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10 and apparatus for controlling transmission power in a mobile

communication system.

IL Description of the Related Art

15 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

20 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

25 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

30 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.

35 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

40 allowing a signal arriving with different propagation delays to be received
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U.S. Patent Application Serial No. 07/713,661, filed June 11, 1991, entitled

15 "VARIABLE RATE VOCODER", assigned to the assignee of the present

invention, of which the disclosure thereof is incorporated by reference

herein.

The use of a variable rate speech encoder provides for data frames of

maximum speech data capacity when said speech encoding is providing

20 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

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

25 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

APPARATUS FOR THE FORMATTING OF DATA FOR TRANSMISSION",

assigned to the assignee of the present invention, of which the disclosure

30 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.

In frames containing less data than a predetermined capacity, power

consumption may be lessened by transmission gating a transmission

35 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

pseudorandom process. A method and apparatus for gating the

_transmission and for positioning the data in the frames is disclosed in U.S.



speech encodi ng. The nethod and apparatus of a particularly useful
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di scl osed in U modulation forma very usefu mformatmn can be obtamed by takmg the
cross product of the I and Q components of the QPSK signal. By knowing
the relative phases of the two components, one can determine roughly the
20 velocity of the mobile station in relation to the base station. A description
of a circuit for determining the cross product of the I and Q components in a
QPSK modulation communication system is disclosed in U.S. Patent
Application Serial No. 07/981,034, file November 24, 1992, entitled “PILOT
CARRIER DOT PRODUCT CIRCUIT”, assigned to the assignee of the
25 present invention, the disclosure of which is incorporated by reference
herein.

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

30 a strategy is employed, power consumption and interference to other users
may be reduced during periods of data transmission at less than the
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

35 maximum transmission power.

A problem that is encountered in controlling transmission power in
the continuous transmission strategy is that the receiver does not know the
transmission rate a priori and so does not know the power level that should
be received. The present invention provides a method and apparatus for
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In the exemplary embodiment, a base station transmits packets of data
20 to a mobile station. The mobile station receives, demodulates and decodes
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
25 the mobile station.
In the exemplary embodiment of the present invention, when the
base station increase its transmission power it does so with a relatively large
step in transmission power which is assumed to be more than adequate

under most fading conditions. The base station then decreases the
30 transmission power level at an exponentially decreasing rate as long as the
quality response power control bits remain at ‘0". In an alternative
embodiment, the base station responds to a request from the mobile station

for additional signal power by increasing the signal power incrementally.
In an improved embodiment of this power control system, the base
35 station will determine whether the error reported by the mobile station was
of a random nature in which case it will imnmediately begin ramping down
the transmission power or whether the error was an error resulting from a
genuine fading condition. The base station distinguishes errors of a random
nature from those of a prolonged nature by examining the patterns of power



may be reduced during periods of data transm ssion at |ess than the
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communi cat i 0RpSY§ieifines! hat thé GefotAfefitive to the base station is changing, and if
' 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
15 speedometer or tachometer in the case of an automobile based mobile
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.
20 In the exemplary embodiment, the mobile station determines the changes
in relative velocity by measuring the Doppler shift in the received pilot
signal.

In a third exemplary embodiment, the base station determines the
presence of motion by sensing changes in the incoming signal and adjusts
25 transmission power in accordance with these changes. '

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
30 become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:
Figure 1 is an illustration of an exemplary mobile telephone system;
Figures 2A-2B are illustrations of the apparatus of the present
35 invention; and
Figure 3 is an illustration of a curve illustrating the delay time
entailed in a closed loop power control system.
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station 4 and mobile statlon 6 are spread spectrum communication signals,
the generation of the waveforms of which are described in detail in the
above mentioned U.S. Patent No. 4,901,307 and U.S. Patent No. 5,103,459.
The transmission link for communication of messages between mobile
station 6 and base station 4 is referred to as the reverse link and the
transmission link for communication of messages between base station 4
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
present invention are equally applicable to controlling the transmission
power of mobile station 6.

Referring to Figures 2A-2B, base station 50 and mobile station 30 are
illustrated in block diagram form showing the apparatus for providing
control of the transmission power of base station 50 of the present
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:

(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;

(e) mobile station change in velocity; and
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transmission power or it may indicate an amount to change the signal
20 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
25 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
30 data source 60 is encoded by encoder 62 and input to traffic modulator 63 for
" modulation and input to transmitter 64. Also input to transmitter 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

35 those conditions. If the method of power control is based upon 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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15 the received signal to traffic demodulator 43. If the traffic signal is

accompanied by a pilot signal in order to provide for coherent

demodulation then the received signal is also provided to pilot

demodulator 45 which demodulates the signal in accordance with a pilot

demodulation format and provides a timing signal to traffic demodulator

20 43. Traffic demodulator 43 demodulates the received signal in 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.

Patent Nos. 4,901,307 and 5,103,459. Traffic demodulator 43 provides the

25 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

44 decodes the demodulated signal and then re-encodes the decoded signal.

30 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.
Control processor 46 compares the received power or estimated
35 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
information is to be encoded into the data frame, then the power control



20 and nobile station 6 is referred to as the forward link. In the
exenmplacy . enbodi ' ' ' to controt—tte
transm ssi on power of base station 4. However, the nethods of power
control of the resent invention are equally applicable tc}(ﬁ%ﬁ)&/ﬂsﬂ ng
the transmi ssi WO9%B3WIower of nobile station 6. 25 Referring to

Fi gures 2A-2B, base station 50 and nobile station 30 are illustrated in
bl ock di agram form showi ng the apparatus for providing control of the
transni ssi on povdata dé pradded taencodesB4ofThikengthod grquires thatasrdritive franfie of

communi cation |igk. §Rosadesed Hedret ‘?g?ir%ﬁ{ti?g qg@ﬁoﬁ&%n%l data,itg&lr\ QUESA&Y
%

I ncreasing the transm.;ssion %q\{uer 0 n ng devige, 3 n the
exenpl ary enbodi Hafilc data SARFAINING, pomer,CoRtee rP’EﬂWgﬁ@eto trangpittep,
50, sone of -the (MVMTRYSB6f eiirodghemodiilatprt 85t Ieart aitesmative @mbodinfenie thef

bt 1ot or 50 R0 ool 05 P Byl e ol P S ERED v
that received pdieplaced|ipvpredetesmiped varamt positiops jn the itransmissipn framepdfe
station range i stlegsdifér contrdl HatABetverifebatdffid dats,ahen thisSmap e;correctedBy
mobile station ¢ orwdrd Iepro\é%lngr%lcttlc}/ﬁ te%ﬂlq\iques at basg%)ta%gél%#plll -
PCT/ US96/ 04325 _ (f) nobile
station detects receilndthplementationgithat process alfullframe; of data before providingk .
Conversely, ggmegaipdwér sBHthdats Othe MRy WAAE fbP At ull Farhé 30 Y8 Srokctiled is
undesirable in fast fade conditions. The alternative is to provide the power
control data directly to modulator 35 where it may be punctured into the
outgoing data stream. If the power control data is transmitted without error
correction coding then control processor 46 outputs the power control data
15 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
control signal to modulator 35 which combines the encoded power control
20 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
provided to data receiver (RCVR) 54 where it is downconverted and
25 amplified. Receiver 54 provides the received signal to demodulator 55
which demodulates the received signal. 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
5,103,459. If the power control data is encoded within a frame of traffic data,
30 then the traffic and power control data is provided to decoder 56. Decoder 56
decodes the signal and separates the power control signal from the traffic
data.
. If, on the other hand the power control data is not encoded with a full
. frame of data but rather punctured into the transmission stream of data,
I . 35 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
demodulator 55 provides the encoded power control data to power control




5 power of base station 50 should be decreased incl ude: (a) nobile
staf’ion quality responses _to the base station showa-|low frame—— error
rate for the forward |ink; (b) nobile station detects that received
power is high on forward Iink; 10 (c) base station to nobile station range
is | ow (dwowsisiiéle station | ocation is good; and (e) rR6BYYSE6APL | on
detects that received power on forward |ink |Iot channel is high. 15
When base station 50 detects a need to nodi 11y the transm ssion power of

the forward |inkdecpaest (POC. D'EQ.Q)% qvmk?& &L decsd&rss dé&ﬁﬁs fivé Bw%r control
nodi fi ed transm SIO OWET, t,t er

di
pover- si gnal g BRI e 3630e Rewen fonttaldite eednl Prbfessor 56.
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nmodi fi ed power ve Si tter transm ssi at
t he modi f P e rsggl ﬁﬁgw@ I%V'(?Fhﬁe transmlssmrq PSWSTIlevele not ed
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able to vary rat% e yFem 8xamBlardA oa clogedrleop payperafontrol smlwﬂm baspyt a
source 60 is a vaatioRbe tiaismitos Gheie atfare inkedficienbfdnsmissidié ttatrhebileof

i
2 or erment %L@hi%éf:ﬁﬁ'ﬁ ; SIS oBftfor( 56 (eIt afg dbiides P framie, Hetprmings
source 60 is encudethepyheftasneds greway pmperesmppquootm(msaage irglicating

modul ation and i ﬂiélﬁ-arh@ e&foae,nﬂmnt tr&risndifs th p&weﬁ&sﬁtxél%bésagé th blaké stabioh 02
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the conditions etrammsm meleosnanmm &% nBhisarésults dh a3fourtfnarpe time log
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by frame energy. In this delay period the fading condition may have
substantially improved or deteriorated.

20 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
response the base station increases the transmission energy to that user by a

25 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
power to mobile station 30 causes less power to be available for other users

30 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 holds that value for a delay period to verify that the increase in
transmission energy has been effective and then decreases the transmission

35 energy in accordance with a predetermined piecewise linear function as
illustrated in figure 3.

Figure 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 a power adjustment request from mobile station 30. Base station 50




base station 50. In an alternative enbodi nent the range condition can be

WO"96/ 31014 ‘PETUSI67 04325
8 detected by nobile station 30 and transmtted to base station 50. In
response to the detected range condition control processor ' ase
station 50 wWQo6B1034 es a control signal for nodifying transrﬁ"i@"sé%‘gomer
of transmtter 64. 5 In a cl osed{hoop power contr ol

i npl ement ati on, power control signals are provided fromnobile station

30 to base st atijpgreales tHelirarsntissiohGihedgy by anmamotnat AEntonpoinh 8. pBaserstation
control signal |$bn€cl§g{ dance Wgﬂrﬁ%@%*?ﬁg@éwﬁmw e é‘gﬁ-@d&@ﬁhi‘ﬁ%ﬁydél

accordance with ent 1 nventrLon is
equal Iy appl i cabperiadthemreduaes thedransmission Gnergy1 e swi acreaging ratg for a

quality factor UpR eteinﬁﬁ hﬁ%d?%ﬁamb@&ﬁl oiitt Gl Q’Kt?mhf Q7the powas ontrol
stati'on 50 recei

receiver (RCVR) H‘ESWCED OB} RR st ﬁn ﬁ:gq éépaig‘tﬁle%rf%lghgn a&%ﬁ%vgg 't%%\%g\&%lon.
control processoenetgy, Hase fetatiom|S0gcahtinyes 2ot decraassed the transmission PBErEYS
frame  errorsy then g}g&galltx%rf A2 JUONAGOTRES S A, Bk siokioh S0 Becrbaseslat

providing 15 the recerv I ¢, deno ator. 4 t he t{afflc

|
signal is acﬂﬂﬁﬁ&@é@d!ﬂfe;aafﬁ Pg &9§F‘§jﬁ‘8I for 2 pr e‘E’B‘“{? oVPH\?chﬂf

g flhg{ ent dgn}aﬂ?l bgﬁrDI han polret Dethei satel ofidpeadase ds aigain pednqedet;b a dinal
ul,at or C
b1 el Ml A Gt fhepr, ARG EERAER o bes

denodul at or 20 decreasesy until basestation 89 r@;heémﬂaw@%ém éF\}EEF g‘?ﬁﬁ%
i n accordance éﬁhtllfy %nbﬂéfrf yFwéte gtraémy ré sefronl maébile stationl 30, which

enbodi men
e Uy g e
af or enent i oned Udﬁra‘non of the service provided.

15 Base station 50 performs the adjustment of the transmission energy
with knowledge that after the transmission energy has been increased 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

20 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 to 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

25 period as illustrated in the period following point B of Figure 3.

It should also be noted that errors in a mobile communication system
come intwo types. Those that are random and those that are the 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

30 power by AE as described previously. Then it ignores the power adjustment
requests and retains the same increased power level for the delay period. In
an alternative embodiment, base station 50 adjusts the power in accordance

- with each power control message. However, smaller changes would
typically be used. This minimizes the impact of random errors.

35 One of the main influences that results in changes in the
characteristics of the propagation path between mobile station 30 and base
station 50 is motion by mobile station 30 towards or away from base station
50. Mobile station 30 may provide base station 50 with information
indicating that the mobile station velocity is changing or it may actually



Patent Nos. 4,901, 307 and 5, 103, 459. Traffic denodul ator 43 provides the 25
denddul ated signal to decoder 44. In_a first exenplary enbodi rert—

decoder 44 performs error - detection decoding to determine if errors have
occurred. Error detection/correction decoders such as the Viterbi trellis
decoder are welwodem10aa in the art. In an alternative enbodi menkCT

44 decodes the denodul ated signal and then rg;encodes the decoded signal.
30 Decoder 44 then conpares the re-encoded sf@nal wi th the denodul at ed

signal to obtain pRBy lits RIS reldtiveCiobRe stioHS0. B the 'mékilEstaliBh ¥simple

provi des a signa catin n . est t.ed channel nbol error rate.to
control processoPrggding an 1cat1c@okhr$0:|?s BFE’(,‘ sﬁr%%’ér‘ggytﬂf Vf"%’cgfa\;ed
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ink quality aqgg r set o reshol ds ic
may be static or Cvgﬁéfeip{r?gfh? e log,t reo?T rggﬁssgr;:dgG then provides the
power control ¥ nfornalhénfity embpdiment, m@lh‘i%éﬁn%sgrmﬁbvﬁﬁns%(fh? rchange in

encoder (P.C. ENgelocky. by providimpuaenseinto operate in iabécrdante oith a signdldrom
encoded into the tﬁg ta%téﬁ\gﬂ‘ﬁe tééi\%qnétgle of %‘fﬁéd&ﬂ@{err%ot shgwn). \iga?%g /alflé%%ve
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(TMIR) 36 t hr Mg Hesaiter siegpl em pase srabioh 20, Moble siatiom Hhmey qeiect hangs,
control data may isi velbgitp\ar measarepdhe iabsolwe rehativentveldaigymbyomeanyring thiee
pl aced in predet g5 f UREARNEN PR ShCHIrg sigifall B NbasY Qtatldr@8D. !fh an
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the power contro t hen } hi be corr.ected
P 50, B plep, deteeta change in the

L ST iy bl e
' mobile/base station relative change in velocity or measure the absolute
15 relative velocity 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
20 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
25 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
30 demodulates the pilot channel in pilot demodulator 45 in order to get
timing information to enable mobile station 30 to perform coherent
demodulation of the traffic channel. Because the pilot channel and the
traffic channel are provided through similar if not identical propagation
paths, there is a strong correlation between the strength of the received pilot
; 35 signal and the strength of the received traffic signal. By basing the
generation of the power control signal on the pilot channel instead of the
traffic channel, the delay between receiving the signal transmitted from base
station 50 and generation of the power control signal may be reduced.



In inplenentations that process a full frame of data before providing 10

the_power control data,-thedelay walii-hg—tef—a—ft-—frane t-e—peprocessed

is undesirable in fast fade conditions. The alternative is to provi de
t he power control data directly to nodulator 35 where it nay_ be '
punctured int N@PE31014 out goi ng data stream |f the power conFF%/Ps?fﬁ’f'gsi s
transmtted w thout error correction coglf?ng then control processor 46
outputs the power control data 15 directly to nodulator 35. If error
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Ipr o€essor 58. The power control signal is provided to con Eﬁ}g%&gssor
58, which in wo98134 dance with the power control signal provi S
control signal to 5 transmitter 64 indicatiyg of a nodified transm ssion

power |evel. One of the inherent problens with cl osed-1oop power
control systens is arelatively sl owQEAINMSe tine, relative to an
open-1 oop power control system For exanple, in a closed-1oop power
control system when base station 50 transmts a frane at an

i nsufficient transnissi on Ameapparatusdpr | eontllisgatragsmassionpppwer sfram ¢

30 receives apd JeeRfeonManicafibRs st Bompsising: Whether the frame is in
error, prepares a power .control ssage.i ndicat i rLame. error,

r}g? t he ft .
then transmits the pdRESIVELREAB? ILEECEYING 3 Sighal fI9m,q femets station; 4 -, N
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15 before cor r\ggc?génar{cé a‘g%?asrkieﬁﬁgggo%ﬁael ?f.gﬁlﬁ shid ﬁaﬁﬁﬂgs,s f I, ¢t e

n 30. ,T t he .
propagation 6 isdngreased &ytapr }nqdoﬁ‘i“OHBﬁ§88ufl°F \F@d’f‘Flé‘ﬁe%m%\d{ﬁ%nter
transmtted at t?@wer at & predétenmiriediate following saitk transinédsivrepewkr impedse.
transmtted at the adjusted frame energy. In this delay period the
fadi ng condition may have substantially inproved or, deteriograted. 2Q
The fol I owi ng are nmethods The appearatus of felaimcl vrhereids peids frppfpiter meaps 1§

cl osed power @on{ddRiciry ShRINtrdridnditter rFswex atal predetcimitiede rite dfollbldng said
present inventio

, _the b i That: i
t he pr opagat ESHts’Sg%sh&?l?%&%ﬂg{ :_5‘8?'3?%? ggg Z’uﬁ}g‘é&@ﬁ@‘?’?gﬁﬁ i aﬁgﬁ%%f%é&?&
period. In 4 resheing saidetransmitterspower ahartesond predetermyined satedellewdingy

to that user by gaid rea@ie?,tnihyéaﬁn@géﬁa‘,a_cant anount AE so that the
adj ustment w |l be re than adequate to assure the power adjusted

frame will be properly received even i f the proopagation path has
deteriorated in the idteriThe appamtus efirfiaim 1 wherein said received signal is a

2 power control message generated by said remote station.

4. The apparatus of Claim.1 wherein said received signal is a
2 motion message generated by said remote station.

5. The apparatus of Claim 1 wherein said receiver means is
2 further for measuring a doppler shift in said received signal and wherein
said transmitter means for adjusting a transmission power level in

4 accordance with said measured a doppler shift.

| 6. The apparatus of Claim 1 further comprising a decoder means
| 2 for decoding said received signal and for generating a quality estimate in

accordance with said decoded signal and wherein said transmitter means for
4 adjusting a transmission power level in accordance with said quality

estimate.

7. The apparatus of Claim 1 wherein said receiver means is
2 further for measuring received signal power and wherein said transmitter
means for adjusting a transmission power level in accordance with said

4 received signal power.
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enbodi nent of a spread spectrum comuni cation system this increase in
power—to nphile station 30-causes | ess powek—t-o-e—avall abl e—for other——
users 30 who share the forward link. So the base station transmitter

qui ckly reduces the transm ssion energy for that user follow ng the-
initial increadwos%/iolihe exenpl ary enbodi nent, the base stREFGIP6/04325

i ncreases the energy by a fixed anount AE hol ds that value for a del ay
period to verify that the increase in - transm ssion energy has been
effective and then decreases the transmi ssion 35 energy in accordance with
a predeterm ned piecew se |inear functi onlés illustrated in figure 3.
Figure 3 illustrates a plot of the transm ssion energy (E) against tine.

At point A the base station 50 increases the transm ssion energy in
response to a power adjustnent request fromnobile station 30. Base
statien 50 WD 96/ 31014

PCT/ US96/ 04325 11 i ncreases the
transm ssion energy by an anmount [err]E to point B. Base station 50

hol ds transm ssion at that transm ssion energy for a predeterm ned del ay
period then reduces the transm ssion energy at a swftly decreasing rate

for a predeterm ned nunber of frames to p t C At point C the power
control 5 nmessage fromnobile station 30 sti \ndi cati ng an excess of
transm ssi on energy, base station 50 coptiYges to decrease the
transm ssi on ener gy, however, the rate4bf e decrease is |l ess. Again,
base station 50 decreases at this intgfnediate rate of decrease for a
pr edet er mi ned nunber of franes until foint D. At point Dthe rate of
decrease is again reduced to a final 10 fdecreasing rate at which the
transm ssion energy will continue to decreased until base station 50

ﬁeaches sone mnimmvalue or it is rted
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agai n by anot her power adjustnent request fron1nDb|Ie statlon 30, which

OCCLLI’_S_B.T.....-p.Q.I_DI_E._ThI - ghout—t he

duration of the service provi ded 15 Base statl on 50 performs the
adj ust ment of the transm ssion energy wi th know edge that after the
transm ssi on erP8¢3MEs been i ncreased there will be a del RGT/BEH6HIRSt he
recei ved power control information will reflect the change in the
forward |ink transm ssion power. |f the propagati on channel suddenl y

wor sens, base station 50 will receive a series of consecutive power 20
control requests, and there will be a del a’zf“bef ore the power adjustnent
requests are responsive to the change in forward I'ink transm ssion energy.
During this delay period, base station 50 shoul d not continue to increase
t he . transm ssion energy for each recei &es power adjustn&ht request.

This is the reason that the power leveF is held constan®for a
predeterm ned delay 25 period as illustra&ed in the periodzfallow ng point
B of Figure 3. It should al so goted that erro2sZin a nobile
comuni cati on system come in tw typesThose that are ndom and
those that are the result of a changdzih the propagatigngpath. In the
exenpl ary enbodi nent, when base stat Q% 50 receives r adj ust nent

d_ ri bed
equesx4 and retains
g an alternative

request, it increases the transm ssion 30« pdwer by AE
previously. Then it ignores the power adj@&&rent
t he sane increased power |evel for the i

enbodi nent, base station 50 adjusts thg p r in acgordance w th each
power control nessage. However, snall cl@nges Eypl cally be
used. This mnimzes the inpact of andomggrrors. One of the main
influences that resultsgian changeggin.the_ _ _ch@racteristics of the
propagati on path betwe |m)b| | e i on 308and statijon 50 is
notion by nobile station;30 towards or awa base station 50.
Mobil e station 30 may pr(gv de se station WlthlnfOI‘matIOF,
i ndi cating that the rmblle"’ ion velocityi§ &u“g.ﬁgef ~ Imay actual ly
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12 - provide its velocity relative to.base.statdon-50-.1f the mobie
station is sinply providing an indication that its velocity is
charging, it may provide that information as a power adjustnent request
signal in anti wioss3ioaa of a change in the quality of the B
path. 5 In a first enbodi nent, nobile station 30 nay sense the
change in vel ocity by providing a sensor to operate in accordance wth
a signal from t he autonobil e tachoneter or speedoneter (not shown). In
an alternative enbodi ment, nobile sta®Mon 30 determ nes either a change
in the mobi | e/ base st&tion relali Ve VekoCity or abSolute Vvelocity by
changes in the 10 . recei@pd signal from badggst ger—56—bbi+eqstatjon 30
may detect a change !kp vel ocity or rrea§ : . ative
vel ocity by measuring the Doppl er ef f &g} itng si ¢gnal 'from
Cg tion}50 nhy al so

base station 50. In an I alternative embogligm \

detect a change in the | nobile/base stgtt8 U hange ifn vejocity
or neasure the absolute 1!'; relative vel o'FQ' iilng the boppl ﬁr
effect on the incom ng signal Qf r gmnobi [ : he
traffic signal provided by base aion 50 rﬁ giani ed by a |
pilot signal in order to provide (E%( her ¢ ijon of the regeived
traffic signal. Use of a pilot sidmalQils de i IS, Pateft Nos.
4,901, 307 20 and 5, 103, 459, and bi'tq stdti én vel y* sense
changes in the rel ative vel ocitly the Doppl ifl ot kignal.
In a preferred enbodi menty when basfe sfation § he vel ocijty | of
mobil e station 30 and wil|[ vary th ue ¢ i tal chgnge |n
transnmission energy, [err]E wl] i n this Jeloctty.

38
39
D

The 25 determ nation of {he val errgqé E r med i
algorithmcally or by a | ookulp @able ssor 44. '
| f base station 50transmtsapi|c8 si gnAl g ) e trafflic signal,
the pilot signal can be thought off &s a tfaf|jfi czHi al cdriies
predeterm ned bit stream known by ille B 1 oli30. ijl e stjatli on B0 30
denodul ates the pil ot chapnel in pifot hrodul i@ |or der| tjo gej
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timng information to enable nobile station 30 to perform coherent

demodul ation of the traffic channel -Beeause—the—pttot channmet—and tnhe
‘traffic channel are provided through simlar if not identical propagation

pat-hs, there is a strong correlation between the strength of %Eﬁm&ﬁﬁﬁ%*ed

pilot 35 sigmwioesatbidhe strength of the received traffic sig asi ng
t he generation of the power control signal on the pilot channel instead
of the traffic channel, the delay between receiving the signal
transmtted from base station 50 and ;neration of the power control
signal may be reduced. WO 96/ 31

PCT/ US96/ 04325 13

Referring to Figures 2A-2B, pilot nodul ator 65 provides a pilot signal

to transmtter 64 and transmtter 64 of base station 50 provides the pilot
signal along with the traffic signal to antenna 52 for broadcgst to nobile
station 30. The transmtted signal is received at antenha 40 provi ded

to 5 receiver 42. Receiver 42 downconverts and anplififes the]pil ot signal

and provi des the received pilot signal to pilot defrodul atdr 45
generates a quality estimate of the denodul ated pyl ot sigral and
provides it to control processor 46. Control progessor 46 |generates a
power control signal in accordance with the qualjty estingte of the
denmodul ated pil ot signal and the 10 operation proceéds as desdri bed

previ ously. The previous description of /the preferrdgd enbodi nents

e or use the

i's provided to enabl e any person skilled inAhe art to ma
' di ments will

present invention. The various nodific s to these enb
be readily apparent to th f in the art, and the
princi pl es defined herein y be 15 applied to other enbodine
the use of the inventive facutty=:

E

FIG. 3



Thus, the present invention is not'i'ntende‘d to be limted to the

nbodi ments ‘showrherermbut is.to be accorded the widest scope JEPEAGEMENT SHEE!

froma ce nscatl ons-station conftising: r e

ith the ' il vel features disclosed herein. 20
CLAI VB I I)I!ﬂlmjj!lﬂﬂ“ |mAn apparatus for controlling trans ; oJum
; ikl

er :means' o7
" ol sk w9

L -

for receiving a signal froma renote station; trans
adjusting a transm ssion power |ével in accordance with said
signal wherein said transm ssion power ¢AMS| s jncreased by

predet er mi ned anount and for reducing said transmtter power|at—a—fiTst
predetermned rate for a predetermne tine period follow ng paid

transni ssi on power increase and for reducing said transnitter power at a
second predet er ji ned Arnfa amsli’ff"’hv\ﬂﬁ'oﬁﬁ'tﬁ%a%lﬁgﬁ&? g&%&gﬁjorﬁ'a [nHS’lr tMhnunications
2. The apparatus o alm erein sald received signal 1s a power
control nesgaecogpnemgt ed by said renote station.
| receiver means for receiving a signal from a remote station;
transmitter means for adjusting a transmission power level in accordance with said received
signal wherein said transmission power level is increased by a predetermined amount and for reducing _

" said transmitter power at a first predetermined rate for a predetermine time period following said

transmission power increase and for reducing said transmitter power at a second predetermined rate

Hollowing said predetermined time period.

2. The apparatus of Claim 1 wherein said received signal is a power control message

! generated by said remote station.

3. The apparatus of Claim 1 wherein said received signal is a motion message generated

by said remote station.

4. The apparatus of Claim 1 wherein said receiver means is further for measuring a
Doppler shift in said received signal and wherein said transmitter means is for adjusting the

transmission power level in accordance with said measured Doppler shift.

5. The apparatus of Claim 1 further comprising a decoder means for decoding said
received signal and for generating a quality estimate in accordance with said decoded signal and
wherein said transmitter means is for adjusting the transmission power level in accordance with said

quality estimate.

6. The apparatus of Claim 1 wherein said receiver means is further for measuring

received signal power and wherein said transmitter means is for adjusting the transmission power level

in accordance with said received signal power.



3. .. The am'parat us of Claim1l wherein said recei ved si gnal .é’@'m% O
nmessage-generated by sald-—renpte- st at-i-ah- The-—a-ppa-kgt-us—e-f-—
Claim1l wherein said receiver:iiheans is further for maasurl ng a DopI T™P

shift in said received signal and wherein said transmtter nmeans/8
adjusting the trangm.ssion power |evel in accordance with said

Doppl er shift. PCT s. AT ur t her

a decoder ogdi j [
g -SAO8 PLRERIEB NI e P

qual ity £
transmtté?l)hmlg'%ﬁ;%ﬁng t he tr ns:m@mpmmw |n

accor dande WHO4B 3081 qual ity estimate. Bpar 0
Caiml erein said receiver neans is iur (Féfmﬂa*%‘é?gﬁpﬁ] reL:eJ r”ﬁm'm'%)
si gnal pquer. and trangm IS f

71 anam S BheRoesl R ot o 0 YRRDE ?ﬁwagzi"w@g%%’;% 3, B0, B8 oY

(22) International Filing Date: 29 March 199?/(29’.03.96) ﬂ’ KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, MD,
) MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD,

S 1 ST, SK, T1, TM, TR, TT, UA, UG, UZ, VN, ARIPO

(30) Priority Data: (KE, LS, MW, SD, SZ, UG), Eurasian patent (AM,
414,633 / 31 March 1995 @4)’3.95) Us AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT,

BE, CH, DE, DX, ES, FI, FR, GB, GR, IE, IT, LU, MC,

GB
: NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CL, CM, GA,
(71) Applicant: QUALCOMM INCORPORATED [US/US]; 6455 GN, ML, MR, NE, SN, TD, TG).
Lusk Boulevard, San Diego, CA 92121 (US).

(72) Inventors: TIEDEMANN, Edward, G., Jr.; 4350 Bromfield | Published

Avenue, San Diego, CA 92122 (US). ODENWALDER, With international search report.

Joseph, P.; 14967 Rancho Real, Del Mar, CA 92014 (US). Before the expiration of the time limit for amending the
WHEATLEY, Charles, E,, III; 2208 Caminito Del Barco, claims and 10 be republished in the event of the receipt of
Del Mar, CA 92014 (US). PADOVANI, Roberto; 13593 amendments,

Penficld Point, San Diego, CA 92130 (US).

(74) Agent: MILLER, Russell, B.; Qualcomm Incorporated, 6455
Lusk Boulevard, San Diego, CA 92121 (US).

(54) Title: METHOD AND APPARATUS FOR PERFORMING POWER CONTROL IN A MOBILE COMMUNICATION SYSTEM

(57) Abstract

A method and apparatus for control-
ling transmission power in a mobile com-
munication system is disclosed. The method
disclosed provides for a closed-loop power
control method. A mobile station (30) pro-
vides information on the quality of the sig-
nal received from the base station (50), and
the base station (S0) responds by adjusting
the power allocated to that user in a shared
base station signal. The transmission power
is adjusted initially by a large increment and
then ramped down at an increasingly decreas-
ing rate. The mobile station (30) also pro-
vides information to the base station (50) as
to its relative velocity and the base station
(50) adjusts its transmission power in accor-
dance with this velocity information.

TOBASE STATION (500
ANTENNA (57)




