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CONTROL I N A CELLULAR SYSTEM USI NG NT/ | 0o VALUES BACKGROUND OF THE | NVENTI ON
5 I. Fiel dygfeofyd¥@; ! Nvention The present invention relates teceRRysgALI ONS
systens in generaf, and to power control in a comrunications systemin .

particular. 11. Descr FORWARDIINRK POWER CONTRQOLAN Aany in prior
art communi cations sygt 183 ) tR@ﬂSWUm@W%‘F V)A ELIan strength of a
e stati or exanple, Hu?

signal received by a nobi ation. i ng handoff of a
nobil e station fromone base station to another a determ nation of the
strength of the signals i i i i esirable for
determ ning when to per#ﬁ@@ﬁ&ﬁdﬂﬁ&@ﬁﬁﬁﬁié& technique is
disclegsed in U S. Patent No. 5,267,261, entitled "MOBILE STATI ON ASSI STED
SOFT HANDOFF I N A CDVA CELLULAR COVMUNI CATI ONS SYSTEM " assigned to the
assi gnee of 1Ii he Fieldasfitherineehtion. | n the i nproved technique of U S. Patent
No. 5,267,261 the nobile station nonitors the signal strength of pilot

signal s transnit tred gRésétfi i6RERION Jeldfsto2@nshaihi@tondishethd iezenesdieand The
nobi |l e stati on sends ﬁ_ﬁh_ﬁgal strengt.h rresszalite to a systemcontroller via
9 e

the base st & PSWEKPY AURHRICARONS YL INRArPEWRbnmuni cat i ng. Conmand
nmessages fromthe systemcontroller to a new base station and to the nobile
station i n MIkspoBesctiptioneotsilgrRélaséd Apgt h are thus used to establish
comruni cati on thmgh the new and current base stations. The 25 nobile
stati¥h detects Fe aFe THARNaN BEIOEfJt rosnmanicatinns systessortat fgqiireat

| east one o IO 0 I ch (I L& r |y
comuni cat i %?;é glsr&?lgﬁf Z)trﬁ Igl %\?\?rgg%rgggtge{%ﬁnre#&%p& %Illle{&n% i et%sll{'aﬁg%n
reports the exeaple, athirsng hahdsffrafreghrivbileditation Yromfonettase statsporatictpebase
station to the systemcontroller iaf he ,base sta,tia(r}l?sﬁthrou h which it is
30 communi c EtSTFINaERRLTthestttenptl of the, signalsreraived hit tha mabilestatian is
identified at .0 HR%};QW tat i i rm@ﬂ'c i ugh
t he corresp?%gﬁﬁgfebgge&%tt%gﬁlon i ‘%‘ %%ﬁ?@gﬁ%ﬁéﬁgﬁﬁ)ug Iet éh%%(irﬁwgase
stati®in or sédiniguesisodistlosertin U.S. Paterit Nb (3,262,067, entifle€ 9IMOBIILE 8TATION

from the mogaSTER sORT BARDARERY AT VAL Clod Eatb ERMRRUBRERTINS

separat e fr@mstﬁm,t"ra%éifgg@dqmﬂgsésigﬁw@m@ (Sﬂ'ﬁkﬁn;t iﬂgﬁx}tf&{o! e to decrease the

need for separate cont channel s7 Additi dna eit is preferably
for the power of Inlike émproyedfechhisgu® ofildSaPatemtNa 5267260 the mabilkesatieh t o

b d to deternine th tr ol t it is k f h
control i ni GRARET BN e ERap TS T PrebSaRal: GaBmitied Ry NHEENTHE barg nal
to nojge raltdiReRHER m@sy’tﬂt&ﬁ?'m@rnﬁﬁilﬁ%te{t%ﬂ Sertts 4 Eﬁggﬁg ﬁ&%xihgghqﬁ@gsagb i's

difficult to measure. For €xanple, in sone current sys e time °
bet ween err do@ $ystersadntrpllendiia dhe basestatioorthraugh whighdhe anobilg statientinen

10 d to deternmine. th lity, of th ffi | .. Eurth it
i f11 cul it GOBBRATHaHBHe oA Meraseadtpdhe s rryeoler B frkbesg '
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SUMVARY OF THE | NVENTI ON 15 A system and nethod is Taught for estimating
the rel ati vdoastahlishotorpswsnicatien theoyghothelagwoand lrarrardrlidse stationsel Thei ng

Gt imite mmyOREh S Bebep B b8 R Shledtn A plot SRBRRERGE IS ot e

power |evel |@istt DT hel base whdtturs ehrdighonrhith Cillel Aidbslestaih Radirtendybase
station, a nobile station and a EI urality of channels including a

communi cat i cemmanicatinghbag fpllenbelayrmpredetpemings level: stheomahilgsstatient he

ratio of th nt. 0 i r. s t e

interfer encgregggtgi tvgd%#ﬁgf%yngﬁaqo%?%léﬁgwﬁg%g{’%eog t?)‘\gec? %{%‘lcﬁ%g l%ﬁ?ﬁnnel
i s used to it toetieeyseButonefolRei via tHRCbavedtationehivugh witiahnelis 25
The signal to noise ratio of the comruni cation signal is determ ned

accor 3 ng t commumndcating nefommand massagen fremutheysysteme ganteallernimibe

apparatus. _iAE HgwbP AR varioR e PERE TR e PnitE P aRhBRSHoEbARTES 1
cal cul at ed sigif@pon@ing®iler ation While somheihRrAtofBtthesugl thessthealgRe for

estimating the noise level in a
station or stations continue.

AR MR

*166166*




comuni cati on channel within the comunication system The pilot sigral NOV 2007’
i'ncludes a pilot energy conponent and a pilot noise conponent. The pil ot

energy co hbs removed fromthe pilot channel signal topgfR¥sdiRess ~
1 NOvV 200%68%3/195101 PCT/ US99/ 03683 3 remai ning pilot signal. not ed. ’

above, the anmount of noise in the channel is estimted based upon the
anount of noise if Ihﬁ pi | ok@c annel . As noted above, in accordance with
t B¢ kpp i f

systems, the powe WS POWgTarenirel dinformatian tiansaritiedofrom the

i ndication o : ; [ y. Lhe i nded receivin

device. In s&cibql(saysg@én&g?o :3 EéR%%%edr frﬁé\i&eq'eg 8?“3? r%&‘é&@ggﬁﬂg&ﬁp@r@&ff?ﬂgﬂ@d
by det er ni ni paffdi eirRNCEldwduRenistdegirabletel ddcledseithie nbad for fpatatelemitid
signal and the desired signal to noise ratio. Atransmtter ttPansm ts the

di fference sthanelpepdsdrionaldy, yahide tiapreferabiy fonthepoivier of the energylof thee
pi |l ot ghannel. i L Vi [ i into,franes and t ower .control signal
s Pnstrieq pire! it OR Hedratiatanngy b MEFRedil Fo sPEeiiie: spePower ontrcl
strength of phRmeRE)Nt GPkhORNTod ke chhitrbl BTSAMhteH thbd huselagSors tRE ePfbrby
way of the pilot channel within each frame. 15 BRI EF DESCRI PTI OF THE

DRAW NGS Therdteaathezd¢hanihe signal imaoimeatiodipsaust thehsigpakbenoise maintafahe
will becone arent f.romithe detailed descripti.on set forth belowin
conj unction \%%ffﬁc gﬁ%“ﬁd&m‘iﬁé‘gcﬁlhpmeéﬁ“ﬁ-kgﬁ ngpgﬁ?%éncsﬁ&?%ﬂgﬁgp?ﬁ%ﬁ‘?ﬁ%y
20 correspongieging BdtveieRetirsandsod e fdicateltfe etrdi 1AV The 8XDFFh& ¥ then
illustration of a cellular comruni cation s%jstem FIG 2 shows a power

contr 80 subchsethte determiine the qualityuphthects heanniebnFuytheemood, iFisgdifficul?5
FIG 3 is a flaowchart illustrati the steps perfqgrmed to, determ pe sjgnal
Lo notse-r at o S8l et sHibpT b @imatipnand e F'FChmsiia Ssmand Fodhd
chart il ustgaidifigns @idiehredsihaRs pokvdrldontiol afdrinaond i s a bl ock di agram of
t he di scl osed apparat us. 21 2002' WD 99/ 43101 PCT/ US99/ 03683 4

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS An exenplary illustration of a

cel lul ar conmuni cation sys ' VI I Iy = . ystemill ustrated
in FIG 1 can use various W’S@I@Yﬁ&ﬁﬁdﬁ&ﬁlﬁﬂmhm gques for
facilihkating comruni cati ons between a | arge nunber of system nobile
stations (or nobile nj i V] c.and..t he. base st.at.ions. Thes

t echni ques i ncl udé® Mg#gﬁb@%ggf’sr taﬁﬁ%%cfﬁrgﬂlmﬁﬂ% 3 f?}ﬁhXS!a F_O?
system the paser shatis providednsiite affidi dOnp dlﬁhé%' cl@llateddHEiAGoPnHisk Ot

carrier upon a corresponding .g)iél ot channel. For 10 exanple, in accordance
with one enbBtriepressntiaiea ikt ichanpeleThisestimatappay aher betusedplior sevetajnal

i's an unnodu di; tes . Sprea C i |_transmt.ted at
all tines bybggéﬁsegasléas déﬁggdril’?lglgoﬁlnlaga{h%o Oa%?p%gglangfatg%%rﬁlﬁg’l Xe I#\}I)m a
sprea@ong codemmiticalidnbystegnisdviagladvase sketior)lai mebilé stationsarida phtuaility of
initial system synchraonization, in addition to providing a 15 phase )

ref erence’ f ofhargieds mlué%a&pmmeﬂlcaﬁanac?\amk ghda piet chagmel. dheangbHe

e e S R b T 1Y S SRRt P

estimate the arriva ase an e rece
signal . |In asmoutanddntdridrencerezaived. Thetambuhhef enaglyaeeeivadidved thadilot
apparatus, the pilqt signal, transmtted by e?ch .base st gt,i on i s, nodul at ed
wWith the sa qs%wl 1s used to determine the amouint of noise received in the pilot channel.
25 The signal to noise ratio of the communication signal is determined according
to the determined signal strength value and the pilot channel noise value.
Accordingly, in one embodiment of the disclosed method and apparatus, the
power level of a transmission is controlled according to the calculated signal to
noise ratio.
30 A system and method is also taught for estimating the noise level in a
communication channel within the communication system. The pilot signal
includes a pilot energy component and a pilot noise component. The pilot

energy component is removed from the pilot channel signal to provide a



20 spreading code with different code phase offsets. A system contrqlﬂ RaY 2002
10, dlso referred to as a nobile switching center (MSC) 10, typically

i ncl udes i{l&)e'h;@%' and processing circuitry for providing sygqaigesesiol to
t he base stations. The controller 10 al so3controls the routing of -
comuni cation device calls fromthe networks (such as the public switche

25 tel ephone network (PST to the appropriate base station for .
transni ssi on"¢BAERRS é’é@rt éif\)gfgaét @%B?q%eﬂgq‘%f it amgint Qf pgisg 1y the ghannel i m

nobil e stati oL Qﬁ:ﬁﬁ‘ J -he: i ontroll ed by the
controller 10. hgﬁr contg(rio er@\%(a)01 can %ﬁ%ﬁ?ﬁﬁzkl?réhﬁgg% stations
12, 14, 16 by vari ohs metadsalsiveh imaccndianat edtipBysients, the pospér ofitrahbiéited

i nks or by njcr{)vvave 30.c %cation links, In FIG 1, three base .
stations 12, sippalsiig captrolle UPRn Bhirgdcation pkthaameuat pbppwer secaiyesh)
18 arewillus d. i : I 18 o%]&l]'ws t.l e j yer,
a trangn’i ttetr)?a%%dl%gggragggg%égﬁﬁ%ﬁgkgggé % a |on§§it%?n5?4t,he1§%§"§/egi %S’%ng\é?

i ncl ude procaassmgssiongaid cynirolled dyt detekmniginighdiffere€e BetwEd thésignal t6V
200i PCT/ U S99/ 03683 functions of the base stations 12, 14, 16, and
interface ci Peifet Fatio o agiespiviedasigngl \and, thetdesirrd mignalete maisegatig. dhd
the systemc . T P q{bqwz L El 1 e he
possi bl e conﬁﬁjl%hlg%{éttlgf)rtlgaq}sn lﬂ‘gg W{eigf\r{:@rteﬁgég els a ighnt }a%ls(f ?‘ﬁgeho%ﬁﬂéhé
station 18. Mubil shitiews 22A-22B shown in FIG 1 represent the possible
communi cation |ink betwen the base station 14 and the nobile station 18. .
Simldfy, the ar R‘mlﬁmgekmiw@%? i dme inteframesiand, the,pawiep|centrol
comuni cati op: i -1 he ti AWt i i .
After a nobi Plgln s?? g ?g%&?@l‘@@cg@ggragﬁgeggﬁ%gny gn% , ?ngésggﬁétﬁéngpéﬁgnal
10 is a conpsisehgthodf thedeshinethicatipmasigaalds ararsinsietesl ipnthle. babbstatignby way
noi se ratio ayeraged over sane period of time is a good neasure of the
strength of ng‘%ﬁiﬁ‘g@ﬂ%fﬁﬁme?ﬁ}gé%npl e, in a CDVA systemthe signal
to noise ratio of the received signal can be averaged over a block. The.
nobil e station 18 can, therefore, estimate the signal to noise ratio and
conparg the estimte VBRIBIDESCRIFFION OB HE DRAWINGSct ual |y
received. I n accordance with one enbodi nent of the disclosed nmethod and

apparatus, the nobile-station 18 sends to the base stations 12, 14, 16 the
resulting differefbhe featwssp objertsieasd ratlantagex pé cthedpresenésingéntibr wiljnal

to noise ratj{o as a paraneter (F S LT represented in,units. of .
deci bels.  ThEEEMEnEIE. SBPTIoRD SRR BhE 1I52Hed ABIGIBBPS Sotaiedih (RIaWolf o
reverse |ink.gg ctﬁﬂt”WilEH tﬁé'QﬁBWlﬂ%E-inl ilﬂrh‘illéd K8 %ﬂé%ﬁé&?cﬁ%ﬁ%@ér@%%hﬁ?ﬁ'

to noise ratio,”the nobile station I8 ca culates a signal to noise ratio
t hat V@0l | r esotrespondinglyehragghdwtramd whereik: f undament al bl ock erasure rate

equal to the for i nk fundanent al, bl qck  25. erasure rate confiqured by
Che-base stati ons Fig: Tiows Sy FReinBlem.iffssfatich af b celfled; Gty
ratio, the ngygtbﬁl;stati on 18 assunes that successively |ower rate bl ocks
are transmtted with three deci bels | ess power per PN chip. In accordance
wi th one enbodi nedlGof 2t showissel povderamoatealusubchanngbi withinathencelblar
perfornms nmaxi nal ratit) con‘o{i ni ng..0f -t he receive paths. 30 In addition to
cal cul ati ng FHEVBRPEE 18’8355?5%?(9?15‘ oi se ratio, the nobile station 18 nust
det ermsie the sigmRG, 89 agioSecliat ildupfatinpetheataps/perfoiréd it6 detdfiahe sipnal
flowchart of Figure 3 is a high level flowhart that illustrates the steps
that are pertongis¢ ratio®f dgeceived naéfiesigaak he signal to noise ratio of the

mitiny, the 17 e & ngelsied ey S idscreting ol sens AT R

noi se on the chanmgQ) 5@&5&&@581-;1‘&&&1@&[5@1@5@1 Bp $§oi se that is out of
t he frequency band over which the traffic and pilot signals are

transmtted, noise that is in-band, is passed. The received traffic signal
is decover by the 5 particular Wal sh code used to channelize the traffic
channel . Likew se, the pilot channel is decover by the particular Wl sh
code used to channelize the pilot channel (STEP 302). Once the pilot and
traffic channel s have been decover, the per synbol signal to interference
ES /1o is neasured (STEP 304). Next, the noise to interference, Nt/lo is
nmeasured (STEP 306). Once these values are neasured, 10 the per synbol
signal to interference, ES/1o is divided by the Nt/lo to yield the per
synbol to noise ratio, ES/Nt (STEP 308). This value is then provided to
devi ces that use the per synbol to noise ratio ES/Nt to control the system
(STEP 310), such as by perform ng power' control of the forward |ink
transmt signal. The details as to how STEPS 304 and 306 are perforned are
provided in the 15 flowchart in FIGURE 4. It should be understood by those
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2 1 NCV Z002 5 10 15 20 WO 99143101 7 PCT/ US99103683 where dk is the 2kh NOV 200
synbol within the synbol streamor data stream of the traffic channel; and

ET,k is t t | received energy of the traffic channel ov The .

sumis ta 11 k from1l to n, wheregn is the total nunber o syrrb
in a frane. It should be noted that in an alternative enbodi nent of the

di scl osed net hod and lgﬁz’irat us, the nunber of nbols, n may differ from
the nunber of syPESERIPTIONOF THEBBBE:BE ED EMBODBVEENFS| s used

to conmbine signals received fromdifferent sources or signals fromthe sane
source that have traversed different paths (and thus are delayed with
respect to one andhhex¢mplarysildhsiraties, of he dedhdar reeneinuetcatian f $ystemg sl

bath by ¢ he PAOYRRAIBENG! Pollhe: Grar iikshauia FIGT & candit saopes mulplch
recei vgd ”aafclfcé& Dlod tl&?‘hese r@shf(ﬁdfaQMuBHﬁ [ Bhdhlhk &%x{%‘i@%@egﬁ {Egal

associ ated pilot signha oducts are t en sunme formt
recei ved t raiﬂmbesogsgadtemeoBIﬂe statidrsr(orgmebilatcontmueapratioend evitds) sarsdithe r T=

ErT,, <rP,,> EQN t b t f 1
fo m 1T, Eeep RiEticksb R {acmaNesaTGRle ¢ DMAIferead SpasRIm A pdulebent of o
nunber of patns, 4ng & BaPEASKEASyShiGN 180 HL05 SHiilnd BN » e fol e

fact that the pilot sygﬁa may be tered ow pass uce
any fl uct uatdignasl mclnam@rappllbudarnér tupeorpial obrreypondhcg pxhﬁrah&iﬁxel n Fome.

-zla-ge h% al _rge(r:xealn\l/e%lﬁllllagtgws gnalwfg@g%%%ht)l iul ar }Q%é?n bed{,ggtlggq??;{n%d
[ I d I
signal and ng,d.eey Sfl{btﬁc’ie&‘g%ﬂl 19Fanr19{1ﬁ§du£4§e§,dﬂcédt%@gu«%lg%f B%#e?&i 8 din

val ue sP,, equa ta tines t squar ener gy
per synbol, dsignahdransmittéchoatl atlt timed by eram[habaeas&tapomamshegraepfoeﬁMd

as follows: sP, I . = a~(d~s, kn asc ctor ich
takes into d&%&éﬁfﬂ@%ﬂrr@% ﬁwgﬁpﬁgwﬁﬁ g}l&}er@ ot sigRa @ﬁcgwah 48 | ot
channel s an |

Ve the outstatitng B SiA RiltiaPRpl LORCERMRLAIARIG additor WiDrBvIdiE"
t he kih syntpihasafrefdfreneg/fmwolmrenademmddﬂmaomhndaarref’ér&m:e for Isignat strength

and Es,k is the total ei ved ener of .th p' ot chann ov the kth
21 rv " 200‘?935‘%/(9“9@%% lﬁéé@?%% g2 CRR f’syﬁ%{)Fo S3HRALR d

| s essentialjy glibgr n?n@ggga%é/%nanaﬁhﬁmr@e%teh\éer&a?vé&nmﬁg ALt

state of the Information at ed he pil ot channel
pi | ot si gnalaccbtddrxetwihaaie émbodirmentivé the disrlesed meﬁmChand\aplp.aeatmﬂs tree.

Therefore, tlgl otd31gnal traggrrx]utged %r Oggc%dbgsreostath%% 15 %tdlu?aQéd with'th: Ifalrﬁ/e PR 2
20 spreading code with different code phase offsets.
A system controller 10, also referred to as a mobile switching center
(MSC) 10, typically includes interface and processing circuitry for providin;g
system control to the base stations. The controller 10 also controls the routing
of communication device calls from the networks (such as the public switched
25 telephone network (PSTN)) to the appropriate base station for transmission to
the appropriate mobile station. The routing of calls from mobile stations
through base stations to the PSTN is also controlled by the controller 10.
The controller 10 can be coupled to the base stations 12, 14, 16 by various
means such as dedicated phone lines, optical fiber links or by microwave
30 communication links. In FIG. 1, three base stations 12, 14, 16 and a
communication device (such as a mobile station) 18 are illustrated. The mobile
station 18 consists of at least a receiver, a transmitter, and a processor. The base

stations 12, 14, 16 typically include processing circuitry for controlling the
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5 traffic signal with a pilot signal, Eqn. (2) can be substituted int%‘l’—_bt?r‘{.m‘
(1), and Egn. (5) can be substituted into Egn. (4). The resulting produce
is then: rJ = A ES kl/2~ + nT, ] [aE(dAEs, knz), + r~, TDSIESss
noi se EQV.wPG?Léé\?\ever, if the noise nP of the pilot signal PETUSIRbR ]
noi se nT of the traffic signal rT are uncorrelated, then the product rr is

essentially a scaled 10 unbi ased estimator of the traffic data nultiplied
by the tr af fiuscsionsalof eHeg RaseTistatipns dide 1d, tlfe 2ndt intgafaceneirgnitsyr &drat ed

[ il t - Un, h dat :
Accor di ngl y comaiting B S Radald fafoF e e TRt G0 .
insignificant andrganAReow8NQ0dR0B! khedh rieasambhy rEgr@s%?Hn?l‘i’et 8ésiblee
noi se nP of the pilot signal rr and the noise nr of the traffic 15 signal

rT are uncorqoghmugdcatisechnk detweerpthebaseisgation 1 P anddthemeobileastationsliSgridie r T

Anenova STt AE i RP AR HSwi IPRRE P reptegtithe PoRSBl commuiaas Ikt
the di scl oseghiRiehogheubeatRAbARIUSand Thé nsBild Qta@ildnniglasﬁnﬂahgg E‘f;ufgﬂ‘ov&s@ ,

a dot product is performed. The dot product is 20 taken betwe
estimat or da@A-248 shoove yn3dG. dtrepaesent e gossibbo domgnamidatien dindobetmeeent

the received, traffic si I TEP 400), .B coding the traffic

i nfornati on, h?i}?és? ﬁ%]roﬁag%a%}é @é’ﬁ Aty extracted fromthe received
signal . Re-encodi fgtet BEMbPAOEARIONOTB pRICHESRS al feReivetidigmdll e delulthiy SkAAE N
which it existed before the decoding. Since the data Sequence is relatively

wel | kfown 25 aatarpposite oflecdrsiteg signalaanda nqise signal.ndghesignaldo nmisedratio
all ows the data se&uence to be .t ﬁkep i nto accoynt when det.ernini %hépﬁﬁ
Gnergy of ¢ MO SREET VST SPYHPerivatt e Bril £G0H TOrBtAe: Ohith Seriast a
onto the recRMeddSigial FoPekiihleiah CONEAYSIY thésighel {0 HGEERLtiPBS the
synbols is summed and the energy in the noisé is not, since the noise is

uncor r el at edreceixedr siigng] caheberaveragatholer 3obkock. skheemobilacstarientlr came

rati o of synbal enerqy. t I Se. resul t. of the dot product er.ation

o 0ET alRgre RS nlte e Sfimal 18 rofRHahiolind Ui BASSHRABPRIR il
estimage theviluef the mbbilacitatioanal gnaaly, rddesvead.al inGctafdHceawAt Gnkd is -
renoved fromEgn. (7). Scaling factor a can be represented as. a = G,]{gnGT

LP/ Lr PCT/ USspbodiBsntof theglisqlesed ropthads andeapparatus i theamobilarsintiani
in @ Ciattic ARSI HE { iy
Pht cur at i on $aRsol Sh fhesertiafiphsSLAMH, 1d 8RS Tooghitk Wthoncl Bl they

the traffic mieghiaded Whdl expdrtedivadiies of abeatignal pemoisk kdtiend 4 parhinatdd c
integrati ondgaeri od LT are known, the rel ationship, between the pilot signal

gain G, andBWP_SNRiPELLTAhgspresaryad) iyt decihaleal henparakmsitr i n
i . _ . { :

channdP Thelf Y SPERIR TOELER) ig BRerplabi RARRIOE IF% Refered RRKUAbR Sortrel, |

station 18 deibshahnels the pil ot energy by conputing the dot product of the

pilot signal with itself. This produces a biased estimate of the pil ot
energy EP which i % deteniiningt expesied slera! & noise B3t dhe é%blgwai;pn:waz

T orhor of Of alcabls G 3 b e farlofhat VAT ket 9ok ARRGK el S0 19K

determ ned by squarin Iased estimator, akT o IC signa
ener gy and dfuriddimental bbyck émshresert aptal tatthe fofwaheé ljnk bindumerstal bioxkgy
=P E-ESZ D gragugg %at%thon 1gi1re(d9 %y the base stations 12, 14, 16. In calculating the
expected signal to noise ratio, the mobile station 18 assumes that successively
lower rate blocks are transmitted with three decibels less power per PN chip. In
accordance with one embodiment of the disclosed apparatus, the mobile station
18 performs maximal ratio combining of the receive paths.
30 In addition to calculating the expected signal to noise ratio, the mobile
station 18 must determine the signal to noise ratio of the received traffic signal.
The flowchart of Figure 3 is a high level flowchart that illustrates the steps that

are performed in order to determine the signal to noise ratio of the received



As noted above in Eqn. (7), the energy per synbol, ES can then be 2012y 7001
attai'ned by normalizing the value ET with respect to a synbol (i.e., by

di vi di ng by, er of symbols over which ET was determ negraaysitheds the
nunber of svyyh}g/fgl“gte)r frame) (STEP 402). Agcordingly: 9 ET / n = ES EON. .
(10) where n is the nunber of synbols over which ET was determned. If the
fundanmental block rate of the received traffic signal is known (STEP 404),

then the nor ntEpfifizedgiop: Initdalliotthgdsaféicandipilpt signals arecekeivaddtogetber withed

STEP 406). roif | g ate | K TEP 404),
Ehen t he zzlot F%\},f)%ﬁ%? ° tgtteh(%aas ? ﬂg%ﬁ%@ \?&B dl{g%l?er'g%g%ﬁq&;gﬁﬁ%ﬁfgﬁﬁgw O#)he
di scl osed netfiedfraqderdipBaAd Usvdrakbictevariaifie £id biiet fsﬁilial% Reé tiBndieted,

e

pil ot signal has a known constant data sequence. Since | lat a sequence is
1 P! ('~ 2002 naige dhatislintbarct isgumsedsdihe regivathiwaffic hignal intecoramiey the

i gnal b i i tiated to ispl he. ngi tent. ( STEP.
a10) - 15 accortnBlt Vel et aBet R Ref HEe brBid QulfehebiBiissahe pilo
appar at us, t hitfarin] doA8cVerl By Ehé iﬁ&@trir%%ﬂ?r Whih &RN08dd 16 Bhhhh&gzd ﬂge pilot

inverted pilot channel signal” one sy intime wth respect to t

unshifted 5 pthasmet (RIFR1302).g0mice thegilot anilnrpffinehghiéls ddve beentdedopén, the
channel signal with t.he unshi.fte il hannel si Thi n so he
done by decovBF NG PHETFHIP TAEIEER e fo DAPeRs VR 108 NP EGIONE6 ng
over the frang inldHéreRdd, N 918 mdMséd (STEP i 3063, Dk PhéseOfalabd S @khditted

positive ones and negative ones. Thus, the sumof the energy in the Fl | of
channellOover thedpercrymnkolmighalrtolimtesfereprecks/ I is disrided byahely,/Istol vield the he

remai ning NT term [Thj ermits. a rd-pat | of., t he ;nar. i zed nojse, of
e pi1 of chairymih oy BEisEigtish Had N (HTER' pEB) ndnis Tl i Shed HaVRe ) <
ES/NT, can bedaited thaduby tisd pot %yxel'bui €8 N@ist heriy B, Y], foTditrdlhBe \sggtu_ﬁ\ STCEP
Figure 5is a sinplified block diagram of the diSclosed apparatus. A 15
radi o frequengl0)(Reh asbyipesforgungrpaveteentraleof theolorwgrd lighatransmitdigralRF
rocessi ng i n.kKn fashion. T [ ve i~gnal 1is.then, coupl ed. a
Pt ocessor s0sTN AN Boay STEFE A i 308 e nito e B BsSlidedcBythe
decovens eachflgfvchive ih FRGURE £hannel s and the pilot channel. It wll be

understood by those skilled in the art that the Walsh decovering circuit
511 may be i npl enelit gapwlide ber uadepposdf bilathoseupkidled: e theoartstlat p1ibr t& a

circuit which,is jnple t S| i e nen . i .
cpeci f1c 1 nt o4 ST ERTE Dot e AL b SEHTErEREBRASET pg Ak IRRS ERRs s
511, or in anjchideRl intheneisd dsu&the/\?nbdclﬁr{mw Lilewige ale bilogsiphaLeskliegcH of be
acconplished, as is well known in the art. once decovered, the traffic

channel si gnathe taffisughannely excgpt she traffie chanpel af intgrasheareninghdadein the

copt o0 on sHEEPEFENS BAIE Xh AT RRAECOHSL MCGLARE7EE SORDANPAS frafld
processor 51lchainel ndiideDdhigrertpgp @ssddieeted woith toal drehogdrenl diads. nig should
procedure to be acconplished, as |s wel,& no in the art. The decodin
process resul ?Lgtheh' h%endﬁﬁsm%gydhomkl 1ﬁ§§n e grhthat anaHemadicgain ﬁ@ng@l
' . " e : ¢ ) _ A ; .
Coupted 1o a Cavick CHBRAKEAE EAATERR Mot relBd sl I kcRlbecbal T
di scret e conpessentislly aonstapt vahid. oAcspelinglye ailrdfetheatighlcialaes are( dbdrénhced

which is distinct fromthe processor 511, or i n any other manner that ul d
al'l ow 2Re re to he taral recsisesl sEmobriranett iy Diameinglessinis Bﬂ&&&feﬁﬁm the

rocedure to q | asa| ' - ARt .
rpe- encodi ng fgﬁlé%l?%its e%r‘v'pe‘?‘k‘és)orr\ré?\;%élylt'( EQ‘%F E)dgeltsésaglrv% gbtgagggr:? lgrlﬂrfg Cta ﬂebe

functions desespresghtedasie to deternmine the ES/ NT value. This value is then
coupled to a comruni cati on network controller 505, such as the pr\(l)gcsgls?i 5
within a base station that is responsfisf& t8 controlling the for Pk
power control h W) : J I s L LS
responsi bl e fmk%g%gnﬁger%g%ﬁﬁgﬂé ﬁ\ggféﬁ%gﬂa?ﬁtgﬁ%ag ra &géﬂ%ﬁéggﬁgﬁ@@gﬁ% :ﬁgltthé
shoul d 30e adj vedeivbd traffichigndlo Inwilhbaiunderstesd thalt: t r ansmi ssi on power. It
shoul d be noted that the particular use to be made of the ES/NT value is
not intended to be 10 limted by the pae@dcE|Hf enbodi nents that aE@N. (2)
di scl osed herein, but should be understood to include all possible
applications of this quality value. The nobile station 18 can al so

cal cul ate the neasured normalized signal to noise ratio, Ef/Nt, on a per
frame basis. The normalized per frame signal to interference ratio Ef/Ris
neasured, where Ris the total signal received and Ef is 15 the energy of
the desired signal during a single frame. The per frame noise to
interference ratio, /R, is then neasured. Ef/lo is then divided by N~/R
in order to calculate Et/Nt. The normalized per franme signal to noise

oy e Fe— v o, " I . e



nunber of synbols in the block. If the fundamental block rate is nop {kpgu;
the maxi mum normal i zed dot product can be sel ected. The per frane noise to
interference ratio, Nt/lo can then be neasured by accumnul at er gy
in a forvvavr""ag?fﬁﬂhpchannel over the frane.» 30 Signals repr es%%%‘g@ég%f t he
signal to noise ratio can be used for the control of power transm ssion

|l evels in the system and nethod of the present invention. In the preferred
enbodi ment  etherdd, isthers’} srmbol withimhesymhel sizasan or 2lata strexmatithe traffic

091 43101 12 PCT/ US99/,03683 ti 12 4 16 t FWD SNR DELTA
val ue sent  chanpet o B2 % T oR rebfived eniG o thRRr A FRAICOTE dont

to the base S?%bi.oﬁe%rﬁ hetd1RBI fof aBltiaFioR 118 Prvhde dﬂ??é"ﬁ{e ftg%li’g%&bﬁf oift

subchannel a reverse frame n to adjust the forward galn
appl i es to aymbolsinck fraare Ihshoulsl bemotedathat i amahltetraitiveretibSiNFdHELOFAhE he

nobi | e station. 18 .can.use an expected, signal taq noise value along with the
cal cul%at ed @%@thmemdg@cg3?8&‘:‘%%&}‘%82“’?%9&?2 S¥9’B¥§Qréﬁ“’§i}’ r rﬂéﬁ%e
ratio Ef/Nt n%%&%f%ﬁhﬂjﬂl@&pgfﬁﬁl{im | ows. The nobile station 18 can set the
initial expected value equal to the ratio of the first fundanental bl ock
that it successf i nyardecasdes: “aket heceivardsammsed & cdrhbire signdlB receised fidme

nmobi |l e stati,on 18 increases.th xpected value of Ef/Nt. O herw se, the
Tobi | & St at FOHeTER! GEUFEaOESIgHRlS R Che qorpa LT e et have tRNETPRRt FUeend  ep
si ze P, angrgtat}?s Gef BARCaR! 8Pla§bd SwitH RESedAbSIHE BRGHRY). t fif sHERichsdd, frRE war d
i nk fundanmental bl ock erasure’rate Re and the maxi numTate of incréase of
E f/ 1~ Thitstaheeceived traffie signalns adaeddanmhatighfing éue traffRnsighsls Thegived®d =
(Re Pt / ( Re 1,). and P P e). Pmcan have. a val ye.of qne-half. If
{he poner cSReAh IBABRRAISE PRV BEORIES HIGY Sigtaloa ThYS pHibpligation
stations 12yedfhs ihGachhecdiVbd@radfiPignay BB @b%‘?ﬁ‘éd Bg tHO're BtV A lhRnGeh bR
flag (FWD SNR VALID) 1s set to 1. Clgnervm sg, t e base stations |2, 14, 16
set bot h t hé¢hdwgoshireELIDA sigrhl FUibheSnRr&MLCD ave thers stmmied Thdofmorthartdtagai n

20,2PPL1 o0, By B, S b IS Lol B AR B ™ " 1S

e
FWD _GAl Nad~ < FWD GAIN M N | FWD_GAL ere FWD _GAl Nad> > R MAX
25 | GAl Nad~, ot herwise EQN. ( 2‘&@%@%\/@_% Nad~= FWD GAIW%OJ
and super scwq&_tre ¥hé Sufelk WAWENSELrane @.ﬁ%d}ﬁattiqr&m toR PEksTh e FUD AR

VALID. It will be understood, however, that any met hod"of cal cul at | ng FWD
GAI N can be sigrad f@0theni*apathy, daris ¢heitetal nuenbarsafepathadame the dradkethavitcksent

i tion. Referfi to FElLG h i h J ti f

control - subERSBIthasF Tsnardicate fhe fashBab hEpighs et inasnhe sl ea
the comuni gy Igssssmf&leea QéditCany -flcehia BRI he RANSTELLIRNGS He PUBE RABAE]

30 can be used to transmt FW S DELTA fromthe nobile station 18 to the

7. 1 20 ~—~1 shogpepodsdndgnel 13 PCTNS99/ 03683 base stations 12, 14, 16 in
order to control th (..l eyel . m.SsSi. to,.the mobile station 18.
Power contr ol Sugﬁmﬁgﬂﬁag%%v%&éﬁllggég%%lgfﬂga pv?’ﬂlﬁiﬁ%r BQB} ot b%ﬁ?ﬁ%%ﬁ“@é??‘yi ng

a plurality of power control groups, 34, ¥ . exanpl e, sixteen povEQON: (4)
control groups 34 can formeach of a . F'U[a ity of franmes 38 within the
pi | ot channévherese FeRFEoRIHS tmtacsivedrrily signad and ap sepresentsghe pilot ngises

pseudor andom noi sg. wards 38, | gggq@r%.}agie‘paqmgé ggl ggg@gg ft}w%aggegﬁgﬁ% the

i nvention one or nore pseuﬁora an pe reno

repl agged Wi tsguﬂﬂ\/\ﬁfot(dﬁ thé ehetgyf pemairhbol, £)and @ stAbng daetee.d Theetelat
noi se words 38 can be any noise words 34 within the | ength of power control

group 34. HeABbereprasentegyastfiolpws: enbodi nent, noi se words 38 | ocat ed
towards the center of power control gr 4 are used. It is pre ed t hat
power control information 40 instr¥ef (gf@témlé itter to increase %&{jég)r ease
the transmt power |evel a rs1t;)ecifi ed anﬁunt 15 or to leaye the transmt
power | evel wWitisafiged salingHagieriwhichfakes mto acgeunftheoredatiye tragsmyiggon
preferred that th ransm ssi on .of f.ranme,38 gont al nin ower nt.r ol
"hf or mat 1 on BRSPS AL ¢ dopateerd trlgtoHAElS endthel te o ey fop each
incregse reldyaRhél; the sum is taken over the subscript k from 1 to n; n is the total number

of symbols; 4, is the k™ symbol of the symbol stream or data stream of the pilot

channel; and Eg, is the total received energy of the pilot channel over the k"



It will be understood that any power control information can be 20 21 NOV2007°
transmtted by puncturing the power control information into selected

posi ti ons%}?g/i power control group 34. In addition, it chhsb§o3ess
wioh

under st oo s net hod of puncturinggpower control information Intaq
the pilot channel nmay be advantageously applied to any of the nethods for
det er m ni ng pmggr cr ntrol informatjon set ,f?rt h. herein, 25 The foregoijng
descri pti onS¥Mbohe S‘Péﬁ’é‘?b‘%lcﬁt@% i ieseentially grther a\pasitivhone opaRegive: o

enabl e a per | LI e b s . he i i on
cl'ai med hor 805 T}e@éersgéﬂgg%gis?#ﬂga £ iR ?‘g”ﬁ#é%‘téq%%{é%t%%{‘ﬁ% é‘P&béé{}‘%‘g‘gLi ly
appar ent t ol bBuseasekiflthegilbnsighal,at is,typivdl fdretherdadis tphase desasiabedakrrofbe

applied to other enbodinents w thout the use of any inventive faculty. 30
Therefore, ©ORe pheceipte ithe data grransbegropped rom th¢ eguation.nin spdtiphiing a

wl o he pr FRCE 6] vt 2 S6PsBRA I, 13 chl BB AU RS (Pl 3RY,
I's: 2 1 ~IEgnJ (33QAR bbsubbituYed Into/Ed (U d HearesGRIHg Piddure igtHeewer | evel of

transm ssions froma first station in a comuni cation system conpri sing:

receiving at therfir@d, & a3 emahei[oB{dE],0F) ral dt+ nigEy +meiseir ed EQMAG) t 0
| . .

noi se ratio to an expected signal to noise ratio of a previous

transm ssi on; andleweeeniiftheg noise powéthe gritdt signahe. Andttherneisering sifothe
according t id.recei ved indicator . The nethod as.clainmed. in claimil,
Aheret n sai GABE SR o EnERaaRt, fiem M REOAGEH Py IS rEPERNYe S6d6fui ng
to sajod recenhesbednelialr ORI irafke ddRCHRAGDNBAINE tROWRISiL 8itlal Rhetde
next transm ssion if the neasured signal to noise ratio exceeds the

expect ed si gid$ ix duadd $he fagtithat the nheorrelated redsewall med sum ipai However,

further co | SI Ng; surkng at _a _segcond tion L.gpal to.nais atio
of a transm %F%gg{‘a]tegfna?%eé%%rs&n&patgg%qrdiri@&%\ﬁ?ﬂ%ﬂgﬁ%ﬁgé?g%ﬁﬁe @faét I on
an expect ed thé aB&e ib Qe?ﬁgﬁﬁe (id.) Qts?niﬁ@aﬂ_ AR SaA &6 iphend)l 36tf0reasonably
determ ning the indicatof in accordance with said neasured signal to noise

ratio and t Ibe asspmedediat thynapise o edithe pilot signadid andathemaise ngof thertrafie
i d easur e e CBhGRHETated ore TR Mo el BR A el Bl b 5

measuri ng a tiirghdtte On ortleb @t RBEnAEL) 0 over a first predeterm ned anount

of time; measuring a noise to interference ratio over a second _

pr edet er m ned ince d is essentially random and unknown, it is desirable to eliminate d
from Eqgn. (6). In accordance with the disclosed method and apparatus, in order

to eliminate d from Eqn. (6), a dot product is performed. The dot product is
20 taken between the estimator daE, and the symbol stream 4 after decoding and
re-encoding of the received traffic signal (STEP 400). By decoding the traffic
information, the information is essentially extracted from the received signal.
Re-encoding the information returns the information to the state in which it
existed before the decoding. Since the data sequence is relatively well known
25 after the decoding operation, performing this dot product allows the data
sequence to be taken into account when determining the energy of the received
signal. That is, the dot product projects the data onto the received signal.
Accordingly, the energy in the information symbols is summed and the energy
in the noise is not, since the noise is uncorrelated. Naturally, the more symbols
30 are summed, the greater the ratio of symbol energy to noise. The result of the

dot product operation is:

oE; ¢ oE; = (0E,) EQN. (7)



amount of tinme; and 1 ~" O~ ?~~7 15 dividing the neasured signal t@7 NOV 2002
interference ratio by the nmeasured noise to interference ratio. 5. The

met hod as Glabagg;in claim3, wherein said determning at tBerRR§NNEs3
station an expected signal to noise rati® conprises: decoding the -
transm ssion; and decreasing a previously determ ned expected signal to

noi se ratio by a first value when said decoding is successful. 6. The

met hod as cl ai meth prder tai estiBpate he h@tfflcohvmeilsmglahmrgasthagcalmg faceori wus! y
determ ned expected signal to noise ratio by a first val ue when said

decodi ng i sivresuneesom Eqa. (7) hecalivighfadtoasy, cdrabereepriegertbdiag) 3, furt her
conprising: setting an initial expected signal to noise ratio equal to the
signal to noise ratio of a first successfully decoded transm ssion. 8. An
apparatus for controlling a povve ansmissions in a c tion
system conpri si ng: a recei ver cony |gu" edT to"/ ceive at a first g%rg?mén)aan

i ndi cator 1 ghradrk g, ?%t%ﬂgﬁél@k@é‘xﬁsrhﬁsﬂﬁi g8, @ 1@ tAk téafkictkarlsPnidBi
expect ed si gnal to n0|s rati o of | i nk nd reans for etermnlngrl

power 5l evel tesmissiomgainsiois the integrationk mw@rdﬂ the pidotssigdal, @Oélh&ﬂé the

i ndicator. 9. The. appara as calnred rein, said,

det er mi ni ng ¥E" rl’%‘%/?f t}beftrﬁ fie, ségf%?h 321?@‘3 tg‘]? Pflﬂghrﬁfeﬁ?t’é)@db?mqﬁ Y sal d
recei ved i ngh& ahdfic @ fdtﬁﬁﬁpeﬁ@éfﬁ drerkiiRgh e atd f&aﬁ&%mgwwesﬂ%e ?filo@
transmission if the measured signal’ to noise ratio excee he expected

signal to neigel gairi &paid: the trafhic. transmitisignal-gain Gi6is t9pichbly rppearearmisn as

| d | 8 t f |
Catio of a crghan el ﬁ?@f#fﬁ‘éﬁpﬁiﬁﬁé&%ﬁgﬁ% 30t ERiT T B AL RO gnal to:
noi sggatio of t e?éfg Al g&%‘%’ﬁ? élirﬂﬁxatgﬁ?@?cafh?\rg HEF Md BEbil% st g8t or

i n accordance wit
determmes the p110t energy by computing the dot product of the pilot signal

with itself. This produces a biased estimate of the pilot energy E, which is a

scaled biased estimate of the signal energy, E, = a? E;. Therefore, a biased

estimate of the traffic signal energy E; can be determined by squaring the

15 unbiased estimator, oE; of the traffic signal energy and dividing it by the biased
estimator of the pilot signal energy E;:

E; = (oE;} / (0?E;) EQN. (9)

As noted above in Eqn. (7), the energy per symbol, Eg can then be

attained by normalizing the value E; with respect to a symbol (i.e., by dividing

20 by the number of symbols over which E; was determined, such as the number
of symbols per frame) (STEP 402). Accordingly:
E;/n=E EQN. (10)

where n is the number of symbols over which E; was determined.
If the fundamental block rate of the received traffic signal is known
25 (STEP 404), then the normalized dot product associated with the block rate is
selected (STEP 406). However, if the fundamental block rate is not known
(STEP 404), then the dot product that has the maximum value is selected (STEP
408).
The disclosed method and apparatus takes advantage of the fact that the

30 pilot signal has a known constant data sequence. Since the data sequence is



signal to noise ratio and said expected signal to noise ratio; and 2.1 NGV 2007
transmtting said indicator. 11. The apparatus as clainmed in claiml10,

wherei n saj ring a signal to noise ratio of the link | - .Teans
bin Sz GRIN SRSess

for measur gnal to interference rajjgo over a first p ermned _
anount of tinme; . means for neasuring a noise to interference ratio over a
second predeterm ned anount of tinme; and nmeans for dividing the nmeasured
signal to insrewar Brcpilpbehanng) signal vandie easilyifterentiataddpfisolatecther noise.

12. Th jed jn_claj , ' i d d LN
expect od- o) craiteqs STFEAATDY s T gfedtit? vl RedR ot vt ftsdfiec <o
decode a frapRiiid hREGIpHRFatisgaabis dbBfle !@aigyeg&% @!@&f)ﬁa&l@&ﬁel%}ﬁm?@'&@’

determ ned expected signal to noise ratio rst”val ue when sa

decoder decduwdrtedepilotachanget signad wineysymiml imtémappithaesgeciso cheivmstifted
claim2, further conprising: ,neans.for. incregsing,the. previousl) )
Geternned duacinagnel gisanl S Torting e Hifred trsheed pubh amad stemay with
decodi ng i S {Has Ubiloféh I atH i | ' ; her
conpri si ng: m@ﬁﬁﬁ?ﬁ%;d' gl %tC)OZarﬁEqrfﬁgﬁgl forfsscg&tcnt ?ir?g’ g%giohi@tl?ya?bg%%&%gq é
signal to nopdet channeleyith Walsh wedsi Whdf® aral iofegeatingiavesftha framst This
successful |l y decoded frame of received si | . 15. A nethod for determning
Signal to noPSEAHAE BARA codciti BRURER Al AT BABRE IIRTLE AORMAN BEBBHVE
system i ncl Ushdd PhGOTREBULERDE Bk &h@g?% tﬁ@%iﬁ)tl@ﬂaﬁhepmhis&&l@mdrﬁl?&g:
measuring a signal to interference ratio of ‘the transm ssions over a fTirst
ti me 10t er vadf symbsls isnzera, thrreby tisolatingr therremuainingg Ny @it h@his pasmitssi ons

O 8 SO e B Bt e 0 e JERRHLS G onal 0
nmet hod as cl ai medTha ddsed ddlueMAEHi€h Ns 1Ré %igwea%rﬁ&ge Fafib%8at. /NP, can be
interference ratio of the transmssions over a first time interva

conpri ses: nattained iy simgilydaviding the ealfie Fe bydhe amiue Nyer one frame.

Figure 5 is a simplified block diagram of the disclosed apparatus. A

15 radio frequency (RF) receiver 501 receives the incoming signal and does RF

processing in known fashion. The received signal is then coupled to a processor

503. A Walsh decovering circuit 511 within the processor 503 decovers each of

the traffic channels and the pilot channel. It will be understood by those skilled

in the art that the Walsh decovering circuit 511 may be implemented either as

20 software run on the processor 511, as a circuit which is implemented using

discrete components, an application specific integrated circuit (ASIC) which is

distinct from the processor 511, or in any other manner that would allow the

decovering procedure to be accomplished, as is well known in the art. Once

decovered, the traffic channel signal is coupled to a decoder 507. Similar to the

25 decovering circuit, the decoder 507 may be implemented using discrete

components, an application specific integrated circuit (ASIC) which is distinct

from the processor 511, or in any other manner that would allow the decoding

procedure to be accomplished, as is well known in the art. The decoding

process results in the information that was originally encoded by the

30 transmitter that transmitted the received signal. This information is then

coupled to a re-encoder 509. The re-encoder 509 may be implemented using

discrete components, an application specific integrated circuit (ASIC) which is

distinct from the processor 511, or in any other manner that would allow the re-



17. The nethod as clained in claim15, wherein said nmeasuring a signa} 1ty 0
iInterference ratio of the transm ssions over a first time interval

conpri ses: wipdadioing a signal to interference ratio over a tporRuSInb®sYyal
conprising that portion of a franme where H ratio of a pilot signal -
transm ssion gain to a comunication channel signal transm ssion gain is

lgnal 1o i aPSPTEERFAAES (6 17 FRGn il & Fowell Gl uf gy HEd B2 2

signal to inte nsni Ssi'ons over a

i nterval corerdrivedingefugictioni hgs deshgpédfoimetNtke feaser 503 peffoaingdiey a
first factor; and ellm'r_lati%g the first factor. 2 ~ P~c~ Zooz 18 19. The
net hod as clfanadans deseuibed adovarterdgtarmine)thieEef Mirrvalye.a Tiigvalue &5 then

interference rafi cal a first fa r i . decodi ng the signal
recei ved oveﬂﬂﬁé‘ﬁ)é%éﬁﬁﬁ%@?%ﬁ?t@%‘aﬁﬁ{é}"g{%C8§ﬁ§?‘ﬁr g’?ﬁa?u S HgPTIESHt a
to obtgin swfthirba base seiRUiHaEs fespohsiblélfdr @irtesllihght \GRMakRIifk Posrea!

recei ved over the communi cation channel and the synbols. 20. The nethod as

clai med in cloatsalior thehpragegsarawithin armabile sgllules telephone sbatois respensibles:

conmputing a second dotf. nro of [ r iwved over. the pil ot nnel ;
and di vi i ndof o RicHits 16 daolnd HRaork B IUE0 PAiTetoRrBL Ry f{ B2

met hod as C|a%ljﬁ§_@dliﬁ ortat o ﬂr@inﬁ&_ﬁl@ﬁ@ie@irﬁéltﬁhﬂmﬁgﬂbhf}ﬂ)ﬁem% §Rotild be noted
interference ratio of the transm ssions over a second tine interval

cgrrpr i Sﬁsa dhat f}h@mﬁcmhgj%esﬁcghalma@%@if\xba E);\O{éﬂ T ]gf?blqoiSI noet iHemded to bgl.
Z . . A . AR oot :
Focel Sedovamited W fhst ParkisRidR SlnodRGRs Infoks diebsed Betdih Bk oA IR,

over the pil@idezbrdidel;inshidetdlNgosyiile appliedticit 6f thipdualdpdabimi ng t he

signal received over the pilot channel wth said shifted signal. 23. The
met hod as cl ai nedieymabilerstation dfeprialsasealgulate the meaputediprnalizgdagignal

recei ved ovap ddige P EtE SRANIEL pEP RIS §3sis AR ROARA Ao hA R SSERH
interference ratio E,/R is measured, where R is the total signal received and E; is
15 the energy of the desired signal during a single frame. The per frame noise to
interference ratio, N,/R, is then measured. E;/I,is then divided by N,/R in

order to calculate E,/N,.
The normalized per frame signal to noise ratio, E;/N, used to calculate

the normalized per frame signal can be calculated as follows. The dot product
20 of the re-encoded symbols d and the soft decisions doE; /], can be computed for

each rate of the fundamental block. The result can be squared and divided by
the estimated pilot energy as shown:

E;/I,= o’E;/], EQN. (11)
The dot products for each rate of the fundamental block can be
25 normalized using the ratio of the number of symbols in a full rate block to the
number of symbols in the block. If the fundamental block rate is not known the
maximum normalized dot product can be selected. The per frame noise to
interference ratio, N,/I, can then be measured by accumulating the energy in a

forward code channel over the frame.
30 Signals representative of the signal to noise ratio can be used for the
control of power transmission levels in the system and method of the present

invention. In the preferred embodiment of the invention for example, the base



2 1 h~ GJ 2002 19 integrating said decovered signal over the second 1 ROV 2007
predeterm ned anmount of tinme. 24. The nethod as clained in claim15,

further copprising: dividing the signal to noise ratio by a
%ﬁgﬁ#ﬂg PEH‘HB?%/%&%?S;

synbols in I'Tst predeterm ned anoungpof tinme. 25. An appara or _
determ ning signal to noise ratio of transm ssions received within a

SR SR i T S rR
T N WL DR G RSad el TR DRl

neans for dhigbiliengatidre 18eashe gdwdrgonkrdl ubshifiried b AGEvERE iffark¥ nttB&djust
nmeasured noise to interference ratio. 26. The apparatus as clainmed in claim

25, wher ei nthefioawiasd gairt GWRL AUV NG apphiey tan fervangt fsaterrerlce ratio of the

transgi ssi ons ov I,I'S | | I i Ses: ans_.far asuring a
si gnas1 to interf grE 8?11%% o a}%di%@eﬁwné@a@gmﬁ&eﬂggﬁﬁ5§a‘,tm£§§%n BF%Fﬁed
in clai m25exphesd@isipriaditd ﬂiﬁéﬁlﬁaﬁu@rqlﬁﬂgwh He @aR@dtal di®ndlNtoPhbigE SakSe.

ratio of the transmssions over a first tine interval conprises: neans for

neasuring aTbegeslframe expectedsignad te noise wbier E4 N, icar bernadqulatedcasmioliosing

t hat porti or, of Fr a_raiio .of | .ot signal transm Ssio ain
to a conmunibarmoriEFARh iird: b Toiel Bephoi®h R S BBR AR G 8T
Zoo2 20 28. fiitquadpieatalblosk eHatiitBetcessf Gl idecaes. Wi €he Filn Sarhen B 8ISk 8"
measuring the signal to interference rati o over predeterm ned period of

ti me 18onpr i seased thamsobidy stadicar I Hicrepsas sheyaupeated ivialug 0bEofle Othdrwiseal ed
apparatus. atergPRed TR e Bses hEPRPRRE Rl RNy, 0 2 T

The increase step size P, and the decrease step size P, are determined by
the desired forward link fundamental block erasure rate R, and the maximum
rate of increase of E;/N,. This maximum rate of increase can be defined as P,

15 Then, P, = (R, P,)/(R.-1)and P = (P, / R,). P, can have a value of one-half.

If the power control subchannel FWD_SNR_DELTA is not erased by the
base stations 12, 14, 16, the forward per symbol signal to noise ratio delta flag
(FWD_SNR_VALID) is set to 1. Otherwise, the base stations 12, 14, 16 set both
the FWD_SNR_DELTA and FWD_SNR_VALID values to 0. The forward gain

20 applied by the base station transmitter to forward transmit frame n+1 is then

calculated as follows:

FWD_GAIN[n+1] = |FWD_GAIN_MIN, where FWD_GAIN,, < FWD_GAIN_MIN
IFWD_GAIN_MAX, where FWD_GAIN,, > FWD_GAIN_MAX
25 | FWD_GAIN,,, otherwise EQN. (12)

where FWD_GAIN, , = FWD_GAIN[N]*10, and superscript X is determined

according to FWD_SNR_DELTA and FWD_SNR_VALID. It will be '

understood, however, that any method of calculating FWD_GAIN can be used
30 in accordance with the system and method of the present invention.

Referring now to FIG. 2, there is shown a portion of power control
subchannel 30. Power control subchannel 30 is suitable for use in the
communication system of FIG. 1. For example, power control subchannel 30
can be used to transmit FWD_SNR_DELTA from the mobile station 18 to the
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conprises: a receiver for receiving signal over a communication link; a

decoder, cQ/gds glbﬁﬁt ively coupled to said receiver, configuregdrhkesesasie
signal received over the conmmuni cation chgnnel to obtain data; encoder, .

connunlcatlvely coupled.to sald decoder, configured to encode the data to
obtain synb and a e onmuni cat veI cou t o sai d, encoder
and said reg’ ?"?/é?anqﬂ?nﬁ 33 @ré%fﬁugéméoi‘ f}}es (3 %Y"gdlfctfa%ﬂﬁwsttﬁe
signal receiNgddd 5’1“6’:\?8’”1“”' cation channel and the synbols. 30. The
apparatus as c alrre In claim?28, wherein said neans for elimnating the
first factor comiowes controb sebvkantielr 30 eaai bé lgcstednalitiosed Hlot channel
conmruni cation | i nk; uE’a]é‘ proces comuni catively coupled to said receiver,

confi gured tcérr}’é‘bgrﬁ 3 IWeﬁgﬁaw&BtcoﬁFr@é&’PuB‘F 34. sFan%NamIé]@eiSVé@Fbe@Wetr he
pi 1 ot sghannebn @ty gl 8. Le fdr Shed Sa%gﬁa-m B fHiBed BRARATIL tHRIARYC!

31. The apparatus Inclarm n sal d nmeasuring a foise to

i nt er f er encehanahelo Eﬁchtﬁt@véﬂ@iﬁfblig&bﬂp$4@aﬁrc0&taiﬁ(aqmldlrﬁll1ﬂyﬂ)f pHettv@dndom
conprises: neans for differentiati ?lze sjgnal received over_ the pil ot
channel . Zwoise words 380in praciiringrthe BsHhedofithepresent insteritioncong ar swre

wher ei n Sa'ﬂ%s@ﬁ&B?aﬁ&émd %fs@r&[}}d?%”&xﬁbﬁ'x%%‘?&vcf&%‘?x‘d" £ 1§¥&§ Jvﬁﬁhgbiv%%
channel conprises: neans Inverting the signal recei Ved over pil ot
channel ; neaobatrbbinfehinktionglsai d i nverted si gnal and neans for sunmmng the
signal received qQver the p| | ot chaﬁae%vmth said shifted signal. 33. The |

appar]eﬁ us as cl ai SO Y4y PREUstpra npise yyerdse3thcary be aavm#eamqrés Bhg a
signal receiygfiPVRE lteﬁgt .4@%0%? é@tr&PgPS%ée@l MEReed! 1ﬂe§ﬂ¥reérféx§'9da
t channe

signal received over ans for I ntegrat sai d
decovered siegnaddimesit, mdnee mdmdS;bmamled eowardscthaenter aifpotwemcontr&@roiﬁhe

apparatus as, cl ained,in_c]aim.25, t her conpri sin neans f di vi di ng
the signal t4 & ¥eedat Holswreéeﬁeﬁb@}a oIPO‘é’ﬁFrtESF‘érqlrﬂ%tf‘I’FénPPPgt&i)ﬁ’éﬁé‘t‘%tr fi ned

amount of tiflhsmitter to increase or decrease the transmit power level a specified amount

15 or to leave the transmit power level unchanged, as shown in Eqn. (12).
Furthermore, it is also preferred that the transmission of frame 38 containing
power control information 40 in this manner be repeated several times in order
to increase reliability.

It will be understood that any power control information can be

20 transmitted by puncturing the power control information into selected
positions within a power control group 34. In addition, it will be understood
that this method of puncturing power control information into the pilot channel
may be advantageously applied to any of the methods for determining power
control information set forth herein.

25 The foregoing description of the preferred embodiments of this
invention is provided to enable a person of ordinary skill in the art to make and
use the invention claimed herein. Various modifications to these embodiments
will be readily apparent to those skilled in the art, and the principles described
can be applied to other embodiments without the use of any inventive faculty.

30 Therefore, the present invention is not to be limited to the specific embodiments
disclosed but is to be accorded the widest scope consistent with the principles
and novel features disclosed herein.

What is claimed is:



35. A nethod for determ ning an indicator, conprising: neasuring a sig%&WUVZWZ
to noise ratio of a link; determ ning an expected signal to noise ratio of
the link; and determining the indicator in accordance with said nmeasured
signal to noise ratio and the expectedysignal to noise ratio. 36. The

met hod as clainmed in claim35, wherein said neasuring a signal to noise
ratio of a link conprises: neasuring a signal to interference ratio of the
transnissbgggwﬁwer a first tine interval; neasuring a noise to interference
rati o of the transm ssions over a second tinme interval; and 2 11~~~
?~,~7 22 dividing the nmeasured signal to interference ratio by the neasured
noise to interference ratio. 37. The nethod as clained in claim 35, wherein
sal d deter m ni g A HARBHIGr Shritfiing & pRNGH foVel of BaRbmidkiond fiémapiRt ! ses:
decoding a frane of a received signal; and decreasing a previously

det er m nestatiomp éca edmyngniabtiornsysiegecompiisingy a first val ue when said

decodi ng is successful. . The. aod . claimed in claim 37, further
conprising: i nr@pgg(g}ghét Wﬁglrﬁkggi'%épﬁﬂggt&r ﬁ&ﬁgﬁg &JB@@?‘é’&dsﬁ'Wlmt 0 noi se
rati o by goibé Fatio toan expéetad Sidrthl ¢ poidenttio f UIFE0ioas Sfamsmission; diwl et hod
as clainmed in claim 35, further c&n&rl Si n% setting an initial expected

signal to noi sYetPENINNGIERowe leel &fitha ekt angnissiqnaceprdingdosaits ¢
successf Uldoiva8GARGiedidir ame of received signal. 40. An apparatus for
determ ning an indicator, conprising: neans for neasuring a signal to noise
ratio of a link; nmeans for determ ning an expected signal to noise ratio of

measured si gna 1o Hoy Detiog A IR G AREL SPhen) BRI MRBRGMP Ll o7 1.
The apparpéwér leseladfahemeéxt transralssicOacouhdingito sail reoshaslindiegter si gnal to

noise ratio of a link conprises: nmeans for nmeasuring a signal to
i nterferef¥BPHERS: 0 of the transmissions over a first time interval; neans

for measuring gedtehsifigiiRe bBWaF IeVet BE the Mt Aratsntifslo fARE ThERIPEE sRKEl 2
second time interval;  and 2 11~GV 2002
to noise ratio exceeds the expected signal to noise ratio.

3. The method as claimed in claim 1, further comprising:

measuring at a second station a signal to noise ratio of a transmission
from the first station;

determining at the second station an expected signal to noise ratio of said
measured transmission;

determining the indicator in accordance with said measured signal to
noise ratio and the expected signal to noise ratio; and

transmitting from the second station the indicator.

4. The method as claimed in claim 3, wherein said measuring at a
second station a signal to noise ratio comprises:

measuring a signal to interference ratio over a first predetermined amount
of time;

measuring a noise to interference ratio over a second predetermined
amount of time; and



23 neans for dividing the measured signal to interference ratio by theq pgyam
measured noise to interference ratio. 42. The apparatus as clainmed in claim
40, wherein said neans for determ ning an expected signal to noise ratio of
the Iink conprises: a decoder confi gur1§d to decode a franme of received
signal; and neans for decreasing a previously determ ned expected signal to
noi se ratio by a first value when said decoding is successful. 43. The

appar at us as diddimgdhermeasuredaigndl o ifterferencpraio by theressasufed noiser easi ng

t he previ,ously determ.ned expected signal to noise ratio by a first val ue
when sai Jod’ét@ﬁﬁfq{&% '@U8nsuccessful . 44. The apparatus as claimed in claim

40, further conprising: nmeans for setting an initial expected signhal to

noi se ratio qual to the signal to noise ratio of a first successfully
decoded frame ®f e Methed gnglaimed in slaimnd whereinesridsietermiaingratdher i ng
codes Torse%%hﬁ%‘tﬂdhgaﬁegﬁﬁ% sféiié}{al%hﬁfs@'r?wg:om {%%'s: to noise ratio

transm ssions recel ved I'n conmruni catt on system i ncluding a

conmuni cat i on ddtading thertcarsmpission; ahdnnel , the net hod conprising the steps
of : nmeasuring signal to inte{yf rence ratio of the transm s ns over a

i
first time i ntRUSFSINGBRBVIONG!YL&iEIained Sxpretad tigralda noise B9 de

transm ssjreNgiQy ¥hen sud ABBodingRs sDEsspll; and dividing the neasured signal
to interference ratio by the nmeasured noise to interference ratio. .A{.A5
y. ASF. A?. An, . A@GH , . AF. A Al L. An,.AnY. AF . A AAY.Al .A%A3. A %A3.Al9. A
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means for determining an expected S|gnal 0 noise rat|o of the signal of
the link;
means for determining the indicator in accordance with said measured
signal to noise ratio and said expected signal to noise ratio; and

transmitting said indicator.

11.  The apparatus as claimed in claim 10, wherein said measuring a
signal to noise ratio of the link comprises:

means for measuring a signal to interference ratio over a first
predetermined amount of time; ,

means for measuring a noise to mterference ratio over a second
predetermined amount of time; and

means for dividing the measured signal to interference ratio by the
measured noise to interference ratio.

12. The apparatus as claimed in claim 10, wherein said determining an
expected signal to noise ratio of the link comprises:

decoder configured to decode a frame of received signal; and

means for decreasing a previously determined expected signal to noise
ratio by a first value when said decoder decoded the frame successfully.

13.  The apparatus as claimed in claim 12, further comprising:
means for increasing the previously determined expected signal to noise

ratio by a first value when said decoding is unsuccessful.

14.  The apparatus as claimed in claim 10, further comprising:
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9% 10%&' () ____(nﬁa,erjpg%ﬁigmé to int rference rat| of the transmissions over a first

time interval,

measuring a noise to interference ratio of the transmissions over a second
time interval; and

dividing the measured signal to interference ratio by the measured noise
to interference ratio.

16.  The method as claimed in claim 15, wherein said measuring a
signal to interference ratio of the transmissions over a first time interval
comprises:

measuring a signal to interference ratio over one frame.

17. The method as claimed in claim 15, wherein said measuring a
signal to interference ratio of the transmissions over a first time interval
comprises:

measuring a signal to interference ratio over a time interval comprising
that portion of a frame where a ratio of a pilot signal transmission gain to a
communication channel signal transmission gain is constant.

18. The method as claimed in claim 15, wherein said measuring a
signal o interference ratio of the transmissions over a first time interval
comprises:

determining a signal to interference ratio scaled by a first factor; and
eliminating the first factor.
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data;

encoding the data to obtain symboils; and

computing a first dot product between said signal received over the
communication channel and the symbols.

20. The method as claimed in claim 19, wherein said eliminating the
first factor comprises:

computing a second dot product of a signal received over the pilot
channel; and .

dividing the first dot product by the second dot product.

21. The method as claimed in claim 15, wherein said measuring a
noise to interference ratio of the transmissions over a second time interval
comprises:

differentiating a signal received over the pilot channel.

22. The method as claimed in claim 21, wherein said differentiating a
signal received over the pilot channel comprises:

inverting the signal received over the pilot channel;

shifting said inverted signal; and

summing the signal received over the pilot channel with said shifted
signal.

23. The method as claimed in claim 22, wherein said differentiating a
signal received over the pilot channel comprises:
decovering a signal received over the pilot channel; and
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received within a communication system including a communication channel and
a pilot channel, comprising:
means for measuring a signal to interference ratio of the transmissions
over a first time interval;
means for measuring a noise to interference ratio of the transmissions
over a second time interval; and
means for dividing the measured signal to interference ratio by the

measured noise to interference ratio.

26. The apparatus as claimed in claim 25, wherein said means for
measuring a signal to interference ratio of the transmissions over a first time
interval comprises:

means for measuring a signal to interference ratio over one frame.

27. The apparatus as claimed in claim 25, wherein said means for
measuring a signal to interference ratio of the transmissions over a first time
interval comprises:

means for measuring a signal to interference ratio over a time interval
comprising that portion of a frame where a ratio of a pilot signal transmission gain
to a communication channel signal transmission gain is constant.
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29. The apparatus as claimed in claim 28, wherein said means for
determining a signal to interference ratio scaled by a first factor comprises:

a receiver for receiving signal over a communication link;

a decoder, communicatively coupled to said receiver, configured to
decode signal received over the communication channel to obtain data;

encoder, communicatively coupled.to said decoder, configured to encode
the data to obtain symbols; and

a processor, communicatively coupled to said encoder and said receiver,
configured to compute a first dot product between the signal received over the
communication channel and the symbols.

30. The apparatus as claimed in claim 28, wherein said means for
eliminating the first factor comprises:
a receiver for receiving signal over a communication link;
a processor, communicatively coupled to said receiver, configured to:
compute a second dot product of a signal received over the pilot
channel; and
divide the first dot product by the second dot product.

31. The apparatus as claimed in claim 25, wherein said measuring a
noise to interference ratio of the transmissions over a second time interval
comprises:

means for differentiating a signal received over the pilot channel.
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33. The apparatus as claimed in claim 30, wherein said means for
differentiating a signal received over the pilot channel comprises:
means for decovering a signal received over the pilot channel; and
means for integrating said decovered signal over the second

predetermined amount of time.

34. The apparatus as claimed in claim 25, further comprising:
means for dividing the signal to noise ratio by a number of symbols in the
first predetermined amount of time.

35. A method for determining an indicator, comprising:

measuring a signal to noise ratio of a link;

determining an expected signal to noise ratio of the link; and

determining the indicator in accordance with said measured signal to
noise ratio and the expected signal to noise ratio.

36. The method as claimed in claim 35, wherein said measuring a
signal to noise ratio of a link comprises:

measuring a signal to interference ratio of the transmissions over a first
time interval;

measuring a noise to interference ratio of the transmissions over a second
time interval; and
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first value when said decoding is successful.

38. The method as claimed in claim 37, further comprising:
increasing the previously determined expected signal to noise ratio by a
first value when said decoding is unsuccessful.

39. The method as claimed in claim 35, further comprising:
setting an initial expected signal to noise ratio equal to the signal to noise
ratio of a first successfully decoded frame of received signal.

40. An apparatus for determining an indicator, comprising:

means for measuring a signal to noise ratio of a link;

means for determining an expected signal to noise ratio of the link; and

means for determining the indicator in accordance with said measured
signal to noise ratio and said expected signal to noise ratio.

41. The apparatus as claimed in claim 40, wherein said measuring a
signal to noise ratio of a link comprises:

means for measuring a signal to interference ratio of the transmissions
over a first time interval,

means for measuring a noise to interference ratio of the transmissions
over a second time interval; and
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determining an expected signal to noise ratio of the link comprises:

a decoder configured to decode a frame of received signal; and

means for decreasing a previously determined expected signal to noise
ratio by a first value when said decoding is successful.

43. The apparatus as claimed in claim 42, further comprising:
means for increasing the previously determined expected signal to noise
ratio by a first value when said decoding is unsuccessful.

44. The apparatus as claimed in claim 40, further comprising:
means for setting an initial expected signal to noise ratio equal to the
signal to noise ratio of a first successfully decoded frame of received signal.

45. A computer-readable medium storing codes for performing a
method for determining signal to noise ratio transmissions received within a
communication system including a communication channe! and a pilot channel,
the method comprising the steps of:

measuring a signal to interference ratio of the transmissions over a first
time interval;

measuring a noise to interference ratio of the transmissions over a second
time interval; and

dividing the measured signal to interference ratio by the measured noise
to interference ratio.



