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desi gned tlo nformto the "TIAEIA1S-95 Mbile Station-Base Station
Conpat i bf9 PP@" t andard for Dual - Mode W deband Spread Spectrum Cell ul ar
Systeni, hereinafter referred to as the I1S-95 standard. 31 rift 2n2L WO
01/ 28127 PCT/ USOQ 27534 2 The CDVA systemis a spread spectrum

comuni cHt Psacadpsen ef the RelatgdfAsts of spread spectrum conmuni cation are
well known in the art and can be appreciated by reference to the

abovgs ci ted reReLsNeFEddEVsioRniiftiple access (CDMA) modulation techniques
is one of several techniques for facilitating communications in which a large
number of system users are present. Although other techniques such as time
division multiple access (TDMA), frequency division multiple access (FDMA),

and AM modulation schemes such as amplitude companded single sideband

20 (ACSSB) are known, CDMA has significant advantages over these other
techniques. The use of CDMA techniques in a multiple access communication
system is disclosed in U.S. Patent No. 4,901,307, entitted "SPREAD SPECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEM USING SATELLITE OR
TERRESTRIAL REPEATERS," and assigned to the assignee of the present

25 invention and incorporated by reference herein. The use of CDMA techniques
in a multiple access communication system is further disclosed in U.S. Patent

No. 5,103,459, entitled “SYSTEM AND METHOD FOR GENERATING SIGNAL
WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM”, assigned to

the assignee of the present invention and incorporated by reference herein. The

30 CDMA systemn can be designed to conform to the “TIA/EIA/IS-95 Mobile
Station-Base Station Compatibility Standard for Dual-Mode Wideband Spread

Spectrum Ceilular System”, hereinafter referred to as the I15-95 standard.
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Code division multiple access communications systems have been

standardized in the United States in Telecommunications Industry Association

20 TIA/EIA/IS-95-B,  entitled “MOBILE STATION-BASE  STATION

COMPATIBILITY STANDARD FOR DUAL-MODE WIDEBAND SPREAD

SPECTRUM CELLULAR SYSTEMS”, incorporated by reference herein, and
hereinafter referred to as IS-95-B.

[5-95-B was originally optimized for transmission of variable-rate voice

25 frames. In order to support two-way voice communications, as typiﬁed in

wireless phone applications, it is desirable that a communication system

provide fairly constant and minimal data delay. For this reason, IS-95-B

systems are designed with powerful forward error correction (FEC) protocols

and vocoders which are designed to respond grac:efully to voice frame errors.

30  Error control protocols which require frame retransmission procedures add

unacceptable delays to voice transmission, so are not designed into the 15-95-B

specification.



(TCP), probably the nost prevalent of protocols used in an IP netvvorg, B 200
virtually infinite transm ssion delays are allowed in order to guara t1eNe'A‘
error- free transm ssion. TCP uses retransm ssions of Il' datagrans, as |IP

packet ;’,Pghgu commonly called, to provide this transportpdfusdpizkisty | P
datag?v 122 generally too large to fit into a single LS-95-B frane. Even

after dividing an | P datagraminto sedghents small enough to fit into a set
of 1S-95-B franes, the entire set of 1S-95-B franes would have to be
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procedur esmavsily ichited, o ProRide whietr rt ré}lBiliity. of a class of error
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some ki ng sty W2kociation Interim Standard TIA/EIA/IS-707-A, entitled “DATA
SERVICE OPTIONS FOR SPREAD SPECTRUM SYSTEMS”, hereinafter
20 referred to as IS-707, describes a set of procedures used in the transmission of
packet data in an IS-95-B system.
Radio Link Protocol (RLP) is described in TIA/EIA/IS-707-A.8, entitled
“DATA SERVICE OPTIONS FOR SPREAD SPECTRUM SYSTEMS: RADIO
LINK PROTOCOL TYPE 2”, hereinafter referred to as RLP2, and incorporated
25  herein by reference. RLP2 incorporates an error control protocol with frame
retransmission procedures over the I5-95-B frame layer. RLP is of a class of
error control protocols known NAK-based ARQ protocols, which are well
known in the art. The IS-707 RLP, facilitates the transmission of a byte-stream,
rather than a series of voice frames, through an IS-QS-B communication system.
30 Several protocol layers typically reside above the RLP layer. IP

datagrams, for example, are typically converted into a Point-To-Point Protocol

(PPP) byte stream before being presented as a byte stream to the RLI protocol



control layer, all 25 of these RLP franmes would have to be received w thout
error in order for the IP datagramto be useful to higher protocol |3ayé'wl‘.zﬂﬂﬂ.
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very high error rate conpared to nost networks used to carry Internet
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speech services over wireless communication channels. A first of these

proposals was issued by the Telecommunications Industry Association, entitled
“The ¢dma2000 ITU-R RTT Candidate Submission. The Telecommunications
20 Industry Association is currently developing the cdma2000 proposal as interim
standard TIA/EIA/IS-2000, and hereinafter referred to as cdma2000. A second
of these proposals was issued by the European Telecommunications Standards
Institute (ETSI), enttled “The ETSI UMTS Terrestrial Radio Access (UTRA)
ITU-R RTT Candidate Submission”, also known as “wideband CDMA” and
25  hereinafter referred to as W-CDMA. A third proposal was submitted by U.S,
TG 8/1 entitled “The UWC-136 Candidate Submission”, hereinafter referred to
as EDGE. The contents of these submissions is public record and is well known

in the art.
RLP2 was designed for use with IS-95-B. A‘new RLFP designed for use
30 with cdma2000 is described in TILA/ELA/IS-707-A-1.10, entitled “DATA
SERVICE OPTIONS FOR SPREAD SPECTRUM SYSTEMS: RADIO LINK



eval uates feedback information received fromthe receiving station. kn ...
anot her enbodiment, the transmtting station eval uates conditions of ‘@ 10
t kansmi ssi on channel, e.g., attenuation, fading, nunber of nultipaths,

rel a_twsnﬁh%ity of the RS and the BS, data rate. The pcframsulkisak ng _
station thén uses a | ook-up table, containing sinulated FER as a function
of energy for all potential channel cdnditions, to select the proper
relationship for given conditions. Next, the transmtting station

det er m ne'%RéTQS}FB nat FEn3of herginaftgr refeerednfa AsoRLEREr @Fés ingegporated
retransmﬁe'i_;_,ﬂlrbf %%%g that will provide the target Ilevel of reliability
while mnimzing e total transm ssion energy enployed in the initial
transm ssion and the retransm ssions. The present invention provides a
closed formsolution for determ ning the nost effective transm ssion
energies for the initi SHUNMMARYsOIMTHE INVENTFTHINT ssion for an

I nportant class of functions describing the relation between FER and

energp- The present invention further suggests nethods for determning the
nost effective_ transm ssion energies for the initial transm ssion and the

retransm ssi orl eoPresgptgvertian 4e3 nevel mathed neddmpprarebisrigr transetting on
bet ween EER; . SO Lt . atq. ransm.ts a.frame with
initial tarEgﬁgx%qSEPangﬁ{reeHg%ﬁ%?np%% n%gé?)l%asbelk [ oélsé?gf%e&?ﬁggﬁs%? h8ts, the

transmi t terfhesiuslyl tansmittel éated. (Thd Peesefi€ Hveekion @sctibage metidSoat the
receiving station. The transmtting station upon notification of a frame
error retPEHSAllysetfigient trpsmissioniR teom@fTApENByioRENagYONy 5Bsted Wit h

ener d%ﬁﬁﬁ ' Ao s s M| %%g: Esggi I to transmt the
frarrgﬁvm t lgk?%et erm neégbl%g\f/é 88 r fa%ﬁ'%lgf. IOIEEQ&SCRI PTI ON OF THE
DRAW NGS The Theatmanssiittivy etition andhathsanhagesmef eifbe uiteSE@ER)I &y ent i on
wll becone. m)rg apparent fromthe detailed description_ set forth bel ow

when t akBACHGR @ i of 9% R imeRt thgtramsmiiieg statien adeptizalye
char act efegalat@NebAta GOMSSRAASH Péﬂe%édkﬁeﬂgm%aé%rﬁ’\%%?hn ! dGottled S @

conceptual draw ng show ng an exenplifying enbodi e a terrestrial
Wi r el ess esdradimeoht thentrapsmittingFstaioR dvahates cunditidnsi of astrandrmisgionhe

process qf _accompli_shing,. mni,m zatian of, tofal .retransm ssiaon energy in

acco?%anc%ﬂvm“ “:’Eclhe' Heaﬁegﬁgga?’n@ﬁf“%fm’f’ﬁ%e’i %\fBH‘[‘}P(?ﬁ{‘S'IfF%h"g ‘f"j"%tyb? di agram

of an ex®$pasd Yhe B0 date PiteOf Tie transmitting station then uses a look-up table,
containing simulated FER as a function of energy for all potential channel

conditions, to select the proper relationship for given conditions.
Next, the transmitting station determines a combination of initial
20 transmission energies and retransmission energies that will provide the target
level of reliability while minimizing the total transmission energy employed in
the initial transmission and the retransmissions. The present invention
provides a closed form solution for determining the most effective transmission
energies for the initial transmission and the retransmission for an important
25  class of functions describing the relation between FER and energy. The present
invention further suggests methods for determining the most effective
transrmission energies for the initial transmission and the retransmission for
other classes of functions describing the relation between FER and energy.
The transmitting station transmits a frame with initial transmission
30 energy. Employing conventional feedback methods, the transmitting station is
alerted to the occurrence of frame errors at the receiving station. The

transmitting station upon notification of a frame error retransmits the frame



transmtting station configured for use in connection with the inventj PReap 2n)
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS FI G 1 shows an exenplifying“*
enbodi'nent of a terrestrial wireless comunication system represented by
a basewetpatsian (BS) 102 and a renote- station (RS) 104, rarymosoerzossisi ng over
a forward link 106, carrying information fromBS 102 to RS 104, and a

reverse link 108, carrying i nformati onPfromRS 104 to BS 102. |nformation

comuni ¢ . . RS.104 is required to, neet a predeterm ned
reliabil ?‘i"&q@\%ﬁ %?ﬁéﬁﬁé%ggn%gwe @?&%ﬁ?ﬁg%?fWH@q”Fgﬁo%ﬂwfﬁEf or war d
link signfehmé@th a predeterthirieelel 8l b RMasilApd the required reliability

| evel is expressed as a target franme error'rate (FER) as received by RS

104. One nethod of achieving the required FER is retransm ssion. A
transmtting stati ' ' rmation, contained in franes, with a
first energy (E, )me@*ﬁzd&fmﬁgrpmmyG& by a receiving
statign with 3 1 MAR 200 WD 01/28127 PCT/USQQ 27534 7 a first FERL. The
receiVing station reports the first FERI and identity of those franes

received in errQr t transmtting statjon. The transmttin
station sel ect@gaf%gg%rsld%tbie}a&%érﬁ@%éoﬁwvaé}“i@g"ggyo?&e) PrEsRBt rBVEREAR Ve t he

frames Ibecernw estors appacent b HBE @icthild HedbriPHok SREIHER b rw@ﬁ?:? with a
second FER2. When the energies E, and E2 are Slfggperly sel ectgg)(‘f t he

ef fectivé 1y OBYURGHIONS Badh dhe rdrasvings  ionwiliith ke eefeséndeochiracteas get
PER Thetga&f Cbﬁfegﬁbﬁq‘ﬁngwﬁﬁ%{f‘gi‘aﬁfa%&q‘t‘l ons of E, and E2 assuring the
' al tg-the targe

ef fective T:E IS e EEE M use comuni cati ons syst ens,

and 1@DVA conFiGi catis arcopyepiriab drawikdg showims ae&%ngﬂifgﬁl bffbbRnend 1S
advant age?us to choose E, and E,  in a manner f/l?el di ng 'rﬁrrumtg%u(?ll“g
t ransmi sSf BAerEFRtPgl Wireifss comamupicatiensystean energy, (E), is equal to the

energy used gpE the;figs m.ssion.plug the energy. for retransm ssion
of those frames ini tlglca |§°‘§"r§§§‘|s‘ve ﬁ%trng%‘? or Q’E’)CESSE?%% (FECHEP1S eE is

ener gy f onnichizafionstoft rtatad mretsansmissich | end@ger gy fRtofBIdRNSHIESIRR and f
(E) is rate for transmssion with energy E,. (1) The

a frame err
condi t i oﬁ’ribﬁafmF%teofce)tF‘Fé’é‘fﬁf‘\Pé’IFER be equal to the target FER can be

exprgssed as:FIG. 3 is a block diagram of an exemplary embodiment of a

- transmitting station configured for use in connection with the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

20 FIG. 1 shows an exemplifying embodiment of a terrestrial wireless
communication system, represented by a base-station (BS) 102 and a remote-
station (RS) 104, communicating over a forward link 106, carrying information
from BS 102 to RS 104, and a reverse link 108, carrying information from RS 104
to B5102. Information communicated between BS 102 and RS 104 is required to

25 meet a predetermined reliability level. In the exemplary, embodiment the
information on forward link signal 106 is transmitted in frames and the
required reliability level is expressed as a target frame error rate (FER) as
received by RS 104.

One method of achieving the required FER is retransmission. A

30 fransmitting station transmits information, contained in frames, with a first

energy (£,). The transmitted information is received by a receiving station with



TFErr =f (E.) . f (E2) , (2) where TFER is the target frane error radteMahi)
the effective frame error rate is the product of, f (E ) is a frame error
rate for transmssion with energy E, , and f (E2) is a frame error rate

for transm sgion with energy E2 . 3 1 MAR 2004 WO 01/ 28J2y;Efekr54300127534 8
Thus,wﬂw‘b"zf‘%ék of selecting E, and E2 for minimal total energy (E), while
assuring that effective FER after the7second transmi ssion will be equal to

the target FER is_equivalent to solving e&uati on (1) subject to a

const r ai AtArpDFER Ay hefeceiging stasionyiepgristbedirsa FEBA and) idanbite of thesea

constraipt (2)_r yres_the kn edge .of a .EER as .a function of .energy or a

nmeasur e gr]a [réeﬁeﬁeﬁgﬁgg ]%i F{rggtbragg \tla\%) ?ﬁe é'fﬁﬁ;ﬁl %ﬁ? e i) —_ef F’EW“T%T.%ere

the_ener gusBRASMCE £s8®hd HanSdSbe eRbr gy EE S 8N YrePRhndthits WEranRisse E (N

). This rel'ationship is a function of several variables, including, but not

a bei ng teécrivieddntesraxt tRreuzteiving &tatdiongecsiuabttie fedmesi ktitlpatécond FER2.i ve

velocity of RS 104 and BS 102. Once the rel ati onshif&égf equation (3) has
¥q

been et ¥hanidg engagies 5 andthowke prapeply sedeted.ghes after(the subj ect
to the constraint express in uation - Thus, for and inportant class
of funcﬁ%ﬁ@%ﬁﬁﬁ%%@fg%‘?ﬂ%ﬁ%ﬁ"e'ia_§g mabl e. However, one
ordinarily skihd@dadeinfid@edhilimblel lof’ @AthihYtibRS 89NEZ &nd! ﬁatas%nﬁngqrd@t on (1)
subject to the constraint expressed in equation (2) 1s afways ol vabl e
enpl oyi neffeutive HRRals etpiahosishe targenFERD Beoatde donmishicutingtsysRimssahdt i on, it

is convenient to change the scale fromlinear to logarithmc _ coordi nates.
First, giMforfommunycating, mysteray By PFRUCHIATC] RTP oRCEe bimited, icdfist ant

energy Sgﬂagmt%geow.g tdzcﬁo‘age Bt hnld (eLE"lénaEgn dﬁi&%hér@ldin%emr%umeto{aﬁam

error rate carnfassune val ues =bea{l\/\e )
transmission energy. The total transmission energy, (E), is equal to the energy

used for the first transmission plus the energy for retransmission of those

frames initially received in error:

where E, is energy for the first transmission,
E, is energy for retransmission, and

f(E,) is a frame error rate for transmission with energy E,.

20  The condition that the effective FER be equal to the target FER can be expressed

as;
Teer = f(E))- F(E,), (2)

25 where T, is the target frame error rate and the effective frame error rate is the
product of,
f(E,) is a frame error rate for transmission with energy E,, and

F(E,) is a frame error rate for transmission with energy E,.



| ogarithm c coordinates are then defined as: x=In f(E), xe (-,0) (5) Bnmin o
NAP 2004 WO 41/2812'7 9y =1In(E, ), y E O Substituting (5) and (6) into
(4) and (2) yields: E e"l +e(s,+y,) Eo InTFER~ =x, +x2 PCT/USOQ 27534 (6)

7 Th pendence of equation (7) on x2 can be elin .

gu%)sg i%g"t}tof’gﬂgﬁsi ng equation (8). The stationary point O@%@ﬂ?g%sa! ener gy
as described in equation (7) can be c&tgrm ned taking the derivative of
Equation 7 with respect to X, and equating it to zero: d EE 0 =eA Y,

+e~r ~" ~(1_Yz) Jthus, the tagRpf atlecting E, iandt B fdermnahalvtetzdfenyrgw(ﬁ'h whRigect to
X, and y2 is the derivative of y2 wth respect to xz. Once the stationary
poi nt of aspuringithat effectiyye FERdﬁteaithecbgtmméntmnsamsmgngﬁu ba e(;qm%)g@lgthugr ot ee
derivative of .equation (/7).is conputed an onpar e 0 zero,

Chat 't he 1Siedt FERAR A8y HEhs 1S sAE T paite e pupichiant TSI AT o (1,
+y,) +e ( Ghethod) theOdquathil ¢1)Vsibib 101G 36RARLNAT0) YaLLNE, By, W
rgsi)ect(%e%?,a %fr:ﬁéy; S thequsecongl) %%r’%vat?vgéo y vm%%?‘%spe%t ?o X2.
For n@ny kneulledge ofchalfiR| axc anfirdtioms of heneFgiR b1 aa npasare lof kendrgpcid on of

oNer O e R PG B 38127 10

FER = f(E), @3)

10  where the energy measure E may for example be the energy-per-bit over noise

{ E-). This relationship is a function of several variables, including, but not

N o

being limited to attenuation, fading, number of multipaths, relative velocity of

RS 104 and BS 102.
Once the relationship of equation (3) has been determined, various
15 methods can be used to solve equation (1) subject to the constraint expressed in
equation (2). Thus, for and important class of functions, an analytical solution
is obtainable. However, one ordinarily skilled in the art will readily recognize
that the equation (1) subject to the constraint expressed in equation (2) is always
solvable employing numerical methods. In one approach toward analytical
20  solution, it is convenient to change the scale from linear to logarithmic
coordinates. First, equations (1) is normalized by introducing an arbitrary

constant energy scale E;.

EN\_E E
<E >- B @

0

Because the frame error rate can assume values between 0 and 1, the

logarithmic coordinates are then defined as:

x=In f(E), x€ (~e=,0) (5)



f(BE)=fo(E )-r 0 PCT/US00/27534 Transformation of Equation (11) in 3 MAR 7901
accordance with equations (5) and (6) yields: y=(x,-x)ly, (12) where xo0 =
In f6 and equations (7) and (8) are substantially sinplified because: y=0
(13) 4B1§H9ptituting equations (13) and (14) into equatt/eRerLrsis and (8),
and s |ﬁg equations (7) and (8) yields a dosed formsolution: [1n TF - 7
In(7+ 1)] x2 =inTF,, -x, Yl= (y+1) 1nPFEx +y In(y+1) Y2 = Yl |n[TFSR
"(Y+1) 2] (y+2) In( EE )=y, +In(7+2) fl Frioy + 1| (15) (17) (18) (19
Interpretation of, Egyaj EQhalyclarifies that retransm ssion in ggcordance
with the above out,ined principles is advantageous if Equation 20 hol ds:
f(g)F(E2)? f(El +f(EI)E2) (20) If Equation 20 does not hold, it is nore
advant ag&ubstitugingr{ t6) igtor(4vard TRY yields 01/ 28127 11 PCT/ US00/ 27534
(E)=f(El +f(E )-E2) (21) This happens for very large values of y Although
the retransm ssion nethod, and its mathematical treatnent

<_E_.> =g 4 glirty} (7)

0

5 InTpp =%, +x, (8)

The dependence of equation (7) on x2 can be eliminated by substitution using
equation (8). The stationary point of the total energy as described in equation
(7} can be determined taking the derivative of Equation 7 with respect to x, and

10 equatng it to zero:

L enyl b e (1= 33y =0, ©)

where y, is the derivative of y, with respect to x,, and y, is the derivative of y,
15  with respect to x,. Once the stationary point of the total energy is obtained from
equation (9), a second derivative of equation (7) is computed and compared to

zero, to guarantee that the stationary point of the total energy is a minimum:

=g’ .- (yf + )’1‘)"*' e("l"'."'z) . ((1-— yz)z -+ y;) > 0, (10)

20
where y, is the second derivative of y, with respect to x,, and y, is the second
derivative of y, with respect to x,. _
For many realistic channel conditions the FER is a power-like function of

energy:




was sinplified for tutorial purposes to one transm ssion, and one 31 MAR 200
retransm ssion, the principle is readily extendable to any arbitrary nunber
(N) retransmissions. One ordinarily skilled in the art will readily nodify
equat ivador/fsix7to multiple retransm ssions as foll ows: RCTUS00/27534

(E)=E, +f (E, ) E2+f (E,) - f(E,)E3+...+E,,f1IOf(E,) (22) Simlarly equation 2 for
multiple retransm ssion takes the formi N TFex =Hf (E;) (23) FIG 2 is a

fl owchart show ng | oadgestimation in accordance with the invention. Flow

begi ns in bl ocK(202 fi ich the transmitting station eval uates (HER as a
function of energy. Irfeone enbodi nent, the transmtting station adaptively
eval uates feedback information received fromthe receiving station. In

anot her enbodi nent, the transmtting station evaluates conditions of a
transni sS'mass@bmaﬁeh,of@q@aﬁoat(lgnﬂach@manf:a%ﬂg eqAHGIRS (596nA 1Y) *ﬂeﬂ.’?gz hs,
relative velocity of the RS and the BS, data rate. The transnmtting
station then uses a |ook-up table, containing simulated FER as a function
of energy for all potential channel conditions, to select the p er

rel at i%onshi p fBF '\'/éﬁPVCOndi tions. In block 204, the transmtti n@ggt ation
reads the required FER In block 206, the transmtting station eval uates

t he transwhemi grF Ingryd eqletionn(Diazld (B) aressubssarginlF simpifieddtezatizal
retransmssions E' ... E, in accordance wth the principles outlined
above. Thus, the transmitting station can use a pre conputed sol ution
simlar to equations 15 through 19 in a formof |ook-up table 3 i MAR 2 004
WD 01/ 28127 PGLI=2US0E-27534 12 when appropriate, or algorithns g@Bying
Equati ons 22 and 23 by anal ytical or numerical methods. In block 208, the
transmtting statjon transmts a frane of the information with

transmi ssion ehérgy set to a value of E . In block 210, the trar(%ﬁitting
stat hgn eval uates whether the information franme transmtted was received
wi thout error. If the report fromthe receiving station is positive, the
fl ow r estSaabsstutimgbequaticB2(13) fartch €14)eimto teqfurations h&) raecikei(8)) agd séleingn is

negative, the transm.tting station gvalugtes in block 212, whether there
i s anot h(?ﬂ"f‘?'%’%@??ﬂﬁié@ %ﬂ@@dﬁsqu’mﬁ@iuwmt he result of evaluation is

_[InTy — 7 Ingy + 1]

x, — (15)
15 %, =InTepy -,  ae)
= (F+1)- lnyI-‘F(E;:;- In(y+1) 17)

vy - ln[TF_E_.; :?2’; 1?] )

ln(<~E‘%>m) =y + mc—’yi}f—) (19)

Interpretation of Equation 19 clarifies that retransmission in accordance with

20  the above outlined principles is advantageous if Equation 20 holds:
F(B)-F(E) 2 f(E + f(E) E,) (20)

If Equation 20 does not hold, it is more advantageous to transmit;



positive, the transmtting station continues in block 214, by 7 1 MAR
re-transmtting information frames that had been received in error thH”' 1004
the next available energy, and the flow returns to block 210. If the

resul ty.pfpsa¥@buation is positive, the transnmitting statcavuseenessuys the
failure to a higher level algorithmin_block 216, and the fl ow continues
in block 202. FIG 3 is a block di agrélln of an exenpl ary enbodi nent of a
transmtting station configured for use in connection with the invention.
The information to be transmitted is generated by a data source 302, and
is provided t e e | nt 304, which partitions the dat

encodes the daag, Jg%%%g%?t%rsgode tail bits as required by thgmégthCem
Channel el enment 304 then convolutionally encodes the data, CRC parity bits,
and code tail bits, interleaves the encoded data, scranbles the

i nt er | eaviids bappens foh vehelangevalues@f BN sequence, and covers the scranbl ed
data with a Wal sh sequence. The channel el enent 304 then provides the
cover &d dat a tAlthougl the relgangpesiothmethedakad ithanathematical txeapmese to a

signal fr a..pr SOf. 3 ch_that the data with required ener E, is
provi ded %] a”'.[’éﬁge%t Er qgicbéé&Th% ?Ogﬁgmg?teorr'%\i\%%g}?@tﬁg 5813 ed data
wi th the refafsmisblonptite PriRkiphdienaasly ekienddvle s ad@tabitfaryNRimbep gyl at ed

wi th the in-phase and quadrature sinusoids, and nodul ated signal 'is
filteredretpesnisaionsd Ongerdingtily skilled thehe jaghwill readilyamadifyt equatiorover t he
forward : i . Lihting station is a BS, or reverse channel
108 if g@?ﬁ%ﬁﬁ?ﬁ%ﬁgﬁﬁééﬁgﬁg}@ﬁdg S through antenna 312. 31 VIAR2 5
, 4 W@ 01/28127 PCT1US00/ 27534 13 The feedback signal fromthe receiving
station is received by an antenna 314, and is provided to a to receiver

316. Receiver (346 #i . £ Ty .gownc ﬁ uadr at ur e

denodul at es, zgné qdan{%Zs Zt-ﬁgds;l)ggzﬁ) %ﬁ\gpg%’i k! Z%ﬁc‘igdata is pl%z\)i ded to
denodul at or 318 whi ch despreads the data with the short PNl and PNQ
sequences, decovers the despread data with the Wal sh sequence. The

despread i ole' ;g {1%9&1?55 1.t D .ator 3xx are

conbi nedsgﬁggré%rsgg%%ﬁt gg&\?\nﬂlthflu&%er%user o%ﬁ Qgggél]ﬁ#lé. The descranbl ed
(or denodul ated) data is provided to decoder 320 which perforns the
inverse of the encqding performed within channel elenent 304. The decoded
datajss proviged gg][gf@gg sink 322, and the processor 308. Procegggqr 308 is
configured to perf@afmfunctions described in blocks 202, 204 and”206. It
then controls gain stage 306 to scale the data to be transmtted to a
power as determned in step 206, thus acconplishing a function described in

FIG. 2 is a flowchart showing load estimation in accordance with the

invention. Flow begins in block 202 in which the transmitting station evaluates
FER as a function of energy. In one embodiment, the transmitting station
0 adaptively evaluates feedback information received from the receiving station.
In another embodiment, the transmitting station evaluates conditions of a
transmission channel, e.g., attenuation, fading, number of multipaths, relative
velocity of the RS and the BS, data rate. The transmitting station then uses a
look-up table, containing simulated FER as a function of energy for all potential
25  channel conditions, to select the proper relationship for given conditions.
In block 204, the transmitting station reads the required FER.
In block 206, the transmitting station evaluates the transmission energy
for initial transmission E, and potential retransmissions E,, . . . E,,, in accordance
with the principles outlined above. Thus, the transmitting station can use a pre-

30  computed solution similar to equations 15 through 19 in a form of look-up table



bl ock 208. Processor 308 is configured to performfunction described Hn D 9004
bl ocks 210 based on an information provided by the decoder 320 whet her Mﬁ%‘
transm ssion was received at the receiving station w thout error. Processor

308 i"g‘i’fﬂ?’%l%r configured to performthe decision funcg,h?ﬂ*sgﬁ,?%& bed in

bl ock and based on the result of the decision repor ure as in
bl ock 216, or cause the data source 322 together with the channel el enent
304, and the gain stage 3xx to re-transnmt information frames that had been

r ecei ved WHETeIPRICRMAtS ¢halgoridhans splvingdquatinnsgd? and 234y amalytivalbbock 214.

The prevhgﬁger%§ﬁ{étﬁgﬁon of the preferred enbodinents is provided to
enabl e any person skilled in the art to nake or use the present invention.

The various IdblockaRd®NTheO tiaREERHEIED Ofth ABAT SratkiritsPe rf?ﬁﬂé' ¥ afparent to
those skilled in the art, and the generic principles defined herern may be
appl i ed trHormpakaR wihh FanpEwIsiomERargtset teea webieodf Ehe i nventive facul ty.

Thus,- the prege iJavwentipn is.not intended. to be limted to the
embodi nent s sﬁqo%ocﬁeirl\gf ﬁ‘eb frpIutting sfation expinates whethes dhe infosmationnsi st ent

W th t hefrafrienghidafteddab ¥@ived QatHERSrelhS ' itigpCLAl MED
IS .3 1 MAR 78 4 14 CLAING 1 o A Iet h?ﬁ%ﬂf?@tg?eaéngsir%ﬁi%‘ct)}r‘\%zé‘”ﬁg

communi c¥Blion ispesitine, thedew sestarts ireblotk20201f thedepertifioth e seqeivingl i ty of

transm ssion energies in accordance with a predetermned reliability |evel
and at | SAE0™ OR ALY o (o (EATSEHINER SEASTRRL A e lar eI bMrakcR L2, comstiast ng t he

steps of thepa s ahothes 3 dhstlisdiBA f. char agk e SLd hdion i
conmmuni cati on chanr?el . and Iut %‘ie%ﬁgga I 'ogR'- SIE%%E%%EE gf gé?féxgpon 18

pr e-1lfonprrsitive,r tes fiassingttingn etagioas cordinueas frotdodlg 219, By ¢-tiReThiteflg

characteristic.and said.reljability |level; transmtting a frame_of
i nf or mat TEH AN gﬁ’%‘?s fl}énigﬁq?sbgpgnregﬁg,e&yy} eLip Wity Hitsaext amgilabled frane

e e A
of cl ai rihe transatiting stitgrpreportstbatfaidute tna highémlevehalgoritmpuindslobly t he
2 e e B Bl By, P Y 1o 0 covrion ME(D 2 E
15 FIG. 3 is a block diagram of an exemplary embodiment of a transmitting
station configured for use in connection with the invention. The information to
be transmitted is generated by a data source 302, and is provided to a channel
element 304, which partitions the data, CRC encodes the data, and inserts code
tail bits as required by the system. Channel element 304 then convolutionally
20 encodes the data, CRC parity bits, and code tail bits, interleaves the encoded
data, scrambles the interleaved data with the user long PN sequence, and
covers the scrambled data with a Walsh sequence. The channel element 304
then provides the covered data to a gain stage 306, which scales the data in
response to a signal from a processor 308, such that the data with required
25 energy E, is provided to a transmitter 310. The transmitter 310 spreads the
scaled data with the short PNy and PN sequences. The spread data is then
modulated with the in-phase and quadrature sinusoids, and modulated signal
is filtered, upconverted, and amplified. The signal is transmitted on over the
forward channel 106 it the transmitting station is a BS, or reverse channel 108 if

30 the transmitting station is a RS through antenna 312.



energies were where: E, are said transmission energies; f (E) are framhap o
error rates corresponding to said transm ssion energies Ei; subject to
constraint TF=1f(Ei), i=1 where: T., is a target frame error rate; and

wher %Btﬁﬁgﬂ reliability |level corresponds to said tar getraisoaaesierror rate.
3. A et ? retransm ssion in a conmuni cati on system conprising the
steps of: determ' ning a plurality of3transni ssi on energi es in accordance

with a predeternm ned rel ility level, and at |east one characteristic of a
comuni catiom%ﬁﬁ@& @?PB rf&etrﬁéewglgeﬁg%f‘ 1s preswed; panantenng  one of
said ch c I St d o Q%HW t | Dgh ok-up
tabl e t?ﬁge%g%téab%@rvg ec?g‘r:’maﬁ%d re ‘g%t(b)nés]hlg %/\l;eg}]#aﬂlkérrgéfrm g?’idog rate and

a transdoswiconvertsr gyaadmtmspdmhnﬁglates sand rpastizes thar aigehkr s Thesol vi ng

for a mnimal total er g in accordance with the equation:
(E) =E, +dgifizgtsiaty 15 lylfc{w_gs% q demgliglatar #9 WhELCf!Ld9§P1’ﬁNlS~ﬂ? djﬂaﬂflﬂ‘lS wher e:

E. 26 38 thdok IS RE L0, SORIHIES ddoglbro o) Sed L AP AR Qo b Waten .

cor reésponding SSIrdn  energres 0 cons

=l T (E, ke %uénce Whig! Qesprelh! $a1d A8HDRIf AN ROl Abrs Aifhin UIndWRGRIN Sai d

rellablll | evel corresponds to said target franme error rate;
t ransm Bk rage acolontained ofnd rdfeecnambled withathd user lorgn$IN seqoencenete; and

ai &anéﬁ"a%%ﬂn%;ei by clesmry i Hagh s BB b n derder PPA UGB BF BERPyea i n
error. %@8&90& by eh@&ﬁﬁgs%?@k&@d' Oithifi OO HeF AhidrRBn S Y58k EMTpEONTPY | S Ng

t he steps determning a“p of "transm ssion energies in
accop dadecodid data ippreldtied 1o dath mklsam dnd shd proebssandosmt | east one

characteristic of a communication channel, conprising the step of:

Processor 308 is configured to perform functions described in blocks 202,
204 and 206. It then controls gain stage 306 to scale the data to be transmitted to
a power as determined in step 206, thus accomplishing a functon described in
block 208. Processor 308 is configured to perform function described in blocks

15 210 based on an information provided by the decoder 320 whether the
transmission was received at the receiving station without error. Processor 308
is further configured to perform the decision function described in block 212,
and based on the result of the decision report failure as in block 216, or cause
the data source 302 together with the channel element 304, and the gain stage

20 3xx to re-transmit information frames that had been received in error with the
next available energy as required by block 214.

The previous description of the preferred embodiments is provided to
enable any person skilled in the art to make or use the present invention. The
various modifications to these embodiments will be readily apparent to those

25 skilled in the art, and the generic principles defined herein may be applied to
other embodiments without the use of the inventive faculty. Thus, the present
invention is not intended to be limited to the embodiments shown herein but is
to be accorded the widest scope consistent with the principles and novel
features disclosed herein.

30
WHAT IS CLAIMED IS:



energy; determining a relationship between a franme error rate and a ‘NMAR?[’M
transmtting solving, for a mniml total energy (E}, in accordance with
the equation: N1 (E)=E, +f (E3) E2+f (E1)f(E2)-E3+...+ENfl f(El), where: E;

are said transm ssion energies, and f ( are frame error rates

corresponding to said transm ssion energies E;; subject to constraint: N
Tra =fl f(E ), where: T. is a tarot franme error rate; and wherein said
reliability level corresponds to sai €liAkMS8t franme error rate;

transmtting a frame of information at a first transm ssion energy; and
retransmtting said frane of information at a next transm ssion energy from

sai d lurality afméth | eceived in
o PR e S S S S

t he st epsr-afbijirydel": | n_a th a
orece or gy a8 5&*%5’5 S TP L
transmissjgn energy; an e3 raregttrlaalﬁgﬁqn Wf&afﬁ’él GRS Ehagela: a

next transm ssion %‘ﬁﬁz _sal g cpI ur of transm ssi.on energi es when
sai d framf rec %l ’“r%’@’ﬂ* ﬁ{gﬁ%sm‘%‘gqnoﬁnqrﬁ%
conmuni ca %‘i& YMining a plurality of
transni ssi on etf'le? “\/ﬁtf‘ BRI GREEG R est | mat i ng a

i ni mum a@g ﬁ ﬁ"i“ at‘f"f‘ aﬁ‘n§rr‘i‘ Tt TARSRssiom ARcIDf Fpmf wichat i on
at a firstp rﬂfr‘i‘iagséﬁ‘ ERPENGHTICEIVPINEHPE franme of

I nformati on at, a pext tr m SSI on energy fromsaid plurality of

transni ssi on e?nerQ! %ﬂhﬂ’fgﬂf daimy ¢ whereing i presempiies] freapsmission enmgienyere

appar at usPIfFGP™p heRiEERE ¥ in a comuni cation system conprising: a
contr ol procesﬁﬁbﬁna:foh#h@umeﬂoubenm(&)mequau@ urality of transnission
energies in accordance with a predetermned reliability |Ievel and at | east
one characteristic of a comunication channel by: ghannel; and neasuring
said at |east one dE)etBrtaftiE)-iBsth LB - A& B enamiB), §RtB) . uti i zing a

| ook-up table to sel ect pre-conputed transm ssion emergies corresponding

to said neasured characteristic and said reliability |evel;
where: E; are said transmission energies;

]

f(E,) are frame error rates comesponding to said transmission
energies E;;
subject to constraint:

N
Tree = [F(ED,

i=l

where: Ty, is a target frame error rate; and
wherein said reliability level corresponds 1o said target frame error rate.

3. A method for retransmission in 2 communicatiou system, comprising the steps of:
determining a plurality of wansmission energies in accordance with a predetermined
reliability level and at least one characteristic of a communication channe!, comprising the
steps of:
rmeasuring at least one of said characteristic of said communication channel;
utlizing a look-up table to select a predetermined relationship between a
frame error rate and a transmission energy corresponding to said measured parameters;

solving for a minimal total encrgy (E) in accordance with the equation:

N=1

(E)=E + F(E)-E; + f(E) [(E,) Ey +..+ Ey [ F(ED,

=1



provide a first set of signals indicative of a first transm ssion energy of
said plurality of transm ssion energies for a frame of information =hdAR 27,
provi de at | east one additional set of signals indicative of next
transm ssion energy of said plurality transm ssi on energies for
retransmtting said franme of informati when said frane of information
was received in error. S. The apparatus of claim7, wherein said control
processor pre-conputes said transm ssion energies by having been
configured to: solve for a mnimal total energy (E), an equation: N -1 (E)
=E, + f(El)-EzZ + Whem:)E faresuid m@smissionBifrgie$,E; ), is | where: E are said
transm ssi on energi es; { E; f R Erafl corresponding to said
transm ssi on enerJgi esfgg Eas%bjﬂﬁejg% to co%ét%gﬁeﬁ%b%ﬁ%&ﬂ@%m 3" wher e:
TF,, is a target frané®@8e8Eirate; and wherein said reliability |evel
corresponds to saulijettao gedsirhinane error rate. 9. An apparatus for
retransm ssion in a comruni cation system conprising: a control processor
configured to; 3 1 MAR 200417 determine a plurality of transm ssion
energies in accordancemiTlhld(EPredetermined reliability level and at | east
one characteristic of a coriuni cati on channel by: channel; neasuring at
| east one of said characteristic of said communication utilizing a |ook-up
table to sel ect avhsredaisch #itaied fmegmonrthapl bet ween a frame error rate
and a transm ssi ovhesiesaiy ratiabitigdped domgpdrds sosalll taRakhRbmRafeTEL er S;
sol ving for @ansmittingh frame af infirmadon 4 k)it raasacidamegyvnih the equation: N1
(B) =El+.f ( Ebjrarfsmittihg fsadf {rhmg -oF nformatibhNftl a héetansrdissonMafdrgy b fie sai d
t ransm plaradioy fivhghission éne(diés) wieh25drfiR vess eveived ipggrog.Or r espondi ng to said
transm ssion energies E,;
4. A method for retransmission in a communication system, comprising the steps of:
determining a plurality of transmission energies in accordsnce with a predetermined
reliability level and at least one characteristic of a communication channel, comprising the
step of:
determining a relarionship between a frame error rate and a transmitting
energy:
solving for 2 minimnal total energy (E), in accordance with the equation:

(E> =E\ + f(E))-E, + f(E,)- f(E,)-E, +"'+Enrﬁf(E;)'

where: E; are said transmission energies, and
f(E,) are frame ervor rates comesponding to said wansmission

encrgies E;;
subject 1o constraint:
N
Tegy = Hf (E;),

i=]

where: Tpp, is a target frame error rate; and
wherein said reliability level corresponds to said target frame error rate;
ransmiting 2 frame of information at a first transmission energy; and
retransmitting said frame of information at a next transmission enmergy from said
plurality of transmission energies when said frame was received in error.

5. A method for retransmission in 2 communication system, comprising the steps of;

deterruining two transmission energies in accordance with a predetermined reliability
level and at least one characteristc of a communication channel;

transmitting a frame of mformation at a first transmission energy; and



subject to constraint: N Tpvt =11 f(El) 44 where: T. is a target fgamghi‘u
error rate; and wherein said reliability |level corresponds to said target
frame error rate; provide a first set of signals indicative of a first
transm ssion energy of said plurality transm ssion energies for a frane
of information; and provide at |east one additional set of signals

I ndi cative of next transm ssion energy of said plurality of transm ssion
energies for retransmtting said frane of information when said franme of

i nformati on was received in error. "10. An apparatus for retransm ssion in

a_communi cat ke%nﬁm Ba%@%&relémﬁ:m@mcw nh BIRGESeR e Con'd i ag 1o

determ . €S |

predeter%ﬁ?%letg re |ty ﬁg&ﬁnd&%{ﬁ%c%ﬁg%ﬁmrmterl stic of a
communi cati o transm tt| ener equation; deternining a
rel ati onshi p@ 8'2)850 Eﬁ"?ﬂ”ﬁ ) %‘B‘UEX%F’% AemPRsingthesteRs oSl ¢ ot al
ener gy WRE R Pl ity of [T40smiskion epgrpies i aceprdarce)witpan: equatiqr fax2) E3

+. % 'W‘%ﬁeﬁm tﬁﬁ“@“k‘é‘PH"Wﬁmsm ssion enero es, and 3 1 | AR
2006 18 i (E gforgatign ataf PEpyREHemencteysaidd transni ssion

ener gi es_ E, ; eSapRiiting; it Sroe, ofi wormpspen=ty § mpxr) ransmissionfesergy fiom skid a
target PW@?W@%‘P@“%E’GS Whet widfrgeg WasredeiveBiin értar. | evel corresponds to
said target frame error rare; provide a first set of signals indicative of
a first tr ané‘m‘é‘sﬁ?@ﬁfﬂéﬁé@rg?tr@ﬁm@aiodmptmtmtapomﬁystmammpmgnn energies for
a frame of iAfentphplosessoraeafignrediode at | east one additional set of signals
i ndi cative of nexdetermdnes i gdirality of eraypymisfion aerdrgidsuiml accycdadcet mahsai ssi on
ener gi es f or predetermined tefiabigitys leivel dndameleast oné mhoneretstio rofvih esinmadicatonane of
i nf ormati on vlesneldyei ved in error.
measuring said at least one of characteristic of said communication
channel; and
utilizing a lock-up table to select pre-compured ansmission energies
corresponding to said measured characteristic and said reliability level;
provide a first set of signals indicative of a first ransmission energy of said
plurality of transmission energies for a frame of information and
provide at least one additiona} set of signals indicative of next mansmission
energy of said plurality of transruission energies for rewmansmiting said frame of
information when said frame of information was received in emor.

8. The apparatus of claim 7, wherein said control processor pre-computes said
transmission energies by having beeu configured to:

solve for 2 minimal total energy (E), an equation:

N-l
(E)=E + f(E)-E, + f(E) f(E;) Es+..+ E [ | F(E),

[£1}
where: E,; are said transmission energies;
f(E;) are frame emor rates comesponding to said transmission

energies E;;
subject to constraint:

N
Tree =Hf(Ef)=

i=1

wherc: T, is a target frame error rate; and
wherein said reliability level comesponds to said target frame error rate.

9. An apparatus {or retransmission in a communication system, comprising:
a control processor configured to:



11. An apparatus for retransm ssion in a conmunication system conprising:
a control processor configured to; determne two transm ssion energi®$MAR 200
accordance with a predetermned reliability |evel and at | east one
characteristic of a comrunication chann@I; provide a first set of signals
indicative of a first transm ssion energy of said plurality of

transm ssion energies for a frame of information and provide at | east one
additional set of signals indicative of next transm ssion energy of said
plurality of trans ssjon energjes for retransmtting said frane of

i nformation whep SSTHRRFAe PFAlHT ofy BRESRIFFIQR Sograies | ipe @cdordamee owith 12, An
appar at us f orPTetsRRSH relabiliry lavel apd et ors eharasiesistinnf ecwpmiwicagon a
control procedamel Bynf i gured to: determine a plurality of transm ssion
energi es by sol ving anRegshaing®i 1¢ast oneof paid chaveptexisnis of mith cagmuuniratien

transni s#@ddelenergy; provide a first set of signals indicative of a first
transm ssi on energy of ughzidg ajdolirupl thisly tofelett mpeddtssired reainghip ethvaén a f rane
of i nf oravixathoerrorantd apd @ wankenission spergy commparditigtth eddmeasatedPhrasiegpal s
indicative of next tragsiingSf®Na wNEAAYoRE & uq@lgcg&d&fcet‘;@pstgg ssion
energies for retransmtting said frame of intorndtion when said frame of

i nf or mat {8 Was received in error. 13. An apparatus for retransmssion in a
comuni cati on system conprising: a control processor rgr:onfi gured to.
determne a plurality qiyLr igSsi G eS,.kn,.ageer with a
predeterm ned reliabil SF?/ I%\%ﬂﬁiﬁgggtﬁlﬁg%gt(g%ng’Eh‘g'r%;tf?%h c of a
comuni cation channel by: channel; and neasuring said at | east one of

characteristic of sai dmiﬁyd%g&gg&%@ | ook-up table to select
pre-conputed transm ssi &enérg&rqer%l correspondi ng to said measured
[

characteristic and sai el | 4B R SRS FRHCRORY B It PofderapYRissign 1 VAR
fl[ 19 transmtting a enzpesdd; i nformation at a first transm ssion energy
of said plurality of fheame &nkednenergi es; and retransmitting said frame
of information with a next transm ssion energy from said plurality of
transm ssion energies when gaid frame was received in error. 14_ The
apparatus of claim 13, Me?F_[UF(E,aid control processor pre-conputes said
transm ssi on energi es by hawng been configured to: solve for a m nimal
total energy (E), an equation
where: T, is a target flame error raie; and
wherein said reliability level comesponds to said targer frame error rate;
provide a first set of signals indicative of a first wagsmission energy of said
plurality of transmission energies for a frame of information; and
provide at least one additional set of signals indicative of next transmission
energy of said plurality of transmission energies for retransmitting said frame of
information when said frame of information was received in error.

10. An apparatus for retransmission in a communication system, comprising:
a conuol processor configured to:
determine a plurality of transmission energies in accordance with a
predetermined reliability level and at least one characteristic of a communication
channe] by:
determining a relatonship between a figme eror rawe and a
transmitting energy;
solving for a minimal total energy (E’), in accordance with the

equation:

(E)=E1 +f(El)'Ez +f(E1)'f(Ez)‘EJ +---*Enl:If(E.-)1

i=d

where: E; are said trausmission epergies, and



M1 (E)=El1+f (El)E2+f(El)-f(Ex)-E3 # yl where: E, are said transm ssjon
energies; f (E ) are frame error rates corresponding to said t ransni &$iMdh 2004
ehergies E,; subject to constraint IN T i-1 where: T. is a target frane
error rate; and wherein said reliabili t13r/8 | evel corresponds to said target
frame error rate. 15 _ An apparatus for tretransm ssion in a comrunication
system conprising. a control processor configured to: determne a
plurality of transni ssion energies in accordance with a predeterm ned
reliability I evel and at | east one characteristic of a comunication
channel by: chancel; measuring at |east one of said characteristic of said
comuni cation utilizing a | oof%EﬂpaTGﬁlbm e[Tor Kz goresponuinece tsaid npanenission

rel ati onshi p between ae,f.grglggaggrror rate and a transm ssion energy
corresponding to said nmegsured paraneters; solving for a mnimal total
energy (E) in accor dancé" P § ﬁmélﬁumion: K-1 (E) = E1 + f(E1)-E2

+f (E1)-f(E2)-E +...4-ENrj f(E ), 1-1 where: E, are said transm ssion
energies, f (E) are frgme ¢ ?EE?ates corresponding to said transni ssion
energies E, ; subject to &nstfardt’ 3 1 MAR 2006 20 and N Trim=rj f (E)
, r=1 where: Tr,, is a target frame error rate; and wherein said

reliability level corregpondg, Qs satd f3hO&tori@Raerror rate;

wherein said reliability level corresponds to said target frame error rate;
provide a first set of signals indicatve of a first tansmission energy of said
plurality of transmission energies for a frame of information; and
provide at least one additional set of signals indicative of next transmission
energy of said plurality of transmission energies for retransmitting said framne of
informnation when said frame of information was received in ervor.

11. An apparatus for retransmission in a communication system, comprising:
a control processor configured to:

determine two wansmission energies in accordance with a predetermined
reliability fevel and at least one characteristic of a communication channel;

provide a first set of signals indicative of a first transmission energy of said
plurality of ransmission energies for a frame of informaron and

provide at least onc additional set of signals indicative of next transmission
energy of said plurality of transmission energies for retransminting said frame of
informarion when said frame of information was received in arror.

12. An apparatus for retransmission in a communication system, comprising:
a control processor configured to:

deterrnine a plurality of transmission energies by solving an equation for
estimating a minimum aggregate ransmission energy;

provide a first set of signals indicative of a first transmission energy of said
plurality of transmission energies for a frame of information; and

provide at least one additional set of signals indicative of next transmission
energy of said plurality of transmission energies for retransmirdng said frame of
information when said frame of information was received in error.

13. An apparatus for retransmission in a communicaton system, comprising:
a control processor configured to:
determine a plurality of transmission energies in accordance with a
predetermined reliability level and at least one characteristic of a communication
channel by:
measuring said af jeast one of characteristic of said communication
channel; and
utilizing a look-up table to select pre-computed ransmission energies
corresponding to said measured characteristic and said reliability level; and
a transmitter for:



atransmtter for. transnuting a frame of information at a first 31 MAR 2004
transm ssion energy of said plurality of transm ssion energies; and
retransmtting said frame of information with a next transm ssion energy
from said plurality of transm ssion engygies when said frame was received
in error. 16_ An apparatus for retransni'ssion in a communication system
conprising: a control processor configured to: determne a plurality of
transm ssion energies in accordance with a predeternmined reliability |evel
and at | east one chgdmmighd al4 Qg sat | nel _by: determ ning
a rel ationshi ppm@imﬁ;igfrgigggi‘i%f%f ?zfsdat e gnagaaaﬁ‘??énh%rpnﬁ?sfoﬁlnﬁmg?'e?g%&l&
equation: and solving for..a, i‘?h- i ;Eg‘&grlmag%&g ég ,mi n_accordance wth
the N-1 (E)=E, ?ﬂiﬁlﬁ«%ﬁ*' ;E:i%gté* SE3E g oAt transmigsiof enegey fem 5 o
sai d transmi ssion’ energl e,  and 1 %@ﬁﬁb@uﬁ“gﬁé‘m SARIGTIERE IR &0 g i ect to
constraint: N TFFLi = f| f (Ei).., jha.error rates corresponding to said
transmi ssion wh reﬁW"‘? ‘% “é:%?’ t’fn wherein, s éF?ﬁmﬁl FrasessginprewABPEEN saidi d
reliabi | i FRTRPAE TEEElydntLs “gaf Wet frame error rate; a
transmtter fosolvafonmaynimeal et enctgyafe, o eduatior mation at a first

transm ssion energy of said plurality of transm ssion energies; and
retransmtting said frame of information with a nextystransm ssion energy
from said pluralit{E)stEt+ A6EN Est SOEINEE) & 'R/VhﬁlfﬂﬁiﬂEf)r,al’TE was received
in error 17. An apparatus for retransm ssion in a coamuni cation system
conprising: 3 + MAP, 2004 21 a control processor configured to: determ ne
two transm ssion enehage:el; drgsadearstdeses eugrghs:a predet er mi ned

f(E;)} are frame error rates corresponding to said transmission

energies £,;
subject to constraint:

N
Teen =Hf(Ei)‘

isl

where: T, is a target frame error rate; and
wherein said reliability level corresponds to said target frame error raie.

15. An apparatus for retransmission in a communication system, comprising:
a control processor confignred to:
determine a plurality of transmission energies in accordance with a
predetermined reliability level and at least one characteristic of a communication
chammel by:
measuring at least one of said characteristic of sald communication
channel;
utilizing a look-up table to select a predetermined relationship between
a frame etror rate and a transmission energy comesponding to said measured parameters;

solving for a minimal total energy (E) in accordance with the
equation:

Nl

(E)=E, + f(E)-E, + f(E)-f(E,)-Es +.. + E, [ F(E).
-1
where: E, are said ransmission energies,
f(E;) are frame ermor rates corresponding to said transmission
energies E;;
subject to constraint:



reliability Ievel and at | east one characteristic of a comunication
channel; and a transmtter for_ transmtting a frame of information ét %ARZUUL
first ‘transmission energy of said plurality of transnission energies; and
retransmtting said frane of informati g&with a next transm ssion energy
from said plurality of transm ssion energi es when said framne was received
in error. 18. An apparatus for retransm ssion in a comruni cation system
conprising: a control processor configured to: determne a plurality of
transm ssion energies by solving an equation for estinmating a m ninmum
aggregate transm ssion energy; and a transmtter for. transmtting a frane
of information at a firBg £|40%Bj)ssi on energy of said plurality of
transm ssion energies; and retransmtting said frane of information with a
next transm ssion energy from said plurality of transm ssion energies when
sai d frame was recei vedwhere: a;,&qsatai@ettv&meaﬁpﬂaatuﬁl for retransmission in a
communi cation System Gk ShidfiaRIABl SbuRf GRCHII ARG AE: fa:
determng @ plurality of transm ssion energies in accordance wt
pr edet er mned lIrl{:lna If%y | evel and at | east one characteristic of a

o

a
conmmuni cati on C ; g Of
characteristic, of. s s Q&%gg: lﬂ%@?% %%“%g‘“%&%&% a toggel ect

d PEi ol
e comt e PIOL LI MRS sty e .
0]

i ndi cative of ‘a %ng: ‘étf?}[%?\sevr’%ﬂs ot ty of

transm ssi on iger i es for a franme. af Lnformatl ogﬂ%and f)rov at | east one

addi t i onal H§L :"Isﬁgn 2 e SHPTENE gy from said

b

plurality of g j F%?F‘@ é retransmttin saldfrarretgf

i nformati on when s ?WP?B%FE Yel 1SYOR PGPS 1ig ver f gr
provi di ng an rRinesh, religbiliny ?P(drﬁtl &ﬁ?d@és"’%'raé'ﬁ'lsé‘f’ §a| BHFETE was
received in efp@pelly: The appar at us, of claiim 19, wherein said contdrol
processor pre-conput es 4EATHIIRE oSS 5By Pe§ ﬁ?m‘ﬁaW‘ﬁg et

conf i gur SWRYBITINEAGEYY or a ninimal total energy (E), an equation;

(E) =El +f (El) - E2+f (EI ) f (&DYingE;for 2. mimimal figed, poergy. {Bphér @ccopdangg avithy Fb&
transm s%hgghognergl es;

N=|

(E)=E, + f(E)-E, + F(E)- f(E;)-Es +.. + Ex ][] F(ED.
f=1

where: E, are said transmission energies, and

f(E,) are frame emor rates comesponding to said tansmission
energies £,;

subject to constraint:

Teer =Hf(E

where: T 1s a target frame erxor rate; and
wherein said reliability level corresponds to said target frame ervor rate;
and

a transmitter for:

transmitting a frame of information at a first ransmission energy of said
plurality of ransmission energies; and

retransmitting said frame of information with a next transmission energy from
said plurality of transmission energies when said frame was received in error.

17. An apparatus for retransmission in 2 communication system, comprising:



f (E) are frame error rates corresponding to said transm ssion enerpi &gp 700
E,; 3 1 PAR 22 subject to constraint: NT;,., =f .f (E) |,| where: TF is
a'target frame error rate; and wherein said reliability |evel corresponds
to said target frane error rate. 21. Ag%ltapparatus for retransmssion in a
communi cati on system conpri Sing: rol processor configured to:
determne a plurality of transm ssion energies in accordance with a
predetermned reliability level and at |east one characteristic of a
communi cati on elsemirrd prdsgssondvafigetd toneasuri ng at | east one of said
characteristic of sadelerommmnowe danimissiod ichérgies gn cack @kt Pwitial! f‘re&éﬂ:r&ﬁle&ﬁ a
predet er ni ned r edliabiligrievdl pndatizuseshe charhstaristic 6f 4 @Jm_uﬁ&héhn%ﬂgheﬁn 1} #35M SS1on
ener gy correspondiangniteer foai d neasured paraneters; solving fo a m ni nal

total energy (E) in mﬁﬁtdﬂ@&et‘rmé h:f txﬂi%r:ﬁéﬂé%tdtoeﬂ ﬁréf"ng?nﬁn@saﬂ EL&F} bt Gaia*

f(E1) f(E, )E3+. plubality fthnriishion éthgitpigse: E are said transmss

energies, f (Ed are fe&%gngggldr %f%&ﬁﬁgﬁ)%% glﬁnl;ner Sﬂa?rheCt
to constraint: IfdbfutdBly of iiehsthQsiSfd LA 55 %yarget
frame error rate; g!nd WhDEI‘EI?I Sséll d re%ll abi | |SI§I f’lt'mlve corresponé’s to said
target frane erngr ik t £ ls indicative of a
first transm ss,Qg.en ﬁamp & g#a g %mlg' ‘ia'rﬁrz’arggﬁemsf%Wh“& gies for a
frame of |nformat|ond uins iodNe laddltlorla_l set of . si naI S

i ndi cative of ngxf foan 5%: Egrfo é;fa?ﬂ Bt TP ssi on
energies for refransm tif&og sal rarre ot h don when said franme was

received in error, g miming a frame of information at a first wansmission energy of said

plurality of transmission energies; and
retransmiting said frame of information with a next wansmission energy from
said plurality of transmission energies when said frame was received in error.

19. An apparatus for retransmission in a communication system, comprising:
a control processor configured to:
determine 4 plurality of transmission energies in accordance with a
predetermined reliability level and at least one characteristic of 4 communication
channel by:
measuring said at least one of characteristic of said communication
channel; and
utilizing 2 look-up table to select pre-computed wansmission energies
corresponding to said measured characteristic and said reliability level;
provide a first set of signals indicative of a first ransmission energy of said
plurality of ttansmission energies for a frame of information; and
provide at least one additional set of signals indicative of next transmission
energy from said plurality of wansmission energies for retransmirting said frame of
information when said frame was received in error; and
a recciver for providing an indication to said control processer whether said frame was
received in error.

20. The apparatus of claim 19, wherein said control processoer pre-computes said
transmission energies by having been configured to:

solve for a minimal total energy {E), an equation:

N=1

(E)=E, + f(E\)-E, + f(E\)- f(E,)-E; +..+ E, ] | F(ED,
{=1
where: E,; are said transmission energies;

S(E;) are frame error rates corresponding to said transmission
encrgies E;;



a receiver for providing an indication to said control processor whether
said frane was received in error. 22. An apparatus for retransm ssPdn¥Afin a
comuni cati on system conprising: a control processor configured to: 3 1
MAR 2004 23 determine a plurality of trﬁ;srri ssion energies in accordance
with a predetermined reliability |evel“and at | east one characteristic of
a communi cation channel by: transmitting energy; equation: determ ning a
rel ati onship between a franme error rate and a solving for a mninal total
energy (E), in.accordance wwth the N~ (E) =E, - f(El)-E3 +
f(El) .f(Ez)-Eén»gRch?&’rﬁc’Pqu"jL. where: E, are said transnission energies. and
f (E) are frame error rates corresponding to said transm ssion energies
E;; subject to congtrai '(é\_ILTl =[I1f{E ), where: T. is a target frane error
rate; and wherein s%fd ];_1(. dbility level corresponds to said target frane
error rate; provide a first set of signals indicative of a first
transm ssion energy.9f. fai ﬂ;at?xjv lﬂnjxééﬁo?;até-r an‘i ssion energies for a frame
of information, an rov"r"‘Ule ®'east” one additional set of signals
i ndi cative of "RERE ?‘E’dﬁ@h‘ é‘gi‘eﬁ’ﬁ COBf ‘?F?ﬁgiﬁt&aﬁ%@aqfﬂey of transnission
energies for retransmtting said frane of information when said frame was
received in ercror, and a receiver for providing an indication to said
control processoRARBMRRIE fAPHANFNEFRAN MACOmMEGat aRiSIsiTTe F9rPTisig3 . An
appar at us f or 2 FRFh RERESSS GPRIBHEHOE onmuni cat i on system conprising: a
control processor iRfurde@lyaliy def drmmissiphoenergiess ik sarcodanmmemithes i n
accordance wi Predgiersrinese rabiabilife levelr and; afbledst ope |charettenigtid ofta temmunication
char act eri st i ehagpel®ycommuni cati on channel ; provide a first set of signals
indicative of a first tneasumis sy lonst ame rofj\saidf charcwristyyl ofr wid tgmmfnication
transni s§hamelenergies for a frame of information; and provide at |east one
addi ti onal set of signaiiizingdiloek-iyablsfto salsct a predetsmissd mhtomshiprigywdenom sai d
pl ur al i t y Sameterrgntatd andi agransmissigh energymonesponding to said mepswad parfmeters; of

solving for a minimal total energy (E) in accordance with the

equation:

N=|

(EY=E, + f(£)-E, + f(E)- f(E.)-Ey +.+ E, ]| F(ED,

=1

where: E, are said wansmission energies,

f(E,) are frame error rvates corresponding to said tramsmission
energies £, ;

subject to constraint:

N
Tree = H.f(E.) .

=l

where: T, is a target frame error rate; and

wherein said reliability level comresponds to said target frame error rate;
provide a first set of signals indicative of a first transmission energy of said
plurality of transmission encrgies for a frame of information; gnd
provide ar least one additional set of signals indicative of next wansmission
energy from said plurality of transmission energies for remansmiting said frame of
information when said frame was received in error; and
a receiver for providing an indication to said control processer whether said frame was
received in error.

22. An apparatus for tetransmission in 4 communication syst2m, comprising:
a coutrol processor configured to;



i nformati on when said frame was received in error; and a receiver for 31 MAR 2004
providing an indication to said control processor whether said frane was
received in error 24. An apparatus for retransmi ssion in a conmuni cation
system conprising: a control processoy configured to: 3 1 MAR 2G (4 24
determne a plurality of transm ssion er‘?ergi es by solving an equation for
estimating a m ni num aggregate transm ssion energy; provide a first set of
signals indicative of a first transm ssion energy of said plurality of

transm ssi on ener gi for a fra of information; and provide at |east one
addi tional set o sféﬁ?; _ianaiuéagt%i’ v granfgiRtion (apEsiess i gwcordames gyith r am sai d
plurality of t¥&YEH lighilay Jeeed andrat fleasr spes haradtasigtic of ¢ domammication
information ueh Py Bartle was received in error; and a receiver for

provi di ng an indi cati on de®rB&ing eomelatiinsiipobewser avferite remeni ctef madrea was
recei ved F#Nsauiapgenepgy; An apparatus for retransm ssion in a comunication
system conprising: a GoRidgOforPi QR@ESAT tof®EhEGY! EB), iR acdeiaddd! Hith Gthe

plurality,of ctransm ssion energies in accordance wWth a predeterm ned
reliabil iﬁ}' Fe\iel and at | east one characteristic of a conmunication
channel by: channel; and neasuring said at |east one of gharacteristic of

sai d communi cation util i(@?@laf@jﬁ-gén. ;@\ -2‘(1’59)-%?[1-‘?.‘?4 gﬁﬁﬁgﬂput ed

transm ssion energies cofrespondingto said neastured c actéristic and
said reliability level; a receiver for providing an indication to said

control processor whet heyhefediEl afef AfBrRdRissiBRERFi&CRIdved in error; and a
transmtter for: transm ‘]té?g a frame of information at a first , .
transni ssi on energy of shid ﬁfuﬁ%ﬂl‘f {805 ¢ TAfes SFPIROR IS, t@néﬁ‘%i'ﬁ’é’fm‘éﬂa“
retransmtting said frameergiesiZyf or mati on with a next transm ssion energy
from said plurality of shbjadtsertdasirdfm: ener gi es when said frame was received
in error. 26. The apparatus of claim25, wherein said control processor
pre-conputes said transm ssin energi es by having been configured to:
solve for a minimal tot a?l}meﬁﬁg'yf.()E), an equation: 1E1=E!
+f(E!')-E +f(Es)-f(EZ)E3 +...FfENEf (Ej), where: E, are said transni ssion
energies; f (E/) are frane error rates corresponding to said transm ssion
where: T, is a target frame error rate; and
wherein said reliability level corresponds to said target frame error rate;
provide a first set of signals indicative of a first transmission energy of said
plurality of transmission energies for a frame of informartion; and
provide at least one additional set of signals indicative of next wansmission
energy from said plurality of transmission energies for remansmitting said frame of
information when said frame was received in error; and
a receiver for providing an indication to said control processor whether said frame was
received in error.

23. An apparatus for retransmission in a communication system, comprising:
a control processor configured to:
determine two transmission energies in accordance with a predetermined
reliability level and at least one characteristic of a communication channel;
provide a first set of signals indicative of a first transmission energy of said
plurality of transmission energies for a frame of information; and
provide at least one additional set of signals indicative of next ransmission
energy from said plurality of transmission energies for retransmitting said frame of
informarion when said frame was received in error: and
a teceiver for providing an indication to said conrrol processor whether said frame was
received in error.

24. An apparatus for retransmission in 2 communication system, comprising:
a control processor configured to:



energies Et; subject to constraint: NTF R =riIf(E ), r=! where: T,,, Egﬁ o
target frane error rate; and wherein said reliabi city |evel correspdn %@
said target frame error rate. 3 1 MAR 2006 25 27. An apparatus for

retransm ssion in a conmuni cation syst conprising- a control processor
configured to: determine a plurality of“transm ssion energies in accordance
wth a predetermned reliability level and at | east one characteristic of

a communi cati on channel by: channel: neasuring at |east one of said

characteristic of s g,,mﬂm [ ect a
pr edet er Mgt gl %%a&%{f@%ﬁgﬁsfﬁ%h R I o el on

ggf;gyeﬁg;rgssgond' %g(’r%é%% JEBFY "%g t&'rasﬁrs eéin\égggmﬁ%agy%}%&m'
DRrIE Gy &M (pigihs Ok SRR o
Sy %vxi?%maﬁl SI 0 "Efmls g’é’ m’ﬁ‘, , sai‘% é’?

to constraint: get

frame error raf%omy @Fef“éﬂ& g i’mé\/el co esponds to said
target frame, efFGFVFAPEP™ éﬁ‘ %‘}[‘OF(S? Bllﬂﬁﬁe%fﬁrw L 3t SAme 88 5i d
control prSERELBYeret her said frame has been received in error; and a
transmtter for transmtting a frame of information at a first

transmi ssi on eher gyp PR @I;PT@F%SF‘P?%CW%Wg%W&ﬁmeW@s% and

retransm tti ngaSentep! prospeorsonligiFed I9at i on with a next transmi ssion energy
from determine a plurality of transmission energies in accordance with a

predetermined reliability level and at least one characteristic of a communication
channel by:
measuring satd at least one of characteristic of said communication
channel; and :
utilizing a look-up table to select pre-compited transmission cnergies
corresponding to said measured characteristic and said reliability level;
a receiver for providing an indication to said control processor whether said frame has
been received in error; and
a transmitter for:
transmitting a frame of information at a first tansmission energy of said
plurality of rransmission epergies; and
retransmitting said frame of information with a next transmission energy from
said plutality of ransmission energies when said frame was received in error.

26. The apparatus of claim 25, wherein said conmol processor pre-computes said
transmission energies by having been configured to:

solve for a minimal total energy (E ) , an equation:

=t
(E)=E, + F(B)-E, + f(E)- F(Ey)-Ey +.+ E, ] T F(ED,
=
where: E, are said transroission energies;
f(E,) arc frame error rates comresponding to said transmission
energies E,;
subject 10 constraint:

N
Tpgk =l—_[f{E;),

i=1

where: T, is a target frame error rate: and
wherein said reliability level corresponds to said target frame ermror rate.



said plurality of transm ssion energies when said frame was received 3i DVAR 2004
error. 28. An apparatus for retransm ssion in a conmmunication system ‘
conprising: a control processor configured to: determne a plurality of
transm ssion energies in accordance w th a predetermned reliability |evel
and at | east one characteristic of a cormunication channel by:

transmtting energy; determning a relationship between a franme error rate
and a solving for a mnimal total energy (E), in accordance with the
equation 31 MAR 2004 26 N—I (E) =E, +f(EL)-E2 +f(E1l)-f(E,)ES

.+E, yfjf(E saldtransmssuon energies, and f (E/) are
frarre error rg%]es)%]o esg g%ssé% ) AP R Hcaign syt P@Eg E;; subject
to constraint? eresmé%iroﬁ,, |S£targetdar1‘lrane@?rror
rate; and whereln e SHOHHS 1P 03CFIRA MW 2f r ane
error rate; aPFegE’gWE?dF Vﬂfﬁ‘bde&h ["Pﬁd?"t? FeRigicsefi 3 cemmpisption
processor whethureldyr g frame has_ been recel ved in error; and a transmtter

for. transmitting a fraREASeRng Ay Eﬁaﬁa?qeo?f spid gharsclegisti pEsaidricemmgnicatons gy of
said pl L?P%Hqc{y of transm ssmn ener ies; and retransmtting said frame of
information with a nextUilizingstio rsglyctfarmﬁetemad elarionshin Yetwgen
transm s g fEAMeHET @t@@%ﬂaﬂs@&mn anaﬁcqmgpcrné@é itey g2l pashaged paramewrs; An
apparatus for retransm séviog fon aa mimimal romh eherpy s(ﬁt @imacenodiptd SHthgrhe a
control QaRasor configured to: determine two transm ssion energies in
accordancé wth a predeterm ned reliability level and at |east one
characteristic of a cornunication channel; a receiver faqy, providing an
i ndication to said cont ()=l ¢¢¢EICE, Mﬁ!-:bef(szams £ 1am, JpsE peen recei ved
in error; and a transmtter for: transmtting a frane ofmi nformation at a
first transm ssion energy of said

where: E; are said transmission energics,

J(E;) are frame etror rates comesponding to said transmission
energies £,
subject to constraint:

Trx =] [ F(ED.
=l

where: Tpp, is a target frame error rate; and
wherein said reliability level comesponds to said rarget frame error rate;
a receiver for providing an indication to said control processar whether said frame has
been received in error; and
a transmitter for:
transmitting a frame of information at a first wansmission energy of said
plurality of runsmission energies; and
retransmiring said frame of information with a next ransmission energy from
said plurality of wransmission energies when said frame was received in error.

28. An apparatus for retransmission in a communication system, comprising:
a control processor configured to:
determine a plurality of tansmission energies in accordance with a
predetermined reliability leve!l and at least one characteristic of a communicaton
channel by:
determining a relationship between a frame error rate and a
ransmitting energy,;

solving for a minimal total emergy (E), in accordance with the
equation:




plurality of transm ssion energies; and retransmtting said franme of 31 M
information with a next transmi ssion energy from said plurality of | MAK 2004
transm ssion energi es when said frame was received in error. 30. An
apparatus for retransmssion in a com‘nr#f cation system conprising: a
control processor configured to: deter e a plurality of transm ssion
energies by solving an equation for estimating a m ninmum aggregate
transm ssion energy; a receiver for providing an indication to said control
processor whether said frame has been received in error; and a transmtter
for: transmtting a franmg of information at a first trangqai ssion energy of
said plurality of trangﬁ)s’sﬁ::dnf@ih%iﬁéfﬁlhﬂﬂf—“ﬁbtﬁs&nﬁ‘rﬁpﬂﬂf@ESai d frane of
information with a next transm ssion energy from said pltirality of
transm ssion energi es when said frame was received in error.

where: E, are said transmission energies, and

f(E;) are frame error rates corresponding to said transmission
energies E.;
subject to constraint

Tem =E[f(E,),

where: T, is a target frame ermror rate; and

wherein said reliability level comresponds to said target frame error rate;

a receiver for providing an indication to said control processor whether said frarae has
been received in error; and

a transinitter for:

transmitting a frame of information at a first transmission energy of said
plurality of wansmission energies; and

retransmitting said frame of information with a next transmission energy from
said plurality of transmission cnergies when said frame was received in error.

29. An apparatus for retransmission in a communication system, comprising:
a control processor configured to:

determine two wausmission energies in accordanee with a predetermined
teliability level and at least one characteristic of a communication channel;
a receiver for providing an indication to said control processqr whether said frame has

been received in error; and

a transmirtrer for:

ransmitting a frame of information at a first wansmission energy of said
plurality of transmission energies; and

reransmitting said frame of informaton with a next transmission ¢aergy from
said plurality of transmission energies when said frame was received in error.

30. An apparatus for retransmission in a communication system, comprising:
a control processor configured to:
determine a plurality of transmission energies by solving an equation for ¢estimating a
minimum aggregate transmission energy;
a receiver for providing an indication to said conirol processor whether said frame has
been received in error; and
4 transmiltter for:
transmitting a frame of information at a first transmission energy of said
plurality of ransmission energies; and
retransmitting said frame of informaton with 2 next transmission energy from
said plurality of transmission energies when said frame was received in error.



