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BACKGROUND

. The present invention relates to the use of transmission power
5 regulation techniques 'in .radio comnunications, and more
particularly to a method of and system for regulating power,
preferably based on the carrier to interference (C/I) ratio.

To minimize interference between communicators using a radio

communication system, the power levels of the radio signals

10 may be regulated. For example, interference between different

call connections using the same radio channel in a mobile

radiotelephone system might be reduced by requiating the

transmission power levels of the mobile stations and base

stations. The goal would be to ensure that only the transmis-

- 15 sion power necessary to maintain satisfactory call quality is

used so that the likelihood of interference between calls
using the same radio channel would be reduced.

In existing cellular systems, each cell is designed so that a
minimal C/I' ratio may be obtained in, for example, ap-
20 proximately 90% of the cell under normal traffic conditions.
Without transmission power regulation, most of the calls in
each cell's interior have a much better C/I than necessary and
may cause calls at the peripheries of other cells to use
higher transmission power levels in order for those calls to
25 be heard clearly. In other words, the calls in the cell
interiors create more interference than necessary without

transmission power regulation.

Another advantage of power regulation for cellular telephon_,é’:m
systems is that system capacity can be increased by approxi-
- 30 mately 70% as compared to an unregqulated system, assuming the
C/I ratio is the same. for all calls. Angther reas{on to
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i nterference tharthecgexgy carsumed by the mobile station. Accordingly, the-
batteries used to power portable mobile stations can have a
smaller capacity with the result that the portable. mocbile

5 stations can be made smaller.

In prior radiotelephone systens, for exarple as shown in U.S.
Patent No. 4,485,486 to Webb et al., power regulation involves
the base station measuring the signal strength of transmis-
sions received from the mobile station, comparing the received
10 signal strength with upper and lower thresholds that indicate
a desired rahge for proper reception, and issuing a power.
adjustment order to the mobile station based on the com-
parison. The process is repeated‘ at relatively infrequent
intervals, typically on the order of once every five seconds,
15 and the mobile’s transmission power 1s controlled only
| coarsely. Th:l.s type of control assumes that the disturbance
level is more or less constant and tries to keep the received
signal comfortably above this level. In practice, however,
such power regulafion is far from optimal because the distur-
20 bance level varies considerably with both time and place.

In the system described in U.S. Patent No. 4,811,421 to Havel
et al., the mobile station calculates the transmission power
level it should use in order for the strength of the signal
received by the base station to be constant. The calculation
25 is based on measurements of the signal strengﬁh received by
the mobile station that it uses to estimate the path loss to
the base station. Thus, the base station does not need to
instruct the mobile station to adjust its transmission power.
Nevertheless, the regulation is based on maintaining a
30 constant received signal strength, and thus is similar to that
disclosed in the patent to Webb et al.

As described in J. Zander, “Optimum Power Control in Cellular
Radio Systems", KTH, Report No. TRITA-TTT-9101 (Jan. 1991),
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for every traffic scenario in a cellular system there exists
a maximal C/I ratio which can be obtained by all calls, such
that all calls have this same C/I ratio. In a power regula-
ting scheme, it is desirable to regulate power to obtain this
maximal C/I value, but in practice it is difficult to deter-
mine the value to be targeted. If the value is set too high or
too low, the powers of all regulated transmitters will be
either increased to maximum levels or decreased to minimum
levels, determined by the physical limits of the system.

This "party effect" is one of the problems that have been
found in attempting to achieve a constant C/I ratio over an
entire cell. For example, if two cells in different cell
clusters use the same frequencies and have minimum allowed
power levels which the mobiles in the respective cells can aim
at and maximum power levels which those mobiles can not
transmit above, an unstable system results. Mobiles located
in a first cell raise their transmission power 1levels to
overcome the cochannel interference caused by mobiles in the
second cell and thus reach the constant ¢/I ratio. Similarly,
the mobiles in the second cell raise their transmission power
levels to overcome the now-increased cochannel interference
from the mobiles in the first cell. Again, the mobiles in the
first cell then a.dj ust their power transmission levels upward.
This effect continues until all mobiles in the first and
second cells are <transmitting at their maximum levels,
resulting in no improvement in interference problems, as well
as power consumption problems with battery-operated mobiles.

In the system described in U.S. Patent No. 4,580,262 to Naylor
et al., the output power level of the transmitter is control-
led by the receiver such that the output power is just enough
for the link to have suyfficient quality. lievertheless, the
quality ta‘i:get is fixed, and thus the system suffers from the
wparty effect" described above when two call connections use
the same radio channel in such a way that they interfere with
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SUMMARY

Applicants' invention avoids the instability problems of

5 prior communication systems and provides power regulation for

up-link and/or down-link transmissions in such a way that

received signal strength values and C/I ratio values are

maintained closer to desired values than in known systems. In

a radio communication system according to Applicants!

10 invention, a system and method are provided for regulating the

transmission power of a transmitting station. When App-

licants' invention is embodied in a cellular radio system, the

receiving station may be a mobile station and the transmitting

station may be a base station or the receiving station may be

15 a base station and the transmitting station may be a mobile

station. Applicants' invention may also be embodied in non-
mobile radio communication systems. '

In ;:ne embodiment, a method of regulating transmission power
includes the steps of receiving a signal transmitted at a

20 known transmission power level by the transmitting station and
measuring a quality criterion, such as a bit error rate (BER),
associated with the received signal. Further, the méthqd
includes the steps of determining a new transmission power
level based on the measured quality criterion and the known

25 transmission power 1level and ordering the transmitting
station to transmit at the new transmission power level. The
method may further include the steps of measuring a received
power level associated with the received signal and deter-
mining a path loss or gain of the channel based on the

30 difference between the received power level and the known
transmission power level. The new transmission power level is
then determined based on the measured quality criterion, the
known transmission power level, and the path loss.
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level, means for measuring a received power level associated
with the received signal, ineans for measuring a quality
criterion associated with the received signal, means for
determining 'a new transmission power level based on the
measured quality criterion and known transmission power
level, and means for ordering the transmitting station to
transmit at the new transmission power level. The systenm may
also include means for determining a path loss or gain based
on the difference between the received power level and the
known power level, and the path loss is also used in deter-
mining the new transmission power level.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of Applicants' invention will be
understood from reading this description in conjunction with
the accompanying drawings, in which:

FIG. 1 illustrates various parts of a cellular mobile tele-~
phone system, including cells, a mobile services switching
center, base stations and mobile stations;

FIG. 2 is a graphical representation of a regulation function
according to Applicants' invention:

FIG. 3a is a graphical representation of a function of the
interference power at the receiving station that may be
employed in systems and methods in accordance with Applicants'
invention; '

FIG. 3b is a graphical representation of a function of the
path loss or gain in the link between the transmitter and
receiver that may be employed in systems and methods in
accordance with Applicants' invention: |
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‘FIG. 4 is a graphical representation of another regulation
function according to Applicants' invention:

FIG. 5 is a block diagram of an exemplary system for perfor-
ming power regulation in accordance with Applicants' inven-
ticn; and '

FIG. 6 illustrates various parts of a telephone system
employing radio in a local loop.

DETAILED DESCRIPTION

While the following description is in the context of cellular
communication systems involving portable or mobile radio
telephones and/or personal communication networks, it will be
understood that Applicants' invention may be applied to other

~ communication applications. For example, power regﬁlation in

accordance with Applicants' invention can be used advan-
tageously in radio data communication systems and land mobile
radio systems, as well as in non-mobile radio systems such as
telephone systems empldying radio in the local loops. Even

" the latter fixed links may be subject to time-varying distur-

bances that can be counteracted by power regulation in
accordance with Applicants' invention.

FIG. 1 schematically illustrates ten cells, Cl to Cl1l0, in-a
cellular mobile radiotelephone system. The cells depicted
should be considered as only a portion of the system that
would normally have many more cells than ten. For each cell
Cl to C10, there is a respective base station Bl to B10 that
may be situated near the cell's center, and such base stations
typically have omni-directional antennas. The base stations
may, however, be situated proximate to the cell borders and
have directional antennas.
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portion of the mobile stations in the system. In particular,
there are normally many more mobile stations than there are
base stations. Also illustrated in FIG. 1 is a mobile
services switching center (ﬁSC) . The MSC is shown connected
to the base stations by cables, although other means for base-
MSC communication may be uséd, e.g., fixed radio links and
fiber optic links. The MSC is also connected to a public
switched telepl’_m‘ne' network (PSTN) or similar network.

The system illustrated in FIG. 1 uses a plurality of radio
channels for communicating analog information, e.g., speech,
and/or digital information, e.g., digitized speech or data.
To minimize interference between transmitting stations using
the same radio channel, it is advantageous to regulate the
transmitted power levels as described above. Using Ap-
plicants’ power reqgulation scheme, the appropriate transmis-
sion power levels are determined either by the MSC (or, in the
Global System for Mobile Communic.ations (GSM) , a base station
controller (BSC)) in cooperation with the base stations or by
the base stations alone. After receiving a signal from a
mobile, the base station measures various parameters as-
sociated with the received signal to determine a transmission
pover order to be sent to the mobile station as described
below. It will be understood that it is usually better for

‘the MSC and/or base stations to control the necessary power

regulation tasks, although in principle the mobile stations
could also be used.

To overcome the problems described above and maintain a stable
system, transmission power is regulated to attain a target C/I
ratio that, in general, is a ﬁonotonii:ally decreasing function
of the interference level present on the channel and of the
gain (negative path loss) involved in the transmission. Thus,
Applicants' power regulation scheme does not involve a fixed
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the "party effecithéeIinded rhayebehwecéssaryito deverninethaidnterference
level, and in the general case the path loss or gain of the
channel, to find the appropriate target C/I ratio.

5 In the following, the interference level is designated by I
when describing the C/I ratio, (traditional) and by i in the
formulas, but they are equivalent. Parameters such as p, p’,
g, i, I, P, Ss, a, B, and C/I are advantageously used in the
logarithmic form of dB. Thus, the gain g, which is derived

10 from a difference between the received power level and the
known transmission power level as described below, is given
simply by a subtraction. It will be appreciated that the
parameters may instead be used in their equivalent linear
forms with appropriate adjustments to the formulas.

15 To determine the interference level i, a quality measurement,
for example the BER cf bit error content, is made by the
receiving station in any of several ways known by those of
ordinary skill in the art. 1In a typical time division
multiple access radiotelephone system, e.g., according to the

20 EIA/TIA Is-54-B standard, the synchronization word (SYNC)
and/or the digital verification color code (DVCC) received by
the receiving station can be compared with the known sequence
or code transmitted. .In this way, the amount of errors can be
determined over time. From this BER value, the corresponding

25 C/I ratio can be determined by using an empirical translation
table as known in the art. Then, if the received signal
strength SS is also measured, the interference i can be
determined from the following relationship:

i=8s-c¢c/1
30 where all of the parameters are in dB.

For the general case of Applicants' power regulation techni-
gue, the channel gain or path loss is readily determined from
the difference between a connection's received power level
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(which can be measured) and its transmission power level
(which can be known a priori). If those levels are measured
in dB, simple subtraction yields the desired path loss.

An example of the proper functicnal relationship between the
target C/I ratio and the interference level is shown in FIG.
2. It will be understood that as the interference increases,
the transmission power increases to compensate, but from the
figure the transmitting station will not aim at the same C/I
ratio, but at a lower ratiec. Since the increase in inter-
ference "seen" by other connections due to the power increase
is then lower than it would have been for a power increase
aimed at the "old" C/I ratio, the system can converge to a
new, although lower, C/I ratio as the transmitters for those
other connections increase their transmission powers. Any
monotonically decreasing function may be appropriate,
provided the function has a first derivative of the C/I target
with respect to the interference that is in the range of about
-2 to 0. This is needed for stability. It is also desirable
for that derivative to be in the range of about -1 to 0 in
order to increase capacity in the system. It now appears that
a good value is about -0.3. Transmission power regulation in
accordance with Applicants' invention produces a stable
system having graceful degradation at higher traffic levels
where the interference is higher and thus the C/I target will
be lower. |

The C/I target is advantageously also functionally related to
the path loss or gain in the connection, and the shape of the
relationship can be similar to that shown in FIG. 2. 1In
particular, a monotom.cally decreasing function should be
used, and the first derivative of the C/I target with respect
to the gain is not critical but can be in the range of 0 to 1.
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associ ated with princziple of dpglicanks!t haventhenpetRagnlation is performed
periodically according to:

Pp=a=§8,(9) + 8;(i)

5 where 0 < dg,/di < 1 for stability. In the foregoing general
relation, p is the transmission power of the transmitting
station; @ is a predetermined constant; B,(9) is a predeter-
mined function of the gain-g in the connection (either up- or
down-link); and B;(i) is a predetermined function of the

10 interference power (disturbance) at the receiving station.
The interference power is the sum of contributions from other
call connections using the same channel. The origin of
cochannel interference is irrelevant to the performance of
Applicants' invention, although cochannel interference in a

15 cellular system most often arises between transmitters in
different cell clusters because frequency planning typically
avoids same-cluster cochannel disturbances.

It will be understood from the foregoing general relation that
Applicants' power regulation scheme is based in the general
20 case on the pai‘ticular connection's gain and interference
level. The general relation indicates the steady-state
condition but can be used in an iterative process to reach the
steady state. It will be understood that the relationship
shown in FIG. 2 (and FIG. 4) is a target function, i.e., it
25 shows the values of C/I to aim in any situation. Iterations
are needed to reach a final state on the curve because a
change in transmission power influences C/I which in turn
requires further adjustment of the transmission power. To
regulate the power of a transmitting station, it is necessary
30 to determine the parameters in the general relation. The
transmitting station is then ordered in any suitable way by
the receiving station to transmit at the desired transmission

power level.
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%mcéggga!q)csm repg_g\gg;‘tlsevel %etr;]n?.ngg-t accep%able power
level at a particular distance. Specifically, ¢ is adjusted
so that at a predefined distance interference dominates over
noise in most of the links: at that power level, the system
enjoys reasonable quality. The constant a affects only the
average transmission power and not the capacity in an environ-
ment where interference dominates over the random noise level,
i.e., in an interference-limited system. As one example, a
may be set at the maximum acceptable interference level.

Good performance regarding system capacity can be obtained
when the functions of the gain and interference are as

follows:
ﬁ'(g) =0.7-g | B;(i) = 0.7-i

Other functions of g and i can be used, including non-linear
ones, but the slope of the function of i must be less than 1
for stability as noted above. The slope of the function of g
is currently preferred to be between 0.5 and 1. Graphical
representat:.ons of useful B,(i) and ﬁ (g) are dep:.cted in FIGS.
3a and 3b.

It will be seen from the foregoing general relation that a
call si_xffering an increased interference level will be given
a higher transmission power level but one associated with a
C/I ratio less than the C/I ratio associated with the previous
lower transmission power level. 1If it were otherwise, the
problems of the prior systems where the transmitting stations
transmit at the maximum allowable power level (the "party
effect") would occur. Also, the transmission power level p
will be decreased when the desired received signal strength is
exceeded, for example, when a mobile station moves toward its
base station (see FIG. 3b). As the path loss decreases and

the gain increases, the system effectively moves to the right
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for determning a newtr r l.evel based on the neasured
quality criterion and known transm n power #%evel, and neans for
ordering the transnmitting station to transmt at the new transm ssi on power
| evel © The systemmay 10 also include neans for determining a path | oss or

gai n based on the difference between the receive ower. |l evel and the known
power |evel, and tH® Eif;h Iagé's Fge’é&%% Egeﬂcilﬁ'gd&r‘%-value of a ds,(g?, which
results in a lower transmission power p at the next iteration.

An embodiment of Applicants’ invention in accordance with FIG.

2 takes into account only the disturbance level. Thus, if the

5 disturbance level-does not change while a mobile station

changes its distance from the base station, the transmission

power level is 'ch'a'nged such that the received C/I ratio does

not change. 1In other words, full compensation is provided for

~gain changes (i.e., df,/dg = 1) but less than full compen-

"10 sation is provided for disturbance level changes (i.e.,.
dg;/di < 1). '

Alternatively, an embodiment of Applicants' invention in
accordance with FIG. 4, which shows the C/I target ratio as a
monotonically decreasing function of the transmitted power
15 level, takes intec account the'_ present transmission power
level. Such an embodiment is simpler than one using FIG. 2
because a determination of the value of the disturbance level
i is unnecessary. On the other hand, an embodiment using FIG.
4 provides less than full compensation not only for changes in
20 disturbance level (which is necessary for stability) but also
for changes in "radio distance” between the mobile and base
stations (which is not necessary for stability). Since this
is usually acceptable, the simpler embodiment in accordance
with FIG. 4 may be preferred over an.embodiment in accordance °
25 with FIG. 2.

The foregoing general relation can be used iteratively to
converge to the optimal transmission power level and to accom-
modate temporal variations in gain and/or interference level.
It is currently preferred that the transmission power level be

30 updated about every 0.5 second. In an embodiment where By (9}
and g,(i) are linear as above, the next period's transmission
powver, p’', can be represented generally by the following
scalar expression:
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fromreading this descri ORI{ct i on with the acconpanyin
drawi ngs, AHr7es0 Flemimmmﬂ‘%mvari ous parts of a cel IM&WF‘?’% |
tel e- phone system inclu , nmobi |l e services switching 20 center,
base stations and nobile stations; FIG 2 is gsgraphical representation of
a regulation function according to Applicants' invention; FIG 3ais a
graphi cal representation of a function of the interference power at the
receiving station that may be 25 enployed in systens and nethods in
accordance with Applicants' P =a~-8-((a'g) -~ i)

2

where a is between 0 and 1, and B, which is the slope of both
A (g) and g;(i), is between 0 and 1 for stability. For a = 1,
this becomes: ' '

5 : pP =a-8-(g-1i)

where the parameters @, p', g and i are conveniertly in dB, as
are the parameters p and C/I in the following expressions.
However, since:

C/I=p+g-~-1i

10 for a connectiqn in an interference~limited system, then the
next period's transmission power is given by the following
expression of known parameters:

pP=a~-8-(¢/I - p)

where p is the current period‘s transmission power. When the
15 system has achieved a steady state, i.e., when p’ = p, then:

pP=gc/(1~-8) - (8/(1 - B))-C/I

from which the steady-state C/I and transmission power level
when B = 0.7 are given by the following expression:

P= a/0.3' - {(0.7/0.3)°C/I

20 where the C/I ratio is determined from a signal quality para-
meter, such as the BER as described above.

The transmission power level increases by 2.3 dB when the
interference level increases by 1 dB. Other users experience
increased interfe_rence, and act in the same way in response to



inv"entidn; FIG 3b is a graphical representation of a function of the path
|l oss-or gain in the H—ﬁk -between t-he transmtter and receiver that may be

enpl oyed i t,%as thods in 30 accordance with Appli CARE
invention;ﬁﬂ% G i h drepresent ation of anot her regu‘f“?l on

function according to ention; FIG 5 is a block diagram of
an exenplary system:fo povver reﬂgUI ation in accordance with
Appl i cants inven-

the disturbance. After a period, the system settles to a
steady-state in which the final decrease in C/I1 ratio is less
than 1 dB because some of the increased interference has been
compensated by the increased transmission powers. If the
5 transmission power had been increased to reach the previous
C/I ratio and the other users had done the same, transmission |
power would have increased progressively until the maximum was
reached. On the other hand, if the transmission power had not
been increased at all, the connection's C/I ratio would have

10 decreased by 1 dB.

If the quality of some calls is to be reduced in a system, it
preferably should be the quality of those calls causing inter-
ference rather than of calls suffering from it. An exemplary
regqulation curve for such a system is shown in FIG. 4 where
15 the C/I target is a function of the transmission power used
for the connection. For a given trafflc situation in a system
regulating power according to FIG. 4, the quality of calls at
the border of a cell will likely be lower than the quality of
calls at the cell interior. Also, the C/I ratio for calls in
20 the interior of the cell for the power-regulated system is
lower than the C/I ratio for such calls for an unregqulated
system, otherwise no improvement would be made. An advantage
of power regulation according to FIG. 4 is its relatively
easier implementation because the target C/I ratio depends
25 only on the transmission power, which is known, and deter-
mination of the disturbance level i is not required.

An exemplary system in accordance with Applicants! invention
is illustrated in FIG. 5. This system is similar to the
system disclosed in commonly assigned U.S. Patent Application
30 Serial No. 941,307, filed September 4, 1992, which is herein
incorporated by reference. A transmitting station 10 has a
means 30 for transmitting radio signals to a receiving station
50 that has a means 60 for receiving the radio signals and
‘measuring their power level. The receiving means 60 also



5.t1on; jand FIG 6 illustrates various parts of a tel ephone system
enpl oying radio in a. | ocal | ogp. DETAILLED DESCRI PTION Wile the follow ng

descriptio 5*?4; he*cont‘ext of cellular 10 comrunication systens
i nvo{ vi ng 8’ tab@phones and/ or personal EoHREIE434 on

networks, it wll m“ pI i cants' invention may be applied

to ot her connunlcatlon or exanpke, power regulation in
accordance with Applica on can be used advan- 15 tageously in
radi o data comuni cation systens and | and nobile radio systens, as well as
in non-nobile radi o systems such as tel ephone systens enploying radio in
the local |oops. deteimines the channel path loss or gain and the quality of

the received signals, including the C/I ratio, as described
above. A method of measuring the interference level i during
periods of silence is disclosed in commonly assigned U.S.

5 Patent Application Serial No. 691,221, filed April 25, 1991,
which is herein incorporated by reference.

Suitable data signals reflecting the received signal strength
and gquality measurements are provided by the receiving means
60 to a signal processor 80, which determines the new trans-
10 mission power level or new C/I target value in a manner
described above. The processor 80 then provides a suitable
command signal to a transmitter 70 in the receiving station
50; the transmitter 70 sends the command signal to the
transmitting station 10, ordering the transmitting station 10
15 to transmit at the new transmission power level associated
with the new C/I target value. A means 40 for receiving the
order forwards the order to a suitable processor 20, which
causes the transmitting means 30 to transmit at the new
transmission power level associated with the new C/I target
20 value.

Applicants' power regulation scheme is also applicable to a
fixed radio communication system such as a telephone systém
that uses cellular radio in the local loops. Such a fixed
radio system is illustrated in FIG. 6, which shows a mobile
25 services center MSC connected to a base station BS. The MSC
and BS are illustrated as being in the same building but this
is not necessary. The BS sends and receives radio signals
through an antenna 110, which is normally omni-directional.
Signals sent by the _BS are collected by the system subscri-
30 ber's antenna 120, which is normally directional because it is
fixed with respect to the base station BS. The subscriber’s
antenna 120 is connected to a "mobile station” MS that
represents suitable components for making and receiving
cellular telephone calls. These components are appropriately



the latter fixed |inks may be subject to tine-varying distur- bances that
can -be counteracted by power reguiation in 20 accordance with Applicants'

i nventi on. chematically illustrates ten cells, Cl to Lo sn

cél'l ul ar n8€¢?ﬂ2i3é§| ot BlieNBa s BySk&HedThe cel |'s depi cted sho%%’%%ﬂ’“&
considered as only a po ' stem that would normally have many
nore cells than ten. Foa’lmmmﬂﬂ [/ Cl to @80, there is a respective
base station Bl to B10 uated near the cell's center, and

such base stations typically have omi-directional antennas. The base
stations may, however, be situated proxinmate to the cell borders and have

directional ant encemnected to the subscriber's standard telephone set POT in

such a way that the use of the radio connection is transparent

to the subscriber. The dashed wavy arrow represents inter-

ference signals that are due to other users of the radio
§ channel.

Since the gain is substantially constant for the system shown
in FIG. 6, Applicants' power regulation scheme can be applied
in the system according to the expression:

p'=a~8-(C/T - p)

10 that was described above. Power controcl can be applied to
uplink and/or downlink transmissions as described above.

It will be appreciated that a disturbance might be so severe
that power regulation as described here might be insufficient
to maintain a sufficient C/I ratio. In that event, the
15 affected connection could be handed over to another available
channel, e.g., frequency and time slot, in the same cell that
would provide a better C/I ratio. ’

Applicants' power regulation scheme can also be combined with
schemes for dynamic channel allocation (DCA) in radiotele-
20 phone systems, such as that described in commonly assigned
U.S. Patent Application Serial No. 872,232, filed April 22;
1992. In such a combination, DCA would remove the need for
frequency planriing and the present power regulation would give
the capacity increase that is difficult to realize from DCA's
25 reuse partitioning. The least-interfered channel would be
allocated in the combination. Also, there could be a maximal
interference level that the least-interfered channel could
have in order to accept a new call. This blocking level could
be different for different situations, e.g., call set-up and
30 handover.



7 FIG 1 also illustrates nine nobile stations ML to M, which nove within
and .between the cells and which represent only a portion of the nobile

stations j ﬂlgt%%steﬁrﬂ_n"p& tTcutar, there are normal ly nanypg-)?mg e

stati ons than e are_ 5 base that'og. ~ Also illustrated in lis a

nobi | e services sw tchi H m a,edTghe MSC i s shown connected to the
il

base stations by cabl es, meanslTor base- MSC conmuni cation
may be used, e.g., fixed d fiber optic links. The MSC is also
connected to a public 10 switched tel ephone network (PSTN) or simlar
net wor k. _ .

While particular embodiments of Applicants' invention have

been described and illustrated, it should be understood that
their invention is not limited thereto since At is expected
that modifications may be made by persons skilled in the art.

5 Any and all modifications that fall within the spirit and
scope of the invention as described and claimed herein are
intended to be included therein.



The sys“tem i|lustrated TF-G__1 uses a plurality of radio channels for
comuni cating analog in J’ mat i on\g\\speech and/or digital information,

e.g., dig Weech o) teblas 3, nim ze interference bet 4/00434
tr'ansm'ttﬁ% statt ons us[ Wy ed adi o channel , it is aavant ageous

to regul ate the transmt

plicants' power

s as descri bed above _Using Ap-

regul ation sc ' approp8i ate transm

| evel s are determined either by the MSC (or, in the 'G stem for
Mobi | e Conmmuni cations (GSM), a base station 20 controll M “’l m

cooper ation wt

h the base stations or by the base stati

receiving a si gWHAT ISnCIATMED &S:t he base station neasures varl ous
paramnmeters as- sociated with the received signal to determne a

transm ssion

10

15

20

25

30

1. In a radio communication system, a method of regulating a
power level of a radio signal transmitted from a transmitting
station to a receiving station comprising the steps of:

receiving a radio signal transmitted at a known transmis-
sion power level by the transmitting station:

measuring a quality criterion associated with the
received signal;

determining a new transmission power level based on the
quality criterion and the known transmission power level; and '

ordering the transmitting station to transmit at the new
transmission power level.

2. The method of claim 1, wherein the new transmission power
level is such that the quality criterion associated with a
received signal transmitted at the new transmission power
level is worse than the quality criterion associated with the
received signal transmitted at the known transmission power
level when the new transmission power level is greater than
the known transmission power level.

3. The method of claim 1, wherein the transmitting station is
a mobile station in a cellular telephone systen.

4. The method of claim 1, wherein the quality criterion is
one of a bit error rate and a bit error content. -

5. The method of claim 1, further comprising the steps of:

measuring a received power level associated with the
received signal; and |

determining a channel gain based on the received power
level and the known transmission power level;

wherein the new transmission power level is further based
on the channel gain.



powet order to be sent to the nobile station as described 25 below. It will
be understood that it is usuallybetter for the MSC and/ or base stations to

control t ary power regulation tasks, although in pri /Bff‘%&d&?d
nobi | e st tlmul d also be used. To overcone the problens ﬁ?tcrl

above and maintain a stable 30 system transm ssion power 'S Wmdﬂ
attain a target C 1 ratio that, in general, 18 a nonot

function of the interference |evel present on the chan:ml,!g ’m!ﬂﬂ imylnn
(negative path loss) involved in the transm ssion. Thuss

regul ati on schene does not involve a fixed
6. The method of claim 5, wherein the new transmission power

level is such that the quality criterion associated with a
received signal transmitted at the new transmission power
ievel is worse than the quality criterion associated with the

5 received signal transmitted at the known transmission power
level when the new transmission power level is greater than
the known transmission power level.

7. The method of claim 5, wherein the transmitting station is
a mobile station in a cellular telephone systemn.

10 8. An apparatus for regulating a transmission power level of
a transmitting station in a radio communication systenm

LY

comprising:
means for rece:.v:l.ng a radio 51gna1 transmitted at a known

transmission power level by the transmitting station;
- 185 means for measuring a quality criterion associated with
the received signal;
means for determining a new transmission power level
‘based on the quality criterion and the known transmission
power level; and '
20 means for ordering the transmitting station to transmit
at the new transmission power level.

9. The apparatus of claim 8, wherein the new transmission
power level is such that the quality criterion associated with
a received signal transmitted at the new transmission power
25 1level is worse than the quality criterion associated with the
received signal transmitted at the known transmission power
level when the new transmission power level is greater than
the known transmission power level. '

10. The apparatus of claim 8, wherein the transmitting.
30 station is a mobile station in a cellular telephone system.

This Sheet Has Been Re placed -

L lII




8 target C/l ratio or a target received signal strength. On the other hand,
it may be necessary to determne the interference level, and in the general

case the paﬁ@,&mor gain of the channel, to find the approprﬁ@mt
C/I'ratio. 5in the follow ng, the interference level is desi gnated by |

when describing the CI ratio, (traditional) and by | |n the formui as om
they are equival ent. Paraneters such as p, p29, i,

C/'| are advantageously used in the logarithmc form oﬂ mﬂ

g, which is derived lo froma difference between the recel ve

and the known tr%??mﬂ?hsel Oari:pgor.\'l\éeéus of lcl%imdgsctrﬂ!lebz@gu? eél‘?gv quaslf]ty criterion

is one of a bit error rate and a bit error content.

12. The apparatus of claim 8, further comprising:
means for measuring a received power level associated
5 with the received signal; and
means for determining a channel gain based on the
received power level and the known transmission power level;
wherein the new transmission power level is further based

on the channel gain.

10 13. The apparatus of claim 12, wherein the new transmission
power level is such that the quality criterion associated with
a received signal transmitted at the new transmission power
level is worse than the quality criterion associated with the
received signal transmitted at the known transmission power

15 level when the new transmission power level is greater than
the known transmission power level. '

14. The apparatus of claim 12, wherein the transmitting
station is a mobile station in a cellular telephone system.
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si aply by a subtraction. It will be appreciated that the pararreters may

i nstsead be used in their equival ent |inear forms with appropri at

adj ustments to the fornmulas. 15 To determine the interference | i, a
gual ity neasur for exagple the BER or bit error_content, de by
t he receivi ng don in any wm Mose of 0 nary
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sequence or code transmitted. In thik \NQ)W ) Infernational %oﬂé"&‘&ﬁb’o@g‘mﬂ“’
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' (57) Abstract

A method of and apparams for stabie regulation of transmission power level in a radio system use the carrier-to-interference (C/)
ratio of the communication channel. A C/I target that is a monotonically decreasing function of the interference on the channel is used for |
reguiating the transmission power level. Thus, as the interference increases the transmission power increases to compeasate, but to a level

yleldmgabwerCJllevel. The path loss or gain of the channel may also be determined and used in the regulation.
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25.C/| ratio can be deternined by ysing- an enpirical translation table as

known

measur ed,

in the art. Then, if the received signal
the interference i can be determ ned fromthe follow ng

rel ationshi p: 30 where al
case of Applicants' power

recei ved power

power

strength SS is also

of the paraneters are in dB. For the general
regul ation techni- que, the channel gain or path
loss is readily determned fromthe difference between a connection's

| evel 9 (which can be neasured) and its transm ssion
| evel
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(whi ch can be known a priori). If those levels are neasured in dB, sinple
subtraction yields the desired path |oss. An exanple of the proper
functional relationship betweén the 5 target C/ | ratio and the g-figohgiaace
|l evel is shH¥ 288 G 2. It will be understood that as the |nter erence

I ncreases, the transm ssion power increases to conpensate, but fromthe
figure the transmtting station will not aimat the same C | ratio, but at
a lower ratio. Since the increase in int]ey-510 ference "seen" by other .
connections due to the power increase is then |Iower than it would have been
for a power increase ained at the "old" C1 ratio, the system can converge

to a new, although | ower, ratio /%',\Mans tters for those other
connections increase the| r transm SS w

8
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15 gonotoni cal |y decreasing function nmay be appropriate, provided the
function has a first derivative of .the C I target with respect to the
interference that is in the range.of about -2 to 0. This is -neﬁg?
stability. WQ94/27380 so desirable for that derivative to be int ’%5‘#‘8@“8?
about -1 to O in 20 order to increase capacity in the system It now
appears that a good value is about -0.3. Transm ssion power regulation in
syst em havi ng graceful degradation at hzg,h r traffic levels where the
interference is higher and thus the C/1t'arget will 25 be |lower. The C|
target is advantageously also functionally related to the path |oss or gain
in the connection, and the shape of the relationship can be simlar to that
shown-in FIG 2. 1In
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pargtitul’ar, a nonotonically decreasing function should be 30 used, and the
first derivative of the C/I target.with respect td the gain is not critical
but can be in the range of 0 fo I. 10 The fol |l owi ng generalpéffgﬁgg,
exhibits t WO 94t ion principle of Applicants' invention. Regtlation is
performed periodically according to: [err] 5 where [err] < [err] <1 for
stability. 1In the foregoing general relation, p is the transni ssion power
of the transmtting 3/5 ’ : '

Bi(i)
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station; ais a predetermined constant; [err] is a predeter- mned
function of the gain g in the connection (either up- or down-Ilink); and
[erF] is aweser3es mi ned function of the 10 interference powepCT/SE94/00434
(di sturbance) at the receiving station. The interference power is the sum
of contributions fromother call connections using the same channel. The
origin of cochannel interference is irrelevant to the performance of
Applicants' invention, although cochankef Snterference in a 15 cellular
system nost often arises between transmtters in different cell clusters
because frequency plannimg typfcal Iy ~avoi s sdmne=cTuSt r ~cochannel

di sturbances. It will be underst+est~frommtire—foregormg—general rel ation
t hat Applicants' power reguljati on schene §, based in the generhl
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20, .cast on the particular
geperal relation indicates
itje___rativeﬁ,ro to reach
rel ati onsh in FIG
shows the values of CI to
reach a final state on the

connection's gain and interference |evel. The

the steady-state condition but can be used in an
the steady state. It will be underﬁkﬁ%ﬂghnab4the
2 (and FIG 4) is a target function,"i.€e., It 25
aimin any situation. Iterations are needed to

curve because a change in transm ssion power

influences C/I which in turn requires guyrgher adjustnment of the

transm ssion power. To regulate the power of a transmtting station, it is
necessary 30 to determine the paraneters in the general relation. The
transmtting station is then ordered in any suitable way by the receiving
station to transmt at the desired transm ssion
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METHOD AND APPARATUS FOR TRANSMISSION POWER REGULATION IN A
RADIO BYBTEM

BACKGROUND

The present invention relates to the use of transmission power
§ regulation techniques in radio communi'cations, and more
particularly to a method of and system for regulating power,
preferably based on the carrier to interference (C/I) ratio.

To minimize interference between communicators using a radio
communication system, the power levels of the radio signals

10 may be regulated. For example, interference between different
call connections using the same radio channel in a mobile
radiotelephone system might be reduced by regulating the
transmission power levels of the mobile stations and base
stations. The goal would be to ensure that only the transmis-

15 sion power necessary to maintain satisfactory call quality is
used so that the likelihood of interference between calls
‘using the same radio channei would be reduced.

In existing cellular systenms , each cell is designed so that a
minimal C/I ratio may be obtained in, for example, ap-

20 proximately 90% of the cell under normal traffic conditions.
Without transmission power regulation, most of the calls in
each cell's interior have a much better C/I than necessary and
may cause calls at the peripheries of other cells to use
higher transmission power levels in order for those calls to

25 be neard clearly. 1In other words, the calls in the cell
interiors create more interference than necessary without
transmission power regulation.

Apother advantage of power regulation for cellular telephone
systems is that systen capacity can be increased by approxi-
- 30 mately 70% as compared to an unregulated systen, assuming the
C/I ratic 1s the same for all ca.lls. : Another reason. to
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10 £ood perfornance regardi ng system capacity can be obt 3
finctions of the gain and interference are as fol |l ows: [“REP 4
functions of g and i can be used, including non-linear 1F
sl ope of the function of i nust be less than 1 for stabi
above. The slope of the function of g is currently prefe
0.5 and 1. Graphical representations of usefaul [err] (i)
depicted in FIGS. 3a and 3b. 20 It will be seen fromthg
relation that a call sufferlng an increased interference

given a higher transm Toin !tR” ngg{' af\8le DYLe0E LS sY Gle2h §¢e Es td reduce

the energy consumed by the mobile station. Accordingly, the

batteries used to power portable mobile stations can have a
smaller capacity with the result that the portable mobile
5 stations can be made smaller. '

In prior radiotelephone systems, for example as shown in U.S.
Patent No. 4,485,486 to Webb et al., power regulation involves
the base station measuring the signal strength of transmis-
siox;s received from the mobile station, comparing the received
10 signal strength with upper and lower thresholds that indicate
a desired range for proper reception, and issuing a power
adjustment order to the mobile station based on the com-
parison. The process is repeated at relatively infrequent
intervals, typically on the order of once every five seconds,
15 and the mobile's transmission power is controlled only
coarsely. This type of control assumes that the disturbance
level is more or less constant and tries to keep the received
. signal comfortably above this level. 1In practicé, however,
such power regulation is far from optimal because the distur-

20 Dbance level varies considei'ably with both time and place.

In the system described in U.S. Patent No. 4,811,421 to Havel
et al., the mobile station calculates the transmission power
level it should use in order for the strength of the signal
received by the base station to be constant. The calculation

25 is based -on measurements of the signal strength received by
the mobile station that it uses to estimate the path loss to
the base station. Thus, the base station does not need to
instruct the mobile station to adjust its transmission power.
Nevertheless, the regqulation is based on maintaining a

30 constant received _signal'strength, and thus is similar to that
disclosed in the patent to Weiab et al.

As described in J. ‘Zander, "Optimum Power Control in Cellular
."Radio Systems®", KTH, Report No. TRITA-TTT-9101 (Jan. 1991),
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C/l ratio less than the C/I ratio associated with th

tfansmi ssion power level. If it were otherw se, the BEMEM]O%E’L
prior systens where the transmitting stations transmjt fattne naxi nun
al l owabl e power level (the "party effect”) would occyr oy

transm ssion power |level p will be decreased when th ce5|? CPI‘ECEI V¢
signal strength is exceeded, for exanple, when a nobi|l 8—st-at+ormrnoves
toward its 30 base station (see FIG 3b) 3 As the patth | oss decreases and
the gain increases, the systemeffectively noves to tteTrgnt 12

d

for every traffic scenaric in a cellular system there exists
a maximal C/I ratio which can be obtained by all calls, such
that all calls have this same C/I ratio. In a power regula-
ting scheme, it is desirable to regulate power to obtain this
§ maximal C/I value, but in practice it is difficult to deter-
mine the value to be targeted. If the value is set too high or '
too low, the powers of all regulated transmitters will be
either increased to maximum levels or decreased to minimum
levels, determined by the phyeical limits of the system.

10 This "party effect" is one of the problems that have been
found in attempting to achieve a constant C/I ratio over an
entire cell. For example, if two cells in different cell
clusters use the same frequencies and have minimum allowed
power levels which the mobiles in the respective cells can aim

15 at and maximum power levels which those mobiles can not
transmit above, an unstable systenm results. Mobiles located
in a first cell raise their transmission power levels to
overcome the cochannel interference caused by mobiles in the
second cell and thus reach the constant ¢/I ratio. Similerly‘,:

20 the mobiles in the second cell raise their transmission power
levels to overcome the now~increased cochannel interference
from the mobiles in the first cell. Again, the mobiles in the
first cell then adjust their power transmission levels upward.
This effect continues until all mobiles in the first and

25 second cells are transmitting at their maximum levels,
resulting in no improvement in interference problems, as well
as power consumption problems with battery-operated mobiles.

" In the system described in U.S. Patent No. 4,580,262 to Naylor
et al., the output power level of the transmitter is control-
30 ‘ded by the receiver such that the output power is just enough
' '_L‘or the link to have sufficient quality. Nevertheless, the
: quali.ty tarqet is fixed and thus the systen suffers from the .
"party effect" described abave when two call connections use
the same radio channel in such a way that they interfere with '



in FIG 3b, thereby reducing the value of [err], which resul
tTansm ssi'on power p at the next iteration. An enbodi

i nvention in accordance with FIG 2 takes into account
if the 5 disturbance | evel does not change
station changes its distance fromthe base station, th
| evel is changed such that the received C/l,ratio does|n¢t_change.ln.

~words, full conpensation is provided for gain changes
| ess than full

| evel . Thus,

(i.e., [err]

INT SHEET
b

{

i.e.

[err] = 1)

conpen- 10 sation is provided for dist

accordance w t hekkf othemhisiithsbositarnnel Thtetfiefeice sitnatfons are common
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in cellular radio telephone systems.
8S8UMMARY

Applicants' invention avoids the instability problems of
prior communication systems and provides power regulation for
up-link and/or down-link transmissions in such a way that
received signal strength values and C/I ratio values are
maintained closer to desired values than in known systems. In
a radio communication system according to Applicants'
invention, a system and method are provided for regulating the
transmission power of a transmitting station. When App-
licants' invention is embodied in a cellular radio system, the

‘receiving station may be a mobile station and.the transmitting

station may be a base station or the receiving station may be
a base station and the transmitting station may be a mobile
station. Applicants' invention may also be embodied in non-
mobile radio communication systems.

In one embodiment, a method of regulating transmission power
includes the steps of receiving a signal transmitted at a
known transmission power level by the transmitting station and
measuring a quality criterion, such as a bit error rate (BER),
associated with the received signal. Further, the method

includes the steps of determining a new transmission power .

level based on the measured quality criterion and the known
transmission power level and ordering the transmitting
station to transmit at the new transmission power level. The
method may further include the steps of measuring a received
power level associated with the received signal and deter-
mining a path loss or ‘gain of the channel based on ‘the

‘djfference between. the received power level and the known

" transmission power level. The new transmission power level is

then determined based on the meéasured quality criterion, the
known. _.tra.rgsmissian: power level,. and the path loss.

< 1). Alternatively, an enbodi nent of Applicants' invention in



-

nonot oni cal | y decreasing function of the transmtted po
i hto account the present transm ssion power |evel. Such L
sinmpler than one using FIG 2 because a determ nation of |the val ue of thg
di sturbance level i is unnecessary. On the other hand, af ¢nbb2iAENIYESi hg
FIG 4 provides less than full conpensation_not only for |{changes in 20
di sturbance level (which is necessary for s?ability) but {al so for changes
in "radio distance" between the nobile and base stations’(uhich_is not .
necessary for stability). Since this is usually acceptable, the sinpler
enbodi nent in agc e; W f ' in
accordance 25 ‘smﬁgf‘:‘?% l)ﬁn. L?ﬁg%%)?é%oiwn%}pg\e%alﬁﬁ I{%a?’ :fg{]ergcgﬁ%g‘gagggg&
iteratively to means for receiving a signal transmitted at a known power

level, means for measuring a received power level associated
with the received signal, means for measuring a quality

5 criterion associated .with the’ received signal, means for
determining a new transmission power level based on the
measured quality criterion and known transmission power
level, and means for ordeting the transmitting station to
transmit at the new transmission power level. The system may

10 also include means for determining a path loss or gain based
on the difference between the received power level and the
known power level, and the path loss is also used in deter-
mining the new transmission power level.

BRIEF DESCRIPTION OF THE DRAWINGS

15 The features and advantages of Applicants' invention will be
understood from reading this description in conjunction with
the accompanying drawings, in which:

FIG. 1 illustrates various parts of a cellular mobile tele-
phone system, including cells, a mobile services switching

20 center, base stations and mobile stations:;

FIG. 2 is a graphical representation of a regulation function
according to Applicants’ invention:

FIG. 3a is a graphical representation of a function of the
interference power at the receiving station that may be

25 employed in systems and methods in accordance with Applicants’
invention;

FIG. 3b is a graphical representation of a function of the

" path loss or gain in the link between the: ﬁ:ansmi,tter and

receiver that may be employed in - s.y'_stemé ‘and methods in
30 acco_rd'ance'_with, '_&pp;l.icarits"_ invention: -
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converge to the optimal transm ssion power |evel and to m.f
t'enporal variations in gain and/or interference level. It \SHEET
preferred that the transm ssion power |evel be 30 updated gbout every 0.4
second. In an enbodi nent where [err] and [err] (i) are |ijndar 1Z2A06 999 thd;
next period' s transm ssion power, [err],. can be representjed generally by
the follow ng scalr expression: 13 [err] where [err] ifs DETWEen U amd 1,
and [err], which is the slope of both

FIG. 4 is a graphical representation of another regulation
function according to Applicants' invention:

FIG. 5 is a block diagram of an exemplary system for perfor-
ming power regulation in accordance with Applicants inven-
5 tion; and

FIG. 6 illustrates various parts of a telephone system
employing radio in a local loop.

DETAILED DESCRIPTION

While the following description is in the context of cellular
10 communication systems involving portable or mobile radio
telephones and/or personal communication networks, it will be
understood that Applicants' invention may be applied to other
communication applications. For example, power regulation in
accordance with Applicants' invention can be used advan-
15 tageously in radio data communication systems and land mobile
radio systems, as well as in non-mobile radio systems such as
telephone systems employing radio in the local loops. Even
the latter fixed links may be subject to time-varying distur-
bances that can be counteracted by power requlation in
20 accordance with Applicants' invention.

FIG. 1 schematically illustrates ten cells, €l to C10, ina
cellular mobile radiotelephone system. The cells depicted
should be considered as only a portion of the system that
would normally have iuany more cells than ten. For each cell
25 C1l to Cl10, there is a respective base station Bl to B10 that
may be situated near the cell's center, and such base stations
f:ypically have omni?directional antennas. The base stations
Hay, however, be situated proxmate to the cell borders ‘and
have directional antennas. . '



[err] and [err],
bécones:

[err],
However

is between 0 and 1 for stability. For [ef B Toe ey 100>

[err] where the paraneters.a, [err], g and i are} ySHEET

as are.the paraneters p and C/1 in the follow ng ek essmns

si nce:

, . [err] 10 for a connection in an interferem 121@%
system then the next period' s transm ssion power is giveh e oW

: g
expression of known paraneters: [err] where p is the curr hn pet--ee r
transm ssi on power. Wien the 15 system has achi eved a steady state, i.e.,
when p' = p, then:
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FIG. 1 also illustrates nine mobile stations M1l to M9, which
move within and between the cells and which represent only a
portion of the mobile stations in the system. In particular,
there are normally many more mobile-stations than there are
base stations. Also illustrated in FIG. 1 is a mobile
services switching center (MSC). The MSC is shown connected
to the base stations by cables, although other means for base-
MSC communication may be used, e.g., fixed radio links and
fiber optic links. The MSC is also connected to a public
switched telephone network (PSTN) or similar network.

The system illustrated in FIG. 1 uses a plurality of radio
channels for communicating analog information, e.g., speech,
and/or digital information, e.g., digitized speech or data.
To minimize interference between transmitting stations using
the same radio channel, it is advantageous to regulate the
transmitted power levels as described above. Using Ap-
plicants' power regulation scheme, the appropriate transmis-
sion power levels are determined either by the MSC (or, in the
Global System for Mobile Communications (GSM), a base station
controller (BSC)) in cooperation with the base stations or by
the base stations alone. After receiving a signal from a
mobile, the base station measures various parameters as-
sociated with the received signal to detérmine a transmission
power order to be sent to the mobile station as described
below. It will be understood that it is usually better for
the MSC and/or base stations to control the necessary power
regulation tasks, although in principle the mobile stations
could also be used.

To overcome the_.problems described above and maintain a stable
gystem, transmission power is regulated to attain a target €/I
ratio that, in general, is a monotonically decreasing function

‘of the interferem:e level present ‘on the channel and: cf the

gain (negative path loss) involved in the transmission. Thus,

Applicants' power regulat;lon scheme does not involve a fxxed‘



[err] from V\,hiéh the steady-state C/| and transm ssion po el .. when
[err] = 0.7 are given by the follow ng expression: [err] \HBET

ratio is determned froma signal quality para- neter, sugh
3 - t-he
@A&B‘«g@g@b

descri bed above. The transm ssion power |evel increases by 4.

interference level increases by 1 dB. Other users experi@rce

interference, and act in the sane way in regponse to t He |

After a period, the systemsettles to a
L

target C/I ratio or a target received signal strength. On the
other hand, it may be necessary to determine the interference
level, and in the generai case the path loss or gain of the
channdl, to find the appropriate target C/I ratio.

5 In the following, the interference level is designated by I
when describing the C/I ratio, (traditional) and by i in the
formulas, laut they are equivalent. Parameters such as p, p’,
g, i, I, P, 8S, a, B, and C/I are advantageously used in the
logarithmic form of dB. Thus, the gain g, which is derived

10 from a difference between the received power level and 'the
known transmission power level as described below, is given
simply by a subtraction. It will be appreciated that the
parameters may instead be used in their equivalent linear
forms with apprcpfiate adjustments to the formulas.

15 To determine the interference level i, a quality measurement,
for example the BER or bit error content, is made by the
receiving station in any of several ways known by those of
ordinary skill in the art. 1In a typical time division
multiple access radiotelephone system, e.g., according to the

.20 EIA/TIA 1S-54-B standard, the synchronization word (SYNC)
and/or the digital verification color code (DVCC) received by
the receiving station can be compared with the known seguence
or code transmitted. .In this way, the amount of errors can be
determined over time. From this BER value, the corresponding

25 C/I ratio can be determined by using an empirical translation

" table as known in the art. Then, if the received signal
strength SS is also measured, the interference i can be
determined from the following relationship:

i =88 -c¢c/1
30 where all of the parameters are in dB.

For the general case of Applicants' power regulation ‘cechm.-
que, the cha.nnel gain or path loss is readily determined from
the dlfference between a connectzon s received power level :



steady-state in which the final decrease in CI ratio i
because sone of the increased interference has been co
i ncreased transm ssion powers. |If the 5 transm ssion pdws
i ncreased to reach the previous C/I ratio and the other
same, transm ssion power woul d have increased progressi
maxi mum was reached. On the other hand, if the transms
been increased at all, the connection's C/| ratio would jhave 10 decreased

;' ke R

REPHACEMENT SHEET

h¢

by 1 dB. If the quality of sone calls is to be reduced i'ra—systerm T
preferably should be the quality of those calls causing inter- ference
rat her than of ¢whlishsufdrerbeigméasnred) Andejiéspltarpsmégslian gowenr leviear

such a system i g, RRAANCLA b GndedieLiori). If those levels are measured
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in dB, simple subtraction yields the desired path loss.

An example of the proper functional relationship between the
target C/I ratio and the interference level is shown in FIG.
2. It will be understood that as the interference increases,
the transmission power increases to compensate, but from the
figure the transmitting station will not aim at the same C/I
ratio, but at a lower ratio. Since the increase in inter-
ference "seen" by other connections due to the power increase
is then lower than it would have been for a power increase
aimed at the “old" C/I ratio, the system can converge to a
new, although lower, C/I ratio as the transmitters for those
other connections increase their transmission powers. Any
monotonically decreasing function may be appropriate,
provided the function has a first derivative of the C/I target
with respect to the interference that is in the range of about
-2 to 0. This is needed for stability. It is also desirable
for that derivative to be in the range of about -1 to 0 in
order to increase capacity in the system. It now appears that
a good value is about -0.3. Transmission power regulation in
accordance with Applicants!' invention produces a stable
system having graceful degradation at higher traffic levels
where the interference is higher and thus the C/I target will
be lower.

The C/I target is advantageously also functionally related to
the path loss or gain in the connection, and the shape of the
relationship can be similar to that shown in FIG. 2. 1In
particular, a monotonically decreasing function should be
used, and the first derivative of the C/I target with respect

' td the gain is' not critical but can be in-the range of 0 to 1.



15 the C/I target is a function of the transm ssion po
connection. For a given traffic situation in a systemregu
according to FIG 4, the quality of calls at the border
i kely be I ower than the quality of calls at the cell ingefior®
CI ratio for calls in 20 the interior of the cell for the

systemis lower than the C/I ratio for such®alls for an unregul ated
system otherw se no inprovement would be nade. An advant-ege—of power
regul ati on according to FIG 4 is its rel atlvely easi er inpl ement ati on

because the tar atio ends n ns 55| r

whi ch i s known, gﬁ%d e{j(’e?"l’?ﬁ nggf%ﬁa%f ’f‘%gaé/dl 9} 5?1%%@7 eve Pg%‘ﬂnvﬁdn

required. An exenphqp-ylsy@t @mpancaossr'damc@anm ARptubatiat lsmﬁqmd
periodically according to:

p=a-B(3) +8;(i)

S where 0 < dg;/di < 1 for stability. In the foregoing general
relation, p is the transmission power of the transmitting
station; a is a predetermined constant:; B,(9) is a predeter-
mined function of the gain-g in the connection (either up- or
down-link); and g;(i) is a predetermined function of the

10 interference power (disturbance) at the receiving station.
The interference power is the sum of contributions from other
call connections using the same channel. The origin of
cochannel interference is irrelevant to the performance of
aApplicants! invention, although cochannel interference in a

15 cellular system most often arises between transmitters in
different cell clusters because frequency planning typically
avoids same-cluster cochannel disturbances.

It will be understood from the foregoing general relation that
Applicants' power requlation scheme is based in the general

20 case on the particular connection's gain and interference
level. The general relation indicates the steady-stéte
condition but can be used in an iterative process to reach the
steady state. It will be understood that the relationship
shown in FIG. 2 (and FIG. 4) is a target function, i.e., it

25 shows the values of C/I to aim in any situation. Iterations
are needed to reach a final state on the curve because a
change in transmission power influences C/I which in turn
requires further adjustment of the transmission power. To
rggulaté the power of a transmitting station, ‘it is necessary

30 to determine the.parameters in the general relation. The
s transmiﬁting-station is then ordered in any suitable way by
the'_tec;'e-iv'in}; station to transmit at the desired transmission
 power level. - '



Is illustrated i.n FIG 5. This systemis simlar tot
in conmonly assigned U.S. Patent Application 30 Seri al
Sept enber 4, 1992, which is herein incorporated by ref
transmtting station 10 has a neans 30 for transmtting rladq® sGnass to
receiving station 50 that has a neans 60 for receiving tlhe radi o signgls
and measuring their power level. The recei¥ng neans q0 =tsD

REPLACEMENT SHEET determ nes the channel path |oss or dgain and the quali
of the received signals, including the CI ratio, as described
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The constant a represents a predetermined acceptable power
level at a particular distance. Specifically, a is adjusted
so that at a predefined distance interference dominates over
noise in most of the links: at that power level, the system
enjoys reasonable quality. The constant a affects only the
average transmission power and not the capacity in an environ-
ment where interference dominates over the random noise level,
i.e., in an interference-limited system. As one example, ¢
may be set at the maximum acceptable interference level.

Good perforﬂxance regarding system capacity can be obtained
when the functions of the gain and interference are as

follows:

B,(g) =0.7:g B;(i) = 0.7-1

vther functions of g and i can be used, including non-linear
ones, but the slope of the function of i must be less than 1
for stability as noted above. The slope of the function of g
is currently preferred tc be between 0.5 and 1. Graphical
representations of useful §;(i) and B (g) are depicted in FIGS.
3a and 3b.

It will be seen from the foregoing general relation that a
call suffering an increased interference level will be given

- a higher transmission power level but one associated with a

C/I ratio less than the C/I ratio associated with the previous
lover transmission power level. If it were otherwise, the
problems of the prior systems where the transmij:ting stations

transmit at the maximum allowable power level (the "party

effect") would occur. Also, the transmission power level p
will be decreased when the desired received signal strength is
exceeded, for example, when a mobile station moves toward its
base station (see FIG. 3b). As the path loss decreases and

_ the gain increases, the system e'tfect;veiy moves to the right



above. A nmethod of neasuring the interference level i duri

silence is disclosed in commonly assigned U.S. which is hemsm
by reference. Suitable data signals reflecting the receivdd |{si gnal streengfh
and quality neasurenents are provided by the receiving nmegn ?t ?ng”
processor 80, which determines the new trans- 10 nission gou eve

C/l target value in a manner descri bed abovez2 The processqr “8o—t+tren
provides a suitable command signal to a transmitter 70 inlthe receiving
station 50; the transmitter 70 sends the command signal to the transmtiing
station 10, ordering the transmtting station 10 15 to tr nsmt at the new
transni ssi on poweR gé(‘? 3pgsddienedy \FadnGing é‘ﬁd"fl‘f%\r‘@ t V& (R Ahdsths

40 for receivingréselts in a lower transmission power p at the next iteration.

An embodiment of Applicants' invention in accordance with FIG.

2 takes into account only the disturbance level. Thus, if the

5 disturbance level does not change while a mobile station

changes its distance from the base station, the transmission

power level is changed such that the received C/I ratio does

not change. In other words, full compensation is provided for

gain changes (i.e., dﬁg/dg = 1) but less than full compen-

10 sation is provided for disturbance level changes (i.e.,
dg,/di < 1).

Alternatively, an embodiment of Applicants' invention in
accordance with FIG. 4, which shows the C/I target ratio as a
monotonically decreasing function of the transmitted power
15 1level, takes into account the pres'e'nt transmission power
level. Such an embodiment is simpler than one using FIG. 2
because a determination of the value of the disturbance level
i is unnecessary. 0On the other hand, an embodiment using FIG.
4 provides less than full compensation not only for changes in
20 disturbance level (which is necessary for stabilityj but also
for changes in “radio distance" between the mobile and base
stations (which is not necessary for stability). Since this
is usually acceptable, the simpler embodiment in accordance
with FIG. 4 may be preferred over an.embodiment in accordance
25 with FIG. 2.

The foregoing general relation can be used iteratively to
converge to the optimal transmission power level and to accom-
modate temporal variations in gain and/or interference level.
it is currently preferred that the transmission power level be
. 30 ypdated about every 0.5 second. _In an embodiment whez__'.e Bg(g-)
~ and g,(i) are linear as above, the next period's transmission
power, 'p’ . can be represented generally by the following
scalar expression. -




order forwards the order to a suitable processor 20, which causes the
transmtting neans 30 to transmt at the new transm ssi on pgwes—t+eved :
associated with the new C/ 1 target 20 value. Applicants' po ]IW(SHEET
schene is also applicable to a fixed radi o comuni cation sy$t§msach as a .
t el ephone systemthat uses cellular radio in the |ocal |oops$. Sug?mg‘ﬂgd
radio systemis illustrated in FIG 6, whiclhashows a nobile{2% sefvices
center MSC connected to a base station BS. The MSC and BS ale Wdtsstrated
as being in the sane building but this is not necessary. The BS sends and
recei ves radi o signals through an antenna 110, which s normafTy '

omi -directional. Signals sent by Phé& BS—aBel(to19kctdd by the system
subscri -

where a is between 0 and 1, and 8, which is the slope of both

B,(g) and B,(i), is between 0 and 1 for stability. For a = 1,
this becomes: '

5 p' =a ~-B8-(g - 1)

where the parameters.a, p', g and i are convenienrtly in dB, as
are the parameters p and C/I in the following expressions.
However, since:

C/I=p+g-1

10 for a connection in an interference-limited system, then the
next period‘s transmission power is given by the following
expression of known parameters:

p' =a =~ B8-(C/I - p)

..

where p is the current period's transmission power. When the
15 system has achieved a steady state, i.e., when p' = p, then:

Pp=c/(1~-8) - (8/(1 -8))C/1

from which the steady-state C/I and transmission power level
vhen B = 0.7 are given by the following expression:

p = a/0.3 - (0.7/0.3)-C/I

20 where the C/I ratio is determined from a signal quality para-
meter, such as the BER as described above.

' The transmission power level increases by 2.3 dB when -the -
Jinterference 1evél_|. i_._ncteqsés by 1 dB. Other users experience
increased interference, and act in the samé way in response to




30 ber's antenna 120, which is normally directional beca t

wi'th respect to the base station BS. Thg subscri ber's ant J.WENTKSTEET
connected to a "nobile station” MS that represents suital corrponents flo
maki ng and receiving cellular telephone calls. These co N Al
appropriately 16 connected to the subscriber's standar elephone set
POT in such a way that the use of the radi aa<onnection igt ‘
t he subscriber. The dashed wavy arrow represents inter- flerence signals
that are due to other users of the radio K

the disturbance. After a period, the system settles to a
steady-state in which the final decrease in C/I ratio is less
than 1 dB because some of the increased interference has been
compensated by the increased transmission powers. If the
5 transmission power had been increased to reach the previous
C/I ratic and the other users had done the same, transmission
powér would have increased progressively until the maximum was
reached. On the other hand, if the transmission power had not
been increased at all, the connection's C/I ratio would have
10 decreased by 1 dB.

If the quality of some calls is to be reduced in a system, it
preferabl'y should be the quality of those calls causing inter-
ference rather than of calls suffering from it. An exemplary
regulation curve for such a system is shown in FIG. 4 where
15 the C/I target is a function of the transmission power used
for the connection. For a given traffic situation in a systen
regulating power according to FIG. 4, the quality of calls at
the border of a cell will likely be lower than the quality of
calls at the cell interior. Also, the C/I ratio for calls in
20 the interior of the cell for the power-regulated system is
lower than the C/I ratio for such calls for an unregulated
system, otherwise no improvement would be made. An advantage
of power regulation according to FIG. 4 is its relatively
easier implementation because the target C/I ratio depends
25 only on the transmission power, which is known, and deter-
mination of the disturbance level i is not required.

An exemplary system in accordance with Applicants® invention

is illustrated in FIG. 5. = This system is similar to the

system disclosed in commonly assigned U.S. Patent Application

30 S'érial No. 941,307, filed September 4, 1992, which is herein

.ipcorporated' by reference. A transmitting station 10 hés_ a

- means 30 for transmittingradioc signals to.a receiving station

50 that has a means 60. for receiving theé radio signals and
'-mgasuring. the_ir 'power_ level. The receiving means 60 alsc .




S channel . Since the gain is substantially constant for the system shown in
FIG 6, Applicants' power regul ation schene can be applie

according to the expression: [err] 10 that was descri bed L’éeﬁwsﬂﬂm
control can be applied to uplink and/or downlink transm sgi dns as descri bgd
above. It will be appreciated that a disturbance m ght bels¢ st2tli 1994t
power regul ation as described here mght be.tnsufficient §ofmaintain a
sufficient C1I ratio. In that event, thei af fected cennection coul d be}
handed over to another avail able channel, e.g., frequency akd-iine.sloiin
the sane cell that would provide a better CI ratio.

determines the channel path loss or gain and the quality of

lT

the received signals, including the C/I ratio, as described
above. A method of measuring the interference level i during
periods of silence is disclosed in commonly assigned U.S.

S Patent Application Serial No. 691,221, filed April 25, 1991,
which is herein incorporated by reference.

Suitable data signals reflecting the received signal strength
and quality measurements are provided by the receiving means
60 to a signal processor 80, which determines the new trans-
10 mission power level or new C/I target value in a manner’
described above. The processor 80 then provides a suitable
command signal to a transmitter 70 in the receiving station
$0; the transmitter 70 sends the command signal to the
transmitting station 10, ordering the transmitting station 10
15 to transmit at the new transmission power level associated
with the new C/I target value. A means 40 for receiving the
order forwards the order to a suitable processer 20, which
causes the transmitting means 30 to transmit at the new
transmission power level associated with the new C/I target
20 value.

Applicants' power regulation scheme is also applicable to a
fixed radio communication system such as a telephone system
that uses cellular radio in the local loops. Such a fixed
radio system is illustrated in FIG. 6, which shows a mobile
25 services center MSC connected to a base station BS. The MSC
and BS are illustrated as being in the same building but this
is not necessary. The BS sends and receives radio signals
through an antenna 110, which is normally omni-directional.
Signals sent by the BS are collected by the system subscri-
30 bfar's antenna '120', which is normally directional because it is
fix_ed Qitljz respect to the base station BS. The subscriber's
antenﬁa : 2_.26- is épnhect‘éd to a "mobile station™ MS that
. represents suitable components for _ma}cin{; and - receiving
'_cel,lu_lar' telephone calls. These coméonents are appro'pfiafely. R



Appli cants' power regul ati on schene can al so ‘be conbi ned
dynam ¢ channel allocation (DCA) in radiotele- 20 phone
that described in commonly assigned U S. Patent Applicat
872,232, filed April 22; 1992. In such a conbinati on,
need for frequency planning and the present power regul
capacity increase that is difficult to realilfe from DCA'{s ;
partitioning. The least-interfered channel would be alljocated in the

conbi nation. Al so, there could be a maximal interference TevelTthat—the
| east-interfered channel . coul hav

in.order cept new cal | aél%]lls
bl ocking | evel cOUMATHEYi 1T Fht® (ﬁ;rdgf"f'eﬁe%?a'i?ﬁ{fgtﬁegﬁg?‘@?&. set in
set-up and 30 hsmdip\eeway that the use of the radio connection is transparent
to the subscriber. The dashed wavy arrow represents inter-
ference signals that are due to other users of the radio

S channel.

Since the gain is substantially constant for the system shown
in FIG. 6,.Applicants' power regulation scheme can be applied
in the system according to the expression:

p’ =a - 8-(C/I - p)

10 that was described above. Power control can be applied to
uplink and/or downlink transmissions as described above.

It will be appreciated that a disturbance might be so severe
that power regulation as described here might be insufficient
to maintain a sufficient C/I ratio. ' In that event, the

15 affected connection could be handed over to another available
channel, e.g., frequency and time slot, in the same cell that
would provide a better C/I ratio. '

Applicants' power regulation scheme can also be combined with
schemes for dynamic channel allocation (DCA) in radiotele-
20 phone systems, such as that described in commonly assigned
U.S. Patent Application Serial No. 872,232, filed 2April 22;
1992. 1In such a combination, DCA would remove the need for
frequency planning and the present power regulation would give
the capacity increase that is difficult to realize from DCA's
25 reuse partitioning. The least-interfered channel would be
allocated in the combination. Also, there could be a maximal
jinterference level that the least-interfered channel could
have in order to accept a new call. This blocking level could
be different for different. situations, ' e.g., call set-up and ..
30 handover. o ' '



17 Wil e particul ar enbodi nents of Applicants' invention have been -
described and illustrated, it should be understood that their invention.is
not limted thereto since it is expected that nodifications may be made by
persons skilled in the art. 5 Any and all nodi-fications that fall within
the spirit and scope of the invention as described and clained herein are
I ntended to be included therein. 17

While particular embodiments of Applicants' invention have
been described and illustrated, it should be understood that
their invention is not limited thereto since it is expected
that modifications may be made by persons skilled in the art.

5 Any and all modifications that fall within the spirit and
scope of the invention as described and claimed herein are
intended to be included therein.
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station conprisin( he '8 A receiving the radio signal, the radio
signal being tra ' transm ssi on power |evel by the 10
transmtting station; uality @aiteriOQ,stocLa%ed'mrTﬁ'fﬁe
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WHAT IS CLAIMED IS:

1. In a radio communication system, a method of regulating a
power level of a radio signal transmitted from a transmitting
station to a receiving station comprising the steps of:

receiving a radio signal transmitted at a known transmis-
sion power level by the transmitting station:;

measuring a quality criterion associated with the
received signal; |

determining a new transmission power level based on the
quality criterion and the known transmission power level; and

ordering the transmitting station to transmit at the new
transmission power level.

2. The method of claim 1, wherein the new transmission power
level is such that the quality criterion associated with a
received signal transmitted at the new transmission power
level is worse than the qualit? criterion associated with the
received signal transmitted at the known transmission power
level when the nevw transmission power level is greater than
the known transmission power level.

3. The method of claim 1, wherein the transmitting station is
a mobile station in a cellular telephone systen.

4. The method of claim 1, wherein the quality criterion is
one of a2 bit error rate and a bit error content.

5. The method of claim 1, further comprising the steps of:
measuring a received power level associated with the

- received signal; angd

30

determining a channel gain based on the received powver
level-and the known transmission power level;

- wherein the new transmission. power level is. further based- :
on the channel gain.

e

system having a plurality of transmtting



determ ning a new t:ransm ssion power |level for the 15 transmtting station
based on the quality criterion and the known transm ssion power |evel, the
new transm ssi on power |evel being otherw se i ndependent of transm ssion
power |levels of other transmitting stations; and ordering the transmtting
station to transmt the 20 radio signal at the new transm ssion power

| evel ; wherein the new transm ssion pousr | evel

that, when the new transm ssion power |evel is great H“Immmmmmﬁmm
transm ssion power |evel, the quality criterion assocrated with & received

signal that 25 was transnitted at the new transnmission power level is
wor se than t he quaMheymethedrafoglaiBdei dhegain khemgew transmission power

level is such that the quality criterion associated with a

received signal transmitted at the new transmission power
level is worse than the quality criterion associated with the

S received signal transmitted at the known transmission power
level when the new transmission power level is greater than
the known transmission power level.

7. The method of claim 5, wherein the transmitting station is
a mobile station in a cellular telephone system. '

10 8. An apparatus for regulating a transmission power level of
a transmitting station in a radio communication system
comprising:

means for receiving a radio signal transmitted at a known
transmission power level by the transmitting station:

15 means for measuring a quallty criterion associated with
the received signal;

means for determining a new transmission power level
based on the quality criterion and the known transmission
power level; and

20 means for ordering the tranémitting station to transmit
at the new transmission power level.

9. The apparatus of claim 8, wherein the new transmission
power level is such that the quality criterion associated with
a received signal transmitted at the new transmission power

25 level is worse than the quality criterion associated with the
received signal transmitted at the known transmission power
level when the new transmission power level is greater than
the known transmission power level.

104  The apparatus of claim 8, wherein the transmitting
‘30 station is a mobile station in a cellular telephone system.
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received signal that was transmtted at the known transm ssion power |evel.
REPLACENMENT SHEET 30 19 2. The method of claim1l, wherein the

transmtting station is a nobile station in a cellular ne system 5
3. In a radi o comuni cation system having a pl urallty of ting
stations, a nethod of regulating a power 20 ““ \ i‘m“\

11. The apparatus of claim 8, wherein the quality criterion
is one of a bit error rate and a bit error content.

12. The apparatus of claim 8, further comprising:
means for measuring a received power level associated
5 with the received signal; and
means for determining a channel gain based on the
received power level and the known transmission power level;
wherein the nevw transmission power level is further based
on the channel gain. ‘

10 13. The apparatus of claim 12, wherein the new transmission
power level is such that the quality criterion associated with
a received signal transmitted at the new transmission power
level is worse than the quality criterion associated with the
received signal transmitted at the known transmission power

15 1level when the new transmission power level is greater than
the known transmission power level.

14. The apparatus of claim 12, wherein the transmitting
station is a mobile station in a cellular telephone system.

This Sheet Has Been Rerlaced




| evel of a radio signal transmtted through a channel froma transmtting
station to a receiving station conprising the steps of: 10 recei vi ng
the radio signal, the radio signal being transmtted at a known

transm ssion power |evel by the transmtting station; nmeasuring a quality
criterion associated with the received signal that was transmtted at the
known 15 transm ssion power |evel; determning a new transm ssion power

| evel for the transmitting station based on the quality criterion and the
known transm ssion power |evel, the new 2tansm ssion power |evel being

ot herwi se i ndependent of transm ssion

Abgtract

METHOD AND APPARATUS FOR TRANSMISSION POWER REGULATION IN A
RADIO SYSTEM

A method of and apparatus for stable regulation of
transmission power level in a radio system use the carrier-to-
interference (C/I) ratio of the communication channel. A C/I
target that 1is a monotonically decreasing function of the
interference on the channel 1is wused for regulating the
transmission power level. Thus, as the interference increases
the transmission power increases to compensate, but to a level
.yielding a lower C/I level. The path loss or gain of the channel

may also be determined and used in the regulation.

Figure 5
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20 power levels of other transmtting stations; and ordering the
transm tting station to transmt the radio signal at the new transm ssion

power |evel; wherein the quality criterion is one of a bit error rate and_ a
bit error content; and the new transm ssion 25 power |ev |
that, when the new transm ssion power level is greater t
transm ssi on power | evel , t he quality criterion ¢ ated witlh ja
recei ved signal that was transmtted at the new transm s§i bn Wﬁ‘pggel [

worse than the 30 quality criterion assqc}ased with the d si gnal

\
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20 that was transmtted at the known transm ssion power |evel. 4. In
a’radi o comuni cation systemhaving a plurality 5 of transmtting stations,
a method of regulating a power |evel of a radio signal trgnsmtted through
a channel froma transmtting station to a receiving statf{, e\

steps of: receiving the radio signal, the radio signal be L .

at a known transm ssion power |level by the transmtting sjajion; neasuri
a quality criterion associated with the 1 2 AUG 1996
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received signal that was transmtted at the known transm ssion power |evel;
15 determ ning a new transm ssion power |level for the transmtting
station based on the quality criterion and the known transni ssion power

| evel , the new transm ssion power |evel being otherw se i ndependent of -
transm ssi on power |evels of other transmtting stations; 20 _orderin
the transmtting station to transmt the radio signal at ;
transm ssi on power |evel; measuring a3réc®ived power |ew
the received signal; and determ ning a channel gain basey
25 power |evel and the known transm ssion power |evel;
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wherein the new transmission power level is determined so tha
the new transm ssion power level is greater than the known transnipgj
power level, the quality criterion associated with a received si ghal

e than

30 was transmitted at the new transm ssion power |evel is 21 _
the quality criterion associated with the received signal that was 12 nua 1954
transmtted at the known transm ssion power level. 5 5. The g
claim4, wherein the transmtting
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station#is a nobile station in a cellular tel ephone system 6. An
apparatus for regulating a transmn ssion power 10 level of a transmitting
station in a radi o conmmunication system conprising: neans for receiving a
radio signal transmitted at a known transm ssion power |evel by the
transmtting station; 15 means for measuring a quality criterion
associated with the received signal; neans for determ ning a new

transm ssion power |evel for the transmtting station based on thhe quality
criterion and the known transm ssion pogey g evel, the new
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. . L1954 OS5
20 transm ssion power |evel being otherw se independent of transm ssion
power |evels of other transmitting stations; and neans for ordering the
transmitting station to transni‘t at the new transmi ssion power level: 25

PRGNS

wher ei ne_:t__he ‘determning means determines the new tREPLAGEIMIND SHEERSr SG
| evel so that, I ssi on poweli Develption : pagat er. td Ipaged .....
t he known transm SSI | eve t he ual Ciskm(s)Cr i:pegedom.. to paged .24,
associated with a re l,!ﬂ mltm, tl nsni t t48d at lre Rewingl) -bhgeb.l. seipaged ...

power level is worse ¥ Abstract  :paged .%. to paged .=

WHAT IS CLAIMED IS: v DATE OF RECEIPT ..altll........

1. In a radio communication system having a plurality
of transmitting stations,amethod of regulating a power
5 1level of a radio signal transmitted through a channel
from a transmitting station to a receiving station
comprising the steps of:
receiving the radio signal, the radio signal being
— transmitted at a known transmission power level by the
10 transmitting station;
measuring a quality criterion associated with the
received signall that was transmitted at the known
transmission power level;
determining a new transmission power level for the
16 transmittihg station based on the quality criterion and
the known transmission power level, the new transmission
power level being otherwise independent of transmission
power levels of other transmitting stations; and
ordering the transmitting station to transmit the
20 radio signal at the new transmission power level;
wherein the new transmission power level is
determined so that, when the new transmission power level
is greater than the known transmission power level, the
quality criterion associated with a received signal that
25 was transmitted at the new transmission power level is
worse than the quality criterion associated with the
received signal that was transmitted at the. known

transmission power level.
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22 criterion associated with the received signal transmtted at the known

transm ssi on power
transmtting 5

system 8. .

| evel

aratus of claim6, wherein the

station in a céltuorar—telephone

st at

1 8. An apgatatus for regufajing a transm ssi r level of a
transmtting statiorn ifn 3Ordish 396 ication 10 systﬁej‘m ’i"" s
for receiving a radijo{signal transmitted at a known ti-'r rS N r

! S *

by the transmyttt™g station; 19

10

15

20

25

30

2. The method of claim 1, whsrein the transmitting
station is a mobile station in a cellular telephone

gystem.

3. In a radio communication system having a plurality
of transmitting stations, a method of regulating a power
level of a radio signal transmittgd through a channel
from a transmitting station to a receiving station
comprising the steps of:

receiving the radio signal, the radio signal being
transmitted at a known transmission power level by the
transmitting station;

measuring a quality criterion associated with the
received signal that was transmitted at the known
transmission power level;

determining a new transmission power level for the
transmitting station based on the quality criterion and
the known transmission power level, the new transmission
power level being otherwise independent of ‘transmission
power levels of other transmitting statiomns; and

ordering the transmitting station to transmit the
radio signal at the new transmission power level;

wherein the quality criterion is one of a bit error
rate and a bit error content; and the new transmission
power level is determined so that, when the new
transmission power level is greater than the known
transmigsion power level, the quality criterion
associated with a received signal that was transmitted at
the new transmission power 1level is worse than the

quality criterion associated with the received signal



n associated 15 with the received
ansm ssi on power |evel for the

means for neasuring a s
signal ; neans for ddi A RN
el t

transmtting statio r
transm ssi an power II] Nyt r
I ndependent of 20 tr hnd &Y | mr ower
and neans for orderi gL’It_ﬁgW'
transm ssi on power |d4vel; wherein the
error 25 rate and a QLisker=TONL ent ;
I's determ ned so that, when the new

m ssi on power |evel being otherw se

vel s of ot her neEm ' i ons;
station to ”Hmmmlmmmm
ual i2y criteriom 1& anewol sa Wit

and the new transm ssi on power |evel

that was transmitted at thge  known transmission power

level.

4. In a radio communication system having a plurality
5 of transmitting stations, a method of regulating a power
level of a radio signal transmitted through a channel
from a transmitting station to a receiving station
U comprising the steps of:
receiving the radio signal, the radio signal being

10 transmitted at a known transmission power level by the

transmitting station;

measuring a quality criterion associated with the
received signal that was transmitted at the known
transmission power level;

15 determining a new transmission power level for the
transmitting station based on the quality criterion and
the known transmission power ievel, the new transmission
power level being otherwise independent of transmission

"/ power levels of other transmitting stations;
20 ordering the transmitting station to transmit the
radio signal at the new transmission power level;
measuring a received power level associated with the
received signal; and
determining a channel gain based on the received
25 power level and the known transmission power level;
wherein the new transmission power level |is
determined so that, when the new transmission power level
is greater than the known transmission power level, the
quality criterion associated with a received signal that

30 was transmitted at the new transmission power level is



transm ssi on power |evel is
| evel , t he qual
was transmtted at |§
23 quality criterio
transnitfted at the
for regulating a trg
radi o communi cati on

z han t he known transm ssion power
SEEEX‘SOCIated with a received signal that
sii ssion power level is worse than the
SOC|ated%ytr1the recei ved signa
S

i bn\ power | evel %
pvel of a transnmﬂmﬂ m”m’. I”

worse than the quality critérion associated with the
received signal that was transmitted at the known

transmission power level.

5 5. The method of claim 4, wherein the transmitting
station is a mobile station in a cellular telephone

system.

6. An apparatus for regulating a transmission power

10 level of a transmitting station in a radio communication
system comprising:

means for receiving a radio signal transmitted at a
known transmission power level by the transmitting
station;

15 means for measuring a quality criterion associated
with the received signal;

means for determining a new transmission power level
for the transmitting station based on the quality
"/ criterion and the known transmission power level, the new

20 transmission power level being otherwise independent of
transmission power levels of other transmitting stations;
and

means for ordering the transmitting station to
transmit at the new transmission power level;

25 wherein the determining means determines the new
transmission power level so that, when the new
transmission power level 1is greater than the known
transmission power level, the quality criterion
associated with a received signal transmitted at the new

30 transmission power level is worse than the quality



tfa

system conpri si ng: nean e akmeel a radio signal transmtted at a
known transm ssion pdida At ), ¥ *dransmtting 10 station; neans for
measuring a quality d with the recet Lgnal ; neans
for determning a ne @fﬁ’m ggiggqp | evel for the transmtting station
based on the quality E’eri on and k he known trans ﬂm | evel ,
the new transm ssion lewet—PTl Ng Pt herw se i ndep ﬂ,’ m’
transm ssi on power |e els of ot her tr m t 22 ng stations; freans
Iordelring the transmt t4 statTon to transnit at the new transmnission’ povver
evel ;

criterion associated with the feceived signal transmitted

at the known transmission power level.

7. The apparatus of claim 6, wherein the transmitting
5 station is a mobile station in a cellular telephone

system.

8. An apparatus for regulating a transmission power
level of a transmitting station in a radio communication
10 system comprising:
means for receiving a radio signal transmitted at a
known transmission power level by the transmitting
station;
means for measuring a quality criterion associated
16 with the received signal;
means for determining a new transmission power level
for the transmitting station based on the quality
criterion and the known transmission power level, the new
o transmission power level being otherwise independent of
20 transmission power levels of other transmitting stationms:
and
means for ordering the transmitting station to
transmit at the new transmission power level;
wherein the quality criterion is one of a bit error
25 rate and a bit error content; and the new. transmission
power level is determined so that, when the new
transmission power 1level is greater than the known
transmission power level, the quality criterion
associated with a received sgignal that was transmitted at

30 the new transmission power level is worse than the



20 . nmeans fq;&“aaaauLLng__a._feceived power | evel associated with
the received signal |RE 'ern1n|ng a channel gain based on the
recei ved power |evel g nsm ssi on power |evel; 25

wherein the new trafism e el is further based on the channe
gain; and the deterf pi I nes the new 1 m SSion pomer | evel

so that, when the ng¢ Vtransn1qq100, ojer level is gre wn
evel, the. qual ity] crite2don 30 aﬁmuml‘mﬂ “‘)

transm ssi on power
quality criterion associated “with the received signal

received signal tra

that was transmitted at the known transmission power

level.

5 9. An apparatus for regulating a transmission power
level of a transmitting station in a radio communication
system comprising:

means for receiving a radio signal transmitted at a

known transmission power 1level by the transmitting

10 station;

means for measuring a quality criterion associated

with the received signal;

means for determining a new transmission power level

for the transmitting station based on the quality

15 c¢riterion and the known transmission power level, the new
transmission power level being otherwise independent of
transmission power levels of other transmitting stations;

means for ordering the transmitting station to

(" transmit at the new transmission power level;

20 means for measuring a received power level
associated with the received signal; and

means for determining a channel gain based on the
received power level and the known transmission power
level;

25 wherein the new transmission power level is further
based on the channel gain; and the determining means
determines the new transmission power level so that, when
the new transmission power level is greater than the
known transmission power level, the quality criterion

30 associated with a received signal transmitted at the new



24 transm ssion power level. is worse than the quality criterion

associated with the received signal transmitted at the known transm ssio )
power |evel. 10. The apparatUs of claim9, wherein thq/LLgnsn+%fT”””ﬂfﬂ
statlon Jss»a nobile station in a cellular tel ephone systen1
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transmission power level ig” worse than the quality
criterion associated with the received signal transmitted

at the known transmission power level.

5 10. The apparatus of claim 9, wherein the transmitting
station is a mobile station in a cellular telephone

system.,

REPLACEMENT SHEE
30 JUL B9y




25

P

Abstract

METHOD AND APPARATUS FOR TRANSMISSION' POWER REGULATION IN A
RADIO SYSTEM :

A method of and apparatus for stable regulétion ‘of
transmissidn power level in a radio system use the carrier-to-
interference (C/I) ratio of the communication channel. A C/I
target that is a monotonically decreasing function of the
interference on the channel is wused for regulating the
transmission power level. Thus, as the interference increases
the transmission power increases to compensate, but to a level
yielding a lower C/I level. The path loss or gain of the channel

may also be determined and used in the regulation.

- Figure 5
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