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1) Technical Field.

The present invention relates to a method and apparatus for assuring
that the average RF-exposure levels from radio transmitters, partxcularly
cellular, hand-held radio telephones, do not exceed a predetenmned level.

'2) Background Art.

In recent y&rs_therehasbeenan increasing concern over the
environmental effects of radio frequency radiation. For instance, the
American National Standards Institute (ANSI) in association with the
Institute of Electrical and Electronic Engineers, Inc. (IEEE) have adopted

| new standards for RF exposure. ANSI/IEEE C95.1-1992. The Federal

Communications Commission (FCC) has proposed adopting these new
guidelines. Notice of Proposed Rulemaking, "Guidelines for Evaluating the
Environmental Effects of Radiofrequency Radiation," E'I' Docket No. 93-62,
April 8, 1993.

The new guidelines are genexally more restrictive than the previously
adopted guidelines and encompass land-mobile systems, such as cellular

o, pocket and hand-held radio telephones. The guidelines provide for
exclusmns to the regulations if it can be shown through Iaboratory

. procedures that exposure conditions do not exceed a certain specific

absorption rate (SAR) or, alternatively, if the radiated power is below a
certain level. The FCC has proposed that hand-heid devices such as cellular
telephones must either comply with or be exempted from the requirements
W for uncontrolled environments. |

The Maximum Permissible Exposure (MPE) for uncontrolled
environments, the factors of which include electric field strength E (V/m),



gui delines. Notice of Proposed Rul emaking, "Guidelines for Evaluating the
15 Environnmental Effects of Radi of requency Radi ation,” ET Docket No. 93-62,
April. 8, 1993. The new guidelines are generally nore restrictive than the
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provide for 20  exclusions to the regulations if it rough

| abory procedures that exposure conditions do not exce cific
absorption rate (SAR) or, alternatively, if the radi at; ﬂwﬂm ow a
certain |level. The FCC has proposed that2 hand-hel d dev el | ul ar

t el ephones nust either conply with or be exenpted fromthe requirenents 25
specified for uncontrolled environments. The Maxi mum Perm ssibl e Exposure

(MPE) for ungmipnedt ifiRid strength H (A/m) and power density S (mW/cm?), are related
to the frequency range (MHz) of the radio signal. The averaging time, e.g.,
6 or 30 minutes, for MPE under the new standard is also related to the
frequency range of the radio signal. The RF exposure can be correlated to
5  output power of a transmitter provided that environmental factors can be
assumed, such as the transmitter radiating points being within a range of
distance from a user (e.g., 2.5 cm from a user’s head in a mobile
telephone). Thus, the MPE can be correlated to a maximum permitted
power.
10 - Keeping within the guidelines by lowering the maximum power
output to a level which cannot exceed the MPE at any instant may lead to

unnecessary and undesirable resuits. For instance, in order to maintain a
radio link, a mobile cellular transmitter may need to momentarily increase
power output as the mobile transmitter passes obstructions in the path of the
15  radio link. Exceeding a maximum power output would not, however,
necessarily exceed the MPE because of the permitted averaging time.

SUMMARY OF THE INVENTION
The present invention is designed to assure that a transmitter does not
exceed a MPE over the permitted averaging time while concurrently

20  permitting a greater range of power output to maximize the transmitter’s
ability-to broadcast at a level sufficient to establish or maintain a radio link.

An assurance ‘hat a radio system can not exceed the MPE will likely
increase consumer confidence and thereby increase the marketability of
products incorporating me.present invention. '

25 The present invention achieves these ends by automatically restricting
the maximum transmitting time during a predetermined averaging time so
that the average power remains below an acceptable level. Additionally or
alternatively, the maximum transmitter output power can be automatically
reduced to a lower level if and when a certain average power is approached.
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Further, a warning signal may be generated to inform a user that the MPE is
being approached.
: By implementation of this invention, higher power 1e%;e1s than the
maximum power output that would otherwise be permitted without averaging
.5 can be used, thus increasing the quality and reliability of the radio link.
Further, the present invention can be implemented in preexisting syswm
designs through an easily made software modification or through a slight
circuit modification, such as the inclusion of an integrator circuit.
The present invention thus avoids possible detrimental effects implied
10 by the newly proposed power restrictions and assures users that the exposure
guidelines, and particularly the MPE guidelines, cannot be exceeded by a
device in accordance with the present invention. Also, radio transmitters
incorporating the present invention can be exempted from the proposed FCC
requirements. |

15

The present invention will now be described in detml with reference
to the accompanying drawings wherein like elements are given like reference
numbers, in which, |

Figure 1 is a functional diagram of a first embodiment of the present

20  invention;
.- Figure 2 is a functional diagram of a second embodiment ofthe
. present invention;

Figure 3 is a functional diagram of a third embodiment of the present
invention;

25 Figure 4 is a program flow diagram of some of the features of the
first embodiment of the present invention;

FigureSisaprogmmmwdiagramofsomeéddiﬁonalfamresofthe
first embodiment of the present inveation; and '

is Sheet Has Been RTllaced

|||I|I||III|| (il




assuned, such as the transmtter radiating points being within a range of
di stance froma user (e.g., 2.5 cmfroma user's head in a nobile

Iel ephongd es;ffads, the MPE can be correlated to a nmaxi num peffosolgssapover .

Keeping within the guidelines by | owerinag-the maxi mum power

out put to a level which cannot exceed the MPE. at an Jnstant may Iead to
unnecessary and undesirable results. For instance, ls placedii N a
radio link, a nobile cellular tansmtter may need to crease
power output as the nobile transmtter _pgasses obstruc ath of

the 15 radi o |link. Exceding a nmaxi nrum power output woul d not however,
necessarily exceed the MPE because of the permtted averagi ng t| me. SUMVARY

OF THE | NVENTI ON %e grg%egtpni)gr}x&nﬁw%. | S g%?'tﬂ'?e%oﬁ&aﬂ&%@ that a

transmtter does
embodiment of the present invention.

With reference to Figures 4-6, the rectilinear blocks represent states
and the circles represent activities or events.

Several examples of where and how the prment invention can be
"implemented will be offered.
Handheld Simplex Radi
For purposes of illustration, with respect to professional handheld
10  simpiex radio systems, it is assumed that it has been found by measurements
that allowed specific absorption rate (SAR) levels permit a continuous output
over an averaging time of 1 W. During normal use of a handheld simplex
radio, due to the customer usage profile, it can be expected that only a few
short transmissions will take place during any six minute period, which
"15  corresponds to the permitted averaging time. However, a normal handheld
radio for this system would prefeﬁbly have 3 watt output power. This kind
of system may use a transmitter timing control to limit any transmission
period to one minute, for example. There is, however, no limit on the
number of transmissions, so the average output power P, might well
20  approach or exceed the maximum allowed power PQ;— In Figure 3 the
maximum allowed average power P,,, may be a digital or analog
reprt:sentaﬁon of decided maximum average power for cutting of the
transmitter.
In this case a safety device in accordance with the present invention is
25  useful. Such a safety device can take the form of an integrating circuit or a
software equivalent thereof for estimating the average output power P,,,
during an averaging time T,,., €.8., the last six minute period. The safety
device will either stop or disable a transmission until a new transmission can
take place without exceeding the maximum allowed power P, and/or give



exceed a MPE over the permtted averaging tinme while concurrently 20
permtting a greater range of power output to naximze the transmtter"s
ability t st at a level sufficient to establish or maintain a radio”
link An assufance that a radio systemcan not exceed the MPEGKHUSP4I464R| y

i ncrease consuner confidence and thereby increase the—warketabi-H-ty—of—

products incorporating the present invention. 25 %ﬁ Q
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i nvention achi eves these ends by automatically restric m
“transmitting time during a predeterm ned averaging ti ﬂﬁmm
average power renmains bel ow an accept abl edevel . Additi
alternatively, the maxi numtransmitter output power can be automatically
reduced to a lower level if and when a certain average power is approached.
This is the red wasnng thatlonetmorerraEmissivnds allowed, as explained further infra.
Normal use will not cause radio links to be interrupted very often.

Burst mode transmitters
Another example is a burst mode transmitter where the duty cycle is
5  usually low. In this case a high peak power can be used, and the safety
device can delay transmissions when necessary without much influence on
system performance, since interruptions will be rare.

Cellular Radio
The situation for cellular radios is different than handheld simplex or
10 burst mode transmitters. The maximum power output is often in the order
of 0.6 W. For purposes of illustration, it is assumed that it has been found
that a certain type of cellular radio might be used continuously with 0.2 W
output without exceeding the SAR limits. Normally cellilar systems use
power control depending on propagation conditions, hence the power of the
15  mobile unit, for instance, will vary during use. In this case a warning signal
could be given when a few minutes of transmission is allowed to continue at
the same average power P,,, as used during the averaging time T,,., e.2., the
last few minutes of the ongoing transmission. If the power limit P_,, is
reached, the transmitter will be automaticaily switched off for a time period.
20 A nuance can involve allowing at least one additional useful transmission
(for a sufficient time) if the unit is manuaily switched on again.
~ Alternatively, the transmission power P, could be reduced to a
lower level at or shortly after the warning instant to permit non-interrupted
(or at least a longer) transmission time. In Figure 3 the instantaneous power
25 P, may be digital numerical value, or analog voltage representing actual
transmitter output power. This is appropriate if there is margin in the
normal power control system so that some additional reduction of power will
only result in degradation of quality, not in total loss of communication.



Dat e: -3-' Further, a warning signal nmay be generated to informa user
that the MPE is being approached. By inplenentation of this invention,

hi gher pwosiahesel s t han the maxi num power out put that woupErg§danagdeose be
permtted w thout averaging 5 can be used, thus increasing the quality

and reliability of the radio link. Further, the present invention can be
I npl emented i n preexisting system designs through an easily nade software
nodi fication or through a slight circuit nodification, such as the
i nclusion of an integrator circuit. -6-

In a first embodiment illustrated in Figures 1 and 4, the invention
acts analogously to a fuse wherein when the maximum power duration is
exceeded, the transmission is simply shut-off. This embodiment is useful for

5  most applications such as handheld simplex radios because the averaging
time generally exceeds the typical duration of a radio link. Thus, the
transmission power P,,, never approaches the maximum output power P,,,
as averaged over the averaging time T,,.. However, in rare instances
wherein the receptxon conditions are particularly poor and/or the radio

10  transmission link duration relatively long, the first embodiment of Figures 1

~ and 4 assures that the maximum transmission power cannot be exceeded.

When the average power during the preceding averaging time (e.g., 6
minutes or 30 minutes) passes a threshold below or equal to the maximum
power P, allowed by the MPE, the transmission is cut-off.

15 With reference to Figure 1, an apparatus in accordance with this
aspect of the presexit invention involves an average power determining circuit
11 for determining an average power by which a radio transmitter has
transmitted during a preceding time period. This might take the form of an
integrating circuit. The preceding time period may be the maximum

20  averaging time T,,, Or a portion thereof. The average power determining
circuit may determine, as a measure of avéra’ge power P,.., a maximum
continuous transmission time based on past transmission time within an
avera'ging time period T,., when the transmission power P, is at a fixed
level. | |

25 The apparatus also includes a comparator 12 for comparing the
average power P, to a first, predetermined threshold P,,,,. The first
threshold may correspond to a maximum allowed average power P, for a
given averaging time T,,., which can be set by a first threshold setting circuit
13. The output of the comparator 12 activates a transmitter disable circuit
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The Jpresent invention thus avoi ds possible detrinmental effects inplied 10
by the newly proposed power restrictions and assures users that the

e.xposurevga'bgg ppes, and particularly the MPE guidelines, PRTR IP&&
exceeded by a 3evi ce in accordance with the present invention. S0, radio

transmtters incorporating the present invention can be exenpted fromthe
proposed FCC requirenents. 15 BRI EF DESCRI PTI ON OF THE

‘DRAW NGS The present invention will now be described in detail with
reference to the acconpanyi ng draw ngs vyn,e[ei nli elenments are given like
ref erence nunbers, in which, Figure 1 is a functional diagramof a first
enbodi nent of the present 20 I nvention; Figure 2 is a functional diagram

of a second enpbodj nent, of the . _ .
14 which disables the radio transmitter when the comparator 12 determines

that the first threshold P, has been exceeded.
In addition to the above structure, the apparatus may include a second
comparator 15 for comparing the average power P,,. at which a radio
5  transmitter has transmitted during a preceding time period T,,, (including a
time period in which the transmitter has been disabled) to a second
predetermined threshold P, The first threshold P, is the average power P,
where power is restored and/or blocking is removed. The second threshold
P, may correspond to a maximum allowed average power for a given
10  averaging time T,.. plus a margin sufficient to permit significant transmission
time prior to re-exceeding the first threshold. In other words, an hysteresis
~ effect is introduced to prevent rapid cycling of the power cut-off function.
The second threshold P, may be set by a second threshold setting circuit 16.
The transmitter disabling circuit 14 may enable the resumption of |
15 radio transmission after being disabled when the average power P,,. has
diminished to be equal or be below the second threshold P,.
The possible parameter settings thus include averaging time T,,. and
. maximum allowed average power P,,,, as well as the transmission re-enable
threshold P,. One additional possible parameter setting is the useful time T,
20  which will be allowed prior to re-exceeding the maximum averaged power
P : o
~ In its simplest form with a fixed output power, the power cut-off
cnténa will be a measurement of what proportion of the past averaging time
that has been used for transmission, and setting a maximum output time
25  according to that proportion (e.g., setting a maximum output time to be the
ratib of the allowed average power divided by the current output power).

This Sheet Has Been'Replaced .




present invention; Figure 3 is a functional diagramof a third enbodi nent
of the -present invention; 25 Figure 4 is a program fl ow di agram of

some of tyogokfalyres of the first embodi ment” of the presentrcirmég‘?}rh{sa;l;
Figure 5 1s a program fl ow di agram of sone additional features 0 e first
enbodi mrent of the present invention; arid This is the replacenment sheet 2 7
SEP 1996 -4-
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‘These functions can be implemented through software or hardware.
Figure 4 is a flow diagram in accordance with an implementation of the
present invention. In Figure 4, the rectilinear blocks repment states, and
the circles activities or eveats. | |
5 . With reference to Figure 4, the present invention is illustrated by the
program flow diagram thereof. State 46 is the state where the transmitter
can be used, e.g., be switched on. The average power P, is below the
maximum allowed average power P_,,. In step 41, the average powef P,.is
determined to be greater than or equal to the maximum allowed power P,..
10  Ifitis greater, then transmission is blocked, as shown at step 42 resulting in
the state 43. In state 43 the transmitter can no longer transmit, so the
average power P, will inevitably drop as time passes. Provided that the
average power P, is less than or greater than the maximum allowed power
P, while the transmitter is blocked (state 43), then it is determined whether
15  the average power P, is less than or equal to a second threshold P,, as
shown in step 44. When the average power P,,. drops below the second
threshold P,, then, as shown at step 45, the transmitter is re-enabled and
therefore free to transmit. As shown in state 46, when the transmitter is free
to transmit and the average power P,,, is less than or equal to the maximum
20  allowed power P_., then the program return to step 41. Thus this aspect of
the invention acts as a fuse to cut-off transmission and then re-enable
transmission once the average power P,y drops below the maximum allowed
power P, plus a margin as represented by the second threshold P,
This mechanism assures that the user will not be exposed to an
25  average transmission power greater than permitted over the averaging time
T,,., while allowing renewed communication of an interrupted call as quickly
as possible. ) - f
Thus, when average power P, during past averaging time T, has
decreased below the limit P, by an amount that will allow some additional
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Figure 6 is a program fl ow di agram of the second and third enbodi nent of

t he present

I nvention. Wth reference to Figures 4-6, the rectilinear

bl ocks r¥PMs4E# states and the circles represent act i vit iRGI/GI4H4640t 5. 5

DETAI LED DESCRI TI ON OF THE PREFERRED EMBCDI MENTS Severa

exanpl es of where

and how the present invention can be inplenented will be of fered. Handhel d

Si npl ex Radi os For purposes of illustration, with res hegt !;u:
handhel d 10 sinplex radio systens, it is assuned t hat

by nmeasurenents that allowed specific ab8erption rate

conti nuous output over an averaging tinme of 1 W During nornal
handhel d sinpl ex radi o, due to the custoner usage profile, it can be

_expected that yQphlVoferitfi¥ time T,, at an expected power level, the transmitter can be

10
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re-activated after having been cut-off.

It is assumed thatmetransmtterxsallowednobemmedonmus
usual way, manually or through system request and not automatically, by a
protective circuit in accordance with the present invention, when the past
averaging time has decreased below the imit P:.

An apparatus inacoofdance with the present invention may include a

circuit or program for setting a threshold P, a_llowing the transmiitter to be
turned on when the average power P,,, during the past time period T,
(decreasing) passes the threshold P,, and estim_ating this threshold level P

from the expected power level P, and-a decided useful operating time T,,,

and estimating the expected power level.

This embodiment may include a device for blocking the transmxtter
from being used when the average power P,,, passes the allowed limit P,.,.
‘When the transmitter is blocked the average power necessarily goes down,
since no more energy is integrated. When P,,, passes the threshold Py, the
transmitter blocking is removed and the transmitter is allowed to be used .
again. The threshold P is set to a value that will give some useful
transmission time T,,,, if the transmitter is switched on after removal of the
blocking. |

When the average power P, is hkely to exceed a predetermined Limit

Prux ﬁuansmwonxsconnnuedatexpectedpowerlevelP for more than a
decided suitable time, 2 warning signal may be generated.

With reference to the phantom lmes of Fxgure 1, an apparatus smtable

for implementing the invention can include the average power detenmmng

circuit 11 for detemnnmg an average power P by which a radio transmitter

has transmitted during a precedmg time penod. The apparatus also includes
a comparator 17 for compé.ﬁng the average power P, to an warning
threshold P,. The inventive apparatus may ; include wammg threshold setting
circuit 23 for setting the warning threshold P,. The warning thmshold P,

ednal
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- short transm ssions will take place during any six mnute period, which 15
corresponds to the permtted averaging tine. However, a nornmal handheld
radi o f awobdnmasystem woul d preferably have 3 watt out put poumSe4/1dad s ki nd
of systemmay use a transmitter timng control to limt any transm ssion
period to one mnute, for exanple. There is, however, no I|m't on the

nunber of transm ssions, so the average out put power'ftu She
approach or exceed the nmaxinum all owed power [err]. I H' ’ﬁn

maxi mum al | owned average power [err] may jpe a digital
representation of decided maxi mum average power for cutt| ng
transmtter. In this case a safety device in accordance vmth the pr esent

nt egrat i ng cRRt e A pHseasliflof UG lvPCU SREBBDARE B BB 10 T
aver age out pujamingesighlrand/or to reduce transmitter power. The warning threshold
| setting circuit 18, in one embodiment, predicts when the average power is
likely to exceed an allowed maximum average power P,,, according to the
5  expected power level P, and determine an Waming threshold P,, sufficiently
below the permitted maximum average power P, output to allow an alarm
to be generated within a predetermined time, such as a minute, prior to the
transmitter exceeding the permitted maximum average power P,,,, based on
a result of the prediéﬁon. This allows the user to sign-off without or at least
10  be forewarned of an abrupt interruption. '

The inventivé apparatus can include a warning generator 19 for
generating a warmng when the comparator determines that the warning
threshold P, has been exceeded. The warning can be audio or visual or
both. |

15 - Thus, one of the possible parameter settings is a suitable time prior to
generating a warning signal the average power level P,,, exceeding the
warning threshold P,. '

A warning signal is initiated when and if the power passes the/v
warning threshold P,. If transmission is continued long enough, the

20  transmitter will be blocked when P, is reached in this embodiment. The
| power decreases, and when Py is passed, the transmission blocking is
removed. If transmission is stopped before P, is reached, the average
power P,,, will decrease without the transmitter being blocked.

Figure 5 shows a flow diagram illustrating an embodiment of this

25  aspect of the present invention. This embodiment is similar to that shown in
Figure 4, wherein like steps are provided with like step reference numbers.

As shown in Figure 5, in a state 52 when the average power is below
a threshold value P, for generating wamning and the transmitter is enabled, it
is then determined whether the average power P,,. equals or exceeds the

30  waming threshold value P, at step 53. If the warning threshold P, is



.during an averaging time [err], e.g., the last six mnute period. The
safety device will either stop or disable a transm ssion'until a new

fransm woesn7oan take place without exceedi ng the maxi nunpeftisydsponer
[err] and/or give This is the replacenent sheet Date: 2 7 SEP 1996

warning that one nore transmssion is allowed, as em nfra.
Normal use will not cause radio |links to be interr Ui SibetlRE Beed REg2eq BUr St

node transmtters Another exanple is a burst node tr
duty cycle is -11 - '

10

20
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exceeded, then a warning is given, as shown at step 54. Step 55 shows a
state where the average power P,,. is between the maximum allowed power

- P and the warning threshold P, while the transmitter is free. If the

average allowed power P,,, is below the warning threshold P,, then the
program flows to step 56, back to step 52 through step 53 and step 54.
However, when the average power P, equals the maximum allowed power
P, as shown at step 41, then the transmitter is blocked as shown at step
42, thus resulting in the state 51 where the average power is between a first
threshold P, for re-enabling the transmitter and the maximum allowed power
P,..., while the transmitter is blocked. When the average power drops below
the transmitter re-enabling the threshold Py, as shown at step 54, then the
transmitter is re-enabled, as shown at step 45 and the flow proceeds to step
52 to determine whether the average power is below or exceeds the wamning
threshold P,,.

A warning signal is thus initiated when and if the average power )
passes the warning threshold P,. If the tmnsrmssxon is continued long
enough, the transmitter will be blocked when the maximum allowed power
P_.. is reached. When the average P,,, decreases, and when the re-enabling
threshold Py is passed, the transmitter blocking is removed. If the
transmission is stopped before the maximum allowed power P, is reached,
the average power P,,, will decrease and the original state returns without the
transmitter being blocked. '

" This warning can take any suitable form such as audio or visual
indicators, or a combination of audio and visual indicators. Such indicators

'may optionally pulse and further may optionally pulse at an increasing rate

as the predicted remaining transmission time grows short. Alternatively, the
user can be informed of the actual, predicted time remaining by either an
LCD display or by an artificially generated voice. |

Another aspect of the present invention is power reduction, rather
than simple power cut-off. The criteria for power reduction is the same as

-5- a
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5 usually low. In this case a high peak power can be used, and the safety
device.can del ay transm ssi ons when necessary without nmuch influence on
system performance, since interruptions will be rare. Cellular Radio The
Situati onMOIY ular radios is different than handhel d siPHpIESI4464%)
burst node transmtters. The maxi mnum péwer output is often in the order of
0.6 W For purposes of illustration, it is assuned that it has been found
that a certain type of cellular radio m ght be used continuously with 0.2 W
out put without exceeding the SAR limts. Normally cellular systens use
power control depending on propagati on cok¥itions, hence the power of the
15 nobile unit, for instance, will vary during use. In this case a
war ni ng si gnal coul d be given when a few minutes of transnission is allowed

to continue at férgenemtingay wandng signal. With teferencestecFighivei 2) Gant dipafates #0i ng
time [err] e. géécoi'&]a%ce with the present invention includes a circuit 11 for determining
an average power P,,, by which a radio transmitter has transmitted during a
preceding time period T,,, as in the embodiment of Figure 1, and a
5  comparator 21 for comparing the average power P, to a first power
reduction threshold Pp,. This embodiment includes a first reduced power
threshold setting circuit 22 for setting the first power reduction threshold
Py,. The first reduced power threshold setting circuit 22 predicts when the
average power is likely to exceed a maximum average power P, and
. 10 determines a first power reduction threshold Py, sufficiently below the
maximum average power P,,, to allow for power reduction within a |
predetermined time prior to the transmitter exceeding the maximum average
power P_,., based on a result of the prediction.
This embodiment includes a power control 23 for reducing the
15 maximum power at which the transmitter can transmit when the first
comparator 21 determines that the first power reduction threshold Py, has
been exceeded. o
This embodiment may also include a second comparator 24 for
comparing the average power P,,, at which a radio transmitter has
20  transmitted during a preceding time period T,,, including a time period in
- which the transmitter maximum power output has been reduced, to a second
predetermined reduced power threshold Py,, and the power control 23
nmmxns1heruhmzdrnadnnunpowerouqmtnsmkﬁonvﬂmntheawem@p
power has diminished to equal or be below the second reduced power
25  threshold Py,. The second threshold Py, corresponds to the first power
reduction threshold Py, plus a margin sufficient to permit significant
transmission time prior to re-exceeding the first threshold Py,. Also included
may be a second reduced power threshold setting circuit 25 for setting the
second threshold Pp,. |

-
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| ast few m nutes of the ongoing transmssion. If the power Iimt [err] is
reached, the transmtter will be automatically switched off for a tinme -
period. 20 A nuance can involve allow ng at | east one additional useful
transni sSY@AM08t a sufficient time) if the unit is manual PETARPHEEY on
again. Alternatively, the transm ssion power [err] -could he reduced to a
| oner | evel at or shortly after the warning instant toWirmt

non-interrupted (or at |least a |longer) transni ssion c@® t he
I nst ant aneous power 25 [err] may be di gl tal nuneric & aI og
vol tage representing actual transmitter=-ddt-put power r| ate
if there is margin in the normal power control system so that sorre
additional reduction of power will only result in degradation of quality,
not in total |oss ofhgcdevice hiplementhiy this aspetteoft the limention inclidest 27 SEP
1996
- munsforreducmgpowertosmtablelevel(whxchwﬂlthenbemeatpecwd
. level), estimating suitable level (which could be a fixed reduction in dB or a
- change of power level based on the level used which would be different for
S  each level or range of levels).
Figure 6 shows an embodiment of this aspect of the invention. In
Figure 6, stepsanalogoustothoseshownmhgum4and5mreferredto
by like reference numbers.

In the embodiment shown in Figure 6, the uansnussxon power is

10  limited to a level which should not cause the average transmission power P,,.
to exceed the maximum permitted transmission power P,,,. Thus, in the
instance where the limited transmission power is insufficient for a clear radio
communication link, the quality of the radio communication link may

- degrade or result in an interruption of the radio communication link when

15 the quality drops below a minimum. However, some static on the
communication link, for analog systems, or an increased bit error rate (BER)
in digital systems, is deemed tolerable when offset against the advantages of
assuring that the maximum average transmission power is not exceeded.

The criteria for removal of the power reduction is when estimated

20  average power P, will not exceed limit P,,,, within suitable time if power
returns to system setting. This is the same as above for resuming
transmission capability in the first embodiment, but a full power range
returns automatically. :

Thresholds for warning P, power reducﬁdn Py, increase of power

25 Py, and release of blocking P, can be set independently, giving slightly
differing diagrams. \

Reference will now be made to Figui'e 6. Figure 6 illustrates the
embodiment where power reduction and automatic removal of power
reduction is introduced. It should be-noted that the threshold for power

30 reduction Py, may be equal to the wéming threshold P, as it is illustrated in



Dat e: -6- Transmtter Cut-off Enbodinment In a first enbodi nent
illustrated in Fi gures 1 and 4, the invention acts anal ogously to a fuse
Wherein {I nmaxi mum power duration is exceeded, the transm ssion is
simply s Vi This enbodi ment is useful for 5  host ar}’ %?31184? such
as handhel d si npl ex radi os because the averagi ng time generalTy exceeds the
typical duration of a radio link. Thus, the transm ggi SiRetda¥\Blen REJIdcdq NEVES
approaches the maxi mum out put power [err] as average l"" "II n?il agi ng

time [err]. However, in rare instances

-14 -

Figure 6. Thus, a warning can be generated in addition to the power
reduction. Similarly, the increase in power threshold Py, and the release of
transmission blocking threshold P, can be made equal. This is expedient, for
instance, where both the power reduction function and the transmission
5 blocking function are introduced into one embodiment, as will be discussed
with reference to Figure 3, infra. These assumptions simplify the
illustration. However, if the parameters are made to be distinct, Figure 6
would only be modified by adding appropriate states and activities.
In state 61 wherein the average power P,,, is between the maximum
10  allowed power P,,, and the first threshold P,, while the transmitter is
blocked and the power is reduced, it is determined whether the average
power P,,, has dropped to the first threshold Py, whereupon the transmitter is
no longer biocked and may transmit at the increased power levels, as shown
at step 62. As shown at step 63, in a state where the transmitter is free to
15  transmit and the average power P, is below the wamning threshold P,,, the
program proceeds to step 64 where it is determined whether the average
power equals or exceeds the wamihg threshold P, and thereupon generates a
warning and reduces the maximum power P, at which the transmitter can
transmit. Thereafter, at state 65 where the average power P,,, is between the
20  warming threshold P, and the maximum allowed power P_,,, the transmitter
is not blocked but broadcasts at a reduced power. In this state, as shown at
step 66, if the average power drops below the first threshold P, the
uans;rﬁuzr is permitted to transmit at an increased power level. By this step
66, the transmission is not interrupted. However, if the average power P,
25  equals the maximum allowed power P,,,, as shown in step 41, then the
transmission is blocked, as shown at state 62, and the program flow retumns
to step 61. '
Figure 3 shows another embodiment of the present invention which
incorporates the features of the present invention including terminating :
30 transmission when a threshold corrépondiﬂg to the maximum average power



wherein the reception conditions are particularly poor and/or the radio 10
transm ssion link duration relatively long, the first enbodi nent of Figures
1 and 4 asgsures_that the maxi mum transm ssion power cannot be exceeded.

Wien the a¥2P¥B4ower during the preceding averaging tinme PEIFPSIMEIA? nut es

or 30 m nutes) passes a threshold bel ow or equal to the—maxtrumpower—

[err] allowed by the MPE, the transmi ssion is cut-off.

1 /1 h
reference to Figure 1, an apparatus in accordance with heet Has Beg M”I cetdhe
present i nvention involves an average power determnm ng ci R ﬂ l
deternining an average power by which a rd8i-o transmtt H ted

during a preceding tine period. This mght take the formof an integating
circuit. The preceding tine period may be the maximum 20 averag tine
[err] or a portPgpistteachex giveha warning yehena/ warnihgt thresholidrig reached; andray

determne, as & MeARYor powes reduition B9 UE mbtiriuhn Svelzbe pawer P, is
approached. _ ' '
This embodiment includes an integrator 31 which receives a
S  representation of the actual transmitter power P, and a parameter setting
representing the averaging time T,,.. The integrator 31 integrates the actual
transmitter output power P, over averaging T,,. to output the average power
P,.. The average output P,,. is input to three comparators 32, 33 and 34.
. The first comparator 32 determines if the average power P,,. is greater than
10  the decided maximum average power P, for cutting-off the transrmtter
This maximum permitted power P, is a parameter which might be a
constant or variable obtained through other processes but preferably
corresponds to the MPE for a given set of conditions. The output of the
comparator 32 is input to a flip-flop 35 which outputs a signal to block
15  transmission. The flip-flop 35 may be an R/S flip-flop, or equivalent
function in processor wherein B=1 will cut off the transmitter power of the
transmitter, and B=0 permits normal transmitter on/off control.
A warning comparator 33 compares the average power P, 10 a set
warning parameter P, which corresponds to the thréshold for generating a
20 waming. The output of warning comparator 33 is input to a flip-flop 36, the
output of which, when it changes from zero to one for instance, generates a
warming signal. The flip-flop 36 may be an R/S flip-fiop, or processor
function wherein A=1 will reduce transmitter power, A =0 permits normal
operation of system power control. '
25 Because the warning threshold P, is set to the power reduction |
threshold Py, the flip-flop 56 can also serve to generate a signal to reduce
the maximum power at which the transmitter is capable of transmitting. A
power restoring comparator 34 compares the average power P, to a
parameter P, which is set at a threshold for restoring the transmitter power
30 and/or removing the blo_i:king of the transmission. ‘The output of the power



conti-nuous transm ssion tinme based on past transmission tine within an

aver agi n‘gwbiggﬁ,"ﬁgri od [err] when the transm ssion power [ew@‘@%ﬁ% fixed

| evel 25 The apparatus al so includes a conparat or aring

the average power P., to a first, predeterm ned threshotd—terr}—Fhrefirst

threshol d may correspond to a nmaxi num allowed average, [ for a
given averaging tine [err] which can be set by a fi rs‘tpfg{\élgrlee 4 l“'ﬁ%
circuit 13. The output of the conparator ,12 activates a Im H‘ sabl e

circuit This is the replacement sheet Datl®:® 2 7 SEP 19

restoring comparator 34 is input to both the flip-flops 35 and 36 to
effectively remove the transmission block and/or to remove the reduced
power restriction. :
The comparators 32, 33 and 34 are analog devices giving high output
§  (=1)if the indicated condition is valid, low output (=0) if not. With digital
implementation comparing may be done with processor software.
_ The average power determining circuit 11 and integrator 31 may be
analog or digital circuit or software integrating instantaneous P, over time
T, to give a measure of average power P,,, as output.
10 The parameter T, Pau, P.;, P, may be constants or variables
obtained from other processes.
If an integrator is used, the integrator 31 performs the operation:

P = [ P (du

T,

This can be achieved in a multitude of ways such as in a program of
a processor. o . |
15 A processor should sample P, at intervals commensurate with the
expected duration of transmissions in the system. One second intervals is
pmbablymfﬁcientforvoicesysﬁems,togivegobdaccuracyinP .
" ‘The program would store the last number of sampies of P, and
present the sum as output representing average power P,,.. The number of
20  samples equals the averaging time T.,, divided by the sampling period time.
The output can be scaled to the same scale as P, by dividing the output by
the number of samples.
In a simple embodiment, if the transmitter has only one power level
the integrator might take the form of a shift register, storing a "one" at every
25  time sample the transmitter is on and a "zero” when it is not transmitting.



[ 4

-7- 14 which disables the radio transmtter when the conparator 12 .
determnes that the first threshold [err] has been exceeded. In addition to
t he above structure, the apparatus may include a second conparator 15 for
conpari ng osh44a9e pover [err] at which a radio 5 trans ‘9
transmtted during a preceding tinme period [err] (including g&""ﬁ%" g‘f’lod

I n which the transmtter has been disabled) to a second—predetermned

threshold [err]. The first threshold [err] is the av wer [err] mhere
power is restored and/or blocking is renoved. The seco
may correspond to a mexinum allowed average power for H

averaging time [err] plus a margin suffici€nt to perm
transmission time prior to re-exceeding the first threshold. In other :
words, an hysteresis effect is introduced to prevent rapid cycling of the
pover cut-off fGheEoRspats of “ones” in the register will represent P,,,. The length of the

shift register equals the number of samples during the average sampling time

SN T

The parameter setting for giving a warning T,, is calculated at the
5 remaining transmission ﬁmeatexpecmdavetﬁgepowerlevell’qbeforecut-
off (cut-off at P,,,). The warning time T,, corresponds to the expected
duration of transmission before cut-off after warning signal. "

P T, .

P_. =P+ .
ave

P_T,
Pt

~~ This suggested P, is a conservative estimate, takmg into account that
the averaging time could contain a long beginning period with P, =0.

10 A more exact algorithm will take into account that the integrated
power during the first of the integrating time T,,. will disappear from the
integrator during the time T, following the warning signal. This requires an
additional integrator with an averaging time of T,,, - T, and little seems to
be gained.

15 “’ ‘With a constant transmitter power, thewammgthresholdP isalsoa
constant (T, considered as a fixed time).

The expected power P, is simply P, if the power is constant (only
one power level available). In a radio with system power control, P, is
obtained by reducing the system demanded power level by a decided amount.

20 The power resume threshold P, can be set to a value less than what
the warning threshold P, would be with maximum P,,,. This means that a
new warning signal will be given when P, is approached.



The second threshold [err] may be set by a second threshold setting cicuit
16. The transmitter disabling circuit 14 nmay enable the resunption of 15
Jadi o trawesagen after being disabl ed when the average poREF/US¥¥p4has

di m ni shed to be equal or be below the second threshold [err]. The possible
paranmeter settings thus include averagi*ng time [err] and maxi num al | owed
average power [err] as well as the transm ssion re-enable threshold [err].
One additional possible paranmeter setting is the useful tine [err] 20

which will be allowed prior to re-exceedi¥8-the nmaxi mum averaged power
[err]. In its sinplest formwth a fixed output power, the power cut-off
criteria will be a neasurenent of what proportion of the past averaging

25" acoording to t ALenRk: pORCERL SR be Slfinad Hoki'ih Suft pOWEE BB 1 o
be the or with sufficient margin from the system power control block, or in a
simple system from the maximum power rating of the transmitter.
Thefhnqyﬁngtkscﬁpﬁoncﬁthespaiﬁcenﬂxkﬁnmunsrewwdthe
5  general nature of the invention and others can readily modify and/or adapt
' for various applications such specific embodiments without departing from
ﬂu:guunalconaqn,and,ﬂune&ne,mmﬁlmkmmnknmtnulnuxﬁﬁcminm
should and are intended to be comprehended within the meaning and range
of equivalents of the disclosed embodiments. It s to be understood that the
10  phraseology and terminology employed herein is for the purpose of
description and not limitation. Also, the plural includes the singular and the
singular includes the plural, unless otherwise indicated.
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ratio of the all owed average power divided by the current output power).
This is the replacenent sheet Date: 2 7 SEP 1996 These functions can.
be i npl emented through software or hardware. Figure 4 is a flow diagramin
* accor dancWOAS{1A044n i npl enent ati on of the present invention PCHUSMHdeQ 4,
the rectilinear blocks represent statés, and the circles activities or .

events.- 5 Wth reference to Figure 4, the present invention is
illustrated by the program fl ow di agramthereof. Stat i € state
where the transmitter can be used, e.g., be switched on agReplavedr
e \\Il\l\\\l\\\\\\\l\l\ﬁl\

CLAIMS:
1. An apparatus comprising:

 means for detetmmmganaverage power by wtucharadm

transmmerhastransmmeddunngaptewdmgumepenod
5 means for comparing said average power to a first,
predetermined threshold; and
means for disabling said radio transmitter when said

comparing means determines that said first threshold has been exceeded.

2. An apparatus in accordance with claim 1, further comprising
10  means for setting said first threshold.

3.  An apparatus in accordance with claim 1, wherein said first
threshold corresponds to a maximum allowed average power for a given
averaging time. '

4. An apparatus in accordance with claim 1, wherein said means
15  for determining an average power includes means for determining a
maximum continuous transmission time based on past transmission time
withinanavemgingﬁmepeziodasamwﬁreofsaidavmgepower.

.S, An apparatus in accordance with claim 1, further comprising
. means for comparing said average power at which a radio
20  transmitter has transmitted during a preceding time period including a time
period in which said transmitter has been disabled to a second,
predetermined threshold; and |
means for enabling the resumption of radio transmission after
being disabled when said average power has diminished to equal or be below
25  said second threshold. -

* [ L L] S *




maxi mum al | oned average power [err]. In step 41, the average power P., is
det'ermined to be grater than or equal to the maxi mum al | oned ovve err]
10 | f WO9170ddcat er, then transnission is bl ocked, as sh®

resulting in the state 43. In state 13 the transm’tter can no Ionger
transmt, so the average power [err] w'll inevitably drop as tine passes.
Provi ded that the average power [err] is less than or greater than the
maxi mum al | oned power [err] while the transmtter is blocked (state 43),
then it is determned whether 15 the av@age power [err] is |less than or
equal .to a second threshold [err] as shown in step 44. \Wen the average
power [err] drops below the second threshold [err] then, asshown at step

45, the transmtterg is rgnappirand inadcirtisance witteclhine 5| wherein said secdnd shown
in state 46, vvhenthetransmtter is free to fransmt an t he average .
power [err] i hieshold carmesponds 4@ 2 magmum aliewed averags power foha EiYver [err]

the the programret urm&%hfstfﬁlﬁém sﬁ?ﬂaeﬁt%ieﬁﬁﬂ‘iﬂmﬂ:fant transmission
umepnortore-exwedmgsaldﬁrstthrwhold

5 1. AnWsinaccordancewithclaimS,ﬁuthereompﬁsing
means for setting said second threshoid.

8. An apparatus comprising:
means for determining an average power by which a radio
transmitter has transmitted during a preceding time period;
10 means for comparing said average power to an warning
threshold; and
means for generating an alarm when said comparing means
determines that said wamning threshold has been exceeded.

9. Anapparamsinaccordancewiﬂxclaini& further comprising
15 - means for setting said warning threshold. |

10.  An apparatus in accordance with claim 9, wherein said
warning threshold setting means includes: . _ .
means for predicting when said average power is likely to
excéed a permitted average power output; and _

20 means for determmmg an warning threshold sufﬁaently below
said permitted average power output to allow said alarm to be generated
approximately a predetermined time prior to said transmitter exceeding said
permitted average power output, based on 2 result of said predicting means.

This Sheet Has Been Replace
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the,invention acts as a fuse to cut-off transm ssion and then re-enable
transm ssi on once the average power [err] drops bel ow the maxi mum al | owed
power [ewQogiross a margin as represented by the second threehusodsissas] This
mechani sm assures that the user will not be exposed to an 25 aver age
transm ssi on power greater than permttéd over the averaging tine [err]
while allow ng renewed communi cation of an interrupted call as quickly as
possi bl e. Thus, when average power [err] during past averaging tine [err]
has decreased below the limt [err] by apjamount that will allow sone
additional This is the replacenent sheet 27 SEP 1996 Dat e:

11.  An apparatus comprising:

‘means for determining an average power by which a radio
transmitter has transmitted during a preceding time period;

means for comparing said average power to a first power

S5  reduction threshold; and

means for reducing a maximum power at which said
transmitter transmits when said comparing means determines that said first
power reduction threshold has been exceeded.

12.  An apparatus in accordance with claim 11, further comprising
10  means for setting said first power reduction threshold. '

13.  An apparatus in accordance with claim 12, wherein said first
power reduction threshold setting means includes: |
means for predicting when said average power is likely to

exceed a permitted average power output; and

15 means for determining a first power reduction threshold -
sufficiently below said permitted average power output to allow for power
reduction at approximately a predetermined time prior to said transmitter
exceeding said permitted average power ouq)ut, based on a result of said
predu:non means.

20 ‘14.  An apparatus in accordance with claim 11, further comprising:
means for comparing said average power at which a radio transmitter
has transmitted during a preceding time period including a time period in
which said transmitter maximum power output has been reduced, to a second

predetermined reduced power threshold; and —
Has Been Replaced

T

* ¢ L M 5 %



-9- .useful operating tine [err] at an .expected power level, the transmtter
can be reactivated after having been cut-off It is assuned that the
t.ransmi t WO 9%/E708d | owed to be turned on in its usual way, nEROTAIS9W14649

t hrough systemrequest and not automatically, by a 5 protective circuit

I n accordance with the present invention, when the past averaging tine has
decreased belowthe limt [err]. An apparatus in accordance wth the
present invention may include a circuit or programfor setting a threshold
[err] allowing the transmtter to be tur®d on when the average power [err]
during the past time period [err] 10 (decreasing) passes the threshold
[err] and estimating this threshold |evel [err]

means for removing said reduced maximum power output restriction
when said average power has diminished to equal or be below said second
reduced power threshoid.

. 15. Jnaqmnnﬂnshfaxduhna:whhchﬁh14,wmamhlsﬁd

5  second threshoid corresponds-to said first power reduction threshold plus a
margin sufficient to permit significant transmission time prior to re-
exceeding said first threshold.

16. Anapparamsmaccordancethhclmm 14, furthercompnmng
means for setting said second threshold.

This Sheet Has Been Replaced
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fromthe expected power level [err] and a decided useful operating tinme
efr] and-estimating the expected power |evel. This enbodi ment may i ncl ude
a device for blocking the transmtter from being used when the average
“power [erVP943Ms the allowed limit [err] 15 Wien the trRPGEHHEM/14649; s

bl ocked the average power necessarily goes down, since no nore energy is

i ntegrated. When [err] passes the threshold [err], the transmtter bl ocking
is removed and the transmitter is allowed to be used. again. The threshol d
[err] is set to a valuehat will give sohfbuseful transmission tinme [err] if
the transmtter is switched on after renoval of the 20 bl ocki ng. Wen the
average power [err] is likely to excfg@prﬁdeterm’ ned limt [err] if
transm ssion is continued at expecte over ‘I evel [err] for nore than a
decided suitable tinme, a warning signal may be generated.

3
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Wth reference to the phantomlines of Figure 1, an apparatus suitable 25
far inplenmenting the invention can include the aveage power determ ning
circuit eterm ning an average power [err] by which_a radio

t r ansni tvt%érgglggos‘gt ransmtted during a preceding time peri od®CHHRPUEY at us
al so includes a conparator 17 for conparing the average power [err] to an
warning threshold P. The inventive apparatus may include warning threshold
setting 30 circuit 23 for setting the warning threg%d [err]. The warning

threshold [err] This is the 2 7 1996 Dat e:
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-10« may be a represe t Ci ded | evel of average power [err] to
g¥ve war ni ng si gnal % ansni tter power. The war ni ng

1 hr eshol dvﬁfgs? Ci rc l enbodi ment, predicts vvhen t he average
power is | y 10 exc [

nexi mum  average pOWBEr, V\ia
according to the 5. expect ed power |evel [err] and determ ne an \Hem ng
threshold [err] sufficiently below the permtted nmaxi num average power
[err] output to allow an alarmto be ggyezated within a predeterm ned tine,
such as a mnute, prior to the transm exceeding the permtted maxi num
average power [err] based on a result of the prediction. This allows the
user to sign-off without or at |east 10 be forewarned of- an abrupt

i nterruption. The igjventive apparat us cﬁ{ Iu?e a warning generator 19
€ or generating a wajning when the conparator®deferm nes that the v&rni ng
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threshol d [ew] has been exceeded. The warning can be audio or 'visual or

hgt h. . 15 Thus,

one of the possible paraneter settings is a suitable

dinme priohv?gﬂgﬁggrating a warning signal the average power |evel [err]

exceeding t

.continued | ong enough,

[etr] is reached,

( e warning threshold [err].
and if the power passes the warning threshold [err].
tansmtter wll be
and when [err]

the 20
reached in this enbodi nent.
the transm ssion bl ocking is renoved.
the average power [err] wll

The power ﬂf}geases,

A war ni ng si

ransm ssi

gnal is ingwUss4adsshen
I f transm ssion S
bl ocked when [err] is
i s passed,
on is stopped before

decrease w thout the

transmtter being blocked. Figure 5 shows a flow diagramillutrating an.

enbodi nrent of this 25
simlar to that shown in
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Figure 4,;

A RS T GRETer © peovi ded with |ike step ref ererft®@7fuAders.
As shown j

‘sugtgp@ ewhen t he

! {" P
t hr eshol d [ gener:at,l,@g; warni ng 3 g.he.
enabl ed, ¢ \‘Abguper the a @@gem Q’\‘Rér “[’.‘eqdr} OIS, OF
exceeds t i ﬁsho?g” val e [err] R Mhem """"
t hr eshol d 23 ;f %t acerent sh ‘tlét’ 7 SEP...;L,Q% """"

exceeded, {then a warning is gi v%n as dhodn a f\ "5“’5‘4 Stgpd 22 SHRYR A

state whefeDATE OFREGEIBBwerBYi9 betineen t XPMRE@kipqued : """" :

and the riaing threshold [err] while the transmitter TS —Fthee
AVERAGE RF EXPOSURE CONTROL

BACKGROUND OF THE INVENTION
1) Technical Field.
The present invention relates to a method and apparatus for assuring

5  that the average RF-exposure levels from radio transmitters, particularly
cellular, hand-held radio telephones, do not exceed a predetermined level.

2) Background Art.
In recent years there has been an increasing concern over the
environmental effects of radio frequency radiation. For instance, the
10  American National Standards Institute (ANSI) in association with the
Institute of Electrical and Electronic Engineers, Inc. (IEEE) have adopted
new standards for RF exposure. ANSI/IEEE C95.1-1992. The Federal
Communications Commission (FCC) has proposed adopting these new
guidelines. Notice of Proposed Rulemaking, "Guidelines for Evaluating the
15  Enavironmental Effects of Radiofrequency Radiation," ET Docket No. 93-62,
April 8, 1993, |
The new guidelines are generally more restrictive than the previously
adopted guidelines and encompass land-mobile systems, such as cellular
radio, pocket and hand-held radio telephones. The guidelines provide for
20  exclusions to the regulations if it can be shown through Iaboratory
procedures that exposure conditions do not exceed a certain specific
absorption rate (SAR) or, alternatively, if the radiated power is below a
certain level. The FCC has proposed that hand-held devices such as cellular
telephones must either comply with or be exempted from the reéuimmenm
25  specified for uncontrolled environments.
The Maximum Permissible Exposure (MPE) for uncontrolled
environments, the factors of which include electric field strength E (V/m),

This is the replacement sheet
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average allowed power [err] is below the warning threshold [err] then the 5
programflows to step 56, back to step 52 through step 53 and step 54.
However, when the average power [err] equal s the maxi num al |l oned power

[err] as shown at step 41, then the transmitter is blocked as shown at step
42, thus resulting in the state 51 where the average power is between a
first threshold [err] for re-enabling the transmtter and the maxi mum

al | oned power 10 [err] while the tragnsmitter is blocked. Wen the average
power drops below the transmtter re-enabling the threshold [err] as shown
at step 54, then the transmtter is re-enabled, as shown at step 45 and the
fl ow proceeds to step 52 to determ ne whet her the average power is bel ow or

exceeds t he wemagnetic: fieldsstremgtlf B ¢(A/m)sand power deasity Srm¥/emb)pate refatedius
01 e e el ST U SR 5 ol e e L ¢
6 or 30 minutes, for MPE under the new standard is also related to the
frequency range of the radio signal. The RF exposure can be correlated to
5  output power of a transmitter provided that environmental factors can be
assumed, such as the transmitter radiating points being within a range of
distance from a user (e.g., 2.5 cm from a user’s head in a mobile
telephone). Thus, the MPE can be correlated to a maximum permitted
power. | | .
10 Keeping within the guidelines by lowering the maximum power
output to a level which cannot exceed the MPE at any instant may lead to
unnecessary and undesirable results. For instance, in order to maintain a
radio link, a mobile cellular transmxttet may need to momentarily increase
power output as the mobile transmitter passes obstructions in the path of the
15 radio link. Exceeding a maximum power output would not, however,
necessarily exceed the MPE because of the permitted averaging time.

SUMMARY ¥l

] g INVENTIO
The present invention is designed to assure that a transmitter does not
exceed amEoverthepermimdavetagingﬁmewhﬂeconcurrenﬂy

20 permitﬁngagrmwrmgeofpowetouiputmmaﬁmizethemsmittet’s
ability to broadcast at a level sufficient to establish or maintain a radio link.

. An assurance ‘hat a radio system can not exceed the MPE will likely
increase consumer confidence and thereby increase the marketability of
products incorporating the present inveation.

25 The present invention achieves these ends by automatically restricting
the maximum transmitting time during a predetermined'averaging. time so
that the average power remains below an acceptable level. Additionally or
alternatively, the maximum transmitter output power can be automatically
reduced to a lower level if and when a certain average power is approached.
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enough, the transmtter wll be bl ocked when the maxi nrum al | owed power
[err] is reached. When the average [err] decreases, and when the
re-enabling threshold [err] is passed, the transmtter blocking is renoved.
If the 20 transm ssion i s stopped before the maxi num al |l owed power [err]
is reached, the average power [err] w || decrease and the original state
returns mﬁthout the transmtter being bl ocked. This warning can take any
suitable formsuch as audio or ,visual indicators, or a conbination of audio
and visual indicators. Such indicators 25 may optionally pul se and
further may optionally pulse at an iRBreasing rate as the predicted
remai ni ng transm ssion tinme grows short. Alternatively, the user can be

i nformed of the actual, predicted tinme remaining by either an LCD displ ay
or by an artificially generated voice. Another aspect of the present

invention is ppikher; adwainingsighsll My be generated to inform a user that the MPE is
being approached.
By implementation of this invention, higher power levels than the
~ maximum power output that would otherwise be permitted without averaging
5  can be used, thus increasing the quality and reliability of the radio link.
Further, the preseat invention can be implemented in preexisting system
designs through an easily made software modiﬁmtion or through a shght
circuit modification, such as the inclusion of an integrator circuit.
The present invention thus avoids possible detrimental effects implied
10 by the newly proposed power restrictions and assures users that the exposure
guidelines, and particularly the MPE guidelines, cannot be exceeded by a
device in accordance with the present invention. Also, radio transmitters
incorporating the present invention can be exempted from the proposed FCC

15 BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be described in detail with reference
to the accompanying drawings wherein like elements are given like reference
numbers, in which,

| Figurelnsaﬁmchonaldxagmnofaﬁrstembo&mentofmepment
20 invention;

FigumZisaﬁxncuonaldxagmmofaseeond embodiment of the
. present invention;

Figure 3 is aﬁmctionaldiagmmofathirdembodimentofthepraent
invention;

25 Figurehsaprogramﬂowdmgramofsomeofthefmtmesoft.he
first embodiment of the present invention;
Figure § is a program flow diagram of some additional features of the
first embodiment of the present invention; and
This is the replacement sheet
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30 than sinple power cut-off. The criteria for power reduction is the
sanme .as This is the replacenent sheet 2 7 SEP 1996 Dat e: -12- for
generating a warning signal. Wth reference to Figure 2, an apparatus in
accordance with the present invention includes a circuit 11 for determ ning
an average power [err] by which a radio transmitter has transmtted during
a preceding tine period [err] as in the enbodinent of Figure 1, and a 5
conparator 21 for conparing the average4pomer [err] to a first power

Figure 6 is a program flow diagram of the second and third
embodiment of the present invention.

With reference to Figures 4-6, the rectilinear blocks represent states
and the circles represent activities or eveats.

Several examples of where and how the present invention can be
implemented will be offered.

Handheld Simplex Radi
For purposes of illustration, with respect to professional handheld

10  simplex radio systems, it is assumed that it has been found by measurements
that allowed specific absorption rate (SAR) levels permit a continuous otitput
over an averaging time of 1 W. During normal use of a handheld simplex
radio, due to the customer usage profile, it can be expected that only a few
short transmissions will take place during any six minute period, which

15  corresponds to the permitted averaging time. However, a normal handheld
radio for this system would preferably have 3 watt output power. This kind
of system may use a transmitter timing control to Limit any tra:;sxrﬁssién
petiod to one minute, for example. There is, however, no limit on the
number of transmissions, so the average output power P,,, might well

20  approach or exceed the maximum allowed power P__. In Figure 3 the
maximum aliowed average power P, may be a digital or analog
representation’ of decided maximum average power for cutting of the

In this case a safety device in accordance with the present invention is

25  useful. Such a safety device can take the form of an integrating circuit or a
software equivalent thereof for estimating the average output power P,..
during an averaging time T,,., €.2., the last six minute period. The safety
device will either stop or disable a transmission until a2 new transmission can
take place without exceeding the maximum allowed power P,,,, and/or give
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reduction threshold [err]. This enbodi nent includes a first reduced power
threshold setting circuit 22 for setting the first power reduction
threshold [err]. The first reduced power threshold setting circuit 22

predi cts when the average power is likely to exceed a maxi mum average power
[err] and 10 determ nes a first power reduction threshold [err]
sufficiently bel ow the maxi mum aver age power [err] to allow for power

reduction within a predetermned ti ma,) prior to the transmtter exceeding

t he maxi num average power [err] based on a result of the prediction. This
enbodi nent i ncludes a power control for reducing the 15 maxi mum power
at which the transmtter can transmt Wnen the first conparator 21

det er mi nes t hai whiiing ithattoneomere anmtdﬂnwﬂphﬂemambd ifaxthdrdnfra.

exceeded. Thi SNermz(idl mswitll aI SO ﬁnﬁi%&s(%condwgoggarémor 24 for

Burst mode transmitters
Another example is a burst mode transmitter where the duty cycle is
5  usually low. In this case a high peak power can be used, and the safety
device can delay transmissions when necessary without much influence on
system performance, since ihtermption's will be rare.

Cellylar Radio
The situation for cellular radios is different than handheld simplex or
10  burst mode transmitters. The maximum power output is often in the order
of 0.6 W. For purposes of illustration, it is assumed that it has been found
that a certain type of cellular radio might be used continuously with 0.2 W
output without exceeding the SAR limits. -Normally cellular systems use
power control depending on propagation conditions, hence the power of the
15  mobile unit, for instance, will vary during use. In this case a waming signal
could be given when a few minutes of transmission is allowed to continue at
the same average power P, as used during theé.veraging time T,,., &.&., the
last few minutes of the ongoing transmission. If the power limit P, is
reached, the transmitter will be automatically switched off for a time period.
20 A nuance can involve allowing at least one additional useful transmission
(for a sufficient time) if the unit is manually switched on again.
Alternatively, the transmission power P, could be reduced to a
lower level at or shortly after the warning instant to permit non-interrupted
(or at least a longer) transmission time. In Figure 3 the instantancous power
25 P, may be digital numerical value, or analog voltage representing actual
transmitter output power. This is appropriate if there is margin in the
normal power control system so that some additional reduction of power will
only result in degradation of quality, not in total loss of communication.
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conparing the average power [err] at which a radio transmtter has 20
transmtted during a preceding tinme period [err] including a tinme period
in which the transnitter nmaxi mum power output has been reduced, to a second
predet ermi ned reduced power threshold [err], and the power control 23
renoves .the reduced maxi num power output restriction when the average power
has di m ni shed to equal or be bel ow the second reduced power 25 t hreshol d
[err]. The second threshold [err] corresponds to the first power reduction
threshold [err] plus a margin sufficieft to permt significant transm ssion
time prior to re-xceeding the first threshold [err]. A so included nmay be a
second reduced power threshold setting circuit 25 for setting the second

threshold [err]. This is the replacenment sheet Date: 2 7 SEP 1996

mbodime:

In 2 first embodiment illustrated in Figures 1 and 4, the invention
acts analogously to a fuse wherein when the maximum power duration is
exceeded, the transmission is simply shut-off. This embodiment is useful for

5  most applications such as handheld simplex radios because the averaging
time generally exceeds the typical duration of a radio link. Thus, the
transmission power P, never approaches the maximum output power P,

as averaged over the averaging time T,.. However, in rare instances
wherein the reception conditions are particularly poor and/or the radio
10  transmission link duration relatively long, the first embodiment of Figures 1
and 4 assures that the maximum transmission power cannot be exceeded.

-When the average power during the preoeding averaging time (e.g., 6

minutes or 30 minutes) passes a threshold below or equal to the maximum
power P, allowed by the MPE, the transmission is cut-off,

With reference to Figure 1, an apparatus in accordance with this
aspect of the present invention involves an avmée power determining circuit
11 for determining an average power by which a radio transmitter has
transmitted during a preceding time period. This might take the form of an

 integrating circuit. The preceding time period may be the maximum

20  averaging time T, Or & portion thereof. The average power determining
circuit may determine, as a measure of average power P,.., 2 maximum
continuous transmission time based on past transmission ime within an

averaging time period T,,, when the transmission power P, is at a fixed

15

The apparatus also includes a comparator 12 for comparing the
average power P, to a first, predetermined threshold P,.,.. The first
threshold may correspond to a maximum aliowed average power P,,, fora
given averaging time Ty, Which can be set by a first threshold satting circuit
13. The output of the comparator 12 activates a transmitter disable circuit

This is the replacement sheet

Dara: | 2 7 SEP 1996 -



-13- Thus a device inplenenting this aspect of the invention includes nmeans
for reducing power to suitable Ievel (which will then be the expected

| evel), estimating suitable | evel (which could be a fixed reduction in dB
or a change of power |evel based on the | evel used which would be different
for 5, each level or range of levels). Figure 6 shows an enbodi nent of
this aspect of the invention. In Figure 6, steps anal ogous to those shown
in Figures 4 and 5 are referred to by like reference nunbers. In the

enbodi nent shown in Figure 6, the tramsm ssion power is

14 which disables the radio transmitter when the comparator 12 determines
that the first threshold P,,. has been exceeded.
In addition to the above structure, the appamus may include a second
comparator 15 for comparing the average power P,,, at which a radio
5 transmitter has transmitted during a preceding time period T, (including a
time period in which the transmitter has beea disabled) to a second
predetermined threshold P, The first threshold P, is the average power P,
where power is restored and/or blocking is removed. The second threshold
P; may correspond to a maximum allowed average power for-a given |
10  averaging time T,., plus 2 margin sufficient to permit significant transmission
. time prior to re-exceeding the first threshold. In other words, an hysteresis
eﬁaxishnnthzdtopnnmntnqmiqwﬂkmuﬁ%hepowermMHﬁfﬁnmﬁon.
The second threshold P, may be set by a second threshold setting circuit 16.
The transmitter disabling circuit 14 may enable the resumption of
15 radio transmission after being disabled when the average power P, has
diminished to be equal or be below the second threshold P;.
' The possible parameter settings thus include averaging time T,,, and
maximum allowed average power P,,;, as well as the transmission re-enable
threshold P,. One additional possible parameter setting is the useful time T,
20 vﬂﬁch\wﬂlbeaMQymdlukwlnte*mcuuﬁngthe:nmﬁnnnnasemged;nmn:
Po |
In its simplest form with a fixed output power, the power cut-off
criteria will be a measurement of what proportion of the past averaging time
that has been used for transmission, and setting a maximum output time
25  according to that proportion (e.g., setting a maximum output time to be the
ratio of the allowed average power divided by the current output power).
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10 limted to a |l evel which should not cause the average transm ssion
power [err] to exceed the maximum permtted transm ssion power [err]. Thus,
in the instance where the limted transm ssion power is insufficient for a
cl ear radi o conmunication link, the quality of the radio comunication |ink
may degrade or result in an interruption of the radio comunication |ink
when 15 the quality drops below a m ni mum However, sone static on the
comuni cation |ink, for anal og systens, or an increased bit error rate
(BER) in digital systens, is deermed tg) erable when offset against the
advant ages of assuring that the maxi num average transm ssion power is not
exceeded. The criteria for removal of the power reduction is when estimated
20 average power [err] will not exceed |imt [err] with suitable tine if
power returns to systemsetting. This is the sanme as above for resum ng

transmi ssion capabiphiely fiddibhe chi b8 imBIEN rought loffvdrd o HARNEre! 2N9C
Figure 4 i xs a flow diagram in accordance with an implementation of the
present invention. anu;ne4-thcnanﬂnunrbkx*xnqxexmtmz&s and
the circles activities or events.

5 Ythtcﬁncma:k:Fh;ue4,tM=pnsauinwmuknxhiﬂnﬂnwuibythe
program flow diagram thereof. State 46 is the state where the transmitter
can be used, e.g., be switched on. The average power P, is below the |

. maximum allowed average power P,.,.. In step 41, the average powef P, is
<kmunumu1u:begman:rduuloreqwﬂtothenuumnunxdhmwaipowmr!’

10  If it is greater, then transmission is blocked, as shown at step 42 resultmg in
the state 43. In state 43 the transmitter can no longer transmit, so the
average power P, will inevitably drop as time passes. Provided that the
awuag:power!%nishxsthm:ongnn#xlbanthexnmdnunnaﬂo“mdlxwwx.
P,.. while the transmitter is blocked (state 43), then it is determined whether

15 . the average power P, is less than or equal to a second threshold Py, as
ﬂkww:kia:p44.’“ﬁmmtheayngepo“mrP“,dnuntxmnwﬂnsﬂxomd
threshold B, then, as shown at step 45, the transmitter is re-enabled and
therefore free to transmit. As shown in state 46, when the transmitter is free
muansmxtanddxeavemgcpowerP wlessthanorequaltothe maximum

20  allowed power P, thenthepmgxamreﬂxmtostzpu Thusthxsaspectof
the invention acts as a fuse to cut-off transmission and then re-enable
tnumnnsnon<nuztheaycmgepowmrE;,Qnumlmmmw1hc|nmnnnnqanowmd
po“mrlu,‘phn;anmngh1aanue&umaibythcsemnnlﬂmummklP@

1Jﬁstnaﬂmnﬁnnimmntsﬂuutheusmvwﬂlnotbeexpomulu:an

25 ‘average transmission power greater than permitted over the averaging time
T..., While allowing renewed communication of an interrupted call as quickly
as possible. |

Thus, when average power P, during past averaging time T, has
decreased below the limit P, by an amount that will allow some additional
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returns, automatically. Thresholds for warning [err] power reduction [err],
I ncrease of power 25 [err] and rel ease of blocking [err]

‘can be set
i ndepéendently, giving slightly differing diagrams. Reference will now be
made to Figure 6. Figure 6 illustrates the enbodi nent where power reduction
and automatic renoval of power reduction is introduced.

It shoul d be noted
may be equal to the

that the threshold for power 30 reduction [err]
S iIIustgated in This is the repl acenent

warning threshold [err] as it
sheet Date: 2 7 SEP 1996

useful operating time T,,, at an expected power level, the transmitter can be
re-activated after having been cut-off.

It is assumed that the transmitter is allowed to be turned on in its

usual way, manually or through system request and not automatically, by a .
5  protective circuit in accordance with the present invention, when the past
averaging time has decreased below the limit P;.

An apparatus in accordance with the present invention may mcludc a
circuit or program for setting a threshold P, allowing the transmitter to be
turned on when the average power P, during the past time petiod T,

10  (decreasing) passes the threshold Py, and estimating this threshold level P,
from the expected power level P, and a decided useful operating time T,,,
and estimating the expected power level. .

This embodiment may include a device for blocking the transmitter

from being used when the average power B,,, passes the allowed limit P,,,.
15 When the transmitter is blocked the average power necessarily goes down,

since no more energy is integrated. When P, passes the threshold P, the

transmitter blocking is removed and the transmitter is allowed to be used .

again. The threshold Py is set to a value that will give some useful

transmission time T,,,, if the transmitter is switched on after removal of the
20  blocking.

Whentheavetagcpowal’ islih:lyto exwed apredetermmedlimit
P,.. if transmission is continued at expected power level P, for more than a
decided suitable time, a warmng signal may be generated.

With reference to the phantom lines of Figure 1, an apparatus suitable

25  for implementing the invention can include the average power determining
circuit 11 for determining an average power P,,. by which a radio transmitter
has transmitted during a precediilg time period. The apparatus also includes -
a comparator 17 for comparing the average power P, to an warning
threshold P,. The inventive apparatus may include waming threshold setting

30  circuit 23 for setting the wamning threshold P,. The warning threshold P,
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-14- Figure 6. Thus, a warning can be generated in addition to the power
reduction. Simlarly, the increase in power threshold [err] and the rel ease
of transm ssion blocking threshold [err] can be nade equal. This is :
expedient, for instance, where both the power reduction function and the
transm ssion 5 bl ocki ng function are introduced into one enbodi nent, as
w Il be discussed with reference to Figure 3, infra. These assunptions
sinplify the illustration. However, if the paraneters are nade to be

distinct, Figure 6 would only be nodifiedpby addi ng appropriate states and
activities. In state 61 wherein the average power [err] is between the

ranom tter | o BT aoBiRaeneaio gharcitel Jevel LAVeEe P dlatmgiea vt hor
the average poWpimfg sighitand/dtAB Yt trinliitrPovet! SR WL threllih ©UPON
setting circuit 18, in one embodimeat, predicts when the average power is
likely to exceed an allowed maximum average power P, according to the
5  expected power level P, and determine an waming threshold P, sufficieatly
below the permitted maximum average power P, output to allow an alarm
~ to be generated within a predetermined time, such as a minute, prior to the’
transmitter exceeding the permitted maximum average power P,,,, based on
a result of the prediction. This allows the user to sign-off without or at least
10  be forewarned of an abrupt interruption.
The inventive apparatus can inciude a warning generator 19 for
generating a warmng when the comparator determines that the warning
threshold P,, has been exceeded. The waming can be audio or visual or
both.

Thus, one of the possible parametersemngs is a suitable time prior to
generating a warning signal the average pawer level P,,, exceeding the
warning threshold P,. .

A waming signal is initiated when and if the power passes the
waming threshold P,. If transmission is continued long eaough, the
20  transmitter will be blocked whea P, is reached in this embodiment. The

power decreases, and when P, is passed, the transmission blocking is

removed. If transmission is stoppéd before P,.. is reached, the average
power P, will decrease without the transmitter being blocked.
Figure 5 shows a flow diagram illustrating an embodiment of this
25  aspect of the present invention. This embodiment is similar to that shown in
Figure 4, wherein like steps are provided with like step reference numbers.
As shown in Figure 5, in a state 52 when the average power is below

a threshold value P, for generating wamning and the transmitter is enabled, it

is then determined whether the average power P,,, equals or exceeds the
30  waming threshold value P, at step 53. If the warning threshold P, is
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no | onger bl ocked and may transmt at the increased power |evels, as shown
at step 62. As shown at step 63, in a state where the transmtter is free
to 15 transmt and the average power [err] is belowthe warning threshold
[err], -the program proceeds to step 64 where it is determ ned whether the
aver age power equals or exceeds the warning threshold [err] and thereupon
generates a warning and. reduces the nmaxi mum power [err] at which the
transmitter can transmt. Thereafter, at state 65 where the average power
[err] is between the 20 warning th#23hold [err] and the maxi num al wed
power [err] the transmtter is not bl ocked but broadcasts at a reduced
power. In this state, as shown at step 66, if the average power drops bel ow
the first threshold [err] the transmitter is permtted to transmt at an

i ncreased powexcteded) theBya Wlai'mngusgiv&ﬁ ast showr atrstep S4.i Step 55 slows a

Lot el e A 2SN DU 20 S e o ™
P, and the warning thrwhold P,, while the transmitter is free. If the
average allowed power P, is below the warning threshold P,, then the

S  program flows to step 56, back to step 52 through step 53 and step 54.
However, when the average power l_’,.,e equals the maximum allowed power
P..., as shown at step 41, then the transmitter is blocked as shown at step
42, thus resulting in the state 51 where the average power is between a first
threshold P, for re-enabling the transmitter and the maximum allowed power
10 P, while the transmitter is blocked. When the a;/erage power drops below
the transmitter re-enabling the threshold Py, as shown at step 54, then the
transmitter is re-enabled, as shown at step 45 and the flow proceeds to step
52 to determine whether the average power is below or exceeds the waming
threshold P,,.
15 "~ A warning signal is thus initiated when and if the average power P;
. passes the warning threshold P,. If the transmission is continued long
enough, the transmitter will be blocked when the maximum allowed power
P, is reached. When the average P,,, decreases, and when the re-enabling
threshold P, is passed, the transmitter blochng is removed. If the
20 transmission xsstoppedbcforethemanmumallowedpowerP mmched

meavetagepowerP will decrease and the original state returns without the
transmitter being blocked. |

This waming can take any suitable form such as audio or visual
indicators, or a combination of audio and visual indicators. Such indicators
25  may optionally pulse and further may optionally pulse at an increasing rate
as the predicted remaining transmission time grows short. Alternatively, the
- user can be informed of the actual, predicted time remaining by either an
LCD display or by an artificially generated voice.
Another aspect of the present invention is power reduction, rather
30 than simple power cut-off. The criteria for power reduction is the same as
This is the replacement sheet
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transm ssion is bl ocked, as shown at state 62, and the programflow returns
to step 61. Figure 3 shows another enbodi nent of the present invention

whi ch incorporates the features of the present invention including
termnating 30 transm ssion when a threshold corresponding to the

maxi mum aver age power This is the replacenent sheet 2 7 SEP 1996 Dat e:

-15-"[err] is reached, give a warning when a warning threshold is reached,
and

-12-

for generating a warning signal. With reference to Figure 2, an apparatus in
accordance with the present invention includes a circuit 11 for determining
an average power P, by which a radio transmitter has transmitted during a
preceding time period Ty, as in the embodiment of Figure 1, and a
5  comparator 21 for comparing the average power P, to a first power
reduction threshold P,,. This embodiment includes a first reduced power
threshold setting circuit 22 for setting the first power teduction threshold
P,,. The first reduced power threshold setting circuit 22 predicts when the
average power is likely to exceed 2 maximum average power P, and
10  determines a first power reduction threshold Py, sufficiently below the
maximum average power P, to allow for power reduction within a
predetermined time prior to the transmitter exceeding the maximum average
power P,.,, based on a result of the prediction.
This embodiment includes a power control 23 for reducing the
15  maximum power at which the transmitter can transmit when the first
| comparator 21 determines that the first power reduction threshold Py, has
been exceeded. ' | ' s
| This embodiment may also include a second comparator 24 for
comparing the average power P,,, at which a radio transmitter has
20  transmitted during a preceding time period T, including a time period in
which the transmitter maximum power output has been reduced, to a second
predetermined reduced power threshold Py,, and the power control 23
removes the reduced maximum power output restriction whea the average
power has diminished to equal or be below the second reduced power
25  threshold P,,. The second threshold Py, corresponds to the first power
reduction threshold Py, plus a margin sufficient to permit significant
transmission time prior to re-exceeding the first threshold Py,. Also included
may be a second reduced power threshold setting circuit 25 for setting the
second threshold Py,.
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provi de for power reduction as the maxi num average power [err] is
approached. This enbodi ment includes an integrator 31 which receives a 5
representation of the actual transmitter power [err] and a paraneter
setting representing the averaging tine [err]. The integrator 31 integrates
the actual transmtter output power [err] over averaging [err] to output
the average power [err]. The average output [err] is input to three
conparators 32, 33 and 34. The first copparator 32 determnes if the
average power [err] is greater than 10 ““the deci ded maxi mum aver age power
[err] for cutting-off the transmtter. This maxi mumpermtted power [err]
Is a paraneter which m ght be a constant or variabl e obtai ned through ot her
processes but pref erpilsya device impledtentiog tthis akfect bf therinvention feludes

conditions. The output of _the conpar at 32 Is input. to a flip-flop 35
whi ch out puts Jneangder rg@ogpg)pqwu'ng) smtag{elevcl (which will then be the expected

level), estimating spitable level (which could be a fixed reduction in dB or a
change of power level based on the level used which would be different for
5  ecach level or range of levels).
Figure 6 shows an embodiment of this aspect of the invention. In
Figuré 6, steps analogous to those shown in Figures 4 and 5 are referred to
by like reference numbers. '
In the embodiment shown in Figure 6, the transmission power is
10  limited to a level which should not cause the avemée transmission power P,,,
to exceed the maximum permitted transmission power P,,.. Thus, in the
instance where the limited transmission power is insufﬁ_cient for a clear radio
communication link, the quality of the radio communication link may
degrade or result in an interruption of the radio communication link when
15  the quality drops below a minimum. However, some static on the
communication link, for analog systems, or an increased bit error rate (BER)
in digital systems, is deemied tolerable whea offset against the advantages of
assuring that the maximum average transmission power is not exceeded.
The criteria for removal of the power reduction is when estimated
20  average power P, will not exceed limit P, within suitable timé if power
returns to system setting. This is the same as above for resuming
transmission capability in the first embodiment, but a full power range
returns automatically. _ )
Thresholds for warning P,, power tec_luction Py, increase of power
25 Py, and release of blocking P, can be set independently, giving slightly
' differing diagrams. _ | B
Reference will now be made to Figure 6. Figure 6 illustrates the
embodiment where power reduction and automatic removal of power
reduction is infroduced. It should be noted that the threshold for power
30 reduction P,, may be equal to the wamning threshold P, as it is illustrated in
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15 transm ssion. The flip-flop 35 may be an R'S flip-flop, or equival ent
function in processor wherein B=1 wll-cut off the transmtter power of the
transmtter, and B=O permts normal transitter on/off control. A warning
conparat or 33 conpares the average power [err] to a set warning paraneter
P, which corresponds to the threshold for generating a 20 warni ng. The
out put of warning conparator 33 is input to a flip-flop 36, the output of
whi ch, when it changes fromzero to one for instance, generates a warning
signal. The flip-flop 36 may be an R_§41ip-flop, or processor function
wherein A= 1 wll reduce transmtter power, A=O permts nornal operation of
system power control. Because the warning threshold P. is set

generat o a si %"“E%k%cés%%%%#%ﬁfeé%& 5 fiRom i P 11 or 1 o
capabl e of tr amﬂm:ﬁdn N@imilarly, the increase in power threshold Py, and the release of
transmission blocking threshold P, can be made equal. This is expedient, for
instance, where both the power reduction function and the transmission
5  blocking function are introduced into one embodiment, as will be discussed
with reference to Figure 3, infra. These assumptions simplify the
illustration. However, if the parameters are made to be distinct, Figure 6
would only be modified by adding appropriate states and activities.
In state 61 whaein the average power P,,, is between the maximum
10  allowed power P,., and the first threshold P, while the transmitter i is
blocked and the power is reduced, it is determined whether the average
power P, has dropped to the first threshold P;, whereupon the transmitter is
no longer blocked and may transmit at the increased power levels, as shown
at step 62. As shown at step 63, in a state where the transmitter is fres to
15°  transmit and the average power P, is bélow.the waming threshold P,,, the |
program proceeds to step 64 where it is determined whether the average
power equals or exceeds the wamning threshold P, and thereupon generates a
- warning and reduces mcx'naﬁmum_powerp_.,axwhich the transmitter can
transmit. Thereafter, at stats 65 where the average power P, is between the
20  waming threshold P, and the maximum allowed power P,,.,, the transmitter
is not blocked but broadcasts at a reduced power. In this state, as shown at
step 66, if the average power drops below the first threshold P, the
transmitter is permitted to transmit at an increased power level. By this step
66, the transmission is not interrupted. However, if the average power Py
25  cquals the maximum allowed power P,.,, asshownmmpu then the
' transmission is blocked, as shown at state 62, and the program flow returns
to step 61. _
_ Figure 3 shows another embodiment of the present invention which
incorporates the features of the present invdltion including terminating
30  transmission when a threshold corresponding to the maximum average power

This is the replacement sheet

2 7 SEP 1996
[Date:



power restoring conparator 34 conpares the average power [err] to a
paraneter [err] which is set at a threshold for restoring the transmtter

power 30

and/ or renoving the bl ocking of the transm ssion. The out put of

the power This is the replacenent sheet 2 7 SEP 1996 Dat e: - 16-
restoring-conparator 34 is input to both the flip-flops 35 and 36 to

effectively renove the transm ssion block and/or to renove the reduced
power restriction. '

10

15

20

-15-

P... is reached, give a wamning when a waming threshold is reached, and
provide for power reduction as the maximum average power P,,, is
approached.

This embodiment includes an integrator 31 which receives a
representation of the actual transmitter power Py, and a parameter setting
represeating the averaging time T,,.. The integrator 31 integrates the actual
transmitter output power P, over averaging T,,. to output the average power
P... The average output P, is input to three comparators 32, 33 and 34.
The first comparator 32 determines if the average power P, is greater than
the decided maximum average power P_,, for cutting-off the transmitter.
This maximum permitted power P, is a parameter which might be a
constant or variable obtained through other processes but preferably
corresponds to the MPE for a given set of conditions. The output of the
comparator 32 is input to a flip-flop 35 which outputs a signal to block
transmission. The flip-flop 35 may be an R/S flip-flop, or equivalent
function in processor wherein B=1 will cut off the transmitter power of the
transmitter, and B=0 permits normal transmitter on/off control.

A warning comparator 33 comparestheavetagépowerl’mmaset
waming parameter P, which corresponds to the thm_shoid for generating a
waming. The output of waming comparator 33 is input to a flip-flop 36, the
output of which, when it changes from zero to one for instance, generates a
warning signal. The flip-flop 36 uiay be an R/S flip-flop, or processor
function wherein A=1 will reduce transmitter power, A=0 permits normal
operation of system power control.

Because the warning threshold P, is set to the power reduction
threshold Py,, the flip-flop 56 can also serve to generate a signal to reduce
the maximum power at which the transmitter is capable of transmitting. A
power restofing comparator 34 compares the average power P, to a
parameter P, which is set at a threshold for restoring the transmitter power
and/or removing the blocking of the transmission. The output of the power
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The conparators 32, 33 and 34 are anal og devices giving high output 5
(=1) if the indicated condition is valid, lowoutput (=0) if not. Wth
digital inplenmentation conparing may be done with processor software. The
average power determning circuit 11 and integrator 31 may be anal og or
digital circuit or software integrating instantaneous [err] over tine
[err] to give a neasure of average power [err] as output. 10 The
parameter [err] may be constants or variabl es obtai ned from ot her
processes. If an integrator is used, theléntegrator 31 performnms the

operation: [err] This can be achieved in a nultitude of ways such as in a
program of a processor. 15

i nterval s conmBRCURE COMERLRIOF 34 is inﬁ%t% %%ﬁ‘sa‘%rmg}foli’ls%ssa%%pégm[ ol
effectively remove the transmission block and/or to remove the reduced
power restriction. ' |

The comparators 32, 33 and 34 are analog devices giving high output

5 (=1) if the indicated condition is valid, low output (=0) if not. With digital

implementation comparing may be done with processor software. |

The average power determining circuit 11 and integrator 31 may be
analog or digital circuit or software integrating instantaneous P, over time
T to give 2 measure of average power P, as output. -

10 The parameter T, Ppu, P.;, P, may be constants or variables

obtained from other processes.

If an integrator is used, the integrator 31 performs the operation:

4

P0= [ P fu)du

=T,

This can be achieved in a multitude of ways such as in a program of
a processor. .

15 . A processor should sample P, at intervals commensurate with the
expected duration of transmissions in the system. One second intervals is
probably sufficient for voice systems, to give good accuracy in P,..

TheprogmmivquldstotethelastnumbeéofsamplsofPuand
present the sum as output represeating average power P,,.. The number of

20 samples equals the averaging time T,,, divided by the sampling period time.
The output can be scaled to the same scale as P, by dividing the output by
the number of samples. ' '

In a simple embodiment, if the transmitter has only one power level
the integrator might take the form of a shift register, storing a “one" at every

25  time sample the transmitter is on and a "zero® when itisnot'transmitﬁng.
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expected duration - of transm ssions in the system One second intervals
I's probably sufficient for voice systens, to give good accuracy in [err].
The program woul d store the | ast nunber of sanples of [err] and present the
sum as out put representing average power [err]. The nunber of 20 sanpl es
equal s the average time [err] divided by the sanpling period tinme. The

out put can be scaled to the sane scaLg as [err] by dividing the output by
the nunber of sanples. In a sinple en aainent, if the transmtter has only .
one power |evel the integrator mght take the formof a shift register,
storing a "one" at every 25 tinme sanple the transmtter is on and a "zero"
when it is not transmtting. This is the replacenent sheet Date: 2 7

SEP 1996 The contents of “ones” in the register will represent P,,.. The length of the
shift register equals the number of samples during the average sampling time
Terer | |
The parameter setting for giving a waming T,, is calculated at the
5  remaining transmission time at expected average power level P, before cut-
off (cut-off at P_.,). The waming time T,, corresponds to the expected
duration of transmission before cut-off after waming signal.

P_T
P_T
PP -2
w A% Tm

This suggested P, is a conservative estimate, taking into account that
the averaging time could contain a long beginning period with P,,=0.

10 A more exact algorithm will take into account that the integrated
power during the first of tite integrating time T, will disappear from the
integrator during the time T,, following the warning signal. "This requires an
additional integrator with an averaging time of Ty, - T, and little seems to
be gained. . .

15 With a constant transmitter power, the warning threshold P,, is also a
constant (T,, considered as a fixed time). .

The expected power P,., is simply P, if the power is constant (only
one power level available). In a radio with system power control, P, is
obtained by reducing the system demanded power level by a decided amount.

20 The power resume threshold P, can be set to a value less than what
the warning threshold P,, would be with maximum P,,,. This means that a
new wamning signal will be given when P,, is approached.
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-17- The contents of "ones"” in the register will represent [err]. The

| ength of the shift register equals the nunber of sanples during the
average sanpling tinme [err]. The paranmeter setting for giving a warning
[err] is calculated at the 5 remai ning transm ssion tine at expected
average power |evel [err] before cut- off (cut-off at [err]). The warning
time [err] corresponds to the expected duration of tiansm ssion before
cut-off after warning signal. [err] This suggested [err] is a conservative

estimate, taking into account that thegqveraging tine could contain a |ong
begi nning period with [err] =0.

Transmitter power P, can be obtained from an output power meter
or with sufficient margin from the system power control block, or in a
simple system from the maximum power rating of the transmitter.
The foregoing description of the specific embodiments reveal the
5  general nature of the invention and others can readily modify and/or adapt
for various applications such specific embodiments without departing from
the general concept, and, therefore, such adaptations and modifications
should and are intended to be comprehended within the meaning and range
of equivalents of the disclosed embodiments. It is to be understood that the
10  phraseology and terminology employed herein is for the purpose of
description and not limitation. Also, the plural includes the singular and the
singular includes the plural, unless otherwise indicated.
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10 A nore exact algorithmw Il take into account that the

I ntegrated power during the first of the integrating tinme [err] w |

di sappear fromthe integrator during the tine [err] foll ow ng the warning
signal. This requires an additional integrator with an averaging tine of
[err] - [err] and little seens to be gained. 15 Wth a constant
transmitter power, the warning threshold [err] is also a constant

considered as a fixed tinme). The expected power [err] |s tyla 'el ed
t he power is constant (only one powerl9-evel avail able).
system power control, [err] is obtained by reducing the s

power |evel by a decided anmount. 20 The power resune threhold [err]
can be set to a value less than what the warning threshold [err] would be
w th maxi rum QAIMShi s neans that a new waing signal will be given when

[err] is approached. ..
1. An apparatus comprising:

means for determining an average power by which a radio

transmitter has transmitted during a preceding time period;
5 means for comparing said average power to a first,

predetermined threshold; and

means for disabling said radio transmitter when said
comparing means determines that said first threshold has been exceeded.

2. An apparatus in accordance with claim 1, further comprising
10  means for setting said first threshold.

3. An apparatus in accordance with claim 1, whérein said first
threshold corresponds to a maximum allowed average power for a g1vem
averaging time.

4, An apparatus in accordance with claim 1, wherein said means
15  for determining an average power includes means for determining a
maximum continuous transmission time based on past transmission time
within an averaging time period as a measure of said average power.

s, An apparatus in accordance with claim 1, further comprising
means for comparing said average power at which a radio
20  transmitter has transmitted during a preceding time period including a time
period in which said transmitter has been disabled to a second,
predetermined threshold; and
means for éiablin'g the resumption of radio transmission after
being disabled when said average power has diminished to equal or be below
25  said second threshold. |
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This is the replacenent sheet Date: 27 SEP 1996 Transm tter power
[err] can be obtained froman output power neter or with sufficient margin
fromthe system power control block, or in a sinple systemfromthe maxi num
power rating of the transmtter. The foregoing description of the specific

enbodi nents reveal the 5 general nature of the invent—i—eﬁ—aﬁd—o%haLs—eaﬁ—
readily nodify and/or adapt for various applications suc

bodi nents wi thout departing fromthe general concept, an ee %ee"Re laced,
adaptati ons and nodi fications should and are intended to
wi thin the neaning and range -20-

6. An apparatus in accordance with claim 5, wherein said second
threshold corresponds to 2 maximum allowed average power for a given
averaging time plus 2 margin sufficient to permit significant transmission
time prior to re-exceeding said first threshold. '

5 7. An apparatus in accordance with claim 5, further comprising
| means for setting said second threshold.

8. ‘An apparatus comprising:
means for determining an average power by which a radio
transmitter has transmitted during a preceding time period;
10 means for comparing said average power to an warning
threshold; and '
means for generating an alarm when said comparing means
determines that said waming threshold has been exceeded.

9. Anappara.tusmawordancemthclaxms furthetcompnmg
15 mmsforsetnngsmdwarmngthr&hold.

10.  An apparatus in accordance with claim 9, wherein said

warning threshold setting means includes:

mcmsforpre&cungwhenmdavetagepowenshkclyto

- exceed a permitted average power output; and
20 means for determining an warning threshold sufficiently below |

said permitted average power output to allow said alarm to be generated
approximately a predetermined time prior to said transmitter exceeding said
permitted average power output, based on a result of said predicting means.
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of equivalents of the disclosed enbodinents. It is to be understood that
the 10 phraseol ogy and term nol.ogy enpl oyed herein is for the purpose of
descriptionand not limtation. Also, the plural includes the singular and
the singular includes the plural, unless otherw se indicated. This is the
repl acenent sheet Date: 2 7 SEP 1996 -19- CLAIM 1. An appar at us
conprising: neans for determning a tota

energy that a rw
has transmtted :

Thxs

i

11.  An apparatus comprising:
means for determining an average power by which a radio
transmitter has transmitted during a preceding time period;
means for comparing said average power to a first power
S  reduction threshold; and

| means for reducing a maximum power at which said
transmitter transmits when said comparing means determines that said first
power reduction threshold has been exceeded.

12.  An apparatus in accordance with claim 11, further compnsmg
10  means for setting said first power reduction threshold

13.  An apparatus in accordance with claim 12, wherein said first

power reduction threshold setting means includes:

means for prédicting when said average power is Iikely to
exceed a permitted average power oufput;.and

5 _ m&nsfordetetmmmgaﬁrstpowerteducuonﬂueshold

sufficiently below said permitted average power output to allow for power
reduction at approximately a predetermined time prior to said transmitter
exceeding said permitted average power output, based on a result of said

prediction means.
20 14.  An apparatus in accordance with claim 11, further comprising:

means for comparing said average power at which a radio transmitter
has transmitted during a preceding time period including a time pexdiod in
which said transmitter maximum power output has been reduced, to a second
predetermined reduced power threshold; and

This is the replacenment sheet
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during a preceding tinme period; 5 first neans for conparing said
total energy,to a first predetermned threshold; neans for disabling said
radioc transmtter when said conparing neans determ nes that said first

t hreshol d has been exceeded; second nmeans for conparing said total energy
at which said radio transnitter 10 has transmtted durlmasﬁﬁa Benkdﬂ

time period, including a tinme period in which said transn1t
~disabled, to a second predeterm ned threshol d; and mneans f
resunption of radio transm ssion after being di sabl ed mhen

energy has dimnished to a | evel not gregter than said second threshold. 15
2. An apparatus in accordance with cI’ 1, further conprising neans for
setting said first threshold.

means for removing said reduced maximum power output reétriction
whalsmdawuagepoumrhzsdummmhainrammlorbebdbmrsmdsaxmd
nﬂuaulpowmrﬂneﬂuﬂd

15.  An apparatus in'accordance with claim 14, wherein said
5 &xmndthnshokiconthnubln:nhiﬁnnpowmrnuhmﬁonthmshddlﬂusa

nmugnlmﬁﬁcmmtu)pcnnnsqmmmzntummnmmmmwnnepnoru>n>
exceeding said first threshold.

16.  An apparatus in accordance with claim 14, further comprising
numnsﬂm:&ﬂung:ymdsemmnlﬂueﬂuﬂd

* ¢ L M s x |
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3. An apparatus in accordance with claim11, wherein said first threshold
corresponds to a nmaxi num all owed total energy for a given tinme period. 4.
An apparatus. in accordance with claim 1, wherein said neans for 20 '
detérm ning said total energy includes neans for determ ning a maxi mum
continuous transm ssion tine based on past transm ssion tine within said
preceding tinme period as a nmeasure of said total energy. 5. An appar at us
in accordance with claim1, wherein said second threshold corresponds to a
maxi mum al | oned total energy for a given tinme period 25 plus a margin
sufficient to permt significant transntifion time prior to re-exceeding

- 20 - Handl

ABSTRACT

AVERAGE RF EXPOSURE CONTROL

A radio transmitter output power <controller which
automatically restricts the maximum transmitting time during an
averaging time so that the average power (11) remains below an
acceptable level. Additionally or alternatively, the maximum
transmitter output power (13) may be automatically reduced to a
lower level if and when a predetermined average power level (11)
is approached. A warning signal (19) may be generated to inform
a user that the maximum permitted power output (13) is being
approached.

Figure 1

Qboz 84 -0

This is the replacemtn'g sheet

Date: 4 7 SEP %



said first threshold which corresponds to said nmaxi num al |l owed total energy
for said given tine period. 6. An apparatus in accordance with claim1l,
further conprising neans for setting said second threshold. 5 _ 7.
An apparatus caonprising: neans for determning a total energy a radio
transmtter has transmitted during a preceding tine period; neans for
conparing said total energy to a warning threshold; nmeans for generating an
al arm when sai d conparing neans determ nes that 10 said warning threshold

has been exceeded; and neans for setthgglsaid war ni ng t hreshol d, wherein
said warning threshold setting neans includes: nmeans for predicting when

said total energy is likely to eXc%Fﬁ/z;p%;nitted

13
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%

maxi num t ot al energy output |evel; and 15 means for determ ning
said warning threshold sufficiently below said permtted nmaxi nrum t ot al
energy output level to allow said alarmto be generated approximately a
predetermned tine prior to said transmtter exceeding said permtted
maxi num total energy output |evel, based on a result of said predicting
nmeans. 20 8. An apparatus conpri'sing: nmeans for determning a
total energy a radio transmtter has transmitted during a preceding tine
period; neans for conparing said total energy to a first total energy
reduction threshold: 25 meang for reducing a maxi num pover | evel

at which said transmtter can transmt when said conparing neans determn nes
that said first total energy—reductjon
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‘t hreshol d has been exceeded; and This is the replacenent sheet Date :

21 JAN 1999 - 21 - nmeans for setting said first total energy reduction
threshol d, wherein said first total energy reduction threshold setting
means includes: nmeans for predicting when said total energy is likely to
exceed a permtted maxi numtotal energy output level; and 5 means
for determning said first total energy reduction threshold sufficiently
bel ow said permtted maxi numtotal energy output level to allow for power

3/4

" FIG. 4
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reduction at approximately a predetermned tine prior to said transmtter
exceeding said permtted maxi numtotal energy output |evel, based on a
resul £ of.said prediction neans. 10 9. An appar atus conpri sing:
means for determning a total energy a radio transmtter has transmtted
during a preceding tine period; neans for conparing said total energy to a
first total energy reduction threshold; 15 means for reducing.a
maxi nrum power |evel at which said transmtter can transnmt when said
conparing nmeans determnes that said first total energy, reduction

t hreshol d has been exceeded; neans for conparing said total energy at which
aradio transmtter has transmtted dur4hﬁ said preceding tine period,
including a tine period in which said

F/G. 6

64
s{a |
P =p
ave w
GIVE WARNING F=<bv |
REDUCE POWER TX FREF

|\

f

P >p =p _
" o e " ave™ /s i
PORER REDUCED INCREASE POWER

| 65

ave” fm 14 b > e =Fr Brye =Fs

—=  TX8LOtED FREE Tt
! POVER REDUGED INCREASE POWER
Ty

block 1y ‘ 6l ' &

4

This is the replacemani sheet

2 71 SEP 1396

‘o

£ e

R Date:
: g o I

a - o, XL

T gy,

}".*1‘9 iy,

LU



. _ o037 91~0 Ivss
20 transmtter power output has been reduced, to a second predeterm ned

_reduced total energy threshold; and nmeans for renoving said reduced nmaximm
total, energy output restriction when said totj enmﬂy has.dinm.nished to be

f@NT §£EEET§ecoSd

not greater than said second reduced total ene
reduced total energy threshold being ower th

energy reduction threshold. 10. An appar at usi i% .
wherein said second reduced total energ thresihéﬁd corresponds t.o. sar
first total energy reduction threshold plus ag{nﬂigm-msufhm ent..t o pesd

signi ficant transmef! ﬁutl me prior to This i t};:TEreg;zegegT Sz\e}?’fq:"
CE

1. An apparatus comprising:
means for determining a total energy that a radio transmitter has transmitted
during a preceding time period; '
5 first means for comparing said total emergy to a first predetermined
threshold;
means for disabling said radio transmitter when sa1d comparing means
deterrmnes that said first threshold has been exceeded;
second means for comparing said total energy at which said radio transmitter
10  has ﬁammiued during said preceding time period, including a time period in which
said transmitter has been disabled, to a second predetermined threshold; and
means for enabling the resumption of radio transmission after being disabled
when said total energy has diminished to a level not greater than said second
threshold.

15 2. An apparatus in accordance with claim 1, further comprising means
for setting said first threshold.

3. An apparatus in accordance with claim 1, wherein said first threshold

corresponds to a maximum allowed total energy for a given time period.

4, An apparatus in accordance with claim 1, wherein said means for
20  determining said total energy includes means for determining a maximum continuous
transmission time based on past transmission time within said preceding time period

as a measure of said total energy.

5. An apparatus in accordance with claim 1, wherein said second
threshold corresponds to a maximum allowed total energy for a given time period

© 25  plus a margin sufficient to permit significant transmission time prior to re-exceeding

This i the rbpldcement sheet

U 21 JAN 1058

Date:



- 22 - re-exceeding said first total energy reduction threshold. 11. An
apparatus in accordance with claim9, further conprising nmeans for setting
"sai d ,second threshold. This is the repl acenent sheet

-20 -

said first threshold which corresponds to said maximum allowed total energy for

said given time period.

6. An apparatus in accordance with claim 1, further comprising means
for setting said second threshold.

5 7. An apparatus comprising:. _

' means for determining a total energy a radio transmitter has transmitted
during a preceding time period;

means for comparing said total energy to a warning threshold;

means for generating an alarm when said comparing means determines that

10  said warning threshold has been exceeded; and

means for setting said warning threshold, wherein said warning threshold
setting means includes:

means for predicting when said total energy is likely to exceed a permitted
maximum total energy output level; and

15 - means for determining said warmng threshold sufficiently below said

permitted maximum total energy output level to allow said alarm to be generated
approximately a predetermined time prior to said transmitter exceeding said
permitted maximum total energy output level, based on a result of said predicting

means.

20 8. An apparatus comprising:
means for determining a total energy a radio transmitter has transmitted
during a preceding time period;
means for comparing said total energy to a first total energy reduction
threshold:
25 ’ means for reducing a maximum power level at which said transmitter can
transmit when said comparing means determines that said first total energy reduction
threshold has been exceeded; and

' - : This is the replacement sheet
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-21 -

_means for setting said first total energy reduction threshold, wherein said
first total energy reduction threshold setting means includes:
means for predicting when said total energy is likely to exceed a permitted
maximum total energy output level; and
5 means for determining said first total energy reduction threshold sufficiently
below said permitted maximum total energy output level to allow for ﬁower
reduction at approximately a predetermined time prior to said transmitter exceeding
said permitted maximum total energy output level, based on a result of said

prediction means.

10 9. An apparatus comprising:
means for determining a total energy a radio transmitter has transmitted
during a preceding time period;
means for comparing said total energy to a first total energy reduction
threshold;

15 means for reducing a maximum power level at which said transmitter can
transmit when said comparing means determines that said first total energy,
reduction threshold has been exceeded;

means for comparing said total energy at which a radio transmitter has
transmitted during said preceding time period, including a time period in which said

20 transmitter power output has been reduced., to a second predetermined reduced total
energy threshold; and

means for removing said reduced maximum total energy output restriction
when said total energy has diminished to be not greater than said second reduced
total energy threshold, said second reduced total energy threshold being lower than

25  said first total energy reduction threshold.

10.  An apparatus in accordance with claim 9, wherein said second '
reduced total energy threshold corresponds to said first total energy reduction

threshold plus a margin sufficient to permit significant transmission time prior to

——————-—// . .
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-22 -
| re-exceeding said first total energy reduction threshold.

11.  An apparatus in accordance with claim 9, further comprising means

for setting said second threshold.
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