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In mobile radio communication systems such as, for example, code
division multiple access (CDMA) communication systems, the transmit
power levels of signals sent between a base station and a mobile station are
carefully controlled using power control loops. Typically, one power control

25 loop is used to maintain the power level of signals on the forward link (i.e.,
signals sent from the base station to a mobile station) between a minimum-
and a maximum level. A different power control loop is similarly used to
maintain the received signal to noise ratio of signals sent on the reverse
link (i.e., the SNR measured at the base station of signals sent from a mobile

30 station to the base station) between a minimum desired level and a
maximum desired level. These power control loops typically adjust the
transmit power of a signal upward or downward in fixed step wise
increments (e.g., plus or minus 1 dB) in order to maintain either the power
level or the signal to noise ratio of the signal between the minimum and

35 maximum desired levels.

In early CDMA systems, forward link power control was typically
accomplished using an open power control loop, whereas the reverse link
power control system used a closed power control loop. Current CDMA

systems use a closed power control loop for forward link power control and
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SUMMARY OF THE INVENTION

The present invention maximizes the capacity of a given cell by
adjusting one or both limits of a power control loop based on the position of
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be used for controlling the minimum thresholds associated with both the

forward and reverse link power control loops, and is especially useful in
mixed wireless networks where there are both fixed position wireless users
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20 the morphology between the mobile station and the base station (and
optionally the velocity of the mobile station) vary.

In accordance with a still further aspect, the step size of a power
control loop (i.e., the step wise power increment used in the power control
loop to adjust the transmit power of the signal upward or downward) is also

25 adjusted in accordance with the velocity information such that the step siz~
varies as the velocity of the mobile station varies. In accordance with this
aspect, the step size used by the power control loop is preferably reduced for
stationary or slow moving mobile stations, and the step size is increased
when a mobile station begins moving more quickly. This aspect of the

30 invention can be used for controlling the step size of either a forward link or
reverse link power control loop.

BRIEF DESCRIPTION OF THE DRAWINGS

35 In order that the invention can be appreciated, a more particular
description of the invention briefly described above will be rendered by
reference to a specific embodiment thereof which is illustrated in the
appended drawings. Understanding that these drawings depict only a typical
embodiment of the invention and are not therefore to be considered
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accordance with this aspect of the invention,
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15 TABLE I

In one embodiment, the power control loop values stored in the table

are determined empirically by collecting data reflecting the power

requirements of a mobile user as the user moves to different locations

within a cell.

For example, the data can be collected by giving a mobile
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the velocity of the mobile station. This aspect of the invention recognizes

that low mobility users (e.g., mobile stations moving at less than 5 mph or
35 pedestrian speed) will experience less fading than higher mobility users and
that, as a result, the forward and reverse links associated with lower
mobility users can operate within tighter power control limits. In
accordance with this aspect of the invention, in cases where the user is
moving below a predetermined speed such as 5 mph, a predetermined
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14 CLAIMS 1. In a nobile station for use in a CDVA wirel ess contridiyapgjon
system having at | east one base station and characterized by a reverse

| i nks power control |oop, a nmethod conprising: identifying a current
positi MO 33#We nobile station; selecting at | east one oPCHYSWRFEM | i mit
signal to noise ratio (SNR) and a oW linit SNR associated with the

aent £ yeRD s REF Rl SyRat RS RoP e oot S ety Ukl s
adj ust i mgobile stwticac tresl-eataborast celhendf onmtsuppbilith ivdriesSNR and t he | ower
whrein the sersenpng® s Byt Fodnell blund prai RN, fi ™
pr e- def il X 0oRVIN b RR _ M A X heandt TR _MIbaivaldes ftvenethe ocgeogr aphi c
Ee' 51 s t%B%rcﬂ%_t@bEéﬂ B¥sed & %@'dﬁh%ilﬂ&. fgrf (u?l!b‘éﬁg? (RPN FhoBleY s G PY 8
ase statron, identifyrng a current position involves identifying a region
in a gedgfaihreingappliedetontdisi foawardiangrreverssy isknpoyer seatwed.logps, Tie et hod
RO st e R I L A L - MR
of the c{NﬁeﬁﬂhﬁmsVﬁ i from dat Sook rHR talengay cbe appled toogk‘?j%"t"‘éﬁ%ns, e
al one oraridré@¥be MK powirtdonds? loaperwithioas.ang. adjuetiehhdshsed ol gen 1,
S
i dent i f ygmbodimentst of ¢he piresenit indention) rthe Byl Avd e PMIDY - uSINIG_MreXgur r ent
Posi L1 o Adigk_MAS!, 9Ruc rRAP bePahiskel FasHEBHYY SBRNERe BRI SF LT On.
velocity of the mobile station (and not the location of the mobile statio1.
within the cell) before being applied to the forward and reverse link power
15 control loops by making the PMAX;, PMIN,, SNR_MAX; and
SNR_MINy, values in the look up table location independent (i.e., in these
embodiments the values in the table are set so that they do not vary based
on position of the mobile station within the cell).
Referring now to Figure 2, there is shown a map of a cell 200 with
20  several geographical regions (RO, R1, R2 and R3) each of which has different
minimum and maximum thresholds associated therewith for controlling
the transmit power of forward and reverse link signals transmitted from
such regions to a base station. In this embodiment, the limits of the forward
and reverse link power control loops vary in a stepwise manner based on
25 regions within the cell. Thus, one set of PMAX,, PMIN;, SNR_MAX;, and
SNR_MIN,, values will be extracted from the look up table in step 130 -
whenever the mobile station is operating in region R0, a second set of
PMAXg, PMIN;, SNR_MAX,, and SNR_MIN,, values will be extracted
from the look up table whenever the mobile station is operating in region
30 Rl and so on. It will be understood by those skilled in the art that the
PMAX.,, PMIN;,, PSN_MAX;, and SNR_MIN;, values could alternatively
vary in a more continuous or less regular manner as a function of the
distance of the mobile station from the center of the cell.

Referring now to Figure 3, there is a block diagram showing the

35 components of an exemplary code division multiple access (CDMA) mobile
station 300 used for implementing the power control systems of the present
invention. The mobile station includes an antenna system 330, which is
coupled through diplexer 332 to analog receiver 334 and transmit power
amplifier 336. Antenna system 330 and diplexer 332 are of standard design
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position is determ ned _i,ngléllfferential GPs”™. . ) .
' have two or more digital data receivers to permit diversity reception. The

outputs of receivers 340 and 342 are provided to diversity and combiner ~
15  circuitry 348 which time adjusts the two streams of data received from the
receivers 340 and 342, adds the streams together and decodes the result.
Details concerning the operation of the digital data receivers 340, 342, the
search receiver 344, and the diversity combiner and decoder circuitry 348 are
described in U.S. Patent No. 5,101,501 entitled “Method and Apparatus for
20 Providing A Soft Handoff In Communications In A CDMA Cellular
Telephone System”, which is assigned to the assignee of the present
invention and incorporated herein by reference.
An output signal is provided from the decoder 348 to control
processor 346. The output signal from the decoder will include, for example,
25 any pilot signals from the base stations that will be used for making
positional measurements, timing signals received from the GPS system, and
other information such as modeling information and base station position
information sent from a base station to the mobile unit. In response to this
information, the control processor 346 determines the forward and/or
30 reverse link power control parameters in accordance with the method
shown in Figure 1 and the reverse link power control parameters are used
with the power control unit in the mobile station to control the power level
of the reverse link signals from the mobile station. All the steps shown in
Figure 1 are preferably implemented in software on control processor 346;
35 however, it will be understood by those skilled in the art that many of these
steps could alternatively be implemented in the system infrastructure.
Referring now to Figure 4, there is shown a block diagram of the
components of an exemplary CDMA base station 400 used for implementing
the forward and reverse link power control systems of the present
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one of an eLiglpmme Ine | p051t10n information used in the present invention, and th.
processor is also preferably used for performing the modeling of the mobile

15 velocity in step 120. Cell site processor 478 optionally determines the
forward and/or reverse link power control parameters in accordance with
the method shown in Figure 1, and the forward link power control
parameters are used with the power control unit in the base station to
control the power level of the forward link signals from the base station.

20 Both receiver systems are coupled to diversity combiner and decoder
circuitry 480. A digital link 482 is used to communicate signals from and to
a base station controller or data router under the control of control processor
478. Signals received on antenna 460 are provided to analog receiver 462,
where the signals are amplified, frequency translated and digitized in a

25 process identical to that described in connection with the mobile statior
analog receiver. The output from the analog receiver 462 is provided to -
digital data receivers 466 and 468 and searcher receiver 464. The second
receiver system (i.e., analog receiver 472, searcher receiver 474 and digital
data receiver 476) processes the received signals in a manner similar to the

30 first receiver system. The outputs of the digital data receivers 466, 476 are
provided to diversity combiner and decoder circuitry 480, which processes
the signals in accordance with a decoding algorithm. Details concerning the
operation of the first and second receiver systems and the diversity
combiner and decoder 980 are described in U.S. Patent No. 5,101,501 entitled

35 “Method and Apparatus for Providing A Soft Handoff In Communications
In A CDMA Cellular Telephone System”, incorporated above. Signals for
transmission to mobile units are provided to a transmit modulator 484
under the control of processor 478. Transmit modulator 484 modulates the
data for transmission to the intended recipient mobile station.
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may be applied to other embodiments without the use of inventive faculty.
Thus, the present invention is not intended to be limited to the methods ~
15 and apparatuses shown herein but is to be accorded the widest scope
consistent with the claims set forth below.
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4. The method of claim 1, wherein the identifying of the current position is

determined using differential GPS.

5. - The method of claim 1, wherein the identifying of the current position is

determined using terrestrial base stations, alone or in combination with GPS information.

6. The method of claim 1, wherein dynamically adjusting further involves using the

current velocity to redefine a power adjustment step.

7. The method of claim 6, wherein identifying current velocity is determined by
modeling, using the current position and at least one of past positional measurements, map

information, and filtering.
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11.  The method of claim 10, wherein the selecting and dynamically adjusting is

performed using predefined look-up tables.

12. - The method of claim 10, wherein a geographic cell is characterized by a plurality
of different regions serviced by a base station, identifying a current position involves

identifying a region in a geographic-cell the mobile station is presently located.

13. The method of claim 10, wherein the identifying of the current position is

determined using differential GPS.

14. The method of claim 10, wherein the identifying of the current position is

determined using terrestrial base stations, alone or in combination with CPS information.
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position;

- means for identifying a current velocity of the mobile station; and -
means for dynamically adjusting the selected at least one of an upper limit SNR

and the lower limit SNR on the basis of the current velocity.

20. A base station for use in a CDMA wirless communication system servicing least
one mobile station and characterized by a forward link power control loop, comprising:
means for identifying a current position of the mobile station;
means for selecting at least one of an upper limit signal to noise ratio (SNR) and a
lower limit SNR associated with the forward link power control on the basis of the current
position;

means for identifying a current velocity of the mobile station; and
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SNR associated with the forward link power control on the basis of the current position;
identifying a current velocity of the mobile station; and
dynamically adjusting the selected at least one of an upper limit SNR and the lower

limit SNR on the basis of the current velocity.



