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METHOD AND APPARATUS FOR CORRECTING
A RADIO SIGNAL STRENGTH INFORMATION SIGNAL

BACKGROUND

The present invention relates to radiotelephone
communication systems and more particularly to a method
and apparatus for adjusting a measured signal strength
value to compensate for receiver-to-receiver variations
in signal strength measurement which occur due to
differences in system components.

In a cellular telephone communications system
operating in accordance with the GSM standard, a base
station radic receiver (RRX) measures the strength of a
radio signal received from a mobile station to produce a
radio signal strength information (RSSI) signal in the
form of an eight~bit dlgltal code. The RSSI signal for a
given mobile station will vary as that mobile moves
within a cell and as it crosses into a new cell. It is
known in the art to use RSSI signals to control the
handover process, i.e., to determine when a mobile
station's established telephone call should be switched
from one cell to another.

In accordance with the GSM standard set by ETSI
and CEPT, the RSSI signal is allowed to deviate by only
+4 dB from the actual strength of the incoming antenna
signal. This tolerance is relatively tight compared with
the tolerances of previous standards. As a matter of
fact, other standards provide for the RSSI signal to take
the form of an analog voltage level without any tolerance
limitations.

In a base station site, the radio signal
received by the antenna must propagate through a bandpass
filter (RXBP), an antenna signal amplifier (RXDA), and a
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RSSI signal to deviate from the above-described standard.
To compensate for these overriding ripples and thus to
restore the degraded RSSI signal to a level that meets
the standard's requirements, analog circuits in the
receiver usually have to be adjusted. The amount of RSSI
signal adjustment that is required varies from one radio
receiver to another, however, because each radio

. receiver's components affect the incoming signal
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differently from the components of other radio receivers.
SUMMARY

It is therefore an ocbject of the present
invention to provide a radio receiver which is capable of
correctly adjusting the RSSI signai to compensate for
degradation caused by different system components.

It is a further object of the present invention
to provide a radio receiver that correctly adjusts the
RSSI signal to compensate for degradation caused by ¢
receiver analog circuits even if those analog circuits
are replaced by other analog circuits which mandate a
different amount of RSSI signal adjustment.

In accordance with one aspect of the present
invention, the foregoing and other objects are achieved
in a radio receiver having two separable units: an
analog radio frequency unit and a digital control unit.

The analog radio frequency unit receives a degraded radio.

signal which is processed by an analog circuit to produce
a degraded RSSI signal. The analog radio frequency unit
also includes an addressable memory, preferably an
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an antenna signal anplifFeP (RXDA), and a

electrically erasable programmable read only memory
(EEPROM) , that is preprogrammed with compensated RSSI
signal values that correspond to respective degraded RSSI
signal values produced by the analog circuit. Each
compensated RSSI signal value is stored in the memory at
a respective address that corresponds to the particular
degraded RSSI signal value. 1In a preferred aspect of the
invention, the addresses are the degraded RSSI signal
values themselves. The analog radio frequency unit may
further include an analog-to-digital (A/D) converter for
converting the degraded RSSI signal to a digital degraded
RSSI signal.

The digital control unit is coupled to the
analog radio frequency unit, receives the degraded RSSI
signal, and produces compensated RSSI signal values based
on the values stored in the analog radio frequency unit's
memory. In one aspect of the invention, it does this by
generating an address from the degraded RSSI signal and
using this generated address to access an addressable
memory that contains the compensated RSSI signal wvalues.
The digital control unit can include its own addressable
memory, which may be a dual-port random access memory
(DP-RAM). Dedicated logic on the digital control unit,
such as a programmed microprocessor, initializes the DP-
RAM by copying compensated RSSI signal values from the
analog.unit's EEPROM into the digital unit's DP-RAM. 1In
this way, the degraded RSSI signal can be used to
generate appropriate DP-RAM addresses for reading
corresponding compensated RSSI signal values.
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-24 di vi der (RXD) before entering the radio receiver RRX. As t he

received radio signal follows its path through the base station site,
ripples larger than the standard's RSSI signal tol erance nay be
gemerated that cause the 5 RSSI signal to deviate fromthe above-descri bed
st andar d. To conpensate for these overriding ripples and thus to
restore the degraded RSSI signal to a level that neets the standard's
requi renents, analog circuits in the recei ver usually have to be

adf usted. The anmount of RSSI 4

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and advantages of the invention
5 will be understood by reading the following detailed
description in conjunction with the drawings in which:
FIG. 1 is a block diagram of a base station
site including a radio receiver in accordance with the
present invention:;

10 FIG. 2 is a flow chart showing the operation of
a digital control unit in accordance with the present
invention; and

FIG. 3 is a simplified block diagram of an
analog radio frequency unit and analog circuit in

15 accordance with the present invention.

DETAILED DESCRIPTION

Referring to FIG. 1, a block diagram of a GSM

base station 1 is shown. The base station 1 comprises an

20 antenna 10 which is coupled to the input of a bandpass
filter (RXBP) 20. The output of the bandpass filter 20
is coupled to the input of an antenna signal amplifier
(RXDA) 30. The ocutput of the antenna signal amplifier 30
is coupled to the input of a divider (RXD) 40, whose

25 output is, in turn, coupled to the input of a radio
receiver (RRX) 50. The antenna 10, bandpass filter 20,
antenna signal amplifier 30, and divider 40 are
components that are well known to those of ordinary skill
in the art of radioteiephone communication systems, and

30 need not be described here in further detail.

As a received signal propagates from the
antenna 10 to the radio receiver 50, its signal strength
may be degraded as described above. In accordance with
one aspect of the present invention, the radio receiver
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10} signal adjustnent that is required varies fromone radio receiver to
anjot her, however, because each radio recei ver's conponents affect the

i ncom ng si gnal differently fromthe conponents of other radio

recei vers. 15 SUMVARY It is

t herefore an object of the present I nvention to provide a radio

recei ver which is capabl e of correctly adjusting the RSSI signal to
cognpensate for 20 degradation caused by different system conponents.

Itj is a further object of the present inve&t+on to provide a radio
regceiver that correctly adjusts the - RSSI nal to co ensate for

degr adat i on c&fsedviaptageousdyl womparisesy agi @ana QgeﬁﬂﬂiQf Yemdieneyal og

cifrcuits unit (RXRF) 60 and a digital control unit (RXCU) 70.

Each of the units 60, 70 is preferably built on a
separate card module which can be easily replaced in case
5 of failure or for servicing. '

In the preferred embodiment, the radio
frequency unit 60 receives the degraded received radio
signal and generates a degraded RSSI signal. Among other
appropriate components, the analog radio frequency

10 unit 60 includes an analog circuit 61, which receives the
signal that is input to the radio frequency unit 60 from
the divider 40. _

A simplified block diagram of the analog radio
frequency unit 60 and analog circuit 61 is shown in

15 FIG. 3. It will be appreciated that other components and
functions may be included in the RXRF 60, but FIG. 3
shows only those that are most relevant to generation of
the RSSI signal. The RF signal from the divider 40 is
first amplified by a suitable high-frequency (HF)

20 amplifier 62. The output of HF~amp 62 is then mixed with
the ocutput of a local oscillator 63 by an appropriate
mixer 64, the output of which is passed to a suitable
bandpass filter 65. _

The output of the bandpass filter 65 is

25 provided to an analog-to-digital converter 66, which
measures the signal's amplitude and converts it into a
digital representation. The output of the A/D
converter 66 is thus a digital signal that represents the
signal strength of the received signal (RSSI), which is

30 sent to the digital control unit 70. In the preferred
embodiment, the digital RSSI signal is an eight-bit
number, but it will be appreciated that other formats
could be used. The output of the bandpass filter 65 is
also provided to a suitable demodulator 67 for restoring
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25 are replaced by ot her anal og circuits which nmandate a di fferent

apount of RSSI signal adjustnent., I n accordance with one
agpect of the present i nvention, the foregoing and ot her objects are
achi eved in a radio receiver having two separable units: an 30 anal og
radio frequency unit and a digital control unit. The anal og radio
frequency unit receives a degraded radio signal which is processed by
an analog circuit to produce a degraded RSSI signal. The anal og radio
f fequency unit al so includes an addresgabl e nenory, preferably an

the information, which is usually in digital format,
originally transmitted.
Because of degradation that can occur as the
received radio signal passes through the systen
5 components, the digital RSSI signal output from the A/D
converter 62 may deviate by more than the tolerance
allowed by the applicable standard (e.g., by more than
+4 dB in the case of the GSM standard set by ETSI and
CEPT). Therefore, this signal must be adjusted to make
10 it comply with the applicable standard. As mentioned
above, however, the analog radio frequency unit 60 is
preferably constructed on a modular card which may easily
be replaced by another similar unit. Because analog
components may vary from card to card, the amount of
15 adjustment necessary to compensate for signal strength
degradation is not constant, but is, instead, a function
of the particular analo§ unit 60 that is plugged into the
radio receiver 50. '
To solve the problem of correctly compensating
20 for signal strength degradation regardless of which
particular system components are used, an analog radio
frequency unit 60 in accordance with the present
invention also contains an addressable memory. In the
preferred embodiment, an electrically erasable
25 programmable read only memory (EEPROM) 68 is used. The
advantage of an EEPROM, rather than a ROM or EPROM, is
the ease with which the RXRF unit 60 can be recompensated
after service.
. In accordance with the present 1nventlon, the
30 EEPROM 68 is programmed to store a table of compensated
RSSI signal values that corresponds to a set of possible .
degraded RSSI signal values. Further in accordance with
the present invention, in order to quickly and easily
retrieve an appropriate compensated RSSI signal value for
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t. Each 5 conpensated RSSI signal value is stored in the

enory  at a respective address that corresponds to the particular
pgr aded RSSI signal value. In a preferred aspect of the I nventi on,
ldr esses are the degraded RSSI signal val ues thensel ves. The anal og

adi o frequency unit may 10 further inclugde an analog-to-digital (A D)

a given degraded RSSI signal value, the compensated RSSI
signal value is stored at an EEPROM address that is
generated from the given degraded RSSI signal value. 1In
the preferred embodiment, address generation is
simplified by using the given degraded RSSI signal value
itself as the address.

For example, if a particular analog radio
frequency unit produces a degraded RSSI signal value of
43, and it is known that proper compensation for this
particular analog radio frequency unit requires that the
degraded RSSI signal be adjusted to a value of 58, then
the value 58 would be stored at address 43 in the EEPROM.
It can be seen that by arranging the table of compensated
RSSI values within the EEPROM 68 in this fashion, correct
values for particular degraded values may be quickly
retrieved. Moreover, the inclusion of an EEPROM 68 on
each analog radio frequency unit 60 provides the
additional benefit of allowing each analog radio
frequency unit to store a set of compensated RSSI values
that particularly compensate for the analog components
found on that particular unit. Thus, the replacement of
one analog radio frequency unit 60 with another
automatically regulates the way RSSI values will be
adjusted to compensate for degradation.

The digital control unit 70 is coupled to the
output of the A/D converter 66 to receive the degraded
digital RSSI signal, and also is coupled to the EEPROM 68
to receive compensated RSSI signal values. The digital
control unit 70 produces a compensated RSSI signal at its
output by, for example, receiving the degraded RSSI
signal from the A/D converter 66 and using the EEPROM 68
to produce the compensated RSSI signal.

In the preferred embodiment, the digital
control unit 70 includes digital logic 71 which is
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The digital control unit is coupled to the anal og radi o frequency unit,
recei ves the degraded RSSI 15 signal, and produces conpensated RSSI signal
val ues based on the values stored in the anal og radio frequency unit's
mepory. In one aspect of the invention, it does this by generating an
address fromthe degraded RSSI signal and using this generated address
t o] access an addressable 20 nenory that contains the conpensated RSSI
signal val ues. The digital control uni® <tan include |ts own addressabl e
me
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microprocessor (MP) 73 that is sultably programmed to

§ carry out the operations herein described. The MP 73 is
also coupled to the EEPROM 68 located on the analog radio
frequency unit 60.

The operation of the digital control unit 70 is

shown in FIG. 2, and is described below. During an
10 initialization state shown in FIG. 2 as block 201, the
MP 73 retrieves information from the EEPROM 68 and stores
it in the DP-RAM 72. 1In accordance with one aspect of
the invention, the information copied comprises at least
one of the compensated RSSI signal values stored in the
15 EEPROM 68, and that value is copied into a correspondihg
address in the DP-RAM 72. In this way, degraded RSSI
signal values may be used to generate the DP-RAM memory
addresses which point to corresponding compensated RSSI
signal values. In the preferred embodiment, all of the
20 compensated RSSI signal values in the EEPROM 68 are
retrieved and stored in the DP-RAM 72 at addresses that
are equal to the respective degraded RSSI signal values.
Thus, for example, if the EEPROM contains the value 58 at
memory address 43, then the DP-RAM will also contain the
25 value 58 stored at memory address 43.

After the initialization period has been
completed, the digital control unit 70 enters an
operational state, which is represented in FIG. 2 as
blocks 202, 203, and 204. During the operational state,

30 the digital logic 71 receives a degraded RSSI signal from
the A/D converter 66 and then generates a DP-RAM address .
from the degraded RSSI signal. As described above, the
logic 71 preferably supplies the degraded RSSI signal to
the DP-RAM 72 as an address, and then initiates a read of
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the Dé-RAM 72. The digital logic 71 provides the data
retrieved from the DP-RAM 72 as the compensated RSSI
signal at one of the cutputs of the digital control
unit 70.

The functions associated with the operational
state are then repeated for the next degraded RSSI signal
measurement. These functions are, of course, preferably
carried out in real time by suitable components. The
memories should be able to store all values that can be
supplied by the A/D converter 66. For example, for an
eight-bit A/D converter, the memories! sizes should be at
least 8x256 bits, while for a nine-bit A/D, the memories!
sizes should be at least 9x512 bits. Memory sizes for
other A/D converters would scale'accordingly. As for
minimum clock speeds and the like, they depend of course
on the rate at which the RSSI values are produced or
sampled.

It should be readily appafent to those having
ordinary skill in the art that the invention is not
limited to the particular embodiment described herein but
by the scope of the attached claims. For example, it is
not necessary that the addressable memory on the analog
radio frequency unit 60 be an EEPROM, nor is it necessary
that a dual-port RAM be utilized on the digital control
unit 70; equivalent storage would also work. Also, the
programmed microprocessor 73 could be replaced by another
digital logic unit, such as a gate array, that is
suitably configured to perform the same function as the
programmed microprocessor. Moreover, RSSI signal
degradations due to the other components of the base
station, e.g. the filter 20, amplifier 30, and divider
40, or to cther factors can also be compensated.
Furthermore, although the preferred embodiment has made
reference to the GSM standard set by ETSI and CEPT, the
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BRI EF DESCRI PTI ON CF THE DRAW NGS The objects and

aglvant ages of the invention 5 wll be understood by reading the follow ng
detail ed description in conjunction with the drawi ngs in which:

FIG 1 is a block diagramof a base station site including a radio
receiver in accordance with the present invention; 10 FIG 2
i$ a flow chart show ng the operation of a digital control unit in
accordance with the present i nvention; and _ FIG 3is a
sinplified bl ock diagram of an anal og road_i o frequency unit and anal og

circuit in 15 accordance with the present “I'nventi on.
invention is equally applicable to systems conforming to
all standards where the RSSI signal is restricted or
could be restricted, such as in the American Digital
Cellular (ADC, also referred to as D-AMPS) and Japanese
5 Digital Cellular (JDC) standards.
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AILED DESCRIPTICN ) Referring to FIG 1, a block di agram of
base stafion 1 is shown. The base station 1 conprises an 20

' enna 1ﬂl d to the input of a bandpass filter (RXBP)

. The o mnm "MWHQ pass fllter 20 is coupled to the input of an

enna slgna1 anplti tser» DA) 30. The output of the antenna signa

lifier I s coupl ed to the I nput of a divider (RXD) 40, whose 25

t put is, |n turn, coupled to the input of a radio recei ver (RRX) 50.

The antenna 10, bandpass filter 20, anjenna signal anplifier 30, and

dijvider 40 are conponents that are welT"known to those of ordinary

skii | | i|1té§P%¥§ r adi ot el ephone communi cati on systens, and 30 need
er

ngt be describ e in further detail. " As_a received signa
prlopagat es fromthe Bnt enFa aoradienerailving s¥ster Bavings signa

stjrengt h components that cause degradation of a received radio
'signal, an apparatus in a radio receiver for producing a
5 compensated radio signal strength information (RSSI)
signal from a degraded received radio signal, comprising:
replaceable means for receiving the degraded
received radio signal and generating a degraded RSSI
signal therefrom, comprising

10 analog means for generating the degraded
RSSI signal from the degraded received radio
signal, and

first means for storing a plurality of
RSSI signal values at respective addresses,

15 wherein each of the plurality of RSSI signal
values corresponds to a respective value of the
degraded RSSI signal generated by the analog
means, is compensated for the respective
degradation of the received radio signal, and

20 is stored at an address corresponding to the
respective value of the degraded RSSI signal;
and
digital means, coupled to the replaceable

receiving and generating means, for receiving the

25 degraded RSSI signal and at least one of the plurality of

RSSI signal values and for producing at an output a
compensated RSSI signal value.

2. The apparatus of claim 1, wherein the
30 replaceable receiving and generating means further
comprises an analog~to-digital converter for converting
the degraded RSSI signal generated by the analog means to
a digital degraded RSSI signal that is coupled to the
digital means.
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may be degtadednas~descﬁrbed above. In accordance with one aspect of

tHe present inventio radi o receiver
- 5- oﬁﬂm mgl EEL“% conprises an anal og radi o frequency uni t
(RXRF) 6 I ntrol unit (RXCU) 70.

3. The apparatus of claim 2, wherein the
digital means comprises:

second means for storing RSSI signal values at
respective addresses; '

5 first digital logic means, coupled to the
analog-to~-digital converter and to the second storing
means, for generating an address from the digital
degraded RSSI signal and for retrieving from the second
storing means an RSSI signal value stored at the

10 generated address, wherein the first digital logic means
provides at an output the retrieved RSSI signal value as
the compensated RSSI signal value; and

second digital logic means, coupled to the
first and second storing means, for retrieving from the

15 first storing means the RSSI signal value stored at an
address corresponding to the degraded digital RSSI signal
and for causing the second storing means to store at the
generated address the RSSI signal value retrieved from
the first storing means.

20
4. The apparatus of claim 3, wherein the
second digital logic means is a programmed
microprocessor.
25 5. The apparatus of claim 4, wherein the

second storing means is a dual-port random access memory.

6. The apparatus of claim 1, wherein the
digital means comprises:
30 second means for storing RSSI signal values at
respective addresses;
first digital logic means, coupled to the
analog means and to the second storing means, for
generating an address from the degraded RSSI signal and
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ch of the units 60."70-s preferably built on a separate card nodul e

ch cﬁ,ﬂmw ' aced in case 5 of failure or for servicing.
t he ﬂmmmﬁﬁn"ent the radio frequency unit 60 receives the
gr aded” r eteitved radi signal and generates a degraded RSSI signal.
png ot her appropriate conponents, the anal og radio frequency 10 unit
I ncl udes an analog circuit 61, which receives the signal that is
put to the radio frequency unit 60 from t he divider 40.

sinplified bl ock diagram of the anal og ngLo frequency unit 60-and
alog circuit 61 is showmm in 15 FIG 3. [t wll be appreciated that other

nponents angar retbRel/ings £idn RRel Belcenddstbring B¥BhsSAn ResIFl G 3
ows only those that are nost relevant to generati of t he RS%Qe

gnal . The RE1gnghaVaingnstRred; grtudhesgepgrate €55 Wherein,
i tabl e hi ghgifeguangitaFlogic means provides at an output the RSSI

signal value stored at the generated address as the

5 compensated RSSI signal value; and

second digital logic means, coupled to the

first and second storing means, for retrieving from the
first storing means the plurality of RSSI signal values,
for causing the second storing means to store the

10 plurality of RSSI signal values at addresses
corresponding to the respective values of the degraded
RSSI signal.

7. The apparatus of claim 6, wherein the
15 second digital logic means is a programmed
microprocessor. '

8. The apparatus of claim 7, wherein the
second storing means is a dual-port random access memory.
20
9. For a radio receiving system having
components that cause degradation of a received radio
signal, a method for producing a compensated radio signal
strength information (RSSI) signal from a degraded
25 received radio signal, comprising the steps of:
producing a degraded RSSI signal value from the
degraded received radio signal;
storing a plurality of RSSI signal values in a
memory at respective addresses, wherein each of the
30 plurality of RSSI signal values corresponds to a
respective value of the degraded RSSI signal, is
compensated for the respective degradation of the
received radio sigpél, and is stored at an address
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nto a digital representation. The output of the A/ID converter 66

5 thus a digital signal that represents the signal strength of the

bcei ved signal (RSSI), which is 30 sent £8 The digital control unit 70. In
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signal value;
5 retrieving from the memory the RSSI signal

value stored at the generated address; and
providing the retrieved RSSI signal value as

the compensated RSSI signal.
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orfginally transmtted. Because of degradation that can occur
as| t he received radi o signal passes through the system5 conponents,

the digital RSSI signal output fromthe A/D converter 62 may devi ate by
nor e than the tol erance

- 15 -

ABSTRACT OF THE DISCLOSURE

In a radiotelephone base station receiver
having components which cause degradation of a received
5 radio signal, an apparatus for producing a correctly
compensated radio signal strength information (RSSI)
signal from the degraded received radio signal has an
analog radio frequency unit and a digital control unit.
The analog radio frequency unit receives the degraded
10 received radio signal and generates a degraded RSSI
signal, and includes an analog circuit and addressable
memory. The addressable memory has compensated RSSI
signal values stored at addresses, and the compensated
RSSI signal values correspond to possible degraded RSSI
15 signal values. The addresses are generated from the
degraded RSSI signal, which may serve directly as the
addresses. The digital control unit is coupled to the
analog radio frequency unit, and receives the degraded
RSSI signal and generates compensated RSSI signal wvalues
20 based on those in the addressable memory.
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al{l omwed by the applicable standard (e.g., by nore than +4 dB in the
case of the GSM standard set by ETSI and CEPT). Therefore, this signal
mist be adjusted to nake 10 it conply with the applicable standard. As
mgnt i oned above, however, the analog radio frequency unit 60 is :
prieferably constructed on a nodul ar card which may easily be repl aced
by another simlar unit. Because anal og conponents may vary fromcard
tq card, the amobunt of 15 adjustnment necessary to conpensate for signal
stirength degradation is not constant, but is, instead, a function

off the particular analog unit 60 that is plugged into the radi o

rgcei ver 50. _ To solve the problemof correctly conpensating
20 for sigﬁal ngt h degradati on regardl ess of which parti cul ar
syist em conmponent s*are used, an anal og radi o frequency unit 60 in
agcordance wth the present I nvention al so contains an addressabl e
mgnory. In the
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prief erred enbodi rren'f, ;ﬁ elh'ectri cally erasable 25 progranmmable read only
mgnmory (EEPROM) 68 is used. The advant age of an EEPROM rather than a
ROM or EPROM is the ease with which the RXRF unit 60 can be
r gconpensat ed after service. In accordance with the
prlesent invention, the 30 EEPROM 68 is programmed to store a table of
cgnpensat ed RSSI signal values that corresponds to a set of possible
dggraded RSSI signal values. Further in accordance with - .t'he present
ifvention, in order to quickly and easily retrieve an appropriate
cgnpensat ed RSSl si gnal val ue for
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Y- - a given dégradédmRSSI signal val ue, the conpensated RSSI

gnal value is stored at an EEPROM address that is generated fromthe
ven degraded RSSI signal value. In the preferred enmbodi nent, address
eneration is 5 sinplified by using the given degraded RSSI signal val ue
self as the address. For exanple, if a particular anal og
adi 0 frequency unit produces a degraded RSSI signal val ue of 43,
nd it is known that proper conpensation for this 10 particul ar anal og
adi 0 frequency unit requires that the
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egr aded RSSI signal be adjusted to a value of 58, then - the value 98 i

pul'd be stored at address 43 in:the-EEPROM. ~ 4t can be seen that.h
T-angi-ng--t-he- tabl e of- conpensafed . RSSI. val.ugs. wi thi:n.the EEPRGM
ni s fashion, correct 15 “valtes foriparticul-ar gegraded values,pay"
ui ckly retrieved.’ Mbreov “the i ncl usion of, an EEPROM 68" qﬁ
nal og radio frequency unlﬁ' ) provi-des the addi ti onal * -benef t ‘of 7 {
| owi ng” each anal og radfo* ‘¥ requency unit to store a set of coqﬁensatedg
5SI val ues 20  that! parti.-cularly. .cofmpensadte for the anal-0g €6

bund on t hat partlcular uni t.This,” the repl acenent of bne anal og”
adi o frequency unit 60 MﬁwﬁoanbﬂﬁeﬂPPhnﬁgﬁﬁoFﬂﬁlGQ cT at es the way
5SI val ues will be A RAREQIATHAL FHRENGELPNE B AIERAL 2

he digital control unit 70 is coupled to the out put of the A/D
bnverter 66 to receive the degraded laltal RSSI signal, and also is
bupl ed t8 the EEPROM 68 BacKéRGhS

PR

The present invention relates to radiotelephone
communication systems and more particularly to a method
and apparatus for adjusting a measured signal strength

10 value to compensate for receiver-to-receiver variations
in signal strength measurement which occur due to
differences in system components.

In a cellular telephone communications system
operating in accordance with the GSM standard, a base

15 station radio receiver (RRX) measures the strength of a
radio signal received from a mobile station to produce a
radio signal strength information (RSSI) signal in the
form of an eight-bit digital code. The RSSI signal for a
given mobile station will vary as that mobile moves

20 within a cell and as it crosses into a new cell. It is
known in the art to use RSSI signals to control the
handover prdcess, i.e., to determine when a mobile
station's established telephone call should be switched
from one cell to another.

25 In accordance with the GSM standard set by ETSI
and CEPT, the RSSI signal is allowed to deviate by only
*4 dB from the actual strength of the incoming antenna
signal. This tolerance is relatively tight compared with
the tolerances of previous standards. As a matter of

30 fact, other standards provide for the RSSI signal to take
the form of an analog voltage level without any tolerance
limitations.

In a base station site, the radio signal
received by the antenna must propagate through a bandpass

35 filter (RXBP), an antenna signal amplifier (RXDA), and a
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b recei ve conpensated RSSI signal values. The digital control unit 70
oduces -a conpensated RSSI -signal at its 30 output.- by, for exanple,

¢cei ving the degraded RSSI.-. .. . signal fromthe A/ D converter 66 and using..
ne EEPROM 68 to produce the conpensated RSSI signal. : : - In
ne preferred enbodi nent, the digital - control unit 70 includes digital

bgi c 71 which is

-2-
divider (Rxb) before entering the radio receiver RRX. As
the received radio signal follows its path through the
base station site, ripples larger than the standard's
RSSI signal tolerance may be generated that cause the
RSSI signal to deviate from the above-described standard.
To compensate for these overriding ripples and thus to
restore the degraded RSSI signal to a level that meets
the standard's requirements, analog circuits in the
receiver usually have to be adjusted. The amount of RSSI
signal adjustment that is required varies from one radio
receiver to another, however, because each radio
receiver's components affect the incoming signal
differently from the components of other radio receivers.

SUMMARY

It is therefore an object of the present
invention to provide a radio receiver which is capable of
correctly adjusting the RSSI signal to compensate for
degradation caused by different system components.

_ It is a further object of the present invention
to provide a radio receiver that correctly adjusts the
RSSI signal to compensate for degradation caused by :
receiver analog circuits even if those analog circuits
are replaced by other analog circuits which mandate a
different amount of RSSI signal adjustment.

. In accordance with one aspect of the present
invention, the foregoing and other objects are achieved
in a radio receiver having two separable units: an
analog radio frequency unit and a digital control unit.
The analog radio frequency unit receives a degraded radio.
signal which is processed by an analog circuit to produce
a degraded RSSI signal. The analog radio frequency unit
also includes an addressable memory, preferably an
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B- coupled to the output of the A/D converter 66 and to one port

—

a dual -port random.access nenory (DP-RAM 72. The ot her port of the
"DP-RAM 72-is coupled to a - m cr.opr-ocessor -(MP) 73 that -is suitably '
pfogranmed-to 5 carry out the operaticons herein described. -The MP 73 is
also coupled to the EEPROM 68 | ocated on the anal og radio frequency
unit 60. The operation of the digital control unit 70 is
shown in FI'G "2, and is described below. During an 10 initialization state
shown in FIG 2 as block 201, the MP-78 Tetrieves information fromthe
EEPROM 68 and stores it in the DP-RAM 72. I n accordance with one aspect
of t he i nedgctsicaliy erpsapde PraBAERHEFakOHY RYRITY  one of
t

e conpensat Q@EBREM)S| ¢hak @ PrepYdretmdd &ith compensated RSSI
signal values that correspond to respective degraded RSSI
signal values produced by the analog circuit. Each

5 compensated RSSI signal value is stored in the memory at
a respective address that corresponds to the particular
degraded RSSI signal value. In a preferred aspect of the
invention, the addresses are the degraded RSSI signal
values themselves. The analog radio frequency unit may

10 further include an analog-to-digital (A/D) converter for
converting the degraded RSSI signal to a digital degraded
RSSI signal. '

The digital control unit is coupled to the
analog radio frequency unit, receives the degraded RSSI

15 signal, and produces compensated RSSI signal values based
on the values stored in the analog radio frequency unit's
memory. In one aspect of the invention, it dces this by
generating an address from the degraded RSSI signal and
using this generated address to access an addressable

20 memory that contains the compensated RSSI signal values.
The digital control unit can include its own addressable
memory, which may be a dual-port random access memory
(DP-RAM). Dedicated logic on the digital control unit,
such as a programmed microprocessor, initializes the DP-

25 RAM by copying compensated RSSI signal values from the
analog unit's EEPROM into the digital unit's DP-RAM. In
this way, the degraded RSSI signal can be used to
generate appropriate DP-RAM addresses for reading

corresponding compensated RSSI signal values.
30
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. present invention:;

invention; and

15 accordance with the present invention.

DETAILED DESCRIPTION

antenna signal amplifier 30, and divider 40 are

30 need not be described here in further detail.

5 will be understood by reading the following detailed
description in conjunction with the drawings in which:
FIG. 1 is a block diagram of a base station

FIG. 3 is a simplified block diagram of an
analog radio frequency unit and analecg circuit in

As a received signal propagates from the

» EEPROM 68, and that value is copied into a correspondi ng address in
ne DP-RAM 72. L.n this way, degraded RSSI . signal values may be used to
ener-at-e the DP-RAM-nenory. - addresses. which. point ta-corresponding. = ..
pnpensat ed RSSI signal values. -In the preferred enbodi nent, all of the
D conpensated RSSI signal values in the EEPROM 68 are retrieved and
ored in the DP-RAM 72 at addresses that are equal to the respective
egr aded RSSI si gnal val ues. Thus, for exanple, if the EEPROM cont ai ns
ne val ue 58 at menory address 43, thed the DP-RAM wil| al so contain
ne 25 value 58 stored at nenory address 43. After the
initialization period has been conpleted, the digital control unit 70
nters an operational skake pDEBCRIPTIONSRFCIBE ORAWINGSGC 2 as
ocks 202, 203, and 204. During the operational state, 30 the digital
bgi ¢ 71 receives a degraded RSSI signal from the A/D converter 66 and
nen generates a DP- RAM Thielralsjects and advantages of the invention

site including a radio receiver in accordance with the

10 FIG. 2 is a flow chart showing the operation of
a digital control unit in accordance with the present

Referring to FIG. 1, a block diagram of a GSM
base station 1 is shown. The base station 1 comprises an
20 antenna 10 which is coupled to the input of a bandpass
filter (RXBP) 20. The output of the bandpass filter 20
is coupled to the input of an antenna signal amplifier
(RXDA) 30. The output of the antenna signal amplifier 30
is coupled to the input of a divider (RXD) 40, whose
25 output is, in turn, coupled to the input of a radio
receiver (RRX) 50. The antenna 10, bandpass filter 20,

components that are well known to those of ordinary skill
in the art of radiotelephone communication systems, and

antenna 10 to the radio receiver 50, its signal strength
may be degraded as described above. In accordance with
cne aspect of the present invention, the radio receiver
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fromthe degraded RSSI signal. As described above, the l ogic 71
preferably supplies the degraded RSSI signal to the DP-RAM 72 as an
-agdress; and then initiates a-read-of -~ - - .. o Cee
._a_. . ) K . .. . R

- B

50 advantageously comprises an analog radio frequency

unit (RXRF) 60 and a digital control unit (RXCU) 70.

Each of the units 60, 70 is preferably built on a

separate card module which can be easily replaced in case
5 of failure or for servicing.

In the preferred embodiment, the radio
frequency unit 60 receives the degraded received radio
signal and generates a degraded RSSI signal. Among other
appropriate components, the analog radio frequency

10 unit 60 includes an analog circuit 61, which receives the
signal that is input to the radio frequency unit 60 from
the divider 40.

A simplified block diagram of the analog radio
frequency unit 60 and analog circuit 61 is shown in

15 FIG. 3. It will be appreciated that other components and
functions may be included in the RXRF 60, but FIG. 3
shows only those that are most relevant to generation of
the RSST signal. The RF signal from the divider 40 is
first amplifiéd by a suitable high-frequency (HF)

20 amplifier 62. The output of HF-amp 62 is then mixed with
the output of a local oscillator 63 by an appropriate
mixer 64, the output of which is passed to a suitable
bandpass filter 65.

The output of the bandpass filter 65 is

25 provided to an analog-to-digital converter 66, which
measures the signal's amplitude and converts it into a
digital representation. The output of the A/D
converter 66 is thus a digital signal that represents the
signal strength of the received signal (RSSI), which is

30 sent to the digital control unit 70. In the preferred
embodiment, the digital RSSI signal is an eight-bit
number, but it will be appreciated that other formats
could be used. The output of the bandpass filter 65 is
also provided to a suitable demodulator 67 for restoring
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ne DP-RAM 72. The digital logic 71 provides the data retrieved from

t

t he DP-RAM 72 as the conpensated RSSI S|gnal at one of the outputs of
the digital--eontrol . .. unit.70.. 5. .. .The f.unctions.assaciated ... ..
wlth- the operational - state are t hen repeated for the next- degraded RSSI
si gnal measurenent. These functions are, of course, preferably

carried out in real tine by suitable conponents. The menori es shoul d be
able to store all values that can be 10 supplied by the A/D converter 66.
For exanple for an eight-bit A/D cémferter, the nenmories' sizes should
be a 8x256_hi

Si
c
i
p

zes shouldagéea%n 85E?£§9§12“bﬁF§?EEEH§P§i%§ gg ngl%gﬁ gf rles

bnvert ers woakilginaldyatrandmigbed.As for 15 mini num cl ock speeds and the

ke, they depend of COEEEQuse o2 akB%atakq of! tHAC ka2 AlltiRs are

oduced or sa
received radlo signal passes through the system

5 components, the digital RSSI signal output from the A/D
converter 62 may deviate by more than the tolerance
allowed by the applicable standard (e.g., by more than
+4 4B in the case of the GSM standard set by ETSI and
CEPT). Therefore, this signal must be adjusted to make

10 it comply with the applicable standard. As mentioned
above, however, the analog radio frequency unit 60 is
preferably constructed on a modular card which may easily
be replaced by another similar unit. Because analog
components may vary from card to card, the amount of

15 adjustment necessary to compensate for signal strength
degradation is not constant, but is, instead, a function
of the particular analog unit 60 that is plugged into the
radio receiver 50.

To solve the problem of correctly compensating

20 for signal strength degradation regardless of which
particular system components are used, an analog radio
frequency unit 60 in accordance with the present
invention also contains an addressable memory. In the
preferred embodiment, an electrically erasable

25 programmable read only memory (EEPROM) 68 is used. The
advantage of an EEPROM, rather than a ROM or EPROM, is
the ease with which the RXRF unit 60 can be recompensated
after service.

In accordance with the present invention, the

30 EEPROM 68 is programmed to store a table of compensated-
RSSI signal values that corresponds to a set of possible
degraded RSSI signal values. PFurther in accordance with
the present invention, in order to quickly and easily
retrieve an appropriate compensated RSSI signal value for
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. shoul d be readily apparent to those having ordinary skill in the art

nat the invention is not 20 limted to the particul ar enbodi nent

escri bed herein but- ..... by the scope.of. the attached clains. -For .exanple, . .
S - not necessary that-the addressable nenory. on.the.analog - -radio

equency unit 60 be an EEPROM nor is it necessary that a dual - port

AM be utilized on the digital control 25 wunit 70; equival ent storage

pul d al so work. Also, the progranned m croprocessor 73 coul d be

epl aced by anot her digital logic untt? Such as a gate array, that is

i t ably conflgured tQ erf the sane funct on t he rogr.a
croprocesso® W] gaggé ggﬁgr

Uit T sCARReR
sﬂgmdjasmlue ist edtcmed ea1g an IEEFPRON cad®fesanphati ¢s 30, and

.J\r/itﬂg;rmre 4%%’11%3% % %%%’ée@m%%%dn has egdféltlg£i Hefenct™o

he GSM st and&dhe @éteﬂgr |ena=msi , t3fdress generation is®

simplified by using the given degraded RSSI signal value
itself as the address.

For example, if a particular analog radio
frequency unit produces a degraded RSSI signal value of
43, and it is known that proper compensation for this
particular ahalog radio frequency unit requires that the
degraded RSSI signal be adjusted to a value of 58, then
the value 58 would be stored at address 43 in the EEPROM.
It can be seen that by arranging the table of compensated
RSSI values within the EEPROM 68 in this fashion, correct
values for particular degraded values may be quickly
retrieved. Moreover, the inclusion of an EEPROM 68 on
each analog radio frequency unit 60 provides the
additional benefit of allowing each analog radio
frequency unit to store a set of compensated RSSI values
that particularly compensate for the analog components
found on that particular unit. Thus, the replacement of
one analog radio frequency unit 60 with another
automatically regulates the way RSSI values will be
adjusted to compensate for degradation.

The digital control unit 70 is coupled to the
output of the A/D converter 66 to receive the degraded
digital RSSI signal, and also is coupled to the EEPROM 68
to receive compensated RSSI signal values. The digital
control unit 70 produces a compensated RSSI signal at its
output by, for example, receiving the degraded RSSI
signal from the A/D converter 66 and using the EEPROM 68
to produce the compensated RSSI signal.

In the preferred embodiment, the digital
control unit 70 includes digital logic 71 which is
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i nvention is equally applicable to systens conformng to al
andards where the RSSI signal is restricted or

-8 -

coupled to the output of the A/D converter 66 and to one
port of a dual-port random access memory (DP-RAM) 72. o
The other port of the DP-RAM 72 is coupled to a
microprocessor (MP) 73 that is suitably programmed to
carry out the operations herein described. The MP 73 is
also coupled to the EEPROM 68 located on the analog radio
frequency unit 60.

The operation of the digital control unit 70 is
shown in FIG. 2, and is described below. During an
initialization state shown in FIG. 2 as block 201, the
MP 73 retrieves information from the EEPROM 68 and stores
it in the DP-RAM 72. 1In accordance with one aspect of
the invention, the information copied comprises at least
one of the compensated RSSI signal values stored in the
EEPROM 68, and that value is copied into a corresponding
address in the DP-RAM 72. 1In this way, degraded RSSI
signal values may be used to generate the DP-RAM memory
addresses which point to corresponding compensated RSSI
signal values. In the preferred embodiment, all of the
compensated RSSI signal values in the EEPROM 68 are
retrieved and stored in the DP-RAM 72 at addresses that
are equal to the respective degraded RSSI signal values.
Thus, for example, if the EEPROM contains the value 58 at
memory address 43, then the DP-RAM will also contain the
value 58 stored at memory address 43.

After the initialization period has been
completed, the digital control unit 70 enters an
operational state, which is represented in FIG. 2 as
blocks 202, 203, and 204. During the operational state,
the digital logic 71 receives a degraded RSSI signal from
the A/D converter 66 and then generates a DP-RAM address .
from the degraded RSSI signal. As described above, the
logic 71 preferably supplies the degraded RSSI signal to
the DP-RAM 72 as an address, and then initiates a read of
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' could be restricted, such as in the American Digital Cel lular (ADC, also
referred to as D-AMPS) and Japanese 5 Digital Cellular (JDC) standards.
1L - T e C e e e T e o e

-
‘the DP-RAM 72. The digital logic 71 provides the data
retrieved from the DP-RAM 72 as the compensated RSSI
signal at one of the outputs of the digital control
unit 70.

5 The functions associated with the operational
state are then repeated for the next degraded RSSI signal
measurement. These functions are, of course, preferably
carried out in real time by suitable components. The
memories should be able to store all values that can be

10 supplied by the A/D converter 66. For example, for an
eight-bit A/D converter, the memories' sizes should be at
least 8%256 bits, while for a nine-bit A/D, the memories®
sizes should be at least 9x512 bits. Memory sizes for
other A/D converters would scale accordingly. As for

15 minimum clock speeds and the like, they depend of course
on the rate at which the RSSI values are produced or
sampled.

It should be readily apparent to those having
ordinary skill in the art that the invention is not

20 limited to the particular embodiment described herein but
by the scope of the attached claims. For example, it is
not necessary that the addressable memory on the analog
radio frequency unit 60 be an EEPROM, nor is it necessary
that a dual-port RAM be utilized on the digital control

25 unit 70; equivalent storage would also work. Also, the
programmed microprocessor 73 could be replaced by another
digital logic unit, such as a gate array, that is
suitably configured to perform the same function as the
programmed microprocessor. Moreover, RSSI signal

30 degradations due to the other components of the base
station, e.g. the filter 20, amplifier 30, and divider
40, or to other factors can alsoc be compensated.
Furthermore, although the preferred embodiment has made
reference to the GSM standard set by ETSI and CEPT, the
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CLAI M5: 1. In a radio receiving system having conponents that cause
degradati on of a received radio signal, an apparatus in a radio receiver
f or- -produci ng a conpensated radio signal"strength i nfornmation (RSSI).
signal -from a degraded received radi o signal, conprising: -

r epl aceabl e neans for receiving the degraded received radio S|gnal ‘and
generating a degraded RSSI signal therefrom conprising

anal og neans for generating the degraded RSSI signal fromthe degraded
rpcelved radi o signal, and

invention is equally applicable to systems conforming to

all standards where the RSSI signal is restricted or

could be restricted, such as in the American Digital

Cellular (ADC, alsoc referred to as D-AMPS) and Japanese
5 Digital Cellular (JDC) standards.
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first neans for storing a plurality of RSSI signal values at respective
afldr esses— wher-ei-n—each..of .the plurality of RSSI signal val ues corresponds

to-a resp of t he degraded RSSI. si gnhal generated. by the anal og.
‘mpans, iﬂm! i H“ n &“ y of RSSI signal values.is conpensated.for .the
rﬁspectlv the received radio- signal, and each of the
plurality of RSSI si gnal "values is stored at an address correspondi ng to
the respective val ue of the degraded RSSI signal; and - di gi tal
means, coupled to the repl aceabl e receiViH&-and generating means, for
produci ng, fr degraded RSSI signal and fromat |east one of t he
plurality of *si gnal val ues, a conpensated RSSI signal val ue,

1. In a radio receiving system having

components that cause degradation of a received radio
'signal, an apparatus in a radio receiver for producing a
5 compensated radio sighal strength information (RSSI)
signal from a degraded received radio signal, comprising:
replaceable means for receiving the degraded
received radio signal and generating a degraded RSSI
signal therefrom, comprising

10 analog means for generating the degraded
RSSI signal from the degraded received radio
signal, and

first means for storing a plurality of
RSSI signal values at respective addresses,

15 wherein each of the plurality of RSSI signal
values corresponds to a respective value of the
degraded RSSI signal generated by the analog
means, is compensated for the respective
degradation of the received radio signal, and

20 is stored at an address corresponding to the
respective value of the degraded RSSI signal;
and

digital means, coupled to the replaceable
receiving and generating means, for receiving the
25 = degraded RSSI signal and at least one of the plurality of
RSSI signal values and for producing at an output a
compensated RSSI signal value.

2. The apparatus of claim 1, wherein the
30 replaceable receiving and generating means further
comprises an analog-to-digital converter for converting
the degraded RSSI signal generated by the analog means to

a digital degraded RSSI signal that is coupled to the
digital means.

Lo
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mhere epl aceabl & receiving and generating means further conprises an
anal o m @!}H’i’tﬂﬂﬂﬂ'ﬁerter for converting the degraded RSSI signal.

genera nmeans t-0 a digital degraded ‘RSSI . si-gnal -that-is
coupled to the dlgltal means, -and- - 12 o .
- 12 -

3. The apparatus of claiﬁ 2, wherein the
digital means comprises:

second means for storing RSSI signal values at
respective addresses;

5 first digital logic means, coupled to the
analog-to-digital converter and to the second storing
means, for generating an address from the digital
degraded RSSI signal and for retrieving from the second
storing means an RSSI signal value stored at the

10 generated address, wherein the first digital logic means
provides at an output the retrieved RSSI signal value as
the compensated RSSI signal value; and

second digital logic means, coupled to the
first and second storing means, for retrieving from the

15 first storing means the RSSI signal value stored at an
address corresponding to the degraded digital RSSI signal
and for causing the second storing means to store at the
generated address the RSSI signal value retrieved from
the first storing means.

20
4. The apparatus of claim 3, wherein the
second digital logic means is a programmed
microprocessor.
25 5. The apparatus of claim 4, wherein the
second storing means is a dual-port random access memory.
6. The apparatus of claim 1, wherein the
digital means comprises: '
30 second means for storing RSSI signal values at

respective addresses;
first digital logic means, coupled to the
anélog means and to the second storing means, for
- generating an address from the degraded RSSI signal and
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wherei n_the _digital _means conprises: second nmeans for storing
RBSI signal val ues at respective addresses; first digital

| pgi C mmm:m& mu t he-anal og-to-di gi-tal .converter -and to the second .
storin rati ng an-address-fromthe digital degraded RSSI- :
signal and® f'or retrleV|ng fromthe second storing neans an RSSI signal

val ue stored at the generated address, wherein the first dlgltal | ogi c
means provi des at an output the- retrleved RSSI si gnal

for retrieving from the second storing means an RSSI
signal value stored at the generated address, wherein the
first digital logic means provides at an output the RSSI
signal value stored at the generated address as the

5 compensated RSSI signal value; and

second digital logic means, coupled to the

first and second storing means, for retrieving from the
first storing means the plurality of RSSI signal values,
for causing the second storing means to store the

10 plurality of RSSI signal values at addresses
corresponding to the respective values of the degraded
RSSI signal.

7. The apparatus of claim 6, wherein the
15 second digital logic means is a programmed
microprocessor.

8. The apparatus of claim 7, wherein the
second storing means is a dual-port random access memory.
20
9. For a radio receiving system having
components that cause degradation of a received radio
signal, a method for producing a compensated radio signal
strength information (RSSI) signal from a degraded
25 received radio signal, comprising the steps of:
producing a degraded RSSI signal value from the
degraded received radio signal; -
storing a plurality of RSSI signal values in a
memory at respective addresses, wherein each of the
30 plurality of RSSI signal values corresponds to a
respective value of the degraded RSSI signal, is
compensated for the respective degradation of the
received radio signal, and is stored at an address
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addr ess

val ue as t hecompensated RSSI si gnal val ue; and second
digital
tetrievi

ed to the first and second storing means, for
ﬂﬂﬂﬂ“ﬂﬂ "“i F‘ storing means the RSSI signal-val ue stored at -an

CcOr respondi ng
t he second storing neans to store at the generated address the RSSI signal
value retrieved fromthe first storing neans. 2. The appar at us of
claim 1, wherein the scond digital |ogie mdars is a progranmed

m cr opr ocessor.

. corresponding to the respective value of the degraded

t he degraded digital - RSSI- signal -and for causing

RSSI signal:;

generating an address from the degraded RSSI
signal value;

retrieving from the memory the RSSI signal
value stored at the generated address; and

providing the retrieved RSSI signal value as
the compensated RSSI signal.
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_ The apparatus of claim?2, wherein the second storing neans is a
hal - port random access nenory.
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METHOD AND APPARATUS FOR CORRECTING
A RADIO SIGNAL STRENGTH INFORMATION SIGNAL

ABSTRACT OF THE DISCLOSURE

In a radiotelephone base station receiver
having components which cause degradation of a received
5 radio signal, an apparatus for producing a correctly
compensated. radio signal strength information (RSSI)
signal from the degraded received radio signal has an
analog radio frequency unit and a digital control unit.
The analog radio frequency unit receives the degraded
10 received radio signal and generates a degraded RSSI
signal, and includes an analog circuit and addressable
memory. The addressable memory has compensated RSSI
signal values stored at addresses, and the compensated
RSSI signal values correspond to possible degraded RSSI
15 signal values. The addresses are generated from the
degraded RSSI signal, which may serxve directly as the
addresses. The digital control unit is coupled to the
analog radio frequency unit, and receives the degraded
RSSI signal and generates compensated RSSI signal values
20 based on those in the addressable memory.
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4 In a radi o receiving system having conponents that cause degradation
of areceived radio signal, an apparatus in a radio receiver for producing
a|conpensat ed radi o si'gnal strength-information (RSSI) signal froma
degraded received radi o-signal, conprising: _ repl-aceabl e nmeans for
recei ving the degraded received radio signal and generating a degraded

RBSI signal therefrom conprising 1/3 anal og neans for
generating the degraded RSSI signal fromthe degraded received radio
signal, and
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pl

|rst means for storing a plurality of RSSI signal values at respective

ddr esses, wherein each of the plurality of RSSI signal val ues corresponds
D"a respective value of the degraded RSSI signal .generated by the anal og.
pans, each of the plurality of -RSSI signal values is conpensated for the
pspective degradation of the received radio signal, and each of the

plurality of RSSI signal values is storéfBat an address corresponding to

ne respective val ue of the degraded RSSI signal; and di gi tal
pans, coupled to the repl aceabl e receiving and generating neans, for
oducing, fromthe degraded RSSI signal and fromat |east one of the

urality of RSSI
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4 - .+ wherein the first digital |ogic nmeans provides at an output the
SS| -signal” val'tie stored-at the generated address as the conpensat- ed -RSSt
i gnal second digital |ogic neans, coupled ‘to !
he fi r\s/l mmm’ HHH'I#HHQ ng means, for retrieving fromthe fi rst ‘Stori- ng
ans the*plaraliny o signal values, and/for causi ng S Lo
CLAIMS:
1. In a radio receiving system hav'ing components that cause degradation of a received

radio signal, an apparatus in a radio receiver for produ;ing a compensated radio signal |
strength informatién (RSST signal from a degraded received radio signal, comprising:

replaceable means for teqeiviﬁg_ ihé_degraded received radio signal and generating a
degraded RSSI signal therefrom, comprising. | |

| analog means for generating the degraded RSSI signal from the degraded
received radio sxgmll and
first _mcaxis for storing a plurality of RSSI_signé_l values at respective

addresses, wherein each of 'th_e plurality of RSSI signal vé;ués_ correspor_ids to a respective
valuc of the d'egr'aded..RSSI signdl gcdérated by the analog means, each of the plurality of
RSSI signal values is cbmpc_:nsated'for the respective dcgradation of the received radio
signal, and each of the plurality of RSSI signal values is stored atan addreés cotresponding
to the respective value of the degraded RSSI sig’nad; and

'digitdl means, coupled 16 the.repldcéable receiving and generating means, for
producing, from the degraded R._QSI signal and from at least one of the plurality of RSSI
signal values, a compénsato;d RSSI signai value,

wherein the replaceable receiving and generating means f_urtherﬁomprises’ an
analog-to-digital converter for convert_igg.thl: degraded RSSI sigﬁal generated by the analog

means to a digital degraded RSSI signal that is coupled to tﬂe digital means, and '



he. second storing neans to store the plurality of RSSI signal val ues at
ddresses "corresponding to the respective val ues of the degraded RSSI

i gnal . tus of claim4, wherein the secon digital |ogic
ans is a“ “HHHI Hﬂﬂm“roprocessor: 6. The apparatus of claimb5,
vherei n thessecond stosing neans i s aldual - port random acccss nenory.

wherein the digital means mmpﬁsés:

second means for storing RSSI signal values at respective #ddrcsses;

first digital logic meass, coupled 1o the analog-to-digital converter and to the
second storing means, for genérat'mg an address from the digital dégraded RSS] signal and
for retrieving from the second storing means an RSSI signal value stofed at thé generated
address, wherein the ﬁrs;t digital logic means provides at an on.;tput”th'e retrieved RSSI signat
value as the compensated RSSI signal value;. and -

second digital logic means, coupled to the first and second storing means, for
retrieving from the first storing means the RSSI signal value stored at an address
corresponding to rhg degraded digital RSSI signal and for causing the second storing means
to store at the generated address the RSS] signal value retrieved from the first storing

means.

2. The apparatus of claim 1, wherein the scond digital logic means is a programmed

IICTOPIOCESSOT.

3. The apparatﬁs of claim 2, whcf,cih the second storing'means is a dual-port random

access memory.




7., For a radio receiving system having conponents that cause degradation
recei ved radio” siignal, a method for producing a conpensated radio

>| g ﬂl[" mmwmﬂmﬁr mation (RSSI) signal froma degraded received radio

51 g e steps of: produci ng, fromfirst anal og
reans, 4 dégrfded RSSI signal value iBomthe degraded received radio

$i gnal ~ storing a plurality of RSSI signal values in a first nenory
at respective addresses, = wherein each of the plurality of RSSI 'signal

al ues corresponds to a respective value of the degraded RSSI signal, each
¢f the plurality of RSSI signal values is conpensated for the

~ 4. - Inaradio receiving systcm having components that cause'dcgrédaﬁOn of\a received -
radio signal, an apparatus in a.radio'receive; fo; producing a compensated radio signal
strength inforh]ation (RSSI) signal from a degraded received radio s1gnal comprising:
replaceable means for receiving the_degraded received radio signal and generating a
degraded RSSI signal therefrom, comprising
analog means .for.geﬁcratiﬁg the degraded RSSI signal from the dcéraded |
received radio signal, and |
first means for Stbﬁng a plurality of RSSI signal values ax'réspective
éddress_cs, wherein each of the p‘lufality of RSSI signél vajucs corresponds 1o a respective
value of the dcgfaded RSSI_sigyxal 'gegetated by the analog meané, each .of the plurality of -
'RSSI signal valﬁes' is c_ompensat_ed'for the ere degmdaﬁon of the received radio
signal, and each of the plurality -o'f RSSI mgnal values is stored at an address corresponding
10 the respective value of the degraded RSSI signal; and'
digital meaps, coupled to th_c.replaceablc.receiving and geperating means, for
producing; .fmm the degraded RSSI signal. and from at least o,ﬁe of the flurality of RSSI
signai values, a compensated RSSI signal value,
whercin the digital means comprises:
second means for _storing RSSI sm:al values at resp_ecﬁve addresses;
first digitél iogic means, ecuﬁled to the analog means and to the second -
storing means, for generating an address from the degraded RSSI signai and for retrieving

from the second storing means 'a_n RSSI signal value stored at the generated addi'ess,




—

15 . . rﬁmﬂﬂmm M\Emtion of the received radio signal, and each of
he pl ural L I

14

wherein the ﬁrst ,di_gital'logié means provides at an output the RSSI signal value stored at
the generated address as the compcnsaied RSSI signal yalue; and

secénd digital logic means, coupled to the first and second storing means, for
rétrievi_ng from the first storing means. the pl_u.rality. of 'RSSI signal values, and for causing
the second storing means to store the plurality of RSSI siéﬂ values at addresses

corresponding to the respective values of the degraded RSSI signal:

5. The appaiafus of claim 4, wherein the secon digital logic means is a programmed

microprocessor.

6. ' The appar_étus of claim 5, wherein the second storing means is a dual-port random

dCCCSs memory.

7. For a radjo receiving system having components that cause degradation of a

receivéd radio signal, a method for produci#g a com.pensate_d radio signal stréngth
information (RSSI)' signél from a de_giaded received radio signal, comprising the steps of:
prbduﬁing, from first analog micans, a degraded RSSI signal value from the
degraded received radio signai; |
storing a plurality of RSSI signal values in a first memory at respective addresses,
wherein each of the plura'liiy of RSSI signal values corresponds to é resi:ecﬁve value of the

degraded RSSI signal, each of the plur#lity of RSSI signal values is compensated for thc



al ues”m" m Hmmﬂiﬁmaddress corresponding to the respective value of the

legr adetl RSSIL using an anal og-to-digital converter to
ronvert the degraded RSSI signal to a digital degraded RSSI signal;
etrieving fromthe first nenory a stored RSSI signal value froman address
ocation corresponding to the-digitak degraded RSSI signal, and storing

he retrieved RSSI signal value into a correspondi ng address |ocation of a

econd nenory; - generating an address fromthe digital degraded RSS
i gnal val ue; :

fh{nr—"—ﬂr-\m

réspcctive degrad_ation of the received radio signal, and each of the plurality of RSSI signal
values is stored at an address éonc3pondidg to the '.respective value of the degraded RSS1
signal; o o

using an ana!og—to—digitél converter to convert the degraded RSSI signal to a digital
degraded RSSI signal; |

' retrieving from the ﬁrdt memory a stored RSS) signal value from an address location

corresponding w the digital degraddd RSSY signal, and storinﬁ the retrieved RSS! signal
value into a corresponding address location of a second memory;

generating an address from the digital degraded RSSI signal value;

fetrieving from the second mcmory thé'.'RSSI-signal value stcfod_ at the gencrdted
address; and o | | |

provnlmg the rctneved RSST signal value that was retneved from the second

memory as the compensatzd RSSI signal.

8. The method of claim 7, wherein the first memoryxs a non-volatile memory and the

second memory is a volatile memory.




retrieving fromthe second nenory the RSSI signal value stored at the

generated address; and providing the retrieved RSSI signal val ue
that was retrieved fromthe second nenory as the conpensated RSSI signal.
8 The method of claim7, wherein the first menory is a non-volatile

menory and the second nenmory is a vol &t le nenory

METHOD AND APPARATUS FOR CORRECTING
A RADIO SIGNAL STRENGTH INFORMATION SIGNAL

ABSTRACT OF THE DISCLOSURE

In a radiotelephone base station receiver
having components which cause degradation of a received
5 radio signal, an apparatus for producing a correctly
compensated radio signal strength information (RSST)
signal from the degraded received radio signal has an
analog radio frequency unit and a digital control unit.
The analog radioc frequency unit receives the degraded
10 received radio signal and generates a degraded RSSI
signal, and includes an analog circuit and addressable
memory. The addressable memory has compensated RSSI
signal values stored at addresses, and the compensated
RSSI signal values correspond to possible degraded RSSI
15 signal values. The addresses are generated from the
degraded RSSI signal, which may serve directly as the
addresses. The digital control unit is coupled to the
analog radio frequency unit, and receives the degraded
RSSI signal and generates compensated RSSI signal values
20 based on those in the addressable memory.

Figure 1




