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FORWARD AND REVERSE LINK POWER
CONTROL USING POSITION AND MOBILITY
INFORMATION |

BACKGROUND OF THE INVENTION

L Field of the Invention

The present invention relates generally to mobile radio
communication systems. More particularly, the present invention relates to
power control systems. for controlling the power level of signals sent-on the
forward links of a mobile radio. communication system, and for controlling

the signal to noise ratios of signals sent on the reverse links of a mobile

radio communication system. Even more particularly, the present

invention relates to a novel system and method that dynamically adjusts. *

the parameters of forward and reverse link power control loops based upon- :
the position and velocity of a mobile station. '

I_L _ Description of the Related Art

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
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
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
maximum desired levels.

In carly 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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it is expected that future CDMA systems will continue to use a closed power
control loop for forward link power control. S

Each geographic cell in a mobile radio communication system is
typically serviced by a base station associated with the cell. In current
systems, the parameters of the forward link power control loop (i.e. the
minimum power level, maximum power level; and step size associated
with the forward link power control loop) and the. limits of the reverse link
power control loop (ie., the minimum desired signal to noise ratio,

-maximum desired signal to noise ration, and step size ‘associated with the

reverse link power cbntrol loop). do not vary as the location and velocity of

' _moblle units w1th1n the cell varies.

The transmit power requirements of- 51gnals sent between a base
station and a mobile station vary as the mobile station moves within a cell.

‘For example, as the mpbilé station moves closer to the base station, less
transmit power is often required on the reverse link to achieve the same
. signal-to-noise ratio of the received signal at the base station. Thus, as the
- mobile station moves closer to the base station, the transmit power on the
. Teverse link can often:be-reduced while mamtammg the same signal-to-
'n01se ratio of the received 31gna1 at the base statmn In addition, less

transmit power is also often required when the mobile station is stationary

~or moving slowly (as opposed to moving . quickly) to achieve the same

signal-to-noise ratio of the received signal at the base station. Thus, as the
mobile station slows down, the transmit power on the reverse link can
often be reduced while maintaining the same mgnal—to—nmse ratio of the
received signal at the base station. ' '

The capacity of a given mobile radio communication system is

limited by the transmit power available to the base station and the signal to

noise ratio requirement on the reverse link. Thus, the capacity of the
system could be increased if the base station transmit power and/or the
signal to noise ratio on the reverse link in the sysfem are reduced. In view
of this, it would be desirable to have a power control system that could
dynamically adjust the parameters of the forward and reverse link power
control loops in response to the changing position and/or speed of a mobile
station, so as to conserve transmit power and increase cell capacity.

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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a mobile station within the cell. In one embodiment, the present invention

dynamically adjusts the parameters of a power control loop that attempts to
maintain the transmit power of a signal sent from a base station to a mobile

-station above a minimum threshold. In this embodiment, -location

information that is representative of the distance and the morphology
between the mobile station and the base station is determined. The
minimum threshold of the power control loop is then adjusted in
accordance with. the location information such that the minimum
threshold varies as the distance and the"morphology between: the mobile

- station and the base station change. A transmitter then transmits the signal.

at a power level that is controlled by the power control loop with the.
adjusted minimum threshold. This aspect of the invention can be used for
controlling the minimum power level associated with the forward link
power control loop. _ : . S
In a further embodiment, the present invention dynamically adjusts.
the parameters of a power control loop that attempts to maintain the signal -
to noise ratio of a signal sent from the mobile station to the base station

above a minimum threshold. In this embodiment, location information: . .-

that is representative of the distance and the morphology between the:
mobile station and the base station is determined. The minimum threshold .

~ of the power control loop is then adjusted in accordance with the location -

and the morphology information such that the minimum threshold varies
as the distance and the morphology between the mobile station and the. base:
station change. A transmitter then transmits the signal at a power level that
is controlled by the power control loop with the adjusted minimum
threshold. This aspect of the invention can be used for controlling the
minimum desired signal to noise ratio (i.e., the minimum desired signal to
noise ratio of a reverse link signal received at the base station) in a reverse-
link power control loop.

In accordance with further alternative embodiments, the present
invention also determines velocity information that is representative of the
velocity of the mobile station. In these embodiments, the minimum
threshold of a power control loop is adjusted based on the velocity
information alone or, alternatively, the minimum threshold of the power
control loop is adjusted based on both the velocity information and the
current position of the mobile station. This aspect of the invention can also
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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(also referred to as wireless local loop users) 'an'd 'mobilewirelé'ss users (i.e.,
wireless users ‘that change position)) In- such mixed wireless networks,
‘ad]ustment of the minimum thresholds associated with both the forward
- and reverse link power control loops based on the velocity of wireless user

5 _ensures efficient allocation of: system resources ;

o " In accordance with a still further aspect the .maximum threshold of a
’_forward link power control loop (ie., the . power level below which the
'_.power control loop attempts to maintain the transmit power of the signal

.. sent from the base station) is'also adjusted in accordance with the location

10 "mformahon (and optlonally the velocity mformatlon) such that the

" maximum threshold varies as the distance and the morphology between the
‘mobile station and the base station (and ophonally the veloc1ty of the

e wl mobrle statlon) vary. - - i - o '

e T " In-accordance with yet a further aspect the maximum threshold of a

15 reverse link power control loop (i.e., the maximum desired signal to noise

ratio below which the power control loop attempts to maintain the signal to
noise ratio of a reverse link sié-nal received at a base station) is also adjusted
in accordance with the location information (and optionally the -velocity

: information) such that the maximum threshold varies as the distance and

- 20.. _the morphology between. the - mobilé “station and the base. station (and

optionally the velocity of the mobile station) vary.’ S
- In accordance with -a still further aspect, the step size 'of a power
lcontrol loop (1e the step wise power increment used in the power control

- ".,loop to adjust the transmit power of the s1gnal upward or downward) is also

25 'adjusted in accordance with the velocity mformatron such that the step size

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
- '-'statronary 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 elther a forward link or

reverse link power control loop

: ZBRIEF 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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limiting of its s'ébpe, the invention and the presently understood best mode
thereof will be described and explained with additional specificity and detalls
through the use of the accompanying drawings in which:

Figure 1 is a flow diagram of a method for adjusting the minimum
and maximum limits of the forward and reverse link power control loops
in a mobile radio communication system, in accordance with a preferred
embodiment: of the present invention.

Figure 2 is’a map. showing a cell with several geographical regions
each of which has a different minimum power threshold associated
therewith for controlling the transmit power of reverse link signals
transmitted from such regions to a base station, in accordance w1th a
preferred embodiment of the present invention. : o

Figure 3 is a block diagram showing the components of an exemplary
CDMA mobile station used to implement the power control systems of the
present invention. :

Figure 4 is a block diagram showing the components of an exemplary
CDMA base station used to implement the power control systems of the
present invention. - '

DETAILED DESCRIPTION OF THE PREFERRED
- EMBODIMENT

Referring now to Figure 1, there is shown a ﬂdw diagram of a method
for adjusting the minimum limits, maximum limits, and step size
increments of the forward and reverse link power control loops in a mobile
radio communication system, in accordance with a preferred embodiment
of the present invention. In step 110, a position P(x, y) of the mobile station
is determined using, for example, measurements from both the Global
Positioning Satellite (GPS) system and the system infrastructure. The
position of the mobile station is preferably determined in . this step using
differential GPS and in accordance with the method disclosed in U.S. Patent
Appl. No. 09/040,501, entitled “System and Method for Determining The
Position of a Wireless CDMA Transceiver,” filed March 17, 1998, which is
owned by the assignec of the present invention, and the contents of which is
incorporated herein in their 'entirety by reference. . In an alternate
embodiment, the position of the mobile station can be determined using at
least three (and preferably more) terrestrial base stations in the system
infrastructure.
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L _' table assoc:ated with a cell (such as Table I below) in order to determine the
.. upper and lower limits of the forward and reverse link power control loops.

6

- In step 120, the motion of the mobile station is modeled (preferably
using past positional measurements) in order to estimate the current
velocity (or a range of potential velocities) .of the miobile station. Map
information, which places the mobile station on'a street or-highway, which
is oriented in a known direction, may also be used to model the current
velocity of the mobile station. Filtering methods can further enhance this
trajectory estimation technique. A good example is to use a Kalman filter to
adaptively track the mobile trajectory and hence predxct its dynarmc state in

‘terms of speed and position.

In step 130 the posmon of the moblle stanon is. apphed to a look up

_P_os_iﬁo_n Information - Fdrward Link PC|Reverse. Link .PC  Loop
S | .. |loopLimits - . . |Limits = .
Longitude | Latitude | Power |Power Desired SNR | Desired..
| | Ceiling | Floor Maximum |[SNR
| Minimum
X Y. . | PMAXI, PMIN]; (SNR_MAXI _S.NR—MINl
: | | o - m. IR
X - |w | PMAX2, |PMIN2,; | SNR_MAX2 | SNR_MIN2
_ T I 1.
I Ay | PMAX3,; | PMIN3,, | SNR_MAX3 | SNR_MIN3
X, |y, |PMax4, |PMINg, |SNR_MAX4 |SNR_MIN4
' | | | RL . RL -
TABLEI

In one embodiment, the power control loop values stored in the table
are determined empmcally by collectmg data reﬂectmg 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




10

15

20

25

30

35

WO 00/33478 s - . e PCT/US99/28394

7

station with position location capability to a postman and monitoring the
power requirements of the mobile station as the post man moves about the
cell making. postal deliveries. In this embodiment, the forward link power
levels and the reverse link signal to noise ratio are monitored and stored at

different locations in the cell as the mobile station moves about the cell. -

Thereafter, for each location or region in the cell being monitored, the
SNR_MAXy, and: SNR_MIN,, values — which represent the minimum

and maximum desired signal to noise ratios associated with the reverse link

power control loop to be applied at the: location or region — are selected: by,
for example, adding and subtracting predetermined margins from the

reverse link signal to noise ratio of the reverse link signhal that was '
measured at the base station when the mobile station was in the location or -

region. . In other words, the SNR_MAX,; value for the region will be set by

adding a predetermined margin of dB to the reverse link signal to noise .-

ratio that was measured at the base station when the mobile station was in
the location or region, and the SNR_MIN,, value for the region will be set.
by subtracting a predetermined margin of dB from the reverse link signalto
noise ratio that was measured at the base station when the mobile station

was in the location or region. Similarly, for each location or region in’ theé

cell being monitored, the PMAX;; and PMIN}, values — which represent the = -
_power ceiling and floor of the forward link power control loop to be applied
at the Jocation or region -- are selected by, for example, adding and
subtracting predetermined power margins from the measured forward link = - -
power level in the location or region. In other words, the PMAX value for . -
the region will be set by adding a predetermined margin of dB to the forward’

link power level that was measured  when the mobile station was in ‘the
location or region, and the PMIN,, value for the region will be set by
subtracting a predetermined margin of dB from the forward link power
level that was measured when the mobile station unit was in the location or
region. '

In step 130, after the PMAX;;, PMINg, SNR_MAX,, and SNR_MIN,,

values are selected from the look up table, the values are adjusted based on:

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
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



WO 00/33478 _ g PCT/US99/28394

- .amount (e.g., 2 dB) is subtracted from the PMAX, and SNR_MAX,, values
- and a predetermined amount (e.g., 2 dB) is. added to the PMIN, and
- SNR_MIN,, values before the PMAX;, PMIN,, SNR_MAX;, and
- SNR_MIN,, values. are applied to the power control loops in steps 140 and
+ 5 150. This aspect of the invention similarly recognizes that high mobility
. users (e.g., mobile. stations moving at more than" 35 mph) will experience |
. more fading than lower mobility users and that, as a result, the forward and
- reverse links .associated with such higher mobility users should operate-
.. within wider power control limits. In accordance with this. aspect. of the
_ 10 - invention, in cases where the user-is moving above a predetermined speed
. such as, for example, 35 mph, a predetermined amount (e.g., 2.dB) is added
. -to-the PMAX; and SNR_MAX,, values and a--predétermined amount (e.g.,
- w2 dB) is subtracted from the PMINy and SNR_MINy; values before the
- . PMAX, PMIN,, SNR_MAX,, and SNR MINR,_ values are apphed to the
...+ 15 ., power control loops in steps 140 and 150. :
; Adjustment of the. PMAX, PMINW SNR. MAXRL and SNR_MIN,,
. - based on the velocity of the;mobile station’as is done in step 130 is.especially
- important in mixed wireless networks where there are both fixed position’
- wireless users. (also: referred to. as ‘wireless_local “loop users) and mobile
20. .. wireless .users (i.e., wireless users that change position.). In such mixed
.+, wireless networks, adjustment of the: minimum thresholds associated with'-
L - + - both the forward and reverse link power control loops based on the velocity
oo oo of the wireless users ensures efficient allocation of system resources.. For
.« - : purposes of the present invention, the term."mobile station" shall: refer to a
- 25.. mobile station such as mobile station 300 shown in. Figure 3, regardless of
- .. whether the user of such station is a fixed position wireless user or a mobile
.- wireless user. : . o
In step 130, the velocity of the moblle station is also apphed to a.
second look up table (such as Table II below) in order to determine the
- 30 - power adjustments step sizes to be used in the forward and reverse link

. power control loops:
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Velocity Information - | Forward Link ‘PC| Reverse Link PC Loop
: : ~ | Loop Step Size - Step size
0 < Velocity < v, STEP1,, - |sTEPL,
v, < Velocity < v, STEP2;, | STEP2,,
v, < Velocity STEP3,, | STEP3,,
TABLEI

'The values stored in Table II preferably reflect that a smaller step size
will be required to adequately maintain the power or sign'al'to noise ratio of =
a signal within predetermined limits in cases where the mobile _'staf:ion" is-
moving more slowly. Where v, and v, are equal to 5 niph and 35 mph,

respectively, exemplary values for STEP1,, STEP2;, and STEP3;, are 0.25 dB,. .
0.5 dB and 1.0 dB, and exemplary values of for STEP1,,, STEP2;, and STEP3,, |
' are _, _ and 1 times the normal power increment step size on the forward -
- link power control loop. Use of this aspect of the invention reduces the
“power fluctuations on the forward and reverse links by keeping at a'

minimum the size of each power adjustment made by the power: control
loops. ' ' _
Although' in the embodiment described above, the power control
loop parameters were adjusted in step 130 by predetermined amounts based
on the velocity of the mobile station, it will be understood by those skilled
in the art that the particular amounts. used to adjust the poWer control loop
parameters represent a matter of design choice and that optimal va_Iues may
be determined using empirical data for a given cell. '
In steps 140 and 150, the PMAX,, PMIN,, SNR_MAX,, and
SNR_MINy, values from the first look up table'(which have been adjusted -
based on the mobility of the mobile station) are applied to the forward and '
reverse link power control loops and used as the upper and lower power
limits of these control loops. Si'mi'larly, the STEP,, and STEP,, values from
the second look up table are applied to the forward and reverse link power
control loops and used as the step size used for power adjustment by these
control loops. The process shown in Figure 1 is preferably repeated at
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regular intervals so that the power control loops are regularly updated as a

‘mobile station moves about a cell and/or its moblhty varies.

Although in the preferred embodiment of the present invention, the
PMAX;,, PMIN, QNR_MAXRL and SNR_MIN,, values from the look up
table are adjusted based on the mobility (or velocity) of the mobile station

- before being applied to the forward and reverse link power control loops, in

alternative embodiments the PMAX;, PMIN,, SNR_MAX; and
SNR_MINy, values from the look up.table may be applied to the forward

~and reverse link power control loops without any adjustment based on the
~mobility (or velocity) of the mobile station. In further = alternate
- embodiments of the present invention, the PMAXy, PMIN;, SNR_MAX,,

and SNR_MINg, values may be adjusted based only on the mobility or

wvelocity of the mobile station (and not the location .of the mobile station
.-within the cell) before. being applied to the forward and reverse link power
control loops by makmg the PMAXF,_, PMINPU SNR -MAXy, and
~SNR_MINy, values in the look up table- location independent (ie., in these
- embodiments the values-in the table are set so that' they do not vary based

on position of the moblle station w1th1n the cell).

Referring now to F1gure 2, there is shown a map of a cell 200 with
several geographlcal regions (RO, R1, R2 and R3) each of which has different
minimum and maximum thresholds assomated therew1th for controlling
the transmit power ‘of forward and reverse link 31gnals transmitted from
such regions to a base statlon In this embodiment, the limits of the forward
and reverse link power control loops vary in a stepwise manner based on

~ regions within the cell. Thus, one set of PMAXg, PMINg, SN R_MAX,, and
SNR_MIN,, values will be extracted from the look up table in step 130

whenever the mobile stahon is operating in region R0, a second set of
PMAX;, PMIN,,, SNR MAXRL and SNR_ MIN values W1ll be extracted

‘from the look up table whenever the mobile station is operating in region

R1, and so on. It will be understood by those skllled in the art that the
PMAX,, PMIN;,, PSN ~-MAXg, 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
components of an éxefnpl"ary code division multiple access (CDMA) mobile
station 300 used for 1mplementmg the power control systems of the present
invention. The mobile station includes an antenna system 330, which is
coupled through dlplexer 332 to analog receiver 334 and transmit power
émplifier 336. Antenna system 330 and diplexer 332 are of standard design



10

15

20.

25

30

35

WO 00/33478 L , o PCT/US99/28394

11

and permit simultaneous reception and transmission through one or more
antennae. Antenna system 330:optionally includes one antenna: for voice

traffic, and a separate antenna for receiving GPS signals. Antenna system
330 collects signals transmitted to the mobile station from one or more base

stations and the GPS system, and provides the signals though diplexer 332 to
analog receiver 334. Receiver 334 is also provided with an analog to digital
converter (not shown). Receiver 334 receives RF signals from diplexer 332, -
amplifies and frequency downconverts' the signals, and provides a digitized
output signal to digital data receivers 340, 342 and to search receiver 344. It -

will be understood that, although in the embodiment in Figure 3 only- two

digital-data receivers are shown, a low performance mobile station might -
have only a single digital data receiver while higher performance units will
have two or more digital data receivers to permit diversity reception. The
outputs of receivers 340 and 342 are provided to diversity and-combiner
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
Providing A Soft Handoff In Communications In A CDMA Cellular
Telephone System”, which is assigned to the assignce 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, -

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
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;
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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invention. At the base station, two receiver systems are utilized with each
having a separate antenna and analog receiver for diversity reception. In
each of the receiver systems, the signals are procés‘sed identically until the
signals undergo a diversity combination’ process. The elements within the
5 - dashed lines correspond to elements corresponding to the communications
between the base station and one mobile station. Referring still to Figure 4,
. the first receiver-::sysfem is comprised of antenna 460, analog receiver 462,
- searcher receiver 464 and digital data receivers 466 and 468. The second
- . receiver system includes antenna 470, analog receiV'ér 472, searcher receiver
10 474 and digital data receiver 476. Cell-site control processor 478 is used for
. signal processing and control. - Among other ‘things, cell site processor 478
“: ‘monitors the signals sent to and received from‘a mobile station in order to
determine the position information used in the present invention, and this
i processor is also preferably used for performing the' modeling of the mobile -
15 . welocity in step 120. Cell site: processor 478 optionally - determines the
- forward and/or reverse link power controlsparatneters-'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 amp'lified, frequency translated and - digitized in a
25. - process identical to that described in connection with the mobile station
. 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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Although ‘the present invention has been described in connection
with mobile radio communication systems that use CDMA modulation for
transmitting signals between the mobile station and the base stations in the -
system, it will be understood by those skilled in the art that the teachings of
the present invention could be applied in mobile radio communications
that use other modulation methods such as, for example, time division
-multiple access modulation, for communicating between the mobile station
and base stations in the system.

The previous description of the preferred embodiments is provided
to enable any person skilled in the art to make or use the present invention.

Various modifications :to the embodiments -described above will -be readily - -

apparent to those skilled in the art, and the generic principles defined herein
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 =

and apparatuses shown herein but is to be accorded the widest ‘scope: "
consistent with the claims set forth below. '
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CLAIMS

1. In a mobile radm telephone system havmg a mobile station
and at least one base station, wherein transmit poWer of a sxgnal sent from
the base station to the mobile station is controlled by a power control loop
that attempts to maintain the transmit ‘power of the signal above a first
threshold, a method for dynamically ad;ustmg the first threshold of the
power control loop comprising the steps of: . '

' (A)  determining location mformat10n that is representative of a
o distance and a morphology between the mobile station and the

base station; : : o '
(B) adjusting the first threshold of the power control -loop in
. accordance with the location information; and -
(C) . repeating steps (A) (B) while sending the signal ffom the base
station to the mobile station at-a.power level that is controlled
: by the power control loop

2. The method of clalm 1 wherem the flI'St threshold of the

: power control loop, is adjusted in step .(B) as the distance and the
.. morphology between the mobile station and the base station change.

3. 'I'he method of clann 1, wherem step (A) further comprlses -
determmmg velocity information that is representative of a velocity of the
mobile station, and step (B) comprises adjusting the first threshold of the
power control loop in accordance with the velocity information and the
location information. '

| 4, The method of claim 3, wherein the . first threshold of the
power control loop is adjusted downward in step (B) as the velocity of the
mobile station decreases. :

5. The method of claim 1, wherein the pot«_rer control loop further
attempts to. maintain the transmit power of the signal below a second
threshold, and step (B) further comprises adjusting '_the second threshold of
the power control loop in accordance with the location information.

R
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6. The method of claim 5, wherein step (A) further comprises
determining veloeify information that is represeritative of a velocity of the
mobile station, and step (B) comprises adjusting the first and seconds
thresholds of the power control loop in accordance with the velocity
information and the location information.

7. The method of claim 1, wherein the power control loop adjusts
the transmit power of the signal sent from the base station to the mobile -
station upward or downward' in stepwise increments each of which has a
step size, wherein step (A) further comprises determining velocity
information that is representative of a velocity of the mobile station, and
step (B) further comprises adjusting’ the stép size of the power control loop -
in accordance with the velocity information. '

8. The method of claim 1, wherein step (B) comprises the step of
applying the location information to a table to determine the first threshold.

9. The method of claim 8, wherein a geographic cell having a
plurality of different regions is serviced by the base station, and each of the- '
regions has a different value for the first threshold.

10.  In a mobile radio telephone system having a mobile station
and at least one base station, wherein a signal to noise ratio (SNR) of a signal -
sent from the mobile station to the base station is controlled by a power
control loop that attempts to maintain the SNR of the signal above a first
threshold, a method for dynamically adjusting the first threshold of the
power control loop comprising the steps of:

(A) determining location information that is representative of a
distance and a morphology between the mobile station and the
base station; :

(B) adjusting the first threshold of the power conirol loop in
accordance with the location information; and

(C)  repeating steps (A) - (B) while sending the signal from the
mobile station to the base station;
wherein the SNR of -the signal 'is controlled by the power

control loop during step (C). |

-
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_ 11.  The method of claim 10, wherein ‘the first threshold of the
power control loop corresponds to a minimum desued signal to noise ratio
of the signal sent from the mobile station to the base station.

12. The method of claim 11, wherein the first threshold is adjusted
~ in step (B) as the distance and the morphology between the mobile station
-and the base station change :

: 13. The method of. c1a1m 11, wherem step (A) further comprises
e determmmg velocity information: that is representative of a velocity of the
-. _".moblle station, and step (B) comprises adjusting the first threshold of the
. _power control loop in_accordance with the veloclty mformatron and the -
location information. : '

. ,l - 14, . The method of claim 13, wherein the first threshold of the
- - power control loop is. ad]usted downward in step (B) as the veloc1ty of the
.. mobile station decreases. - - '

g o 160 The method of cla1m 11, wherem the power- control 'loop

further attempts . to. maintain - the: SNR. of the signal below  a second
.. threshold, .and step (B): further comprises adjusting the second threshold of
" the power control. loop in-accordance with the locahon 1nformat10n

e - 16 The method of clarm 15 wherern the second threshold of the
__power control Ioop corresponds to a maximum . desired signal to-noise ratio
. of the signal sent from the mobile station to the base station.

T VAR The method of clalm 16, wherem step (A) further comprises
2 .. determmlng velocity information that is representative of a velocity of the
. mobile  station, and step (B) comprises adjusting the first and seconds
.. thresholds .of the power control loop in accordance with the velocity
information and the location information.

18. The method of claim 11, wherein the power control loop

. adjusts the transmit power of the signal sent from the mobile station to the
base station upward or downward in stepwise increments each of which has
~a step size, wherein step (A) further comprises determining velocity
. information that is representative of a velocity of the mobile station, and
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step (B) further__-c"bmprises adjusting the step size of the power control loop

in accordance with the velocity information.

19. The method of claim 11, wherein step (B) comprises the step of

‘applying the location information to a table to determine the first threshold.

20. The method of claim 19, wherein a geographic cell having a
plurality of different regions is serviced by the base station, and each of the
regions has a different value for the first-threshold.

21. In a mobile radio telephone system having a mobile station
and at least one base station, wherein transmit power of a signal sent from

the base station to the mobile station is controlled by a power control loop -
that attempts to maintain the transmit power of the signal above a first' .-

threshold, a method for dynamically adjusting the first threshold of the. -
power control loop comprising the steps of: : '
(A) determining velocity information that is representative of a
velocity of the mobile station; :
(B) adjusting the first threshold of the power control loop in
accordance with the velocity information; and -
(C) repeating steps (A) - (B) while sending the signal from the base
station to the mobile stafion at a power level that is controlled
by the power control loop. '

22. The .method of claim 21, wherein the first threshold of the
power control loop is adjusted downward in step (B) as the speed of the
mobile station decreases. '

23. The method of claim 21, wherein the power control - loop
further attempts to maintain the transmit power of the signal below a
second threshold, and step (B) further comprises adjusting the second
threshold of the power control loop in accordance with the velocity
information.

24. The method of claim 23, wherein the second threshold of the
power control loop is adjusted upward in step (B) as the velocity of the
mobile station decreases.
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25  The method of claini 21, wherein the 'mobiIe radio telephone
system includes mobile stations used by both fixed posmon wireless users
‘and moblle wireless users.

26.  In a mobile radio telephone  system ”ha.v'ing a mobile station
and at least one base station, wherein a s1gnal to noise ratio (SNR) of a signal

" sent from the mobile station to the base station is controlled by a power

coritrol loop that attempts to maintain the SNR of the signal above a first

" threshold, a method for dynamically ad]ustmg “the first threshold of the

‘power control loop comprising the steps of
(A) * determining’ velomty mformatlon that is representatlve of a
velocity of the mobile station; - :
. (B) adjusting the first threshold of the power control loop 1n'
* accordance with the velocity information; and
(C) ~ repeating steps (A) - (B) while sendmg the mgnal from the
" mobile station to the base station; :
“wherein the SNR of the s1gnal is controlled by the power
control loop durmg step (C).

27. The method of claim 26, wherein the first threshold of the
power control loop corresponds to a minimum desired signal to noise ratio

" of the signal sent from the mobile station to the base station.

28. The method of claim 26, wherein the first threshold of the
power control loop is adjusted downward in step (B) as the speed of the
mobile station decreases. -

29. The method of claim 26, wherein thé' power control loop

- further attempts to maintain the SNR of the signal below a second

threshold, and step (B) further comprises adjusting the second threshold of
the power control loop in accordance with the velocity information.

30. The method of claim 29, wherein the second threshold of the
power control loop corresponds to a maximum desired signal to noise ratio
- of the signal sent from the mobile station to ’_che base station.

3. The méthod of claim 30, wherein the second threshold of the
power control loop is adjusted upward in step (B) as the speed of the mobile
station decreases.

(T
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32. The m thod of claim 26, wherein the mobile radio telephone

- system includes mobile stations used by both fixed position wireless users

and mobile wireless users.

33. In a mobile radio telephone system having a mobile station
and at least one base station, wherein transmit: power of a signal sent from
the base station to the mobile station: is controlled by a power control loop
that adjusts the transmit power. of: the signal upward or downward in
stepwise incremerits each of which has a step size, a method for dynamically
adjusting; the step size of the power control loop comprising the steps of:

(A) determining velocity information - that is representatwe of-a

velocity of the mobile station;

(B) adjusting the step size of the power control loop in accordance

- with the velocity information; and _ _

(C©) repeating steps (A) - (B) while sending the siémz‘l from the base

station to the mobile station at a power level that'is controlled
- by the power control loop.

34. In a mobile radio telephone system having a mobile station
and at least one base station, wherein a signal to noise ratio (SNR) of a signal

sent from the mobile station to the base station is controlled by a power =

control loop that adjusts the transmit power of the signal upward or
downward in stepwise increments each of which has a step size, a method -
for dynamically adjusting the step size of the power control loop comprising
the steps of: ' -
(A) determining velocity information that is representative of a
velocity of the mobile station; ' '
(B) . adjusting the step size of the power control loop in accordance
. with the velocity information; and '
(O repeating steps (A) - (B) while sending the signal from the
mobile station to the base station;
wherein. the SNR. of the signal is controlled by the power
control loop during step (C). :

35. In a mobile radio telephone system having a mobile station
and at least one base station, wherein transmit power of a signal sent from
the base station to the mobile station is controlled by a power control loop
that attempts to maintain the transmit power of the signal above a first

_

ARER R O



6

10

12

10

12

10

12

~ WO 00/33478 PCT/US99/28394

20

threshold, an apparatus for dynamically adjusting the first threshold of the
power control loop, comprising: -

(A) a controller that determines- locat:on information that is
representatlve of .a distance and a morphology between the
mobile station and the base statlon, and adjusts the first
threshold of the power control loop in accordance with the
location information; and S

(B) a transmitter, responsive to the power control loop, that
transmits the: signal from the base stat_lon to the mobile station.

36. In a mobile radio telephone commumcahon system having a
mob1le station and - at least one base station, wherein transmit power of a
signal sent from the base station to the mobile: stahon is controlled by a
‘power control loop that attempts to maintain the ‘transmit power of the
signal above a first threshold, an apparatus for dynam1cally ad]ustmg the
- first threshold of the power loop, comprising: _
(A) means for determining Iocation information that is
- representative of a distance and a morphology between the
mobile station and the base: station; T
" (B) = means for adjusting the first threshold of the power control
loop in accordance with the location mformatlon, and
(© means, responsive to the power control loop, for transmitting
the signal from the base station to the rrlobile’ station.

37.  In a mobile radio telephone system having a mobile station

- and at least one base station, wherein a signal to noise ratio (SNR) of a signal

sent from the mobile station to the base station .is ‘controlled by a power

control loop that attempts to maintain the SNR of the signal above a first

threshold, an apparat_tis for dynamically adjusting the first threshold of the
- power control loop, comprising:

(A) a confro_ller that determines location information that is
representative of a distance and a morphology between the
mobile station and the base station, and adjusts the first
threshold of the power control loop _ m accordance with the

 location information; and o

(B) a transmitter, responsive to the power control loop, that

transmits the signal from the mobile station to the base station.

T
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-38. In a:
mobile station an ‘at least one base station, wh
(SNR) of a signal sent from the mobile station to the base station is
controlled by a power control loop that attempts to maintain the SNR of the
signal above a.first threshold, an apparatﬁs for dynamically adjusting the
first threshold of the power loop, comprising:

(A) means for determining Ilocation information that is
representative of a distance and a morphology between the
‘mobile station and the base station;

(B) means for adjusting the first threshold of the power control
loop in accordance with the location information; and

- (C) means, responsive to the power control loop, for transmitting
the signal from the mobile station to the base station.

oblle radio telephone comm

ication system having a

in a signal to noise ratio

39. In a mobile radio telephone: system having a mobile station
and at least one base station, wherein transmit power of a signal sent from- -
the base station to the mobile station is controlled by a power control loop
that attempts to maintain the transmit power of the signal above a first
threshold, an apparatus for dynamically adjusting the first threshold of the '
power control loop, comprising: :

(A) a controller that determines Velocity information that .is

representative of a velocity of the mobile station, and adjusts
the first threshold of the power control lbop in accordance with
the velocity information; and

(B) a transmitter, responsive to the power control loop, that

transmits the signal from the base station to-the mobile station.

40. In a mobile radio telephone communication system having a
mobile station and at least one base station, wherein transmit power of a
signal sent from the base station to the mobile station is controlled by a
power control loop that attempts to maintain the transmit power of the
signal above a first threshold, an apparatus for dynamically adjusting the
first threshold of the power loop, comprising:

(A) means for determining velocity information that is

representative of a velocity of the mobile station;

(B) means for adjusting the first threshold of the power control

loop in accordance with the velocity information; and
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(C) means, responsive to the power control loop, for transmitting
the signal from the base station to the mobile station.

41. Ina mobxle radio telephone system havmg a mobile station
and at least one base station, wherein a signal to no1se ratio (SNR) of a signal
sent from the mobile station to the base station is controlled by a power
control loop. that attempts to maintain the SNR of the signal above a first
threshold, an apparatus for dynamically ad]ustmg the first threshold of the
power control loop, comprising; :

(A) a controller that determines velomty ‘information that is
representative of a velocity of the mobile station, and adjusts
the first threshold of the power contro] ]oop in accordance with

. the velocity information; and _ :

(B) .a transmitter, responsive to the power control loop, that

. transmits the signal from the mobile station to the base station.

42. In a mobile radio telephone communication system having a
mobile station and at least one base station, wherein a signal to noise ratio
(SNR) of a signal sent from the mobile station to the base station: is
controlled by a power control loop that attempts to maintain the SNR' of the

.+ signal above.a first threshold, an-apparatus for- dynamlcally ad]ustmg ‘the '_
- first threshold of the power loop, comprising: - - '

(A) means. for determining . velocity ' information that is
representative of a velocity of the mobile station;
~(B) = means for adjusting the first threshold of the power control
_ loop in accordance with the velocity information; and
(©) means, responsive to the power control loop, for transmitting
the signal from the mobile station to the base station.

, - 43. In a mobile radio telephone system having a mobile station
and at least one base station, wherein transmit pov{r'er of a signal sent from
the base station to the mobile station is controlled by a power control loop
that adjusts the transmit power of the signal upward or downward in
stepwise increments each of which has a step: size, .an apparatus for
dynamically adjusting the step size of the power control loop, comprising:
(A) a controller that determines velocity information that is
representative of a velocity of the mobile station, and adjusts

L



10

12

10

12

10

12

- WO 00/33478 PCT/US99/28394

23
the step size of the power control loop in accordance with the
velodity information; and T
. (B) a transmitter, responsive to the power control loop, that
transmits the signal from the base station to the mobile station.

44. In a mobile radio telephone communication system having a
mobile station and at least one base station, wherein transmit power of a

- signal sent from the base station to the mobile station is controlled: by a

power control loop that adjusts the transmit power of the signal upward or
downward in stepwise increments each of which has a step size, an
apparatus method for dynamically adjusting the step size of the power
control loop, comprising:
(A) means for determining velocity information' that is’
representative of a velocity of the mobile station;
(B) means for adjusting the step size of the power control loop in '
accordance with the velocity information; and
(C) means, responsive to the power control loop, for transmitting
the signal from the base station to the mobile station.

45. In a mobile radio telephone system having a mobile station
and at least one base station, wherein a signal to noise ratio (SNR) of a signal
sent from the mobile station to the base station is controlled by a power
control loop that adjusts the transmit power of the signal upward or
downward in stepwise increments each of which has a step size, an
apparatus for dynamically adjusting the step size of the power control loop,
comprising;: .

(A) a controller that determines velocity information that is
representative of a velocity of the mobile station, and adjusts
the step size of the power control loop in accordance with the
velocity information; and

(B) a transmitter, responsive to the power control loop, that
transmits the signal from the mobile station to the base station.

46. In a mobile radio telephone communication system having a
mobile station and at least one base station, wherein a signal to noise ratio
(SNR) of a signal sent from the mobile station to the base station is
controlled by a power control loop that adjusts the transmit power of the
signal upward or downward in stepwise increments each of which has a step
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6 size, an apparatus for dynamically adjusting the step size of the power

8
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(B)

©

. control loop, comprising:
{A) .

means for determining velocity information that is
representative of a vel_ogity of the mobile station;

means for adjusting the step size of the power control loop in
accordance with thé -veiocity information; and

means, responsive to _t_hé power control loop, for transmitting
the signal from the mobile station to the base station.
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