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A method for estimating a size of reverse link resources provided by a base-station transcelver system (BTS), including performing
respective first, second, and third measurements of first, second, and third signal strengths received at the BTS. The method also
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(57) Abrege(suite)/Abstract(continued):

measurement, determining from the comparison a minimum of the updated minimum signal strength and the third measurement to
be a minimum received signhal strength, and determining the size of the reverse link resources provided by the BTS In response to
the minimum recelved signal strength.



17608 A1 I} V10 AP 0 01100 0L A R

CA 02576467 2007-02-05

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

REVISED VERSION

(19) World Intellectual Property Organization /-

International Bureau

(43) International Publication Date
16 February 2006 (16.02.2006)

(51) International Patent Classification:

HO4B 17700 (2006.01)
(21) International Application Number:
PCT/US2005/027638
(22) International Filing Date: 3 August 2005 (03.08.2005)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
60/598,802 3 August 2004 (03.08.2004) US

(71) Applicant (for all designated States except US): QUAL-
COMM INCORPORATED [US/US]; 5775 Morehouse
Drive, San Diego, CA 92121 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): STEIN, Jeremy
[IL/IL]; 19 Na’amat Street, 34670 Haifa (IL). YONA, Eli
[IL/IL]; 7 Hassif Street, 30500 Binyamina (IL). WEISS-
MAN, Haim [IL/IL]; Gershon Shufman 16 Street, 34679
Haifa (IL). LEVIANT, Michael [IL/IL]; 7/7 Gdaliahu,
32587 Haifa (IL).

(10) International Publication Number

WO 2006/017608 A1l

(74) Agents: WADSWORTH, Philip, R. et al.; 5775 More-
house Drive, San Diego, CA 92121 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KL,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, T], TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 1,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: ESTIMATION OF RECEIVED SIGNAL STRENGTH

RECEIVER NOISE RX_NOISE

RI_EXCESS_CAP

i

REVERSE LINK EXCESS

FIGURE SETTING CAPACITY ESTIMATION
A 56
92 RX_NOISE |
RSSI_CORRECT VAL
RECEIVE POWER RS5I_dBm
CORRECTION VALUE
58
54
RSSI_dBm RECEIVE POWER
ESTIMATION

b

o0

& (57) Abstract: A method for estimating a size of reverse link resources provided by a base-station transceiver system (BTS), in-
\¢ cluding performing respective first, second, and third measurements of first, second, and third signal strengths received at the BTS.
& The method also includes comparing the first measurement with the second measurement so as to determine an initial minimum
& signal strength, and adding at a predetermined time an aging value to the initial minimum signal strength so as to form an updated
N inimum signal strength. The method further includes forming a comparison between the updated minimum signal strength and the
third measurement, determining from the comparison a minimum of the updated minimum signal strength and the third measurement
to be a minimum received signal strength, and determining the size of the reverse link resources provided by the BTS in response to

=

the minimum received signal strength.



CA 02576467 2007-02-05

WO 2006/017608 A1 U1 HHA!H AR AO0 ADOO 11  AO R AR A

Declarations under Rule 4.17: (88) Date of publication of the revised international search

— as to applicant’s entitlement to apply for and be granted a report: 24 August 2006
patent (Rule 4.17(ii))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

—  with international search report

—  before the expiration of the time limit for amending the Fortwo-letter codes and other abbreviations, refer to the "Guid-
claims and to be republished in the event of receipt of ance Notes on Codes and Abbreviations"” appearing at the begin-
amendments ning of each regular issue of the PCT Gazette.

(15) Information about Correction:
see PCT Gazette No. 34/2006 of 24 August 2006



10

15

20

25

CA 02576467 2008-07-04

74769-1628

1

ESTIMATION OF RECEIVED SIGNAL STRENGTH

FIELD OF THE INVENTION

The present invention relates generally to
wireless telephone communications, and specifically to

measurement of received signal strength.

BACKGROUND OF THE INVENTION

One of the parameters that is important to
determine for efficient operation of a base-station
transceiver system (BTS) in a cellular telephone network is
the reverse link excess capacity of the BTS. The reverse
link excess capacity is measured in terms of a theoretical
maximum number of users of the BTS, which in turn is a
function of the energy received by the receiving system of
the BTS compared with a noise figure of the receiving
system. Accurate measurement of this energy difference is

difficult to perform.

Methods are known in the cellular network art for
determining the noise figure of the receiving system, which
1s a function of the inherent thermal noise as well as a
noise contribution from the receiving system itself. The
noise contribution from the receiving system is based on the
inherent thermal noise and the gain (or loss) of the
elements 1n the receiving system. For example, the noise
contribution of each of the elements in the receiving system
at the BTS, from the antenna to the final detector of the

system, may be evaluated, and combined with the
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inherent thermal noise. However, while determination of

noise contributions and gain of passive components in the

receiving system is relatively straightforward, and the
values do not change over time, this is typically not the
case for active components. Determination of the noise

contribution and gain from active components 1s usually

more complicated and time-consuming; in addition, the noise

contribution of active components typically changes over

time, and such change may Dbe difficult to predict.

Furthermore, and adding to the complication, the noise

figure of the receiving system is typically frequency and

part dependent, as well as varying with temperature.

Measurement of the energy received by the receiving
system at the detector typically suffers from the same

problems mentioned above, namely, gain variation with

temperature, frequency, and time.

An alternative method for measuring the relative noise

level of the receiving system, known in the art, 1is to
arrange that all mobile transceivers transmitting to a BTS
are simultaneously silent for a short time period, during
which the noise at the BTS may be measured. This method has

the advantage, compared to the method described above, of

being operable in an active system, at the cost of a

reduction of resources during the silent period and the

complexity of reacquiring the mobile transceiliver signals.

~fers from the fact that the BTS

In addition, the method su:

can only silence mobile transceivers it controls, and
cannot prevent other transmissions from reaching the BTS,
unless all BTSs are synchronized and perform the silencing
at the same time.

There is thus a need for an improved method for
measuring the noise figure of a receiving system in a BTS,
for the purposes of measuring the reverse link excess

capacity of the BTS.
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SUMMARY OF THE INVENTION

In an embodiment of the present invention, a control

unit of a base-station transceiver system (BTS) determines
a reverse link excess capacity of the BTS. The reverse link
excess capacity 1is typically determined 1n terms of a
number of users that are able to place new calls via
reverse 1link signals to the BTS. The control wunit
determines the excess capacity Dby successive measurements
of strengths of signals received by a receiving system of

the BTS. The control unit analyzes the measurements to find

a minimum signal strength received by the receiving system,
and the minimum signal strength 1s wused to give an

approximate mnoise level of the receiving system. In

calculating the approximate noise level, the control unit

periodically adds an “aging value” to the approximate noise

level, and then continues its analysis of signal strengths

to update the minimum signal strength. Adding the aging

value simulates aging, and the consegquent rise 1in noise

level, of the receiving system. The reverse link excess

capacity of the BTS at any instant may be calculated by

comparing the approximate noise Ilevel, determined as

described above, with the actual received signal measured
at the receiving system at that instant.

Using the minimum signal strength as the approximate
noise level of the receiving system 1s a simple and
efficient way to estimate the noise of the receiving
system. The inventors have found that the results are
comparable with those of more complicatéd, time-consuming,

and costly systems for estimating the noise level, and give

good results for the determination of the reverse link

excess capacity.

There i1is therefore provided, according to an
embodiment of the present invention, a method for

estimating a size of reverse link resources provided by a
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base-station transceiver system (BTS), including:

F
b

performing a first measurement of a first signal

strength received at the BTS;

performing, subsequent to the first measurement, a
second measurement of a second signal strength received at
the BTS;

performing, subsegquent to the second measurement, a
trhird measurement of a third signal strength received at
the BTS;

comparing the first measurement with the second
measurement so as to determine an initial minimum signal
strength;

adding at a predetermined time an aging value to the
initial minimum signal strength so as to form an updated
minimum signal strength;

forming a comparison between the wupdated minimum
signal strength and the third measurement;

determining from the comparison a minimum of the

updated minimum signal strength and the third measurement

to be a minimum received signal strength; and
determining the size of the reverse link resources

provided by the BTS in response to the minimum received

signal strength.
Typically, the size of the reverse 1link resources

includes a number of channels allocated by the BTS;

alternatively or additionally the size of the reverse link
resources is substantially equal to a number of users of
"the BTS.

Tn one embodiment, determining the size of the reverse

1link resources includes performing, subsequent to the third

measurement, a fourth measurement of a fourth signal
strength received ai: the BTS, and forming a further

comparison between the fourth measurement and the minimum

received signal strength. Typically, determining the size
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of the reverse 1link resources includes determining a

reverse link excess capacity of the BTS in response to the

further comparison.

In a disclosed embodiment the BTS includes a firs

{1

receiver and a second receiver, wherein:
performing the first measurement includes performing a

first-receiver-first-measurement and a gsecond-receiver-

first-measurement of the first signal strength;

performing the second measurement includes performing
a Ffirst-receiver-second-measurement and a second-recelver-

second-measurement of the second signal strength;

performing the third measurement includes performing a
first-receiver-third-measurement and a second-receiver-
third-measurement of the third signal strength;

wherein comparing the first measurement with the

second measurement includes:

comparing the first-receiver-first-measurement with
the first-receiver-second-measurement so as to determine a

first-receiver-initial-minimum-signal-strength; and

comparing the second-receiver-first-measurement wilth
the second-receiver-second-measurement so as to determine a
second-receiver-initial-minimum-signal-strength;

wherein adding at the predetermined time includes:

adding at a first-receiver-predetermined-time a first-

receiver-aging-value to the first-receiver-initial-minimum-

signal-strength so as to form a first-receiver-updated-

updated-minimum-signal-strength; and

adding at a second-receiver-predetermined-time a
second-receiver-aging-value to the second-receiver-initial-
minimum-signal-strength so as to form a second-receiver-
updated-updated-minimum-signal-strength;

wherein forming the comparison includes:

forming a first-receilver-comparison between the first-

receiver-updated-updated-minimum-signal-strength and the
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first-receiver-third-measurement; and

forming a second-receilver-comparison between the

second-receiver-updated-updated-minimum-signal-strength and

the second-receiliver-third-measurement;

wherein determining from the comparison includes:

determining from the first-receiver-comparison a

first-recelver-minimum of the first-receiver-updated-
updated-minimum-signal-strength and the first-receiver-
third-measurement to be a first-receiver-minimum-received-
signal-strength; and

determining from the second-receiver-comparison a

second-receiver-minimum of the second-receiver-updated-
updated-minimum-signal-strength and the second-receiver-
third-measurement to be a second-receiver-minimum-recelved-
signal-strength; and

wherein determining the size of the reverse link

resources includes determining the size in response to at

least one of the first-receiver-minimum-received-signal-
strength and the second-receiver-minimum-received-signal-
strength.

There is further provided, according to an embodiment
of the present invention, apparatus for estimating a size
of reverse 1link resources provided by a base-station

transceiver system (BTS), including a control unit which 1is

adapted to:

perform a first measurement of a first signal strength
received at the BTS;

perform, subsequent to the first measurement, a second

measurement of a second signal strength received at the

BTS;

perform, subsequent to the second measurement, a third

measurement of a third signal strength received at the BTS;

compare the first measurement with the second

measurement so as to determine an initial minimum signal
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add at a predetermined time an aging value to the
initial minimum signal strength so as to form an updated
minimum signal strength;

form a comparison between the updated minimum signal
strength and the third measurement;

determine from the comparison a minimum of the updated

minimum signal strength and the third measurement to be a

minimum received signal strength; and

determine the sgize of the reverse link resources

.

provided by the BTS in response to the minimum received

signal strength.

The present invention will be more fully understood

from the following detailed description of the embodiments

thereof, taken together with the drawings, a Dbrief

description of which i1is given below.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic diagram of a cellular network

system, according to an embodiment of the present
invention;

Fig. 2 illustrates a power management relationship,

according to an embodiment of the present invention;

Fig. 3 1is a schematic graph of a received signal

—

energy ve. a number of users, according to an embodiment of

the present invention;

Fig. 4 1s a flowchart of a process performed by a
control unit in the system of Fig. 1, according to an

embodiment of the present invention; and

Fig. 5 1s a flowchart of another process performed by
the control unit, according to an embodiment of the present

invention.
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DETAILED DESCRIPTION OF EMBODIMENTS

Reference is now made to Fig. 1, which i1is a schematic

diagram of a cellular network system 10, according to an

embodiment of the present invention. Hereinbelow, by way of

example, system 10 is assumed to operate as a code division

multiple access (CDMA) network. However, the principles of

the present invention are not limited to any particular
type of network, so that system 10 may be a network
operating under any cellular network system known in the

art, such as a frequency hopping spread spectrum (FHSS)

system, an orthogonal fregquency division multiple access

(OFDMA) system, or a combination of these and/or CDMA

systems and/or other cellular network systems. System 10
comprises one or more base-station transceiver systems
(BTSs), only one of which, BTS 18, is illustrated in Fig. 1
for clarity. BTS 18 is coupled to the rest of network 10
via a Dbase-station controller (BSC) 22, and a mobile
switching center (MSC) 38. |

BTS 18 is operated by a control unit 20, which 1is
typically physically located at the BTS, although the

control unit may be located at any convenient location in

system 10. During the course of operation of BTS 18,

control wunit 20, on a substantially continuous basis,
estimates a reverse link excess capacity of the BTS. The

method of estimation 18 described in more detail

hereinbelow. Control unit 20 then uses the excess capacity

estimation for admission control, wherein the control unit
decides if the BTS has sufficient resources to admit a new
incoming call, and/or if additional reverse link resources
need to be allocated to existing users of the BTS. The

resources typically comprise channels which may be operated

at different bit rates. In a network where voice comprises
the majority of the traffic, each user is typically

allocated one channel, so that the number of users and the
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number of channels allocated by the control unit are
substantially equal. In a network where there are other

forms of traffic, such as data and/or video transfer, the

number of channels is typically larger than the number of
users.

BTS 18 operates a sector, herein termed a coverage
area 14, within which generally similar mobile transceivers

12 are able to transmit signals to BTS 18, and receive

signals from the BTS, via one or more antennas coupled to
the BTS, the transceivers acting as users oif the BTS.
Except where otherwise stated Dbelow, the following
description assumes that BTS 18 has only one antenna 16.
BTS 18 thus comprises a receiving system 24 receiving

reverse link signals from the mobiles, and a transmission

system 26 transmitting forward link signals to the mobiles.

Control wunit 20 operates both systems. The transmission

system receives forward link signals £from BSC 22 at a

transmission system input port 34, and outputs amplified

forward link signals from a transmission system output port

36 to antenna 16.

Receiving system 24 receives signals from antenna 16

at an 1input receiving system port 30, and outputs

amplified, filtered, and detected signals from an output

recelving system port 32. Receiliving system 24 also provides
control unit 20 with an indication of the power received by
antenna 16, typically by measuring the levels at one or
more detector stages of the receiving system. The
indication of the received power at the antenna input,
assumed herein to be measured in dBm, is herein termed the
received sgignal strength indication (RSSI_dBm) .

To determine the reverse link excess capacity, control

unit 20 needs to know the theoretical reverse link capacity

of BTS 18, as well as the reverse link resources that are

in use. As is explained in more detail below with reference
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to Fig. 3, the theoretical reverse link capacity of the BTS

depends on the difference between the strength of the

received signals and a noise figure of the receiving system

of the BTS.

Fig. 2 illustrates a power management relationship 50
between a number of modules operated by control unit 20 for
the determination of the reverse 1link excess capacity,
according to an embodiment of the present invention. A
receiver noise figure setting module 52 generates a
theoretical wvalue, RX NOISE, of the noise of receiving

g—
p—

igs a sum of the thermal noise of the

(R

system 24. RX_NOIS

receiving system, substantially determined by the bandwidth

and operating temperature of the receiving system, with an

pr—

estimate of the noise contribution of the components of the

receiver system. RX NOISE may be altered by control unit 20

for purposes of 1link balancing, as is known in the art.

RX NOISE is transferred to a receive power correction value

module 54, which uses the value of RX NOISE to determine a
corrected wvalue, RSSI CORRECT VAL, of RSSI dBm. The

operation of correction value module 54 is described in
more detail with respect to Fig. 4 below.

Control unit 20 operates a receive power estimation
module 58 to generate the wvalue RSSI_dBm, wusing, as
described above, one or more detected levels in receliving
system 24. Control unit 20 also operates a reverse link

excess capacity estimation module 56 to determine an

1

estimate of the excess capacity, using the wvalues ot

RSSI dBm, RSSI_CORRECT_VAL, and RX NOISE.

Other elements of relationship 50, and shown in Fig.
2, are described below as required.
Fig. 3 is a schematic graph 70 of a received signal energy
at BTS 18 vs. a number of equal-power users, according to
an embodiment of the present invention. The horizontal axis

of graph 70 shows a theoretical number of users M that are
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=

able to transmit to BTS 18, for a given total energy

received by receiving system 24 of the BTS. Graph 70 1is

based on the pole capacity equation which 1is known 1in the

artc.

In graph 70, line 76 determines a maximum theoretical

number of eqgual-power users Mypsx 1n a CDMA system,

requiring infinite receive energy at BTS 18. Typically one

would have a reasonable backoff from Mpzx to allow for a
practical trade-off between the number of users and the
receive energy, which in turn contrlbutes to system
stability.

In order to implement this backoff, control unit 20
sets a threshold M7y, which translates into a receive power
RSSI_thresh. A typical value for Myg is 80% of Mygzx. which
translates to an RSSI_thresh of 7dB above a receiving

system noise energy Ngye - Ngvs depends on the thermal

noise energy Ng and the noise generated by the receiving

—
—

system itself.

While the shape of graphs such as graph 70 1is

substantially invariant between different receiving systems

of different BTSs, its vertical axilis intercept E,, depends
upon the gain characteristics of the specific receiving

system. Thus, as illustrated schematically in Fig. 3, two

other receiving systems may have graphs 72 and 74, having

substantially similar shapes to graph 70, but each having
different vertical axis intercepts, herein termed E7qg, E73,
and E74. A BTS with a measurement offset of the receive
energy above Ngyg, as characterized by graph 72 or graph

74, will cause control unit 20 to limit the number of users

to M7 and My, instead of the intended value Myg. For
example, for a value Myp that is 80% of Mygx, a +/-3dB

error in the receive energy above Ngyg will result in My)
and M7, being 60% and 90% of Mpyugx respectively.

The Background of the Invention describes some prior
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art systems for measuring the value of the receive energy

above Ngvs i in the instant specification we describe a

—
p—

method for estimation of the wvalue of the receive energy

above Ngyg which does not rely on time-consuming and

expensive calibration of the receiving system, or on

enforced quiet periods of mobiles transmitting to BTS, such

as those used in the prior art. The inventors have found
that the method, described in reference to Fig. 4 Dbelow,
gives good results for the effective estimation of the

value of the receive energy above Ng.g, and thus for the

reverse l1link excess capacity of BTS 18, without the

drawbacks present in the prior art.

—
p—

Fig. 4 is a flowchart of a process 90 performed by
control unit 20, according to an embodiment of the present
invention. Control unit 20 operates process 90, 1n receive
power correction wvalue module 54 (Fig. 2), periodically,
typically every 20 ms, in order to determine a corrected
value, RSSI CORRECT VAL, of the RSSI_dBm wvalue output by
receiving system 24. The control unit effectively uses this
corrected value as the vertical axis intercept Egg (Fig.
3) .

In an initialization step 92 of process 90, control
unit 20 sets initial wvalues of wvariables wused 1in the

process. Thus, unit 20 initially sets RSSI_CORRECT_VAL to

be egual to 0, and the unit sets a range factor

g
—

RSSI CORRECT RANGE, which limits the values O:

RSSI CORRECT VAL output by process 90 to be within a pre-
determined range equal to + RSSI CORRECT RANGE;

RSSI CORRECT _RANGE is typically approximately 5 dB. At

initialization unit 20 also sets an offset,

RSST CORRECT OFFSET, that the unit uses as a correction
factor in evaluating RSSI_CORRECT_VAL; RSSI_CORRECT OFFSET

is tvpically 0 dB. The offset may be set to be non-zero,

for example when there is no expectation of a substantially
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zero load.

In a second step 94, unit 20 checks i1f BST 18 has been

subject to blossoming or wilting within a preset period.
(The terms blossoming and wilting are known in the art, and
refer to coming on-line, or going off-line, of a base-

station transceiver system.) The preset period is typically

of the order of 30 seconds, although any other suitable

preset period may be used. If blossoming or wilting have

not occurred in the preset period, process 90 continues to

g

a third step 96; if they have occurred, the process walts

until the preset period has completed before continuing to

step 96.

In step 96, control unit 20 reads a most recent wvalue

g—

of the receiver system received power, RSSI_dBm, and finds

\p—p

the minimum of the most recent wvalue and a previous value
of RSSI dBm. The previous value was read by control unit 20

in a previous time period during which the control wunit

operated process 90. The minimum that is determined in step

06 i1is herein termed RSSI REF FILT.

In a fourth step 98, the corrected wvalue of RSSI_dBm,
RSSTI CORRECT VAL is evaluated by control unit 20 according

to equation (1) below. Egquation (1) takes the minimum value

of step 96, and uses it to correct the theoretical receiver

system noise RX NOISE.

RSSI CORRECT VAL =RX_ NOISE
—(RSSI REF FILT +RSSI CORRECT _OFFSET)

(1)

Also in step 98, unit 20 verifies that the result of
applying equation (1) does not set the wvalue of
RSSI CORRECT VAL, to be outside the range of acceptable

values defined by RSSI_CORRECT_RANGE. If equation (1) does
give a value outside the range, unit 20 alters the value to

be at the appropriate limit of the range.
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The wvalue of RSSI CORRECT VAL 1s then transferred to
reverse link excess capacity estimation module 56, which

uses the wvalue, as described with reference to Fig. 5

below, to determine the excess capacity of BTS 18.
In a last step 100 of process 90, control unit 20
periodically adds an “aging factor” to the evaluated value

of RSSI REF FILT, according to equation (2) below:

RSSI REF FILT =RSSI REF FILT + AGE_FACTOR (2)

Control unit 20 typically generates the periodicity,
AGE PERIOD, for applving equation (2), and the value of the
aging factor, AGE_FACTOR, in initial step 92 of process 90.
Tvpical wvalues for AGE_PERIOD and AGE_FACTOR are of the
order of 1 hour and approximately 0.1 dB, respectively.

After step 100, process 90 returns to the beginning of

step 94.

Tt will be understood from inspection of process 90

that the wvalue RSSI CORRECT VAL 1s a function of the
minimum value of RSSI dBm, determined over the time during
which process 90 is operated. It will also be understood
that RSSI CORRECT VAL approximates the difference between
the vertical axis intercept E,,, illustrated in Fig. 3, and
the noise value Ngyg o0f receiving system 24 described
above.

The aging factor AGE_FACTOR simulates the change in
noise value of receiving system 24 over time, so that the
exemplary values given above increase the noise value of

the receiving system, with no other change being input to

the system, by 0.1 dB every hour. However, it will be

understood that this change may be overridden by a smaller

actual noise wvalue, RSSI dBm, received by the receiving

system.

Fig. 5 1is a flowchart of a process 120 performed by
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control unit 20, according to an embodiment of the present
invention. Control unit 20 operates process 120

periodically, typically with a period of the order of 20

ms, 1in reverse 1link excess capacity estimation module 56

(Fig. 2), to determine a reverse link excess capacity,

RL_EXCESS_CAP.

In a first step 122 of process 120, unit 20 inputs the

value of RX NOISE from setting module 52, the wvalue of

RSST dBm from receive power estimation module 58, and the

value of RSSI CORRECT VAL, determined by process 90, £from
receive power correction module 54.

In a second step 124, unit 20 calculates an excess

capacity, Crx, for BTS 18 according to an eqguation (3):

(RX NOISE—(RSSI dBm+RSSI CORRECT _VAL))
Crx =10 10 (3)

Typically, the wvalue of Cgrx is approximately 0.5

(corresponding to a loading of 50%) or approximately 0.25

p—
—

(corresponding to a loading of 75%), since lower values otf

Crx, corresponding to higher loading values, may lead to
transmitted traffic being perceived to be of sub-optimal

quality.
In a final step 126, unit 20 ensures that the

calculated wvalue of RL_EXCESS CAP is within limits of 0%
and 100% by applying a limiting equation (4) to the excess
value Cgrx determined in step 128.

RL. EXCESS _CAP = min(CRrx;l) x100% (4)
Returning to Fig. 1, antenna 16 may comprise two Or

more antennas, which each have separate and generally

similar receiving systems 24. In this case, by using a

process of diversity known in the art, signal reception in
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the sector corresponding to area 14 may be i1improved

compared to reception using a single antenna.

In the case of two or more antennas 16, the processes

described above may be applied separately to each receiving

system of the respective antennas, to estimate a reverse

link excess capacity for each of the systems. Typically,

the estimation that is used may then be based on the worst

of the estimates, or on an average of some or all of the

different receiving system estimates. Since the receiving

systems are distinct systems, control unit 20 may use the

same or different i1nitial wvalues of wvariables, such as

AGE_FACTOR and/or AGE_PERIOD, for each receiving system in

implementing the processes described above.

Tt will be appreciated that the embodiments described

above are cited by way of example, and that the present

invention is not limited to what has been particularly

shown and described hereinabove. Rather, the scope of the

present invention includes both combinations and

subcombinations of the various features described
hereinabove, as well ag wvariations and modifications

thereof which would occur to persons skilled in the art

upon reading the foregoing description and which are not

disclosed in the prior art.
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CLAIMS
1. A method for estimating a size of reverse 1link

resources provided by a base-station transceiver system

(BTS), comprising:

performing a first measurement of a first signal

strength received at the BTS;

performing, subsequent to the first measurement, a
second measurement of a second signal strength received at

the BTS;

performing, subsequent to the second measurement, a

third measurement of a third signal strength received at

the BTS;

comparing the first measurement with the second

measurement so as to determine an initial minimum signal

strength;

adding at a predetermined time an aging value to the

initial minimum signal strength so as to form an updated

minimum signal strength;

forming a comparison between the updated minimum
signal strength and the third measurement;

determining from the comparison a minimum of the

updated minimum signal strength and the third measurement

to be a minimum received signal strength; and
determining the size of the reverse link resources

provided by the BTS in response to the minimum received

signal strength.

2. The method according to claim 1, wherein the size of
the reverse link resources comprises a numpber of channels

allocated by the BTS.

3. The method according to claim 1, wherein the size of
the reverse link resources 1s substantially equal to a

number of users of the BTS.

4. The method according to claim 1, wherein determining
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the size of the revergse link resources comprises

performing, subsequent to the third measurement, a fourth

measurement of a fourth signal strength received at the

BTS, and forming a further comparison between the fourth

measurement and the minimum received signal strength.

5. The method according to claim 4, wherein determining

the size of the reverse 1link resources comprises

determining a reverse link excess capacity of the BTS 1in

response to the further comparison.

6 . The method according to claim 1, wherein the BTS

comprises a first receiver and a second receiver, wherein:

performing the first measurement comprises performing

a first-receiver-first-measurement and a second-receiver-

first-measurement of the first signal strength;
performing the second measurement comprises performing
a first-receiver-second-measurement and a second-receliver-
second-measurement of the second signal strength;
performing the third measurement comprises performing
a first-receiver-third-measurement and a second-receiver-

third-measurement of the third signal strength;

wherein comparing the first measurement with the

second measurement comprises:

—~ 4

comparing the first-receiver-first-measurement with

the first-receiver-second-measurement so as to determine a

first-receiver-initial-minimum-signal-strength; and
comparing the second-receiver-first-measurement with

the second-receiver-second-measurement so as to determine a

second-receiver-initial-minimum-signal-strength;

wherein adding at the predetermined time comprises:

adding at a first-receiver-predetermined-time a first-

receiver-aging-value to the first-receiver-initial-minimum-

signal-strength so as to form a first-receiver-updated-
updated-minimum-signal-strength; and

adding at a second-recelver-predetermined-time a
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second-receiver-aging-value to the second-receiliver-initial-
minimum-signal-strength so as to form a second-receiver-

updated-updated-minimum-signal-strength;

wherein forming the comparison comprilses:
forming a first-receiver-comparison between the first-
receiver-updated-updated-minimum-signal-strength and the

first-receiver-third-measurement; and

forming a second-receiver-comparison between  the

second-receiver-updated-updated-minimum-signal-strength and
the second-receiver-third-measurement;
wherein determining from the comparison comprises:
determining from the first-receiver-comparison a

first-receiver-minimum of the first-receiver-updated-

updated-minimum-signal-strength and the first-receiver-

third-measurement to be a first-receiver-minimum-received-
signal-strength; and
determining from the second-receiver-comparison a

second-receiver-minimum of the second-recelver-updated-

updated-minimum-signal-strength and the second-receiver-
third-measurement to be a second-receiver-minimum-received-
signal-strength; and

wherein determining the size of the reverse 1link

resources comprises determining the size 1in response to at

least one of the first-receiver-minimum-received-signal-

strength and the second-receiver-minimum-received-signal-

strength.

7 . Apparatus for estimating a size of reverse link

resources provided by a base-station transceilver system

(BTS), comprising a control unit which is adapted to:

perform a first measurement of a first signal strength

recelived at the BTS:

perform, subsequent to the first measurement, a second

measurement of a second signal strength received at the

BTS;
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perform, subsequent to the second measurement, a third

measurement of a third signal strength received at the BTS;

compare the first measurement with the second
measurement so as to determine an initial minimum signal
strength;

add at a predetermined time an aging value to the
initial minimum signal strength so as to form an updated
minimum signal strength;

form a comparison between the updated minimum signal
strength and the third measurement;

determine from the comparison a minimum of the updated

minimum signal strength and the third measurement to be a

minimum received signal strength; and

determine the size of the reverse 1link resources

provided by the BTS in response to the minimum received

signal strength.

8. The apparatus according to claim 7, wherein the size

of the reverse 1link resources comprises a number oL

channels allocated by the BTS.

9. The apparatus according to claim 7, wherein the size

of the reverse link resources is substantially equal to a

number of users of the BTS.

10. The apparatus according to claim 7, wherein

determining the size of the reverse link resources

comprises performing, subsequent to the third measurement,

a fourth measurement of a fourth signal strength received

at the BTS, and forming a further comparison between the

fourth measurement and the minimum received signal

strength.

11. The apparatus according to «claim 10, wherein

determining the size of the reverse 1link resources

comprises determining a reverse link excess capacity of the

BTS in response to the further comparison.
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12. The apparatus according to claim 7, wherein the BTS
comprises a first receiver and a second receiver, wherein:

performing the first measurement comprises the control

unit performing a first-receiver-first-measurement and a

second-receiver-first-measurement of the first signal

strength;

performing the second measurement comprises the
control unit performing a first-receiver-second-measurement

and a second-receiver-second-measurement of the second

signal strength;

performing the third measurement comprises the control

unit performing a first-receiver-third-measurement and a

second-receiver-third-measurement of the third signal

strength;

wherein comparing the first measurement with the

second measurement comprises the control unit:

comparing the first-receiver-first-measurement with

the first-receiver-second-measurement so as to determine a
first-receiver-initial-minimum-signal-strength; and
comparing the second-receiver-first-measurement with

the second-receiver-second-measurement so as to determine a

second-receiver-initial-minimum-signal-strength;
wherein adding at the predetermined time comprises the

control unit:

adding at a first-receiver-predetermined-time a first-
receiver-aging-value to the first-receiver-initial-minimum-
signal-strength so as to form a first-receiver-updated-
updated-minimum-signal-strength; and

adding at a second-receiver-predetermined-time a
second-receiver-aging-value to the second-receiver-initial-
minimum-signal-strength so as to form a second-receiver-
updated-updated-minimum-signal-strength;

wherein forming the comparison comprises the control

unit:
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forming a first-receiver-comparison between the @
receiver-updated~-updated-minimum-signal-strength and the
first-receiver-third-measurement; and
forming &a second-receiver-comparison between  the
second-receiver-updated-updated-minimum-signal-strength and
the second-receiver-third-measurement;
wherein determining from the comparison comprises the
control unit:
determining from the first-receiver-comparison a
oo e e Ppepgt-receiver-minimum - - -0f~- --the- —-first-receiver-updated---- - -~
updated-minimum-signal-strength and the first-receiver-
third-measurement to be a first-receiver-minimum-received-
:signal—strength; and
determining from the second-receiver-comparison a
second-receiver-minimum of the second-receiver-updated-
updated-minimum-signal-strength and the second-receiver-
third-measurement to be a second-receiver-minimum-received-
signal-strength; and
wherein determining the size of the reverse 1link
resources comprises the control unit determining the size

in response to at least one of the first-receiver-minimum-
recelived-signal-strength and the second-receiver-minimum-

received-signal-strength.

13. Apparatus for estimating a size of reverse 1link
- o rregources provided by a base-station. transceiver: system-~-

(BTS), comprising:

means for performing a first measurement of a first
signal strength received at the BTS;

means for performing, subsequent to the first
measurement, a second measurement of a second signal
strength received at the BTS:

means for performing, subsegquent to the second

AMENDED SHEET
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measurement, a third measurement of a third signal strength
‘received at the BTS; - ' -

means for comparing the first measurement with the
second measurement so as to determine an initial minimum
signal strength;

means for adding at a predetermined time an aging
value to the initial minimum signal strength so as to form
an updated minimum signal strength;

means ‘for forming a comparison between the updated

weeeees oo co= o mindmum -Stgnal strengthand—thethird measurements; - -~~~ = e e o

means for determining from the comparison a minimum of
the updated minimum signal strength and the third
measurement to be a minimum received signal strength; and

means for determining the size of the reverse link
resources provided by the BTS in response to the minimum

received signal strength.

14. The apparatus according to claim 13, wherein the size
of the reverse 1link zresources comprises a number of

channels allocated by the BTS.

15. The apparatus according to claim 13, wherein the size
of the reverse link resources is substantially equal to a

number of users of the BTS.
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16. The apparatus according to claim 13, wherein
determining the size of the reverse 1link resources
comprises performing, subsequent to the third measurement,
a fourth measurement of a fourth signal strength received
at the BTS, and forming a further comparison between the
fourth measurement and the minimum received signal

strength.
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'17. The apparatus according to claim 16, wherein
determining the size of the reverse 1link resources
comprises determining a reverse link excess capacity of the
BTS in response to the further comparison.
18. The apparatus according to claim 13, wherein the BTS
comprises a first receiver and a second receiver, wherein:
i s e - I@AN S~ £O0TY - performing.--the first..measurement...comprises.. .

means for performing a first-receiver-first-measurement and

a second-receiver-first-measurement of the first signal

strength;

means for performing the second measurement comprises
means for performing a first-receiver-second-measurement
and a second-receiver-second-measurement of the second
signal strength;

means for performing the third measurement comprises
means for performing a first-receiver-third-measurement and
a second-receiver-third-measurement of the third signal

strength;

wherein means for comparing the first measurement with

the second measurement comprises:

means for comparing the first-receiver-first-
measurement with the first-receiver-second-measurement so

as to determine a first-receiver-initial-minimum-signal-

T 2 9 v A - » e .ﬁ * wa s, * pes FEER .o ';'.
..... e ¢ o @ o T o . - R - L v r { 2 I pl‘sta L " fe L g R

means for comparing the second-receiver-first-
measurement with the second-receiver-second-measurement so

as to determine a second-receiver-initial-minimum-signal-

strength;

wherein means for adding at the predetermined time

comprises:

AMENDED SHEET
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means for adding at a first-receiver-predetermined-
time a first-receiver-aging-value to the Ffirst-receiver-- -
initial-minimum-signal~-strength so as to form a first-
receliver-updated-updated-minimum-signal-strength; and

means for adding at a second-receiver-predetermined-
time a second-receiver-aging-value to the second-receiver-
initial-minimum-signal-strength so as to form a second-
receiver-updated-updated-minimum-signal-strength;

wherein means for forming the comparison comprises:

e e e ceemeans ~for cforming—a—-first-receliver-comparison-—betweaern e o

the first-receiver-updated-updated-minimum-signal-strength
and the first-receiver-third-measurement; and

means for forming a second-receiver-comparison between
the second-receiver-updated-updated-minimum-signal-strength
and the second-receiver-third-measurement :;

wherein means for determining from the comparison
comprises:

means for determining from the first-receiver- -
comparison a first-receiver-minimum of the first-receiver-
updated-updated-minimum-signal-strength and the first-
receiver-third-measurement to be a first-receiver-minimum-
received-signal-strength; and

means for determining from the second-receiver-
comparison a second-receiver-minimum of the second-
receiver-updated-~updated-minimum-signal-strength and the
second—recelver thlrd-measurement to be a second—recelver-
mlnlmum-—-recelved sa_gnal strength and | | I

wherein means for determining the size of the reverse
link resources comprises means for determining the size in
response to at least one of the first-receiver-minimum-
received-signal-strength and the second-receiver-minimum-

received-signal-strength.

AMENDED SHEET
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FIG. 3
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FIG. 4
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