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ADAPTIVE POWER CONTROL IN A RADIO COMMUNICATIONS SYSTEM

FIELD OF THE INVENTION

The present invention relates to power control in radio communications,
and more particularly, to more efficient and effective open loop power control. The
adaptive open loop power control approach of the present invention is particularly well-
suited for communications in a Code Division Multiple Access (CDMA) cellular radio

system.

BACKGROUND AND SUMMARY OF THE INVENTION

Power control is very important in radio communications systems, and
particulatly so in third generation Wideband Code Division Multiple Access (WCDMA)
cellular systems. Before transmitting over an “uplink” channel, 2 mobile station must set
its transmission power level. Similartly, the radio access network must sct base station
transmit power on “downlink channels,” e.g., a paging channcl (PCH), a forward access
channel (FACH), in addition to traffic channels (TCH). Indced, the actual power level set
for mobile and base station radio transmission and the interference levels that result

therefrom are significant concerns in all mobile radio communications systems.

The physical characteristics of a radio channcl may vary significantly duc to a
number of reasons. For example, the signal propagation loss between a radio transmitter
and receiver varies as a function of their respective locations, obstacles, weather, ctc. As a
result, large differences may arise in the strength of signals received at the basc station
from different mobiles. 1f the transmission power of a mobile station signal is too low, the
receiving base station may not correctly decode a weak signal, and the signal will have to be
corrected (if possible) or retransmitted. Accordingly, crroncous receipt of the signals adds
to the delay aésociated with radio access procedures, increases data processing overhead,

and reduces the available radio bandwidth because signals must be retransmitted. On the
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other hand, if the mobile transmission power is too high, the signals transmitted by the

mobile station create interference for the other mobile and base stations in the system.

Interference is a particularly severe problem in CDMA systems where a large
number of radios transmit and receive on the same frequency. If one mobile station
transmits at a power output that is too large, the interference it creates degrades the signal-
to-interference ratio (SIR) of signals received from other mobile radios to the point that a
receiving base station cannot correctly demodulate transmissions from the other mobile
radios. In fact, if a mobile station transmits a signal at twice the power level needed for the
signal to be accurately received at the base station receiver, that mobile signal occupies
roughly twice the system capacity as it would if the signal wete transmit at the optimum
power level. Unregulated, it is not uncommon for a strong mobile station to transmit
signals that are received at the base station at many, many times the strength of other
mobile transmissions. The loss of system capacity to such excessively “strong”” mobile

stations is unacceptable.

Additional problems are associated with transmitting with too much power.
One is the so-called “party effect.” If a mobile transmits at too high of a power level, the
other mobiles may increase their respective power levels so that they can “be heard”
compounding the already serious interference problem. Another problem is wasted
battery power. It is very important to conserve the limited battery life in mobile radios.
By far, the largest drain on a mobile’s battery occurs during transmission. A significant
objective for any power control approach, therefore, is to reduce transmit power where
possible without increasing the number of retransmissions to an unacceptably high level as
a consequence of that power reduction. Except for battery consumption, the above-
described problems with setting transmission power also apply to downlink radio

transmissions from base stations.

There are two basic approaches to power control: open loop and closed
loop. In open loop power control, the transmit power is calculated at the transmitter
based on one or mote parameters, and the calculated value is used to set the transmit

powet level. In particular, the transmit power is adjusted in order to match an estimated
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path loss so that the signal is received at the base station at a predetermined power level.
Closed loop power control relies on feedback from the receiver so that the transmitter
knows, for example, at what power level (and sometimes also at what interference level)
the transmitted signal was received. Using this feedback, the transmitter then
approptiately adjusts its transmit power level. Alternatively, the receiver may simply order
the transhitter to increase or decrease its transmit power. The additionally received
feedback information means that closed loop power control is generally more accurate

than open loop power control.

Common channels for both uplink and downlink shared by several mobile
radios are typically used to transmit relatively short control signaling messages which do
not justify the additional “cost” in terms of delay, signaling overhead, spreading code
allocation, and bandwidth consumption associated with dedicated channels. Common
channels may also be utilized to transmit short traffic data packets appended directly to the
typical control messages sent on common channels. “Lower cost” open lodp power
control is well-suited for transmission over common channels being faster, less
complicated, and occupying fewer radio resoutces than closed loop powet control

commonly used for dedicated channels.

One type of common channel shared by mobile stations is a random access
channel which provides communication between plural mobile stations and a base station
when those mobile stations have not been allocated a dedicated channel. Access channel
messages may include for example call reservations, responses to pages, orders,
registrations, and small size user data packets. However, because multiple mobile stations
may be using the random access channel at the same time, each additional mobile station
transmitting on that access channel contributes to the background noise and interference
thereby diminishing the system’s finite capacity. Consequently, it is important to set the

approptiate output power of the mobile station before transmitting.

Thus, before performing a random access, the mobile station calculates an

open loop transmission power ¥, to be used on the random access channel in the uplink
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direction so that the mobile’s signal is received at the base station at a predetermined
&
powet level. In particular, the mobile station strives to achieve a target Carrier-to-

Interference Ratio (CIR) ¥, at the base station. The carrier-to-interference ratio actually
received at the base station corresponds to the received uplink carrier power Cy;, minus
the uplink interference Iy . The received carrier power Cy, corresponds to the mobile’s
transmit power level P, minus the path loss L. The open loop power control therefore

can determine the transmit power P, as a function of the target cartier-to-interference

ix

ratio ¥, , an uplink interference estimate Iy , and a path loss estimate L. The path loss

estimate L may be obtained with the mobile station measuting the received power of a
known signal (e.g:, 2 downlink pilot or other broadcasted signals) transmitted on a
downlink channel by the base station. The known signal includes a message that informs
the mobile of the power at which that known signal is being transmit by the base station.

The uplink interference is estimated (measured) and broadcast by the base station over the

cell together with a downlink pilot signal output power value. The transmit power f’,x
may then be determined using the target CIR ¥, the uplink interference estimate [ uL» and

the path loss estimate L in accordance with the following open loop power control

algorithm:
R,tz}/1+iUL+L )

Unfortunately, the open loop power control algorithm in equation (1) suffers from
uncertainties that make the received carrier-to-interference ratio different (often

significantly different) from the target carrier-to-interference ratio ¥,. For example, the

estimated path loss L typically differs from the actual path loss L because of a number of
factors such as: (1) the actual power at which the base station transmits the pilot signal
likely differs from the broadcasted downlink pilot signal output power value, (2) inaccurate
measurements of signal strength in the mobile station, and (3) fading, noise, and delays in

measuring the path loss. Similatly, the uplink interference I, can change significantly
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A

since it was last measured by the base station. And even if the transmit power Py

determined by the open loop power control procedure is a reasonably accurate estimate,

the actual transmit power P, at which the mobile station transmits likely differs from the

commanded transmission power due to imperfections and hardware limitations in the
mobile station implementation. For example, the mobile transmit power varies
significantly depending on the current temperature of the mobile station and on the non-
linearity of components employed in the mobile station. The actual received carrier-to-

interference ratio ¥ at the base station will be

y="P

1x

Iy, - L @

The actual transmit power P, , the actual uplink interference, and the actual path loss
cannot be known with certainty. The shortcomings of open loop power control described
for uplink transmission also apply to open loop power control for downlink transmission

on common channels, e.g. the forward access channel (FACH), etc.

These various factors may cause the received cartier-to-interference ratio ¥y
to differ from the target carrier-to-interference ratio ¥, by as much as £10 dB or more.
Fig. 1 illustrates this uncertainty through a sketch of the probability density function (PDF)
fr (}/ ) of the received CIR. In reality, the probability density function of the reccived

CIR, probably would likely be closer to a Gaussian distribution. Fig. 1 simply illustrates

the fact that there is a spread of the received CIR.

In summary, the limitations of the above-described open loop power control
approach and the practicalitics of operation (c.g,, temperature) and implementation (e.g.,
non-linear components) make it difficult to achieve an appropriate open loop transmit
powet for the current transmission under the current circumstances. The end result 1s
cither a failed communication (too low of a transmit power) or unnecessary interference

with resulting system capacity loss (too high of a transmit power).
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One way to address some of the above-described problems is to employ
power “ramping” such as described in Ericsson’s U.S. Patent No. 5,430,760 to Dent. The
mobile station initiates a random access at a low initial transmit power level and gradually
(e.g. incrementally) increases the transmission power level until the base station detects
and acknowledges the access signal. Once detected, power level of the message is
maintained at the detected level. One drawback with this power ramp-up approach is that
it could introduce significant delay into the access procedure. Specifically, there may be
substantial delay between access attempts while the mobile waits for an acknowledgement
of the most recently transmitted access signal. This delay is particularly undesirable at low
traffic load levels when interference caused by a random access transmission is of less
importance. On the other hand, if the ramp-up occurs too quickly, it would likely reach
too high of a power level by the time the detected signal is acknowledged. Another
drawback is the need for an acknowledgment from the receiver. The acknowledgment
message could be lost or not received with result that the ramp-up continues unnecessarily.

At 2 minimum, the acknowledgment adds some complexity.

To decrease the delay in the power ramping procedure, power ramping on
preamble level may be employed as described in commonly-assigned U.S. Patent
Application Serial No. 09/166,679, filed October 5, 1998, and incorporated herein by
reference. The mobile station transmits only short preamble signals with increasing power
until the base station detects the received preamble energy (as opposed to decoding the
entire random access message) and sends back a positive acquisition indicator to the
mobile. However, regatdless of how power ramping is effected, the initial transmit power
level from which to start ramping must be decided by the transmitter based on the above

described open loop power control.

It is an object of the present invention to achieve an optimal power control

method that accounts for current transmission conditions.

It is an object of the present invention to provide an adaptive power control
technique that ensures a satisfactory quality of communication at a minimal level of

interference.
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It is an object of the present invention to determine a compensated transmit

power level that results in an actually received CIR that is at or close to a target CIR.

It is an object of the present invention to reduce transmit power without

increasing the number of retransmissions as a consequence of that power reduction.

It is an object of the present invention to extend the battery life of mobile
stations by controlling the transmit power level of the mobile station to a minimal but still

effective transmit power level.

It is an object of the present invention to eliminate unnecessary delays in
radio access when open loop powet control is employed in an access transmission,

especially during low traffic conditions.

It is an object of the present invention to climinate unnecessary delays in
radio access when preamble power ramping is employed in an access transmission

especially during low traffic conditions.

It is an object of the present invention to provide a flexible mobile station
power control technique that takes into account current interference level(s), mobile
station specific parameters, and other factors without requiring a powet detection

acknowledgment signal or other power—related feedback from the receiver.

It is an object of the present invention for the mobile station to adapt an
open loop power setting by recognizing a power level feedback recetved in the
acknowledge message from the base station both at successful and unsuccessful random

ACCCSSCS.

It is an object of the present invention for the mobile station to adapt and
compensate for the temperature, mobile station systematic crrors, and base station

systematic errors.

The adaptive power control of the present invention overcomes the above-

identified problems and satisfies these and other objects. In a preferred, example



10

15

20

25

WO 00/55976 PCT/SE00/00448

embodiment, delay on a common radio communications channel employed by plural
mobile stations to communicate with a base station located in a corresponding
geographical cell area is minimized by adapting transmission power based on a traffic load.
For lower traffic loads, a higher transmission power is permitted. For higher traffic loads,

a lower power level is set.

Transmit power level is determined using a desired signal ratio, such as a
target CIR, a transmission path loss over the radio communications channel, and an
interference value. An adaptive power parametet is also introduced which adapts the
transmit power control based on one or more other current communications conditions
and/or characteristics of the mobile station. For example, the adaptive power parameter
may be a function of a current interference in a base station cell either alone or in
combination with a current interference in one or more neighboring cells. The adaptive
powet parameter may also account for a type of data packet connection to be employed
between the mobile station and the base station after random access, 2 mobile station’s
subsctiption, a current temperature of the mobile station, a current base station used by
the mobile station, a current estimated path loss between the mobile station and base

station, and/or other factors.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages of the invention
will be appatent from the following description of preferred example embodiments as
illustrated in the accompanying drawings in which reference characters refer to the same
parts throughout the vatious views. The drawings are not necessatily to scale, emphasis

instead being placed upon illustrating the principles of the invention.

Fig. 1 is a graph plotting the probability density function for received carrier-

to-interference ratio ¥ ;

Fig. 2 is a flowchart diagram illustrating a power control procedure in

accordance with an example embodiment of the present invention;
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Fig. 3 is a graph illustrating the effect on the probability density function of

received carrier-to-interference ratio ¥ for different values of an adaptive power parameter

in accordance with an example of the present invention;

Fig. 4 is a function block diagram of an example radio communications

system in which the present invention may be advantageously employed;

Fig. 5 is a function block diagram showing in more detail a radio network

controller and a base station shown in Fig. 4;

Fig. 6isa function block diagram illustrating in mote detail 2 mobile station

shown in Fig. 4; and

Fig. 7 is an adaptive open loop power control routine in accordance with

another example embodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

In the following description, for purposes of explanation and not limitation,
specific details are set forth, such as particular embodiments, techniques, parameters, etc.,
in order to provide a thorough understanding of the present invention. However, it will be
apparent to one skilled in the art that the present invention may be practiced in other
embodiments that depart from these specific details. For example, while the present
invention may be applied advantageously to mobile transmissions on an uplink, random
access channel in a CDMA communications system, the present invention can also
advantageously be employed to control the transmit power of a radio in any direction, over
any particular channel type, and in any type of communications system, e.g, FDMA,
TDMA, etc. Although the present invention is sometimes described in the context of a
random access type of common channel, the invention equally applicable to other
common channels and to dedicated channels. Indeed, the present invention can be

employed in any transmit power control situation. In other instances, detailed descriptions
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of well-known methods, interfaces, devices, and signaling techniques are omitted so as not

to obscute the description of the present invention with unnccessary details.

A first example embodiment is now described in conjunction with a power
control routine (block 2) shown in Fig. 2. Initially, a transmitting radio determines a
preliminary transmit power (block 4). Howevet, setting the radio transmit power level
based upon this determined preliminary transmit power will very likely result in the
receiving radio receiving the signal at an undesired carrier-to-interference ratio, i.e., either
too high or too low of a CIR. Accordingly, the preliminary transmit power in block 4 is
adjusted using an adaptive parameter that accounts for one or more current traffic
conditions (block 6). In this a preferred example embodiment, the adaptive parameter
accounts for a current traffic load affecting this radio communication. The radio’s
transmit power is then controlled based upon the adjusted transmit power value (block 8).
Morte specifically, at low traffic loads, the adaptive parameter value is set higher resulting in
a higher transmit power value. Alternatively, at higher traffic loads, the adaptive power
parameter value is set lower, perhaps even to a negative value to minimize the disturbance
to other nearby radios. Otherwise, an excessive transmit power could, in some cases,
result in an uncontrolled increase of other radio transmit powers (i.e., the party effect) until

they reach their maximum transmit power.

Fig. 3 shows a graph of the probability density function f . (y) of received
carrier-to-interference ratio ¥ relative to the target CIR ¥, and the effects of different
adaptive parameter values. A larger adaptive power parameter value shifts the f . (}/)

graph to the right meaning that there is a higher probability of a received CIR larger than
the target CIR. This results in a greater likelihood of a successful communication and a
Jower delay associated with that communication. A lower adaptive power parameter value
shifts the graph to the left to decrease the amount of interference caused by each user
with, however, a lower probability of a successful transmission. The present invention also

provides the mobile station with an ability to vary the adaptive power parameter due to
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temperature, mobile station systematic etrors, and base station systematic errors so that the

width of the probability density function f (}/ ) decreases.

While the present invention may be applied to any radio communication and
in any direction, e.g., uplink and downlink, the next example embodiment of the present
invention is desctibed in the context of uplink communications from one ot more mobile
stations on a common channel, and in particular, a random access channel. Such common
random access channels are employed, for example, in third generation cellular systems
based on wideband CDMA. Fig. 4 illustrates 2 mobile radio cellular communications
system 10 which may be a CDMA or a wideband CDMA communications system. Radio
network controllers (RNCs) 12 and 14 control various radio network functions including
for example radio access bearer setup, diversity handover, etc. Radio network
controller 12 is coupled to a plurality of base stations 16, 18, and 20. Radio network
controller 14 is connected to base stations 22, 24, and 26. Each base station serves a
geographical area referred to as a cell, and a cell may be divided into plural sectors. Base
station 26 is shown as having six antenna sectors $1-S6. The base stations are connected
to their cotresponding radio network controller by various means such as dedicated
telephone lines, optical fiber links, microwave links, ctc. Both radio network controllers 12
and 14 are connected with external networks such as the Public Switched Telephone
Network (PSTN), the Internet, etc. through one or more mobile switching centets and/or
a packet radio service node (not shown). The RNC directs mobile station calls via the

appropriate base station(s).
pprop

In Fig. 4, two mobile stations 28 and 30 are shown communicating with
plural base stations. Mobile station 28 communicates with base stations 16, 18, and 20,
and mobile station 30 communicates with base stations 20 and 22. A control link between
radio network controllers 12 and 14 permits diversity communications to/from mobile
station 30 via base stations 20 and 22. Each radio communication channel established
between the mobile station and a base station has an uplink component and a downlink
component. Since multiple communications utilize the same radio frequencies in CDMA

communication, spreading codes along with other well-known CDMA techniques are used
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to distinguish between the various mobile station and base station communications. In
this example embodiment, the term “channel” refers to a CDMA channel which, for any

mobile station, is defined in terms of an RF frequency and a particular code sequence.

Additional details of a base station and a radio network controller are now
provided in conjunction with Fig. 5. Each radio network controller RNC) includes a
network interface 52 for interfacing communications with various base stations. Within
the RNC, the network interface 52 is connection to a controller 50 and to a diversity
handover unit (DHO) 54. Diversity handover unit 54 performs numerous functions
required for establishing, maintaining, and dropping diversity connections such as diversity
combining, diversity splitting, power control and other link related radio resource control

algorithms.

Each base station includes a corresponding network interface 60 for
interfacing with the RNC. In addition, the base station includes a controller 62 connected
to a plurality of transceivers (TRX) 64, 66, 08, and 70, as well as a transmit power
controller 72. Controller 62 controls the overall operation of the base station as well as the
establishment, maintenance, and release of radio connections. Representative
transceivers 64-70 are individually assigned to specific communications with mobile
stations. At least one transceiver is employed as a common control channel over which
the base station transmits common signaling such as pilot, synchronization, or other
broadcast signaling. Mobile stations within or near that base station’s cell monitor the

common control channel.

A common channel called the random access channel (RACH) is used by
the mobile to transmit (uplink) stations to request a dedicated channel and may also be
used for limited amounts of user data. A common forward access channel (FACH) is used
by the base station to transmit (downlink) limited amounts of user data. For such
common channels like the RACH and the FACH, open loop power control is preferably
employed. Transmit power controller 72 performs open loop power control for the
downlink, and the transmit power controller performs closed loop power control

procedures for the uplink to control the transmit powers from all mobile transmissions
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received by the base station, e.g., so they are at approximately the same power level

assuming all mobiles are using the same type of service.

Fig. 6 illustrates additional details of a mobile station shown in Fig. 4. The
mobile station includes a controller 80 connected to a RAKE receiver 82, a transmit power
controller 88, and a transmitter 90. The RAKE receiver 82 includes plural receivers 84
and 85 (there may be additional receivers as well) connected to a diversity combiner 86.
One or mote signal strength detectors (not shown) or similar detector(s) are employed in
the mobile receiver 82 to detect the signal strength or other parameter of received signals.
The transmissions from base stations are received as multipaths in the receivers 84 and 85,
combining diversity combiner 86 and processed as one signal. Transmit power
controller 88 determines the power level (preferably as a carrier-to-interference ratio (CIK)

ot as a signal-to-interference ration ( E, / I,,)) of the received, diversity-combined signal.

The operation of this example embodiment of the present invention is now
described in conjunction with an adaptive open loop power control routine (block 100)
shown in Fig. 7 in flowchart format. The mobile station 30 detects a target carrier-to-

interference ratio ¥, broadcast from a base station over a downlink access channel. The
target CIR ¥, may also be predefined in the system, and hence, already known by the
mobile station. The mobile station 30 also detects the current uplink interference estimate
I u1. measured and broadcast by the base station over its corresponding geographic cell
together with a downlink pilot (or other broadcast) signal transmit power value. The

mobile controller 80 then determines an estimate of the path loss L by taking the
difference between the broadcast value of the transmit power at which the downlink pilot

signal was actually transmitted from the base station (block 102) and the actual received

power of the downlink pilot signal. From these determined parameters ¥, I yt» and L,
an open loop transmission power level IA’IX may be determined by the mobile controller 80

in accordance with equation (1) above, i.e., ﬁlx =y, + 7 oL+ L.
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However, the mobile station 30, e.g., the mobile station controller 80, also
determines an cell specific adaptive power parameter, referred to in this example

embodiment as a power offset value A based on current conditions and parameters
(block 104). The mobile’s transmit power is then determined (block 106) in accordance

with the following:

P

=y, +1y +L+A 3)

This power offset A preferably is a cell specific offset A that depends on the cutrent
traffic load in the cell. For example, A, may be a function of the measured uplink
intetference I, y in the cell where the mobile station performs a random access, as well as
the uplink interference in one ot more neighboring cells. Thus, the power offset A, may

be defined (block 104) as a function of plural measured uplink interference values in the

current and surrounding cells as follows:

A A A

AC=f<IUL’IULl’IUL2""IULN) 4

The uplink interference /y;; is measured in the cell where the mobile station performs the
random access, and Iy ;.1 yp -1y 2re measured uplink interference values in N

surrounding cells. Therefore, while only the local uplink interference value I, may be

employed, several uplink interference values from the surrounding cells are preferably
used. This is because in a CDMA system all mobile stations transmit and receive on the
same frequency and therefore create uplink interference in surrounding cells as well. Asa
result, the interference levels in these cells typically affect the overall impact of uplink

interference on the mobile.

One simple example function for equation (4) is A = A(IUMM - IAU,J),

where A is a constant and 1y, is the maximum allowed uplink interference. Of course,

other functions may be used. In general, the lower the interference value(s), the larger A
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may be. Preferably, the interference in the mobile’s current cell should also have a larger

effect on A than the interference values for neighboting cells.

A random access always creates more uplink intetference. The other,
already-active mobiles therefore need to increase their respective transmit powers to
maintain the same target CIR thereby increasing the uplink interference even more. But at

low traffic loads, i.e., low Iy, the system can allow this to occur because the [ will not

increase above a maximum allowed value which defines the maximum uplink capacity of
the CDMA system. Moreover, the interference created by the random access may be

compensated for in other active mobiles in the cell using closed loop power control.

Hence, for low traffic loads, the parameter A is set higher resulting in a

higher transmission power. As illustrated above in Fig. 3, this moves the probability
density function of the cattier-to-interference ratio to the right of the target CIR resulting
in a larger probability of successful random access and a lower packet delay.v Low traffic
load cases will predictably be quite common since the cellular system will probably be
dimensioned for higher traffic load cases which typically occur only during certain busy
times. So this higher transmission powet will tesult in improved system performance for
the typical traffic scenario. Conversely, at higher traffic loads, when the uplink

interference is close to a maximum allowed value, the power offset A is set lower,

pethaps even to a negative value as illustrated in Fig. 3 to avoid excessive disturbance for
other users on the uplink. Although this gives a smaller probability of receipt at the target
CIR, and therefore, a lower probability of a successful random access and a longer packet
delay, this tradeoff is necessary during high interference periods to ensure continued
communications without escalating transmit powers (i.e., the party effect) to the dettiment

of all users.

The above description explains how the power offset A, in accordance with
one example of the present invention may be applied in the setting of mobile transmit
power for an uplink common channel, (e.g., a RACH channel). In addition, the power

offset A, may be applied for downlink common channels with open loop power control,
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(e.g, a FACH channel). In downlink common channels, the path loss and the interference
at the mobile station is measured and reported by the mobile to the radio netwotk.
Alternatively, the mobile station informs the netwotk of how much more or less the base
station transmit power level on FACH should be compared to the broadcast pilot signal
transmit power level. After having calculated the FACH transmit power level, the radio

netwotk may then apply the power offset A, to that transmit power level and adapt it to

high or low traffic load conditions as described above for uplink transmissions.

The mobile’s transmit power at random access may also depend on user
specific parameters either alone or in addition to uplink interference. For example, the
power offset may depend on the particular data packet mode to be employed by the
mobile station after the random access. For example, if the mobile station will be allocated
a dedicated traffic channel immediately after the random access, the powet offset may be
set to a higher value to provide a quick random access and theteby facilitate a rapid
transfer to a dedicated channel. Dedicated traffic channels have higher capacity and
generally employ more precise closed loop power control which creates less interference to
the system overall compated to shared or common traffic channels that typically do not
cmploy closed loop power control. In addition, the power offsct may depend on a mobile
user’s subscription. Mobile users may subscribe to a priority access feature resulting in a
larger pbwer offset to increase their chances of fast random access and lower delays on

common channels. Hence, a user specific power offset A;; could also be added to sct the
mobile transmit powet in the same way as the cell specific power offset A described

above, i.e.,
‘Ptxz'}’l+IUL+L+AC+AU 5

The power offset A, may also be used without A - and in sctting of the transmit power

level on a downlink common channel, e.g., the FACH channel.

The mobile’s transmit powet at random access may depend still on other

factors. As described in the background, part of the error between the received cartier-to-
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interference ratio (CIR) and the target CIR ('y ,) is due to the inability of the mobile

A
station to actually transmit at the calculated transmit power F, . Instead, the mobile may

transmit at an actual power F,, that may differ considerably from the calculated or

otherwise desired power I;,x . The following example variables may have a significant

impact on the actual transmission power level despite the transmit power controller 88

providing a desited transmit power level to the transmitter 90:
e mobile station temperature

e actual power level at which the mobile station is currently

transmitting

e individual electronic components contained in the specific

mobile.

Another significant factor is that the mobile station may also have a systematic error in
estimating the path loss. The estimated path loss L will likely differ from the real path

loss L due to inaccurate measurements of a signal strength detector in the mobile station.
The path loss estimate will likely also differ from the actual path loss due to fading, noisc,
and delays in measuring the path loss. Furthermore, the actual transmit power at which
the base station actually transmits a pilot signal likely differs from the broadcasted
downlink pilot signal output power value used by the mobile station for the path loss
estimate. These factors are referred to as mobile station specific errors and as base station

specific errors, respectively.

Such mobile and base station specific errors may be compensated in the
present invention using an equipment-specific power offset A;. Knowledge of the mobile
station specific parameters may be accumulated and stored in the mobile station.

Knowledge of base station specific errors may be accumulated and stored for each base
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station in the mobile station. The mobile station then applies the appropriate

compensation.

In the example that follows, it is assumed that the base station measutes the
received power level accurately and that the broadcast power level for the base station pilot
signal is equal to the actual transmitted power level of the pilot. The example illustrates
the mobile station compensating for temperature drift, systematic etrots in signal strength
detection, and systematic differences between the actual transmitted output powet and the
assigned output power. Other factors that result in transmit power errors may be

compensated for in a similar way.

During a random access transmission, the base station measures the

received random access signal power C from the mobile station, C = F, -~ L, and provides

A
the measured value C back to the mobile station. The mobile aims at achieving a target

A IS
received random access signal power C, equal to C, = F,— L. From this, the mobile

station determines a received signal power error E of

E =C-C ©)

!

If E is positive, the mobile transmitted power was too low; and if E is negative, the

mobile used more power than needed to achieve the received power target C,. The

mobile station measures and stotes its current temperature, the current transmit power
level, and the signal power error E in a look-up table for this particular temperature and
powert level. The next time the mobile station petforms a random access transmission, the
mobile Jooks up in the table the stored signal power error for the actual temperature and
transmit power level and tries to compensate for such error. There are number of ways
to implement this compensation. One way is to define an equipment-specific

compensation term A, at time t as follows:
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Ag(t)=o-E(t-1)+(1-a) E(r-2)=

a-[C,(t=1)- &t 1)+ (1- @)-[C, (1 -2)- (1 - 2)] @

where E(t—1) denotes a previously received signal power error value for this temperature
and transmit powet and E(f —2) is the second previous value. The coefficient & (<1)

denotes the degree to which A_is updated according to new data.

Thus, for a given temperature and absolute power level, the mobile station

calculates the compensation term A, and adds it to the mobile transmit power (in the
same way as the cell specific and user specific offsets A and Ay, in equation (5) above,

using all, some, or just one of the specific power offsets, e.g.,
Plevel=Yt+iUL+lA‘+AC+AU+AE (8)

One or more specific power offsets A values are calculated by the mobile
station controller 80. For uplink common channel transmissions, A and Ay, is

preferably calculated in the RNC and broadcast to the mobiles. For downlink common
channels transmissions, all power offsets ate preferably calculated in the RNC. It may be
preferable to have the RNC controller 50 calculate power offsets for each cell, to allow for

centralized handling and broadcasting.

While the present invention has been described with respect to particular
example embodiments, those skilled in the art will recognize that the present invention is
not limited to the specific example embodiments described and illustrated herein.
Different formats, embodiments, and adaptations besides those shown and described as
well as many modifications, variations, and equivalent arrangements may also be used to
implement the invention. For example, the present invention is applicable to both uplink
and downlink channels. Moreover, the invention may be used in conjunction with other
applications such as power ramping. In the power ramping situation, the present
invention may be employed to advantageously decide at which transmit power from which

to start ramping.
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WHAT IS CLAIMED IS:
1. In 2 mobile communications system having plural base stations

corresponding to coverage cells and plural mobile stations, 2 method for improving
communications between a mobile station and a base station over a radio communications
channel, comprising:

establishing a predetermined relationship between a desired communications signal
and an interference signal;

determining an interference value corresponding to interference in one of the cells;

determining a signal loss factor associated with a radio path in the cell;

determining a power parameter; and

calculating a transmission power at which to transmit over the radio
communications channel based on the predetermined relationship, the interference value,

the signal loss factor, and the power parameter.

2. The method in claim 1, wherein the power parameter is an adaptive power

offset.

3. The method in claim 1, wherein the power parameter is a function of traffic

load in the-one cell.

4, The method in claim 3, wherein the power offset is a function of

interference in the one cell.

5. The method in claim 4, wherein the interference is in an uplink direction

from mobile station to base station.

6. The method in claim 4, wherein the interference is a function of interference

in the one cell and at least one neighboring cell.

7. The method in claim 3, further comprising:
for lower traffic loads, setting a higher power for transmissions over the

communications channel.
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8. The method in claim 3, further comprising;
for higher traffic loads, setting a lower power for transmissions over the

communications channel.

0. The method in claim 1, wherein the radio communications channel is an

access channel.

10.  The method in claim 9, wherein the access channel is an uplink random

access channel (RACH) from the mobile station to a base station in the cell.

11.  The method in claim 9, wherein the access channel is a downlink forward

access channel (FACH) from the base station to the mobile station.

12.  The method in claim 1, wherein the predetermined relationship is a carrier-

to-interference ratio determined at a base station.

13.  The method in claim 1, wherein the path loss factor is the path loss factor

determined on a channel between the mobile station and a base station in the cell.

14.  The method in claim 1, wherein the power parameter is determined based

on one ot motre mobile user specific factors.

15.  The method in claim 14, wherein the one or more user specific parameters
include a type of data connection that will be employed between the mobile station and the

base station.

16.  The method in claim 15, wherein the power parameter is larger when the
type of date packet mode includes a dedicated connection dedicated to the mobile station
and the power parameter is lower when the type of data packet mode includes a common

connection shared by plural mobile stations.

17.  The method in claim 14, whetein the one or more user specific parameters

include a subsctiption associated with the mobile station.
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18.  The method in claim 1, wherein the power parameter is determined based
on one or more equipment related factors.
19.  The method in claim 18, wherein the one or more equipment related factors

includes an error in the determined path loss factor or in the determined cell intetference.

20.  The method in claim 18, wherein the one or more equipment related factors

includes a transmit power level error.

21.  The method in claim 18, wherein the one or more equipment related factors

includes a mobile station temperature.

22.  The method in claim 21, further comprising:
detecting a current temperature of the mobile station, and
determining the power parameter corresponding to the detected curtent

temperature.

23.  The method in claim 18, wherein the one or more equipment related factors

includes a compensation value for equipment-related inaccuracies and physical limitations.

24.  The method in claim 1, further comprising:

calculating the transmission power based on plural power parameters.

25. A method for minimizing delay on a common radio communications
channel employed by plural mobile stations to communicate with a base station located in
a cotresponding geographical cell area by adapting transmission power based on a traffic

load in the cell area.

26.  The method in claim 25, further comprising;
for lower traffic loads, setting a higher power for transmission over the common

radio channel.
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27.  The method in claim 25, further comprising:
for higher traffic loads, setting a lower power for transmission over the common

radio channel.

28. A method for controlling transmission power on a radio communications
channel, comprising:

providing open loop power control on the radio communications common
channel;

introducing into the open loop power control on the radio communications
channel an additional adaptive power parameter; and

controlling transmission powet on the radio communications channel using the

open loop power control including the adaptive power parametet.

29.  The method in claim 28, wherein the radio communications channel is an

uplink access channel.

30. The method in claim 28, wherein the radio communications channel is an

downlink access channel.

31.  The method in claim 28, wherein the open loop power control is based on a
desired signal ratio, a transmission path loss over the radio communications channel, and

an interference value.

32.  The method in claim 31, wherein the communications channel provides
communications between a base station having a corresponding cell area and one or more
mobile stations, and the adaptive power parameter is a function of one or more specific

characteristics of the mobile stations active in the cell.

33.  The method in claim 31, wherein the communications channel provides
communications between a base station having a corresponding cell area and one or more
mobile stations, and wherein the adaptive power parameter is a function of traffic load in

the cell.
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34.  The method in claim 31, wherein the communications channel provides
communications between a base station having a corresponding cell area and one or more
mobile stations, and wherein the adaptive power parameter is a function of interference in

the cell and in a neighboring cell.

35. The method in claim 31, wherein the communications channel provides
communications between a base station having a corresponding cell are2 and one or more
mobile stations, and wherein the adaptive power parameter is a function of user specific

factors.

36, The method in claim 31, wherein the communications channel provides
communications between a base station having a cotresponding cell area and one or more
mobile stations, and whetein the adaptive powet parameter is a function of equipment-

related factors.

37. A radio station capable of communicating over a radio charmél associated
with a geogtaphical cell, comprising:

a transmitter for transmitting data packets over the radio channel;

a receiver for receiving data packets over the radio channel; and

a controller controlling the transmit power level of the transmitter for transmissions
over the common radio channel based on traffic load in the geographical cell so that at
lower traffic loads the transmit power level is higher and at higher traffic loads the transmit

power level is lower.

38.  The radio station in claim 37, wherein the controller includes a transmit
power controller coupled to the transmitter and a station controller controlling the

transmitter, receiver, and transmit power controller.

39.  The radio station in claim 37, wherein the radio station uses code division

multiple access (CDMA) and the receiver is a RAKE recceiver.
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40.  The radio station in claim 37, wherein the controller estimates a transmit
power value and then modifies the estimated transmit power value using an offset that is

based on the traffic load in the cell to produce the transmit power level.

41.  The radio station in claim 40, wherein the estimated transmit power (P,Y)
value is determined in accordance with the following;
Pp=v, +1Iy +L,

where ¥, is a target carrier-to-intetference ratio, Iy is an estimated uplink

interference value, and L is an estimated path loss associated with the radio channel.

42,  The radio station in claim 41, wherein the transmit power level (P,eve,) is

determined in accordance with the following:
Plevel = Plx +A >
where A is an offset value.

43.  The radio station in claim 42, wherein the radio station is a mobile station

and the cell is associated with a base station.

44.  The radio station in claim 43, wherein A is a function of the uplink

intetference in the cell in which the mobile station is located.

45.  The radio station in claim 43, wherein A is a function of a current packet

data mode of the mobile station.

46.  The radio station in claim 43, wherein A is a function of a current

subsctiption of the mobile station.

47.  The radio station in claim 43, wherein A is a function of a current

temperature of the mobile station.
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48.  The radio station in claim 43, wherein A is a function of the current base

station used for random accesses by the mobile station.

49.  The radio station in claim 43, wherein A is a function of the mobile station

equipment.

50. The radio station in claim 43, wherein A is a function of the interference in

other cells adjacent to the cell in which the mobile station is located.

51.  The radio station in claim 43, wherein A is a function of an error between a
target signal strength level value at which the base station desires to receive signals from

the mobile station and an actual signal strength level value.
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