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control system necessarily makes power estimates based upon incomplete

information. If a power estimate is too low, then the signal will not be received at

the other end of the transmission; but if the power estimate is too high, then the

20  signal interferes needlessly with other users. Both the problem of low power
estimation and the problem of high power estimation occur in the prior art, due to
inadequate estimation methods. See, for example, 3™ Generation Partnership
Project;  Technical  Specification @ Group  GERAN; Digital  Cellular
Telecommunications System, Phase 2t; Radio Subsystem Link Control (3GPP TS

25 05.08 V8.6.0, September 2000, Annex B, pages 85-88). This is a problem in the
downlink from a base station to a mobile device, and in the uplink direction as well.

A further problem with prior art is the problem of fixed bit rate. When bit

rate is fixed and constant, then transmission power is correspondingly limited. If

the fixed bit rate is high, then high transmission power is required, which may

30 induce excessive interference. However, if the fixed bit rate is low, then the
transmission is slower (i.e., large transport time) and the transmission channel is
occupied longer at the expense of other users. It is therefore evident that a fixed bit

rate makes it difficult or impossible to adjust transmission power so as to minimize

both transport time and induced interference. This is a major problem in prior art,
1
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both transport tinme and induced interference. This is a major problemin
prior art, 1 CONFIRVATI ON COPY WO 02/ 054622 PCT/ 1B01/ 02715 wherein the
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nobi | e t r andi#R$MISHION POWSE 6 @dfen Pot gxplediedr Hop cxprple, daribe aiﬁtvnbnk,smvv%y be

art t senir queinFEER i BRbRh i LEBRA Bk Bt Rl Bl ABRRu'
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the induced in en roblem.and the tra ort obl e
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throughput with lLower system |nterference The met hod and device of . the

present i nv&fRULE AN SragymMission pRweE ad dnd qc?%tﬁ}sq?ﬁw HHETATTERER. aRFPRRYS in bit
appropriate t . acconplish this, a set of
i nput par am%%?@%gbéoﬁhgéeﬁo ca\{il PQ{t de{)?é rate and 25 transm ssi on power
that mnimze a cost function representing induced interference and

transport delay. A conmand signal indicates the calculated bit rate and
DISCLOSURE OF THE INVENTION

15 The central idea of the present invention is to select bit rate and transmission
power so as to minimize the induced interference problem and the transport delaty
problem. According to the present invention, neither bit rate nor transmission
power is constant. In comparison to methods with fixed bit rate or transmission
power, the present method makes better use of the available radio resource in

20  diverse load conditions, and the result is higher throughput with lower system
interference.

The method and device of the present invention provide a wireless
transmission signal having appropriate transmission power and bit rate. To
accomplish this, a set of input parameters are used to calculate bit rate and

25 transmission power that minimize a cost function representing induced interference
and transport delay. A command signal indicates the calculated bit rate and
calculated transmission power in response to the input parameters which were
provided by an input parameter signal. The invention then provides the
transmission signal having the bit rate and transmission power dictated by the

30 command signal.



cal cul ated transm ssion power in response to the input paraneters which
were provided by an input paraneter signal. The invention then provides
the tramso0y6i4622 si gnal having the bit rate and transn SBCDIBROAES
dictated by the 30 command signal. 2 WO 02/054622 PCT/ 1B01/ 02715 The

command si gnal i rovidedq b .conpug i nodul e.in respanse to the._input
paranmeter si gnal &hgt?Qmﬂ?Hﬁraﬁlé‘ag ilsgﬂlgﬁ’lciegqg'e?:QPWBWIII%/TDQ&]F&HSIH‘?HOPE‘? t%@&yl e,
whi Ch pr ovi gt bhgnleidelapS 18R Siaiald BRKAINY (hAsvdal by bakmsAltbr kel Sston
power determn y the conputing nodul €. 5 This invention can operate in
ei ther the wiicnkrovidesdhe aandpission fsigmad havimbiliecbit dateiand transmidsamepsrat i on)

or the dowmnlink direction (i.e. froma base station to a nobile device),
or both, i ndstefpined dydhe eqapBingAPEHEi ons system This invention is
especial Ly desig syst i r 4.0

Bri ef Deécri pti oﬁ%g% {WQ%‘%PO&%%O‘E’%}S& i%gﬁéé}%hggsgﬂl% ﬁg\%)\?tgﬁ\é@te' g%%&wﬁ%obé eps of
an enmbodi ne@kvieé tb RELARE &ERdL) ok THE Wolwdlink Flibliéh 4.4.Sfrémda dQEAREHPW Ag how
the invention works in the uplink direction. 15 Figure 3 is a diagram
showi ng howmdbdlegiewiseh or bathe in i ovirelesskeletommhpicatinpgrsystea. dThie davieaton Bi gur e

4 is a diagram show ng how t he present .invention works regardl ess of

whet hor 1 1 afaeEd S actlir i Bty ORRL PP A BoRhovs & he
structure of a nobile device according to the present 20 invention. Figure
6 shows the structure of a base station according to an enbodi nent of the

pr esent 10 nv @rief @escriptipnred the Provmghow a nobi | e device, a base station, and

a radio network controller _interact. accordi ng to an, enbodi nt of the
present inventi orfigure 1 is a flow chart showing steps gof an embodiment %‘E t_ﬁe present

invention.
Figure 2 is a diagram showing how the invention works in the uplink
direction.
15 Figure 3 is a diagram showing how the present invention works in the
downlink direction.
-Figure 4 is a diagram showing how the present invention works regardless
of whether transmission is uplinked or downlinked.
Figure 5 shows the structure of a mobile device according to the present
20  invention.
Figure 6 shows the structure of a base station according to an embodiment of
the present invention.
Figure 7 shows how a mobile device, a base station, and a radio network
controller interact according to an embodiment of the present iﬁvention.
25
Best Mode for Carrying Out the Invention

As can be seen in the flow chart of Figure 1, the best mode for carrying out
the present invention essentially involves providing a set of input parameters,
calculating from those parameters the bit rate and transmission power that minimize

30  cost, and then sending the transmission signal having the calculated bit rate and the
calculated transmission power. This method provides a transmission signal having

appropriate transmission power and bit rate in a wireless telecommunications
3



25 Best Mode for Carrying Qut the Invention As can be seen in the flow
chart of Figure 1, the best node for carrying out the present invention
essent i alw@ or/ess6i2ves provi ding a set of input paraneters, PCraBawkasi ng from
those paraneters the bit rate and transm ssion power that mnimze 30 cost,

and then sending the transm ssi,on _sianal .having the cal cul at. bit rate and
the cal cul §¥S§ﬂ%t r%ﬁs%agg) orf g\?\%@%ﬂ'}%@?@t RS IBr 8‘}}?@8@% V‘f&%ﬁ&% %%qaeon
si gnal havi QgisigR Riudiile absd gﬁ@ﬂMAé' q?ql)ma I'thid 'Qilpianofv@Tsf‘gnhI@ tFn¥niRldess
t el econmuni cat i ons WO 02/ 054622 PCT/1B017 02715 system for exanple a
t el ecommuni bdetweens mylsitecdavane@0mndregbase dtatian R6casdeen ifi Figareod, imthe¢ codtextaccess

(WeDMB) . Typically, this will involve si |s transmtted between a nobile
devi ce 20 aRf 28 ‘Bé'é‘eltoé’Pd%qv%?ﬁ opgirgls SELEIR ﬁ: YEPY BInckon fepgesepigt Bducedot an

open | oop p r ThescC neld s,:.l.nduced 5
I nterf ergncgﬂ{gﬁg‘é@ &anaglgo?r?&%g{paééa}é’ngﬁ? hgls%tst{%lg B}réggrgn{ﬁ%t\?/%ﬁ? % oar%llnf'glésii %i med
at  m ni m zimiginhiRingriferfer@ce antdelgt.ay. Figure 2 shows a preferred

enbodi nent of the best node, in which the transm ssion signal 22 goes in
the uplink directhigier? shovhae piskirres gabpdimenp of ghe fhest made b atichnthes.

Ho , th enbodi t f the b ..mde,. th t. 10 i ti
can oper at o TPRIRISSOR SRR 2 Eafs B S RIGireigR from ThmoRfioeTictpd Mol
control syshem 8t 261 9o eder, Rﬁ%ﬁh&' @rlﬁ_ﬁo&fneme&hﬁfe HRE midRNIME Hidsemt

signal 22 is in the downlink or the wuplink direction, the nethod and
devi ce b tlinveptiessan opexagmin the dewnlink direction; @mseerriim diree oggn uipcpowe
I ndependent of the tr nP .sion direction. Figure 4 shows that a 15 command
signal 39 iQOT}FQ}\ﬁyﬁtSHI%Or]g@% e to an input paraneter signal 47. The

command signal  NggeoardiBg Htvattener e ?ﬁh&xﬁﬁaﬁlcsﬁgﬁia%h%%’tﬁé BBRESHOTheD! t

rate and calculated transm ssion power, In turn have nmagni tudes
sel ect ed t ouplink direetions thostethod rantli davideeqli #as gredeng iriventivrechn bd e¢ehefremce and
transport delay. Figure 4 also shows that a_ transnission signal 22 is
provi ded i nFigEpdn3dighoisindepersdentabths tipmngmission direction. Figure 4’shows that a -

15 command signal 39 is provided in response to an input parameter signal 47. The
command signal has a magnitude indicative of calculated transmission bit rate and
calculated transmission power, which in turn have magnitudes selected to minimize
a cost function representing induced interference and transport delay. Figure 4 also
shows that a transmission signal 22 is provided in response to the command signal -

20 39, and the transmission signal 22 employs the calculated transmission bit rate and
the calculated transmission power. ‘

Returning to Figure 2, which involves an uplink transmission signal 22, an
additional step involves a broadcast parameter signal 24 being provided by the base
station 26. This broadcast parameter signal 24 has a magnitude indicative of at least

25  one of the input parameters. In other words, at least one of the input parameters
can be broadcast to the mobile device 20. The input parameter signal 47 shown in
Figure 4 is provided in response to the broadcast parameter signal 24, and may
include the broadcast paremeter(s) as well as other parameters that need not be
broadcast from the base station 26.

30 Figure 3, which involves a downlink transmission signal 22 from the base

station 36 to the mobile device 30, exemplifies the situation where the command
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20 39, and the transm ssion signal 22 enploys the cal cul ated transm ssion
bit rate and the calculated transm ssion power. Returning to Figure 2,
whi ch i nwobvEes4e22 upl i nk transm ssion signal 22, an addi pPCOMRI1/02116p

i nvol ves a broadcast paraneter signal 24 being provided by the base

station 26. This_pr.oadcast  paraneter signal 24 has magni t ude indicative
of at |east S’ﬂﬁaloﬁg i§rpropided EFE’U? ﬁfﬁ]"aﬁgfvg?lg.copﬁoﬂ‘?rhéf %&Bs}?asﬁtﬁﬁugﬁsf ‘one of
the input p r:s: ; i1l [ L.nput
bar aneter Sriaureh iPis ERRIREpREBAA e iy TRAY 139 IBE geflrdisd B ek

br oadcast pantuebt evititin gthal badé, statieh 36y withowt! irdelvelenbrafatheasddiparcenaker (s)

as well as other paraneters that need not be broadcast fromthe base
station 26. CQUf(ﬂle@@ﬂe 3, which involves a downlink transm ssion signal 22

fromthesb t gt i t [ deyvi : i f.es,. .
S tusti of where 1D SRshandtoh o DY) blyoShEint mEHEobH el |
provi ded by impéiit Oron GhAEEKnE ARE NRdERYing lpriiflBe Page tShathission SfowerHRvever,

it is certainly possible for the command signal 39 to be generated and sent
entirely wi tdpsirabiehte dnauxe rerentionrat 36 opnrosibe devips dnddrigh trapsmissien pawenis

network controller 31. order to.properly and fully undefstand the
present i nvét??i%‘ﬁl,rali’l‘? Siost%‘# Br?)tartf%{ﬁlﬁmslsw u e?csciﬂﬁﬁa atf‘l'@{lt}ﬁﬁé%? 3)1;}16“({1%‘13
pri nCi pl es. wifiglh bUANANELSE | AAnRAVERd Id8lay BESOhEDLEGL0 AR FBAAPL ik at

t he opposite device, and high transm ssion power Is also desirable so that
dat a t r d0snmistsirelatioa beeenthabitaatei @ abd the ahesniisyiompdweh ¢ may bbgiten
overutilizing c,hz%nnel s and del ayi ng ot her users. A sinple nodel of the 10
interrel ati &% Hed@@Hat he bit rate (b) and the transmi ssion power (p) may
be given by this formula: EL | P g p,; (1) which shows that a higher
transm ssi on power (p) allows a pi ift, rate (b) in a WCDM syglem In
formula (1), "L" represents pathl oss Gwhi ch measures the

which shows that a higher transmission power (p) allows a higher bit rate (b) in a
WCDMA system. In formula (1), “L” represents pathloss which measures the
15 amount of signal attenuation, “I” is the total interference, “C” is the chip rate, and
“E” stands for “ebno” which is the ratio of received bit energy to received total
interference density required for proper signal decoding.
Despite the desirable advantages of higher transmission power (p), higher
transmission power will also tend to cause more induced interference (Z;), which
20  may in turn disrupt other users. In other words, raising or lowering bit rate (b) and
transmission power (p) involves a trade-off between induced interference (/i) and
transport delay (d). Thus, selecting high transmission power (p) and/or bit rate (b)
has associated costs, just as selecting low transmission power (p) and/or bit rate (b)
has different associated costs.
25 Preferred embodiments of the present invention minimize a linear cost
function F(b) that is linearly dependent upon induced interference (Z) and transport

delay (d), and thus the cost function represents the aforementioned trade-off:
F)=K,+Kd. @
Throughout this disclosure, “K” with a subscript indicates a quantity that is
30  independent of bit rate (). It can be assumed that the induced interference (1) is

5



15 anmount of signal attenuation, "I" is the total interference, "C' is the
chip rate, and "E" stands for "ebno" which is the ratio of received bit
energy tovoeveisgrd total interference density required fpeT/pBIPRTISSI gnal
decodi ng. Despite the desirabl e advantages of higher transm ssion power
(p), higher _ transm ssjon

.will al t ! i nduced

i nt er f er enc SITESEY) Proppytiopal tg 811\,\‘,?6}%9 Vrm?tﬁ @ﬁ?‘f\'ﬁz‘éﬁ g;g,ﬁ%)o OISI g%’?sﬁgg:cg? Ib?g ﬁgsg’fel}‘?gr

ds, i si I [ bjt .rat d .t 1, SSi- ' I
& trade. of f BRCReEAPRERRY (it SR EreRl afppri ol B R Bl ety o' VS
Thus. I : * R : :
associ ated_ Brgertbaileh EDIGE (PR B mabY 23 FiveR!the WiRporkime P 1 |
rate (b) hagdif E%ﬁﬁibh (@5 RRFfEEadsAd e fofowile Wiler€ ol eaRPRdIRNKS: Of the
present invention nimze a linear cost function F(b) that' is'Tinearly
dependent upon induced interference (Ir) amnd t¢ansport delay (d), and thus

the cost5function represents thel@)er Ement i trade-off: F(b) =K@ +K2d
(2) Throughout this disclosure, "K' with subscript indicates a

guantity th i T arel=Yel bt . .di -phat
the i nduced{ﬁlE g{%”%?lé%ce (L§}dd|%§$ f@ﬁe\%&,&é g%nzsggngdéfrf%rfBg%e %%%%gﬁltg??g]é%t |y
propor ti onalespectt tve tha bitr atee (b)) amd seihaliis | derikatide equddets gero. | tUsiag ths
assunmed that the transport delay (d).is inversely proportional to the bit
rate (b) an@resedwes itys found dhaticosinia minnizebWhert Rib rats isgivespy dys forguly =g/ p
gives the transport tinme of a packet: uation (2) therefore leads to the
follow ng, where we set K4 = KI1K3_: gzP( ) =K4b+K2bS . (3) In order,{o
mnimze this cost function, we carysiknply differentiate equation ((%i W th
respect to the bit rate (b), and set this derivative equal to zero. Using
this pngcedure, NdticeShat0Ysdldrb@bitCAEs, e§udtion (B) dRtht¥d eat Bhd furktien iFBisgi ven
by this formula: (4) b= F4~S

approximately equal to Ksb. Likewise, for large time delays, we have small. bit

rates according to the formula d =S/b discussed above, so equation (3) tells us that

F is approximately equal to Kz.S/b= Kxd. Because our object is to limit cost, we
assume that cost () above a maximum amount is not allowable, and therefore we
15 find that K2 . D can be equated to K+ . B where “D” is the maximum value of
transport delay (d) and “B” is the maximum value of bit rate (). Inserting this

result into equation (4) allows equation (4) to be rewritten as follows:

B
b= 5.5. )]

It is straightforward to obtain from equation (1) a formula for the maximum
20  value “P” of transmission power (p) that applies in the special case when cost (F) is
at its maximum:

P=E-L-I

.B. ©)

This formula (6) can now be used to eliminate the maximum bit rate (B) from
equations (1) and (5), and it is then useful to solve for transmission power (p) and
25  Dbit rate (b). We are thus able to reach the following two novel formulae for bit rate
(b) and transmission power (p) in terms of packet size (S), chip rate (C), maximum
transmission power (P), maximum transport delay (D), ebno (the ratio “E” between

6



10 Notice that, for large bit rates, equation (3) dictates that the
function F is approximately equal to K4b. Likew se, for large tine del ays,
we have sv@bt/ps4bizt rates according to the formula d =S/ brdi/sRussad above,
so equation (3) tells us that F is approximtely equal to K2 . S/ b= K2d.
Because our object is to limt cost, we assune that cost (F) above a

maxi num anolfselvied bifenersy| apapeadvedstoinl inererasedansity sequited fonptoprpsigiilcan be

equated to K4 ... "Dy . ' 1l ue of transport delay (d)
and "B" is E%Ceod@’i %E%S%Sa@&’ea{no%ft%g‘?fﬂ%%@%ow Inserting this result into
equation (4) allows equation (4) tg—wnten as follows: b= (c).S. (5)
It is straightforward to obtainaf= FH—GE-H-&H- on (1) a fornula for thé7maxi num
20 val ue "P" of transm ssion power (Q)') that applies in the special case
when cost (F) is at its maximum P E -C . B. (6) This fornula (6) can now
be used to elimnate the maxinumbit rate (B) from equations (1) and (5),
and it is then useful to solve for | T$Spon power (p) and 25 bit rate
(b). W mare thus able to reach the mm novel formul ae for8bit
rate (b) and transnission power ([3’) i Pternms of packet size (S), chip rate
(O, maxinu transm ssj ower.. (P X] transport. del a ) bno
(the ratio uati?é’tgweﬂld @Tﬁ%%W@S%&fﬂ%éf%gﬁﬁ‘J% SSI?%@B?V%.%&O?H%&P%&H gy
and recei vegeitQt@hcdofifig E@f&r@%séiﬁ Riptendiod, SRY SR a QPRS thé APRhlink,

decodi ng), pathloss (L); and total interference (1): S.C.P b=DEL.T (7)
S.E. L.I.P 5ugng dp8h lodp pGwErwaniralns A1V of ahme quajtitiex empthief sightahantisides aife ( b)
and transm ssi on power can be selected accordi ng,Itlc?ucE he . present

(
i nventi on, F%l}atlpﬂe<7&p«mdn2§>aﬁm dRput oparpieterfo ikt jpy be included in the mput

10  parameter signal 47 shown in Figure 4.

To compensate for a possible bias, the ebno parameter (E) could be
regularly édjusted so that it is slightly increased when a frame error is detected, and
decreased when a frame is received correctly. The amounts of increase and
decrease can be selected to give a target frame error rate, on average. Uplink frame

15 errors can be directly detected by a radio network controller (RNC); for detecting
downlink frame errors, the RNC can use information about retransmission requests.

When the cost of a transmission signal in the uplink direction is to be
minimized, ebno (E) and total interference (I) in a particular geographic sector can
be broadcast to the user equipment (UE), and the UE can then use these broadcast

20  values to determine bit rate and transmission power according to equations (7) and
(8). Moreover, the UE can approximate pathloss (L) from the measured signal-to-
interference ratio (SIR) of a common broadcast channel, the broadcast channel’s
transmission power (BCTP) also being broadcast.

The formulaec (7) and (8) can also be used to select bit rate (b) and

25  transmission power (p) for the downlink. In that case, the radio network controller
(RNC) can approximate the product of pathloss (L) and total interference (I) because
that product is needed to calculate the transmission power and bit rate.

There are various alternative ways for the RNC to approximate the product
of pathloss and total interference. The first way assumes that the RNC has recently

30 received a measurement report from the UE, including the signal-to-interference
7



usi ng open | oop power control. Al of the quantities on the

ri ght - hand-sides of equation (7) and (8) are input paraneters that may be
i ncl uded wano2/a6input 10 paraneter signal 47 shown in Fi BOT/@&B04/02716
conpensate for a possible bias, the ebno paraneter (E) could be regularly

adjusted so that_ it i.s slightly increased en frame error i s detected,
and decr eas¥ \t%’gﬁl of the 8‘?@“’1"%&%@@%& a%&?@&q Iaan) afﬂﬁ“"én%‘%% ey ease
and decreaggrcan g 8! BE! RileilvBd Hotfimdn t AR ?Bg@? ®F 1Ry 1biaf GwidePand
average. Uplink "franme 15 errors can be directl etected by a radio

net wor k contintetfexncd. RNfhe nieasuredt R} itogetheatowithi sektok riatak teansmissiont pewdNC can

use information about retransm ssion requests, \Wen the cost of a

transmi ssi ofSE{RQndiroadsast thapgal jtrapsepission; poyrer BGTd)p andripknged < measHisd( £)
and total i .er e i p iul ggeogt i e

br oadcas% t %?’rﬂjelﬁ% Sgofd%eé%}lho Oiﬁﬁﬁty( @Fdaﬁg&fl hgl%ugﬁgd;lﬁg tqrsgeﬁétﬁfsoésc taaﬁl gs g&al
broadcast ZfeMateies t0 determ ne bit rate and transm ssion power according
to equations (7) and (8). Mreover, the UE can approxi nate-pathloss (L)
fromthe nmeasured signal -to- j nBéfFer ks 0 (SIR) of a common gbgadcast
channel , the broadcast chanhel™ sgp ransm ssi"on power (BCTP) al so being
broadcast. The formulae (7) and (8) can also be used to select bit rate (b)
and 25 tr akdgiresy showsavieasygmend reponiesigiaaldSiprvidedhby ket mebideedeviides3® todi o
network controller R can,approxi mate the prod of pathloss (L) and
Fotal i nt o £5 R §cdons PR TRGY Jepor b o ok e & BRgridte
transmi §§i ogn ek GNchelidred AR:  NWRE S’ Rrvdlal @YScal VaHNaksiy beva¥gvdor the
RNC t o approxi mate the product of pathloss and total interference. The
first way astpebescdllyaiomhie fRNGwhmsifoueequitiops: 30 recei ved a neasur enent
report fromthe UE, including the signal-to-interference 7 WO 02/054622
PCT/ 1B01/ 02715 ratio (SIR of= {ives Edmmor lhesadcast channel, and 189
assunes that the nmeasured. SJR is that of the received cormmon channel power
to the total wideband it é&rfeddn@e it meaddved SI R toget her vvi(tlﬁb)sect or
total transm ssion power (STTP), broadcast channel transm ssion power
(BCTP), and planned or neasuredyp — TP : (10c)

L.T,

STTP

15 I =
INTRA T

(10d)

Equation (10a) is simply a statement that total wideband-interference (7, ) may be
defined as the sum of intra-cell interference (1), inter-cell interference (1 :z),
and noise ([,,;;) such as thermal noise. Equation (10b) indicates that, in the

downlink, the observed total interference (I) is somewhat lower than the total

20  wideband interference ([, ) given by equation (10a), due to orthogonality of codes.

Equation (10c) is simply a consequence of SIR measuring standards. Equation (10d)

indicates that the intra-cell interference (I,.,) is equal to the sector total

transmission power (ST7P) divided by the pathloss (L) between the sector antenna
and the UE.

25 The second way for the RNC to approximate the product of pathloss (L) and
total interference (J) is by estimating the average pathloss-interference factor in a
sector, based on transmission powers of active users in the sector. Fast closed-loop

power control adjusts the transmission powers to just outbalance the downlink
8



5 downl i nk code orthogonality (DCO, yield the product of pathloss and
total interference: LI BCIP - DCO' STTP. (9) SIR Figure 3 shows a
measur enavid 02/eé53622t si gnal 35 provi ded by the nobil e devi ceCBBBXIO2715he base
station 36, and this neasurenent report signal 35 may have a magnitude 10

R TR R O e _
18 O Ry o b OB A U g 17

statenent tégio (K} ahd “hipeRan dC),i yitldideethénaeerapd \pathibosstiterfelehicenadtorsfokhe sum
of intra-cell interference (Il,,, TR ), inter-cell interference (INER and

noi se (1 NO S¥j userefin the sepféF'mal noi se. Equation (10b) indicates that, in the
downl i nk, the observed total interfe epce (1) is sonmewhat |ower than the

t ot al 205wi deband interference .Vt by equation (10a), due (1)
orthogonal ity of codes. Equation (]N b,Ez sinmply a consequence of SIR
measuri ng standards. Equati on (10d€ [ nd| cates that the intra-cell

i nt er f er enc&h ‘{IarCRFFRPJ oks thigusfptittisalk Hernae t dO) t dapgnds M’Qﬁs@ﬁsﬁ‘i‘lﬁhﬂp@%r
STTP) d t hi t h he UE.
5 The secofistiyon of VRt RBR, felosy ShRn ol Foceh ofr, BRLER Baoh Put™C )

and total QORfeg rsfa%ﬁm Foridulad Soulkty b€ SWakraBict NAstt e PSR BRging formula (11);
pathl oss-interference factor in a sector, based on transm ssion powers of

acti ve user foriaxamiple, desstthan alfadtthe H\bg@ds tuodpe sqstomegoulbhe sanplady awt/er ehe
transm |on rs to just, .ou he do |ink, 8 5462
T 18080 02BN vRIAge eOH, B rEefide ard(eF af olfSensidbradied 5 M P gy
pat hl 0ss-i nEERIRILENTS ab@ 88N Riterference (7).

The third way for the RNC to approximate the product of pathloss (L) and

total interference (/) is as follows:
L-I1=Q1+ICI-DCO)-STTP. (12)
15 This formula (12) assumes that the mobile device is located in a sector where
interference from outside the sector has a fixed ratio (ICI) to interference from

inside the sector, and also assumes that noise (7,,,;) is negligible. Note that

formula (12) can be easily derived algebraically from equations (10b) and (10d).
The ICI value may be measurable, or alternatively a constant value suggested by
20 radio network planning may be used (an ICI value of 0.5 is typical).
As discussed previously, the present invention involves a method as well as
a device for carrying out that method. Figure 4 shows two essential components of
the best mode for carrying out this invention: namely, a computing module 43 and a
transmitter module 44. The computing module 43 essentially takes the input
25  parameters:and uses them to calculate the appropriate transmission bit rate and the
appropriate transmission power, and those two appropriate values are then
communicated to the transmitter module 44 which then sends a transmission signal
having the bit rate and transmission power dictated by the computing module 43.
A mobile device 50 according to the present invention is detailed in Figure

30 5, and this mobile device 50 interacts with a base station 56. Of course, it will be



can be determined fromthe individual transm ssion power (pl), bit rate
(bi), planned ebno (Er) and chip rate (C, yielding this average

pat hl osswabrefser2ence factor for "N' users in the sectorPCNIE02115 C |1 p
(11) N i=1 b0 The accuracy of this statistical fornula (10) depends upon

t he nunber ri n of ers ct or ccuracy of
pl anned eaneﬁaH OOdC#Y'uéﬁ SEt%?I?J%‘t 1ncg1le ?r&)pﬁfﬁsg U alt &ngéﬁmheéf 5% nst ead
of the avergaging. 1@ and Slgnals @At £XWRRly RIS ahh @R Jreht fnk}@mh&rysers
in the sectgfgd cou sarrijlegdla Sand/ or a 100 \X/el ghted ave a]{%e could
enpl oyed, aﬂﬂé@rflgaresodld siet detaﬂl mebﬂalgzddkhdr tfenttdee. wlpclmdnn:yt be oﬁclmmdhimas (L)
and total |nterference (D i/for t he C to approxi mate the

Te

product of Elé’bﬂ gsxice 5 e b"t‘sét%ﬂtloprﬁ%r Fl’@rﬁi’éb((dlwelﬂfss@?nfl?ﬂ Figfge 912 | =
(14105 book TR {dhor 48 TNk R TUb R B ARSPRAL0RL G 4001 | ¢

device is sect or "where erence sect or
has a fi Xed?fcﬂ'ﬁdeq t6lthé Porh gltiﬂgtﬁb&fhﬁé ﬂBGﬁa A ﬁ%t pmsnﬁeertstgelasnt Ohe seideal SO
assunes that noise (INOSE) is negligib te that formula (12) can be
easily deri fﬁEoﬂté%gépalz&loééhlﬂ inpfit parrwggEst liSciln'@TO@Cl@m pamme(emm)lal SiTfrem ®F val ue

b bl | t t t db d
netuor k. ol aHfEnteRsy 560 e AR Oar dRoBe 655 11BerRaRns mallie A S5 eq
previously, résggnd%rtﬁstﬁ@%é{u'ﬂg% R ighaPly 89 Roviaiddos canmiBl kighsl sPti@ei ce

for carrying out that gure 4 shows two essenti al corrponents of
t he best0 notendnoitter anooyulcng44;u1ancﬂ htlhs transgrittero modaered4y , inaturn n]mwmdag tedul e

43 and a transnitt | e 44, Th t dul e_ 43 t ak
the T npat 2B aBaRaIR SleBdRo Be base o o B PRFae ard DAy dpredy the' ™S
transm ssiop, ﬂﬂin‘én&% AP tI'E'%hmﬁ@'% natiSed HRAPSH ﬂl%bé) BiRO] thePRHd v dlﬁose
two appropriate values are nicated to the transmtter ule 44

whi ch then seands, a11t ofnkem (S)mmﬁerﬂs galmdl sighaly i degctibel thietein aey dedproperly

transm ssi on power dictated by the conputing nodule 43. . .
considered as preferred structures and interaCtions that can be implemented in a

15 variety of different ways by a variety of different hardware and software
combinations.

As can be seen from Figure 6, the base station 66 may be equipped with a
transmitter module 44 and a computing module 43 for use in downlink
transmissions. The transmission signal 22 goes from the base station 66 to the

20 mobile device 60. Figure 6 does not explicitly show a parameter storage module as
in Figure 5, but such a parameter storage module could easily be added; however,
one may also simply assume that the computing module 43 includes components
which perform the functions of a parameter storage module. The measurement
report signal 65 in Figure 6 is comparable to the measurement report signal 35

- 25  already discussed with reference to Figure 3, and this measurement report signal 65

has a magnitude that may be indicative of measured SIR. In Figure 6, the command

signal 69 is both sent and received within the base station 66, because both the

computing module 43 and the transmitter module 44 are located within the base
station 66.

30 An alternative embodiment is shown by Figure 7, in which the transmitter

module 74 is located at the base station 76 but the computing module 43 is located at

10



A nobi |l e device 50 according to the present invention is detailed in Figure
30 5, and this nobile device 50 interacts with a base station 56. O

course, wow/bi4elze 9 WO 02/054622 PCT/1B01/ 02715 well undeisti®edsby those
skilled in the art that Figure 5 and the other figures, depict conponents

and signal st especially rel evant t he present_jinventiqgn;. these
figures do Pﬁggfﬁl ?ﬁlés fiy oY e e Eﬁe%o Uh tﬁ'ﬁ)}{%ﬁ ’ﬁntq ﬁl'felaas!en a
mobi | e devi g&iaP 78N DACHASE HE HanORisSibn sloBat N2 B8P GSHIBRba3E MRoRY6TbIUT €
5, a 5 paraneter storage nodule 55 maintains and updates the 1 nput

par anet er s, thehmathileadewicepflovi ded to t he conputi ng nodul e 43 via an input

paranet er signal %7. One source for at | east gart of the input paraneters
is a broadcast partherglthisnygationhas;bespshorn apd descaibsd With rpgpachtq pbest

par amet & SLANEIEHIRANLE Bieaf NP AR AR fidse SERRRM T By 'dlg, | noU

par anmet er si gnal ng a conmman transmtter

nodul e’ 44, iirnférédoéng ki vatidiseothBPehiinges} bnibsibity And b@MtiG@Sint fhe form and
transm ssion signal 22 to the base station 56 at the bit'rate and power

di ct at ed bydethid thereefvaay b wadd teeein Withohbdenirtieg Sipphthsi spitit anshscopaoft hose
skilled in hEe art. wll realize, all of the conponents and signals
described h h ?'be properly considered as preferred structures and
interactions that can be inplenmented in a 15 variety of different ways by a
variety of different hardware and software conbinations. As can be seen
fromFigure 6, the base station 66 may be equipped wwth a transmtter
nodul e 44 and a conputing nodule 43 for use in downlink transm ssions. The
transm ssion signal 22 goes fromthe base station 66 to the 20 nobile
device 60. Figure 6 does not explicitly show a paraneter storage nodul e as
in Figure 5 but such a paranmeter storage nodule could easily be added,;
however, one may al so sinply assune that the conputing nodul e 43 incl udes
conponents which performthe functions of a paraneter storage nodule. The
measurenent report signal 65 in Figure 6 is conparable to the measurenent
report signal 35 25 already discussed with reference to Figure 3, and this
measur enment report signal 65°

11



has a magni tude that may be indicative of neasured SIR In Figure 6, the
command signal 69 is both sent and received within the base station 66,
because o0 2033622 conputi ng nodul e 43 and the transnitterPaDiRI1M2714 are

| ocated within the base station 66. 30 An alternative enbodi nent i s shown
by Figure 74l i tansmtter nodule 74 is |ocated at the base
station 76 "modul e 43 is |located at 10 WO 02/ 054622

PCT/ 1B01/ 02715 the RNC 71. Thus, the command signal 79 goes fromthe RNC
71 to the base station 76. O course, the transm ssion signal 72 goes from
t he basel sthti onA76methodt Her npluividinglewi trandtOissidht Istgngh bdviisg | appeopriade has
been .shown and described with respect .to a best 5 node enbaqdi nent thereof,
it should LEARFHHEIAN ROWEEy B¢ oRE ES,| R | erﬁf?és atelecommunicafiens; SYE§® ng and
various pth .om ssions and additions in the formand detail

t her eof fraya{?r&?&%g&t%xér ein wi thout departing fromthe spirit and scope of
the invention. 1§rd@ﬁiﬂ§é@5ﬂﬁ£ﬁd@€§ﬂaﬂ@©lh@@ﬂ%5 madifthde didativd/bcdl&Gilatdd 1. A
met hod for providing a transm ssion signal having appropriate 2

transni ssi olasoussionahtl 1ate apdtcalculafedatrgpsiussieys PPWEBC BNTRSAPISAL I0oHE IDpEt em

3 characterized by: .4 proyiding a comand signal (.39). having.a i tude
ni cat 1 4o Broogll el o8 b Ranfh e 5 o B gy effialed e
transn ssi ofaR@Weiion ifdwWeeSRAAARE Ag@fdbRidlected RA MBS/ S 88! flthidn Sai d
calculated transm ssion bit rate and said calculated 7 transm ssion power

havi ng nfgniepeiestingeinduteddnteoferdnaé mid wampodsieldyuandi on 8 representing

i nduced [ nterference .and transport del ay nd.9 providing the transnission
signal (22) havi RPVIGIEE (A EIEISIOR TR RSkt e callaicl Eansmissigfubn

cal cul ajgd A QAR ThRABA R AnsrliSkidiHRARS f fégp&ﬁ% t6 BRI EA DN EHal (3. -

—

2. The method of claim 1, characterized by said steps carried out in an open

2 loop power control system (28).

1 3. The method of claim 2, characterized by the cost function comprising a

2 linear function of the induced interference and the transport delay.

4. The method of claim 2 further characterized by providing a broadcast
parameter signal (24), wherein the transmission signal (22) is from a mobile device
(20) to a base station (26), by the broadcast parameter signal (24) having a

magnitude indicative of at least one of the input parameters, and by the input

W A LN =

parameter signal (47) provided in response to the broadcast parameter signal (24).
1 5. The method of claim 2, characterized by the input parameter signal (47)

2 having a magnitude indicative of input parameters that include pathloss (L) and total

3 interference (J) as a product (L-I).

12



1 2. The nethod of claim1, characterized by said steps carried out in an
open 2 |oop power control system (28). 1 3. The nethod of claim 2,

char act ewaezlodzy22t he cost function conprising a 2 |inearpP¢miioorisof the
i nduced interference and the transport delay. 1 4. The nethod of claim2

further characteri zed by provi di ng_a broadcast 2 paraneter signal § 4),
wher ei n the 6 r ansthesspthpd of glam 3, Eharacieriedby @%BP‘I pArgaGicEealsanchiging o 4

base st at,i on t I Doy

magni tuaé | araa iy 25, BRI RE A B wabF UL it @ BRI e
input  53parsgRREer signal (47) provided in response to the br oadcast
parameter signal (24). 1 5. The nmethod of claim?2, characterized by the

i nput par arreter signal (47) 2 having a magnl tude i ndi cative of input

par amet ers iqacl ud SS and 3 int ference (1) as a

pr oduct ﬁ?%ﬁﬁgp&iﬂ?f %E‘)’FF ti‘@ bit igte AEVNBMod of clai m 5,
char acterl zed by t he i nput paranetey @;l ncluding 2 nmaxi mumdelay (D),
maxi mum power (P), ebno val ue (E)=_¢cHi] e (O, and packet 3 size (S). 1
7. The nmethod of claim®6, characterViZed-by the bit rate (b) given by P.C S
2 b=DEL.1 18 The nethod of claim?7, characterized by the transm ssion
power (p) given 2 by 31S ELI.P P_DC19 The nethod of claimb,

(38 o e PY TAenbiRRSE amipn. ShafRbidlly SR kB bBuirgh gha | on

interference apprigxi mately cal cuI ated prior to sending the transm ssion
signal (22) in 4 order to determne_bit rate and transm ssion power of the

transm sgi on signal (22). _|SEJL.I.P
P 0.c_
1 9. The method of claim 5, characterized by the transmission signal (22) sent

from a base station (36) to a mobile device (30), and by the product of pathloss and

interference approximately calculated prior to sending the transmission signal (22) in

WD

order to determine bit rate and transmission power of the transmission signal (22).

1 10. The method of claim 9, characterized by transmission bit rate and

2  transmission power calculated at a radio network controller (31).

11. The method of claim 9, characterized by the product of pathloss and
interference approximated using a measurement report signal (35) from the mobile

device (30), the measurement report signal (35) having a magnitude indicative of

W =

measured signal-to-interference ratio.

1 12. The method of claim 9, characterized by the product of pathloss and

2 interference approximated by statistically examining other active users in a sector.

1 13. The method of claim 9, characterized by the product of pathloss and

2  interference estimated based on an assumption that the mobile device (30) is located

13



1 10. The method of claim9, characterized by transmssion bit rate and 2
transm ssion power calculated at a radio network controller (31). 1 11. The
nmet hod ofw@bzdsw®, characterized by the product of pathl oBeT/@Bd/ 0225
interference approxi mated usi ng a neasurenent report signal (35) fromthe

nmobi | e device (30), the neasurenent report signal.(35) having a

Taoni tudd | i SE9tFo Mpte HFRCRH G qogt GHEHY the BT i &b BOPETOR 95 The
met hod of; Cliﬁﬂefﬁx%nc&ﬂ%ﬁ?@%ﬁéitﬁ@&cmf t he product of pathloss and 2

i nterference approxi nate ]by statistically exam ning other active users in
a sector. 1 13. The nethod of claim9, characterized by the product of

pathloss and 2 interference estimated based on an assunption that the
nobi | e dévi dé- ( 30hhe methed pfecdainm §, vipractenissd dpinprepsingole @bra Balge jwhea aect or

where interference fr out.si de .t he sector i f.i xed. proportion of 4
nter f er ncd IO S HEct Ho AaE oot win dfameds FB5ee SBitery’s,
characterized by increasing the ebno value when a 2 frane error is
detected, and decreasing when a franme is received correctly. 1 15. The

met hod ofl cllai m ZThechnethadt eff claed 2y ychateetenized by sthe t eirelesstaleviomaiingrasions?
system enpl oyi hg wi dehand .cqde diyision nultiple access. 1 16. A device for
transmt inéy%fe i ?ylﬂéﬂlﬁ‘g’aaﬂﬁP%ep&ivéﬂ@ @P]élﬁgerﬁ%gslson power and 2 bit
rate, in a wireless tel econmuni cati on system characterized by: 3 a
transmtter nodule (44), responsive to a conmand signal (39) having a 4
magni t ude i ndi catA\deviot feradranshattiag at siginad havdsg approptiate atadsaidion powet atded
transm ssion_ 5 power, for providing a transm ssion signal (22) having the
cal cul at 8d thitlteaiin 8iwiFeless telpgomupppicaiiom Sr}’ﬁ‘émeﬁh@@ﬁﬁﬂé@?b}‘iansm ssion power,
and by 7,a conputj { e Lve. t n._input. par r. signal
(47), for3 8 pr ovi Q%@&Eﬁ%@ﬁ?&#&s’s?ég%ﬁglfsn)(%%8 C;%gllr' 5”?#%%@%1 ég? %‘%Vlggtagr ate
and sai d4t r aReHitead afilicalive OFRAICHRYIINGal¥BARICIUBIE Fats @ina Claki1dt&] fhf¥nilidéh
cost function representing induced 10 interference and transport delay. 1
17. - The Gevipowveos fozipapviding, a dtaasmissionisigadl (R2) dpeingl ihoraolated wamsmyissiobei ng

6  bit rate and the calculated transmission power, and by

7 a computing module (43), responsive to an input parameter signal (47), for
8 providing the command signal (39), said transmission bit rate and said transmission
9 power having magnitudes selected to minimize a cost function representing induced

10  interference and transport delay.

1 17. The device of claim 16, characterized by open loop power control being

2 employed.

1 18. The device of claim 17, characterized by the cost function being a linear

2 function of the induced interference and the transport delay.

19.  The device of claim 17 further characterized by a parameter storage module
(55) responsive to a broadcast parameter signal (51), for providing the input

parameter signal (47), by the transmitter module (44), the parameter storage module

HOW N =

(55) and the computing module (43) being located at a mobile device (50), and by

14



2 enployed. 1 18. The device of claim 17, characterized by the cost
function being a linear 2 function of the induced interference and the
transpor twaet/@is6221 19. The device of claim 17 further charerigmiozad by a
par anet er storage nodule 2 (55) responsive to a broadcast paraneter signa

(51), for he |n rreier Si ans Ltter
odul o (445 Y hivacheh bRt sipnat B e s HagtiBe dtan® ol iet RS Rbaut e
(43) bei rgg Itﬁgﬁ%ﬁp zﬁ%\xg@tei‘éob' | e device (50), and by 14 WO 02/054622

PCT/ 1B01/ 02715 % r oadcast par aneter signal (51) having a magnitude

indicative of at |east one of 6 the input paraneters. 1 20 The devi ce of
claim 17, characterized by the i ngut paraneter signal 2 havi n(g
magni t udd i M8 cat Theedexics b Hlaipal Anshasacerized; by #he inpat warqweéesmew A4

20, “char Act JPY Vb RYEPRES RbeR BLAIHEl bty 0 felag BRES Bnl oBLP2T

(D, naxr3nuqh@p§eﬁrncé@asgl¥,a@du¢al(gej)( E), chiprate (O, and packet 3 size
(S). 1 22. The device of claim?21, characterized by the bit rate (b) given
by I_CS 2 b=DEL.I 1 23. The devrce of cIa|m22 characterized by the
transm SSI on _power (p) .given P. DC 1 24. The device of
clai m 20,1 chiract Erg Eeocfwf thléﬂ 8@a¢r@m6tqr@ﬁd hrzsdm elppma'e)ram@m glgo inelyding, pase

o appr o miraf et R R AAR F 7\ BELEEREh REPLAMBITRY °

order to3 4 grt@.nmne bit rate and transm ssi on power of the transm ssi on
signal (22).

1 22. The device of claim 21, characterized by the bit rate (b) given by
5 b f P.C.S -
D.E.L.T

1 23.  The device of claim 22, characterized by the transmission power (p) given

S-EOLOIQP
D.C )

3 p=
24. The device of claim 20, characterized by the transmitter module (44) located
at a base station (66), and by the computing module (43) equipped and programmed

to approximately calculate the product of pathloss and interference in order to

BN e

determine bit rate and transmission power of the transmission signal (22).

o

25.  The device of claim 24, characterized by the computing module (43) located

2 at a radio network controller (71).

1 26. The device of claim 24, characterized by the product of pathloss and

2 interference approximated using a measurement report signal (65) from the mobile

15



1 25. The device of claim 24, characterized by the conputing nodul e (43)
| ocated 2 at a radio network controller (71). 1 26. The device of claim
24, char avoerisaert by the product of pathloss and 2 interPeT/aBmu®71s
approxi mat ed using a neasurenent report signal (65) fromthe nobile 15 WO
02/ 054622 PCT/ 1B01/ 02715 3 device, and by th asurenent .report signal
(65) having GVigArd BGH Retetemon 1Bror Senabal B itk g aarenibf idePif Bce
ratio. 1427 pIhGredayimtiRiniGkabReddiiochar acterized by the product of

: .

pat hl oss and 2 interference approxi mated by statistically exam ning other
active users in a sector. 1 28. The device of claim 24, characterized by
the product of pathloss and 2. interference esti mted based on an

assunptidn tHat t KBe fsKice ol &laime 2t s chiyagietized BY athespraduet of \pathlgss and
L e o AR5 0% Sy B B PR Ul o cor
is

characterized by the ebno value increasing when a 2 frane error

detected, and decreasing when a frame is received correctly. 1 30. The
devi ce ofl cl28-m 17he clesicaceleclaimd 28y chiractgriresl &ysthee praswginedii padhlosn and 2

m | oyi ng wi n i Vi sion | tipl 4. 16 . .
syste ey Or\ﬁ{er%rencg %Et?mge& %gseeddon AR asosumggortl it Thenehite dev19e is located in a
3 sector where interference from outside the sector is a fixed proportion of

4  interference from inside the sector.

1 29, The device of claim 21, characterized by the ebno value increasing when a

2 frame error is detected, and decreasing when a frame is received correctly.

1 30. The device of claim 17, characterized by the wireless telecommunications

2 system employing wideband code division multiple access.
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