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METHOD AND APPARATUS FOR DOWNLINK POWER CONTROL IN MACRO DIVERSITY RADIO SYSTEMS

S FIELD OF THE INVENTION
This invention generally relates to the field of communication systems
having a macro diversity capability and, more particularly, to controlling the

transmission power of one or more transmitters used to send information to a mobile

station.
10

BACKGROUND OF THE INVENTION

A simplified layout of a cellular communications system 1s depicted 1in

Figure 1. Mobile stations M1-M10 communicate with the fixed part of a public
switched telephone network (PSTN) by transmitting radio signals to, and receiving
15 radio signals from, cellular base stations B1-B10. The cellular base stations B1-B10
are, in turn, connected to the PSTN via a Mobile Switching Center (MSC). Each base
station B1-B10 transmits signals within a corresponding area, or "cell” C1-C10.
Within each cell, a base station transmits to the mobile units over downlink RF
channels, while the mobile units transmit information to the base station over uplink RF
20 channels. . As depicted in Figure 1, an idealized arrangement of base stations can be

organized so that the cells substantially cover an area in which mobile telephone

communication ordinarily occurs (e.g., a metropolitan area), with a mimimum amount

of overlap.

While cellular systems were originally designed to operate with a one-to-
25  one correspondence between a mobile station and an associated base station covering a
geographic cell, it has been determined that the effects of shadowing and fading can be

reduced by communicating the same signal to a mobile station over more than one link.

For instance, two different base stations can communicate the same information to a

mobile station over two different spatially offset links. The mobile station processes

30 the signals from the two links by combining them in some way, e.g., maximal ratio
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frequencies, however, such a scheme fails to make efficient use of the frequency
spectrum. As described briefly above, the concept of space diversity involves the
receipt of signals over multiple signal paths.

Because spacial diversity can involve using two entirely different base
stations to communicate with a mobile station, the technique has also been called macro
dlversuy However, as used herein, the term macro diversity can also Involve an

arrangement wherein antennas used for the diversity transmissions are located close to

‘one another, or even co-located in a same base station. F igures 2-5 depict several

exemplary macro diversity arrangements.

Figure 2 illustrates a macro diversity arrangement wherein a first base

station 202 and a second base station 204 each transmit a same message 206 to a

mobile station 208. The message 206 is transmitted to the mobile station 208 over

different signal paths in the forms of a first downlink 210 and a second downlink 212.

- The first and second downlink signals 210 and 212 are recombined in the mobile

station 208 to extract the message 206. The mobile station 208 transmits to the base
stations 202 and 204 over first and second uplink paths 214 and 216, respectively.
Figure 3 illustrates a macro divers.ity arrangement wherein the same
message 306 is broadcast from a first antenna 304 and a second antenna 305. The
antennas 304 and 305 have different polarization characteristics. e. g., horizontal and -
vertical polarization, but are located in thc same base station 302. Fu'st and second

downlinks 310 and 312 communicate the message 306 from the base stanon 302 to the



CA 02295085 1999-12-21

WO 98/59433 PCT/SE98/01169

10

15

20

25

30

3

mobile station 308, while first and second corresponding uplinks 314 and 316
communicate from the mobile station 308 to the base station 302.

Figure 4 depicts a macro diversity arrangement for an indoor RF
communication system in which one or more of first, second and third antennas 402,
404 and 410 transmit a signal containing the same message 406 to a mobile unit 408.
As depicted, first and second downlinks 410 and 412 communicate the message 406
from antennas 404 and 410, respectively, to the mobile station 408. First and second
uplinks 414 and 416 communicate from the mobile station 408 to the antennas 404 and

410, respectively.

Figure 5 depicts a single base station macro diversity arrangement
wherein first and second directional lobes 518 and 520, generated by an antenna array
504, each cover a separate coverage area. The first directional lobe 518 maintains a
first macro diversity link including a first downlink 510 which carries a message 506.
The second directional lobe 520 maintains a second macro diversity link including a
second downlink 512 which also carries the message 506. First and second uplinks 514
and 516 communicate from the mobile station 508 to the antenna array 504 within each
lobe 518 and 520, respectively.

In a macro diversity arrangement, the base stations and/or antennas
communicating with a particular mobile station are known as "active set” members.

For exanmle, referring back to Figure 4, antennas 404 and 410 would be considered
members of the active set. Members of an active set can change as the mobile station
passes 1nto and out of coverage areas handled by base stations and/or antennas in the
system. As known to those skilled in the art, the addition and deletion of base stations
and/or antennas to and from an active set can be used to achieve handoff.

Macro diversity increases robustness, achieves improved downlink
quality, and combats fading. However, the additional active transmitting elements in a
macro diversity scheme increases interference (i.e., the C/I ratio) for surrounding
mobile and/or base stations operating in the vicinity. Conventional macro diversity

systems ordinarily utilize the same amount of downlink transmit power for each

antenna in the active set. For instance, in IS-95 systems, the same transmit power level



CA 02295085 1999-12-21

WO 98/59433 PCT/SE98/01169

10

15

20

25

30

4

is used for all downlinks in the active set. Because of the undesirable interference to
other users, careful consideration is required in adding and deleting members from the
active set so that the interference in unrelated links is minimized: Accordingly, one

method for controlling interference is to limit the number of base stations and/or

- antennas 1n an active set.

Another method used in conventional systems to reduce the effects of
unnecessary interference from macro diversity operation is power split control. In
power split control, the downlink transmit power may be equally split between each
active base station and/or antenna in an active set. That is, in the case where there are
three downlinks, and a total transmission power of P is available,. each of the
downlinks has a transmission power level of P/3. However, even with such an
allocation, there may be an unnecessary amount of interference introduced when the
"weakest"™ downlink in the active set is operated at a P/3 power level. More
specifically, the link may, in effect provide a small improvement in communications
robustness, but introduce, on balance, a greater amount of disruption to surrOunding
communications by unduly introducing interference. Consequently, the C/I ratio for

adjacent cells can be negatively impacted with only a minimal gain in communications

efficiency.

characteris:ics'of the downlink signal received by mobile stations. More specifically,
an amount of transmit power used for a downlink is defined based on pilot channel
signal strength and interference values of downlink signals as measured at ‘t'he mobile
station. The measurement information is then reported to the system by the mobile
station. Such a system is desirable because it permits only a minimum amount of
power to be used to maintain a desirable level of communication efﬁciency, while at
the same time introducing a minimal amount of interference to adjacent, unrelated,
links. However, the DS-CDMA system has many shortcomings.

For example, DS-CDMA systems require significant information

overhead and consume important resources to carry out downlink power control. The

Pt
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- DS-CDMA downlink power control system uses mobile stations to periodically

measure path gain characteristics for cells adjacent to the mobile station. Measurement
reports are regularly transmitted reported back on associated uplinks. Because so-
called "fast" power control is frequently used in DS-CDMA systems, the measure and
transfer of information can require that approximately 10% of uplink frame capacity be
dedicated to downlink measurement information and reports. Consequently, there is
less frame capacity for other information. The mobile station must also perform
additional processing to measure, format and transmit the measurement information.
This has the effect of consuming processing resources, elevating design complexity and

Increasing handset power consumption.

What 1s needed is a system of downlink transmit power control for each
antenna and/or base station downlink which does not diminish the information capacity
of frames transmitted by a mobile station. It would be further desirable to provide a
downlink power control system that does not burden the mobile station with additional

tasks such as measuring the quality of a downlink, and processing and transmitting the

measurement data.

SUMMARY OF THE INVENTION

The present invention solves the forgoing problems by providing a
power control system for controlling downlink power in a macro diﬁersity system by
measuring the quality of an uplink signal at a base station. The present invention
relieves the mobile station from having to perform extra processing or sacrificing
uplink frame capacity for measurement information. As a result, production costs,
design complexity and power consumption related to the mobile station are reduced
while still providing downlink power control. In accordance with exemplary
embodiments of the invention, uplink quality can be gauged either by taking
measurements of the uplink, or using uplink quality factors that are already available in
accordance with system standards (e.g., GSM or D-AMPS). The uplink quality
information is used by control means within one or more base stations, or node

connected thereto, associated with the active set to control downlink transmission
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power levels. By controlling downlink transmission power in this fashion, those
members of the active set most likely to achieve the best downlink quality are controlled
to transmit at an appropriate power level. Remaining downlinks typically are controlled
to transmit at a lower power level. In this way, downlinks in the active set transmit at a
level to minimize an amount of interfercnce while still maintaining robust
communication through macro diversity communication.

More spcciﬁcally, systems in accordance with exemplary embodiments
of the present invention providc a method for controlling transmission power used ina
downlink signal from a base station to a mobile station in a macro diversity radio
systemn.  An exemplary method includes measuring a quality of an uplink signal
received in the base station and then controlling a downlink transmission power level in
response to the measure of quality of the uplink signal.

Exemplary embodiments may involve an apparatus for controlling
transmission power in a downlink between a base station and a mobile station in a
macro diversity radio system. The apparatus typically includes a means for measuring
a quality of an uplink signal received in the base station from the mobile station, A
means for controlling the amount of transmission power level used for the downlink
signal op¢rat¢s based on the quality of the uplink signal measured by the measurement
means, "

In accordance with exemplary embodiments, downlink transmission
power control is rendered in accordance with the path gain of a corresponding uplink,
and/or the carrier-to-interfercnce ratio of a corresponding uplink.

According to an aspect of the invention there is provided a method of
controlling a power level used to transmit downlink signals from a base station to each
mobile station in a plurality of mobile stations operating in a macro diversity cellular

telephone system, the method comprising measuring an uplink quality parameter of a

plurality of uplink signals received from the plurality of mobile stations, determining an

uplink quality factor for each uplink signal by dividing the uplink quality parameter of
each uplink signal by a summation of the uplink quality parameters of the plurality of
uplink signals, calculating a plurality of downlink power levels by multiplying the uplink
quality factor for each uplink signal by a measure of total downlink power available, and
transmitting a plurality of downlink signals to the plurality of mobile stations, wherein
the downlink signal to each mobile station is transmitted at a downlink power level

calculated based on the uplink quality factor for that mobile station.
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BRIEF DES CRIPTION OF THE DRAWINGS
The obJects and advantages of the invention will be understood by readmg the
foﬂowmg detailed de;cnpuon in conjunction with the drawings in which:
FIG. 1 depicts a conventional cellular communication system in which
the present invention can be utilized;
FIG. 2 depicts a macro diversity scenario wherein two individual base
10 stations commmunicate with a mobile station; |



CA 02295085 1999-12-21

"WO-98/59433 PCT/SE98/01169

10

15

20

25

30

7

FIG. 3 depicts a macro diversity scenario wherein an individua] base
station communicates with a mobile station using two downlink antennas which have
polarities offset from one another:

FIG. 4 depicts a macro diversity scenario in an indoor RF

communication system wherein one or more of a plurality of individual antennas

communicate with a mobile station:;

FIG. 5 depicts a macro diversity scenario wherein an individual base
station communicates with a mobile station using an array antenna which propagates

separate lobes each of which handles a different coverage area;

FIGS. 6A and 6B are circuit diagrams of conventional mobile and base

station elements:

FIG. 7 is a flow diagram illustrating a process in accordance with
exemplary embodiments of the invention;

FIG.81sa graph lllustrating the results of a first simulation used to
demonstrate the performance of an exemplary downlink power control system in
accordance with the present invention:

FIG. 9 is a graph illustrating the results of a second simulation used to

demonstrate the performance of an exemplary downlink power control system in
accordance with the present invention: and

FIG. 10 is a map of a floor space used in accordance with a simulation

performed using exemplary embodiments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Figure 6A is a block diagram depicting the elements of an exemplary
base station 600 that has a macro diversity capability and thus can be operated in
accordance with the present invention. The base station 600 includes a base station
control unit 602 which controls radio transceivers 606. Signals communicated to and
from the radio transceivers 606 are combined and duplexed, respectively, by one or .
more combiners 608. The combiners 608 may each be connected to an antennas array

or to respective vertical and horizontal polarized antennas. The antenna array may
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have beam lobes 614 and 616 which cover Separate geographic areas (see e.g., Figure
5). The latter antenna arrangement is analogous to the one illustrated in Fi gure 3. The
base station control unit 602,communicatcs with elements of the base station
transcetivers 606 over a traffic bus 620, a timing bus 622 and a baseband bus 624. As
will be appreciated by those skilled in the art and discussed briefly in the Background
section above, an alternative arrangement ihvolving one or more base stations, each

baving singular antennas, can be used to facilitate macro diversity communications in

accordance with the present invention.

As depicted in Figure 6B, an exemplary mobile station 650 includes a

controller 652 which is coupled to a radio transceiver 654, which, in turn, is connected

0 an antenna 656. In accordance with macro diversity operations, one skilled in the

Invention will now be described with respect to Figure 2 wherein two separate base
stations 202 and 204 are used to communicate diversity signals to a mobile station 208.
However, as will be appreciated by those skilled in the art, the diversity signals
discussed can originate from two or more antennas on a same base station. Referring
now to Figure 2, an exemplary embodiment of the present invention can involve a first
base station 202 and a second base station 204, both of which communicate common
information 206 using separate downlink paths 210 and 212, respectively, to a mobile
station 208. Communication from the mobile station 208 to the base stauons 202 and
204 involves a first uplink 214 to the first base station 202, and a second uplink 216 to
the second base station 204. In accordance with an exemplary aspect of the invention,
the level of transmission power used for each of the first and second downlinks 210 and
212, depends upon a quality measurement taken for the corresponding uplinks 214 and
216, respectively, at the base stations 202 and 204

An exemplary process in accordance with the invention is illustrated in -
Figure 7. The inventive process is preferably adaptive in the sense that it can be used

to continually adjust downlink power levels for the active set members during the
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process of active communication. Accordingly, the process begins at step 700 with the

- establishment of a communication link between a base station and/or antenna in an

active set, and a mobile station. The active set member monitors and measures
characteristics, or quélities; of an uplink from the mobile station at step 702. Control
Systems, transceivers, or like elements in the base station, or a node connected thereto,
calculate a downlink transmission power level as a function of the uplink signal quality
measurements (step 704). The calculated power level is then applied to control the
level of downlink transmission power used for the active link (step 706). In this way,
systems operating 1n accordance with the invention can apply an optimal amount of
downlink power for each of the active members serving a mobile station, without
introducing unnecessary amounts of RF interference to the system. The level of

downlink transmit power employed in response to the associated uplink quality can be

calculated in a variety of ways to control downlink power.

Uplink quality can be measured by any variety of signal characteristics,
as will be appreciated by those skilled in the art. One exemplary characteristic that can
be used in accordance with an exemplary embodiment of the invention is a path gain,
gi» measured for a particular link /. Path gain (also referred to as negative path loss) is
generally related to attenuation of a signal as related to an increase in a distance from a
transmitter from which the signal originated. Assuming a total amount of transmit
power, P, is available to the downlink antennas in an active set, the level of downlink

transmission power P; used for the link i can be governed by equation 1:

§,
P;‘ = P —
n
D g,
J=1
where: P 1s a total power available:

gi 1s a path gain measured for the uplink i; and

n 1s a number of antennas/base stations in the active set.

' P e caadendaadang i< RTINS 110 AT I ML A | WPy AN N {qwwe s . ywd oMo s qan B Iaad s i he € "eons o 4 sen  se 4us L oaut . m an, TV AT T U R A v R | (I AT LRI s f AL - -
T e e AT DRI IR LT A N €1 b L ST v Lot e P 1 e A A A i A R 21 .



10

15

20

25

30

CA 02295085 1999-12-21

- "WO0-98/59433 PCT/SE98/01169

10

Alternative uplink quality measurement factors can be used for the
purposes of calculating an appropriate downlink power. For instance, a carrier-to-
interference (C/I) ratio can be used -to calculate a downlink power level in a fashion
sirmular to that set out above with respect to Equation 1. More particularly, the level of

downlink transmit power used for the link i can be governed by equation 2;

C: / 1:
P =P —
>.C, | I
J=1
where: P 1s a total power available:

C/1; 1s a carrier-to-interference ratio measured for the
uplink i; and

n 1s a number of base stations (or antennas) in the active
Set.

Using the C/I ratio to determine downlink power allocation may be more
appropriate in situations where, for example, there is a higher probability of other
active mobile units being in the vicinity. In such as situation, it is Important to avoid
disturbing surrounding communications by introducing more interference than is
necessary to achieve one's own desired level of communications quality. By utilizing

the uplink C/I ratio, an assessment can be made of the extent of any ambient

Interference present. Accordingly, the ratio can then be used to adjust the downlink

transmission power levels so as to avoid unnecessarily increasing interference while

maintaining a desirable level of communication quality.

Several advantages are achieved by using uplink characteristics for
determining an appropriate power level for a corresponding downlink in accordance
with the present invention. The practice of measuring downlink characteristics at a
mobile station and reporting the results, as in, for example, DS-CDMA systems,
provides a direct measure of downlink quality. However, as described in the -

Background section above, the overhead and resources consumed by such a system are

substantial. In contrast, measuring uplink quality and utilizing the resulting

S B s i e = S R L SR A2 ha e RPNAMEIN MADEACIUM L S TR AN AT ST AT £ T O o T3 e T M o 138 e
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measurements provides an effective means for assessing downlink characteristics. In
accordance with exemplary embodiments of the invention, the uplink characteristics are
measured at the active set base station(s). Consequently, there is no requirement for
dedicating frame capacity to measurement reports in frames transmitted on the uplink.
Furthermore, a base station does not have the same processing and power limitations as
a mobile station and can more readily dedicate the processing resources necessary for
assessing the uplink measurements. Any additional power consumption dedicated to
processing uplink data and applying the results to control downlink power levels 1s
insignificant in view of the power resources generally available at a base station.

As a further matter, many of the uplink quality factors may be readily
available at a base station, as they are gathered pursuant to the requirements of an
operating standard under which the system is operating. For example, in GSM and D-
AMPS systems, measurements are 'takcn for uplink signal strength, path gain and C/I
ratios. Hence, while there as yet appears to be no use of such factors in determining a
corresponding downlink power level using the foregoing information, the factors are
nonetheless already available to the system for use in accordance with exemplary
embodiments of the invention.

Processing of uplink quality information in a base station can be
performed in a variety of ways as will be fully understood by those skilled in the art. '
As mentioned above, system variables for uplink quality that are maintained under
existing standards can be used to perform downlink power control calculations.
Referring back to Figure 60A, the base station control unit 602, can operate in concert
with the amplifiers (not shown) used to drive an antenna array and/or to control a level
of downlink transmission power applied. Alternatively, componentry in the radio
transceivers 606 can be utilized to measure uplink quality and thereafter apply such
measurements to amplifier controls to adjust downlink transmission power levels,
accordingly. Of course, transmission power control and uplink measurement can also
be performed in one or more nodes to which the base station 600 is connected. Further
discussion is omitted as those skilled in the art will readily be able to perform amplifier

control and uplink signal measurement in accordance with the present invention.
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Using an indoor RF radio system analogous to that depicted in Figure 4

to perform a simulation, power allocation in accordance with the present invention

according to:

C= Pgrl [W]

Wherein the downlink power used for the link i is denoted by P, and the average path
gain, g;, between a mobile and an antenna was modeled according to well known path

loss prediction techniques. Fast fading was modeled as Rayleigh fading, denoted r 5

The desired signal for a macro diversity scenario involving, for example, links 1 and 2

was calculated as:

It is assumed that an equalizer in a mobile station can resolve multiple rays and add
them coherently using maximal ratio combining, for instance. This can be achieved,

for example, by delaying the transmission from one of the antennas by approximately

one symbol time. Alternatively, a frequency offset can be selected for one of the links.

The simulation involved five floors and 2 large number of mobile i
stations. The mobile stations were modeled to appear at equal probability levels over

e€ach of the floors. An individual floor used in the simulation is depicted in Figure 10.
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individual cell, which cell was covered exclusively by the seven antennas. Channel
reuse was limited to one within each cell. Chanpels were randomly allocated to the
mobiles on each floor. For each mobile, the two antennas with the highest average
gain were chosen as macro diversity links. No more than two of the seven antennas
were permitted to serve an individual mobile station. The total amount of power split
between the two antennas was constant (i.e.. P = pP; + p,). System performance was

measured every 1/216 seconds in accordance with a GSM burst interval. Co-channel

Percentage of the mobiles
moving in the corridors

Downlink output power,p | 13dBm
omni (gain 0 dBi)

Floor attenuation 22 dB

Wall attenuation 2.1dB

Number of cells 5 (1 cell = 1 floor)
Traffic load (offered) 70% channel utilization

Table 1. Simulation parameters

The simulation results were compared to a variety of conventional
single-antenna operating arrangements. These included a singlecast arrangement
wherein the average best link antenna in a cell was used for the downlink transmission
to a mobile station. Also used for comparison purposes was an ideal singlecast
arrangement wherein the system sends information from a single strongest link (one of

seven In a cell) from burst to burst. Those skilled in the art will appreciate that the
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Ideal singlecast method is generally infeasible in conventional systemns because fast
fading in the up- and downlinks is independent due to the frequency duplex distance.
The comparison results of the simulation are depicted in Figures 8 and
9. For instance, Figufe 8 iIlustrates a comparison of the path gain (g ) and C/I
proportional downlink power allocation schemes with the conventional singlecast case.

Gain in the (g,) and C/I proportional downlink control schemes are similar at 1.0-1.5

~ dB at the 10% probability level for the cumulative distribution function (C.D.F.).

However at lower dB levels, the gain is even larger.

Figure 9 shows a comparison of ideal singlecast with the macro diversity
scenario wherein downlink power for a link i is proportional to a path gain g, measured
for the uplink portion of the link i (i.e., p, - g:). The mmprovement is noted in that
operation in macro diversity with power allocation in accordance with the Invention
shows that performance levels rivaling those of an ideal singlecast scheme can be
achieved. Figure 9 also depicts the case where the power split between the two links is
equal (p, = p,), to demonstrate that the interference level can be unnecessarily high

when at least one of the downlinks is transmitting at too high a power level. In

contrast, when using a power split scheme in accordance with the ivention, the

interference level is reduced.

In accordance with another aspect of the invention, uplink quality factors
can be used in assessing whether or not a given link should be included or removed
from an active set. Such an arrangement effectively assists in determining handoff.

For example, the uplink measurements taken at each base station and/or antenna in the
vicinity of a mobile station can be compared to a predetermined number, or level of
quality, that indicates whether or not the base station and/or antenna should be added or
deleted from the active set handling the mobile station. In the case: where a mobile
station moves out of one coverage area, whereby the uplink quality measurement for
that coverage area (as measured by its corresponding base station) drops below a
predetermined level, that link is dropped. Meanwhile, if the mobile station moves Into
a coverage area wherein an uplink meé;:urement for a corresponding base station and/or

antenna rises above a quality threshold, that base station/antenna may be added to the
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active set and thereafter actively communicate with the mobile station. Hence, handoff

can be effectively achieved.
The invention disclosed herein relates to macro diversity radio

communication systems. As disclosed and described herein, exemplary aspects of the

Invention are set out in the context of cellular telephone and indoor RF communication

systems having macro diversity capabilities. However, it will be readily appreciated by

those skilled in the art that the present invention can be applied to any RF
communication system that can operate using macro diversity. Such systems also

include, but are not limited to, optical (e.g. infra red) communications, and PCS

section above. Accordingly, the scope of the invention is not intended to be limited by
the exemplary embodiments set out herein, but rather by the claims appended hereto

and equivalents thereof.

Although the invention has been described in detail with reference only
to preferred embodiments, those skilled in the art will appreciate that various
modifications can be made without departing from the invention. Accordingly, the

Invention is defined only by the following claims which are intended to embrace all

equivalents thereof.
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The embodiments of the invention in which an exclusive property or privilege 1S

claimed are defined as follows:

1. A method for controlling transmission power used in a downlink
signal from a base station to a mobile station in a macro diversity radio system, the
method comprising the steps of: |

measuring a quality of an uplink signal received in the base station from
the mobile station; and | '

. ~ controlling more than one downlink signal so that a greatest amount of
downlink sig:na]. transmission power is allocated to an active set link seceiving a highest
quality uplink signal. ' |

2. A method for controlling transmission power used in a downlink
signal from a base station to a mobile station in a macro diversity radio system, the
method comprising the steps of: o

| measuring a quality of an uplink signal received in the base station from
the mobile station: and |

controlling downlink signai tiansn_]ission power in response to the
measure of quality of the uplink signal;
. “wherein an amount of downlink signal transmission power is
- proportional to the measure of quality of a corresponding uplink signal and an amount
~ of downlink signal transmission power, P, for a link { in an active set follows the
proportion governed by: '\

where: P is a total power available;
| g; is a path gain for the uplink of the link {;
and

n 1s a number of downlink communication devices in the active set.

3. The method of claim 2, wherein g; is an average path gain for the uplink
of the link .
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4. The method of claim 2 or 3, wherein the links are base station links and

the communication devices are base stations.

5. The method of claim 2 or 3, wherein the links are antenna links and the
communication devices are antennas.

6. A method for control]ihg transmission power used in a downlink
signal from a base station to a mobile station in a macro divergity radio system, the
method comprising the steps of: |

measuring a quality of an uplink signal received in the base station from
the mobile station; and .

‘controlling downlink signal transmission power in response to the

measure of quality of the uplink signal;
| wherein an amount of downlink sxgnal tmnsmxssion power is
proportlonal to the measure of quality of a corresponding nphnk signal and an amount

of downlink signal transmission power, F, foralink {1 in an active set follows the
proportion govermed by:

Jj=1
- where: P is a total power available;

/1, is a carrier-to-interference ratio for the uplink of the
of the link {; and

n 1s a number of downlink communication devices in the active set.

7. The method of claim 6, wherein C/I, is an average carrier-to-
interference ratio measured for the uplink of the link i.
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8. The method of claim 6 or 7, wherein the links are base station links and

the communication devices are base stations.

9. The method of claim 6 or 7, wherein the links are antenna links and the

communication devices are antennas.

10. The method of claim 8 or 9, wherein a greatest amount of downlink
signal transmission power 1s allocated to an active set base station receiving a highest

quality uplink signal.

-

11. The method of claim 1, wherein the step of measuring a quality of an
uplink signal comprises: o '
measuring a path gain in the uplink signal.

]
=

[2. The method of claim 1, wherein the step of measuring a quality of an
uplink mgna.l comprises:
mcasurmg a carrier-to-interfercnce ratio of the uplink signal,

frame erasure rate for the uplink signal.
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~ 14. The method of claim 1, wherein the step of measunng a quality of an
uphnk signal comprises:
measuring a quality of a carrier signal component of the uplink signal.

'15. An apparatus for controlling transmission power used in a downlink

between a base station and 2 mobile station in a macro diversity radio system, the
. apparatis comprising: |
means for measuying a quality of an up]ink signal received in the base
station from the maobile station; and |
means for controlling more than one downlink sxgna.l so that a greatest
- amount of downlink signal transmission power is allocated to an active set link

receiving a highest quality uplink signal,

'16. An apparatus for controlling transmission power used in a downlink
between a base station and a mobile station in a macro diversity radio system, the
apparatus comprising: '

-- ~means for measuring a quality of an uplink signal received in the base
station from the mobile station; and

means for controlling the amount of transmission power used for the
downlink signal power, the amount of transmission power bemg based on the quality of
the uphnk signal measured;

wherein an amount of downlink signal transmission power is
proportional to the measure of quahty of a corresponding uplink signal and an amount

of downlink signal transmission power, P, for a link { in an active set follows the
proportion governed by: |

p=pL
n
) &;
J=l
where: P i3 a total power available;

g; 1s a path gain for the uplink of link {; and
n 1s a number of downlink communication devices in the active set.
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17. The apparatus of claim 16, wherein g, is an average path gain for the
uplink of the link /. '

18. The apparatus of claim 16 or 17, wherein the links are base station

links and the communication devices are base stations.

" 19. The apparatus of claim 16 or 17, wherein the links are antenna links

and the communication devices are antennas.

20. An apparatus for controlling transmission power used in a downlink
between a base station and a mobile station in a macro diversity radio system, the
apparafus comprising:

- means for measiring a quality ofanuplinksmnal received in the base
station from the mobile station; and |

means for controlling the amount of transmission power used for the |
* downlink mgnal power, the amount of transmission power bemg based on the quality of
the uplink signal measured:;

wherein an amount of downlink signal trapsmission poOwWer is
proportional to the measure of quality of a corresponding uplink signal and an amount
of downlink sighal transmission power, P, for a link { ‘ in an active set follows the
proportion governed by:

C 1

n
3614
J=1

{

whcrc: " Pis a total power available:
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C/I, is a carrier-to-interference ratio for the uplink of the
link #; and | _
n is a number of downlink communication devices in the active set.
21. The apparatus of claim 20’ whcrcin G/l 1S an average carrier-to-
interference ratio measured for the uplink of the link /.

22. The apparatus of claim 20 or 21, wherein the links are base station

links and the communication devices are base stations.

23. The apparatus of claim 20 or 21, wherein the links are antenna links

and the communication devices are antennas.

24, 'The apparatus of claim 22, wherein a greatest amount of downlink
signal transmission power is allocated to an active set base station receiving a highest
quality uplink signal. '

| - 25. The apparatus of claim 23, wherein a greatest amount of downlink
signal transmission power is allocated to an active set antenna link corresponding to a
highest quality uplink signal.

26. The apparatus of claim 5, wherein the means for measuring a
quality of an uplink signal comprises:
' means for measuring a path gain in the uplink signal,



CA 02295085 2005-12-30

22

27. The épparams of claim 15, wherein the means for measuring a
quality of an uplink signal comprises: |
' means for measuring a carrier-to-interference ratio of the uplink signal.

28. The apparatus of claim 15, wherein the means for measuring a quality
of an uplink signal comprises means for measuring a bit error rate for the uplink signal,

or means for measuring a frame erasure rate for the uplink signal.

~ 29. The apparatus of claim 15, wherein the means for measuring a
quality of an uplink signal comprises: '
means for measuring a quality of ﬁ carrier signal component of the uplink
signal.

30. A method of controlling a power level used to transmit downlink
signals from a base station to each mobile station in a plurality of mobile stations
operating in a macro diversity cellular telephone system, said method comprising:

measuring an uplink quality parameter of a plurality of uplink signals
received from the plurality of mobile stations; - '

determining an uplink quality factor for each uplink signal by dividing the
uplink quality parameter of each uplink signal by a summation of the uplink quality |
parameters of the plurality of uplink signals;

calculating a plurality of downlink power levels by multiplying the uplink
qiié{lity factor for each uplink signal by a measure of total downlink power available; and

transmitting a plurality of downlink signals to the plurality of mobile
stations, wherein the downlink signal to each mobile station is transmitted at a downlink

power level calculated based on the uplink'quality factor for that mobile station.
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