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The use of code division multiple access (CDMA) modulation
techniques is one of several techniques for facilitating communications in
which a large number of system users are present. Other multiple access
communication system techniques, such as time division multiple access
(TDMA) and frequency division multiple access (FDMA) are known in the
art. However, the spread spectrum modulation technique of CDMA has
significant advantages over these modulation techniques for multiple access
communication systems. The use of CDMA techniques in a multiple access
communication system is disclosed in U.S. Patent No. 4,901,307, entitled
“SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM
USING SATELLITE OR TERRESTRIAL REPEATERS”, assigned to the
assignee of the present invention, of which the disclosure thereof is
incorporated by reference herein. The use of CDMA techniques in a
multiple access communication system is further disclosed in U.S. Patent
No. 5,103,459, entitled “SYSTEM AND METHOD FOR GENERATING
SIGNAL WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM”,
assigned to the assignee of the present invention, of which the disclosure
thereof is incorporated by reference herein.

CDMA by its inherent nature of being a wideband signal offers a form
of frequency diversity by spreading the signal energy over a wide bandwidth.
Therefore, frequency selective fading affects only a small part of the CDMA
signal bandwidth. Space or path diversity is obtained by providing multiple
signal paths through simultaneous links from a mobile user through two or
more cell-sites. Furthermore, path diversity may be obtained by exploiting
the multipath environment through spread spectrum processing by
allowing a signal arriving with different propagation delays to be received
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speech data at a maximum rate. When a variable rate speech coder is
providing speech data at a less that maximum rate, there is excess capacity in
the transmission frames. A method for transmitting additional data in

20 transmission frames of a fixed predetermined size, wherein the source of
the data for the data frames is providing the data at a variable rate is
described in detail in copending U.S. Patent Application Serial No.
08/171,146, which is a continuation application of U.S. Patent Application
Serial No. 07/822,164, filed January 16, 1992, entitled "METHOD AND

25 APPARATUS FOR THE FORMATTING OF DATA FOR TRANSMISSION®,
assigned to the assignee of the present invention, of which the disclosure
thereof is incorporated by reference herein. In the above mentioned patent
application a method and apparatus is disclosed for combining data of
differing types from different sources in a data frame for transmission.

30 In frames containing less data than a predetermined capacity, power
consumption may be lessened by transmission gating a transmission
amplifier such that only parts of the frame containing data are transmitted.
Furthermore, message collisions in a communication system may be
reduced if the data is placed into frames in accordance with a predetermined

35 pseudorandom process. A method and apparatus for gating the
transmission and for positioning the data in the frames is disclosed in U.S.
Patent Application Serial No. 08/194,823, which is a continuation
application of U.S. Patent Application Serial No. 07/846,312, filed March 5,
1992, entitled "DATA BURST RANDOMIZER", assigned to the assignee of



the transm ssion frames. A nethod for transmtting additional data in 20
transm ssion frames of a fixed predeterm ned size, wherein pEerusodiz2se-of
the data VO°0R8%3data frames is providing the data at a variable rate is
described in detail in copending U S. Patent Application Serial No.

08/ 171, 146, which is a continuation applBcation of U S. Patent Application

APPARATUS FABR PFESCRORRKETIRG CFf B PR FRAKSHTSIEIR0r s meaeoaied B
ARATUS ) o the
assi gnee of Eéfgﬁmfam‘nj nvention, of which the disclosure t-hereof is
I ncor porate y ne rel t 0 han ki
application a méh%%gfglgggg%%g? g? Es? kAlpesr %ﬁ‘s@oég f‘?‘gﬁ’ilgoﬁg?gﬁ’g‘%‘é’t“éagf“
di ffering tsystemf isoto anbnitosnthe emeess of thg treetved: signal ofromt dhenmehilsn. 30
consumpt Pon aaonpal BB S T e B I ne-pona th e HibMitored

] Jansmissign
anplifier sHEWeFﬁﬁYEIOH%’;‘SBHFst PAayerL ﬁ%“qrpgg’éts%n{l}ﬁgm%{"déiﬁ‘% éac% regular
t ran; i ttedintgrvalEU_Uf& h?éﬂ‘ivcbanﬂw tusofdri ecbm?oning grarsmissiona ; poorersiyst em
may be educed. if.the data is hN A a
pr edet erm ngb‘s %Sg ?eﬁsdgl}sacg%c?% 125) r@'?gggﬂehpﬁo'rré@ %E’?f Ob’aﬁgﬁggaaﬁg@t?ﬁ? yr]
gating the ANDtARRARAIUS FOR CONTRELLING FRAMSVAGSION) FOWER: dNed i s
discl osah | BUA CELLEALAR MOBILESTEDEENONE SNSTEW) dssbgfed Wb ché > 2
. . U. S. | ion Seria : .
07/ 846, 312, AR NHir EhE spresent [gyEntion OF e e edoritn hPinet is
assijgned t oiridoepossted taereférence heréid. 97/ 18643
PCT/'US96/ 18299

i nvention, of V\hlhéhat%oem |1§%-c8§i8pe )f%‘f'%\ofth?ts lhocv(i)crlieosoregl tgd %SH? Q:gi’?rﬁence
herein.  modulaonsémmatratenprssfulpbyiermasion: san be ebtaised byitaking the
comuni Ci&t | @fbss prodiiet BMthé It&mdrﬁ?ohéﬁtspaﬂ\/&ie QrSsigedei B datdwitad
fromthe nohi |l ealsatf%teat' on at. b@se station, The hasej station In resgonse
to the moni foy SBatVe BhRgEs Gfcie e sREmReletss phe SR Jeripivs pisbicinLT o
station at welpgityrof the mobile station in relation to the base station. A description of
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QPSK modulation communication system is disclosed in U.S. Patent

20 Application Serial No. 08/343,800 which is a continuation application of
U.S. Patent Application Serial No. 07/981,034 filed November 24, 1992,
entitled “PILOT CARRIER DOT PRODUCT CIRCUIT”, aséigned to the
assignee of the present invention, the disclosure of which is incorporated by
reference herein.

25 In an alternative continuous transmission strategy, if the data rate is
less than the predetermined maximum the data is repeated within the
frame such that the data occupies the full capacity of the data frame. If such
a strategy is employed, power consumption and interference to other users
may be reduced during periods of data transmission at less than the

30 predetermined maximum by reducing the power at which the frame is
transmitted. This reduced transmission power is compensated by the
redundancy in the data stream and can offer benefits in range for a fixed
maximum transmission power.

A problem that is encountered in controlling transmission power in

35 the continuous transmission strategy is that the receiver does not know the
transmission rate a priori and as a result does not know the power level
that should be received. The present invention provides a method and
apparatus for controlling transmission power in a continuous transmission
communication system.
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communications, the communication system provides less interference to

20 the transmissions of other users and allows an increase in overall system
capacity. In addition, in a capacity limited system, the power reduction of
transmission to one user allow another user to transmit at a higher power
level which may be necessary due to differences in the propagation path or
because that user is transmitting at a higher data rate.

25 Further, it should be noted that power control techniques are
presented in the exemplary embodiment in a spread spectrum
communication system, however, the methods presented are equally
applicable for other communication systems. Also, the exemplary

- embodiment used for the control of transmission power in transmissions

30 from a base station to a remote or mobile station may be applied to the
control of transmission power in transmissions from a remote or mobile
station to a base station.

In the exemplary embodiment, a base station transmits packets of data
to a mobile station. The mobile station receives, demodulates and decodes

35 the received packet. If the mobile station determines that the received
packet cannot be reliably decoded, it sets the normally ‘0" quality response
power control bit to ‘1’ indicating the situation to the base station. In
response, the base station increases the transmission power of the signal to
the mobile station.
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power in trandicatesi had therenia ar aewt fading memdidon present in the propagation
path, then the base station will refrain from decreasing the transmission
power.

20 In an improved embodiment, the bases station examines the pattern
of incoming power control message to determine characteristics of the fade.
The estimation of the fading characteristics can be used to estimate the
power control changes that need to be made. This could be achieved for
example by making the power control in the base station predictive.

25 One of the identified sources of sudden changes in the propagation
path of a mobile station is a change in velocity relative to the position of the
base station. That is, if the velocity towards the mobile station or away from
the mobile station is changing. In the present invention, the mobile station
determines that the velocity relative to the base station is changing, and if

30 necessary, sets the power control bits to request additional power from the
base station to accommodate the change in velocity.

In a first exemplary embodiment, the mobile station is equipped with
a motion sensor which may operate off of information from the
speedometer or tachometer in the case of an automobile based mobile

35 station. The mobile station then generates the power control signal in
accordance with the signal from the motion sensor.

In a second exemplary embodiment, the mobile station may sense a
shift in the received signal from the base station in order to sense motion.
In the exemplary embodiment, the mobile station determines the changes
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20 FIG. 4a-b is an illustration of plots of the frame error rate v.
normalized bit energy for different rates. Fig. 4a the mobile station is
stationary and in Fig. 4b the mobile station is in motion; |

FIG. 5 illustrates an exemplary embodiment of the control processor |
for a single loop fixed difference implementation;

25 FIG. 6 illustrates an exemplary embodiment of the control processor
for a single loop variable difference implementation;

FIG. 7 illustrates an exemplary embodiment of the control processor
for a multiple loop, one loop per rate, implementation;

FIG. 8 illustrates an exemplary embodiment of the control processor

30 for a multiple loop, one loop per frequent rate, implementation;

FIG. 9 illustrates an exemplary embodiment of the control processor
for a multiple loop, one loop per rate, composite reference implementation;
and _

FIG. 10 illustrates an exemplary embodiment of the control processor

35 for a single loop composite feedback implementation.

'DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
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DESCRI PTI ON Eggn?plgsw 1R|ésfor dommunication ' o essages llaetween base station 3 =F
and mobile station 6 is referred to as the forward link. In the exemplary

embodiment, the present invention is used to control the transmission
power of base station 4. However, the methods of power control of the

20 present invention are equally applicable to controlling the transmission
power of mobile station 6.

Referring to FIG. 2, base station 50 and mobile station 30 are
illustrated in block diagram form showihg the apparatus for providing
control of the transmission power of base station 50 of the present

25 invention. If a communication link degrades, then the link quality can be
improved by increasing the transmission power of the transmitting device.
In the exemplary embodiment of controlling transmission power of base
station 50, some of the methods for determining that the transmission
power of base station 50 should be increased include:
30
(a) mobile station detection of frame errors on forward link;
(b} mobile station detects that received power is low on forward link;
(c) mobile station to base station range is large;
(d) mobile station location is poor;
35 (e} mobile station change in velocity;
(f) mobile station detects received power on pilot channel is low on
forward link;
(8) Ec/Nois low, the energy per chip on either the traffic or pilot channel
divided by the total received power; and
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When base station 50 detects a need to modify the transmission
power of the forward link, control processor 58 sends a signal specifying a
modified transmission powef to transmitter (TMTR) 64. The modified
power signal may simply indicate a need to increase or. decrease the
transmission power or it may indicate an amount to change the signal
power or it may be an absolute signal power level. In response to the
modified power level signal, transmitter 64 provides all transmission at the
modified transmission power level.

It should be noted that data source 60 may source modem, facsimile
or speech data. Data source 60 may be a variable rate source that varies its
transmission rate on a frame to frame basis throughout the transmission or
may be able to vary rates only upon command. In the exemplary
embodiment, data source 60 is a variable rate vocoder. The design and
implementation of a variable rate speech vocoder are described in detail in
the aforementioned Application Serial No. 08/004,484. The output from
data source 60 is encoded by encoder 62 and input to traffic modulator 63 for
modulation and input to transmitter 64. Also input to pilot modulator 65 is
a synchronous pilot signal for transmission.

A need for modification of the transmission power may be indicated
by any one of the conditions enumerated above or by any combination of
those conditions. If the method of power control is based upcn a position
related effect such as range or mobile station location, then an external
signal (LOCATION) is provided to control processor 58 of base station 50
indicative of the location condition. The range condition can be detected by
base station 50. In an alternative embodiment, the range condition can be
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received powgs Oﬂ'a?fjié SEn{’JH%ﬁQ%r 4% debfMates the rechQéd\Bs'ignehi ﬂtk accordance
with a traffic demodulator format. In the exemplary embodiment, traffic
demodulator 43 and pilot demodulator 45 are CDMA spread spectrum
demodulators, the design of which is described in the aforementioned U.S.

25 Patent Nos. 4,901,307 and 5,103,459. Traffic demodulator 43 provides the
demodulated signal to decoder 44. In a first exemplary embodiment,
decoder 44 performs error - detection decoding to determine if errors have
occurred. Error detection/correction decoders such as the Viterbi trellis
decoder are well known in the art. In an alternative embodiment, decoder

30 44 decodes the demodulated signal and then re-encodes the decoded signal.
Decoder 44 then compares the re-encoded signal with the demodulated
signal to obtain an estimate of the channel symbol error rate. Decoder 44

provides a signal indicating an estimated channel symbol error rate to
control processor 46.

35 Control processor 46 compares the received power or estimated
channel symbol error rate referred to generically as the link quality factor
against a threshold or set of thresholds which may be static or varying.
Control processor 46, then provides the power control information to either
encoder 34 or power control encoder (P.C. ENC.) 47. If the power control
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outgoing data stream. If the power control data is transmitted without error
15 correction coding then control processor 46 outputs the power control data
directly to modulator 35. If error correction coding is desired for the power
control data, control processor 46 outputs the power control data to power
control encoder 47 which encodes power control data without regard to the
outgoing traffic data. Power control encoder 47 provides the encoded power
20 control signal to modulator 35 which combines the encoded power control
signal with the outgoing traffic data provided from data source 32 through
encoder 34 to modulator 35. Transmitter 36 upconverts and amplifies the
signal and provides it to antenna 38 for transmission to base station 50.
The transmitted signal is received at antenna 52 of base station 50 and
25 provided to data receiver (RCVR) 54 where it is downconverted and
amplified. Receiver 54 provides the received signal to demodulator 55
which demodulates the received signai. In the exemplary embodiment,
demodulator 55 is a CDMA spread spectrum demodulator which is
described in detail in the aforementioned U.S. Patent Nos. 4,901,307 and
30 5,103,459. If the power control data is encoded within a frame of traffic data,
then the traffic and power control data is provided to decoder 56. Decoder 56
decodes the signal and separates the power control signal frem the traffic
data. .
If, on the other hand the power control data is not encoded with a full
35 frame of data but rather punctured into the transmission stream of data,
then demodulator 55 demodulates the signal and extracts the power control
data from the incoming data stream. If the power control signal is not
encoded then demodulator 55 provides the power control data directly to
control processor 58. If the power control. signal is encoded then
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statlon 30 Thus, if the propagation path has deteriorated, four consecutive

frames would be transmitted at the insufficient frame energy before a frame

is transmitted at the adjusted frame energy. In this delay period the fading
20 condition may have substantially improved or deteriorated.

The following are methods by which to improve the responsiveness
of a closed power control system. In a first exemplary embodiment of the
present invention, the base station assumes the worse case. That is that the
propagation path has deteriorated during the four frame delay period. In

25 response the base station increases the transmission | energy to that user by a
relatively significant amount AE so that the adjustment will be more than
adequate to assure the power adjusted frame will be properly received even
if the propagation path has deteriorated in the interim. In the exemplary
embodiment of a spread spectrum communication system, this increase in

30 power to mobile station 30 causes less power to be available for other users
who share the forward link. So the base station transmitter quickly reduces
the transmission energy for that user following the initial increase. In the
exemplary embodiment, the base station increases the energy by a fixed
amount AE and holds that value for a delay period to verify that the increase

35 in transmission energy has been effective and then decreases the
transmission energy in accordance with a predetermined piecewise linear
function as illustrated in FIG. 3.

FIG. 3 illustrates a plot of the transmission energy (E) against time. At
point A the base station 50 increases the transmission energy in response to
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control messages indicate that the transmission power is unnecessarily high.
In the exemplary embodiment, control processor 58 includes a timer (not

20 shown). The timer is reset each time a power control message is received
indicating a received frame error. Should the timer elapse without receipt
of another power control message indicating a received frame error, then
control processor 58 directs transmitter 64 to drop the transmission of
outgoing frames by a larger amount than the incremental decrease.

25 Base station 50 performs the adjustment of the transmission energy
with knowledge that after the transmission energy has been ircreased there
will be a delay before the received power control information will reflect the
change in the forward link transmission power. If the propagation channel
suddenly worsens, base station 50 will receive a series of consecutive power

30 control requests, and there will be a delay before the power adjustment
requests are responsive to the change in forward link transmission energy. -
During this delay period, base station 50 should not continue t> increase the
transmission energy for each receives power adjustment request. This is the
reason that the power level is held constant for a predetermined delay

35 period as illustrated in the period following point B of FIG. 3.

It should also be noted that errors in a mobile communication system
come in two types. Those that are random and those that are -he result of a
change in the propagation path. In the exemplary embodiment, when base
station 50 receives a power adjustment request, it increases the transmission
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station relative change in velocity or measure the absolute relative velocity
25 by measuring the Doppler effect on the incoming signal from mobile station
30.
The traffic signal provided by base station 50 may be accompanied by a
pilot signal in order to provide for coherent demodulation of the received
traffic signal. Use of a pilot signal is described in U.S. Patent Nos. 4,901,307
30 . and 5,103,459, and mobile station 30 can alternatively sense changes in the
relative velocity the Doppler shift of the pilot signal. '
In a preferred embodiment, when base station 50 knows the velocity
of mobile station 30 and will vary the value of the incremental change in
transmission energy, AE, will vary in accordance with this velocity. The
35 determination of the value of AE may be performed algorithmically or by a
lookup table in control processor 46.
If base station 50 transmits a pilot signal along with the traffic signal,
the pilot signal can be thought of as a traffic signal that carries a
predetermined bit stream known by mobile station 30. Mobile station 30
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30 cause®’ | ess rwgr Pﬁ%!‘@“?%? bging: braasicpst from base station 50 to

mobile station 30, it is beneficial to minimize the transmitted power while
maintaining the modem performance. In the exemplary embodiment of a
code division multiple access (CDMA) communication system, this
minimization of transmission power leaves more power for other channels
25 using the same power amplifier, while reducing interference to other users
and systems on the same and near-by frequencies. |
In the exemplary embodiment of a mobile communication system
with variable-rate transmissions, the performance difference between the
possible rates can be significant. For example, the transmission power level
30 of frames from base station 50, required to achieve a given frame error rate
(FER) can vary greatly among the rates. This is illustrated in FIG. 4a. FIG. 4a
shows the variation of frame error rates v. the bit energy normalized by the
noise energy (Ep/Np).
In the exemplary embodiment, data is transmitted in frames. The
35 present invention is equally applicable to continuous transmission systems.
The present invention is illustrated in an exemplary implementation of a
variable rate communication system having four possible rates. In the
exemplary embodiment, those rates are designated as full rate, half rate,
quarter rate and eighth rate. The present invention is-equally applicable to
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i ncludes a t\lrrxrrgg vShen mobile station 30 is in motion. Whereas FIG. 4a is provided to
20 show the waterfall curves for the same mobile station 30 communicating
with the same base station 50 except that mobile station 30 is not in motion.
It is because of this variance that the present invention provides a means for
varying the level of difference between the transmission power of the
various rates. .
25 The present invention discloses a variety of ways to apply fast power
control on the forward link, utilizing the difference in the required power.
It should be noted that each of the methods can be used in conjunction with
any of the power control techniques described above.
Moreover, the present invention is also applicable for taking
30 advantage of the differences between desired performance at different rates.
For example, a frame error rate of 1% may be required of full rate frames
because those are the most perceptually significant frames. However, a
frame error rate of 4% may be acceptable for eighth rate frames which
primarily carry background noise information. The methods disclosed in
35 the previous invention can easily account for these differences simply by
adjusting threshold values used to determine the necessity of increasing or
decreasing the transmission power.
The general power control method adjusts the transmission power
level based on feedback from mobile station 30 of the occurrence of frame
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generate the frame quality indicator signal and transmit that signal back to
base station 50. The present invention is. equally applicable to systems

20 where mobile station 30 transmits an indication of the frame rate along with
the frame quality indicator signal.

The first exemplary embodiment of methods utilizing the differences
in required power between rates is referred to herein as the single loop, fixed
difference method. In this exemplary embodiment, one rate serves as the

25 reference rate. The transmission power level of the reference rate is actively
tracked by control processor 58 to directly adjust the transmission power of
frames at that reference rate. The transmission power of the other rates are
determined dependent upon the transmission power of the reference rate.

The power levels for each of the other rates are determined in

30 accordance with the level of the reference rate, so as to keep the performance
at the required levels. Since the performance for every frame is estimated to
be similar regardless of the rate, the feedback about the actual performance
of each frame is given uniform significance regardless of the rate of the
frame to which it corresponds and can be used indiscriminately in making

35 adjustments to the reference rate.

In the exemplary implementation, there are four posmble rates as
described above (full, half, quarter and eighth rates). In tne exemplary
embodiment, the reference rate is full rate and the power level of half rate is
set to be 1 dB below the power level of the full rate, quarter rate is 1.5 dB
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adjustment value in accordance with equation (1) below:
20

1, then GA=+1.0

if FQI = {o, then GA = -0.01

M

where GA is the gain adjustment output by gain adjust selector 102.

25 These numbers are selected on the basis of an acceptable frame error rate of
1%. That is why the ratio of the decrease to the increase is one hundred.
These values are purely exemplary in nature and will vary depending on
the implementation and the desired performance of the system.

It should also be noted that the present invention is equally applicable

30 to systems where the feedback specifies more information than can be
contained in one bit of information. In those cases the gain adjustment
values can have more then two possible values, which will be selected
depending upon the value of the FQI message. The FQI message can be any
one of the indicators enumerated previously in the application.

35 The gain adjustment (GA) value is provided to one input of
summing element 104. The value provided to the other input of summing
element 104 is the current transmit power level of the reference rate. In the
exemplary embodiment, the reference rate is full rate. The output of
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subtracting input of summing element 108. In the exemplary embodiment,
Ahalf is equal to 1 dB. The value output by summing element 108 is the half

25 rate transmit power which in the exemplary embodiment is 1 dB less than
the power level of full rate frames. This value is provided to variable gain
transmitter 64, which amplifies half rate frames in accordance with this
value.

It should be noted that in a practical implementation of the present

30 invention the operation need not be performed by addition. For example,
typically the half rate transmit power is 3 dB less than the full rate transmit
power. Thus, the half rate transmit power is can be computed in absolute
terms by dividing the full rate transmit power by two as opposed to
subtracting 3 dB from the full rate transmit power.

35 Similarly, the full rate transmit power level is provided to a
summing input of summing element 110. The value Aquarter is provided
to a subtracting input of summing element 110. In the exemplary
embodiment, Aquarter is equal to 1.5 dB. The value output by summing

element 110 is the half rate transmit power. This value is provided to
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: for example the moving average of individual frame error rates. As the
20 performance for a rate other than the reference rate deviates from the
desired level, its power level difference from the reference level is modified
to negate the deviation. If the performance of the reference rate deteriorates
the power level difference for all or some other rates are modified.

In the exemplary implementation, control processor 58 tracks the

25 performance (e.g., number of frame erasures in the last 100 frames) for each
of the rates. For example, if the eighth rate performance falls below the
desired performance level, the difference between the eighth rate power
level and the reference rate power level is reduced, effectively increasing the
eighth rate power level, if the eighth rate power level is lower than the

30 reference power level.

In the exemplary implementation, data source 60 provides a signal
indicative of the rate of an outgoing frame to control processor 58, by which
control processor 58 determines the rates of the frame quality indicator
messages. FIG. 5 shows a single stage filter comprised of elements 104 and

35 106. The present invention could be more complex where in the modified
full rate transmit power could depend on a plurality of past generated full
rate transmit power values. The design and implementation of such digital
filters is well known in the art and described in detail in the aforementioned
U.S. Patent No. 5,414,796. |
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20 The received frame quality indicator message is also provided to de-
multiplexer 204. De-multiplexer 204 outputs the frame quality indicator
message upon one of four outputs based upon the rate of the frame quality
indicator. If the rate of the frame quality indicator is full rate, then the
frame quality indicator message is provided to full rate frame error rate

25 (FER) counter 206. Full rate FER counter 206 tracks the number of full rate
frame errors in a predetermined number of full rate frame transmissions.
Counter 206 can be implemented using a digital counter or by a sliding
window accumulator, the implementations of which are well known in the
art. In the exemplary embodiment, counter 206 tracks the nuraber of frame

30 errors in the last 100 full rate frames.

If the rate of the frame quality indicator is half rate then the frame
quality indicator message is provided to half rate FER counter 208. Counter
208 tracks the frame errors in a predetermined number of prior half rate
frames and can be implemented as described with reference to counter 206

35 above. If the rate of the frame quality indicator is quarter rate, then the
frame quality indicator message is provided to quarter rate FER counter 210.
Counter 210 tracks the frame errors in a predetermined number of prior
quarter rate frames and can be implemented as described above. If the rate
of the frame quality indicator is eighth rate, then the frame quality indicator
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20 In an improved embodiment, each of the difference values will also .
depend on the value of the full rate FER. In the improved embodiment, if
the full rate FER is above a threshold value, it will indicate that the full rate
transmit power is being increased. Since the transmission power of the

other rates is determined dependent upon the full rate transmit power, the
25 difference values are increased, when it appears from the full rate FER value
form full rate FER counter 206 that the full rate transmit power is going to
be increased. By increasing the difference values the transmission power of
the other rates is effectively decreased, which allows the dependently set
rates to “float” at their value when changes are made to the full rate

30 transmit power.
Deilta calculator 214 outputs three delta values, Ahalf, Aquarter and
Aeighth. Delta calculator 214 can be implemented by programming a
microprocessor, micros controller or logic array as is well known in the art.
The three delta values, Ahalf, Aquarter and Aeighth are provided to
35 dependent rate calculator 215 along with the full rate transmit power.
Dependent rate calculator 215 determines the half rate, quarter rate and
eighth rate transmit powers in accordance with its inputs and a
predetermined calculation format. Dependent rate calculator 215 can be
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For example, when a frame quality indicator message is received that

20 is eighth rate frame, changes are made directly in response to this message to
the transmit power level of the eighth rate frames, but no changes are made
to the power levels of the other three rates. Thus, each of these feedback
loops takes into account only the feedback information corresponding to
frames of its rate.

25 In the exemplary implementation, data source 60 provides a signal
indicative of the rate of an outgoing frame to control processor 58, by which
control processor 58 determines the rates of the frame quality indicator
messages.

Referring now to FIG. 7, the frame quality indicator message is

30 provided to de-multiplexer 400. De-multiplexer 400 provides the frame
quality indicator message upon one of four outputs based upon the rate of
the frame quality indicator message.

If the rate of the frame quality indicator message is full rate, then the
frame quality indicator message is provided to the input of full rate gain

35 adjust selector 402. Selector 402, in response to the frame quality indicator
message, outputs a gain adjustment (GAfy}l) value that either increases or

decreases the full rate transmit power. In the exemplary embodiment, the
selector 402 selects the gain adjustment value (GAfyll) in accordance with

equation (2) below:
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If the rate of the frame.quality indicator message is half rate, then the
frame quality indicator message is provided to the input of half rate gain

20 adjust selector 408. Selector 408, in response to the frame quality indicator
message outputs a gain adjustment (GAha]f) value that either increases or

he

decreases the half rate transmit power. In the exemplary embodiment, the
“selector 408 selects the gain adjustment value (GAhalf) in accordance with

equation (3) below:

&

1, then GAhalf = +0.500

0, then GAy,y; = —0.005 3)

if FQI= {

where the FQI message has one of two possible values, either a zero “0”
indicating correct reception of the frame by mobile station 30 or a one “1”
30 indicating the occurrence of a frame error.

The gain adjustment value from select 408, GARalf, is provided to a
summing input of shmming element 410. The other summing input of
summing element 410 is supplied with the current value of the half rate

35 transmit power. Summing element 410 outputs the adjusted half rate
transmit power to variable gain transmitter 64. In addition the adjusted half
rate transmit power value is provided .to delay 412, which delays provision
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frames in accor ddhdQlF ti E,t% vl ue. —19 003 It should be noted #hat all-
of the delta values ([erk¥] anfs, Agi%Fter and [err]eighth) provided
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The gain adjustment value from selector 414, GAquarter, is provided
to a summing input of summing element 416. The other summing input of
summing element 416 is supplied with the current value of the quarter rate

20 transmit power. Summing element 416 outputs the adjusted quarter rate
transmit power to variable gain transmitter 64. In addition the adjusted
quarter rate transmit power value is provided to delay 418, which delays
provision of the adjusted quarter rate transmit power value to summing
element 416 until another quarter rate frame quality indicator message is
received.

~If the rate of the frame quality indicator message is eighth rate, then
the frame quality indicator message is provided to the input of eighth rate

5

gain adjust selector 420. Selector 420, in response to the frame quality -
indicator message, outputs a gain adjustment (GAeighth) value that either

30 increases or decreases the eighth rate transmit power. In the exemplary
embodiment, selector 420 selects the gain adjustment value (GAeighth) in

accordance with equation (5) below:

1, then GAeighth = .300
o . +0 5
if FQI {o, then GA g = -0.003 ©)

35
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Patent No. 5,414, 79 ' WO 97{ 18643
PCT/ US96/ 18299 As discussed previously, variable gain transmltterch4 amplifies the
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loop with one loop per frequent rate power control. This method is similar

20 to the single loop method, except that there is one loop for each of the more
frequent rates. These loops are independent of one another in determining
the transmission power levels of the rates they control. The frame quality
indicator message about a frame of a certain rate being tracked is used by the
loop for that rate only. The power levels for rates without a loop are

25 determined dependently from the power levels of rates that are been
tracked. The difference from those tracked rates can be static or adaptive.

In the exemplary embodiment, the full rate and the eighth rate
frames are the two most likely frame rates in the variable rate
transmissions. These two rates are tracked by two independent loops to

30 decide their individual power levels. The power levels of the half and
quarter rates are then derived from the current levels of the full and eighth
rates. For example, the quarter rate power is half the distance between full
and eighth rate power levels and the half rate power level can be half way
between the quarter rate and full rate power levels.

35 - In the exemplary implementation, data source 60 provides a signal to
control processor 58 indicating the rate of the outgoing frame. Control
processor 58 computes the new transmission power level and provides this
information to transmitter 64.
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above. IT tiRQidatiry Qé)rrE&echégﬁgn%faéHet xzﬁgbf%r\(%ﬂé StdtdH %ri‘l{Eg& L E n the

frame quality. indic nmessage i S_provi uarter rate coun
210. dsdigasing ?‘F%R"é‘c? g r&ﬁteé?fpéfs in a predetermn ned nunber of
prior quar t Bhe seleeted: tulbratergain adjussmen (Sheralle ahse dsz;acmvxlded whave.

| the rategeg quR;n E’\g IL{)&PEoquGH&Yng "SGR 458, ARt el in ?n jhe

frame quality in
20 summing element 456 is provided by delay element 458 and is the current

full rate transmit power. Delay element 458 delays provision of the current

full rate transmit power until a full rate frame quality indicatcr message is

received. Summing element 456 adds the full rate gain adjustment value to

the current full rate transmit power to determinc an adjusted full rate

25 transmit power. The adjusted full rate transmit power is provided to

variable gain transmitter 64 which amplifies full rate frames in accordance
with this signal.

When the frame quality indicator message is full rate, switch 469 is

closed and the computed full rate transmit power is provided to a summing

30 input of summing element 457. The subtracting input of summing element

457 is supplied with the value Aeighth a fixed value or by deita calculator

464 to compute the new value of eight rate transmit power. In the
exemplary embodiment, the value of Aéighth is static, but it is envisioned
that the methods described above could be used to make the value of

35 Aeighth dynamic. This newly determined value is provided to variable gain
transmitter 64, which amplifies the outgoing eighth rate frame in
accordance with this value.
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provi ded to e€i gxnt%l rate FER counter 212. Counter 212 tracks the ~ frane
errors in a predeterm ned nunber of prior eighth rate frames and can be
I npl ement ed as descri bed above. | 2fhe frane error rate statistics

cal cul ator 214 - Dl chedpms Shayshelifion e 8 Rt a8 el sehd Ry
[err]hal f, [dndicater signadis previdedi tthieighthnratecgainaadjustvselector 454. In the
pr edet er m nec&:&ﬁkaauk téﬂibofm, &ahenl bRen ag{aﬂ? X&idé?ssélé«%&d‘igtlblfaﬁ e

counters. For frama error, st I St1CS e are

t 00 hi gh, lmﬁéﬁf\%ﬁ’a aaresr%mmmsla TRiqTPPFRRESRYS t%’@&?ﬂ@"ﬁ?r [ ¥t ﬁqsim f,
effectively Idiray asrisawellgkhbwn riante tarpovier the \exengl @mwbdlﬁieeutf 'HIRS,

i f the hal ft hag;}ﬁ ﬁ,?emo?,léfé&drel(ﬁi selects 4, mgﬁﬂ?@af$‘§?ﬁgfa?é§#ﬁ?eﬂteﬁ ighth) || |

Typi cal |y, transmt po ess t

rate transm tvaluedn accordance withrequation (@) belawi s not necessary that each
of the difference val ues depend on franme error counts fromall of the
counters. In the exenplar %hS od| men the value of [err]half is based
solely on the hal fj @ elSh“‘oui"él:’l,’to of counter 208; the val ugnof
Aquarter is based S0 y ﬂum ieF-0-03 rate FER the output of unt er
210; but me value of [err]eighth is determ ned on both the full rate.
FER and t eighth rate FER, the outputs of counters 206 and 212. 20

In an i npr oveBheseleclederightiesate gaintadjusiment ébdeightilemlup|is papyisled to a
depend on th i mproved enbodi nent, if
the full ratelFE ﬁ"ﬁ%&é%%'v‘ﬁpé_“t hrs{eﬁrgfrfpﬁvanh%ﬂt?fﬁw Il indicate that the

full rate t r ankhe tsesondr inpthle sgmmingastamerd 66 ishprovidednbysdeay

|toovver oI the elen}[éri:ntt hega srd €5 the cleledit Ndigith dffeeRaREthitUPeWet. h@élHWeléﬁ{e‘i’\t
ransm €

{1 om the PoI 144 pESARs 1B GuFRY ol i Slehih TRrRaRtm PO B hrd
full rate trammlgh}iwmtel&agm qyality indidador rroessagedis Bgceived. ea§ungnnhg
di fference vagiggteritNges ra%ﬁféni‘}fesb tROYRE Sdin adj ds‘@ﬁleﬂi h@élueattSStHeS current
effectlvely decreased, which aII t ndent rates .to

Pt oat® att HEBNEy ERSH ARSI RANGE o deteriaine G hen, G o s Bt
power . which Depravidedctd ateiabll airutrarssnitter e64,dehich waiplifies éighith,
Aquarter 3§d rate frames in accordance with this signal.

‘When the frame rate is eighth rate, switch 468 is closed and the
computed eighth rate transmit power is provided to a first summing input
of summing element 459. The second summing input of summing element
459 is supplied with the value Afyll, a fixed value or one computed by delta

25 calculator 464, to compute the new value of the full rate transmit power.
The full rate transmit power value is provided to variable gain transmitter
64 which amplifies the outgoing full rate frames in accordance with this
value.

In a first exemplary embodiment, the values of the transmit power

30 for half and quarfer rate frames are determined by a fixed difference method.
In this first implementation, the full rate transmit power is provided to
summing elements 470 and 472. The output of summing element 470 is the
half rate transmit power. In the fixed difference embodiment, Ahalf is a
fixed value, which is subtracted from the full rate transmit power to

35 . determine the half rate transmit power. This newly determined half
rate transmit power is provided to variable gain transmitter 64 which
amplifies the outgoing half rate frames in accordance with this value.
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[err]eighth. Delta cal culator 214 can be inplenented by prog'rarrm' ng a
m cr oprocessor, mcros controller or logic array as is well known in the

art. wWoro7asee delta values, [err]half, [err]quarter areciusseiszghth
are provided to 35 dependent rate cal culator 215 along with the full rate
transmt power. Dependent rate cal cuLator 215 determ nes the half rate,
quarter rate and eighth rate transm t~powers in accordance with its

inputs and a gﬁmb‘;ﬂ?ryer W e qﬁlédllcﬁffb%cEOE&%em@ﬁ&&mntth@atfau rate

cal cul at or 215 can Vg)(?
PCT/ US96/ 183tpnsmit power is provided to summmg elements 472, The ‘?‘htBPén%f'lt ed

byI Ior Egr amﬂsﬁmmﬂg Célepiented®Dris tl’iECq&méhi rr@(e: efansmit Ipigver. In dhié dixeds | S
we nown i e,mq?% ent
rate cal cul a or% é‘?ROdlmen %‘éafa"e’ ttpsafég ue‘%li'y er r F%E%Ttgéﬁt'[qﬁgg er
and [err]%i ghe ifuﬂrmtprtmnsctad pawethto aemmmactthengummmteo!rrasm pgwer.

el ement s 21gm§ Jirgevﬂgdd%%ﬁmxs@& g# ve Ihemn powms qﬁovmw t&afiaBIe N9

el enents 21 full” rate transmt_ power

| evel . The ZRiQdsangmitier, ff ﬁlc th? %%OE% [JUATHATt Fiite framyes in
su:)tracée]g H&;@mdmewith thme?]}mwer Ievel to yield the half rate guarter
rate an u rat.e power | evels espectively. d h f
10 these val ues If‘s aﬁ‘r dmpagge qchmeé\tgahﬁe @Es%ﬁg ‘P?%H%P eac >
ampl i fi et detexrhiyeidnin mdordameewlquénlﬁ @ater trapsmitd peiventand meeemhe'atm
accor dance Vﬁ'ixifbmlt S §eIrY Fhe&Xemplary embodiifent bf thisXaiproved aiERaHTENT
of rrethods ut 1l aﬁéﬁﬁ rp Q requi red f\ Qetwe nrates is
referred hertBph I“E"V}?F’Bt Pgwqrdﬁﬁaé'ij@F PBY"eﬁéng%e B Wy ﬁg”??fbp
per rate. Thhe fifll hae transmit [ppwer and ahe haghthnghte transmiet prostexdedar tied
above, excep%ﬁé)fgi\,t gt ?S{bg)cfxﬁ'le?\'?et %C}Buf Hte trarﬁﬁh%mﬂe}hfm}{ﬁh@sel hi&3%e

| oops are in one ano ning t S SSi on
pover | eVl str@msmﬂepowegrm@wd{eﬁeso Eemerdevel calculator 489, (algwgtar 48hen a

frame qual i tegprhpdicsattR vERESAGE ths HalC eAteéeahdiit pBwekrSartl ghé Nquariee fat@me,
changes are | %—1&' éﬁg\;elrym' Q&&?QRB&%&@ Eh*égé 2829€THhE valueb N&p Ly 3diadn ¢

power | evel o ranes nges . ar.e nade
Aquarter whether fixed or adaptive can e useé1 by calculator 480 to modify

quarter rate transmit power and the half rate transmit power calculated by
20 calculator 480.

In an alternative embodlment the values of Ahalf and Aquarter are
adaptive values. In the variable difference exemplary embodiment, de-
multiplexer 450 provides the frame quality indicator to one of four outputs

~ based on the rate of the frame quality indicator signal. If the frame quality
25 indicator rate signal is full, the frame quality indicator signal is provided to
full rate frame error rate counter 456, which keeps track of the average
number of frame errors for full rate frames as described above. If the frame
quality indicator rate signal is half, ‘the frame quality indicator signal is
provided to half rate frame error rate counter 458, which keeps track of the
30 average number of frame errors for half rate frames as described above. If
the frame quality indicator rate signal is quarter rate, the frame quality
indicator signal is provided to quarter rate frame error rate counter 460,
which keeps track of the average number of frame errors for quarter rate
frames as described above. If the frame quality indicator rate signal is eighth
35 rate, the frame quality indicator signal is provided to eighth rate frame error
rate counter 462, which keeps track of the average number of frame errors

for eighth rate frames as described above.

The frame error counts are provided from counters 456, 458, 460 and
462 are provided to delta calculator 481. Delta calculator 481 determines the



to the power |levels of the other three rates. Thus, each of these feedback
| oops t akegoigtfigeqdccount only the feedback information corr eB@HEIF29%

frames of its rate. 25 In the exenplary inplenentation, data source
60 provides a signal i ndi cative of tgg rate of an outgoing frame to
control processor 58, by which .contr processor 58 determ nes the

to Fla 7, TRaerBEAL e ARl accorlBAGTWAR the valuss profifedfrofld NOW
de- mul ti pl exeuntes. 456 458) 460pandk 4624 12elta calculaton #81 tany e implemenitedyby
I ndi cat or MB5Y®) ; Oyt iFa f he
frame qualit gg (lx:llzlgl?l %mqg?ogwes% thér&afﬁ%#ch{ %rel.%létéga?'r arrllg(.alt5
qual Tty | nai Pl iptaro 38L AFOVEEK the  volues, gE Aak Snd Hquarier, I8, pifiihing
i nldi cat or54 (r)rfesémgﬁtsj 57 andigredréspettioelyn psmmniingwlénfeatsmlwhndsfvdz_ Suljtesct
sel ector . | cat or.
reseage, ourboroiges U ARgs o WIRRARRTOR N YR THE W op R KRRt s o
decr eases t power Itor determving sthiet te Itransmit cpewer aand etrteo djuaetet , ratée

d inesthet hadfvan i nd ethteo
sel ector 40 t ' Ligst \ 1ad Wi th
aquati on ( 2)2tr ¥ ":155 Polae, E%Q 5%%1 64{&9& ‘6%?&’& afépRblided o A2EALIA M
PCT/ US96/ 182gansmitter 64 which amplifies the outgoing half rate apd qyazter rate frame

wher e t ht0 FGh aieesdirehaithaheseodighuls asadesckibed wbbwves, either a zero "0" 5
| ndi cat i ng the ookt AL s<SRplry, elfabd BByt Y Mthods Miftaifp K8 ffrefeitdS 7
adj ust ment  in requited ipoweest between: rates ih geferredehgreini ay multiplet doopreesage
i's efased bylobPeper rafe?V@nifodite feference power control. This method can be
' implemented using either fixed or adaptive weighting. This method is
15 similar to the single loop method, except that there is one loop for each of
the rates and the loop statistics are used together. These loops are
independent of one another. The feedback about a frame of a certain rate is
tracked by that loop for that rate only, while the loops for all other loops are
frozen at their current levels. However, the actual transmission power
20 level is jointly determined by the current values of all the loop output.
Referring to FIG. 9, the frame quality indicator is provided to de-
multiplexer 500. De-multiplexer 500 provides the frame quality indicator
signal on one of four outputs, in accordance with the rate of the frame
quality indicator message.
25 If frame quality indicator rate is full rate, de-multiplexer 500 outputs
the frame quality indicator message to full rate gain adjust selector 502. Gain
adjust selector 502 outputs a gain adjustment (GAfy]i) value in accordance
with equation (8) below: '

1, then GAgy, =+1.00

0, then GAy, =-0.01 (8)

30 if FQI = {

The gain adjustment value is provided to summing element 510. Each of
selectors 502, 504, 506 and 508 can be implemented by programming a
microprocessor, microcontroller or logic array.

3B The second summing input of summing element 510 is the
previously calculated output of summing element 510 which is provided by
delay element 514 through optional multiplexer 512. Delay element 514



10 . The gain adjustnent value from select 402, GAlerr], is provided
to a summ ng i nput of sunmm ng el enent 406. The ot her summ ng i nput of
sunmm ng ewarenisedd2 i s supplied with the current val ue of tRETUSP¢/18289-¢
transmt power. Sunmmi ng el ement 406 outputs the adjusted full rate
transmt power to variable gain transm tiLgr 64. In addition the adjusted
full 15 rate transmt power value is provided to delay 404, which del ays

b ovi sit o e proOfdés[lﬁlleaﬁféﬁéﬁd dutplit 'ofis@nii@ig NelemeateS10\ @ hefievér THETHARY
el emen |

n “anather.full rate fra uality indicator nessage is
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hal f rate, then tMaltiplexér &1 ixjoptionglly paovistedr innesteage refregh the ettt to t he
| nput of hals{xrﬁxﬂ{iﬁ% %MSKPSI@% ale %S%alﬁg%}o%’s' “fd 18" ‘iggothkef' w&?x%%smse
to the frame quali®y I ndicator nmessage out put's a gal n adj ustnen
(GA[ er r] )9 vaha&ralngiofdhenitpus dframs symgping el%me%éé@gvesﬁ@eﬁamachp@bly
transnit powfferdrit FftfneHaMhatenhte¥oqaire@nfull trate transikite Yowerd 08 ahest S

t he gain adjust nent val ue hal f) in_accordance wt . e ti (3

ol o 25 emboitnent g, e trdm' SyREFEE Rt 2oy in, 00f o il Gate uo
possi bl e valtrasmiti pbererabnérmti€’ is a factdr casddngn coompatingedhet fulh mte t he
frame by noly | 30 or a one "1" 30 indicating the occurrence of a
frame error&ké&nﬁﬁaﬁéagr'The gai n adjustnent value from sel ect 408, GAlerr],
is provited to a The oyipwi afSuapningrelement i lcisepravided do Fffisstoinpyt of

S ;Jrrmhnghi P]Pla‘huﬁﬁplier 538/MTHY setére Thpdl bfi sustiphed aisvw&b whighting @atuval ue
of the ha t . t 1120, Sém Szl :

adj ust ed haI‘{‘W}“gt‘gﬁm}'I R«ﬁlgﬁ?ssnﬁé po urt 0 vd;?[l\acFe gg‘icé trtgtl*gg#{lg%{rf Eﬂ.cel n
addi ti on thefdiptivabe teatife computation pfithimreferenge ratedhy coinpogite wefrrdnce

del ay 412, vdaldllage!s2ps 1arofitsiieRémplary embodiment, Wy]l is a fixed value that
15 is determined ahead of time. In an alternative embodiment, Wfy]] is a
variable value determined by weighting factor calculator 516 in accordance
with a set of parameters. Examples of parameters that migh* be used by
weighting calculator 516 include frame error statistics, frequency of frames at
this rate, etc. The value output by multiplier 518 is provided to composite
20 reference calculator 520.
If the frame quality indicator rate is half rate, de-multiplexer 500
outputs the frame quality indicator message to half rate gain adjust selector

504. In accordance with the frame quality indicator, gain adjust selector 504
outputs a gain adjustment value (GAhalf) as described in equation (9) below:

if FOL= {1, then GAy, s = +0.500 _ . ©)
0, then GA,,¢ = -0.005 '
The gain adjustment value, GAhalf, is provided to summing element 522.
The second summing input of summing element 522 is provided by delay
30 element 526 through optional multiplexer 524. Multiplexer 524 is optionally
provided in order to refresh the input to summing element 522 in case the
loop value grows “stale”. Delay element 526 delays provision of the output
of summing element 522 until the next half rate frame quality indicator is
received.
35 The output of summing element 522 is provided to a first input of
multiplier 530. The second input of multiplier 530 is a weighting value
Whalf which weights the output of 522 in accordance with the significance

of that value to the computation of the reference rate by composite reference
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24 - of Wisontieysted half rate transmt power value to sunFCH/SF/A8AINt
410 until another half rate frane quality indicator nmessage is

recei ved. If the rate of the frgrge qual ity indicator nessage is
quarter rate, then the frame quality i"'hdicator nessage is provided to

the input . of tcﬁlt%'lit@i 520! @:lxé firdfleRerplargt ?rﬁabdﬁhéﬁt,‘l%a]?% ?Cﬁih’d d¢dthe. i Th
response to the frange.quali . ngdj,cator. nessa out put s ain

adj ust nent (@R é‘ﬁtref?a"\}‘é u%‘“ﬁ’ﬁgf%f‘%'hg&half ¥ n%r%aﬁ%georv a rg%g@l?% by
quarter rate vwéightifgt cdlefator 528, linGacksiEcarwith a sendbgarmnéters. hExagipies or
cquat i on (4) SaRamels it Fght 8 dod FEREENER cateuple BRI rhmae
has one of5 t worqrostatisties, \faéquencyeof frames atthis" Gite, etc. i The catluagouiputeby
reception of i Eaes RNt B RbhiRsfE rBferdndGalchiardPsadidi caling the
occurrence of 'a Hrang error. L. e dal n adjustnent val ue from

sel ector 414, GAqlhtheframe quality dadicator faje ds Quarfergratapde-ranltiplexgm§o0 .

el ement 416. olfipuds hes HawiaTiguality PhdicRior to qEaMEH PiteCEAREAMjudL Gelestor TRl | €d
with the current val,ue of .

h t 0 ..t t .
o enrent 416 it BERCEIFRGE et e PR (Gl mdicatBF, Zain et elertor 506
vari abl e HYhi mutputs rigainadgastmentavaiuel (hAguarted) irsasgordancguwitheequation

transmt pomqrjovgélggni s provided to delay 418, which del ays provi si on
of the adj usted) quarter rate transmt power value to summ ng el enent
416 yntil another quarter rate frame quality indicator nmessage is 25
recei'ved. . f tHa, theneGaf fhe=F0DH00 qual ity indicator message is
ei ghth rate, then if FQkFigqf panpaaual ity jgngscat or message is provi deéd o
the input of eighth rate !’ gain Hfflist Sel'ector 420. Selector 420, in
response‘to the frame quality I ndi cat or nessage, outputs a gain

adj ust ments ( Ghed Ghiif) adjabttfiedadalae! NGAGRQriek N9 POORIE tdear ARt CMpUiCof
eighth rate transmt power. In the exenﬂ ary _ “enbodi nent, selector 420
sel ects the gHMMHBRguelemant 232 uEhe aseprdsHMmMing inpat ek sumuRing element
equation (5) 832 wprovided by delay element 536 through optional multiplexer 534.

Multiplexer 534 is optionally provided in order to refresh the input to
summing element 532 in case the loop value grows “stale”. Delay element

20 536 delays provision of the output of summing element 532 until the next
quarter rate frame quality indicator is received.

The output of summing element 532 is provided to a first input of
multiplier 540. The second input of multiplier 532 is a weighting value
unarter: which weights the output of summing element 532 in accordance

25 with the significance of that value to the computation of the reference rate
by composite reference calculator 520. Composite reference calculator 520
can be implemented by programming a microprocessor, microcontroller or
logic array as is well known in the art. In a first exemplary embodiment,
Waquarter is a fixed value. In an alternative embodiment, Wquarter is a

30 variable value determined by weighting calculator 538 in accordance with a
set of parameters. Examples of parameter that might be used by wéighting

- calculator 538 include frame error statistics, frequency of frames at this rate,
etc. The value output by multiplier 540 is provided to composite reference
calculator 520.

35 If the frame quality indicator rate is eighth rate frame, de-multiplexer
500 outputs the frame quality indicator to eighth rate gain adjust selector
508. In accordance with the frame quality indicator, gain adjust selector 508
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correct reception of the frame by nobile station 30 or a one "1"

I ndicating the occurrence of a franme errQr. 5 The gai n adj ust nent
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Sunmi ng el dihbelan2 out puts the adjusted eighth rate transmit power to

variable gain transnmtter 64. In addition the adjusted 10 eighth rate

transmt power val ue ispqp igad to d 424, which del ays provi si on
of the adjusted i h r%%%“tggﬁgh*t'%\%? val ue to sunmm ng elﬁq)ant 422
until another eighth ralethercd gualst§00hdi cator nessage is recei ved.
As di scussed previously, variable gain transmtter 64 anplifies the 15
outgoi ng"franes in accordance with the transmt power |evels determ ned

as descri befthepaireadjustment valughis grovided &xerfirstinpwtnbbsiineningofelemeRods

o110 e Ty hbE R Seldd SEMORESS PNEY SRR ST o
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one | oop favigaplexet $4¥isTeptionallyf pesiHaed imice8er tBefdrésbORBe afrfput to
mdepen?@nt of ane E‘gnot h?rs%deter L mg_ uethl%tr,_asn m,ssign power |evels
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The output of summing element 542 is provided to a first input of
multiplier 550. The second input of multiplier 550 is a weighting value
15 Weighth, which weights the output of summing element 542 in accordance
with the significance of that value to the computation of the reference rate
by composite reference rate calculator 520. In a first exemplary embodiment,
Weighth is a fixed value. In an alternative embodiment, W eighth is a
variable value determined by weighting calculator 548 in accordance with a
20 set of parameters. Examples of parameters that might be used by weighting
calculator 548 include frame error statistics, frequenéy of frames at this rate,
etc. The value output by multiplier 550 is provided to composite reference
calculator 520. '
Composite reference calculator 520 determines the value of the
25 reference rate in accordance with the outputs of multipliers 518, 530, 540 and
550. In the exemplary embodiment, the reference rate is full rate, so
reference calculator 520 outputs the full rate transmit power to variable gain
transmitter 64 which amplifies the full rate frames for broadcast in
accordance with this value.
30 - The full rate transmit power is provided to dependent transmit
power calculator 561. Dependent transmit power calculator 561 computes
the half rate, quarter rate and eighth rate transmit power levels in
accordance with a predetermined calculation format and the full rate
transmit power. In an improved embodiment, dependent transmit power
35 calculator 561 operates in additions with difference values that can be fixed
or variable. '



25 determ ned dependently from the power levels of rates that are been
tracked.” 0§ o9)18ds8" ence fromthose tracked rates can be statpeErrogssagst i ve.
1n the exenplary enbodi nent, the full rate and the eighth rate frames
are the two nost likely frarre rates in the variable rate transm ssions.
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Wi th equed | eabt@artingl digrut| 6f slimming element 566 is provided with the value
Aeighth. The output of summing element 566 is the eighth rate transmit
power which is provided to variable gain transmitter 64, which amplifies
the eighth rate frames for broadcast in accordance with this value.
In a first exemplary embodiment, Ahalf, Aquarter and Aeighth are
20 fixed values. In an alternative embodiment, the values of Apajf, Aquarter
and Aejghth are variable. In the variable difference exemplary embodiment,
~de-multiplexer 500 provides the frame quality indicator to one of four
outputs based on the value of the frame rate signal.
If the frame quality indicator message is full rate, the frame quality
25 indicator message is provided to full rate frame error rate counter 552,
which keeps track of the frame error rate of full rate frames. If the frame
quality indicator message is half rate, the frame quality indicator message is
provided to half rate frame error rate counter 556, which keeps track of the
frame error rate for half rate frames. If the frame quality indicator message
30 is quarter rate, the frame quality indicator message is provided to quarter
rate frame error rate counter 558, which keeps track of the frame error rate
for quarter rate frames. If the frame quality indicator message is eighth rate,
the frame quality indicator signal is provided to eighth rate frame error rate
counter 560, which keeps track of the frame error rate for eighth rate frames.
35 The frame error counts from counters 552, 556, 558 and 560 are
provided to delta calculator 554. Delta calculator 554 can be implemented by

programming a microprocessor, microcontroller or logic array as is well
known in the art. Delta calculator 554 determines the values of Ahalf,

Aquarter and Aeighth in accordance with the values provided from counters



15 where the FQ nessage has one of two possible values, either a zero "0"
I ndi cating correct reception of the frane by nobile station 30 or a one "1".

kndi cati nqghjgﬁggﬁéurrence of a franme error. The sed@fis5niads!

rate gain nt (GA[err]) value is provided to a first sunm ng
I nput of summ ng el ement 456. The second input to 20 sunm ng el enent 456
is provided by delay element 458 and is t3® current - full rate transmt
power. Del ay el enent 458 del ays provi sion of the current full rate

transnit powd¥2,UFH6 58 ang P60.atldelts saicudatari $34 prRavidgs othenwalugse of Ahalf,

{ﬁcel ved. tSu aegltaﬁafag.ﬁﬁﬁ t8dimiiRg félbh\e&ﬂé 622564 a&ﬂuutsémk?éf&wéfy t 85
e curren [at e ra o) m n n,a e [ate

transnmit pOV\éY‘ ne &if wgp@s?S%%n féﬁ?%q%%{;g EFﬁaFt ﬁtﬁ/\éfl]‘f% % Pﬁ%d’fﬁhalf’

var iha?lhe gai Aqhaﬁesrmdt A@xgﬂﬂhv\ﬁbﬁh theplahiecof fiblel fulbiatd nadfnitnpaweptdance
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full rat e ﬁ:’(fﬁ‘lﬁ%ﬂe half ra(g? 35%'}??%'33 ‘?‘E{S ga%‘i%%(eaa ufaatngél“geﬂs‘?s"g ﬁf‘a
power is proelglﬁh tage atransmitn podeer, irespectivelys uribihesg whbresniare rovided to
subtracting bgﬁ%leo%alﬁ%%g@%re@ Which arﬂéﬁh@ tﬁﬁQﬁhFBﬂ\%’h‘é\p xtal@% A ribs

Aei ghth a fixe ta cal cul new
val ue of ei gFaterandeeigh framedn aceerdapge with ghesensignal Sent)odl ment, the

val ue of Aeighth ffheSts?lktl'C e:béth ldryl Sembodsinened of mieflibdds heztnmihgd&he
descri beqoab nam c.

d. b ht h d
SesCr! Do PO AR A BER ek, KR Pt il M
64, whi ch anpdmposite ferdbackgdn thisseytodiment thegain ndlustmgoccaetmmre cant h

thisival ue. either W St4kit86A dynamic. As each frame quali md1cator message i
PCT/ US96/ 18299 | he

I f
frame qual i t jeqeiefcd &Rt meseage & weshitn dimetly adiws ﬁaﬁérm#t 9°wer of the

i ndi cator si gefererice ptevi ded to ei ghth rate gain adjust- sel ector 454. In

he ren SRl 30Y L ARO U aryPliipldh AN UBLAdhEL APbRRKAE: 4iiefd

i npl ement'ed by programin or, m crocontr
array as is Gen rOkrizﬁmewrﬁPe ipdicating the wemf he %%PSQHFSTEfﬁ%IF‘ega rfata.

Control processor 58 provides a signal indicative of the calculated
transmission power levels for different rates to transmitter 64. Variable gain
‘transmitter 64 amplifies the outgoing frame in accordance with the
20 calculated power levels. | |
Referring to FIG. 10, the frame quality indicator message is provided
to de-multiplexer 600. In accordance with rate of the frame quality indicator
message, de-multiplexer 600 outputs the frame quality message on one of
four outputs. If the rate of the frame quality indicator message is full rate,
25 then the frame quality message is output to full rate gain adjustment
selector 602. In the exemplary embodiment, full rate gain adjustment
selector 602 determines selects an gain adjustment (GAfull) signal in

accordance with equation (12) below:

1, then GAfu" =+1.00

12
0, then GAfull =-0.01 ( )

30 if FQI = {

where FQI is the frame indicator message with 1 indicating the occurrence of
a frame error and 0 indicating the absence of a frame error.

35 The gain adjustment value, GAfy]l, is provided through multiplexer 610 to

a first input of summing element 612. The second input of summing
element 612 is provided with the current value of the reference rate



—adj ustment sel ector 454 selects a ei ghth rate gain adj ust ment ( GAei ght h)
val-ue in accordance with equation (7) below [err] 10 PEﬁﬁss%ﬁ'fafﬁLed

-ei ghth ra‘P’Q%’ﬂF?‘Padj ust ment (GAeighth) value is provided to a I rst
summ ng i nput of summ ng el ement 466. The second input to summi ng
el ement 466 is provided by del ay el eggnt 464 and is the current eighth

rate transmt power. Delay elenent 15 464 provides the current val ue of
t he ei ght h tmnsmtit posver, whivkindheexeimgrlary emdbodiimgnt theafid] tatenteansmit t y

I ndi cat or S9Age i s received. Sunmi ng el enent 466 adds the eighth rate
gai n adjustfrent value to the c{‘urrent . .eighth rate transmt power to
det erni ne the nedlf egrate of the frame,gualitypingdicator megsage is balf, raje, dheni the

vari abl e gaffranié qgan'ty hedssge isvbutphtacialf 16 gaiyhljustBent sbRcioramS I
accordange th this signal ... Wen the fra rate is eighth rate,
ovi tch 468 Fhe Sremplary, eBpdiment, half rate Eai gdistRIENE selectar, 604 seleeis an
provi ded t ogairt pdinstenentivaling ((pAhalf) in arcerdance yvith equation{33) lowsecond
sum ng i nput of summ ng el enent 459 is supplied with the value Afull,

a fixed value or one conpwopd Qyrogki 25 calculator 464, to conpute the
new val ue of the GAlLy #%P_zloé(ga ' ower . The full rate transini3) power
val ue is provided to varl gl TFansnitter 64 which anplifies the

outgoing full rate frames in accordance with this val ue. In a
first exdéhpivaneredi@bisi thenframehodicatermessagehwithr hirsdicatipg ke osfurrénee ofal f
and quart er arfaameferaseand Ocindidating thechbsgnee 6f 2 dthrfie eh@rence net hod. I n
thig first inplenmentation, the full rate transmt power is provided to

sumti ng el e t S,4:4704: e t Qut. ' I LS
et rate o e eaift BBSnyalka COM A i HroOHIEY HikofeBBIIICe bt
fixed val uea firstcinput ofiisuraminrg eleoxanthé12.ul The second aimpnitt o vemming3s

deter m ngs t ReerRahi 6B & tPrdlided WiKethe cltrént"SMliYe A6 GhET ReRrdiilel rate
rate transmt r%o r is ]ﬁrow ded to variable gain transmtter 64 i C
R

anplifies t RER alf rate franes in accordance with this val ue.
If the rate of the frame quality indicator message is quarter rate, then

the frame quality message is output to quarter rate gain adjustment selector

606. In the exemplary embodiment, quarter rate gain adjustment selector
20 606 selects a gain adjustment value, GAquarter, in accordance with equation

(14) below:

0.300 ifFQI=1

CAquarter = { ~0.003 if FQI=0 (14)

25 where FQI is the frame indicator message with 1 indicating the occurrence of
a frame error and 0 indicating the absence of a frame error.

The gain adjustment value, GAquarter, is provided through multiplexer 610
to a first input of summing element 612. The second input of summing
30 element 612 is provided with the current value of the reference rate
transmit power.
If the rate of the frame quality indicator message is eighth rate, then
the frame quality message is output to eighth rate gain adjustment selector
608. In the exemplary embodiment, eighth rate gain adjustment selector 608
35 selects a gain adjustment value, GAeighthl in accordance with equation (15)
below:

0.100 ifFQI=1

A =
GAeightn {-0.001 if FQl=0 (15)
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Simlarlywberasasfixed difference inplenentation, the full PCIVUS96/18299
transmt power is provided to sunming elenents 472, ‘The out put of

summing el ement 472 is the quarter rate transmt power. In the fixed

di fference enbodi ment, Aquarter is a fix&8 value, which is subtracted from
5 the full rate transmt power to determne the quarter rate transmt

power . This newWy determ ned.quarter rate transnqit .power is provid

variable  whererFQ} isnthei frame 1p _l‘i%ﬁ?"cﬁ‘eéﬁiﬁ‘? W‘Q'%?tlﬁ ‘Caffggc,\f?‘ﬁé’cﬁﬁ heg o gt an

frames in a frameeronerd § indicating the aksence of a frame|§iTef, | npr oved

enbodi ment, the half rate transmt power is 10 determ ned in accordance
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t he exenpl ary enbodi rrent%é)f this ingrove t hpd, t.he half. . rate .
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iﬁ I al Cg| it t@ﬁnffﬁﬁsion power for the remainingr ¢ is/ deterbridedrdntaccordancelwigh of

alf an arter ar ' I ! |
exorl ary erbBiALE . The full MAEAHERIE piiver I plotfatd toagendehl bt
i ndi cat or t opower calchilaier 625 pririch computesyths halferateyquaster; rate angdneighdhi i ty

I ndi cat ogssi ﬁ[!é'tradsini} Bwersi® adb@danice 3Rithi thei RAL eatert@insaitgpewetss fruhl ,
the frame qug Ity 1 ndicator, si

al. is ded .t . :
error rate c Eﬁﬁteé‘F“YfgﬁfY WRPlaMS nggnt ?gé%\’/%ﬂ‘?ﬂ{e&%{‘/sé'r‘% eéu/!er Eﬁ%ﬁlr?%éefg%’
frame error sAhaif, AqhirteneRd Aeiginth aze Hyed vabus- abs fullrate, rapsmyl power
qual ity indi gagividéd ®o Suakialers $26p628 ahl 6300 aARdqtad vajuesndinaifl, Aquiirgsal
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track of ¢ hem38 Mgkt nirae TR (F shRuRbay Baierty BBciERRS
descri bedoabgehalffrate trandthit power theajudrier rade tainemit owesiaphthe eighthr t er
rate, the fr?rvg tgé@rﬁ{téﬁo“ﬁ%bré%&%w' signal is provided to quarter rate

frame error rate coun
an alternative embodiment, the values of Ahalf, Aquarter and

Aeighth are variable. In the variable difference exemplary embodiment, de-
multiplexer 500 provides the frame quality indicator to one o: four outputs

25 based on the value of the frame rate signal.
If the rate of the frame quality indicator message is full rate, the frame
quality indicator signal is provided to full rate frame error rate counter 616,
which keeps track of the frame error rate for full rate frames. If the rate of
the frame quality indicator message is half rate, the frame quality indicator
30 message is provided to half rate frame error rate counter 618, which tracks
the frame error rate of half rate frames. If the rate of the frame quality
indicator message is quarter rate, the frame quality indicator signal is
provided to quarter rate frame error rate counter 620, which tracks the frame
error rate for quarter rate frames. And if the rate of the frame quality
35 indicator message is eighth rate, the frame quality indicator signal is
provided to eighth rate frame error rate counter 622, which tracks the frame
error rate for eighth rate frames. _

The frame error counts from counters 616, 618, 620 and 622 are

provided to delta calculator 624. Delta calculator 624 determines the values -



whi ch keeps track of the average nunber of frame errors for q'uarter rate
frames as %Sfﬁsgﬁ above. |If the frame quality indicator rapeTaisgsIr299-s

ei ghth 35 e frane quality indicator signal is provided to eighth
rate frame error rate counter 462, which keeps track of the average
nunber of franme errors for eighth raB® franes as described above.

The frame error counts are provided fromcounters, 456, 458, 460 and
462 are provPidhalh Apiartercanic deighh B @ccorsance with the es4B!'L°‘ﬁ€F@rfﬁ9h‘ES

the ¢ 188ffers. Delta calculator 624 be implemented b ro ra
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WE CLAIM:



signal on one of four outputs, in accordance with the rate of the frane
qual ity indicator mssjm{iﬂﬂulmwnlum frame quality indicator rate is

f-ul | rate,“?ﬁ- | pl exX& L the frame qual ity portiusssBezey
nmessage to u*ﬁ*kgte gai n adj bst" sel edtor 502. Gain adj ust sel ector 502
out put-s a gain adjustnent (GA[err]) value in accordance wi th equation
(8) "bel ow. [err] The gain adjustne3® value is provided to sunmi ng

el enent 510. Each of sel ectors 502, 504, 506 and 508 can be inpl enmented

by progranm ng a m cr opr ocessor, @Mrol |l er or logic array. 35
The second summing input of summng elenent 510 is the previ ously

cal cul at ed out put ,of s ' Lch, i | ded b del
el enent 514 t hrough opmnﬁggaﬁ%ﬁgﬁgﬁe%é&%ég Egﬁ%@i%ﬁerﬁeﬁ?wéiépf vana
97/ 18643 2 rate frames of d_ata, comprising: _ PCT/ US96/ 18299
30 provi des t@&\b%?ﬁif%s&%ﬂhs Fbr POV ﬁ!tgﬁfﬁﬁlﬁilt%éﬁhﬁ@ﬁ%ﬂ?%nﬁhe

rate of the franme qualjty indicator ness .fu r_ﬁte. .

Mil ti pl ex8r 512 i ¥aupbleoRainy rapsBUfEE gMean 9L receiving  $Aif ARSI poWes
sEmﬂ' n? el e;rﬁlgﬁaﬁﬁﬁdifbra}aﬂplifﬁﬂgls_am v‘alaiabte ﬁte\ifsar'lr;éi &\Gﬁccofdhrﬁbhﬁlitg\l/\@did& S
t he val ue ,of t{he output fr e eco ungc tably

di fferent 6f r §ARS gp@WFF 5&9{;? éﬁ% g%ef‘ﬁl%gﬁfg?ga&rea{ﬁgerﬁ%ﬁévérsﬁgl nthis
enbodi ment, the value fromsumm ng elenent 510 is not the full rate

transmit power, bgt ratrgr d@a@af&ctﬂ CRfith | 1 GPREIA NGald1e vhiihblel ?%ﬁn
transmt power. 10 T ou‘%gut of s rrm% el .erreTt 510 is provided to
a first idfputragpmitter |MAAnsp TesPAIAVe tR@ EWENFIT AlgHA of nmultiplier 518 is
a weiighting val ue Wull which weights the output of 510, in accordance
W th the significgnce ype apparatus of Claim 1 further comprising a variable rate

2 data source for providing said variable rate data frames.

4. The apparatus of Claim 3 wherein said variable rate data source
2 is further for providing a fame rate signal and where in said variable gain
transmitter is responsive to said frame rate signal.

5. The apparatus of Claim 1 wherein said control processor means
2 is for determining a reference rate transmit power level and for determining
at least one additional transmit power level in accordance with said

4 reference rate transmit power. '

6. The apparatus of Claim 5 further comprising receiver means
2 for receiving frame quality message from a remote communication station
and wherein said control ‘processor means is responsive to said frame

4 quality message.

7. The apparatus of Claim 6 wherein said control processor means
2 comprises a gain adjust selector means for selecting a gain adjustment value
responsive to said frame quality message.

8. The apparatus of Claim 7 further comprising summing means

2 for receiving said gain adjustment value and for receiving a previous

reference rate transmit value and for summing said gain adjustment value

4 and said previous reference rate transmit value to provide said reference
rate transmit power level. |



of that value to thé_corrputation of the reference rate by conposite

r f er engeg 97/18¢48! CU irst exenplary enbodi mEWUSH/IBIMI" is a
" fixed val ue that 15“",””&?“'”“]&!8! head of tine. In an alternative

enbodi ment, Werr] is a& t warsabke val ue determ ned by wei ghting factor
cal cul ator 516 in accordance with 89set of pararreters Exanpl es of
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I ndi cat or legstioheasd ditionat tLiisatit err levelt puts a gai n adj ust nent val ue
(GAlerr]) as described in equation (9) below 25 [err] The gain
adj ust nent val ue, GAhalf, ¥s provided to summ ng el enent 522. The
second sunmi ng mnputTfm‘appmmmgoéCémtS faztherscopnprisingd by del ay 30

el ement 526 { NARlbIOPiAERNCY LhIBIASE! mihs Mk IRlcEtRing2d varfd onal Iy

prowded In order tqQ refrres he 1 nput to sunmmn I n case the
| oop val udiffeesnsealye and ﬁyélwvgim yagiajlg é& fergper/ivalugi asd t he out put
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520. In a firstllexerfhaaypamabedofrEiaim Weakther scomprisitg ¥ime erdor rate an

al ter nag i \GoRNBPUHGAL oW EStEdmiing LPIAR! Snd’ Ghltfie UEHEE B bale and
wherein said variable difference calculator means is responsive to said at
4 least one frame error rate value.

12.  The apparatus of Claim 11 wherein said frame error rate means
comprises: '

[ 08

demultiplexer means for receiving said frame quality indicator
4 message and for outputting said frame quality message upon a selected
output in accordance with a frame quality message rate; and
6 plurality of frame error rate counter means each of said plurality of
frame error rate counter means coupled to a corresponding output of said
8 demultiplexer means.

13.  The apparatus of Claim 1 further comprising:
2 receiver means for receiving frame quality message from a remote
communication station;
4 demultiplexer means for receiving said frame quality indicator
message and for outputting said frame quality message upon a selected
6 output in accordance with a frame quality message rate;
plurality of transmit power calculators, each of said transmit power
8 calculators coupled to a corresponding output of said demultiplexer and for
providing said transmit power signal.



wei ghti ng cal cul at or ﬁm“uwmnﬁ with a set of paraneters. Exanples

of paraneters that mg ghting cal cul ator 528 include frane *
5 error sty &higess fret]ue‘ncy' of* fPanks at this rate, etc. THET/USI6S29ut put
by mul tiplier 530 is provided to conposite reference cal cul at or 520.

If the frame quality indicator rate is quarter rate, de-multiplexer 500
outputs the frame quality indicator to qué@ter rate gain adjust selector

506. In accordance with the fra ual | | ndi cat o ain a t
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cal cul ator 538td Bahuet powee 1@mafalﬁésatd pi'mﬁae sEIcEMBﬁﬁt pbvﬁe&&i‘@ialﬁ&nd hi's

rate, gte. The vaI ue outgL{t bs¥mt pow$f i%%rgcéllgglﬁop angeig)rr Ceda{ #te

ref erence cal & '?(5
is eighth ratleastrmpf aezdnnlwabt}enéfrequensomMIpm@wchéewa amluqaaand jor
indi cator go &étai%khlhgt eatgi?éa@t aghéls?eﬁﬁhﬁﬁgortransmﬁo owér Ae¢er daaRR W h

the franme quali
d acc}aydance wxalt'L Said X ledst oxl\e o salcl pfura 1ty of most frequent transmit
10 power level values to provide said transmit power signal.

16. The apparatus of Claim 15 wherein said frequent transmit
2 power calculator means comprises:
reference rate calculator means for receiving a first set of selected
4 frame quality messages and for determining a reference rate transmit power
level value in accordance with said first set of selected frame quality
6 messages; and
at least one additional frequent rate calculator means for receiving a
8 second set of selected frame quality messages and for determining at least
one additional rate transmit power level value in accordance with said
10 second set of selected frame quality messages.

17.  The apparatus of Claim 16 wherein said at least one additional
2 frequent rate calculator means is responsive to said reference rate transmit
power level value.

18. The apparatus of Claim 16 wherein said reference rate
2 calculator means is responsive to said at least one additional rate transmit
power level value.
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provided to a first input of sunmm ng elenent 542. The input of the
second summ ng i nput of summ ng el enment B#2 is provi ded by del ay

el ement 546 through optional nultiplexer 544. Mul tiplexer 544 is
optionally provided in order to refresh the input to 10 summi ng el ement

542 in case the hgop ‘Fﬂeuea% Heus %fa|Garme|6aMﬁél@ﬁ”tsaxd retéferiie! EI'XFﬁ "

provisio ﬁltghf out put of mm ng el enent 542 until the next
rate fra Hator ; ?ﬂrbsa?‘EJPPF@"-? ecei ved. The out put of summ ng
el ement 542 | s pgam dd}ixst selecforrmtans fortrecéiving saidl fitsplse€ of 551'écte3hﬁ'a&&00nd

t of ch ts t he
IotrJ]Ito ;ut Oof4m; qé% 1 Egﬁﬁ%h?ﬁ%@%ang‘g&e}ée r\é\f%%ﬁﬁb a&’“ i ﬁ’Ha 8
that val ue i® a@‘ﬁ-’m’dénﬁ(pmlﬁt paid first setcofr selented framerquality mrysagmpamit e
reference rate CabferbideOfate 2Pansrilitdp 5w&lssd§i§mhar Sf@%&rmaalfymaﬁ sffg ghth
err

is a fixed vajue. In an alternative, e ,
val ue det er REIGEENGS) FafR tEATISPHY ROYYer lexe I"’ablfﬁ n @Cﬁmﬁﬁﬁﬁhvﬁaﬂ(ﬁl rafezmcget

of paranmét erate gaianpdjastménpaakmeet ers that nmight be used by weighting

cal cul ator 548 include frame error statistics, frequency of frames at this
rate, etc. The value output by nultiplier 550 is provided to conposite
ref erence caPBul aflde sparatus’ of Claimynddsiwheneit ersairt erefetanckatrate 520

det gr m nexs Tahfhéta{el#@ Bbahd@oripridedf erence rate in accordance wth the
outputs of nultipliers 518, 5 540 and In the ex

% id 5? eﬂpab;.lr y
embodi ment, the FPEFEREGMEaRs IPL spumning, said Jgterence sate gamy adjnsimentor
520 out puk s vahee okl a paeeious aeference vater transmitr poblee lgeeinvalue to provide

said reference rate transmit power value; and

6 delay means for providing said previous reference rate transmit
power level value.

21. The apparatus of Claim 20 wherein said reference rate

N

adjustment means further comprise second summing means for receiving
at least one additional rate transmit power level value and for adjusting said
4 at least one additional rate transmit power level value by a predetermined
value to provide said reference rate transmit power value.

22.  The apparatus of Claim 6 wherein said control processor means
2 comprises:
first calculator means for receiving a first set of selected frame quality
4 messages and for determining a first transmit power level value in
accordance with said first set of selected frame quality messages;
6 at least one additional calculator means for receiving a second set of
selected frame quality messages and for determining at least one additional
8 transmit power level value in accordance with said second set of selected
frame quality messages; and
10 = composite reference calculator means for receiving said first transmit
power level value and said at least one additional transmit power level
12 value and for determining a reference rate transmit power value in
accordance with said first transmit power level value and said at least one
14 additional transmit power level value.



transmtter 64 which TR fagi| rate frames for broadcast in
accordance with this ﬂ “IlmIH m” ‘The full rate transmt power ist
asmin s pewe

‘provi ded wo sememient r cal cul ator 561. Depenaspé/1g20%mnsmi t

power cal cul ator 561 conputes the half rate, quarter rate and eighth
rate transmt power levels in accordance with a predeterm ned
calculation format and the full rate 42ransnit power. In an i npr oved

enbodi ment, depeggent r 561 oper ates jn
additions with differ eT%‘ n“\SPraqau%'E"%\Aﬁ&t éi“‘éﬂ‘ aJ’ef 4‘%@6" TRPHISLE Aeighting
WD 97/ 18@43means interposed between said at least one additional calculator means and

PCT/ US96/ 18328 ¢ m osite refere ce calculat f
t he exenpl ary e i ment g ¥ ceun? otr mﬁgrr}]s. b werghtmg §a’)ificuﬁ %aSF oi%el

the hal f % apdd @?mrraffepamrr PYek valneen am#pc%m&@ Rresletermined

det erm ned sveightinByfosmats acting the values of [err]half, [err]quarter and
[err]eighth fromthe full rate transmt power. In the exenpl ary

enbodi mrent of 5 dependent transmt power cal cul ator 561, the full rate
transmt power i24. Theowappadatus ofClaimm28 gwhepein (saxdsummghgn | eneaiss

562, 564 9an n |
i s provi dz:dgvm 1ses mulnphe% ue |erﬁ)f}aﬁtbﬁgﬂ% Eéitd g{t %? gignud%% ﬁacﬂ{ﬁ ’h@f}
562 is the ﬁ‘anlsn}létfép‘t’?%ul%‘fﬁ t value lY,‘h‘g §a@r avilerst ene \p&dxaonel gai n

transnmit tder tﬁﬁsnwhp@h/e%rlﬁbelfvﬂ&eit@ atweéighting fagoe. franes for broadcast in
accordance with thi$ value. The subtractl ng i nput of sunm ng el enent

564 ji s provided with the val ue r([derr] quarter. The output of summ ng

el entent 564 is tR8 qudihecappanatus ohdaim 24 whereinesaidwweightisg factordea t o
vari abl e g9aipRedétapmihdd Fixeldvalifai ch anplifies the quarter rate frames
for broadcast in accordance wth this value. The 15 subtracting input of
sunm ng- el enent 566 is provided with the val ue [err]eighth. The output
of sunmi ng el ene@b. 56@hesapperabisybf Qlaiat EStfnﬂhafncbmpnsmgV\@léngﬁrfghfchor

provi ded oc%(%g_ﬂ%r Ogﬁ&q{swogrémhégnggﬁw%t;i%s Rid. f| es the eighth

rate franes cast 1 n accor In a
first exenplary enbodinent, [err]half, [err]quarter and [err]eighth are 20

fixed values. In2an alTher apipaystusToedCIEM 26 Rehareinesai@l waghtihg! factor

[err]quard eaiculator means is responsive to a frame error rate statistic.

28. The apparatus of Claim 26 wherein said weighting factor
2 calculator means is responsive to a rate frequency value.

29.  The apparatus of Claim 22 further comprising remaining rate
2 transmit calculator means for receiving said reference rate transmit power
value and for determining at least one additional transmit power level in

4 accordance with said reference rate transmit power value.



and [err]eighth are variable. In the variable difference exenplary

enbodi nent de-nul ti pl exer 500 provides the frame qual igepnis¥ghgsge0r tO
-one of " f WP 9718643t put s based on the value of the frame rate signal.

If the frame quality indicator nmessage is full rate, the frame quality 25

i ndi cator nessage is provided to full rate frame error rate counter 552,

whi ch keeps track of the franme error rate of full rate frames. If the frane
qual ity indicator nessage is half ratﬁ the frame quality indicator nessage
is provided to half rate frane er a1 rate counter 556, which keeps
track of the - frame error rate for half rate franmes. If the franme
quality indicator nessage 30 is quarter rate, the frame quality indicator
nessage is provided to quarter rate frame error rate counter 558, which
keeps track of the frame error rate for quarter rate frames. If the
frame quality indicator nessage is eighth rate, the frame quality

i ndicator signal is provided to eighth rate franme error rate count er
560, which keeps track of the frame error rate for eighth rate frames. 35
The frame error. counts from counters 552, 556, 558 and 560 are

provided to delta cal cul ator 554. Delta caljul ator 554 can be inpl enented
by programm ng a m croprocessor, mcr troller or logic array as is
wel | known in the art. Delta cal cul 4 determ nes the val ues of
[err]hal f, [err]quarter and [err]eidht RJin accordance with the val ues
provi ded from counters WO 97/ 18643 .
PCT/,US96/ 18299 : 34 552, 556, 558
and 1560. Delta cal cul ator 554 provid¢s the values of [err]half,

Aquarter and Aeighth to sunmm ng el nts 562, 564 and 566, respectively.
Summ ng el enments 562, 564 and 56 btract the adjusted val ues of

[err]hal f, [err]Jquarter and fefr]eighth fromthe value of the full rate
transmt power to 5 determne yhe half rate transmt power, quarter rate
transmt power and ei ghth fate ansmi.tpower, respectively. These

val ues are provided to vah ableg gainé?r- smtter 64 which anplifies the
outgoing half rate, quarter ] aﬁh-eimhth rates frame in accordance
wi th these signals. xtg Exe pl ary enbodi ment of nethods
utilizing the SRR

FIG. 1
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10 differences in required power between rates is referred herein as

single | oop, conposite feedback. In this enbodi nent, the gain

adj ust ment wRebRHEay S can either be static or dynanic. AsW@HyﬁmWHEﬂb
qual ity indicator nmessage is received that nessage is used to directly
adjust the transmt power of the reference rate. 15 In the
exenpl ary inplenentation, data source 60 provides a signal to control
processor 58 indicating the rate of the outgoing frame of data. Cont r ol

processor 58 provides a signal indicat2ité of the cal cul ated
transm ssion power |levels for different rates to transmtter 64. Variable

gain transmtter 64 anplifies the outgoing frane in accordance with the
20 cal cul ated power |evels. Referring to FIG &0, the frane
quality indicator nessage is provided € to de-nultipletr 600. In
accordance with rate of the frame qual gy indicator Essage,

de-mul ti pl exer 600 outputs the frame q@lity nmessage on ﬁhggof f our
outputs. If the rate of the frame qual i ndi cator nmessa&ge—is full rate,

25 then the frane quality nessage is tput to full rategain adjustnent
sel ector 602. In the exenplary enbodlnﬂmt; full rate gai v &j ust nent

sel ector 602 determ nes sel ects an gai E?justnent ( eﬁ?%% signal in
accordance with equation (12) bel ow ereﬁ% is the frame

i ndi cator nmessage with 1 indicating t currence 6f O&frame error and
O indicating the absence of a frane rﬁ%r. 35 The gain &dj ust ment val ue,
GA[enr], is provided through nultiplexé& 610 to a fit input of
suming el ement 612. The second input éz summ el efent 612 is
provided with the current val ue/f thelkeferen rate WO 97/ 18643
PCT/ US96/ 18299 o~ — — = -———— /S - - -
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35
transmt: ower .
nessage i é"ﬂgf’f"%te, t hen t he

rate gain adjustnent selector 604.
gai n adjustnment selector 604 selects an
i n accordance with equation (13) bel ow

i ndi cator nmessage with 1 indicating t B lccurrence o

transnmt power, which in the exenplary enbodi nent the full rate

: If the rate of the frane qualit;i,' 1
frame quality nmessage is outpu
In 5 the exenpl ary enbodi nent,

f%“ﬁal f
hal f rate

gai n adjustnent val ue (GAhal f)
[err] 10 where FQ

& a frane error

is the frane
and

0 indicating the absence of a frame error. The as-n?:adj ust ment val ue,
GAlerr], is provided,through mnul tiplexgr_§10 to._ _ b f] Lnhput _of
sunm ng el enent 612 TQe second i nput ﬁstumri ng 15 jel enent 612 i?
provi ded with the currknt val ue of t I je al P Trgnsmt ' power.
If the rate of the frahe quality indgtgt ssage}i p quarterf rate} then
the frame quality nmesspge is output ri4dr in adj yst nmen
sel ect or 606. In the exenplary_ e A Ko r%qr rate i n adj ust nent
sel ector 20 606 selectk a ga ad;i;yz%gen \@ruq, | | &ar quarterg in |
accordance with equatipn ( YOV, S@r] @ Weeer e isythe
frame indicator rressagF wth 1 caM nqa_ﬁ_t e écc rRejnce of a f'rarre
error and O indicating' the abse@fc® pf h 5 dry &2 Thg gai n
adj ust nent value, GA[etr], is Jprovifled tlm%gh nul t Apl exer 6 Jto a
first input of sunm ngyel enent b d&nd |i hpuf of summijng 30| el enment
612 is provided vvith.tl‘ue curren GhE ref erence rate transmt
povve[. If the'rate of ne quaj it yj j-abdgat or massage'is
eighth rate, then thefr% itly messgge jls opdjput to feighth rate
gai n adj ustment sel ect pr &l & S—= oM< |
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608. In the exenplary enbodi nent, eighth rate gain adjustnment selector 608
35 selects a gain adjustnent value, GA[err], in accordance with equati‘on -
(15)  WNeOOwIssd3 [err] WD 97/ 18643 PCT/USO6/18299 - -
PCT/ US96/ 18299 : 36 where FQ
is the franme indicator nessage with 1 indicating the occurrence of a
frame error and O indicating the absence of a frame error. 5 The gain

adj ust mrent val ue, GA[err], is provid$ﬂlﬁhrough mul ti pl exer 610 to a
first input of sunm ng el enent 612. d1lsecond i nput of sunm ng el enent
612 is provided with the current value of the reference rate transmt
power. Sel ectors 602, 604, 606 and 608 can be inpl enented by

programm ng a m croprocessor, mcrocontroller or logic array as is well 10
known in the art. © After determining the reference, rate transmt
power, the transm ssi on power for the remaining rate i shdetermined in
accordance with that value. The full rate transnft poweL is provided to
dependent transmt ‘power cal cul ator 625 which cgnputes fhe half rate,
quarter rate and eighth 15 rate transmt powers irf accordahce with the
full rate transmt powers. In a - first exenplary inplenmeptation of
dependent transmt power cal cul ator 625, [err¥hal f, [erf]quarter and
[err]eighth are fixed values. Thus, full rate traghsmt powe is
provided to sunmmers 626, 628 and 630. And the lues [err] half,
[err]quarter and [err]eighth are subtraciéd fromthe fufl rate transmt
powe[ to determine 20 the half rate transpft power, the quarter rate
transmt power and the eighth

FIG. 3

e |



rate transmt power, respectively. In an alternative enbodi nent,
the-valuesrﬂjﬁbﬁ*ﬁghalf,'[err]quarter and [err]eighth apeTnmsoé/sddos. | n
tthe variable erence exenpl ary enbodi nent, de- mul ti pl exer 500
provides the frane quality indicator to one of four outputs 25 based on
the value of the frane rate signal. 1f the rate of the frane
quality indicator nessage is full rate, SHde frane qual ity indicator
signal is provided to full rate franme error rate counter 616, - whi ch
keeps track of the frane error rate for full rate franes. If the rate of
the frame quality indicator nessage is half rate, the frame quality

i ndicator 30 nessage is provided to half rate franme error rate counter

618, which t FEK$ the frane error rate of half rate franes. If the
rate of the framg quality i ndi cator nessage is quarter rate, the frame
quality indicatofy signal is . provided to quarter rate franme error rate

counter 620, whigh tracks the franme
frames. And if the rate of the frane qualit
eighth rate, the{frame quality indicator sig
rate frame errorjrate counter 622, whih\¢gh trac
for eighth rate franes. ror counts fromcounters
616, 618, 620 andl 622 are pr Vi calculator 624. Delta
cal cul ator 624 d¢term nes the valu WO 97/18643

PCT/ US96/ 18299
[err]half [err]
provuded from
progranm ng a
known in the art.
[err]hal f, [err]
630, respectivel
cal cul at ed val ued

ror rate for quarter rate

35 indicator nessage is

| is provided to eighth
the frane error rate

37 of

the counters. Delta {akcul\ator 624 can be inplenmented by
m croprocessor, mcr r logic array as is well
Del ta cal cul at or t he val ues of

quarter and [err]eighth]t 1 hg el enents 626, 628 and
7 0 e~ef—1t he
full rate transmt power to determ ne the half rate transmt p 0
quarter rate transmt power and eighth rate transmt power,

respectively. These values are provided to variable gain transmtter 64 10
which anplifies the outgoing half rate, quarter rate and eighth rates frane

FIG. 4A
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in accordance with these signals. The previous description of the
_preferred_enbodi nents are provided to enabl e any person_skilled in the-
art to maR¥P 184} (he present invention. The various nbHF{USR(I§28hs to
t hese enbodinments will be readily apparent to 15 those skilled in the art,

and the generic principles defined herein may be applied to other
enbodi nents without the use of the inventive faculty. Thus, the present
invention is not intended to be limtggyto the enbodi nents shown herein
but is to be accorded the w dest scope consi stent with the principles
and novel features disclosed herein. 20 VE CLAI M WD 97/ 18643
PCT/ US96/ 18299 % 38
CLAI M5 1. An apparatus for contrgkling tranﬁn’ ssi on power of
variable 2 rate franes of Eplat a, corﬁri singg © conif ol processor
means for providing a tragsmt powdg signal; ﬁd 4 Qvariabl e gain
transmtter nmeans for rec® ving sai@ transmt @ower stgnal and for
anplifying said variable te fra in accor@ance with id 6 transm t
power signal and a rate og said vargabl e rate &ranes of ta. 2.
The apparatus of Caim 1gpherein gaid varigple gain Ztransmtter neans
is responsive to a frame Bate signa&. = 3. Th& appar at us of
Claim1 further conprisi n§a'variat§e rate 2 ta sourcet4or providing said
vari able rate data franmest = 4. Thecappar at usfiﬂ)f Claim 3 wherein
said variable rate data sBurce 2 i further ®ér providikg a fanme rate
signal and where in said riable g&in Eé &
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transmtter is responsive to said frane rate signal. 5. The
appar at us vp&,%g&sn 1 wherein said control processor neans 2 pcx/0sv6/18299 -
determning a reference rate transnmt power |evel and for determ ning

at | east one additional transmt power |evel in accordance with said 4
reference rate transmt power. 6. The apparatus of Caimb5
further conprising receiver neans 2 for receiving frane quality nessage
froma renote communi cation station 7/1land wherein said control processor
means i s responsive to said frane 4 quality nessage. 7. The
apparatus of Caim6 wherein said control processor means 2 ﬁ,rrpri ses a

gai n adj ust sel ect gf greans for selecti ng; gal n acbgust!nent vdrye
responsive to sai debempe quality messagg Th <a§mﬂr at us of
Caim7 further co F&ﬂ ng sunm ng rreang ggsal [

adj ust mrent val ue ar_l_dzg receiving a prm/ edtemce reat ransmt
val ue and for summ id gain adj ust | ue s%n d Y ideUuS
reference rate traggmt value to prowdms-ald reference ratte transmit
power |evel. 97/ 18643 PCT/ US96{ 18299

39 9. e apparatus of Claim#& further nprising Second
- summ ng 2 neans fof recei®MmgTsar d—r ef eT¢nte T at etjransnit pojwer—| evel and
for receiving a fixed dftference val¥e{and for Rdming saRd|reflerence
rate 4 transmt power |evelqjand said fi differ e val ue To| detler m ne
sai d at | east onp additipnal transmt wer |ev 10|. The
apparatus of Caimp furthef conprising: é'? abl rence
calcul ator nmeans fpr calculating alvarigble ' |
t - I
L — e e - = _— e e - - == d
f | o o
5 < T
< - Q
T o m
< < < o
v
— Ja .
o~
NI Q
=5 {,
=5
23]
a3
<
O
S| — O * o0 1 o * o~ j
o - o (= Iia] o1 I — —
z .
YR e BYE B R EEE | =S
22t | 1225 | |EnE | | Eaz
+ Qe 35 b 5 <eS O&3
=5 9 = 9 =2 <O m <O
2 O r © OO %O
2 i 4
g [_.S + *
Y zZ N S >
23| 932 @ &
< »n ‘S e

-?-i—
-

FRAME
QUALITY
INDICATOR



di fference value and for providing said variable difference val ue;

second summ ng neans for

I evel

said reference rate transmt power

to determ ne said at
11.
noni t or

4 | east one frane error

11 wherein said frane error

means for

| east one additi onal
The apparatus of Claim 10 further conprising frame error
nmeans for determ ning at
wherein said variable difference calc

| east

rate val ue.

| evel

Mo

frame error
nmeans i s responsive to said at
The apparatus of Caim

12.

rate nmeans 2 conprises:
receiving said franme quality indicator 4 nmessage and for

outputting said frame quality nmessage upon a sel ected

accordance wth a frane quality nessage rate
nmeans each of said
rate counter neans coughqg to a CQﬁggspondlngg

franme error

rate counter

and 6
urM|ty
Bt ut of(—-qa.ld 8

and 4

receiving said reference rate trans
and W&97118€48j vi ng sai d vari abl e difference val ue and f'grLT’gs%s(fWg
and a variable difference
transmt power

val ue
| evel .

rate 2

rate val ue and

denul ti pl exer
output in

plurality of
franme error

denul ti pl exer means. 138 = Rhe app gl further
conprising: 2 reﬁeﬁ\ﬁﬁr rrear§§ rece fra ity nessage
from a renote comu €8&i on str.atzgx; 4 B2 odemulgifgl@xer neans for
receiving said franme q <tt i ndi @@ % & and fEredoBit putting said
frame quality nmessage umdh a selectdéd 6 outp |n accorgdnce with a frane

qual ity nessage rate;
each,of said transmt pow#r
of said denultiplexer and

r cal cul ators,
rrespondi ng out put
power si gnal

plurglity of nsmt po
?ators coupﬁed to ac

8 cal cul
for pragvi ding said transmt
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40 .14, The apparatus of Cl aim 13 wherein each of said plurality

of 2 trans '69.9 cal cul at ors conpri ses: gai n adjpesnsesi18299

Sel ector neanS 1or receiving said frame quality 4 indicator nessage and for
sel ecting a gain adjustnent value in accordance with said frane quality
i ndi cat or nessage; and 6 summi ng nmeans for receiving a previous
transmt powes gval ue and mfor recei ving salquggln adj ugt nent val ue and
for summ ng 5@" revi ous 8't neni't poiidr vaI@SES saldngjn adj ust nment
val ue to proet aid égnut power signaly : The
appar at us of 6 mherelﬁﬁ i control proceﬁ&b neanan %?prlses.
frequent rat&Set@smt powerxc I ul at or neans ggcei vi d 4 frane
qual ity indi 8&afdg nmessage an@ determ ni ng Q:ﬁfuralltynb equent

rate transmt pofQer |evel vdPue to provide said t ansnlt r signal; and
6 remai ni rate transmtipnauwer |evel cal culator nen for recelving

at | east onefof said plurality qf frequent tra

and for 8 d | east ope rermai ning trans

accor dance i b off sg & pluraldt

transmit 10 priovR¥e said tga
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18. The apparatus of Claim 16 wherein said reference rate 2 calcul ator

neans i s responsive to said at | east one addltlonal rate t power
“level vawee9or1se43 WO 97/ 18643 PetSb e 41"

19. The apparatus of Claim 16 wherein said reference rate 2

cal cul at or nmeans conpri ses: gai n adjust selector neans for
receiving said first set of selected frame 4 quality nessages and for
providing a reference rabhge.gai n adj ustnent val ue i n acc@tdance th
said first set of sel ect@gfxama qua‘l messages; %rﬁ:t 6 <E-' ref@‘:’e e
rate transmt power adj ug t means for nodifying encPé
transmt paner |evel valj@@ accordance with said enc

adj ust nment | ue. S pd 820. The appar at us of m

reference te 2 adj l}Bt[TYEI’lt means conpri ses:

summi ng saikek reference ratg gain adjustnent 4 vaI ue and aa

reference rate transmt p r level value to provi de sal
rate transmt power val ue@ert—6 chet
previous reference rate triansmt power_ lleyr!
The appar aQ ol aim 20 wherein said fdf aﬁ
means furt ri se second summ ng neans {fo
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-2 conprises: first cal cul ator
"power |evel value in
qual ity nessages; 6
receiving a second set of

determ ning at |east ongpgdditional

at

8

accordance with said secb get of stliddted fra@i—qual i t¢ mssa@s{: and
10 conposite ref cal cul ator neans for | ng! |ast°‘
transmt power | evel _yV C%e and said at |east oné‘ rarm:r%t;
power |evel 12 val ue an rg_determ ning a referencH" tr[-a

value in accordance i#=h said first transmt povenﬂ Pevelg:‘\calﬁue an &. d
at | east one 14 additional transmt power |evel val def SV 97/ liE 43

PCT/ US96/ 18299

apparatus of Claim 22 fur
bet ween said at |east one fdditional calcul af
reference cal cul algor neans|for wei ghting sai
transmt power |egel I n accordance wt

neans for

cal cul at or

neans for

I eveIU-JvaI ue i

receiving a first set of
selected {ygomegunl ity 4 nessages and for deternining a fPESUSOMLRIMN

accordance with said first set of selected frane
| east one additi onal
selected frane quality nessages and for
transmt power

format . 24, apparatus of Ca
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(54) Title: FAST POWER CONTROL IN A VARIABLE DATA RATE MOBILE CMDA COMMUNICATION SYSTEM

(57) Abstract

A method and apparatus for controlling
transmission power in a mobile communication

system js disclosed. The method disclosed
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provides for a closed-loop power contro] method
for variable rate transmissions. The power of
transmissions is varied in accordance with the
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rate of the frames of data being transmitted. The
transmission power between the rates can be a
fixed or variable difference.
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