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I nvention and j.ncarporated by reference herein. The 30 system can be
designed to c’i?h?lﬂﬁﬂft othe "TIAEIAI1S 95 Mbile Station-Base Station
Compatibility Standard for Dual - Mode W deband Spread Spectrum Cell ul ar
Systeni, hereinafter referred to as the 1S-95 standard. WO 01/28127

PCT/ USOQ 27534. Description of the Related Art

15 The use of code division multiple 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 signiﬁéant 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, entitled "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 system can be designed to conform to the “TIA/EIA/IS-95 Mobile
Station-Base Station Compatibility Standard for Dual-Mode Wideband Spread
Spectrum Cellular System”, hereinafter referred to as the IS-95 standard.



2 The CDVA systemis a spread spectrum conmmuni cation system The benefits
of spread spectrum conmmuni cation are well known in the art and can be
appr eci ef erence to the above-cited references c‘f’%n its
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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.

15-95-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, IS95-B

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

and vocoders which are designed to respond gracefully 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 IS-95-B

specification.



30 Error control protocols .which require frame retransm ssion procedures
add ~ unaccept abl e del ays to voice transnission, so are not designed into
the 1S-95-B specification. WO 01/28127 PCT/ US00/ 27534 3 h&eon7sas

optim zat i WASY241AT ch nake the stand-al one |1S-95-B specification 1deal for
voi ce applications, make it difficult toguse for packet data applications.
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15  reception of all segments of a single datagram very low.
As described in IS-95-B, alternative service options enable the

transmission of other types of data in lieu of voice frames. Telecommunications
Industry Association 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 IS-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 15-95-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 RLP protocol



retransm ssi on procedures over the 1S-95-B frane Jayer. RLP is of a class
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these pr Opd A% lirick ﬁ%tdcb?thl?%ﬁméé‘sétth@éﬁoﬂ R8st IMerd¥sie OCI at i on,
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referred to as cdma200
subimission of proposed methods for providing high rate data and high-quality

speech services over wireless communication channels. A first of these
proposals was issued by the Telecommunications Industry Association, entitled
“The cdma2000 ITU-R RTT Candidate Submission. The Telecommunications
20 Industry Association is currently developing the cdma2000 proposal as interim
standard TIA/EIA /1S-2000, and hereinafter referred to as cdma2000. A second
of these proposals was issued by the European Telecommunications Standards
Institute (ETSI), entitled “The ETSI UMTS Terrestrial Radio Access (UTRA)
ITU-R RIT 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 RLP designed for use
30 with cdma2000 is described in TIA/EIA/IS-707-A-1.10, entitled “DATA

SERVICE OPTIONS FOR SPREAD SPECTRUM SYSTEMS: RADIO LINK



of these proposals was issued by the European Tel ecomruni cati ons Standards
Institute (ETSI), entitled "The ETSI UMIS Terrestrial Radi o Access (UTRA)

| TU R RTT Ca:ag{%ﬁﬁe Submi ssion", also known as "w deband pcipidSooremsss 25
her ei naf t eVO ed to as WCDVA. A third proposal was submtted by U. S.
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maxi mal ly effici e"ith L Piriehfln ida ;@(’gsmgﬁmhra?.psépp%ﬂt%' c%rt?r arres

system 10 enpl oyi'fig e ransm sSion of erroneous ecel ve
The transm tta rsjgredl asti an peadeteratinad tloeell ofinelisbilityr usiige réfrémdmissiom of

function of ener In one di rren t he transmttl ation |ver
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transm ssi on 15 channel e.g., attenuation, fading, nunber of multi paths,
relative Wbl cehplpysig retransoission of emenmslyquvwhfremesr pedatpansni tting

of enoray for art 56t Saifulfadhon CRMLAP, B8 Bl BHE rle R T 411 7
rel ationship ﬁm:mg\ ot energidi In oms embiodimerit) ehet frmmnitﬁng statishaddaptively
determ nes a evaluate aftee&]agclg ];nfoprln;tllon received from the receiving station. In another
embodiment, the transmitting station evaluates conditions of a transmission
15 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 channel

dat a.

. 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
transmission energies for the initial transmission and the retransmission for

other classes of functions deécribing 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



20 transm ssion energies and retransmi ssion energies that will provide the
target level of reliability while mnimzing the total transm ssion energy
enpl oyed dn. Jhie initial transm ssion and the retransmgghiifrrsshe present

I nvention % ovides a closed formsolution for determ ning the nost
effective transmission energies for the initial transnission and the

retransm ssiqn for ag | nportaant 25 class of functions describing the
rel ati on be eEgR Sﬁg"gﬁgrt@ﬂmﬁg‘?ﬂ’%i@ﬁ’c enqrgy, gequirsd toransmit theggest s

met hods for fﬁﬁ{%ﬂb?éﬁett&ﬁ'liﬁ@@fev@lfcff?&aib transm ssion energies for the

initial transm ssion and the retransmssionh for other classes of functions
describing the rel ation between FER and energy. The transmtting station

transmts a frane w Wh‘éﬁ #ﬁf L SSi ﬁ r Esnpl oyi ng

conventi onal feedbac& ,C maﬁﬂﬁ &ﬁm alerted to the
occurrenge of frame errors at the receiving station. The transmtting
station tpon notification of a frame error retransmts the frane WO

01/ 28127 PCT/ US 6o i . i |
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energy required to transm ane w a pre ermne evel of
reliabilitybeddRieEmoDE8ppART GnOFhd Idetailed\WasGFpticn $étefokthabeloes whehj ect s,

and advant ages af the pr.esent. invention wll . . hecone re apparent fromthe
det ai | ed deg‘iﬁ”‘l‘p‘f‘i SISO With the, nin mah(i’?‘ﬁ ‘@g%f'fﬁ‘?c RISt h t he
drawi ngs i nid&hﬁg*hdﬁéspoﬂdiﬁgszﬁbﬂ@ﬂtﬁh&eﬁ;dent i fy correspondi ngly
t hroughout and wherein: 10 FIG is a conceptual draw ng show ng an
exenpl i £%i ng entfd&: nd s a conceptyal drawing showing enexemplifying ewhodisrendy st em
FIG 2 1S aof | eliahl wirkledsSldiblitadififaypidiess of accomplishing
m ni m zation of total retransm ssion energy in accordance with one
enbodi nent of t HIG. n¢eis iorflovichafl @lustratihga thd Opdocebsagf asocoinplishiigenpl ary
enmbodi nent of .a. trans 'tht)iapg %tation, configured for yse in connection with
the inventi - ation o t remransmission  ene in accordance with one
embodiment of the invention.
15 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 BS 102. 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 transmitting station transmits information, contained in frames, with a first

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



DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS 20 FIG 1 shows an
exenplifyi'ng enbodi nent of a terrestrial wreless comunication system
represent ed b¥ a_base-station (BS) 102 and a renpte- statj-QhshiAIkel04,
comuni cat WRF1ZRIZt a forward Iink 106, carrying information fromBS 102 to
RS 104, and a reverse |link 108, carryingZinformation fromRS 104 to BS
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retransmssion. A 30 transmitting station transmts information, contained
in frames, wiYegeised inemwor. diherrgeeiving statibhaeteivesshe framgs withor sexond FER2.

recei ved ecejving statio ith WD 01/28127 PCT/ USOCx 27534, 7.a first
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frames recei v&@oﬁ@ugﬁglﬁfssigﬁmﬁogegﬂgtgm Jelt IF station. The transmitting
station selects a second transm ssSion ener% ?Eg? and re-transmts the
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second FER2. 5 \N]enF{%ﬁe qugigih s E, and E2. are properly selected, the
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E, Is energy fi-élﬁéstihﬁiaﬁlyrrééeiﬁécﬁiﬂ%ﬂoﬁzs' on, - :

15 (E)=E, + f(E,)-E,, ' (1)

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:
T = 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

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



E2 is energy for retransmssion, and f (El) is a frame error rate for
transmi ssion with energy E,. 20 The condition that the effective FER be’
equal to the target FER can be expressed as: T, x = .f (EBt) ..f (E2 ). (2)
25 wher e WO OI28127he target franme error rate and the eff REWUM02He error
rate is the product of, f (E ) is a fgame error rate for transmssion with
energy E,, and f(E2) is a frame error rate for transm ssion with energy
E2. WO 01/ 28127 Py he@diotadlbcti hitsin | and E2 for
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FER as a f uggdih f "&}'E’g‘e . e ind | Lated in
equati on (3{. ng?ogs? ( %(%‘ 1 \AQZ;%E{ etcg%e%%gléh%rrélés #erg@l%y or
exanpl e de tedge of- as aofwmctioni efeendriy) or @hineasuze aifi eeagy fasi s a
function of ,,8e g{eﬁl variablg)(s), i ncluding, but not No being limted to
attenuationﬂf, i\sé d',‘eﬂ‘mﬂ%‘r( f multipaths, relative velocity of RS 104 and
BS 102. Once the relationship of equation (3) has been determ ned, various
15 nethods can be_used to solve equation (1) subject to the constraint
expressed in eqﬁﬁ@FdﬁEQIZ). Thus, for and inportant class of f@ctions, an
anal ytical solution is obtainable. However, one ordinarily skilled in the
art will readily recognize that the equation (1) subject to the constraint
express#d | wherpithe ienergl Ahedstred wiySor sxinvple b thephergierBitBver fdise et hods.
I n one appro&(::qh toward anal ytical 20 solution,. it 1I's convenient to change
N, "

the scal e f¢lm | TRARAIHBnLIREAE 2! fiftfon of several variables, incduding, but not

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 éonstraint 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,.

E\_E, e B
<Eo> E°+f(E') z @

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

logarithmic coordinates are then defined as:

x=In f(E), xe (—,0) &)



coordinates. First, equations (1) is normalized by introducing an arbitrary
constant energy scale EO. E _E +.f(E ,)'EZ (4 Eo Eo Eo 25 Because the
frame error a}%e an assune val ues between 0 and 1, the ptopesttisai c
coor di nat ¥O 8 hen defined as: x = In f (E), xe (--=,0) (5) WO 01/28127
PCTI US00127534 9 =-) y , Y e (-,v) (6) £1n( 0 Substituting (5) and (6)
into (4) and (2) yields, E = e" b e(A+n) (7) Eo 5 InTF, =x, +x2 (8) The
dependence of equ ;Q,@_EL?) dpX&)ycan be elininated by substituti @) using
equation (8). The statEpnary point of the total energy as described in
equati on (7) can be determ ned taking the derivative of Equation 7 with
respect to x,Substtuting ( @cﬂ!@t‘ﬁhﬁ‘t‘?@)?@dg@r}’é@ d§ E(T) a =e''y; +Y2) =0, (9)
dx, where y, is the derivative of y, with respect to x" and y2 is the
derivative of y2 15 with respect to x2. Once the stationary point of the
total energy is obtgai ned from equation (9), a second derivative of
equation (7) is c corrpared to zero, to guarantee t haf?)t he
stationary point of °he total energy is a mnimum d2 (_E 2~ =en (yi

+y. ) +e( 1+rg ) ((I- Y@}%;"XQ '?'Qi (10) (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 equating it to zero:

1z)
f‘x:l-—=e”y,'+e("‘""’-(1—y;)=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:

() .
-jdf;”—w”' (O + )+ (- 3,)* +,) >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:



dx, 20 where y, is the second derivative of y, with respect to x,, and yz
is the second derivative of y2 with respect to x2. For many realistic
channel Wns the FER is a power-like function of pcanssosisaee> WO

01/ 28127 0/ 27534 10 f(E)=f0(fo)-' (11) Transformation of Equation
(11) in accordance with equations (5) 3&d (6) yields: 5y = (x0 - x) 17,
(12) where xo =1In fo ang equations (7) and (8) are substantially
sinplified becaus®E)=¥,(4-)2yi =-y (13) y=0 (14) 10 Substitutinggpequations
(13) and (14) into equatBions (7) and (8), and solving equations (7) and
(8) yields a closed formsolution: _ [In TFFR - y In(y+ 1)] (15 xi y+2
15 x2 =InTFM -x1 (16) vyi = (y+1)inTFF. x+yln(y+1) (17) vy(y+2) In[T Y2
—vL' R (18) Tréoktdundrioh of Elpuatioh (11) #abétiahdeWith BRudfiofs {5) b6 PyiBRas! 2t 1 on of

Equation 19 clarifies that retransm ssion In accordance 'wt

5 y=(% =017, (12)

where x, =In f,and equations (7) and (8) are substantially simplified because:

M=y, = ~y (13)
y =0 (14)
10
Substituting equations (13) and (14) into equations (7) and (8), and solving
équations (7) and (8) yields a closed form solution:
%= [InT;z — - In(y+ 1) (15)
Y+2
15 X% =InTpy ~x (16)
= Y+ -InTp +y-I(y +1) (17)
v-(r+2)
ln[TFER (y+ 1)2]
=y M peg ] 18
Y2 =Y (r+2) (18
E yY+2
In({ — = In(—-— 19
n(<Eo>,,,,..) »+t (y+1) (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 £(E, + f(E,)-E,) (20)

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



20 the above outlined principles is advantageous if Equation 20 hol ds:
f(E)f(E)?f(El +f(E1)-E2) (20) If Equation 20 does not hold, it is nore
advant ageous to transmt: WO 01/28127 PCT/ U300/ 27534 11 pcipjusowiréds. +
f(E)E2) (YOPV28] s happens for very large values of 7. 5 Although the
retransm ssion nmethod, and its mathematildal treatnent was sinplified for
tutorial purposes to one transm ssion, and one retransm ssion, the
principle is readily extendable to any arbitrary nunber (N)

retransm ssi ons. %4’;:93?{33?&%?% killed in the art will readily @qi fy
tl

equation (1) to amsm ssions as follows: 10 N1

(E)=E, +f (Et ) E2+f (E, )-f (E2) E3+. .. +ENHf (E+) (22) Simlarly equation 2 for
multiple retransm ssion takes the form N 15 T, M_JJ f (E ) (23) WFIG
2 is a fl owchbhis happens fey vesylhrge valmes ofon. i n accordance with the invention.

Fl ow begins in blo 202 in which the trapnsnitting station.eyal uates FER
2 a Tunction of HEIEER A BHESSHIBARRARO, A Lfs Materratial SeARRGH 20
adaptivel y evﬁwaéiﬁﬁplifﬁ@&dl?&‘:ktdt&fiﬁr Bkks! R65Cioned tar@midsish, " ARAI \UrlY
station. In another enmbodinent, the transmtting station eval uates

condi ti ons ofretransmission the ipsincipleisrnehdilp exgendable tmamy pditratyastimber (Ninber  of

mul tipaths, relati . | &C] Of . .

transmtting k‘gﬁ%ﬁﬂf) e'négétgis[ a {}J;%yf%pﬁﬁgsltagt?wggﬁ a%?‘ﬁ%?ﬂ%&? ed FER
as a functi on(1pfo makiplyrebansmiskiopphefliodls: 25 channel conditions, to sel ect
the proper relationship for given conditions. In block 204, the

transm ttjr%g station reads the required FER In block 206, the transmtting

station evaluates the transm ssi on energy N=1
(E)=E,+f(E)-E, + f(E)) f(E,)-Es +..+ Ey ] | F(E) (22)

i=l

Similarly equation 2 for multiple retransmission takes the form:
N .
15 Teee = [ F(E) (23)
i=1

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
20 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



for initial transm ssion E,, and potential retransmssions E2, ... E in
accordance wth the principles outlined above. Thus, the transmtting
station can use a pre 30 conputed solution simlar to i 15 t hrough
19 in a MPMBI27 ook-up table WO 01/ 28127 PCT/ usom275§%%%2‘9%%'n
appropriate, or algorithnms solving Equati ons 22 and 23 by anal ytical or
nuneri cal nmethods. In block 208, the transmtting station transmts a frane
of the i nfwhenw@porepxiate, arralgnrithmsisolving) Equationst22t anda23/by amalgticdtor 5 | n

bl ock 210, . .1§1ng station eval uates whether the information
frame trans;ﬁgﬁfééﬁmﬁgé@é&eséei ved without error. If the report fromthe

receiving statilanblaekpaes,t te, trdnBmitingWstabishatlafisthils DA Okmd048f the the
report fromthe receiving station is negative, the transmtting station
eval uat es i ifosptionovish trigpepiseipn epergy getitoa valuenfdiher transmission e n e r

2L Son AR A el 0B 85 AT |1

gk

=

station continues In ransm nat rames that
had been r efraie ¢hnsmited was véceived lodthom brray.alf the keporefieigthe reédeivinge f | ow
returns to block 210, If ttﬁe result of evaluation is positive,  the

transm tti nyrqnisipositive she QwWiTERarts in Rlpek 203- df thegrpart frepwthedecrivinghm i n
bl ock 216, seadsh Wﬁe@tﬂ’é’, E@&hﬁéﬁﬁﬂﬁ‘sﬁhﬁﬁ“e&ﬂ&e&lﬁ Blotk 242 @h@&@ko‘:k

di agram of an exenplary enbodi nent atransmtting station configured
for use in thereisanother transmission eneegy Eon.. . Bre ¥ the resalti afreviatuatibn is

o arant 10,0 posTiftC 1AL Habemlind lich, St dn e idud. il rtielisiside oot
code tail ihfdrmatidnrfedhés etht thadt bensiesiosd ifharsielith! @Eaixt 394ildHlen

convol utionally 20 encodes the data, CRC parity bits, and code tail bits,
i nt er | eaveseNEFRY, 8R4 Shrflow aetugns todilenkA18s I the reswltcofievaluationig posifiven t he user

| ong PN seqygRE8smabtle sERBEa" Cf?ﬁﬁgal \ Yl ence. The
channel el enment 304t %ﬁen prrge(?lgsgts}&t e cg\%cegr@gh%a%&{%g% galir}ll%?gge 306,
whi ch scal ¢216;dnel theflaw contineesiodeckt202a si gnal from a processor 308, such
that thg data w equi.red. 25 ene E, i.s provigded to a transmtter 310.
The trafsmitt e\rMF?gOg gs%?’%lg@gd?ﬁséam of & exemplaryp embocfimlent 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 gam 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 PNg sequenceé. 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.



scal ed data with the short PNl and PNQ sequences. The spread data is then
nodul ated with the in phase and quadrature sinusoids, and nodul ated signal

is fil tere%ogﬁgl%pverted, and anplified. The signal-is trARsSeéiRsk ON over

the forwa hel 106 it the transmtting station is a BS, or reverse
channel 108 if 30 the transmitting staflBon is a RS through antenna 312. WO

01/ 28127 PCT/ USOO%??%% 3&3 'Th(i feedback signal fromthe receiving station
i's received by anlaafeedhack sigoal fromy thesregeiying tatiqnisseceivadlioan antegng

Recei ver 316 sit] 5,64 Ss BRdbd | ©S t r Uﬁlﬁ e .af es, and
guanti zes the signal. Iﬁ"]'he ditgi?itgg%@%‘g%gg?% ;[S%C‘\%H%gdﬁtko é%‘o%ﬂg%‘g%’ 318
whi ch despr ealdsvrichnvelts, aquadratule t demodhdaties,Phihd andaitivds sthaueignal, Theovers

t he despread dat.a wi,th the W4l sh sequepce. The despread data_from

di ffer eﬁt coﬂq@}%?%”fi@gmpﬁ?‘}/ﬁa‘i%ésmga tor318 ‘é{F‘Egdf‘ﬁfrBPﬁéﬂ datgeeith anpl ed
i th the gserhé skt W}% S&veA e : tais

\pl)mr ovi ded F(S) cﬁ;%:oderﬁgggﬁemi C g%%u}?gisfrg t he |n\%?é%%g1gﬁﬁ%%§§?ﬁgﬁ |

perforned wi tsequencéiaiThel desprsatndats Gdom ifferehf coneRERd wittia denddultosed to
data sink 322, and th rocessor 308. Processor 308 is configured to

per f or m f unc b iEe §eveinedetnd desrampledrwith theousesnlengoBN sequenten Thetrol s
10 e M) e OO A I, s

determ ned in step 20 S acco ng a tunc
208. Processde 3®&rses of dhé ienoodidgt perforidedr ifHin cdhaffeldelemiehb304.i NThe ocks 15

210 based,on an jnfornation provided, t he decoder 320 whet her the
transni sgpon ‘@E\%‘:{eﬂé’%& Vé’&"‘&fig‘[lf‘%d?téé f an@%iquft?@&t error. Processor
308 is further cpRbbasfsusikeo tgdg%f’%‘ﬁ%'q‘ﬁ%ﬂ'ﬂﬂsE%%‘?ﬁ}g@?ﬁé&ed in

bl ock 212, and based on the res ecl sion repor eas in
bl ock 216, orO0%and:206. Thihen gontrels grinesta#2306 dg stdbethewlathtot Bectrarisatitted el ement

boen rocel vol TONREAP S ertIEe oteh 28 Y aramelisine Adynaion 4eRHPRUITDY bl ock
214. The pr ebioek 208leProckabi 308 chohhgdéa% ORI La BRI FibbS iPblotksled 1o
enabl e arllg pglros%n Sdkl Il ed lln? t h% art t Qded kbe ct)lfl u;e (tihe present I nvention.
The ased on an information provi y 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:



various nodifications to these enbodinents will be readily apparent to
those 25 skilled in the art, and the generic principles defined herein my
be appl [ gﬂb&&g ther enbodiments without the use of t hecirRisgudrse facul ty.
Thus, Bl invention is not intended to be limted to the

enmbodi rrents shown herein but is to beléccorded the wi dest scope consistent
with -the principles and novel features disclosed herein. 30 WHAT | S

CLAI MED |'S: WD 01/ 28127 PCT/ US00/ 275JAIMS CLAI VS | 1Hmn m "“J““I
11121 11 1111 CL 1. Amethod for retransm ssion in

system 2 conprising the steps of: determning a pl ur al ity o transm ssion
energies in accordance with a 4 predetermned reliability |level and at

| east one characierl s}a (t)l} ‘f conmmruni cation _channel; 6 transmtting a
frame of infornation ‘At ™49 sfPrtmﬁoﬂn%n%r&SP‘m&ﬁtfaﬁP’ét PYEIRI tting
said frape Qfml P %‘Qﬁéét gd& a next transm ssion energy 8 from said
plurality of transit ssion energies when said franme was received in error.
2. The net hod of defemniming a\&.ﬂwrabt)noéhapsmfssﬂatmergms ngaa:opdaxrcalwiﬂy aof

of “char o PR oRIBBIRTS e, 30t pleapto) e, etk g 24| ook up

tabl e to sekesmimmidation chaftiel;ed transm ssi on energl es corresponding to said
measured characteristic and said reliability level 3, The nethod of claim

2, wherePn sai d {FRRSPUHRSA Byme phinformationat adisst transmissioneensrgst @sdput ed by
the steps of. 4 refladbdifitih® Saifl AAMe BRinfbAhHiorP BEL Réxd fRnsn@BsiGA ALY N1

8 from said plurality of transmission energies when said frame was received in

error.

2. The method of claim 1, wherein step of determining a plurality of

transmission energies comprises the steps of:

4 measuring said at least one of characteristic of said communication
channel; and
6 utilizing a look-up table to select a pre-computed transmission energies

corresponding to said measured characteristic and said reliability level

3. The method of claim 2, wherein said pre-computed transmission

energies were pre-computed by the steps of:

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

N-1

(E)=E, + f(E))-E, + f(E,)- f(E,)- E; +..+ Ey| | F(E}),

i=l

=)}

8 where: E, are said transmission energies;
f(E;) are frame error rates corresponding to said

10 transmission energies E;;



6 (E)=E, +. f(El)E2+f(E )f(E2)E3+... +ENHf (E,) 8 where: E are said
transm ssion energies; f (E ) are frame error rates corresponding to said

10 transm ssion energies E,; WO 01/28127 PCT/ USQOQ 27534 ' to
constrai nt WOOMERT [ [ i i ot 1 1ill 12 CcL n@‘%@zﬁzﬂ(a),
14 where: TFRR is a target frame error r#e; and 16 wherein sald

reliability level corresponds to said target franme error
met hod i n accor darfabjegl toionsteding 1, wherein said step of ”“ﬂmmlrl "r“ allll
pl urali tylf)f transm ssi on energi es conprises the steps ofs at»

rreasur nngs
| east one of said characteristic of said communication 4 channel;
utilizing a | ook-up table tg select a predeterm ned relationship between a
6 frane error rate andTamt'_'r_ (Hibsi on energy corresponding to said neasured
paraneters; 8 solving for a®nmnimal total energy (E) in accordance with the
equation:ifN 10 (E)=E, +.f(E,)-E2+.f(E,).f(Es)E3+...+EJJf(E ), 12 where: E;
are said transm ssion energies, f (E, ) are frame error rates correspondi ng
to said 14 transnissi yhemidpgiies taget fapperor racamdstraint: 16 N

TF88=j J 1 ( JI:6 ), 18 wherein said reliability level corresponds to said target frame error rate.

4 The method in accordance with claim 1, wherein said step of
2  determining a plurality of transmission energies comprises the steps of: -

measuring at least one of said characteristic of said communication
4 channe];

utilizing a look-up table to select a predetermined relationship between a

6 frame error rate and a transmission energy corresponding to said measured

parameters;
8 solving for a minimal total energy (E) in accordance with the equation:
N-1
10 (E)=E,+ f(E))-E, + f(E,)- f(E,)-Es +..+ E, [ F(E)),
i=l
12 where: E; are said transmission energies,
JF(E;) are frame error rates corresponding to said
14 transmission energies 'E,- ;
subject to constraint:
16
N
T =1 F(E),
=l
18

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

20 wherein said reliability level corresponds to said target frame error rate.



where: TFRR is a target frame error rate; and 20 wherein said reliability

| evel corresponds to said target frame error rate. WO 01/28127 '

PCT/ USOOI%%“’SI}QIZ#G 5. The nmethod of claim1, wherein sgi 4o

determ ni plurality of transm ssion energies conprises the step of.
determning a rel ationship between a ft@ne error rate and a transmtting 4

energy; solving m ni t ner (E) | n accordance with the

equation: 6 N1 (E) ?%1 WE%S E’g &{"E 71E33all fletermining aher e: E,

are saidatr fAANSRARSINh ) frarre error rates
?gﬁ%@% elgé}g: Eﬂ:rfseégleslt:;,q:{&

correspondi to’said transms ergl es 12 subject to constraint:
N 14 TFSR=Hf (E, )detemnining erelatiomshipdetwea g framierearce reterand ar imaremitting; wher ei n

said reli ab:g}\ | evel corresponds to said target frame error rate 6. The
met hod | ance with claim1, wherein Sald plurallty of

transm ssi on eneqiifg feroREditAP oA IRnbr; r\@g\ uatidf. Met hod of
Caim1l wherein sai dgstep of determ nlg? ura |ty 31? g‘*ang{% ssion

energi esgi s performed in accordance W|th an equatlon for estimating a
m ni mum aggregate transm ssion energy. 1Q11] 1111IIINIIIII [T 1111 L MS W

01/28127 PGT/ USQO/ 27334 &% (5,)-E, + f(E)- F(E;)- By +..+ Ey ]| FED,

8
where: E; are said transmission energies, and
10 f(E;) are frame error rates corresponding to said
transmission energies E,;
12 subject to constraint:
N
14 TFER =Hf(E¢)l
=l
16 where: Ty, is a target frame error rate; and

wherein said reliability level corresponds to said target frame error rate.

6. The method in accordance with claim 1, wherein said plurality of

2 transmission energies comprises two transmission energies.

7. The method of Claim 1 wherein said step of determining a
2 plurality of transmission energies is performed in accordance with an equation

for estimating a minimum aggregate transmission energy.

* [4 L M $ *



8. An apparatus for retransm ssion in a comunication system 2

conpri si ng' a control processor configured to: 4 determne a plurality of
transm ssi Q{bﬁ Ngf9i s in accordance with a predeterm nedl, mﬁ,‘;ty | evel
and at | east oOne characteristic of a 6 communication channe provi de a
first set of signals indicative of a firbf transnission 8 energy of said
plurality of transm ssion energies for a frame of information; and 10
provi de at | east e a e%
transm ssion energ of q%lafagﬁgﬁur a?| ty o @s?ﬂ%ﬁ@m@% %ﬁﬁ‘ehynlg}lgmg‘ frem, 5
retransmi t2i neomprisingr ame of i nformati on when said frame of i nf ormati on
was received in error apparatus of claim8, wherein said control

processor determ%@?@%ﬁ%ﬁfﬂf ®¢ ¥hsni ssi on energi es by having been
configuredsto: 4 rreasuraeteiﬁqmie@ ldr tof%eﬁssfd?ﬁé il hﬁédcﬁrd%fncé%ﬁl

comuni cation channel; and lize a | ook-up ta to se
pr e- conput ed tranwseﬂe&mm;i ge@lhtyolevelspmmtﬂgastoonmchhmetasstucedf a
characterigtic angy Eﬁk %&y | evel . 10. The apparatus of claim9,

wherein said contro processor pret 2 conputes said transm ssion energies
by havi ng been conf | gupmind@ a fifdt\eet fuars1%,ala mdi&dudeobiah f2i3€ ifivisinkssionan

equation: 4 N1 |+féﬁE +f(E1)f( 2) E3+, ,fIE(EI), Wnere E,
are said t%ansni s A é ugality ( of W&ﬂ% 9@?’(’83?5 fex e feame eafoondi ng
to said transmssmf@,ﬁngﬁgﬁ,ghgs E ; | |l||||| Lhitt!t v 1 il

10 provide at least one additional set of signals indicative of next

transmission energy of said plurality of transmission energies for
12 retransmitting said frame of information when said frame of information

was received in error.

2 9. The apparatus of claim 8, wherein said control processor
determines a plurality of transmission energies by having been configured to:

4 measure said at least one of characteristic of said communication
channel; and

6 utilize a look-up table to select a pre-computed transmission energies

corresponding to said measured characteristic and said reliability level.

10.  The apparatus of claim 9, wherein said control processor pre-
2 computes said transmission energies by having been configured to:

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

4
N-1
(E)=E + f(E)-E, + f(E) f(E))-E, +..+ E\] | F(E),
i=l
6
where: E, are said transmission energies;
8 f(E;) are frame error rates corresponding to said

transmission energies E
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MS WO 01/28127 PCT/USOQ 27534 18 10 subject to constraint: | 1111111111
Hill 11111111 S 12 TF =jIf(E), 14 where: T.. is a target frame erro r
rate; angvéymﬁ&l?j,n said reliability level corresponds te@cpmiséhirssaget frane
error The apparatus of claim8, wherein said control processor
2 determ nes a plurality of transm ssildn energies by hﬂ\“ ng been conflgured
ire at | east. on f .said characteristic of ation
channel utilize eF'ifBIf"ﬂ%“t‘%%l e to select a predet wm hi p
between a 6 frame error rate and a transnission en gto
said nmeasured paranmeters; 8 solve for a mnimal total energy (E) in
accordapge with the uaty (Eiil-l 10 (E)=E, +f(El)E2
+f (E, )f? 2) E3+. .. +ENIT® ¢¥2 where: E, are said transm ssion energies,
f (E) are frame error rates corresponding to said 14 transm ssion
energies E;; subj ect to constraint 16 N TPU =[f f(E ), 18 where: TFa is a

t ar get ane error d .20 wherein said religbility | evel corresponds
to sai dE{arget rame™ #F%ﬁnq«d?émﬁ?ﬁ qMQeREpY 193 38457 PCY/ LS00/ 27534

wherein said reliability level corresponds to said target frame error rate.

11. The apparatus of claim 8, wherein said confrol processor
2  determines a plurality of transmission energies by having been configured to:

measure at least one of said 'charact.erisﬁc of said communication
4 channel; | | |

utilize a look-up table to select a predefermined relationship between a

6 frame error rate and a transmission energy corresponding to said measured

parameters;
8 solve for a minimal total energy (E) in accordance with the equation:
N-1
10 (E)=E, + f(E)-E, + f(E)- f(E,)-Es +.+ Ex] [ (B,
i=l
12 where: E; are said transmission energies,
f(E;) are frame error rates corresponding to said
14 : transmission energies E,
subject to constraint:
16
N
Tem =] [ F(ED,
=l
18

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

20 wherein said reliability level corresponds to said target frame error rate.



to: deternmne a relationship be *vveena ror rate and a transmtting
4 energy; NOYESRPr a nininmal total ener gy i n accor dBENVESMRTH t he
equation: 6 N1 (E)=E, +f(E )E2+f(El) f¢&2)E3+... +ENjf(E ), _, 8 where:
E, are said transmi ssion energies, and 10 f (E) are franme error rates
corresponding to sH.d tTrenappamhe ofnelaigh €8, fwheréir Suiddj Qsiitrdl OpfgHassor i Nt

N 14 TFER z=fl f %g re TFRR is a target frame error rate; and
wherein safd F%‘erﬁat%;“‘fagw ot transpussiThenergies by havingbgen configused te:or rat e.
13. The apparat us @dteghidk® flatidAsHhi ﬁ'ﬁét&ééﬂaﬂﬂqékh%r&é ahﬁaa[‘?rﬁlﬁﬁi 2

4, us of c$a| m 8

energi es conprises two transn ssioh energies e appara
wherei n saftd €e#8¥ol processor determnes 2 a pI urality of transm ssion

energi es by having been configured to solyv uation for estimating a
n ni num aggr egat e ‘ffn@ Qpﬁﬁﬁéﬂ@}WﬂﬁE rAﬁaﬁﬁﬂS angewith the equationsni ssi on

in a comrupi cati on system 2 conprising: a confrol processor configured
to: WO 01/28127 PCT/ US00127534 20
N-1

(E)=E\+ fE) By + f(B) f(By)-Es +..+ Ey ] F(ED,

19 12. The apparatus of clalm ont r ol processor 2
determines a plurality of trans mr ﬂ! Eiby havi ng been confi gured
(B)

8
where: E, are said transmission energies, and
10 ~ f(E;) are frame error rates corresponding to said
transmission energies E,;
12 subject to constraint:
N
14 Trer =Hf(E.-),
i=l
16 where: T, is a target frame error rate; and

wherein said reliability level corresponds to said target frame error rate:

13.  The apparatus of claim 8, wherein said plurality of transmission

2  energies comprises two transmission energies.

14. The apparatus of claim 8 wherein said control processor determines
2 a plurality of transmission energies by having been configured to solve an

equation for estimating a minimum aggregate transmission energy.

15. An apparatus for retransmission in a communication system,
2  comprising: |

a control processor configured to:



4 determine a plurality of transm ssion energies in accordance with a _
predetermined reliability level and at |east one characteristic of a 6
conmuni cgf | annel; and a transmitter for: 8 transmgdy anme of

i nf or mat 3%8{21?& first transm ssion energy of said pl uliéélll | tyﬁ’g?‘{

transmni ssion energies; and 10 retransn2@ting said franme of information with
a next transm ssion ner fromsaid plurality of transm ssion energies
when sai & frame was eferF‘gg%P\Pg‘ﬂ'a_f‘FY oy transmission energiep imaceordanse withaj m 15,
wherein said congr &E_ﬁﬁﬂﬁé%lia@.gﬂﬁiepvﬁf”aﬂﬁsataleﬁétué ch¥ra@ferib @08 SSi on
energi es by having been configured“to: neasure sald at PEast one “of

char act efi sti ¢ otommugicstiomcharoeband 4 channel ; and utilize a | ook-up
table to sel ect %h_g 2 orrr?l%jt ed transm ssion energies 6 corresponding to
sai d measured characrericstic and said reliabi lity level. 17. The apparatus
of clai m816, wherein tedishittiagtar PAmP oP GESSRALIN & a Srst BaRLhRASiOAZN

transm ssi on enerfgsi&%s by ‘having been configured to: solve for a ni mal

total energy (E)© RYiality ehtransmisgion emsrgfes;ande, ) E2+f (El ) f (E2) .
E3+...+Rp\Hf (E,), 6 . ' A ) | QF [ : f (E;
EhHf (E, ) W’@E&%mg-lfnr%s’aﬁ) Ptgglg d&faﬁwramﬁ&& L b O 'n%ism%émn( ) are

frame error rates correspon ansm ssion energres E,, 10
subj ect to constenergy fromisaidiplitality df trahsrhissidd ehdrgids whenl sailDftarhe Waa 7

PCTIUSOZ 27534 Zleividi in error.

=K )

16. The apparatus of claim 15, wherein said control processor
2  determines a plurality of transmission energies by having been configured to:

measure said at least one of characteristic of said communication
4 channel; and

utilize a look-up table to select a pre-computed transmission energies

6 corresponding to said measured characteristic and said reliability level

17. The apparatus of claim 16, wherein said control processor pre-
2  computes said transmission energies by having been configured to:

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

4
. N-1
(E}=E,+ f(E)-E, + f(E) f(Ey) By +..+ Ey | | F(ED,
i=]
6
where: E, are said transmission energies;
8 f(E;) are frame error rates corresponding to said
transmission energies E;;
10 subject to constraint:
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12 TM=jI f (E) , 14 where: TF,Ris a target frame error rate; and
wherein said reliability |evel corresponds to said target frame error rate.

18. The apparatus of claim 15, wherein said control proc et er mi nes
a pluralit O12812T s i ssi on ener gi es by havi ng been conf ?SE@%WSQ measur e
at | east one of said characteristic of 2aid conminication 4 channel;
utilize a | ook-up table to sel ect a predetermned rel ationship betvveen a 6
frame err@r rate and ap tra (gél on energy corresponding to said nmeasured
paraneters; 8 solve formé total energy (E) in accordance with the
equation: N-1 10 (E)=E, +. f(El)E2+f(Ei)f(E2)E3+...+ENfIf(E,), 12 where: E,
are said transm ssion energi es, f (E) are frane error rates correspondi ng

to said 4 transm SSI n rgLes subj ect t straint: 16 N
TFElefIf(lé ,or-t ‘9 %rr%ei‘“r tf"égt éteéf‘brerta &re error rated and 20

wher ein sald rellﬁm&éu;yaaeyﬁbl 0! &g.gg.,% S5 or rate.
1111 1 111 11 e g bRy v e 0;‘&5&%% i %ﬁ_él\ﬂsl\%{oyzmz?

PCT/ US00/ 27534 22 19. The appar at us of cI al m 15, vvherel n said control
processor 2 determnes a plurality of transm ssion energies by having been

configured to:
18. The apparatus of claim 15, wherein said control processor

2  determines a plurality of transmission energies by having been configured to:
measure at least one of said characteristic of said communication
4 channel;
utilize a look-up table to select a predetermined relationship between a

6 frame error rate and a transmission energy corresponding to said measured

parameters;
8 solve for a minimal total energy (E) in accordance with the equation:
N-1
10 (EY=E, + f(E)-E, + f(E,) f(E,) E; +.. +E,,,Hf(E),
12 where: E; are said transmission energies,
f(E;) are frame error rates corresponding to said
14 transmission energies E,
subject to constraint:
16
N
TFBZ = Hf (E.) ’
=l
18
where: Ty, is a target frame error rate; and
20 wherein said reliability level corresponds to said target frame error rate.
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determne a relationship between a frane error rate and a transnmtting 4
energy; solve for a minimal total energy (E), in accordance with the
equati on (B)=El +f(Et)E2 +f(El)f(E2)E3 +...+BEgldrifshonrsss 8 wWhere:
E, are SAY%Méﬁsm ssion energies, and 10 f (E,) are franme error rates
correspondl ng to said transm ssi on ergies E, ; 12 subject to constraint:
AV 14 TFSt:ij(59 6\/\/nere I.s a target frane_error rate; and wherein
said reliabilit W@@ﬁoﬂ <laig slévwbaﬂeghtswdaw@lreroqem 20.
The appag at gétehingt #pRirdifty o Y‘ﬂ%ﬁ&hﬁsﬁﬂbﬂex@i&éwﬂﬂﬁgﬁ g "

I es e app

energi es conprises t transm ssi on ener tus of cI aim 15
wherein said codemmﬂpﬂ@G@lstmshlmbelu\teenmﬁnaneanpkuaialarﬁya trfansmannm ssi on
ener gi esy by Q! .ng been configured to solve an equation for estimating a
m ni num aggr eg%’f’e transm ssion energy. 22. An apparatus for retransm ssion

in a comuni cat isgRre gﬁﬁmmagt&ﬁ@% ﬁ,@% &8{? nfigured to:
12121272 g 22122 010 el /@8@ ég%e/%g? éﬁdet ermne a
pluralitg of transnmi ssion energies in accordance with a predeterm ned
reliability I evel and at | east one characteristic of"? 6 conmuni cation

channel ; (E)=E, + f(E))-E, + f(E)) f(E,))-Ey +..+Ey | | F(ED.,
i=l

where: E; are said transmission energies, and
10 f(E,) are frame error rates corresponding to said

transmission energies E,;

12 subject to constraint:
N
14 Tre =[ [ F(E),
=l
16 where: T, is a target frame error rate; and

wherein said reliability level corresponds to said target frame error rate.

20. The apparatus of claim 15, wherein said plurality of transmission

2 energies comprises two transmission energies.

21l. The apparatus of claim 15 wherein said control processor
2  determines a plurality of transmission energies by having been configured to

solve an equation for estimating a minimum aggregate transmission energy.

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

a control processor configured to:
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provide a first set of signals indicative of a first transm ssion 8 energy
.of said plurality of transm ssion energies for a frane of- information; and
10 provide at |east one additional set of signals indicapg xt
transni ssY& gy fromsaid plurality of transm ssion iédr:liellrg%‘?;ez;ﬁ?or 12
retransmtting said frame of informatiof®3when said frane was received in
error; and 14 a receiver for providing an indication to said control
processor 4het her sai deteyming aplyrality of wansmission energiessin aggardappmwithus of

claim 22, wherein_saj gﬁh{ | ' @hﬂL | f
transm ssi on ener gai éisqu% ave:anéa%ggﬁ??gﬁ?li %fj‘friggq%%gt%%easuréé@g%xgtg | east
one of cha& act eri sbmemaficatiandhanmsiuni cati on 4 channel ; apd utilize a

| ook-up table to sel ect aé‘fﬁte- onputed trapsm ssion energies 6 . .
correspondi ng to sai d PEYE aqhh et of Sigrats ndlcaiiveflga 18pT Jnsassioney e |

24. The agparat us eférey! f @aﬁ,glmtﬁi&mn&%w UneRAECESSY fRirks of

conputes said transniSsion energies” by having heen configured to: solve for
a mnimal total einfogypatielyandn equation: 4 N ( E) +f(E, )E2+f(E,)

f(E2)E3+.,4 tENJJ f (E,) 1l re: . ar aid .transn.ssion_energies; 8

f (E) arleO frame err orp lfoé'?de-es a%: efﬁgﬂ%ﬁg%%?gsga?ﬂs’é?%ﬁ%n& C%s‘f‘*o‘r’f’e‘%‘ér gi es

E,; 1111111111111 rhihdrhis$ibhlendrgy\deorh 2&aid pliality)of Otahdnidsion? 4nedpfessfi?j ect to

constraint: . . . . .
12 retransmitting said frame of information when said frame was received

in error; and

14 a receiver for providing an indication to said control processor whether

said frame was received in error.

23. The apparatus of claim 22, wherein said control processor
2  determines a plurality of transmission energies by having been configured to:

measure said at least one of characteristic of said communication
4 channel; and

utilize a look-up table to select a pre-computed transmission energies

6 corresponding to said measured characteristic and said reliability level.

24. The apparatus of claim 23, wherein said control processor pre-
2 computes said transmission energies by having been configured to:

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

4
N-1
(E)=E, + f(E)-E, + f(E): f(E,)-E; +..+ Ey] | F(E),
=l
6
where: E, are said transmission energies;
8 f(E;) are frame error rates corresponding to said

transmission energies E;;

R



N 12 TFER =fIf(E,), 14 where: TFRR is a target frame error rate; and
wherein said reliability |level corresponds to said target franme error rate.

25. The ﬁyzﬁz s of claim22, wherein said control preegfifkeiss det ern nes
a plural WQJ) 0 ransm ssi on energi es by having been configured to: neasure

at least one of said characteristic of2éaid communication 4 channel;
utilize | ook- ug table to select a predeterm ned relationship between a 6
frame eriPor rat eSURIRSt 10 ¢anaiTaiRtssi on energy corresponding to said neasured
paranmeters; 8 solve for a mnimal total energy {E) in accordance with the
equation: x-~ 10 (E)=E, +f(E )E2+f(El) f(E2)E3+...+ENijf(E ), 12 where: E;
are sai qztransm' ssi on.ene i? f (Ei) are frane error rates correspondi ng
to said ™14 transm ssif&n Jé?ES E;; subject to constraint: 16 N TFM -
IIf (B ), 18 where: T is a target franme error rate; and 20 wherein said
reliability level corresponds to said target frame error rate. 1111111
112222 Lttt g * GL S Vg01/28127 PCT/ USOQ 27534 25 26. The

appar at d4 of claim ZQVh%e?Fm 'ﬁa_stﬁﬁ'gﬁt BIRE HI0T 7 8x or 2 determines a
plurality of tragngletdatdrtiab1iig) ﬁ?eﬁ%rﬁ?ﬂérﬂﬂ: B S5 eyl e kol Rate.

25. The apparatus of claim 22, wherein said control processor
2  determines a plurality of transmission energies by having been configured to:

measure at least one of said characteristic of said communication
4 channel;

utilize a look-up table to select a predetermined relationship between a
6 frame error rate and a transmission energy corresponding to said measured

parameters;
8 solve for a minimal total energy (E) in accordance with the equation:
. N=t
10 (E)=E,+ f(E)-E, + f(E)- f(E,)-E, +..+ E;\] | f(E),
=l
12 where: E, are said transmission energies,
f(E;) are frame error rates corresponding to said
14 transmission energies E,;
subject to constraint:
16
N
T, FER = H f (Er ) ’
=]
18
where: T, is a target frame error rate; and
20 wherein said reliability level corresponds to said target frame error rate.
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determne a relationship between a frane error rate and a transmtting 4
enefgy; svblve for a mninmal total energy (E), in accordance with the
equation: 6 N1 (E)=E, +f(E,)E2+f (E, ) f(E2) E3+. .. +ENf f(E,é%: g‘]/%??ﬁre: E;
are sai d tweeyPdlzki on energies, and 10 f (E, ) are frame Fﬁ{s €s
corresponding to said transm ssion energges E,; 12 subject to constraint:
N 14 TF =j.f(E ), i=1 16 where: T, is a target frane error rate; and
wherein said reliability level corresponds to said target franme error rate.
27. The apparatus of claim 22, wherein said plurality of transm ssion 2
energi es conprise two transm ssion energies. 28. The apparatus of claim 22
wherein said contryg NHECEPP&atus? ofl CEIRIAT DES veheRbinl 3hid! Yeolfrol IFrdeeEseS ON
ener gi-es by' having been configured to solve an equation for estimating a
m ni mum agdr edetemnines a piurslitynf transmdsgion energies by having been configupaditvg 127

PCT/ US00127534 26429, . 5 for retransm ' i L.cation
Gystem 2 compri defemint a3RRREAINS Keledi®d FANRGAG Bty Hdh GRS |

plurality #&f éxiea?ﬁ;m' ssion energies in accordance with a predeterm ned
reliability level -

and at | east one characteristic of a
solve for a minimal total energy (2‘3, in accordance with the equation:
6
N-1
(E)=E,+ f(E,)- E, + f(E,)- f(E))- Ey +...+ Ex ] | F(E)).
=1
8
where: E,; are said transmission energies, and
10 | f(E;) are frame error rates corresponding to said
transmission energies E,;
12 subject to constraint:
N
14 Teex = [ [ f(ED),
=l
16 where: T, is a target frame error rate; and

wherein said reliability level corresponds to said target frame error rate.

27. The apparatus of claim 22, wherein said plurality of transmission

2  energies comprise two transmission energies.

28. The apparatus of claim 22 wherein said control processor
2  determines a plurality of transmission energies by having been configured to

solve an equation for estimating a minimum aggregate transmission energy.

————
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6 communi cation channel; a receiver for providing an indication to said.
control processor whether 8 said frame has been received in error; and a

transmt fQl.» 10 transmtting a frame of informati opcdiustodrsssst

transm syé)?{ng#gr gy of said plurality of transm ssi onr}ener gl e’gs;rﬁand 12
retransmitting said frame of informati2n with a next transm ssion energy
fromsaid pluraljty of transm ssion energi es when said frane was 14
received in errd®: 300 apRaratys o rerapsmispignnin g, commusication systeamt r ol
processod Zoficlighe Nes a plurality of transm ssion energies by having been
configured to:" neasure said at |east one of characteristic of said

communi cati on 4 eonénohpfocessaticanfigiirerkbtoa | ook-up table to select a

pre-conpyt ed transm ssjon. enerqi correspondi ng t.o sai d neasured
charactefistic and sgf%%ei%ﬁfﬁa 0?&?&@@?.8%@%6&? BREWIR| ai m 30,
wherein said coni pRidepirGast edliabilRy 18véloAmtl a Jedifi che! dsdibisticOpr gner gi es

by having been configured to. solve for a mninmal total energy (E), an
equation® 4 N rommyarcatorchanned;if (E|1) f(E2)E3+...+ENf f(E ), 6 where: E,

01/ 28127 PCT] USAASI0sior B Gine ap fullplont o A bbbl pleceot s 07 ¢
sai d t r&nssaid frame has beeyi reseived inlddrorpidmpdect t o constraint:
a transmitter for:
10 transmitting a frame of information at a first transmission energy
of said plurality of transmission energies; and
12 retransmitting said frame of information with a next transmission
energy from said plurality of transmission energies when said frame was

14 received in error.

30. The apparatus of claim 29, wherein said control processor
2  determines a plurality of transmission energies by having been configured to:

measure said at least one of characteristic of said communication
4 channel;and

utilize a look-up table to select a pre-computed transmission energies
6 corresponding to said measured characteristic and said reliability level.

31. The apparatus of claim 30, wherein said control processor pre-
2 computes said transmission energies by having been configured to:

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

N-i

(E)=E,+ f(E)-E, + f(B) f(E;)-Ey +..+ ENJ | F(E)),
i

where: E, are said transmission energies;
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N 12 Tpw f(E ). 14 where: TFRle is a target frame error rate; and wherein
said reliability level corresponds to said target franme error rate. 32.

The apparatus of claim?29, wherein said control processor 2 ﬁ t7 m nes a
pl ural ity vede128:27sn ssi on energi es by having been confi gﬁ zz asure at
| east one of said characteristic of saidycomunication 4 channel; utilize
a look-up table to select a predeterm ned rel ationship between a 6 frane

error rategand a transm ssi FESN XY fraRie’ RIRPNFhRY E&Tgspoﬂdﬁ%aaur edid

paraneters; 8 solve for a mninal total energy (E) in aCcordance with the
equation: N1 10 (E)=E, +f ( Braksiibdibd endrgled)E, F3+. . . +tENfIf(E ), 12 where: E
are said transm ssion energies, f (E, ) are frame error rates correspondi ng
to said 10 transsiubjectdo consirajites E, ; subject to constraint: 16 N TFM =11
f(E)), 18 LLLLEr treert vt vieer 1 * ¢ L MW 01/ 28127

PCT/ U300/ 27534 28 where: TF,Q Qis a target frame error rate; and 20
wherein said reliability | | corresponds to said target frame error rate.
33. The apparatus of cl aéxrﬁpfﬁf(m»erei n said control processor 2 deternmn nes
a plurality of transm ssion®™energies by having been configured to:

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

wherein said reliability level corresponds to said target frame error rate.

32. The apparatus of claim 29, wherein said control processor
2  determines a plurality of transmission energies by having been configured to:

measure at least one of said characteristic of said communication
4 channel;

utilize a look-up table to select a predetermined relationship between a
6 frame error rate and a transmission energy corresponding to said measured

parameters;
8 solve for a minimal total energy (£) in accordance with the equation:
' N-1
10 (E)=E,+ f(B)-E, + F(E) f(Ey)-Ey +..+ Ey [ | F(E),
i=]
12 where: E, are said transmission energies,
f(E;) are frame error rates corresponding to said
14 transmission energies E;;
subject to constraint:
16
N
TFR = H f (E,) ’
i=l
18 -
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determ ne a relationship between a frane error rate and a transmtting 4
energy; solve for a miniml total energy (E), in accordance with the
equation: 6 N1 (E)=EE +f(E, )E2 +f(E, ) f(E2)E3 +"'+E%'&FIJ§5P)I534 r=~ 8
where: EVC@812%; g transnission energies, and 10 f (E ) are frane error
rates corresponding to said transm ss2®n energies E, ; 12 subject to
constraint: N 14 TFFR (E;), 16 where: TFmis a target franme error rate; and
wherein said reliabi Iwhere] Byels aterget fpmeesror vatezdardl t ar get franme error rate.
34. The gpparatus,of .clai,m,29,.. wherein said plurglit f transm ssion 2
ener gi e&acorrpri sghfmfﬂﬁﬁgg&g‘(e Lregperds tg sai fﬁ#&%ﬂQF&WEWF' claim29
wherein said control processor 2 determnes a plurality of transm ssion
energi es by having been configured to solve an equation for estimating a
m ni mum aggregate transm ssion energy. | 1" 11 10~ "0 1 i 1L 1"l ,e

CLR 33. The apparatus of claim 29, wherein said control processor
2 determines a plurality of transmission energies by having been configured to:
determine a relationship between a frame error rate and a transmitting

4 energy;
solve for a minimal total energy (E), in ac_coidance_with the equation:
6
N-1
(E) =E + f(E\)-E, + F(E,)- f(E,) E, "'-""'ENHf(E.-):
. i=l
8
where: E, are said transmission energies, and
10 f(E;) are frame error rates corresponding to said
transmission energies E;;
12 subject to constraint:
_ N
14 Trsnznf(Ei):
i=l
16 “where: T, is a target frame error rate; and

wherein said reliability level corresponds to said target frame error rate.

34. The apparatus of claim 29, wherein said plurality of transmission

2  energies comprise two transmission energies.

35. The apparatus of claim 29 wherein said control processor
2  determines a plurality of transmission energies by having been configured to

solve an equation for estimating a minimum aggregate transmission energy.
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