Synbkol +Errgr Based Power Control for Mbile Tel ecommunication System: F| el d'
of czthe Invention The present invention relates generally to

tel ecomuni cation systens. Mre particularly, the present inventionis
directed to a systemand nethod for controlling transmtter power based on
synmbol errors. Related Art Code Division Mi{gi-ple Access (CDMA) is a form
of nodul-ation used in tel econmuni cation syst ems I n CDVA, di gi taI
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transmitter power based on symbol errors.

Related Art

Code Division Multiple Access (CDMA) is a form of modulation used‘ in
telecommunication systems. In CDMA, digital information is encoded in expanded
bandwidth format and signals are transmitted simultaneously within the same
bandwidth. Mutual interference between signals is reduced b_y spreading gain and
orthogonality between . unique codes used for each signal. CDMA permits a high
degree of energy dispersion in the emitted bandwidth.

In CDMA sys;éms, the number of signals which can be transmitted
simultaneously is limited by the total power of the transmitted signals. Thus, reducing
the power of the signals increases the capacity of the telecommunication system.
However, reducing the power of a signal increases the error rate of that signal. To
maintain minimum power for a given error rate, telecofnmunication systems employ
power contrbl loops. |

A typical mobile cellular telecommunication system powef control loop varies
the power output of the mobile station to maintain a constant frame error rate at the
base station. Frame error rate is the number of frame errors divided by the total
number of frames observed. A frame error occurs when one or more bit errors occur
in a frame of bits. Frame errors are detected after error correction. A frame error rate
target is selected to minimize power without compromising signal quality. If the frame

error rate exceeds the frame error rate target, the usefulness of the signal is reduced
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frames (assuming the frame error rate target is 1%) and several frame errors are

required to develop a confidence factor, the power output level target for the mobile
station may only be adjusted once every several hundred frames. During this several
himdred frame period, the propagation losses between the mobile and the base station
can vary due to movement of the mobile station and interference. This propagation
loss variation causes the received power variation in the base station. To
accommodate this variable power loss, the mobile station must increase its power
output level so that the power loss variations do not decrease the power level at the
base station below the minimum level required for the target error rate. As discussed
above, the capacity of a CDMA system is determined by the total power of the
transmitted signals. Thus, the increased power level to accommodate varying power
loss between adjustments decreases the capacity of the telecommunication system.

What is needed is a power control loop for a mobile cellular telecommunication
system capable of more tightly controlling the power output level of a mobile station
to provide the required signal quality at the base station.

Summary of the Invention

The present invention is a mobile cellular telecommunication system power
control loop which utilizes symbol error rate detection. In the present invention,
the power output level of a mobile station is adjusted for a constant symbol errdr
rate. Each frame of data transnﬁtted via the mobile cellular telecommunication
system comprises a plurality of symbols. Symbol errors are detected prior to error

correction of the data. Because of the quantity of symbols and the detection of
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power output required to offset power loss variations. Reducing the marginal

power output reduces the power of the signal, which increases the capacity of the
telecommunication system.

The present invention includes a symbol error rate detector to detect a
number of symbol errors induced on a transmitted signal and a summing node to
subtract the symbol error rate from a symbol error rate target. The output of the
summihg node is called a symbol error rate error. An integration element sums the
symbol error rate errors to determine a signal power to noise power ratio target for
the mobile cellular telecommunication system. The power output level of the
mobile station is adjusted to maintain the signal power to noise power ratio at the
base station equal to the signal power to noise power ratio target. Symbol error
rate detection updates the signal power to noise power ratio target faster than in a
conventional CDMA cellular system. Therefore, tighter control of the power output

of the mobile station is achieved.

Brief Deserinti { the Drawi
Figure 1 is a block diagram of a reverse link of a mobile cellular

 telecommunications system in accordance with a preferred embodiment of the

present invention.

Figure 2 is a block diagram of a reverse power controller in accordance with a

preferred embodiment of the present invention.
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system conprises a plurality of synbols. Synbol errors are detected pris
to error correction.of the data. Because of the quantity of synbols and the™
detection of -3- synbol errors occurs prior to error correction, the
quantity of synbol errors is significantly higher than the nunber of frane
errors. This allows a given confidence |evel4t.o be achieved faster with
synbol error rate based control than with frame error rate control.
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Detailed Deserintion of the Preferred Embodiment

A preferred embodiment of the present invention is discussed below. While
specific part numbers and configurations are discussed, it should be understood that
this is done for illustration purposes only. Having the benefit of this disclosure, it
will become apparent to a person skilled in the relevant art that other components
and configurations may be used without parting from the spirit and scope of the
invention.

The préferréd embodiment of the present invention is now described with
reference to the figures where like reference numbers indicate like elements. In
addition, the left-most digit of each reference number indicates the figure in which
the number is first used.

Figure 1 is a mobile cellular telecommunication system 100 according to a
preferred embodiment of the present invention. Mobile cellular telecommunication
system 100 includes at least one mobile station 128 and at least one base station
130. Mobile station 128 includes a reverse link transmitter 102, a forward link
receiver 116, and a reverse energy integration element 118. Base station 130
includes a reverse link receiver 104, a decoder and error detector 106, a reverse
power controller 108, a forward link transmitter 114. . '

Reverse link transmitter 102 in mobile station 128 receives voice data 122
and transmits the voice data in the form of propagated voice data 124. Propagated
voice data 124 is received by reverse link receiver 104 and reverse power controiler
108 in base station 130. The received data is decoded and error detected via

decoder and error detector 106. Reverse power controller 108 receives decode error
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receiver 116. Forward link receiver 116 sends energy error data 110 to reverse

energy integration element 118. Reverse energy integration element 118 sums
energy error data 110 with past energy error data to determine the optimum
transmit energy per bit (Eb) 120. Eb 120 is provided to reverse link transmitter
102 to set the output power level of reverse link transmitter 102.

As would be apparent to a person skilled in the relevant art, a similaf
system can be used to control the power output level of forward link transmitter
114.

Reverse power controller 108 monitors decode error data 126 and the ratio
of energy per bit to noise spectral density (Eb/No) of propagated voicé data 124
received by a base station 130. Reverse power controller 108 outputs energy error
data 110 which is integrated at a mobile station 128 to determine the optimum
transmit energy per bit (Eb) 120 of reverse link transmitter 102. |

Figure 2 is a block diagram of reverse power controller 108 in accor&ance
with a preferred embodiment of the present invention. Reverse power controller
108 includes an Eb/No detector 202, a summing junction 204, a multiplier 206, and
a reverse outer loop powér controller 210.

Reverse power controller 108 includes two power control loops: an inner
control loop and an outer control loop. The outer control loop, controlled by
reverse outer loop power controller 210, sets an Eb/No target 214. The operation
of reverse outer loop power controller 210 fs discussed in detail below with

' reference to Figures 3 and 4. The inner control loop detects the Eb/No of
propagated voice data 124 and adjust the power output level of reverse link
transmitter 102 to increase or decrease the Eb/No of propagated voice data 124 to
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to a Reverse outer loop power controller 210 determines an Eb/No target 214 from

decode errors 126. Summing node 204 outputs the difference of Eb/No target 214
and Eb/No 212. The output of summing node 204, called Eb/No error 216, is
multiplied by Eb/No error to energy error factor 208 via multiplier 206. The output
of multiplier 206 is energy error data 110. As discussed above, energy error data is

_ propagated to mobile station 128 where it is integrated via reverse energy
integration element 118 to determine Eb 120 which sets the transmit energy per bit
of reverse link transmitter 102.

Figure 3 is a block diagram of a reverse outer loop power controller 210
utilizing symbol error detection in accordance with a preferred embodiment of the
present invention. Reverse outer loop power controller 210 includes a symbol error
rate detector 302, a summing node 304, a multiplier 308, and an integration element
314. Integration element 314 includes a summing node 310 and a delay element
312.

Reverse outer loop controller 210 sets Eb/No target 214 for the inner control
loop described above with referenée to Figure 2. Eb/No target 214 is increased or
decreased to maintain a constant symbol error rate target 306.

Increasing/decreasing Eb/No target 214 will cause the inner control loop to
increase/decrease Eb 120 of reverse link transmitter 102 which will
decrease/increase the number of errors per symbol. In a preferred embodiment,
symbol error target 306 is a constant or parameter defined by the user. Symbol
error rate target 306 is chosen to minimize the power output of the mobile station

while taking advantage of the error detection capabilities of the mobile
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summed by. integration element 314 to yield Eb/No target 214. Integration element
314 sums Eb/No target errors 322 by storing the previous sum in delay element 312
and adding the previous sum to Eb/No error target 322 via summing element 310.

Symbol error rate to Eb/No factor 316 is a constant value used to yield a
linear approximation of a non-linear relationship. The actual convefsion factor
should vary slightly depending on the value of Eb/No target 214. However,
multiplication by a constant value is done for purposes of simplicity and provides
acceptable results. In an alternate embodiment, symbol error rate to Eb/No factor
316 could be generated by using Eb/No target 214 to look up a value in a look-up
table. In yet another embodiment, multiplier 308 could be eliminated, and symbol
error rate error 320 and Eb/No target 214 could be used to look up an Eb/No target
error 322 in a two-dimensional look-up table.

Another preferred embodiment of reverse outer loop power controller 210
utilizes both frame error rate detection and symbol error rate detection to determine
Eb/No target 214. In this embodiment, the symbol error rate target is adjusted
according to a constant frame error rate. The actual power output level of the
mobile unit is still determined from the symbol error rate. However, instead of a
constant symbol error rate target, as shown in F igure 3, the symbol error rate target
is adjusted to maintain a constant frame error rate. This embodiment provides the
tight power control which results from using symbol error rate detection, but does
not require knowledge of the desired symbol error rate target to obtain a given
frame error rate. This embodiment also corrects for different relationships between
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and a reverse outer | oop power controller 210. Reverse power controller 108
i ncl udes two pof@d, abHtegsAtion eigmenthl(, aramming node 416, a multiplier 418, and an

integration element 420.

Frame error rate detector 402 determines frame error rate 412 from decode
error data 126. Summing element 406 subtracts frame error rate 412 from a frame
error rate target 436. The output of summing node 406, called frame error rate
error 426, is multiplied by a frame error rate to symbol error rate factor 422. The
output of multiplier 408, called symbol error rate target error 428, is integrated by
integration element 410. The output of integration element 410 is symbol error rate
target 430.

Symbol error rate detector 404 determines a symbol error rate 414 from
decode error data 126. Summing node 416 subtracts symbol error rate 414 from
symbol error rate target 430. The output of summing ‘node 416, called symbol error
rate error 432, is multiplied by symbol error rate to Eb/No adjustment factor 424
via multiplier 418. The output of multiplier 418, called Eb/No target error 434, is
integrated by integration element 420. The output of integration element 420 is
Eb/No target 214. .

Alternately, the symbol error rate target can be adjusted by using frame
error rate sequential adjustment. Sequential adjustment based on frame error rate is
described in U.S. Patent No. 5,257,283 to Gilhousen et al., the full text of which is
incorporated herein by reference as if reproduced in full below. In this
embodiment, the symbol error rate target is varied each frame based on whether a
frame error was detectgd. Ifa frame error is detected, the frame error rate target is

multiplied by a scaling factor and subtracted from the previous symbol error rate
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summ ng node 204, called Eb/No error 216, i
without departing from the scope and spirit of the invention as defined in the

appended claims. For example, it will be understood that similar symbol error
based power control systems can be used in Time Division Multiple Access
(TDMA) and other systems employing digital modulation. Additionally, it would
be apparent that similar symbol based power control systems can be used in

forward (downlink) or reverse (uplink) telecommunication links.
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2. The telecommunication system of claim 1, wherein said control loop
comprises: '

a symbol error rate detector for detecting a number of symbol errors of said
data signal and for outputting a symbol error rate;

a summing node for determining a difference between said symbol error rate

and a symbol error rate target to produce a symbol error rate error;

an integration element to integrate said symbol error rate error to produce a
signal power to noise power ratio target; and

controlling means for controlling the power output level of the transmitter

based on said signal power to noise power ratio target.

3. The telecommunication system of claim 2, wherein said controlling
means comprises:

a signal power to noise power detector to detect a signal power to noise
power ratio of said data signal;

a second summing node for determining a difference between said signal
power to noise power ratio and said signal power to noise power ratio target to
produce a signal power to noise power ratio error; and

a second integration element to integrate said signal power to noise power
ratio error, an output of said second integration element controlling the power

output level of the transmitter.



whi-l e t aking advaWdet ection capabilities of

-7 - tel ecommuni ca em A typi cal synbol error rate: t aj '
‘range of six tot !@H E“ Um”ﬂ,ﬂb error rate detector -302
synbol error rate rror data 126. Summ ng node 304

‘'subtracts synbol error rate 31 ftom synbot lkrror rate target 306. The
out put of summing node 304, called synmbol error rate error 320, is
multiplied by a syr'rtﬁ)l erA controjt bop dorstonsolling:a powed Gutputalewell i gpirasmitas.

The out put of Ler 308.. called Eb/No.target error 322, is sumed by

I
i ntegration el FP SEQMMURICALION SYREANEOTPRYRS: 214. I ntegration el ement 314
suns Eb/ No target erg @fsbol%éropYats (dafeks e I(ﬁurgant
312 and addi ng the prgn ous sun?to E %lglo&ggert%}{t ar%%?ﬁé?gafé\gpgﬁggﬁnfn&ng
el ement 310. Sytramsinittedr signal and foroouEnithing facsytiol 8fk6r rate;a constant val ue used

to yield a linear approximatio f.anon:lin rel ati onshi The  act ual
conversi on factor sf%ﬂ*‘@“%’}o‘glfgbﬂ??wwaﬁ: FeeR Saith Simbalipriqr rate

target 214. Hovyﬁuears rﬁBHltehBHéi@}tzggét thyprad_‘fcwéﬁﬁﬁowe?ﬂoy?ate%ene for

pur poses of si ici'ty and prov
an integration element to integrate said symbol error rate error to produce a

signal power to noise power ratio target; and
controlling means for controlling the power output level of the transmitter

based on said signal power to noise power ratio target.

5. The control loop of claim 4, further comprising a multiplier,
positioned between said summing node and said integration element, for
multiplying said symbol error rate error by a signal power to noise power ratio

conversion factor.

6. The control loop of claim 4, wherein said means for controlling the
power output level cori_lprises:

a signal 'power to noise power detector to detect a signal power to noise
power ratio of said transmitted signal;

a second summing node for determining a difference between said signal
power to noise power ratio and said signal power to noise power ratio target to
produce a signal power to noise power ratio error; and

a second integration element to integrate said signal power to noise power
ratio error, an output of said second integration element controlling the power

output level of the transmitter.

7. The power control loop of claim 6, further comprising a multiplier,
positioned between said second summing node and said second integration element,
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jaccept-able re

; : ‘e enbodi ment, synbol error
factor 316 coul ed by using Eb/No target 214 to | V, é%eBEEN
An a look-up ta m &m—,ﬂw enbodi ment, nul tiplier 30 oul _

‘el i m nat ed, and e.error 320 and Eb/ No tar get 214 could be
used to Iook up an Eb/No target error 322 ifla-two-di nensional | ook-up

tabl e. Another preferred embodi nent of reverse outer |oop power controller
210 utilizes botfor muitiplyieg said sigrad pdeieees heite powersiakib@roe by eretgyerate
detection to determ ne I;.b/No target 214. In this enbodi nment, the synbol
error rate targ&PRYSSIgR; ¥P%ed accordi ng to a constant frane error rate.. The
actual power output |level of the nobile unit is still determned fromthe
synbol error rate. However, instead of a constant synbol error rate target,

as shown in Figure 38.the Ehyendoatrobldoproffdidith 4afugthier compriling b dthnieoerdi Nt ai n
a constant frane error,  rafe., This enbodl ment provides the tight power
control which r&8tgFtoE ?‘r@f{i’r"t}gigrﬁjl & syl emror sate target det ect i on, but does not

requi re knowl edge of the desired synbol error rate target to obtain a given
frame error rate. This enbodi nent also corrects for different relationships

bet ween 8 9. A method of controlling a power output level of a mobile
telecommunication system, comprising the steps:

a)  receiving a signal transmitted by the telecommunication system;

b) detecting a symbol error rate of said transmitted signal; |

c) subtracting said detected symbol error rate from a symbol error rate
target to determine a symbol error rate error;

d) multiplying said symbol error rate error by a conversion factor to
produce a signal power to noise power ratio error;

e) integrating said signal power to noise power ratio error to produce a
signal power to noise power ratio target; and

f) controlling the power output level of the mobile telecommunication

system based on said signal power to noise power ratio target.

10.  The method of claim 9, wherein step (f) comprises the steps of:

1y detecting a signal power to noise power ratio from said transmitted

| signal; _

2) subtracting said detected signal power to noise power ratio from said
signal power to noise power ratio target to determine a signal power
to noise power ratio error;

3) multiplying said signal power to noise power ratio error by a
conversion factor to determine a power control error; and

4) integrating said power control error to determine the power output
level of the mobile telecommunication system.

-
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-syrtbol " &rror rate _and fr te which may occur with

—— OO

:f requency propagation conditions. Figure 4 is a block diagr mna.rs SHIEET HA
“enbodi nent of revelﬂnmm‘ﬂ“mm wer controller 210 utili ng sREBLACED
.error rate detecti fF rate-detection in accords Wt a
‘preferred enmbodi ment* of the 'bréserit inventi-of -This enmbodi ment of reverse
‘outer | oop power controller 210 includes a frame error rate detector 402, a
synbol error rate detldct orThéOnethed oficisim, forieer £0Mmprisingithe stepi er 408, an
integration elenment 410, a ., sunmng,node 416, a nultiplier 418, and an
integration el ement £20. ffd éﬂ%ﬁﬁsrsy leela%&@&@rgeagésegane PR ETOF ¢ ane
error rate 412 from decodegegifigs. data 126. Sunmi ng el ement 406 subtracts

frame error rate 412 froma frame error rate target 436. The out put of
summ ng node 406, called frame error rate error 426, is nultiplied by a

frame error rate to nbol_erro at.e factor 422. The_output of multiplier
408, called synbol ei&or r’g\ee‘n?‘éf’é)é‘ clyimdl, phgrein §tePr(9é'@F§Pé85WStep5£J:

i ntegration el ement 0. j rat:l ¥, %Hﬁ%
error rate target 43é.% Sy%gelcmé% ?;&Egr@ja#é@%é@eﬁ%e?ﬁbﬁgﬁgoﬁ%g%g.ﬁsy gl
error rate 414 from decodesigmal;or data 126. Sunmmi ng node 416 subtracts
synbol error rate 41 fromﬁ%%g:),ol erré)r raje target 430., The output,.of .
sunmi ng node 416, ca®ed S ting said, detected si power to noise power ratio from said

signal power to noise power ratio target to determine a signal power

to noise power ratio error;

3) multiplying said signal power to noise power ratio error by a
conversion factor to determine a power control error; and

4) integrating said power control error to determine the power output

level of the mobile telecommunication system.
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‘rate error 432, is nultipliéd by synbol error rate to Eb/No adjustnent
factor 424 Via nultiplier 418. The output of nmultiplier 418, called Eb/No
~target error 434, is integrated by integration element 420. The output of
integration el enment 420 is Eb/No target 214. Alternately, the synbol error
rate target can be adjusted by using frane error rate sequenti al '

- adjustnent. Sequential adjustnent basedlon franme error rate is described in
U S. Patent No. 5,257,283 to Glhousen et al., the full text of which is

i ncorporated herein by reference as if reproduced in full below In this
enbodi nment, the synbol error rate target is varied each franme based on
whether a frane error was detected. If a frane error is detected, the frane
error rate target is nmultiplied by a scaling factor and subtracted fromthe
previ ous synbol error rate -9- target. If frame error is not detected,
the difference of unity and the frame error rate target is multiplied by a
scaling factor and added to the previous synbol error rate target. Wile
this invention has been particularly shown and described with
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reference to several preferred enbodi nents thereof, it will be understood
by those sktlled in the art that various changes in formand details may be
made t herein w thout departing fromthe scope and spirit of the invention
as defined in the appended clainms. For exanple, it will be understood that
simlar synbol error based power control systens:can be used in Tine

Di vision Multiple Access (TDMA) and othé systens enpl oying digital

nodul ation. Additionally, it would be apparent that simlar synbol based
power control systens can be used in forward (downlink) or reverse (uplink)
t el econmuni cation |inks. CLAIM5: 1. A telecommunication system
conprising: a transmtter to transmt a data signal; a receiver to receive
said data signal; and a control loop to control a power output |evel of
said transmtter based on the detection of ol Qerror rate of said data
signal, wherein said control |oop conprises a syhbd errqmdeue det ect or
for detecting a nunber of synbol errors of
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said data signal and for out putting a synmbol error rate, a sumning node for.: =i
determ ning*a difference between said synbol error rate and a synbol error '
“rate target to produce a synbol error rate error, an integration elenment to
integrate said synbol error rate error to produce a signal power to noise

. power ratio target, and controlling ang for controlling the power output

| evel of the transmtter based on sai# signal aed b noi se power ratio
target. 2. The tel econmunication of claidghd Seerein said
controlling neans conprises: a sig r tognei er detector to
detect a signal power to noise po &a% o of d S & signal; a second
summi ng node for determning a differ@nce betweeﬁ&aﬁi""si gnal power to

noi se power ratio and said signal power to noise pewer ratio target to
produce a signal power to noise p ryratio error; a second integration
el ement to integrate said signal gﬁe to noise pogervatio error, an

out put of said second integration elejpent controllgng the power output

| evel of the transmitter. § §
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REPLACEMENT SHEET 3. A control loop for controlling a power output |evel
of- .a transmtter- of a tel ecommunication system conprising: a synbol error
.rate detector for detecting a nunber of synbol errors of a transmitted
signal and for outputting a synbol error rate; a sunm ng node for
determning a difference between said synbol error rate and a synbol error
rate target to produce a synbol error rate error; an integration elenment to
integrate said synbol error rate error to produce_a signal power, to noise
power ratio target; and SmbdlErnngﬁQWGbrﬁzﬁbﬁ&n@lt opileer out put
| evel of the transmtter based on said signal oweg to noise power ratio
target. 4. The control |oop ofl elecommunicasion, SYstemi sing a nul tiplier,
positi oned between said summi ng node and said integration elenment, for
mul tiplying said synbol error rate error by a signal power to noise power
rati o conversi OWI‘. 5. The control |loop of claim3, wherein said
means for contr g the power output |evel conprises: a signal power to
noi se power detector Amobii¢ etecommingpatibn pystem powergmintrel loop includes a symbol error

rate detector to detect a number of symbol errors induced during transmission, a
summing node to subtract the output of the symbol error rate detector from a symbol
error rate target, a multiplier to introduce an adjustrnent factor, and an integration
element to sum the output of the multiplier with past outputs of the multiplier. The
output of the integration element is a signal power to noise power ratio target which
is used to control the transmission power of the mobile telecommunication system.
In one embodiment the symbol error rate target is a constant or parameter set by the
user. In another embodiment the symbol error rate target is adjusted automatically to

maintain a constant frame error rate.

Fig. 3
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power ratio of said transmtted signal; a second sunmmi ng node for
determning a difference between said signal power to noise paower_ratio and

said signal power to noise power ratio target to produce a si{g e tQ, .
noi se power ramﬁd‘a—seeond. integration el ement tol} ﬁtgle:!gge%@"giibﬁ‘ﬁa ‘
si gnal power tom i Lo error, an output of said se]cggtg. 0 JAN 1997
integration ele ﬂmmmﬂm&@ t he power. qgu put | evel of thelfragSmitar -
6. The power donfrot [wop

claimb5, further conprising a nultiplier,
posi ti oned between said second sunmi ng node and said second integration

el ement, PE@&@%NENT SHEET REPLACEMENT SHEET - 12 - for multiplying said
si gnal power Se power ratio error by a energy rate conversion factor.
7. The control loop of claim3, further conprising a frame error

detector for adjusti n;\g sai d synbol error rate target.
1. telecommunication system, comprising :

a transmitter to transmit a data signal;

a receiver to receive said data signal; and

a control loop to control a power output level of said transmitter based
on the detection of a symbol error rate of said data signal, wherein said control
loop comprises

a symbol error rate detector for detecting a number of symbol errors of
said data signal and for outputting a symbol error rate,

a summing node for determining a difference between said symbol error
rate and a symbol error rate target to produce a symbol error rate error,

an integration element to integrate said symbol error rate error to
produce a signal power to noise power ratio target, and

controlling means for controlling the power output level of the

transmitter based on said signal power to noise power ratio target.

2. The telecommunication system of claim 1, wherein said controlling
means comprises :

a signal power to noise power detector to detect a signal power to noise

. power ratio of said 'data signal;

a second summing node for determining a difference between said signal
power to noise power ratio and said signal power to noise power ratio target to
produce a signal power to noise power ratio error; and

a second integration element to integrate said signal power to noise

' power ratio error, an output of said second integration element controlling the

power output level of the transmitter.
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8. . Atnethod of rolling a power output |evel of a nobile S
t el ecomruni cati on System conprisi —the steps: a) recei vi ng & ';a(l! SEET

: Eel'n% lﬂ\ﬁ T 8REE

transmtted by the'tmﬁm ' ' "system b) detectingila merror
symifbUA

rate of said transm " subtracting said detetBte J
error rate froma synbol€errom rate+target jtjo. determi ne a symhal "EEEgE Fafe -
error, d) mul tiplying said synbol error rate error by a conversion
factor to produce agsignal c&%!a&ﬁ&%bﬁeolnﬁ%rg&@&'d&:ﬁftwa o€k transmitter
integrating said signal power to noise power-ratio error to produce a

si gnal power taf aitelecommupicationt systetry cgmiprisingd f ) controlling the power

out put | evel of the npbjl,e tel ecoirmmic tion system hased on, sai d si gnal
povvel?r to noi se powe? 5¥‘5{’?Ioe!f°<§rr§@t etegtor %ﬁs&ﬁ@_m&“mbbe&f’gm%? FHEF & ? step
; : : . ) t :

(f) conprises &Jlﬁnﬁ&éipﬁgiti’éél andl)for ouﬁiﬁizt?fg‘é egﬂg?lserm}%mpow 0 noi se power

ratio fromsaid transm ted signal; racting said detected signal
power to noi se powes suaming hodmforaleterminngla differsnce betmees saidaymbol atroorate

t t to det ' i gnal t i ti , 3
ol S5 pl ying” sohl A RgRo SIBanE e, I pre p SRBPLESE G By

an integration element to integrate said symbol error rate error to produce a

signal power to noise power ratio target; and |
controlling means for controlling the power output level of the transmitter

based on said signal power to noise power ratio target.

4.  The control loop of claim 3, further comprising a multiplier,
positioned between said summing node and said integration element, for
multiplying said symbol error rate error by a signal power to noise power ratio

conversion factor.

5.  The control loop of claim 3, wherein said means for controlling the
power output level comprises:

a signal power to noise power detector to detect a signal power to noise
power ratio of said transmitted signal; '

a second summing node for determining a difference between said signal
power to noise power ratio and said signal power to noise power ratio target to
produce a signal power to noise power ratio error; and |

a second integration element to integrate said signal power to noise power
ratio error, an output of said second integration element controlling the power
output level of the transmitter.

6. The power control loop of claim 5, further comprising a multiplier,

positioned between said second summing node and said second integration element,
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conversiton factor to determne a power control error, and 4) %Pgratl
sai d power. control error to determ ne the power output |evel e e——>=
t el ecommuni cati on system 13 10. The nmet hod of clainB, f JIHElﬁ’éACPMENT SHEET

rane orror det AN lllll INEHBE oo o S%g?_l?'m 0, “wher ei n [roofs 0. n B

conprises the stéps oft 5 8etecting a signal power to noi'Se—power ratro
fromsaid tran %]ﬁﬂ: t|n sai.d detact power

to noise power%(?pa 0 flyfih @gigis%zl[é,ﬁglw% lr’c’etp8 5@‘8% Eg?&gﬂ?%%get to

determ ne a si gopversionsactdro noi se power ratio error, 3) mul tiplying said
signal power to noise power ratio error by a conversi on factor to determ ne
a power control error, and 4) i ntegrating said power control error to

determ ne the power 40Ut PUiye conerol loop of claim 3, further comprising 2 frame error
detector for adjusting said symbol error rate target.

8. A method of controlling a power output level of a mobile
telecommunication system. comprising the steps:

a) receiving a signal transmitted by the telecommunication system;

b) detecting a symbol error rate of said transmitted signal;

c) subtracting said detected symbol error rate from 2 symbol error rate
target to dedermine a symbol error rate error;

d) multiplying said symbol error rate error by a conversion factor to

| produce a signal power to noise power ratio error;

e) integrating said signal power to noise power ratio error to produce a
signal power 10 noise power ratio target, and _

f) controlling the power output level of the mobile telecommunication
system based on said signal power to noise power ratio target.

9.  The method of claim 8, wherein step (f) comprises the steps of:

I) detecting a signal power to noise power ratio from said transmitted
 signal; |

2) subtracting said detected signal power to noise power ratio from said

' signal power to noise powér ratio target to determine a signal power
to noise power ratio error;

3) multiplying said signal power to noise power ratio error by a
. conversion factor to determine a power control error; and

4) integrating said power control error to determine the power output

level of the mobile telecommunication system.
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10.
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11.

1))

2)

3)

4)
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The method of claim &, further comprising the step:
adjusting said symbol error rate target based on frame error

detection.

The method of claim 10, wherein step (f) comprises the steps of:
detecting a signal power to noise power ratio from said transmitted

signal;

subtracting said detected signal power to noise power ratio from said
signal power to noise power ratio target to determine a signal power
to noise power ratio error;

multiplying said signal power to noise power ratio error by a
conversion factor to determine a power control error; and

integrating said power control error to determine the power output
level of the mobile telecommunication systein.



