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(TDB/P:) Saoh,erré and mzrre spemfma‘lihy, to-a po 41
i 8- radaso baﬁe station- n. the. radlo communi catit
of- - ,t”he Rel at'éd Ak The tln‘e o Vi st Qi multlpl e

, ébgm m?-mﬂ 5i* onte j

( TOMAY TDD) scheéme il a: f:grm of « TDM& schéwe. amd ik

fcemuency rrahsgmmmﬂm " qmmm ronxm 3
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.‘5;}"?-'1-'.5-_'. RS Pield of the Invents.on TR ;

Ry " a'he p:esent“’:.nvent:.on ::elatas ?o a :ad!.o . qq.e

comieaticns system using t‘ne :me-divisch pult;ple-

'-:-lacaes's LM) scheue and, uore spscif:.oal‘ly To a powa:"
'.'saving technigue fo:: use‘in a zadio basg? staqon :Ln the.
‘radic cnmunications systmn. _;, e

S % Desf.cription Qf ‘§h° Rﬁlﬁteﬂ Art ERE BTN
3 T Ve S AT T L
3 . s !l'he tmevdiviaion nultzple-acoass/time-division

dup.zex (‘!DMAITDDS sqheme :.s 3 fom of m schexn? and 1s

tranr u.ttinglxeceiving .'Ls pe:;comed withou‘t ‘tne need. of .
- pair >f frequengy bands o:: a d;plexer because alte:natin

- 'made: .:nly at the side o£ a basa stati:m The ?DMITDD

;'sdhen 5. has been used 1n Japandgox personal hanqy-phone

& -. :.f_-ele;uone (DBCTJ. . { s '_'.

' time 3lots on the sane car::l.a: signu are assighed ‘to thr\

: gcuua V\III-BI c.

":_.-' adva: ageous ’whe:e £requencr manasement is rea&l? ‘made wd

"‘forwa-:ﬁ' and revarse a:;eetioug of eomnibatu.on, A fu:r:t: er
*advancage of tba mwm scb.?m a.s thst ﬂiverszty can ba

GP 0 systun (PES) and 4n mm feg the disital auz-opean ca:d.:.ess |

' | L In a radio mbile comm;ioations s?stm, power saving
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itransm:tti n;g/ recel yr r-Ig t S. *peﬂ”@rr Rt =10 thout f,he heed»of T palir .of frequency
bahds i0r :a di'pF exer: becé‘use al i ér na,t1 ng g me “sliot’'s, onithé ‘sane-carrier - -
Si: gnal“ are assigned to the forvvard ;ahd Eeverse. ch rect .- 0nS -of - conmmuni cat ion.

s A fur't hgr, advant-age -of: the TDI!/N TDD ;schérre is tr’;at dvvefS| 18Y can be made - .. .
gonl“y Jak; ther siede .of -4 base stafi an ' alhe & TDVA TDI:} scheqe has been used in, i
Japanr for person‘al handy phonﬁ sfys em (PHS) and n: Eur*opq foir -the digi tal”

Eur,0pean. GGrﬂbﬁﬁﬁoied i Edfb adi Q 1€ cOmrun catlons -
Sy§i érh‘.pawer' SOV sz TF L 3 e s cba's Pgi??‘ M }113 .
CRBECEY tem-nals s;ncewer sansmptm for“tranmtting raﬂ lo’

signels 1s- usua:uy ;arse* . ;:h?,re have been prvposed sevezu.l
g transm;ss';on ppwe: controi nethods...- S "-;:  f --"-' -' '

L Por example. a transmssion pover cout:oller has been 3 |
d:.ecloseé in Japanese Petent ’Gnexam.aed Publzcation No. 7-
335251Q me trqnsmissior_x_ .gower control is per,foned

3 depending ’on both ‘the bit er:;qr‘:rate ana the electric fzeld

‘. .Level of e reeeived s1gna1. mre specif.ically! ‘;he

k tranemission power 13"reduceq;' when the hit error rate 1s

. lower than a threshold or tmen the reeeived _elaetrz.c field
level 13 greate,t than a thre%:old. | ‘ <:/ L

5 uowwer“. it -1s d.;fficu;t *o, £urthe: reduc? in pm::

-' in the caee ef aiverslty-combj.aing base station or high-

) traffie bese ,station I'he diversity-combinu? base ptatioe

| needs a qurali‘.t,y of. reeeiving branches for diversity '

combmins and . the high tra.fﬁ.c base station need; a

'\.

..; pluraiity of redio ’traqsoeivers to cope with high volumes of B
_traffic. ‘merefere. the power consumption required :or |

4 ) -rece;ver circuits forms an increased proportion 9f the-

. '.ent:Lre pwer consunption of the base stat:.on and £urther.

. , :educed power censtmption‘ cangot be act;.xgvaa b? co:‘utrolling
e T thg t::ansnissian power consumption only. - |

'- 30 o

‘I‘he bese stat;.qu va.th e large amouet of: power

LA ) *
SO i 4
- oas - - ". lv'

: 'conspmption vould. rap:uuy‘ m out a ba.ckup bat tery .‘Ln the
-feVent‘ o£ a pwer ta:uu:e and turther :Lead te i.ncreased heat
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L . 03-MAR. 1999, oopt r-ol ".i's necessary” for . atdiurbase: "
0n§ and m)b} I . tejfm Inéd"‘ FASnca™ “pavy gggﬁtfn?él,ggeg&;e;refgfm tt'1- hg
[?gl[’r?m&sglnglrlsploaelrjsgglrlt|¥(51 a%eﬁh@ds‘%gor exan‘pl'e fa tr&ns{n Ssi‘on..power” .
co_ntrol;l:er has been di: sclosed |n Ja ggmez:a Pateﬂ?{rUﬁeximagegnﬂP:Jggl gﬁt |bg[1hNo_
i '";??’?g?érrg?er;trgn;?dstshgnapwﬂm ?lfrekd :ngF ?-a re(;e:gved §I gnal . l\/bre o
. t‘rrz‘al t y, s_mac %m‘*s& G%Cpav\iei‘*‘r $4 Teduceﬂ Imhe'h fhet b1 Ener. for rate is "

PR R

a ‘3&"‘ !’5 %l }‘ _
‘:u;veaton tounq thét it“ atm has plenty of x:oom .
for :eauctxon in :powér' ';:qnsxﬁption of ‘a baqe fta,’tion from ' - i

. .o,
St

s -
d R
o . .'-ﬂ..'.- .
Ca ek T i et

the viewpp:lm: of“receiv:.ng ope::ation :.n the 'q:ua, scheue
3
U An ohject of the p:esent :.nve.ntion 1s to prov:.de

J snbstant:.al r.eauction in total powe: consumption of a radz.o
~ e ba.ss stati.oq . ;-: _..\. e _‘ ;

s Aocording "to an’ aspect,.,of the ptasent :angntion, in a .
mobila comunmtinns system using a tim-d;vision mﬂthle' '
. access -(ml £omat an occupiea tine slot .1.§ discrminated
fron an :.dle tme slpt in a :Erane to produce a

disczimination sisna.l kpower q:ontro.‘L’ signal qu: § .,
reeeive: :Ls mtchea between a first stcte anq a sacox;d

¢ - “state in t:l.me slots depending on the use:;mination signal- ¥
i m power oont;rol si.gnal is switched ‘to. the f.;rst state at 3
:' “ ‘-:'. .',, . . Lt i:
e ‘timing of the oocupied time s:l.ot and yn the second state at - y

«timing ot me 1&18 tine slot.__ . Sl
<i . T l

bR Aco'ozdins tp anotp.et aspect of ‘the present invention.
,‘.-' ':‘ a raﬂxo basa statiop s,ncluﬁes ,a :cadio &ectm .'anlud:l.ns a

plura..j.ty oz rece,tveers and a powar sor supplyins

e o
[ -‘ux L'.\

. 'poner to tue cadd,o sact:.on. h:rthe:, i.t is p:qvided with a
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:'?I-‘?bwer than a threshold or when the received electric. field Level is.greater
s—T’h é t'~h feghokd. However |$ dlf,flcult tb further reédlce in power in-
SR -\case oF rdidter Sl Ay = eormr n.l ng base £tat|»on -of , hl gh- traffic base st atlon
.’“[fug« .d,l VEr si t y- conbism. ng bas,e ‘st afi, o needs” prur al.i'ty of..receiving
bréqcﬁes for -diversity £onbini hg;and the . hi- 351 trafflc base station needs a
'.'f]f)i.lifﬁliy of radio. transoel Ver.su ! q{)pe With: h| gh vol.upes.. of traffic. '
d'f: org Ihe ,po\Ne.r ¢Qn$u tlm\’reqzz;u red Iog f‘@(‘:m Wer: eircuits, forms ah .’
m Skei oy émg,y, , A 5 béw 1édccsmmse ‘'stati-on -
L{[th r<e uceg“ pw@rhg%ns_umtfl s RanhOEs “‘aeréai}m Z:‘éd by .control I'i ng

: :ﬁI‘.'T‘ ' slot apd R iuo Eime! slpt'd.q'a :rame‘to yrcdqee 8.
}=.-disc1:inination s:.gnal a.'nd 2" qontroner"f,o; :&ﬂi.tahing a pwer
= Yo contro], si.gnal bewpen a £$.rst state and a~ sgcona s;ate
3.,.~'time s10ts’ depending o’ tbe a;sc:imznat;on ‘sigual. “herein
'_." the powar eont:cl sisnal causes the pmver supply to° opera.te.

o

......

. fsect:l.on :Lnaluding A :adio

a :adio-izequency mlog s:l.gnnl a £reguency converter ‘for .
convercmg the :adio-frequencgg analog signal t,-o an '
in’cermsdiateofrequancy analos si.gnal by nud.nq S.t w:.th a
‘local qscz.l’:.'a't'xdn signal. and an ntemeuatg-frequency

: ampliﬁ:.er £o:: mlﬁys,ng the intemdiato-t:equency analog _
signal a £requem=y synthes;zer for - generating tho 1oca1 "' R
oscmauon s:l.gnaJ. and a mq?m section ;inclumg a: o :.'
demdulator for demdulat:l.ng i?‘* hxgh-f:e;zumcy ana.log

: sz.gnal to prodnce a' ds.gi;al ségnal and- a decoder £or -
decoding th,e d:l.git.al si.gxun to proaupe :eceivaa data.. ,_

. v !he eont:olle: w:.tdha§ the. pover cont’:ol s:l.gnal to

tne ﬁ.rst stnte at t;ming of cho oceup;.sd tm »slot and
sw;*tchas m powex, eontrcl: stgnal. to. the. secona state st
“ o =1:1m$ of the idl.e *tﬂne slot. ‘rhe first State causes tne
“ "reoeiver to be pawe:ed on ane the seoond stats causes the
Wk s

R ;..ana.log si.gnal ucti.on o£ tl_ze :aces.ve: to be- pwerfea off and
" .- the f:equencav mthesize:n 'and mthe modem seotio? %o be in a
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the %ransm $si.on. power. consunptlon only. The base station with a Iarge .

andunt:.of pover. consun'phfarn wWolulsde:Fdpi 0F i rith gg'. ATBacHD: battery in the
evert *of+ a pover fail, i ur e ?tfu‘r“t héi | eall -tp ¥ reas‘qedﬂ' at gener:at i-on.
SUM\/ARY OF THE | NVENTL C]M ;Fheaj nv,erjt@r found Iha& |t $t| ha% pl.ent y -of

I . .

r o&y, oy :reducti on. i ni pover; con§un1fl on. of ‘a bage: tair '3 frqrhthe
Vi, é\MDGI nt of recel vi,ng- oper atxoni i r{'l her TDIVA $¢ eﬂhe? ! .{ e,
1 : i S L
- . . . ‘,. ¥ t; 4.;_ L ..
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L As desg&bea a‘bove, s:;nce eaqh ;?ce_izv fl 9# ratsa.o jij' |
qse stau,gn 3.?*-;@5591:95' f.? pwer“;w% ah. yg c?q’crog, ;n time L
slota ﬁepenu;g oa’the: d:.scrzrminatipn a:.gnu, theferar - -

f

K P

. " power consuupti,gu of"the q_q:;o base sgatiox; caq bq ;Feducad
campared wvith. tha prlio: gx-t. ;Svch redu mon :}n pove{;
s ;;; consmpti.on cansgs the bm:kup bqttaqr t9: be yreventsa fm

the reduction :Ln powar eonsm;ption a.lsg dec::eases heat

: generat:l.on. R ‘ T S R
3 r C RIS . :
. ” :' =. * 'i'_; . : ::'- .{Eu
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axm"ngscmnm or m bmmes Lol T

F:Lg. 1 13 a blocx diag;m showing a powqq; s?ving

i c.f.zcuit used ;Ln a transoeivex;, ;ccordi.ng to an embodiment of
v;»!- the preseat nmtion; . “ ST ; v t* .' RN

o | _ F:Ls“. 2 is a d.jl.q..g:amn sh?wing an operat:l.oq ?g ?b.e powe:
sa.ving c:.:cuit: q_n mjma ms acoo mg t? the'
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:'1
m ;bj ect of the present invention is to provide power savi ng. net hod and
ap’paf f-ico R ca:n“*achl axke- aswbs‘t@nt;ﬁl “reducf“tb’i»r Fn,‘tbta’l ‘poher .. o .
cOnsurr;)h oh-of, a T ad, 0 base st at irom; "‘Cgbrdl ngiEoran, aspect of’ the’ preSeht
L nven’t»! oh, in a nmobi . e Gommnl catlons ﬁfyst,emr u&rng &l t4-me-«i vi si-on. - -
rmf‘tlm ‘6" access. LTEDIVA) for mat > ark veelpi: ed- tlfi?e sFok §°$ disscrini nated. from .
an:. 1d|ne twm 5l ot Ainla frama‘tp pr‘.bdhci}1 & di sCFY ol nau ofi “si-gnal . A pover -
COMY Gt ~'5i gn‘aT fo‘f aurect—:q wers. i s s‘wtched betV\e.en a.; ﬁfrst state‘and a .
sasand*s;ate 41 t}z[Yﬂ "5 015 dépendi hy of ol 3| gnal The
POV __.contrcﬂ S|gnal~+ PE_ ER =

'xeferx:ing’to 319.4. a{ radio ”base Staﬂ,on is p:ovided
oy w*a L

PR with a rads.o syaten 101 gaing 8 p:.n;autg”of
transmitters a.nd receiveg:s, ﬁhich a:e i:1'::.'»:;9.31;?.5&1 “;'o

.
I

14 r s

antenna. In thi: enbodimantﬁ a apair of t:ansmitter and
:-" reaeiver is provided for pach of four channo1$ chl-chi.
: sach t:ansnittez !‘z t:ansmits a raa.:.o-ﬁraguenvg signal of

= . tha corz:espoad:l.ng channe!. gehezataa -f:gm an ntemeuate_. o

,,,,,

1ntemad§a;e—f:aquency signa; to outpuq’;t ?to a demodnlator _~'_

v

& m:s. ru:ther eaeh rece:.ver -Ex of the’ a:adio qrsx:em 101

.' outputs a :aceived-si.gnal st:;gngtn s:LgnaI. RSS; of the
R comsponding channel to a. Tﬁlﬂ contzol;e:« 104 ’rh@ TDMA
c'ontroller 104 pe:fom the 'EDWTDD qpnt:‘o& of the rad.i.o

base station undar the control o£ a proeessox KCPU}
L '.l'he‘:'adio basa stat:.on;:ts furthg: onvldad with a

TR controllcomicatm channel disc:ininath ms. .

. comunieation ONIOEF ﬂisarmipator 105. -a transmit!receive
SR tining ‘afsGraninator 107 and'g. logic, cucuit 103, wnich

Py . £o:ms agppuer-scpplied slot d,i.scriminator 20T ¢ eacn channel. :
PR L m contzol/qomunicatm channel. d.tsc:.imnatox 105

- .“-fdiscriminates betveon a contrjol ehmel ana a comunicat;on '
: channnl based on a mceiv:.ng fx:equency and outputs 3
B ?aisozd.ninat:.on s:.gnal Dl. As Imm wpll, ? cqnt:rol slot of .
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ttmng of the occupied tine slot and to the second state at timng of the
i"dbe tipe Sl Of Accordln L0 @dnother-a pect of 1he gres ent.,ivention, a-
radio. base’ stati on ihel’ uge ¥ rad?g se%‘t on:: |né§*udt ﬁé el‘plﬂurgl ity of
recel vers and a power supply for éypp{)(l ng. povver to ‘the.fadi o Section,
Furthit 7 it is provided wth:a’  l.dkscrl rt natwor. f 61 éirgch m, ndti'ng betWeen
am:; occupt ed ti-nme. glot ahdfan ¥| dle ’l’t:FTB.;S|OLIn Y f{ame to produ,ce a o

d|~5cr| . nat i ;onsi: gnal and q cqnt ro[ I er .for SWI ti:hl ng ar; ower’

S

the oon:;-o‘;."chunez ‘is‘:_ 9’3?{ .?n Link? c:%annen es&qbiishment
phase ang .aezviue ohannd-" esgabmhmt yhase. ' necessary .
- --'~3:'3f,-¢:ontro:. signal‘“.ta t:ansﬁarreq at the predetqm.iqed tsn,mg of
e e aemtrel. s1t: liare}"the pontrol slgt 15 as8igned to the
. _-;:"_zirs; s16t8" of * the"transmtting ana” raoaiving ‘tine periods,

respectavuy. E'heref.o:e. eac); zeceive: receives the cbntrol

ope

“sisnal at regulax"intervals. ﬂhen z:eceiving on the control

::hannel. the discrsm.natiop s;.gnal Bl :I.s iﬁ logica.l hi.gh.
When ::eceivs.uq nn the comuniga.tian mnael the
d:l.scr.ﬁnination signal DI :l.s 1.n mgical Low

5:,.: . S’he"*ccmanica::ion ou/o;r d:.scrm.‘l;natox ;uf

—-:-'-- .-. Ve
“

'z disq’rininates btheen tha grssence an__d absenc?*'oﬁ

—-\’

RSP A

eomupieation ai:; ‘sach: eomun:.cat;on slot 'base? on. the
mgnitude oF tha' :eaeived signal st:ength hss; and outputs a
discrimination sisna.l Dz. i ﬂhgn the :eeaivsd s:.qna.l stzength
nss; is equal ta o:r: g:eater t}lan a predetemned th:asholﬂ

7 ],evel at a. comnxcation slot 1t: :Is detezmea thq.t

comund.cats.on 1s be:.ng parto:;yed at tne ccmmnication slot

| and thereso:'e the d:.sc:.imnatéon signal nz 1s in J.ogical

: ‘high. when tbe xaceivea sign%'} strenm:h Rssr s.s smaller

’*than t'.he redpte:mned threshold Ieval at a com:nicat:.on
sIot, it ;Ls detem:.nea that cgmm;eation 1: not pertormed
at" the comunieatiotx sl,ot thﬁt is. this ccnmmi?ation slot

: DR is 1&15. In this case. m discriMnation s:t.gnal ‘D2 :.s n.n

4
Il
. PP BT Py .
et e R RSN 5 10 s
1
]
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A L 'l'he t:ananit/z'eceive f..mng a:l.sqrintnat?r 107
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cenftrol Si gnal between a fi st. state and ~-secpnd staka 4 n-tinme slots © w0
elepem;il ng ‘On 't he: dfj*s scrlm nat. i on s;gnal Wnerel nthe’ pdwer control-.si-gral,
celses: the power -suppfy ie- q)perat é“ Eddh “of thbliEcer vers may include ‘an

andl bg sl gnal section i'ncl:udi: ng-.a r.adi-o- frequency anpl, rfter for anpl i fy| ng -
a.radi o frequency -anal’ 09, Si girdl’, ; ‘“a';frequency chhveid.er ™ or ‘convert i ng the .-
radlo frequency -anal Qg sfgna to an int ermedrafe frequency anal og. si ghal by,
nkxi ng itk wrth &’ 1 96 I, o’seil 14 aty-on.;8i g’nal “akid anvl,nterf[fedi ate—frequency

?PEEL;E '8 -l sate adiy gepﬁvw eaIOc%%m% §1gﬂ? g
rn)dems T‘I-é') :| ncg#g”arg?g} tx' .tw a:.gn L 7R ,.wﬂ*;?’é‘tﬂts a .:
._.?d.:l.spc:hindt:.on sa.gnal 1;3. sgxca the £§.rst fou; ;J.ots ara

‘ assignqd :I:'o' ’t:ansnission and. the remaining four slo;s to

ERECTS A 3

raception :Ln 2 mn/mp ::am, the t*nqqtlmmve timng
disc::ninator 107 nay be :ompa by a ;.ogio ,-circuit and. a 2 |
tmer counte: oparata.ng 5: th.g f:ane t;ning s;gnal m 'rhe.. "_.:
diSc:im:lnat.mn signal na*is ;qg J.ogical J.ow du:mg o

SRS _‘ tgansmitt!.ng pe:iods and 1t :I,s '.'m loq.tcal high du::l.ng
" receﬁ.ving pa:ioas o e =__}-;.‘; __; o

s ' -'.' 1' ..'.:,.-

.....

e and the comunication ONIOI? disp:dminatar ;06 a{:e
:- prgfe:ably inplemented with sgt’twarew. _‘For axample., 'suoh

) , : d;.scminat:.on funct.xons can fRe.' implmeated by a ?rogram- .-
f ' cont:oned processor :unn:lng g:e cor:espondins’ pz‘ograms
; Altemgtively. tb.e -rmn contro}ler 104 ma;r include; these_
- mnct:.ons.f ‘ s '._. ‘ SR ;'.." SECITEEL
y m respective disc:mination signals Dl.. ID2 and D3

a::e optput to a .logic c.ﬁmuit ,;.I.QB. m logic cimcuit 10§ -

-'; dstemi.nes wne'mer'pwe:“shcu#d be supplzetl to a receiver _ |
, ) ‘ and a traasmitte: of tha radig system 101 dependinq ‘on the
disc::.nination s:l.gnals nl. pz and D3, - Mo:e specitz.cally.
. tha *:Logio c;.:cu;tt os has* the “,logio amctzon daf,ined as the

Core stata of- a.'n wmt c., fop all possi’ble discr:imination |
signq:{.s 91. bz and ‘ns durs.ng the .reaaiving per.‘!.ods as shown
) “4n tBe ﬁollomg '!:able. et
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denbdulator for denDduIatlng the hlgh frequency anal og signal to produce a . .
dr*gl tal :gi.gnal - and a.deequeryf o ’derodi ng: t'he diger al- zstugqa}* t~o) pPeduce o
recet ved -dat #i:’ ThE: 'cont,roH er: swtt{:hes tshe ‘POVET. “gont r"ol’ si gnal ‘te fhe . .
fiirstt stat e at tim- ng-of: 4hé” occurilsed t;’ me sl “and” svvltC’hes ‘t‘he: power

cint c_)l. 'signal tog the- second state~ at . t.iHm ng ‘ot the i e t'+re-sl ot... The
firSt - state Causes tHE recei \?er tet’ be . povier.ed* dn an'd e secon:d state "
causes., the -andl-0g; s]gnal sectiian the receiyver.to; be powered of f and the .-
freq,uency synt hESJ zeb and t‘h&aﬁfﬂd seilt;tl'on t«o*‘b'&'- 't_’_}_l'a' standby m)de Lt

A
. 3t
."-I'

A ywe: snppl.y uantroﬁa: 109 in,puts the output c,; of
‘ ths J.agzc circut 108 fc: eaeh cbannel anﬂ outpnts a pa.tr of

.F:v--

. i "’”“ﬁ‘t‘“ “ﬂ 1‘°°°1?°=‘ Dower supplr qontro;, signa:ls g

- " : and RtC !:o the :adib sys".:an ’101. Acct;::iing to the\ pgve:: _‘
snpply control signals ug and gxc, 8 power sugply (nqt |
, ; shcvm) suppues pawe:' to‘the conesponamg transmitta; and.

’ - .
=L - . 1.
- ..

- '.-:5-_' * recezve: of the :a&:!.o sysfen .101 More Spaczfican? 'i.n the

i receiver to, pe:fom the recsi,ving opexa:ion at the s:Lot In

.....

nEil eem “p"“‘m" *"e“’-"‘r !‘hersfore, tnrthe: meaucad powe:
SE consump‘tion uan‘be achj.eved. ot N . :__:., '-|';:""-l:.:."

' ""i C .;.

In th;s gnbods.ment, eaqh reeeiver maudes an“ analog

section compnsed of a raaio-f.;;equency ampliﬂer 'a:'nix'er and | _
Ry ..:,\an mtemeuate-t:equency amplif:.e:. ls described later, it '
f-may ‘“nclude’ the demodulato: 03 and Enr:l:her‘ ‘& decndex un:tess
any zu:u::-e oeeurs vhen sw:.tchi.ng on ana off :!:n time slots,

"} Refe:ring to rig. z, 3, mtm q.-ame of 5 wssec 15
; — comoasd af eight xt:une slots each of c.szsmsed consisting of

2(0 ‘b:.ts. l‘he ﬂ:s tcun"tm %hts '1‘1-‘1'& are assigned to "-'."' o
,u“,mas,pn aad tbe :Last Snur t:.ms slq‘!;s m-us ﬁo reoeption,

s L8

.,«‘ fo: tho eontrol channel and t!}e :anaining tm slots '1'2-'1'(

S e ~ L '- - This Sheet Has BeenR’i 3 B -

AN

"

-




AP VO R R R LT T T A

- s LR
L, ».n— AN N kN

5. As idescri bed above since each receiver of the radio base station is.

sub:; ecgt 8-t OixpOMETE SWi-t ehENgHCoNt FRRLT W e SO0 ‘dependi ng” ont he . - i
di-56t Iih. rraﬂ’gn signal ;: thie total pQwer ;&(yﬁsunpunn “of “the.radio base =
stat{ ¢H Can be reduced Qorrpared vvlth 4 ke~ priiv oY art. . Sugh reductn on.in power
ccrf{éurfrptl on causes the "ba¢ku UR. . battéry to be- prevent ed f rom-rapi dl y- :
exlhauét ‘of-in’ the &ient- of ra’ poWeT f.,al 1 uJe Further the reductlon |n povver

R VS OO e AL R

consunptl 0N aJ sc-) decreases heat generatnl 1o PR RS A
P an, RaRACaTapesd: Soricomm oy 9‘i°§‘;$?%??7 " The ?°’“%.f°1
slot iqa.ltmes ;p;egnble, cba.tqel idsntiﬁs:a.gq.on‘ gq?xce
;'.‘.;deptitication*cnde. desti.na}':.on :.dentigi?ﬂ:ion coc}a ana
,} : ot.her necessa:y a.nforma;ion. i l'hé comnication sl.o; .
','_'.f.f_:ij_ :.nolndes p:eanble. channal identificat;ion, ~use.r data, gnd

oths: neoessary ‘ufomat’a.on. X

‘ o ‘-_"' Lssuning that the! thi:p. time slo?;s xs are assigned‘ _
for commication of channel ¢cui. '!he eonttollcomunwata.on
channel d;scrima!tian sigmmf D1 changes ’fo 1ogioal high at .-

the t:mi.ng of the controI slot Ri as. shown .1n !‘;gn 2(a)
' ': - mhe comun;.cation mvorr uuscrinination signal Dz changes to-- '

0 togheal ‘highgt ‘the tmmg o£ the: time siotiR3 as showg an
Ve I‘;g. z(b) .. smeo ‘the /R tim.lng discz‘immation signal D3 is - .
A ".in ‘.togica:li hish during the rece:,v:.ng period B shown in Fig. S

"_- ztc). t;he output c,s of the J.Qgic cn'cuit 10§ changes to . o
'. alqgical high at. the timingvof tine s{Lots m and 33 accord:l.ng -

i‘ to the .‘Logic fmtion, as d.eacg:ibed :.n the a.bovs table..
N ...'-,'-: 3 D m:afoze. jthe powa:r supply ccntrol signal RXC for - .
; tha, ahannel ehanges to logical high and powen is supplied to :

_:'.‘ the comspond:i.ng to the raoeiver at the same t:.mng as. the
3"=°ntpu,t G-a °f the 1osic ci:cni§: 1oa as shown 1n Fig. 2(e).

~ it °th°3-'" "01‘45: Pmr 18 su'p?}i-ed to tha recei?er only when .
,* ; the output Crs o:E the J.ogie a:l.rcu:l.t J.os ohanges to loglcal
."_'_ - : .': hlgh- Ho:e gem::auy;. aach :eeeive: n£ the radio system 101‘

..'fsw;tmes ox; and off in time slnts acco:mg tp the output
BT _"Cgs o: the iogic c:.rcuit 10#. xesulting 1!1 reduced power

i

-
i
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BF& EF DESCRI PTJ ON CF THE DRAWNGS Fig. 1 is a block diagram show.ng.a power _
savl»ng ¢, Tewity use }n a LI ansce} \zqr aeccord.l ng, tO ‘an e;nbodl ment of " the ~ "
preSQnt |nVent4 on; FF Qg R i's a dl 'agr arﬁl§how gt ‘an | operatlon of the power
saviing. circuit in TDI\/N DD frarres iaccordiing 1.9. t:he.enbodi went » and ‘Fig. 3
is & schemat i ¢ di agf am shéwL ng a recel ver - sectf ‘an accordl ng to anot her
ermod1 ment of . the pr esent F-nventt ont--n_:'. _-4: PR A A :

ER ‘:

Vveops

Lo, Mms to ris-»»a. each :ecei.ve:; n.; ?f the ;-aas.o _ )
_'_'systqm 101‘ inc;udes a racgiv;ng saci;:.m 301« ? fz‘e?“encr ,.;';-... ; |
. SYnthesizet 302 and a mﬂm Section 30; - In 1;1:1.5 emboaimmt ,. L
'-_-;._";’;-{ﬂ,;__": .:'the :eoeiving section 301 1s ,subjected to pqwex- ONlorr S

consumption ‘oﬁ‘the xadio- i:ase, station -;;

_-contro; and the t:-equency mthesize: 392 and “the. modem

- segtion. 303 a:a sub;lected’to ‘power up/d?vg control :
L 'L'he receimg sss:;d,on 1301 cowerts a ra,ﬁlos.frequency _:
:?:s:.gnu ’r.o an intemediafeié;a'g;;engy s:,gng; a.nq putput it to

) :-:"-the mdem sectioa 303. The mpdam seot:.on 303 outputs

Gigital received data to a m ogntrone: 301 that 1s the
.vsame as :Ln r:Lg. 1. o - AT e

.‘ C . .
o

'.l'h.e receiver xx .ts p:cyidea witn 2 power-supplied
slot dzsc:.i.minator '305 !or‘ eacb ehannel that :Ls composea of :
03 tne cont:o:ucomn:.camn ohaanel ds.scrminator ;.os, '

PRI comm&.eﬁtion cn/err d.xacrim%ator 106. m tranmt/receive '
T L ieming discriminator 107" and the-loglo »ci:cuit 198/ 8 shown

R ‘m Fig. L. -me output c,s of 73:1:« power-suppuea ;m:
d;sqr&ninator 305 causas a powe: suPPIY mmller 305 te
‘ generate a meive: powe: supply control signa.‘l. Rxc., _
,, SR Acceraing to the pows: supplsr control s:!.gnal Rxc “the: pove::
__'f :.' o supply 307 supplies‘powe: :o ths xece:.vd.ng seqtion 301, the -
' - I f:equency synthesizer 302 and xthe modem section 303. 'I‘ha
pm suppzy 307. :Ls fnrtbeu': pigovided ‘with &' bacxnp batte:g
£or emrgancy use., L .

. £
[t -2
.- N

.-.,

Y ) ; - '_. : !'he :eceiving s_ectd.cn 3,91 il cwerad oq and o££
s l-\'-. - ‘" oL . . 3“"—: ~4d i '(‘ i
- ] ) P . ) , . - e . . . , 1

»#7 . %1 .7 17 This Sheet Has Been L
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fDES@F'\’i,PTI ON.OF THE PREFERRED ENBODI MENTS.Referring to Fig. 1, aradio base
AR prow ded wtha- radro sygt,em 101 |ncl udl ng :a. pl urai ity of _
tra,n‘s'rn;tters -and recei Vers; whl ch arg’ ‘comrpected. to an ant’enna. I n this
errb@dl ment, a pair of transmtter and t ecei’ver: i.sprovi.ded for:each of four
channel s Q‘h] -ch4. Each’tiapshitter Ix transmts a radio-freguency signal of
‘t het Qof‘res-pondl ng . channel genér at ed;’ from an-i.nter rredl ‘at e- frequency signal
|npu’t “f1-om-a; m)dul at ot 102 Eath: ;reqeﬂ Ver ‘RX rieeei-ves. a; ir adi o- f.requency

Zl gg%éfﬁngt gmmst tbd@ﬁ&&;%ﬁ#%&%flﬁ%ﬁ}% to out put |t to
- fraguexwy synthesi;a: 3oz‘anq t!xe maen section 30:; are

powerea up ana dm aecora:.ng tq the swe powar :upply '

. oon;:rol signa:. Rxc. whsn powgred up, thay ara noma.lly

powered and whon xmrerea doun they change to a standby

sxate. :' g

- Ce e

. uo:g speci.ficauy. the receiv;ng sectzon 301 1s
ccmposed o! a :adio-fregugney“ ampliﬂier 401 g mixez: 402 and
an :.ntemad:.ate-trequency amgufier 403. '.l'he raai .
-frequency mlzf:.e: 401: anpli.ﬂas the receiv;d Rr' si@ am.;l
ths m.::e: 402 xuxes tha recei\_ved RP sisnal wi,th a local

osc.iuatzon si.ynal ganmted by the .Erequency synthesiza.r ,'
3oz to “proﬂuco the ihtemadiate-frequency signal In othez: :'
words the m.xer 402 is a fx;equency converter. 'I'he .
ETE - intemedxate-frequency amplifie:y;- '403 ampli!ies the
*inta::mediate-fregumy signal and then outputs it t; ‘the g

modem sect:.on 303, - mese ciréuit coxqponents 401-403 -are
allowed to: swi‘tch on an.d o££ 1.n t:ime slots. An antenna

:t:;.,‘- swa.tch cimuit and an RSSI detect!.ng e.i.rcui,t. wh:l.ch are- not.' |
:'jr:._._ shown. may be lnoluded 4 - the receivsl.ng section 301.

N o m noden seqtion 303 i3 ccnposea of & d.emdulator

A - 404 and a decpder 405 The ﬁeqnency synthesizar 302, the .

: deno&«.xlator 404 and'the aaaodser 405..aze ‘powered up and down |
_'. accord;ng to "the- pmrer nuppiy bont:o.'L s:l.gm Rxc | vm;n o
. 'pwerod dm. Preaetem:.nud Fl.dle cntrents £lou through the
:raquency s.vnthesxzar soz, thg dmdulator 404 nad the

.. -" This Sheet Has

W
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1(;)3“‘ Further each receiver of ,t.he radio. system 101 aQutpyts..a .,
r8eéi Ve srgnal strength i g,pal! Ré . of “t he: cor;respond.r g Qhartnel 1o a TDVA
can?mr ol t-er'.104. ' The. TDIVA»Cont‘rbH r“s 16‘4 aﬁerfbrsns ‘tHe - TOMV TDD* control of '
the r‘adr 0 base statron under the's d.ht il of -al proceséor (CPU) The. radr o -
bagse statron LS. further provrded wr‘th £y controllcorm:um catron channel '
di sérl i hat or 105+ a;-cofiriniieat t o tﬂ\l/ OFF dtsctl ‘menat or 106: - & . CLn o

trahsmt/ recei: ve tl ni ng o SCkid mt h(:ft-or ‘107 and an Iogi'c i rcui t 108, Whr ch

forms: & ’Ro) ! M &ﬁ.&ggl . The =~ -, _
cdht‘rol /w%m r%%icr?a g&% rlq#tatro R SE m*natues bet ween a :

CaRty oL, _cha 2 m&u&a&rﬁ&w oaﬁsmttoh 2. echieved as.1n -

. -.:-.-;'
+ 3

e caseu of pa\(e: OI!/O!'P}” e ,: ,;_ L D el 2
l~ R S ..: e P W
3 :

Usually. the i:'.' synthesiza: ;02 ‘is used £or

bqth ‘tuasniss:.on and z-ecepu,pn. m:ere#m from the '{

-
..«:\}'"’l'_-.

g '.-'s,'_".j : vxewpom: cf p:aoucal nae. Jfb 18 prafe;:able tha.t the |
S f:-mency synthosner 302 1s not' powered on and off tmt up

Contrarily. ;.t :Ls poxsible that the raceiving sactzonf .'-

: 301. the freqw:cy Srnthasizer 302 anu tha modem section 3032-:" .
] a::e a:l.l pawerea up tand dm u:cording tc the powar sr.‘pplr

-.':f. coatrol signal R=C,. i, g j.‘ B .-. S .

; . _‘:-.j 'l'h_e pol;z'er-su:pplied“slo} disctim.nator 305 cmposed Of ;
S , the contzol/comnieation channel dism.ninator 105 the -
“ LR comn,ication ONIOF!‘ discr:minator 105‘ ‘the transmi’t/z:eceive |
S timing dis::::minator 107 and the log:.e c:l.:cuit 108 is

, _p:eferably mxm:ed with soztware and/o: 1arge scale ' . : .
‘ . ’ intemtion- -‘-.'.H..' -,., : |

ve Teen ‘.
’ . T ‘,-.. .

s The present invention gan bc appliad to m scheme

f_;.}not. l.inited o:u.y to; muaumn §omat. e .
= ' Accora.tng ito the p;:esent inventmf Sinoe eac.h .

) :eceim o:E the :auo basa stqtion is pawared onloff oF
ﬂ : ~upidogm in t:une ﬂ.oi:s depend:.n_g on the outpu’c signal C)g of - .
: : the power-snpplied slot discziminqto:. .;the ’total powa: e

_-:':, i "consnmptiqn of th.e ;auo baae stat:.on t:an be ‘Tediced.
? compa:ed with t;e p:ior ax:t Such ‘reduction 1n pcmer

»

R=E
.\. .l Fooall . -
o '..'

“‘rrrrrrirrr i




hannel based on a recei ving frequency and out puts.a. di.scrimnation signal
%;L -JAs T known el [, L ascont ol skot: :prf b7 037 VAR 1999: 'fhe ‘cont t ol ‘chanhel
ﬂsed‘*; n Tk ’t;hannel est abl i, shment Jphase' and s&kvi ce channel - :
ESta'bI j’shment phase A necessary ;goritmol SI gnét |sxtransferred at the '
p%red\etefm ned ti.mng: - af “Iihe “contteslot - * Her e theI control’ sl ot - .
as.s+gned to ,the fl rs‘t sI O).'S- 0]‘ the‘traﬁsm ttl rig anq recel Vi ng ti me perl ods,

?:ev?x_x ea trom .:-'-

..l .&" '- '-. 'q.""; ‘I

bqtteq"

AT 5 "< T
?vsn.t of 2, powat £ailure. Further.
o m :ednction in‘ power cnnsmtm “mase? h“t gm“t“n’ '
A S E .
5 . 5 ..'_. ‘
Lo e
FI RV
N S .; - ~ .
; *J' v .
t ':é.‘
SUEEEI N RS
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respectrveTy Therefore 'each recei ver receives the contro| signal . at._ N
r-eguJ ar I’eCt?.1 vi.ngxon:t he. coi rdl”char‘mel the N A ¥
tscrr n{"mﬂmm‘“&mnﬂ i 81N~ 1egi cah 5h| gh.” Wien™ Agcle TRV ng on thé- K
ommnr cati on channel , *t he: dr scr:r’-’;mvnaf’rfon si gna] Ot s in rogical .l ovv The
cerm‘unr cation OV OFF discyintnatigr) 106; di sctinifidtes’ bet ween -t he' presence.
and absence of commnr cat'i on"at-, ea‘ch pommnr catron sl ot’ based-on-‘the " * :
'.gnttude of "the’ r ecef ved srgnal .Str.ength 'RSSI- and .oyt put's a- discfim natron

S gna1 ‘D2.: When. Lhe, reqe! st'gw s;r,en,gt h,, SSi RS gﬁualt toe: or great er
t.fan:a *preMned thrre hn‘rd I _cfa'.,,z_'znrcﬁtt s| ot\ MR o

df..term ned that ‘_.'_-t?_ff'--" . R‘ .‘,_,‘.;‘, ‘
’ o 5 - e
:.., | g gover sav ‘Nge*tboirznr‘a":riﬂio ygs? station
i in a mbile cmm:;atinq systen_x uslns ti"?‘@"’iﬁ” e
‘“ : mztlple-aocess (MJ_ lfgglat; compriatns the; 8“93 °f-. a
el a) aiscriminating betwpen. on occupied time
‘ .slot and an 16118 t:hne slot d.n ar £:'ame tq produce 3 : ' R
il ’discrmatiom s;snu.'j""'f Wb hhe LT R R
MR Cony i b) s-witgh.ing:.’a‘gqm control signal for a :
-,-:ac-‘w be’t:wee‘n ‘8 fi:st@s?;a‘% ;nﬁ & smn‘f m“ 1" tim
s‘J.ots dependj.ng on the disc:lguaﬁ"!“ 55-9“1

, 2. . m power savlng nethod accor&ng to clai.n 1, o
where:.n the step b) cm:ﬁes the stepa of ot . ,-..:

f;.:-st state a: t:uning of. the qccupied t;une slot 33 ana o
ey sw:.tc);ing the poye: contrnl signal r.o t,ha RS
seeor.d state a.t tmi.hg o: the 1dla tine alot.

1

U e b 2

A .- « ! . - . 3 : . .

s . ".' on L. [ . . 3 e . ~
s . 2

Sl SINPINE Ch ne power savxng nethod aecorainq tg elam 2,

L .'.- "

“’__ where!.n the :Eu-st stat;e eause§ tbe :eceivar ‘to ‘bq powe:ed on B
. and :pa second stqte causas tiha :eceivex’ t° Pe m'ered °ff'- :
- '.'--'_.'__ ‘ 4, . m pove:: ua,vs.ng method - acco:é:ing't? clam 2. _.j L

vhere:sn the first sta“te pauses the :eesiver to ’be powered on ..




T B

'::‘mrunl cation is being perforned, at. the.commyni gagi gnish-ot " and #her'efore .

Je: disscrim nati on signal 62 isadn 1-6gi cak. thizgh. Wlen .t'he received si gnal
;'.tf'._f grrgtvh mnﬁ' t Han - the pr‘eldétermned threshel d. | evel - at a :
cohﬁum c m‘mﬂm determ,l’,led it hat. .Congnurg. qaq.on is.:het perforned at
ommuRi cat ilon *sl dt, tha-t §

rs,:i.t'hl ¢omuni catl afsfof"is idle. In this
€a% ,."*tt he . di.scyi'm nation, SJgnaI

@2 lé‘,,“ln Ioglpal low, Jhe transmt/recel ve'
tdﬁpng dl scri.m- nator 107 '-*-',:-' RE3 I

ﬁ;gna, t.hq secoa$ s:ate dagsgé‘ -‘gne ’rec;el.vex 1:9 39 in S’f-anﬁby

wooa Nt e o
Pl o .e

. A .

. s
AT
o m aunr e
- LA IS
§ Eah .
. LI

- 3
W' 2
st .

m poue: savni nethod seeordins ﬁo claiﬂ 1: .
?'im:e:.n the mobue’oomqnﬁaﬁons sysm usqg & pulu-
channsl timevﬁivis:lon mltt?le-aecess(tine-divi‘sion éuplex
“ (mwm.) f.omat .and /tbe Tadip’base. station. o compri.sea of
a plurality. of pairs of- receiver and tmansnitte:
oor:esponding to diffezent chmnelsy’uherein Tt'he step a}
| comprises the ,steps of. :._ > _' _:ﬁ-. _:. 3 .
disorminating between a cont:ol uhannel ana a’
.::';:om'nunication qhannel ‘base& on the TDW'!DD £omt to '
p:oam a fu'st dtsca:imma.tiop signal.- A _'
SRR o da.scr:nln&t:l.ng be:tween p:esence and absence o£
on;mnication basen on a reoe&ved-sma.l st:ength fo:: each
*tina slot %0’ p:pdtiee ‘a second disq:;lmination si-snal
: a:i.sorim.nat:.ng between transnissa.on timi.ng and
': reee-p‘tion tm:ng based on the '!DH&ITDD fomat to produce a-
"tura diserimination ‘signals e . .----'._:. o
. calgulating tne aiswimation signal from the
'f;:st to th:b-'d diseramina‘hi.oa signals. :

. N R
- . ’ \ . I. - Ly '-.. '
P A, " "

6. | A powem sav.‘.ng anparatus fo: a rndiq ‘basa

.stat.i.en in a; mobilg commiea;}onb sy;ten us:l.ng a, time-
- 'fi" division m:.t:.p;e-accgss (m) tomat. oomptising

S uscrlmnﬂt“' for a:.scrm:-natins ‘Qetvean an-
BT ﬁ;-' . .. 'This Sheet Has Been Replaced . L S S
Sowen T fil




REE%]_ACENENI SI:IEE]' dlscLmeat es between the transmt tining, and.the recei ve.
LT based on a frame ti mang:; :@ fpal FRM &N bd‘t{iuis""ee di s¢rim nation -

5} ’nai ”Iﬁmﬂﬂ"mﬂ"m) ﬂ f-ou-r si*ots qrqé Hssi gned "t *t.r ansii'ssi on and t he
-r«ér‘ml ni ng cept1 on! “ina DWW TBD, fr-arne,”t he toransmit/ receive

timhy- di séri finat ot 107 “may*"be f.gred: byaloglt circuit and a tiner -
colint: QI’ oper.atihg-at-the: f[qmé ‘tllm*’n,g si gral.. FRM.: The di scri‘m‘nation si gnal
D3 st Jn IOgl cal ‘10Wdur|rjg"transﬁ1§m|ng perlods and |&t ;'s in Iogl ‘cal high

dur,L ng recel AMing .peri od Thé& ' cQixirdo, Q éf'_ cri'm nator
'1@5{~ occup:l.ed in % 3 '{#‘% i&'& : (?

ekt n-u =u ';:-."-",'_-_.E:

: p:oduca a disc;:;minatigs s;.gnal., ? g

-
)

.,:- L{ 5"

L Sl cont:om .fo: awi.tchi.ng a. ,power contz'ol

i ey

signal f.ox the'recamer‘between ‘a fu‘st state and a sepond
. state 1n tm slots nepanding on the disorin:;.na.tion signal. |

'me pawar saving apparatus according g.o claim

:-c\ -

s wherein tha controllex svitcbes 'qze ?mq ?on‘t;rol signal
: to the fi.rst szate a‘b 'tmd.ng wf the omnied time slot ana

control ss,gnal to the secona state at
S tiningﬁci thg ;cxe tme -,slot.

. ' .
P .‘.‘ . :.'

T T :.8.,. whe powe: sav:.ng apparatus agco:&hg 4:0 Slaim
- 7 wnerein tha zaxarg staté cr-jpsea tha z:aceiver to be povered

- on and the secona state oauses tha receivez to be powered P

‘Off‘. R -.'_:: " F n : A
=!-._ .' e - : _‘..'-.- L. .' l‘ . . . P N
'

9. -~ !‘he pme: saving appmtus aceordﬂ.ng to clai.m _
7, whare:l.n the fu:st astate eauses the rece:.ver to be powered

. on and thg sedond state aauses the :sceiver to b¢ .tn a

%t
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L 1o. i m power«saﬁns apparatus accordmg to ciaim
S " 6 whe:ein the mob:ue comnn.ipatiohs"‘system uses a8 mu;.ti.-;
cbannel t:.ne-d:tvision mltiplg-amssltm-division duplex

el

.'-,'Zi'; (MITDD) foma.t and the :ad:.o base station is. :;omprised of
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) m;i'u"‘t he conmmuni cati on OV OFF d| scri m nator 106 are preferably inplenent ed
vxl‘,ﬁ - guf L sycn d §€ftm natlon'fuﬁc‘f'jt nAs:can. be ~ ..
|, "' nt.e ﬁ“l m)lnm 'mom'roll d fipgessor }unm.n ihe! cOrrespondl ng

RE! tec nat | we nt,ro{ ler, .. 104 rmy f¢l'udes’ these -
f»&nm,lfans .The respectlve d’l st:ri mﬂéti gn:-’si- gnals 1o LAN G- and D3 al e out. put

o Hogl < .icf rcui.t 108y Theh lpgl G, @%rcwt 1108: det: erm nes “whet her power .
sﬂeu{ q be’ suppl 5 ed to o8 Jece1 \iér an a.transm. 't 1€r " of t-he . Fadl 0.system 101

J§( g oﬁéﬁ%%%e Spf_c.l f,:,cal v

els P wherei.n tl;e

f first d;.scrminatg fnz d!.s,, e g;m
v between a mt:ql channe; ?na a omq'.nipat:!.on channql based
_'_on the muum £o:nat to produce a f.‘.rst dj}sgrms.nation o
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‘spoon& dzsc::lm.}latipn s:-gnalf. T RN
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the m{m format z:o p:oﬁuce a third discrmimati?n
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staté of an output—(j)s—fbr aII possible di scrimnation signals D, D2 and

D3’ d“” ng | ods as; shown i'n:t.hes fQl howing tabl e. 9 TABLE...
Mﬁmmml o e e e g v
TR g . g it

?3 e -.t-‘a_f_ g{_égeimmtor’fer disc:minamg between an’
_ occupied t:lne 110: ?nc} an iﬂ],e t.'Lme slot in a frame to .
:produqe a; d:.sczimuation signal and X

Y

a cont:pue:' gq;_' .switchi.ng a pawer oom;rol

£~ =,

\,,ﬁ?’?:'},;f ﬁﬁ;if te A senendlpetarntimg | mg
im,:-nation s!.gna.}_.. wherem the ' :

’;I 2 ,.’

,power control slgnal causes the power supply 'go operate.

l
LN
:

| 12, 3 '.!'he radio base gtation according to. c‘laim 11,
'wherein the eontrouer sv;telxes the power: cont:r:ol signal to.
1y thelsirsy: atate‘ at"tining “of the' pocupsed t;_.me plotand- iiiL

1‘?(‘ . l:

switches the oL %‘““% §1gna1 to the secon? F‘tate at

£
-
v " .
- Fvs

1.

tim.;g o:E the idle’ﬂtine elot. g"

vy
'
i
5_-“'\‘
R 5 A LI
AR °7 YRRt O 1)

} .

nY
5 v

: 13.' 'I.'he rad:.o base etetion according to clam 12,

" ana. the seoon& state eenses the receiver to be’ pqwe;ed ope.

o 14 | The radio base station according to claim 12,
o 1€ '_ i.n ::he first sta.te eanses the reoeiver to be p?we:ed on
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A.-power - supptﬂy—c:ont—roﬁ‘er 7109 i nput$s the out put Cps of the Iog| c ci rcwt :
198 for ea ut puts a palr of transmtter and, receiver power ..:
su"ppty 'C mimﬂll Clatld " BkG. g it he radfo s;ystem 101 Accordl ng-to
t:hig:’ power [+ si gnal's’ 'Tx(: @d RXG i3 power suppl y (not- shown).
supp.l iés power to the co,rreSpondlng ti.ansni tter e_md regel veér of the .jadio -
system J101. More spepl £ pc,atl Py,,.tnﬁ'ﬁhe casei ot ‘i'f;}js" Tfl'ﬂpower is supplied to.-
the’ tzowespogjl ny- recel ver t_o perigorm’t he.- re(fetl\/l Ny ‘gperation at” the slot. .-

| 0 t‘he tase; =0 "power . hot suppl ] ed L0 the coFrespondl ng
Thérefore { [frad: ! ,

r ef.:éas ver'

to.: 'a!i mtemdig‘te-fteqmcy analdg

3 .:;-‘signa,l by m:.::ing .‘Lt with-._-a lnaal osciuatm signal and an
B ' ;.1f:|.ar ior anplif’ying '

ety ‘._.: ,-‘,- AL . RrGh . -.- " }‘ “: ‘o ;" ° - ; :- o . -;
S P _intemeaiatswfrequency analog: s,ignal. LI
-i':'_‘:"?f ) 3 ;._ T '-.'.-;_'-'f Ca :f;:equgx;cy synthesize: for ganerating the

: '-local osc;llation signal; and

-'.;:- SRR a maen section mclnding & damodulator fo:
B éteoodulat;ng the higb—f:equency analog signal to prnduce a: )
. Q-' disital sa.gnal pnd‘a deopder :or decoding th.e d&gital signal-'” | |
: r;*to oaucg received aata. 0 ' T e 1. . | ﬁré
| .. wherein the cont:ol:le:: swi.tches th: hpower S
- oontEpy s:.gnaJ. tc the firat s’tats at tming o:E the- 6écupied : L

tix%e slot and mtches ’tne powet contml signal to the

: .segond state at t:lmng of the :.dle time slot. :

-
-
-

R

{ '15'., -:ﬁ_afraé.io-;'_b';ase-'_‘egééicxt_ acéordingto claim 15,

% o "«'ci;_s'.—-fmt state causes ithe Tecelver'to be.
-.-pweredonvand’-"'-. gL

> h the second s’cat_;e, ca_gjaes the ana:l.og si.snal
Lop; o:E the :eeeive: to"be po'ueran off ana the fr.equoncx :
Nk -'-'1'syn'zitésue= a:;a the nedem section to bo in" a standby moda. © o

.
‘...

Vi "j - O & m pauer ga:vi.gg apparatus accord:.ng to claim
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In thrs enbodiTent ;- —eaeh—+eceiver includes an anal og section corrpo’sed of a

decoder unt e

Referrlng te Fi.g. 2, a TDNA/TDD frane .0f.’5 nsec iS. conposed of elght tinme

sl ot:s: each -of 0. 625nse, consjst1ng of 24@ Jits. - Thé.. firsfour .time slots

T1-T4:are. aSS|gned to, t ansnv93|on and it-he ‘l.ast -foul, tIﬁE sl'ets-RI-R4 to
] Lmrhg.

recepti:an: - Uﬁ w ‘Rt are used' as cantrol sI ot for
t he: cor’itrol chanrnet:~am 1] “ " L
SRR TR T an ana:l.og*‘signal sact.wn :.nclud:.ng a’ faa:.oo

I'oit s T 2~ T4
frequency Tmplitie: fer‘anpufying a’ :adio-frequenoy a.na:l.og -

r adi_o- Treque a_nitxer and;.an- i-ft er medi ate-frequency. anplifier:--
As deseri bed n!&mi J’Mu cl ude the’ deIDduI ator-103-"and further a

u“2

curs when. svmtchfng on:and off in time slots.:

| ss.gx_:al. gxeguency oonverte:: for converting the xauo- , .
*;"f,; : ff:_equwcr-.-. _Ir g ay, mema%gte-tpewmgy ahalfg’ ¥ ; fi_
-I:zg x sisnal"‘b!"‘ 11 s‘ it“witq g, lgcal oscmation ‘signal, ankl an’ L ?jf

L mtemadigt’e-f.:equoncy mplif:.er for angl:.fgipg t;he ' a
A mtennediate-f:eqnency analeg s:.gnal' s :

| - - : oy - A a m@, synthesizer for generatinq the
lncal :330111&&10:& szgnal and B > .
".:"_';"'jf‘.-. '.'_ _- 5 4 V2 moten sqction melumg 8 demoﬂulato: £o: )
ey ulatiurg :he high-frequenfy analcg aiqmal to produce a’
d.ig:.ta‘l sﬁ.gnal «and a decoder for decoding the diy;.ta.l signal
. “to" p:xoduca eeeiyed data, SR '. -
| whers:m "hhe controller switches the pnwa:
1 s control s:. to' the first stat.e at tim.ng og the occupied :
© o vtime sJ.ot ?a sw.ttuhas the power control. signal to the :
'second state at tuning of the idle tma slot. .
s, ! l‘hepqwer ,.savinq{appa‘:,attisg_aqgo::';dixpg to claim |
'.-17' wmlni SR . YL o
| z“ -_;:' -_ . : ) the ﬁ'ff‘:' s‘t;;?e‘causes the :aece.}vet to bq :
powered on:*énd S B . :
' . | '.5. the second state eauses ;. the. analog s:.g;:al ‘ )
section of ::.ho reoea.v!er to be powared. off and the f:equency )
. synthpsuerfand the moaem E:_action %o be in's standb,; mode. .
RIS § i " This Sheet Has Been R -
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10 and R2-R4 are used. f.or communi cation channel. The control slot includes
preanb} e, ‘thannet identifiecation, source identificatiion code, destination

i dentification code and. other necessary |2n§or mati oni/ The.conmmunication sl ot
includes preanble, channel identification,” user dat a, and ot her necessary
|mformat|on Assumi ng that the third tine slots R3 are assigned for

conmuni cat & on of channel-:CHi . The cont r ol /commnl paﬁ I on jhannel

di scri m nat | on SI gnal Dl changes to i ogi Cal hi gh at '_ A0

R X

- PGNERSAVINESMETI‘HODANDAPPARA‘IUSH)RRADIOBASESTATION

' . Xn; a :ad.to basa sta.uon of a 'J.‘Dm comnicat;.ons
.' sysmn. an occupied tme slor 18 disa‘immated from an :mla
s time §J.ot in a fran? to p:oo'xce a discrmnation signal.
i _'.power control signal for a. reces.vez- is switched between 3 -
s . £irst stai:a and a second: statp i tm slots depending on
SRS _.'--the disc:imination signal. The power eont:ol signal i
) ._sw.tt'.hed to the £irst state at t.‘..ming of the occupied time "
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the tlﬁlng of the cbntrol slot Rl as shpmn |n Flg Z(a) The conhunlcatlon
@N/.ORF- di$crim nati‘on S|gnal DQ chan ednt 0 IogtcaL hhgd at the ti mng. of-

the ti'mesl'ot R3.as'shoiin }.i- 'ﬁ? B). Stefd-the FIR t
s;gnal D3i-s in. Ioglcal htgh u ung the rece|V|ﬁg et i efi:as’ sh0mnl1n ‘Fi g.
2(¢).; "the out put Cps, of “the | gSCJrcurt 108 ‘Changes. t “Ioglcal hi gh. at

t he’ tlntng of tine:slots Rl ands accotdlng to the Togig:functian as"
descri bed-in the .above: tablé.- Therefore t he pomer supp1y;control S|gnal
RxC for."the channel- changes’ to, | égi-cal hlgh and po !s supplied.to the
correspondi-ng ‘to the receiver - .at .t he: same tlntng as the output Cps of the
Ioglc C|rcu|t 108 as shomn iLn Flg 2(e
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iv e

Iﬁ Gther words power |s suppl4ed to the recelver oqu mhen the output Cps
of* fhe Ioglc circut "108-'changes 0. 1 ogi‘cal hlgh Mr-e™ generally each

r ecei-ver. of. .t'he radio. system 101 #Wi;t cheB 08 'and.off in"tinme stots
accordlng 10 thé out put Cps. of the: l'ogic cifcuit 108, resulting in reduced .
power.: - consunptioh of .the: radio” base: st at.i-on. Referrlng to Fig. 3,-each
repelver Rx of the radio Systen1101 includes a Feceiwing section 301, a

-

frequency synthe5|zer BSQVQnd]a nnd%ntsectlpn 303 IIn-. thls eTbodlnent,_-ﬂ
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c. DA
r

t.hé recei vi-ng.'section ‘301 i_s_.subj‘.'ec-t'é}‘d to power ON.OFF. control-.and the- -

- frequency synthesi'zer 302:and- the riogem-secti.on 303-are subjected to power
upfdavim "cont el .- The: reeei ving 'secti gn.- @3 converts. a radio-frequency

. sisgndl to an ihternediate-fr 'e'quency;:su"'}';_g_na_ls. and, output it to theg.nodem _
se¢ti.on 303.. The  nodem secti.on 303 ol put s di.gital received data to a TDVA

_coptroller 304 that is the sane'.as-ig+Fig.”1. The fegeiver Rx i s provided
W th..a. power-suppl i-ed sl ot discrininat-or 305 for eafh.channel, that is
compésed -of,  t he. control / cormuni cati-on’:channel di-scrigh nator .105, .the .
cofmeni-cat i'on: ON/ OFF di seri ni nat'or. 148, the tr'-ans'.a"lsi'HE_cei-.ve T
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%ifring discrininator 107 and the logic circuit |

¥ out put -Qps of the power-supplied slot discrinin ngmga&mnuusﬁﬁfa P
supply controller 306 to generate a receiver po Slimky ch%&e §?

d
RxC. *According to the power supply control signal wifig(8) ppnmt*a ugp? %
GURREY SpaEehes)

supplies power to the receiving section 301, th
and the nodem section 303. The power supply 307 i urther provided §g4Q§
N

backup battery for energency use. The rlecei ving lsecti ggowe
and of f : Tg”og%tﬁl

POWER SAVING METHOD AND APPARATUS FOR RADIO BASE STATION

REPLACEMENT SHEET

03 MAR 1999

BACKGROUND OF THE INVENTION

1. PField of the Invention

The present invention relates to a radio mobile
communications system using the time-division multiple-
access (TDMA) scheme and, more specifically, to a power
saving technique for use in a radio base station in the
radio communications system.
2. Description of the Related Art

The time-division multiple-access/time-division
duplex (TDMA/TDD) scheme is a form of TDMA scheme and is
advantageous where frequency management is readily made and
transmitting/receiving is performed without the need of a
pair of frequency bands or a diplexer because alternating
time slots on the same carrier signal are assigned to the
forward and reverse directions of communication. A further
advantage of the TDMA/TDD scheme is that diversity can be
made only at the side of a base station. The TDMA/TDD
scheme has been used in Japan for personal handy-phone
system_(PHS) and in Europe for the digital European cordless
telephone (DECT).

In a radio mobile communications system, power saving



12’aocording to the power supply control signal RxC. Thg gameapeney: SHitf
synt hesi zer 302 and the nodem section 303 are powered up prReé-dOWR—BCEOT
to the same power supply control signal RxC. Wien power gd ugg$the &%@e
normdl |y powered and, when powered dows they change tojajs aﬁvy t e
More specifically, the receiving section 301 is conposefl pf _a

radi o-frequency anplifier 401, a m xer 402 and an i nterfredi ate-frequency

11

on

F

anplifier 403. The radi o- frequency anplifier 401 anpli tes~the-+ecei-ved

si gnal

and

control is necessary for radio base stations and mobile
terminals. Since power consumption for transmitting radio
signals is usually large, there have been proposed several
transmission power control methods.

For example, a transmission power controller has been
disclosed in Japanese Patent Unexamined Publication No. 7-
336291. The transmission power control is performed
depending on both the bit error rate and the electric field
level of a received signal. More specifically, the
transmission power is reduced when the bit error rate is
lower than a threshold or when the received electric field
level is greater than a threshold.

However, it is difficult to further reduce in power
in the case of diversity-combining base station or high-
tréffic base station. The diversity-combining base station
needs a plurality of receiving branches for diversity
combining and the high-traffic base station needs a
plurality of radio transceivers to cope with high volumes of
traffic. Therefore, the power consumption required for
receiver circuits forms an increased proportion of the
entire power consumption of the base station and further
reduced power consumption cannot be achieved by controlling
the transmission power consumption only.

The base station with a large amount of power
consumption would rapidly run out a backup battery in the

event of a power failure and further lead to-increased heat

A"V |



the m xer 402 m xes the received RF signal with a local oscillation signal
generated by the frequency synthesizer 302 to produce the

i ntermedi ate-frequency signal. In other words, the m xer #92 %hpaggggc‘
convérter. The internediate-frequency anplifier 403 anplifﬁgguiﬁg wE e

i nt ermedi at e-frequency signal and then outputs it to the lnddem section 303.
These circuit conponents 401-403 are allowed to switch orl andpgf (ARMISY
slots. An antenna switch circuit and an RSSI detecting cijrcuit, which ar
not shown, nmay be included in the receiving section 301. {Th ctiron

303 is conposed. of a denodul ator 404 and a decoder 405. e frequency ]
synt hesi FES92 % he '

SUMMARY OF THE INVENTION

The inventor found that it still has plenty of room
for reduction in power consumption of a base station from
the viewpoint of receiving operation in the TDMA scheme.

An object of the present invention is to provide
power saving method and apparatus that can achieve a
substantial reduction in total power consumption of a radio
base station.

According to an aspect of the present invention, in a
mobile communications system using a time-division multiple-
access (TDMA) format, an occupied time slot is discriminated
from an idle time slot in a frame to produce a
discrimination signal. A power control signal for a
receiver is switched between a first state and a second
state in time slots depending on the discrimination signal.
The power control signal is switched to the first state at
timing of the occupied time slot and to the second state at
timing of the idle time slot.

According to another aspect of the present invention,
a radio base station includes a radio section including a
plurality of receivers and a power supply for supplying

power to the radio section. Further, it is provided with a
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denodul ator 404 and the decoder 405 are powered up -nqﬁﬁgmmmmnonﬂlng to
the power supply control signal RxC. When powered down, edet-er-ntned i dle
currents fl.ow t hrough the frequency synthesizer 302,{ the denDdu oq 404
and the 03 MAR 1999 13 decoder 405,A¢espectively,' ' d@g
started. Therefore, the reduced power consunption i sj
case of power QN OFF.

disciiminator for discriminating between an occupied time
slot and an idle time slot in a frame to produce a
discrimination signal and a controller for switching a power
control signal between a first state and a second state in
time slots depending on the discrimination signal, wherein
the power control signal causes the power supply to operate.

Each of the receivers may include an analog signal
section including a radio-frequency amplifier for amplifying
a radio-frequency analog signal, a frequency converter for
converting the radio-frequency analog signal to an
intermediate-frequency analog signal bj mixing it with a
local oscillation signal, and an intermediate-freguency
amplifier for amplifying the intermediate-frequency analog
signal, a frequency synthesizer for generating the local
oscillation signal, and a modem section including a
demodulator for demodulating the high-frequency'analog
signal to produce a digital signal and a decoder for
decoding the digital signal to produce received data.

The controller switches the power control signal to
the first state at timing of the occupied time slot and
switches the power control signal to the second state at
timing of the idle time slot. The first state causes the
receiver to be powered on and the second state causes the
analog signal section of the receiver to be powered off and
the frequency synthesizer and the modem section to be in a

standby mode.



Usuhl4y, the frequency synthesizer 302 is used for both t rlaRERL ARSI Tafd 1
reception. Therefore, fromthe viewpoint of practical use, iff T5™preferable;

that the frequency synthesizer 302 is not powered on and df
down.* Contrarily, it is possible that &he receiving sectidn BBqE" Q?;R%a@&;
frequency synthesizer 302 and the nodem section 303 are alfl ﬁe“eLed_up_anﬁ
down according to the power supply control signal - RxC. Thd power-supplied
sl ot discrimnator 305 conposed of the control/conmuni cation ctranmet

di scrim nator 105, the conmunicati on OV OFF di scrim nator 106, the

transmt/receive
As described above, since each receiver of the radio
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base station is subjected to power switching control in time
slots depending on the discrimination signal, the total
power consumption of the radio base station can be reduced
compared with the prior art. Such reduction in power
consumption causes the backup battery to be prevented from
rapidly exhausted in the event of a power failure. Further
the reduction in power consumption also decreases heat

generation.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing a power saving
circuit used in a transceiver according to an embodiment of

the present invention;

Fig. 2 is a diagram showing an operation of the power
saving circuit in TDMA/TDD frames according to the

embodiment; and

Fig. 3 is a schematic diagram showing a receiver
+ section according to another embodiment of the present

invention.



timmag discrimnator 107 and the logic circuit 108
i npl emented with software and/or |arge-scale integratiia
i nvention can be applied to TDVA schene not |imted y @ %g§%@§PD; ;
According to the present inven®ion, since each yre 3i tge
radi o base station is powered on/off or up/down in tijm Wn
the output signal Cps of the power-supplied slot discyimnator, the tot]al
power consunption of the radi o base station can be r '
the prior art. Such reduction -in power

PEBLAOEMENY S5

nl

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig. 1, a radio base station is provided

with a radio system 101 including a plurality of
transmitters and receivers, which are connected to an
antenna. In this embodiment, a pair of transmitter and
receiver is provided for each of four channels chl-ch4.
Each transmitter Tx transmits a radio-frequency signal of
the corresponding channel generated from an intermediate-
frequency signal input from a modulator 102. Each receiver
Rx receives a radio-frequency signal and converts it to an
intermediate-frequency signal to output it to a demodulator
103. Further, each receiver Rx of the radio system 101
outputs a received-signal strength signal RSSI of the
corresponding channel to a TDMA controller 104. The TDMA
controller 104 performs the TDMA/TDD control of the radio
base station under the control of a processor (CPU).

The radio base station is further provided with a
control/communication channel discriminator 105, a
communication ON/OFF discriminator 106, a transmit/receive
timing discriminator 107 and a logic circuit 108, which
forms a power-supplied slot discriminator for each channel.

The control/communication channel discriminator 105
discriminates between a control channel and a communication
channel based on a receiving frequency and outputs a

discrimination signal Dl1. As known well, a control slot of

—the~present

on
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14 consunption causes the backup battery to be prevent géfr.om_rapidly

exhausted in the event of a power failure. Further, thd BEMyction in power
consunpti on decreases heat generation. Clainms: 1. r saving
methdd for a radio base station in a mpbile conmunicati¢n i*g en1u3|ng a
time-division MAR 19

the control channel is used in link channel establishment
phase and service channel establishment phase. A necessary
control signal is transferred at the predetermined timing of
the control slot. Here, the control slot ié assigned to the
first élots of the transmitting and receiving time periods,
respectively. Therefore, each receiver receives the control
signal at regular intervals. When receiving on the control
channel, the discrimination signal D1 is in logical high.
When receiving on the communication channel, the
discrimination signal D1 is in logical low.

The communication ON/OFF discriminator 106
discriminates between the presence and absence of
communication at each communication slot based on the
magnitude of the received signal strength RSSI and outputs a
discrimination signal D2. When the received signal strength
RSSI is equal to or greater than a predetermined threshold
level at a communication slot, it is determined that
communication is being performed at the communication slot
and therefore the discrimination signal D2 is in logical
high. When the received signal strength RSSI is smaller
than the predetermined threshold level at a communication
slot, it is determined that communication is not performed
at the communication slot, that is, this communication slot
is idle. 1In this case, the discrimination signal D2 is in
logical low.

The transmit/receive timing discriminator 107



nul tipl e-access (TDMA) fornat, conprising the steps ofg
between an occupied tinme slot and an idle tine slot in| REPLAGEMENT ﬁHBdhc
di scrimnation signal; and b) smntchlngca power contro
recefver between a first state and a sdcond state in t}n
on the discrimnation signal. 2. The power saving
claim1, wherein the step b) conprises the steps of: s

control signal to the first state at timng of the occupied tine slot;

switching the power control signal to the
discriminates between the ftransmit timing and the receive

timing based on a frame timing signal FRM and outputs a
discrimination signal D3. Since the first four slots are
assigned to transmission and the remaining four slots to
reception in a TDMA/TDD frame, the transmit/receive timing
discriminator 107 may be formed by a logic circuit and a
timer counter operating at the frame timing signal FRM. The
discrimination signal D3 is in logical low during
transmitting periods and it is in logical high during
receiving periods.

The control/communication channel discriminator 105
and the communication ON/OFF discriminator 106 are
preferably implemented with software. For example, such
discrimination functions can be implemented by a program-
controlled processor running the corresponding programs.
Alternatively, the TDMA controller 104 may includes these
functions.

The respective discrimination signals D1, D2 and D3
are output to a logic circuit 108. The logic circuit 108
determines whether power should be supplied to a receiver
and a transmitter of the radio system 101 depending on the
discrimination signals D1, D2 and D3. More specifically,
the logic circuit 108 has the logic function defined as the
state of an output Cps for all possible discrimination
signals D1, D2 and D3 during the receiving periods as shown

in the following table.



second state at timng of the idle tine slot. 3. The p savi.ng .
* met hod according to claim2, wherein the first state cause nﬂwmgﬁgahvermfdj
be powered on and the second state causes the receiver to -off.
4. * The power saving nethod according to claim?2, whergi :
state causes the receiver to be powered on and the secqdn

the first )
sP St MARA1999 s |

the receiver to be in a standby node. 5. The power sayi net hod )
according to claim1, '
TABLE
D1 b2 D3 Crs
1 0 1 1
0 0 1 0
0 1 1 1

A power supply controller 109 inputs the output Cps of
the logic circuit 108 for each channel and outputs a pair of
transmitter and receiver power supply control signals, TxC
and RxC, to the radio system 10l1. According to the power
supply control signals TxXC and RxXC, a power supply (not
shown) supplies power to the corresponding transmitter and
receiver of the radio system 101. More specifically, in the
case of Cps = 1, power is supplied to the corresponding
receiver to perform the receiving operation at the slot. 1In
the case of Cps = 0, power is not supplied to the
corresponding receiver. Therefore, further reduced power
consumption can be achieved.

In this embodiment, each receiver includes an analog
section composed of a radio-frequency amplifier, a mixer and
an intermediate-frequency amplifier. As described later, it
may include the demodulator 103 and further a decoder unless
any failure occurs when switching on and off in time slots.

Referring to Fig. 2, a TPMA/TDD frame of 5 msec is
composed of eight time slots each of 0.625msec consisting of
240 bits. The firs four time slots T1-T4 are assigned to
transmission and the last four time slots R1-R4 to reception.
Further, the time slots T1 and Rl are used as control slot

for the control channel and the remaining time slots T2-T4



wherei n the nobile comuni cations systemuses a nulti-
time-division nmultiple-access/tine-division duplex (T
the radio base station is conprised of a plurality of paifgs of receiver
transnitter corresponding to differentl 8hannels, wherei
conprises the steps of: discrimnating between a contro
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¢hannel__and a |
communi cati on channel based on the TDMA/ TDD format to produce a first

di scrimnation signal; discrimnating between presence

comuni cati on based on a received-signal strength for each tine slot to
produce ande®R2MR4iGR iUBdifican Gomgilication channel. The control

slot includes preamble, channel identification, source
identification code, destination identification code and
other necessary information. The communication slot
includes preamble, channel identification, user data, and
other necessary information.

Assuming that the third time slots R3 are assigned
for communication of channel CHi. The control/communication
channel discrimination signal D1 changes to logical ﬁigh at
the timing of the control slot R1 as shown in Fig. 2(a).

The communication ON/OFF discrimination signal D2 changes to
logical high at the timing of the time slot R3 as shown in
Fig. 2(b). 8Since the T/R timing discrimination signal D3 is
in logical high during the receiving period as shown in Fig.
2(c), the output Cps of the logic circuit 108 changes to
logical high at the timing of time slots Rl and R3 according
to the logic function as described in the above table.

Therefore, the power supply control signal RxC for
the channel changes to logical high and power is supplied to
the corresponding to the receiver at the same timing as the
output Cps of the logic circuit 108 as shown in Fig. 2(e).

In other words, power is supplied to the receiver only when
the output Cps of the logic circuit 108 changes to logical
high. More generally, each receiver of the radio system 101
switches on and off in time slots according .to the output

Cps of the logic circuit 108, resulting in reduced power



diécuininating bet ween transm ssion timng and reception timng based on
the TDMAV TDD format to produce a third discrimnati ' A
calculating the discrimnation signal fromthe firs Bg#ﬂﬂﬁwﬁm?qg

di scfim nation signals. 6. A powel I1saving appardtys for a radio1base
station in a nmobile comunications systemusing a tijmd- QRMARCHEI?
mul tipl e-access (TDVA) format, conprising: a discringnator for

di scrim nati ng between an

consumption of the radio base station.

Referring to Fig. 3, each receiver Rx of the radio
system 101 includes a receiving section 301, a frequency
synthesizer 302 and a modem section 303. In this embodiment,
the receiving section 301 is subjected to power ON/OFF
control and the frequency synthesizer 302 and the modem
section 303 are subjected to power up/down control.

The feceiving section 301 converts a radio-frequency
signal to an intermediate-frequency signal and output it to
the modem section 303. The modem section 303 outputs
digital received data to a TPMA controller 304 that is the
same as in Fig. 1.

The receiver Rx is provided with a power-supplied
slot discriminator 305 for each channel, that ls composed of
the control/communication channel discriminator 105, the
communication ON/OFF discriminator 106, the transmit/receive
timing discriminator 107 and the logic circuit 108, as shown
in Fig. 1. The output Cps 0f the power-supplied slot
discriminator 305 causes a power supply controller 306 to
generate a receiver power supply control signal RxC.
According to the power supply control signal RxC, the power
supply 307 supplies power to the receiving section 301, the
frequency synthesizer 302 and the modem section 303. The

power supply 307 is further provided with a backup battery
for emergency use.

The receiving section 301 is powered on and off



REPLACEMENT SHEET 17 occupied time slot and an Idl e t{nBERUAGELTH; a-frane to
produce a discrimnation signal; and a-controller for{stTchirmg-a-powner;
control signal for the receiver between a first state aqdﬁﬁéigﬁﬂﬂﬁ statje in
time slots depending on the discrimnatgon signal. 7. 9s vijng
apparatus according to claim®6, wherein the controll %MF%Gh&Sthﬁﬂao r
control signal to the first state at timng of the ogcupied tine slot gnd

switches the power control signal to the second stateat trmng-ef—the<i dl e
time slot.

according to the power supply control signal RxC. The
frequency synthesizer 302 and the modem section 303 are
powered up and down according to the same power supply
control signal RxC. When powered up, they are normally
powered and, when powered down, they change to a standby
state.

More specifically, the receiving section 301 is
composed of a radio-frequency amplifier 401, a mixer 402 and
an intermediate-frequency amplifier 403. The radio-
frequency amplifier 401 amplifies the received RF signal and
the mixer 402 mixes the received RF signal with a local
oscillation signal generated by the frequency synthesizer
302 to produce the intermediate-frequency signal. In other
words, the mixer 402 is a frequency converter. The
intermediate-frequency amplifier 403 amplifies the
intermediate-frequency signal and then outputs it to the
modem section 303. These circuit components 401-403 are
allowed to switch on and off in time slots. An antenna
switch circuit and an RSSI detecting circuit, which are not
shown, may be included in the receiving section 301.

The modem section 303 is composed of a demodulator
404 and a decoder 405. The frequency synthesizer 302, the
demodulator 404 and the decoder 405 are powered up and down
according to the power supply control signal RxC. When
powered down, predetermined idle currents flow through the

frequency synthesizer 302, the demodulator 404 and the



8. . The power saving apparatus according to claimy ﬁﬁﬁﬁ&éMENIgﬁiFTr t

state causes the receiver to be powered on and the sgcpnd state causks|the
recei ver to be powered off. 9. The power saving apphr AdJMAR 8999di hgl t o
claism 7, wherein the first state causesltdhe receiver]tp be powered o nd
the second stat.e causes the receiver to be in a stangby node. I0. — Th
power saving apparatus according to claim®6, whereinfthe onbile

comuni cations systemuses a nmulti- channel tinme-division

mul ti pl e-access/tinme-division duplex (TDVW TDD) format and the radi o base

station | Sexayr 606 Ofrespectively, to be promptly started.

. Therefore, the reduced power consumption is achieved as in
the case of powexr ON/OFF.

Usually, the frequency synthesizer 302 is used for
both transmission and reception. Therefore, from the
viewpoint of practical use, it is preferable that the
frequency synthesizer 302 is not powered on and off but up
and down.

Contrarily, it is possible that the receiving section
301, the frequency synthesizer 302 and the modem section 303
are all powered up and down according to the power supply
control signal RxC.

The power-supplied slot discriminator 305 composed of
the control/communication channel discriminator 105, the
communication ON/OFF discriminator 106, the transmit/receive
timing discriminator 107 and the logic circuit 108 is
preferably implemented with software and/or large-scale
integration.

The present iﬁvention can be applied to TDMA scheme
not limited only to TDMA/TDD format.

According to the present invention, since each
receiver of the radio base station is powered on/off or
up/down in time slots depending on the output signal Cps of
the power-supplied slot discriminator, the total power
consumption of the radio base station can be reduced

compared with the prior art. Such reduction -in power



,a plurality of pairs of receiver and transmtter corresponding to different
channel s, wherein the discrimnator conprises: a first di
di scrimnating between a control channel and a communi catiQn-e :
on the TDMAN TDD fornmat to produce a firgg discrimnatio ignal T a™s
discrimnator for discrimnating between presence and apsgn@gs WAR 1999
communi cati on based on a

consumption causes the backup battery to be prevented from
rapidly exhausted in the event of a power failure. Further,

the reduction in power consumption decreases heat generation.
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di scrimnation signals. 11. A radi o base statio
comuni cations systemusing a tine-division multigle-access (TDVAL.LoOr mat,
conprising: - e

Claims:

1. A power saving method for a radio base station
in a mobile communications system using a time-division
multiple-access (TDMA) format, comprising the steps of:

a) discriminating between an occupied time
slot and an idle time slot in a frame to produce a
discrimination signal; and

b) switching a power control signal for a
receiver between a first state and a second state in time

slots depending on the discrimination signal.

2. The power saving method according to claim 1,
wherein the step b} comprises the steps of:
switching the power control signal to the
first state at timing of the occupied time slot; and
switching the power control signal to the

second state at timing of the idle time slot.

3. The power saving method according to claim 2,
wherein the first state causes the receiver to be powered on

and the second state causes the receiver to be powered off.

4. The power saving method according to claim 2,

wherein the first state causes the receiver to be powered on



a radio section including a plurality of receivers;
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and the second state causes the receiver to be in a standby

mode.

5. The power saving method according to claim 1,
wherein the mobile communications system uses a multi-
channel time-division multiple-access/time-division duplex
(TDMA/TDD) format and the radio base station is comprised of
a plurality of pairs of receiver and transmitter
corresponding to different channels, wherein the step a)
comprises the steps of:

discriminating between a control channel and a
communication channel based on the TDMA/TDD format to
produce a firsf discrimination signal;

discriminating between presence and absence of
communication based.on a received-signal strength for each
time slot to produce a second discrimination signal;

discriminating between transmission timing and
reception timing based on the TDMA/TDPD format to produce a
third discrimination signal; and

calculating the discrimination signal from the

first to third discrimination signals.

6. A power saving apparatus for a radio base
station in a mobile communications system using a time-
division multiple-access (TDMA) format, comprising:

a discriminator for discriminating between an

rﬁﬁﬁn ching a
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the discri wherein the power cont i
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11, wherei smntches t he 7power co | thg first

state at timng of the occupied time slot and swigches the power cgntrol
signal to the second state at timng of the idle 'he radio
base station according to claim 12, wherein the first state causes the
receiver to be powered on and the second state causes the receiver to be

pover ed Qfdouptea tihg &G Caf@S8nS1a1b0R1AECRIHLNINt 8 ELakd 13,

produce a discrimination signal; and

a controller for switching a power control
signal for the receiver between a first state and a second

state in time slots depending on the discrimination signal.

7. Thé power saving apparatus according to claim
6, wherein the controller switches the power control signal
to the first state at timing of the occupied time slot and
switches the power control signal to the second state at

timing of the idle time slot.

8. The power saving apparatus according to claim
7, wherein the first state causes the receiver to be powered
on and the second state causes the receiver to be powered

off.

9. The power saving apparatus according to claim
7, wherein the first state causes the receiver to be powered
on and the second state causes the receiver to be in a

standby mode.

10. The power saving apparatus according to claim
6, wherein the mobile communications system uses a multi-
channel time-division multiple-access/time-division duplex

(TDMA/TDD) format and the radio base station'is comprised of



whierein the first state causes the receiver to be powerRiPLABEMENT SHEFB€cond
state causes the receiver to be in a standby node. 15 The-rTadro—bgse

station ac 11, wherein each of the regej ver lLSEs:] an
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frequency converter for converting the radio-

a plurality of bairs of receiver and transmitter
corresponding to different channels, wherein the
discriminator comprises:

a first discriminator for discriminating
between a control channel and a communication channel based
on the TDMA/TDD format to produce a first discrimination
signal;

a second discriminator for discriminating
between presence and absence of communication based on a
received;signal strength for each time slot to produce a
second discrimination signal;

a third discriminator for discriminating
between transmission timing and reception timing based on
the TDMA/TDD format to produce a third discrimination
signal; and

a logic calculator for calculating the
discrimination signal from the first to third discrimination

signals.

11. A radio base station in a mobile
communications system using a time-division multiple-access
(TPDMA) format, comprising:

a radio section including a plurality of
receivers:;
a power supply for supplying power to the

radio section;:;
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anal og signal to produce a digital signal and a decoder for decoding tlhe

digital signal to produce received data, wherein the controllTer swtches
the power control signal to the first state at timng of the occupied

a discriminator for discriminating between an

occupied time slot and an idle time slot in a frame to

produce a discrimination signal; and

a controller for switching a power control

signal between a first state and a second state in time

slots depending on the discrimination signal, wherein the

power control signal causes the power supply to operate.

12. The radio base station according to claim 11,

wherein the controller switches the power control signal to

the first state at timing of the occupied time slot and

switches the power control signal to the second state at

timing of the idle time slot.

13. The radio base station according to claim 12,

wherein the first state causes the receiver to be powered on

and the second state causes the receiver to be powered off.

14. The radio base station according to claim 12,

wherein the first state causes the receiver to be powered on

and the second state causes the receiver to be in a standby

mode.

15. The radio base station according to claim 11,

wherein each of the receivers comprises:

an analog signal section including a radio-



norLAGEMERNT SHEE
“time-slot and smntches the pomer control signal to the{sdcond state at J
“timng O”mm mmﬂ“mnﬁl | ot . The radi o base stgtijonQZcHARMO9Y to
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powered off and the frequency synthesizer and the nodem section to be inja
st andby node. 17. The power savi ng apparatus according to claim

and

frequency amplifier for amplifying a radio-frequency analog
signal, a frequency converter for converting the radio-
frequency analog signal to an intermediate-frequency analog
signal by mixing it with a local oscillation signal, and an
intermediate-fregquency amplifier for amplifying the
intermediate~frequency analog signal:

a frequency synthesizer for generating the
Jocal oscillation signal; and

a modem section including a demodulator for
demodulating the high-frequency analog signal to produce a
digital signal and a decoder for decoding the digital signal
to produce received data,

wherein the controller switches the power
control signal to the first state at timing of the occupied
time slot and switches the power control signal to the

second state at timing of the idle time slot.

16. The radio base station according to claim 15,
wherein
the first state causes the receiver to be
powered on; and
the second state causes the analog signal
section of the receiver to be powered off and the freguency

synthesizer and the modem section to be in a standby mode.

17. The power saving apparatus according to claim
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oscillation signal, and an internedi ate-frequency agplii f é mplifying
the internedi ate-frequency analog signal; a frequendy $eyatResi-zeted=Dr
generating the local oscillation signal; and

(

6, wherein the receiver comprises:

an analog signal section including a radio-
frequency amplifier for amplifying a radio-frequency analog
signal, a frequency converter for converting the radio-
frequency analog signal to an intermediate-frequency analog
signal by mixing it with a local oscillation signal, and an
intermediate-frequency amplifier for amplifying the
intermediate-frequency analog signal;

a frequency synthesizer for generating the
local oscillation signal; and

a modem section including a demodulator for
demodulating the high-frequency analog signal to produce a
digital signal and a decoder for decoding the digital signal
to produce received data,

wherein the controller switches the power
control signal to the first state at timing of the occupied
time slot and switches the power control signal to the

second state at timing of the idle time slot.

18. The power saving apparatus according to claim
17, wherein
the first state causes the receiver to be
powered on; and
the second state causes the analog signal
section of the receiver to be powered off and the frequency

synthesizer and the modem section to be in a-standby mode.
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anal og signal to produce a digital signal and a decodgr |f the

di gital signal to produce received data, wherein the ¢o it ches
t he power control signal to the first stage at timnggof the occupied t
sl ot and switches the power control signal to the second State—at—t+ni. of
the idle tine slot. 18. The power savi ng apparatus according to claim 17,

wher ei n t he POWAR SAVENG METHOD AND AXPPARATUSFORORADIO BASESSTATION

ABSTRACT

In a radio base station of a TDMA communications system (101), and occupied time slot
is discriminated from an idle time slot in a frame to produce a discrimination signal. A
power control signal (RxC(CHi) for a receiver (301) is switched between a first state and
a second state in time slots depending on the discrimination signal. The power control
signal (RxC(CHi) is switched to the first state at timing of the occupied time slot and to
the second state at timing of the idle time slot.

Fig.1
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a- st andby node. 03 MAR 1999
1/3
ANT. 1?1 104
YV 102 {
RADIO SYSTEM {
Ch4 L. .
oha MOD |«
Ch2 CHANNEL CONTROL
Ch1 = 7 TDMA -
Tx RSSI ‘ CONTROLLER}-
Ch4
Ch3 # DEM e
Ch2 7
Ch1 103
—F
Ax SLOT TIMING RM
[ )
‘TXC  JRxC 1?5 —RSSI
POWER SUPPLY D1{ CONTROL/COMM.
109— CONTROL CHANNEL -
JLLER DISCRIMINATOR
Cps |Loai =~ D2| COMM.ON/OFF
CIRCOIT " |DISCRIMINATOR [* 55
) D3| T/R TIMING
108 DISCRIMINATOR [~107

CPU




X | w | | (HO)OXH TOHINOD
! : ! ! i AlddNS HIMOd(®
— ]
| ! ! m (IHO)OXL TOHLNOD
| ! m ! Alddns m...._>>on%
| | | m m m ! : ed zo_Ez_s__mom_m
m | m m HONIAILL 8/1(
m | | m | | M | m 2a
© : _ _ _ ; ; _ j L NOILVNINIYOSIC
N m i | | i 440 4JO/NO'WINOD(d
(aV] 1 i 1 [ i
| | m | NO
m m m 13 NOLLYNINIHOSIA
| m ; TANNVHD
. m " _ | ! ! _ _ "WINOD/TOHLNOD(2
\\\ _ . T _x \\\\\. \\.\\\\\\ _\\\\\\_
7
2] v ey 2 Iy W 7AW, 740 'L
277 &\\\\& \\ %\\\ \\\\\\ x
SWSZ9 0
(ceswg) JNVHL4 AaL/VNAL >

¢ 9ld

AV



3/3

Q20¢€
{

| | _H3ITIOHINOD
sd9  |A1ddNS HIMOY
| oy I
S0g{ HOLYNINIHOSIg o0 ARG Ko
Q3nddns-uimog) 408 A1ddNs Hamog
N S [ » HIZISTHINAS
NMOQ/dn HIMOJ NMOQ/dn H3IMOd ‘O34
3:0/NO HIMOg N Nmm
T A L e P B [ob,
HITIOHINOD| ! L
! ! NS mmkmm@mmw dV-4Y !
....... NOILOIS W3dow~ ™"
808 NoIL O L0€ NOILO3S ONIAITOSY
T
¥0&

£Old4

TYNDIS 4y
d3AI303Y



