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| NVENTI ON Techni cal Field of the Invention The present invention relates in
general to the nobile comunications field and, in particular, to a nethod
and systemfor inproving the quality of transm ssions in cellular

comuni cati ons systens. 10 Description of Related Art Due to the rapid
expansion of the wireless nobile market, and the increased need for

w deband nul tinedi a services, the available bandw dth has to be better
utilized. A common strategy used for greater bandwidth utilization in
Frequency Division Miultiple Access (FDMA) and Tine Division Miultiple Access

(TDVRA) 15 systens is to reuse METHODAND SYSTEM®O®Red in the network,
commonly referred to as "frequency reuse”. However, a problemwth the

frequency reuse strategy is 1T¥-BASED BOWERLONTEROE: bet ween

transmtters that needs e (?@Eﬁ @% 4152 mto reduce such
interference is to cont tlglj(“* Ié%?’r QII hﬁi\} ﬁi ed radio
signals. For exanple, interference between different call 20 connections

using the sane radi o channel in a nobile radiotel ephony system can be
reduced By coBACKIGR{YUNROF TAHERTEENGHONower | evel s of the nobile stations

(Mss) and base statj ons. i.n the system The goal of such an approach
is to ensure that %ﬁ@&ﬁ@%@#@%@ﬁ—c _ _1 Dhower necessary to naintain
satisfactory call op@ldrbsént SvbsRm reMiS T QRRrAWTHNhSR e Uon{MRiQhioRSlicldhus
controls its transm ssion power, 25 the other communicators will experience
1 ower interferasdcia farttawlarhio o method emhsysteint for omprovnghe qualitpof he sit uati on
‘where it woul d be using.maxi numpower. .In turn, the system capacity can be
i ncreased (all é’&‘i‘?loﬂgl W?@&WBI UPBESYFE™Sn unregul ated system). In
this reggrd, an i Me&kapliod SO8QRed Arkeep the transmtted power of an M5 as
| ow as possible is To reduce the energy it 30 consunes. -2

Due to the rapid expansion of the wireless mobile market, and the increased

need for wideband multimedia services, the available bandwidth has to be better
utilized. A common strategy used for greater bandwidth utilization in Frequency
Division Multiple Access (FDMA) and Time Division Multiple Access (TDMA)

15 systems is to reuse the frequencies allocated in the network, commonly referred to
as “frequency reuse”. However, a problem with the frequency reuse strategy is that
it creates interference between transmitters that needs to be counteracted.

One method used to reduce such interference is to control the power levels
of the transmitted radio signals. For example, interference between different call

20 connections using the same radio channel in a mobile radiotelephony system can be
reduced by controlling the transmission power levels of the mobile stations (MSs)
and base stations (BSs) in the system. The goal of such an approach is to ensure
that only the transmission power necessary to maintain satisfactory call quality is
used. When one communicator (MS or BS) thus controls its transmission power,

25 the other communicators will experience lower interference from the first
communicator, compared to the situation where it would be using maximum
power. In turn, the system capacity can be increased (allegedly by about 70%
compared to an unregulated system). In this regard, an important reason to keep
the transmitted power of an MS as low as possible is to reduce the energy it

30 consumes.



U S. Patent No. 4,485,486 to Wbb et al. discloses a prior radiotel ephone
systemin which power regulation is perforned relatively infrequentky, ?ﬁﬂd
i s based on the questionabl e assunption that the disturbance |level is nore
or less constant. The MS's transm ssion power is only coarsely controlled,
and the objective is to 5 keep the received signal above the disturbance

| evel . However, in practice, the disturbance |evel varies considerably in
both tinme and place. Consequently, this ahgorithmis based on incorrect
assunptions. Mst power control algorithns proposed to date strive to

bal ance the car i erglophahegh of SOCRAANER, &F kRS LRGN GlAMIGhoRe that

every Ms or BS 10 achl eves the’sane ose nance of
Opt i mum Tr ans néystear inRehiett péosttregllatioh iOpbifotnasd rBadiely fﬁ)ﬁéc@eﬁtly, ahy¥ ishasénnder ,
| EEE Transactions on Vehi cul ar Technol ogy, 4] (1):57-62, 1992, for every
traffic scenar9othe ﬁ“ﬁgt@éﬁblﬁﬁ%ﬁﬂm@éﬁﬂrﬂm thetdiswrbargpdevahis mareras 1¢ss cansienti num

gl th h
per i nent 1 nt of et oraer R L Skl S B ook R (or

central i Zed) paepthceodived s@mlhbﬁfehhb QisRirbyRes Bibel. NAbweSS) i PBactibe the
transm ssion power levels so that this maximumC/1 is achi eved. However,

such an appr oadifurtagen lexel vaxieeeaisiderablyyindiotingme and placneConseRuentiyethist or e, it
i's nore desi raﬁ%&}tﬁ&&%ﬁeﬁ%@ {?co aeg:tézsgn. r%nél n a di strr but ed fashl on,

wherein only 10 nmeasur enen 2 uch a requirenment is fulfilled
by the "Mdified 20MBhtsiowdbubmebl BlodftihdSopbda s BAEY stidBalics Heosed in A
Sinple Distributed Aut ononous Power Control Al gorit hmand its Conver gence, "
by G J. Foschr%m@rm-lmerfmempemhos (@Eﬁl@ﬂﬂdn@mml@nsthamvwwsm BS

*Technol 641- 646 r.op associ at ed

Above- dader i betieyeh B gt O R GRS RRRRS e O mi Tl itehar ¢ he
power control BdviRiCdnf FAelRlAriRARd S’%rs@éiﬁtl ENES. zahdémzziz’érr«arsgaranmhue I's
set too high, the transm ssion power level's mght bé increased to maximm

| evel s det er mi Keddcuby Tdﬂ?éndhglsr‘idéll) 57163, 1992, doreyeryairafiis peabriv fiea sglytlam

t hout achi eving the specif e tar et |evel t hat rega an attenpt to
\emrrpl 05 graclef \ﬁ‘!r"nE’é‘&P&ad‘é’?‘FB#f' E?FEH %W%ﬁﬁnﬁ:ﬁs& tb&log%’%fgéﬂ' qln rrp
Patent No. 5, 5£4ei9&d at ﬂie@luﬁghﬁi% ef alﬁf;ertméiﬂ%foﬁﬂ%ﬁih W8S Bl axranlaﬁleg?blllé‘l ar

System" by M 30 Alngren, H Andersson, and K | st edt, Proceedings of
t he 44t hl3Vehi cplhemx a g h@lrog}trﬁocd)eme«mceontﬁﬂammhm pﬁvrmdehthat\@ylgmgﬂle Thi s

approach was - 3.SEP 2003,-3. further, refjned

Control ," by RIAISTHAIORPOVET lf‘éiﬁbtsa thaet lﬁzaeélmlaﬂﬁf@s a%erﬁrrcPr IBRRtHOL S« he
47th Peh| cul ar e(;alaﬂ %%s‘?&@é} linEROgRIs I ABAL: 19 I n
"Frequency Hopaprﬁng I\% S C. Car%gdhlg?m -t(‘)?mAI‘Jonsgtgbnorg/bﬁ/IS &jzungberg, M
Madf ors, and JXesixglde I;mpbrfdi’nqu:e&d icomfsol afi aﬁtserlbimmfa\slahn,ou]haeln'bammodlogy

Conference St ockhol m 1994, a dif en ower cantrol approach
has been di scIY& YWWEHS%W%W@WBH%@@ di’@@ﬁﬁ“ﬁ‘&g ased on
si gnal azotenuarbisemum&éﬂm TR oPiRERt {Melmg a%%nﬁgrgrig&me r levels

have an upper Timt, pnax, has een s nstral n ntrol,"
by S. G andhi Aﬂtﬁndmo@]?@eer Comitrd] RlgoYittire and WCD&V@gché’rlgdﬁal Foschini and

Commruni cati ons 257-2 1995, wher he Distributed Constrain Power
Control (DCPC)Z ah}I yBpic #ﬁgﬁgg‘”ﬁ@@f?nﬂpggf 2%’6@"’ Tﬁ@’&“? R O S 933 ari ses
considering that t I by
har dwar e constrai n?gléb%t a s%%%%ﬁ?%ﬁéhé %er?ﬁ%@eagﬁﬁg&mé t%éggrsegt%dmset of
power |evels cquprdqmam:get CA thatythep@mdr,cohtoel aigxmhmdaeﬁomvt&ed adliey0 i€ the

control _algorithns may, be acconpani ed by a Dynanic Channel Allocation (DCA)
al gori t M whi ctﬁrgaggfrlg%e Sabtapglgﬁh Q%eetra@ﬁerﬁ%@rlspovrﬁr svglsmight b jneteaseddecr ease

i nterference.
regul ati on applfl\%ac esI Pélgtahc o Elegyar gph§r§f§ ¢ Re ass?&?ﬁ%ﬁgﬁ%t t he

transm ssi on quithdut yichisviag ticbespecidied targan Ilewennlntthﬁ regdrd ehtm&m to @hplopugh
this assunption may be true for anal og systens, is not true for digital

systems. I nst eﬁ@cef‘ﬂlcﬁegEﬁd@P?lh}n %lﬁgﬁﬁﬁ"éns ]%?Sthealhglﬁi?l@&?ddﬁ W8aPatest Neeasure i s
needed that d t S,.0f «

i nterl eaving, e§?-y4 §)@Stfo Mﬁjeggéﬂ Eatrlrt l?{cm}'cso(a%'rrg’% Eﬁ%‘ﬁ%%agﬁa‘%ﬁ%%‘gﬁ%m y, it may
be desi ribl e tAlnugen, JUCAnders3oRantl K. Wealistyde, 2-0cedinisiof ipubdth Vyhidiar
requirenents instead of directly specifying the target C/1. Intuitively,
one realizes t?ﬁ&ﬁn@e@hcaw’ewgorﬁé@ o%‘i’ftﬂl%el\/labll@‘? oTIaaamm@@lWh% specific
interference circunstances at each receiver. In "Inproved Quality
Estimation for Use in Sinulation of Wreless TDVA Systens," Proceedi ngs of
the 6th International Conference on Universal Personal 30 Comuni cati ons,
by H d ofsson, San Di ego, USA, Cctober 1997, transm ssion quality in TDVA
systens is described in terns of Frane Erasure Rate (FER),




-4 which better reflects the actual quality perceived by the user. As such,
use of the FER for transm ssion quality purposes is an appropriate choice
for the dobal Systemfor Mbile Comrunications (GSM. The C | of JastP N3
connection is not measurable directly. Instead, the 5 neasurenent reports
can conprise a Quality Indicator (Q) and a Received Signal Strength

I ndi cator (RSSI). As such, both of these values are quantized, and a great
deal of pertinent information is lost in ghe quantization process. The
““measurenent reports may conprise other neasures, but in the GSM these

val ues are us t . . § - Lvely.
Consequent |y, Q?ﬁg&yﬁﬂﬁ{;gdﬁgﬁ%%p@ﬁgﬁ%%g&%%%ﬁyg %ﬁ’?ﬁ%ﬁ%\zg@ c%{o be
estimated frondsesmrl S doknrsProbleadingiof theht o Periadah Terhndiogp Cayferéncnot very
accurate, and thus it is desirable to extract as mnmuch pertinent information
as possi bl e f rolFRe ARERRA MaYel7r eports to increase this accuracy. In a
practical situationg: 1V S} »1] M i kkn mtters, 15
recei vers, and theqﬁe?vﬂ%ﬁlgnﬁlggﬁyﬂl}%gtt{r)%?é%géngﬁ%ﬁl"gi)'v(\)te?&}%@g S are not

only linmsted Hijungtesy Musiatiozs;dnd Thesstindl BroceddiygstofGhS441R VRhBglar Of power
| evel s can be used. The signaling, and the signa strenﬁ?th and quality

measur enent s i feeBra/esy Canferanpe, Storkhelar SwedemMani Dot different pawierpontewdul t i n

significant ti LN & : rds_only allow this
report and conﬁf)‘:’%ﬂé ?éﬁ%‘%ﬁﬁrﬁi&];&g({sg(g}él\r/&t@%?% t@%ﬁ%ﬁeﬁ&ﬁfp@?’v\%&v ?%raées?ﬁsf’ 51%% in
addi ti onal delsigtml atlidimagdd &6 6/10Tht hagHiclRbawbeieahe SRPHHONEE 1dveRHa08n | N
the transm ssion powers, if the controller paraneters have not been

proper |y chosewperimiercs hasslpenstudiadin (“CoeastisinedtRoaves Costak” bnb Hrandhi,

successfyl Iy r st rohl ens., 25 RY OF.THE, . I A et hod
and syjstlgm_ forﬁggllé#/e?’taﬁlﬁ l@ggﬁa&&f ?@ﬁ‘%‘?ﬁ £ ffsgﬁaip%%mu%%%%fl‘?W?@e@?l ar
communi cat i onswisers tIRMBiBuRdCiNEe sined Pk & ool EDTPCK aBAML Bis edh specify
the transm ssion quality requirenents using a neasurenent that better

a

reflects the atitdlegedqgddditiop Aiychrisgs eonsidgrieg that teltransmissioh power power

|l evel s in 30 the,net k .can . cqntrol | ed .ldentical power.requl ators,
cach of whi on o BBl S WA PR Py Eona S lsG tnabORE 2BRRRE e
speci fied qualdnlya dfsefete set oBpvr? &R canDe ¥ PnGinyeded, HeMbove-described
frequency- hoppi ng network, the FER together with paraneters estimted from

t he currlént t riemick eonrtral @dgorighms map beraggoarpaniet bya Dyraguc Channel Wiliogationn t ur n,
t he power cont algorithm.strives to achi eyve. nsequent.l y, the power
regul ators carfbgjdjé?pallgqrbth]?‘h@mf]? EVRER aBPfPB%%}FSﬁmEB?ggPP ‘ﬂ’&g‘a%% qgﬁeaggcei ver.
s An i nportantinfegeficeal advantage of the present invention is that the

cellular system s transm ssion quality requirenments can be specified using
a measure that bettAmaafireblesm witiethaekistihg tersnissiorppowairegdation t he users.

Anot her inportant technic advant age of the present. invention is_that an
cotimator 1 s (RBiPE AR ALY S MRsERoh B e g e T STSOMUELPERe. 11 om
the 10 mgasur efspBideheHA bﬁg@gﬁh FRRvevBl SRERIRIGS agéﬂﬂ{p%h%dgﬁcgectgfe, fopath

':I oss, the Garner, and the Still another inportant tec advant age
of the presentanglogepstems, i & mohtue fdraigivd sptenan Iestcadydorodighaldysjeab,iat y napper
reduces the fuynction. of the power .control algorjthmtg what if is good at,
namely to assﬁ&'r?swsﬁwgrﬂ“?{e@ﬁ%mﬂs P"ee\flﬁﬁgéhaégg r‘bestﬂﬁte%?ﬂéog‘é‘é‘ﬁ‘i‘%t ed) 1
wi || accurat el yedub@GKndppthgl GREUAVRE) cib.af i ofk  specified
transm ssion qu% ity V\CAIPPI gg)e achi eg)e%. ’Yfg{?ésg%%cﬁllgr?%rﬁp%%ﬁgalﬁggt echni cal
advant age of tCGanspqueatdptit imay éatlesirabiestotubasudhta quatityudessunetolspesfiyf qralighoosi ng
appropriate paraneter values,_i.n qrder to prevent instahility and_, ,
count or 2ot t hde@HFREANLS BpcEd ﬂ%A‘EF@ﬁ&%“%CﬂI?’Wg\FE% taggs e r ey v realichhi cal
advant age of thig REESEMeotifhEd | h1d da : gorithm
conpensates for tshe ef ?lggts oéﬁc{ug{e)bép%yésl ca bg‘gr@?&%?ﬁcgﬁfe%@%eﬁgé cel lul ar
system on t heigualsiahyesaft eadhareteieersm ssion. Still another inportant
techni cal advant age of thepgresent invention_is that qual |'ng based power

1

control can be read® ympigyed QuatiyEstimation &rjlss 18 pipulafion of, Wirekess TDMA,,

conponent to gs‘érsléﬂ%?* ckSUhBr Y SN ErBohDC PP endd Sl BnbDRaLPLRMaI POeT
| evel s are conput ed. nsequently, the present 1nvention can be 1 nplenented
Wi t hout 38f f ectComgmiiineartnrisshy HgOlefsson] Sl Digga A8k dQctobérel MBstransamision
interfaces, or BS transmtters, which is extrenely inportant due to the
great nunmber dRHRyiRiIRMS systegsds desgrbed indemppy ofFrispeErasprn Rale GFERLE

DRAW NGS '



-6 A nore conpl ete understandi ng of the nmethod and apparatus of the present
I nvention may be had by reference to the follow ng detail ed dequgpth;n ik
when taken in conjunction with the acconpanyi ng draw ngs wherein: Fl REDJJ:
is a sinplified block diagramof a power regulator that can be used to
control transm ssion power |evels for each of a plurality of MSs and BSS in
a nobile communications system in accordance with an exenpl ary enbodi nent
of the present invention; FIGURE 2 is a sinplified diagramof an exenplary
nobi | e conmuni cati ons systemthat can be used to inplenent the power

regul at or showp..i : = 3 1S, i | evel, fl qw. di am t hat

Il lustrates a%ﬁglr%g‘#e% ?r:er?%sttﬁ%gcrﬁlgﬂ %r? %%lﬁggaqg%uﬁeﬁpﬁéﬁ% . ugﬁ@gtéierrpl ary
power regul at (FERFgtQranthissivh owaliti pufpostdiEad aajm{apﬂ&@@naa@ﬁﬁ_tm Gtobal preferred
enbodi ment of the present invention, FIGURE 4 is a sinplified bl ock diagram

of a power reguistmbforiviehileGrmpanigazans{GShbnt rol transni ssi on power |evels

for each of a plurakt id BSS, in 15 frequency- hoppi ng TDVA

nobi | e conmuni cati ﬁir"]ﬂse %@@fg%ﬁeﬁ{f%{?&agﬁ%&}a@? ﬂmff é’e@%%%f‘}ae npl ary

enbodi nest of méRuRheREHpoitdYAIYdnitise BI(SAdRES Indhair (QNand @l RdceRcd Samhpns
that illustrate interference distribution for different channel utilization

condi ti ons i n Hrengfdadicrios REW0y Al spgi, hothradithese kaluggare qourized Gmmdazreate
rel ated di agra that .illustrate a set. of diff.erent |ikeljhood functions;
Eroores 7 o SRS Ride B En S Btin te GualiFdon orans S oTrSCash it ot
|'i kel i hood f unepoyhap Bepridebticr BdaESe® Hubid the GSM, ThéR vaRles afusB®iafll S

(gridpoints); 25 FIGJRE 8 is a high level flow diagramthat describes an
exenpl ary net Hsgotedas “BERQUAL Ut RYLEW( resmentivaleCenseinartlys thel Gbunsedhins

illustrated by, Fl GJRES d 4. FI 9.is agia amthat jllustrates a
good approxi netf BAVE c.og%-gfa;\g%r I%P’Jﬁagfggﬁﬁﬁt’énﬁ%d O‘F‘%_ Nelandeli h&‘r’{e%?t frat ed
mean and st anch%Fﬁba@Eﬁgéattb@ary RhoPVery deduthE! Al tBICEisHeSAUIOW xR c B dndth
estimated path [oss, in accordance’w th an
pertinent information as possible from the measurement reports to increase this
accuracy.
In a practical situation, there are physical limitations in the transmitters,
15 receivers, and the network itself. The transmission power levels are not only
limited but also quantized. Therefore, only a discrete set of power levels can be
used. The signaling, and the signal strength and quality measurements involved
take up considerable amounts of time, which result in significant time delays in the
network. Some standards only allow this report and control signaling at certain
20 time intervals, resulting in additional delays. The effects of these delays can cause
oscillations in the transmission powers, if the controller parameters have not been

properly chosen. As described in detail below, the present invention successfully

resolves these problems.

25 SUMMARY OF THE INVENTION
A method and system for quality-based transmission power control in a
cellular communications system are provided, whereby a network operator can
specify the transmission quality requirements using a measurement that better
reflects the actual quality perceived by the users. All transmitter power levels in
30 the network can be controlled by identical power regulators, each of which can

adapt to individual situations in order to achieve the specified quality. For



enbodi mrent of the present invention; - 3 SEP 2003 7 FIGURE 10.is a
diagramthat illustrates threshold values for certain carrier -3 SEP 2003
to-interference ratios based on a predefined Frane Erasure Rate, in
accordance with an enbodi nent of the present invention; FIGURE 11 is a high
| evel flow diagramthat describes an exenplary nethod that can be used to

I npl ement the quality mapper algorithnms illustrated by FIGJRES 1 and 4;
FIGURE 12 is a diagramthat illustrates tgat a FER plot can be used to
determne a | owest quality value that can be specified; FIGURE 13 is a

di agram t hat ié;!ah@%ef &S %&%@gh%&%‘}k e Eﬁﬁié%ﬁ%? wih #ﬁ&éﬂso to

choose given estimated val ues,; s a’hrg I 'agram t hat

describes an esseimakadrfyoreidsgrehh@d i ditudtdnlgethdpPed itb @EIFEt CHSwRIoRL
control algorithns illustrated by FIGURES 1 and 4; FIGURE 15 is a

sinplified bl dEk, dheppanconsel algarithm saives toadhirvel Coegguerttilya thepaswher

control algori i l.agr that.illustrates the |ocations of
the cl osed | OO%E‘E%?OEAS%{OI’ aétqé) 6@%%@8 %gva?@gtefgﬂ?enﬁ?dé%h c%.lfe(feéveé' Tabl e t hat
iI'lustratses the | ocahihpéfans tedBhicaltadvaRgdedT thé PRBer? InveéRASH iskpAtiels on a

controller parameter Vii; 20 FIGURE 18 is a sinplified bl ock di agramthat
i | lustrates a $sbularsysben’ sdtpnsmission gaaliy senuitetent can he apecpiadiusingd a

o mil aton o vhsb R Gt B e R R PR e rect s of

appl yi ng anti -r eset AnbthetithpoFtait tBehieal Q&J’&hfagb ofiHaésehtinvidtionGeMacance w th

an enbodi nent of the 25 present invention; Fl GURES 20A-20B are rel ated

di agrans that ¢stimatarisinsedite extedot evmyclopertioenitnfoematiom asipessibledrom then on an

error si ﬂﬁal ' measurement reports, such as interference characteristics, path loss, the carrier, and

the C/L.

Still another important technical advantage of the present invention is that
the use of an estimator and quality mapper reduces the function of the power
control algorithm to what it is good at, namely to assign transmitter power levels so
15 that the (estimated) C/I will accurately track the (computed) target C/I. Thereby,

the specified transmission quality will be achieved.

Yet another important technical advantage of the present invention is that it
includes methods for choosing appropriate parameter values, in order to prevent
instability and counteract the effects of time delays.

20 Yet another important technical advantage of the present invention is that
the power control algorithm compensates for the effects of the physical constraints
in the cellular system, on the quality of the transmission.

Still another important technical advantage of the present invention is that
quality-based power control can be readily implemented in existing systems. The

25 primary component to be updated is the software in the BSs, where the output
power levels are computed. Consequently, the present invention can be
implemented without affecting the existing technical standards, the MSs, radio
interfaces, or BS transmitters, which is extremely important due to the great
number of terminals in use today.

30
BRIEF DESCRIPTION OF THE DRAWINGS



FIGURE 21 is a Table that illustrates the limts of a controller paraneter
(3; and 30 FI GUREs 22A-22C are related diagrans that illustratehep yatlts
recovery ability of different power control algorithms subjected to a“step
increase in interference, - 3 SEP 2003 g including a preferred
algorithmw th anti-reset w ndup. DETAI LED DESCRI PTI ON OF THE DRAW NGS The
preferred enbodi nent of the present invention and its advantages are best 5
understood by referring to FIGURES 1-22 of. the drawi ngs, |ike nunerals

bei ng used for like and corresponding parts of the various draw ngs.

Essential ly, i d ith t i i | ity-based
Cransni osi on power SANEF spmRste e aTTetind B0 a0 reliSotihd o,
conmuni cat i onsing¥RioRhay RN RfAGCARS thcTOREWNE de@fbd 8RREpfioN Wheh taken

transm ssion 10 quality requirenents using a neasurenent that better
reflects the astoeajungiiey witl thesccempanyingdrawingasdessin:Al | transnitter power

| evel s in the net be control.led. by identical power r | atpors, each
of whi ch can adapt FGTREE BERIIRL Rk ek Ror o AP eEr Bl TR AL ove ¢ he
speci fi eds qualidedl to ESHiro? XanRhiSsion PoverFMIS fop SN IQRRALGE MISE WRI Bss fahe FER
together with the paraneters estimated fromthe current "traffic 15
situation, areamappedommunicationssysiemCnl accovdande with anuexempldry epbadimendof r ol

al gorithm strit es to achi eve. Consequently, the power regul ators can adapt
to the traffic PIGET1BYP ¢RPeri enced by each receiver. Specifically, FIGURE
lis asinplified bi:mgaqgaémﬂfﬁeaa&gmomge&e@ﬁlﬂarg%%ﬂiie%mmi&ﬁoﬂéed to
control transm ssion power |evel's for each of a plurality of M5SS 20 and BSS
in a nobile cosysteni that ¢anrts usyd teemplémend dheogroken ceguldtotshawndn EHUREY] ;

enmbodi nepnt of the p i.nvention. For exanple, a power regulator 10 can
be I ocated in some 3 4 D Il floyy ?gfi@zt!wtiB@tI%&Sen)exafg-afa%@eM84,

105, 106, etc.h.s09W 4 &W % arpggﬂ' ' 1,100
illustrated by I%I GURE EEH{RI".]&O her p(@&%@lt ﬁ?‘g th th{sagr%lgaﬂglrﬁa I, of the
conput at i ons i RAIGUWRE foimsaccordgndeatith a gfeférredaombddimeant of tHoprpdeatmventidnhe BSS.
In that case, perti i nf.ormation i ransmtted between the M5 and the

| ocation of the spffﬁﬁﬁ%ﬂ%a@mﬁﬂﬂﬁ B of 8 PaYFsTegBlataribat cpmbe
invention is nabq LSRR tahSnilSoh bcﬁ%@ﬁgvééé)fo?%clpﬁ{at g ofl%[@?aﬁ)& %ﬁ?ﬁf le
conmmuni cati ons systemor specific or BS arrangertents,” and can be used to
control 15 ansm fsquencyphopping 8DMA mebikrepmappricpohadyatem bn hecocdameiwithat | ons

30 envi ronnent V\h@e individual traffic situation adaptability and

qual i ty-based 550t gy |emppdingepg pt thg preseny Inyantionn3 -9 Referring to
FIGURE 1, for this FOBRLsc £%6 Y. @(\@ﬂ] & fdenoted by the
dashed line) includes an estimat ora?f,adqagg |tya{rllatg%)ﬁea‘;{Ié %ﬁ?&%%dgpomer control
al gorithm 16. dikteibhaow for diffieredt chiwiet ktilititioe pordignissinal randoas Sephencef f ect s
froma network, as experienced by each Ms or B S in the system 100, such
as, for exanpl ROPPREHEPXal or hardware constraints, tine del ays,
interfergnce, path ﬂ@lﬁ?E i i - 43l | evel

fl ow di agfr]am t hat i# us r%?gsdigﬁregéigteng@zarg@éiﬁn%thﬁgy G%‘f ﬁégﬁo%éﬁ%rggtd to

i mpl ement t he Bketilipbdfuncionser regul ator al gorithm (10) shown in FI GURE 1,
i'n accordance with a preferred enbodi ment of the_present invention. For

sinplicity, the focBUREppATHRargaaktedshiagsimuthapidluptrate theowhelbdiffsrent 10
Prelim narily, ;2,308 Burflond MGwES FECORYS bALYP fHinit! IR pRldgnot h and

qual ity
{gridpoints}),
25 FIGURE 8 is a high level flow diagram that describes an exemplary method

that can be used to implement the estimator algorithms illustrated by FIGUREs 1
and 4;
FIGURE 9 is a diagram that illustrates a good approximation of a Frame
Erasure Rate as a function of an estimated mean and standard deviation of an
30 interference distribution and an estimated path loss, in accordance with an

embodiment of the present invention;



measurenents. At step 52, the MSs transmt the neasurenent information in
nmeasurenment reports to the power regulator (10) via the network. In
general, the primary function of the estimator 12 is to extract -a% ggpcfmm
rel evant information as possible from neasurenent reports, given a

regul ated output power |evel, p. For 15 exanple, these nmeasurenents can be
made, and reported regularly or on demand to the power regulator, by the
associated M5 or BS in the system 100. Sigce both the RSSI and Q are
dependent upon the interference and path l'oss (e.g., fromenvironnent 18),

the interference, | t he th |0ss,. an. b timated t.ep.54) to
conpi et he. Gar ner . MG 0% B elam Bitin it pSadd pRR A7 cbftif et

al gorithm 16 updateefordnberatids 6FH GhADredbidEd FRANEErab@te ®atedimadcbRlance with
transm ssion power |evel to be output (step 60). Notably, the distribution

of the interf edediseodimentodtheprespas bwveriedh; by several paraneters in the

| . Th j ' he,. qual i . 14 | fol | ows.
P s desi r abl e IR 11 M bieB R o St chal oBRERE, el e O
qual ity mal ue hethbe thasesh B&usléﬁWﬂﬂpl@ésﬂ%@q@alﬂylﬁﬁ%%éﬂéléd?ﬁﬁm& Alustatb@blye for

use in the power control algorithm 16. For this enbodinent, the estinated
quantities (fro&lilkks bend dntor 12) and the specified quality value (froman

operator) e, BN he, \aks ol el Shue e R Rl O
i nventi on, whegutériind & RividsEquilitAihOMal Gnieapalingi;over time, so are the

estimated quantities. 30 Therefore, in order to maintain the specified
quality at a parti cEliGH/RENB s ddganr tekillustrates whkich targestcatior-to-snterderpaeed t o

the traffjc Sitgattiﬁl? exgeri eg[&gq ‘% t hat receiver. u.4. 4 3 SEP 2003 10
The prinary fuAeP ORI BFe BE" FERY® HPFol al gorit hm 16 is to assign
transmtter power |enNRIRE (4% aBigBRov! ANR)disiRarh MRt deQSibEShd BRInGfar§/ | 1 nput

‘fromthe estimator 12 will track the target” C/1, as conputed by fhe quality
mapper 14, andmethed gy cachd esed to heplsmenti the pawepuanirolalgdsithmswiustratedibyc ont r ol
al gorithm Canﬁlﬁ@ﬁd fo(g power control 5 algorithm 16, such as, for
exanpl e, one $188¢ #t hns disclosed in: "A Sinple Distributed
Aut onorous Pover  Copf(RoRE Ak 904 sih{ywﬁ@mhdckai 829 AN Gates BYodH thoplbegchi ni
and Z. MIljanic, |EEE Transactions on Vehi cul ar Technofiogy, 42(45’: 641646,
1993; U. IS PatmnwerMonirdl Bgotith®2 to Al ngren et al.; and "Power Control in a

Cel lular System™" b ren, H. Andersson, and K. st edt

Proceedi ngs of the %ﬁﬁ%ﬁdﬂg‘\%}%ﬁa’@ﬂ% ﬂ’?‘e‘i‘ﬁ?ﬁt?ﬁg@e @ﬁ%f‘%‘?%‘%lét? clegeddrmRdl m
Sweden, My 1994es Mpgﬁﬁ ‘i @ukisi-erred power control algorithmis described
bel ow t hat can be use or nore specific network environnents and

enbodi nents (e.qg., FIGUREMNZqueiablelticpdingaeSie. lodsd 1aop sashility, regibn gsrealbgo

inmportant to be able to identify the hardware constraints and tine del ays

present in the"RRt S R oBHABHP2rameter Sn accordance with the 15 present
inventiog 1f tNeSerRIGREYS icAGnffife Bk dhfitam LIEHIRARCDE nbfidiEgd or
elimnated by applying an anti-reset w ndup Tunction and choosi ng

appropri at e pasyateat exparasddie, a reead pare andedon-fineampartdet ai | bel ow. FI GURE 4
is asinplified block diagramaof a power regulator 200 that can be used to
control transnissi onHoRet 1YadCars slateddinggmsdhayilinsirate simylatigs and BSs i n

a 20 frequencyg i BN, I I: j ol

frequency- hopp?lﬁgﬁ%g{ﬂl n a%%&ﬁﬁg@gﬁ@ﬁﬁ cheég%ﬁtg%zﬁwgraguem e(t)di ment of
the present i nwindupéna pbeer ddntrd] sigbdtinyimiccopianes witk @hleaibodindk® of thel udes an
estimator_ 212, a quality mapper 214, and a power control algorithm 216. As
such, eath of PRESEIVE ient al gorithns of the power regulator 200 can be

realized in softwar d%ﬁ%‘, g@&jng%gfﬂégégﬁgmﬁﬁ tﬁ&%ﬁﬁéﬂ&@&‘ﬁ%@g Lpe

particular M5 or BSIn Brocessor assocCl Wth a M5
can be | ocat edgehsemtaramds&udationion shlteroé eigngict ed BS). The "environnent™”

bl ock 218 represents all possible effects froma network, as experienced by
each M5 or BS in a WSWRE I dnp Tablg that fliusynigoshe limids el aeaniobcoparmpeterss 2) .
When character&gﬁng the interference distribution (in the network

envi ronment 30 8), a nodel can be used. In an exenplary enbodi nent,
random f3(equency- hOPIGURES 32 899UWwR€ rel@ddldiapranss thhtSDudssd e deddvaty dbiley
interference is_constant durin%la burst. The 3 SEP 2003 -11 transmtted
signal s are sudfdfferepbpeysariconwelalgoriibme sutiedehiy, 2 senyinsregse Madiergrengnd

t hermal noi se. The results of such conditions are illustrated in FI GURES
SA- SC, which are diagrans that show the interference distribution in a
random frequencyhoppi ng network. The channel wutilization (or interference
| oad) paraneter refers to the




5 extent to which a channel is used. From FI GURES SA-SC, it can be
concluded that the interference experienced by a user in the network is an
approxi mate nornal distribution, especially when there are many-us&E§ 283

t he network. Consequently, the interference distribution can be
characterized by its nean value, m' and its standard deviation, a,. This
result holds for a burst's tine scale. In other words, for each burst, 10
the interference is given by a realizatiog of this normal distribution. As
such, the present estimation approach used for estinmator 212 advant ageously

d ib he j f . . d. I h [
et i mati on appPBunect SREERLS e W LR MRREL" 2 Lot ori z6a ©he

interference only by its nean value. In the GSM the overall power control
systemis located in the base station 15 controller (BSC), such as the BSC

108 shown i n FPEDRELED DERICREFION OB THEBRASBENGHhi ch are rel evant for the
estimator 212, are e asyre tr ts, C ri.sing,.for exanpl LEV
ond XL tnder -t P RGO SO mehBAtRls dresePEREA ndf s Ry RBEPAE DB T e
power el at oindestddtl By (SR o IGUIEY ERD a£ @€ dBMwihBe 1iRb AeedisARinist@r t he
power regulator 200 shown in FIGURE 4. 20 In order to better understand the

function of esforhileend earpesporsling partsrif@uRAripus drawigsgusef ul at this point to

provi de an overvi ew_of t Maxi mum Li kel.i.hgod (M), estipation hpd. , The
WL et hod i o based. DHeRHpr Bt GRRERET il (0% aiocht BB § Wbt piyed
functions genefafsghiidd §oRRt ERtdl SASBRbESandRYstaRY aft HESViSRE 3n SANRIIGLak S
nore likely to have conme froma particular distribution than from others.

25 As an exanpt@nwfinichtienspygeamswheleby afnegworB)opemporawa spedifyethp tobsission y
density nction.of a certajn stochastic vari,able, X. _JFor exanplege, can
obt ai n”t 1L of PR SRt Wi AERSepe (1B e R 2ahabhndins ™ 1
Let the true Vad@y&f byBhBGs@HURN trhRsitte PP @ ISIIEN alerRorRaR UE B6RMled
X,=4.3, has been given. In order to estimate B, the likelihood function can
be expressed aby identicahpbBerrefiytossy ¢ach'of which(c@h adinit $o indkveduahvalicsimaicnen i s
illustrated in, FI GURE GA. Tge esttj I&Ht el.of Bis 't tIe .vaké?\éggat maxi n.zes
this function. MAHIFHEaCHEe 1BE SRSFITPdsMalYaFar SRle in ¢ GOM Jenvrpcedorping
paranmet er has jhgofanEe Fﬁkut_%gé}ﬁert WEh 4R BaraieRELediASdPRLAVEE QurbiiCirattic
expression in Equation (3) IS x,. Now assunme that a second neasurenent, x2
12.3, habks bee nsitjatiem, arélovepped onto a target C/I, which in turn, the power control algorithm
strives to achieve. Consequently, the power regulators can adapt to the traffic situation
experienced by each receiver.
Specifically, FIGURE 1 is a simplified block diagram of a power regulator 10
that can be used to control transmission power levels for each of a plurality of MSs
20 and BSs in a2 mobile communications system, in accordance with an exemplary
embodiment of the present invention. For example, a power regulator 10 can be
located in some or all of the MSs (101, 102, 103, etc.) and BSs (104, 105, 106, etc.)
shown in the exemplary mobile communications system 100 illustrated by FIGURE
2. Another possibility is that some, or all, of the computations in the power regulator
25 in an MS can take place in the BSs. In that case, pertinent information is transmitted
between the MS and the location of the software. However, it should be understood
that the invention is not intended to be limited to any particular type of mobile
communications system or specific MS or BS arrangements, and can be used to
control transmission power levels in any appropriate mobile communications

30 environment where individual traffic situation adaptability and quality-based power

control are desired.



I nstead of proceeding as in the case of only one sanple (e.g., see FIGURE
6B), a better choice of |ikelihood function is to use the joint probability
function, which can be 10 fornmed as: r ce>-f cx 'eu ¢cx ,e~ | a;zﬁgp.%mgo.
a This function is plotted in FIGJRE 6C. By determ ning the val ue of B
where this likelihood function has its maxi num an estimate results that is
based on both neasurenents, x, and x2. As the nunber of data sanples

i ncreases, the |ikelihood function beconeg 15 nore and nore centered around
the true value of B, and the peak decreasés in width. As illustrated in

FI GURE 6D, littl f] i el d timati B. As
such, a gengfal : zat]ig%fﬁrsrgllglt\?/néﬁﬁ%eﬁ ?ﬁﬁhﬁ%ﬁhﬁ??%‘ﬁ%égﬂﬁgﬁi é&%ﬁg@@%‘ﬁ@
r,~e7= n ! x(X, (deroted By tHetasHcd@ine} Mciudty SR AMatd?q 23 BA MAFPE 1A Aapekezed by

Equation (5), the |ikelihood function would have to bé stored for an
i nfinite nunbetongpl Peorithe 1601 he anvirenmendi’ blogh | Sirspraseshalhpereiblectfenisdosi bl e

since conputers_have limted ry. Jl.astead, -however., a ppint-nmass filter
can be used. | 1Tng0Has 24 pagendER BV G G B R G 08 EE A (oM AR E s av ed
for only s fi nitygicBUsHIRFdWre BOMsBhafts, tiffellelS4, hRrRfends, RPN, Sadihg, &tc. t he
points in 3 SEP 2003 -13 FIGUREs 7A-7D). 'In order to bettér understand
this preferred approssich, AIGURE diig 4 high byalfow diagrapathabidlusteates dnoxemhlary

exanpl e descri be oye, by c aring FIGURES 6 and 7. It can be. se t hat
when att empt | a8 B simanses RRRGH e e pe arg e srrG BRoTeTT 0D | 5
For exanpl e, idhobhmGHREGIRE IN$h BodtRddiSe 'vﬁtheég)i'é}?ﬁr&ij e@bodiment 8P theBsresbnt N
FI GURE 7A. However, if the |likelihood function is varying slowy ‘enough,

the gridpoint sinwgritionc affytraimplidity, dhwefaeiis isherh thei downliokdoft d ssectfivecauvetivnage  of
having hll()gher %iir%?r%n%tf, gtesrlcgf) tS)(), the MSs conduct typical signal strength and quality

measurements. At step 52, the MSs transmit the measurement information in
measurement reports to the power regulator (10) via the network. In general, the
primary function of the estimator 12 is to extract as much relevant information as
possible from measurement reports, given a regulated output power level, p. For
15 example, these measurements can be made, and reported regularly or on demand to the
- power regulator, by the associated MS or BS in the system 100. Since both the RSSI
and QI are dependent upon the interference and path loss (e.g., from environment 18),
the interference, /, and the path loss, g, can be estimated (step 54) to compile the
carrier, C=p+g (step 58) and the C/I. The power control algorithm 16 updates the
20 computed output power to obtain the transmission power level to be output (step 60).
Notably, the distribution of the interference, 7, can be described by several parameters
in the general case.
The primary function of the quality mapper 14 is as follows. Ifit is desirable
to use a different quality measure, the specified quality value to be used is mapped
25 onto a quantity that is suitable for use in the power control algorithm 16. For this
embodiment, the estimated quantities (from the estimator 12) and the specified quality
value (from an operator) are mapped onto the target C/I (step 56), which is carried out
in the quality mapper 14. Consequently, in accordance with the present invention,
when the traffic situation is changing over time, so are the estimated quantities.
30 Thereforé, in order to maintain the specified quality at a particular (MS or BS)

receiver, the target C/1 is adapted to the traffic situation experienced by that receiver.



is increased precision. An adaptive algorithm (one that is able to track a
varyi ng paraneter) can be 10 used for M estimation. For exanplie,i é§§Unggg
that the paraneter, B, is changing over tinme, and an adaptive algorlthn1|s
to be used for estimation. Since the |atest neasurenents contain nore
current information, the adaptive algorithmused should rely nore on the

| at est neasurenents In order to acconplish this adaptive use of the | atest
measur enent s, "forgetting” factor can be,introduced into the al gorithm
15 Consequently, the likelihood function in Equation (5) with a

" f ing" f |
converti ng Equat | onT Py IR L TOfirsBous s bEE s 16 o dtEn b apter
al gorithm to ipepbatends (fbea BSRRMS) dodhat thOs@ididd o/ lﬁ}ﬁﬂ@bhpihe‘égtnhﬁ& 12

| i kel i hood function recursively: ra8r ~s ) =rash ¢ , a7 . xrogr ca>
C('j) x , - wilhsadkdbe tarm@/baas Forapyted h)eﬁ@guﬂh'ﬁmpéﬂl‘ﬂ)anéﬁtermaghleme
mean and standard 20 gle f the int &Lﬁj Hiﬂpath | o

These two para P%efcéﬁe Wgé)gge{%)& Euﬁe JRASET ower

to derives the gasithef 16, Guafgs f@{”&ahﬁ‘ﬁe hb o 9d ﬂg&ﬂhn@dlsc%sera if: “‘A%ﬁnlﬂe' S

the path loss, and m i's the estimated mean val Ge of the interference
di sttibution). DSitmiuéect Astanpmens Boweic Gonthalr Algoethins tad #s Q}mnyergmde ”ttnthJr affic

t uat d |
Pt tner oor o ey Rt pif 7 Mkt TBrr R Bt reen T realoen e <
of the MSS. Comqu@@tﬂns Patedt 86P5309332 %&Ahﬁ Rk aBART “Hofvet )CdaD! hg& EEV

able to track thi's tine- varlatlon Not abl'y, tRe measurement val ues,
and RXQJAL caﬁelbéa1§e'ew yMaAlnzgem &h Andérssomparst .M alidtéds, Rraceadbigesfthe\hl ch

St h " X fanl
bover bt uckih VaieRi ech’tefw'éoréaf g enten SRR SP et MAT D SRR T o1
dealt with t hea Eﬁémé@pém@rrc%nﬁ’opﬂ@m istdesdriti iRt @iat Qﬂ{?béh 2 hidre

“vari abl e depends on one paraneter. However, that approach can

general i zed tosnecéiamembcmu(mmnhasdiembothmtb(e@,mlaérteqmydmpmmgéiﬂi\dbn
nore than one comon par aneter uen s ,of the val ues,
RXNEV and RXQUAL, oA BB dds ilsp BT L 1 b HBle Fo RN Th BTy NPS OB

di stribution (a{ﬂd) timk [48la ngésélﬂqﬁ‘rtﬁje ﬁ'&WoS"H érgf‘rrog{neﬁp 8). n&ﬁ%&%&@%@w th the .

distribution (a,), and path loss (g e pr oba unctlons
for RXGEM and p¥Qdéinvastidn,ifdthése affecif cantte ipartidied] thescambe réﬂucediutblgmhme to
be ascertai ne I n.general, the apalytical expressions for these functl ons
are much nor ed%?ﬁﬂlgﬁg RIpAI-FegF wiRIDy “é’coin\%& GIQOsiRg RRPTORERHE PRragielRE KallgHy e

(e.g., Equati &deéérl%edhﬂ?ﬁo‘?@%taﬁﬁ@lﬁ% functions can be conputed or 15

measured in a gri at covers the area of interest. For each point in the
grid FIGURE 4 is a simplified block diagram of a power regulator 200 that can be

used to control transmission power levels for each of a plurality of MSs and BSsina
20 frequency-hopping TDMA mobile communications system (e.g., frequency-hopping
GSM), in accordance with a second exemplary embodiment of the present invention,
For this embodiment, power regulator 200 includes an estimator 212, a quality mapper
214, and a power control algorithm 216. As such, each of these component algorithms
of the power regulator 200 can be realized in software running in a processor
25 associated with the particular MS or BS involved. Note that a processor assaciated
with a MS can be located elsewhere (e.g., in the connected BS). The “environment”
block 218 represents all possible effects from a network, as experienced by each MS
or BS in a GSM system (e.g., as shown in system 100 of FIGURE 2).
‘When characterizing the interference distribution (in the network environment
30 21 8), amodel can be used. In an exemplary embodiment, random frequency-hopping

is assumed, and it is also assumed that the interference is constant during a burst. The



(gridpoint), a parameter triplet is used to generate a C/| sequence, which

i ncorporates additional effects such as, for exanple, Rayleigh fadl 88p gﬁés
sequence can then be transformed into a Bit Error Rate (BER) sequence

as the sequence disclosed in "Inproved Quality Estimation for Use in

Simul ation of Wreless TDVA Systens,” by 20 H d ofsson, Proceedi ngs of the
6th I nternational Conference on Universal Personal Communications, San

Di ego, USA, Cctober 1997. This BER sequenge is then mapped onto an RXQUAL
sequence, in accordance with the GSM standard for RXQUAL. A siml ar

procedure can e Xce h t . RX
procedure is btgaglg oe(ri:l. Js'? %arll%aPl% 5&%?/ %S%gﬁ Eséhg?aﬁmgf 1%?1%1 %%elrl’gldé gllnéhl‘zliijf:dvpl us
the interferenteims:sagitendhe rBsult@eﬂea&h Béhditiaré mSﬁmeaeﬂM@BJR(EfscsrA RXQUAL
and RXLEV) several tines, the probability functions for RXQUAL and RXLEV

(as functions hick aee @agraﬁlettleat§hw thy inggiteTepice dastrilpiongn perdndaue fieqedngy-

generation of ;the. RX bi i.on

She tou ng, Cnoleipimenghori P Rile) b HRR o et Sl Fond BB B AT Bt ©

al gorithm as mﬁtcpﬁhich&%hnﬂdnisqxseat FRJIn BEGURES KALSC, it danteodbRided thst
shoul d be extracted fromthe i ncom ng RXQUAL and RXLEV neasur enment s (from

envi ronment 218§ intgifergnce expericnsednys 8ivser pothe et is (ap)am@naﬁomorml s
enbodi ment i mat or ..i s

o oour oront - ik, e R e 482 s Poerf ITRHORK, CorBSEfindns!

212. The M. esjhiciRi@i®e diftributlon Sarfbélcihraid@ized 8y B hRAR Vel e VA, BRbitd faidard
maxi m ze the probability of obtaining this partl cul ar neasurenent report

sequence. The deyrasioom,r Enis rdsilt hblndh fmd biagsty’ Gttmrscdeshqutmrqurﬂm foereach udsgfe
‘gai ned from pr.evi.ous. neasur ene t rts. dat ikelih od f.u ion,
romini 1t hefhate oo iVt S din of GisBrmabayinifiynAeay bbbt ner
the informati qfedddt BstitRAWN dﬁ?&d\éﬁ‘%ﬁ@d‘%r%%ﬁﬁfa%or"!1t2rhd%91§a§éﬂi15@'rﬁeséi@oes the
| i kel i hood function (see Equation (7)). this way, the " " measur ement

reports can bentefforagoe mere'thmpglﬂﬁmd B&blllrgltel)Nba@ﬁdﬂ astmua‘uos ap;pxpadms,tbecmlqml res

know edge of ‘the probabiljt fun functions
of the paranet? S?mea@mz’&hﬁy ﬁ?dﬁte reBE)"’t%‘?M H“@% é’r(‘PElefor al |
using the procedureln@ﬁé@ﬂl\@ecﬁe %@é}\éﬁ o%@?&&tﬁ;‘l 'sirs!terﬁ%ﬁic@t%dtn'i'%ef@a%é sﬁaﬁ@ﬁ the
paraneters to be estimated are chanding at s'different rates.

exanpl e, 15 he sctmtrdﬁcm(BS@\); frchan thef BSGd 08 mh(emi BTEIIG}IBEQ )ThesnmtstoaGEMy to
change nore sl ggy %2 the path loslgﬂn% % gifquen se aratel
filtering eacI‘Jg 1 % arepé"’rl'g‘f?ﬁf dor t % 5 P&t tTEP

along wi th an QpRefiHnifY dempRanNtytey fa%ggk@wg C@:RE:F ow@dse%e&f
these filters. This rgnrmot hing” capability canTbe acconp |she%) i n accordance
with the foll cwindifioax pheisdeckodiagran fonthd papsdricgutatonHan FEGURE 1(¢hh be repl:26d wher e
gM. is the estjimte. o fromthe est i mat is the estinmate
of g at tine tbyr%%%ﬁ(@géarea@wﬂ? ewmregaiaﬁoag%é w%w@g;gﬂg%éu mat ed
quant ! { Yag, &, SToOL Ay 1f B Shadrby (2 Pufiof B Bl 12 nonen kRIS ! 0

how f ast the quantity I's expecte ange I'n operatlo
(without lim t4,n‘g1smbﬁ’u]samlp1ep01&1t td}ﬁovmvembvmiew éoffthaMagimand.ikgdthond (ML)
nmodul ation is used in the s )fhtem a_correspondi ng nmpde| for. such 2

al ternative ne§ptiBBtia gwgthods Thed, method isbapsd onihe mmm%h@t&#f@em@@%a% used
brobabt 11ty { gl ARt el e i, ARSI G RESTRAE TS

di agram t hat diglesty tdiesre @Bme fRnSEPar?id0i@dr distribution than from others.
25 As an example of this premise, let f{x;6) represent the probability density

function of'a certain stochastic variable, X. For example, we can obtain the following

. expressions:

Xemn (o) | (1)

. _l'_ -xib
£(x30) s —e (2)



-16 exenplary method that can be used to inplement the estimator algorithm
12 or 212 illustrated by FIGURES 1 and 4. Essentially, steps 300 an 3072 20ne
are initial steps that describe the conputational burden that can be

conpl eted once and for all prior to inplenmenting the estimator algorithm 12
or 212. For exanple, at step 300, a processor 5 associated with an M5 or BS
conputes probability functions for the neasurenent variables invol ved

(e.g., RXLEY and RXQUAL as functions of tﬂﬁ paranmeters nm' Q, and g in the
GSM . At step 302, a design engineer or operator selects filtering to be

used in the esgj.nmt.or Olst hm f ach esti ed paraneter, ,,n order to
bt ai 0 smoot helt U eLe ¥ e i o, S 3505 5ia IR FEneBRRGRBEY o S BB 15
then updat es t#i@enl Onldré@!th BaRHate YNEE 1iRBliLdY fRtBAChNBe bQIBIBERs:t he
information in a "new' neasurenent report with the current |ikelihood
function (see Equation (7)). In this way, the "old" neasurenent reports can
be "forgotten" exponentially. At steps/396,)-the 'estimator al gorithm(3p or
212 calculates the estinmates, ni' a" and g, d4nd at step 308, the algorithm

filters the estimates using different (err) factors for each estinmated

quantity, in 15 order to obtain snoothed estimates that are adapted to how
fast the diffeFaplikelthood fancsion & idusiratetinddGURE6ANJbe estimate oD thdhewalug t h a

preferred enbodi nent. of the present.inventio t he lit er. 2.4
Feaponds to o RPAUATE BRabre erns Bt Shomy S dRspIErBr SRy
speci fi ed val ugirhdietbhRey tABRARE vANE Qs A BRPSARE IR RakiRhBbf Hel oxpiis¥igh id he
estimated 20 paraneter a, input fromestimator 212), which adapts the

target C | to EqwtioufIesx,.traffic situation. The resulting target C/I is
output to the power,.control ﬁl orithm 216. As ngqéio ed earlier, the FER is
breferably deser i bedONEsSmG (haich SFonmesutemient. ey 0~ Bt bFDELED: HeyeVery ¢
embodi ment , 1 psiehdbryAbdiedingbenfRMRYL Sbnlyor sl (c ElccAGRAL dislofbdHer | 1
the grid, a C1 sequence iIs generated, as described above. This 25 sequence
i s then mappedchoieonitlikelikedd tenciign isftouse demping pratiability furctiph,eshidesex bbed by
H. dofsson in_ the above-described article. This procedure is then repeated
sever al mes PEUFY&Vi de a good approxi mation of the FER as a function of
the estimated paraneters, as illustrated in FIGURE 9. For the quality
mapper algorithm (e.g., software executed hyla-praocessor 30 associqﬁid W th
an M5 or BS) used in this enbodi neht; a" speci.fi ed maxi mum al | owabl e FER i s
i nput by the operator. For exanple, an appropriate maxi num - ~ ~F~' 2Q03
-17 allowabl e FER val ue for a frequency-hopping GSMis a value that is |ess
than or eaual i Gufifon BOGHAEIh PIGURE d 7 eftalo e SonEF oo ofi

t hreshol d val ue corresponds to a certain value (C-m) given an
estimated 6;, klelihbbdStnctioachadyits haxthagr aamesthoaa results| GiRE B3ed Aa Bdilus
denonstrated, an appropriate target C 1 can 5 be determined by the quality
mapper aIgorit?ﬁﬁ%@ﬁﬂ§“$ﬁoﬁ¥5ﬁspecified FER |l evel and an estinmated standard
deviation of the in ' ; Tildet: : d
that the C/'| toget h%rﬂl\i/ae{iﬁﬂgﬁe@gdn%%%d%ﬁeg e:éloﬁlgé#e%lﬁg@%@gtrl ‘?ﬁ?@ﬁﬁ%ﬂ 0,),
descri beks t he moremhdan@tkickmerzt] atdumd e wile Bfug ef iané theqpeak decvedsks inlwideh,
normal traffic situatign, a C 1 equal to E is purported to correspond

| . Od
to 10 an accepfabiustaiehimit fidRESy: arbitecuipadasonmplispiddss sautertamaion mal
traffi i tuat] il i i bed i
he prof orr ed S st BelcsiEHon Bk SReMB cdlfRATpe bghisclasy ' o 1

standard deviation of the interference, a" is approximtely equal to 6dBm
which is also evidenced by the Mnt e,égj@rnlp Shyulations illustrated 52

FI GURES SA- SC. As denonstrated by FlI REIb this 15 estimated 6, yields a
target Gl of | QdB, in order to achieve a FER val ue equal to 0.02. Al so
denonstrated is the fact that the preferred approach used herein for the
qual i ty napper Iradider o #iplémdnt)the al¢orithni bRarkdienideddgeEgaitivad 5}, rtheriRelitod
experience. Therefore, in an operational situation, the M5 or BS receijver

i nvol ved i s suBjnederwopld kevode @P stpred fosan infanin rumbgs of prints. aO§ epursy.|thisyt put

Nore speld i catiyoRRasefd taliaile fooeRRfbinck bty kB f TauRi Rial

desirabl e to sppeint-yhagdfltérican ibb uk@l. MB offer Avozdl) S W AAuadS thy liREldsed Fuidiioh
satisfactorily describes quality perceived by the user. However, this
nmeasure is |i kisisgveddor enly e dipite npmberof poinds, sefered foras gridpeinisbe. plRepPIngoAL r ol
algorithm (16 or 216). Therefore, using estimated 25 quantities, a solution
is to map a specification in ternms of the quality neasure onto a quantity
that is a nore suitable input to the power control algorithm Wen using
the quality mapper algorithm ( 14 or 214) together with a power control
algorithm the target C/I is an exanple of such a suitable input. As such,

O~ NP~ A A - I L T




- 3 Sc 2~1..~~3 -18 describe the conputational burden that can be conpl eted
once and for all prior to inplenenting the quality mapper al gori tJhrg §%P0r?(}ﬁ3
214, Wth FIGURE | 1 in mnd, note that nost of the conputations involved"
in the quality mapper algorithmcan be perfornmed prior to the start-up of
the system as descri bed next. Assune that the 5 quality neasure val ues can
be described using a "quality function": Qvy,B,,...,B,J, where y denotes
the I, and B"...B" denotes other (e.g. ’-If-Sti mat ed) quantities, such as,
for exanple, g, m, Q, etc. This quality Tunction may be obtained, for
example, fromg 47R_r7ﬁrom measurenents. Al so assune that "good" quality
corresponds to ‘a T'ow val ué and "bad" quality corresponds to a high val ue.

However, the opposifrééiio BetsR udderitohdithid preferred dpprbach, ot Indyitivdcd@seisolt i on
can be updated accordingly. In general, it is extremely difficult, if not

i npossi bl e, t ocandsaradséonths exampledeseribedmbpye by eormparingfldGUREs 6angri Begtinite

Ther eby, ¢ he. yPEaRm B RESRBrifing B Gechife B, B8x s P S3ig bt Rhon gfode
whi ch cars be apséRBpleQinFIGEIRE 64, thég dAGEREsMEated 64,3, ahaQs ghih BIGIFRB7AL | ar
in the B~ directions. | S Next (step 402), the value of the quality

function i s colpweed, ifrtheise§hqodifhaction is tverying slowily endughnthehgridpeintBwild
i nvol ved are few, the fungti,on. ma e plotted. F ex e en, the.
qual ity functi %HR“F%H‘SOI‘E%@%?‘}?@P&%Q%BW@F A quﬁagpgg?gbgﬂ.grgﬁamﬁeéls&%R can

be plotted as gh@WasedpfecfddsE 9. The conputed quality function can be used
to determne if the chosen grid is 20 sufficient. The maxi mnum consi dered

C 1(y"~ has to corréspdmdivealgorithunl(onethhteiy eblettd rack s vinysg panemetetiean be
specified qualit tep 404). re formall et . y=y," be fixed, .and search
over thelthast BPASHMERsETstsin. (R o fasrutessheighe PR L I EIER TeR O
0= M~ CQ <r , Stife, and 8n-addptive PLOSERS d B be ludsd T8 dintdtion! NSinG SR NAESY
enbodi ment as shown in FIGURE 1Z2. FIGURE 12 illustrates that a FER pl ot can
be used to detmezsureméantiecdninieslorgeatent inf@maviah,the edeptive algobthnepedishowd, by

conducting a search al o =y," in th rid, |If the specified.qualify,
Qpens i 5 bel oo anglAa! ingesufimuite gb piter MacGaaP TG ACoRGee bt
Next, for thisjexemRhafymebod-mk ttin%’h?acﬂ:h‘adaht% fn%ﬁ%ée% into® tﬂésﬁ%oﬁﬁﬂnfr eate
a - 3 SEP ~c!'~p3 -19 | ook-up table Tor y181 (step 408). For all of the B:
- s in thelyrid, Coteeqhaitlyptienikdlihood function in Equation (5) with a “forgetting™ factor,

becomes:

108)= 7 (= 03 (=, 300" (x 50) ()

By converting Equation (6), the following expression can be used in an algorithm to

implement the exponential “forgetting” behavior of the likelihood function recursively:

logl  (8)=logf (5 :8)+ Al | (8). (7)

As described earlier, the estimator (212) estimates the mean and standard

20 deviation of the interference, and the path loss. These two parameters can then be used
together with the transmission power to derive the carrier, C=p+g, and the C/I
estimate, C/I=C-m;(where g1is the path loss, and m, is the estimated mean value of the
interference distribution). Since the interference characteristics vary with the traffic
situation and thus also with time, these parameters are time-dependent. Furthermore,

25 the path loss is also time-dependent due to the movements of the MSs. Consequently,



conputed: a cy,>=Q<¢c¢,,.a~....,ap, (10) for 1=1, ,m The table entry for

each point in the grid is then conputed as: =m—~ c~ iQcer,>Qc," 3. SEP Qpna
cra Q~ > (11) co ..... 8 (12) 5 This construction night seem conplicat ecf
but for some quality functions, Qy) can appear as in FIGURE 13 given
B'..., B'". FIGURE 13 iIIustrates that the quality function may vary around

the specified value in the general case. Consequently, the first val ue
after. the last intersection in FIGURE 13 ghould be selected. It is
important 10 not to choose too small a value. To ensure adequate quality,

it can be preferahl i targe that is sllghtly hi gher than
the val ue gi ve‘%1 %a“ﬁ#”o@?fﬁ%a@?ﬁ@eq?ﬁ %ﬁ?ﬁ' t&“%&%‘ét% 0s is assigned a
positive val ue, ot hQsbSe thd meadhrdifient Sathes FRXZEN sdSRBODUAL Ya® BRGEERAL
the result of the above-described method can be, for exanpl e, a | ook-up

table that relsekentions ob: two wiorhastic yyagiableshavhicdhokn dpent als| depsadent 5o dhe
mai ntained in a d%t abase SOCI a vo ved

ol ement i ng. R RIGRE: SOt b TGS EE Aogrer 3% uol PGtk dbeMion o

the qualigy neqpgfatish A ?pﬂoha{ruestcﬂseauﬁhbﬂ JealBRRh Mk &RMMNE WIRFS Q?F@ﬁbf%’y usi ng
the | ook-up table. kely, the estimated B: s will not fit the grid

perfectly. Hov@uéﬁlon df enestpdiasti¢ vmiablgdependa geonaparanedier. Howevergthatapproaglo Upon

t t st 410 | it I b
the new et | maBegnerizedfo Mgyt TBGRSe BrBfles s deneBiedpr ot "
al gori thm (12 @fe @shihon Phraficeh. %se%déﬁtl |rﬁ@:fsh1tem’éhfs' SBe WaRes AR AEEY Ghd from
the | ook-up table. At step 3 20 414, the quality mapper

al gorithm updaM@MAﬂecarabwdm dstlﬁnawntmmah@@ﬂmptetfatdnee distributibe (mg\the
‘estimates, inf and ides th t C.1 as noutput
For uee By t nestme Svintn e te e franse el aRos (e i ifR @ above.  a
primary function OfFlfréieth%i‘tﬁiabﬁi@ﬁhﬁﬁhoﬁ RP RIXT B dnd Lo PT4 B ad ifktibRs §fAh&SSi gn

an appropriate transmssion power |evel so that the reasured C/I (fromthe
“envi ronnment " )pmmbteman[mfamﬂlghat/c ache asbartaimedg dd g&ﬂetal(ﬂlqpmﬁlyﬁqabmprdmmoqmal ity

repper 14 O Zhtle e BEcSenl LONETL O Br eV 0SS B e tods voperfor
T e
st eps 5003 508 messurat in algrist tapscavead titeaen iolﬁénihfmt.c@npuh@li pointilin bher ged t hat
can be conpl eted once and for all prior to i nting th qower control
al gori thm 16 ¢ igggmg a parameter iriplet 1s used to generrgP n}asequencc w. c% incorporates
additional effects such as, for example, Rayleigh fading. This sequence can then be
transformed into a Bit Error Rate (BER) sequence, such as the sequence disclosed in
“Improved Quality Estimation for Use in Simulation of Wireless TDMA Systems,” by
20 H. Olofsson, Proceedings of the 6th International Conference on Universal Personal
Communications, San Diego, USA, October 1997. This BER sequence is then
mapped onto an RXQUAL sequence, in accordance with the GSM standard for
RXQUAL,
A similar procedure can be used for the RXLEV sequence, except that the
25 RXLEY procedure is based on signal strength (strength of the desired signal plus the
interference) sequence. By repeating these two procedures (for RXQUAL and RXLEY)
several times, the probability functions for RYQUAL and RXLEV (as functions of the
parameters m,, o, and g) can be formed. Note that generation of the RXQUAL
probability function can be based on a model of the coding, modulation, etc., to be
30 used.

For the estimator (212) algorithm, as much pertinent information as possible



For simplicity, values in logarithmc scale (dB and dBw) w | be_§sggpiq~3
all of the present algorithnms. As descri bed above, the conventional oméﬁ
control 15 approaches offer no real solutions to the problens related to
har dware constraints (e.g., output power limts and quantization).
Additionally, external constraints may be inposed that demand a certain
power |evel. For exanple, the use of a Broadcast Control Channel (BCCIT) in
the GSMrequires the use of maxi numtranspd ssion power. If all ofthese
constraints are summarized in the function f(), and the conputed 20 out put

power is denot t he .ty ue..out put. at ra ! r wll b .
Aso, theof feoputhonialBaafors oRhRombint aidiiat SRR aRe iR Y ¢ ney
shoul d be i dendnvirofiflent218Y, gBien ti tR@s@ARkBN howsAked (p)ARET. Gk i @nbodiment,
counteractive paraneters. In nost standards, the power regul ator

comuni cat es vttt MLtasematagisnied:t s/ such.ciswne bat § segueptecoidaddsnsmenthieparnts s

ted by t ' TS. i +h mbodi t
of ihe. pr esent CEneHR S KA AL uf Finsf b el S 2c g M RS o T
control & goriddams 26 thel Parafeter GARMeS GhatematidlR) tHOPIRbAKIES 8f BbaRid tanal

conponent (P), an integrating conponent (1), and a differentiating
conponent (D) .pariccammeaduremdént rBpadt comtencd. | diheangrsr furkamt dikelibeoddérichiobed by

o). (1) oo SRS Ry bdd et rymferlhys meRimendy bl B SRR, T
denoted by vy, fiani#8sd Gidctid, Yom whieh the llt& SAFRIEN Grel RS, i6 tryihddaby Y

0.5s inthe GSM, I(t) is the integrator state, e(t) is the error between
the target C |weightingogsthmeths imforma@idn inaridew) mesuramentikepet withItE: corent ol | er

parameters. In.order. to counteract t ffects gf .the hardware consttaints,
Phey 118" naviBoottReich Ghetitarion U Tabiivutiss ol mrdeapmestugrore ey
summari zes thepd @Foféott%ﬁ’f %ﬁﬁorﬁﬁtiél@@ Rettwar ﬁlisaﬁﬁfar@i&h% kesCRd1ERIeBrShe ThEN
anti-reset wi ndup™ can be applied (step 504), "by updating the i'ntegrator

fst ?It e ag ai_l_nt a1|‘ pl?ba?blrymmlmgmgs gdrévsﬁxﬁloféandllitaY@H{AL stifuﬂtmtiaamoﬂtﬂie %)argew_i_hm}amﬁ jlc_fl _?_s
Ol | OWS: C .= .7 Cl. -. . , . S,
the integrat oyargfa%t whisfern B P'P%%S e %ldtfﬁaallléﬁlﬁérheaa?%@we %a#@r%dia@?ve-.

general |y desirabl erpdMgs FeﬂﬁxiﬂﬁﬂéﬁEﬁHﬁQ%né%ag&ﬁet@ﬂ'téﬁe edtinaél 4rf BRLBIHLAL | NT

part ofthe PID controller algorithm (216 y over-react. A solution to

this prolfl em idifferenheatest Fovrexsmplecthi Staidirtleleeitiomof tre i) fermop (npistmast

apply an approxi nate differentjation. The |latter effect can be achi eyed by

the use of a |@er§&§ Sharige Pure S|l fein the pagcloplz); C@é@q@lﬁys by Separately
filtering each estimated parameter, smoothed estimates can be obtained, along with an
opportunity to adapt a “forgetting” capability in each of these filters. This smoothing

capability can be accomplished in accordance with the following expression:

Elrvl)=h g {1+1)s(1-2 )g0s), (8)

20 where g, is the estimate of g from the ML estimator {212), and £is the estimate of
g at time 7. By selecting different A factors for each estimated quantity, a smoothing
of the estimate can be obtained that is adapted to how fast the quantity is expected to
change. Note that in operation (without limiting the scope of the invention), if
alternate coding or modulation is used in the system, a corresponding model for such

25 an alternative may be used. If numerous coding and modulation schemes are used in
a system, the ML estimator (212) can switch between the corresponding probability
functions as necded.

In summary, FIGURE 8 is a high level flow diagram that describes an



y,~, 1s subject to abrupt changes, this approximate differentiation can be
applied only to the estimated C I, y(t). The effects of the tine dgl@yfs L'@m
the "environnment" affect the choice of 20 paranmeters. Consequently’, Wwhen"
time delays are present, it is preferable to omt the proportional
component (P) fromthe PID controller algorithm (216). If the P and D
conponents of the PID controller algorithmare omtted, the power output
Equation (15) can be rewitten as foIIovvs_'6_ - 3S-P2nn3 -22 P (r" 1 )=
f(r" 1 ). (17) If there are no constraints involved (i.e., f(p) p), and i f

ST TGS bACSR S Shuhblb e ol sl 155018
fol l owing al goﬂlhﬁtbd’fbdﬁyﬁl(‘iiUREk@%ﬁﬂM ? hila , & @005’&{3(}2 aré Wial RS that

expression can be rewitten as: Y~ - , (20 ere yl gt
al~i. The sim qlmﬁlbq/tl@fcom@ttuooﬂ 13(@@5)11 tlwft wnﬂmgmﬂete(i om@ arghfor lsl prior to

d. The t by., E Wn t
conservati ve tramenRna AR R A e 15Tl F o 4t SR ORPEBEOF ¢ 1 s
beneficia to aRHiNedMillr &ERERY orlﬁs %ﬂgﬁﬂés tpfbbtaiﬁ‘ilﬁy ﬁirﬂﬁ()ﬂlst f%?‘tl?esm‘éﬁlufeméﬂy
substituting for Equation (20) by: fYr"1)_@ Ctu. (21) T lecr" |

):= or. 1 )" =yaribls invblyed-(egr, RALEY) a,nd(mcmme tﬁinctlyms ﬁﬁ‘tl’le B3ramC®®) m), oy, or der
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used in the estimator algorithm for each estimated parameter, in order to obtain

smoothed estimates. At step 304, the estimator algorithm 12 or 212 then updates the
10 likelihood function, by weighting together the information in a “new” measurement
report with the current likelihood function (see Equation (7)). In this way, the “old”
measurement reports can be “forgotten” exponentially, At step 306, the estimator
algorithm 12 or 212 calculates the estimates, m,, o, and g, and at step 308, the
algorithm filters the estimates using different A factors for each estimated quantity, in
15 order to obtain smoothed estimates that are adapted to how fast the different quantities
are expected to change.
In accordance with a preferred embodiment of the present invention, the quality
mapper 214 responds to a maximum allowable FER specified by a network operator.
This specified value is then mapped onto an appropriate target C/I (given the estimated
20 parameter o; input from estimator 212), which adapts the target C/I to the current
traffic situation. The resulting target C/I is output to the power control algorithm 216.
As mentioned earlier, the FER is preferably described as a function of the
estimated parameters. For this embodiment, the FER values are computed in a grid.
For each gridpoint in the grid, a C/I sequence is generated, as described above. This
25 sequence is then mapped onto the FER using, for example, the principles described by
H. Olofsson in the above-described article. This procedure is then repeated several
times to provide a good approximation of the FER as a function of the estimated
parameters, as illustrated in FIGURE 9.
For the quality mapper algorithm (e.g., software executed by a processor
30 associated with an MS or BS) used in this embodiment, a specified maximum

allowable FER is input by the operator. For example, an appropriate maximum



Is allowed. There are primarily two types of tinme delays in the network.
First, it takes some tinme to perform neasurenents and report the_ o, o-5 .,
nmeasurenents to the power regulator ( 10, 200), which results in Q &éfaﬁb
nm sanpl e intervals. Second, there is 5 a tine delay of np sanple intervals
due to the tine it takes before the conputed power is actually used in the
transmtter. In this regard, although it should be understood that the
present inventive nethods described hereip, cover the general case, the

foll owing exanple is provided to clarify the choice of parameters in the

trol it E t 18).. h,, thi
B gor i £ hm ¢ r acB OB SIHER TalfefRr &P ey pobing GSM 6 Yhina e B YRS thabr Supab o
Accordingly, tfaeo.0del ey aﬁ Qhe thieskiRd i AR b FERe0lG2MahEORdsRoRS valfe

~v(t)=P(t-1), (24) vP cn=PC.l1). (25) Applying the above to Equation (18)
yi el ds: ~P ct)cop@ppaslyto acelﬁalml)\)alue((ZB)HI)FQIFHIIa)mestlffﬁte@c:,\a@)ﬁ}ustr@teq-by thihe C/ I

bot i ot o (1 otiggr et ERETREG o B AR RonsOilbd.  amptapeie ekt SLFRT )
Furt her noy e, tﬁ@dmédr@% E[ﬁd)ftﬁnfaaff‘égai%nﬂﬁﬁ@m?fmh& %@&%ﬁﬁﬁme Bﬂd The

interference at the receiver 'is den e I (1n dB)
at the receivesn ¢S$1ngiitadestarb§arcﬁde\ﬁ4tp3(m ()f)thg(jmt):pfel(em)e (el;tlimatbd iog). aslsoyniedart bat
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effect on g(t) and 1(t) hey are varying sqo y. Consequently, the

I ocal |oop of this lpewermeldraffiotitmkignra C/heaygehto HWeBde pirpbeed cosdespund ito

‘Fl GURE . Note that .the effe ts fromother transmtters are summari.zed in
the int e’ er erfECCPRE esagnggpality QT CPEPARSNPUIRASES, BRE %H@f ¢ guiation

physi cal constgai Hétlﬁﬂlﬁédﬂﬁﬁ "t)ﬁe qﬁaﬁﬂ% l-llla%eg (ic)ﬂ)% ;'&g%:%l*ﬂgd M"l% V\#n ‘ﬁfh E&Ft[at es

can be obtained (1. oop sy
t he out put, f (Fom @muhnondlmrfommad,,thef ésh)nateids;t@iduﬂﬂebganbhef ﬁmmteﬁ‘sm;m, a,a v9

28) ~ "cqg~- " rd t | tability,
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interest lies 1n the s yle ng exponen
t he 15 estimated o, ylelds atarget C/1 of 10dB, in order to achieve a FER value equal to 0.02.

Also demonstrated is the fact that the preferred approach used herein for the quality

mapper algorithm (214) covers the knowledge gained from prior experience.

Therefore, in an operational situation, the MS or BS receiver involved is subjected to

a varying o, per sample, and the target C/I output from the quality mapper 214 will
20 adapt to such variations accordingly.

More specifically, for the quality mapper algorithm (14 or 214), it is desirable
to specify quality in terms of a chosen quality measure that satisfactorily describes
quality perceived by the user. However, this measure is likely not suitable to be used
as an input to the power control algorithm (16 or 216). Therefore, using estimated

25 quantities, a solution is to map a specification in terms of the quality measure onto a
quantity that is a more suitable input to the power control algorithm. When using the
quality mapper algorithm (14 or 214) together with a power control algorithm, the
target C/1 is an example of such a suitable input.

As such, FIGURE 11 is a high level flow diagram that describes an exemplary

30 method that can be used to implement the quality mapper algorithm 14 or 214
illustrated by FIGUREs 1 and 4. Essentially, steps 400-408 are initial steps that



poles are inside the unit circle). The |l ocations of the closed | oop poles
(when n=1 ) as functions of the paraneter, /3, are plotted in the ¥d&dt 20083
| ocus plot shown in FIGURE 16, where the "x "a correspond to ~3=0. |In order
to observe the effects of tine delays, the stability constraints on /i for
15 certain cases are listed in the Table shown in FIGURE 17 (which
illustrates the local |oop stability region given by upper bounds on Vii).
As shown, the results yield instability ljgits for /~, and thus, |arger ~i
values will result in an unstable system en there are several active

conmuni cation }i il jnterfere wth each other, sequently, the
overall  oyst erf oot dtmliaoaty oG8 S SRt B« ae B 8l S 9o
this analysi S-infﬁl’érﬁerﬂﬁ%&h@hﬁ&ﬁ%hiap?%l ithal 1 Ak, | WaRRIFIGURERDI {nl dhd | |
result in global instability, but local stability will not guarantee gl obal
stability. Hovweafethat mestef the eompuiptéensiimvdvadiiaithe quatitis mappes efgoritm ghobeal

bility linit is clos h | bility . limn h is h
ot been’ pr ovelPr IS REPLIS HecTb SR ALK BrieR P AeeTbhR hetREE e, o
probl ens xan a?%ah‘hééﬁﬁe YhRbs aérﬁbgﬁeééﬁ%cgﬁ&iﬁé iaz‘laﬂai%y fuberidi o, di.agram

shown in FI GUJ The sgstem is conposed of "a linear part with a transfer

function, G c~wheraodenadesdhe €/7rand-d,.i. 1tk denatss affher éng bestintaéed) gnantitiss, sugh 3s,

which is assungd to he odd (only.for this sinple ex le ut the results
Can be 1 eadt | yRbSANIEE T % b oLty fndl sy By OBk SOF ritile ort >
~Fi " cfs' C3 - 2pmdha of frbmimeab@Rmbsts! RISTRERIntIBat Fe QR IGRMIIG cBR8PbRINbalde
error, e(t)=C sin(S2t), where S2=2~cIN. Since the function f() Is a static

non- | i neari ty, valim asd Grdl” qudlity corsesiipmdsitod highasluse Howetds, thg oppositedasaset e
‘Fourier serie ansi e sigpal .u~(t an econposed. into jt
Fouri or Dot BRE e folfetegerintioh e B8 Bdief SeE MR L ERTEE 55 ) o1

(2REVB(C. T E)) . extretmely @kficulf HoPRASHESBIe, 1d d&&%&ﬁis@ﬁﬁ&ﬁ%@n&l&ﬁ%&ly Gndtédyear

system G c~, wll dttenuate the harnonics nuch nore than undanent al
frequency. Thisgiid (fihite satlof papys)can et dhosenntedmventhichirea afmlteredt {stefSitod)e

e(t)=y(t) accordin o FIGURE 18, a concl.usion i hat the condjitiop for
osci |l ations iﬁhethPa? t‘%%ﬂﬂlil_&?ﬁ gt st eéefaﬁ}e 1pgeifise S‘ﬁnéﬂ--&i@p""@g'%‘ﬁarf ke
conposed of an,apmld fousescsril th gs@@ncﬁn%g@gﬁp ﬂret %iddeis‘éghﬁ%ih e AUdeBidhs.

functions of the 10 period, N, and t aphiéall'y, the | oop
gai n canlde pl ott edNext (sthe 46D)piheesnlys citke qualitydfuhtHsrentcohdputaddn €sery anoitt he

sol uti on, C=Co, No . f d that yields an,intersection with -1.. The

sol ution can aunéﬁgs'ad-f Hithemumber Pdnyolvedhare S, g fyctionmay lml%ﬁ- iFQr

referred to as.y i i On: an b ST = Lpe
exabpRs Whith B cfll.l'zﬂt?ﬁr;fhﬁéﬁoﬁ@%% ﬁ%ﬁlﬁemﬂ}ﬁﬂﬁgﬁé@vﬁ%gfg bethd the

t echni ques can be ‘applied i case ower contr ol algérithmin
| ocal | oop as FERusi bapleted as $Ho®dRR FIGURH 9.st, t he physical constraints

have to be identified (ste 02). nd_here it can be assuned that they can

be described by FI élw%@@ﬁﬁgwﬁy 0%%%@6&%?%%%@%@@%% . The
l oop gai ca : i ks I ned if

0o s, o ooy ThE e R SO AR Ol B 3 Pobrospofi F MESARLIRITHREC |

rel ated di agr aisdesshibdn thhapedifial qidliege ($ep24040f Mirafoimzalyl ey yapdbs fiked,ahdon on
the error signal, e(t) ether with the set ofpossible No and C

to
const el | at i onsSeareh@QURERSeIef of e erisHortsaraimume Optpithe qualisy fsedens e ¢ o
solve for C=Co and N=No when ~i =0.5, but not when ~i=0.4. Hence,
oscillations are predicted when /83=0«5;¢ byts not mhen (i=0.4, which (%
.correct according to the simulations shown in the left colum of Fl GURES
20A and 20B. It can be observed 25 that there is a fundanental difference
bet ween the asynptotic behaviors of the systens, whereby the systemwth

the smaller / : S - f Vi ' . t not
(even though bBR PLFERER i e 57 o KRbMPtanl Bubdutndf & BBl THETRECES
system wi t h t hEIGURE l12riBadtidtds@BatrEFPR §lbt cShlB6 ussl Dafferining e 1dadit quality | GURE
17).
) 25 value that can be specified, by conducting a search along y=y,, in the grid. If the
specified quality, O, is below (0, the grid is expanded to include higher values of
2

Next, for this exemplary embodiment, the quality function is used to create a



3 SEf aC ~3 -26 The above-described nethod can al so be used to search for
the smallest ~3 that will given an oscillation, based on the critefi%rp tihay
there will be an oscillation if the point, -1, in the plot is covered. such
a search has been conpleted for the sanme systens anal yzed above. The
results ofthat search are summarized in the Table shown 5 in FI GURE 21,
which illustrates the limts of [3 that result in oscillations. The Table
in FIGURE 21 can be conpared with the Tabjg shown in FIGURE 17. Notably, it
shoul d be renmenbered that |ocal stability does not inply global stability.
However, the e- rd. bed Lim c d,as."nul es nb". .A
preferabl e st ?lgtB Iég‘yq.g@%thP?ﬁo(%fEE] 4§)§2iaﬁs§regﬁ ooﬁstﬁet@%fn :t’}? %q,%%fg&g%lg% %o the
limts. 10 In ewniened:0 better illustrate the effects and benefits of
anti-reset w ndup (step 512) and an appropriate choice of paraneter val ues
(step 508), two relatively sinple-situations may be considered. First,

consi der a settled system where tHepoer®codtrol al gorithnms associlé) ed
with the Mss and BSs have converged, and those algorithns are striving to
achieve a possible C/1 of | OQdB. For sinplicity, the focus of this exanple
15 is on a specific (user) connection using a single channel. At the

i nstant of ti meritTisyr. {The tibie entfyforersh neintdx fhergrishis dwntepmphted aspeci fi ¢
user increases as illusttated by FI GURE 22A (e.g., by about 6dB).

Addi tional ly, the output power.igs Subject to hardware consttaints. such,
two situations can be consider ed‘?m;(gpjigﬁf‘ué't"r’gpégl %?‘ I?fl GUREs 22B an®t'22C.
For the first situation (FIGURE 22B), there are no tine 20 del ays present
in the "environment" 218 (nn¥0 and np=0). As shown in FI GURE 22B, the

out put power thus has an upper and lower limt. For the second situation
(FIGURE 22C), there are tinme delays present (nme1l and np=1). As shown in

FI GURE 22C, the output power is thus quantized in 2dB steps, and al so has
an upper and lower limt. The recoyery-abikjtjes of the different per
control algorithns described 25 above, when subjected to a step increase in
the interference, are illustrated in FIGUREsS 22A-22C. FlI GURE 22A
illustrates the recovery ability of the MDBA, FlIGURE 22B for the power
control & gorithmdisclosed in the above-described article by M Al ngren,

K. Andersson and K. Wallstedt, and FI GURE 22C for the preferred PI D power
control | er wi t'hhispenstmeiget mighhshem cofitpdicated tiut forisnmee lygalitwdusitivngt Derisat no
time 30 del ays versus. tj | ays) are sho first and third cqlums
fromthe left ?HPF%?%QEWO@{ %‘&Fﬂ 6)0\/\&@' ngrﬂﬁ‘ﬁ%&tﬁﬂ@ét%wéﬁ’w
control al gori i . SRECITIS - i I i cond
and fourth colﬁgnegor#l?gint tg}l@&g tth]el Siplefzjlgte gg%lggg%%b?g%?lﬁa ?\eg %SE&“@B&%& in
FI GURES 22A- 2263t valid aftlr the last enersdugion igBIGUREH 3 ahauld be sdlented. thhis ymperéant he

m ni mum power t até{sé) suffici ﬁnt to achi eve C/ | whjch is Bi %h%r }ghan t he
5 targetc/ | JOLIC ERSSe¢ReRellR XPando SABHE perguatebaliynican ph Preterableria
first situati : d 4\\4{5@%- :

situati on, thce)zﬁ'S %‘@égggt@%gﬁﬁxﬂsﬁfz@ﬁgﬁg%heﬁhag?% alg IY%I{]br# aglfegﬁgcpe %I}ghéncl ose
t o i nstabilitysuchhichee, yheisRkdempdvagrositivetviahile, atheyovisd it oambd Ferant i - r eset

wi ndup recovers ver |1 despite the time delays and consttaints invol ved.
10 Final Ly, at st op S0 YR EbogErRntdho oot by e Hisesibed misfhadsamt e
t he power cont t L . r v p
508) " Ar step B15 arp e Rt rabls ® RARE R AORh G5 v SR BRI AIET
power valSue, phe mainkxnedlihpuitabysetabeciptaewitl dretviB lor BiSdaveltdhin(idplentenfing) i S
cal cul ated. Although a preferred enbodi nent of the nmethod and apparatus of
the present 15 Fﬂ%}g]h‘%'i%‘fBPPﬁéélgB’é {1 v lftht Pyripg cxeratign o5 S HRGMARRSHI ngs

and descri bed jJ : i i Cri RELON; . i b | n t ood
that the i nvena%1 %Ir}lthﬁléh%gfﬂﬁl m ?@éﬁ? %ﬁﬁeﬁeﬁﬁgféfg?%%m&té% gg('eud},)tg tét (1?655%
capabl e of nuniiebyishe @sintassdgenwill sot fivddi dridyeifeony Howlewigterfdldtiontanbet hout

departing fromthe spirit of the invention as set forth and defined by the
fol | owi ng cl ai#§d tomake a petter fit.

20 Upon execution, at step 410, the quality mapper algorithm (14 or 214) obtains

the new estimates, g, m, &, etc., from the output of the estimator algorithm (12 or

212). At step 412, the algorithm finds the target C/I from the look-up table. At step



VWHAT |IS. CLAIMED IS: _a$_ 1. A nethod for perform ng quality-based power
control in a nobile communications system said nethod conprising 3} HESt86k
of: estimating an interference distribution and a path loss froma
plurality of 5 network neasurenent information. conputing a carrier and a
carrier-to-interference ratio fromsaid interference distribution and said
path | oss; mapping a predefined quality neasure, said conputed carrier said
estimated interference distribution and sgid estimated path | oss onto a
target carrier-to tO interference ratio, Said predefined quality measure

bei lit { t-han ier-to-j f in; and
nost gning. r es ik PESHERG hikor HESTu Rl B bl (st eI bl vl
carrier-to-int@ehewestRatkstihforaalet, and 'Eﬁivlides iieAgidated drdet @ €hn output for

carrier-to-interference ratio. 15 2. The nethod according to claim1,
wherei n said pisgbalthe power agatrokalgonithmdib endHi)- i nf or mati on conpri ses RSS

d i nf tion.,3, Th t hod ing to.claimi wher ei id
ot mmt i ng st ep 20 A8 ORLRRI A RFRY utfioh fr G GoRbdsc il e B P rEn 1 or
sai d int ey f er epip idliccassighWh a@?;opﬁlagé tSabsRhisTRRHoNEr 3RPs¢ AP fcSRSasiRARI/NY

said estimated standard deviation and said predefined quality neasure onto
sai d target catframethet“ehvirannicat’amab aceurately t2sk4he tatgpet Gdt(put omahelquedity o
anyone of the precedin | ai 1, wherein.said mobile c ni cat.i on ystem
o ses a ST 14g A1 dle ZessERamE i By SRR mEAEOE o PRort gt 5
wherein the ”Dﬁhbﬁ‘o&0Weﬁ,aFI(HDRESV@isemhg@ﬂwvbpﬁéwadiﬁﬁaﬂpfﬂat describes an
frequency- hoppi ng system 30 6. The nethod according to anyone of the
precedi ng cl ai enemphdig meitirod thet ces biematd togmplespent theromfeo corgeb]l wigohittam Aot num
1i kelihogd esti or. 7. Tk hod accqrding, to anygne of the preceding
cl ai o, her oi He3Iag by EFafR Bonfsr Fispnie Sed YORMA weiniGobiepg it
Erasure Rate. gscrlbhetRRbipdiAerA A thet SANMRNGletbd 8nd SPRAY rloRHE'S,
wherein. the assigning step further conprises the step of: = =zQ |~
- 29appl yi ng animplerssdingthapospertcontrelchlgaitbinf léodr216f physi cal constraints. 9.

The met hod accordi t o anyone of .the precedi ng cl ai further conpri.sing
the steps 0 5 _ ingﬁ?rts? ! tys‘éﬂ%ﬁﬁ&%&h‘i%‘&é‘iﬁ%@@rﬁ“dg%@rwlgbe used in all of

the present algorithms. As described above, the conventional power control

15 approaches offer no real solutions to the problems related to hardware constraints (e.g.,
output power limits and quantization). Additionally, external constraints may be
imposed that demand a certain power level. For example, the use of a Broadcast
Control Channel (BCCH) in the GSM requires the use of maximum transmission
power. Ifall ofthese constraints are summarized in the function f{ ), and the computed

20 output power is denoted by p, the true output at the transmitter will be f{p). Also, the
effects of time delays can be crucial for power control, and they should be identified
in order to be able to select appropriate counteractive parameters. In most standards,
the power regulator communicates with the transmitter/receiver only at pre-defined
instants separated by the sample interval, 7.

25 In accordance with one embodiment of the present invention, a PID controiler
can be used for the power control algorithm 216. The PID controller (216) comprises
a proportional component (P), an integrating component (I), and a differentiating
component (D). In general, the PID controller algorithm can be described by the
following expressions:

e(ty=7v (-0, (13)
30



updating a likelihood function with neasurenent report information from at

| east one neasurenent report of said sequence of neasurenent repo;gsggpngmg
conputing a plurality of values for an estinmated nean val ue of an
interference, an estimted standard devi ation value of said interference,
and an io estimated path loss, said interference arid said path |oss
derived fromthe updating step. 10. The nmethod according to claim?9,
further conprising the step of snoothing said plurality of values. 1S 11
The net hod according to claim9, further conprising the step o deriving the
estimated carrier-to-interference ratio using a transm ssion power val ue,
said estimated nean value of said interference, and said estimated path

| oss. 20 12. The method accordi ng to anyone of the preceding clains,
further conprising the steps of: i'fipttti*ig a*plrurality of values fdf) an
estimated nmean val ue of an interference, an estimted standard devi ation
val ue of said interference, and an 25 estimted path | oss; and responsive
to said predefined quality, converting said plurality of values to said
target carrier-to-interference ratio. 30 13. The nethod according to claim
12, wherein the converting sten,is .pstfianmed U8ihg-a | ook-up table15i~. The
met hod according to anyone of the preceding clains, wherein the regp ctive
transm ssion power |evels are controlled by a PID controller. 35 1 ~. The
met hod according to anyone of the claim1l to 13, wherein thz respective
transm ssion peuee O/EXaksotdd By £t By y DYT, acht/RBApling idtdlval &9pithily T.5€

met hod accordi ng to, anyone, of the precedlrﬁg *clains, further conprising the
steps of: i npuitithigSHY, I(dassthe griegrpior sinteee@nebeditor betivaen ba taret(Gbanskthet i ¢

and a si gnal LN cterjd st c;. and i a predefined quality
measur e, gj;ai d at” "%e%:@ioaﬁg Pn{{leq’lfie@@ﬁ%gwo}?‘grﬁﬂrﬁgﬁ??rg e’_ccéﬁgar acteristic and
said signal gain Chrlcadres tSiintdia@ M Retls@f thd hafkwa8@EdnsEintsOthe P et h&ces Cce
ratio. 17. The nethod according to claim 16, further conprising the steps

of : t 0 input tbaigertifiad{stons 864 anrd YheReeadl that f(zt summapisenige sethleftachofthe ssi on

power val ue, sai redefined.qual.it sut.e,. sai.d at, |,east, one ..
interference dﬁ%&?’%&ﬁ“ﬁ&ﬁw a&%ﬁﬂ?@f%%?ﬁﬁe%nﬂﬁ%ﬁsﬁt WingHR| C%P%apphed (step
characteri sti cso)tus wpAhtthdthé ﬂl%‘égﬁﬁéfé’tdt@égai@aﬂe?E&ﬁfuﬁﬁ%ﬂﬁ@pdv@ér'l&el, *hich@an The
met hod according td anyone of the preceding clains, further conprising the
st eps oft0 i denbd ¢xpiresgedhas foBaws: one tinme delay; determining if there are
physi cal constraints involved in performng a quality-based power control;

20 T
FQe+ Lyi=ICes 1ys —(flp s+ 13- p Lo+ 1)), (16)

T
If 7,=T,, the integrator state will correspond to the actual output, which is generally
desirable.

‘When the measurements are noisy, the differentiating part of the PID controller
algorithm (216) may over-react. A solution to this problem is either to omit the

15 differentiation (D) component or apply an approximate differentiation. The latter
effect can be achieved by the use of a low pass filter. However, since the target C/1,
Y. 18 Subject to abrupt changes, this approximate differentiation can be applied only
to the estimated C/1, y(z).

The effects of the time delays in the “environment” affect the choice of

20 parameters. Consequently, when time delays are present, it is preferable to omit the
proportional component (P) from the PID controller algorithm (216). If the P and D
components of the PID controller algorithm are omitted, the power output Equation

(15) can be rewritten as follows:



if there are physical constraints involved in performng the quality-based
power control, utilizing at | east one describing function to pred%cg;biﬁkgs
for oscillations in a local loop; and if there are no physical constraift
involved in performng the quality-based 25 power control, determning

| ocations of |ocal |oop poles that keep a power controller operating within
a stability region. 19. A nethod for perform ng quality-based power control
in a nobile conmmunications system conprinﬁg the steps of: 30 identifying
at least one tine delay; determning if there are physical constraints
involved in performng the quality-based power control; if there are

physi cal constraints involved in perfienmmgii.he quality-based powe(l7)
control, utilizing at | east one describing function to predict limts for
35 oscillations in a local |oop; and if there are no physical constraints

i nvol ved in peHfthene #ig nheorpgaimts yavehedd(isoér) =pbrandolf. fakd e inimrodyeed,

| ocati ons of | | hat, ;keep a power controller operating within
a stability réé%%ﬁphgﬂglﬁihgitbéﬁ%i -3120. The method according to claim
19, wherein said at |east one tine delay is equal to zero. 5 _ _ 21. The
met hod according to claim20, wherein said at | east one describing function
conprises at | east one discrete tinme describing function. 22. The nethod
according to anyone of the clai " 19 48 29« ‘WhEf%8in it is determ n€®that a
set of controller paraneters inply that said power controller is to stable.
23. The nethod according to anyone of the clainms 19 to 22, wherein said
limits conprise limits on power controller parameters. IS 24. A system for
perform ng quality-babéd Hatone Noc 655748982 ith Admgrsini ¢t @l.c thenfioHowingi algetthysis em
havi ng at Ieas@.éne base station and a plurality of nobile stations in
comuni cation $REPEF th, sai d system conprising: a power regul ator
associated with said base station and said plurality of nobile stations,
sai d power regul ator bei ng operabite o - Rotestdimat e an interferencd?
distribution and a path loss froma plurality of network nmeasurenent
information;, coppute a.carrier and a carrier-to-interference ratio from

sai d interferehbs SHPETHEAD ST HHECLAT d path | oss: nmap a predefined quality
nmeasure, said conputed carrier, said estimated 25 interference distribution
and said estinmated path | oss ontd‘a’t briget garmier-to interference(@®tio,
said predefined quality neasure being a quality neasure other than a

ier-to-integf tio;. i i t 114 i |
Such that _sai VRSBt & e PRIERY PHaRRa Gy B Eaa e el P B bR hoke
sai d target cafpd ﬁgmtit?ﬁ&i %}Sﬁe&%xﬁé@&@ﬁqﬁaﬁbh?2_0)39so%§ewﬁ5?ﬁm§é’é&n§é?v§t@€e%&l g to

claim 24, w herein sai il e comuni cations system conprises a GSI~I. 26.
The syst em accahradendgstribed PADmogtrd] algdréthmi N ably, ie st hemafieialtoi dpplyemitiaress

i [ kelih timator. 27. T t di t | aim' -4,
hor 61 m 1hi'a pheHER R B Hastbr a5 el by UL BE PR ur ¢ Rt o

TG )= pIO+ BCr -7 (), (21)
TS

Foe Use Hew U)o ——(f(I{+ 1)) - I(t+ 1)), (22)
r

ple+ b)=1I(t+1). (23)

In order to fit this algorithm in with the present inventive concept, a time-varying y,,(?)



-32 28. The system according to anyone of the clainms 24 to 27, whegﬁi R sg,%
power regulator is further operable to: assign transmtter power | (—:?’ILg Q
applying an anti-reset windup to reduce 5 effects of physical constraints.
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The C/1 is not available directly, and we can assume that the effects of using an
estimator (12, 212) are described by the transfer function (filter), F(g). Furthermore,
the gain from transmitter to receiver is denoted by g(z). The interference at the
receiver is denoted by I(#). As such, the C/I (in dB) at the receiver is given by
20 fo)+gt)-1(t). If it is assumed that g(z) and I(z) are varying slowly, the time delays

can be treated together, and the total time delay, n=n,+n,, can be defined. Also, itcan
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poles are inside the unit circle). The locations of the closed loop poles (when n=1) as

functions of the parameter, §, are plotted in the root locus plot shown in FIGURE 16,

f{ 1

where the “x”:s correspond to 5=0.
In order to observe the effects of time delays, the stability constraints on § for
15 certain cases are listed in the Table shown in FIGURE 17 (which illustrates the local
loop stability region given by upper bounds on £). As shown, the results yield
instability limits for f, and thus, larger § values will result in an unstable system.
When there are several active communication links, they will interfere with each other.
Consequently, the overall system can become unstable at a lower £ than illustrated for
20 this analysis. More generally, it can be said that local instability will result in global
instability, but local stability will not guarantee global stability. However, there are
indications that in most cases the global stability limit is close to the local stability
limit, even though this has not been proven in general.
Using describing functions in discrete time, problems can be analyzed that are
25 characterized by the block diagram shown in FIGURE 18. The system is composed
of a linear part with a transfer function, G(g), and a static non-linearity given by the

function, f{’), which is assumed to be odd (only for this simple example, but the results

can be readily extended to the case of an arbitrary static function).
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e P B o el TR S R o
%:& ()-= 10L Leobptéx plane for dlfferent Ns and Cs, and the solution, C=C,, N=N, found that yields
an intersection with -7/. The solution can also be found analytically in some cases.
This method is referred to as “describing function analysis™.
The above-described techniques can be applied in the case of the power control
15 ,algorithm‘ in local loop as illustrated in FIGURE 15. First, the physical constraints
have to be identified (step 502), and here it can be assumed that they can be described
by FIGURE 19C below. As such, consider the case where n=2. The loop gains can
be plotted for different f.s, and it can be determined ifit is possible to solve for C=C,
and N=N,. Assuch, FIGUREs20A and 20B are related diagrams that show the effects
20 of quantization and saturation on the error signal, e(2), together with the set of possible
N, and C constellations. FIGUREs 20A and 20B demonstrate that it is possible to
solve for C=C, and N=N, when $=0.5, but not when =0.4. Hence, oscillations are
predicted when £=0.5, but not when f=0.4, which is correct according to the
simulations shown in the left column of FIGUREs 20A and 20B. It can be observed
25 that there is a fundamental difference between the asymptotic behaviors of the
systems, whereby the system with the smaller £ converges to a fixed value, while the
other system does not (even though both systems are well below the stability limits for

the system with the non-linearities removed, such as seen in the Table of FIGURE 17).
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“Bpower 1) LAegeoiase et R a B e eraiisope e Moserlonithg B e ()
WQ "10% _h_& éivib@h adifidt Dpdksible WM bf FIE.0P&&itplicity, the focus of this example
15 is on a specific (user) connection using a single channel. At the instant of time, #=3s,
the interference as experienced by that specific user increases as illustrated by
FIGURE 22A {e.g., by about 6dB). Additionally, the output power is subject to
hardware constraints. As such, two situations can be considered, as illustrated by
FIGURESs 22B and 22C. For the first situation (FIGURE 22B), there are no time
20 delays present in the “environment” 218 (n,,=0 and n,=0). Asshown in FIGURE 22B,
the output power thus has an upper and lower limit. For the second situation (FIGURE
22C), there are time delays present (r,,=/ and #,=1). As shown in FIGURE 22C, the
output power is thus quantized in 2dB steps, and also has an upper and lower limit,
The recovery abilities of the different power control algorithms described
25 above, when subjected to a step increase in the interference, are illustrated in
FIGUREs 22A-22C. FIGURE 22A illustrates the recovery ability of the MDBA,
FIGURE 22B for the power control algorithm disclosed in the above-described article
by M. Almgren, K. Andersson and K. Wallstedt, and FIGURE 22C for the preferred
PID power controller with anti-reset windup. The results in the two sifuations (no time
30 delays versus time delays) are shown. The first and third columns from the left

illustrate the output power levels for the three power control algorithms in the two
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reset windup is applied, and at step 514, the new power value, p, to be output by the

power control algorithm (16 or 216) is calculated.
Although a preferred embodiment of the method and apparatus of the present
15 invention has been illustrated in the accompanying Drawings and described in the
foregoing Detailed Description, it will be understood that the invention is not limited
to the embodiment disclosed, but is capable of numerous rearrangements,
modifications and substitutions without departing from the spirit of the invention as

set forth and defined by the following claims.
20
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2. The method according to claim 1, wherein said plurality of network
measurement information comprises RSSI and QI information.

3. The method according to claim 1 or 2, wherein said estimating step

20 comprises estimating a mean and a standard deviation for said interference

distribution, and said mapping step comprises mapping said estimated standard

deviation and said predefined quality measure onto said target carrier-to-
interference ratio.

25 4, The method according to anyone of the preceding claims 1, wherein
said mobile communications system comprises a GSM.

5. The method according to anyone of the claims 1 to 3, wherein the

mobile communications system comprises a random frequency-hopping system.

6. The method according to anyone of the preceding claims, wherein

the estimating step is performed with a maximum likelihood estimator.

7. The method according to anyone of the preceding claims, wherein

Lad
L

said predefined quality measure comprises a Frame Erasure Rate.

8. The method according to anyone of the preceding claims, wherein
the assigning step further comprises the step of:
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- inputting a sequence of measurement reports;

updating a likelihood function with measurement report information from at
least one measurement report of said sequence of measurement reports; and

computing a plurality of values for an estimated mean value of an
interference, an estimated standard deviation value of said interference, and an
estimated path loss, said interference and said path loss derived from the updating
step.

10.  The method according to claim 9, further comprising the step of
smoothing said plurality of values.

11.  The method according to claim 9, further comprising the step of:

deriving the estimated carrier-to-interference ratio using a transmission
power value, said estimated mean value of said interference, and said estimated
path loss.

12, The method according to anyone of the preceding claims, further
comprising the steps of:

inputting a plurality of values for an estimated mean value of an
interference, an estimated standard deviation value of said interference, and an
estimated path loss; and

responsive to said predefined quality, converting said plurality of values to
said target carrier-to-interference ratio.

13.  The method according to claim 12, wherein the converting step is
performed using a look-up table.

14.  The method according to anyone of the preceding claimé, wherein
the respective transmission power levels are controlled by a PID controller.

13, The method according to anyone of the claim 1 to 13, wherein the
respective transmission power levels are controlled by an MDBA.
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16. The method according to anyone of the preceding claims, further
comprising the steps of’
inputting at least one interference distribution characteristic and a signal
gain characteristic; and
5 mapping a predefined quality measure, said at least one interference
distribution characteristic and said signal gain characteristic onto said target

carrier-to-interference ratio.

17. The method according to claim 16, further comprising the steps of:
10 inputting a transmission power value; and
mapping said transmission power value, said predefined quality measure,
said at least one interference distribution characteristic and said signal gain
characteristic onto said target carrier-to-interference ratio.

15 18.  The method according to anyone of the preceding claims, further
comprising the steps of:
identifying at least one time delay;
determining if there are physical constraints involved in performing a
quality-based power control;

20
if there are physical constraints involved in performing the quality-based
power control, utilizing at least one describing function to predict lLimits for
oscillations in a local loop; and
| if there are no physical constraints involved in performing the quality-based
25 power control, determining locations of local loop poles that keep a power
controller operating within a stability region.
19. A method for performing quality-based power control in a mobile
communications system, comprising the steps of:
30 identifying at least one time delay;

determining if there are physical constraints involved in performing the
quality-based power control;

if there are physical constraints involved in performing the quality-based
power control, utilizing at least one describing function to predict limits for
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oscillations in a local loop; and

if there ar no physical constraints involved in performing the quality-based
power control. determining locations of local loop poles that keep a power
controller operating within a stability region.
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delay is equal to zero.

5 21.  The method according to claim 20, wherein said at least one
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describing function comprises at least one discrete time describing function.

22.  The method according to anyone of the claims 19 to 21, wherein it
is determined that a set of controller parameters imply that said power controller is
10 stable.

23.  The method according to anyoune of the claims 19 to 22, wherein
said limits comprise limits on power controller parameters.

15 24. A system for performing quality-based power control in a mobile
communications system having at least one base station and a plurality of mobile
stations in communication therewith, said system comprising:

a power regulator associated with said base station and said plurality of
mobile stations, said power regulator being operable to:

20 estimate an interference distribution and a path loss from a plurality of
network measurement information;

compute a carrier and a carrier-to-interference ratio from said interference
distribution and said path loss;

map a predefined quality measure, said computed carrier, said estimated

25 interference distribution and said estimated path loss onto a target carrier-to-

interference ratio, said predefined quality measure being a quality measure other
than a carrier-to-interference ratio;

assign respective transmitter power levels such that said computed carrier-
to-interference ratio substantially tracks said target carrier-to-interference ratio.

25. The system according to claim 24, wherein said mobile
communications system comprises a GSM.

26. The system according to claim 24, wherein said estimate utilizes a
maximum likelihood estimator.
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27. The system according to ciaim 24, wherein said predefined quality
‘measure comprises a Frame Erasure Rate.
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28.  The system according to anyone of the claims 24 to 27, wherein said
power regulator is further operable to:

assign transmitter power levels by applying an anti-reset windup to reduce
5 effects of physical constraints. '



