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(57) Abstract

The transmit power of a base station transmission to a mobile station is advantageously controlled. The base station receives a signal
from the mobile station and determines a signal-to-interference ratio (STR) associated ‘with the received signal. The base station controls
its transmit power to the mobile station using the determined SIR value in conjunction with a transmit power control command received
from the mobile station. When the mobile station is in the process of a soft handover involving two or more base stations, each of those
base stations determines an SIR value associated with a signal received from the mobile station, Moreover, each of the base stations
controls its respective power using both the power control command received from the mobile station and the SIR determined by that base
station. Similarly, when the mobile station is in the process of softer handover involving two or more sectors of a single base station, the
SIR associated with a signal received from the mobile station in each of those base station sectors is determined and used to control the
respective power of each base station sector in conjunction with a power control command received from the mobile station.
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" Ina cellular communications system, a mobile radio station
communicates over an assigned radio channel with a radio base station. Several base
10 stations are connected to a switching node which is typically connected to a gateway
that interfaces the cellular communications system with other communication
systems. A call placed from an external network to a mobile station is directed to
the gateway, and from the gateway through one or more switching nodes to a base
station which serves the called mobile station. The base station pages the called
15 mobile station and established a radio communications channel. A call originated by

the mobile station follows a similar path in the opposite direction.

In a Code Division Multiple Access (CDMA) mobile communication
system, the information transmitted between a base station and 2 mobile station is
modulated using a spreading code. Spreading codes are used to distinguish

20  information associated with different mobile stations or base stations transmitting
over the same radio frequency band. In other words, individual radio “channels”
correspond to and are discriminated on the basis of these codes. Varioﬁs aspects of
CDMA are set forth in one or more textbooks such as Applicatiom of CDMA and
Wireless/Personal Communications, Garg, Vijay K. et al., Prentice-Hall 1997.
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met hodol ogy. 20 Because all users of -a- CDMA conmuni cati ons
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. performance and. capacity of a CDVA system 1In general, the nobile station
During diversity handover, the signaling and voice information from

plural sources is combined in 2 common point with decisions made on the “quality”

10 of the received data. In soft handover, as a mobile station involved in a call moves to
the edge of a base station’s cell, the adjacent cell’s base station assigns a transceiver to
the same call while a transceiver in the current base station continues to handle that
call as well. As a result, the call is handed over on a make-before-break basis. Soft
diversity handover is therefore a process where two or more base stations handle the

15 call simultaneously until the mobile station moves sufficiently close to one of the

" base stations which then exclusively handles the call. “Softer” diversity handover

occurs when the mobile station is in kandover between two different antenna sectors
connected to the same, multi-sectored base station using a similar make-before-break

methodology.

20 Because all users of 2 CDMA communications system transmit
information using the same frequency band at the same time, each user’s
communication interferes with the communications of the other users. In addition,
signals received by a base station from a mobile station close to the base station are
much stronger than signals received from other mobile stations located at the base

25  station’s cell boundary. As a result, distant mobile communications are
overshadowed and dominated by close-in mobile stations which is why this -

condition is sometimes referred as the “near-far effect.”
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station to decrease its transmt power to the nobile station by a
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value. On the other 25 hand, when the neasured value is | ower than the

ref erence mabxlestaitthamszorpmnemve atth@rbasglﬁmqnvmth t he opposite
value is transmt uplink to the base station for it to i ncrease its

transmt power by a . ,jedeterm ned increnent, .
o " Ve fhea Ove power contro operatlonsq rélate 10 uplnli)k (or reverse) power

control for transmissions from the mobile station to the base station. Downlink (or -
forward) transmit power control is also important for transmission from a o
transceiver in the base station to the mobile station. In downlink power control, the
base station varies the power of the transceiver transmitting to the mobile station

15 depending on downlink transmit power control messages or commands sent by the

mobile station.

Because power control in CDMA systems is very important, transmit
power control adjustments occur very frequently, e.g., every 0.625 milliseconds.
During downlink transmit power regulation, the mobile station is continually

20 measuring the transmit power level received from the base station and determining
whether the measured value is higher than a reference value. If so, a transmit power
control bit having one value is sent uplink from the mobile station instructing the
base station to decrease its transmit power to the mobile station by a predetermined
increment, e.g., 1 dB, down to a minimum transmit power value. On the other

25 hand, when the measured value is lower than the reference value, the transmit power
control bit with the opposite value is transmit uplink to the base station for it to

increase its transmit power by a predetermined increment, e.g., 1 dB, up to a
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t hroughout the nobile comuni cat i on. There are
several problems with downlink transmt power anong base 5 stations or
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tations A and B ¢ - A o) - ' j: tr.ol
o e RSty ROFEEN R YA LKAl e B aB" 01
and B tr40SKihkAUynthbGhiBhiivf!ake By dcaébled hrid cdrtishits viebibleowy i aobiler

I on o e n {10 or

t he dura andover opera I rrespective of when
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domi nant base st at Theré arersewetal problems withglownlisk transsni powenamang base
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signgd s fg eie idobileniition $oxtirsd duration of the Handover opgration trreéspecwive pbmhen
ratio (SIR), thereby reducing interference to,the ..

or whether the mobile station receives one of the base station transmissions much

more strongly (hereafter the “dominant” base station). In other words, it is usually
unnecessary and counterproductive to have a less dominant base station transmit at
"high power levels to the mobile station until the mobile moves closer and/or the less
15 dominant base station becomes more dominant. In effect, that high power level is
wasted because the mobile is still essentially under the control of the dominant base

station. Moreover, that high power level adversely interferes with other mobile

communications.

To solve these problems, open loop power control is employed in the
20 downlink power control during soft or softer handover. The open loop power
control works in conjunction with closed loop power control and reduces the
transmit power from the less dominant base stations or base station sectors involved
in the soft or softer handover, e.g., those receiving signals from the mobile signal
with lowest signal-to-interference ratio (SIR), thereby reducing interference to the
25 system. The open loop control method in accordance with the present invention
effectively and accurately controls the transmit powers from the base stations or

‘'sectors involved in the diversity handover so that only the dominant base station or



25 system :The open 'l oop control nethod in accordance with the present

i nventi on. WO99/8R22&ctivel y and accurately controls the transRE/ENAE1
fromthe base stations or sectors involved in the diversity handover
so that only the dom nant base station or

5 sector is transmtting to the rmgile station at a relatively high
power. The transmt power |evels of |ess dom nant base stations or
sectors are nmi.ntained at | ower power | evel's to reduce interference.

I n addi ti gleod ﬂ'ﬁtﬁﬁ’ﬂﬂitﬂﬁ?\bedhe Hebile 3piidipgea sélatively Wigh powes eThertransmit
decreases I1ts transmt pOwer to the nobile relatively quickly as soon as a
less 5 dpgweriévelastles dominant baseatationson seaord rednaimaimiedindower piavoer
or sector in the - _handover operation. . . Accordingly,
the pr eselevelsrmoareduce interfareee. alnadditions the banding ¢vergdominant basersiaigod tor
power of a base statiqQn transmssion tqQ a mphjl e station, The base

station r mondgcraasﬁsgmrmr@mmemtheengﬁﬂq mlatavéy M@Jm%égoa as a less
si gnal -t o-

1Q injerference ratio,(SIR) associated with the received.
i onals | THemiasat bite SEEROR G FEHOF becormes 1B AOTAARE Baoh SRUOR ShecHIb the

station uging the detgrm’ ned SIR value in conjunction with a transmt
power con PRFOYT MRHAPEeei ved from the nobile station. Wen the
nobile station is in the process of a soft handover involving two or

nore base stations, ;@&g}dg{ﬁly,m@gﬁﬁfi?&@nﬁ%iﬁgsp% s"H Aefhéd f6F Eo@blng

associated 15 wth a sign _ nobile station. Mreover,
each of t fige BABSMIt PbiveRDf a base itidOlAnbindssicis 26 6 irhybil® oukionysThe basé h t he

power control comrmand received from
station receives a signal from the mobile station and determines a signal-to-

10 interference ratio (SIR) associated with the received signal. The base station controls
its transmit power to the mobile station using the determined SIR value in
conjunction with a transmit power control command received from the mobile -
station. When the mobile station is in the process of a soft handover involving two
or more base stations, each of those base stations determines an SIR value associated

15 with a signal received from the mobile station. Moreover, each of the base stations
controls its respective power using both the power control command received from
the mobile station and the SIR determined for that base station. .Similarly, when the
mobile station is in the process of softer handover involving two or more sectors of a
single base station, the SIR associated with a signal received from the mobile station

20  in each of those base station sectors is determined and used along with a power
control command from the mobile station to control the respective power of each
base station sector in conjunction with a power control command received from the

mobile station.

In soft handover and softer handover applications of the invention, the
25 mobile station signal is initially received at a first, dominant base station/sector with
an SIR greater than the SIR of the mobile signal received at a second, less dominant

base station/sector. As the mobile station moves into a soft/softer handover region
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two or nore sectors of a singl e base station, the SIR associated with
a signal received fromthe nobile statiopn 20 in each of those base statijon
sectors is determ ned and used al ong with a power control comand from
the nobile station to control the respective power of each =~ base
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transnit power ['sector increases may be
sel ectivel y adj usted.
In a preferred embodiment, plural transmit power control commands

10 from the mobile station are accumulated at each base station/sector (closed loop
control), and the accumulated sum is combined with the determined SIR (open loop
control). The SIR value may be preferably averaged or delayed and processed using a

. non-linear operation/function/scaling operation. The combined signal is used to -
optimally regulate the transmit power of the base station/sector to the mobile -

15 - station.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages of the
invention will be apparént from the following description of preferred embodiments
. as well as illustrated in the accompanying drawings in which reference characters
20  refer té the same parts thfoughout the various views. The drawings are not
necessarily to scale, emphasis instead being placed upon illustrating the principles of

the invention.

Fig. 1 is a schematic overview of an example mobile cellular

communications system where the present invention may be employed;



In a preferred enbodi ment, plural transmt power control cormagg,zség’“‘ m
the nobile sMRI¥R2M e accunul ated at each base station/sect or FEaEeE® oop
control), and the accumul ated sumis conbined with the determined SIR (open
| oop control). The SIR value may be preferably averaged or del ayed and
processed using a .non-1linear operation/function/scaling operation. The
conbi ned signal is used to optimally regulate the transmt power of the
base station/sector to the nobile 15 station. _ ' o BRI EF
DESCRI PTI ON OF THE L N6 function block diagram shtiweingor sk dptailed cdber
obj ects, features, and advantages of the _ _invention wll be apparent
fromthe fodtworkrapndeslieriptd basestatier showsdnatigod; nent s as well as
illustrated in the acconpanying draw ngs in which reference characters 20
refer to the same parts_t.hrqughqut ,the various,.Vvi ews. The draw ngs are.not
necessarily to scal 21,’1&9%1;&& §C‘ilﬁ§tlé‘a’§‘ dagramgllusaating a mprq,glg 3 Ry dée

bl ; et . _ o . h .
vervi ow Sratian sk B Figoi s el prpawer contie) cammants Breotelis SRR o « he
gr esen | ”&%Téﬁ,oé‘wm%aﬁm,%% radio network controller;

Fig. 4 is a diagram showing a downlink transmit power control loop in

which an example embodiment of the present invention is implemented;

- Fig. 5 is a function block diagram showing in more detail a preferred

example embodiment of the present invention;

10 Fig. 6 is a flowchart illustrating 2 downlink power control routine in

accordance with a general embodiment of the present invention;

Fig. 7 is a flowchart diagram illustrating preferred particular SIR

processing operations;

Fig. 8 is a graph showing base station transmit power in a soft handover

15 situation where downlink power control is employed without the present invention;

Fig. 9 is a graph illustrating mobile station received power from two

base stations involved in a soft handover;

Fig. 10 is a diagram illustrating adjacent macro and micro cells in which

the present invention may be advantageously employed; and

20 Fig. 11 is a diagram showing a shadowing situation in which the present

invention may be advantageously employed..



Fig. 2 is a function block diagram showing a nore detailed radio - .
network comoed/52226 in a base station shown in Fig. 1; PCT/SE99/00491
Fig. 3 is a function block diagramillustrating in nore detail a nobile
station shown in Fig. 1 as well as power, control conmands involving a
nmobile 5 station,- two base stations, an& a radi o network controll er;
Fig. 4 i's a diagramshowing a downlink transmt power control loop in
whi ch an exanpl e enbodi ment of the present inventi.on is inplenented,

Fg. Sis a functi%ﬁ%ﬂwW' OF THE DRAWINGS' ef erred -
exanpl e enbodi ment INvVent i on, Fig. 6 is a
fl O\r/]vchart i.llustrating a dowlink power .control routine in ‘accor dance
with a general e i . el LQN- : . Fi g.
7 is a flowchart Wpﬁgﬁﬁﬁggﬁlﬁrfgk &}‘?@éﬁé&&fﬁxg tlﬁ‘%arm_)é)f %?d not
process ']{lﬂitgﬂgﬁaéﬁé?ﬁﬁé details are set forth, such a$" gﬁti&léﬁeﬁbgﬂﬁﬁénﬁbg%&ﬁubﬁ e
stationtransmt power In a soft handover 15 situation where downlink power

control ¢esh@iqakoRd, M bdétitd provides ehéroughaiiderstanding of the present. Fi g.

9 is a graphillustrating nobile station received power from two base
st at isongniveibi e Howeners af wild bedipparent to one skilled in the art thiaythd présent
diagramillustrating adjacent macro and fyicro cells in i cal t,Pe
present inwemnionnayrby practiced-int cthen embodsmentsdut depart from these specific

: Fo. 1l cie?:al?s dlijgg égarpnlsn e?%hr.{?e &1eslbr%gle?nv'\c,i in eggi;[)g?st isgx?letiipnevs_\h(ieggriﬁgf P rE e
context of a soft handover operation, the present invention is equally applicable to
softer handover situations. In other instances, detailed descriptions of well-known

10 methods, interfaces, devices, and signaling techniques are omitted so as not to

obscure the description of the present invention with unnecessary detail.

Fig. 1 illustrates a mobile radio cellular communications system 10 '
Wh1ch, in _éccordance with the preferred embodiment of the present invention, is a
CDMA or wideband-CDMA communications system. Radio network controllers
s (RNCs) 12 and 14 control various radio network functions including for example
call switching, diversity handover, etc. Radio network controller 12 is coupled to a
- plurality of base stations 16, 18, and 20. Radio network cbntroller 14 is connected to
base stations 22, 24, and 26. Each base station serves a geographical area referred to
as a cell, and a cell may be divided into plural sectors $1-S5 as shown for example for
" 20 base station 26. Each sector includes one or more antennas. The base stations are
connected to the corresponding radio network controller by various means such as
dedicated telephone lines, opt_ical fiber links, microwave links, etc. Both radio
network controllers 12 and 14 are connected with _exter_nal networks such as the
Public Switched Telephone Network (PSTN), the Internet, etc. through one or more
25 mobile switching centers (MSCs) (not shown). The RNC directs mobile station calls

via the appropriate base station(s) and sectors.
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I nventi-on may. be advant ageously enpl oyed.

099/52226  DETAI LED DESCRI PTI ON OF THE DRAWNGS  PCT/SES9/00451

In the following description, for purposes of explanation and not _
limtation, specific details are -set fort such as particul ar enbodi nents,
pr ocedur es, techni ques, .etc., in order to provide a thorough

under standi ng of the present 5 invention. However, it will be apparent to
one skilled in the art that the present i nvention may be practiced in
ot her enbodi ments t hbi Fiprgttvol exampleanebilpsritions 28 andid0aké shower exanpl e,
whil e the present invention is sonetines described in the context of a
soft handcnmmmpucmng with planpl bas;mtamnnsnMQinle statiqna28 is compiwrrEcdteng with

softer
wel | -kno

handover situati ons n ot her stances,_ detail ed .descriptions of

280 Staransolh 18, and ﬂpaélé@ m monamﬂmqgnmumgatmg wrthybese ar e

o Cone udlafy a1, DR OSSR s iR s 03Pl
di [ cordanevvlththe
R SEL s ST LAIE Y GE ekfon, A HEEB1 ok BASHAGRE Wbtk

wi deband-

%&mm@&ﬁiwp&m@m sggce %&%Mlg f.%%abﬁé fﬁ%%olz

and 14 control various rad

0 net nctirons 1n r exa

call swi t oHhbese staviens20yardtb2Z OEaEh r&di6- corafiuhiPRINP Eliaﬁz?élters&{ﬂlghea bebwe

coupled to a plurality of base stations 16, 18, and

| 0 networ

cont rol | erthe4mobile stmint and tdase station has an uplmk component and a downlink

10

15

20

25

component. As described above, since multlple communications utilize the same
radio frequencies in code division multiple access communication, spreading codes
along with other well known CDMA techniques are used to distihguish between the -
various mobile station and base station communications. For purposes of describing -
the example embodiment, the term “channel” typically refers to a CDMA channel
which is defined in terms of an RF frequency and a particular spreading code

sequence.

Additional details of a base station and a radio network controller are
now provided in conjunction with Fig. 2. Each radio network controller RNC)
includes a network interface 52 for interfacing communications with various base
stations. Within the RNC, the network interface 52 is connected to a controller 50
and to a diversity handover unit (DHO) 54. Diversity handover unit 54 performs
numerous functions required for establishing, maintaining, and dropping diversity

connections.

Each base station includes a corresponding network interface 60 for

Ainterfacing with the RNC. In addition, the base station includes a controller 62

connected to a plurality of transceivers (TRX) 64, 64, 68, and 70, as well as a transmit
power controller 72. Controller 62 controls the overall operation of the base station.

Representative transceivers 64-70 are individually assigned to specific



base stations 22, 24, and 26. Each base station serves a geographical area
referred t w099/52226 a cell, and a cell nmay be divided into pPCF/SEIIMNERIOr s
S1-S5 as shown for exanple for 20 base station 26. Each sector includes
one or nore antennas. The base stations .are connected to the
corresponding radi o network controller 1195/ vari ous neans such as.

dedi cated tel ephone |ines, optical fiber Iinks, mcrowave links, etc. Both

radi o net wor k control lers 12" and 14 are connected with external .
net wor k§ n 83 t g:pgﬁ‘% qthe
| nt er net, it H%gg“ﬁt%rﬁ%g%i?é%tr@}% quga.ﬁ-{e swtc Fir?g}\ggélt gqg (IVBCs) (not

shown) . EJ%BNQoﬁHd%%nﬁem+& whithh €2 Bk station traiémits fwn@mtmgndixﬁg base

st ation nd sectors

such as a pilot signal bnaMERCH signal.e Thewoemmoln ¢cheamiehis mmm&edthy 30 are
shown comuni cating with plural base statjons, Mpbile station 28 is
comuni aesbitgstaiiohs withinberseeartthat base station’s, cellnand & alsorusedhin requeskdi on 30
i's comunicatin

bas stations,20 and ty cqQmuni cation
t o/ fsoqunkmgc mqlgupggﬁ)/pa%pagwm ﬂ%é‘éﬂ@ﬂsépg’q'f&ﬁ} ZEWWFHF ROM&E base
station. li.nk bet.ween r 0 network ntrollers 12 and 14
per mi tsCHPV fﬁ m@&v#@mﬂﬁa‘mﬁﬁ%@ grpg;&% 30 vi a base
stations 20 and 22. Each radi o conmmuni cati on channel establ i shed bet ween

~ the nobile station and ﬁbggago%aé%é)ﬁf{%;\/e 3%1 NSSthniiiflcsti

downl i nk conponen escri p e connunlcatlons

g N St A o e
t echni qyea naskile's@tionhomdives toche éd‘gelmﬁ theesuirtdie base station cell, the mobile
10  detects the powéf level of the common channel .signali'ng (e.g., the pilot or PERCH
~ signal) and determines that.there is sufficient signal strength from that common
signal for that base station to be a target base station (BS2) for handover. The mobile
statxon then sends a power measurement message to the serving base station (BS1)
and sends a handover request message to the RNC. The RNC accepts the handover
15 request and sends an inter-base station handover request message to the target base
- station. The target base station then assigns a transceiver to the call involving the
mobile station while the serving base station continues to handle the call. The RNC
combines the connections from the two base stations so that the handover is
processed without a break, i.e., soft handover. This make-before-break handling of
20 the call by two or more base stations occurs until the mobile station moves

sufficiently close to one of the base stations or away from one of the base stations for

the farther base station to be dropped. -

Reference is made to Fig. 3 for a better understanding of the downlink

power control procedures employed at soft handover in accordance with the present

25 invention. Although multiple base stations may be involved in a diversity handover,
and although more than one RNC may be involved in a diversity handover, such as

illustrated in Fig. 1 with respect to communications between base station 20 and 22



various nobil:e station and base station communications. For purposes of
© describing WOMPR2&xanpl e enbodi nent, the term "channel " typPCAYIEIYPUPE 5

to a CDVA channel which is defined in ternms of an RF frequency and a
particul ar spreadi ng code 15 sequence. Addi ti onal
"~ details of a base station and a radio network controller are now

provided in conjunction with Fig. 2. Each radio network controll er (RNC)_

i ncludes a-network interface 52 for interfacing conmunicati ons with various
base antahobils statiorh30) thedoRbi@ing desariprion ks siniplifialfo seppfect ed
to a controller 50 20 and to a diversity handover unit ( ) 54. Diversity
- handover dhstraipmpentotorthe scenanionipvoliing wnly itersbaseguitiens B5t and BS2
~establishing, mintajning, dropping diversity . cQnnecti ons.

- Each basecgg&F‘FtSﬂ tp Fé@l%@ 'P-F%@bﬁ;im'?ggl H@deﬁekszmhendew. 60 for
interfacing with the RNC. In addition, the base station includes a

56, and 70, as wel | LR ohile Saof inélide; d SatrolRE R Gonnsctadin 4 BAKE 67
controks }gl?ei\ge}?gflal trﬁ?ﬁﬁ§$&9ep{qﬁ&algp§§ t(fl %ﬁ%&'&xgﬁt% BEPas e Heve

transcei vers 0 "are T ndifvi duar 'y assi g_rieag1 i | _ e
10 . : : i N _
enpl oyed gtga a ’ﬁﬂ%‘g’%ﬂwg{é E?r ol lcl?ﬁgﬁ r%%é g@%‘r‘k@ﬂ C%a%sé]%tgggg eﬁlg{’]%fé@o%s{n
transmi t sthobuserstaiigneBEband BS2 to adjust the mobile’s uplink transmit power up or

down by an appropriate increment in accordance with the received commands. The

RAKE receiver 82 includes plural receivers 84 and 85 (there may be additional

10  receivers as well) connected to a diversity combiner 86. The transmissions from the
two base stations BS1 and BS2 are received as multipaths in the receivers 84 and 85,
combined in a diversity combiner 86, and processed as one signal. Controller 80
determines signal-to-interference ratio (SIR) values of received signals. The mobil.e
station’s transmit power controller 88 compares the detected SIR with an SIR

15  reference, and the difference is used to determine the value of TPC command sent
uplink. Based upon the SIR measurement of the diversity-combined signal, the
controller 80 generates transmit power control (TPC) commands (dashed lines) and
transmits them via transmitter 90 to both the serving, currently dominant base
station BS1 and the target, currently less dominant base station BS2. The TPC

20 commands may include one or more bits which indicate a desired increase in
transmit power, a desired decrease in transmit power, or no change in transmit

power. Of course, any number of bits or bit assignments is possible.

Based on the received increase or decrease TPC commands, BS1 and
BS2 increase or decrease their respective transmit powers by the corresponding
25 increment, e.g., 0.5 or 1dB. The adjustment of the transmit power from each base
station (downlink) at the base station in response to uplink transmit power

commands from the mobile station to each base station is referred to as a fast,



such as a pilot signal or a PERCH signal. The comobn channel is nonitored
by . nolwoesssizaéi ons within or near that base station's cBET/SEHG491s

al so used to request a 5 working channel (uplink) or to page a nobile
station (downlink). Transmt power font roller 72 participates in
downl i nk-power control procedures.: 1 IR As deseribed above, -
one of the advantages of CDVA communications s diversity (including
-soft and softer) handover. 'Usi ng soft handover as an exanpl e, as a
nobile s ' . ' t en]ldiﬂfl n -bRLY |

nobi | e l%g&’ggp gﬁ&?ﬁéﬂg%%ﬂg@e 6fmt e cgﬁ’rr% ﬁ%’%‘ﬁg?kguﬁgﬁﬁﬁ%ﬁ . 9.,
the pilofjs@be Fe’ﬁf@ﬁged in boch Wplinkediill dewalitikisowbhadntirobihers frimhé emoent
signal strengthfromthat co n signal” for that base station to be a

target bmseosbit é@or ¢B84s eftimatehuinl 2 targéher referdnee SIR issipaatashaacoedingbnds
a power neasurenent nessage to the serving base_stat i‘gg (BS1) a
sends a Wirmnther mobijessition issiagoft bandevernhe RINC poum: EQSE%W%WEQE%H

15 request and sends an inter-base station handover request mnmessage to the
t ar geit bagdate. station. The target base station then assigns a
transceiver to the call involving the nobil e station while the serving
base station continugs to handl e the.cal s 8[0%' ‘

connect i ons fromt%eﬁ’fs\mpﬁﬂggeﬁ%ﬁl% %gg"fl%—gfofﬁle%ﬂléeﬁ oé\:/er Pgi%% is How
processeg. . f#ton ifh thedinkr iaghRhSsHOWR iR Fig! £ ThedKst
handl i ngg régatf{'ﬁgnﬁgﬁq@%ﬁl%othor m@gﬁgggﬁgﬁﬁ ?gl?\ss occdrslgntil t he

mobi | e syabnGRkPYSer controlliEloséd RiUp ih Flgdddntludes an dhtdgherd?ads, abasé ons or

away from one of “the base stations for the farther "hase station to be
dr opped. station transmitter 110, thRdbwntinkechianneh dhe nobilgstationareceiver (RX) 84, a
under st andi ng of the downlink power control procedures enpl oyed at

sof t ihansignalrtorinterfersnde ratio ($IR) detestpr 82 cmdifigencenia o ispnsmartipavemh
a1 t houghoomirel (B DHeeRERE P6pa Fafbls BHORrapsmuriar (A0 T Aok s ch as
|1 ustrabied il &l bisd'bihfloh GRBSGr (REXF POTTHBASELLEDS (REINEERBAI66 S TR | ON
addition, the present invention employs an open loop, downlink power control
which includes base station receiver (RX) 100, an SIR detector 102, an SIR

15 processor 104, and a combiner 108. The open loop reduces the transmit power from

the base station with the higher path loss to the mobile station during a soft
handover as indicated by a lower SIR detected for signals received from the mobile
station. Reduced base station transmit power beneficially reduces the overall

interference level in the cellular communications system.

20 Signal-to-Interference Ratio is preferably employed as the open loop
- power control parameter. However, other signal quality measurements may be used
like BER, CIR, etc. The use of signal-to-interference ratio is superidr to simply using
received power as the open lobp power control parameter. First, signal-to-
interference ratio values E, and I, are already available in the base station receiver
25 since those parameters are generally required for uplink power control. Second,

signal-to-interference ratio is also a better measure of signal quality than received

power of signal strength. A signal may be received from a base station at a very high



11 : and nobile station 30, the follow ng description is sinplified
for purposesWR#99/52226 || ystration only to the scenario invol vPRESEAYIPYo
base stations BS1 and BS2 connected to the same RNC are involved in

t he diversity handover. The nmobil e station includes a
controller 80 connected to a RAKE 5 recélver. 82, 'a transmt power
controller 88, and a transmtter 90. The nobile station's transmt
power controller 88 uses uplink power control commands from  the base’
stati ons. BawarievelIud sevedtheésstbecoflpoot gualitypifichkre! is 2basiderdslventetference
down by an appropriate increnent inaccordance wWith the received commands.
The Recdivedaeivetl Ganverstlyj asigralreceived et low poiverandy dforetheless bay be

100 oottt Bt L S ) SO
Combi hor | S1E3h RCREGL RS Reses Ay aitgleamnt indhenigr i toghich of the bskiskasions
SR et LA e B SRR SR i G TR
5 F Lo, | SAEgge hesS A ENES 3N A USRI PO e Bl

di versityisep, 'mgaéﬂ%@itroﬁﬁgh?t the oA ;B@t’irei?ﬁ:ﬂ?ﬂﬂé& ﬁErﬂihﬁﬂ? Bhie POVer

control (TPC)" commands (dashe I nes) and transmts themvia

transm tt sratRé(§)dnvolved inetlrehiatidigrer Geiregeibitedl toatelaivelpasw level whilaichen
BS1 and the target, currently |ess dom nant base station BS2. The TPC 20

conmands feapsmit lewsk ob tee dominant basesstation hs imudiined at gedatieely highdasel. i n

transmt r,,a desjired decrease in trapsnjt power, or no change in _
transift When sBesmob S’@@@Ps@,ovﬁh?«l%& y elospite ongrofisihe lessslommantdase

ossi bl e. . . . . . ]
P stations to make it the new dominant base station, the new dominant base station’s
transmit power is increased while the old dominant base station’s transmit power is

decreased.

The signal transmitted by base station transmitter 110 via the downlink
15 channel to the mobile station is received in mobile station receiver 84 which

measures the signal energy (E,) and interference (I,) levels associated with the

received signal and generates a signal-to-noise ratio (SIR) in SIR unit 92. A difference

is determined between an SIR reference value and the detected SIR value in SIR

unit 92 and differencer 94. The transmit power controller 88 then generates a TPC
20  bit (increase power, decrease power, no change) which is transmitted by mobile

station transmitter 90 over the uplink channel to the base station receiver 100. Base

station receiver 100 demodulates the TPC bit from the mobile station and provides it

to integrator 106 which produces. an accumulated sum of received TPC bits output

to a summer 108.

25 Base station receiver 100 also generates signal energy E, and
interference J, values corresponding to a signal received from the mobile station.

An SIR unit 102 divides the E;, value by the 7, value and provides the SIR value for



Based on the received increase or decrease TPC commands, BS1 and - BS2
i ncrease owolewsrase their respective transnmt powers by t hePCOSE#MHII ng
25 increnent, e.g., 0.5 or 1 dB. The adjustnent of the transmt power from

each base station (downlink) at the base station in response to uplink
transmt -power -conmands fromthe- hile station to each base station
Is referred to as a fast, _ ‘ : ' _
12 down| i nk power, inner control loop. In addition, a slow outer

contro dR8RIiar an opfihB® SR FrOREQYP J04 AnBYUohbidliioh GHtf diRBldHAONC!

contr ol ane efror e or bit error rate 1s estinmat and a

target ofpCsfAhentsumier F08PTRE SEmAREOI08 Batpht is a scal¥ll @furisheit @b‘greS

~station is in soft handover, the RNCis involved in the target Sl
updat e. control signal used to contyol thebu véwer okeheptransmiwet bHhin die bise

present invention is now described in conjunction with the function
bl ock disegtamm shown in Fig. 4. The fast downl i nk, power control,
closed loop in Fig. 4 includes an integrator 106, a base station

transmtter 110, trée doynl i nk, channel , the nobile station receiver (RX) 84,
a 105 signal -t o- i rioenea; eAVAINES 035§ SSRRPN, POWEL SONGEOL PLOGPFYES dcer 94, a

L1 anam eeboranss wigh S8 prtent jrvenniSa gAYy dekiriBeH il BRUnROR L Lo
o oA TP SO Bl ok 100 g oSt
Fig. 5. The general downlink power control routine may be applied to one or more
| 'basé stations as well as one or ﬁm_re base station sectors. One or more base
10 stations/ one or more secto_i's receives an information signal from the mobile station
| (b.lock 112). Agéin, the sighal—;o-interference ratio (SIR) or other type of signal -
quality ‘measurement parémetér, _é.g.,. bit error rate (BER), carrier-to-interference
ratio (CIR), etc. is determined at each base station/each sector (block 114). Using the
determined SIR along with a pov;ér control command, e.g., a TPC bit received from

15  the mobile station, the corresponding base station/sector transmit power to the

mobile station is adjusted appropriately (block 116).

Preferably, although not necessarily, the SIR value is scaled or
processed in some fashion in the SIR processor 104. An example scaling o
embodiment of the present invention is described now in conjunction with Fig. 6
20 which shows relevant function blocks in the base station. However, those skilled in
the art will appreciate that the present invention' may be implemented in a number
of different fashions inchiding a suitably programmed microprocessor, digital signal

processor (DSP), ASIC discrete circuits, etc.

A modulator 120 is connected to an amplifier 122, and the transmit
25 power level from the base station to the mobile station is controlled by a control
signal CS to amplifier 122. Data to be transmitted TX_DATA) are modulated and

spread in the modulator 120, amplified in the amplifier 122, and transmitted over an



whi ch includes base station receiver (RX) 100, an SIR detector 102, an SIR
15 processoWOIMS2226nd a conbi ner 108. The open | oop reduces tRETSERMAL
power from the base station with the higher path loss to the nobile
station during a soft handover as infgcat ed by a | ower SIR detected
for signals received fromthe nmobile - Station. Reduced base station
transmt power beneficially reduces the overall " interference level in
the cel lul ar communi cations system 20 =~ ' ' '

Si gnal - t oahtdrfiaf Sighsls rBedived hromitké eichily statiphae providedeviarhe ahttthatoa

power control paraheter. However, other signal quality measurenents may be
used demcrlubiicr 184Rvhishcdedibdulases arid de-gpreads che réceivert signalss Stheo i s
superior to sinply usin recei ved power as the open |oop power control
par anet er deﬁiachﬂatosilgﬁaﬂsa determines signalfeneegy & 5 anddntexferenceld , sastimgtes and
are already available in the base station receiver 25 since those
par anet er pravides elemaiol SIR eniti 1020 Received irahsminpowen contriol bisavedlso
signal -to-interference ratio is also a better n@g;ure of signal qualit

el

than r&ceiiveggpreted i ghe demrodulapes 134 andrapcnmylatedgnan intpgragor 406 il“ém_?flIBom

a base station at a.very high . . . . .

13 %@fpwe emmﬁvg%%mq%ﬁ%mg&aﬁna@aauq {STRy) tpram; averaging
consi derabl e i nterferen recej v.ed as |{.4. Conversel v,; a signal

recei ved &PWBW?SM“??@?%&Y%%%%“S a%‘é‘\’?’é)rc{t% oé’c%‘elﬁf’g if there

s only M il dsRhETchRE AN Gbdall e dFR6EI05E( 1BOYCTA Uelay slowd! dUPh it LEAGH

is not necessarily a re . cator a i ’the base stafions 5
't E\éo Iﬁ;gdl gdibﬁ updhte & dReBhldtTord HELHOGopALP e $ReSs Mipttdriadieihid iHopéh
| .
10 loop power control should be fast enough to follow the change in gain between the
mobile station and the base station but also slow enough so that the open loop does

not cancel the closed transmit power control loop.

The output of the averager or delay unit 132 is provided to a non-linear
operation block 130. An example of a non-linear function NL(SIR) is a subtract and

15  threshold operation as follows:

NL(SIR) =SIR rges = SIRpegirea o JOT [SIR gy ~ SIR,;,;,,S,,,ed 1<0,[dB]

NL(SIR)=0, for [SIR sy ~ SR pgusad |2 0, [ 4B}

arg

This kind of non-linear operation ensures that the only effect of the open loop
control is to lower the transmit power of those base stations that do not have the

dominant connection to the mobile station. In other words, absent such a threshold
20  operation, a high SIR value (SIR,a,ge,) would automatically lead to an increase in
base station output power which in some situations is undesirable since this leads to

increased interference.

The non-linear output is provided either directly to summer 124 or

preferably to a scaling multiplier 128 which receives as another input a function



station having the "best” connection with the nobile station. The resul-t of
this open wo99sm®, S| R-based control is that the transmt BEWSEIYMMYU of
| ess dom nant base station(s) invoI ved in the handover is regulated to
arelatively low |l evel while the nsmt |evel of the dom nant base
station is maintained at a relatively h|1 h tevel. 10. When 't he nobi e
station noves sufficiently close to one of the | ess dom nant base _
stati.ons to make it the new dom nant base station; the new dom nant base

Stat i onlve T TG EpERdE S ritf§§*§§ b & e °Me"*°ﬂsﬂﬁ9#ﬁe Z gnal
the. mobi ¢hangese tﬁﬁme “sréﬁe%&% eireendtast S ERIBE iyoljed R 10
reasur o5y Lot I8 oSASHH ot b%n%@%gbﬂ&% isem%@ﬁ—st&qn g7, | uskapaseel ai o

nerates a si gna i'se rat | R)

in SIR ﬁfg{et%%%(l]le%t&;gﬂ RAR%Eg from UBgARRA ARG WPeRian1 BhRarélagence

val ue a tec ue I n unit 92 and differencer 94.

The t4 anghinin ARV Kise SORIPL/ RELSIR, tth@ @r%ﬁe invearion dEgeases the trapsnit peser
power decrease power, no change) which is transmtted by nobile

~ station frbﬁi\bﬁsd&moﬁ(l/mm t e thpmobilestatinal astiv betembsibess dominant incdhs ver
100. Base’ station recel ver 100 denodul ates the TPC bit fromthe nobile
st ati on haudqrerregien. | At the same time, p@trmeniwm@rnnmrsm e&’f?nsmlt

accumul ated sym of received PC bits '
Base st apPWer fxamaibase stabionad S%ér?éségﬁﬁgé’ﬁﬁéqa 0 Sugﬂsﬁﬁm Base 2

i nterf . I
b | ¢ SERRPBIR/sector SnT rROURE EaL a8 L) 1 e ks P R e HSRHE [ er )

val ue and provides the SIR vV e for
10 transmit power from the ?d dominant base station 1/sector 1 decreases and the rate

at which the transmit power from the new dominant base station 2/sector 2
increases are selectively controlled. Returning to the example embodiment of the
invention shown in Fig. 6, the integrated TPC value is summed with the scaled SiR
. value in summer 124. The control signal (CS) generated by summer 124 controls the
“15. output power of amplifier 122, and therefore, the downlink transmit power level of

the base station to the mobile station.

The advantageous base station transmit power control profiles shown -
in Fig. 7 achieved using the present invention contrast with the graph in Fig. 8
showing base station power levels in a conventional soft handover situation. The
20  transmit powers from both of the base stations BS1 and BS2 increase and are
maintained at a high value throughout the duration of the handover operation. Such
high transmit powers at both base stations are not only unnecessary but also

detrimentally increase the overall interference level in the cell or sector.

The SIR processing procedures employed in the example SIR scaling
25 embodiment shown in Fig. 6 are now outlined in flowchart form in Fig. 9. The first
step in the example SIR Processing routine (block 140) is to average or delay detected

SIR values received from the SIR unit 102 (block 142). A non-linear operation (such



14 processing at an optimal SIR processor 104 and conbination wth
the integratwe99/52236PC val ue in sunmer 108. The summer 108 out PGT/SE/09451
scaled transmt power control signal used to control the output power
of the transmtter 110 in the base station. 5 Gener al
-downl i nk, base station, power control proCedures in - accordance with
the present invention are now described in conjunction with a DownLi nk -
(DL) power control routine (block 100) illustrated in flowhart format in

Fig. 5. Eﬁ:}&%’&%’é&ﬁbéﬁ%&é}lis Pe%hn%arﬁﬂ the ﬁw*a%é&om JSIR vldes 0 one or

nor e ase stations as 'we as one or nore base stafion sectors. One or

mor e base(pleck 144).i The/mutpliaearoupus ds hulsiplied iy soastant borother soalisggnal
fromthe rnobile station (bl ock 112). Again, the signal-to-interference

ratio (Sl Rianonptfﬁafg %ﬁ% M6)S i"Dhekcaled SIR uaitpty isthen supmmed withaet er |

e.g., bit error ra carrier-to-interference ratio (CIR), etc

is d
IS deter g%dt@sgrggcll EL210) &Eﬁaﬁaﬁ(}blﬁak 43g) Mts%!in iPhsedcoldchiroliegoiwee level

determn ong with a power conttrol command, e.g., a TPC bit received
from 1 hbhehiclhdae Siteinsanittedizonnthiechpersdition bashe sabileon/ sect or transnit
power to the nobi | e station is adjusted appropriately (block 116).

Pref erably, although not necessarl I the SIR val,ue is scal ed or

processed in sone f dshileseribe é@mwemmnm@qu@&wm@e n

enbodi mant e present i nvent ion is,descri,bed now in.co ction with
Fig. 6 205af ﬁgwmltm eRshETWTAT O Raty Bakens andan spifee Hapdprematruations

ovever, e S on s, BRI b5 S
Ippglc ggls 2? a%g%{ B%g?’s@ d&gcr M@r %ﬁ?@E%@%ﬁ?ﬂl}r diffireAt sizk9Rference is now
10 made to Fig. 10 which shows a larger macro cell serviced by base station BS1 adjacent
a smaller micro cell serviced by base station BS2. Both the macro and micro cells
have a soft handover region at a peripheral region of their respective cells indicated
by dashed lines. | Moreover, the micro and macro cells overlap as indicated at the
shaded portion corresponding to a soft handover region between the two base
15 stations. If the open loop downlink power control were based upon received power
from the mobile station, the dashed line represents the location where the path loss
between the mobile station and the macro cell base station BS1 is the same as the
path loss between the mobile station and the micro cell base station BS2.
Consequently, within the soft handover region, the mobile station would receive
20 power solely from the micro cell base station BS2. If the mobile station moves out
of the soft handover region from the micro cell to the macro cell, the result would
probably be a dropped call because the mobile station does not receive signals with
sufficient power from the macro base station BS1. However, by using signal-to-
interference ratio as the open loop power control parameter rather than received
25 pbwer level, the shift from the old dominant base station BS2 to the new dominant

base station BS1 occurs as desired within the soft handover region.



A nodul ator 120 is connected to an anplifier 122, and the transmit 25 .
power | evelwd sgmseezéne base station to the nobile station is cREE/SEANGP1LY a
cont rol signal CS to anplifier 122. Data to be transmtted TXDATA) are
nodul at ed and spread in the nodul altor 120, anmplified in the anplifier
122, and transmtted over an 8 - '

15 _ antenna. Signals received fromthe nobile station are provided
*via the antenna' to a denodul at or 134 whi ch denodul ates and de- spreads-

the received signap ,Téggm; venfipEOAL Bhkefulift ﬁpﬁ%ﬂs&gfwﬂé}sa mfibbila!

energy Eb and |nter PEhce err|] estimates an rovides themto SIR

unit 10 it O'r_ '13 jiﬁ%ﬁaabwleawekef&@hé@is made t6Rig. amlswhléh showenmebie in

t he dem)(?u and accunul ated in an int elg>rator 106. The SIR unit

108 pr ogiish which Isewithin theciregmierence bfiadirsebasecstatian icell @ﬁdla): the same
aver agi ng unit or a delay unit 132. Ave aglﬁ QS ases ability of
ow.

t he opemimeiqdnamithandomd@raasecgndi’msemm H@M HEYES Tddp.

A del I d he
|ﬁoS|s§%a§h£d“§vm£“?eg§o ere pibuilling blod g Bhece s ewﬁer%mp”' Genchadis
t
stati onba SaHgn e e Bob R SO b LA %8%8#%%3%? Whep she B ©
oes not :
The out SEAECH S Ss RSP afs, B s fesﬁg“?*‘éé&h°m°8°§fﬁo%%‘ah near
- operati qge éﬂr&liﬁolé?he ?ﬁb ko4tatien ok the ﬁ?&l&ds@@?dhéwdédrbﬁe sibstanallys Fhe

subtract and thre d operation as foll
first base station then treats that mobile station as effectlvely being handed over to -

10 the second base station. As a result, the open loop power control of the present
_invention will cause the first base station transmit power to that mobile station to
decrease (because it is not the best base station to be transmitting to that mobile

station), thereby advantageously decreasing the overall interference in that cell. . -

While the present invention has been déscrib_éd with respecttoa -
15 particular embodiment, those skilled in the art will recognize that the present -
" invention is not limited to the specific embodiments described and illustrated herein. |
Different formats, embodiments, and adaptatidns besides those shown and described
as well as many modifications, variations, and equivalent arrangements may also be
used to implement the invention. Therefore, while the present 1nvent10n has been
20 described in relation to its preferred embodiments, it is to be understood that this
disclosure is only illustrative and exemplary of the present invention and is merely
for the purposes of provxdmg a full and enabling dlsclosure of the invention.
Accordmgly, it is intended that the invention be limited only by the spirit and scope

of the claims appended hereto.



nn

NL( SI R). r SIRerr]], for [SIRerr]- SIRerr]]< 0, [dB
NL(SI R) o W P9/f48m[err] -SIR[err]] [err] 0, [dB] Thi s PRTAEIYe0491
non-|inear operation ensures that the only effect_of the open.loaop. .
control is to lower the transmt power offS hose base statlons t hat do not

have t he doni nant connection to the nobile m ullulmlml wor ds,
absent su%;at{hm&%émrat ion, a _h| gh SIR woul d

aut omati c ase in . .° - base station ou'{ put power whi ¢ch
in some situations is undesirable since this leads to I ncr eased
interference. 1, A method for conthsllia rthb*tmhneg;b% r &S BAVdslggn i t her
directly to sunmmer 124 or prefera ly to a sc |ng mul tiplier 128 which
recei ves ammsnmsdien toramibilefsuation @ma mobile communications system, comprisin the
16 value f(x). The function f(x) controls the slope or rate of t
transmt |§Eﬂl7§r0f change as the nobile station travel S between base
stations/sectors i.nyvolved in the andove | e of such rate
controf is ill deeeivingR signgl 3 the. b%&%§@ﬁi°f¥g%{'9ﬁh emo AU e station is

iom 1/ sector d I es
moving from dO'HePer%m‘%&gSS sfgtnaatl tg mtertserence ratio &‘fﬁS assoclated with the received

signal; and
controlling the base station transmit power using a transmit power control

command from the mobile station and the SIR.

10 2. The method in clam 1, further comprising: -
" combining the SIR with the transmit power control command to generate a

transmit power control signal.

3.  The inethod in claim 1, further comprising:
accumulating plural transmit power control commands from the mobile
15 station, and
combining the SIR with an accumulated sum of the transmit power control

commands to generate a transmit power control signal.

4. The method in claim 1, further comprising:

averaging the determined SIR.

20 5.  The method in claim 1, further comprising:
delaying the determined SIR.
6. The method in claim 1, further comprising:

- performing a nonlinear operation on the determined SIR.

7. The method in claim 1, further comprising:
25 multiplying the SIR by a function.



5 dom nant base station 2/sector 2, the present invention decreases the
transmt powergess2226f rom base station 1/sector 1 to the nobil| ®CIISEONHMHIBS it
beconmes | ess domi nant in the handover regiaon. _At the sane tine, the
present invention increases the transrrié power frombase station

2/ sector 2 as the npbile station nbves poser_ tﬂmﬂm","l"" [ 2/ sector. -
2. By varying the value of f([err]), the slope dM™ jum”"['he 10

Ctransnit power fromthe ol d dom nant base station 1fsettof 15 decreases and

the rate at - Wikelinb{lfod HPGETh 1, RAGEid R ibbAeRENISION BAMe hidtes of a

station 2/sector ncreases afe selec y contr rning to
the exa L "BPérafioniB9olving firfvaid $e2Bnd!de stationsg. 6, the '
i nt egrapge&f'll%{cilaeg?ue isgggrmed Wi Th the scaled SIR val ue in sumrer
124. The control signal (CS) generated by sumer 124 controls the 15

out put power 9f anfilhiefmethddin claim 1, weharéim the miobildstatiomis inrthepriocessaber

| evel of the base station to, the nobile station. , )

The advasofterdmrsldves opsrationmyol rst padisecanshsecsprsinghe hase sisign.  in
Fig. 7 achieved using the present invention contrast with the graph in Fig.
8 show ng_bas tation wer |evels i.n a. onvenéi onal. soft handover
Situation. Thi0o0 P BRSERATIoR fef CommmigHing Stk AMpOLE SOHion COIPRSR: g
BS2 i ncrease and are .« 18| i ' e throughout the
‘duration of tﬁée‘fﬁmfo’ifﬁwﬁ?g@%ﬁ.ﬁ%ﬁgﬁ@r&mﬂiﬁ#gﬁaﬁ ansnit powers at both
base stations,{2,0) iiekersHRGSEDIBIR) dtbctdrdeterminiAgthe SERIGHth¥ rédivapse
the overall int erence level 1nthe cell or sector.

The SIR ﬂgﬁﬂ@ssi ng procedures enployed in the exanple SIR scaling 25

enbodi ment” shown in Fig. 6 are now outlined in flowhart formin Fig. 9.
The first a tedmsmitter foretransmittmgSirRirformationrsignal woithe niobide ktatiod) and t o

average or del ay dej ected, SI R.val ues recei,ved fromthe SIR unit 102
(bl otk 142). prmmng@mmgﬁ@pmml ggh@ ase station transmitter power using a

transmit power control command from the mobile station and the SIR. -

11.  The base station in claim 10, wherein the processing circuitry includes:
an SIR processor that scales the SIR, and
a combiner combining the scaled SIR and the transmit power control

15 command to generate a control signal used to control the base station transmitter

power level.

12.  The base station in claim 11, further comprising:
an integrator integrating transmit power control commands from the mobile -
station,
20 wherein an output of the integrator is combined in the combiner with the

scaled SIR.



17 . as t gt descri bed above) is perfornmed on the averaged or Iiﬁxﬁg
SIR val ues ?’H B 144) . The non-linear output—s—multipli

constant or other scaling function f(x) (block 14 The scal ed SIR
output is then summed with the integpated T ﬂmjlﬁ”“ﬂ"ﬂ 148) .
The sumis used to control the power |eve 5 at nsmtted
fromthe base station to the nobile. _ "As"dedcri bed above,
t he present i nvention can be used to advantage in soft handover

situations betviden tThe basestatiohiinrdaiand1j wheeéineahelSIRdprovessvirtinalidess
bet ween two base station sectors, The invention also finds benefici al
application to anaveragtq!rmagmgsbe%;m cells which have substantially
different size. Reference is pow,d0 nade

) |ch S a |l arger
macro cel | sernemewmem%amg%$ﬁ’eéﬂprowde e§ﬁﬂpﬁé\ﬁﬂ cro cell
serviced by base station BS2. Both the rracro and mcro cells have a

soft handover rggio tia ri.pher al respective cells

i ndi cat ed % ngﬁgcy’af‘?%ébg By %%3 r%n PJHHC%BEPS"@EP}SS“ overl ap
as i ndiscat gt : Q@%ﬁ ver
regi on bet ween ta'k 'fﬁ{tcno tﬁe rBFatF Fg.%gec&r e@p@%“%‘%&‘%"‘i@éﬁ?%@ow
control WEhErdassest dReBadescei ved power - fromthe nobile station, the
dashed line represents the |ocation where the path | oss bet ween t he

nobi | e station and the nacro cell base station BSl is the sanme as the
path | oss betweldn t ha methddfot @riteollmgaheeamimitporetd froas ewstart indre Bage
Consequently, within the soft handover region, the nobile station would -
recei ve 26tatpmeto aoabile stannntmea wiobile anmlbawlml&a&ylsmm Belkerel thetthebile
nobi |l e stati on poves out e soft handoyer region fromthe mcro
cell to tﬁ?%%sdnc%mﬁ’c%ﬁ@f F@é &r tgavolvin 0 Pr Feore bnsctstmpml I
becauqﬁ t he nobi.l e gt ati on%éioes not receive signals with sufficient
power r ot ORISR FBe SEPS Ut at i on BSL. However, by using signal-to-

recetving at the two or more base stations from the mobile station a power
control command;
determining at the two or more base stations an SIR associated with a signal
received from the mobile station; and
15 each of the base stations controlling its respective power using both the power

control command and the SIR determined at that base station.

16.  The method in claim 15, wherein the mobile station is initially closer to
a first base station and the transmit power of the first base .station exceeds that of a
second base station and as the mobile station moves into a soft handover region
20 between the first and second base stations, the second base station power increases its
transmit power to the mobile station and the first base station decreases its transmit

power to the mobile station.

17.  The method in claim 16, further comprising:

the first base station controlling the rate at which it decreases its transmit

25 power, and



interference ratio as the open | oop power control paraneter rather than -
recei ved 2wopwsae6 | evel , the shift fromthe ol d dom nant baBET/SEX¥U04H BS2
to the new dom nant base station BS1 occurs a i i soft

?ﬁgdg\r/gge;]teg: (r)nr/]ént l'on also is useful i r?zappl I cati OnHIMHIIﬂHIM‘I LIIII 518
Ig. IsC

station suddenly is "shadowed." Reference is made to+ +Shows a

nobi | e station which is within the circunference of a first base -
station cell §@£§, ' | hel hidp base
station (not tgﬁgev\c%? dt %g no |n[ %or#r%egglgt%léaﬁgég{?hado%}}?fﬁagg Rdsn&ahﬁg% a

bui | di ngolg}é;pks any direct line path between the first . -base station
and the*nobile station resulting in:a poor connection. Wen the nobile
station enters the shadowed area, the signal-to-noise interference ratio of
signal s 18eceiThednietlvod ithelanm#5) farthertdompeisinghe first base station
decrease substantially. The , first pase station then treats that nobile
station as ecomhining thesR witkuthesransmt powaencontsel command e gersrate dn.  As
a result, the open |oop qower control of the present i nvention wl |
cause t RANSPTHEPOWRE OB SHRALr ansnit power to that nobile station to
decrease (because it is not the best .-base station to be . transmtting to

that nobile ﬁ[tgtaeti%]%wc-’dirpgfa%ylfq‘\{&ﬂtegggw?gecreasi ng the overall

interfer encel?h t _ e the present invention
IR ahsrhit

. has been desgLi ] akad ] - b se
skilled in t%éélggglaﬁrgbrecognl ze r@ﬁ%%&gé%%ﬁm%mmobﬂ@

station, and

combining the SIR with an accumulated sum of the transmit power control

10 commands to generate a transmit power control signal.

20. The method in claim 15, further comprising:

averaging the determined SIR.

21.  The method in claim 15, further comprising:
" delaying the determined SIR. "

15. - 22.  The method in claim 15, further comprising:

performing a nonlinear operation on the determined SIR.

23.  The method in claim 15, further comprising:
multiplying the SIR by a function.

24. A method for controlling the transmit power from two or more sectors
20  of a base station to a mobile station in a mobile communications system where the
mobile station is in a process of softer handover involving the two or more sectors of
the base station, comprising the steps of: |
receiving at the two or more sectors from the mobile station a power control

command;



~invention is-not linmted to the specific enbodi ments described_an
- illustrated N¥Q&f/sp226 Different formats, enbodinents, and am?sisi?lg%gl

besi des those shown and descri bed as well as many nodifications,

vari ations, and equival ent arrangements npy al s.oum" i npl enent
the invention. Therefore, while the present invel H”mﬁ"n [elm :
described in relation to its preferred enbodi ments, Gt L s#tosbesunder st ood
that this disclosure is only illustrative and exenplary of the present
i nvention and idetemninipg for thé twotdranpre gersers p8IR assacitited) wath alsigrabhd '
enabl i ng di scl osure of the jnvention. Accordingly, it is intended that

the i nventriemivedafmmithem@hﬂgsnaymmendpi rit and scope of the clains
appended hereto.

' . . . . .19

~ WHAT 1S cLAI vESomtrolling themespactivepavigerof each base station sector usinghathdher or
. controlling the transmt power of, a base stati transpi ssi pn a
mobi | 6 st FO SHRHEOhHRERALD p FhE sonarondlus SR desprmidehiprieah of the 3oy
of : S5 ormo?ggeeétgiﬁg a signal at the base station fromthe nobile

stati on; termning a signal to interference ratio (SIR)
associated with the received signal ; and controlling the
. base station transmThe&hodShtdaith 24 2whetdin RAVGHoBNE sfaflon is init W'?Bger to
- fromthe nobile station and the SIR 10 2. The mathog ?‘% clam 1,
. further canfirst sédtgt and the transmic potweri ofghefirstSiddtod excdetls thatesiaidconpdwettor
control command to generate a . . _
and as the mobile station moves into a softer handover region between the first and
second sectors, the second sector transmit power increases to the mobile station and

10  the first sector transmit power decreases to the mobile station.

26.  The method in claim 25, further comprising:
controlling the rate at which the first sector’s power is decreased, and

controlling the rate at which the second sector’s power is increased.



r nsmt power control signal. 3. The nethod in claim1,
¢ hey conmpgji 97& accunmul ating plural transmt powr,ﬁg%agi

s fromt ile 15 station, and conmbining the SIRwth
a_ yCetmul at ed sum of the transmt power control comands to generate
a‘transmt power control signal. 1/6 . 4. The net hod |n clalm l
further conprising: - averaging the determ ned SIR :

R e T
per fornin nonl | NEFWESIKAMIBMSE t he det er i ned The

a
methodln%m-alml  further corrprlsmg 25 multiplyingtthe SIR by a
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soft handover operation involving first and second base stations.

9. The neW@W/52826c| ai m 1, wherein the nobile station is in PRE/SEIYN4L
of a sof t er handover operation involving first and second sectors in
t he base station. 5 10. A base station for conmunicating with a
nmobi |l e station conprising: 3y ecei ver receiving a signal from
the nobile station; a signal to interference ratio (SIR)
detector determining the SIR of the received . signal; a
transmitter for transmtting an information signal to the nobile station;
and 10 processing circuitry controlling the base station
transmtter power using a transmt power control command fromthe

nmobi |l e station and the SIR The base station in claim 10,

11.

wherein the proces§pg ' ' hSC | yreres: - an SIR processor that
scales the SIR aﬁgowgi?wﬁggg%gﬁb mbi ni ng 8k scaled SIR and the
transnit power control :EF comand +B5-Yenerete~a REFEREBNCE gnal used to
control the base staBlPon transs vg| . 12. The
base station in cREFFERENC -
Integrating transmt powe ' iy ety nplil e station,
20 wherei n an out
with the scal ed SIR

FAST POWER
CONTROL

MOBILE
STATION (MS)

{DIVERSITY
COMBINER

185 |
L] RECEIVER I-— |- - - — =

. POWER
TRANSMITTER

 CONTROLLER

FIG. 3



21 13. The base station in claim111l, wherein the SIR
processor includes: an aver ager averagl ng the S'ﬂ?‘l‘

a processo?”%?’és@g%‘si ng the averaged SIR to provide the scal éﬁ%gmo”l
14. The base station in claim13, wherein the processor performs a 5
nonl i near function that-controls the rate at which the transmtter  power
| evel i ncreases or decreases. / 15. A nethod for
controlling the transmt power fromtwo or nore base stations to a
mobi [ e station in a nobile communi cati ons system where the nobil e

stati of eIy @ Process 1gg Sof ¢ {Wﬁmk%ﬂ“ﬁg THig4t W0 Of NoOT € base
ps 0 at=e two

st ati ohs v OTTp ) _ ZeceiBy ng DI
nmor e bp; ﬂNTE T(DB ap | RX contsm seomqrand;
det er od OF 411D Jase st S| R==rsSogi a i th|a
si gnal the nobile station; and 15 0  each of thd
base s} ptipns cSiﬁt roI ki ngjits respective power using both the power
contro R dREPOWER at tHaPOWER st at i on. 88 *
16. s aim1l Owherln t he erbll_e PatiQn is |n|t|al v 2
closer|fo LiJsb bas 4t i o] trd 'TPO BENERATE]R Y St
base sphpti 802 SiBepisld hat | y nd T ARGk 2Bt m
statiopf noves T a soft [Mar ée__r e een LD . nd
base sfations, thggecond bas taPFEW ?anr easesMS8s t r 8L
power fo the nobil€ station and theml'l Elbase st ati on decr cRERERENGE
“transm g O e TopITe O
. _110
(oL PowER coNTROL)
v /112

RECEIVE AT ONE OR MORE BS's/ONE OR SECTORS
AN INFORMATION SIGNAL FROM MS
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INFORMATION SIGNAL AT EACH BS/EACH SECTOR

USING THE SIR ALONG WITH A POWER
CONTROL COMMAND TO CONTROL THE BS/SECTOR

TRANSMITPOWERTO MS

( | CONTINUE )

FIG.5




17. The nethod in claim16, further conprising: the fi rst base
station.contwabe5sa26the rate at which it decreases its transnmPCTEE %?Ner,
and t he second base station controlling the rate at
which it increases its transmt power 18. The nethod in
.clam 15, further conprising: i ni ng the SIRwWth the transmt
power control command to generate a 5 transnmt power control signal.

19. " The method in claim 15, further conprising: - accunul ati ng
plural transmt power control comrmands 120om t.he nobil e station, and
conbining the SIRwith an & ¥2mit power controkz 10
commands to gemér DATAS : : 20 1The
met hod in claim15, further ' 1 ned
SI R - .21. The net hg?gel n claiml15,

aver agi ng,
4€% her conpri §i
124

INTEGRATOR

BASE .
STATION (BS) . NONLINEAR
OPERATION
TPG_bit 182
AVERAGE OR
DELAY UNIT

lO

E
134 £

RX_DATA «——- DEMODULATOR l‘

FIG. 6
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VARYING {(xX) VARIES
POWER iy

THE SLOPE




del aying the determned SIR 15 22. The nethod in claim15, further
conpri si Ng: WO 99/52226 perform ng a nonlinear operation on tIRCTISR0049Ned
SIR 23. The nethod in claim 15, further conprising:
multiplying the SIR by a function. 24, A nmethod for
controlling the*transmt power-fromtwo or nbre sectors 20" of a base
station to a nobile station.in a nobile gﬁg"muni cations system where the
‘nobile station is in a process of softer handover involving the two or nore
sectors of t he base station, conprising the steps of:

receiving at the two or nore sectors fromthe nobile station a power
control conmmand,; '

23 determning for the two or nore SI R associ at ed
wi-th a signal - recei veéd fromBStk nobi ation; and :
controlling the respectiye power( of base ' I ng both the
power control conmand an ' r each of the
two 5 or nore sectors. The method in claim24, wherein
t he nobil e st atTRANSMIThI ' :
POWER
TIME

FIG. 8
FIG. 9
SIR PHOCESSING

: — 142
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140

/1 46
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a first sector and the transmt power of the first sector excsﬁjﬁ#g%é gf a
second sect 0 99/5222@nd as the nobile station noves into a sof Wt

regi on between the first and second sectors, the second sector
transmt power increases to the nobile station and 10 the first sector
transmt power -decreases to the mobi | &6st at i on. ' - 26. The
method in claim?25, further conprising: controlling the rate at
which the first sector's power is decreased, and R controlling the

rate at which the second sector's power ;i s in %FTHANDOVER REGION

SOFT HANDOVER REGION
BETWEEN BS1 AND BS2

FIG. 10
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