b 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 10lb 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



-3 included in the system synchronize with each other so as not to produce
interference adversely affecting adjacent cells. In othBECEMBER2005he
operations of the base stations have to be controlled so that the signal
transmission 5 timngs are the sane anong all the base stations.
(Conventional Technique 2) The above-described conventional W CDVA TDD
systemis capable of preventing interference patterns 1 and 4 because al
the base stations in the systemtake the 10 sane transm ssion timng.
However, this sysheDnded imahgableteh shronitemeit elachssktphanesd af uplink
and downlink for each cel]. For this reason, t he co nti,onal .. TDD system
cannot flexibly B8pe*URIPUENJBECF U NG V86aﬁl¥r%ﬁg%%ElPﬂafd%%ﬁ%Pﬁ n a
dynam ¢ manner. &g189| v tdtherlhopasblem JdePERLAN (d¥ ahepBaEer sne nsadi o
LAN) Type 2, which is one of the radio LAN standards defined by ETSI

(Eur opean Tel ecofdtifi tathorostandbedssq st Ghe) S1omal GEensprdpdsed.
HI PERLAN Type; 2 enpl 0ys A DkRe( 9%:9@%&_{ QqUeREy¥ L&l €Ghi9B)st echni que that

nonitors nultiple Tregquency 20 channels and carries out comruni cations using
unused channel s{CyuiventHldPERL ARcppeue?,2)di f f erent frequency channels are

used in adjacent cells, ang c u e Nt enc a n shown in
FIG 1 can be prevented. © %ﬁéggaﬁég%%%ﬁid ggg?éﬁ%ﬁﬁéioﬁﬁgbﬁé E ots for the
uplink 25 and dosm$tenk is aapabiel b£drhurantiicgl Lptéoferemck petterns 1

(Comvency onal Tochp e, S LTRs VEREL o . GO TORSYS LD Bl
proposed. Anlexasphe tfarsuclssioproueirent Hesesea, thipungtsteadisode on t he
downl i nk, and assi gns .upl i slots in the erase, bits. See ki, Sapbe, and
Mori naga, " Study™otPHpiS ﬁ%k§V8?m%@s?£ﬂﬁ7? OEoAT F BT Bglﬂg;hn&s tric
System Usi ng DS- &MY D' forShhbpaksl 3 Iy RB26808e2Hsh, Whkhconventional
TDD system cannot flexibly cope with changes in up and
down traffic that vary in a dynamic manner. To solve this
15 problem, HIPERLAN (high performance radio LAN) Type 2,
which is one of the radio LAN standards defined by ETSI
(European Telecommunication Standards Institute), has been
proposed. HIPERLAN Type 2 employs a DFS (dynamic frequency
selection) technique that monitors multiple frequency
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



29 DECEMBER 2005 -4 this proposal, punctured codes are applied to the down
signals, and their erase bits are arranged in tine sl ot%SDECEMBER2§05n of the
erase bits are assigned as uplink slots depending on the uplink traffic. 5
In a nobile comunications system enploying W CDVA TDD, if transm ssion
timng for uplink slot and downlink slot d4ffers anong different base
stations, serious interference occurs on an uplink signal froma nobile
station to a base station in a cell due to signal 10 transm ssion from-the
adj acent base st ahienpddidsalhr pugbtutde cdowsl bpk. aghlel sabavetHesdswrbed

conventional technique 1 voi ds such interference by synchronizi t he
Gplink and . downPIARALS arfit SEFoR TIAThaL it SAF| ST TI95E0 4Ns FART GHAOTS -
However, this systgsreath Rt teBanggsd heidakire beswpen theupdipldnkssl ot and
the downlink slot 1n the communications environnment where the traffic

condi tion differSeRARHNI G& £8e wplink diwfifdGit for the nobile
conmmuni cations system usifg ,CARKENL | QRRlunMESPMN d DY 4 QnASRb By I/SGHr CeS i n

response to asymetric changes in traffic on the uplink 20 and” the downli nk,
and therefore, sGPMATERR.oyf thanselssishf itdméngyfeammdinkbelobt anched.

HYPERLAN Type 2 ' [ : V. ' .que ol ve the
above- descri bed g&?ﬁ%‘?ﬁ%&ﬁg B?/?f%ﬁ%nagl%{gotaﬁgf?%gﬁ%e%ﬁ%‘l%essg%?ggndjés’acent cells.
However, this 25séetdus dueers§enetcerastumsalnbarayskink siggalrf&som anunber of

(1 eauency chame) sp RLLANSLA! Sty MM S {Leuisnpr band)e L8 frden 1o
t wo- di nensi drtal seawsmtiess iahe frolOtHeadaCBVA Fdk: sytsttdnuiDhly shypiuytt ur ed
code described kget£§aé¥¥g&€n&£gnalo&éa:égE ggeg égﬂgg%%ional technique 1
avolds such interference by synchronizing the uplink and
downlink transmission timings at all the base stations.
However, this system can not change the ratio between the
15 uplink slot and the downlink slot in the communications
environment where the traffic condition differs among
cells. It is difficult for the mobile communications
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 code
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



t hroughput to decrease because a convolutional code with a | ow encoding
rate is applied to the downlink signal in 29 DECEVMBER 0B EMBERIMMAce. |n
addition, this systemonly prevents the interference on the downlink
signal. SUMMARY OF THE I NVENTION 5 Therefore, it is the first object of the
invention to provide a tine slot assignnentssrethod and a signal

transm ssion nethod that can sufficiently reduce interference from adjacent
stations even if signal 10 transm ssion timngs of base stations are not
synchroni zed w khHveaed. airherddithese uridogsteanoal g ogvanant eke hi gh-
quality and hi gh-.effigi enc%erradi g ciga‘fr:rggil in a iI'DD nmobi |l e conmmuni cati ons-
system by varyi ng"tRETETST &8s Ta8sFgHed Yo S*PR& upl i nk and the downlink in
response to changes in 15 traffic for each cell. It is the second object of
the invention to provide a base station control aﬁ)ar atus that controls
assi gnment of tine slots carriedSEMYARY QF dalEe IWVENTEN according to the
above-described tine slot assigning 20 technique. It is the third object of
the invention to provide a base station and a nobile station that can
transnmt and receive signdlbersdoneenit henddlevésrati oy adtmefsktbes assigned by
t he base station; rat . - Le (N L e first
through third sllg?&g%lgéunpg%g é:%ggé? g%gcd&%o?ﬁggc%g?ir%ﬁ“eefr{tarﬁfc&it?ﬁ% aﬁﬁ d sl ot
group i s used assaghikxitdrsmdssaohtmethaddabetsten syfitigsedependedigreon
traffic between g, base. Stald 99oANdy R IMbide ALl Qky 3G Tooke more preci se,
a tinme slot assigning et hod -~ f or “as%T gning a tinme slot uged for
transm ssi onl®f &ransmission timings of base stations are not synchronized

with each other. These methods can also guarantee high-
quality and high-efficiency radio channels in a TDD mobile
communications system by varying the resources assigned to
the uplink and the downlink in response to changes in

15 traffic for each cell.

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



signal between a base station and a nobile station in each frame conprises
the steps of assigning a first slot group 29 DECEVBER 2200XEMBERYES f or
transm ssion of a down signal fromthe base station to the nobile station;
assigning a second slot group used for transm ssion of an up signal from
the nobile station to the base station iseassigned; and S arranging a third
slot group imedi ately after the first slot group, the third slot group
being used giving a priority to transm ssion of another down signal. The
time slot assi gmised netrhadahent sierorcarfpri desn $imnadt éponf tikefhadeng an

interference rmnl,EacL)trilor}g n ird sl ot roup. The Cllnt er.f erence

sl in 10 th hirc
nmoni toring sl ot RS use(}ot ghﬁnrﬂ? lgLre i afatrlPIérearl]Scsel rom ot ﬁ%?o%asseloﬁ ations if

there i s no ot hegrdlgvmszidgial tearnilssabanbttad dpn stibaalt hisml tHeot group.
The time slot assigning method al so conprises, 15 the step of providing a
switching slot iTPRHE SFAFd°8I B éb':‘r SF5e FRAHIRS Cadesidntime™d ot after the

switching slat éﬁreﬂﬁ%ﬁhg’i 8 ERaA$NloARRLILS iMkeSiaral, heem thr mbiske to
t he base station in the third slo.tréﬁroup. In a preferable exanple, if there
i s another 20 doWPsiFeaP -t Bh®ethitthSatt BHCYR dRiHeUB8SeI St I én at t he

end of the firstys] i GrQuPe, SRk QliRer oo S ANAouhSsi bhansmi tted using a
portion of the third sl'ot group. In other words, if the radio resources for
downl i nk transmission (thdheisime oY pssighrg grolioy Aneter iqempiriisesent ,
romi ning down sTGnaISE PF e herEY B atSEREs i o Rar 1D Dot flinsm 1 ed
in the thidd sltte gidupg, sthe ¢giiurd Fhet igrevferiencesedniterigtherlotpidsposes,
for exanple, monitoring LAY EL! e fNGG2en3Q HAMUPLY BIsUPs SIS 15
there is no other down signal to be transmitted in the
third slot group.
The time slot assigning method also comprises
15 the step of providing a switching slot in the third slot
group. In this case, a time slot after the switching slot
is used to transmit another up signal from the mobile to
the base station in the third slot group.
In a preferable example, if there is another
20 down signal to be transmitted from the base station at the
end of the first slot group, said other down signal is
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



Thi s arrangenent can flexibly cope with changes in uplink and downlink
traffic, and prevent the transmtted information from9PHARYRBER2008f at the
29 DECEMBER 2005 -7 receiving side. Consequently, high-quality real-tine
applications are provided. Preferably, the switching slot is provided if

the interference |l evel nonitored in the interference 5 nonitoring sl ot

sati sfies a predeterm ned condition, for exanple, if the interference |evel
beconmes on or below a predetermned threshold level. In this case, a tine
slot after the sstdichinggssbet d:msa@rénttayt,rﬁr@rrﬁc;uauptyi geal-stimési ng t he
remaining portion of the third slot 10 Accordingly, the resources can
be used effici entPRM1GAHO R @ﬁef?’é?(‘fl‘g{ dty. The ratio of tinme slots between
the first, second, and tbhé@eﬁé@lygr@iép%wii’:@hﬂ? e1tned paseth ifupl i nk
and downl i nk traffic. This arrangenent allows assignment of time slots
dynamical ly in rEspofferfsrerea %ﬁloamtpmdalﬁdt@mnpﬁkfw%qei c for each
cell. The P& amelefcdrOhgdel S Mt I heal hldedsimstl EXAMN fon ! 5, amount
of neasured traffic, theratio of downlink traf to uplink traffic, or

ot her paranet er se@aoml@sseﬁ biye therlszefrle@celhe‘eﬂﬂotbha@pmasp@@tomfbetlt@e’ a

| nvention, a si ?r&[aédeéerrﬁl”ﬁgbséw& Rgvéi‘? POV hgcé?e chi %%deterf' rst

obj ect. The sigmal transm ssion net rlses mning a
first slot groupafiaezsetdn@ndwstmug; (alpt 25 amtl ad mrladsmibtu;graluqmallﬁ each
radio franme, the_thi rdchsél oL . 9r boerltg fd I{‘eort rln]J:Idtl CJgur 0Ses;
transmtting a Yow S|gnaF ?r (488 2t at'ton %chi@statlon

usi ng the fiuost Adairddhalp; tm@nrsarndutnc@g amtﬂserus(édmff‘scgsmtllwsumg at | east
a portion of theiqitgi rfqeillgglgéoup i f

The ratio of time slots between the first,
second, and third slot groups are determined based on
uplink and downlink traffic. This arrangement allows

15 assignment of time slots dynamically in response to
changes in uplink and downlink traffic for each cell. The
parameter for determining the ratio is, for example, the
amount of measured traffic, the ratio of downlink traffic
to uplink traffic, or other parameters expressed by

20 traffic.

In another aspect of the invention, a signal
transmission method is provided to achieve the first
object. The signal transmission method comprises the steps
of determining a first slot group, a second slot group,

25 and a third slot group in each radio frame, the third slot
group béing 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 there is said other down signal to be transmtted after the first slot
group has been used; and transmtting an up signal fr2PRGEMBERINSE station
to the base station using the second slot group. 29 DECEMBER 2005 -8
Preferably, the signal transm ssion nethod further conprises the steps of
monitoring interference fromother base sfgations using a portion of the
third slot group; determning whether the interference satisfies a 5
predeterm ned condition; and generating a switching signal if the

interference satisfies thgr@fgggggy mtml@dsg@ﬂgll tﬁﬁhsmlgsgm%ett_mxal | ow t he
nobile station to transmt another up signal using the third sot group.

Wth this nethodfustherhepaPrisey Hishsteaswat r&@lsqogﬁag %@t%femealﬁ@m tted in
the third slot gfnQupochRc! HAiD9s£e £3SEst ' r;ﬁﬂ ﬂ“éf“ L 39 q%rence

signals is termnated hal fway through the slot oup), _inter
from surroundi nggtvae slt%atemn@lm% wWhetheor elde mmea‘enteasatlasmm on of the

remai i nd part tc{él on BQ&rélor%loctl roggd d: esraacrgﬁg ase}fé{laq? g?o be

|nterference aue to sl gna waves from o
taken into accowrﬁ nkwleemntenfenérhqmgsangﬁaésttrkaansmeslsltemmémlqonme.mohhe

nonitored interference satis t erm ned ition, the
station is all ovied tg 50% ra% t%l?p g%l LG Ph&° g’s‘%nssr?lattl (?Htrf%ﬁch up
signal s are themehygnal ssbpectred t]h(irtlheo‘adyxﬁj’lfi:e i nfl uence of

interference, and signal guality.is tal i gh. Preferably, the signal
transm ssi on net hod furtﬁégh El?YﬂpSr %ﬁs‘eoflsdﬁ?e??ﬁerﬁ r‘%’wéln order of
25 priorityipor dikpauptsi gaatraihitaed Qﬁh@de Whisggeabt droddi s case, said
other up signal is transmtted using the remaining portion of the third

slot if said ot hencdpgdispghhe Fase 47 yhésh p‘f"f%ﬁ“tl?“% ef givii™s SRR LAI gher
is terminated halfway through the third slot group),

interference from surrounding base stations is monitored
using at least a portion of the remaining part of the

15 third slot group. This arrangement allows the interxrference
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



priorities are transmtted using the second slot group 30 that suffers |ess
frominterference. Consequently, transm ssion quality2fRECENIBERZIE]I S | S

mai nt ai ned satisfactory. To achi eve the second object, a base station 29
DECEMBER 2005 -9 control apparatus inserted between a base station and a
nobile station in a nobile communi cati ons-systemis provided. The base
station control apparatus conprises a traffic data collecting unit
configured to collect traffic 5 data fromthe base station; and a slot group
determ nati on wurdtrdolabpassagns amskirtet Séotegt @Upausesitdirort raakSE SSI ON

of a down signaln}frgmthe base, station.to the nphile station, a second slot

group used for t 7 SSREACRFIRR MOR 1P gRAMMYHGRAULRBS nohi 199 diSati on to the

base station, P.ﬂ:ob@.d@dt hirhd 15468 <Ha@UBnUSEEk M1V iaRgadaBlid Udriptikas a
transm ssi on not her down signal fromthe base station to the nobile

station for eachlfarfafﬁfé dphaecer bIFTHiedt PRl Fi confaidretotactn vt hEafhi¢ d

obj ect, a bage SIAll RohNcRe BRI IR AGOBAUN GRL] QIS SYSLEMdet QKL EeSn The
base station 15 conprises an interface fhat receives assi gnment of tinme

slots for each furdife thrénpapiang er #alrstonteolgrgyparaedstor Sy@shigaeon
I ncludes a first,gsly OHOQBOFPgngl Fﬁn(éhélgése %rﬁ'#hbnagg £hd Midid 18! ot group

det erm ned by the éxterna control apparatus base station al so
conprises a 20 corttiohler serwrettdott growe usddetbacerandml sdorr offl en  causes

the base station_taq.trans down, sign to a |Ie station usin the
first slot gr oupl)l,p 5’58&32 Eﬁ%mg%hseembtlggl%ﬁa loonuécébmg)tppor Sleoﬁq’tc?f “Phe ¢ |rd
slot group L0 ta ashdmdt sdootdmwsupdawedsginahg id ptrlielretystcsatlrdarxsmlmesldmvm 25

signal to be tra mtted after the first slot group _has en. used
causes the base S& SF o4 ‘?"érbesll\%laét It % Sef ﬂjﬂ%qﬁoﬁpﬁemg?b

usi ng the secondtst@bngfodpeach frame, based on the traffic data.
To achieve the third object, a base station in a

mobile communications system is provided. The base station

15 comprises an interface that receives assignment of time
slots for each frame from an external control apparatus.
Such frame includes a first slot group, a second slot
group, and a third slot group determined by the external
control apparatus. The base station also comprises a

20 controller connected to the interface. The controller
causes the base station to transmit a down signal to a
mobile station using the first slot group, causes the base
station to use a portion of the third slot group to
transmit another down signal if there is said other down

25 signal to be transmitted after the first slot group has
been used, and causes the base station to receive an up
signal from the mobile station using 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



To achieve the third object, a nobile station conprises a radio frequency
processing unit configured to 30 receive a down signd DECENVHER308Y from a
base station using a first slot group in a frame and to transmt an up
signal to the base station using a second slot group in the frame; and a
controller configured to causes the radi o-29-DECEMBER 2005 -10 frequency
processing unit to receive another down signal fromthe base station using
a portion of a third slot group in the frane and/or to transmt another up
signal to the bsensiraly @Eroussfin@ UrenRithi AgcpDrd i thbrt dewh ighad sl ot
group. BRI RF DESCRI PTI ON,. OF THE DRAW NGS O her objects, features, and
advant ages of t heFOoT AVENPRSH ﬁFﬁl%éﬁr’rﬁgn’Br%"ﬁm &t 3 FBH‘? Yol | owi ng

10 detai |l ed descgidqiig am whenrreasl d4riH/eenjitynetifdniw tahother @&swigRanytsg
drawings, in which FIG 1 illustrates interference patterns influenced by
the adj acent celFhe Hage stathehais i By FPRRLURIRAIRAE WRE SfrtRe hdrdl5 of a
nobi | e commumei cagiongsygtemto which time slot assignment and signal
transm ssion are applled according to an enbodi nent of the invention;, FIG
3 illustrates a frame structure having time slots defined by the tine slot

assi gni ng met hodyof ot @Séglb@y@ﬂt&oq,ﬂagmi@gls signal transm ssion timng
at the base st ; | timng in the up/down
swi tching slot shown in FPGheB;olj€gtsh ifehtistesat ena keveahtagture ahet he base
29 A1) 1, Cont O GBS, AL L0 B0, SRR oIVt o
10 detailed description when read in conjunction with the
accompanying drawings, in which
FIG. 1 illustrates interference patterns
influenced by the adjacent cell;
FIG. 2 schematically illustrates the structure
15 of a mobile communications system to which 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



station according to an enbodi nrent of the invention; Fig. 7 illustrates the
structure of the nobile 30 station according to an en?8MEGEMBER 200he
invention; Fig. 8 illustrates an operation flow of determ nation of a
rati o between slot groups A, B and C carried out by the base station
control apparatus shown in 29 DECEMBER 2065111 FIG 5; Fig. 9 illustrates a
boundary between the uplink region and the downlink region determ ned from
the average of the up/down traffic ratios obtained fromthe base 5 stations
i ncluded in the pD®I [%; communi cati ons system according to the invention;
FIG 10 illustrates an operatign.flow carried_ out by the base stati.on shown
ThOFIG 6 and PG 11 | FiGr drbb L Eer ot BRIt GRFPPRA D BByt he
nobi | e station sheyor Rinkd Ghe7dofFIAK- ERgRESGR RN GF £ 16l HREGEBREDe

EMBODI MENTS The details of the preferred enbodinents of the invention wll
now be descri bedohit1f &V EPERCE b theatsoat R e fagmngRe Basg 2
ilTustrates an exadplshOfind10BBE! £n GRTHHPL LAl MBS YaEETRS O MHepN a tine
slot assigning nmethod and a signal transm ssion nethod are applied
according to an a®UEimentoothehtnyentdenion. This system 20 enpl oys, for
exanple, time division duplkex, ;ang if.d er el r. Jre r s a TDD
nobi | e conmuni cati on sys?t]a:%' Ilg gllgsef?t?ﬁeéﬁlﬁ%?én%&lloé %g%%%gte?on system
conpri ses a baseowst dty direc baseob tatpipar ahosn 1116, FI&hd 625andl ti pl e base
stations 1-1, 1-2, 1-3, a 1- h fLning on f t ells .Cl-C4.
Focusi ng now on cell O, IELgGr’m %Ig S Sattrlggﬁslé% |Hseﬁeac1§g§fleg??‘$l Acaerlsrllgél, and
adj acent 10 out by the mobile station shown in FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The details of the preferred embodiments of the

invention will now be described with reference to the
15 attached drawings.

Fig. 2 illustrates an example of a mobile
communications system to which a time slot assigning
method and a signal transmission method are applied
according to an embodiment of the invention. This system

20 employs, for example, time division duplex, and it is
hereinafter referred to as a TDD mobile communication
system.

In FIG. 2, the TDD mobile communication system
comprises a base station controi 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 gilve 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



base stations 1-2, 1-3 and 1-4 that define surrounding cells C2, C3 and 4,
respectively, may give interference 30 to the base stZDEGEMBHER200he 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
prescri bed 29 DECEMBER 2005 -12 data commum gations with nobile stations

| ocated inits cell at the timng of tinme slot determ ned by the base
station control apparatus 1-6. The base station control apparatus 1-6

determ nes a ratidataf cbriienisdd=ai ogE0MPEh Usstd 12 kRasigmallddaasanissien for
each of the base statlons 1-1 through 1-4. The base station control
apparatus 1-6 al §611caht T iadrgnPf skifishis latddesRAREIS D PYoFNR ABR3F | i nks,

and handover of spRbibe SttdANsppAtifuighd nThhepgabadiymah -therdase

station control apparatus 106 is provided 10 independently, the invention is
not linmted to tRAPBarekenpl® drérreiemdle rathe phnkinorrd off Jraerdastedst ation

cont ol apparat us,ls 6oy berouidsd Al suihchEnoaades (b ihe, obile

communi cati ons networ ustrates an exanp e of aradio frame 15
(hereinafter, S|mpryugbfbﬁked%Eobase"ét&nh@h)coohs@btapn}natusnu+6|4ﬂ$9

successive tinme slo 8 i y ref rred tq " lo )
determined i n acE8rda ance mﬁ?ﬁﬁ ﬁm?%% gﬁico g ngzénfhéa E%n ?uaand
i nvention. FIG Baadiseeridf mbriaéestmgﬁasl. Mahsmlsarorthtel pbgdimdnt he base

20 stat i ‘ d t.h t i SSj t hod th
nventi on. To betRr B BT G T PR R T S LS, sty BEBELEF anam t i ng

and recei vi np si gnakpegderadgh) @het hevdiasen stahboONbidithd Rboughs 1-4. The

solid arrow i ndi cat es S|qpal 25 transmtt and thﬁ as Eed arromzlndlcates
signal receivi n*¥RES f e §*6FPthe él§259PBﬁ PSGgRtAEAR

control apparatus 1-6 may be provided at switching nodes
of the mobile communications network.

FIG. 3 illustrates an example of a radio frame

15 (hereinafter, simply referred to as “frame”) consisting of
multiple successive time slots (hereinafter, simply
referred to as "“slot”) determined in accordance with a
time slot assigning method of the invention. 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
btransmitting 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



are synchroni zed with each other; however, uplink and downlink transm ssion
timngs are not synchroni zed anong the base stations. 2PRECEEMBER 205G, 3
illustrates a slot 30 structure of a frame of the base station 1-1. In the
exanple shown in FIG 3, a frame of the base station 1 consists of slot
group Aincluding 6 slots fromthe beginnipg, slot group Cincluding 7
slots (7th 29 DECEMBER 2005 -13 slot through 13th slot), and slot group B
including 3 slots (14 h slot through 16th slot). Slot group Ais a downlink
sl ot group, throygbtwahedugh Sizghalldts ,t aadsdidd gaolipop iMeludiagesstaston 1-1
to the nobile statign 1-5 (see FIG_ 2). 5 1In_slot group C priority is given
to transmtting (d8wniSiRk SRERHES 16T0 SRS - eftPt Qr&ngBobﬁ € Junldpkrred to

as a downlink prisgpit egr&hp,t HrOUBh Fhidhel &13h81NPs ¥ HisnikcgBal Brd® B
transmtted fromthe base station 1-1 to the™ nobile station, .then, the base

station 1-1 stop¥ase sEAWAT ttiln§odom »iydal startewtlary siseenFit®eridlg t he
nter f i t ati. - 1. 1-4 bi |
interference 4 evel, EiQ@#{b%as%{,;BE?ﬁ%?% Slsatgh%? 15 .ztra%ﬁ\g‘&ggaﬁl (or nobile

stations | ocated near ce are-any) using t ink priority
slots. For exanpbenplifktdigribdse Toathim ehdl 6ot simesup Cansnicefempd 5o

signals within the region .of sl|ot 9{}?@10@: the c ni catign _node is

swi tched from t h&%t fandii lnr}rqt) &°t0 he Tederve m)det, AS TAdi r&%tné%reby t he

dashed arrow i n Baghal#. tdlhentrhhsmbassl ftrati ahe lbdsaisamtibat 1 gt otp thet 0
monitor the int erheience waves Florri n frbom su][’r oundi.ng stations. 20 The
base station 1- 1MBR&ECKsS tHE WMy ECDf tHe PASKt 8FFET¥hce WATEESat t he

begi nni ng ofieachrahehitisg dodhcaigeahy dnde sterts agdniaforang ohe

"Interference Deternination_Timng" in_ Part B. In the exanpl e shown in
FIG 3, the base'Bf&f %?F“f—ezl%gid ﬂ%%sths% §H5F°‘?‘S‘5I ’“r%r%ﬁitéggﬁnl‘ the 10th

slot, the base statb@gh lr-3 (or mobile stations located near cell Cl if

there are any) using the downlink priority slots. For
example, if the base station 1-1 finishes transmitting

15 signals within the region of slot group A, the
communication mode is switched from the transmit mode to
the receive mode, as indicated by the dashed arrow in Part
A. Then, the base station 1-1 uses slot group C to monitor
the interference waves coming from surrounding stations.

20 The base station 1-1 checks the level of the
interference waves at the beginning of each slot, as
indicated by the vertical arrows of “Interference
Determination Timing” in Part B. In the example shown in
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 gth 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



term nates signal transm ssion at the 8th slot, and the base station 1-4
term nates signal transmi ssion at the 7t° slot, as il ?UBECEMBERR#SPart A
Consequently, the level of the interference waves nonitored at the base
station 1-1 30 becones smaller than the threshold at the 11 x' sl ot
(because the signal transm ssions fromthe jsurrounding base stations 1-2
through 1-4 termnate by the 10°t' slot) If the level of the interference
waves fromthe 29 DECEMBER 2005 -14 base stations 1-2 through 1-4 lowers to
or bel ow the thpesdddthtdwhisng-LhehiggH Q-dngopers ath 2r9belbe t@se station

1-1 switches the available sl.ot fromdownlink to  uplink. The sw tching
bet ween downl i nktﬁﬁﬁsﬁ(i ﬁ’k‘rFEQStQ%rW‘?I’e‘d:OG&Pgb@e’f‘r%ﬁ@rﬁgt't thg Baup/ down

swi tchi ng signal s2atiéh flramsihechasecrsd alla@nadid 414 e of0abkSl Stiatdon 1- 5.
The slot used to transmt the up/down switching signal is called an up/down

swi t ching sl ot 2uRbinkthdhe sHatplrg dinfiveracepvnhigipanidodr?ink starts 10
fromthe 12th sl 14y ' £3PROSE L Qs e i ch j . 16, the
nobil e stati t(;Sn 1?%r€ rée?ngm tspuprsisgnlgftsllﬁg{t ggmﬁ%gasrg@g?gfpgﬁgﬁllgrﬁcgi %g a

part of slot group Tas thaebhsasststivmp dHdt tgroup M@biTkesbateorstlati.on 1-1

nor oss. sl ot gr 0Bl & Gy vl Fo oRistiatse bt SRl SHSBIAE Hapos”
transmt down sigahblsd eyopddsiotswirtoipng, sland2tlat up signals are received

in the subsequent slot group B_w thout. conditions. The down, signals are
transnitted fromthe baserrg‘tegt’iBkrl\eflfporﬁﬁgﬁiglhéﬁﬂeb‘fl%agﬁriagﬁ gln]ia.sacﬁrtgts gr oup
A, slot group B, faml t31e0tl 28 guptC DAyrednsefl eor elge tup /A whhewf teising! ot

group, the second, sl at rou and the third s]o roup, respectively. FIG
2 T ustrat oo CH\Sa Chithg Ehf TPkt prgtion 18 Haishies 8P STanals

to the base station 1-1 using a part of slot group C as
well as using slot group B. The base station 1-1 receives
the up signals from the mobile station at the hatched

15 slots across slot groups C and B. It should be noted that
no base stations transmit down signals beyohd slot group C,
and that up signals are received in the subsequent slot
group B without conditions. The down signals are
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
interference 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 nét to overlap the interference

determination timing. When the mobile station 1-5 has



25 up/down switching slot 2-10 shown in FIG 3. If interference is not
detected at the interference determnation timng set2%GRPECEMBERZIANI ng of

t he up/down switching slot 2-10, the base station 1-1 generates and
transmts an up/down switching signal 3-2 to the nobile 30 station 1-5 in
the latter half of this slot. The transm ssisn of the up/down sw tching
signal 3-2 is controlled so as not to overlap the interference

determ nation timng. Wien the nobile station 1-5 has 29 DECEMBER 2005 -15
recei ved t he up/ dewsisd tthlei ng/dowmadwitichisgasignal r diswitertsg up signals as

fromthe next slpt. If.it. is difficult faor the nobile stati 0 start
transmtting up grs?rbsrﬁrélltstlﬁjgg}lﬁn?h%naﬁsor%st 5oﬁe§t€e srfe(%(tt éég%t of)]goln ol del ay 5
or propagation delgfiduld Herhandweste,ld Beamabhl € d@fritoArassmitising up

transm ssion at the slot after the next slot. Ip this manner, the hase
station nonitor sS*93%t &géﬁeén@r%rﬁ”t ﬁé’%ﬁ??‘&uﬁg‘?% USt 4P 6ARCERG rfbeqtaﬁe

downl i nk prigfityrShigagatien 4atsy fef encenhsante detRChedi 10 {ftishen the
interference level lowers to or below the threshold) during the nonitoring,
the base station3%31ts HU2GRBLEHECHTH: [Eesfabtonf 1B e PeRhsH T up signal s

to the base station 1-1. [hn+goRSEAURNCE +heVERsd fsidi8 ol BBAL totd ansmi ssion
timngs of the surroundi ng base stations are 15 not synchronized with each

ot her, interferehetertiananchef ranr thrurrdiragubdsed sttations ¥sing Ithe and 1- 4,
whi ch  di versel y%&%{ﬁgfkgtptrﬁgr&’?%' &l%gsr.OWh%HEiHPQH chiat !LQFTJ-E Yetdciepeduced

efficiently. Eac groups A B, an are dynam cally controlled
(whi ch neans & hatox hdhearatthe 20téetawsnceslevedr beqssrsAtoBoande W sthear i abl e)

L1 eESo Sance, A BUAGe Bl W eash, Soll polunam e gl or e
allows the mobile station 1-5 to transmit up signals to
the base station 1-1. In consequence, even if the signal
transmission timings of the surrounding base stations are

15 not synchronized with each other, interference from the
surrounding base stations 1-2, 1-3 and 1-4, which
diversely affects the uplink from the mobile station 1-5,
is reduced efficiently. Each of slot groups A, B, and C
are dynamically controlled (which means that the ratio

20  between slot groups A, B and C is variable) in accordance
with changes in traffic in each cell. Dynamic control of
the slot ratio between groups A, B, and C will be
explained in detail below.

FIG. 5 illustrates the structure of the base

25 station control apparatus 1-6 that dynamically determines
the ratio of slots assigned for groups A, B, and C. The
base station control apparatus 106 includes‘n base station
interfaces (BS; INTF 21 through BS, INTF 22), a traffic
data collecting unit 23, a slot group determination unit

30 24,van 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



FIG 5 illustrates the structure of the base 25 station control apparatus
1-6 that dynamcally determnes the ratio of slots as¥DEEMBER?2M5oups A,

B, and C. The base station control apparatus 106 includes n base station
interfaces (BS1 INTF 21 through BS" INTF 22) , a traffic data collecting
unit 23, a slot group determ nation unit 301824, an ATM switcher 25, and a
nobi | e conmuni cati ons network sw tching equi pnment interface 26. The
interfaces BS1 I NTF through BS" INTF are provided corresponding to the base
stations connect gbet ba29d PECEVWBERCR00S6!] -diparheubabet stlat ithe enatwls

apparatus 1-6. Inthe exaﬁg 1 Fthrou h B | NTF
are provided correspolhdl to tﬁgmgé\{s@ 5#5??%}?1 B%Is R&ﬁraoruegﬁrf or der

to transnt and beeeeypoxsdagmalt@ beé weese tdes@ochase-1 Shxdcahonss JTrhe traffic
data collecting unit 23 generates and transmts a traffic data collection
conmand to the BAYETstAtFFEIS™E12Pf BrigH Ve 21014l e WerPesPRTRIIRAFS
interfaces. Wengegeebying the traffic data fromthe base 10 stations, the
traffic data collecting unit 23 calculates the average of the

upl i nk/ downl i nk traffic ratiosraffichéatasaidacdiae it 68 PBRCEAEIF base

station based O”aBBetr%nﬁere@ trafE & dala coI'I'QcE?ArPlHo?r&n'aHB ESSuld s are

supplied to the slot group determnation unit . The slot 15 group
det er mi nati on unbas@4stpdsnss lrhethreuah b'let4w§éﬁ tlhie qumelsni%n@i@ﬂs (Goup A,

the downlink slotg. é%%’é% Blihe ”gec%ﬂ?ir{%‘)%l i %a?ﬁ(‘gdiaf %Oﬂfgrhst}( C) for

each base station, on the infor ion supp m t c dat a
col l ecting ufit SBati]'m,t r@lﬂfer itcafata era:cmlolléettmg; wmitt 23 aml:lcmltae:esl ot

group determ nat 1C$n un|t g lléltjflbrﬁ(ﬁ rlnfn}% Qﬁa?ﬁs'? wgs rhe The
the 0 of

ATM swi tcher Fans Vi'a one
standard dev1atlon for each base station based on the

gathered traffic data. The calculation results are
supplied to the slot group determination unit 24. The slot

15 group determination unit 24 updates the ratio between the
uplink slots (Group A), the downlink slots {(Group B), and
the downlink priority slots (Group C) for each base
station, based on the information supplied from the
traffic data collecting unit 23. The traffic data

20 collecting unit 23 and the slot group determination unit
24 constitute a time slot assigning member. The ATM
switcher 25 transfers the data obtained via one of the
interfaces BS; INTF through BS, INTF from each cell to
another ATM switcher at the next node through the mobile

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



interfaces BSi | NTF through BS'" INTF fromeach cell to another ATM sw tcher
at the next node through the nobile 25 comruni cati ons X¥AEGEMBERREHiI ng

equi pnent interface 26. FIG 6 illustrates the structure of the base
station 1-1, which transmts signals using slot groups A, B, and C

determ ned by the base station control apparatus 1-6. 30 The base station
1-1.-conprises an antenna 11, an RF processing unit 12, a denodul ator 13, a
nodul ator 14, an interference nonitoring unit 15, a TDD processing unit

16, a signal prodeserfigceinid wWith aheoh&sfeﬂsitﬂl‘tlﬂnﬁ camtr@ln appa PECEVBER 2005
-17 interface 19 with the Rhase statlo control The, ant enna

aratu )
11 receives a radi o frequenty &j GH‘QF‘ troTheves BF?&%t%‘ﬁqBﬁniYSSl%

transnmits a radi grbneguentdbisicgRaktionthe mabul erstahitn alrddidhe RF 5
processing unit 12 down-converts the S|gnal received at the antenna 11 and

suppl i es the conf&PHBENGY ghidnalo tPhehe dehidel E8E1aB.1Fthe TRE B¥ocessing unit

12 al so up-cogve %ce&&"?ngi r&ﬂ%ﬁ%%@@n%cﬁ%‘rt@“%ﬂé“sﬂ{r%@ thee 180y FH@CGSS' ng
unit 16 and m)du ated by the nodul ator 14. The nodul a 10 14 and the

denodul at or 13 cGﬁ@eﬂﬂt%mr@dﬂs angt supp Heas rthg cpoyemted Bignaht B¢ ference
moni toring unit ﬁ@mBE”ii@st heThle”?{? cee’%%?nn g8 from %ge‘fﬁdé%%[}tté)ase
ng

stations, which are det ecte proces unit
processing unit Lﬁerethmi@ltomsmgn@I sigus fuom thea P broogsaimh recei vi ng

signals to and f{ﬁe Rﬁrzg o%ulatcatl onltjz,1 ol ?a?c‘ippli e%h% r%(!) ulaW' t chi ng

instruction to proceSS| ng unl € Signal™ processing unlrt 17
encodes and Decodésahdetlos idgmoal:lstgnall chaeecansighdler ih8028 dederad nes
whet her or not tl%(e;nlngi\:/.el of the interference .
The interference monitoring unit 15 monitors the
interference waves from the adjacent base stations, which
are detected by the RF processing unit 12. The TDD
15 processing unit 16 regulates timing of slots for
transmitting and receiving signals to and from the mobile
station 1-5, and supplies a slot switching instruction to
the RF processing unit 12. The signal processing unit 17
encodes and decodes the original signal. The controller 18
20 determines whether or not the level of the interference
waves monitored by the interference monitoring unit 15 is
on or below the predetermined threshold. Based on the
determination result, the controller 18 causes the TDD
processing unit 16 to control up~signal receiving timing
25 from the mobile station 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



waves nonitored by the interference nonitoring unit 15 is on or below the
predeterm ned threshol d. Based on the determ nation r®NECEMBER20OSNt T Ol | er
18 causes the TDD processing unit 16 to control up-signal receiving timng
25 fromthe nobile station 1-5. The base station 1-1 receives signals from
t he base station control apparatus 1-6 via.jghe interface 19. Anong 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. FlfpoddlatdrsIa atespdhersdddiangr anof Ihe amehighgl station 1-5.
The nobile station 1-5 conprises _an antenna_ 31, an RFy%rocessi ng unit 32, a
denodul at or 33, Br29eTENVBIR™E65 2 1FPHEAMEE 0/ 848 KeYPEErfrdessi ng unit

35, a signal prgeessiPBiniad s38akdr CAN! TRl §MmBdroghdreyheard 38, a display
39, a speaker 40, and a mcrophone 41. The antenna 31 receives a radio
frequency signal 5 from tHe Basensa ail gieceiyes andradigndirersency aignal

f i ' -1.__Th [ j
requency 5'§Jnagrér?g%kgf ﬂ%\%%esﬁggiéﬁnl—]i and %rﬁfax%r%ﬁgst?kago Uﬂ}équt%hecy

down-converts th received at théeé antenna supplies
converted signal signdhecadeimedbbat ostB3ionThel. RFhprRit @goicrgs umg tur8x dPso

up-converts the fransm ssiqn signal, qut put fromthe T [ ssing unit
35 and nodul at ed® If/ (f%neveﬁoﬁul%g of %Qﬁl The #%%%l%} otrhe?,ﬁmaﬁag? he ad]éjrmdul at or
33 convert signabkspphies ehdesbnedrtai rmignalheo TEER pleanesdbngr B8 t e

al l ocates the slgﬁs for Lransnitt%?gvfnd receivin s'%n |s to and fromthe
15 base station SREPEUFATES B SFol? &) PoHPREOTHR TUCEPORTeB THE Qe
processing wut sZgndhesSipgRalrim Oges DNy pBtés Sthg emdedes amd decodes the
original signal. The signal tRrocessing unit 36 outputs anal og audi o signals

to the speaker BPAULRTELYs TRR PAEALOT S4vofke MAWGERE £+ ofRe HEe

demodulator 33 convert signals into a desired format.
The TDD processing unit 35 allocates the slots
for transmitting and receiving signals to and from the

15 Dbase station and supplies a slot switching instruction to
the RF 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 user’s voice or sound from the

20 microphone 41 and converts it into digital form. The
controller 37 analyzes the up signal priority information
set by the user using the keyboard 38, and 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



20 m crophone 41 and converts it into digital form The controller 37

anal yzes the up signal priority information set by th¥ DECEMBER9St he
keyboard 38, and designates a slot group used for uplink comrunications in
accordance wth the degree of priority. 25 FIG 8 illustrates an operation
flow of determning the ratio between slatjoggroups A, B and C, which is
carried out by the base station control apparatus 1-6. The base station
control apparatus 1-6 determnes the frane structure of the system based on
the traffic 30 i phesmat indRngahderask fymamibherdesiorsst at iceast e ldddw ough 1- 4.
In the enbodi nent, each base station sanples gpjink and gomnjink traffic

data in a short FAHEFYEICT ICREMARASE s LrRkt mPngorntord i tin the
internal nmenmory ¢504r 29, DEEENVBER 2000 coh@rshoysParadienithe basaafeat i on

receives a traffic data collection command fromthe traffic data collecting
unit 23 of the Bbdklen HIPFAlednthvIsaapdarat LrfargticRespased i dticon

suppl i es the ssanpling, 1 @ ?@Eﬂa&ﬁhj[%{go%%%shget{@ &en%gg[eys@§‘%f?or{ @rding
nessage to the base station contro apparatus 1-6. The traffic data
collecting unit 2Bpaet@rsnilnés if a predeternmined tine has passed (in step

S31). Every predeterm ne i .S e traffig,d |l ecting
unit 23 generates and traﬁg%i?gaggﬁfékgﬁc%ég%%éggg%f%%%ig% %%%ﬁé%ﬂ%%o t he
base stations 1-if thrmegletérdined a intee hasr pespshdiing sitapes3 RiceERSY | NTF

through BS" INTF__(in ste 32) . | her ds, the traffic data collection
command is not t?Eééé#ﬁﬁﬂggeaog%W% @ggélgtgﬁﬁgn'ﬂﬁ3§§§%5135d$V%deternined
time has passed cMNoLddtiddlpniThes tdafdriatesdaid @nsactsng traffi23 daakcul at es

the average of the . up/down trafficr tigs %athened fromthe b%fe stations
1-1 through 1-4SCWHiTH & E°UBMGAI tRedEnefe T PORG hgt through 1-4

via the corresponding interfaces BS; INTF through BS, INTF
(in step S32). 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 ¢ 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 o) 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 rétio 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.



nmessages fromthe base stations 1-1 through 1-4. The 20 traffic data
collecting unit 23 further calculates a standard devi ®DEGEMBER 2065t he
average for each of the sanpled uplink/downlink ratios in step 532. The
traffic data collecting unit 23 supplies the calculation results (that is,
the average and the standard 25 deviationa) to the slot group

det-erm nation group 24. The slot group determ nation unit 24 determ nes a
slot ratio between groups A, B and C (in step S33) for each base station.
The determned slot rati oThs suppldetkrndnacash Jrase 29t afi oe Wasd he
associated BS interface (in step 30 S34). FIG 9 illustrates a boundary

bet ween the upliWket¥PFYICORTEAY FRRAIFGNT AR $¥G FRSdBPERRTHed By the average

of the up/down tyaffdsn rakl gglpﬁk thedaasgastd ine 1128 DEGEMBER 2Q0%+- 20 The

slot determ nation unit 24 the base station control apparatus 1-6 sets
t he boundary 7- 7Pcdidtigse for Resp@idifle dloothe adicpnage @dwahe nke/Adts at a sl ot

position cor rseSPE’{‘egéﬂ% 69558 el ?fro&\h&élﬁla%%‘l"%tg géﬁé fig ﬁbﬂgﬁéhof ‘he

gathered fromthe base stations 1-1 through 1-4. Ition,
standard devi at i b ( 2a) adfii oot heldudnirdalfythes assidgmdddéviativen d@wn) i nk

slots 7-5, and th andar viati : ffom.the .ho y.tQ the
opposite directi %rnog? :Cthgsg?ldﬁ%%& ol%t ta%glég%? njiorslto °s d?‘f’gm‘% Sllhogzss[}msdf t he
downl i nk slots 7akd am@d khendptd dewlaaiisn7{6) Fecanese theirdwgl itk thei ority

slot group C. As to t.he .renmmjning regions, the reqgion,near the heginning of
The frams is acKiopiro: GLEPBELYT i As RA (G 0 SRLNER = 1dke "Shd of "the
frame is asgiognerhd Gusl of gheoufowhlink thbss 15-3ramdetheolel ilaE dtS 7-6
constructed with a speci Lic sl of ati.o between slot groups A, B and C If

T
the downlink r ef. 508 nACHe Up AR ™ EYi D 7 IEBRceed™ HE i ons of

remaining regions, the region near the beginning of the
frame is assigned to slot group A, and the 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 (¢) 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 pribrity 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.



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 calcul ating a st atdBESEYRERAPDHN (a)
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 f421mthe average is snmall, and
therefore, 25 change in the up/down traffic ratiois small. |If the standard
deviation is large, dispersion fromthe average is large and the change in
the up/down traf€onseqtardlys thergedidhmnanargeedfi¢immcgonahilpk grdadrdivty sl ot

(i.e., 30 slot ou [ na caII deter i ned t akin the current
st andard devi ati %ﬁp C%fe% aclifogy‘? T s AT ra e?rq%ntg r}ergtlagl ows tratgg

assi gnnents for eath «dlledtiohespanael tia shbatgesd| nccapldome sxaffic ratio
of that cell. 29 DECEMBER 2005 -21 Consequent| t he radi 0 channel
ef ficiency can bsyrERIAF claﬁpﬁ‘ﬂﬁ%doe Irfeaﬂﬁéefll %%f}rerﬂtelf’\‘?al ‘Fo‘t‘p%etr‘?éir ating a

traffic dats coulb;a%wrprtrgcfrfr{gngat,so shortened, real-tine slot assignnent
can also be realized reflecting the updated 5 up/down traffic ratio. FIG 10
illustrates an operation fll6w 6f theisBagesseat PRRFaCIPt A4PY caf i out

Signal transmi sshofl dielfiarshat gheURSA LT LGN Crd! erah ek biod e base

station control apparatus 1-6. 10 The control (see FIG 6) of the base
station 1-1 det ensriess Maffegmerpara neiraugbr € fAstermiowd bgi ghalbadmt is to be

transmtted at ajt c;}gcgfnﬁggtmgégfghé iingt he frame-synchroni zed channel

(in step S1). | £° t ere 1s a nal s to be transmtted at a timng of
slot 15 grou® A (YES in SThe t:hetc@hlamllISer(SQ8 FHst ucpg the BR¥se processi ng

unit 12, via thesg}§%JH(¥y%Sﬁgggrﬁqﬂés %@et&gr 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 controller 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 dowﬁ
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



transmt the down signal by the end of slot group A (S2). If the

transm ssion timng of slot group A term nates (NO i RIPECEMBER 20t rol | er
18 determ nes 20 whet her 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
determ nes whether or not there is a down-29i-gnal to be transmtted in slot
C(in step $4). If there is a down signal to be transmtted in slot group C
(YES in 25 S4), the process returns to step S2 and the RF processing unit
12 transmts thedgeainisiegnahethérttier ddvelnof dave irsiegiakehce baavigsanasm tt ed

in slot group C (NOin S4) , then the interference itori unit 15
starts nonitori néfﬂ?]]le qu erféfe @vﬁ\?eé’???%ﬁ?%eé:ﬂg%ﬁﬁ%‘?% € stations
1-2 30 through 1{{n adrdtss)f erenees defrirfenahtoOndiell Bgcbads earh slot (in
step S5). The interference nonitoring unit 15 supplies the nonitoring

result to the coFi¥ailiadd 1180 FReS@ontHemy éf 29 THEERBERI2OBEhe thet er mi nes

whether the leveho ol die bALERGSTENGAMAYESLS AAAbOSPS. | A5 han the
predeterm ned threshold value “(in step S6). If the interference |evel

exceeds the threshetd thROUIR1SE)OL tHert grows Rlatedr fNAednwhit héthet he 5 next
sl ot belongs to 3%%7%{% O§ %%%lf%:%%e?é%jﬁét%dléo 1% DRL Ao tdiR LT M Ng of

sl ot group B yet ron result 1S supplied to the
interference nomridramigounnttlss, Wiich then camtinueossdlyymeomiidmer $hehe

interference (in,step. S5). If.it is ern.ned that the.10 next ot bel ong
to slot group B J(@eﬁeé‘ff, (%ﬂeStecpoﬁbol RS o L Ve u%?a O\Sﬁ/k‘eswi t chi ng
comand to tlte DR priecedeilogguts tslbd goap der (1B IwW 5¢h, tttee conmuni cati on

node to the receivin de.. The TDD processing unit . 16 starts recejving up
Signal s in respot eI IES na kR h Sogp foning Sofnany €5 Ehe

TDD processing unit 16 in order to switch the

communication mdde 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 S$9), 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 S510), 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



If in step S6 there is no interference wave detected at a tim ng of sl ot
group C, which neans that the interference |evel is e RECEMBER20&ss t han
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 tranpgstted to the nobile station 1-5
(in step S9), and the base station 1-1 starts receiving up signals fromthe
nobile station 1-5 (in step S8). If this frane term nates 25 (YES in S10),

t he process retunsisng cchsd epwbliakdtierihgselost at.ican didtcgrsies)aut the

process for the pext rame i s not finished 1 t he
base station 1- 4°¢ ﬁqﬁﬁg tSV?%dgffgtﬁhéouBeSFEﬁﬂﬂ lFF8§1F%N§%bBF% 9étatlon
1-5. 30 In this gearein 1€ aPaseasd Btd,0fhd- trddMiFPibs odoMMe HgRalksnusi ng
slot group A If there are nore down signals to be transmtted after sl ot

group A is over, Pt HOTHIESEIS ARG LRLSESHPFHROUNI Y e aRBRPIE: (1 down
si gnal s 29 DECEMBER,20Q8 1023 8k NS4 cdewsh i Nk RIirOti by Shote (os@- SI ot

group C. Accordingly, even if data to be transmtted to the nobile
station 1-5 are wERsiapplichgienansiidsigenvosuahempgies eamubie cdigpltieed

Wi t hout '”terr“pﬁééﬁhéuﬁéQ@EXntPrénﬁﬂkﬂbﬂﬁ 2 &éfﬁﬁ? L5380 o ghﬁmp%iﬁwiEét'O”

1-1 can distribute real- tine appllications, as visual Trmages or music,
to the nobile staliigry.l- 5 mnthout a deterioration of the service quality.
e st on, of doun 5 gnale, s o hedcdp skl Lhesua e o |
the interfdlenciealiffvam mhe0&ghrthﬂuﬁdnylbasepsidﬂnugnslmtz(1téw(nqﬂmtl 4 usi ng
the remining siots, in)s! ot 9poup G it the inferference, | evel, lovers to or
interference from the surrounding base stations 1-2
through 1-4 using the remaining slots in slot group C. If
the interference level lowers to or below the
15 predetermined level during the period of slot group C, the
base station 1-1 allows the mobile station 1-5 located in
the cell Cl to transmit up signals to the base station 1-1.
The mobile station 1-5 can then transmit up signals
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
$28). 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 521), the
30 mobile station 1-5 continuously receives down signals from
the base station 1-1 (S28) 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



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 cel | 20)ECEMBERR®SI t. up
signals to the base station 1-1. The nobile station 1-5 can then transmt
up signals without being subjected to interference fromthe 20 surroundi ng
base stations 1-2 through 1-4, and therefarg,. signal deterioration due to
interference can be greatly reduced. FIG 11 illustrates an operation flow
of the nobile station 1-5. If the current timng is at the timng 25 of

sl ot group A (Y%r&é?@wlthhenmq}rﬁlstf%ﬂn%é Base 8egtYEs dowrtsiagnal s
fromthe base station 1- él n step SZ% Recei ving the down signals
continues until EHelng&h &dosf gé‘l"éﬂ Qriges ARt THriangt €33 NG “‘S?%E)le Aft er

the time slots if.sldil 050upaAbavetren:used( NG g gi-)méﬁ”'%x%@r”B?' e

station 1-5 continuously recelives down signa he base station 1-1
(528) in slot grp’uquni(WEsllam@@a) lasy Wbmghanss mf@pkddmom tac Hineg-si gnal
has been recei ved from the se,s at.i_o S en recei,ving the
29 DECEMBER %Ioosprjzof rga’/ dEws § w?gs g?‘”gna’f rn(?ﬁ{]tﬁgé% Q’X‘ e ertli 1 ar a
timng of slot group C (YESten GQQ mEd 0823), s1dte grobpl & tsimtnamasl (&Ostarts

transmtting an u n h_order of riority relatjvely Iow (which is
referred to as a* ’Pn%aﬁ%aﬁ‘fj] oF i EY° GiPSEgHaR® { df’FSnP‘PJﬁeb‘?%%g §-‘Ic’o\lg/T Fn step
S24). After thegpsig al @b sh052@ro¢meAmbmrré ns’iia&ﬁo('xNQ-SI&aS&Hit&nd If, t he

subsequent sl ot does not belong to sl ot grog C (NO,in 52%}, t he nobile
station 1-5 tranShiisF PLREFLRY g1l SePglupr g'ﬁ’é?i PEioB 1o i Siety Tap

signal to 1Qo hechasa st atthenok | MrSts@ppSEHBE) . I N this manner, the controller
37 of the nobile station 1-5 deternines whether an up/ down switching signal

has been received fromthéPbi8s dtafyiegn he eniapdleFndhgef 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 S25), up signals with
either higher priority or lower priority are transmitted

25 (826) . 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
(S26), it is determined if this frame is completed (in

30 step S527). 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



of slot group C, and if so, the controller 37 instructs 15 the TDD
processing unit 35 to transnit a non-priority up sigriIDEGEMBER W48e st ation
1-1 at the timng of slot group C |If the current timng is not included in
slot group A or C, the controller 37 instructs the TDD processing unit 35
to transmt either a priority up signal oromen-priority 20 up signal to the
base station. A non-priority up signal is transmtted using the latter
portion of slot group C (S24). If transm ssion timng noves to slot group B
(YES in S25), upssigimal atwitihingidtherlohi ghetpmi @26ty or lower priority are

transmtted 25 (S26). If e present_tinmng is . not in slot gro B (NOin
S25), a non-prigriti up sﬁgﬁagrgéréﬁ%ﬁFﬁHEEEYyl?ﬁ%ﬂéﬁ?t?@d?fbwag%iﬁépriority

up signal or nonadfdrid t Yruprst@nalfdias thegnis ranswcbtiedn atp td grd sobys! ot
group B (S26), it is determned if this frame is conBIetergln 30 step
S27). Wien the cth® eht9rPlaRECFRSTinG shéd fYESRISY SP7FNe ¥HRX Pt ocess i s

repeated for sthe; exd, diiafle. pbf dhepheaMenohas. H0hbsegol | 2 ShaddNO i n

S27), a priority or non- priority up signal I's continuously transmtted to
the base 29 DECEMBERI2@@3or2biss atlhencantrehier of dekermigreu B 52389t The

order of prioritysis %tatsgiﬁlgeéi&n §ch”si§9¥?’&%§enﬁﬁg§r%ﬁytﬂ fQqEgtion is
inserted in up signals by the signal processing unit ased on the user's
5 instruction. Fof pdanplte, Wimgportrembsmitssages arigngilsent Wigjteer priorities.

The control |l er 37 det.er.nm nes ich slat. ist assi d, 1.0 i ch signal
dependi ng on t heb o Gt iosr 51 oriy® iR Ty PRgoa. b1 Ghalts of i gher
priorities, 18l otsyffaying if pomhirctertfleeeprobabitetarioblFOleuffenisregl.f Fom

interference is relatiVﬁ!yO%or/is used.igor Eﬁé%ﬁgnals _f.Iq&Fr p&bogities,
slot group Cis Wed 9" thi’s®" artargéMeRt 1gtaf a s 9EREP sF ghalisqdal ity S of
hi gher 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 (S3-2S4->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 (S3-2S8 and S7->S8)
30 may be referred to as the first receiving of up signals.
Receiving up signals when the interference satisfies a
predetermined condition (S62>S9->S8) may be referred to as

the second receiving of up signals.



priority up signals. In the above descri bed exanples, a tine slot 15

assi gnnment includes determ nation of a slot ratio bet ViO9ECEMRBER 20dups A, B
and C carried out by the base station control apparatus 1-6. Transmitting
down signals fromthe base station 1-1 at the timng of slot group A (Si
and S2 in FIG 10) 20 may be referred to-as-the first transm ssion of down
signals. Transmtting down signals fromthe base station at the timng of
sl ot group C (S3454-)S2) nay be referred to as the second transm ssion of
down-signals. A series of Assttepshefmaztlectsitagiont e+ erecedv{sd)dend

transmtting an 25 up/down. sw tchin ignal (S9) ma erred to as
envi r onnent - depeﬁagﬂ?f)? raatné;rl?lesgi"rﬁhn%g‘?ﬁrsgloé #%‘férﬁté#%éﬁf d5Yd&%n
swi t chi ng si gnal r&88)rémytdasr eher f bt Geas ivihignNsMdwin0BighaBa t chi ng

control signal. Receiving up signals at the tim n%of, sl ot group B (534 S8
and 574 S8) 30 nmAyABENYEF&S 88 goInRalt e fheshbase ARG 8F %bes"rﬂﬁfﬂgs.

Recei ving up 51 988l 1uhefkohien! 525580610k, $d Sdrk3:8a B fleliermined.
condition (S6-4S94 S8) mmy be referred to as the second receiving of up
signal s. 29 DECENBERPOTH on2efASP t »iared snobirpeseiiingnup- sigpakeidi ng down
signals at the tim I ar. (S21-.3528) . ; b [,he 0,.as the
first receiving (E)?E%gnvmscqg ﬁgggﬁsggk%@nssﬁggctcﬁgégusp%&ngﬁggﬁ)ﬁﬁﬁegggsgg
station at the treafegs go sboprigpnuly Bepsadeny S2@natayrbasmessiqred to as

the first transgLssi.on of.up si S, :fransmiiii ' s.in response
to the up/ down s%?%%\?lnq}gqogéngﬁ/%%-?%f%g?&%{%{eﬁ E@é??@%’ fooé as
priority-depeghdentfergmiltct ransatskriony a2 Retechimg ddmerap/ slogwalswi t chi ng
signal (S23) may_be 10 referred.to as a Sw

oL anal, (S20) Y e A0 LPLELE0 L0, BF LRELIL L, LGN g oL luiFanal
of slot group C before receiving the up/down switching
signal (S23-2S28) 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, 1f there are no more down signals to be
transmitted halfway through slot group C, interference

from surrounding stations is monitored using the remaining



of slot group C before receiving the up/down swi tching signal (S23-)S28)
may be referred to as the second receiving of down siPRECGEMBER2®&I tting up
signals using a 15 portion of slot group C (S23-)S24) may be referred to as
the second transm ssion of up signals. As has been described above, with a
time slot assigning nethod of the present-gmvention, a radio frame is
divided into two or nore (three in the enbodi nent) 20 sections based on the
uplink and downlink traffic conditions. Anong slot groups A B, and C (or
the first, secopértiand dfhisadtsd;ﬁdsu@rcnupf) ihBethereardzodsnmrat , dst@itedgr oup C

(i.e., the third sl ot u | ti- purpose slot. group. For
exanpl e, sl ot gr 6ep i | ggﬁe?o 55&1 ﬁ@ﬁlrn?eﬁ?)?‘ﬁg sP@n}é?lsoq'ér%Peup

si gnal s dependi ngh£dsHARY) ,CARNUP) ESrl A% i®BYERNERIMal( Qo8- ant k-4 Yrenf er ence
state), or alter natlvely, it maf/ be used for other purposes. Assignnent of

slot groups A BrPafHscics sLerpbl els doranenpshRad ntP theupPPihke atieh W LRnk
traffic for each,gell to3%l\i\6€qhtﬁ@‘?no°dlg_%alst%s to%&%r%ﬁsﬂ?’chﬂg ﬂ%ﬂ:ah.%

invention, if there are no nore down signa transm tted hal fway
t hr ough sl ot gr owr(g hh@t gehairiee pdrtdensaf r oletdigrpust Gt | Bns1dinignsdiotor ed

using the remain gEg@ 0 rii f t o)

interference is %OC?J det ect Eﬁogpe?ptlﬁés gv%%gé(}?&% ogn%%%f%@éaﬁcéoﬁls at or

bel ow the thresdtbltdle G@nmup;id@mrswmhpmgestgnﬁite(rderanceupﬁmngnal

perm ssi on si gnal%] i S tran Tstéue Eoodtg%grené e stat.ion_ in der_to _all ow
u

the nobile statidmITYT4& mt Up 1 gn %@arfsﬁnelslséﬂﬁl %lrﬁjgngp 6 of
sl ot group Qo Bytwésmg:eallet cagrioeipubsfrantiml 1y pteiyaedposes dependi ng on the
conditions of the com‘run'gﬁgm)on environnment, interference_from adjacent

i
cells due to different tr %%?O%tatqlr?innﬁgngfr%ﬂgappfé#ﬂés%eiém@ an be

substantially regucedot 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.



The base station control apparatus determnes the slot ratio of at |east
two different slot groups based on the above-descri begh bEoEMBERDOESSI gni ng
nmet hod. A base station and a nobile station located in 15 the cel
controll ed by the base station transmt and receive signals to each other
using slot groups determned by the base station control apparatus.

Al t hough the present invention has been described using specific exanples,
it isnot limted to 20 those exanples, but many substitutions and

nodi fications can be made wi thout departing fromthe scope of the

i nvention. For exanple, although three SP8t groups are provided in a frane
in the enbodinent, two slot groups may be used as |long as one of themis

used as a mul tiv-q R s&&ﬁd QL group that can dynam cally cope with changes
in traffic, a h an uplink slot and a downlink slot are
guaranteed. This patent application is based on and clains the benefit of

the earlier filing date of Japanese patent 30 application No. 2001-216453
filed July 17, 200 titkhesktt iaseicoiticentshad finhni afis Erenhenetbime sdot por at ed by

reference. 29 DECENBER 2005, 1,28, VAL LS OrAVED LS., AL aligl assi gning

met hod for assigning a nme slot use ransm ssion of a signal between
a base station amhd achbbt |srastaniion epah efusmef, r bhe nathedneetsd séoapri si ng;

assigning a first slot QEFHPgﬁ&%%dafPIr | g@g{ﬁf@u n.9fq &gown signal fromthe
base station to the nobile Station, the first slfot group consisting of one

or nore succesSTAEMERECR |t §; dagsisgAPAY FoSeEbh Ao teF bUD tAsElE f or
transm ssion of &y 1Wps8hONH, thenkihe opbt |foshatdMistOng of one or

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;

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;

detecting interference from other base stations
of surrounding cells using the third slot group; and

allowing the mobile station to transmit another
up signal when the interference level satisfies a

predetermined condition.

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 the

interference from said other base stations.

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

providing a switching slot in the third slot



the base station, the second slot group consisting of one or nore
successive tine slots; arranging a third slot group i ntRECEMBER 2f06er t he
first slot group, the third slot group being used giving a priority to
transm ssion of another down signal; detecting interference from other base
stations of surrounding cells using the third slot group; and allow ng the
nobil e station to transmt another up signal when the interference |evel
satisfies a predetermned condition. 2. The nmethod according to claim 1,
further conprising: defining an interference nonitoring slot in the third
slot group if there is no other down S|gﬁ%T to be transmtted in the timng
of the third slot group, the interference nDnltorlng sl ot being used to

monitor the interference .fromsaid.othe a S n hod
according to cl AL, ?uf?hern%onpfﬁg%ngﬁ: p§§$ %ﬁnéﬂaggwsk |ng s in the

third slot 29 DE@EVBERDQ@G@upZQS upredupe wwrewseiih gaitd apothent uaft er the
Swi tching sl ot é%taﬁefrénhltrn@ 5011 DLRUP; kS WS efe L e’ @S dy Sai d anot her up

signal fromthe | e station to the base station. 4. The method according
to claim?2, further conprising; providing a switching slot in the third
slot group if the interference |level nonitored in the interference

noni toring slot, becones bel gw_a_thresho T h .C ing to claim
4, wherein a tlne%g of et (% cc?ﬂﬁ 2 %lng §fot in %hggﬁﬁﬁfgggfot group is
used to transmt sai d apo@WehnGpass'&vgut@;Ihllhsymhqthenrrm Ithirdtatdton to the

base stati on. %ei?‘?éﬁboqn%‘é%&dén’&g el %Hlt'loré‘d” hhefe compri si ng:
determ ning a r%t of ti slots between the first slot group, the second
sl ot group, andintsefepepgpe monitoring slot becomes below a threshold.

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

station to the base station.

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.

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



sl ot group based on uplink traffic and downlink traffic between the base
station and the nobile station. 7. A signal transm ssi ZDEEEMBER t@s
transmtting signals between a base station and a nobile station in a
nobil e comunication system the nethod conprising: determning a first

sl ot group, a second slot group, and a third slot group in each radio
frame, the third slot group being used for nultiple purposes; transmtting
a down signal fromthe base station to the nobile station using the first
sl ot group; 29 DECEMBER 2005 -30 transmtting anot her down signal using at

| east a portion of the third sl ot grou§38Franged after the first tinme slot
group in tine continuous manner if there is said other down signal to be

Cransmitted after the fiyst gl ol 0n0upphas,dgen used: , JR1LCH Nda

interference from other base s I"ons surroun I ng cel usi ng %he third
sl ot group; al lawagivheofrotiiel ghsrdidlon gooun ansagedirigpr shgyrfdirshhen t he

interference |eyvgl, %%ts%,] & an pifdelar magd fapdidign:nepd {4 ansgitting

anot her up signa Sromtfie fobile station to the base station usi ng the
second sl ot gro®peradoangedgndt dro thee trRrsEl thede 28F6F BroOuplist silRe

conti nuous mMaNNgfouBhnadhsess] gBak; t ransm ssion nmethod according to claim?7,
further conprising: generating a swtching signal if the interference
satisfies the predet er nid&t(éccﬁ)ﬂgliidt@mféﬂendér deom tax hal] basd rafbbhd e station
to transmt the #p %qg u5|? thenyh ﬁd Iot 9 Qup.. 8 The signa

transm ssion net dith i'm GF EhgrC ST & ng:

allowing the mobile station to transmit an up
signal when the interference level satisfies a

predetermined condition; and

transmitting another up signal from the mobile
station to the base station using the second slot group
arranged after the third time slot group in time

continuous manner.

8. The signal transmission method according to claim 7,

further comprising:

generating a switching signal if the
interference satisfies the predetermined condition in
order to allow the mobile station to transmit the up

signal using the third slot group.

9. The signal transmission method according to claim 8,
further comprising:

determining an order of priority for the up
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.



determ ning an order of priority for the up signal and said other up
signal, wherein if said other up signal has a | ower pl9RECEMBER200d ot her up
signal is transmtted using the third slot group after the sw tching

signal is generated. 29 DECEMBER 2005 -31 10. A base station contro
apparatus provided between a base station and a nobile station in a nobile
communi cations system the base station control apparatus conprising: a
traffic data collecting unit configured to collect traffic data fromthe
base station; and a slot group deterninq%ipn unit configured to assign a
first slot group used for transm ssion of "a down signal fromthe base
station to the nobile station, a second slot group used for transm ssion of

an up si gnal froMm Ghe.. ol Gost alon | Gl 8 hass ShaLhoRerand g third sl ot

group used giving a priority to transmssion of another down signal from
t he base st ati oreseo staeiomisindea stdtiilenstarioneaehe fuoiee based on the traffic

dat a_ col l'ected &;rnnﬁlhgcaéf&;sf is(]\_sg@nq,a tfﬁ@l 1|>£_§_:T. is@gt_’t'&:l toon‘ﬁ’@@i _Qi;ﬂ)atrggugase
station control apparatus acquires interference information detected at the

base station u"§ieReSthird slot group, and allows the nobile station to

transmit another upastgi@dicwigha tdia kbt &id @hedceondiglioedadd @dlsatt sfies a
predeterm ned condition. 11. The base stati.on control apparatus according to

claim 10, wher'&iafitfeddtot *gRotl FeLer fitdtron®hit determines a ratio
between the first shoklgy @apupt deesednatl &l ahigrainyiguasd dhesthyn d sl ot

f h f based on th ffic dat | ect t th ffi
data col | ecti ngt MEE S35 ST s SPa POR-COREIS) TpPavatis detbr di ng to

claim from the base station to the mobile station, a second slot
group used for transmission of an up signal from the
mobile station to the base station, and a third slot group
used giving a priority to transmission of another down
signal from the base station to the mobile station for
each frame, based on the traffic data collected at the

traffic data collecting unit,

wherein the base station control apparatus acquires
interference information detected at the base station
using the third slot group, and allows the mobile station
to transmit another up signal when the interference

information satisfies a predetermined condition.

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.

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



11, wherein the traffic data collecting unit calculates a ratio of unlink
traffic to dowlink traffic fromthe 29 DECEMBER 2005 283’ECEMBER eoodat a
collected fromthe base station, and the slot group determ nation unit
determ nes the ratio between the first slot group, the second sl ot group,
and the third slot group based on the ratio of uplink traffic to downlink
traffic. 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 nonitor interference with other base station if
there is no other down signal to be tranéfitted fromthe base station in
the third slot group. 14. A base station in a nobile conmunications system

conprising: an jplgnlage. confidured 49, BeLiug a85lARIENL, Ofcycl LB sl ots for
each franme frontan éexternal ¢contro apparatus, sal ranme incluading a first

sl ot group, a sependeséotingtdap,urdrtddatetningsstine mptdophbetawesonthel | er
connected to thg, jnt C d i e 0 e e .st:ation to
transmit a domglfss{%g%g gt%oglgﬁoglf}?eryeggg{li%ﬁttug?n t ﬁ%ﬁf Ffr?(éﬁf&sll E)it group, to
cause the base stait doaup dPassd anpgre irghiofof elink ridradifée tQroup to transmt
anot her down signal, bl thergds said other down signal to be transmtted
after the first slot group has been used, and to cause the base station to
receive an up signal fromthe nobile station using the second slot group;
and an interference nonitoring unit configured to nonitor interference from

ot her base station and supply a rmnitorin% result to the controller,
wher ei n when t he® bdde E@S%EéEHBEP SPGEOL apparatus according to claim

10, wherein the base station control apparatus allows the
base station to use the third slot group to monitor
interference with other base station if there is no other
down signal to be transmitted from the base station in the

third slot group.

14. A base station in a mobile communications system,
comprising:

an interface configured to receive assignment of
time slots for each frame from an external control
apparatus, said frame including a first slot group, a
second slot group, and a third slot group;

a controller connected to the interface and
configured to cause the base station to transmit a down
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
receive an up signal from the mobile station using the
second slot group; and

an interference monitoring unit configured to
monitor interference from other base station and supply a

monitoring result to the controller, wherein when the base



-33 station receives another up signal fromthe nobile station if the
controller determnes that the nonitoring result satisfbBecSEMBPRea#st er m ned
condition. 15. The base station according to claim 14 wherein the
controll er causes the base station to receive said another up signal from
the nobile station using a remaining portion of the third slot group. 16.
The base station according to claim15, wherein the controller causes the
base station to transmt a switching control signal to the nobile station if
the nonitoring result satisfies the predeterm ned condition. 17. A nobile
station conprising: a radio frequency pfaaéssing unit configured to receive
a down signal transmtted froma base station using a first slot group in a

frame and to transmit an up signal to the base_station usjng.a,second sl ot
group in the f?%&l’%;onaﬁﬁcea”(?@n?g%%feerr ugo?ﬁfgfngagr gﬁoT gtth(?aﬁnggljf%e SPEEPS
frequency processitig vontrdlderedetemnianst ttert dowmaiigealing fregmlthe base

station using a, (gg%ggg §ﬁpf%d%ggﬁﬁﬁi?doEon raup in the frane and/or to
transmt another up Signal”"to the base station using a renaining portion of
the third slot group, wherein in the controller determ nes whether a

swi tching control signal has been received in the third slot group, and if
so, the controller causes the radio frequency processing unit to transmt
said other up signal 29 EECEWBER“?O@GatSKI@6C9ﬁ5“5h§€ statt drt using the

remai ni ng porti@Refint Bee ddHthdl $LOtcagE08Pchel Basd e daMbBHI €0 Staatelioa accor di ng
to claim17, further conprising:

said another up signal from the mobile station using a

remaining portion of the third slot group.

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

controller causes the base station to transmit a switching

control signal to the mobile station if the monitoring

result satisfies the predetermined condition.

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
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
the base station using a remaining portion of the third
slot group,

wherein in the 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



a signal processing unit configured to set an order of priority for the up
signal and said other up signal, wherein the controll ¢speexmserbéw radi o
frequency processing unit to transmt said other up signal using the

remai ning portion of the third slot if said other up signal has a | ower
priority.
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to the base station using the remaining portion of the

third slot group.

18. The mobile station according to claim 17, further
comprising:

a signal processing unit configured to set an
order of priority for the up signal and said other up
signal, wherein the controller causes the radio frequency
processing unit to transmit said other up signal using the
remaining portion of the third slot if said other up

signal has a lower priority.



