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Renote Transmitter Power Control in a CDMA Comruni cations System
BACKGROUND OF THE | NVENTI ON 5 | . FI ELD OF THE: NVENTpE&hyus9s/08476
present WR¥BBBn relates to wirel ess comunications. Mre
particularly, the present invention relates to power control in a CDVA 10

The

conmuni cati on system | 1. DESCRI RTI ON OF THE RELATED ART _ A
packet is one nethod of packaging user data. Typically, the 15 packet is
di vi ded up RenoteVEmansmitter coder Conttoleticla COMA Communtfaationsy Spstemor nor e

bits. Each field is used for a predeterm ned function such as user

data, addresses, error detection, etc. Data packets can be forned

accordi ng to pre-existi NBACEGROIIND OFAHRENVENSTIONI TCP/ | P that are wel |
known izn the art. 20 Packets may be used with a true packet service
i n which the application, transport, or other |ayer generates the
packet . PhJKEELD @R ON generated by a network's | ower protocol

| ayer that breaks a stream = of data bits into data packets ﬂ
pr edet er mi ned Theqresent invention relates to wireless communications. More

particularly, the present invention relates to power control in a CDMA
10 communication system.

I1. DESCRIPTION OF THE RELATED ART

A packet is one method of packaging user data. Typically, the

15 packet is divided up into various fields, with each field comprising one or

. more bits. Each field is used for a predetermined function such as user
data, addresses, error detection, etc. Data packets can be formed
according to pre-existing protocols such as X.25 and TCP/IP that are well
known in the art.

20 Packets may be used with a true packet service in which the
application, transport, or other layer generates the packet. Packets can
also be generated by a network’s lower protocol layer that breaks a stream
of data bits into data packets of predetermined length.

Data packets can be transmitted over a radio channel using many

25 methods. A first method uses a dedicated channel to carry packets
between a pair of radio transceivers. A second method encompasses a
single, central radio transceiver that transmits over a common channel to
one or more other radio transceivers that are monitoring for packets
containing data in the address field signifying that radio transceiver’s

30 particular address. A third method uses a random access or contention
based protocol in which the packets are transmitted from one or more
radio transceivers to either a central terminal or each other.

In a typical CDMA cellular communication system that follows the
Telecommunications Industries Association/Electronic  Industries

35 Association Interim Standard 95 (TIA/EIA/IS-95), the dedicated channel
corresponds to a traffic channel. This channel transmits voice and data
signals between the mobile radio and the base station. The common
channel approach corresponds to transmitting on the paging channel that
is used to broadcast pages in a CDMA system when each page carries an

40 address. The random access approach corresponds to the access channel.
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other radio t ers that are nonitoring for packets cont ai ni ng
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corresponds .to_a,tra hi s channel n VOI C
et e bar Reortation Hnd PaobE IARS of Tich vetRR S trpr Qo /Siel B Hifocafa®
channel appr oabétweenrthe fwodOncea paskesnist transmitted, Hthetingerty thi mext packett

is used to brofdgfigh HAGfW. ”Iﬁst@ﬂ/‘%isu&h YHE Br1fie eHaeR] Cﬂlc{chﬁéd and40
address. The randorg at%cecisan%gpro%ce .COL T onds to o&hisuﬁccess hanne)

WD 96/ 03813 ocated alter a peri enegsy/This Degiod; o
2 A typi catarCiheAfisgd ewithmthenipesiodo deterstiasd i by desadyzingd typicgl dzaffic
gﬁ;ﬁg'onm 132 bhattertsd WittmANively; filS périd cn Gdlsd'Be aRable Rith tHapdied sited 1o
by analyzing the transmitted packet stream.
" The allocation of traffic channels presents at least two problems.
First, the traffic channe] takes time to set up, thus delaying the packet
transmission. In some instances, setting up a traffic channel could
15 require more than a second. Second, the resources to set up and use a
traffic channel may be too expensive to justify the transmission of
infrequent packets, short packets, or short sequences of packets.
Power control in a CDMA system is very important since a large
number of mobile radios are transmitting on the same frequency. If one

20 mobile is transmitting at a power output that is too large, it can degrade
the received Eb/ from other mobile radios to the point that the base station

cannot correctly demodulate transmissions. If the mobile radio transmits
at too low of an output power, the received E%o from the mobile radio at
the base station will be too low to properly demodulate the Eb/ received
25 signal. The mobile radio’s transmit power, therefore, has an affect on
system capacity.
The correlation between £b/ and system capacity can be shown as
follows. When there are no mobile radios in other cells, the maximum
number of simultaneous transmissions, N, is approximately:

30
 Ye(B), (%)
NN
where: |
' W = spreading bandwidth,
35 R = data rate, |
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When one or nore packets are to be transnitted between a base 5 statidn -
and nobile radio or vice versa, a traffic channel can be allocated ]
betweemrthe tWo.—Once a packet TS transmited, the tTne to the next packet’
is often unknown. Instead of having the traffic channel allocated and
unused,whldgesmipnnel is deallocated after a period of i|RTEFREEL4T6Thi s peri od
can be ‘FI xed wth the period determ ned by anal yzing typical traffic 10 L
patterns. Alternatively, this perlo? can al so be variable with the period
set by anal yzing the transmtted packet stream . The

al l ocation of traffEif)cha & ine First,
the traffic channg /ﬁleklesataiﬁ*ngdta{dgget uf)ﬁé s%ﬁ%agg#ayl Egﬂk)éue packet

transm ssion. In mg’eeatesﬂemihs setting up a traffic channel could 15
require nore than.a s herffa? t H*s‘ifys d use a
traffic channel may be too expengx?{/sgstragc?‘ﬁg'? %f(etﬂf}?’%srgn&gg?lon of

i nfrequent packets, short Tee@iRenLand short sequences of packets.
Povver5contro| in a CDIVP,&W&@WWMM&O&L nce a |l arge nunber

of nobi l the. rrefre cy. If 20 nobil e
Is trans aferﬁx E’g\%@ ﬁ{h%?ﬁgtt}?’écﬁ ?’Xr%ﬁ?ﬂi %,(mggﬂre%}? ade t he
recei vedy, er mpther @bl | gppase station
cannot co %]I'eff&génlgd Eg% trﬁ%grhagss?%ﬁs; uHth Eghg%%llt Fg&%‘éa&]dl dbttransm ts

at too | ow of_an out put the received [err] fromthe nobile radio at
t he basdowees capacifiyl | be too Iow to properly denodul ate the [err] received

25 signal . TiFpriR&ithensbill fidio,!ths Fe88ived B4E T, dend by Bb( Ea%t%lie affect on
system capacity. The correl at 0 Yet ween [err nd system

capaC|ty can be shown as t#% there are ngo nobile radios in
ot hed0 c dhassg station tﬁagpmmatelnu Vfa aheoprobability that thes, N is
approxi mately: 30 : - Jerr] : :

t_:ransmission can be successfully demodulated is high if (Eb/lo)i_exceeds_'
(E%o)d” as is described above. If P is large, however, the Eb/lo. is
degraded for other mobile radios. If the received £/ falls below (Ey7) |

the probability that the transmission will not be successfully demodulated
15 is high._ :
The mobile radio dynamically adjusts its transmit power using
closed and open loop power control in order to maintain the proper
received E%o at the base station as channel conditions change or the

range to be base station changes. Open loop power control adjusts the
20 mobile radio’s transmit power autonomously by measuring the received
power on the forward channel. Closed loop power control adjusts the

mobile radio’s transmit power by a feedback bit stream from the base
station. The base station measures the received £t/ to determine the

feedback bit stream. Closed loop and open loop power control together

25 determine the mobile radio’s transmit power, as disclosed in U.S. Patent

No. 5,056,109 to Gilhousen et al. and assigned to Qualcomm,
Incorporated.

Closed loop power control compensates for the differences in fading

between the forward and reverse links, such as occurs when they are

30 different frequencies. Additionally, it serves to compensate for the

differences in transmit and receive path gains in the mobile radio and
base station.

Closed loop power control is possible in a typical communication

system since there is one traffic channel per mobile radio. This one-to-one
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where: ; W = spreadi ng bandw dth, 35

R =dat.a rate, WO 96/ 03813

PCT/ U896/ 08476 3

[err] = desi revg %Hy met r| C subsequent |y expl ai ned PCT/US95/08476 N

greater det ail, N[err] = thernmal noise spectral

density of the base station receiver, and 5

P[err] = received power per transnission. 4 The second termin the

%marator If tynéteiirleY peifing i ﬁ&ldud t6 ARBHeRE station to rhédsure fHechmobilé Gadiesr] -
us, a systemusing a,hi r desir c

For the |%/err] F&&WSFPW{? ?’é‘ig?%/@ff +8'?‘§ ra(hgﬁet@ﬂx 3’%@9&]” cgpt{ql.e

10 base station bit sappm)ﬁmmthﬂ bagecstation onithe ¢hannelhat the

A multi-access chanmnel, however, does not have a one-to-one

5 channel pairing, as multiple mobile radios can transmit simultaneously.

The identity of the mobile radio, therefore, is not necessarily known to the

base station. Also, the mobile radios do not know the number of mobile

radios transmitting, thus the association of the power control bit stream is
not clear to the mobile radio.

10 Since the mobile radio aligns its transmit timing with the timing of
the signals that it receives from the base station and all base station
signbls are time aligned, when two simultaneous transmissions occur on
the reverse channel and there is no multipath, the transmissions arrive
at the bdse station separhted by times equal to the difference of twice the

15 distances between each mobile radio and the base station. If this time
exceeds one pseudo noise chip, the two transmissions can be
distinguished by the base station. The inability to distinguish these
multipath transmissions is a collision.

When there is multipath, there is no collision 1f the base station can

20 identify and properly cox_nb:ne the multipath components. If three or more -
access channel transmissions occur in the same slot, then some
transmissions mhay collide while others do not. In a typical multi-access
channel, such as is found in a TDMA or an FDMA system, when two
simultaneous transmissions occur there is a collision and neither

25 transmission is successfully demodulated by the base station.

Base stations may further reduce interference with each other by
transmitting with the minimum power necessary for their signals to be
received by the base station. A mobile radio transmits its first
transmission or probe at a power level somewhat less than it estimates to

30 be necessary to reach the base station. This conservative estimate may be a
predetermined value or it may be calculated in response to the measured
power level of a signal that the mobile radio has or is receiving from the
base station. _

A preferred embodiment is for the mobile radio to measure the

35 received power from the base station. This received power is the
transmitted power of the base station times the path loss. The mobile radio
then uses this estimate, plus a constant correction, plus adjustment
factors to set the initial transmit power. These adjustment factors may be
sent to the mobile radio from the base station. Some of these factors
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transm ssion can be successfully denodulated is high if [err] exceeds

[err], as is described above. If Plerr] is large, however, the Jerr] is .
degraded forother nobile radios. If the received [err] falls below [err],.
the probability that the transm ssion will not be successfully denodul at ed
15 i s hiythesnssia The nobile radio dynanmically adj RETAISISO8476 1 ansmi t
power using cl osed and open | oop power control in order to maintain the
pr oper received [err] at the basg station as channel conditions change
or the range to be base station changes. en | oop power control

adj ust s cberegpondristradiatedcpaver of theshase spahm orthepath Jossyfromasuring t he

;gfﬁlstvgdthe mdbeStafibn t5 ehd Bawmtﬁhaia%ben %ﬁelm RSVBSmCEHY I ol
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e base BASe statief 3 she AabiLS sEatides i, pigBal. Fpostvach gt FB6 DRSR SRt | 1o |
det er ni nehould be at theaniorerk lésiel, assnexing th‘hbﬂmibhmetamod hEsesupplied povver

gfgzzlr ?eegﬂg%?%ﬁ%gt gﬁ:-%ﬂ“%&'ﬂias [)%? %%trﬁﬁu é‘me{ggﬂme%ng?w%nd assi gned

to Qual c8taHon gaing are exrarfree; Cl.osed | oop power contr ol
conpensat es f Aftet teanirhittingnties first ﬁ@esmg)robe abahiseatinithan qioweerd and

feverse Hﬁ&i‘sﬂm%&ﬂleaéta%ﬁ%%rmw &Qeéov%xeﬂﬁguc&h%fvﬁ[g&encgﬁ%ﬁnc' ©s.

Addi tion , It serv [0 conpensate I'n transm t
and receF%h peness grobessequenge by pradetermined step amopnte A therough

d oseth | diveupsivRrofeRbéssoprobes i evidint inNIS:95y géctivh 66811 Aindoin 66 system
since thgLaing Satent, rﬂ}dr%tﬁé‘WMeB?o’d R RbSudiRY éolzzlﬂini BOfindeh O
Mobile Stations Simulataneously Accessmg e Base Station in a CDMA
. Cellular Communications System, S/N 08/219 867 to Txedemann etal and
assigned to Qualcomm, Inc. _
15 " In addition, between successive transmlssmns_ of an access probe,
the mobile radio can randomize its transmission time and choose another
access channel so as to avoid a poten;tial cellision. IS-95, ‘section 6.6.3.1
describes this in greater detail. | -
It can be seen, therefore, that power control is very. 1mportant for
20 proper operation of a CDMA radiotelephone system There is a resulting
need for a power control pracess in a multiple access system to increase
system capacity.

SUMMARY OF THE INVENTION

The power control process of the present invention uses a
comparison threshold to determine whether the base station should
_instruct the mobile radios to increase or decrease their transmit power.
The total received £/ for all the mobile radios communicating with a
30 particular base station is compared to a maximum threshold for the
reverse channel. Additionally, 2 minimum comparison threshold for the
mobile radio being controlled is determined. If the total recelved E, /, is

greater than or equal to the maximum threshold or the minimum
received £4 for any mobile radio is greater than the reverse channel

35 minimum, the base station instructs the mobile radm to. decrease its
output power. If the total received EA is less than the maximum reverse

channel threshold and the minimum received £b / for any mobile radio is
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4-  channel pairing permts—the base station tomEasure the nobile
radio's reverse channel power and for the nobile radio to utilize the
power control ’H‘gﬁ stream from the base stationion the foPCEUSISHSEMNe| .
A multi-acces¥® #u however, does not have a one-to-one 5 channel
pairing, as multiple nobile radi os can tragsm’ t sinmultaneously. The
identity of the nobile radio, therefore not necessarily known to the

baze station. MNsaOthdd@r Wr?ll ol thidi Fefvertid ah?nﬁaomhhmumrrmhe lbisbe‘rﬁtaticm
radi os transm tt] S a power contro it stream
S not cl eé‘?etf'g“?ﬁggr%%lflfe Pﬁd}gq?%o Hfgg“% po%& nce the nobile radio

aligns its transmt timng with the timng of the signals that it

recei ves fromthe base stati BRIFEFDESCRIFIION OF THE DRAWINGSI gnal s are tine
al i gned, when two sinultaneous transm ssions occur on the reverse

channel and there i tip ! ﬁ nsm ssi o ar t _the base
station separated bg!gl ngogalﬁflovy %E‘% P’é‘fcgﬁscgp ?W%‘gt Nensn-
di st ances between e #oboVE & geaph of theframg syeorate; 'VSFF“SI F Tohis time
exceeds one pseudo t 5&3

di sti ngui shed by thg ase §B:P@§b ﬁwﬁ%ﬁ%@?ﬂﬁ? I st ngw s% eseu1

nul tipath t r an8g¢ordanes; with the-present inyention. When there is mJI ti path,
there is nojgol |isiPIG| 4 shbﬁshh&?o%ﬁbbﬂﬁol?m piRiticianin ascopdshder apidr the

conbi ne the wﬁ%%gttqﬂsgﬁ&gents If three or nore access channel

transm ssi ons ame slot, then some transm ssions nmay,
col Ii de while ot her FIg@e Hothows, & h% cQimgram jof aécéml mebile, radio simch as

is found in a ZbddidahcewifiDite pﬁbﬁmnmﬁnt\l\l) si mul t aneous
transm ssions occur Fi&eé sh'ow'wsvsaa gcllc 'dxsa'gcl)'g.ma&d a @yplgal'lanase station in accordance
15 with the present invention.
FIG. 7 shows the format of a forward CDMA channel in accordance
with the present invention. '
FIG. 8 shows the format of a reverse CDMA channel in accordance
with the present invention.
20 FIG. 9 shows a plot of the transmit power of two radios and their
reaction to power control commands in accordance with the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention encompasses a pair of channels, sub-
sequently referred to as the forward and reverse packet channels. The
base station communicates with the mobile radios over the forward chan-
nel and the mobile radios communicate with the base station over the

30 reverse channel. A base station uses the power control process of the
present invention, over the forward packet channel, to dynamically adjust
the transmit power of one or more mobxle radios transmitting on the
reverse packet channel.’

The following discussion refers to mobile radios and base stations

35 as the preferred embodiment. Mobile radios include radiotelephones used
in both a terrestrially based communication system and a satellite based
communication system. Similarly; the base stations can belocated on the
earth or as orbiting satellites.
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25 transm ssion is successfully denodul ated by the base station.
Base stations may further reduce interference with each ot her by

ransm

T Ng W ‘e m ni num power necessary for their signals to be

‘received by the base station. A mobile radio transmts its first

transm woieg3sas probe at a power |evel sonewhat |ess t RGFUS9S08476
30 be necessary to reach the base station.

imates to
This conservative estimte may -

be a predeterm ned value or it mmy be calculated in response to the
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Alternate embodiments use other preambles than the Walsh function 0.
Another alternate embodiment includes frames modulated by known
frequencies. However, this increases receiver complexlty

In the preferred embodiment, the forward CDMA channel consists
of a pilot channel, a synchromzatlon channel, one or more pagmg
channels, one or more forward packet channels and forward traffic
channels. FIG. 7 illustrates the format of the preferred embodxment of the
forward CDMA channel mcludmg the traffic channels (705) and packet
channels (710) with power control subchannels (715) The forward packet
channel is a spread spectrum channel similar in operatmn to the forward
traffic channel as disclosed in IS-95 as is ﬂlustrated in FIGs. 3a and 3b. A
more complete discussion of this channel can be found in IS-95.

FIG. 8 illustrates the format of the reverse CDMA channel. A set of
one or more access channels (805) are associated with each paging
channel. An overhead message defines the number of access channels
(805) that are associated with a particular paging channel. Similarly, one
or more reverse packet channels are associated with a forward packet
channel and an overhead message defines the number of reverse packet
channels associated with a particular forward packet channel. Different
reverse packet channels (810) associated with the same forward packet
channel are differentiated by each reverse . packet channel having- a
unique spreading code. :

In the preferred embodxment asmgnment of a reverse packet
channel to a forward packet channel is static in that a mobile radio con-
tinually monitors the same forward packet channel while in the same
cell. The channel_ may. be assigned by using information from overhead
parameters, by assignment on a per mobile radio basis, or via some static
procedure. '

The reverse packet channels enable multlple mobxle radxos to
transmit simultaneously. In the preferred embodiment of a CDMA

SUBSTITUTE SHEET (RULE 26)

nobi | e
WD 96/ 03813
respond to

base
tation
as supplied




5 the appropriate correction factors and that the nobile radio and base

station gains are error free. After tramsmtting the first access
probe at this mni mum power | evel , the nobile station increases the

~ power of succeggiofsds obes Wi thin each access .probe sequePCHUII08476

predeterm ned step armunt A thorough 10 discussion of access probes is

evident in |1S-95, section 6.6.3.1 and in c pendi ng patent, Apparatus

and Met hod for Reducing Col |isions Between Mobil e Stations

Si mul at aneousl ysystems she gmultiplec tfimsmissions frofibMaultipleCadbileatradios only

Communi cat i ons 034:2 [;lgen gﬂgﬁ ned
to Qual comm | n@iﬁg@@tﬁ# éié{ E%q c%gggas?bgs‘?{r%ﬁspm Ssl o s of
an access probeln the Rrﬁ@rfﬂfib PF@"’FI&BP%%-CMP‘P Fﬂjﬁﬁﬁllferﬂli@mbaﬁ@?ﬁs%q #or e

and choose anot {ransmissions,e ofe Cofa the Iresersaspacket vehahrielp odssotiated owithi Sl on.

| S-95, sectign be [ a

can be seen, %t hg,r (]_:pa c!‘ﬁt ? ﬁéﬁé\elr @Sé#r 0 eqnwda‘?’f%?rpq‘gstret erf%uret%s ¥°5per
operation of a @mm annels Additiongly cthe tmgsmlmoratmgf fj raglio usingead
for t a power C?“iév@ksd%é&l@ﬁ%hhﬂnél diil bé PAredoiRized sSi dode foPIthé‘ﬁ&&ﬁQ:han-
syst em capaci

The pover cont ?B?lbgs&eew'&egﬁ; mgn%ﬁmggw ﬁ(%g t:s'%%»ﬁ%e%n
threshol d to demobie redigscavierc asrumetima géxves to Inorease ciys

ook ved ol e?ﬁ“p‘n‘éﬁmﬂa?ﬁ%&“%ﬁmﬁéﬁf‘?“. e Ly SRR
received [err r e

base station |s ?ﬁ‘;ﬂe("m %r%?ﬁﬁ?edmﬁett&éann P%\?érg’ void
channel . Addit |mih$lb9$ aaprevmnalyi d&mpheﬂfmthmawlsslchaﬁnel t he nobi | e

radi o being control '&‘i’lo‘w’%hﬂﬁtﬁrtﬂe E@As ehCidventidn is.

reater than or res o Nl mum ei ved

([:]err] for an H&ﬁ\%?’@t?‘gﬁﬁﬁs% § pregess uses the
.¥> dimensionless ratlo etermme whether to adjust the radio’s

transmit power and, xf so, whether to increase or decrease the power.

Alternate embodiments use other signal quality metrics for threshold
comparison such as P, , Py, or some scaled equivalent of Ey ; Pr being

the received power.
20 The E”/ ratio is a standard quahty measurement for digital com-

munications system performance. The ratio expresses the energy per bit
to the total interference spectral density of the channel. Ebj can be

considered a metric that characterizes the performance of one
communication system over another; the smaller the required Eb/la the
25 more efficient is the system modulation and detection process for a given
probability of error. A more detailed discussion of this concept can be seen
in B. Sklar, Digital Commumcatwns, Fundamentals and Applications,
Chapter 3 (1988). _ :
The process of the present invention, in the preferred embodiment,
30 is used in a typical CDMA cellular radiotelephone system as disclosed in
the ‘459 patent described above. The radiotelephone system is comprised of
numerous radiotelephones that transmit to a base station over a reverse
channel and receive from the base station over a forward channel.
The maximum total E%a_is_ subsequently referred to as the allocated
3 £ (step 100). The allocated Eb/ ‘may vary with the traffic channel load.
The allocated E%a is used by the base station as the maximum

threshold for all mobile radio_s transmit_ting to that base station. If a par-
ticular mobile radio transmitting to the base station requires a transmit
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35 mnimum the base station instructs the nobile radio to decrease its
out put power. If the total received [err] is less than the maxi mereve'rse_' '
chrammet—t hr eshof'd~and the m nifmum r ecel ved [err] for any nobile radio is

PCT/ US95/ 08476 WO 96/ 03813 6

| ess t hgBefpaspfiual to the reverse channel mni num thePQRAESARA | on

I nstructs the nobile radios to increase power. BRI EF -
DESCRI PTI ON OF THE DRAW NGS 5 ' 9 FIG 1 shows a flowchart of the
process of the present invention. FIG 2 shows a graph of the

frame erpawerr inceease; $he baee station will not inFtrGst tBe mohile3badinotw in-t ypi cal
f orward Wé@ksﬁ%ﬂﬁtp&ﬁéﬂb&ﬁrﬁiﬂﬁaﬂocaﬁﬁpf/%ance with the present

aceor dance wiPstheRreferred exubiiient fuf Severse oK bas a:pelired s o bl ock

?hsgaamﬁs@eww ﬁ%’y tHE Hake sfﬁ:iﬂxp(s'téb 105) Tﬁ;é gfegﬁ'gﬁ era’ﬂotlg %ngﬁiﬁgz ggt <tation
in acé tg'ﬁﬁéévefSa Jigh Hﬁb"kﬂ‘& gﬁ/st Rt p ﬁt‘? %‘ﬁrge "I‘—"ﬁ oWkows t he
for mat cdrrer fromnthechadeN\dtatibn and| yet rmmntm:danhxgh capacity as explained

above. As an example, a packet consisting  of 10 frames with a 3 dB Ep, /

has an approximate error rate of 10%, as seen in FIG. 2.
Choosing a larger E”/I causes the packet error probability of the

10 transmission to decrease. This is illustrated in the graph of FIG. 2. This
plot shows the effect to the frame error rate of mcreasxngEy 1,- For
example, referring to FIG. 2, if the Eb/ is 4 dB, the resulting error rate
for the 10 frame packet is 4 x 103, If £t/ is chosen too large, however, the

transmitted signal may cause interference to other mobxle radios
15 communicating with the base station.
The received E£b / of each mobile r‘adio is estimated by the base
station (step 115). Since the base station acquires the mobile radios dunng
the transmission of the packet preamble, it can determine the number of

mobile radios that are transmitting to the base station. These individual
20 Et] ’s for the base station are summed (step 120) and, as will be discussed

later, the sum is used in determmmg the proper pawer control command
to be sent to the mobile radios. '
In the preferred embodiment, all mobile radios that are hstemng to
the same forward packet channel are also receiving the same power con-
25 trol bit stream. Thus each power control bit stream controls all the mobile
radios that are transmitting on any of the reverse packet channels that
are associated with the forward packet channel.
The base station controls the mobile radio’s transmit power using
closed loop power' control. In other words, if the base station determines
30 that the transmit power of the received signal is too high, the base station
sends a command to the mobile radio to decrease its transmit power. The
base station sends a command - instructing an increase if the transmit
power is too low. This power control command, in the preferred embodi-
_ ment, is two modulation symbols. The preferred embod:ment format of
35 such a word is ﬂlustrated in FIG: 4.
In the preferred embodunent the power control bit of the present
invention is set by the base station according to the following conditions.
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wi th. the present invention. FIG 8 shows the format of a reverse
CDVA channel in accordance———w th the present—+nvention. 20 FIG 9.
shows a plot of the transmt power of two radios and their reaction to
power contr ol c%q%zl n accordance with the present | NVIRTI/US9SI08476
DETAI LED DESCRY THE PREFERRED EMBCDI MENT 25 The present

i nyention enconpasses a pair of channels, gb- sequently referred to as
the forward and reverse packet channels. T base station comuni cates

with the mobil eTh@%bﬁ%r e&ft&oltm?mfm\ﬁ@hdl Ciﬂ@l!}uctmg the! mabide wmormbiécfedsedl 0s
conmuni cat e Wltg e basgtﬂ‘?t%ﬂd1 ? @é‘g P reverse channel. A base
station uses t hi¥s POWEF ouERHY ifthe fol nis WS sent i nvention, over
the forward packet channel, to dynam caI | y adj ust the transmt power of
one or nore nobile r ansrritti rse pac channel .
The fol | owi ng di scusﬁ 2§”?€¢ J,FDR%M‘S (% avlesized, ngs 35 as
the preferred enbodi Nbblle radi os 4 ncl0dé radlo el ephones Used I n

both a terregtrially based comughesdd i 2théitbimebildchdiosatel lite based
comuni cation system Simlarly, the base stations can be located on the

earth or as orbiting satellites.
The power control bit is set to a 0, instructing the mobile radio to increase

its power output if the following condition is true:

10 | (;(E%o)i < allocated _I'-'b/,o] AND ((m."' (E%o)i) < desired E%o)

where i = the ith mobile radio.

In other words, the first condition (step 125) is true when the total or

sum of the Eb 7, 8 of all the mobile radios communicating with the base

15 station is greater than or equal to the maximum £bf or when the

minimum £5 o of any one of the mobile radios is greater than the desired

Eb/ . In this case, the total amount of Eb/ that has been allocated to the

reverse packet channel has been exceeded as might be the case when too

many mobile radios are transmitting. A particular' mobile radio’s £y,

20 could also have been higher than needed and the received signal may

perturb the remaining reverse packet channel users so the mobile radio’s
power output needs to be decreased (step 130).

The second condition (step 135) is true when the sum of the b/ ’s of

all the mobile radios communicating with the base station is less than the

25 maximum E"/I A and when the minimum £ T of any one of the mobile

radios is less than or equal to the desired E"/b. In both cases, the mobile

radio’s E%o is too low and the received signal may not be demodulated

correctly so the mobile radio’s power output needs to be increased (step
140). :

30 Alternate embodiments of the power control process of the present
invention uses other conditions yielding similar results. Also, the other
comparison thresholds mentioned above could be substituted in the above
conditions to yield similar results. _

In an alternate embodiment of the power control process of the pre-
! 35 sent invention, the base station determines if the command ‘to increase
power will cause the mobile radio’s power output to exceed the allocated
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7 The reverse packet channel, in the preferred enmbodi ne

nt, is a -

a pa

up into a sequence of one or nore franes. In an alternate enbodi nent,

- the revghf ket channel handles data at a fixed rat PCTUSSS/08476
transm on 1ncludes a preanble, to aid in spread spectrum

acqui sition, followed by the datagr§g1 The preanble of the revers
channel is the sane as the preanble™tsed in the access channel; a

seqguence ggggg eLdi8Nto0de- ThE
access chéff?nq? prea eis |scussec}{ I'n grea exﬁg?{?all; ‘h?ln% A 1S 95 10

Al ter natma@ﬂﬂlumsmxﬂmtheqﬂMmglan t he Wal sh function
Anot her al terﬂ%@r@f@&@ﬂ@é‘%&ﬂ%&&?&x TonOEReS VAT ?x&@l%tb&ha!ﬂim‘%f

f requencj.es. Howey creas ec I vVer co

ex
preferr eﬂ‘%ﬂﬁ@ﬁ’ﬁnﬁpﬁem?m él °1b fra chanqgﬂ ag
channél dﬂcﬁas&d fihdli.lSZ Rdteut Nbaﬁ;ﬂﬁﬁ 109 neG@lhomm davadi agd hssighad tsl

irmre forw Lol ‘i%xﬁr ’En%t‘ﬁgf lbﬁm[xs *ﬁ;&m@%ﬁh 5!
et A e S R e S L oo

channel

with pomm;m%mcmmﬁﬂﬂﬁtmmmmaﬁ 5 Ghop boUgreat. . Chan

spread spectrum channel simlar in operatlon o] the forward 20 tr
channel as diA®| examplen ofsthe ahove sdescribed, poweri qontraks progessnds3

nor e 190 nimﬁtﬁtéu sﬁtlsm 09. PIG! l9i ﬂzﬁsaarﬁbt of thé Erarvmii¢ pdwdrsoﬁiiwo
FIG 8 ijddist I\ bﬂ%m /l?t {etHe b wed ltfﬁf@ lthe %
or nore access anne assocl at e
An over hidaeshald saa ercnurae@ 9378&1
?Z\S;g(rzlsgt%gcke% u\c%'aﬁrﬂ&yr? ag‘goglm at € e '"" s &éoﬂfs\i\hgir’: ﬁp?@@%’f base
and an citatipegre flustrated gbthebattemo ﬁbﬁrﬁlﬂt of reverse packet
15 The initial portions of the user A and user B waveforms are both
above the desired £/ and the ¥ £/ is above the allocated £t/ . Using the
process of the present invention, the base station sends out power control
commands instructing the mobiles to turn down their transmit power. As
required by IS-85 7.1.8.1.7, a two power control group delay issued before a
20 power control command is implemented. Therefore, the plot shows that
the power does not decrease until the slot i+2. This is illustrated in FIG.
4,

After four decreasé-powe_r contro]l commands, the user B transmit
power is below the desired E%o. The base station then sends three turn up

25 commands. After the two power control group delay, the output power of
user B is above the desired E"/ and the 3 B4/ is above the allocated E"/
This process contmues in a similar manner. :

If a large number of transmissions are received on a busy channel,
the power control procéss of the present invention limits the power output

30 at the allocated E4/ . This will likely force a higher error rate in some

packet transmissions. In this case, the base station can make the decision
to power control only a few streams by making the minimum Eb/] in the

above conditions over a subset of the. received transmissions. This will

likely limit the impact on other mobile radios. .
85 In the preferred embodiment, the desired E”/I , CA0 be ad]usted for

different channel conditions so as to maintain a desired packet error rate.
If the packet error rate is too high for a desired £/ , the base station can
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channel s associated with a particular forward packet channel. D fferent
reverse packet channels (810) associated with the same forward packet 30
channel are differentiated by each reverse packet channel having a

uni‘que spreadi o In the preferred enbodi nent, RCIAISGHOMTR Of
a reverse packe g‘nannel to a forward packet channel is static in that
a nobile radi o con- tinually nonitors t sane forward packet channel )
while in the same 35 cell. The channel nmay Me assigped by using information

fromoverhead ;.85 BhE" Sesiind as%'r gn Riwerime! thoDphaketaErfordasdts, OF
via sone static procedure. ° The reverse packet channel s enabl e
mul ti pl e nobil e Altetnatively, if the rpacket ermirmmateaisedowes .than needed, cther base

embodi ment of agfdbh can decrease the desired £/ , thus increasing the packet error
PCT/ US95/ 08476 - WD 96/ 03813 ° ' 8

system the nul xAgg.e transm ssions from nultiple nobile radios only
1 the pref ersed onbas o e e Tt oo/
t pansrri Esi ons, SﬁBa‘E}?y'tﬁEer%@énggeﬁ?c@?n M@ggveaé ' i‘betsegdt?m'fb?hdéane dor
forward packet dliffereet chahnel conditionsoForesxamplec ifhthere aretmeny multipath
choosi ng channelcsmﬁggug', Ofidl h¥se stakidn dRay Act B8 dH1€ B0 borbiritd]ehergy Nals &
reverse packet RalCl RSk RIS Sifld SorBiniSg Gobs? 0 e B SeSDEL;
10 fading may cause a higher packet error rate if there is only one multipath
component. To maintain a low packet error rate in both these cases, the
base station may increase the desired £/ .
In the preferred embodiment, the desired £/ is the same for all

mobile radios. Alternatively, the desired E"/I o could be different for each

15 mobile radio. The previous equations can then be written as:

(3152t n (2 a2

where i = the ith mobile radio and Vi signifies that for all i, such that if the
above is true, the mobile radio is told to decrease its power; and

' _ [Z(E%o)i < allocated EY 1 o) AND (311(5”/1 o}'_ S desired (E%o),-)
?
where i = the itk mobile radio and 3i| signifies that there exists an i such
that if the above is true, the mobile radio is told to increase its power.
After transmitting the first access probe at a minimum power level,
25 the mobile radio increases the power of successive probes within each
access probe sequence by a predeter_mined step amount. This step amount
is different for different embodiments and is set to optimize the system
performance. o | -
A simplified block diagram of a typical mobile radio is illustrated in
80 FIG. 5. Signals received from the base station are received with the
antenna (501). The duplexer (502) splits the signal to the low noise
amplifier (503) that amplifies the signal. This amplified signal is then
input to a variable gain amplifier (504), the gain of which is controlled by a
receive automatic gain control circuit (505). The output of the variable gain
35 amplifier (504) is input to a demodulator and decoder (506). The
demodulator portion removes the signal modulation so that the packetized
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nel . These techniques | ower the probability of a collision by distributing

t he mobi | e radi os over channels or tinme. This also serves to increase -
syst emriO——Tapacity. Wen thenobilTe radio retransmts a packet, it my .
random ze transm ssion tinme and choice of reverse packet channel so as

to avo‘;‘,ﬁ96 381$0I | i sions as previously described for tBCI/USI%4% channel .
A flowc ar’? t he power control process of the present invention is -
illustrated in FIG 1. In the pref%red enbodi ment, this process uses the
15 dinensionless ratio [err] to deTerm ne whether to adjust the radio's
EAJ r ansm infoonetion odn bé bmken/\/apthethd packetrmen (50% dnta sedigital pover .

tern d.cs for threshold
comar?fggﬁedeﬂéggéggqlébwnu err |, 3oma sch'?‘:c(i?%'rw val ent of [err];
Plerr], bei ée.bcéaaam&te From acomm%r PEqther glecy s 3
st andarﬁoﬂitadevﬁce isemurpmsket:zédn (520).0Thelpackets of dammrecﬂienomdsyst em

f |
o ARt G 00 TR bRl il i 01 o
a nmetri 8?#&? [gain ampl e signal paior to the Sxadini cat i on
syst em QiR metahqshﬁérhwsﬁmueafutpheofmm iﬁbnﬁeitassifs inpate efficient

£ e Dt i el 0" Beeh 8 he, piosfod 98D w0 bal ) ' B

Skl ar, midiatedl Cormuni cati ons Fundarrent al's and Applicat i ons, Chapter 3
(ﬁg&g)-- The gastleﬂ%rmsmf hﬁ%?rstéanIeuo : wﬁrprefer[ed

enbodi nen used in a adi o el‘ &E one system as
di scl os@U hgq"oﬂfaﬁ ?’é‘ﬁ ngﬁgtc i b%i%yfﬁ phone system

i s conpWherdthef mobile rradm ccnelmdﬂtﬁ pmmem@d Ibm. it mnamﬂt te ¢he base
st at i On:)GueRr 10dp  podirSéontrol &Paﬁﬁ%.l Simphe del ati on over a
forward channe Pt al [err l, S SU uently referred
to as tiEmines whether the pf’@’rer]co?g'?’gb"[%ﬁ(ﬂ dor 4 gdm?(s# ®Tiay vary with
t he 161 adtks ¢he lpnopet cbotrdl voltage to inciéaseabt mwe[ﬁzer gains ofithel by t he base
stati ow&&m@? mmphﬁgpr(ggmol d for all nobile radios transmtting to
that base St[n tixgn re}erre% gm{mdlment the gain is increased or decreased in
1 dB increments. The power ‘control cxrcmtry (540) outputs a digital value
indicative of each 1 dB increase or decrease. This digital value is input to a
20 digital to analog converter (DAC) (545). The DAC converts. the digital value
to an analog signal that controls the gain of the variable gain power
amplifier. In this way, the process of the present invention enables the
base station to dynamically edji:et the transmit power of the mobile radio
as conditions change.
25 Alternatively, the i mcrease and decrease in gam does not have to be
by the same amount. In addltlon, the increase and decrease in power
control gain may adapt based upon the sequence of up or down commands
that have been received by the mobile radio. '
FIG. 6 shows a block dlagram of a typical CDMA base station
30 system incorporating the power contrel process of the present 1nventmn
This diagram shows the antennas of a base station (601 and 602) that
receive the signals transmitted from the mobile radio. :The received
signals are distributed to various receivers (605 - 620) depending on which
one is being used. The receivers (605 620) generate the demodulated bits
35 for use by other devices such as external computers

The receivers (605 - 620) also generate the slgnal to interference
ratios, £/ , that are used by the puwer control process of the present

invention (625) to generate the power control bits. These bits are inserted
into the power control stream by puncturing (630) the forward channel
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ticul-ars nobile radio transmttlng to the base statlon requires a transmt

WD 96/ 03813 PCT/ US95/ 08476
9 - power increase, the base station will not i nstruct the nobile radio
to in- cre ' transmt power beyond the all ocated [ er PLT/USIS/I08476
In the preferre odinent, the reverse link has a desired [err]

assigned to it by the base statlon (step 105&. The desired ratio is the
value 5 that gives a high probability that dat a .packet will be received

wi t hout er r osignad thatkadbsen gérpirated lgntheymhdﬁratﬂi #635). Thiai gipnabjxthdny

'\?\Ast ﬁxgl gi ggd[ err]‘ﬁgﬁ]t gﬁﬁan a%%&% g error ra@ﬂﬁg@&?%ﬁ/tﬂé lﬂug’éf;:]&ﬁosﬂ G

2. Choosi nip dbe preferreds h@oveﬁmh@lrlsrpepfm by 12y
~of the 10 transmsﬁfglerbm Q&ld&&fa@@%@bo'ﬂﬁnﬁntsﬁ hdwtmw @hednum;slbeb:ﬁi tfored a

"FIG 2. This e &lahC ok &

I ncreasi ngI [err] pg{—'%% ﬁn ndrg 5?? |§H’ ﬁ ﬁp nPE ?‘P@Y %o'pﬂ*ol 5}‘94
dB, the resul ti ngirection Of&hetransnnbpownre b eme o;mmr chgngex}mmgle, | f
[err]is chosen tggel it WT. tHeovemaiand Nidstructs tABSFEdié o9 ﬁicﬁ@ﬁde e‘ia‘vﬁﬁle

The recet ved | or ARogter BREnt fhfArRind tnsi7els 0he Taerdded ko ba n %aiﬁffcr%%ﬁ

station (step 115)atesinf:13che base station acquires the nobile radios

gm ng o ho tr ansnys Shitfimaty,! ffe RRAWER! codtFsl BloResd ©of (RO BHRbEALTIAetitR
uses a single power control bit stream from the base station to control the
transmit power of multiple radios. The signal quality metric, £4/ , is used
to determine whether to increase or decrease the power and what amount
of power change is needed.

15
I claim:
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nobil e radios that are transm tting tothe—base station. These i ndivi dual

20 [err] for the base stgty step 120) and, as wll be

' ater, the 3mn4m3mlﬂmmferm ni ng the proper power

control command to be sentt to the e radi os. » In the

pr ef er wobsesda®di ment, all nobile radios that are |istBEI/RYSO6  t he same

“forward packet channel are also receiving the same power con- 25 trol bit.
stream Thus each power control bitigstreamcontrols all the nobile

radios that are transmtting on any of the reverse packet channels that

are associated with the forward M channel . . - The base station
controls the nobile radio's transmt power using cl osed | oop power

ransm L poust ot he o S cRBARG, it POV ST BRI Y | Oy
sends arﬁ&?ﬁ*aﬁbe PA“’E"ﬁEyn%ﬁr? of é&%?ﬂl%&’&%%@?ﬁi bage statian, té\&‘wer. The
base5 st methed sempsising thestegsiofist r ucting an increase if the transnit
power is to TSt ol %I r enbodi -
ment, is %cthv\gt Heo!iyaISJ? F?ﬁw%eﬁgigl%get&?e err elot[ ébn‘%%sf%‘ﬁ%&; oi?srrkgt of 35 suchims
a word T#‘ﬁgt"?ﬁﬁ%ﬂ_qrﬁﬁ%fﬁor@“;w In the preferred enbodi ment, the
power cont r ofhebbaseoftation fraasmitting a singlnpower contrel bitystrd@nlse station

accor di Q%o%ﬁ’f&ﬂ% bR Y B iRt el Sadio to alter 1%&%%%%erfﬂ e power

PCT/ US9 . e R
cont® ol Tesppnse; ta; the required trapsmil pewery t he mobi I e radio to decrease

2. The method of claim 1 wherein the step of determining the
transmit power comprises the steps of: SR '

determining a first signal quality threshold;

15 determining a second signal quality threshold;

determining a signal quality metric for each radio of the plurality of
radios; and '

comparing the signal quality metrics for the plurality of radios to
the first and second signal quality thresholds.

3. The method of claim 2 wherein the signal quality metric is an
energy per bit to total interference spectral density ratio.

4. The method of claim 2 and further including the steps of:
.53 increasing the transmit power of a radio having a signal quality
metric that is less than the first signal quality threshold; and
decreasing the transmit power of a radio having a signal quality
metric that is greater than the second signal quality threshold.

30 5. The method of claim 2 wherein the first signal- quality
threshold is a minimum signal quality threshold and the second signal
quality threshold is a maximum signal quality threshold.

6. A method for controlling a power output of a remote
35 transmitter in a first mobile radio of a plurality of mobile radios, the first
mobile radio receiving signals from a base station over a forward channel,
the base station receiving signals from the first mobile radio over a
reverse channel, the method comprising the steps of: '
determining a maximum reverse channel signal quality metric;
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its power output if the follow ng condition is true:

[err] .
5 . where i = ﬂmmm “Hmmmnradl 0. The power
control bit is set toaO i nst ruct dio to increase its
power output if 4 l'owi ng condi t fon® i s true: 'PCT/S95/B476
where i = the i nDblle radi o. In other words, the first
condition (step 125) i's true when the total 4gr . sum of the [err] of all
the nobile radios communicating with the base 15 station is greater than
or equal to the maxi rﬂatenimnng sodesireshreverse chanmelisigmal quality metriely one of

the nobile radios is g PeJe*i‘Ee Qﬁﬁkﬁéi%%nal xi]@dl{t]y métid inSeé‘cﬁscﬁ"thfehe
total anmount of [errLl é’g al {.locat e ot f: vers ‘ﬁﬁaﬁ 1
channel has beenPBYality, Q'H °Be e qr&;lty ol TRYRYEG ShRRRe
radi os are transsighhl qoality nmtncs;ul ar nobile rad| o's [err] 20 could also

have been hi gher tha &gﬁqﬁan r}?,ﬁﬁﬁn{ﬁqev, ersr{:) | gl_;g;%?,g guﬂﬁﬁl %%%I%\grch&

remai ni ng reverse packet s so t
out put needs to Hhe pagalitelymobile sadi The second condition

(step 135) is true wimining the plhrhhfy bﬂlreivensé channel Isigied quiditye metricss
comuni cating V\Aw?t he base station is less than the 25 naxinmum [err] and

when the minimum [err] of any one of the nobile: radios is | ess than or
equal to the desired therbgse statipntinstructing the semebe transmitiextoslecrease the; 5

too | ow and tfe pewed vathiti ithe sy of the Feverugndhintlet dignal quality metrics is
greater than or equal to the maximum reverse channel signal to noise
ratio or the minimum reverse channel signal quality metrics is greater
than the desired reverse channel signal quality metric.

15 7.  The method of claim 6 and further including the step of the
base station adjusting a minimum reverse channel energy per bit to total
interference spectral dénsi_ty ‘ratio depending on reverse channel
conditions.

20 8. The method of claim 6 and further including the step of
adjusting a' maximum reverse channel energy per bit to total interference
spectral density ratio in response to an increase or decrease in the
quantity of the plurality of radiotelephones.

p.s3 9.  The method of claim 6 ﬁherein the mobile radio is a code
division multiple access radiotelephone and the base station is a code
division multiple access base station.

10. The method of claim 6 wherein the signal quality metric is an
30 energy per bit to total interference spectral density ratio.

11. The method of claim 10 wherein the energy per bit to total
interference spectral density ratio is E%o.
12. A method for controlling a power output of a remote
35 transmitter in a first mobile radio of a plurality of mobile radios, the first
mobile radio receiving signals from a base station over a forward channel,
the base station receiving signals from the first mobile radio over a
reverse channel, the method comprising the steps of:
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correctly so the nobil e radio™s power output needs to be increased (step

140). 30 Al ternate en ' power control process of the
pr esent | NVenti on uses gﬂm‘lmﬂmllﬂmg ielding simlar results. Al so,

the ot her conmpari son threshot ds- m#nt foned above coul d be-substituted in
the abowggegmagg®nditions to yield simlar results. PCT/USISRE4TS,

al ternate enbodi nent of the power control process of the pre- 35 sent

i nvention, the base station deternmngg if the command to increase . power

w || cause the_nobile radio's power output to exceed the allocated
WD 96/ 03813 determining a maximum reverse channel sxgnal quality metrioCT/ US95/ 08476

11 [err].ddtbrifrifigi 5 dbsirel révepsd alidniidl digril Gty Eetride nobi e radio

to de- se 1.5 transmt oVer |nstea f 1ncee | f
there is a si n‘g‘T fRe A £ M 1'3% ﬁ&rﬁ?‘gp‘gf the

present i plaralityef xpelw&e redmr thus srmxig)ranphxmhtymé‘ revefde channelnel as 5 =
di SCUS§eds1Fﬂaqu§ah BAhfdtkicdlo. 5,056,109 to G lhousen et al. and assigned L9 iy
Qual comm ['nc. ;[ \\hen, t.here ‘are nu

e t tat
DPLeTD kens ISHERIRE A S Rbrie SRR el andt, B A, oo

[err], thespihp'ahtyd;fanbhﬂecmes,r ai nt that the total received [err] i s not
too great. etfl:zﬂ &.r ol
process is ll?értl at e?‘?ﬂﬁ(}g{ §&%F§%éﬁnﬁlav\gédaa§p g ¢ e transmt
power of &

10 the base station mstructmg the remote transmrtter to increase the

power output if the sum of the reverse sxgnal quahty metrics is less than
the maximum reverse channel signal quality metric.

13. The method of claim 12 and further including the step of the

15 base station adjusting a mxmmum reverse channel energy per bit to total

interference spectral density ratio depending on reverse channel
conditions.

14. The method of claim 12 and further including the step of -
2 adjusting a maximum reverse channel energy per bit to total interference
spectral density ratio in response to an increase or decrease in the
quantity of the plurality of radiotelephones.

15. A method for controlling a power output of a remote -
25 - transmitter in a first mobile radio of a plurality of mobile radios, the first
mobile radio receiving signals from a base station over a forward channel,
the base station receiving signals from the first mobile radio over a
reverse channel, the method comprising the steps of:
_ determining a maximum reverse channel energy per bit to total
30 interference spectral density ratio;
determining a desired reverse channel energy per bit to total
. interference spectral density rat:o,
determining a reverse channel energy per b:t to total interference
spectral density ratio for each of the plurality of mobile radios, thus
35 creating a plurality of reverse channel energy per bit to total interference
spectral density ratios;
determining a minimum reverse channel’ energy per b1t to total
interference spectral density ratio of the plurality of mobile radios;
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users, ‘A and B. The desired [err ower th | e the upper

threshold i s the aIIocated——[—e-H] ﬂm"“ﬂ U“lshows [err] that, in this

case, is A + B. The power control tted by the base

station are Ilﬁtg%{g‘é?‘t’ed at the bottom of the pl ot . PCRAISHSNISET6a |
portions of t A and user B waveforns are both above the desired
[err] and the [err] is above the allocatedgerr]. Using the process of .
the present invention, the base station sefds out power control

corrmandzI Ib nSTrS UCt | NguidikingDitid pRurality tufrreéem El:iﬁhﬁeltéliﬂi'gwd | ﬁerpmleﬂbdtogélf
requi red by - ro group del ay issued before
a go power cont"?%ﬁ'zef%mmq??d‘ﬁﬁ%ﬁﬁﬁ erefore, the plot shows that
the power does not thebasss nstimstinigothe remotentransmitter teinarease the F| G
4. A Wer f&u%uﬁmaﬁmrreﬁﬁﬂeréﬂerﬁmrﬁﬁm tbR] EefirfeBence

transmt el.ow the, desir er ation then nds
three turn fp” SRSSEAT AR mtieis ok Hhfe SEtubinl 18 The sesibl Teveibe spanpRl
out put power obnergynm'drltwmahhﬁeﬁetheapectrekﬂmmﬂra&md t he [err] i s
above the all ocated This process continues in a simlar rranner

If a | arge nunber of _trapnsm ssi are received on ha n ' he
power control proced€ ofé¢ W@té?‘gggﬁtc"PﬁVgﬁpgoﬂoY"PFn‘i‘%tpf‘ﬁé’ 8 OFR‘BGY" 30
at the allocat ¢rarismitfer offa plurality of deshoteftransmitténsgeach mmtwe trahsmittersone

packet trangni %ae% b of'1s3 26id6fle LRBIIERDINAL! B Ol B"j:? (o nflfie>i O
q

to power control a few str a
above conditi of8 W@Pph'”!ﬁb‘?ﬁ?“’ﬁ %*é P ¥ Ps"WIq

| |mI§elj_y i m t t Berwardaciantel, thb eellalri Baerﬂdhaﬁfreaéivmg data packetsefromethe r ed
t,
SonTon'so" B P Db e o Frr RN W

error rate is Ighavigg 3 meximuny e[DGFSJf per i t 5&§eta§tlaf?’§ﬁ'e8&‘h spectra
15 dens:ty ratio, the data packets being compnsed of frames, the method
comprising the steps of:

determining a desired reverse channel energy per bit to total
interference spectral density ratio; '

determining a energy per bit to total interference spectral density

20 ratio on the reverse channel for each of the remote transmitters, thereby

creating a plurality of energy per b1t to total mterference spectral denslty
ratios;

summing the plurality of energy per bit to total interference
spectral density ratios to produce a summation value;

p. ) determining a minimum reverse channel 'enefgy per bit to total
interference spectral density ratio for the plurality of mobile
radiotelephones;

comparing the maximum reverse channel energy per bit to total
interference spectral density ratio to the summation value;

30 comparing the minimum reverse channel energy per bit to total
interference spectral density ratio to the desired energy per bit to total
interference spectral density ratio; and

the base station instructing the first remote transmitter to decrease
power if the summation value is greater than or egual to the maximum

35 reverse channel energy per bit to total interference spectral density ratio
or the minimum reverse channel energy per bit to total interference
spectral density ratio is greater than the desired reverse channel energy
per bit to total interference spectral density ratio.
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i ncrease theyr:lesi red |[o:£:rk]et ﬂmﬂ'”m,u”fnm"mgrp?ﬁ:ﬁt ngreror rat Z_- bas"e'"
station can decrease the desiréed [Fert],"thus * ncreasing the packet error

rate. wWoosn3sts This latter adjustment serves to incr cBCHUSNE8GGer ol |

system capacity. The adjustnents nentioned above may need to be done
for di fferent channel conditiongg For exanple, if there are nany
mul tipath compaonents, the base station not be able to conbine
energy as  l7%f f dhe wmethod efclaime l&rwhemneacg of she evergynpémbitdol oss. n

the ot hetotalinterferericd dpediray denyity autios ds Heﬂé&aimaaCHyein Orofrtﬁbe if there
is only one nultipath: - conmponent. To maintain a owp ket error rate in

bot h t hee¥ersesghannelo base station may increase the desired [err].
In the preferred enbodi nent, the desired [err] is the sane for all

nobi le radi o %l%er@efhﬁg l&ﬂf %e‘;hér%g‘é erlrh%ﬁ uI d be di f'f?grent for eachm'

15m)|lera eprev

[err] tota ]\r\m%f ?3 #3 108,18 "rfeﬁ'ﬁéf‘ F’r”’]a the that for
all i, wbrgehaianﬂeuhe aboverstrue t he rmbrleradrorstoldto
decrease its power, and 20 ' '

19.  The method of claim 16 wherem each of the energy per bit to
10 total interference spectral density ratios is detenmned by a scaled version
of an £b A of the reverse channel.

20, A 'me_t_hod for controlling power output of a first remote
transmitter of a plurality of remote transmitters, each remote transmitter
15 Dbeing part of a mobile' radiotelephone, the plurality of mobile
radiotelephones receiving data packets from a cellular base station over a
forward channel, the cellular base station receiving data packets from the
plurality of mobile radiotelephones over a reverse: channel, the reverse
channel havmg a maximum energy per bit to total interference spectral
2 density ratio, the data packets being comprised of frames, the method
comprising the steps of: _
determining a desired reverse channel energy per bit to total
interference spectral density ratio;
determining a energy per bit to total interference spectral density
25 ratio on the reverse channel for each of the remote transmitters, thereby
creating a plurality of energy per bit to total interference spectral density
ratios;
summing the plurahty of energy per bit to total 1nterference_
spectral density ratios to produce a summation value;

30 determining a minimum reverse channel energy per blt to total
interference spectral densu:y ratio for the plurality of mobile
radiotelephones;

comparing the maximum reverse channel energy per b1t to total
interference spectral density ratio to the summation value;
b comparing the minimum reverse channel energy per bit to total
interference spectral density ratio to the desired energy per bit to total
interference spectral density ratio; and

SUBSTITUTE SHEET (RULE 26)



[err] - where i = the i[err] nobile radio and [err] signifies that there
exists an i such t hat 1f the gqmﬂummllﬂﬂu l m)bl le radio is told to
i ncrease its povver Af t e first access probe at

a m ni num povvegv n§+ the nobile rach o"i néreases the pOWPCTRS95/08476
QIR n ea

successive pro ch access probe sequence by a predeternmni ned
step anount. This step anount is differgpt for different embodinents
and is set to optimze the system per f or mance. Asinplified

gl ockI di agram of a t the bake stdtidreinstriictingsthiel first tremiotel transisitter o ihcrease
i gnal s_r ecei Ve Ue?%éﬁ?%uﬁﬁﬁ?ﬁﬁ{: %i@é‘lsafﬁgs rtﬁ&ﬁ 'tﬁﬁ%&%*}%verse élﬁ&&@!‘a

(501). The dupl I"'ow, nol, s
(503) that anpl ienesgY(Per & grta| totﬂl.@tarﬁermee@pspgﬁmdqrsslbherﬁtm anrlnsm to

a variabl e gai n raifilidrh efevefddd thahhe! emérgyoperibitcto totat diterférende ypestral

gain 35 anph 1 o8 @%ﬁ’”*sr fos, thafi b edyad  th Wosidar iy s%’%edmz%%“%ﬁ
denodul at or por tRezdI% rgngmpemlﬁeaﬂtma@e that the packetized
WO 96/ 03813 PCT/ U895/ 08476

13 I nformation c be roke p i he.pac [ ecel )l nt
digital formt ha G‘gﬁlﬂ‘%ﬁ'@@ ‘gb()t( ?P ééf“%'?ﬁe*“%‘?%‘@%i%ﬁ % gltﬁ%
base statlon adjusting the minimum reverse channel energy per bit to
10 total interference spectral density ratio depending on reverse channel
conditions. o

22. The method of claim 20 and further including the step of

adjusting the maximum reverse channel energy per bit to total

15 interference spectral density ratio in response to an increase or decrease
in the quantity of the plurality of radiotelephones.
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Adigital signal to be transmtted froma_ conputer or other elec-

tronic device is first packetized (520). The packets of data are then nod-
5 wulated by the encoder and nodul ator (525). The nodul at ed si ﬂnal is input

to a variwdbsosges n anplifier (530) that anplifies the si to the
fixed gain power anplifier (535). The output of the power anplifier
(535) is input to the dupl exerq(pORD that couples the signal to the
antenna (501) to be radi ated. 10 The gain of the variable gain
anplifier is controll ed by the power control bit of the present

i nventi gr , ted by the base station. When the nobile
radio r CQEWEBMlNEeprer control bit, it gl to the cl osed | oop
power MUMTOTAL§ry (540). This ci rchIﬁ) 0) sinply de- term nes
whet her Eﬁb'l'bBESHwb trol bit is alogic 1 or a logic O and gener- 15 ates
t he pro POl tage to increase or decrease the gain of the

vari abl-e pl i fogr (530). In the preferred enbodi nent,
the galn DEFEFRMNEa!Bed o decreased in 1 dB increnments. The power

cont r o} MINIMUM REVERSEA outputs a digital value i ndi cative of each 1 dB
i ncr eape OHANNEL .JThis digital value is input to a 20 digital to anal og
conver The DAC converts the digital val ue to an anal og
Si gnal 'wi=iae he gain of the variable gain power anplifier. In
this way, thegprocess of the present invention enables the base station
to dyng the transmt power of the nobile radio as

condi t ijonsy Al ternatively, thet8ocrease and decrease in
gai n ddes pei d15 by the sane anount. addition, the increase
and dehﬁ@éﬁsﬂs /7 control gai n may adap] he sequence of
up or t hat have been received bﬁ t he nobi | e ¥ adi o.

FIG 61}s di agram of a typical CDVA}b et system

i ncor pq control- pr ocess ofi2she pr e MORILEST:nt ifon This
di agr arm ennaeeof a bgef s{atl on (6 DEGREASE THER\ recei ve
the sig d [ [ TOUTRUTPOWERS

IS THE SUM > THE
MAX Ey/l, OR THE MIN
Eyly > DESIRED E,

ESTIMATED Eyls |
FOR THE MOBILE
RADIOS

IS THE SUM < MAX
Ey/lo AND THE MIN
Ey/ky < DESIREDE,

YES
\ 4 140

INSTRUCT THE
MOBILES TO
INCREASE THEIR
OUTPUT POWERS

|




signal.s are distributed to various receivers (605 - 620) depending on which
one i-s being used. TheTecei vers{605—620) yenerate T
35-for use by other devices such as external conputers. The

r-ecei vers “,5(9% - §20) al so generate the signal to interferperrsosnsdrer at i 0s,
[err], that a B3 e by the power control process of the present

i nvention (625) to generate the power control bits. These bits are inserted
into the power control stream by puncturing (630) the forward channel

WD 96/ 03813 PCT/ US95/ 08476
14 signal that has been generated by the nodul ator (635). This signal
is then eventually transmtted by the transmt antenna (603) to the
nobi | e radi o. In the prefepsed enbodi nent, the power control is
perfornmed by a single bit. Alternate enbodi nents, however, use nultiple
bits to forma 5 power control conmmand word. Such a word can not only
control the direction of the transmt power but the rate of power
change. For exanpl e, one bit of the command instructs the radio to

i ncrease power while anot her bit of the command instructs t& i ncrease
to be in 2 dB increnents instead of 1 dB 10 g summagy, the

a si nglyempower
tr mt power
ils used to
| wimat a nt
L2

power control process of fhe pre¢sent {nvent
control bit streamfromtpe basg¢ stat
of multiple radios. The s{gnal fualit
determ ne whether to incrgase Qf decr

25
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of power change is needed. 15 | claim

PCTH-YS95+0847+6—WO-96+63813 ' l
A nmethod for controlling transnmt power of a

CLAI'MB 1.
plurality of radios, the plurality of radios comuni pefrug@ngdseh a base
t he base station

station, t WO 26381} hog conprising the steps of:
determning the transmt power required from each radio of the

plurality of radios; and t?ﬁ base gfation transmtting a single
power control bit stfeamto——<mthe Igralit of radios to instruct each
radio to altermibﬂs trghsmt powey in 10 regpoffse to the required transmt
power . oM Z.Q&Iﬁeﬂrreth)d of clai®@ 1}wherein the step of
determining t2S @53@ poper conp%s the steps of:
determning a ast steak gual ity t hrfas d; 115 determning a
second signal qual i tlyR®reshol d; E% Eg
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deternining a signal quality metric for each radio of the plurallty of

r actos—atrc conpari ng t he—srgmat—guatTty netrics—for—tte
pIurallty of radios to the first and second signal quality threshol ds.
20° The method of claim2 wherein the signpéyfisealosdss netric
is an ‘wQﬁ@Pﬂ?3per bit to total interference spectral density ratio.

4. . The nmethod of claim2 and further including the steps of: 25
increasing the transmt power. of a radio having a signal quality
metric that is less than the first signal quality threshold; and
decreasing the transmt power of a radio having a signal quality
nmetric that is greater than the second signal quality threshold. = 30

5. The nmethod of claim2 whereingfge first signal quality t hreshol d
is a mninmmsignal quality threshold and the second signal qual ity
threshold is a maxi mum signal quality threshol d. 6. A et hod
for controlling a power output of a renbte 35 transmtter in a first
nobile radio of a plurality of nobile radios, the first nobil e radio
receiving signals froma base station over a forward channel, t he base
station receiving signals fromthe first nobile radi o over a ol reverse
channel, the nmethod conprising the steps of: . detefﬁining a
maxi num r ever se channel signal quallty metric; c:s

o
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WO 96/ 03813 | 16

deterrining a desited+everse chapret—stgmat—quatity metric,
determ ning a reverse channel signal quality netric for each of the

plurality of nobile radios, thus creating a plurality of pemuss®84ifhannel

signal quaWpPgO®Irics; 5 det-erm ning a m ni numreverse channel
signal quality netric of the plurality of nobile radios;

summing the plurality of reverse changfjb signal quality netrics; and
the base station instructing the reno transmtter to decrease the 10

power output if the sumof the reverse channel signal quality nmetrics is
greater than or equal to the maxi mum reverse channel signal to noi &
ratio or the mnimumreverse channel signal quality metrics is greater
than the desired reverse channel signal quality netric. 15 .
The nethod of claim6fan ther including the step of the b et
station adjusting a mjni ®&m ¥ everse channel energy per bit to tota

i nterference spectral jdenSitly ratio dependi ng on reverse channel
conditions.- 20 The met hod of claim6 and, further including
the step of I adj us}ti maxi mum rever se channel energy per bit to
total inteffe e ectral denBity ratio in reyfgi@se-toyairi-jcrease
or decrea in ki@ antity of plurality of/ @i ot el p,lgon;s. 25
9. The @Bt hod-of cl &i erein the'nobile radi ¢/ | $§ll codeat v {di vi si on
mul tiple @cess =hdi of el g)h ne and t co.mm:!
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division multiple access base station. 10. The nethod of claim

6 whererm the srgmat—guattty net HeTs—anm36—energy per—bit—to—total
11. The nmethod of claim

interference spectral density ratio.
10 wherei n LRsa0880y per b|t to total interference sppgiukelossgnsi ty

ratio is [err A rmtgéd/fﬁi controlling a power output of
a renote 35 transm’tter I n aflrst nobv| dio.of a plurality of nobile

radi os, the first nobil e radio ceiving siggnals froma base station
over a forward channel, t he bas ation régei ving signals fromthe
first nobile radio over a rever gegChannel ,ﬁt%e met hod conprising the
steps of: WO 96/ 03813 =Aa °n

PCT/ US95/ 08476 a 17

determ ni ng a maxi num reverse channel } si gnal quaf ty netric; w
determ ning a desired reverse channel¥signal quallfity netric;

deternmining a reverse channel sigr@@] quplity ST for each of t
plurality of nobile radios, thus Lhg a ﬁgurality of reverse nnel 5
signal quality netrics; ' I ni mum rever se %nnel
signal quality netric of §l e radios; '
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summing the plurality of reverse channel signal quality nmetrics; and

10 —————+the-base—station- i nstruct img—theTenote transmtrer to | Nncrease

t he* power output if the sumof the reverse signal quality nmetrics is

| ess than : t he maxi num reverse channel signal qualitypORUsss08476

13. The nWOAS®? claim 12 and further including the step of the 15 base
station adjusting a mninumreverse channel energy per bit to total
interference spectral density rati o depending on reverse channel _
condi ti ons. 14. The nethg@oof claim 12 and further i nﬁl udi ng
the step of 25 adjusting a maxi numreverse channel energy per b&tmto total
I nterference *pectral defsity ratio in kesponse to an incre or
decrease in the g, quanti tyjof the pluraliffy of radi otel ephoneg.

15. A nethod folEfcontrol lingEja power outplt| of a renpte 25 trangmmatter in
afirst nobile rB8io of a pl®fality of nob®je radios, the first [;:'< nobi | e
radi o receiving gnal s frongg base statio ver a forward chann@l g

t he base stationgecei ving skgnals fromthéfirst nobile radio ovegr a

reverse channel, flhe met hod Sgnpri si ng the§ ep$ Of T T T T T “dfterpining

ED

a maxi rrumreversg channel en@iqgy per bit t otal 30 interferencg spectral
density ratio; & d rmning a deg@led reverse channel ergly per
bit to total Stinterferencg|spectral dengly fati = 9] !
determ ning a reiHrse channeg energy per b to|tot§ %nt@{ ervr$ I
spectral densit Lo f ity of ifeatadi\gdZ [t hus 35
creating a plurplijty of reverge channel enerjgy per bijt t;gptal o
i nterference spectral [@ensTty ratros, Eeggn ni rgaa nf Ni mum
reverse channek} erfergy pemyjbi g to total = } B8 Sl |
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interference spectral density ratio of the plurality of nobile radios;

W 96/03813 —_summ ng thepturatityof—r ever se—chanmet—emergy
per-’bit to total interference spectral density ratios; and

t he base st%&b %gst_ru_cti ng the renpte transmtter to i NChepfReddfre
power output I ? € mnimmreverse energy per bit to total interference 5
spectral density ratio is less than or equal to the desired reverse channel
energy per bit to total interference spectral density ratio. '
16. A nethod for controlling power Oﬁﬁﬁﬁt of a first t e
transmtter of a plurality of renote smtters, g g?g e tgansmtter
10 being part of a nobile radiotel ephone, the pl Zfo8i fe
radi ot el ephones receiving data packets froma cg on over a
forward channel, the cellular base statio 2 5 fromthe
plurality of nobile radiotel ephones over — he feverse
channel having a maxi num energy per bit ﬁl spgeciral 15
density ratio, the data packets bei ng c4 1 d
conprising the steps of: de reyersp channe
energy per bit to total interferg
determ ning a energy per bit to total

ens| ty

]
- 705

FORWARD CDMA CHANNEL
(1.23MHz CHANNEL TRANSMITTED
BY BASE STATION)

FIG.
7

PILOT | SYNC [PAGING| . . . | PAGINGITR RAFF
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20 ratio on the reverse channel for each of the renpte transmtters,
t her eby creattng—ea—ptural ity of—erergy—per—bit to tetal—tnterference——

spectral density ratios; summing the plurality of energy
per bit to total interference spectral density ratiospépubdspesee a
summat i on VYOPE03E determ ning a mini numreverse channel energy
per bit to total I nterference spectral density ratio for the plurality
of "nobil e radi ot el ephones; conparing the nmaxi mum reverse
channel energy per bit to total i nterference spectral density ratio to
t he sunmati on val ue; 3D corrpar?’il?; t he m ni num reverse channel
energy per bit to total I nterference spectral density ratio to the
desired energy per bit to total i nterference spectral density ratio;
and the base station instructing the first.renote transmtter to
decr ease power if the summation valug_is _greater than or equal to the
maxi nrum 35 reverse channel energy per b to total ihterference spectral
density ratio or the mnimumrever cha eneygy|per bit to total
i nterference spectral density rati s g than}t he desired
reverse channel energy per bit t al pn erence spectral density
ratio. WO 96/ 03813 o 19
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17. The method of claim 16 wherein each of the energy per bit to
t ot-at—nterferemce-spectral denstty Tatitos—Ts determ

rever se channel . 5 18. The method of claim 16 wherein each of
thé energy per bit to total interference spectral density ratios is
det er m nedwosém3gierr| of the reverse channel . PCT/USSIIB47¢ The

net.hod of claim 16 wherein each of the energy per bit to 10 total
interference spectral density ratios is determ ned by a scal ed version

of an [err] of the reverse channel. 10/10 20. A nethod for
controlling power output of a first renote transmtte f a plurality
of renote transmtters, each renote transmtter 15 being of a nobile

rality. of oohile —. radi et plephandskreceiving data
r bage station over ja fofward clgannel , the
cellul ar base stption{receijving data packqts fromtpe plurality of

overj a reverse chargnel, the feverse channe

bef bit to total_ijnterferenge spectfral 20 density
s being ponprised of frajes, }he metHod

f: determ ning a desired rjeverse channel
I ipterference specjral Hensityl]ratio;

er bit tp total interfergnce ppectrall density 25
anrel =T aChofTtme T el Transmitters, thereby
ft energy p bit to total intprferendes&spectral

radi ot el ephone,_.

havi ng a maxi nu ,
rati o, the data packg
conprising the steps
energy per bit toto
determ ning a energy
rati o on the reverse
creating a plurality

density rati os; mmng the plurdlify of eneiggy per bit to
total interference spectral gensity ratios to produce ja&ummati on
val ue; - - -1 —_— e - — - - -
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i nter
radi’o
per bi
val ue;.

v determ ning -a m-ni rrum reverse channel 235‘99“619% ﬂt
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(54) Title: REMOTE TRANSMITTER POWER CONTROL IN A CDMA COMMUNICATIONS SYSTEM

(57) Abstract

The power control process of the present invention enables a
base station communicating over a forward packet channel to a mobile
radio to control the power of the mobile radio transmitting over a
reverse packet channel to the base station. The base station maintains
a maximum energy per bit to total interference spectral density ratio

- | threshold for the reverse channel as well as a desired threshold that

results in a low frame error rate. By comparing each radiowlephone’s
estimated energy per bit to total interference spectral density ratio
to the desired and maximum thresholds, power control commands to
increase or decrease the radiotelephone’s transmit power are generated
depending on the outcome of the comparison.
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22. . The nmethod of claim?20 and further including the step of adj usting
t he maxi num reverse channel -erergy per bit to total 15 interference
spectral density ratio in response to an increase or decrease in the
guantity of the plurality of radiotel ephones.
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