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transmtted signal over a wi de frequency band. This frequency band is
typi cal | y SIbDESORIRITION OF AHE REBATERART n- i num bandwi dth required to
transmt the signal. The spread spectrum 30 technique is acconplished by
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the spectrum can be assigned to each industry. The ass1gned spectrum,

therefore, must be used efficiently in order to allow as many frequency
users as possible to have access to the spectrum. .

20 Multiple access modulation techniques are some of the most efficient
techniques for utilizing the RF spectrum. Examples of such modulation
techniques include time division multiple access (TDMA), frequency
division multiple access (FDMA), and code division multiple access
(CDMA).

25 CDMA modulation employs a spread spectrum technique for the
transmission of information. A spread spectrum system uses a modu-
lation technique that spreads the transmitted signal over a wide frequency
band. This frequency band is typically substantially wider than the min-
imum bandwidth required to transmit the sigrial. The spread spectrum

30 technique is accomplished by modulating each baseband data signal to be
transmitted with a unique wide band spreading code. Using this tech-
nique, a signal having a bandwidth of only a few kilohertz can be spread
over a bandwidth of more than a megahertz. Typical examples of spread
spectrum techniques can be found in Spread Spectrum Communications,

- 35 Volume i, M. K. Simon, Chap. 5, pp. 262-358.

A form of frequency diversity is obtained by spreading the transmit-
ted signal over a wide frequency range. Since only 200-300 kHz of a signal is
typically affected by a frequency selective fade, the remaining spectrum of
the transmitted signal is unaffected. A receiver that receives the spread

40 spectrum signal, therefore, will be affected less by the fade condition.
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dat a sylfbol s at Thefdigiedl basehtindysignat is faput to a convolutional encoder (101)

at a particular rate, such as 9600 bps. The encoder (101) 'convolutionally
encodes the input data bits into data symbols at a fixed encoding rate. For
example, the encoder (101) could encode the data bits at a fixed enco_ding

. rate of one data bit to three data symbols such that the encoder (101) outputs

20

30

35

data symbols at a 28.8 ksym/s rate with a 9600 bps input rate.

 The data symbols from the encoder are input to an interleaver (102).
The interleaver (102) scrambles the symbols such that any symbols lost over
the channel won't be contiguous symbols. Therefore, if more than one
symbol is lost in the communications channel, the error correcting code is
able to recover the information. The data symbols are input into the
interleaver (102} in a column By_column matrix and output from the matrix
row by row. The interleaving takes place at the same 28.8 ksym/s data
symbol rate that the data symbols were input.

The interleaved data symbols are input to a modulator (104). The '
modulator (104) derives a sequence of fixed length Walsh symbols from the
interleaved data stbols. In 64-ary orthogonal code signaling, the
interleaved data syrnbols are grouped into sets of six to select one out of the
64 orthogonal codes to represent the set of six data symbols. These 64
orthogonal codes correspond to Walsh symbols from a 64 by 64 Hadamard
matrix wherein a Walsh symbol is a single row or column of the matrix.
The modulator outputs a sequence of Walsh symbols, corresponding to the
input data symbols at a fixed symbol rate, to one input of an XOR combiner

SUBSTITUTE SHEET (RULE 26)



eéxanpl e, the encoder (101) could encode the data bits at a fixed encodi ng
rate of o089t to three data synbols such that the eRCHHESOBHH1)
outputs 20 data synbols at a 28.8 ksynis rate with a 9600 bps input rate.
The data synbols fromthe encoder are in%ut to an interleaver (102). The

interl ) nbel s_Jost th
channel won 1008 IRETERLDF SCAVIBCUTWRER bRbo RN B toenf%r B [ 0°
| ost in the oillisecondsmsn andhisrtypicallyreefernedtoas a powiengontndd greups abl e

Lo pocover the | BEdiid Aihdohl hofi PNy BliMratdH €030 Ridks BbAE PN sblh&hceeaver

The 1 nt or | e 40iBFRoFalkcs SapHERSGHc SRRHRRROTAITRbNSy 11hea AHIeTAdiote PR ha
the dat o 5y aniag o st oGl nk SN0 1 TSV b MIUDOORL 1
Vel sh sy mbor b ioRg PN EEHpERit i SakrdS e EaheRs AR tht R0 de
signal i ng, tspecifict tor theatvatliotalepbome aiser.arBogdong &N igenerators(168) shputso
vl 8 ke e tpslasg an bosemaal bR NS
64 Hadanar d E8HeFRPF d&&ﬂ%%‘i‘ e&whgﬁiéﬁrmm%%r @\@' ngl e row or col um of
the matrixx. The MuWdlsh cudepsread symbolsfrovh thel cdmbinERo(197) are next
cor espOnd! gl fa e BHbnda! A VBN Se Ao talif 48 SWOROR Bhink S GHHR
PfCT/l U525¢n Q?f@-ﬁﬂ 309)1¢ivat. gaarateta pfixs?& sllgwtuBbIdsa@mes‘yrﬂﬂm ﬁra'asomblimergg Ih
oty A QOTPRE EH ahc s el T LSt
to generate whilg jheiserend : # ¢he Walsh gode|spreads P&phone
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The resulting I and Q channel code spread sequences are used to
biphase modulate a quadrature pair of sinusoids by driving the power level
of the pair of sinusoids. The sinusoidal output signals are then summed,
bandpass filtered, translated to an RF frequency, amplified, filtered, and
20 radiated by an antenna.
The typical prior art CDMA transmitter used on the forward channel
of a radiotelephone system, the link from the base station to the mobile, is
similar to the reverse channel. This transmitter is illustrated in FIG. 2.
The difference between the forward and reverse channel transmitters is the
25 addition of a Walsh code generator (201) and power control bit multiplexer
(220) between the PN generator combiner (103) and the quadrature
spreading combiners (108 and 109) for the forward channel transmitter.
The power control bit multiplexer (220) multiplexes a power control
bit in place of another bit in the frame. The mobile knows the location of
30 this bit and looks for this power control bit at that location. As an example,
a "0" bit instructs the mobile to increase its mean output power level a
predetermined amount and a "1" bit instructs the mobile to decrease its
mean output level a predetermined amount.
The code division channel selection generator (201) is coupled to a
35 combiner (202) and provides a particular Walsh symbol to the combiner
(202). The generator (201) provides one of 64 orthogonal codes correspond-
ing to 64 Walsh symbols from a 64 by 64 Hadamard matrix wherein a
Walsh symbol is a single row or column of the matrix. The combiner (202)
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20 ms frames that are transmitted on the forward and reverse channels.
The amount of data transmitted in each_frame depends on the data rate.
20 The frame composition for each data rate for the forward and reverse
channels is illustrated in the following table:

Raw # bits| CRC| Trail| Rsrvd| Infobi| Rate
=8 | =1 sl 3 | 2] 1320
144 0] 8| 2 | 124 | 600|-
2 | 8| 8] 2| &5 2700
% 6| 8| 2| 2 | 100

" The rate listed in the table is the information bit rate. The reserved
25 bits for the forward and reverse channels, in the preferred embodiment, are
for signaling, power control, and future use.

During each power control group that the mobile is transmitting, it
transmits at a power level determined by the power control system of the
base station. The base station measures the received SNR of each received

30 mobile signal during the 1.25 ms. power control interval and compares it to
a target SNR established for that particular mobile. If the SNR exceeds the
target SNR, a "turn down" command is transmitted from the base station to
the mobile. Otherwise a "turn up” command is sent. |
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Rat e 15 accurate closed loop power control from the base station to the mobile.

« SUMMARY OF THE INVENTION

The process of the present invention enables a radiotelephone's
20 transmitter to operate at a 100% duty cycle. The transmitted power is
varied according to the bit transmission rate used in each 20 ms data
transmission frame so as to transmit a constant energy for each
information bit. The base station, not knowing the transmission rate in
advance, maintains a table of SNR threshold values for each possible data
25 rate that the radiotelephone might use. The base station then compares the
SNR of the received signal to the threshold values and generates a different
power control command for each SNR versus SNR threshold comparison.
The base station transmits these commands to the radiotelephone. The
radiotelephone, knowing the rate at which the data was transmitted,

30 chooses the power control command corresponding to that data rate.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a block diagram of a typical prior art CDMA, reverse

35 link transmitter for use in a radiotelephone system.
Fig. 2 shows a block diagram of a typicé} prior art CDMA, forward

link transmitter for use in a radiotelephone syst}em..
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ﬁP strat%at r’Q;he flowchart of Fig. 3, begins by the mobile transmitting a

signal (301) formatted into the frames of data described above. The

transmitter is operating at a 100% duty cycle but varies the transmit power
or each frame according to the frame's transmission rate.

In the preferred embodiment, the mobile has a variable rate vocoder
that operates at 9600, 4800, 2400, and 1200 bits/second (bps). At the 4800 bps

rate, the mobile's transmitter power starts out at a power output that is

reduced 3 dB from that used at the 9600 bps rate. The 2400 bps rate starts at
a power output 6 dB less than the 9600 bps rate and the 1200 bps rate starts
at a power output that is 9 dB less. . These initial power settings are then
varied in subsequent frames by the process of the present invention.

The base station cannot determine the data rate of a 20 ms data frame
until well after the completion of the frame due to the forward error
detection and correction coding (FEC) used. Therefore, when the base
station receives a data frame from the mobile, it compares (305) the frame's
SNR with each of the SNR threshold values that the base station has stored
in a table. The base station has an SNR threshold value for each of the four
different data rates used by the mobile in the preferred embodiment.

The base station next generates a power control command (310) for
each of the four data rates depending on the comparison of the received
frame's SNR and the SNR threshold value for that particular data rate.
As an example, if the SNR of the received frame is compared to the 9600
bps SNR threshold and is found to be too low for that data rate, the base
station generates a power control command to instruct the mobile to
increase its power output. The SNR of the received frame is then compared
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A detailed example of the power control process of the present

15 invention as used in a mobile radiotelephone illustrates the operation of the
process. The mobile transmitter modulation and coding scheme uses )
convolutional coding. The convolutional code symbols are blocked into
groups of 6, each of which determines which one of 64 possible orthogonal
sequences are to be transmitted. The orthogonal sequence symbols are

20 further covered by long and short length pseudo-random sequence chips
that quadraphase modulate the sinusoidal carrier signal.

A data frame at the 9600 bps data rate contains 288 information bits,
consisting of 265 user information bits, a 12 bit cyclic redundancy check
code, and an 8 bit convolutional code tail. The information bits are encoded

25 into 576 data symbols by the constraint length 9 convolutional encoder.
These are then grouped into 96 transmission symbols, each consisting of 6
of the convolutionally encoded data symbols.

Each transmission symbol chooses one of 64 different orthogonal chip
sequences using a Walsh code. Each Walsh code consists of 64 Walsh

30 chips. The Walsh chips must therefore be transmitted at a Walsh chip rate
of 307.2 kHz. Each Walsh chip is then covered:-by a 1.2288 MHz chip rate
pseudo-noise (PN) sequence produced by the long code generator. The
result of this covering is further covered by each of two PN sequences
produced by the short code generator.

35 The two resulting chip stream sequences control a quadraphase
modulation process of a sinusoidal carrier signal. The short code gen-
erator produces a length 32768 chip sequence. This generator is synchro-
nized to the same length sequence received by -the mobile from the base
station. The synchronization process takes into account the fact that dif-
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wel | after fidieHadamAld eranaforivh  FHR)Teirdiiit. t THib eifcuitVduthLthe reféivedt i on

and correcty,an, C d| n FEC) used. Ther fore he ba n Jecei ves
a data fraﬁ#éollstl %’ er c?rrggﬂ%% t(’ﬁf'\g:h}‘ {“ efgogﬁgﬁg%mw each
of the SNRthalrnnghﬂHawbmtnahamltﬂeéhya@!@mohﬂeetatim stored 30 in a table.
The basg stati O'Tgnléaﬁaé‘é‘ éuaohhmh%atiﬁbueo&eratwm hifipRUredlibber ent

data rates use

t he pre erre asge station
next gener &P&%n%aﬁ)%@ﬁl% ,wp]&}pagz bnfRd pntensp ‘S’HP"%‘%& H"m(}e PhEaIPSg ﬁﬁ
rat es depeodtpgtsoof the mabhgiplei soxreldtors ande F#H'D adrcuits are combined in a

diversity combiner circuit. Groups of six such FHT combined results are
processed to obtain the received SNR measurement for the 9600 bps data

20 rate. This can be done by summing the energy of the best of 64 outputs from
each FHT process over the 6 Walsh symbols. . This results in the power'
control group SNR measurement for 9600 bps. The 9600 bps received SNR is
compared against the upper and lower 9600 bps target SNR values. In
addition to power control group summing of power measurements, the

25 diversity combiner outputs are decoded using a Viterbi algorithm decoder to
recover the transmitted bits. If the CRC check passes, the receiving and
decoding process is finished and the results are passed onto the vocoder or
other service option processor. If the CRC does not pass, the processing
continues at the lower data rates.

30 The comparison results are logically combined with the results of
the comparisons for the lower data rates to determine the power control
bits to be transmitted during each 1.25 ms power control group. If the re-
ceived SNR exceeds the upper SNR target then both power control bits sent
to the mobile in each 1.25 ms power control group are forced to be "turn

35 down" commands. If the received SNR falls in between the upper and

.lower SNR thresholds, the first control bit corresponds to a "turn down"
and the second bit corresponds to a "turn up" command. If the received
SNR is below the lower SNR threshold, the first control bit is a "turn up"
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frame's SNR and the SNR threshold value for that particular data rate. 35
As an exaMf /02097 t he SNR of the received franme i s conpar RCTVEBISHEE6O600 bps
SNR threshold and is found to be too low for that data rate, the base
station generates a power control conmmartd to instruct the nobile to
increase its power_output. The SNR of the received frane is then conpared
SUBSTI TUTE gtpqggqar(@@g:_:lo $he secopg) aytpglobit is determined by the comparisons

PCT/ US95/ 08G6ihgrtHedappropeiie 16Wet rQft thré8R0d. 2400," and 1200 bps SNR

t hreshol d val uesI' turB. and a, di ffegent pg co%ol command gener at ed
for each. In the RoPUg Yas HFOSEHLDE fe %\EPS ?IfEﬁmE(ﬁ?%aW&§ éABr at ed
above take theséfrhand-off mode,othennthebitabilenwilhdherease tramsnhittdr pogePbp,
dependi ng o t ' d yi d, bit
ooat on i o S sk 2bfirol BRSE Pl b eobBh 1t g B! EREHINN & 1
mobi | e to i riFBAWWR' coramand; themeebiltreduces toansmitterpewer iy hdB ifdheo

decrease it sedondepowé¥ cohtrdl tehEmaAR skt T8 Hlsd L StilrRe dbééh"t&mﬁah?‘lclf Lhe
nobile to degrease jts power, and _t he g ﬁ(}) |ncrbg se |tsé§gme§§l. 0

The power coltWBIYRo nd. ds; gereivednsthe @ @tqﬂfsb angen the t he
mobi | e ( 315franSmittertpuwerobi | e knows which data rate it used in the frame
transm typhed to t | an,. Liek Al S C
cormandslbto use ?etzk%)%a%ﬁ %Zei%éa?‘?]eadbégcam ‘éﬁhﬁ]ﬂee. ’ g%e\lgérmg@ﬁgo gg{"gg{é’& of
the presentframe,; ti\?@n??‘@ﬂr gantreb gommands igre ceceiyedt Epmptwaor moge thasees
the oper ati stativhnst he theogass. tifee "THY genbralnshid F& comBihidly BHe 2BHLLAdI Ng

b1 ooked 1 nt SRS fPRamulple Yhee slAHRRA IF hht RTeRAT EFRALuBnR 8l b o
ort hogonal meeginadcpewer controbeommaands agrek tolermniphtino patves.c RmonaewsN nbol s
are 15 be turned down if any of the power control signals instruct the mobile to
' "turn down". Power will be unchanged if all but one base station command
"turn up" and one commands "no change”. _
A data frame at the 4800 bps data rate contains 144 information bits
consisting of 124 user information bits, a 10 bit CRC, and an 8 bit
20 convolutional code tail. The 144 information bits are encoded into 288 data
symbols by the constraint length 9 convolutional encoder. These are then
grouped into 48 transmission symbols, each symbol consisting of 6 of the
convolutionally encoded data symbols. Each transmission symbol chooses
one of 64 different orthogonal chip sequences using a Walsh code. Each of
25 the 48 symbols is repeated twice, resulting in 96 symbols as for the 9600 bps
transmission rate. The result is covered with the PN chip sequences as
before for 9600 bps.
The base station receives the signal from the mobile station as
follows. The signals are correlated with the chip codes and processed by the
30 FHT circuits as for 9600 bps. The repeated pairs of orthogonal symbols are
combined, the combined with other correlator and antenna signals decoded
by the Viterbi algorithm and the 8 bit CRC checked. If the CRC checks
properly, the results are delivered to the vocoder or other service option
processor, ' '
35 The first power control group interval (1.25 ms) of the data frame
contains six orthogonal symbols consisting of three different symbols each
. repeated twice. These are combined and compared with the half interval
4800 bps SNR threshold. The comparison result determines the second bit

(@
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20 further covered by |ong and short | ength pseudo-random sequence chi ps
t hat quawogs2e9? nodul at e t he sinusoidal carrier signal. PATASPH08E60 e at
the 9600 bps data rate contains 288 information bits, consisting of 265
user information bits, a 12 bit cyclicl@edundancy check code, and an 8 bit

convol utional, code tail. The ,infor iopn bits are encoded 25 .intQ 576 data
synbol s byot the bsffs&%ﬁrn%ontéﬂg&mugmmm u&l\teaﬁa- seﬁ%eemﬂby thpabeve legichen

grouped i nirtoYhetupastate.ssi on synbols, each consisting of 6 of the :
conyol utional | ynenco dat y |8 : ransu.ssi.on. syohol,chogses one
of 64 differ enthllrfrf%%gﬁa c@ﬂlatg?s@ %é%%%@@fé‘i ?\Hﬁgb @@?@Wt%ﬁe‘ge‘éa%%%@& sh
code consi faurthfamd fifgh stheggixtbhapd. seventinapts, sixi prthegonal isymdfods arbe

transm tt egdyindy YWtether MrPpdwdiecdtitralOgurpdsEl.: THass awcaﬁlﬁcabw v&ightthgn

covered by 1.228 hi e, pseudo-nQi se (PN), sequence produced by

the long c x@%ﬁh%‘ﬁo%ﬂﬁgsﬁ@&ﬁe@wﬁm %69’&&%&07“5@%&? deteraaingsed by
each of ltwphéDHemmJ' erubitosfSther thind ofifthy seventh)etd. powker ’ mh olag-ﬁgupl Bit pair The
two resulting ¢ t sequ " a quadr aphase nodul ati on
process of ug%ﬁsmﬂg‘?idéf%gér'?'lgecﬁ{ks%%n%ﬁ.ﬂﬁﬁ%%d'shOr’t -code gen- erator produces
a |l ength 32768 Ehr phe4§08rkps rate; the pewenicontrol commands ane coutaived ie sane
| engt N RLAUROGReE Bit/ B the ddtf ntthbéred’ powet 'Eﬁnﬁ‘%ﬁe%r%h 5! Ppurifxl;f\%en

3%?8268? Z%Ellm ”er‘éﬁoﬁfvﬁgr tcgriit?rstjllgq:[o%pg,(: %v uerﬁt tltarhesn];l%ﬁ%g(#g glgysé REF¥eE o ent

base st ati eowstrobés dedeivedenif tive necbilef wakdarahamittiig actB00sbps ldatta tfremeobi | e

short code b SYRCHLOThZ Atk IsbeAlanlolel £5dbCqaEd| G35 2tk WP iheLagse
station they are conmuni cating. € Iong _code genérator producés a sequenc
that is 4, Sosmistes poweby ﬂi& if thejspcand mentrod bikisma twm upt commend  t-hi s
sequencg i $f Btk Yedodd EdtrEISPRNY ) %url ddven'Pedhhfadl thedbBié Wil Flluce
transmitter power by 1 dB if the first power control command bit is not a
"turn down" command. If a "down-up" command is received, the mobile
will not change the transmitter power, assuming that one or the other two
bits is received in error. _ _ o _
20 . A data frame at the 2400 bps data rate contains 72 information bits
consisting of 54 user information bits and an 8 bit convolutional code tail.
The 48 information bits are encoded into 144 data symbols by the constraint
length 9 convolutional encoder. These are then grouped into 24
transmission symbols, each consisting of 6 of the convolutionally encoded
25 data symbols. Each of the 24 symbols is repeated four times, resulting in 96
symbols as for the 9600 bps transmission rate. Each transmission symbol
chooses one of 64 different ori;hogohal chip sequences using a Walsh code
and covered with the PN chip sequences as before for 9600 bps.

The base station receives the signal from the mobile station by

30 correlating the received signals with the chip codes and processed by the
FHT circuits as in the 9600 bps case. The .répeated groups of four
orthogonal symbols are combined, then combined with other correlator and
antenna signals, and decoded by the Viterbi algorithm. If the decoder
indicates an adequate received metric level, the results are delivered to the

35 vocoder or other service option processor. .

The first and second power control group intervals of the data
frame contains 12 orthogonal symbols. Each symbol is the result of a four
times repeat. Twelve successive orthogonal symbols can be combined as in
the 9600 bps rate to form the received SNR measurement even though
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used by the nobile. When the base station receives the signal fromthe
-nobi | ¢ st AP8HO209he base station generates the |ong and shBFVURSHESBN chip
sequences that correspond to the codes assigned to the nobile. The received
signal and the 10 chip codes are conbi féd in a correlator circuit. The
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re
control group SNR peasyrene r. 960 ps. The 9600 bps receiyed SNR is
conpar ed agSYHiained dnype se IIB pr §hBOse&B§Iit QI’E}& %N%‘wépgeé.“r tqenth

addi ti onQ opp®eercofitidl rg@oups.oup sunm ng of power neasurenents, the 25

Cecover  The t 1 antiHe gByS BAS pRRRAeHaYS B0 vhs e rfind Udd RILIRGSAC, 1
decodi ng pr theseftikand-off srede, shen the mebilg incraasesjasnemitéen powae bydcdBer or

ot her servVi geafPApHopPia®s §5owdr cohtrbl BiCRCalaRsnNep" Rodtmakde R #HR%BrNY
conti nues at the bower I'tsS are

t tes, 30 Th .
ogi cal Ty cBHRLES A HEn et copmands terpaPLeoRll Fotudelansauietar a
rates td5depewerrtey hdBpdfea "dewnrup” bommdnd e recaivedy theethobikel will asth
1.25 I - ' . NR
Carget  thonChaige the rih e boldf, blsuihy Tt Uie RiCAR Selellol PR b
power contrb%"sgﬁé'effn&?%mémoé‘d to be "turn 35 down" commuands. If the

recei ved SNR fal Asdata fameap thoa2000ps dath rate contains 36 information bits
consisting of 20 user information bits and an 8 bit convolutional code tail.
20 The 36 informational bits are encoded into 72 data symbols by the constraint
length 9 convolutional encoder. These are then grouped into 12
transmission symbols, each consisting of 6 of the convolutionally encoded
data symbols. Each of the 12 symbols is repeated eight times, resulting in 96
symbols as for the 9600 bps transmission rate. Each transmission symbol
25 chooses one of the 64 different orthogonal chip sequences using a Walsh
code and covered with the PN chip sequences.

The base station receives the signal from the mobile by correlating
the received signals with the chip codes and processed by the FHT circuits.
The repeated groups of eight orthogonal symbols are combined, then

30 combined with other correlator and antenna signals, and decoded by the
Viterbi algorithm. If the decoder indicates an adequate metric level, the
results are delivered to the vocoder or other service option processor.

The first four power control group intervals of the data frame
contains 24 orthogonal symbols. Each symbol is the result of an eight times

35 repeat. Twenty-four successive orthogonal symbols are combined to form
the received SNR measurement while groups of eight are combined for data
demodulation. The SNR measurement is compared with the 1200 bps SNR
threshold. The comparison result determines the second bit of the fourth
power control group unless it is forced by the above logic into the up
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| ower SNR thresholds, the first control bit corresponds to a "turn down"

and t he W@9@289%it corresponds to a "turn up" comand. PCTYSESN8EL; yed SNR
is below the |ower SNR threshold, the first control bit is a "turn up" )
SUBSTI TUTE SHEET ( RULE 26) WO 96/ 03997 "
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controls ngafsriﬁ ali dpprépAiat® pawer ¢ontidd bit iscatadip édmmandoWIF & poweemrand
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t .,hobi |, t h t t ] .10 |
e mobi | ot} HIERS e FupS dowar' Rt g oBE it FadR ansmiister. e,
pover contpowerdgmiedBs Hra "dewsiwp’dcdmorandiis secaiveds tresmobilet wilhqost t he
sane timeqhIhge 460 %%sﬁl%tﬁ??@ve?? HRduthiXe thEt Gﬁ@tJro*heC Bi?’i@a}?f'ﬁtﬁé o

mul tiple base stations 1s power 1s turned up only I recel ved
power contis|isFepsiNadidn 86¥®e to turn up the power. Power will 15 be turned

down ifg any of Whén pheedat@ordteotharigbsafrom onerdata fratnembithe hext, tthen

SO o N0k e SR ot 850 SRR o U1
cont ai ns 1hé dataoframeé.cAllbpower santxali conwandz/and cadjngtments ave withs, a 10
bit CRC, d@gﬁ?éyﬂ t8 ZtHé tngmnapﬁwgil' ﬁE%&B@'eaﬂQ@?aﬁs’iﬁit:da-EHQ'aiéjc‘l i nformation bit i
are encoded 1 ng Zildal a Bumol s DY, He Ransid yntahendy Byduconyelut i onal
15 switching center that is connected to the base station. The mobile switching
center connects the base station to the public switched telei)hone network
(PSTN) and provides the switching functions required to pass data between
the PSTN and the base station. If the base station is receiving from the
mobile a signal that has a higher bit error rate than normal, the mobile
20 switching center instructs the base station to increase the SNR threshold in
the table for that mobile at that particular data rate.

In an alternate embodiment, the four power control commands are
encoded in three bits of the frame. For example, the four threshold values
define five possible SNR comparison outcomes. The first power control bit

25 determines whether the received SNR exceeds the target level for 9.6 kbps.
The remaining two bits use a binary encoding to indicate to which of the
four lower levels the received SNR correlates.

In another embodiment, only two bits are used to control the mobile's
transmitter power. This is accomplished by time sharing one of the bits

30 between three of the thresholds. In this alternate embodiment, the first of
two power control bits in each powér control group are defined as in the
preferred embodiment, i.e., transmit a "turn up" command if the received
SNR exceeds the target SNR for 9.6 kbps and a "turn down" command
otherwise. _

35 In this alternate embodiment, the second of the two power control
bits are time shared by every other bit signifying whether or not the
received SNR exceeds target SNR for 4.8 kbps. The even numbered power
control bits would alternately signify whether or not the received SNR ex-
ceeds the target SNR threshold for the 2400 and 1200 bps data rates. For
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grouped into 48 transm ssion synbols, each synbol consisting of 6 of the
convol ut | ¥eA61080%8ncoded data synbols. Each transm ssion s\IGSPEEEes one
of 64 different orthogonal chip sequences using a Wal sh code. Each of 25
the 48 synbols is repeated twice, resulidng in 96 synbols as for the 9600
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power control g,_s Qg s wel | 3s df oui
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fifth, seve| Irun
change" Contﬂa&nﬁrst of each pair of bits m each power control group and obeys the

15 second bit of the odd numbered pairs. The operation is similar for the 2400
and 1200 bps data rate cases.

In yet another embodiment, the base station uses two SNR thresholds
for the 9600 bps rate, one just slightly above the target SNR threshold and
one set slightly below the target SNR threshold. Obviously, the received

20 SNR cannot be simultaneously above the threshold for 9600 bps and below
the threshold for one of the three other data transmission rates. Due to the
possibility of receiving the power control bits in error, the mobile could
receive a pair of power control bits corresponding to such a situation. In
this instance, the mobile should ignore this pair of bits since it is generally

25 not possible to determine which of the two bits in the pair isin error. This
embodiment, therefore, enables the sending of a "no change" power control
command for the 9600 bps data rate.

If the received SNR exceeds the higher threshold, a "turn up”
command is sent in the first of the pair of control bits in a power control

30 group. If the received SNR is lower than the lower 9600 bps threshold, then
a "turn down" command is sent.

The second bit of the power control group contains a "turn down"
command unless the received SNR is lower than the appropriate
threshold for a lower bit rate. If the received SNR falls between the upper

35 and lower thresholds for 9600 bps, a "turn down" command is sent in the
first command bit and a "turn up” is sent in the second bit. The mobile
assumes that an error occurred in reception of the power control bits or
assumes that a "no change” is being sent. In either case, the mobile does
not change its transmitted power in the subsequent power control group
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power control groups, when transmtting 4800 bps, no power control is _
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or t hogonal bitgrtibahsmitbadit deveroiined hyhthe 2400 bpstSNR; dresholdecomparisan.

Twel ve suCqgewiyRthoidd siesetthDitd Glahshit altit detdpiniced BF the 1200 bps SNR
threshold compaﬁsoh. This technique reduces the number of power

20 control bits transmitted on the base station to mobile link at the expense of
reducing the rate of control bits by a factor of two, possibly resulting in
greater error in closed loop power control in a high dynamic environment.

Still another embodiment of the closed loop power control process of
the present invention relies on a predetermined pattern of thresholds,

25 corresponding to different possible data rates. This process starts by the
mobile or base station establishing the predetermined pattern of data rates.
This pattern does not have to be evenly balanced but can be a function of
expected data rates. A typical pattern looks like the following: 9600, 1200,
2400, 4800, and 14,400. This established data rate pattern is subsequently

30 referred to as the assumed data rate pattern. .

The assumed data rate pattern is then made known to both the
mobile and the base station at some point, such as at call set up. If the
mobile initiated the assumed data rate pattern, the mobile communicates
the pattern to the base station and vice versa.

35 Using the assumed data rate pattern, the base station demodulator
applies different energy thresholds to each power control group of received
energy in determining the proper power control decision for each power
control group. A typical example of an energy level threshold for each
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the 9600 lws rate to formthe recei ved SNR neasurenent even(é%@%gg
96/ 02097 WO 96/02097 PCT/ US95¥ §660 groups
of four are conbined for data denodul ati on. The SNR neasure- nent is
conpared with the half interval 2400 bp%SSNR t hreshol d. The conpari son

iniess 1t R faedt B0BBRr 600 bof addiFERIGRBAR H0ko SRAd bk Hbghr P!
third, fouréwobps,md%eﬂfsﬁkéﬁﬂ(bbmr control grotips are conbined as above

and conpar ed wi ti wasfeu#aadg; w@hea&gﬁ{ggtxmmg%g%mﬁggﬁa ahgr the

sevent h through t e t ent eventh t u ower
control grogpessesibe datarrate has B 0@0 (RRSTEY de ntlétvme@mnlq,hétbemw bi t

fﬁr t hg iSeCQlfﬂmnStéébh'edtzﬁﬁnghal hagufgga&i efieryletol oﬂmw 1€%hld)hsﬁh?ﬁ REe H

t he nobile tra R rane e so
e ToPt o Mt HATSTIA0 B BuRt lhiRE BB Rald AT R et s

appropri ate qya&\ﬂatomﬂmmalts able.s Ehé thase statiorothemdsends a mmer contntcdol

bit is a"t GHREB éﬂ?xli’% %b‘iﬁet wer
by 1 dB. If_ a %mo coﬁgr%h%a re gﬁ?e &eisg Isrelﬁ{/;vll‘zs b@%éﬁge t he
transnitter ?r‘éﬁ/\’élamﬁseg‘é?ﬂ?ﬁ%@tsﬁﬁﬁn(ﬂ?@r@f egbohB0RL- of the two b| ts is

recei vedgin err OThe Anéliiledédideehaiw tohgsel@ath ﬁmeldaéxﬁréla&ﬁnﬁﬁwdaw?oa%éd

i nf or mati on_bi nS| 20, Us nf Qr mat i
convol ut i on&ft 83@ ﬁstheggtﬂ%@ %u?ﬁfl%m%r’&%fﬁgf ¢ B?‘@eéﬁ%ﬁehg’mpo 72
data symnbol andytheh&sswn&i daitatrate mgthern thaty wiast isethto evoquee. theTpewerar e
t hen groupe 2 [ f
convol uti On%ﬁﬁ&ghﬁodg‘g@@%ﬁg vﬁm%gl?:hso éﬁ 5}% ﬁéﬂr?bngfg ulsg d%e%e ?ed
ei ght tinmes* a?"esqﬁPPPﬁgt? rFr%t%3}" oPeWEE ¢ontrel degirion pby usingsthe Samer at-e.
Each tr assnpsatedurs usédby the base station: the data rate with the closest associated
energy level.
The power control decision that the mobile uses to control its
transmit power is determined by the following table:

P.C. bit = UP P.C. bit = DOWN
actual rate > assumed rate increase power ignore

actual rate = assumed rate | increase power | decrease power

actual rate < assumed rate ignore decrease power

20

This table states that if the power control bit that the mobile receives
from the base station instructs the mobile to increase power and the actual
data rate is greater than or equal to the assumed data rate, then the mobile
increases its transmit power. But if the power control bit instructs a power

25 increase and the actual data rate is less than the assumed data rate, the
power control instruction is ignored by the mobile.

The above table also shows that if the actual rate is less than or equal
to the assumed rate, the mobile will decrease power if the power control bit
is received instructing the mobile to decrease power. If the actual rate is

30 greater than the assumed rate, the power control command to decrease
power is ignored.

A benefit of this alternate embodiment is that, depending on the error
rate of the power control channel, soft decisions can be incorporated
in the power control commands to change the step sizes of the power
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25 chooses one of the 64 different orthogonal chip sequences using a \Wal sh
code andV@8&/0% with the PN chip sequences. The base stBEfHEGISP¥ERives the
signal fromthe nobile by correlating_ the received signals with the chip -
codes and processed by the FHT circui 8. The repeat ed groups of eight

ort hogonal_synbol.s ar nbi ned, theq..30. conbin i th ot.her correl ator
and ant enmf!)éwss ,anﬁn?%%%’&}%&s-bymg i teesnﬂb?f:mj?%m?!ﬁﬁﬁlaff?r{ 'h‘gegﬂécoder

i ndi cat es decishcisqubere theactual | datairate hadrthe dssumederatelare dardpart. t he
vocoder or other service option processor. The first four power control
group intervals of the data frame contains 24 orthogonal synbols. Each
synbol i s WRE ‘t of an eight tinmes 35 repeat. Twenty-four successive
ort hogonal synbols are conbined to formthe received SNR nmeasurenent while
groups of eight are conmbined for data denodul ati on. The SNR neasurenent is
conpared with the 1200 bps SNR threshol d. The conparison result determ nes
the second bit of the fourth power control group unless it is forced by the
above logic into the up WO 96/ 02097 _

PCT/ US95/ 08660 12 state. Likew se, for the fifth through the eighth, the"
ninth through the twelfth and the thirteenth through the sixteenth power
control groups. If the nobile was transmtting a 1200 bps data franme and
was not in the soft hand-off node, then the nobile will increase
transmtter power by 5 1 dB if an appropriate power control bit is a turn
up comand. |f a power control bit is a "turn dowmn" command, the nobile

W ll reduce transmtter power by 1 dB. If a "down-up" command is received,
the nobile will not change the transmtter power, assuming that one or the§
other of the two bits is received in error. 10 When the data rate-

changes fromone data frane to the next, the
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transmtter power is changed to the corresponding | evel at the beginning of
the data W960209% | power control commands and adj ust ment PCEESIHPINR0 r espect
to the romimal power used at_each transnmit data rate. The SNR threshol ds

can al so hﬁxsgi%@ﬂﬂﬁdeed alTy by the Wobile 15 switching center that is
connect ed tjE# tlon The nmobile switching c E e @%Ie
base statibﬁ c swi t ched I ne network {|( gii; g ’g Fie
the switchi equired to a between i 215 f he base

station. If the base statlon IS receiving fromthe nobil e a signal that has

a higher bit errpr raAanﬂfU?l {5l H&itrollhfgn@%Wek‘eonQ trhEmiites i8€8tBbbile
instructs the base station t.o incr.ease

ﬁitag hold in, the bllefor
that mobfl CORMURications qdeyice hayine, a, garipple, sé’rﬂib&? nthe ¢ he
four power tramsmittennoemodsunioatingodedri a tdhrarendd tlsetofedhethe amnaobllF@r

exanpl e, 4t _r;,gm{,,gwm@ﬁ Qbficd A bﬁf%fe | B8t ohvmm%gt@m{«ﬁﬁgaﬁ 30

out comes. ower contro recel ved
SNR exceedstabie cpmpg‘@ng apluralfy of sigual to nojse ratigi thrashalde, the methed o
bi nary egcogimgriking tHt §pS of0 Whi ch of the four lower levels the received

SNR correl ates l.n "anot.her enbodi two bits are used t nt r ol
the nobile's traﬂ’serﬂnt“gélf* RV leA S ge‘ﬁﬁ%(;ﬁ?)‘ﬁxg’r? Eong}i“? %@S%ne of
t-he bit s830stations cihet bigaal da‘emgld:rahsmttedda;t al predatermhmted nixte eatboahmdrent ,

the first I s in each pover control group are defi ned
Ohadifld LS 66 BbIA rdtld

as in the pr e., transmt a "turn up" conmmand if the
recei vedOSNR exc’@@dbaﬁmémﬁmgéﬂm&ﬂll&m&)ﬁ © SiERMpto Avipesratigta erphnof themand

ot herw se. ﬁfﬁrahty ofbignfahténaisb%mfbtﬂuemaasnent the second of the two
pover cq troI r s ared tlé\l \£elr¥ to})hgr bit si n| fél nﬁ{ﬁ%t her - or
not the ece| vedﬂ’ﬁ\gfl U8 BEPHRA SRR 16754 OBC BRSET \, E9m

power cont rxaspbirse tavblue dteaj @fenomaauljg& gnify V\/net her or not the recei ved
SNR ex- jgeeds thgd Q8! sBlNfoh NELaRRhRLIHY thiae %4%%@%3299“)%9%61&%1

rates. For
command to the mobile communications device; and

16 the mobile communications device impiementing a first power
control command of the at least one power control command.

2. A method for controlling power of a transmitter in a mobile
2 communications device having a plurality of data transmission rates, the
transmitter communicating signals over a channel between the mobile
4 communications device and a base station, each signal comprising a
plurality of power control groups, the base station having a data table
6 comprising a signal to noise ratio threshold for each of the plurality of
data transmission rates, the method comprising the steps of: '
8 ~ the mobile communications device transmitting a signal to the base
station at a first predetermined data transmission rate of the plurality of
10 data transmission rates, the signal having a signal to noise ratio;
the base station comparing the signal to noise ratio to each of the
12 plurality of signal to noise ratio thresholds;
the base station generating a power control command for each data
14 transmission rate in response to the step of comparing;
the base station transmitting each power control command to the
16 mobile communications device; and

|\I|||I\ | II|\| ||I|I ll lll\
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. exanpl e, WO9&/02697si xt H“ﬂr“u(mmtol gr U-Hgls q IS9%/0R66 | r St .
third, fifth, sevent: | th, tHi it HIRiBFEY tieent h woul d
transnmit a bit determ ned by whether od8pbet_the received SNR exceeds the -
SNR t hr eshol d Tjo‘r.t_he__ziBOO bps data rate. The second, sixth, tenth, and 5
fourteenth bitsthe JAehile eommunicaldpRs rderiey WRSERMBREZOPT rRCTEABINGERE ved
SNR exdgedsrddienitid® poweslial fespohsé e 24D rbgsivedippwert eonttbE chbaimhahd
- ei ght h, tvvelftg‘ %%g Sie{ét a;p\tQhﬁgitt% tran'sm'ot a bit determ ned by whether or
not the refBRJEY prgtermned date Gransipission ¥¥or the 1200 bps data rate.
In this alternate enbodi ment, the nobile, knowing the bit 10 transm ssion
onmands, agcor dinl ve Eor et UT° cliith (8P ticteldl the " BLyliGONGT a8 1
frane, tszhe%_"?é’émiaglﬂgﬁf‘esci&ﬁfuﬂ;g 96509’ #ﬁb‘gg’éﬁ%aﬁﬁi’oﬁﬁw&i@@ec ing
transm ssion of a 4800 bps data frane, the nobile ignores the first of each
pair of bits injeach [ 1C . u opeys. the 15 second bit of
the odd nunber ed pai ngvgﬁte}m?;éf gta}l%%i g'h%p%nl Q}éf%quf%goxgwlgﬁ %2300 bps
data rat2 daviss is lancods: divisionanulliplediceess typetradiotelephane and dbedaseo SNR
threshol ds g{ 3o {€a gﬂpdﬁ?ﬁdﬁ%ﬁlti;ﬂg%béb‘éttyﬁé’bﬁgéshtlgt?ﬁgve the target SNR

t hreshol d and one set slightly bel'ow the target eshol d. Cbvi ously,
the received 20 SNR cannot be sinmultaneously above the threshold for 9600
bps and bel ow t Be t hThehakthddof oledno? wherdihrihe power cdatml tgraupsiarei on
rat es. e . Sﬁ' QH |t i 5'0{1.9.- . | In error,
t he nobi 'eO%%aurflg&; 2‘8@’. ve ef" spélair?ﬁﬁﬁggv%r cé%pgo#pﬁﬁgpggﬁrggﬁgél@sﬁg to suc
a situation. In this instance, the nobile should ignore this pair of bits

since it is gengrall X mathed f@oaéﬁﬁbniﬁgﬁd%erdﬂanermnﬁmt@fiﬁ BembBRebi tS i N
the pair,is in error. ThIdS enbottljl ment, t etegore, enabl es- t he selndl ?g of a
"no cha e"°$’dWéPl°(,at§’rﬂnrso evice having 'a variable rate vocoder capable o _

transmitting data signals at a plurality of predetermined data rates, the
4 transmitter communicating signals over a channel between the mobile

communications device and at least one base station, each signal
6 comprising a plurality of data frames and each data frame comprising a

plurality of power control groups, each of the at least one base stations
8 having a data table comprising a signal to noise ratio threshold for each of

the plurality of data transmission rates, the method comprising the steps
10 of: '

D

the mobile communications device transmitting a signal to the base
12 station at a first predetermined data rate of the plurality of predetermined
data rates, the signal having a signal to noise ratio;

14 the base station comparing the signal to noise ratio to each of the
plurality of signal to noise ratio thresholds;

16 the base station generating a power control command in each
power control group in response to the step of comparing;

18 the base station transmitting each power control group to the mobile

commuaications device; and |
20 the mobile communications device increasing or decreasing the
~ transmitter power in response to each received power control command
22 and the first predetermined data transmission rate.

7. A method for controlling power in a radio having a transmitter
2 with an output power and a variable rate vocoder capable of transmitting

I —————

TR
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command for the 9600 b If the received SNR exceeds the higher
t-hr eshol d, we 9si0e09m up" :
g

nt in the fi rsof then geoNt 1 ol
bits in a power contro roup. I'f the receivef ﬁ%é%EHWBEm

| ower 9600 bps threshold, then a "turn dpswn" co n ond
bit of the power_control grolg contains a "turn dowt:=—copmand-grFess t he

0 NEe PNl DEIGR

o L = A

t he

And | spsepdeEdhe s6
recei ved SNRigBalowdr at phuraliy gfproedeterminededadh drdtes, dheoweanmmitteat e.
Lf the reselyads iRl bighabPtyae Teddh bridPhsde statioBhe: W Fverls ERARES tho"

9600 bps, a "tuyrn,down" co nd s sent. .in the first. conmm and a
TLurn Upt | SISt ORe pRSESSIAURD BrANSTREng ERalste the Sadimevemadoreard
occurred én charmel; eaclobigrad qmvwrisingna rpllrdlitys oﬂﬂg&@:ﬁ:&fﬁtés talihﬂ edich data
change" is | : [ , [ s_not chagnge i

tr angrri tt edqggﬂv\%r, %?Hﬁ?ﬂé&s%bésg@:}gn?ﬁgoﬁgrﬁ%‘gg?r%‘?n%ggu%mups\’l\(ﬁ@%/’ﬁfgéefd
PCT/ US95/ ®sawmnprisingrihe; steps vk . This enbodinent is useful in reducing the
D st ed yer y ] g Bt O Watos BoETele T Mo A
adj usted,yery .cl ose to.the : .

thJe mobi i“l t% %F%@Psﬁéﬁ?ﬁl% q?‘ﬁ%eo%iéﬂs&a&%haw shataon.ceark datarate phthe
station. 5 predetdrmined setiof data zhtesrhatiagend adsdtiatedQiretibreredineq @énled

power comér f the present invention, a single power control bit
i's trans%it?gégé%gﬁggﬁf control group. In this enbodi nent, the odd _

nunber ed power cd@eDesRtipgopsPevenseantral peammandt il resiponget o nanfatsby
the 960010psprelibtdriiifedAata rate of tRE HEdSieeMiRe Wat of ABEL %h&r%'ﬁ?]thé Hisn ts
a power contrql 10 bit deterdm n%%t h<=at 480 bp SI\AR agr es1 ol d. e
remai ni ng eATAJRRF assoRatad BY THec: eng; esholddayeli i ng a bit
determi nd8l by thdrademitijisg 3kie pomehoonitrah dcaimatidd@o btlte trades vvled. tHOT -
exanpl e, tNheofyhPd chabine: ' : _

18 comparing the actual data rate to the first predetermined data rate;

and

20 the radio adjusting its output power in response to the power control
command and the step of comparing.

8. A method for controlling power in a radio having a transmitter
2 with an output power and a variable rate vocoder capable of transmitting
signals at a plurality of predetermined data rates, the transmitter
4 transmitting signals to at least one base station over a reverse channel, the
at least one base station transmitting signals to the radio over a forward
6 channel, each signal comprising a plurality of data frames and each data
frame comprising a plurality of power control groups, the method
- 8 comprising the steps of: '
establishing a predetermined set of data rates between the radio and
10 a first base station of the at least one base station, each data rate of the
predetermined set of data rates having an associated predetermined energy
12 threshold level;
generating a transmitter power control command in response to a
14 first predetermined data rate of the predetermine set of data rates and the
first data rate's associated predetermined energy threshold level;

16 transmitting the transmitter power control command to the radio
over the forward channel;
18 comparing the actual data rate to the first predetermined data rate;
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lace
fifth, seventh, ‘Eﬂlrteenth and fifteen ont r ol
gr oups tWﬁﬁé]ﬂﬂ(’Wag[ﬁ Eim by t he[FSFo0=bp N sl ?%%&)68
conparison. The sec nth JHF%§H 6Eh't‘\ﬁ EiﬁEle ltransmt a bit -
determined by the 4800 SNR t hreshol d 8par i SFPLABES fourth. and twel fth -

bits t t it . det 0

The el gt andi bt SERRAREHOE Bolikr cafpfel Shepiigadl IRiiES SLASE WA 0 o\
t hr esh2f) d upoapdrtheoactushidata caiteiis @reataruthan the finstinredetermined datacont r ol
bits trangg&é e dreddid é‘%hé)@ﬁ?px&t?éw&“ to nmobile link at the expense of

reduci cont r.ol b ffactor of, SSi resultlng in
great e#Z error Pétb‘l’ SERRSIYLEr BOWEr %ﬁmlommaéldh} cﬂ%ﬁ ﬁ'} \R‘WﬁTment
Still anotdewn anlaerastuabldataieatel is greéaterothamoties ficsinpredet@minedsdata t he
present, i nvent.i on .reljes of t hreshol ds, 25
corres%qbnd? 1gg0 Wfte} %%B%%@regqﬁ%t@aﬁ?al |Bs process starts by the
mobi | e or base if the itvanswitéer powien control MQ@E@& ndigates: tWMINgPQyRTa
rates. oehi aﬁ&ttﬁfé%ﬁgﬁ dagd rE'EéVi% regs teﬁaﬁ\mel firstdbrefetiniinkd Htahuta,
functlono expec ata rates. ﬁgmi gggtt rnhooks i ke the

fol | owi ng IEQGUGS ¢ zd@angmeﬁermmr £ORHBARGHhABCest abl i shed data rate

. patterpgis subspghentransatitterf powed dontasl commandnindicktiea tutdngatheer n.

The assuned dat rate r e t egpﬁbd: £nd the
base st at |We§t (g%%% eacgiljéé é& eﬁe|§,§l(} ﬁxebﬁ}%\;hé;@d elnitiated
t he asﬁﬁlmeiataata&e,rmewngé ﬁoutmet H%‘B?Ie cormunl cates the pattern to the

base station and vice versa. 35 Usi ng the assuned data rate pattern,
t he base station denpdul aj or, g I|e <gufferent ene hreshlgtds to each ‘
pover control ghoup frmethed, I9F gontrotling 0%?‘@?% rﬁéls&?

cont r ol 2 depinfihanidationsaddvigs whe methadotomprising the gEpsadf: exanpl e of an

energy |evel t S
PCT/ US95/ 086 60%% &%ﬂufn%atmdewcé{@r%rﬂﬁ%é a signal havmg a signal to |

4 noise ratio to a receiver device;
the receiver device comparing the signal to noise ratio to a signal to

6 noise ratio threshold; and
the receiver device generating a power control command in response

8 to the comparing step.
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15 data rate is 9000 for 9600 bps, 6000 for 1200 bps, 3000 for 2400 bps,

1000 for
energy of the incom ng signa
energy |l evel. For exanple,
an energy | evel of 5000,

The base station then sends a power c

instructing it to increase power since at 12(

to see an energy |evel of 6000. 10
power contr ol
rate used for the p@wer

that was used to corput ¢

controls gr RUp
the péwerjco

¥ and 8000 for 14,400 bps. The base statiWWﬁﬂ%“%
and guesses the data rate based on this

it would assumd/%he
this is data rate associated with cl osest ener

command bit based on the val ue

s the

if the base 5 station received a signal having
tatg rate is 1200 bps since
| evel stored An itg tghle.
ont rol co%{ %
)0 BJs ex@gct s
The |moPi o (isegdach
gt gaq)a
, and t he~adsuned a0
ntrol bit. The nobild knows which

assuned dat § Tarle wa by t si-atd on to creage tjhe power control
deci si on USHNg : 15 pr usefl by the bage i e ta
rate with g e%losest xg5oci at ed | ewgl. The powe G g Pn
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following table:} P.C. bLt—=1P Pl C. 8bjt | DOMNN actug r’§ e ate
i ncrease poygr ignore actlal ratey=|a$3phmed rate N fiCTEZSE RO =0
decrease pojer dct ual i suned r\s\t%c i gnore gcreese owejr 20
This table states th é%Tower con bit that th¢ noBilelreceives
fromthe base statiop instrucls\L ke nobile to increase poger d the jactual
data rate is greater—tpan or_§ uaf to the assuned data rz Q, then
nobile increases ifs2tfansnjt pgqwer. But if the pou r@v f ﬁgtructs
a power 25 incr ase(“gmd the @ctjual data rate is QA he assBm!gi_data
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power
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power WO 96/ 02097
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transmtter in a code- 2 div
having a plurality of data tr

so shows t hat
the nobile wll
is received instructing the nobile t
30 greater than the assuned rate,
Is ignored. A benefit of this alternate enbodi nent
rate of the power control
i ncorporated in the power con

If the actual rate is less than or equal to
decrease power if the pRfSULHESEY bit
ecrease power. If the actual rate is

command to decrease

I's that, depending
channel , soft decisions can be
change the step sizes of the

t he power contro

THE MOBILE 301
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um%j a d the assuned rate are far
A HON

ontrolling power of a
cess conmmuni cati ons devi ce

the transmtter

t he communi cati ons device and a
6 t he

communi cati ng over a channel between
base station, the nethod conprising tWe steps of:

comuni cati ons device trang nal to the base station at a
predeterm ned data rate of th&£g£8f§¥£§gAJf Mat af r at 885 8 t he base
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-data tran®PEErOR rat es. 12 . theipase statio&“e Bt | ng%/}[@a@téoﬂ:\@
power control command in response to the step of ¢

base station transmtting the at |east one power CW rmandztﬁ) Rle 1008
conmruni cati ons device; and 16 t he. conmuni cat i ons devi ce inplenenting
a first power control command of t hCIAIMS st one power control conmand. 2.
A nethod for controlling power of a‘transmitter in a code 2 division

{ml tiple accesy. NObiA enéMBA. Tbe alonersiliflgy peer é&auf Bgtranﬁlnl T uﬁya%d@a}]a |
ransmnj ssi;on_rates nal s, Qv channe
bet weeh t HE FASH! néﬂ%%mm g%ﬁgﬁg@}{ %@ gih's ft?k’ﬁafé'agﬁd?ﬁqnal

conpri si ntraaspissionimfesy fthy dvemsmtar comgrenisstingheveras ahanael betweerhavi ng

a dat a1 t afe? cORIMRUNNAE HedR) and alltiseStabn OtHERINGH dedriiprisighued t he
plurallty E% gla transm ssion rates, the net hod conprising the steps of: 8
S .

the nobil @ muni cati ons device transmtting a signal to _the base station

at a férst prede sPHRER@HCRS ey {TanrRYtting a signalie thehaseistationt atiat a 10
transmi ssaqsmd&tarmznédhdasa gl of theiplgralityifrddtatratespi se rati o; the base

t at r t
?lo?slaagr]atc |ng ? hruggﬁg%% gﬁ.aé%,aé%ﬁggaes,%a;i %n%?xassa%éﬁoofor 4]?# e‘f%%n%ormand
\for each tmeachof ap %ng%ﬁ“# dpangige fa ﬁ:h@?%‘t RPbF i ng:

he baze &f atgﬁrl tbrmismrhhort@x:&tdidsmrap@nﬁm wmﬁwﬁsiza pman@ ofobi | e
comuni cay i’ﬁé ’% 3ded he nobile communi cations device increasing or
rans

79

decreaS| ng t mtfer ower qFr esponse to a received power
contrdd comman Ilega‘?‘l‘% Ll & RAVEFTFoRiIoH SPEMARd iR ssi on
rate. ﬂesporiﬁbetorthelmpof coinpamn@ wherein the plurality of data

14 the base station transmitting the at least one power control command
to the communications device; and

16 the communications device implementing a first power control
command of the at least one power control command.

2. A method for controlling power of a fransmitter in a code
2 division multiple access mobile communications device having a plurality
~ of data transmission rates, the fransmitter communicating signals over a
4 channel between the mobile communications device and a base station, each
signal comprising a plurality of power control groups, the base station
6 having a data table comprising a signal to noise ratio threshold for each of
the plurality of data trarsmission rates, the method comprising the steps of:
8 the mobile communications device transmitting a signal to the base
\f station at a first predetermined data transmission rate of the plurality of data
10 transmission rates, the signal having a signal to noise ratio;
the base station comparing the signal to noise ratio to each of the
12  signal to noise ratio thresholds;
the base station generating a power control command for each data
14 transmission rate in response to the step of comparing;
' the base station transmitting each power coutrol command to the
16 mobile communications device; and
the mobile communications device increasing or decreasing the
18 transmitter power in response to a received power control command
corresponding to the first predetermined data transmission rate.
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2 transm J8TN Tt es i ncludes 9600, 4808, 2400, arPdQlTZBO‘kllobg&Ks@(ﬁ)lﬁibO

4. - 'The method of claim2 wherein the nobile commyn, s dev,
code division nultiple access type radiotel ephone anmﬁase s*af @ﬁi %ggaﬁa

code division nultiple access type base station. 5. The nethod of claim 2
wherein the power control groups are 2 organi zed |nto frames, each frame
conprisingh16 poger CORéT amethb@URSE daim A Wehéeth f @he CpNifalt) i NGF REMEr Of

atransnitt o] e nlcatlons
devi ce h@awﬁﬁnyﬁ 10%% € ré:ﬂ@/év‘?c er cap?g@‘?e"@?ﬁ@aﬁ%ﬁ/ ta signals
at a plurality of 4 predetermned data rates, thect‘,l\a_nsmtter

gom"runl Caél ng siqnal Smueﬁanoaf&meimbpmtﬂﬁ E@&ﬂxﬂz@nﬁaﬁﬁ'@' a€¥r1c|9'1§ |
evic a e r|5|n urality
o s 7 St NN et el et nd M e i
groups, eac¥dsd divisienimuli aﬁ‘éﬁﬁﬁﬁ‘ﬁ?ﬁ ee&atataame corrprl sing a signal to

noi se ratio threshold for each of the plurality of predeterm ned data

h I
éi‘tv.eieirinsm o are She S{E“@‘%asiﬁﬁg i, the APl Bl oued 2"

ttin SI gn
pr edet ePmi a&a%%sig intp &ragpes, FFéC If‘Eﬁffﬁ?FP?‘Rﬁs%éédlcéﬁﬁ ereirebgroups-es, the
signal having a signal to n0| se ratio; 14 the base station conparing -
t he signal to no&se rgt eﬁﬁ'hc&jtr k,g,g@érl Ly ao{_r E! gqéLrto n0| 3 ratio
t hreshol_ds; ase S I on g power cont 1ol nd

in each zpov%‘r"’%BHt FB‘TR‘ G‘EF&F?\I'P ﬁ%’é‘“%mt‘:ﬁg"?? eﬂe‘GFe hA%IaBi ﬁg"al'l@le
t he base stm#té omotoders maipabhg afadrenEmitting ordata| sighalsp 4t0 d hpluwgality e of

communi gat i SRAHE¥AFRd ARtk Alles, the ua&,lgﬁufmplécﬁnﬁﬁﬁﬁw& Aagaa]sd%%ie?ea
I ncr easi ng cg{ de reasgﬁg thhe t% nsmtter | [es a recei ved
power contr ”Effﬁm‘%ﬁﬁﬂ‘ € SRPRED STER, %?‘S@étl&?ﬁ feg kese
t ransm $si oHtatigne eagh mgmﬂmmpaxsfrcg &:pinnabty |Qfgdptavxﬁames andoéaddldatan on
mul tiple 2 frageeesnipiting N \plaglityt 62poWert @nt/bll Broip WaH! bROYEE8E 2
variabl g r alllaevn-tg a data table comprising a signal to noise ratio threshold for each of
. the plurality of predetermined data rates, the method comprising the steps
V10 of
the mobile communications device transmitting a signal to the base
12 station at a first predetermined data rate of the plurality of predetermined
data rates, the signal having a signal to noise ratio;

14 the base station comparing the signal to noise ratio to each of the
plurality of signal to noise ratio thresholds;

16 the base station generating a power control command in each power
control group in response to the step of comparing;

18 the base station transmitting each power control group to the mobile
communications device; and

20 the mobile communications device increasing or decreasing the

transmitter power in response to a received power c¢ontrol command
22  corresponding to the first predetermined data transmission rate.

7. A method for controlling power in a code division multiple

2  access radio having a transmitter with an output power and a variable rate
vocoder capable of transmitting signals at a plurality of predetermined data

4 rates, the fransmitter transmitting signals to at least one base station over a
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-vocoder cBPEBIEABf tramsnitting signadks at a pl ural:l !{/l of pregeﬁé.ageé 60
datd 4 rates, the transnmtter transnmitting sig@@ﬂj@g | eagpt oaﬁﬁbﬁag.

station over a reverse channel, the at | east one base stati*o
transmtting signals to the 6 radio over a forward channel, each signal
conpri si ngevergd whahnely tie dalasf carebasenstationht@dasmittingesigaaBr tsithg a
plurald ty of;PVE" LANGS s e I Sy . S s of:
establél'shfén%oa pr‘eaq%‘%%cgl set'oﬁ‘a%a%lgﬁ?ﬁ?% s “bet e%l ]?l;}l{gg]%%?:g %a% a 10
first basEaeangheanh $h8 TR GOTPHATRE phBIvalisy o6 POWSR FOREPh SFRHRS, of 1 he
pr edet&r nilnethetledd ebmgaising dhestepawifng an associ at ed predeterni ned energy

12 threshold sahi &gngn&%) Fof Gk | . etoa
first_ 14 _predé%é%%%?é%fgler aLFe 0 %ﬁ’g pre&glfeesrm n sg%éaﬁalggﬁgnéat es
and tHY f first basecsfation e g2k Fash ones a%"s&@téﬂ%deﬁﬁiéo‘é#ér rteecef gher gy
t hr eshol dpkedetexmirfed set of ditaaatesibiaving) ahhasspoiated predetrninededitbrgy t he

radi oppvep, o jd channel ; 18 the radi o conparing an act ual
dat a ]Fie)lt e&t‘o tlo"lfép?él%’t predet erm ned data rate; and 20 the radio

Yadjusting its SEREFAtINBoVRrPOWER <STRle OFPRBdL ol TERFEE| teome@tand t he
step bf cpradatengined data’rateohthe predetemhired setgofpdatar rates and e fiisti Si on

mul tiple ﬁgﬁﬁﬁ% r a0 LAGH b bfned r and a
vari abl e ?5?% VOCO &%ﬁ”@ﬁlhof trt%{lgpé{%tl n siﬁgna a?%%{ﬂg?%}l)lgt’y of
predel®r ni ned HRARETUtng Jfes POVRE rrF‘P‘F'é‘ga‘P af iTAFIQ | ofRxl dhéo at

| east onefdraeaxrdsetsdanresl; over a reverse channel, the at | east one base

statipg transmyd *m°%9‘§ﬁ’?‘f &h E&ﬁaﬁdafa%‘l&é’t&‘ﬁlﬁé ﬁ?st{ff Lekéerh a%g"tgééanpeac h

signal conprising a plur of data frames and eac rising
a plurali ?%}907‘" ower control groups,. 8 t he net hod conprising the steps-
of : 20 the radio adjusting its output power in response to the power control

command and the step of comparing.

8. A method for controlling power in a code division multiple
2  access radio having a transmitter with an output power and a variable rate
vocoder capable of transmitting signals at a plurality of predetermined data
4 rates, the transmitter transmitting signals to at least one base station over a
reverse channel, the at least one base station transmitting signals to the
6 radio over a forward channel, each signal comprising a plurality of data
frames and each data frame comprising a plurality of power control groups,
8 the method comprising the steps of: _
establishing a predetermined set of data rates between the radio and a
10 first base station of the at least one base station, each data rate of the
predetermined set of data rates having an associated predetermined energy
12  threshold level;
generating a fransmitter power control command in response to a
14  first predetermined data rate of the predetermined set of data rates and the
first predetermined data rate’s associated predetermined energy threshold
16 level; . . ,
tranismitting the transmitter power control command to the radio
18 over the forward channel;
the radio comparing an actual data rate to the first predetermined data
20 rate;
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_'establ i sh A redet exni ned set -of da@ rates t he rad| (07 d

first base statlon of the at |east one base st data rate of-the
predeterm ned set of data rates having an associ ated predeterm ned energy
12 threshold level; generating a transmtter power control command in
response to a ifithd trapsmittedepeswer woutndt commandofindicatesr bueing npowedr set  of

data sate gaaﬁvd&ﬁ@ a&&iaffdam %st@r tHahotHedtiRt radsReinghed ﬂﬁ?&&erm ned
energy thr d.16 Ievel; m 1tting the transmtter power cont r ol

cormand t 8¢ FRAIPIIFRasNg ﬂ%?“ B¥¥GEr d channel ; the radi o conparing an
act uap4dat a r aifethe ttamsniittes t pgwer ebatmil nexnawnal Rﬁdicaasemnungf vaer

LransmL! g “HQ%H &‘QHL&QL[ 4 kn&éﬁéﬁw(ﬁﬂ% erm %ggdd@t a rat Z(ﬁqat o

act ual datar e reater an the.f |rst“;)er t he

radi 02® ncFa%s pnsmjtter power qoftral commant; ¢t er power
control commandf ﬂlﬂjmnntuenrmwgr wontrol doymmard tthdicatssutirndng apowee i s

great gg Ea?;sﬁ ehd hdtaihl Mﬁ%t@m&qhsﬁtaéﬁm etei'ﬂﬁné&cﬁé?a ILgRORKEY the

transmtt ower contro] conmand; etran wer control command
g e Ganama 0% Cimangs 2B

i ndi cat esr?%’tgﬁ’@ e o is |ess than the
first3predeter ni ithel Drabsmitier power rca:ahtmll gpmmngdt freditates s titrting  phever

control  Coyan @ana%e actual ddtalriife is' R0 Bdrl fle Mﬁ;reae@r&ahe& nd
i ndi cates tur&#g@% di(%ewer ﬁ'ﬁ{p apéj t he actual data rate is less than the
first3preddte 25Ing the QURWPPYWET 0 decreasi ng the out put power .
9. At a base station, a nethod for controlling transmtter power 2 of a
remote communpcat i &Qa%&@@&dﬁ]l&méthaasmrt&r&ralﬁg%aﬁs & m ned
data gatecof aplurallty of data rales, gagh dalasLake havinga, ,
predetermined data rate of a plurality of data rates, each data rate having a
4 different power level, the method comprising the steps of: '
receiving said signal;
6 determining a quality level of said received signal;
comparing said quality level to each of a plurality of quality
8 thresholds which each corre5pond to a respective power level of said

plurality of data rates;

10 generating a power control signal in response to sa::d comparing
sfep, and .

12 transmitting said power control signal to said remote

communication device.
14
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4 di fferent power |evel, the iy conpr &n%gtzh&gst e%s of : 4

Si gnal etermnin uality |l evel of said receive PP

comnpar i ng sai PQRI ity |ev Esﬁ't;‘é‘f;, PROPERTYORPANIZATION  qual i t yNeg
;Pafzr?wm@fﬁzﬁgﬁﬁmgaﬁ%ﬂdﬁ@ SRR AR o i wmv Eem
respdﬁxtsxtetxmu@alll’dteummg6st ep; and 1PRan Imematioﬁarmmohwuﬂger. sai d WD 96402 99‘7
contjirol gogyeped to said renote c¢oumpni cati on device. 14
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{87) Abstract

The process of the present invention enables a mobile radiotelephone to
operate at a 100 % duty cycle while providing closed loop power control. The
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generates power control commands (310) to instruct the mobile to change its

power depending on the outcome of the comparisons.
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