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BACKGROUND

Applicants' invention relates to communications systems

S5 including transmitters and receivers, and more perticularly
to a communicaticns system that optimizes performance by
dynamically adjusting transmitter power and receiver at-
tenuation. '

In a typical telecommunications system, such as in a cellular
10 telephone system, a receiver is designed to function with
signals in a given signal strength range. This signal
strength range is referred to as the -dynamic range of the
receiver. The lowest acceptable signal strength that can be
received is called the receiver sensitivity. The highest
15 acceptable signal strength that can be received is called the
blocking limit. ' )

In a cellular telephone system, the distance between a base

. station (BS) and a mobile station (MS) varies as the mobile

station moves around within a cell. Consequently, in large

20 cells, the variations in received signal strength can be very

large. SOmetJ.mes . these var:.at:.ons are so large that they

cannot be compensated by varying the mobile station's transmit

power. In such cells, it would be useful for the receiver

dynamic range, that is, the signal level range defined by the

25 highest and lowest acceptable received signal levels, to be

changed/transpos_ed ‘in reiation to the distance between the
base station and the mobile station.

The receiver dynamis"range may be transposed by placing an
attenuator between th'e antenna and the receiver. As at-
30 tenuation increases, both ‘the lowest and highest acceptable
received signal strengths increase. Similarly, the receiver’
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5 the sensitivity 102 and the blocking limit 103 of the receiver

(not shown).

If attenuation is increased to 3 dB, the- receiver dynamic
range shifts to a new dynamic range 104, defined by sen-
sitivity 105 and blocking limit 106, both of which are

10 substantially 3 dB higher than the respective sensitivity 102
and blocking limit 103 that existed when attenuation is only
"0 dB. Similarly, if attenuation is increased to 6 dB, the
sensitiviﬁy 108 and blocking limit 109 are again increased,
yielding a new receiver dynamic range 107.

15 In small cells, the distance between a mobile station and a
base station can be very small. This can lead to disturbances
'in the receive band if there are large cells in the same area
as the small cell. These large cells may belong to the same
network as the small cell, or they may belong to another"

20 network operating in the same or an adjacent frequency band.
The measure of these disturbances can be a bit error rate in
digital commum.cations systems. In analog systems, other
signal quality measures can be used, such as total distortion
of a modulated pllot tone.

25 The situation just described is illustrated in Figure 2, in
which a base stat:.on B 201 is associated with a cell 202, and
a base station A 203 is associated with a cell 204. It will be
observed that cell 204 is smaller than cell 202, and defines
a geographlcal area that is located inside or near cell 202.
30 Thus, because of the difference in the cells' relative sizes
with respect to one anether, cell 202 may be calied a "macro-
cell" and cell 204 may be called a "microcell". When a mobile
station B 205, associated with the "macrocell" 202 comes near
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base station A 203, the base station A 203 receiver may
experience disturbances from mobile station B 205. This may
be so even if the radio frequencies used by base station A 203
are widely separated from those used by base station B 201 and

mobile station B 205.

If base station A 203 is equipped with a dynamically adjus-
table attenuator interposed between the antenna and receiver
as described above, the attenuation can be increased until the
disturbance experienced by' the receiver is acceptably low..
This is because the disturbances in the receive band are
attenuated with at least the value of" the attenuator.
However, the desired signal frcm mobile station A 206, which
is transmitting to base station A 203, is also attenuated with
the value of the attenuator. This may cause the signal from
mobile station A 206 to be unacceptably low for reception by
base station A 203. '

SUMMARY

The above-~described problem, and others, are solved in
accordance with the Applicants' invention by dynamically
controlling both the attenuation at the base station A 203
receiver, and the transmit power of the mobile station A 206.

In one aspect, _Applic’ahts" invention provides a receiver that
receives a communicétions signal from a transmitter, the
received communications signal being attenuated at the
receiver. The signal strength of the signal is then measured.
This measured signal strength is then applied to a means for
controlling the attenuation and to a means for controlling the
transmission pover. The attenuation control means dynamical-
ly controls the amount by which the received signal is

attenuated.
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range 107. uses the received power control signal to adjust the power
level at which it transmits the communications signal to the

5 receiver. Both the attenuation control means and the trans-

mission control ﬁ:eans_' control, respectively, receiver

attenuation and transmission power level so as to optimize

system performance.

In another aspect of the inve: \t:.on, receiver attenuation and
10 transmission power level are adjusted to keep the attenuated

signal within the dynamic range of the receiver. This feature

is useful, for exanmple, for designing a less expensive

receiver having a reduced dynamic range which is compensated

for by appropriate adjustment of receiver attenuation and
15 transmission power level.

In still another aspect of the invention, receiver attenuation
is adjusted so that the receiver sensitivity level is relati-
vely high compared to a disturbance signal level, while at the
same time transmission power level is adjusted so that the

20 communications signal coming through the attenuator is still
within the dynamic range of the receiver.

In yet another aspect of the invention, the attenuator may
include an antenna having a dynamically adjustable gain.

_ In still another aspect of the invention, dynamic adjustment
25 of receiver attenuation and transmission power level are
applied to a system in which a plurality of receivers are
coupled to a common antenna through a multicoupler. In one
embodiment, a common attenuator is interposed between the
_ common antenna and the multicoupler. In another embodiment',
30 each receiver is also capable of further attenuating i'cs
received commum.catians signal. .
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accompanying draw:.ngs in which:

Figure 1 is a graph showing the dynamic range of a receiver as:
a function of attenuation;-

Figure 2 illustrates the situation of having a small mobile
communications cell at least partly located within a large
mobile communications cell;

Figure 3 is a block diagram of an apparatus in accordance with
the present invention for dynamically controllmg receiver
attenuation and transaitter power:;

Figure 4 is a block dia_gram of several receivers coupled to
one antenna in accordance with another embodiment of the

invention:;

Figure 5 is a block diagram of another embodiment of the
invention which uses partitioned attenuation in a systenm
having multiple receivers coupled to a common antenna by means
of a multicoupler; and '

Figure 6 is a block diagram of 'an alternative embodiment of
the invention in which an antenna and a variable attenuator
have been combined in a common element.
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DETAILED DESCRIPTION

Referring now to Flgure 3, a mobile telecommunlcatlons system
incorporatlng the present invention is illustrated. Blocks
to the right of the dotted line 301 are located in a mobile
station. Blocks to the left of the dotted line 301 are
located in a base station.

Signals received at the base station by means of an antenna
(not shown) are input to a dynamically adjustable attenuator
302. The signal that is output from the attenuator 302 is
input to a signal strength measurement: circuit 303. The
output of the s,ignai strength measurement circuit 303 is
coupled to the inputs of an attenuation control circuit 304,
and to a mobile station power control c‘ircuit 305. The
attenuation control circuit 304 is coupled to the attenuator
302 in order to control the amount of signal attenuation that
occurs. The mobile station power control circuit 305 uses the
output of the signal strength measurement circuit 303 in order
to generate a signal that is communicated to a mobile station
power circuit 306, where it controls the transmit power level
of the mobile station. 1In one preferred embodiment of the
invention, the signal strength measurements and power control
functions are made in é_ccordance with the European Telecom-
munications Standards Institute's (ETSI) Global System for
Mobile Communications (GSM) standards, which are herein |
incorporated by reférén_ce. In particular, GSM recommendation
05.08 describes siqnél- strength measurement in Sections 8.1.2
and 8.1.3. Sections 3.2-4.7, in conjunction with GSM recom-
mendation 05.05 Section 4.1, describe RF power control. The
control functions of the attenuation control circuit 304 and
the mobile station poﬁer control circuit 305 are described in
more detail below.

One use of the dynamic control system depicted in Figure 3 is
to compensate for the varying signal strength received by a
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base statl i s equi pped with a dynam cally adj us- _
attenuat or interposed between the antenna and receiver as descri bed
above, the attenuation can be increased until7the di st ur bance
experienced by the receiver is acceptably low. 10 This is because the
di sturbances in the receive band are attenuated with at |east the
val ue of the attenuator. However, the desired signal from nobile

station A 206, hasehstation & 28dni(eeenFigunm®) fhat AecRrHyhen ymgpile
attenuated withgratilht yabye Gfrddeld! W@RMAHOra IB'r?e”%E@UQQZt he siggnale
from 15 nobile station A 206 to be unacceptabl reception g/
base station A bpansmit power of the mobile s tJ.on 205 is constant, the
signal strength received by the base station B 201 decreases
5 as the distance between the mobile station B 205 and the base
station B 201 increases. Conversely, as the mobile station B
205 comes closer to the base station B 201, the received
signal strength increases, assuming again that the transmit

power of the mobile station 205 is constant..

10 The present invention éompensatgs for this as follows. When
the mobile station B 205 is situated near the border of the
cell 202, the mobile station power control circuit 305 detecté
the diminution in received signal strehgth, and transmits a

- signal ordering the mobile station B 205 to transmit at a high

15 power level. Due to the large path loss that occurs over thj.s
dist_ancé, the received signal strength in the base station B
201 'méy still be weak, and may be close to the receiver
sensitivity level. |

When the mobile station B 205 moves towards .the base station

20 B 201, the received signal strength in the base stat.ion B 201
increases. This is detected by the mobile station power
control circuit 305, which responds by transmitting a signal

to the mobile station B 205 which causes it to reduce its

- transmit power to a level that keeps the received signal
25 strength within the receiver dynamic range. At some point, as
the mobile station B 205 travels towards the base station B
201, the mobile station B 205 is transmitting at its lowest
possible power level. As the mobile station B 205 continues
towards the base statiior_x B 201, the received signal strength

30 will increase, and after scme time may be higher than is
acceptable. In other words, despite the fact that the mobile
station B 205 is transmitting at its lowest possible power

level, its proximity to the base station B 201 causes the
s
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at the 25 receiver. The signal strength of the signal is then nmeasured.
Thi s measured signal strength is then applied to a neans for

controlling thergllepd!s findllstfeAgRans dRfeddrhieoblonkingelinit of the
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controls the amiﬁ?rmhi ch the received signal is 30 attenuated.

This problem is solved in the present invention by the
attenuation control '_circuit 304, which detects the unaccep-

5 tably high received signal strength, and orders the attenuator
302 to increase the amount of attenuation. The upper limit of
the acceptable signé.l Strength (i.e., the blocking limit) will
then increase, thereby eliminating the problem with the high
received signal strength.

"10 Another problem that is solved by the present invention is the
above-described situation that can occur when a small cell 204
is located inside, or hear, a 1afge cell 202. As explained
above, the disturbance in a base station A 203 caused by a
mobile station B 205 that is attempting to transmit to a base

15 station B 201 may be high, relative to the wanted signal being
transmitted by the mobile station A 206. '

In accordance with the present invention, the mobile station
power control circuit 305 detects the high level of distur-
bance, recognizable in digital communications systems, for

20 example, as an increase in the bit error rate for the channel,
and causes actions as follows. The attenuation control
circuit 304 causes the attenuator 302 to increase its at-

- tenuation until the signal strength of the disturbance 110
(see Figure 1) is considerably reduced, possibly below the

25 receiver sensitivity level 105. However, the desired carrier
signal is also attenuated by this action. To compensate for
this, the mobile sﬁat_ion power control circuit 305 transmits

a signal to the power control circuit 306 of mobile station A
206, causing it to increase its transmit power level until the

30 received signal Strenqth of the carrier signal 111 (see Figure
1) is above the receiver sensitivity level 10S. Thus, the
received signal strength of the desired signal is kept
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receiver attenuation 'and trdhsm ssion power l'evel so as to

constant above the sens:.t:.v:.ty level while the dlsturbance is -

suppressed .

It will be recoghized by those skilled in the art that, in the
above scenario, the mobile station power control 305 could
have been the first to act by ordering the mobile station a
206 to increase its tra_hsmit power level in order to increase
the received signal -strength accordingly, and thereby reduce
the bit error rate. The attenuation control circuit 304 could
then respond to this occurrence by increasing attenuation of
the received signal to br:.ng the recez.ved signal strength back
down to a desired level.

In another feature of the invention, dynamic attenuation under
the control of the _at-tenuation control circuit 304 is ‘combined
with a mobile station power control process, carried out by
the mobile station power control circuit 305, in which signal

_quality of the received signal is used to determine the

transmit power. By combining dynamic attenuation control with
this kind of power control, unnecessary attenuation of the
wanted signal is prevenéed when the disturbance is low. This
has the advantage of keeping the mobile transmit power to a
minimum, which is' of great importance for many mobile ap-
plications. 1In one preferred embodiment, the mobile station

| power control process, 'inwhich signal quality of the received

signal is used to determine the transmit power, is that which
is described in copending U.S. Patent Application Serial No.
entitled METHOD AND APPARATUS FOR TRANSMISSION
POWER REGULATION IN A RADIO SYSTEM, filed in the name of
Almgren et al. on May 14, 1993 and assigned to the assignee of
this invention, the entire disclosure of whlch is hereby
incorporated by reference.

Frequently, a base station has several receivers coupled to
the same receiver antenna. In such situations, the atte-
nuation must be partitioned accordingly. Another embodiment
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In Figure 4, a number of receivers 403 are shown coupled to a
single antenna 401 hy means of a receiver multicoupler 402.
‘5 The receiver multicoupler 402 is a wideband amplifier that
receives a broad band signal and has a plurality of narrow -
band signal outputs. Each receiver 403 may include the
ihvention as described above with reference to Figure 3.
However, the receiver multicoupler 402 may, itsel'f, suffer
10 blocking by strong signal's that are input from the antenna
' 401. In that case p it is apparent that any attenuation that
occurs within individual receivers 403 will be unable to
eliminate this biocking. To avoid this problem, the receiver
multicoupler 402 may be designed to have a higher blocking
15 1limit than any of the individual receivers 403.

Another solution to the problem of blocking in the receiver
multicoupler 402 is shown in Figuré 5. Here, attenuation is
partitioned in order to achieve an optimum selection of
attenuation before and after the receiver multicoupler 402.

20 One of a number N of receivers 503 is shown in Figure 5.
Although the following description make's reference only to a
single receiver 503, it should be understood that the descrip-
tion is applicable 1:6 each of the N receivers 503. Each
receiver 503 has the control circuitry as described above with

25 reference to Figure 3. In addition, the output of the signal
strength measurement circuit 303 from each receiver 503 is
coupled to an iriput of a base station front end attenuation
control circuit 504.

. A signal representing the amount of attenuation being utilized
30 by the respective -receiver 503 is also output from the
receiver's base station attenuation control circuit 505 and
coupled to an input of the base station front end attenuation
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control circuit 504 combines these inputs with corresponding
inputs from the other receivers S$03 to determine the true
signal strength of the -Signal that is being output from the
front end ati:énua,'tor 506. For example, these input signals to
the base station front end attenuation control circuit 504 may
simply be averaged. Other methods of determihing the true
signal strength of the signal that is being output from the
front end attenuator 506 may also be used. |

The base station front end attenuation control circuit 504
then adjusts, by means of an output signal that is coupled to
the front end attenuator 506, the strength of the sigrial that
is input to the receiver multicoupler 502. The adjustment is
such that the front end attenuation is kept as low as possible
while still preventing blocking in the receiver multicoupler
502. It will be recognized that in order to make this
adjustment, the base station front end attenuation control -
circuit 504 must also have information regarding the dynamic
range of the receiver multicoupler 502. The information
pertaining to the dyhamic range of the receiver multicoupler
502 should preferably be preprogrammed in the base station
front end attenuation control circuit 504.

The rest of the regulation is accomplished as.described above
with reference to Figure 3. That is, each individual base.
station-mobile station link is regulated so as to produce an
optimum balance of transmitted power and received signal

quality.

Referring now to Figure 6, an alternative embodiment of the
invention is shown. 'This embodiment is very much like the one
shown in Figure 3. The difference between the two embodiments
is that, in Figuf'e 6, the variable attenuator has been
replaced by the antenna/attenuator 602, which is an antenna
having adjustable antenna gain, such as an electronically
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adjustable phased array antenna. The remaining elements in
Figﬁre 6 operate the same as the corresponding elements
described above with respect to Figure 3, and need not be
described in further detail.

5 The advantage of incorporating the adjustable attenuation
directly in the antenna element is that intermodulation (IM)
products generated in the antenna itself are attenuated by an
amount that is approximately egqual to the set attenuation
raised to the n®™ power, where n is the order of the inter-

10 modulation product. This makes it possible to implement a
receiver/antenna configuration having an extreme robustness
against radio environments having the kinds of disturbances
discussed above, including high signal strength (causing
blocking), and intermodulation products. In addition, by

15 designing a receiver which can compensate for high signal
strength and intermoduiation prcducts; system margins can be
widened to improve performance in the presences of other types
of disturbances, such as cochannel interference and propaga-
tion channel distortion.

20 The invention has been described with reference to several
specific embodiments. It will be recognized by those skilled
in the art, however, that the invent’ibn may be practiced in
ways not illustrated here. Thus, the séope of the invention
is not limited by this description, but is, instead, defined

25 by the following claims.
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1. In a communications system having a receiver that
receives a communications signal transmitted by a transmit-

ter, the transmitter including transmitter power control

means, responsive to a received power control signal, for
controlling a power level at which the transmitter transmits
the transmitted communications signal, a receiver apparatus
comprising: |

measurement means for generating a signal strength
measurement signal based on the received communications
signal;

means for attenuating the recelved communications signal
by an amount dynamically determined by a control signal;

attenuation control means, coupled to the measurement
means and the attenuating means, for supplying a control

signal thereto; and
first power control means, coupled to the measurement

means, for generating a power control signal to be com-
municated to the transmitter;

_ wherein the attenuation control means and the first power
control means dynamically coritrol, respectively, receiver
attenuation amount and transmitter power level so as to
substantially optimize communications system performance.

2. A receiver apparatus according to claim 1, wherein
optimizing communications system performance includes keeping
the attenuated signal within a dynamic range of the receiver.

3. A receiver apf)aratus according to claim 2, wherein the
attenuating means includes an antenna having a dynam.cally :
adjustable antenna ga:m.

4. A receiver apparatus accordizig to claim 1, wherein
optimizing communications system performance includes
dynamically adjusting receiver attenuation to produce an
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effective dynamic range for receiving only signals having a
signal strength level that is higher than a disturbance signal
strength level, while at the same time adjusting transmitter
power level so that the transmitter will produce an adjusted
§ communications signal that is within the effective dynam.c

range of the receiver.

PCT/SE%4/00435

5. A receiver apparatus according to claim 4, wherein
optimizing communications system performance is performed by
- the attenuation control means and the first power control

10 means in response to a bit error rate of the received com-
mmunications signal being higher than a predetermined amount,
the higher bit error rate indicating the presence of a
disturbance signal.

6. A receiver apparatus according to claim 4, wherein the
15 attenuating means includes an antenna having a dynamically
adjustable antenna gain.

7. A receiver apparatus according to claim 1, wherein the
attenuating means includes an antenna having a dynanucally
adjustable antenna ga:.n.

20 8. In a communications system having a plurality of recei-
vers coupled to a common ‘antenna through a receiver mul-
ticoupler, the multicoupler having a signal input and a
plurality of signal outputs each corresponding to one of the
plurality of receivers, éach of the receivers receiving a

25 communications signal transmitted by a corresponding one of
a plurality of transmitters, each transmitter including
transmitter power contrql' ‘means, responsive to a received
power control signal, for controlling a power 1eve1 at which
the transmitter transmits the transmitted communic'ations

30 signal, a receiver apparatus comprising:

Tlns Sheet Has Been Replaced
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inco'-r‘poratingthepr to the right
of the dotted line 301 are | ocat e n.a }Bﬁggggflgg Bl ocks to the
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received at the base s of an ant enna

I nput to a dynam cal | y enuat or 302. The signal that |s
output fromthe attenuator 302 is 10 tnput $® a si gnal mu jﬂ“lwwlll
measurenent circuit 303. The - out put of the signal

circuit 303 is coupled to the inputs of an attenuatlon control ¢l rcwt

304, - and to a noRi n_po

attenuation control g #ilﬁ%i%gg ] g %%%‘%‘F%%é{lu{%h naé%or a_l.@?gf(slfratlng
order. to contro# fhcs&mqnadf ﬁW@t@M@Wthaﬁgnal baseds onTige cor-
mobi | € station pg Bn&@.ﬂ?’ Elecﬁh.'bﬁa' Eomn‘i%%%.lbli‘lesz.gnaﬁ.“t put of the signal

strength nmeasur ene t cir In ord enerate a signal that is
comunicated to a m)SF-'PBtsFMil gﬁtenum m@ialn(§w er3gttepNatdng thedlhra-

the transm tgpoygtyl Sfei'ecen_.ved communications signals by an amount dynami-
cally determined by a first control signal, 'the front end
attenuation means having an output fo:_:‘ supplYing the at-
tenuated plurality of received communications signals to the
receiver multicoupler; :

10 front end attenuation control means coupled to the
plurality of first signal strength measurement means and to
the front end attenuating means for supplying a first control
signal thereto: and ]

a plurality of first power control means, each coupled to

15 a. corresponding one of the plurality of first signal strength
measurement means, each for generating one of the plurality of
power control signals to be communicated to a corresponding
one of the plurality of transmitters; '

wherein the front end attenuation control means and the

20 plurality of first power control means dynamically control,
respectively, receiver first attenuation amount and transmit-
ter power level of the plurality of transmitters so as to
substantially optimize communications system performance.

9. _A receiver apparatus according to claim 8, wherein

25 optimizing communications systemperformance includes keeping
the attenuated signal within a dynamic r_angé of each of the
plurality of receivers.

10. A receiver apparatus according to claim 8, wherein
optimizing communications system performance includes
30 dynamical'ly adjusting receiver front end attenuation to
produce an effective dynamic range for receiving only signals:
having a signal strength level that is higher than a distur-
bance signal strength level, while at the same time adjusting
a pover level of each of the plurality of transmitters so that



20 -of .the nobile station. 1In one pref 1@% ?ngﬁdmgrgﬂ;gf the_

I nvention, the si gnal st rengt h neasurenmen (\f\ﬁj cont functions
are made Wﬂ t he European| Tele

o atpcgl"@ Y00B§ar ds
Institute's (ETSI) \m Mobi | e Communi cations (GSM
standards, which a \ m‘r“ Orporated,day reference. In-.particular,

&

-GSM recomrendat | on déscr“l bes signal strength neasurenent in
Sections 8.1.2 and813 Sections 3.2-4.7, in conjunction with GSM
recom mendati on 05.05 Section 4.1, descri be RF power control. The
control functi oaachf mamtwmmlcquucecumuadjaenedndc@umunﬁeamse
station power cg Ul §.5305% O £ U286/ | Db dlve ayBEG SekahbeDYO Vs
‘One use of the dy amc contro sy stem depicted In Fi gur

conpensate for @WQ%P?Dﬁgngl gﬁﬁ?-i??rength recei ved by a

11. A receiver apparatus according to claim 10, wherein
5 optimizing communications system performance is performed by
the front end attenuation control means and the plurality of
first power control means in response to a bit error rate of
the received commmunications signals being higher than a
predetermined amount, the higher bit error rate indicating the

10 presence of a disturbance signal.

12. A receiver apparatus according to claim 8, wherein the
front end attenuating means includes an antenna having a
dynamically adjustable antenna gain.

13. 1In a communications system having a plurality of recei-

15 vers coupled to a common antenna through a receiver mul-
ticoupler, the multicoupler having a signal input and a
plurality of signal outputs each corresponding to one of the
plurality of receivers, each of the receivers receiving a
communications signal transmitted by a corresponding one of

20 a plurélity of transmitters, each transmitter including
transmitter p'ower control means, responsive to a received
power control signal, for controlling a power level at which
the transmitter transmits the transmitted commum.catlons
signal, a receiver apparatus comprising:

25 front end attenuating means for attenuating the plura-
lity of received communications signals by an amount dynami-
cally determined by a first control signal, the front end
attenuation means having ‘an output ‘for supplying the at-
tenuated plurality of received communications signals to the

30 receiver multicoupler:;

a plurality of second attenuating means, each for further
attenuating a corresponding one of the attenuated plurality

Th1s Sheet Has Been Replaced
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base*station B 201 (see Figure 2) that| aagusistrahgLs BEpRYi | e station B
205 travel s within a TharSget B&lBeendQgiaced Fhmﬂ@ nsmt] power of the
QL(J (=]

mobi |.e stwOi sap7E81205 i [rrf e ngi-blir ec epeEEERYyoddse
base st'ati on B 201 ‘dec M he di stance between the nobile station
S i ' '

B 205 and the base - in_'creaseg Conversely, as the nobiTe
station-B 205 cones closer to the base st ?i

signal strength increases, assum ng again that ?EeBt rzgslm"cﬁ"mnmmn(m",
. * L M 5

of received communica_tidns signals by an amount dynamically
determined by'a corresponding second control signal:_
a plurality of first measurement means, each for genera-
ting a first signal strength measurement signal based on the
5 corresponding received communications signal; ‘

- front end attenuation control means coupled to the
plurality of first s_ignél strength measurement means and to
the front end attenuating means for supplying a first control
signal thereto: '

1o a plurality of first power control means, each coupled to
a cprresponding one of the plurality of first signal strength
measurement means, each for generating one of the plurality of
power control signals to be communicated to a corresponding
one of the plurality.of transmitters; and

15 = a plurality of second attenuation control means, each
coupled to a cor_respondihg- one of the plurality of first
signal strength measurement means and to a corresponding one
of the piurality of second attenuating meahs, for supplying
the cori'esponding second control signal thereto;

20 wherein the front end attenuation control means, the
plurality of first power control means, and the plurality of
second attenuation control means dynamically control,
respectively, r_eceive_r front end attenuation amount, trans-
mitter power level of the plurality of transmitters, and

25 receiver further attenuation amount so as to substantially
optimize communications system performance.

14. A receiver apparatus according to claim 13, wherein

optimizing communications system performance includes keeping

each of the plixrality of further attenuated signals within a
'30 dynamic range of a éorrespcnding receiver.

15. A receiver apparatus’ according to claim 13, wherein
optimizing communications system performance includes
dynamically adjusting receiver front end attenuation and
respective receiver further attenuation to produce, for each



power Of t he nobi lLe-station 205 is-eonstramt bsent i nvention
corrpensat es for this as follows. Wen |$|93H%§ W@Eﬁ&!l on B. 205 s

si t uat edwﬁb%zﬁﬂe(lmn“mu Ill“ II‘H““L cel | 202 RERAGEBD | e §t RAIHEPAES
contral circuit 3 dimmnution 1n recelved signal strength,
and transmts-a * si‘gnal or erlng t'he rmobig e station B 205 to transmit at
-a high 15 power level. Due to the large path loss that occurs over this

di stance, the received signal strength in the base station B 201 may

still be weak, and may be close to the receiver sensitivity |evel.
When the nobi | g£stisé ipluFaliby ot/ cecedverd; ameffextistendymand@ rangelfor he

oo oy ke ahiFRaehly LRSS W], Fghly acpoEnE Tty Bt 12
responds by trabghertthanaa siigtairbance sighalmstiength d-te\tﬁi.Ble@%tc‘hhe
causes it to rggﬂgetﬁné adjusting a corresponding transmitter power level
| 5 so that a corresponding transmitter will produce a correspon-
ding adjusted communications signal that is within the

effective dynamic range of the respective receiver.

16. A receiver apparatus according to claim 15, wherein
optimizing communications system performance is performed by
10 the front end attenuation control means, the plurality of
second attenuation coatrol means, and the plurality of first
. power control means in response to a bit error rate of the
received commmunications signals being higher than a prede-
termined amount , the higher bit error rate indicating the

15 presence of a disturbance signal.

17. A receiver apparatus according to claim 13 . Wwherein the
front end attenuating means comprises an antenna having a
‘dynamically adjustable antenna gain.

18. In a communications system having a receiver that
20 receives a communications signal transmitted by a transmit-
ter, the transmitter including transmitter power control
means responsive to a received power control signal for
controlling a power level at which the transmitter transmits
the communications signal, the receiver including attenuating
25 means for attenuating the received communications signal by
an amount dynamically determined by a control signal, a method
for dynamically optimizing communications system performance
comprising the steps of: | :
measuring a signal strength of the received commu-
30 nications signal; '
dynamically adjusting the attenuation amount, based on
the measured signal strength; and

This Sheet Has Been Rep laced
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transm.t power to a-level that keeps the receive Tg}%ﬁg?&ﬁ‘\s ?ren th
wi thin the receiver c range. At sorre poi nt, D mbi station

B 205 trawglgmbmards m 201,  the nobil e ptrSENMQME3IL05
is transmtting at a \“‘mﬂ S|ble power |level. As the.nobile

station B 205 conti n owards*t he. basggstati on B 201, the received

signal strength 30 w II |ncrease, and after sone tine nmay be higher than
is acceptable. In other words, despite the fact that the nobile
station B 205 is transmitting at its | owest possible power | evel, its

proximty to the bagfsdAit PRy PdwerUeSatEOE signal to be transmitted to

the transmitter based on the measured signal strength.

19. A method according to claim 18, wherein the steps of

dynamically adjusting the attenuation amount and generating
5 a power control signal are further based on keeping the

attenuated signal within a dynamic range of the receiver.

'20. A method according to claim 18, wherein the steps of
dynamically adjusting the attenuation awount and generating
"a power control signal are further based on dynamically
10 adjusting receiver attenuation to proiuce an effective
‘dynamic range for receiving only signezls having a signal
strength level that -is higher than a disturbance signal
:strength level, while at the same time adjusting transmitter
power level so that it will produce an adjusted communications
15 signal that is within the effective dynamic range of the

receiver.
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8 - received signal strength to exceed the bl ocki %Ee&géwe
I hyenti Lt e
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CARRIER

recei ver. This problemis solved in the present
at_tenuatw ¢9Rgf 0l circuit 304, which detects the unaccep- mh@ngh
recei ved signal strength, and orders the attenuator 302 to increase the
ampunt of attenuation. The upper i mi £/f the acceptabl e signal strength
(i.e., the blocking limt) will - then increase, thereby .elimnating the
probl emw th the high received signal 'strength.
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10 Another problen1that is solved by the present inventioniis thﬁEmjﬁED
above- descri bed: S|tuat|on that can occur when a snmall cell 264

| ocat ed i nsi de near, a large cell 202. As expl ai ned q@gmng4mhgs

di sturbari¥@ *ﬁ’-”é base station A 203 caused by a nobil e station B 205
that is attenpting to transmt to ahase 15. station B 201 may be hi gh,
relative to the wanted signal being transmtted by the nobile station A
. 206. - In accordance with the present invention, the nobile station
power control circuit 305 detects the high |level of distur- bance,
recogni zable in digital communications systens, for 20 exanple, as an
increase in the bit error rate for the channel, and causes actions as
follows. The attenuation control circuit 304 causes the attenuator 302

to increase its at- tenuation until the signal strength of the

di sturbance 110 (see Figure 1 wézably reduced, possibly bel ow
the 25 receiver sensitivity le t he deS|red carrier
signal is also attenuated by thi’s actlon To conpensate for

Sheet Has Been Replaced
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this, the nobile station power control circuit 305 transnifts
to the power control circuit 306 of nobile station A

THIS SHEET HAS BEEM
REPEACEDINa!

to i ncrew,ﬁgsiransmt power |evel until the 30 recei vedpén‘ammooes
strength of the carrier signal 111 (see Figure 1) is above the

recei ver sensitivity |level 105. Thus3/3he recei ved signal strength of
the desired signal is kept B 9
fo 5 |
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constant above the sensitivity level while the disturbancelis  REPLAGED

suppressed It will be recogni.zed by those skilled in
the ° akgy9asmepario, the nobile station power control 305 PEESEI40ESe
beeh the first to act hy ordering the nobile station A 206 to increase
its transmi't power level in order to 4ffcrease t he received~ngn___‘__§_‘_~
strength accordingly,  -and thereby reduce the bit error The .
attenuation contgol circuit 304 could then respond to th| B&ﬂRHMmmd
i ncreasing atten '“ﬂ)Gf +o—the—recerved—stgmatJto bring. th
signal strength back down to a desired Ievel.‘ In an ,
of the invention, dynéﬁlc att enuati on under
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the gontrol of the gtenuation control circuit 304 is conbijned pep 3 BEEN
mobi e, station power control process, carried out by 15 t

power. con“mpyuxmgmU|t 305, in which signal qual ity of thcPCHSEIANGH3S.
sisgnal ‘i s used to determnine the transmt power. By conbi ning dynam c
attenuation control wth this kindsg$ power control, unnecessary

at t enuat'i on of the wanted signal is prevented when the disturbance is

|l ow. This 20 has the advantage of keeping the nobile transmt power to a
m.ni-mum which is of great inportance for nmany nobile ap- plications.
el None preferred embodi ment, the nobile station power control process,
im which signal quality of the recei ved signal is used to determ ne the
transmt power, .is that which 25 is described in copending U S. Patent
Application Serial No. eftitled METHOD AND APPARATUS FOR
TRANSM SSI ON - PONER RHGULATION IN A RADI O SYSTEM filed in the nanme of

. Alngren et al. on May 14, {1993 and assign¢d to the assignee of this
invention, the entirejdisclosufe of whichjis hereby 30 incorporated by

reference. @
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a base station has several

ant enna. I n such situations,
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the atte-
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(54) Title: DYNAMIC CONTROL OF TRANSMITTING POWER AT A TRANSMITTER AND ATTENUATION AT A RECEIVER

{87) Abstract

A communications system includes :
a receiver and a transmitter for transmit- 305
ﬁngaeommuniaﬁonssigmlaodlem- g
ceiver. The transmitter adjusts its trans-
mission power level in response to re-

4]
PONER

' 306
{

oS

caverpowermol szgna!s transmitted
by the recciver. The receiver includes
an attenuator for attenuating the received
means for measuring the signal strength
of the anenuated signal. The measured

CONTROL

303 302
K {

PONER

signal strength is coupled to attenuator
control means and to transmission power
control means. The attenuator control
means and the ransmission control means
adjust, respectively, receiver attenuation

HEASURERERT
SIGHAL STRENGTH

ATTENUATOR }=

andmmnupmlevelsoaswopn-

system performance. This may in- I
c!ude keepmg the attenuated sxgnal within ¢
the dynamic range of the receiver. This
may also include climinating disturbance a8 .
signals by adjusting receiver attenuation ATTENUATION 301
o produce an effective dynamic range CONTROL
for receiving only signals baving a sig- s : ¥

nal streagth level that is higher than the
disturbance signal strength level, while at

"| the same time increasing the transmission

power level o keep it within the effective

dynamic range of the recciver. The disturbance signal may be detected as an increased bit error rate of the received communication signal.
'!heappanmsmdmethodmydsobeapphednsysmmwh:chapluuhtyofmav«smewpledwamw&mugha

receiver multicoupler.




bed with reference to Fi gures 4 and 5.
recei vers 403 are shown coupled to a

recei ver. nulticoupler 402. 5 The receiv
anplifier that recei ves a broad band
narr ow. band signal outputs. Each r

i nvent on as described .above with refer
receiver nulticoupler 402 may, itself,
signals that are input fromthe ant enna
apparent that any attenuation that

403 w Il be unable to
t he receiver

t he problem of blocking in the rece| ver

60337G-
In Figure 4, a nunber_of
single anten of | a
er nulticoupl ?R ﬂéc'qggpgyggpand
signal and hpsfa plurality} of
ecei ver 403 nhyl|i b SEP (1926
ence-to Figurg |3. However
suf.fer 10 bl pcking by strong
401. In tlhat case, it is
occurs within individual receivers

he

elimnate this blocking. To avoid this problem
DYNAMIIC iCONTROZ: OF) TRANGHEVTTING | BOWER { AT & VERANGMINTAR ANDCKi ng
15 Timt thanmagdgeiariron AR0A \Hgbisdverecei vers 403.

Anot her solution to
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15

20

25
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" received is called the receiver sensitivity.

- BACKGROUND

Applican‘ts' invention relates to communications systems
including transmitters and receivers, and more particularly
to a communications system that optimizes performance by

dynamically adjusting transmitter power and receiver at-
tenuation. '

In a typical telecommunications system, such as in a cellular
telephone system, a receiver is deSignéd to function with
signals in a given signal strength range. This signal
strength range is referred to as the -dynamic range of the
receiver. The lowest acceptable signal strength that can be
The highest

acceptable signal strenqth that can be received is called the
blocking limit.

In a cellular telephone _éystem, the distance between a base
station (BS) and a mobile station (MS) varies as the mobile
station moves around within a cell. Consequently, in large
cells, the variations in received signal strength can be very
large. Sometimes, these variations are so large that they
cannot be compensated by varying the mobile station's transmit
power. In such cells, it would be useful for the receiver
dynamic range, that is, the signal level range defined by the
highest and lowest acceptable received signal levels, to be

- changed/transposed in relation to the distance between the

base station and the mobile station.

The receiver dynamic range may be transposed by placing an
attenuator between the antenna and the receiver. As
tenuation increases, both ‘the lowest and highest acceptable
received signal strengths increase. Similarly, the receiver

at- -



mul'ti coupl er 402 is shown in Figure-5. Here, attenuat igef—is

3 T Ooned
in order to achieve an optinum sel ection of attenu tBEHLAﬁEm a:rter
the reteiver multicoupler 402. 20 Onée of a nunber recel vers 5031is
shown in Figure.b5. Al t hough the foll ow ng descri ptli dn EQﬁSEprgpsrénce
only tQ a single receiver 503, it should be under od™that' t he
descri.p- tion is applicable to each of .the N recei . '
recei ver 503 has the control circuitry as descri bed abbve with 25

‘reference to Figure 3. In addition, the output of the srgmat strength
measurenent circuit 303 fromeach receiver 503 is " .coupled to an input

of a base statidyndmixtratiod dist epanépased dowhwardoks cittmndati®h decrea- A

si gnal represeniipy e amin ol [N BRRSRO dff | & e SOrbiad N
respective,  recelver Cj{ i s al 50 out ﬁ]uﬁ om t he recelver's %se S
station attenuat}bmsteptted) igj Figpresds gnhen attenuation is set at o
decibels (AB), the receiver dynamic range 101 is defined by

5 the sensitivity 102 and the blocking limit 103 of the receiver

(not shown).

If attenuation is increased to 3 dB, the receiver dynamic
range shifts to a new dyn'a:iic range 104, defined by sen-
sitivity 105 and blocking 1limit 106, both of which are
10 substantially 3 dB higher than the respective sensitiw}ity 102
and blocking limit 103 that existed when attenuation is only
0 dB. Similarly, if attenuation is increased to 6 dB, the
sensitivity 108 and blocking limit 109 are again increased,
yielding a new receiver dynamic range 107. '

15 In small cells, the distance between a mobile station and a
base station can be very small. This can lead to disturbances
in the receive band if there are large cells in the same area
as the small cell. These large cells may belong to the same
network as the small cell, oi:_ they may belong to another

20 network operating in the same or an adjacent frequency band.
The measure of these disturbances can be a bit error rate in
digital communications systems. In analog sjrstems ¢ other

signal quality measures can be used, such as total distortion
of a modulated pilot tone. '

25 The situation just described is ifllustrated in Figure 2, in
which a base station B.201 is associated with a cell 202, and
a base station A 203 is associated with a cell 204. It will be

observed that cell 204 is smaller than cell 202, and defines °

a géographical area that is located inside or near cell 202.
30 Thus, because of the difference in the cells' relative sizes
with respect to one another, cell 202 may be called a "macro-
cell" and cell 204 may be called a "microcell®. When a mobile
station B 205, associated with the *macrocell®™ 202 comes near



coupled to an input of the base station front end attenuation

control circuit 504. The base station front end atteniyab| ASEMENTC SREETO!
ci rcuist 504 combi nes these inputs wi th correspondi ng—qﬁ) nr\'MEC f-ait I
ot her receivers 503 to determne the true
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base station A 203, the base station A 203 receiver may
experience disturbances from mobile station B 205. This may
be so even if the radio frequencies used by base station A 203
are widely separated from those used by base station B 201 and

‘mobile station B 205.

1f base station A 203 is equipped with a dynamically adjus-
table attenuator interposed between the antenna and receiver
as described above, the attenuation can be increased until the
disturbance experienced by the receiver is acceptably low.
This is because the distu:bances in the receive band are
attenuated with. at least the value of  the attenuator.
However, the desired signal from mobile station A 206, which
is transmitting to base station A 203, is also attenuated with
the value of the attenuator. This may cause the signal from

mobile station A 206 to be unacceptably low for reception by
base station A 203. '

SUMMARY .

The above~described problem, and others, are solved in
accordance with the Applicants' invention by dynamically
controlling both the attenuation at the base station A 203
receiver, and the transmit power of the mobile station A 206.

In one aspect, Applicants' invention provides a receiver that
receives a communications signal from a transmitter, the
received communications signal being attenuated at the
receiver. The signal strength of the signal is then measured.
This measured signal strength is then aj)plied to a means for
coxitrolling the attenuation and to a means for controlling the
transmission power. The attenuation control means dynamical-

ly controls the amount by which the received signal is
attenuated. : _ '
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dynam c range dlevelcatehickrithtiransnips the communications signal to the

5 receiver. Both the attenuation control means and the trans-
mission control means control, respectively, receiver
attenuation and transmission power level so as to optimize
system performance.

In another aspect of the invention, receiver attenuation and
10 transmission power level are adjusted to keep the attenuated
signal within the dynamic range of the receiver. This feature
is useful, for example, for designing a less expensive
receiver having a reduced dynamic range which is compensated

for by appropriate adjustment of receiver attenuation and
15 transmission power level.

In still another aspect of the invention, receiver attenuation
is adjusted so that the receiver sensitivity level is relati-
vely high compared to a disturbance signal level, while at the
same time transmission power level is 'a.c‘s.justed- so that the

20 communications signal coming through the attenuator is still
within the dynanmic range of the receiver.

In_yet another aspect of the invention, the attenuator may
include an antenna having a dynamically adjustable gain.

In still another aspect of the invention, dynamic adjustment
25 of receiver attenuation and transmission power level are
applied to a system in which a plurality of receivers are
coupled to a common antenna through a multicoupler. In one
enbodiment ,' a common attenuator is interposed between the
common antenna and the multicoupler. In another embodiment,

30 each receiver is also capable of further attenuating its
received comnuniqations signal.
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attenuation control circuit 504. The rest of the eEEﬂ’IﬂCEMENTSSHEET
acconpfi shed as described above wth reference to Fi 5,
each individual base 25 station-nobile station link i %aﬁ I o]
produce an opti mum bal ance of transm tted power apd r% @?‘bn |
quality. : Referring now to Figure 6, an alternativ

invention is shown. This enbodiment is very nuch |ike §he one 30 shomm
Figure 3. The difference between the two erﬁ)odl ment s i 4

Figure 6, the variable attenuator has been repl aced by the
ant ennal attenuator 602, which is an antenna

_ havi ng adj ust abl e ant enna
gain, such as BRIBFEUESORICTION OF THE DRAWINGS

These and other aspects of the invention will become apparent
from the following description read in conjunction with the
accompanying drawings in which:

5 Figure 1 is a graph showing the dynamic range of a receiver as
a function of attenuation;

Figure 2 illustrates the situation of having a small mobile

communications cell at least partly located within a large
mobile communications cell:;

10 Figure 3l is a block diagram of an apparatus in accordance with

the present invention for dynamically controlling receiver
attenuation and transmitter power:

Figure 4 is a block diagram of several receivers coupled to

one antenna in accordance with another embodiment of the
1s invent:.on.

Fiéure 5§ is a block diagram of another enbodiment of the
invention which uses partitioned attenuation in a systen

having muﬂ:iple rece:!.yers coupled to a common antenna by means
of a multicoupler; and. '

20 Figure 6 is a block diagram of an alternative embodiment of

the invention in which an antenna and a variable attenuator
have been combined in a common element.

in’
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DETAILED DESCRIPTION

Referring now to Figure 3, a mobile telecommunications system
incorporating the present invention is illustrated. Blocks
to the right of the dotted line 301 are located in a mobile

-station. Blocks to the left of the dotted line 301 are

located in a base station.

Signals received at the base station by means of an antenna
(not shown) are input to a dynamically adjustablé attenuator
302. The signal that is output from the attenuator 302 is
input to a signal strength measurement: circuit 303. The
output of the signal strength measurement circuit 303 is
coupled to the inputs of an attenuation control circuit 304,
and to a mobile station power control circuit 305. The
attenuation control circuit 304 is coupled to the at.t_enuato_r
302 in order to control the amount of signal attenuation that
occurs. The mobile station power control circuit 305 uses the
output'éf the signal strength measurement circuit 303 in order
to generate a signal that is communicated to a mobile station
power circuit 306, where it controls the tra_nsmj.f_: pover level

of the mobile station. In one preferred embodiment of the’

invention, the signal strength measurements and power control
functions are made in accordance with the European Telecon-
munications Standards Institute's (ETSI) Global System for
Mobile Communications (GSM) standards, which are herein
incorporated by reference. Inparticular, GSM recommendation
05.08 describes signal strength measurement in Sections 8.1.2
and 8.1.3. Sections 3.2-4.7, in conjunction with GSM recom-

-mendation 05.05 Section 4.1, describe RF power control. The

control functions of the attenuation control circuit 304 and

the mobile station poﬁver control circuit 305 are described in

more detail below.

One use of the dynamic control system depicted in Figure 3 is
to compensate for the varying signal strength received by a



directly in the antenna elenent is that internodulatio

[ < T TEIs
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possi ble to inplenent a recei ver/antenna configuratj opn having an
extrene robustness agai nst radi o environnents, havin '
di st ur bances di scussed above, -including high signal
bl ocki ng), and internodul ati on products. In addition,
recei ver which can conpensate for high signal strength and

I nt er nodul ati on products, system nmargi-ns can be w dened to |nprove
perf.ormance i nbake ptegtones 201 (iseer Fignee 2) thit boturdamersa aocbblas
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however, - t hat ignalvesttengtiimedadvedaby thd base station B 201 decreases

5 as the distance between the mobile station B 205 and the base
station B 201 increases. Conversely, as the mobile station B
205 comes closer to the base station B 201, the received
signal strength increases, assuming again that the transmit
power of the mobile station 205 is constant.

strength (causin
by 15 designing a

10 The present invention compensates for this as follows. ‘When
the mobile station B 205 is situated near the border of the
cell 202, the mobile station povwer control circuit 305 detects
the diminution in received signal strength, and transmits a
signal ordering the mobile station B 205 to transmit at a high

15 power level. Due to the large path loss that occurs over this
distance . the received signal strength in the base station B

201 may still be weak, and may be close to the receiver
sensitivity level.

When the mobile station B 205 moves towards the base station
20 B 201, the received signal strength in the base station B 201
increases. This is detected by the mobile station power
control circuit 305, which responds by transqitting a signal
to the mobile station B 205 which causes it to reduce its
transmit power to a level that keeps the received signal

25 strength within the receiver dynamic range. At some po‘:lnt, as
the mobile station B 205 travels towards the base station B
201, the mobile station B 205 is transmitting at its lowest
possible power level. as the mobile station B 205 continues
towards the base station B 201, the received signal strength

30

will increase, and after some time may be higher than is
acceptable. In other words, despite the fact that the mobile
station B 205 is transmitting at its lowest possible 1$ower
level, its proximity to the base station B 201 causes the
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recei ver that [

receives a communications signal transmtiefl by a

FD

contr ol means,

for contr@lling a

received signal strength to exceed the blocking limit of the
receiver.

This problem is solved in the present invention by the
attenuation control circuit 304, which detects the unaccep-
tably high received signal strength, and orders the attenuator
302 to increase the amount of attenuation. The upper limit of
the acceptable signal strength (i.e., the blocking limit) will
then increase, thereby eliminating the problem with the high
received signal strength.

Another problem that is solved by the present invention is the
above-described -situatiori that can occur when a small cell 204
is located inside, or near, a large cell 202. As explained
above , the disturbance in a base station A 203 caused by a
mobile station B 205 that is attempting to transmit to a base

station B 201 may be high, relative to the wanted signal being
transmitted by the mobile station A 206.

In accordance with the present invention, the mobile station
power control circuit 305 detects the high level of distur-
bance, recognizable in digital communications systems, for
example, as an increase in the bit error rate for the channel,
and causes actions as follows. The attenuation control
circuit 304 causes the attenuator 302 to increase its at-
tenuation until the signal strength of the disturbance 110
(see Figure 1) is considerably reduced, possibly below the
receiver sensitivity level 105. However, the desired carrier
signal is also attenuated by this action. To compensate for
this, the mobile station power control circuit 305 transmits
a signal to the power control circuit 306 of mobile station A
206, causing it to increase its transmit power level until the
received signal strength of the carrier signal 111 (see Figure
1) is ahove the receiver sensitivity level 105. Thus, the
received signal strength of the desired signal is kept
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conmmuni cations signal, the apparatus conprising: n n
for generating a signal strength nmeasurenment signal basdqd jon th nﬁsei
comuni cati ons signal ; means for attenuating the r dce? GedEP 1996
communi cations signal by an attenuation anount dynam calfl y_deterpm ned b

control signal, thereby producing an attenuated signal t¢ be
an input to the receiver; attenuation control ne&nass
measur ement means and the attenuating meand, for using the signal strength
measurenent ‘signal to generate the control signal and

supplied as

constant above the sensitivity level while the disturbance is
suppressed. ' '

It will be recognized by those skilled in the art that, in the

'~ above scenario, the mobile station power control 305 could
$ have been the first to act by ordering the mobile station A
- 206 to increase its transmit power level in order to increase
the received signal strength accordingly', and thereby reduce
the bit error rate. The attenuation control circuit 304 could
then respond to this occurrence by increasing attenuation of

10 the received signal to bring the received signal strength back
down to a desired level. '

In another feature of the invention, dynamic attenuation under
the control of the attenuation control circuit 304 is combined
with a mobile station power control process, carried out by
the mobile station power control circuit 305, in which signal
quality of the received signal is used to determine the
transmit power. By combining dynamic attenuation control with
this kind of power control, unnecessary attenuation of the
wanted signal is prevented when the disturbance is low. This
has the advantage of keeping the mobile transmit power to a
 minimum, which is of great importance for. many mobile ap-
plications. In one preferred embodiment, the mobile station
power control proéess, in which signal quality of the received
signal is used to determine the transmit power, is that which
is described in copending U.S. Patent Application Serial Yo.
entitled METHOD AND APPARATUS ?‘OR TRANSMISSION
POWER REGULATION IN A RADIO SYSTEM, filed in the name of
Almgren et al. on May 14, 1993 and assigned to the assignee of

this invention, the enti:;e disclosure of which ‘is hereby
30 incorporated by reference.
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Frequently, a base station has several receivers coupled to
the same receiver antenna. 1In such situations, the atte-
nuation must be partitioned accordingly. Another embodiment



for supplying the control signal to the attenuating neang;
first Bgv,\gr .gontrol nmeans, cgupl ed to the measure?rent arR??EiQCEMENI ﬁ‘# Th
signal - strength nmeasurenent signal to generate the power qontrol signal
be comunicated to the transmitter; wher ei n t he [aft e26aSEB1996
control neans and the first power control means coordi naje|_w th one
another to dynamically control, respectively, the attenu tion anount—a
the transmtter power |evel so as to subs &mhally opt i FM-ze—comminicationk.
system performance, and _~ wherein the attenuation control means
dynami cal |y adjusts the attenuati on anpbunt. to produce an effective dynam c
range for receiving only signals having a signal strength |evel

of the invention that solves this problem will now be descri-

bed with reference to Figures 4 and §.

'In Figure 4, a number of receivers 403 are shown coupled i:o a
single antenna 401 by means of a receiver multicoupler 402.
§ The receiver inulticoupler' 402 is a wideband amplifier that
re,ceivés a broad band signal and has a plurality of narrow
band signal outputs. - Each receiver 403 may include the
invention as described above with reference to Figure 3. °
However, the receiver multicbupler 402 may, itself, suffer
10 blocking by strong sigxials that are input from the. antenna
' 401. In that case, it is apparent that any attenuation that
occurs within individual receivers 403 will be unable to
elixixinate this blocking. To avoid this problem, the receiver
‘multicoupler 402 may be designed to have a higher blocking
15 1limit than any of the individual receivers 403.

. Another solution to the problem of blodkipg in the receiver
multicoupler 402 is shown in Figure 5. Here, attenuation is
partitioned in order to achieve an optimum selection of

. attenuation before and after the receiver multicoupler 402.

20 One of a number N of receivers 503 is shown in Figure 5.
Although the following description makes reference only to a
single receiver $03, it should be understood that the descrip-
tion is applicable to each of the N receivers 503. Each
receiver 503 has the control circuitry as described above with

25 reference to Figure 3. In addition, the output of the signal
strength measurement circuit 303 from each receiver 503 is

coupled to an input of a base station front end attenuation
contro]. circuit 504.

A signal representing the amount of attenuation being utilized
30 by the respective -receiver 503 is also output from the

receiver's base station attenuation control circuit $05 and

coupled to an input of the base station front end attenuation
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control circuit 504. The base station front end attenuation
control circuit 504 combines these inputs with corresponding
inputs from the other receivers 503 to determine the true

signal strength of the signal that is being output from the

front end attenuator 506. For example, these input signals to

the base station front end attenuation control circuit 504 may
simply be averaged. Other methods of determining the true
signal strength of the signal that is being output from the
front end attenuator 506 may also be used.

The base station front end attenuation control circuit 504
fhen adjusts, by means of an output signal that is coupled to
the front end attenuator 506, the strength of the signal that
is input to the receiver multicoupler 502. The adjustment is
such that the front end attenuation is kept as low as possible
while still preventing blocking in the receiver multicoupler
502, It will be recognized that 'in order to make this
adjustment, the base station front end attenuation control

circuit 504 must also have information regarding the dynamic

range of the receiver multicoupler 502. <The information

_pertaining to the dynamic range of the receiver multicoupler

502 should preferably be preprogrammed in the base station

‘front end attenuation control circuit 504.

‘The rest of the régulation is 'accomplished as described above

with reference to Figure 3. That is, each individual base
station-mobile station link is regulated so as to produce an

optimum balance of transmitted power and received signal
quality.

Referring now to Figure 6, an alternative embodiment of the
invention is shown. This embodiment is very much like the one

. shown in Figure 3. The difference between the two embodiments

is that, in Figure 6, the variable attenuator has been
replaced by the antenna/attenuator 602, which is an antenna

having adjustable antenna gain, such as an electronically



2. An apparatus according to claim1, wherein the attenuation control .

neans and.the first power control neans adjust, respecti
attenuation anpunt and the transmitter power level in rds &EMN& %HEET

error rate of the received comruni cati ons signal being| Higher than a
predet erm ned anount, the higher bit error rate indicating |thgéSEPEI996 qf
t he disturbance S|gnal 3. An apparatus accordingftq claiml1l,
wherein the attenuating neans. i ncl udes an 2antenna havi nq d-dymamTat Ty

adj ust abl e antenna gai n.

adjustable phased array antenna. The remaining elements in
Figure 6 operate the same as the corresponding elements
described above with respect to Figure 3, and need not be
described in further detail.

5 The advantage of incorporating the adjustable attenuation
directly in the antenna.' element is that intermodulation (IM)
products generated in the antenna itself are attenuated by an
amount that is approximately egqual to the set attenuation
raised to the n'" power, where n is the order of the inter-

10 modulation product. This makes it possible to implement a
receiver/antenna configuration having an extreme robustness
against radio environments having the kinds of disturbances

-discussed above, including high signal strength (causing
blocking), and intermodulation products. " In addition, by

15 designing a receiver which can compensate for high signal
strength and intermodulation products, system margins can be
widened to improve performance in the presences of other types

of disturbances, such as cochannel interference and propaga-
tion channel distortion.

20 The invention has been described with reference to several
specific embodiments. It will be recognized by those skilled
in the art, however, that the invention may be practiced in
ways not illustrated here. Thus, the scope of the invention

is not limited by this description, but is, instead, defined
25 Dby the following claims.
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WHAT IS CLAIMED IS:

1. In a communications system having a receiver that
receives a communications signal transmitted by a transmit-
ter, the transmitter including transmitter power control
means, responsive to a received power control signal, for
controlling a power level at which the transmitter transmits

the transmitted communications signal, a receiver apparatus
comprising:

- measurement means for generating a signal strength
measurement signal based on the received communications
signal; ..
" means for attenuating the received communications signal
by an amount dynamically determined by a control signal: | :
attenuation control means, coupled to the measurement
means and the attemuating means,

_for supplying a control
signal thereto:; and '

first power control means, coupled to the measurement
means, for generating a power control signal to ‘be com-

municated to the transmitter;

. wherein the attenuation control means and the first power
control means dynamically control, respectively, receiver
attenuation amount and transmitter power 1level so as to
substantially optimize cbmmqniéations system performance.

2. a receiver apparatus acéording to claim 1, wherein
optimizing communications system performance includes keeping
the attenuated signal within a dynamic range of the receiver.
3. A receiver apparatus according to claim 2, wherein the

attenuating means includes an antenna havi.ng a dynamically
adjustable antenna gain.

4. A receiver apparatus according to claim 1, wherein
optimizing communications system performance includes
dynamically adjusting receiver attenuation to produce an
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effective dynamic range for rece:.ving only signals having a
signal strength level that is higher than a disturbance signal
strength level, while at the same time adjusting transmitter
power level so that the transmitter will produce an adjusted

communications signal that is within the effective dynamic
range of the receiver. : ‘

S. A receiver apparatus according to claim 4, wherein
optimizing communications system performance is performed by
the attenuation control means and the first power control
means in response to a bit error rate of the received com-
mmunications signal being highé.r than a predetermined amount,

the higher bit error rate indicating the preéence of a
disturbance signal.

6. A receiver apparatus according to claim 4, wherein the

attenuating means includes an antenna having a dynamically
adjustable antenna gain.

7. A receiver apparatus according to claim 1, wherein the
attenuating means includes an antenna having a dynamically
adjustable antenna gain.

8. In a communications systen having a plurality of recei-'

vers coupled to a common antenna through a receiver mul-
tiéoupler, the wmulticoupler having a signal input and a
plurality of signal oﬁtputs each corresponding to one of the
plurality of receivers, each of the. receivers receiving a
communications signal transmitted by a corresponding one of
a plurality of transmitters, each transmi.ttér including

"transmitter power control means, responsive to a received

power control signal, for controlling a power level at which

‘the transmitter transmits the transmitted communications

signal, a receiver apparatus comprising:
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to the
correspondi ng one of the plurality of transmtters; and

front end
attenuation control

means having an input coupled to receive the first

a plurality of first measurement means, each generating
a first signal strength méas_urement signal based on a cor-
responding received communication signal;
front end attenuating means for ‘attenuating the plura-
§ 1lity of received communications signals by an amount dynami-
cally determined by a first control signal, the front end
attenuation means having an output for supplying the at-.
tenuated plurali'ty of received communications signals to the
receiver multicoupler:;

10 front end attenuation ‘control means coupled to the

plurality of first signal strength measurement means an& to
the front end attenuating. means for supplying a first control
signal theretb: and '

a plurality of first power control means, each coupled to
a. corresponding one of the plurality of first signal strength
measurement means, each for generating one of the plurality of
power control signals to be communicated to a corresponding
one of the plurality of transmitters: _ : :

wherein the front end attenuation control means and the
plurality of first power control means dynamically control, .
respectively, receiver first atténuation amount and transmit-
ter power level of the plurality of transmitters so as to
substantially optimize communications systenm performance.

15

20

9. _A receiver apparatus according to claim 8, . wherein
'optimiz ing communications systen performance includes keeping

the attenuated signal within a dynamic range ‘'of each of the
Plurality of receivers.

25

' 10. A receiver apparatus according to claim 8, wherein
optimizi.ng communications system performance includes
dynamically adjusting receiver front end attenuation to
produce an effective dynamic range for receiving only signals
having a signal strength level that is higher than a . distur-
bance signal strength level, while at the same time adjusting
a pover level of each of the piurality of transmitters so that

30

This Sheet Has Been Replaced

I




signal strength rreasurerrent si gnal from each of the. pl-urdl iREPLAGEMENT SHEETy
devi ces and an Ied to th“

. u..L At i g

each qf thefl streng ﬁ.\!@sgﬁﬂgto'g neeg bh 6
first control : M/ﬂ&ﬂu pply| theRERhA@E cont r bl ign?l ?E tﬁg :
front end attenuac *C L M &

16 wherein the roﬁt *end attenuatlon control neans and the first

power control nmeans of _ 16

each transmitter will produce an adjusted communications

signal that is within the effective dynamic range of a
corresponding receiver.

11. A receiver apparatus according to claim 10, wherein
5 optimizing communications system performance is performed by
' the front end attenuation control means and the plurali-ty'of
first power control means in response to a bit error rate of
the teceiv_ed coimnmunications signals being higher than a
predetermined amount, the higher bit exror rate indicati_ng the

10 presence of a disturbance signal.

12. A receiver ‘apparatus according to claim 8, wherein the
front end attenuating means includes an antenna having a
dynamically adjustable antenna gain.

13. In a communications system having a plurality of recei-
vers coupled to a common antenna through a receiver mul-
ticoupler, the multicoupler having a signal input and a
Plurality of signal outputs each corresponding to one of the
plurality of receivers, each of the receivers receiving a
communications signé.l transmitted by a corresponding one of
20 a plurality of transmitters, each transmitter including
transmitter power control means, responsive to a received
power control signal, for controlling a power level at which
the transmitter transmits the transmitted communications
signal, a receiver apparatus comprising:

front end attenuating means for attenuating the plura-
lity of received communications signals by an amount dynami-
cally determined by a first control signal, the front end
at:tepuation means having an output for supplying the at-

tenuated plurality of received communications signals to the
30 receiver multicoupler:;

15

25 .

a plurality of second attenuating means, each for further
attenuating a corresponding one of the attenuated plurality
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| evel of each of the plurality of trammttq:qEPLAeEDas t d supspamtTatty

?8ticlmalzr6n Zomﬁgrjﬂ'mmﬂ“mmmgg{ enhr;ttl on control rreggs r. ﬁ%& éryétng

power control neans ‘of “eath %f *t he | pI urality of auxiliary
dynami cally <control, respectively, the faent end attenuatijon
the transmtter power |evel of each of the plurality of tr

to keep the attenuated signal within a dynamc range of each of the
plurality of o (xa:'le\c/:%ris\‘red communications signals by an amount dynamically

deternined by a corresponding second control signal;
a plurality of first measurement means, each for genera-
ting a first signal strength measurement signal based on the
5 corresponding received communications signal; .
: front end attenuation control means coupled to the
plurality of first signal strength measurement means and to

the front end attenuating means for supplying a first control
signal thereto: '

am)unt and

10 a plurality of first power control means, each coupled to

a corresponding one of the plurality of first signal strength
measurement means, each for generating one of the plurality of
power control signals to be communicated to a corresponding
one of the plurality of transmitters; and : '

a plurality of second attenuation control méans, each
coupled to a corresponding one of the plurality of first
signal strength measurement means and to a corresponding one
of the plurality of second attenuating means, for supplyinq
the corresponding second control signal thereto:

wherein the front end attenuation control means, the
plurality of first power control means, and the plurality of
second attenuation control means dynamically control,
respectively, receiver front end attenuation ainount,' trans-
mitter power level of the plurality of transnitter's; and .
receiver further attenuation amount so as to substantially
optimize communications system performance.

185

20

25

14. A receiver apparatus according to claim 13, wherein

_optimizing communications system performance includes keeping

, each of the plurality of further attenuated signals within a
30 dynamic range of a corresponding receiver.

15. A receiver apparatus according to claim 13, wherein

optimizing communications system performance includes

dynamically adjusting receiver <front end attenuation and

respective receiver further attenuation to produce, for each
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6. “An apparatus according to- cI aim4, wherein the fr 3 |
control neans dynam cally adjusts gﬁ gﬁ@a‘{” g’:"ﬁ

anount, to produee,—for—each of the
dynami c rangeJl or receiving only

verg, an effectiy

Si i ghal | s2esprh199ve
that is highef ' Uﬂuﬂumnce si strength level}, While at the da
time ‘the fir ns of each of the auxifliary OevIiTES

dynam cally controls the *transmtter powsr |evel of t correspondi ng orje
of the plurality of transnmitters so that the corresponding one of the
plurality of transmtters will produce an adjusted comunications signal

ﬁ ggtel LZ r‘é‘” thi get Phe §II GG NG dy N8 vedBY P b8 LERPE Ania 1% Fafife (0
‘receiving only signals having a signal strength level that is
higher than a disturbance signal strength level, while at the
same time adjusting a corresponding transmitter power level

5 so that a corresponding transmitter will produce a correspon-:
ding adjusted communications signal that is. within the
effective dynamic range of the respective receiver. |

16. A receiver apparatus according to claim 15, wherein
optinizing communications systen perfo_rma.rice is performed by
10 the front end attenuation control means, the plurality of
second attenuation coatrol means, and the plu‘tality' of first
power control means in response to a bit error rate of the
received commmunications signals being higher than a prede-

termined amount, the higher bit error rate indicating the
15 presence of a disturbance signal.

17. A receiver apparatus according to claim 13, ‘wherein the
front end attenuating means comprises an antenna hav:.ng a
dynamically adjustahle antenna gain.

8. In a communications system having a receiver that
receives a communications signal transmitted by a transmit-
ter, the transmitter including transmitter power control
means responsive to a received pbwer control signal for
controlling a power level at which the transmitter transmits
the communications signal, the receiver including attenuating
25 means for attenuating the received communications signal by
an amount dynamically determined by a control signal, a method
for dynamically optimizing communications system performance
compri.s:l.ng the steps of:

measuri.ng a signal strength of the received commu-
30 nications signal;

dynamically adjusting the attenuati.on amount, based on
the measured signal strength; and

20
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17 7.

comuni cati ons si*gndl s'bel ng’ hi'gher’ thania predeternined a
“higher bit error

-10

is

An apparatus according to claim®6

hereA—+n
attenuation control nmeans and the fi|gHISSHEET HASt BEEM
plurality of auxiliary devices controf

. I CREEMACEREl v,
att enuati on anount and the transmtiterf
plurality of tr

—goner—tevet—uf—% .
f illlﬂll?ltlﬁlﬂﬂﬂﬂlﬂﬂlr substantially optini ach ¢ | tﬂ?i’aff‘; JZ“‘ |
syst em pert orma

0o a bit error rate of the rfeceived

rate indicating the presence of a disturbance

generating a power control signal to be transmitted to
the transmitter based on the measure_'d signal strength.

19. A method according to claim 18, wherein the steps of
dynamically adjusting the attenuation amount and generating
a power control signal are further based on keeping the
attenuated signal within a dynanic range of the receiver.

"20. A method according to claim 18, vwherein the steps of

dynamically adjusting the attenuation arount and generating
a power control signal are further based on dynamically -
adjusting receiver attenuation to proituce an effective

"dynamic range for receiving only signzls having a si.gnal

strength level that is higher than a disturbance signal

_strength level, while at the same time adjusting transmitter

power level so that it will produce an adjusted communications

signal that is within the effective dynamic range of the
receiver.
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si gnal 8. An apparatus according to claimd4d.-whereifng

attenuating neans includes an ant nﬂ_ﬂshgwmgﬂks @BEBMIL call REfl’L_CfEMENT SHEET
ant enna gai n. 9. An appar at us LA GepR com] ni ¢afi ons Séétem
having a plurality of receivers. cpupl ¢= a~-eommoTl anfle na2 6n® éﬂ%\
recei ver multicoupler, :

wherein each receiver is in
commyni cation with a corresponding one of a plurality off transmtters,
each of the ans—for

transmtters including troansm'tter power co

controlling a transmtter power

DM{[C(XNTRQLOFTRABHI[THMPWERATATRMHWAM)
A'ITH‘IIATI(NATARECEIVER

" Abstract

A communications system includes a receiver and d transmitter for transmitting 2

communications signal to the receiver. The transmitter adjusts its transmission power level in

" response to receiver power control signals transmitted by the receiver. - The receiver includes an
attenuator for attenuating the recelved communications signal, and measurement means for measuring
the attenuated signal’s signal strength. The measured signal strength is coupled to attenuator control
means and to transmission power control means which adjust, respectively, receiver attenu-ation and
transmiitter power level to optimize system performance (e.g., Lecpmg the attenuated signal within the
receiver's dynamic range and/or chxmnaung disturbance signals by adjusting receiver attenuation to
produce an effective dynamic range for receiving only signals having a signal steength level that is
higher than the disturbance signal strength level, while at the same time iﬂcr&sing the transmission
power level to keep it within the receiver's effective dynamic range.)

Figure 3

-_—

* This Sheet Has Been Rep

Wi Illl



| evel in response-to a received one of a plurality of power cofit

| ———
si-gnal s, the apparatus conprising: _ front end attenuat #@GH%ENT SHEET
coupled to the commbn antenna to receive a plurality of co nifcat 1 ons .
signals transnmitted by the plurality of transmitters, for att nLatQ@gsEbepgé
plurality of comuni cations signals by a front end attenuati o gnount
dynamcally determned by a first control signal, the front '
attenuati ng nmeans havi ng an out put fotfs
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supplying the attenuated plurality of received comunications iﬁﬁalkCHMENI SHEET

the receiver multicoupler a plurality of auxiliary deviftesT—eeaeh
conpri si ng: ' an input for receivig a correspondin

the attenuated plurality of received comunications signals ffo 32& §§P'596
recei ver nulticoupler; second attenuating neang ¢ furt her
attenwating the correspondi ng one of the attenuated plurality]of received
comuni cations signals by a furthgg attenuation anount dynam catty —

determ ned by a correspondi ng second control signal, and outputting a

further




attenuat ed conmuni cati ons signal; first signgl
measurenment neans for generating, for the further attenuat dREﬁLA%EmEm SHEET

comuni cations signal, a first signal strength neasurenent si g al ; and
first “power control means, coupled to the first signal stren r26sSER 1894
means, for using the first signal strength nmeasurenent si gnal 0 generate
one of the plurality of power control signals to be comuni ¢ated to the
correspondi ng one of the pluralitg/of transmtters; and.

second attenuation control nmeans, having an input coupl ed to the first

signal strength measur ement nmeans and an output coupled to the second

attenuating means, for using the rzstqg strengt h nmeasurenent signal
na

to generate the secg&d control si ‘306
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—e—t  POWER . -
CONTROL - PONER
303 302
HNEASUREMENT .
oF B ATTENUATOR =
SIGNAL STRENGTH
| 1
304
§
g 8$ |
et ATTENUATION 301
CONTROL - :
8s ' HS

\\4
403 | - |
qs | {e 401 -
RECEIVER RECEIVER
. NULTI-
- o COUPLER
403

RECEIVER




for supplying the second control signal to the second attenuat]i MPKMR@NT .
and front end attenuation control neans having an inpyt jcotptes *nSHEET
receive the first signal strength neasurenent signal from eaghjof éhg
plurality of auxiliary devices and an ' 26 SEP 199
REPLACEMENT SHEET out put coupled to the front end attenpating_neans
for supplying the first control si gn%.l/st 0
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the front end attenuating neans,
control neans, the first power control
auxi liary devi ces,

wherein the front eng REPMUEMEN’P%HEET

means of each of the pl gredtis

and the second attenuation control means
the pfurality of auxiliary devices dynamically control, resp CtIV MySEPhEM5
front end attenuation anount, the transmtter power Ievel of h_of the
plurakity of transmtters, and ‘the further attenuation anourft of the
second attenuating neans of each of tge auxi liary devices sC—gs—to
subsantially optim ze comuni cati ons’System performance. " 10. An

apparatus according to claim9, wherein the front end attenuation control

means, the first power control neans of each of the plurality of auxiliary
devi ces, and the second '
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%053'-}0_5
attenoati on Cont I“

dynam cal | ¥ co I!ﬂjﬂﬂim%m E O;fthgef Irol)ﬁ'[ alalnij Oh@%é@flﬂ%ﬁ tshe

transmitfer fthe plurality df ftransm d the
further attenuatlon anount of the second attenuat i g rrearﬁsmlﬁfigsgcr f the
auxiliary devices so as to keep the further attenudtgd _conmuni catign

signal of each of the auxiliary devik®s within a qynam c range or  a
corresponNiAD rseccoArdms rPiural ity of receivers. ] 11, An appar atjus
according to claim9, wherein the front end attenuation control neans

dynam caliy adidSbparhis féleﬁselxﬂarcoﬁuhmicaﬁm @h&ﬁrmamgq&eﬁm&hat&e&ﬁéﬁ

second attenuation
communications slgnal transmuted by a u-ansmntner, the transmitter mcludmg transmitter

Q)*'!

power control means, responsive to a recewed power control s1gna1 for controllmg a
power fevel at which the transmmer transmits the transmitted communications sig_nal, the
apparams comptising: |

| - measurement means for generating a signal strength measurement signal based on
the received commumcatlons signal;

. meauns for attcm:atmg the recewed commumcahons signal by an aucnuauon amount
dynamically determined by a control signal, thereby producing an attennated signal 1o be
sqpplied as an input to the receiver; |

attenuation control means, coupled to the measurement means and the attenuating

' means; for using the signal strength measurement signal to generaie the control signal and
for supplying the control signal to the attenuating means; and

first power control means, coupled to the measurement means, for using the signal-'
strength measurement signal to generate the power control signal to be commumicated to the
transmitter;

wherein the attenuation control means and the first power control means coordinate
with one another to dynamically control, remecﬁkly, the attenuation amount and the
transmitter power level so as to substantially optimize communications system performance,
B .

wherein the attenuation control means dynamically adjusts the attenu’aition' amount to

produce an effective dynamic range for receiving only signals having a signal strength level



control neans of each of the auxili ary devi ces dynam cally "JREHMCENEN?'SHEET'
further, attenuation -
t’p"

REPLACEIVENT SHEET amount of the respectl ve auxili ary de

produce, for eaﬂmmllmllﬂlmm ty of receivers, an effecti} 9ed‘?/nam
range for recei havi nd4a si gnal strength | evet—that—is |
hi gher than-a di§tuf bancd si gnal strength | evel , while at;fthe sane. tine
the first power control neans -of each of the auxiliary devirces

dynani cal | ythsﬁalhtgt{es thane §xgm§mﬂguﬂevamrmsmbm mgnal while at the same time the

first power control means adjuss the transmrtter power level 50 that the transmtter will
produce an adlusted comnnmxeatlons sngnal that is wrthm the effective dynamic range of the

receiver.

- 2. An appatatus accordmg to claim 1, wherein the_..attenuatio_n control means and the.
first 150__wer eomrol means adjust, respectively, the atterrtl_etion amount and the transmitter -
ﬁower l_é.vel mresponse toa _bit exror Tate of the received eommumeatwns signal being -
higher than a predetermined amount; the higher bit error rats indicating the presence of the

disturbance signal.

3. Anapparatus accordmgtoclatml wheremtheattemmtmgmeans mcludesan

amenna havmg a dynamically: adjusmble antenna gam

- 4 An appairams for use in.a' commumcauons system -having ; plﬁral.ity of receivers

| coupled toa common amenna through a recelver multrcoupler, wherem each recerver isin’
communication wrth a correspondmg one of a plurahty of transmrtters eachof the
transmitters including uansmrtter power control means for controlling a transmitter power
level in response 10 a tecerved one ef 'a. plutahty of power control signals, the apparatus

comprising: | ) .




| evel of the corresponding one of the plurality of transnitterlsREBLAGEAJENThSHEET

correspondi.ng one of the pluralitly of transmtters wll prodycgam

adj usted comu m"m nlu!"mlﬂm that is within the effectivg dynag ane 1999
range of a resﬂm e rtecel Vers. 12, An appar gt ys according
to claim11, whérefn thet friont end attersiati on control - means) thWeSETOMT
attenuation control neans of €ach of thé plurality of auxiliafjy devices,

and the first power control neans of each of the plurality of auxirrary -

devi ces contr ol fronk 85D SEdruihe/medddCcdupiatto YR coMrhei biftbaraio 266eivel a plubdity of

further attenuati on anount of t-he second. attenuating nmeans of each of the

auxiliary Wﬂaﬂ&sdsm &W&ﬁf&e%ﬁﬂ%ty O?Waf& anemxaungthe :

plurality of commumcattons signals by a front end attenuatxon amount dynamxeally

determmed by a ﬁrst eontrol s:gnal the front eud atuematmg means havmg an output for
| supplymg the attenuated plurallty of recewed commumcauons s1gnals to the receiver
E multicoupler; |
a plurahty of aux:lmry dev1ces, each eompnsmg
an input for receiving a correspondmg one of the attenuated plurality of
received eommumcattons signals from the recciver mulucoupler
first s:gnal- strength measurement means for generating, for the |
corresponding one_'ef the plura.lit& of attenmared eemmunieations signals, a first sig_ﬁi_l
strengﬂa measurement sxgnal and | | |
ﬁrstpowercomrolmeans, coupledtotheﬁrststgnalstrengﬂxmeasurement
means, forusmg the first signal sn'engthmeasurement signal togenerate one of the
plurality of power control sxgnals o be connnunmted to the correspondmg one.of the
' plura.llty of tratlsmmars and
front end attenuation control means havmg an input coupled to receive the first
' signal st_rength measurement s:gnal fromeach of the plurality of auxiliary devices and an
 output eoupted to the front end ettenuating means t‘or using each ef the first signal strength
| measurement signels to generate the first control signal and fet_' supplying the first control

signal to the front end attenuating_means.



as to substantially opti nijzBEPLACEMENT SHEET

of the plurality

conmmuni gati.ons sy in response to a bit error jrdte or tne
recei ved commnl i“mm ing higher than a predeteri dZWTRUBWBSQ
t he higher bit e ng- the presence of a distugbgnce signal.
13. An appar at us accordlng to claim93gwherein the front er attenuatrng

means conpr.i ses an antenna havi ng a dynam cally adjustable a tenna gai n.

wherein the front end attenuanon control means and the first power eonl:rol means of
each of the plurahty of aunlxary devices dynamxcally control, respectively. the front end
_attenuanon amount and the n'ansmmer power level of cach of the plurahty of transmmers

SO as 10 substantmlly opnm1ze commtmxcauons :ystem pert'onnanee

5. An apparams acconding to claim 4, whercin the front end attemuation control means
and the f;rst-p;m control xneens.of eaeh of the piuralizy of aﬁxiliary‘: devices &ynamicany
: control respecuvely, the front end attemxauon amount and the transmltter power level ot'
eachoftheplurahtyoftransmlttetssoastokeep the attenuated signal thhmadynanuc '

range of each of the-pluramy o_f r_ee_ewers.

6 An apparams accordmg to claim)t wherein the ﬁ'ontnend aue:im‘bﬁ'comol means
dynamcally adjusts the receiver front end attenuation amount to produce, for each of the
pluramy of recewers, an effecuve dynamlc range for recewmg only signals havmg a SIgnal

| _srrength level that is mghet than a dlstutbance signal strength level, whxle at the same time

*the first power control means of each of the auxlhary devices dymrmcally controls the -
transmitter p.ower level of the correspondmg one of the p1ura1_1ty of transmitters so that the
corresponciing one of the plurality of msﬁims will produce an adjusted communications

signal that is within the effective dynamic range of a respective one of the receivers.



14. In a comunications system having a receiver that receivpdREPLACEMENT SHEET

communi catjons signal ‘transmtted hy a.transmtter, the tranpmprreT

i ncl udi ng ‘transmtter power controln nmeans - responsive to a rpcei veg mg\qggg
control signal ||I|:“ﬂum“ﬂll!“ IEower | evel at which the trpangmitter .
transmts the coml thezreceiver including aft nuar! ng

means for attenudti Ag the"retei'ved jcomuni cations signal by an anmount

dynami cal ly .determ.ned by a control signal, a nethod of operating e
conmuni catvons A‘x‘ﬁpﬁﬂaﬁﬁ@fdr&in@%hﬁﬁnﬂ msrenﬂhefromendattenuanonconn:olmeans

and the ﬁrst power ‘control means’ of each ofthe plurahty of auxrhary devrees control
respeettvely, ﬂ:efrontendauennauonamountandtheuansmmerpowerlevelofeoehofthe. '
plurahty _of t_ransmmers 50 as to subst_antxally optmnze cor_nmumcattons system performant;e
in response to a bit error rate of the. .r'ece'ived'comniuni'oations signals bem.higher thana
predetermmedamounr, d:ehigherbxterrorratc indicatmgthepresenoe ofadxsmrbance

stgnal

8. An apparatus according to claim 4, Wher.e'in-the'_front end attenuating means includes

"an antenna having a dynamically adjustable antenna gain.

§. An apparams for use m a comumcatmns system havmg a plurahty of receiveis:
coupled to a common antenna through a reeelver mnlttcoupler wherem each receiver. ts in -
commumcauonwnh a eorrespondmg one ofa plurahty oftransmm:ers ‘each ofthe
transmitters mcludmg transmmer power oontrol means. for eontrollmg a transrmttet power '
level i 1n response'to a reeetved one_ ofa plurahty of power control signals, the apparams
front end attenuating means, coupled to the common antenria to receive a plurality of

commumcattons signals transnntted by the pluraltty of transmmers. for attemmung the

| .pluraltty of commumcattons stgnals by a front end attetmatlon amount dynatmcally

determmed bya first control signal, the front end auenuatmg means havmg an output for



measuring a signal strengt h of the received conmuni cations 'sijg PLﬁCEMENT SHEﬂ
dynami cal | y adj—dwtrl on.anount,; based -on t.he nepsSULEd _SlgRa
strendgth;’ and generating The power control si gnal baskdjon th

measur ed si gna”mm "MH‘IW transmttl ng the power controlls; &a{‘ @)ﬁtﬁ%g
transm-tter, " e $teps18)f dynam cal |y adj ustijhg rhn
attenuation am)unt “and d‘enératl ngi:the power control signal e’ coor di nat ed
so as to subst anti al | y optim ze cbm‘runl cati ons. syst em perfor rl’,a.n.ae,_m‘"

wher ei n'th s _of al |, ust| n the a enu rmunt and
gener at i ng éB% %‘&ﬁtﬁﬁ‘ o Vigmiiie m Fly

adj usting recgal ver att enuation to
multicoupler; "

<r

2 plurality of auxiliary devices, each cemprising: |
an mput for reeetvmg a correspondmg one of the attemlated plurality of
received eonmmrcattons stgnals from the reeetver multtcoupler
secondattennaungmeansforﬁmherattemaungtheeorrespondmgoneofthe
attennated plurahty of recetved commumcauons stgna.ls bya ﬁ.u-ther attennatton amount
'dynamically determined bya correspondmg second control st_gnal, and outputnng a further
attenuateqcommunicationssignai- . S -
first sxgnal strength measurement means for generattng, for the further
attenuated commlmzcauons s1gnal a first stgnal strength measurement srgna.l and -
st power  cantrol means, coupled to the first signal strength measurement
means, '-forusmgthe ﬁrststgnal strengthmeasurementstgnaltogenerateone of the |
plurahty of power control s1gnals to be communtcated to the correspondmg one of: the |
pluraltty of 1ransm1t1:ers, and |
| “second attenmation. control means, havingf an input coupled to the first signat
strength measurement means and an entput-eonpled to the second attemxaﬁng means, for
using the first sxgnal strength measurement stgnal to generate the second control signal and
for supplying the second com:rol stgnal to the seeond attemtatmg means; and
front end attenuanon.eontml means havmg an mput coupled to reeeiire the first

signal strength measurement signal from each of the plurality of auxiliary devices and an



produce an effective dynam c range for receiving ohl y signal IEEW%ENT'SHEET
signal strengthtevet” tThat is higher than a signal strength [evel of a

di st urbance SI sane time adjusting transnilttler 2@t 1399
| evel so that H 'mt“mm ﬁ adj ust ed communi cations si gfall

within the eff ynams: range of k%e rece| ver.

that is

.output coupled to the front end attermatmg means t'or snpplymg the ﬁrst control stgnal to
N theﬁ-ontendatmm:anngmeans, : |
wherem the front end attenuation control means, the ﬁrst power control means of
each of the plurality of auxﬂmry dev:ces and the second atmtuanon control means of each
: .. of the pmrahty of auxﬂ:ary devnees dynamrcally control respecuvely, the front end
attenuation amount, the transxmwer power level of each of the plurahty of transmrtters, and
the further attenuation amount of the second aunuuaung means of each of the auxthary

-devices 50 as to substantially optmnze communications system performanee.

10. An appararus. accdtdmg to claitn'9 wherein the front'end attenmation conti'ol means,_
the fnsrpowercomrolmeansofeachofthepluralnyofauxmarydevmes andthesectmd '
| attemlatlon control means of each of the plurahty of m:xthary devmes dynamrcally control I.
respectively, the front end atnenuatton amount the transmrtter power level of each of the
plurality oftransmrtters and theﬁ:rther attennation amount ofthe second attenuatmg means
" of each of the auxiliary devxces so asto keep thefurther attenuatedeommunmanons sngnal
ofeaeh ofthe auxﬂxary devrccs wrthmadynamxc range of a corresponding one ofthe

plurality of receivers.

11.  An apparatus according to claim 9, wltetein the front end atneouation control means
dynamtcally adjusts the receiver ﬁ:ont end attenuanon amount and the second attenuation

| control means of each of the auxﬂlary devices dynatmcally adjusts the further attennauon



15. An appar atts—according to claim1, wherein the attenuatioge ﬂ?ﬁmihl
means and the first power control neans cooperate to simultafieQusly T SHEET

dynanical 'l y cov\ﬂ H"Lmu""m, |y, the attenuation.anmpunt an

transmtter. po ! " %ubstant ially optimze co (] cZaﬂi Alg 1999
syst-em per f or mance. g ° An appar ats according to clai ml#, erein fhe
front end attenuation cont rol nmeans. and the plurality of firngt povver ' '

control means cooperate to sinultaneously and:dynanically cdi

respectiv ion an ter mer
| evel of %“%PF?‘&FF%’\?&%‘% %‘P‘Qh&ﬁ“ ‘%fr M%&M@i& %EPF
conmuni cati ons system  per f or nmance.
an effective dynamic range for reeervmg only sxgnals havmg a signal strength level that is
' lugher thana dtsturbance srgnal strength ltwel whlle at the same time the first power
' control means of each of the aumlm-y devu:es dynamrcally controls the transmrtter _power
level of the correspondmg one of the plurahty of transtmtters 50 that the correspondmg one
: ofthe plurahty oftransmtttexs wﬂlproduce anadjustedcomnmmcahons signal thatls

within the effective dyn_amlc ra_nge ofa respeetwe one ef the receivers;

12.  An appar'ams aceordmg to claim 1_1..wherein"the front cnd attenuation control .
means, the seeond. attemxation eo'ntrol means of each of the plurality of ahxﬂisry devices, |

and the first power comrol means of each of the plurahty of auxiliary devxces control,
respecnvely, rhe front end attenuation amount -the further atrenuauon amount of the seeond
.attenuatmg means of eaeh of the auxrhary devxees, and the n:ansmrtter power level of each
of the plurahty ot' transmrtters SO as to. substanttally opnnuze communpications system :

| performance in response toa brt error rate of the recerved communications sxgnats being
hxgher than a predetermmed amount, the lngher bit erTor rate mdrcatmg the presence ofa

: dtsmrbanee s1gna!

'13.  An apparatus accordmg to claim 9, wherein the front end attennating means

comprises an antenna having a dynamieally- adjustable antenna gam.



17. An appar atus _according to cl aLm 9, wherein the front end aﬁgmm SHEET
control- neans, the first power coritrol neans of each of the]p aliiy of-

auxil rary devi cﬁmlmﬂn 'ri d jattenuation control neans [of ea(rzﬂ (Echt‘%
plurality of au l“ Hmﬂmooperate to sinultaneously dj d "
control, respectfvety,ttie Fromt end-gftenuation anount, the |t La.n.s.m..t-t—_er—-——-
power |evel of each of the plurality of transmitters, and the further
attenuati on anount .of the attenuating neans. of each of t he EL xiliary m—

dovi Ces 98,25 1hS cnbinhABhlodd et bt € ScckRF M FLAEY ¥ cortiiibiRHhons il

per f or mance.

transmtted by atransmxtter. the transmttennchxdmg transmmerpower control means
: responswe to a reeelved power control sxgnal for controllmg a powe: level at - which the
transmmer transmlts the commumcauons sxgnal the reeewer ineludmg attenuatmg means
for attenuanng_.the reeewed eommz_xmcanpns signal by an amount dynamically _determmed
by a -conu'ol sig_nai, a method of operating the eomtﬂunicetioné.sy-stem compnsmg the_ steps
o : - . _
measunng a sxgnal strength of the recexved communmauons sxgnal
dyna:mcally adjustmg the attenuahon amount based on the measured- s1gnal
_ ;strength and |
' eneranngthepowerconuolsxgnalbasedonthemeasutedsxgnalstrength,and
_ transmntmg the power eom:ol s:gnal to the transmitter,
wherem the steps of dynamxcally adjusting the attenuatxon amounl and generanng
B the power control slgnal are comdmated so as to substanually optimlze oonmmmcattons
system perfonnance, and
wherein the steps of dynamxeally adjustmg the atteriuation amount and generanng
the power ¢ control s1gnal are further based on dynamn:ally ad_;usnng receiver attenuation to
produce an effective dynamm range for receiving only s1gna.ls having-a slgnal strength level
that is mgher than a signal strength Ievel of a disturbance sxgnal whxle at the same time
adjustmg transmitter power level so that it wﬂl produce an adjusted communications sxgnal

__ that'is within the effecuve dynamic range of the recezver



23 18. A nethod according to claim 14, wherein the steps [of; |

adj usting the ath generati ng the power E‘FPW@‘%S“EET
are perforned SI order to dynam cal ly- optim

comruni cati ons . mm@ Qwﬂm A net hod accordi ng t@ ﬂ:lpdjﬁn|999
14, wherein the st’épsc oft dyn IyI ad;zustl ng the

15. An apparatus eccording to eléim 1 'wherein the attenuétion control means and the
first power control means cooperate % smnﬂtaneously and dynamrcally oontrol | |
respectlvely, the attem:auon amount and the uansmnter power level 50 as 10 substantially

optimize eommxmleauons system ;_per_formance.

'16_.. Anapparamsaecordmgtoclann4 Wheremthe fronrendattenuatmncontrolmeans
| and. the plurahty of ﬁrst power control means cooperate to smmltaneously and dynam1cally |
| eom_rol, respecuvely, the front end atrem_x_aqon amount and the transmitter power level of
the plurality of tzansmitters so as to substantially optmuze eorhx_mmicaﬁons s_fstem

* performance.

7. An spparatus according to claim 9, Wherein the front end atteniation coetrol means,
the first 'power coﬁudl means. of each bf the plurality of. auxlhary devices, and the second

| artenuatxon control means of each of the phn'ahty of nnxxha.ry devices cooperate to
_.slmultaneously and dynam1cally control respecuvely. the front end: attemlauon amouht, the
transmltter power level of each of the plurahty -of u'ansmltters and the further attemratron

" amount of the atﬁemmmg Imeans of each of the auxxhary devices 50 as to substantially

~ optimize commmucatrons system performa_nce.



attenuation arﬁDUﬂLw;Eg{the power control signa MMENM%HEET
In response to bit error ta t he recei ved communi cat —sTgral -

bei ng: hi gher’ t - amount, the-higher bit _¢rrjor 6 1999
i ndi cating the mmuma’mlm,m"ﬁl s.‘t urbance signal . : Z'Uaﬂﬂ

_ '18. Amethod accordmg o clarm 14 wherem the steps ofdynamrcally adjustmg the o |
| attenuauan amount and generatmg the power eontrol signal are performed slmlﬂtaneously in

order to dynam:cally opumnze comnmmcauons system performance

19. A method according to claim 14, wheréin the steps of dynamically adjusting the
-attenuation amount and generatmg the power control signal are 'p_erformed in response to: a
bit error rate of the recexved communications sxgnal ‘being hxgher than a predetermined

amount, the higher bit error rate indicating the presence of the disturbance signal.
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DYNAMIC CONTROL OF TRANSMITTING POWER AT A TRANSMITTER AND

ATI'E‘IH&TI(NKI‘ARECE[VER
Abstract

A communications system includes a receiver and & transmitter for transmitting a
communications signal to the receiver. The transmitter adjusts its transmission power level in
response to réceiver power control signals transmitted by the receiver. The receiver includes an
attenuator for attenuating the recelved communications signal, and measurement means for measuring
the attenuated signal’s signal strength. The measured signal strength is coupled to attenuator control
means and to transmission power control means which adjust, reépocﬁvcly, receiver atteavation and
transmitter power level to optimize system performance (e.g., keeping the attenuated signal within the
receiver’s dynamic range and/or eliminating disturbance signals by adjusting receiver attenuation to
produce an effective dynamic range for receiving only signals having 2 sig_nal strength level that is

higher than the disturbance signal strength level, while at the same time increasing the transmission

power level to keep it within the receiver's effective dynamic range.)

Figure 3




