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HYBRI D ANALOG DI G TAL METHOD AND APPARATUS FOR CONTROLLI NG
THE TRANSM SSI ON PONER LEVEL OF ' A RADI O

TRANSCEI VER FI ELD OF THE INVENTICN 5 The present

I nvention relates to the field of - personal wrel ess conmuni cation
devi ces and. t heWSrHbI84s "~ that arise when such devi ces i rrcesedas1?i t h
one anot her. Since many contenporary wireless comunication systens -
are limted by in-systemJjJy.erf nj s 1o 10 control that
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requi rements. SpecificalTy, TAl T%ﬁg%# 3 L 0 the

field of controlling the transm | of a personal
Wi rel ess . communi cation device to hel p prevent interference by and 15
w t h. ot her devi cesmmmmm BACKGROUND OF THE

.| NVENTI ON [, f I
i i oft a nunber of dlégﬁéjﬁﬁ¢% rglngegag %t% tﬂsr%geid mnre ©ss

conmuni cat i ons, ase
personal wire ess communication devzces and. the problems

that arise when such devices interfere with one another.
Since many contemporary wireless communication systems
" are limited by in-system interference, mechanisms to
10 -control that interference can improve system traffic
capacity or reduce spectrum requirements. Specifically,
the present invention relates to the £field of controlling
‘the transmission power level of a personal wireless
communication device to help prevent interference by and
15 ~ with other dev1ces emlttlng radio signals.

' BACKGROUND QF THE INVENTION |
In the rapidly emerging field of personal wireless
communications, a number of digital radio-based systems
have been developed for transmitting calls and data to
20 people who subscribe to the system. 'High-tier' wireless
' systems, based on cellular radio concepts, typically use

relatively expensive base station towers to communicate - v

‘with individual radio transceivers used by subscribers
over a radius of several miles.

25 More recently, ’‘low-tier’ radio standards have been

| " developed that are capable of supporting significantly
higher traffic densities than are generally feasible with
high-tier technologies. The low-tier systems use small,
inexpensive base stations that each service a relatively

30 small area. One ad#antage of low-tier systems is the
ease with which such small, inexpenéive base stations can
be readily and widely deployed, e.g. in buildings or omn
utility poles, to enable high capacity wlreless access
service. '



have been devel oped for transnitting calls and data to 20 peopl e who

subscribe to the system 'High-tier'-wreless systens, based on
cellular radio concepts, typically use ' rel atively expensive base
station towers to comunicate wi th individual radio transceivers
used by subscruhawamm4 over -a radius of several mles. Eorusesnsi
Mre recently, 'lowtier' radio standards have been devel oped t hat
are capabl e of supporting significantly -2-higher traffic densities
than are generally feasjble with gh-tier, technol ogies. The

lowtier systems use siftf Ipers‘mal w?‘ﬁ%&?)%ﬁs‘?q}‘@‘%é%?&t FYRSemh fAOMEEH2
service a rel ati vety @ow in populazieyp, tinaleabiayt afe sabstpibdrer syst ens

is the ease, I, e

b2 01y ang S 53 USSR Sl e eushal Ll o
poles, to enable ht |FFemPFgPE§@ %Ex%ﬁ&?r erenceseﬁvv%@n tke .

WO 97/ 40584 s transceivers used by subscribers HGI&USQﬁiEIBHE)expan31on

- - . E
(2 grow 1 popul 56 BRI ACHISS SO RLAL RATLEICRE" TV

interference can bhe controlled.

" A principal means of controlling interference _
o . between'transceivers is by regulating the level of power
.10 :. at which an individual transceiver transmits. The
‘'standards established for some'emerginé'Wireless systems
have included requirements that participating
transceivers be capable of regulatmng the power level at
which they transmlt over a gzven range.

15 ' For example, che_Peréonal Aécéss Communications
N System (PACS) is one of the emerging low-tier wireless
system standards. PACS may prove to be a particularly
important system in deveioping countries now served by
inadequate communication systems. Because PACS is such a
20 © cost-effective wireless technology it may come to be
' heavily relied upon for both.personal and business
communication needs.

According to the operatiﬁg'standards for BACS, a

transceiver must be_able'to adjust its transmission power

25 ° level in response to a power control signal sent by the-
system. The_trénsﬁgiver must be able to adjust its
transmission power level over a range of 30 4B in steps.
of 1 dB with an error of not more that : 0.5 dB. See
American National Standards Institute J-STD—014,'EQ;§QQQL_

30 Acce m icati T Ad t , 4.3.4

| (1995) the disclosure of which is incorporated herein by

" reference. = Other systéms have required similar

transceiver capabilities. '



continues to increase. As the densit'y' of subscribers I ncreases, the

probl em of interference between the & -transcei vers used by subscribers
will limt the expansion of personal wirel ess comunications unl ess
t he ‘interference can be controll ed. A principal nmeans
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| evel in response tgdufaeriscadEedeubtgnal sent by the system The
transcei ver nust be able to adjust its - transm ssi on power |evel over
‘arange of 30 dB in steps = - of 1 dBwth an error_of not nore that
0.5 dB. See - As previously stated, reducing the transmission

10 power level to the minimum necessary to maintain a radio

link of sufficient quality provides both system benefits
(i.e. increased teletraffic capacity) and individual
. portable transceiver benefits (i.e. reduced power drain
" on the battery pack). All transceivers must employ
15 analog electronics to produce radio frequency power for
transmission to the base station by the transceiver
antenna. However, the electronics used to control the
transmission power level may be purely analog, purely
digital, or a combination of both. |

20 o A-ﬁurely analog method, such as adjustment of the
o power gain of. the. final transmit amplifier, could provide

additional reductions in battery consumption, but purely
analog approaches are difficult to implement .
Substantial complexity may be required to meet transmit

25 .  power level accuracy reduirementsl especially over a
'range of temperatuies. -Additionally, if a purely analog
method is.ﬁsed, significant cost may be required to
.individually calibrate manufactured transceivers to
verify the accuracy'df'their transmission power control.

30 Purely digital methods, by contrast, may be
significantly more robust over varying environmental’
conditions (e.g;-temperature). Furthermore, purely
digital methods may not require the expensive calibration
that purely analog methods do. Thus, ;ransceivers using
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transcei vers, controlllng the transm ssion powsr |evel reduces power
consunption and i ncreases the life of the - battery pack which powers a
transcei ver. HoweverpuBely diginhaicimeghadstal tpntnek perasism ssians peweermay t h
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| evel control over suc accuracy is

such .
difficult. g&“’fﬁev{ gq‘ﬁ?tstm&f‘é‘éacpéﬂ%m ng the transm ssion 10

power |evel to the n1n|nun1necessary to maintain aradio - i nk of
ol o iapast ] PRI DO BERS 51p0 nesils SoBRRREEY,
(i.e. reduceé poweA1ELRAR adjustment of the transmit signal range (e.g., a
digital compression or ampllfzcatlon method) immediately
prior to a digital-to-analog conversion in the transmit
~chain. In such a technique, the absolute
digital-to-analog conversion parameters (number of
10 fesolution steps, maximum'peak-to-peak analog signal
swing) and the gain of the following analog power
generation stages are fixed.

Fig. 1 outlines a straightforward digital
compression scheme for transmission power control.

15 Assuming linearity of the following (fixed) analog
'stages, the transmit power level is proportional to the
square of the'amplitude of the analog waveform x(t)
produced by a digital-to-analog converter 2.

To achieve a final power compression of up to M dBs,
20 7" 7'the minimum value of the compression factor g(k) is
decermined by: '
St = 1.0 ¢-4/200
Use of a purely digztal method also has drawbacks
 First, the need for reasonable fidelity in the spectral
. 25 shape of the transmitted signal implies a minimum
resolution (i.e., a minimum number of quantization steps)
in the digital signal path prior to digital-to- -analog
conversion. However, the use of a digital compression
method will increase the required transmit data path
36 ' width required to produce the minimum number of
quantization steps.
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contrast, may be SI gnl ficant | yd nore(Rlobughia0¥e?® varyi ng o
envi ronnent al ' conditions (e.g. tenperature). Furthernore, purely
di gital nethods may not req e t.he ex sjpve cal ibratian t hat
purely anal og net hods dghe tltvl’eaﬁgggg\}tf%n usT nlgl e co: :

Qe = log, (gmn x 29) _
=g - Mx (log,10)/20

where M is expressed in dB.

For M = 30 dB maximum compression, the effective

resolution would then be only about g-5 bits, and
_ spectral quality may be unacceptably degraded.
15 Conversely, if we desiré_at’leaét g bits of resolution at

maximum compression, then the data path width must be
at least q + 5 bits. The cost of data conversion
solutions increases rapidly with this magnitude of
increase in data path width requirements.

20 . Another problem with purely digital methods ‘is the
- lack of assurance that the required analog amplifier and

RF power generation stages would operate efficiently over
the wide range of input éignals that. would be required to
meet transmit powexr contfol specifications for wireless

2S5 system standards such as PACS. Addxtzonally, even if

) they could operate reasonahly over a such a wide range of
input levels, they may not provide all of the battery
consumption improvements possible with an analog method
such as power amplifier gain.contrgl.

© 30 For these reasons, there is a need for an effective,
. affordable hybrid circuit employing both digital and
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-4- a purely digital nethod to control transm ssion power may

have consi derabl e advantage in achi eving reliable, hi gh-vol une,

| ow- cost manuf act ur e. An exanpl e of a purely digital nethod
woul d entail 5wosonliosgst al adj ustnment of the transmt signal rpaegessseéds, a
digital conpression or anplificati.on nethod)é mredi ately - prior to a
digital -to-anal og conversion in the transmt chain. In such a
eonnidue; {he a0agkthe erenenth 4 Aodkacanghas LARNELAL A, RULATCIEE:
(nunber of 10 resol Ot1on steps,, maxi num pea ana

swi ng) and the gaP# GftFﬁES?%+T?ﬁM%ﬂ;iaﬁ&Fé@nBémE%re ess cqym&@#&#Féﬁnstages

are fixed. '~ system otes. alsge&iﬁueﬁsranggralghtformard_dlgltal
conpressi on schene for transm ssion power control. 15 Assum ng :
linearity of the follow ng (fixed) anal og stages, the transmt power
|l evel is proporti§H§MAE§_SEQIEE_JEGEQH§E£e of the anplitude of the anal og
¥/avef ﬁr m X(ts)f | p&eduseﬂnbab-ﬁediﬂ Gift ghat gresah@glmar&r@ﬁ;OZmeet the

o achieve a final_ power c ress e m_ni pum
val ue of the coon€§¥|5ﬁt?§%$0?e%é t%grs. Nldore speczflc;iq it 1is

an object of the present invention to provide an
affordable hybrid analog/digital circuit which may be
used to regulate the transmission power level over a
10 = defined range in a transceiver for use with a wireless
' personal communication system. ' |

Additional objects,:adventages and novel features of
the invention will be set forth in the description which
fcilows, and will become more apparent to those skilled

15 in the art upon examination of the following or may be
‘learned by practice of the invention. The objects and
advantages of the invention may be realized and attained
by means of the instrumentalities and combinations |
particularly pointed out in the appended claims

20 'To achieve the stated and pther objects of the
present invention, as embodied and described below, the
invention may comprise the steps of:

compressing a digital sigmal that is to be
:ransmltted by multiplying the dig:tal signal by a first

25 - predetermzned value;

_ modulating a carrier sxgnal based on the compressed
digital sigmal; _

inputting the modulated carrier sxgnal to a
transmission power amplifier;

30 adjusting the galn of the amplifier on the basis of
a second predetermined value; and '

transmlttlng the amplified modulated carrier szgnal



determ ned by: ' o glerr] = 10 [err]

Use of a purely digital nethod al so has drawbacks. First, the need
for reasonable fidelity in tt shape of the transmitted
signal inplies a m nimm TH!S(S‘HEE'ﬁtHASwBEEN , a nini num nunber of
quanti zati on st i$97/40584 in the HER;]LAGED si gn I path prior tOPCTNUS96/06179
digital -to-anal og con stom—HowWever, (he use of a digital
conpr essi on method will increase the required transmt data path 30
width required to pr oduce t he m ni num nunber of guanti zation steps.
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fluctuations of the digital transmt : waveform then at the mnimum
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The effective resolution is limted to: | glerr]

l og[err] (g[err] x2[err]) ‘ . =q- Mx
(log[err]10) /20 10 : =qg- M6 wher e
Mis expredsed in dB. For = 30 dB maxi mum conpression, the
effective wo ¥2fsdsut i on woul d t hen be only about -g-5 bi tspc-?,ﬂggm,”
spectral quality may be unacceptably degraded. 15 Conversely, if we
desire at least q bits of resolution at maxi mum conpr essi on, then
the data path wi dth nust be at least g + 5 bits. The cost of data
conversion sol utions increases ragl dl y with this nmagnitude of
increase in data path width requirenments? Anot her probl em
with purely digital nmethods is the . ' Iack of assurance that the .
required analog anplifier and yq .‘m 2 PENVRS pekhPfost ages woul d :
operate efficiently over 'ﬁ f@lgﬁ;@%sggput signal s that woul d
be required to neet trangg tIngoninc»nmmq:atl ons for :
Wi rel ess 25 syst em st andards such as PACS.. Additionally, even if

t hey coul d operate reasonably over a such a w de range of - i nput
levels, they may not provide all of the battery consunpti on

i nprovenents possible with an anal og This Sheetkas Been Replacedich as power anplifier
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30 For these reasons, there is a need for an effective,

affordabl e hybrid circuit enploying both digital and WO
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anal og el eénents to control the transm ssion power |evel of a
transcei ver in YO9ReBhal wirel ess comruni cagd on syst enfERAE26/86179
speci fi ed range. SUMMARY OF THE | NVENT-ON. 5 _ It is an
obj ect of the present invention to neet the above- st at ed need and
others. More specifically, it is an object of the present invention
to provide an affordabl e hybrid anal og/digital circuit which may be
used to regulate the transm ssion power | evel over a 10 defi ned range
in a transceiver for use with a wireless per sonal conmuni cation

system Addi t i onal NOBj BAKEN EINRQQONFIDERAFIANve| features of
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the invention will be set forth in the description which fol | ows,
and will becone nore apparent to those ski.lled 15 in the art upon
exam nation of the followi ng or may be learned by practice of the

i nvention. ‘"The objects and advant ages of the invention may be

real i zed and atw@bnads4 by neans of the instrumentalitiegcfrRRo6m617
conbi nati ons particularly pointed out in the appended clains 30

To achi eve the stated and ot her objects of t TP - present i nvention, as

enbodi ed and descr el Lnyvention e t he steps
of : L,-P?%S:gl ngvhéc# S Slsﬁ ap Yt?laquar%a%/ ymbol mapper
transnitted by nulll%lyl?EFtQRFQﬁ%EW?ﬁlSymgthmtgp&rfanncnaﬁslapesdehern1ned
value; dﬂQﬂt&ﬁtbﬂg S e Ila&osg.gaﬂr@égﬁé&énﬁedﬁ gpLpssed

digital signal; ng"I"n% the nodul ated carrier s gna to a
transni ssi on power YAKBFPFRR,!* T in-phaseand e Faanadratwee
anplifier onSthe basgsabs$) that may becdﬁdipabﬂptﬁmlnernﬁ\md weal fpe

transmitting the a ?Hkt{éﬁikfngggéafﬂm Qﬁ&&h@ﬁefi%FE%ﬁ

= 7- . The rst and second predeterm ne ues may be

To ensure good spectrum fidelity during
transmission, these signals are sampled at a relatively
_ high rate compared to the rate of information symbol
- 10 - generation. As a general rule, the baseband I and Q.
signals should be sampled at a rate at least eight times
the rate that information symbols are transmitted.

The I and Q signals are then identically compressed
_ by range compression devices 120 and 121, respectively.
15 - Compression is accomplished by multiplying both the I and
' Q signals by some number greater than zero and less than -

‘or equal to 1. This uniformly decreases the amplitude of
the I and Q signals and, presuming monotonic (i.e.
unsaturated) behavior of the fallowing analog

20 intermediate- and radio-frequency circuitry, decrgases
the power level of the radio-frequency signal that is
ultimately transmitted.

The transmit power level control word 170 is
determined by the optimal level of power at which the
25 - transceiver should be transmitting, given the propagation
conditions and the interference in the area. The means
of determining that optimal level are not a subject of
' this invention (see for example U.S. Patent 5,333,175).
However, once determined, the transmit power level
30 control word 170 is used by the electronics of the
. present invention to effect the proper transmission power
level for the transmission. :



derived froma digital transm ssion power |evel control word. The

digital transm ssion power |evel control . word conprises n bits. The
first predetermined value is derived 5 fron1k bits of the n bits, where k <
n; and the second predetermined value is derived fromthe remaining n -
k bits of t{iGefhobialS. The first predeterm ned warwsosmayrsbe
derived by 10 applying the correct part of the transm ssion power |evel
control word to a |ook-up table which producesithe first pr edet er m ned
val ue in response. The digital signal is generated by applying a

bit 15 streamto a nodulattbe exdupleatdfoFigyereoR . nepperef The n biggnpél

mapper nay Convertc?htErEHsQiQaﬁahégxm&ﬁﬂﬂ QBntrolSNGP@lfﬁoc”tHé% tigexcpges of
contenporary digital systens ke. PA adrature‘§¥ ol aE‘gper may
out put an i n- pidde” 318 Hsﬁﬁaﬁ?e&QHﬁf eB& egi By (Wit

| f a quadrature syrdetioresgpen devicssl 13ibtamd 81 will mnphaispi}artdheqaadracure

signals are Wpress&g%algoe&eékfga cmﬁ;sa:eamloag smneﬁs ¥ Uefe sap
modul ated to Tadi o frequency, q transmtted quadrature s

mapper may al so 25 PbeEcdSauseigPy QQNBEQ?ﬁPEPn@ﬁY%E%§f%%ﬂnﬁ?ﬁc 2§|59al
~which is then _cor'rprmd,cammqoamptmls tthe ITe atelsQr etignallé 0 Thede &Obersy

and transmtied — constituc mahgéig@érecm&aﬁes&oahééﬁt@aﬁ v%aa&rﬁlure pair

of 30 signals nay be tlp exe e conpression and

The compressed digital I and Q signals are then
10 applied.to-digital—to-analog converters 130 and 131. The
| compressed analog I and Q signals are then modulated to
an intermediate frequency using a standard quadrature
mddulator_14o; The intermediate frequency is upconverted
and filtered by circuit 150 into a radio frequency
15 signal.

The radio frequency signal is then applied to the
transmit power amplifier 160. The gain control 180 for
the amplifier 160 is determined by the remaining bits (n
- k) in the transmit power level control word 170. These
200 (n - k) bits constitute the amplifier gain control word
'~ 172. To maintain the linearity of the amplifier, it may
also be necessary to adjust other aspects of the
amplifier’s operations such as the gate bias control.
After compression and appropriate,amplifier gain control,
25 - the radio frequency signal, now constrained to the
appropriate transmiésion power level, is transmitted by
the antenna 190. '
'Alternatively, the intermediate frequency processing
may be omitted. 'The guadrature modulator 140 is
30 configured to produce a radio frequency sigmal Lnstead of
an intermediate frequency signal.  If this approach is
used, the resulting radio frequency signal is supplied
direcﬁly to the transmit power amplifier 160.



conversion to analog. Denultiplexing is perforned before the signals

are applied to the quadrature nodul ator. . BRI EF DESCRI PTI ON OF THE
DRAW NGS 35 The acconpanying draw ngs, which are incorporated in

and forma’part of the specification, illustrate the present invention
and, together wwddv4bsag descri ptlon serve . PCT/US96/06179
REPLACEMENT SHEET : 09
MAR 1999 _ to explaln t he pr|n0|pﬂ%s of the invention. In the
dr awi ngs:

ure bl.ock diagram of .a prior art CIrCUIt 5
using di gital techni que édhifstreﬁpé ¥n’t‘§€g’c’ﬁ1t y those of ordinampe 2

is a bl ock diagran$billfﬁﬂ(3haﬂﬁﬂi ¢hathehe inpemsient dlmeecapplhes Std Ot
baseband quadrat ur gsgogel Sl HR Ghstead of quadrature modulations, and

intermediate  frequency instead of baseband digitzl symbol
5 mapper outputs. In both cases only a single digital

signal path is required, including range compression and

digital-to-analog conversion. .

Thus, according to the principles of the present
invention, the transmission power level is controlled by
10 _adjusting the range compression of the I and Q digital
signals and by effecting gain control of the analog
amplifier 160 prior to transmission. The digital control
achieved through range compression provides small power
control steps over a moderate range. The analog control
15 achieved through Controlling'the gain of the tranémit
power amplifier 160 provides significantly larger steps
of range control and alsoc provides bettermcqntrol of
transceiver pdwer consumption.
BEach incremental change in the amplifier gain
20 control erd produces a large single incremental change
in the transmission power level which is on the order of
the entire range of transmission power levels that may be
effected through coptrollihg signal compression alone.
) Thus, changes in the amplifier gain control word produce
25 large jumps in transmission power level while changes in
' the range compression contfol word produce smaller jumps
within those large jumps. In combination, the large and
small jumps'providé the required number of transmission
power levels. Thus, the range compression control word
30 171 and the analog gain control word 172 function as
*fine" and "coarse" controls, respectively, to effect the
proper transmission power level. The transmission power
level can be smoothly adjusted over the full range of
available power'leve15.by'sweeping the n-bit control word
35 through its range of values.



the bit stream 10 Figure 3 is a block diagram-of the |ook-up

tabl e used w th the present invention. . Figure 4 is a graph
of the present invention applied 15 to the transm ssion power |evel of a
PACS transcei ver.. Figure 5 is a block diagramof a nult |6pl exed
range corrprweswmswand D/ A conversion circuit of the preseRETUSIEN6179

i nvention using a baseband quadrature nodul a n of the bit 20 stream
DETAI LED DESCRI PTI ON OF THE PREFERRED ENBCDINE%I Met hods are known

for establishing the ”%Hé”éyﬁéin?ﬁer lsraowméﬁvgﬁaﬁem'r%smg dbRQ

transcei ver should be 25 trahsmt g@ iven the 1nterference ?rom ot her
transcei vers aﬁ&retlﬂgrt}?‘%o?"&fz% i RTeFRNES dghe MASts SAENHELRRL i s

described in U S. BahandisNon EheIhtkEry vhathpbwers tHeaampeeaiedrherein by

ref er ence pcecafnafdl oIt iy 2 343:A05c4606TIES A LDUL TR, g Labl €

radi o comuni cat i ONS SYS ansm
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burst received by 35 ort surgs are a.re el VE% gal
ali
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achieve thls, the large range jumps in transmission power
level effected by controlling the amplifier gain could
10 ~overlap each other. This may require some additional
complexity in the logic that generates the transmit power.
level control word 170 in order to make the appropriate
steps in response to particular transmission power
" control commands.

15 ' Referring now to Figure 3, a process of usiﬁg the
range compression control word 171 will be described in
more detail. The k bits of the transmit power level
control word 171 represent a numeric value m. To
determine the multiplier used in compression, the

20 transmit power level control word 171 is applied to look-
‘up table 210. The loock-up table 210 produces a
predetermined value, g(m) s 1, which is based on the
numeric value m. This look-up value is then applied by

) ' the range compression devices 120 and 121 to compress the

25 I and Q signals. By compressing the range of the I and Q
signals by a factor of g(m), the power of the signals is
compressed by a factor of g{(m)? or -20log,,(g(m)) dB.

In summary, according to the principles of the
'present invention, control of the transmission power
30 level can best be effected by controlling both signal
compression and the gain of the transmit power amp;ifier
'160. Absent this two-part control, a much’lérger data
path width would be réquired to faithfully represent the
digital waveform (e.g. with enough resolution) over the.
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MAR 199 9 o : L . -9- derlved fromthe
denodul ation circuitry ("quality nmeasure), and a codeword error

i ndi cator.’ The word error indicator is used to-adjust an RSSI. 5
threshol d upwakgh gigsgownward. | f the quality neasure is ng cﬁxfn
predeterm ned threshold or the RSSI is belowthe current va ?he
adj ustabl e RSSI threshold, then addi ti onal*4ml i nk power is reqU|red,

I he RSSI h d | lue, . If
addi thonal 10 poweFeTak el rndy O ERBEHERTIAN ohdP ot RalCal B e

each downl i nk burstMmf%m‘ﬁﬁ:ttfétﬁneowpﬁédpbﬁta@leesducse%mow cons @t Hord. the

portable, in response thereto, increases its out put transmtter power
by a controll ed anmount. 15 If the 9ua| t,}_’ ure is greater than
t he The transmit power evel ontro word 170 thus

contains all the data required to effect the proper
s transmission power level. A power level éontrol word of

n bits can provide 2" different transmission power levels.
As mentioned above, the PACS standard requires an
transmission power level control range of 30 dB with 1 4B
increments.  This translates into a mandate for thirty

.10 available transmission power levels. Accordingly, in a
PACS example, n > 5 (2% = 32). '

As noted, the lower k bits of the transmit power
control word 170 form the range compression control word
171. This provides 2* transmission power ranges that can
15 be effected by range compression alone. Similarly, the
lower n-k bits form the gain control word 172, providing
2"k transmission power levels that, used in combination
with the power levels effected through range compression,
provide up to 2° transmission power levels. |

20 In a PACS example, choosing k = 4 results in 16 (2' =

16) transmission power levels (in 1 dB increments) chat

can be effected through compréssion of the I and Q

signals. Withn =5, n - k=5 - 4 = 1. Thus there are

2 {2' = 2) transmission power ranges that can be effected
25 through regulating the gain of the amplifier 160.

. Since there are sixteen transmission power levels
available through compression for each of the two levels
available through gain control, the total is as many as

_ thirty-two transmission power levels that may be

30 achieved. This satisfies the PACS standard requlrement
for at least thirty available transmission power levels
over a range of at least 30 dB. This relationship is
presented graphically in Figure 2.



predeterm ned quality measure threshold and the RSSI is ~ greater than

the RSSI threshold, the power control bit+is . set to zero and the
portabl e power transmtter power is decreased by a controll ed anount,
Also, if the RSSI is 20 greater than the predeterm ned maxi num the power
control - bi t Wio9780484t 0 zero and t he portabl e power transm t PEHUSI6REITS
I s decreased. After using the nethod of U S. Patent No. 5,333,175
or 25 any other nethod of determi ning the appt®pri ate power | evel for
a portable transceiver, electronics nust be provided to constrain_ the
transcei ver to broadcast at tWatthiGnExampde, . the logk-wd sable gr8prewld be
addressed by the prasefibllsowenti on. Using the drawi ngs, the preferred
enbodi nents of the 30 present |nvent|on will now be explained
As shown in Fi glsegmdemgeni SO S TEESE ST N
bit stream may ' o gipRrextiRat Dén
‘digitized speefh . i ' | Mmultdpligandei verErrdhe(dm)t
REPLACEMENT SH ) : Approximation, - 09
MAR 1999 Lgits) —
-0 1.0000 64/64 0.000
“ﬁ _ 1 0.8913 - 57/64 0.006
| 2 0.7943.  51/64 -0.014
3 0.7079 45/64 0.059
4 0.6310 ' 40/64 0.041
1 5 0.5623 36/64 -0.002
| _
6 0.5012 32/64 0.010
7 0.4467 29/64 -~0,124
8 0.3981 . 25/64 0.082
9 0.3548 23/64 -0.111
10 0.3162 20/64 0.052
11 1 0.2818 18/64 0.018
12 0.2512 16/64 0.021
13 0.2239 14/64 - ~ 0.201
14 0.1995 © 13/64 - -0.078
15 0.1778 11/64 0.296
. ! S — o ]

If the signal path through the quadrature modulator
140 and the intermediate frequency 150 and radio _
frequency 160 processing stages is not linear (that is, a
change of y dB in the range compression does not result
5. " in a change of y dB in the cutput transmission power).
 then the 1ook -up table 210 can be adjusted to take thls
nonlinearity into account.

In Figure 3, g{m) is indicated as having a data
10 widcth of r bits and the I and Q signals as each having a
data width of g bits. The values of r and q are
determined by the particular application. In particular,
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streamis first processed by a quadrature,synbol napper 110 The
guadrature synbol mapper 110 translates the digital bit streaminto
a pair of baseband digital wavefornms (the "I" or in-phase and "Q' or
quadrature 5 wo&i4geal s) that nay be digitally filtered to r &kA 061 '
particul ar spectrum characteristics. To ensure goo speg?rum
fidelity during - ~ transm ssion, these si-g8als are sanpled at a
relatively high rate conpared to the rate of information synbol 10

generation. As a Ferdr deteyminednby pbhR rRRrorumndidelity reqiigremlentshoul d
bems)alrrpl ed at a rameiui fetest b&hehintdzll_l_&ﬂqe I::a.ng'e EBﬁpfééfiérhéﬁe\}ir']&fe%r 8pi on
symbol s are transm_tted. .. an signal s are then
identically conpr esas?e(ﬁq‘n and 6{}%%%@%’%&9@‘}'@9&8& gevyeessuDd dhdner131
respectively. 15 areCd@Hse£3PERSi¥e ackwhpitis lumadlbyynof t tisd Wrpsedissibhe |

and Q si gnalspdaeramim sndageageacat er than zero and |l ess than
or equal to 1. This uniformy decreases the anplitude of ~the | and O

signal s and, presum ng nonotonic (i.e. - unsaturated) behavior of the
followi ng anal og 20 - ImtPACHedFarecexample adinoeffequive yrasoltitiony width

decreases - of eight bits results in good spectrum quality. The
| lowest effective resolution occurs at maximum digital
10 = compression, that is at 15 dB power compression. From
 the look-up table of the PACS example, this results in a
multiplicand of 0.1778. Thus, the effective resolution
of the I and Q signals is reduced by a factor of log,
(0.1778) or about 2.5 bits. This suggests that g should
15 be greater than 10 bits (perhaps 11 or 12, depending on
how the digital-to-analog conversion is implemented) to
maintain a minimum of eight bits of effective resolution.

A second embcdiment of the present invention is
20 shown in FPigure 5. In this embodiment, the I and Q
| signals are applied to a multiplexer 410. The '
‘multiplexed signals are applied to a range compression
device 420 and then a digital-to-analog converter 430.
The multiplexea analog I and Q signals are then
25 = demultiplexed by an analog switch 440 and a sample and
hold circuit 450 before being applied to a quadrature
direct modulator 140.

Only.a single range'compressioﬁ device 420 and a
30 single digital-to-analog converter 430 are used thereby
reducing the complexity of the circuitry shown in Figure
2. In order to function with only a single range
compression device and a single digital-to-analog
converter, the I and Q sigrials are multiplexed into the
35 range compression device 420 by a 2-to-1 g-bit ‘
multiplexer 410. This embodiment requires that the I and
Q signals, when produced by the quadrature symbol mapper



the power |evel of the radio-frequency signal that is : uItihater

transmtted. The transmt power |evel control word 170 is
determned by the optimal |evel of. power at which the 25 transcei ver
shoul d be transmitting, given the propagation conditions and the
interference | Rypas@gea. The neans of determ ni ng thatpceRisbdili7e

| evel are not a subject of this invention (see for exanple U S.
Pat ent 5, 333,175). However., once detetiined, the transmt power

| evel 30 control word 170 is used by the el'ectronics of the

present invention 130ef3eRtckankes Sp&r Ofr aPRP$ L Mhasesef a suffieientiwr
the transm ssion. fgast clock. WO 97/ 40584 _ _

PCT/ US96/ 06179 In the exanple of Figure 2, some of the n bits
of ) the transmt power |evel control word 170, that is k bits

171, are used to index Theughunids lepbatioant helimingtes one cengeessi on

devi ces 120 and 12éomb£ésmrtldmiaehanh 8he QiPgital MWaiohOcthiéfter,
Conpre55|on I n t s exanpl e e sane
e rang cdmpre551on device 420 and the digital-to-

analog converter 430 that remain must be able to operate
at approximately twice the speed of the range compression
devices 120 and 121 and the digital-to-analog converters

10 130 and 131 shown in Figure 2. This embodimeqt also

| requires the addition of the multiplexer 410 and an

analog switch 440 with a sample and hold circuit 450 for
demultiplexing the I and Q signals before applying them

. to the quadratﬁre direct modulator 140. A two phase

15 multiplexer/switch control must also be added to.
coordinate the action of the multiplexer 410 and the
‘analog switch 440. '

- The above description has been presented only to
20 illustrate and describe the invention. It is not
intended to be exhaustive or to limit the invention to
any precise form disclosed. .Many modifications and
-~ variations are possible in light of the above teaching.
25 _ For example, it is p0551ble to conflgure the
'quadrature symbol mapper 110 to output a 51ngle low .
intermediate frequency bandpass signal instead of the two
separate I and Q baseband signals. Such an,arrangement
also allows for the use of a single range compression
_ 30 - device and a.single'digital-to-analog converter and
allows for the omission of the quadrature direct
modulator 140. ' '

The difficulty with this approach is that it
35 requires the intermediate frequency bandpass signal to be
| sampled at a higher rate in order to preserve spectrum
fidelity. For example, as discussed in the embodiment of



nunber is used by both conpression devi ces 120 and 121 to identically

conpress the | and Q signals. These k bits constitute the range
conpression control word 171. ' The conpressed digital | and Q
signal s are then 10 applied to digital-to-anal og converters 130 and

131. . The cRfR) essed analog | and Q signals are then redlisaéedrd 0.
an int er medi ate f9r equency using a standard quadrature nodul at or 140.
The-internedi ate frequency is upconverted -18- and filtered by circuit
150 into a radio frequency The radio frequency

sighal is then ap;ﬂf}eed'“ﬁ’GnttFré’n shown f?a%’sﬂﬂrte Bowsheafphnd| @rSBRLSTRESgai n
control 180 for sample‘dwecaeﬁbhi:l etmdSO0ches zdttteebm hadobyat hen roAmioli ng

bits (n eriatauitn 23 LhePP Ik | 4orGN Lok YEEfadddpy 105 20

(n - k) bits const |er gain
mai ntain the I|neaﬁ‘3+ftssle()flf{tl¢é'm&ﬁﬁla’r'ﬁl é?eqﬁn%wandpass gigmabe my to
adj ust ot hergaspecds e WMilue of channhtér:ﬁdfatepe&at;ueﬂaysm&sés tihe gate

bi as control. ter ﬁ&%%%%‘ on gg el ey %rl g%r of n I i f| ‘{H__g_al n

control, 25 tHE & &dﬂ@ requéndy srg now cdén
appropriate trans mmumqydwe\emee'\aénonu §a§¢ mmatlpéélbyspeﬂrum thidleditemna
190. Al ternativel y the i nternmedi ate frequency processing

roduce a radi o 1requedy Satar s Faappents wete, croffl afidisr e
frequency signal . id qnﬂq;-gppmGQGhexglaLn the principles of the invention
and its practical application to enable others skilled in
the art to best utilize the invention in various
embodiments and with various_modificatidns as are suited
: to the particular use contemplated. It is intended that
15  the scope of the invention be defined by the following

claims.



used, r [ madi o frequency sig is_supptied directly to
t he ti Bgﬂﬂg! n'H ifier 160. "o HX® BXFN4D584
M s * . $ LA

PCT/ U It will
be readily understood by those of Il in the art that the
i nvention al soweppkésss to the ~0se of binary instead of RFAH?¥IIMe
nodul ati ons, and i ntermedi ate frequencyginstead of baseband digital
synmbol 5 mapper outputs. In both cases only a single digital
ZI gnal I pat h i sI regunireds ENghwEd NG ange conpression and

I gi tal -to-anal og conversi on. - o us ccarding.to.the
principles & the presént # meth?qnﬁﬂﬁi999FrPlgl?$a 'Eﬁﬁqﬁ%lﬁéﬁﬁF PRYRY is
controlled iy 10 leveddp@iséi medulecadngerienpséssalbecaxptilsdng ahe Srepsgit al
signal s and:py effgGting gain control of the anal og ~anplifier 160
prior to transm ssion. The digital control . achi eved through range -
conpr essi on %rovi des sFRAFPEPSFERT 2 digitad,sigpai ) PO ERETIEEER PY
range. The anal ogmAktipdlyidd saidichigived shigoayhbyontfiotdt pyedbeegnimedf

t he transm’t6 valQuer anplifier 160 provides significantty |arger steps

7 : modulating a carrier signal based on the compressed
8 digital signal; |

9 inputting said modulated carrier signal to a

10  transmission power amplifier;

11 adjusting the gain of said transmission power

12 amplifier on the basis of a second predetermined value;

13 and '

14 transmitting the amplified modulated carrier signal.

1 B 2.. The method as claimed in claim 1, wherein said

first and second predetermined values are derived from a
digital transmission power level control word.

3. The method as claimed in claim 2, wherein said

1

2 digital transmission power level control word comprises.n

3 bits, where n is an integer; . .

4 said first predetermined value is derived from k

5 bits of the said n bits, where k is an integer that is

6 less than n; and . _

7 said second predetermined value is derived from the

8 - remaining n - k bits of the said n bits. B

1 4. The method as claimed in claim 2, wherein the
2 step of compreSSing the digital signal by a first _

3 predetermined value derived from the transmission power

4 level control word includes: . _ |

5. applying a portion of said tranédission power level

6 control word to a loock-up table;

This Sheet Has Been Replaced




rang 0 provides better control of transcei ver
povver 'm !! . £ change in the anplifier

gain 20 pr---— qE#QW@dﬁél Yl e i ncrenmental change
in the transntssron power 5PAGED on_t-Ne order of the entire

range of transgjgs ,&gmpower | Ay be ef fect ei’ct/h&%fm
controlling signal conpressib . Thus, changes in e anplifier
gain control- word produce 25 | arge junpgoi-n transni ssion power 1 evel
whi l e changes in t he range conpressron control word produce snaller.

j unps 7 within t F6SETREERS § UNPCiPlicansnminht fakd lorkium gebétnd
smal | j unpss pr ovikisedhen aqidr portisest faily %&%Hkﬁﬁb?fbn ower QW

| evel s. Thus, the re on control word 30 1 and the analog
gain contro mordx%gggﬁunggabnigg ' "fine" and "coarse" controls,

respectively, to effefultihplying sajd shigitadasignadi by poinkr | evel . The
transm ssipn powedultiplicah@vel can be snmoothly adjusted over the ful
range of avai |l abl e power |evels by smeeprng the n-bit control word
35 ‘through its range of val ues. . - WD 97/ 40584 .

PCT/ US96/ 06479 S. The method as claimed in e18im 1, further The

~anplifier 150, Wb QR3S hb I 30891 S8 dblying a bit stream to an

3 information symbol mapper to produce said digital signal.

6. The method as claimed in claim 5, wherein said
information symbol mapper is a baseband quadrature symbol
mapper and the digital signal produced by said baseband
quadratufe symbol mapper comprises an in-phase digital
signal and a quadrature digital signal, and further
wherein said step of compressing said digital signal by
multiplying said digital signal by a first predetermined
value includes multiplying both the in-phase signal and
the guadrature signal by the first predetermined value.

O O J O Ut B W N

7. The method as claimed in claim 6, further
comprising the steps of: _

applying the analog in-phase signal and the analog
quadrature signal to a gquadrature direct modulacor;

' producing a single intermediate frequency signal

with the quadrature direct modulator; '

‘upconverting and filtering the intermediate
-frequency”signal to produce a radic frequency sigmal; and

applying the radio frequency signal to said transmit

O W m NN R W e

[

power ampllfxer.

8. The method as claimed in claim &, further
comprising the steps of: _

applying the analog in-phase signal and the analog
guadrature signal to a quadrature direct modulator;

producing a single radio frequency signal with the

AN s WN

quadrature direct modulator; and

"l i




throug present.s.the nmost significant demands on

t he ba[ Bmw m the tra SmmsﬁETHSB afpcordingly, it nmay be
advant uster nore of |5 Ed%ﬁg rﬁg sion power |evels at

| ower arrpl ifier gain | evet-s t“'m ave tjhe transm ssion power

| evel s spread woomosmvenly over the range of anplifier gain PE/UPWA6H]
achieve this, the large range junps in transyy_ssion power ' | eve
effected by controlling the anplifier gain could 10 overlap each other.

This may require sone o Jifiahe radio £oedhandy wignattheol 8gid thasmic
generates the transmt g | evel control word 170 in order to nake
t he appropr@ate P°Wer ‘l‘%\%’sﬁﬁ? 'response to particular transm ssion power:

control conmmands. Referring now to Figure 3, a process of
using. the range COMPIRSSIR 280BLaOhe0l diRkirkig | hgedlggcr | bed in
nore detail. The k blt$ of the transm t power |evel control word 171

represent a2nuner FEWREL§E0%, Ty, Steps Qtfdet ermne the multiplier used in.
conpression3 the 20 wultapbexingoher ihepbaseomd dthevgruadiiturs apghalad to

| ook- 4 Up t%QJJ_S %9 Jﬁ%éé&%\%&hEaggﬁ géooipr%l&;esigﬁals and

pr edet er m néd val sed he nyneric
val ue m ThiSs Iooﬁﬂﬂﬁevéllﬁ% $ald [Rignals £zamp fgical t:"t 23198 Ge2*BBnpr essi on

devi ces 120gand 121 todemaptisbexingy 2he in-phasel PdiquasdraturBysignpliessi ng
the range of;, the Eo&&gwgh compredsia] %nQYdﬁgi@QiﬂEolgnénag’COhb@rBQ&Er of

the signals | ressed by a.factor of g(m[err]
-20log[err] (g(m) dB. ' In summary, according to the principles
of the 1 present wovenThemetiod m@ cdimbe imambammsﬁ.owhpmn said
' 2 digital signal produced by said information symbol mapper.
3 is a low intermediate frequency bandpass signal. '
1 : ' 11. The method as claimed in claim 5, wherein said

bit stream is produced by a person speaking into a radio
3 transceiver. '

1 12. The method as claimed in claim 1, wherein said
2 step of modulating said digital signal to a carrier wave
3 includes using quadrature phase shift keying modulation.
1 | 13. The method as claimed'in claim 12, wherein said

quadrature phase shift keying modulation is w/4 - shifted
quadrature phase shift keying modulation.

14. A system for controlling the transmission power
level of a modulated carrier sigmal transmittex
comprising: '

means for compressxng a digital signal to be _
transmitted by multiplying said digital signal by a first
predetermined value;

means for modulatlng a carrier signal based .on the
compressed digital signal;

O O ~ Ot bW NP

means for inputting said modulated carrier signal to

(=)
o

a transmission power amplifier;

This Sheet Has Been Re’p
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e effected by controlling both 5|gnal |
COWDFEI ﬂm"mm' m n of the | lifier 160. Absent

t wo- par t cmnt:ol a muc JaIS SHEET HAS BEFMplat h wi dt h woul d be
reqw red to faithfully repr esent the REPLACEDI git waveform (e.g. with
enough resol ut iwoysneey t he

PCT/US96/06179
PCT/ US96/ 06179 - 14- required
range of transm ssion power contr ol setti rT&@ Mor eover, there woul d
be 10,y Caeed Pover ST 0 upring, the e tal R FRREPLAR B! e
proper 5 12 tr anwens Sl ifdeer onevm bagipmier Isecehdcpredetermtirkdof
n bits capsprovigaud erand di fferent transm ssion power |evels. As
menti oned_above, the PACS andard requj res an transm ssi on power
level contfol range 81*%3¢ dB w-fAMI™MHE-1Pg the ERpldfdat smodwiared ansl at es
i nto a mh8at e faardidnr tsy-gn@l avai |l abl e transm ssi on povver | evel s.
Accordingly, in a PACS exanple, n [err] 5 (2[err] = 32).

' 1 i5. The system as claimed in claim 14, wﬁerein said
2 first and second predetermined values are derived from a
3 digital transmission power level control word.

1 16. The systemuas claimed in claim 15, wherein said
2 digital transmission power level control word comprises n
3 bits, where n is an integer;

4 - said first-prédetermined'value is derived from k

s bits of the said n bits, where k is an integer that is

6 less than n; and -
7 said second predetermined value is derived from the
8 remaining n - k bits of the said n bits.

1 17. The system as claimed in claim 15, wherein the
2 means for compressing the digital signal by a first

3 predetermined value derived from the transmission power

4 level control word lnclude o

5 means for applylng a portlon of sald transmission

6 power level control word to a look-up table;

7 - means for generating a multiplicand with said look-
8 up table based on said portion of the transmlssion power
.9 - level control word; and '
10 means for multiplying said digital signal by said

11 multiplicand.

1 18. The system as claimed in claim 14, further

comprising means for applying a bit stream to an

3 information symbol mapper to produce said digital signal.
1 19. The system as claimed in claim 18, wherein said
2 information symbol mapper is a baseband quadrature symbol

AY

This Sheet Has Been Repl

TR



As note ts of the transmt power - control word 170
formth w H“nﬂﬂ on control word . 171. This provides 2[err]

ansm ganges that caw ~be effected by range conpression

aI one. Simlarly, t he 1o FHISSKE ormthe gain control word
172, providi ngwo97405842[ err] transm ss, gvel s that, BEBWSI6N6179
Conbl nation with the powe t hrough range

conpr essi on, provi de up to 2[err] trars $i on power | evels. 20
In a PACS exanpl e, choosing k 4 results in 16 (2[err] 16)

transmi ssi 03 powemapPpeE|an ithey ddgicadr shgnal)prddiuced by satdnbbsekdddct ed
t hrough CO”EreSS|Qﬁa&faéﬁﬁb'syﬁh$ﬁ3ma&§er c8 f&&é& N tih Bhaga: dﬂ%}t§l S5 -

4 = 1. Thus there are . 2 nsm SSIOI’] power nges -t hat
can be effected 25*9® a*t?ﬂ%fgﬁ“%%&lt mﬂ"%h'éa S ¢ ﬁé‘dalfrﬁFFF?Er 160.

Since thereé6are swheeeintsaidmeggisofogouenpressirsy said diadanlabigndhrsugh
conpr essi on4f or eaghe 9h1¥41%y té&d eMekeal s:.gnaﬁvk?} léaq’.lfrstthéggggtgﬁuned

control, the total |s as ransm Ssi On power

| evel s t hat Bmay b?éag ° lnc% Se2gs Log; @ui‘é’fg%iﬁf& haté phesistpiries ;nd
requi rement 9 quadrataird esignallsi byy saidi fabdte granamrashea poves. | evel s
over. a range of at | east 30 dB. This relationship is present ed

raphi cal | inFi ure2 :
grap y 9 The system as claimed in claim 19, further

comprising:
means for applylng the analog in-phase and
quadrature signals to a quadrature direct modulator to
produce a single intermediate freqﬁency signal;
means forlupconverting and filtering the
intermediate frequency signal'to produce a radio
frequency signal; and '

W D3OS WM

means for applying the radio frequency signal to

(=
(o]

said transmit power amplifier.

21. The system as claimed in claim 19, further
. comprising:
means for applying the analog in-phase and
- quadrature signals to a quadrature direct modulator to
produce a single radio frequency signal; and
means for applying the radio frequency signal to
said transmit power amplifier.

(S RO -V S S

22. A system as claimed in claim 19, further
comprising: '
. means for multiplexing the in¥phase and quadrature
signals prior to compressing the ranges of the signals
and converting the signals from digital to analog; and

[ IS BN BN A Y -

means for demultiplexing the in-phase and quadrature
signals following compression and digital-to-analog
conversion.

This Sheet Has Been Rep laced




.“?5.97’[]i]iﬂ]\|||||||||||||||||||| in this examle, e 1 ook Up table 210 voul d be

6 bit
Appr oxi matsi on Oorrpr ESSI on HMIBHEBT P&SrﬂﬁEN Mul ti plicand Error
(dB) - Level , rTéiB) a( (to ﬁEPLACEDprom tion, PCT/US96/06179
di gi ts) *%97'8%59 T-T0000 64/ 64
0. 000 1 0.8913 -24- 57/ 64 0. 006
2 0. 7943. 51/ 64 -0.014 3
0. 7079 1 4564 The system).ddS@laimed in claim 18, whereinOs&£340
40/ 64
_0. 002 2 dlggégl signal pn%ﬁgﬁ?Eby said Qnégéﬁgfon.symbol §g£€§6
7 3 0isga7low intermedigtey frequency bapdpass signal.
0. 3981 25/ 64 0. 082 9 O 3548
(2)3622 1 . -0 1%% The sy%tei%lass claimed :Lnlgf%L 18, where:.nzg ?é
12 2 Ob2slstream is pradyged by a personpspgaking into a r§Q10
0.2239 3 crifisliver. 0.201 14 0.1995
13/ 64 -0.078 15 0.1778 11/ 64
0. 296
' 1 25. The system as claimed in claim 14, wherein said
| means for modulating said digital signal to a carrier
3 wave employ quadrature phase shift keying modulation.
1 26. The métlhod as. claimed in claim 25, wherein said

quadrature phase shift keying modulation is n/4 - shifted
3 quadrature phase shift keying modulation. '

is Sheet Has Been Reﬂlaced

T




If the signal path through the quadrature nodul ator 140 and the

i nternedi ate frequency 150 and radia ; frequency 160 processing

stages is not linear (that is, a change of y dB in the range

conpressi én does not result 5 in a change of y dB in the output

transm ssi on pPoweoy/40584 then the | ook-up table 210 can bedfisvéécish t O

take this -nonlinearity into account. In Figure 3,

~g(m is indicated as having a data 10 width of r bits and the | and Q
signal s as each having a data w d‘t/ﬁ of q bits. The values of r and

g are determ ned by the particular application. In particular,

WD 97/ 40854 _ 'PCT/ US96/ 06179

-16- g is determ ned by the spectrumfidelity requirenents. :

Wth fewer bits in g, the range conpressi gnge i-ces 120 - and 121 and

the digital -to-anal og converters 130 and ¥88§% are | ess expensive, but

the quality of the transmssion 5 . spegtr i s degraded. -
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In PACS, for exanple, an effective resolution width of eight bits

results in good spectrumaquality. The . | owest effective resolution
occurs at ‘maxi numdigital- 10 conpression, that is at 15 dB power '
conpression. From the | ook-up table of the PACS exanple, this
results in a wooemsdsd tiplicand of 0.1778. Thus, ‘the effecti\peTrussadeytsi on
of the I and Q signals is reduced by a factor of |og2- (0.1778) or
about 2.5 bits. This suggests that q shoul 4/915 be greater than 10 bits
(perhaps 11 or 12, dependi ng on how t he digital -to-anal og conversion
is inplenented) to maintain a mnimumof eight bits of effective
resol ution. ' A second enbodi nent of the present invention is
20 shown in Figure 5. 1n this enbg?!nent, the I and Q signal s
are applied to a multiplexer 410. The & TPhexed signals are
applied to a range conpression device 420 and then a

di gital -to-anal og converter £30. "The nul tipl ¢xed analog I and Q
signals are then 25 rﬂ;tlplexed by an analog %mﬁtch 440 and a sanple
and _ hold circuit 450 &)Ef pei ng apptred—to aguadratur e

. direct nodul ator 140. E|lOnly a s ngle £ nge conpression devi ce
420 and a 30 singl e ‘ verte ysed thereby
reduci ng the conplexity uitry s o 2. In order
to function with only a e —conpresston ucvube and a single
digital -to-analog converter, the | and Q 5|grals are nul tipl exed
into the 35 range c ressi on devi ce 4z6—by a’g +o—+—e—bht

i
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150

Upconvert

P
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~ ggg g o
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mul ti pl exer 410. This enbodi ment requires that the I and Q signal s,
when. produced by. the quadrature synbel napper WD 97/ 40584

PCT/ US96/ 06179 _ _ -17- 110, are

cl ocked out on opposite phases of a sufficiently - -fast clock.

Though this enbwdigmsnss4el i m nates one range 5 conpr essi on deGT/ULY6ASI® One
digital -to-anal og converter, the range conpression device 420 and the
digital -to- anal og converter 430 that remain nmust be able to operate
at approximately twi ce the speed of the range conpression devi ces 120
and 121 and the digital-to-anal og conver% s 10 130 and 131 shown in
Figure 2. This enbodi nent al so ZU|res the addition of the

mul ti pl exer 410 and an anal og smntch 440 with a sanple and hol d
circuit 450 for - demul ti pl exing the I and Q signals before applying

t hem to the quadrature direct nodul ator 140.4 (A two phase 15 :

mul ti pl exer/switch control nust also be added to. _

data strea

compressed

&
L 4

q bits

range compression
control word

k bits

* m
Lookup
Table
210
rblts;k
Fractional Digital
Multiplier
Figure 3

Jj
n bits

q bits
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control word
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coordi nate the action of the multiplexer 410 and the anal og switch
440. The above description.has been presented only to 20
illustrate and describe the invention. rt is not intended to be .
exhaustiveé or to limt the invention to any precise form disclosed.
Many nodi fi catworndsesad vari ations are possible in |ightcmésssharmbove
t eachi ng. 25 For exanple, it is possible to configure the '
guadrature synbol mapper 110 to output a single |ow i nternedi ate
frequency bandpass signal instead of the two - . separate | and Q
‘baseband signals. Such an arrangenent445f also allows for the use of a
singl e range conpression 30 device and a single digital-to-anal og
converter and allows for the om ssion of the quadrature direct
nmodul at or 140. The difficulty with this approach is that it
35 ~requires the internmedi ate frequency bandpass signal to be

sanpled at a higher rate in order to preserve spectrum fidelity.

For exanple, as discussed in the enbodi nent of

30
25
20
Transmit Power _
Compression, dB '
15 total transmit powsr
compressicn
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analog gain control .
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s v ‘ . digital
o comprassion
[ 4 .
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»
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-18 - - the invention shown in.Figute 2, the | and Q signals are
sanpled at eight tines the rate of information synbol generation. I|f
the I and:Q signals are replaced by a single internedi ate frequency
bandpass si ghal wodpressii ng 5 on the val ue of the interned gigudosiesdency
chosen, the sanpling will have to gz ur at 16, 32 or even 64 tines

t he synbol generation rate to naintain sp rumfidelity. _ The
preferred enbodi nents were chosen and described 10 in order to best

expl ain the principles of the invention and its practical
application to enable others skilled in . the art to best utilize the
i nvention in various enbodi nrents apd with various nodifications as
are suited to the particular use copntenplated. It is intended that
15 t he scope of the invention be defiped by the foll ow ng

cl ai ns. [err] 1. Arret-hed—br—eoert+oehl ing the transm ssion

power | evel :
' o gg g
.

p p

3

= ——
T |
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of a nodul ated carrier he steps of: % L0 rgs;
‘digital signal .to be trangumllmmuwwmll y| ng sai d i Ql taP§S| Eng
first predet erm ned value; * ¢ ‘korWvesting the conpressé di gi SI gna"&{p
Sanar: o St g PRESohar arBntEhis Phe” Lk RRRER S Teh Bytet Thver
transn sgom ﬁﬁﬁ&iléﬂ@dl therier s:.ﬂnaﬁdbdﬁbrﬂglhbetﬁél Bt@’bssélfd _

ransm ssi on power anplifier for e nodul ated carrier signal on the basis
t lifi f t dul at ed I the b

of a second precfepeessind 2 Giditalasdgnal torhastransnjteed npulitiglying

dul d L d d d
Val oo ot AR ORH O] PYAR ERRREnPERRERORBHBPC: SALEDY wor d it hout

feedback, sai depyertigyethé bmtedVed SOFDELBI Mihrda DIl ald tBhaOfodidigmnd -
said first and second predeterm ned val ues ‘being deriyved fromdifferent

conbi nati ons gtodulatbhgsa carrler2s1gnaﬂ;ebn§1eﬁoana§hel anmdog signailm 1,
further conprisi he s ng_a_bit strea Q an i_nfqrmation
synbol mapper Jtrbpgbébﬁ%céﬁgaﬁnadﬁiegﬁgl g?FﬁﬁﬁF gﬁgnalf ttomﬁg‘rgpﬁl % d

i nf or-mat i @Fh SO i BRPPEWetSamphageRand quadrat ure. symbol mapper and the
digital signal produced -by said baseband quadrature symbol mapper conprises

an in-phase di gﬁdHlS%ilg@ath%rmamcﬂﬁétﬁaﬁtilr@ansguﬁl@n @ever ambYifidwerfor

i gi tal Srunaody thed AR BdebBtehoths A T A acteSuR it bt

the in-phasp,si dar and the quadrature signal by the first predeterm ned

val ue.
transmitting the amplifier modulated carrier signal;

wherein said first and second predetermined values are derived
from a digital transmission power control word wit_hout feedback,
said power level control word comprising a plurality of bits and
said first and second predetermined values being derived from

different combinations of said bits.

_ 2. The method as claimed in claim 1, further comprising the
e, step of applyirig a bit stream to an inforrﬁation symbol mapper to
produce sa:Ld dlg:Ltal signal and | '

wherein said information symbol mapper is a baseband
‘quadrature symbol mapper and the dlgltal s1gnal produced by said
baseband quadrature symbol mapper comprises an in-phase digital
signal. and a quadrature digital signal, and further wherein said
step of cdmpress'ing said digital signal by multiplying said digital
signal by the first'pred_etemined value includeé multiplying both
'the in-phase signal and the quadraturel signal by the first

predetermined wvalue.

3. The method as claimed in claim 2, wherein the step of '

converting the comp;ressed digital signal to the analog single

AMENDED SHEET
- 19 -
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3." The method as cl ai mefigy rein the SF%HWGP DOVET T NG 1
conpressed digital signal ﬂ“lmmnmmmﬁngl e Y- { ) Q}) ’ :gi 7?
[err] - 19 - h:\d*inpnsi pphs\ 0944\ ¢ n8. p*f nm el e eoniertin
bot h t hejhB1phasecshgeekiandbbith ghadia-phass ghignalsand rmiehcmadnatare

conprising the steps of: applying the ,anal og. i n-phase signal.and the
anal og qaagnaluréal§i@ﬁ§h°§of§r&§§5}éFH?E“&PF@h%hﬁbE&%ﬁﬁan§J _producing a

single inter ”Eﬁé?%ﬁﬁéﬁﬂée%%%é%gﬂ?—'pﬂ & éifbf%alcﬂé%@f 2hid" 8ndi b§ChusBLHtaLer ;

upconverting a _ ring t nternedl ate Trequency signal "tO produce a
radi o frggyaaty s @najuadarture diaepityimugiulleearadi o frequency signal to

said anal og transm ssion power. anplifier_. . .
producing a single intermediate frequency signal with the

quadrature direct modulator; f

upconverting and filtering the intermediate_frequency signai
ﬁo produce a radio fréquency signal; and

applying the rédio frequency signal to said analog

transmission power amplifier.

4. A method for controlling the transmission power level
of a modulated carrier signal comprising the steps of: ]

compressing a digital signal to be transmitted.by'multiplying
said digital signal by a first predetermined value;

modulating a carrier signal based on the cémpresséd digita;
signal; _
.inputting said modulated carrier sigﬁal to a transmission
power amplifier; _'

adjusting the gain of said transmission power amplifier on the
basis of a second predetermined value; and. : |

transmitting the amplifiéd modulaﬁed.éérfier signal;

said first and second predetermined values being derived from
a digitalipowér level control word which comprises n bits, where n
is an integer;

said ﬁirst:predetermined'value is'derived from k bits of said
n bits, where k is an integer that is less Ehén n; and .

said second predetermined value is derived from the rémaining

n-k bits of said n bits.

5. A method for controlling”the transmission pdwer level
of a modulated carrier signal comprisingjthe steps of:
applying a bit stream to an information symbol mapper to
produce a digital éignal to be transmitted, the information symbol
- 20 - | |
~ ARENDED SHpET
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4. A nethod for cont roU“l“E"Illml] "I H“lSSI on power Iat-e_
carrier signal.conprisin conpp dr wg LE|
to be transmtted by nultlply|ng "sard dlgltal S itTEafa/ yx st? ‘ggs

Comr coclaPfds) Peithy, 5. bp oL AR Sl B'faape?ﬁa%éﬁ W Siatiat

a transnssghal pevaucedlbyf isaliid basebadid Huadrdtharegal 1 Segber
transm ssion power anplifier on the basis of a second predeternined val ue;

and cerpriRing Ay therhdss figd trdd figmed @nd iequidpatiure digital
first ang §§§gnd predetern1ned val ues being derived froma digital power

| evel con word which conprises n bits, where n is an integer; " said
first predetecompedseihge slaiidjﬁllg\i@ﬂlf rs(l@ﬂé.lblﬁf i1t idy Hdsa aheieak
is an integer_that is |ess than™n; and sai d second predetern1ned val ue

i s derivedgRadnbyhe fFé&nar npﬁgdﬂtﬁrlbmgdovabaed neleding multiplying bethod
f | | evel t
corpr 1 o1 Fi° HERbdfe 4R0hE R, SitRa il 13 TR ERSF Heraafrantaed

synbol maapee;to produce a dlgltal signal to be transmtted; the

i nformati on synbol - 20-
h: \deptl r do\ p@?éﬁ@-gf:aps A G9FFier wigsal faaed on the compressed dlgltal
signal;

el

inputting said modulated carrier signal to a tranémission
power amplifier; ' .

adjusting the gain of said transmission power amplifier or_-i the
basis of a second predetermined \_ralue;-a_.nd transmitting the )
amplified modulated'carrier; said method further comprising

multiplexing the in-phase and the quadrature signals prior to
said compressing step and converting said signals ff:om digital to
analog; and

demultiplexing the in-phase and quadrature signals following

A compression and digital-to-analog conversion.

6. A system for cont”r_olling the transmission power leirel.
of a modulated carrier signal transmitter comprising: '_
means: for compressing a digital signal to be transmitted by
mult:.ply:.ng: said digital signal by a first predetermined value;
means for converting the compressed digital signal to an
| analog signal; .
- means for modulating é cérrier signai based on the analog
signal; | _
means for inputting said modulated carrier signal to an analog
transmission power amplifier;
means for adjusting the gain of said analbg'transmission power

amplifier on the basis of a second predetermined value; and

| | - 21 -
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Lere] mapper being ;stsiﬂlllll L) ll!ﬁlﬂllzm:m%&:f%o%{ £ ngfgaga

i-n-phase digital signal and a quadrature digital signal; cbnb#es

~said digital dﬁéﬂﬂé' £BY TRhLLRYAGS el Shglided eRRlu IRt (i or
predeterm ned val ue, including nultiplying both the in-phase and the

quadr at usp.glsalgnal S by the first predeterm ned val ue; nodul ating a
carrier.signal, based on, mpressed di.gita na nput t i,ng. sai d
Todul at ed car¥PEFeER AAS S RRRARCeRT PR e vatucs Bk 3P R e

the gai ngpbynsai dikh8AIMcTENeMiRAMRN IR Imwln dtasivor] v assond
predeterm ned val ue; and transmtting the anplified nodulated carrier; said

met hod fﬂeecﬁbackoapdl vhegein sardl M&thegetlhe:qntqﬂiawmctWM@t ure
signal s lor_to said. ¢ npre i nd nverti Si fr m

di gi tal phu ULALEGY: SEnpits El%ﬁ%ng?“[%géeﬁ? adf?&?‘a%afb% i

signal s é?é' ﬁ&ﬁgeeoﬂbﬁxs@ﬁ’fe%%td'c&'Mnatﬂioﬂ&a'dE O PN

A system controlling the transm ssion power |evel of a nodul ated

carrier signal transmtter conprising: rreanjs for conpressing a di gi tal

o1 et er i necval verhé SvRlafiiat (HLHG R AR B nbtiin BheSrbhhsirona

to an  compressing the digital signal by the first predetermined value

g derived from the transmission power level control word include:
means for applying a portion of the transmission power level

. control word to a look-up table, ’
means for generating a multiplicand with said look-up table |

based on said portion of the transmission power level control word;

and _
‘means for multiplying said digital signal by said
multiplicand. '
g 8. The system as claimed in claim 6, further comprising

means for appiying' a bit stream to an information symbol mapper to
produce said digital. signal, and wherein said information symbol
mapper is a baseband quadrature symbol mapper and the digital
sighal produced by said baseband quadrature symbol mapper comprises
an in—phese digital signal and a quadrature digital signal, -and
further whetéiri said means for compressing said digital signal by
mult:.plyz.ng said digital signal by the first predetermined value.
1nc1ude means for multiplying both the in-phase and quadrature

signals by saJ.d first predetermined value.

9. The system as claimed in claim 8 wherein said means for
converting the digital signal to an analog signal converts both the

in-phase and quadrature signals, said system further comprising:

. - 22 -
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. anal og signal ; neanil“ull "llﬁ!lﬁlﬂ'l!!l;!!la carrier si grﬁr’ﬁa’ﬁe n/t@'e./., 29
anal og signal: - nmeang FOE ai d mdul@%@.&&nri efifs g’\;é n
anal og transni ssion power anplifier; means for- ad) USEi nd {H | :
sai d anaf og meansnfssi apphpiwy ttmlarEley on-pheseaand ghadratuvadsignals
predet er m ned v&llrue; ang. - 2% -, %err%, '
err]  EO FeRMRFIFUFPLASRPEEI PORHREGRDF? RERARTAA A P riR e T et ate ;

. Wher ei nesaidehbyskigadisecond predeterm ned val ues are derived froma '
digital transm ssion power |evel control word w thout feedback and wherein
sai d power |meshsclptr abocsuwverddmar iesds fa Yyamialg ttheofintdrsneahicatsai d fi r st
and secgnd predetenninid'value are dggAma fromdifferent, conbj nati ons of
_sai d bj tgequency sjgnalyfoe §V§%€ﬁ@a§ TSR ¢ HETUERSY S {9RAMer &1 t he neans
for conpresspagnkheod 8hbalibIBRL PYalberib&sbnlyedeyRE M £8%Y A Yenalog

. transmission power amplifier.

10. A system for controlling the tranémission-powef.level
of a moduléted carrier signal transmitter comprising:

means for compressing a digital signal.to be transmitted by
multiplying said digital signal by a first predetermined value;

means for modulating a carrier signal based on the compressed
digital signal; | |

méans for inputting said modulated carrier signal to a
transmission pow‘er;' amplifier;

meéns for adjusting the gain of said transmission power .

amplifier on the basis of a second predetermined value; and

means for transmitting the amplified modulated carrier
F, ~ signal; - | _ |
" said first and second predetermined values being derived from
a digital transmission power level cbnt:;ol word which comprises n
bits, wherein n is an intéger,-

'said first predetermined value is derived from k bits of said
n bits, . where k is an integer that is less than n; ahd

said second predetermined value is derived f£rom the remai'ning

n-k bits of said n bits.

11. A system for controlling_. the tra’nsmissidn power level
of a modulated carrier signal transmitter comprising":
means for applying a bit stream to an information symbol
mapper to pfoduce a digital signal to be transmitted, éaid
information sylmbol‘mapper being a baseband quadrature symbol mappér
and the digital sighél prodgced by said baseband gquadrature symbol
- 23 -
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. . . Fands 367087179
derived fromthe transnmission power |evel control mrdl%%@g i Aﬁn%ggﬁ
; WOk Wor } '

for applying a portion of the transm ssion power |evel

| ook _ | . . oL g ‘.
00K- Up tr@a?ﬁ(;%r-s%?népﬁf(;%é éﬂr%ﬂfﬁgé’lé&' Bﬂ%i‘tgy Eighéiagﬂd""h Buadi-dchoq 3!0

tabl e bas ron o transm ssion power Tevel “control wor
and diepitsaY asigmalp pl ying said digital signal by said nultiplicand.
8.. The systemas clainmed in claim6, further conprising neans for

appl yi ng a bi t MeANSFPECERPT RFSLREL FH Shdidialngdgeal by grotetel¥ing said
PR YN iy rort . 9
quadr a uE Sk FEETE Y, b S Mk dRla A0 AR P AR ity SRR Ry

quadr at urpga iy i ppeth cohpr inephasei anfhgeeddagural siggadks aydsaid

quadrature digital signal, and further wherein said neans for conpressing
sai d di giRzgdatRin Yiﬁl’tlﬁbl ying said digital signal by the first

/
predet erm ned i I;rbgﬁ1 Bafs, 2or A | he_ i.n-phase an
guadrature si gﬁn%rggbfy&gal JT rs%-ﬁegg??}%kg%%bggﬁﬁége& 6n %fé)'ﬁioznps%ﬁdseerﬁ
as cl ai miligic#l asigBadherein said nmeans for converting the digital signal

to an anal og signal converts both the in-phase and quadratur-e signals, said
syst em f urt herte@d®pr ¥ ngaputting said modulated carrier. signal [terg]

transmission power amplif'ie_r; '

means for adj'usting- the gain of said transmission power
amplifier on the basis of a second predetermined value; and

means for transmitting the amplified moduiated signal; said
system further comprising _'

me‘ans. for multiplexing the in—phase and quadrature signals _
prior to combre_ssing said digital signal and converting the signals =
from digital to analog; and

means for demultipl'gxing the in-phase and quadrature gignals

following compression and digital to analog-conversion.

e

RO Ao oy .

MWEDSH&-.r.
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_ Yo ed1t -1
[err]* - means for applying the anal og in-phase and quadrature signals to
a quqdrature direct nodul ator to produce a single internediate frequency
si gnal ; means for upcoriverting and filtering the internediate
frequendy signal to produce a radio frequéﬁ%y S|gnal and means for
appl ying the radlo frequency shgnal t.o sai.d anal oggtra smi _ssion gome

anplifier. fixsg, engdneesPndoRFPOPFPRLRRE YRARER ¥8Y oR®pover
l.evel of a m@@ﬂﬁﬁéadf&@mraealgugaalttaﬁsmmsgten powpri tewgl contrakans for

conpressing a di nal _to_be transmtted p igita
S gna by o R pAnes FaRteRdq cFapamanaton' fhud THLbLDLEhER TG4 T S
si gnal basedcmmgﬁﬁsesompbetsed thlfaksS|gnadetermlnﬁdawslﬁer1$n@erLVQ@
s T2 S e o3 el B BikEANGHRE R11<PANCANATERE | bEEona

means for adjus ng t ain of said transm ssion_power anplifier on the
basis of a s qgnm;aﬁﬁfwaﬁas ¢8| deriysd from FRanEeMBLnLRGNBnTtKing the

anplified noqylal F &N nChitisgnal ; said first and second
predeterm ned val ues being derived froma digital transnission power |evel

control word which conprises n bits, wherein n is an integer; - said
first predetern nethey didest @rtédlateedu.hednvhlbet mayf bsadelrnvedtby where k is

an integep that )5l Lihe M rdct?3drt of the transmission power level
control word to a look-up table which produces the first
predetermined value in response.

The digital signal is generated by applying a bit
15 stream to a modulation information symbol mapper. The
symbol mapper may convert bits to binary modulation
symbols, or in the case of contemporary digital systems
like PACS, a quadrature symbol mapper may output an
in-phase and a quadrature baseband digital signal.
20
If a quadrature symbol mapper is used, both the
in-phase and quadrature signals are compressed, converted
to analog signals, quadrature modulated to radio frequency,
and transmitted. The quadrature symbol mapper may also
25 produce a single modulated intermediate frequency signal
which is then compressed, upconverted to the desired radio
frequency, and transmitted. '

Furthermore, the in-phase and quadrature pair of
30 signals may be multiplexed bgfore compression and
conversion to analog. Demultiplexing is performed before
the signals are applied to the gquadrature modulator.
~ BRIEF DESCRIPTION OF THE DRAWINGS
35 - The accompanying drawings, which are incorporated in

and form a part of the spec1f1catlon, ‘illustrate the
present lnventlon and, together with the description, serve
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sai d. sectond predetermned value is derived fromthe remaining n-k bits of
said.n bits. " 11. A systemfor controlling the transm ssion power
| evel of a nodul ated carrier signal .transmitter conprising: means for
applying a bit streamto an information synbol nmapper to produce a digital
signral to be transmtted, said information Synbol mapper being a baseband

quadr ature synp er, he .disaid ale $hQn ed kd baseband
e siﬁ%o%. TRAR th%”‘lar‘x'h%z?:'l@s_ Y £hd fibv%é&_%ﬁ[.er?}é thie o
mapper conpr IAF@WiRgSi:n- phase digital signal and a quadrature digita

si gnal ; means for conpressing said digital signal by nmultiplying. said
digital signal by:a first predeterm ned val ue i_ncluding neans for,

mul tiplying both EHEYER phdse Rt Fiacsad 9fgRaPEiBY 8&FdChFEHEEer ni ned
val ue; s me aisd g0 digdballa tidethrd s iter adijgsal tlraasmisnibhepowepr essed
digital signal; means for inputting said nodul ated carrier signal to-a
transm ssion power anplifier; means for adjusting the gain of said '
transm ssi on poweFigve 2 ds @ blissksdiagrem gfs&bengiprudst eEnthed val ue;

and present invention using a baseband quadrature modulation of
the bit stream.
10
Figure 3 is a block diagram of the look-up table used.
with the present invention. '

Figure 4 is a graph of the present invention applied
15 to the transmission power level of a PACS transceiver. '

Figure 5 is a block diagram of a multiplexed range
compression and D/A conversion circuit of the present
invention using a baseband quadrature modulation of the bit

- 20 stream.

DETAILED DESCRIPTION OF THE PREFERRED EMEBODIMENT
Methods are known for establishing the transmission
power level at which a radio transceiver should be
25 transmitting given the interference from other transceivers
and other radio sources in the area. One such method is
described in U.S. Patent No. 5,333,175, which is
incorporated herein by reference.

30 U.S. Patent No. 5,333,175 teaches a TDM/TDMA portable
radio communications system in which the uplink pQwér
transmitted by the transmitter of a portable unit to a
fixed radio access port is dynamically controlled by
monitoring three measures in each uplink burst received.by

35 the port. These measures are a received signal strength
indicator (RSSI), a measure of received signal quality
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means for transmtting the anplified npbdul ated signal; said systemfurther
conprising . neans for nultiplexing the in-phase and quadrature signals
prior to conpressing said digital signal and converting the signals from
digital" to anal og; and means for demnultiplexing the in-phase and
quadrature si.gnals fol | owi ng conpre55|on9and digital to anal og-conversion.
Lerr] derived Erom the demodulatlon circuitry ("quality

measure"), and a codeword error indicator.

The word error indicator is used to adjust an RSSI
§ threshold upward and downward. If the quality measure is
below a predetermined threshold or the RSSI is below the
current value of the adjustable RSSI threshold, then
- additional uplink power is required, unless the RSSI is
greater than a predetermined maximum value. If additional
10 power is required, a power control bit, included within
each downlink burst transmitted to the portable, is set to
ONE and the portable, in response thereto, increases its
output transmitter power by a controlled amount.

15 If the quality measure is greater than the
predetermined quality measure threshold and the RSSI is
greéter than the RSSI threshold, the power control bit is
set to zero and the portable power transmitter power is
decreased by a controlled amount. Alsc, if the RSSI is

20 greater than the predetermined maximum, the power control
bit is set to zero and the portable power transmitter power
is decreased.

After using the method of U.S. Patent No. 5,333,175 or
25 any other method of determining the appropriate power level
for a portable transceiver, electronics must be provided to -
constraim the transceiver to broadcast at that power level.
This is the problem addressed by the present invention.
Using the drawings, the preferred embodiments of the
30 present invention will now be explained.

As shown in Figure 2, a bit stream is prepa:ed fqr
transmission. The bit stream may be a sequence of digital
codewords corresponding to the digitized speech of a

35 subscriber speaking into a transceiver. The bit
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(57) Abstract

... A technique for controlling the transmission power level of a transmitter, particularly in a wireless personal communication system,
is disclosed. This technique assists in the prevention of interference between transceivers from degrading the quality of transmission.
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(160). This approach allows adequate control over the transmission power level; it avoids the need for utilizing excessively wide data
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analog electronics.




