05 SEP 2003 1 METHOD AND APPARATUS FOR MAXI M ZI NG THE USE OF AVAI LABLE
CAPACI TY I N A COMMUNI CATI ON SYSTEM BACKGROUND OF THE | NVENTI oN 0.5 EBL2lidr
THE | NVENTION This invention relates to the field of comruni cati on systens
and, in particular, to maxim ze the use of available capacity in a
comuni cati on system where signals asslom ated with nultiple users may be
sinmultaneously transmtted on a common channel. |IL DESCRI PTI ON OF THE

PRI OR ART Tel econmmuniMETHOD ANE APPARATYS FOR'MISAMIRING nunber of
classes. One classification schene divides the traffic based ugpn the rate

at whi ch t hEHEUSE OF AVAILABLEGARACIRY INA GOMMUNICHTION SYSTEM c. I n
accordance wwth this classification schene, traffic is classified as
constant bit rate (CBR) trafflc varlable bit rate (VBR) traffic, or

avail abl e bit rate (ABR) BAALM ¥ i INVENTEON f orded a fixed bit
rate regardl ess of the reqwrerrents of the data that is to be transmitted.
This is the npost expensive type of service available. VBR traffic allows a

user to declde tHELDMOF THEWVENTIMNtraffic is sent for each
conmuni cat i on. traff|C| t he |or|tytraff|c ABR traffic is
C\\ﬁﬂf ahwwg}slt

transnitted at dygsntjon g ‘i‘t§s & Of FBBRANFRSIOR, SYRESMS andi Ke i s

rel atively pa@RRRSto/MaxfifzeakanBt &f %aﬂmé khpaditydin 4 Solffiniéfdn Usi ng CBR
service is conventional fixed rate circuit switChed traffic. Exanples of

si gnal s havP¥REm reerp dignabt assaeiptaddyitbhunultiple users mERbe simltaneguslispeech

and I nternefaNiHBRd gﬂrv B&? dhneBR and VBR traffic are usually real

time with a relatively uality of service requirenent. The quality of
service is an indi catlon of the reliability that data will be successfully
received aspwel Ip OF Hﬁ‘i‘ﬂl iy the reception. ABR traffic has a
| ower priority does not  provide nrghn probability that the traffic wll

be deI i vered wi tﬁlﬂommhmnbnsmafﬁmm balividediftoa sumbabbé classesABR -

servi ce 1 Negef oLl S ARSEY il e oS 200%, Y ARLA437 R US0O/ 05795

the traffic is transmitted and the priority of the traffic. In accordance with

this classification scheme, traffic is classified as constant bit rate (CBR) traffic,

variable bit rate (VBR) traffic, or available bit rate (ABR) traffic. (CBR) traffic

is afforded a fixed bit rate regardless of the requirements of the data that is to

be transmitted. This is the most expensive type of service available. VBR

traffic allows a user to decide the rate at which the traffic is sent for each
communication. ABR traffic is the lowest priority traffic. ABR traffic is

transmitted at whatever rate is available. Accordingly, ABR service is .
relatively inexpensive.

One example of traffic that is best sent using CBR service is
conventional fixed rate circuit switched traffic. Examples of signals having
the variable demands suitable for VBR service are speech and Internet video
services. Both CBR and VBR traffic are usually real time with a relatively
high quality of service requirement. The quality of service is an indication
of the reliability that data will be successfully received as well as the delay
involved in the reception. ABR traffic has a lower priority and does not
provide high probability that the traffic will be delivered within a short time

interval. Traffic suitable for ABR service includes file transfers and



electronic mail transfers. |If loading is not high, and delay is therefore
not high, nost world wi de web transm ssions use ABR servi ce. Tkﬂeﬁf’%ﬂrm@{gﬁ

link capability of a cellular comunication system (i.e., the nunber of
users and the bit rate of each user) is in part controlled by the 5
capabi | i ti ¥O8¥S437e power anplifier used to anplify the YPansnitt ed

fromthe base stations of the system F exanple, in a code division

mul tipl e acceag &GPMNi GRRSRR q@ﬁaﬁn@éﬁ&% ﬁa&m atalayhhﬁéraifd‘ré ot I eans

transmtted Is assigned to a code tal s of “an exenpl ary CDVA
syst em can bhighoomst world gideavebnrangmissiony usedBResarviceed " Spread Spectrum

10 Mul ti pI e ACCGSﬁ,l ijogg)si?agne(if C;gg ?Q»%%; %ﬁ%hﬂﬁr%ﬁﬁﬁlﬂ&& n’?ﬁ l{.‘qi;gl’l al

Repeaters”, which™i's assignee o nvenfi on and
i ncor por at edtHeanahber of usess &1d thiecthiy réty dfeﬁﬂr eserpis :Eq:dnt cdretroled bynthe CDVA

systemis t.ed o a freque ban s the fQ ach code
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requi red i n gaghtHsHRe GhARASIOf HaPERNEmIFoR ekhaply, in ﬁ&bde@tﬁvfﬁo&fflc
transmtted over that code _channel’, the_gains of t he aH a??s at the

recei vi ng stBlépleasgess @M%W@F%Q%Wsﬁﬂoea&hﬁfaf If ffedMati on
(such as a Frﬁﬁ&gﬁieﬂtxk%@al ¢ Rablle [Rathel. D@taﬂstota%nmﬂ\ ar?f(:@wenuat i on

of the signal) etween the base station and the renpte stafion to which

t he i nf or mat $¥sterh sap Gefonnd in A5S.Atent N@v‘bﬁowwﬂﬁ'@ﬂﬁé SIPée%4 GPEGFMand t he
performagge pf IEB %@y@%ﬂﬂnﬁﬁﬁg & Us S&QH& esttiaf he nobile

station inclu ermal noi se, n0|s %romo Ist t_the nobi | e
station is nBepeatems’é,l whit, isaasigneﬂ se the mgmﬁqﬁrthmpg@ﬂat ingegtian an@nponent s

fromthe cell _that, t nohi | stat | nel is
anpl i fied by"FHEF"’Z%“”SH\‘/% Bl fREELCPy kFTRE' Ka0 el SENRPRELTC,
st ation nust s;tﬂtanssrtﬂochllatbdto&br pcﬁm;uaﬁq;f bared emhichds thensanme frcadh cedei vi ng
nobil e stati torecweIhS tjgrﬂ &Mg%ﬁedlt t at tE f%@?’ ed error
rates. The b )Andrembined, fg fp pag- et HRPUPHE 5 anount
of power 15 eqiqgi@dan dable c6BD/Lhalian depertiaspototheeXe e of haffimount of power
that the power anplifier can ci'} rovLc{g Bﬁg%]lit undesi rabgﬁbeml stortion.
The forward HAREMHEEELEYSTE thet epdechannel, the 8 the apfesRag ¢ al so
limted by thge Bfatioh (bﬁl&?ﬁé SRR {thBSR)LAIRI & SRINsMitewg stﬂhcbn (s‘urcbm
non-ort hogonal conponents if the waveformis transmtted orft onally as O
5 SEP 2003 as a base station), the path loss (i.e., the amount of attenuation o the gnal)
between the base station and the remote station to which the information is
20 sent, the noise level at the mobile station, and the performance of the
modulation scheme used. The noise level at the mobile station includes
thermal noise, noise from other cells that the mobile station is not
receiving, and noise from non-orthogonal signal components from the cell
that the mobile station is receiving. The CDMA channel is amplified by the
25 power amplifier within the base station. The base station must transmit a
total power sufficient for an intended receiving mobile station to receive the
signals directed to it at the desired error rates. The base station uses various
procedures so that the total amount of power required by the CDMA
channel does not exceed the amount of power that the power amplifier can
30 provide without undesirable distortion.
The forward link capability of a cellular communication system is

also limited by the amount of interference from the user’s own cell (from

non-orthogonal components if the waveform is transmitted orthogonally as




WO 00154437 PCT/ US00/ 05795 3 in TIA/EIA-95) and by the interference from
signals transmtted by other cells. This provides a limt irr@shp&Rp ¢erpf
t he amount of power that the base station transmts. In this situation,

i ncreasing the base station's transm ssion power above sone limts only
mar gi nal | y We¥5d483es the 5 capability of the system The RGTUSIUISTHUL put
power |evel of a base station is det er nned by a nunber of design
parameters rgl : iLf1ar : tl Wo

rel evant par%rr'g%qztgkg%‘g)?ﬁg Bomgrﬁg@ng#%déeﬁ&%ﬁ%le&gﬁ%r d)%)ggfhﬁgtion and
unwant ed eni¢sdisoddis provadeseal lioit irséspretiar ef el ssountsof owérathatithe out si de

t he bandw dt f.a Lr 1tte Lgnal .. A lLarge.portion of ..the unwanted
em ssi ons oc‘%‘tﬁ"r8 Sgglght%gﬁsﬁlg' ng'ld%\l%f’llgba}*l% frfﬁr%asflfgs&}fo]?/@F S %H?m fier.

| nt er nodul at tramsnissian fppwerafbotte sbfrfet lidits dnly efarRHHANIR inreased Gleor tion

I ncreases. as_the.. omgr anplifier is driven closer to the maxi num output of
the anpl i ie‘?aPagéé’&JP. e Sys88ti es, such as the Federal 15 Communi cation
Conmi ssi on of t en THethhxinfWA udSuepdwel RVEL of NHEGL dtitiors iPAeRFEfeaay al so set
limts on unwanted emi ssions in order to avoid interference withthe sanme
system or arfoffEPes ok design parasrefers relatesh fonthe powienemplifiersef theibese wi t hi n
the requireddgidf.t $ %QE(; Q;Egl, i AR ifier is
sel ected to_(iqrovi dewg g\?iekﬁlﬁﬂpgg%gnnég grtgg bi élrtailllé(l%l a%rq{lﬁgmarfmnt ed

em ssions w

ipsipatiere dnd hwasded egdssioms. t UnWasvted bmissgapseseatnisgines exceeds
t he maxiqpm t I t,l can,lim out put power in
order t ofwnaitﬁ?tta%% %"ﬁgﬂﬁrﬁhﬁaﬁﬂ em%ggi%%%mvhﬁ?% FW“?FehQ?‘?éecé‘F‘E‘é}B Timts.
However, t hehdewavahtedh enfissigmsieccur atgel fof intermaludatier withdn thy polsernunber  of

traffic str Ahat, are 25 .transmtting,al the sa tinme., Each transmtted
traffic st rgagﬁﬁé%%' sltng‘?r oyt %&‘B’l"? %ﬁlqtlft?;h eﬂﬁfgp&fullagws di fficult
t o det er mi nelistoetiorminméased ap evepowehainplifier kadeiven aldsentd the’ @NinigE t o

transmt at an icular.tine. An inportant neasure jn a communication
systemis t t?élté'i‘g‘%ﬁ ?taﬂamﬁrsgaﬁ’a@tﬁ?yr%?dlﬁsfépﬁ s the i cation system
the requisr eCarhgiilicationObienissitn [GFtenOlil$t GfWahtedOeritBidisOdelusgy the bit
rate and the reguired e ergt/_per bit divided by the total noise Spectral
density. Thét ! ds cap alsgset Himits snuwanted; enisgipas inprderdpaveidxpressed in
terms of thenRiferdiceQbith 3h& sfhe sP&em or another system.

In order to maintain unwanted emissions within the required limits,
the output power capability of a power amplifier is selected to provide a very
20  small probability that the unwanted emissions will exceed the required
limit. When the requested power exceeds the maximum output power, a
base station can limit the output power in order to maintain the unwanted
emissions within the prescribed limits. However, the demand on the power
amplifier is determined by the number of traffic streams that are
25 transmitting at the same time. Each transmitted traffic stream can start and
end arbitrarily. Therefore, it is difficult to determine the amount of power
that the base station is required to transmit at any particular time.
An important measure in a communication system is the signal-to-
noise ratio. In a digital communication system, the required signal-to-noise
30 ratio is equal to the product of the bit rate and the required energy per bit
divided by the total noise spectral density. The error rate of the
communication system is often expressed in terms of the bit error rate or the

frame error rate. The error rate is a decreasing function of the signal-to-




frame error rate. The error rate is a decreasing function of the signal-to
O5r: p2r r 3 W 00/5"37 PCT/US00/05795 4 noise ratio. |If thﬁeieﬁ-? va%]
signal-to-noise ratio is too low, then the probability that an Mot ik

occur is ve"%ﬁi h. Thus, a conmunication systemattenpts to nmaintain the

recei ved si 33- noi se ratio at or above the required BITISAIOST8E noi se
ratio for the desired error rate. 5 Acor di ngly, in nobile radio
conmuni cat i RGiss YSHENH tﬁeqt@ce@&c@%m%yﬁ&i tio 3856 160! fHeh! the USET S
simul taneously transmit on a confion channel,” the nunber of simul t aneous
VBR and CBWIfg’ébﬂlfbéh#ﬁ an exfonmiljogeur isl very ighii Thus, encaymueivationusual |y

limted. Th W P .ed. Lotain a.low probability, of exceeding
the. o mungyg i abtettiotd fo G the RLOLR -BIORORETRAS ot br bRt on  Cof
users, the therregbired sigrel-tehoise ratdd forhhe \dBBired ewog @ateand t he dynani ¢ power
contr ol %n the f rwaé.d bjnk (g&lft be considered. Wil e th‘ﬁbCh [ eristics
set forth above NEPLUREH 1A Mehtfa,ragie compypteation,sysigms, syqleas G d link,
sim | ar chasysedmry, ivehéresmalt§sle apBtsysibruliaR€oustP tFasRii6 Bnld AdmmedVARY OF THE
| NVENTI ON A .net hgd for Xim zi M use of” avai |l abl e capacity in a
communi cat | SR ttBﬁ"n"(’é'&Eqﬁ Asin usy YBRnd RBR wsess pgritadoiithir equency
channel f orteficoint @mestit ¥y§téﬁﬂ§rﬂsh§lljﬂﬂnﬁte%ame RAROR efedid N 20 nultiple
e w e

users is disc|losed herein 1n accordanc I scl osed nmethod, a
forward |i rlRainiaig oy peobability afyexceeding he maximup antpuitppwsir. traffic
streamns)g am@h%l‘é@tﬁﬁ‘%‘&ﬂe Tlitd Bh ' Rfifrbef OF ussrsS tvﬁ%b‘fll% ritgq'ﬁattu%ne conon
channel froma transmtting station (such as a’ base station) to receiving
stations (@fubh VEBR geryides andathe alysiamid peweoroatrd bm e favwandjledk to a

maxi mum pOVYEPstZISS &ﬁ{shd A first output power |evel associated with

si mul t aneously T FARSH T L ng a first set of traffic streans fromthe base
station to the Whilé ¢he sharheteristiadrset fisrth abuwad Havd béen Gescribéd ah | y

determ ned. Next.. the,first output ower level is c ared to a nmaxi num
power cei | iSPgRERon Wity thS?fBr‘?’?‘?‘?‘gH“lF'rﬁ‘HﬁgT ﬁh‘irﬁ%teflﬁ?%a?agop??m RAPeng
"avai | alfl e regp@eilink. for transmtting a 30 portion of at |east one further

traffic streami s identifigerl mvi nE avai |l abl eNTION

A method for maximizing the use of available capacity in a

communication system (such as a CDMA system) that uses a common
frequency channel for simultaneously transmitting signals associated with

20 multiple users is disclosed herein. In accordance with the disclosed method,
a forward link in a mobile radio system supports a plurality of traffic streams
associated with multiple users and is sent on at least one common channel
from a transmitting station (such as a base station) to receiving stations
(such as mobile stations). The forward link is subject to a maximum power

25 ceiling. A first output power level associated with simultaneously
transmitting a first set of traffic streams from the base station to the mobile
stations on the forward link is initially determined. Next, the first output
power level is compared to a maximum power ceiling. At least one time
frame in the forward link having “available capacity” for transmitting a

30 portion of at least one further traffic stream is identified. Having available
capacity, means that the amount of power required to transmit the forward
link is lower than the power level at which the forward link can be

transmitted without undesirable distortion. The first set of traffic streams



capacity, neans that the anmount of power required to transmt th fp_bwarr,q
link is |ower than the power | evel at which the forward |ink cab bezP &L
transmtted without undesirable distortion. The first set of traffic
streans 0 5 SEP 2003 5 and the portion of the at |east one further traffic
streamare then transmtted sirrultaneo:.,usly during the at | east one franme
on the forward link. The further traffic streamnay optionally be

transm tt edamt sleopoditiomnosfsthe adledshene ffafther hafficdtreantafattRnardrdngife@r i Ority
than the first .set of té{uaffi streans. i scont i nyous transm.ssion refers

to the_tran%“é?i“&ﬂ“%¥ THE sat_tlﬁ%ﬁtoé‘le rafﬁ%P“dHF:f@’émrdt]é“%nghsnot her in
time (i.e.,furfieFReaMmp b&@aﬂ%aybplﬁ%ﬁhuﬁﬁjeg?ﬁ}sg%é&Qﬂédoﬁﬂﬂuéua rrfRedr €

transmtted between frames that do i1 ntlude e discontinuous stream. In

accor dance FvRrd lipkendrhave sclometinriarity thay tha first st of waffigstepmsn  t he
o bard ot (iskSndARA B BsiBn R0 To SR elinahi@ldl 6vo! HEAUS dh Yl o0 e2ch

menber of the second set Is transm i scont1 nuous orward
li nk by usim asljzceot torone ahptheesn time (i, sframbo dihieintlo retdndadd theit put

power | evel 4. i W simul t gneously . transmfting.the group of
frames from 1?.%%-& %‘Z‘%&ﬁ%kgg?l %r%r}ﬁ%ﬂ@a&q%@ﬁﬁ%ﬁgme?&ga# é?\kgrrlﬂgﬁt %, and the
sum of the discattimuisudtrqaawer | evel (i.e., the output power |evel

associ at ed vvitﬁatran mtting the first set, of traffic, reans_on the

forward |ink) ang 2FfR¥dancewith a,ptelerre diraenty any axailahle SRRACIY I t he

maxi mum povie feeidrdrink istlideited tth Gldedbhd sétf SHLRA(HE JtrEAAO Ghh WRHIER eddhe sum of
power |evels is maintained at a constant |evel

the first and eCOF& out p#tﬁg t
(pref er abl yERRET Of tre 3arendast nimsemiged discontgposslonath forwrrd y of tine
frames. Wiami Bp usRigtsiNér mdYeRahRR. M thiURBEARRA: | 's&BRAGRIHAN W th a
fast forward link power control system the power al Tocat i on
det er m nat iRATETE¥Asis Apgociated with simawltanapuslyrivarsmisting: the grastrepbibl y nade in
a pover NaragfEs hfPlRGecdld SefBritarit Ak WY 1AL k! vely, in
cases where the system “Thcl udes a ageﬂest g:o%gtﬁﬁggﬁl% lluéll’ at(';:“ﬁla reser vices a
plurality ¢éunhgkthesfiest putputtpawerdeveledis., theeuipmhpower lexsd assrriated
determ’nati‘pirglzt - €4 ¢ t ' . station
controller an lﬁ')egn sggftﬂt 0 rfg%% °3§%?@%%’%ﬁf'{e‘géﬁs@gé‘%‘g”taf‘gﬁ"?‘ﬁzaﬁgc%‘?ver . In
accor dance sgfang guipmt oaver deyrd ds noigreatas dwani thewnaximunhpoweraiellaty. e
In a particularly preferred embodiment, the sum of the first and second
output power levels is maintained at a constant level (preferably equal to
the maximum power ceiling) over a plurality of time frames. When the
present invention is implemented in connection with a fast forward link
power control system, the power allocation determinations necessary to
implement the invention are preferably made in a power manager located
at a base station transceiver. Alternatively, in cases where the system
includes a base station controller that services a plurality of base station
transceivers, the power allocation determinations may be made in a
scheduler located in the base station controller and then sent to the
appropriate base station transceiver.

In accordance with a further aspect, in cases in which the available
capacity on the forward link is present over a group of one or more frames
and is allocated to a second set of traffic streams, at least one frame in the
second set of traffic streams is initially transmitted on the forward link with

a first symbol energy that is insufficient for correct demodulation by an



capacity on the forward link is present over a group of one or nore franes
and is allocated to a second set of traffic streams, at |east ofe €rpng (3n
the second set of traffic streans is initially transmtted on the forward
link with _a first synbol energy that is insufficient for correct

denodul ati SYPHP44R d' 5 VI P LGL3 WO 00/ 54437 PCT/ US00/ 057 FETASMANSNded
receiving nobile station. In this enbodPnent, at |east one frane in the

second set dftendad freeibini&Robild Biatiba! T thﬁaﬂﬁgﬁc;j&gg.ﬁw 1Qa§r¥brbg~\ef fjr{u%% synbol

energy is retransmtted at a later tinme wt er sy energy that
may al so bdniths gesondiseheof pffic sfrgams ipitiallyr rensmittedostithahe Gimsthsy it

i ntended 5 re@egiwvi a1 aloT tion... sefcansm ssi.on of the at | east one
frane is perf n_lgdr}ggne ortpercrll)salrtgd l%?é}nensr;{%ﬁ?ﬁéﬁﬁ%?ﬁ%qoqteﬁgr@'y%gfmé'nergy
recei ved i flsgrlesainsuffivigyit byditsetfrfor correctrdentodisatisiubgtthe intéiydéce i nt ended

receivin 4on. ..ln ses where a frapme is initiglly transmtted
with a flgrs'?g %ﬁé%%ﬁee%%?&?’ ;[ﬁl&fﬁfra{lﬁg{ssyog qfrfggfafﬁ?ﬁséﬁf‘e B8 r ect
demodul at i opebfprmnd ioneasrdedre HRRE it Shé™Ol! 6F thE 3 iril eh&%ﬁr fRbivbg station
can determne that th recei ved frame has been réeceived incorrectly and

i nform t he G283 FRPEMhthPerni sogectdemedlationbydhe jrisndedireceivisgpr ot ocol
can be eit haiotdlepstatibhve or negative acknow edgenent protocol. In other
words, the nobilg statign can 15 either send an acknow edgenent when it is
abl e to correct|If eASEHMNeR & frame is ipjtipllyeransmitied veith erfirat $ywebgl, t he nobi | e
stationiganef Andgoadht ; | it s _unabl,e to
correctly derr?_ggl ate t_hehy?nlpgﬁiggﬁ%gﬁgg ncttta d?ﬁ.g)raé%éstg%st’%taf‘olﬁ e@?%desti mat e
the symbol EfEHEY8 Fohileestrtionrthat mmbilestaiorechradetehmirethiak ¢hst at i on, t he

nobi | e st at {QRivERYfrad agt.. send, ene i nforpation back to the
base station when eaitﬁtgfl Q%?’%f B%Cg}‘}glasmc%rﬁ%q%éffé'ﬁ{ %’ﬁg ,tﬁ? BSepRPR oY

transni ssi oHs®ff agdédeatenmsined peoipyol. Tler pwitb cak bewithbea PeRitive it ation to
t he base st gt for, retransm ssion of

' i to select the power |eyel
the frame to é%eemgﬁﬁgﬂﬂggﬂe pratoggl Wﬁ Worae the &achile stai@meandn. 25 In
accor dahe eithdr sendtanl dckhowlddgenasiachien it ieabletslcobRbtPUehicailidte 1R r eans
i ncl udes atinltfgast one ca[?{]stant bln#" rate traffic stream and at | east one
|

variabl e bi't OPATEON Pt At yebithe dnebile satian can srrd eomegalive bit rate
traffic stradmoaiedgement each time it is unable to correctly demodulate the

information. Since the base station can estimate the symbol energy of the
information received at the mobile station, the mobile station may, but need

20 not, send energy information back to the base station when either protocol is
employed. Thus, the explicit transmission of additional energy information
from the mobile station to the base station in order to select the power level
for retransmission of the frame to the mobile station is optional in the
present invention.

25 In accordance with a still further aspect, the first set of traffic streams
includes at least one constant bit rate traffic stream and at least one variable
bit rate traffic stream, and frames in the constant bit rate traffic stream and
frames in the second set of traffic streams are offset in time with respect to
each other. The group of frames in the second set of traffic streams may

30  opticnally include messages that have different lengths. In addition, each of
the traffic streams may have a different frame length.

The aspect of the invention that initially transmits traffic information

from a base station with a symbol energy that is insufficient for correct




frames in the second set of traffic streans are offset in time with respect

to each other. The group of franes in the second set of traffig:?sggp%g

may 30 optionally include nessages that have different lengths. I'n

addi tion, W“{ﬂﬁfg’ the traffic streans may have a different frame | ength.
The aspect 0 invention that initialJy transmits traffGTUSH®I AL on
froma base station with a synbol energy that is insufficient for correct O

5 SEP 2003 WPB0AGl4Lan RGH Hfeied5Hdbiving BRBRE WkaldroAnattne it} ended
receiving nobile statjon, and f}igen |l ater” retransmts the sanme traffic

i nfor mati on FPERTTHE e same traffis infgrayation fmmithe base gtation weitker gy t hat i s

al so by i tseddditionalfsibop hefod  thaOls" £ b ﬁ%@%lﬁﬁi&ﬂ 8 cdeigee! Nt ended
receiving nobile station, may be appliedyS enerally in Forward or reverse
link transni<Enetialation ot Heg intendgshreseiving mwbildstation, tyay beiapplied wor ds,
this aspect &in Ikl . to. transmt, any traffic stream
and not sinp .yegﬂgg? thekggég?yﬁrggglﬁgﬁ%ngggf’sﬁé%n%‘ orrg(?ﬁtt%{gﬁélﬁv?ﬁm?%e above
enbodi nent s. dYersBR Er oESOROFE| ik QFpetHES DRRAWAITT hayfleaddsdes, obj ects,

and advant a . resent_invention wll beconme npre apparent formthe
det ai | ed degﬁ‘.ﬁ‘f %ﬁﬁé‘gfﬁ?%r'%ﬁ?‘ SBAG Stipely ?%%‘ﬁt?’ﬁﬁ?egﬁf Gralhs seams h ¢ he
drawi ngs i n memntédned irethechissanembodiinéraist ers i dentify correspondi ng

el enents throughout and wherein: 15 Fig. 1 shows a graphical representation
of the traffic in the forward Ilink of a cellular comrunication system for
a periodGcovering a pl uBRIEFDESCRIFTION OF3E BRAWIN®GRI | abl e capacity;
Fig. 2 shows a graphi_ﬁgl %ﬁgresentation of the traffrc’in the forward |[ink
of a cellular communi 03¢ featueessobissts.ndaadieantagescafithe ipreseat phvendiont y of 20
tinme franes wﬁlﬁfeebmeahbread@i drafd ﬁrﬁa@l@q&éilédn%és@ﬁP{iQﬁ\Q@{ng g{m@as been

all ocated to ABR traffic; %1 3 shows a graphicat represen ron of the
traffic in (e AR COPyuRictign wiith dhe drawingsimwhichtlikerre$arsttam f or a
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applied_to transn ssion Sig a graphi came’epr esentation
of the tPaffic i gt AshpysRagraphicahtepoésentation of the teffinimihedbiwardsyst em f or

a period coviakidit @R Arintinfhtion system for a period covering a plurality of

time frames having available capacity;

Fig. 2 shows a graphical representation of the traffic in the forward
link of a cellular communication system for a period covering a plurality of

20  time frames wherein all available capacity in the forward link has been
allocated to ABR traffic;

Fig. 3 shows a graphical representation of the traffic in the forward
link of a cellular communication system for a period covering a plurality of
time frames wherein time offsets are applied to transmission signals;

25 Fig. 4 shows a graphical representation of the traffic in the forward
link of a cellular communication system for a period covering a plurality of
time frames wherein a predetermined scheduling policy is applied;

Fig. 5 shows a scheduling time line of an acknowledgment protocol
between a base station and a mobile station of a communication system

30 suitable for implementation in the system of the present invention;

Fig. 6 shows a scheduling time line of a negative acknowledgment
protocol between a base station and a mobile station of a communication

system suitable for implementation in the system of the present invention;




time franmes wherein a predeterm ned scheduling policy is applied; Fi g. 5

shows a scheduling tinme line of an acknow edgnent protocol bet ? kt'ﬁe

station and a nobile station of a conmuni cation system 30 suit IE'~ of

i mpl ementation in the systemof the present invention; Fig. 6 shows a
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The graphical representation 10 Covers rre period that includes the
time frames diffgrent tyaffic straams imeeeordance wethrthememt inggntigranpl e, twenty
mllisecgnds in duration. The graphical representation 10 illustrates the
use of a commruni cation systemto transmt forward link traffic that

i ncludes the three condERAILR CRIPTBE YENTION 14a-c. Al CBR
traffic streans C. mtted ur of-et he, tinme f s 18a-f.
Addi i onal |y Chid Vg %‘e‘*cs {epfaﬁeg*a?va%bg?ﬁhﬁf AT s o TS BRET are
shown in thefg eqjlularad:omﬁmmenha;ymm 1The BirephEBR repadsbntatioh r@amwwersl4d- f
alternate between o d, o t gt es. and have _var 'n.tr nsnm ssj Q rat es
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Wthin the forward k1
representatlon 0 illustrates the use of a communication system to transmit

forward link traffic that includes the three constant bit rate CBR traffic

streams 14a-c. All CBR traffic streams 14a-c are transmitted during all of the
time frames 18a-f. Additionally, three variable bit rate (VBR) traffic streams
20  14d-f are shown in the graphical representation 10. The VBR traffic streams
14d-f alternate between on and off states and have varying transmission
rates during each time frame 18a-f,
Traffic streams 14a-f are all transmitted simultaneously on a common
channel using for example, CDMA modulation. Within the forward link
25  set forth by the representation 10, the time frame 18c is the most heavily
loaded because the output power required of the base station is the greatest
during the time frame 18c. More specifically, the time frame 18¢ requires
more power than the other time frames 18a-f because of the requirements of
the VBR traffic streams 14d-f. The time frame 18e is the most lightly loaded
30 because the two traffic streams 14e, 14f require little power during the time
frame 18e due to the relatively low bit rates. Unfilled areas 22 of the
graphical representation 10 indicate unused power and therefore available

capacity within the communication system set forth.




25 set forth by the representation 10, the tinme frane 18c is the r’?gﬁ; arp
heavily | oaded because the output power required of the base s a§i t i‘g“i he
greatest during the tine frame 18c. Mire specifically, the tinme frame 18c
requires nore power than the other tine frames 18a-f because of the
requirenents of the VBR traffic streamtz 14d-f. The tinme frame 18e is the
nost lightly | oaded 30 because the two traffic streans 14e, 14f require
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repr esent at igoaplital regttsentdtish OAFighBR 2t shadtfsi ABR tF#AEStrédias 200, b. tir shoul d be

not ed t hat tEe Eﬁ;R trafftgc tream 20a has priority over the ABR traffic
stream 20b. 8 %ﬁ?’t eneted thet e a BB rafhp siream; 303 hagi prigity QventheAdRusl y - on

the same chamifd siddarh 20bf ILBR a8 BtrdtRs D04 Bl 416 tran@fniREP IR Qltarfed)
nodul ation. The ABR traffic streans 20a, b use all of the renaini ng

avai | abl e b&8dhe spmeichanneltasraffiswieans Idagnsing ferewmplaeCMA| | ed ar eas

22 of the gmagduigdbn. representati on shown in Figure 1. In this exanple, the
base station loads the forward link with CBR and VBR traffic in every tine
frame 18a-f. TheThaddR gaffiq sreamic?lad btuserdlhefsthaterpiningevailaredasBa- f have

rame 18a . . sthe af h

compar i ng t hanon ufpufELER, Rpkenkdfe) HDSMIY PR L RS VRN | g oten

such frame FFRIEsentatiomsbawmin digyretl- plviis emmyle, thedasesttiondordnthehen
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avail able transmt power erw se renmuin unused.
transm ssi optatioh thew deBRmines Whichi §medriroes#8a-€baeé sdeditional tdpacitg rel ative

priorities Qbaigdid'for the transmission of the ABR traffic by comparing the power
needed for transmission of the CBR and VBR during each such frame with
the maximum output power value. The base station then schedules or
transmits the ABR traffic in order to take advantage of the available
transmit power which would otherwise remain unused. The transmission
of the ABR traffic is performed consistent with the relative priorities of each
of the ABR traffic streams. This scheduling method is possible in the
example shown in Fig. 2 because the frame lengths of the CBR, VBR, and
ABR traffic are identical. It should be understood that CBR or VBR streams
can be used to fill in the available transmit power in the same manner as
ABR streams provided that the quality of service requirements for these
streams can be met.

The base station can apply different policies to determine how best to

schedule or transmit the ABR traffic streams in order to take advantage of

the available forward link transmit power that would otherwise remain

unused. For example, after determining the power that will be required to




of the ABR traffic streans. This scheduling nmethod is possible in the
exanpl e shown in Fig. 2 because the franme |engths of the CBR V@Ig QQESZU' BR
traffic are identical. It should be understood that CBR or VBR St &2 “Can
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transmtted between franmes that do include the discontinuous streamj. 10 As

expl ai ned nof@nsmitted petwggn frames waatido ingludathepitiseantismens fsgream).

transm sggon, theah ' t ﬁ&ﬁmlﬁs | eam at
full power (i.e., _a%i?%%ﬁ@%mhg?e{%%?’gf(or‘{%ﬁntsge as g‘tegzt\?g%tfe%gﬁﬁ%{ es is
requi red fotragsmissin, deerbase statiom mfy optetot tramesmit atgiven ABR staedmnatat t he
nobile stati tar ' I t. intentionally
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retransmt t thatfi,c ,information again at.l.ess than, full wer . The
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i nf ormat i1on ABR traffenindemivation injtailys anjesd eidn thedfalinp@séokguirad dor

synbol - by- synbol basis.in.a in order 20 to Cor[tet%ys)ém%etqgf?im ate the

| ‘a_buff _
traffic inforR&EFifFmedulatien éﬁﬁ&g{’?re‘ﬁt% afgfime, retransmi <

information again at less than full power. The mobile station receiving the
multiple transmissions of the same traffic information will then combine
(or sum) both transmissions on a symbol-by-symbol basis in a buffer in order

20  to correctly demodulate the traffic information. In one embodiment, the
base station allocates power among a number of different streams such that
none of the streams are initially transmitted with enough power for correct
demodulation by the intended receiver. By initially transmitting the traffic
information at less than sufficient power to be correctly demodulated by an

25 intended receiver and then retransmitting the same information at a later
time, the base station is able to achieve time diversity in connection with
the ABR transmissions. In a fading environment, this lowers the total
required E, /N,. Other parameters that the base station can adjust in
connection with allocating the otherwise unused power are the

30 transmission rate and the code rate of the transmitted stream.

One advantage of completely filling the forward link in the manner

described above is that the total power I, transmitted by a base station on the

forward link is constant. Consistency in the loading of the forward link can
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communicated to other infrastructure components, such as base station

transceivers (BTSs) and base station controllers (BSCs)), and delay within a

communication system. Frame offsets of this type are well known.

In addition, the offsets shown in Fig. 3 cause the total required

transmit power within time frame 18a-f to vary substantially. In CDMA

radio telephone systems operating in accordance with the TIA/EIA Interim

Standard entitled “Mobile Station - Base Station Compatibility Standard for

Dual-Mode Wideband Spread Spectrum Cellular System”, TIA/EIA /IS-95,

dated July, 1993, the contents of which are also incorporated herein by

reference (the [5-95 standard), there are sixteen possible time offsets within a

time frame 18a-f. The transmit power level can therefore vary up to sixteen

times within each frame. When the transmit power level varies sixteen

times there is some statistical averaging of the load because the number of

traffic streams is large. Nevertheless, there is still substantial variability in

the transmit power level. This can make the allocation of power for the
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enbodi nent theg are 20 nms in duration. Additiona rame ferent
| engt hs can“BePeyeed. Adternatisely, dramesdnasing lndongey durBtios, siwhatsi4dmshat ar e-
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S

frames having a | onger duration, suc O ns can be intermxed with
frames of | engt Figo ifsa graphical represergatigph#Q af theepafficantthe fomvata lindk t he
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out put  powef, 4 edfhindthehate Q%E%Rtodtslﬁ/te le'yw@rs leVerat a constant level. As was

the case with the system shown in Figure 2, in the system shown in Figure 4

the base station schedules ABR traffic streams 20a, 20b in order to take

advantage of the available transmit power (i.e., blocks 22 shown in Figure 3)

which would otherwise have remained unused. The transmit power level

of the ABR traffic streams 20 a, b can be dynamically adjusted in order to -

maintain the output power constant. Thus, the base station can reduce the

power of the ABR traffic streams 20 a, b if it has insufficient available

capacity. The adjustment can be made in the middle of a 20 ms frame. Asa

result, the transmit power level of the ABR traffic streams 20 a, b can be

lower than required for adequate reception when using the dynamic

adjustment. Similarly, the base station can increase the power of the ABR

traffic streams 20a, 20b if the base station has available capacity. The various

scheduling policies discussed above in connection with Figure 2 may also be

applied in the context of the system shown in Figure 4.
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of eneray recelveidile ¥Al ifteRedi reafﬁt?ﬁ%{}%séﬁ%ic%ﬁ{eﬁﬁé@ﬂ&t%ﬁtyPi cally
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used to counter the effects of fading of ten occur In transm ssion
channel s. | fadisgniiat efen @scusins trangmissionathapinelswi InhcanmunBagidnst andar d, t he

coding and igpb@idSAMEMILI Frith the 1595 standard, the coding and interleaving are
performed over the duration of a 20 ms frame. Thus, in systems of this type
20  the total energy received per frame is an important quantity. Therefore, it is
important for understanding the relevance of the graphical representations
herein and the system and method of the present invention that a more
detailed description of the transmission energy and error rates be provided.
The total energy received per frame can be represented as E,/N,. If
25 there are N coded symbols per frame, each with equal E,/N,, then:
E,= NE,/N,
where E; is the energy of a symbol.
Let (Eg/Ny),,; be the received E;/N,for the ith symbol of the kth frame.
Furthermore, let (E,/N,), be the received energy in the kth frame. Then the
30 energy to spectral noise density received during the kth frame can be

expressed as:




performed over the duration of a 20 ns frane. Thus, in systens of this type

20 the total energy received per frame is an inportant quantity] 5THEPeilf3e,
it is inmportant for understanding the rel evance of the graphical

r epr esent awé)@;“ Qer ein and the system and net hod of the present invention
that a nore Q6rail ed descri ption of thz transm ssi on en&CIUSAHFr r or
rates be provided. The total energy rec ‘f‘ved per franme can be represented

as Et/No. If 25 there are N cod mho p frame, each with equal
ES/ No, then: FEt=NEs/No where E. &?{sﬁpﬁe %ﬁe“r‘gy")’ﬁf a symbol . Let (ES/NOrk;
be the received Es/No for the ith synboli=of the kth frame. Furthernore,

let (Et/NO - ' i th f . t 30
Lo spoct ol ny EobIBlGIRAEL RS I LNRY et Te, i g A o7 cced
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The probadil ] ki\h_franme .. s corte y ceived, (i..e., that the
kt h fra;ﬁjr!;’le3 iésr¥ %é%%e%ggﬁvfﬁ 18 preRarignal tgr{ér@\éﬂsrt'o*ﬁ‘é%hé{ /0P £peeds a
denodul at i onptegletetmaned vdlaadieterieadiiylk probbilyoRer tHeOlwl frae (&t / NO) r k.
Thus, if (Et&Ng}{r# exceiﬁ’ds pr.edeterm ned value there is a high
probabi ity That t AZTRY T The B il‘go5‘@&&R?S%}V%Pt%té&mybﬂqﬁéheg/cm%shat i s
recei ved at determinbd lfforf FoC y N/Ravh&R P, iSHRI FALAFEH R@@’Q_C{Melgcdg\here Pris
t he received ovveé%gth% the code rate, and Ris e transm ssion rate.
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Al ternativel ', £ teTHEsiam rates dliarnativelys theyEsONecast behe many
techni qus kdedurinihed BJoss &id bf 81 hgn%ﬁébﬁng{/&%é{n@m}rhﬁul ﬁ%g? sRilled Ry St em such

as an 1S-95 system F. is$ the energy per recelived on a code channel
and Pr is tHE®aHwdR thegsenia systephsuchasan ISHbmyetem, \Byanthelenergpmpeni t power

of an ABR 1t rsgtdbot rédeliRABA § BGE \ either.the bit rate or
the recei ved@ES/No must vary. %gl)%‘gﬁggwipﬂéég’fe%%% Eranehe ?‘gﬁcﬁg%r of an
ABR traffic<®@prBgnis desired in order to nmaintain a hi gh base station

out put power | eveiher Y Eiemil H:okn?er(gffafni EBR'erdfBc stream is permitted to

15 vary, either the bit rate or the received E,/ N, must vary. Rapid varying of
the transmitted power of an ABR traffic stream is desired in order to
maintain a high base station output power level. However, it is difficult to
reliably signal the new transmitted rate to the mobile station. For an IS-95
type system the output power level can change every 1.25 milliseconds as

20  previously described. Thus, the received E;/N, can be made to vary, and,
accordingly, the (E,/N;),, can vary. The base station wastes power if it
transmits at a power level sufficient to make (E,/N,),, large enough to
provide a very small error probability. Alternatively, if the base station
transmits at a power level that is too low it can cause the error probability in

25 the frame to be too high.

A base station can estimate the received (E,/N,), at a mobile station
based upon the amount of power transmitted on the code channel. The base
station can perform this estimation by summing the coded symbol energies
that are transmitted on the code channel. Since the total (E./N,)., is a good

30  indication of the probability of correct frame reception, the base station can
determine whether it has transmitted a high enough energy level to have
the desired probability of correct reception. If the transmitted energy level is

not high enough, the base station can increase its transmit power level




reliably signal the newtransmtted rate to the nobile station. For an

| S-95 type systemthe output power |evel can change every 1.26§ CEp 313
mlliseconds as 20 previously described. Thus, the received Es/No can be
made to vary, and, accordingly, the (Et/NOrk can vary. The base station
wastes power if it transmts at a power_ level sufficient to make (Et/NOrk

| arge enough to provide a very snall el? or probability. Alternatively, if
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hi gh enough, the base station can increase its transmt power level 0 5 SEP
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transmits noré energy than n rl'y par rame, it
can reduce tmewratepthese skilleddndhelagt.er in the frame and apply the saved

energy to the r rgaqég - t] 1.5 nqt.required to

actual ly comutg( t#ﬁ%‘%:?g@wlg@ggé%msﬁg?f@@%aﬁ?’%iuﬁg{fﬁ ,OI%C:%Oth ute a

normal i zed exphgit Mianswdsssyrbd hd ditiomgy enedgyanfornetionsfrost dtel mobilan det er mi ne
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the requir r i al  transm tited, ener er franme using any

met hod knO\(%/rfw11 r{&g‘ ttgﬁi&gé%gi%@hgﬂ' i Raﬁg]c‘g?f’. wo&g]éﬁ?tbo&cquﬁgw e present
i nventi on cavhetkeruhedevdivéth ftameis reeeipéd eodredtlyams idtSand pesfbrradei t i onal -
energy infor e base station. |

particul ar, a%%tbé‘%ggfﬂ["%&t?g‘?et% b‘%{iﬁ thé%’ggelngtﬁ%‘g’(‘)' ?Pé?t%ﬂ]ecaf‘elﬁee‘?mr‘!‘f rane is
recei ved copositiveoraiegative adkhdeletigeffeat prat6idlOoVth iBEEWLrdY, tho&@biMi t h the
base station, .The protocol can be either a positive or negative
acknow edgeﬁ@ﬁf’nﬁragteb%ﬁf serp aBtaﬁ]é'i““O(I?B@‘,mPh@f%ﬁBB? }Seab?%f%‘?‘i’%%fbfan ei t her
send an ackdelodd¢RERRé iNBeRatibn ict, AltérRatiPel§OfHeembbile station can send a

negative acknowledgement each time it is unable to correctly demodulate

the information. Two exemplary acknowledgment protocols that may be

used in connection with the present invention are discussed below in

connection with Figures 5 and 6. If past power control is being used, the base

station can estimate the symbol energy of the information received at the

mobile station. Then the mobile station may, but need not, send energy

information back to the base station when either protocol is employed.

Thus, the transmission of such energy information from the mobile station

back to the base is optional in the present invention.

Dynamically varying the amount of transmitted power can adversely

affect the demodulation'process in the mobile station receiver. In the

receiver, the optimal process is weighting the accumulated symbol

amplitude by the signal to noise ratio for each symbol. Such a weighting

process is described in U.S. Patent Appl. No. 08/969,319, now U.S. patent No. 6,101,168,

entitled “METHOD AND APPARATUS FOR TIME EFFICIENT RETRANSMISSION

SYMBOL ACCUMULATION,” which is owned by the assignee of the

USING SYMBOL ACCUMULATION,” which is owned by the assignee of the




denpdul ate the information or, alternatively, the nobile station can send a
negati ve acknow edgenent each ting it is unable to correctly de ult €G3
the informati on. Two exenpl ary acknow edgnent protocols that nay be used
in connection with the present inyention are discussed belowin connection
with Figures 5 and 6. |If past power co%rol I s being used, the base
station can estinmate the synbol energy of the information received at the

nobi | e st at presentTingentione amdithe eonteatd ofiwiiih akUhereBg dnditporat& GeRiR’ gy
I nformat i ony, protocol is enployed.
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back to t hecdmmeniglaRidr decduie tthe cHd & SRdtinel PO i Bondiiady glly varying
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process in On is A ?lﬁér"ﬂmmofﬂi@ signal 40 veise ratie. Hith nal
process is M@H&B@vhﬂﬂhhﬁ%bo%\%@‘é%%ﬁf @g d%w%qd iR phide A 3’%’& signal to

noi se ratlo for each ng process i ribed in U S
Pat ent App! 08/fd2 9%xritsbatave), th@poeScatphEUanemma&ralﬁasdﬂ&tthepbwtefed

" METHOD AN E EE C NSM, SSI ON
ACCUMULATI %\lﬁD | Sﬂogvmﬂl;ggﬁ oy Bg‘%ﬁ’ 88 t8 ?ﬁBml’Jé‘?’NE‘ % L
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present inyg on and he content g of I G e hereby |ncorporated her ei n
by ref erenc(mhin eV %?@% APRETRIFER (AR %afr??ée%%%h Hovpvggegheme  comon

pilot si gnahebemaaomms@h@& mﬂ@aeénelr 6PATHbARhAVE iR orddrage and the
pilot E./1Q_is, a scaled val?tgr S|gnal to noi se ratlo Wth fast

forward | i fieepgbARPIE SRRKe Is; theyweightingea YﬂI'Y No

08/ 842, 993 différedt ah@\Rd mdbile smmr s%obse\awar@@f T8 go gat the
power of a code channel is not i constant proporti to t e connDn pi | ot

si gnal . mr\ﬂéﬁsgtg off Sample, theweighting appbied to theoABBmttsaonidfe the -
mobi | e St R it gfephich® V&P raBer@tiGHP RO QP freAdfl %‘Fg@rﬁfspﬂ-afr&a &%lees LY. However,

when the base Station reduces the transmt ener € channel in
order to useater thap thatappliedmtdhert drofcbb@tluhhfmales Itmﬂbnaugiﬁrstngdcan be
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stream 14f Hrgframe agdzhat btile pasperds éranatriited at the eboftie uhirdt ﬁrem‘ej rst frame

can be MiCor an accurate weighting in such situations, the mobile station can estimate
the energy and noise in the received symbols and apply the appropriate
weighting.

Rather than using the common pilot channel for weighting as

described in the paragraph above, it is also possible to develop the weighting
using a dedicated pilot channel. |A dedicated pilot channel is a pilot that is
directed to a specific mobile statipn. The dedicated pilot power would be
part of the power that is being transmitted to the specific mobile station.
With the dedicated pilot, it may pe possible to adjust the pilot level in
proportion to the transmitted power on the data channel. A drawback of
this approach is that it has the impact of increasing the variance of the phase
estimator, thus degrading the performance. Moreover, the dedicated pilot
channel approach for weighting may not work if there are non-ABR
services being transmitted to the| mobile station, and such non-ABR services
require a high pilot level for proper performance. In such cases, the level of

the dedicated pilot will be maintained at a high level, thereby wasting power




greater than that applied at the d of the third frame. It wll gc
understood that a |arge anmount of power is ransmtted for t hel 9t $2RrlE3
the end of the first frame and that little power ' transmitted at the end
of the third frane. For an accurate weighting in su h situations, the
nobi | e st aOW#4IA estimate the energy_and noise in thel’Ce‘wwwssynbol s
and apply the appropriate weighting. Rdf her than usi ng the conmon pil ot
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for wei ghtr not wor |f t re are non- ABR_ servi ces being transmtted

to the nobil tért'%fkf en (?ﬁmABRteséP@er@é(mS ghutotad racewgqh pi | ot

level for prempegy nebfderrffafﬂéeerrdﬂe W%&%@?raxﬁé"fs Aléglﬁkarﬂi efrBg. Qﬁﬂlalcat ed
pilot will be main ned at a hi | evel there%’ sting power 5 SEP
2003 WO 00/ 5‘3‘21!3“?‘?1 ghose s kﬂeeﬁut}me@éma gbremsedse of the dedicated

pi | ot channel foﬂn%&’&ldﬁﬁ@ﬂﬁthoﬂ(heeéﬂaﬁeﬂﬁk%%mdﬁg }r[%e above conditions

the nobile station may not receiv tréf I'C s feamwi th sufficient
power to de myingd (tf dedn esrom thetmobléwstaﬁoerstmghﬂmreuewe(ircode to

demdul at e tdyiehd RATHE SRl f buThe R EaR) S0 0n g B dREm By 00Dl N2 | on

of checki ng cyclic re ancy ¢ et eencoded
symbol errorth ?@tresenammmeokﬂmgmphﬂe 'statmh then ebmgpahtesefiof §)), basear der to

deter e ol gl ARG 1 AR GRSt e ol RGPS KO
present IPnveaqiised fartthn franfie tbe Hemodealatedrivitittheaegired ek @hte caiie mobi | e
station stonfig, bRGshRGRA th23Bile station sends to the base station a negative

acknowledgment and may include such an estimate of the amount of

additional (E,/N,),, required. The total required (E,/N,), can be estimated in

this power control method based upon the outer loop power required (or

20  the threshold) for the fundamental channel or DCCH channel. U.S. Patent
Appl. No. 08/842,993 (cited above) discloses a method for estimating the

total required (E,/N,), based upon the outer loop power required.
Alternately, there can be a separate outer loop power control method for the
channel being used. It will be understood that if the frame is received

25  incorrectly (i.e., with an undesirable number of errors), then (E,/N,), is
insufficient. Thus, the optimum power level can be determined by
conditional statistics that take into account the fact that previous attempts
were received incorrectly. Instead of sending the amount of additional
(E,/Ng), that is required, the mobile station can send the amount of (E,/Ny)a

30  that was received to the base station. The mobile can also include an
estimate of the amount that it expects to need for correct demodulation in

information sent to the base station.




synbols for the frane in a buffer. In accordance with one enbodi nent of

the present invention, the nobile station then computes (Et/N(,()K§ §aBei ]
upon the energy received in the frame. The anopunt of additional (Et/No)k 15
required for the franme to be denodulated with the required error rate can
then be estimated. The nobile station sgnds to the base station a negative
acknow edgnent and may include such an timate of the anount of
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can al so iné T4ra “sé%‘ﬁ‘ﬂﬁ ¢ ARR traffisustreamsaen ithe forpaed dinko Teed f or
correct denvapilainentrl icRanhdlfid iRkl RehrR SEP 2003
18 Fig. 5 %é‘ %éaphlccgl rép%@en%??gnmdé%%ﬁow ngﬁgoéélﬁhdgﬁq‘ alg Fme line
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r epr esent at ¥o H) ig usedvfer frangniission pbﬂm ABBnrafilc serehine bnatheSotwh@r t h above.
A pref err ed;igEaedideinkf t he graphical  r e tion 50
can be inplenented in aér% w%ﬂ%&%&&%&t S8Ry g'ﬁ FB}‘? ‘f’ﬁgﬁfs 95 third
generati on %hm\@h ig ’fyslmpplll)e ﬂmmelaihaurﬂmhef tt(el—'sn.@@t@méx&al Bieannies erlster).
transm ssi LLc lrle e forward |jnk. The
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suppl enent al c anne ypI cglr?f? % YHaRlIcRy PRI 0“15@0@% #% can al so
be a fi xedst@tioratmasmwblthe selteel udd i areddiunh i cdss RokHoR M AIR) hkddagéeof Or war d
and 98 to the mobile station. The schedule informs the mobile station of a
number of aspects of the transmissions, which can include, but are not
limited to, the number of frames that will be transmitted, their transmission
rates, when they will be transmitted, and their frame numbers. In one
embodiment of the invention, the MAC message 94 only provides the
mobile station with the transmission rate that will be used. With this
embodiment, the mobile station continually attempts to receive the F-SCH.
The base station indicates that two radio link protocol (RLP) frames
102, 106 must be sent to the mobile station. RLP is the upper layer framing
protocol of the communication system. An RLP similar to that described in
TIA standard I5-707 can be used, though many different upper layer framing
protocols can be used. In what follows, an RLP frame is assumed to map
exactly to a physical layer frame though that is not necessary as part of this
invention. The sequence numbers of the RLP frames 102, 106 are k and k+1,
respectively. The RLP frames 102, 106 are transmitted during the physical

frames i+1 and i+2, respectively. When the mobile station correctly receives




and reverse control channels respectively. \Wien the suppl enental channel
(F-SCH) is used for transm ssion of the ABR traffic streans on tﬁlegfép%‘d
link in accordance with the present invention, the error rate of"t
channels is typically |Iower than that of the supplenmental channel (F-SCH).
In the ack ment protocol of graphical representat irTAS00/05795c base
station transmts the schedule in nedi uhfaccess control (MAC) nessages 94
and 98 to thheehishfsds ' | £ i le station of a
nunber of aspects of t%lgbg%ﬂ%ﬁbgﬁﬁggym%géﬁ"l‘%@?ﬁgﬁg, eb%?mgre not
limted to, Y4485 mestage U2, iSingecthettaae statibh does hotreeivetard, t heir

transm ssi o Ll be,t sm tted nd their franme
nunbers. | nnaé:rlléeI e%‘ S Erllgr?? @R%ﬁq%%gﬁi%n?e:ﬁﬁe ﬁﬁﬁg’f)ﬁé‘g’é‘i‘bé T6¥ only
\%?\rlll flﬁ_s thefomtd_ heltcsssagmmanté\i_nlt thetlf[@;tq ﬁaegge?_ml iga}c?ahgtt{\ﬂaﬁqtevn%ﬁ be used.
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frames 102 ThiOfobile stationsledinstfeorh the MRU Beshgt 98tha R it lobfbitprer | ayer
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assunmed to rspa exactly to a physical |ayer frane thoug hat I’ $ no
necessary a r%’é’i’ {+pthe mabile;station cambines thes mgeived energybiareach syiboRLP
frames 102, id QRe sEtBartsnAftE : ' The RLP frames. 102, 106 are
transmtted during thfﬁh@?ﬁ%ﬁﬂ“afﬁé’g‘%isﬁ ztal}]edre'l%?l}f?dregg@'c?ﬁ eh?l y. Wien the
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19 the trangphes L ame k+1 (1106) . it acknow edges the frame
usi ng nessage 1?2%8?%8%}1@%1@ %’ggsﬁemgé‘ﬁebvﬁgo%@ nB’t the frames.as,descri ed
acknow edgemgmeinof the RLP franme k (102), the base station sends a new

forward |ink assi t.in the C sa | ndi cating that the RLP 5
frame k is §ched$ﬁ€§F (ﬁ’cﬂe Srt%tf%ﬂ%oﬁg‘i%sggf’ﬁﬁ&i eahﬁlé‘F'E‘SI the frame j 15
(110). 1Fheitbbsing the atknowledgement hﬁ@sighel1%®m8&?sg£cl&%ﬁlb@%eﬂxént”u5t
conbi ne th%a&i na{;}g):?g ei ved ri.ng frame i +5 (110) with the Signal

recei ved durrng °f 'e+3r(ef5)2;é? It isspotransmitted ftp thebaserstation.et r ansmi t t ed

during the Motedee] in furdiie: dniodibdeftd R beerg) Aekielt HATBE R85t { e’ €CE1 Ved
energy for ggagehstgﬁlgr? g\lrith the acknowledgement of the RLP frame k+2. Thus, in this
embodiment, the acknowledgement always carries the estimate of the
20 amount of additional (E,/N,), required from the first frame that was in
error. However, this method may not work well if the last frame in a

sequence of frames is not received correctly by the mobile station.

When the base station determines that an acknowledgement was not
received from the mobile station and it desires to retransmit the message,
25  the base station determines the level at which to transmit the message. The
base station can choose a level based upon the feedback information on the
amount of required energy needed by the mobile station. Alternatively, the
base station can estimate the amount of energy that the mobile station has
already received and use this to determine the level at which to re-transmit.
30  The power level chosen for retransmission will, in one embodiment,
correspond to a minimum power level needed for correct demodulation
when the symbol energy of the original message and the retransmitted

messages are combined in the receiver buffer. The base station can form an




10 in the retransmtted physical frame i+5 with the received enﬁggy, f,Lgf
original transm ssion during franme i+1 (stored in the buffer as sGiTl i
above) and decodes the conbi ned received energy of the franes as descri bed
herein. The nobile station acknow edges the RLP frane k during the frame
15 i +6 using the acknow edgenent nessage 114. Wth this acknow edgenent
based nethod, the energy deficit is n transmtted to the base station.

Mor eover, pstithatetdfehe aeadit B thergy Mt SRERDHilE St 593% sent to the
base station with the acknow ed egrgent of thelRﬁg'ﬂnalrlre 5%.%yThus, in this

embodi ment FEENEdASING intoggatientirem feywarh powes cohtrobshe tersmadsiste 20
amount of gadélithe 3128 N4 5 SaU first frange that was in
error. Homevéelfr,_?jﬁi i;a t hod nélgtﬁ%()'{:ﬂeﬁ%rn&[nﬂﬁ{BﬁyeE ﬂléeq‘%'s‘ﬂsr%rté’ne in a
sequence offaR§mitehe ifeame tandethei pathl loss: rBed hgtublyinfdrenawivyi Lisedsivat | on.  When

t he base s ' r 10 that gn,acknow edgenent was not received from
t he nobi | eag{ézli%%eﬁa’l%d&ih ?'? %%gllgl?é%(:q?ge TF S AR OthRE PAEAREIgE whinh t he base

station deareraviilelsletthdhé busd stationhiAdferhativelBE&bhsd gtﬁti@ﬁ%§ﬁ?f‘st The base
fon on the

station c %Q% .a Jevel based.upon the feedback i nfornat

amount  of a‘?“‘equ. ?é&"‘&ﬂeﬁ%ﬂ @’éZB‘BdE{}’W%éEMUPIt@tBQ&Wd pawescoattolel y, the
base st at ilevel} &0 tiesiriobile stdtis. amgﬁixeﬁfpcﬁpérlgyeltMﬁlﬁlgge\%ﬁgl e station has
al ready recei.ved and use this to determne the |evel at I'ch to

re-transter%r’i‘HE h’%‘&éfa@r'i‘osen for retransmission will, in one
embodi ment,  COsERDORthd Bich Aeud M@rba's,@\ét%hoﬂerfa‘}l%ﬂﬁinoz{ﬁ corr ect
I e} sa

denodul ation when the synbol energy of the original mes and the

r et r ansni tTE28%88 do thasmabde statisnntecpronidentheridertityesf drdtfamsmiffb® base
stati on CaFrarh®'theadRobilesial j, at e_amount .qof energy that
the mobile station ?la}s al rggéggadrléeg%?ﬁey lr’}gp ﬁlﬁﬁilyn@%mﬁﬂegtﬁ‘ef‘ﬁ’é?ﬁ“?’or\mard
pover cont¥dhe retransmitted frasad with a edasonaliip degopasfaictency GRah thons, the -

Aetual i nf oroie UEBE ot Rnlcle, b AR ar BtrkRivs o eed B e these or
any ot her detargnine avhetvr framedrB matahésathecddta rebvaB &€ psdvabhdframes _
pover 1ol rtre e RERf sE AN RaRE e e Tyl ohe Rl 1 o ot ati on.
This fi xedetpywenission of messhge BRiendeRGuired for this invention. In this
alternative embodimen't; the mobile station compares the received symbols
from the current frame with symbols from all previous frames stored in the
mobile station’s buffer. If the mobile station determines that the
retransmitted frame corresponds to a frame already within the buffer, the
mobile station combines the energies for each symbol and attempts to
decode the frame. ' i
In an alternative embodiment of the protocol shown in Figure 5,
message 94 is not required. Message 94 is used in the embodiment described
above to provide an indication to the mobile station that frames 102 and 106
are to be transmitted. In this alternative embodiment, the mobile station
can alternatively determine implicitly whether the current frame is a new
frame or a retransmitted frame with a reasonably degree of accuracy from
the transmitted data using the Euclidian distance analysis described
previously.
Fig. 6 is a graphical representation 60 showing a scheduling time line

of a negative acknowledgement protocol between a base station and a




predeterm ned by the base station. Instead of the explicit method of the
base station transmitting message 98 to the nobile station to (pho¥IRieithe
identity of a retransmitted frame, the nobile station can alternatively
implicitly determne the identity of the retransmitted frame with a
reasonably degree of accuracy fromthe _transmtted data. For exanple, the
Eucl i dean di stance can be used to det éni ne whether frame i +5 matches the

data recei vatbbile ta6oh uitatle FOE fmpledtdntDNE i Ble g%@é}naé‘fktﬂgﬁﬂ@g&?d, such as

frame i +1. Thus, the explicit retransm ssion of ‘nessage 'S not required
for this invaYRntoR: The pagativeckapwiedgamentiprdtarehof thégrapiticdle st ati on

conpares thee ' rrj_:)ﬂ.i r frane, wth. s |s fromall
previ ous f ran%fgﬁt%t?tgh%pn t ge u%%:‘éﬁ aegg?%? icéﬁ{llél %ﬁ}oéjr as ?E?Q f?%gb aﬁ‘ﬁlﬂ‘?'l e
station det er ni nbstheneagative a@wmdgmneheﬁrdmmf%aphﬁ:abnds to a frane
i
1

al ready w thi far, ile station c nes the energies for
each sgnbol péﬁ&%?@rﬂpt@’tﬂéé gg%ec%[ggo? orms fre mqpilestafion phihe BEF enbodi nent

of the prot fraolesdB2yi06ito beitgaristnified afe Ih@ PRy SdalilfydiGrarhesiiy bed. Message 94

is used in phe eﬂ%%dlif ment deggi bed . above Yo rovide an indication to the
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al ter nat i vethanfoasles R0, . 106 K6 thdRidbfle StAIInONf i@ hdbilk St YGdynglet er m ne

inmplicitly Whe.thgt'[3 gzg‘le fcrurrent frane is a new franme or aretransmtted
Hepadha Rk

frame with : #egr188 corregidytha ayoltileowatiom sendsam segatived dat a usi ng
the Euclidi adkndniédititerdNab s ke 9&%%511?&-& gﬂ% Sé{éeo#gﬁé’n tlEéIQSen%rsl S a
chedulirng t1rnme I'ine 0

graphical representation 60 showng a s a negative
acknow edgeMePiasp P8tas Rsevieuslyedsscribérhard shetriformatich af G fPaikRB021s nobi | e

station suifeaRhemiRdd hiRlEAERLAgon 1 n the system of the present
i nvention. The negative acknow edgenent protocol of the graphical

representation éone ahthsedigardscinitagea qgf she negativter anknowdddptnashtdabed or t h above.
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be transni t¥Rdf dminegasiveracknowlledgeyent fis aoeseckivellefrom the mobile
station. For ABR traffic, the probability that a frame transmitted on the
forward link is in error is much greater than the probability that the
negative acknowledgement sent on the reverse link is in error. This is
because the amount of power required to transmit a frame with many bits
on the forward link is considerably higher than the amount of power
required to transmit an acknowledgment. The negative acknowledgment
protocol can use a MAC message 98 to indicate that the frame is being
retransmitted. The MAC message 98 can be similar to that used for the
acknowledgement protocol shown in Fig. 5. The negative
acknowledgement protocols can also use an implicit method for
determining the identity of a retransmitted frame that is similar to that
described for the acknowledgment protocol shown in Fig. 5.

Several alternate embodiments of the negative acknowledgement
based protocol are possible. In one alternate embodiment, the base station
does not inform the mobile station about the frames of the original
transmission and does inform the mobile station of time intervals wherein
the frames can be sent. The mobile station demodulates all of the physical

frames. If the mobile station correctly receives the RLP frame k + 1, it




transmtted by neans of the MAC nessage 94. The base station then sends
the frames 102, 106 to the nobile station. If the nobile statigp ckg?zaygg
receive the RLP frame 102 correctly, the nobile station sends ﬁe ti
acknow edgenent 116 to the base station. The base station then sends
nmessage 98 WS4 ousl y described and the informati on ofParisesesarse 102 is
retransmitted as the frame 110. One of -¥he di sadvant ages of the negative

acknow edgeieilonhnSeheehil 208loviSdLInd AF RESR:ShE bed Grflgh able to

take action to retrans nega ackno genment i s not
recei ved fr dnrludes thebktheframepon tive RAIMCCEBRAtdisddviantagiehod thisgirabidol sy t hat a
frame transmttied on, the, forward lLink is.in error is nmuch greater than the
or obabi | 1ty PAGES AEbHS SatioR A5 ot IPw AR A TeBRE DEMORS eSS oe |ink i s

in error. Thitoreithe shatalsrerghe fasmUthl vakiond WRimdse OTHis dibadoahtagaeamt a frame
W th rran;g bitsqrﬁ_n the for d link is considerably _hi‘gher thap t he anount

of power d-"(ﬁﬂ BESE0 1R PEYEIA Vakh RN&M’@&PQ%HEQS afixe agwunt e

acknow edgnaiémoby 8h HakirgatheUnBbile MAGoHRASANE t1I8oldest ALbGAH HHyERA] t he
frane is being retransnmitted. The MAC massa%gi 98 can be sim'lar to that

used for théaygckawaissaholenerginsovbenit reegwmdditignay memorghe negat i ve
acknow edge . C 2 i G term ning
fhe T dent by orTauvly? Hembbllo Hafibnt R, Ak inbiibly SR IB0nNNtE W 0l Mhed
for the ackrdwisidhlyer framst thabwastreonivedh niirg th&n a gredetarminieddimaie
enbodi s RE phkye negative acknow edgement based protocol are possible.
In one alternafe embodi ment, the base station does not informthe nobile
station about the furtinersdisddvaneagerofghisaprotéachissthas sheomobild stkdiEs major m t he
nobi |l e statign.of t.i I nt er\ﬁalg vy?erei n_the frames .can bg sent,. The
Ra'sTid Fog

mobi [ e st at i'5h HS OO RSN FelODIRNG 2 AeBa Y AtoWIFdggmenton; | o
station cor rpaotriptly fot drantes thheaféldécéivedtn krror.1 Thist difadvadidge2is03 WO 00/ 54437
Framos. (whi CRRCHECEIRY P Esot AU ial ) ep e RABAGIESVeN SR Ao of
thi's pra5ocahe ifgst triraimibdion TThis @isadvdritage EEBe BPércbMeVf WiehaseGtdtiirease
e oo Tl b Y Tlor G0 SRlhd B2 MR e T °
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F-DCCH. This done message informs the mobile station that the base
station has transmitted a sequence of frames, thus permitting the mobile
station to determine the frames which it should have received. The mobile
20 station can then send a negative acknowledge message for the frames that it
did not receive. Any done message can be combined with any other
message, such as a message that indicates that the frames will be
transmitted.
Significantly, when a frame is initially transmitted with insufficient
25 energy to permit correct demodulation by the intended receiver, as described
above, and then retransmitted, the retransmission provides time diversity.
As a result, the total transmit energy of the frame (including
retransmissions) is lower. In other words, the combined symbol energy for
both the initial transmission and retransmission(s) of the frame is lower
30 than the energy that would have been required to transmit the frame
initially at full power (i.e., at a power level that was sufficient on its own to

permit correct demodulation by the intended receiver). This can be




5 be addressed in several ways. One way is providing a fixed anount of
menory and having the nobile station discard the ol dest recei vgd [§bPsizEd
| ayer frane synbol energies when it needs additional nenory.
Alternatively, the nobile station can discard nenory corresponding to a
physi cal | Y@P/F4¥ne that was received nore than a predetRGT/HSAHES ne i n
10 the past. A further disadvantage of £hi s protocol is that the nobile
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different path losses or propagation conditions, or when the forward link
path loss increases between the mobile unit and the base station.
The present invention has been described above with respect to
20  variations in base station loading for transmitting forward link services
such as CBR and VBR streams and variations due to power control.
However, it will be understood that the invention can be advantageously
applied to other situations including transmissions on the reverse link.
In the case of the reverse link, an important parameter is the rise in
25 the level of the total amount of noise over the level of the thermal noise at
a base station (referred to hereafter as the “rise over thermal”). The rise
over thermal corresponds to the reverse link loading. A loaded system
attempts to maintain the rise over thermal near a predetermined value. If
the rise over thermal is too great the range of the cell is reduced and the
30 reverse link is less stable. A large rise over thermal also causes small
changes in instantaneous loading that result in large excursions in the
output power of the mobile station. However, a low rise over thermal can

indicate that the reverse link is not heavily loaded, thus potentially wasting




control (as described in U S. Patent Appl. No. 08/ 842,993 cited Z‘?OSYE? "tf
less 5 inportant in the case of ABR traffic streans that utili Bed t 2003
retransm ssion approach described above. The fast forward fink power
control is l(féo? |_nmportant because the retransm ssion approach is a form of
power cont o WS4 addition, fast forvva%g l i nk power contfATUSAYYEMPe | ess

| nportant when the retransm ssion apprbdach is being enpl oyed, because fast

forward | i nkayedlable capa€iont Italilidie! @idirstob@ byathBsdKilléd th fH/ A\ ig@nst ant  at
the nmobile station. Thus, it may be preferable to not use fast forward

power cont r omeinds gihe thap measuringtheirisecaves thermalcandreased 19 nk, the base

station adj ugdtermir® theaBading FIErebdsd iGxChannel when it is unable to
suppl y additional@g}gmr for “the channel %(romthe base station. This can

occur, for exanplBRfaéfic sireasms carbalgs be ablocated evailable/Bipagisy s, the hi gher
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require nore transmt power due to different pa J0sses Oor propagation
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transm tti ngohtrolatie Ibii!cﬁkt}&ae}it-\ﬁ(:(l-ﬁj &heiﬂSﬂPﬁ%p@kBBlRﬁngOFBErﬁﬁnﬂ@md sl@rﬂd .
vari ations e to power control . . er, i.f w e upderstood that the
i nventi on c§1°188f E’ééf?gﬁ{'%éseﬂfféjlo?‘ théﬁa%%ﬁn‘%dﬁ?%rmw& %Eoﬁ“’ﬁbl udi ng
transni sKi ondloestiér Betvadarthe chafdfels.! Typiiglif ML RUCH H8qhi8deH8t bf He. an

I nportant paraneter is the rise in 25 the |level of the total anpount of

noi se over tTRNSEGBPWSE Singe it is sarrRying ibedugh rate dagm staeama df efhchansiedy red to

hereaf t er asarbkenfrollE&Eby R hiél\efarl’@g'c'ﬁver EBRrbll stfeant) thén WHERRE HaRL r esponds
to the reverse |ink |oadi ng. A | oaded system attenpts to maintain the rise
B

over t her malStdY requies aceenehancef thel pawer gn then-SGH én ovdsr totrentral s t oo
great the rqggﬁng’f tHePove&! df a'llscl{a]ﬂﬂ qgr@dme&.h%%olrs rn%Y‘arﬁﬁ?aﬂlé BEcdife! €SS
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stable. A large riseover thermal also causes sna
i nst ant dfeouBe pdatiitheyRtFCH, anskthetRDCTCHcge bexecaiwicoms thebashstatimntayat  power

of the nobi ljg,e 4Rk QN lﬂﬂxyever, a lowrise over thermal can indicate that
t he reverse ?‘fnkﬁ&l‘sl not heavi | y |l oaded, thus potentially wasting O 5 SEP

2003 WO 00/ 54437 APEpau8e igls &6 poRveravatiohbhanneh fraai the bdse statidn ke
understood Ry. LR sthtidd &h b ubOf (' vevi@link power control on an 15-95
third generation system. The power control rate for the reverse link can be
20  eight hundred bits per second. While the same rate can be used to control
the R-SCH independently of the other channels, the 800 bps rate requires
more base station transmission power than necessary. Thus, the power
control rate for the R-SCH can be somewhat lower because it does not have
to be maintained perfectly in fading conditions. Furthermore, the power
25  control for the R-SCH can be at an offset with respect to the main power
control stream that controls the R-SCH, the R-DCCH, and the pilot. A
signaling message or other signaling scheme can be transmitted to the
mobile station to provide this relative power control in lieu of a power
control bit stream.
30 In an alternative embodiment, a separate low rate power control
stream can be used to provide a correction to all mobile stations relative to
their own individual power control streams. This can be a binary stream

specifying an increase or decrease in power for mobile stations relative to




met hods ot her than nmeasuring the rise over thermal can be used to
determ ne the loading of the reverse link. ABR traffic streans Jah HPslER
al l ocated avail able capacity on the 5 reverse link to keep the rise over
thermal nore constant. The base station can control the reverse link
transm ssion with a formof high rate RsP control. The third generation of
| S-95 has a single power control streamthat controls the pilot, the
R-FCH, the HedopwndndiviiealRp®@atcaitroll strearBusThis caBhlotse &irealléwng i s used
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an increase or decrgase in_power e stations relativ 5 SEP
2003 25 invention. The negative acknowiedgement protocol of the graphical
representation 70 can be used in a power control method as set forth above.
Most of the timing and the acknowledgement structure of the reverse
link operates in the same manner as described with respect to the forward
link. An exception is the following. In the reverse link, the mobile station
requests permission to transmit the high rate ABR frames 164, 168 by means
of the request 176. The base station informs the mobile station when to send
ABR frames 164, 168 by means of an assignment message 152. The mobile
station of the graphical representation 70 is not required to request
retransmission of an erred frame 164. However the base station knows that
the frame 164 is in error and schedules a retransmission when the reverse
link has available capacity. Furthermore, a negative acknowledgement
message 156 transmitted by the base station can include permission to
retransmit a reverse link power frame 172 and the slot in which it is
transmitted.
The alternative embodiments previously described above with

respect to the forward link can also be applied to the reverse link. For




t heir own individual power control streanms. This can also be a %gree @I?
met hod that can indicate increase, decrease or do not change. AddiYton Y,
any ot her known power control schene can be used for the separate |low rate
power control. The disclosed nethod can al so be used when a nobile station
has insufficient power to transmt all,.,of the streans to be transmtted to
an intended receiver at a receive povvg? | evel that allows correct
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i nvention. The e pr t he aphi cal
representation 70 canggb&ﬁg(gdlqungg g‘% i‘”cﬁ#‘?Fg&’Ji‘a "‘gﬁ‘ a5€ort h above.
Most of theitmcm c@m&rﬂascn&mwamwu scHeduldr1e fof alib@tigverse |ink
operates irlh Cfﬁ‘qf‘s manner #lﬁts % with respect to the torward 1|ink.
An exception 18 PST”eE\f\'ﬂ?é‘g ! ef‘ﬁgtf {ie streams i aceqrdangshwith aneat i on
requests pamdm:hmnt b the pReeht inveatiBh 9THeaY &1 SEABRr itbea by means

of thereq t 56, ‘I;{nﬁ%grse station inforns, the bile station ento
send ABR f rﬁ.{s 18ﬁ mes%ﬁ%nﬁ%b@#ﬁﬁmmagéoﬁw:e The nobil e

station of usig gﬂh&ﬂﬁleﬁahr Rl G d %eﬁglérsch&%a%%g%&?i‘ﬁ eliQ " equest
retransm ssi gn,of an er}(rﬂ? rane 164. However the base station knows that

the frane ude sothware for allogptinghpeyerin acooedancasvits sheopresken t he reverse
link has avmdrﬂi@heismea)in IEBrPQL%ﬁFRﬁrE ﬁo“@@ﬁbb‘éﬁ gﬁéﬂ@&“"ﬁfiﬂﬁmm

nmessage 156‘36&\5'5 nsmtted t he base station can ermssion to
retransmt 13 EQB@EWA@&R%MT&SEHEWMNG tis

respect 1 3""{“@"?0?""@%@ i ST RE et hfRioh REFFR SRt RN "For 26
which are hereby mcorporated herein by reference In the embod1ment
shown in Figure 8, BSC 800 determines the power allocation for each of the
data streams being transmitted, this power allocation information is then
transmitted to base station transceiver systems (BTSs) 820, 822, which in
turn transmit the various data streams to one or more mobile stations 830
in accordance with the power allocation determinations made at scheduler -
810. i
Referring now to Figure 9, there is a block diagram 90 showing two base
station transceivers 820a, 822a that each include a power manager 821 for
allocating forward link power among different traffic streams in accordance
with an alternative embodiment of the present invention. The
embodiment shown in Figure 9 is useful in cases where fast forward power
control is being applied, because in this embodiment the power allocation
determinations are made at the BTS's (rather than at the BSC 800), thereby
eliminating the delay resulting from transmission of the powers being
transmitted on the forward link from the BTSs to the BSC and the power

allocation information from BSC 800 to the BTSs. In the embodiment




exanpl e, in one enbodi nent of the reverse link, the nobile stat lﬁ)gr%fn&ﬁb
required to request transm ssions using the MAC nessage 176. F ai 3
the base station is not required to grant access to the channel using the
MAC nessages 152. I n anot her enbodi nent, the base station is not required
to explicit V%% m the nobile stati onlzzsi ng message 176PGFUSMGE5T$rame in

which to retransmt the nessage. Referriig nowto Figure 8, there is a

bl ock di agr ashcalieuh Figiitelsn ke vaidld BOIGENd: AllbEirESef P BRI Ncl udes a

schedul er 812 for allocating forward |ink power ng dif ent traffic
streans i n at@BiBSHES straamsomay benimplementedoin sofvarearsing poweent i on. The

various poli ﬁiaﬁﬁ%érQrSZﬁl EQERpbRr HMQ{% rB &&gw&%g&pe? gilg&h%%r ame may

be inplenmented ih software “using scReduler 'on-of g ScRedul er
that may be ¢ashiafithe datn streaphaibeing dfansenitinigdry thel cweaisponding\BIS, and

accordan ' resent.. bnvention,is disclosed in U S Patent Appl.

No. 08/ 798, \é\g‘%r%%lﬂ%‘i%e? i e ?Wﬁ[ﬁg’f@éﬂﬁdﬁ FGPERTEINENK RATE

SCHEDUL| NG, "statitnc830 i aswosdhrizy witie ties poees alledaticheddisesigntiohd el on and

t he cont ent sbofo which are ﬁgrﬁ%étgcorlggr ted herein by reference. In the

embodi ment  PhBRHEF asager 82k poergeeeimanicdersshediderdlhim Beat i on for

each of the BSakan sét ame g@virAlpdwensiiBcatisal poliby &QQH@?OW&%&?@&

i nf ormati on é’-‘awtnht QBt,[I,é;ansm tted to base statioh transceiver syStens (BTSs)
|

820, 822, RRETY A niThis has theradyantagathatsthe momerimanageror nor e
Tobi | e SICI | 831cahRunde sREA AR MRt dhs AR ARE ol LA Mg o7 i nat | ons
er

made at schedul er 810. Referring nowto Flgure 9, IS a ock di agram
90 showi ng tRESWEER the BTG and the r5§%s@td pravid@0 conséstent scheduling holicyc| ude a
power managesvedall dfh sudhgcating forward |ink power anong different
traffic streans in accordance wth an alternative enbodi nent of the
present inventi oAn sWunanyh déifferent schieduling pokitigsinee Possibledlafing tha cases

where fast fprward. S QR i S, bei.ng applied, because in this
embodi ment the power a”%%‘gt | oné?J lc#a[é'fér%‘ arf g‘ﬁ’fdéf?'jé‘gﬁgléyéﬁafﬁteo BTS' s
(rat her ¥harrulgs fohde®8DiIBOQ)whirhef apluratity of sighakgwhitiagdelbay resul ting from
transm ssio . s_hein t,r.apnsmtted on the forward |.ink fromthe
BTSs to therl ngﬁgdt% g%\géptb‘ﬁ% 1ns§rt'egdﬁﬁ %}E’r’amﬁ Jhrine %He‘?‘r‘]ﬂﬁﬁ B2BE0 to the
BTSs. In theéasebationeah tthrsm3ARe204¥ic streams that are likely to be received at

sufficient power by the intended receiving mobile station. Alternately, a

scheduling policy can be used wherein the forward link is transmitted with

20  sufficient power for correct demodulation by the intended receiving mobile
station on the first transmission. In an alternate embodiment, the base
station can allocate power to a number of different streams such that none
of the streams are transmitted with enough power to allow reliable decoding
by the receiver without at least one retransmission, as previously described.

25 The transmission rate and the code rate of the transmitted stream are
among the other parameters that the base station can adjust in this case.
Furthermore, one embodiment of the invention is directed to the case
wherein a mobile station has insufficient power to transmit all of the bit
streams. In this case, the mobile station can reduce the transmitted power

30 on the R-SCH in an attempt to maintain the R-FCH and R-DCCH at the
required power level. This method is similar to the one used for the
forward link. Since the base station receives some power from the mobile

station, the amount of power required during the retransmission is less. It




WO 00/ 54437 PCTI USOCO 05795 27 shown in Figure 9, the various p I$q3,_ep$ E&r
all ocating power to the ABR transm ssion streans nmay be inplenén ed-irz

sof tware usi ng power managers 821. Each power nanager 821 determ nes the
power a||OCﬁ ion for each of the data streans being transmtting by the
correspondi é ﬁg:,"’ and 5 the BTS then t{;snsm'ts t he vari oPGI/tUSNOMS™®S r eans t O
one or nore nobile stations 830 in accdPdance with the power allocation
det er mi nat i om4dllivedehdeP3todd ¥est AMPHABE 'm. i ' ¢t NE
schedul er 81Q in th? SC can set sg_m&gae’%s)e?%lca’ggamg?feéﬁ??%gg%irﬁg%&SBI icy that
the power maH¥g®NE ofgal sehup wE abmey tisee dyringa. tramtsissiars aftesatdiant age t hat

the power nanagerphe Brlidusady r fLuct.uations w thout
encount ering the del § bet mgﬁﬁpﬁéqgigggn%&f{ﬁ@egg@% nbsrlc?\ﬁrgé’ €
consi stent stherpile agepwin gllediretheadt td anakesor esembe prosenimesntiondi f f er ent

schedul i ng pphs Gl i bl ring the transmssions of tinme frames
18a-f. A fr ar’;h\eé g%ﬁé‘éﬁhﬁ)ﬁgﬂpo 0?1830 ?ﬁesg %gl?o eni%wilgllbéé'e?‘ﬁfy ABPEERT 1 ng
whi ch of a ptheseskifleddh the griahsd whé pemgrid prik@plesansmitted are actual ly

inserted int franme. In one scheduling paolicy, a base station can
transmt t he&)?f?lftdf ﬁ%re'ﬁ ety _""PH];‘ECF&? ather iegipdirgents witbeniibe use ofhefi ci ent
power by t heinvehtvl ctult9c eThis) eheBliseRt fivahtioR is Abt BItBAIE] Yo b 11@8&9"“' Ing
policy can b sed erein the forward link is transmtted wth

e
sufficient pSVEF EMIodineRisshouakrrginbutys topeareordad dhelwddestsedps ng nobi | e
station M tdonsfstens twith &E&ﬁiiﬁ&bfé@-an@h&%} @éﬁﬁe@%&l&@'ﬁ?qk Bl gehe base
station Canaﬁl‘él ocate power  to a nunber o ITferent streans such that none
of the stred¥EhsF aotedathahihe paragraphsemouyyibppragraphsowithirother dhinabhe decodi ng
by the receijdehtifé MeTl) L Ss4.0n, ;as_previ ousl

described. 25 The%i‘gﬂgﬁ%g!ﬁgﬁﬁuate a&negﬁérﬁé%g%dzh?%et%esﬁa[twgst aﬂ‘gtm' tted
stream are 1BfisAly theeordenef imporimmtesrfsthe hasoddted biasetiinatoraRe can adj ust in

this case. EHHEAIE RESE - igent.of the invention is directed to the
case wher e n&g mg‘{){s?e&sl{lg{&ﬁbcﬁrgﬁ%gs %é‘%‘#’f’cﬁeéﬁfmﬁémer to transnit all of
the bit 5streams. In this case, the nobile station can reduce the

transm tted yRye the RRSCH in an attenpt to maintain the R-FCH and
R-DCCH at the r{esqcﬁ%Pg 1Bbwer | evel. This nmethod is simlar to the one used

for the forward link. Since the base station receives some power fromthe
nmobi | e




station, the anount of power required during the retransmssion is less. It
05 SEP 2003 WO 00/ 54437 28 PCT/ US00/ 05795 will be understood thg§adtp g3
t he net hods di scl osed herein can be used at the time of call set up or at
any tine dl%rgi ng a_transm ssion after set up. The previous description of
the preferr 2 diments is provided tgg enabl e a per sorPEHINBIIS n t he
art to nmake or use the present invention? 5 The various nodifications to

t hese enbodinents will be readily apparent to those skilled in the art,
and the generic principles defined herein can be applied to other

enbodi nents w thout the use of the inventive faculty. Thus, the present

| nvention is not it engeshetfod forl irifdititing SuiblifiafR AR SRR, e €l 1

but is to be accorded the w dest scope 10 consistent wth € principles
and novel % edfabie siations és agcommuniatipy systent, ithe meethod teothpriming tthe

par agr aphs anﬁeﬁsql;;par agraphs within the clains are identified with letter
and nunber designations. These designations do not indicate the order of
i nportancé of t he (A$soideatifyingiatil¢ast onepostion bea tinel GRialithitieie i N whi ch

st eps shoul d . O =115, t is clained is;: 0 5 SEP 2003 WD 00/ 54437
bCT Uso0, 05 dBrwBE! Rk TRE iadakaboribn Grihd Hame harios ABLaNerABAY bave
station t6é Zonblnsmeittingtat dewst arportiGRBIUNieast b prxsd ey uhbtheamidiod

conpri si ng t r{_f:ff.(s:ts§gs of . détﬁﬂ'?? i denti % ng at | east one portion of a ti e
frame within thee “fordP AT o #Hy frakisistiears prsviously ssheduleditedge havi ng
avai | abl e 8capearisinitted oiver the freatd linkJaRd | east a portion of at |east one

previ ously unschedul ed '}T{yﬂffi c streamin addition to any traffic streans
previ ously schedul®dd tynpetangopsly {sansmitingother preniousty sehedulechkeatfind ( B)

si mul t anaous Isyreama RSl theipttibh &f PRE BEANS baih s Haald dif eans
and the porti on_dof Lhe prl:gsi ously uirzlsschedgu}fgg tra#'l?ﬁchc St rce%atrﬁa ugiu?l%lg
the identified portion of the frame.

2. The method of Claim 1, wherein step (B) comprises allocating
2 atleast a portion of the available capacity of the identified frame to the
previously unscheduled traffic stream, wherein a sum of the power
4  allocated to the scheduled and unscheduled traffic streams is no greater than

a maximum power ceiling.

3. The method of Claim 2, wherein the sum is substantially equal
2 to the maximum power ceiling and the sum is maintained at a constant

level over a plurality of time frames by repeating the steps of Claim 1.,

4, The method of Claim 2, wherein at least a portion of one frame
2 in the previously unscheduled set of traffic streams is intentionally
transmitted at a first symbol energy that is insufficient for correct

4 demodulation by an intended receiving station.

5. The method of Claim 4, further comprising the step of

2 retransmitting on the forward link at least one portion of the information




the identified portion of the frame. 2. The nmethod of Claim 1, wherein step
(B) conprises allocating 2 at |east a portion of the avail abl e[]djagv\ﬁ B0g3of
the identified frame to the previously unscheduled traffic stream erein
a sumof the power 4 allocated to the schedul ed and unschedul ed traffic
streams is 9 ter than a naxi num povver ceiling. 6 3.pcimesowns7od of
Claim2, wherein the sumis substantlall equal 2 to the maxi num power

e T 9aand E‘““"?ﬁ%ﬂ%&"?ﬁﬁ%ﬁt‘ﬁ%@?? e Aot Gy ey SHBUn C VlerRoling ° i o m o,
wherein a %W‘H@dtﬂ%’h"@ﬂs miransmitted with a symbopemrgyuhhtylsunschedul ed
1 ATy i L oo

ener gy that is i nsuffl cl ent Corr

recei vi ngbst &tation. 5. The nethod of O aim 4, further conprising the step of
2 retransmtting on the forward |ink at | east one portion of the

I nformati on 05 SEP 2003 WD 00/ 54437 30 PCT/ US00/ 05795 previously

transnitted at the flfmemyfﬁwomwﬂys&@p% WiRnSissidifof fhe €t ransm tted
portion |§ energ hat 1s |nsu?f|C|ent by

t [ans n%%(ﬁrg Wi th nbol
itsel f fof cHYFa% grien PBHI §{e 4 qfﬁh%mbolr@mgwmgwe@ istgreaton. 6.
The met hod oéncmgm ® Pernii€ROREH WerhSAGIRASH 08 $he et H}ﬁeglp {1&?32% t ed

portion upti) um of the synmbol energy recel ved ough to
permt co re’&‘tte FREPLYING Ata8ION: he retransmitted portion by the 4 intended
receiving station. 7. The nethod of Caim6, wherein the previously
scheduled 2 traffic streans includes at |east one constant bit rate
traffic stream add at Thegnethodraf Glaitha veherein thatpereticatlyl whedakdm 8. The

ctroam and 1§ ok tedRiRhacs AR ol eRpaRTPA Bl e Bt o

stream and frames in the previ ou y un
least one variable bit rate traffic stream.

8. The method of Claim 7, wherein frames in the constant bit rate
2 traffic stream and frames in the previously unscheduled traffic streams are
offset in time with respect to each other.

9. The method of Claim 8, wherein frames in the previously

2 unscheduled traffic streams include messages that have different lengths.

10.  The method of Claim 2, wherein a traffic stream from the
2 previously unscheduled streams has a different frame length than a traffic
stream from the previously scheduled steams.

11.  The method of Claim 10, wherein the further traffic stream is
2 transmitted discontinuously.

12. The method of Claim 11, wherein the previously unscheduled

2 traffic stream has a lower priority than the previously scheduled traffic
streams.




offset intinme with respect to each other. 9. The nethod of C aj
wherein frames in the previously 2 unscheduled traffic streamsﬂabg%ﬁ%c?&m
nmessages that have different |lengths. 10. The nethod of Caim2, wherein a
traffic streamfromthe 2 previously unschedul ed streans has a different
frame length than a traffic treamfrogqfthe previ ously schedul ed steans.
11. The method of C aim 10, wherein the“further traffic streamis 2

transmtted di scddti nlheshathod of Clhign Wmélﬂfﬁﬁéﬁﬂétjieameedf Lhe
previously }%‘z‘ dIu cﬂ Zl‘etrafflc stream has a lower priority than t he
previ ousl y $CRESHPPhpdiled trafie streams apddrampes fpthe atlleastIneThetheet hod of
Qaim1, vheraffioskestiose ofselinl #R3 Wil feddbol B%a0h YhQUS! y schedul ed traffic
streans and frames in the at | east one rther ic stream are of fset

intime with respect to each other. 14. The nethod of Claim 13, wherein

frames in at |eagf ong, vioysl sche uledtr f|c str and
frames in the at | east %%‘eett udrtof”u)t(?a ?%f 8%!\%\9 ‘?ﬁsff’ﬁ?é 3161 engt hs.

15. The net ﬂ?@%ﬁ"@lﬁSlﬂSahmtﬂed\M&ﬁesuneﬁmgeandﬂ"fﬂﬂndescﬁhtﬂh@rat 16358 bR fliRRS, COde

di vi si on multipl (FEMA dyJ ation. 16. In a radi o conmuni cation
system having a g%%%ﬁgﬁ%fe %%‘55% ‘urality of nobile stations, wherein a
forward link that includes a plurality of traffic streans is sent on at

| east one channel. fr the b ation to the nobile stations, and the
forward link is issubj e ﬂb"%&aﬂm bowbereinthe ggmmamicaipar at us f or

Lransm {1 neysterharsancbaé) divisidht gl ek {COMAPmodlidbl | € stat i ons,
conprising: (A) a base station controller that determ nes an output power

| evel associated with sinultaneously transmtting a first set of one or

rore Lraffic stieamany ams bomiAsicalal {2k hallie MBRL Saplathans on the

forward lInEr;f< nmpar es_the output power -l evel ower
cei ling, ‘ﬁr@étﬁt‘?ffm@@l%ﬁtapéa%twbﬁem # dervwardntink that hmclﬁdempmﬂah@k havi ng

aval [ abl & copaaificktiedins'is 300 bt RilstbrROhAl AbnPtrHa80Geatith 3'ind"® O

more traffic stream
mobile stations, and the forward link is subject to a maximum power

ceiling, an apparatus for transmitting information from the base station to
the mobile stations, comprising:

(A} a base station controller that determines an output power
level associated with simultaneously transmitting a first set of one or more
traffic streams from the base station to the mobile stations on the forward
link, compares the output power level with the maximum power
ceiling, and identifies at least one time frame in the forward link having
available capacity for transmitting a portion of a second set of one or
more traffic stream; and

(B) a base station transmitter that simultaneously transmits the
first set of one or more traffic streams and the portion of the second set of one or more

traffic stream during the at least one frame on the forward link.

17. In a radio communication system having a base station and a
plurality of mobile stations, wherein a forward link that includes a plurality
of traffic streams is sent on at least one channel from the base station to the

mobile stations, and the forward link is subject to a maximum power




(B) a base station transmtter that sinultaneously transmts the) fiTER X63
of one or nore traffic streans and the portion of the second set of one or
nore traffic streamduring the at |east one frane on the forward |ink. 17.
In a radi o communi.cati on system having a base station and a plurality of
nobi l e stations, wherein a forward IinkS%hat includes a plurality of
traffic streans is sent on at |east one“channel fromthe base station to

the nmobi | e %iling ensapranatusifor tranvmittingi ifforhfatiodHr&6itht Gage BRGAUE pPover 0

5 SEP 2003 L .an apparatus for transmtting information fromthe
base statioﬁgfgﬁaklhee%ﬁﬁ’emﬁpa”ﬁ‘ﬂﬁ%, conprising: (A neans for determning

an out put power lAyel mR2A9 ChOE&drmMih L mu 1 t1..ng a first
set of one qr.nore fké‘?ffi c st reaf‘rrnl.;.l f Q%ht héa@g?bﬂe\étl%%e%%?%&tgﬁggmbi l e
stations on YH@ Sy euslynfrangmitting anfirst set afomeaon mgre kvaffinugtpesmpower

level with trhen tHEbhISRAGNSS t&fh{igﬂ?;m(hgnsn&a Séa%?‘&af'cﬂgﬁﬁg fying at |east

one tine frane in the forward I n avi ng aval ity for
transmitting a p@fki omeans forseomupatingetheof opatprt power level fvith wkr eam and

(D) neans f @kaginidth Ly.4ransmtting the first set of one or nore
traffic streans andtp?@;%rﬂ%ﬁil%n of the second set of one or nore traffic

stream during th&at mnearss forridefitifyirg enleafteodeotim@rfehrhé K thelBrwagda radio
communi cat i gy a%%"?%‘bﬁﬁbgﬁ a b%slﬁ station and a plurality of nobile
stations, a nethod 9 or CARACY AGT FABFTYLENE AFRATHARI®SN  from t he base
station to asemillset &ftonieiodhore Gafid stleRd: hite Steps of 1 (A) intentionally
transmtting tr ic information fromthe base station with a first synbol

energy amount th ) i g istrulianequsly; rpemitting ¢he finstaset of ooé ot tmerd r af f i ¢
i nf or mat i onurbfficatrems ked thiePoktiih ofARE sdcBhd Sﬁthﬁ’%ﬂé{)ﬁ@o@gpﬁ etransmtting the

traffic information initially transmtte synbol energy
anount f r ontSIE GHING the at least ono framemnthdidreast lik. on, wherein the traffic -
information is retransmitted in step (B) with a further synbol energy
amount that is also insufficient by itself for correct denodul ati on of the
traffic infornmatifon B9 amdigeemmunicationogystem having a base station and a

plurality of mobile stations, a method for transmitting traffic information
from the base station to a mobile station, comprising the steps of:

(A) intentionally transmitting traffic information from the base
station with a first symbol energy amount that is insufficient for correct
demodulation of the traffic information by a mobile station; and

(B) after step (A), retransmitting the traffic information initially
transmitted with the first symbol energy amount from the base station to
the mobile station, wherein the traffic information is retransmitted in step }
(B) with a further symbol energy amount that is also insufficient by itself for

correct demodulation of the traffic information by the mobile station.

19.  The method of Claim 18, further comprising the step of:

(C) repeating step (B) until the sum of the symbol energy amounts
used to transmit the traffic information initially transmitted with
insufficient symbol energy for correct demodulation is great enough to

permit correct demodulation by the mobile station.




19. The nmethod of Caim 18, further conprising the step of: (C) Wt'
step (B) until the sum of the synbol energy anounts used to trarpsﬁn' ‘-trzgﬁl?

traffic information initially transmtted with insufficient synbol energy
for correc (? lation is great enough to permt correct denodul ati on by
the nobile station. 0 5 SEP 2003 WO 00/ 54437 33 PCT/ USO0/FSHNEY0/057395 The

nmet hod of Caim 18, wherein the further Synbol energy 2 anount used for

retransm tting th80traThe methdd ofrdlaian 18, rwhéem &@fdrﬁw&'%%ﬁib& @ﬁ?’rgg‘ the
base stathon Jusing t{sﬁ t forwar d .power, conttﬁircql . 21. The nethod o aim 18,
further compris)ng et E?}Eargfmguhgef@r'i‘f? Agtormatiopdn ften (B st ati on, a
recei ved enerdgiermshetbattherteise entiontusing féshﬁarWa?ﬁ‘éJo@vér%ﬂfrBPt lon transmtted

fromthe base station in step (A); 4 transmtting the received energy val ue
fromthe nobile station to the base station; wherein the further synbol

ener gy amount usegl.f orTeeatsThE &l iG] BLien in step
(B) is de{zerﬁiFned_a,t t he baese _statti‘glg‘ }%%&@%ﬁ@éﬁ%%&sﬂ%&écei ved
ener gy vaf ue“FIEEIRMNE: dgthermaabile,stationi 4 cecelestt extergy vaRi. coffespordingctoof

Ot 21 e ettt RRRERIONCHaRAR A B Re bise GalibRS Tl fA) T o0 L

nmobil e station to the base station using an a n rotocol . 23.
The net hotl offaepmithing the negeivsidnener gy onhediyenethe mobilosiation 2oithe bagnsmi tt ed

between the bagenSivkh | lse station using, forward and reverse
control channels. 24, %é@r@%‘%ﬁ% Wleﬁrﬁ"%f‘m\%ﬂfﬁ% {feretragpmitting

i nf or mat i ®n the trafficinforinatiod inrsteyt @Pss dAlerminted B) therbade StRRhERENT al
channel , and,tRg d d reverse control channels have a |ower error
rate than thae&gu%{)rﬁé\r@ﬁé? eap%fe%egnmgy fgfue'ltﬁ%‘%ftﬁ‘gcfr% the moRile) wherein
the recei&edstatiengy value is 2 transnmitted fromthe nobile station to the
base station using a negative acknow edgenent protocol. 0 5 SEP 2003

22.  The method of Claim 21, wherein the received energy value is
2 transmitted from the mobile station to the base station using an

acknowledgement protocol.

23.  The method of Claim 22, wherein acknowledgement protocol
2 is transmitted between the base station and the mobile station using forward

and reverse control channels.

24.  The method of Claim 23, wherein the traffic information is
2 transmitted in steps (A) and (B) on a supplemental channel, and the forward

and reverse control channels have a lower error rate than the supplemental
4 channel.

25.  The method of Claim 21, wherein the received energy value is
2  transmitted from the mobile station to the base station using a negative

acknowledgement protocol.




WO 00/ 54437 34 PCT/ US00/ 05795 26. The nethod of C aim 25, wherej r!.)O

acknow edgenent protocol 2 is transmtted between the base stabi |$Egn2)m3he
nobil e station using forward and reverse control channels. 27. The net hod
of Claim26, wherein the traffic information is 2 transmtted in steps (A)
and (B) on ‘g 3%‘;5? mental channel, and the forward and rRUEUSKH6SSAT I Ol
channel s have a |ower error rate than t suppl enental 4 channel. 28. The

method of O aim 126 fUIROBIeURRITBE CHifF28 NinerkPadinovAed RimShRIAGA e

traffic ipformation transmtted with t he rst synbo nergy
step (A) it ff Farsmitiedrhetween thebasestatioraanshthe mobild staition usheg formtaer

symbol ener gyndFitse icBnibERPndrRePY cONbining received energy associ at ed
with the traffic information transmtted with the first 6 synbol energy

anount in step (A with received energy associ at ed W|th the traffic

information transsgtt the nb.ol ener unt, in 8 step
(B) in a buffer at th?%ﬁ‘é%ﬁpt ﬂj %‘Erf%f Fét‘%'ﬁ‘atlﬁélﬁrafflc

i nf or mat i dn transthistedoini stqassue)tamm)mn aeupple&fe@tw%amtéthaﬁ@@hé EstWakd Of step
a base station 2

(D). 29. In eIse r%g‘i e nesytemhawn

control | er t il %‘Ia %@rgqra‘ta eothan, hesuwplementahat
transmt 4treita‘mml| nformatlon to a pI urality of nobile stations, an
apparatus for 4 transmtting traffic information froma base station
transceiver to a nobile station, conprising: 6 (A) a power allocation unit
at the base station controller that selects a first synbol energy anount
for transmtting raffic informati on fromthe 8 base station transceiver to
the nobile stati wiibe anethed of Glaim 18, fusthier cen@rrtymgttimmep o i nsufficient

for corrept demoqn) at bemabhelhE il Shfort bRl RIS h bfe gmeLl e

station, and the power alloCation unit se ener gy
amount for rmRal SRErE agounkin stap f(AG with dnera‘affmmnfdxﬂtdtrmfmtmﬁnh&ste station

Lransce |7 VT With the FiRRdY St lehBlly MBS th hOS (BE) LSihbthing Taceive > VO
energy associated with the traffic information transmitted with the first
6 symbol energy amount in step (A) with received energy associated with the
traffic information transmitted with the further symbol energy amount in
8 step (B} in a buffer at the mobile station; and
(E) demodulating the traffic information at the mobile station in
10 accordance with the result of step (D).

29.  In a mobile radio telephone system having a base station
2 controller that services a plurality of base station transceivers that transmit
traffic information to a plurality of mobile stations, an apparatus for
4  transmitting traffic information from a base station transceiver to a mobile
station, comprising;
6 (A) a power allocation unit at the base station controller that selects a
first symbol energy amount for transmitting traffic information from the
8 base station transceiver to the mobile station, wherein the first symbol
energy amount is insufficient for correct demodulation of the traffic
10 information by the mobile station, and the power allocation unit selects a
further symbol energy amount for retransmitting the traffic information

12 from the base station transceiver to the mobile station, wherein the further
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correct denodul ation 14 of the traffic information by the nobi I@ | ENY,
(B) a base station transmtter that initially transmts the traffic 16
inforrratior‘y Whe base station transceiver to the nobile station at the
first synbo e g"y anount and subsequently transmts thePQmEEeHnsy9sl8

i nformation fromthe base station transeeiver to the nobile station at the
further synbsymbolan@ygpamonht is3lso bisudidb by ibaf kg éoﬂe%?ﬂ%%dﬁ}’a?{o%m havi ng
a base sggtlofz that . 2 fransmts traffic information to a prurality of

mobi | e stht i Shite taffig tienthyy thermabile stating; traffic i nformation fromthe

base station to t(ByaBake kQtionh L+ i 81 Ng: ‘ ower allocation
uni t at Hm ,?l?se (s'?at i on thlgt tzéerﬁﬁggﬁgr g&??ﬁgﬁﬁg'}g& A\)S tﬁﬁ%@“ amount for

t ransni t t9 ng™ferRatian framothedhdse statiamirahsreives ¢o tiwd atdbile staridrhgt frebi | e
station, whef@ai Bs1 &4 :@?I ne ampunt is. 8 insyfficient for
correct demodul g){lihpn %r#errgilg ra ]alng %“ﬁ?%?wg‘ﬂyg‘wyﬂwé%@he station, and
the poweld alinfumation freint thedhase smtionf trandeeives Yorael mbEE @YatiokOataiaunt f or

retransmtti fic information fromthe base station to the nobile
station, mhefpgﬁh%pt‘e)%%&%ﬁ‘%gyﬂ t energy anmount is also 12 insufficient
by itself for correct denodul ation of the traffic information by the
nmobi | e station; éﬁ(B% aba%%stati n transmtter that initially transmts
the traffic inf3rmat{bf PRORIR farle tplephapesyptem havingea bassistation that on at t he

first sy@boltrarbanestyy infopiiatioAns SPRESSYSRhbid AAAEK Sl oAl | ©
e

information fromthe base statjon to the fobile station at urt her
symbol eneré?r %ﬁﬁfmlt.tméltFafﬁﬁ ofmptipe framithe basesiation te ke embilavi ng a base
station dnd seaticd, ebtipisidg: of nobile stations, an apparatus for
transmtting traf&i c information fromthe base station to a nobile station,

conprising: 4 (AheRAwer allogatioarunibatthe\base atation tthatrsgldctsad fitst i nf or mat i on

fromtheés bapmbsl ahérgy abhdihedol it ! pount that is
i nsufficient for corr(rgse}ct "6 dgmﬁgﬁl 0 Otlé?ﬁ’?ﬁ{é‘ﬂ%lrn f‘f’flzﬁ'?rﬁ%F #3%% on by a
nobi | e st at ?@HP“GO@SHme@Cﬂam,Oﬁh&éﬂBﬁ\e first symbol energy amount is

8 insufficient for correct demodulation of the traffic information by the

mobile station, and the power allocation unit selects a further symbol energy

10 amount for retransmitting the traffic information from the base station to
the mobile station, wherein the further symbol energy amount is also

12 insufficient by itself for correct demodulation of the traffic information by
the mobile station;

14 (B) a base station transmitter that initially transmits the traffic
information from the base station to the mobile station at the first symbol

16  energy amount and subsequently transmits the traffic information from the

base station to the mobile station at the further symbol energy amount.

31.  In a mobile radio telephone system having a base station and a
2 plurality of mobile stations, an apparatus for transmitting traffic
information from the base station to a mobile station, comprising:

4 (A} means for intentionally transmitting traffic information from the

base station with a first symbol energy amount that is insufficient for correct

6 demodulation of the traffic information by a mobile station;
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a further 8 synbol energy anount that is also insufficient by (ts8EP 2603
correct denodul ation of the traffic information by the nobile station. 10
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(B) means for retransmitting the traffic information with a further
8  symbol energy amount that is also insufficient by itself for correct

demodulation of the traffic information by the mobile station.
10




