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connected to a swi tching node which is typically connected to a
gateway that interfaces the cellular 10 communi cati ons systemw th ot her
comuni cations systens. A call placed from an external network to a

nobile station is directed to the gateway, and fromthe gateway,

FIELD OF THE INVENTION

The present invention relates to cellular telephone systems. More
specifically, the present invention relates to base station transmit power control during

5 handover situations in a code division multiple access cellular teléphone system.

BACKGROUND AND SUMMARY OF THE IN’-VENTION

in a cellular communications system, mobile radio stations communicate
over respective radio channels to a base station. Several base stations are connected to a
switching node which is typically connected to a gateway that interfaces the cellular
10 communications system with other communications 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 the base station(s) which serve(s) the called
mobile station. A base station pages the called mobile station and establishes a radio

comumunications channel.

15 In a Code Division Multiple Access (CDMA) mobile communications
system, the information transmitted between a base station and mobile station is
modulated by a mathematical code, sometimes called a spreading code, in order to
distinguish that information from information associated with other mobile stations or
base stations that are using the same radio frequency band. Accordingly, individual

20 radio “channels” are discriminated on the basis of these codes. Various aspects of



t hrough one or nore switching nodes to the base station(s) which serve(s)
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to the base stations. In the opposite direction, voice and signaling information are

transmit from plural base stations, and a mobile station combines the resuits.

CDMA systems provide “soft” and “softer” diversity handgver. In soft
15 handover, as the mobile station moves to the edge of a cell, the adjacent cell’s base
station assigns a transceiver to the call while the current base station continues to handle
the call. As a result, the call is handled by both base stations on a make-before-break
basis. The soft diﬁersity handover occurs with both base stations handling the call until
the mobile station moves sufficiently close to one of the base stations which then
20 exclusively handles the call. Softer diversity handover occurs when the mobile station

is in handover between two different sectors at the same base station.

Because all users in a COMA communications system transmit
information using the same frequency band at the same time, each user’s
communications interferes with communications of the other users. In addition, signals

25  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 station cell

boundary. As a result, distant mobile communications are overshadowed and



transmt from pl ural base stations, and a nobile station conbines the
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power based on the signal strength to generate a signal-to-noise (SNR) value (or other
10 suitable measure) of signals received from a base station {open loop transmit power
control), and the base station sends transmit power control messages to the mobile
station (closed loop power control) with the end goal to control the power received at
the base station to within a relatively small tolerance, €.g., ! dB, for all mobile station

transmissions received at that base station.

15 Downlink (or forward) transmit power control is also important for
transmissions from the base station to the mobile station. Specifically, the base station
varies its transmit power depending upon downlink transmit power control messages or
commands sent by the mobile station. There are several reasons for downlink power

control.

20 One reason for downlink transmit power control is to accommodate the
fact that in certain coverage area locations, the downlink channel from base station to
mobile station may be unusually poor. An example of such a location is a point where
the path loss to one or two neighboﬁng cells is nearly the same as the path loss to the
base station communicating with the mobile station. At that location, the total

25  interference is increased several times over the interference experienced by a mobile

station at a point relatively close to the base station. An additional reason is that

interference from these neighboring cell sites will not fade in unison with the desired
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di stance fromthe base station. Accordingly, uplink (or reverse)
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station is one of the nost significant factors in inproving the perfornmance
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Because power control in CDMA systems is important, transmit power

control adjustments occur very frequently, e g., every 0.625 milliseconds, In adjusting

15 downlink transmit power, the mobile station is continually measuring the transmit
power level received from the base station and determining whether that measured
value is higher than a reference value. If so, one or more transmit power control bits
having one value are transmit uplink from the mobile station to the base station to
decrease the transmit power by a predetermined increment, e.g., 1 dB, down to a

20 minimum transmit power value. On the other hand, when the measured value is lower
than the reference value, one or more opposite value transmit power control bits are
transmitted uplink to the base station to increase the transmit power by a predetermined
in;rement, e.g., 1 dB, up to a maximum value. This transmit power control begins
while uplink and downlink synchronization are being acquired and continues

25  throughout the communication.

A problem arises in coordinating downlink transmit power levels among
base stations at diversity handover. One problem is that during a handover, the transmit

power command from the mobile station to the base stations involved in the handover
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power command fromthe nobile station to the base stations_involved in the
handové&r transmit power level measurements from a serving base station and from a target base
station to a mobile station are sent to a network node. The network node reads these
transmit power measurement reports periodically, determines an appropriate power
setting for the target base station -- either the same power or a power at a specific

desired offset, and sends the determined power setting to the target base station.

20 By the time that the target base station receives the determined transmit
power from the network node, 100 msec up to one second of time may have transpired.
. During that one second, the serving base station transmit power level could have
changed one hundred or even a thousand times because of the speed at which transmit
power is adjusted, e.g., every 0.625 milliseconds. Hence, the determined transmit
25  power command for the target base station is likely considerably offset from what that
transmit power level should be at the time the command is actually received and

implemented at the target base station, i.e., after a significant time delay.



5 may be erroneously received at one or nore of the base stations.
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technique that does not increase the complexity of the mobile station.

It is another object of the invention to eliminate erroneous transmit power
10 settings including undesirable offset transmit power settings at base stations involved in

a diversity handover.

It is a further object of the invéntion to compensate for drifting in the
transmit power levels between base stations involved in diversity handover. For
example, as a result of different error rates on the uplink control channels over which

15 the mobile station transmits the same downlink power control command to these base
stations, each base station ends up transmitting more or less different power levels

depending on the respective bit error rates.

A power control method in accordance with the present invention
synchronizes the transmit power levels at the base stations currently serving a mobile
20 station and an initial transmit power level of a new target base station being added in a
diversity handover situation. At the beginning of the handover, a radic network
controtler orders the serving base stations to detect their respective transmit powers to
the mobile station. Each serving base station reports its transmit power (to the mobile
station) to the radio network controller. The radio network controller determines an

25  initial transmit power setting for the target base station and new transmit power settings
for the serving base stations synchronized to a paﬁicuiar time (to). The initial and new

transmit powers and the synchronizing time are provided to the respective base stations
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Mor eover, the solution to the above-identified problem should
preferably be a sinple one that all ows the nobile station to only
transmt one set ofinpmettiercanthenbxampieembodimant) a Gftutehayrichsanizi®g tirse aayons
i nvol ved in the handover. It is an object of the
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10 employed to periodically correct for drift in previously coordinated base station transmit
power levels. Still further, the invention may be employed to control transmit power

levels of different base station sectors involved in a softer handover.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages of the invention
15 will be apparent from the following description of preferred embodiments as illustrated
in the accompanying drawings in which reference characters refer to the same parts
throughout 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

20 communications system where the present invention may be employed;

Fig. 2 is a function block diagram showing in more detail a radio network

controller and a base station shown in Fig. 1;

Fig. 3 is a function block diagram illustrating in more detail a mobile
station shown in Fig. 1 as well as power control commands involving a mobile station,

25 two base stations, and a radio network controller;
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7 | niveémédh.i n the soft handover. The target base station transmts to
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10 DETAILED DESCRIPTION OF THE DRAWINGS

In the following description, for purposes of explanation and not
limitation, Speciﬁc details a_ré set forth, such as particular embodiments, data flows,
techniques, etc. in order to provide a thorough understanding of the present invention.
However, it will be apparent to one skilled in the art that the present invention may be

15 practiced in other embodiments that depart from these specific details. For example,
while the present invention may be applied to other handover situations such as “softer”
diversity handover between base station antenna sectors, for purposes of explanation
only, the following description is provided in a soft handover scenario. In other
instances, detailed descriptions of well-known methods, interfaces, devices, and

20 signaling techniques are omitted so as not to obscure the description of the present

invention with unnecessary detail.

Fig. 1 illustrates a mobile radic cellular communications system 10 which,
in accordance with the preferred embodiment of the present invention, is 2 CDMA or
wideband-CDMA communications system. Radéo network controllers (RNCs) 12

25 and 14 control various radio network functions including for example radio access

bearer setup, diversity handover, etc. Radio network controller 12 is coupled to a
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system where the present invention nay be enpl gyed;
RNC directs mobile station calls via the appropriate base station(s).

10 In Fig. 1, two example mobile stations 28 and 30 are shown
communicating with plural base stations. Mobile station 28 is communicating with
base stations 16, 18, and 20, and mobile station 30 is communicating with base
stations 20 and 22. A control link between radic network controllers 12 and 14 permits
diversity communications to/from mobile station 30 via base stations 20 and 22. Each

15 radio communication channel established between the mobile station and a base station
has an uplink component and a downlink component. As described above, since
multiple communications utilize the same radio frequencies in code division multiple
access (CDMA) communication, spreading codes along with other well known CDMA
techniques are used to distinguish between the various mobile station and base station

20 communications. For purposes of describing the example embodiment, the term
channel typically refers to a CDMA channel which, for any mobile statiop, is defined in

terms of an RF frequency and a particular code sequence.

Additional details of a base statioh and a radio network controller are now
provided in conjunction with Fig. 2. Each radio network controller (RNC) includes a
25  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 such as
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exanpl e epdrodicerhtrof algbeitlpnes 8ol afithosd BRIO functions will be describedindurtbet s
a flowhart illustrating alternative procedures for base station 5
transmt detadrbetmmirol ; and Fig. 6 is a flowhart
diagramillustrating procedures for adjusting the base station power
to newy-received transmt power_ B conmands fromqt}he r adi &net

. . r k
controller in accor Bask basg statiomineludep ReasresPerdiag NehWBHS Htrkiacs 60 fr

pDrRz\sNe RI%B interfacqxg%%hoge RNIE(.) In addition, the base statifgx)uE ;Il:élhlfo%ts) aDgoSn rclzrifglég\l OF THE

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 as
well as the establishment, maintenance, and release of radic connections.
Representative transceivers 64-70 are individually assigned to specific communications

10 with mobile stations. At least one transceiver is employed as a common control channel
over which the base station transmits common signaling such as a pilot signal. The
common channel is monitored by mobile stations within or near that base station’s cell,
and is also used to request a working channel (uplink) or.to page a mobile station |
{(downlink). Transmit power controller 72 performs the open loop and closed loop

15  power control procedures described in the background section above to control the
transmit powers from all mobile transmissions received by the base station, e.g., so they
are at approximately the same power level assuming all the mobiles are using the same

type of service.

One of the advantages of COMA communications is the use of diversity

20 (both soft and softer) handover. Using soft handover as an example, as a mobile station
moves to the edge of the current base station cell, the mobile station detects the power
level 0? the common channel signaling (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 station sends a power

25  measurement message to the serving base station (BS1) which then sends a handover
request message to the RNC. The RNC accepts the handover request and sends an
inter-base station handover request message to the target base station. The target base

station assigns a transceiver to the call involving the mobile station while the serving



In thé followi ng description, for purposes of explanation and not
linmtation, wpeeifsic details are set forth, such as particul apcesgegiézent s,

data fl ows, techni ques, etc. in order to provide a thorough

under st andi ng of the present invention. 1} However, it will be apparent
to one skilled in the art that the present invention may be 15 practiced
I n ot her .enbodi.nent s .t hat t fro Lc details. For

i Tt nb33R SRR SoRpBes e i S TERNE Bombitesdhnsvareciairdropmae

sectors, PG bestsissions s b MaaPhlH N B ct%%%ﬁvéﬁwﬂbﬁgsﬁe bt g SRR B Fron
| s provi dpgll 'rﬁ‘z}k% ﬁ{fﬁfﬁ(ﬂ%ﬁ%‘éﬁﬁﬁﬁg@?% e er%ggg&%? ore bask @ﬁﬁg)rﬂggﬁtcugq} jl ed

descriptions o JEVCEs: S|gna |ng

techni quege %ﬁanmtaﬁ&ﬂme@%uﬁ%eﬁwy OBSEH 6nd BLIRARKRE 'spctttioﬁ‘z@ o‘?fal

I nvention wth unnecessary detaill t rat ES a

nobi | g rasfithe datd sthonL MU fadidr Gase SUELL T 5O drbibsdl. ~in accordance
with the preferred enbodi nent of the present invention, is a CDVA or

‘Wi deband- CDVMA conmuni cations system Radio network controllers (RNCs) 12 25
and 14 control varidsidescatied indbavbadkgrommud,ifonfast poivedicontrélkiversityp hendeadiro

access bearer setup, diversity handover, etc. Radio network controller
12 is coujfisesseme ghfﬁcuhy in coordxnatmg/synchromzmg the transmit power levels of the 9

plurality of base tatlons and 20. Radi Q. network controller 14 is
connect e§93t36 stations 3‘38“5’@3?%"@!45 ngszfe:regge ismgde & S%éhfob%@félﬂéﬁséﬁ"ﬂ%@eves a
geogr aphi %I!rgarea referre

into plur Iy T g qsc'?' 3?}?18ﬁlzfgopés%lﬁ6md‘%g§dﬁ‘ﬁ@' g}expresgntbjgﬁgrlét\{é{ggd
Sect oS %ﬁ RidoyBEe R 1|“‘1’ e?ﬁdbﬂﬁl% I:?as? SGPRAE R bd ﬁn}oﬂ% i CEP H{\%gﬁﬁgd' ng

radi o net wor Kk con vari ous neans -’suc | ephone

l'i nes, Oﬂia'nﬁé{/crf hﬂ& 'éllthcugh hrichk %ad%x?er RIRY W:y'HEIﬁ%voﬁ;eﬁ i %Oazlaef | sl upr K
controllers 12 and 14 are connected externa networKs such ds
t he Publ isachek tidhmetebinePigonaviie tawpelt toRDAMYhunicBfions between base station 20
and 22 and mobile station 30, the following description is simplified for purposes of
illustration only to the scenario involving only two base stations BS1 and BS2
15 connected to the same RNC are involved in the diversity handover. As mentioned
above, the present invention may also be applied employed to softer handover between
base station sectors. If'the sectors involved in the softer handover belong to the same

base station, the RNC need not be involved with coordinating of the downlink power

control provided by the base station.

20 The mobile station includes a controller 80 connected to a RAKE
receiver 82, a transmit power controller 88, and a transmitter 90. RAKE receiver 82
includes plural receivers 84 and 85 (there may be additional 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
25 diversity combiner 86, and processed as one signal. Transmit power controller 88

detects the power level preferably as a signal to interference ratio Ey/lg of the received,

diversity-combined signal.



I ntemmet, etc. through one or nore nobile switching centers (MSCs) (not

shown). The RNC directs nobile station calls via the apps©opsisiSohase
station(s). WQ s In Fig. 1, two exanple nobile statﬂl' ons 28

and 30 are shown comuni cating wt | ural base stations. Mbile
station 28 is comunicating with base stations 16, 18, and 20, and
nobil e station 30 is comunicating with base stations 20 and 22. A

control |ink betweefhy mdbile saitionlkiresmhit pbiver sottzokerdB8ldlspaespionds to _
di versity comuni cations to/fromnobile station 30 via base staéi ons .20 and
22. Each ttfsnrauplinicpowencenitdlmonvhandsefromsthabiase plations Bid and Re? toprlust
station and a base station has an uplink conponent and a downl i n{f‘

ze

conponentifs ylinfeEensmid DOWSH B Of SOMEEDY an apPROPF I BICESHARIP AR PERECHIY!

communi cAESFEeerH BT S o ESS TR NG R B FEs Tttt TBR R

Coonn . hed S eti o T . . q

base st acnoset SEahint cavr Ry SR BRs Bab Ui AR enIBE (T RCT bR AR"

enbodi rrenérbd Q%rﬂz?{fﬁ'em via tf%'@)?i?ﬁér d@()’ B 6&th! e 5EMShaR RattdMISThRRNEE Hideeh,
a I's defined in te f

for any nobilTe station, rms of an RF frequency and a

particul %ﬁ%%%ioiﬁg%n&?accordance with one preferre@@ehBdddmaht dfthelihseraiory TG e
station and a radio network controller are now provi ded in conjunction
wi th Fi g. canmiagddinchdieomesimble bionivhidt mdidaRNCresined intesasa i2 Sransmmitvmrker,
interface 52 for interfacing communications with various base stations.
Wthin adegitee dou@ast fre trarsmiirgovian; er iackartg® indrasmitpower.t @ goutsa: 8l | er
50 and to a diversity _handover unit (DHO 54. Diversity handover unit
54 petd or membemel Bissorrhinassigngents is pessile ad 2 PORETpALFS Bivrihe PR%SERL ai ni ng,

and droppj ng diversity connection h as .
10 BVBReR (358 MDA R Tecal ey B foaPeds, B! VB2 ABHERS O HiFer
link rel a{heegr tga%%}n?t power by the corresponding increment, e.g., 0.5 or I dB.

As mentioned above, there are substantial problems in attempting to
coordinate the current transmit power level of the serving base station B§1 when setting
15 the initial power level of the new target base station at soft handover. In essence, during
the time the RNC processes transmit power measurement messages from the serving
base station BS! to the mobile station, formulates an initial power setting for base
station BS2, and communicates that initial power setting to base station BS2, the
serving base station BS1 will have adjusted its transmit power many times in response
20 to a large number of “fast” TPC commands received during that time period.
Consequently, by the time the target base station BS2 begins transmitting, there is the
possibility of a very large offset between the serving and target base station power
- levels. While the known power levels may differ in accordance with a desired, pre-
established offset, in the preferred example embodiment, the target and serving base
25  station transmit powers are approximately at the same power level. An example of the
former situation is where the mobile station is considerably closer to a first base station
than a second base station. Rather than have the farther base station transmit at a very

high power level so that the measured levels of both base stations by the mobile are the



resource control algorithns. Sone of those DHO functions will be described
in further wooodggai | bel ow Each base st gicgerskpgispdes
a correspondi ng network interface 60 for 5 interfacing with the RNC. In
addition, the base station includes a coptroller 62 connected to a
plurality of transceivers (TRX) 64, 64, 68, and 70, as well as a transmt

power controller 72. Caontroller 62 controls the oyerall operation of_.the
base st at $asne.4Bterferencgdp e egﬁég&f’%m %Wﬁ%ﬁﬁ?isbbféiem’% PovgTderel 298k of

radi o conpection .Represent at i transceivers 64-70 are individually
assi gned ?B%f?ﬁ? Sé%fh‘?ﬁj%i %I}[V(q;ﬁgve;ghamarp%gﬁpgelsquxﬁgﬁ s_erﬁ}gﬁ R85 one
transcei ver 5}? enpl oyed as a common control channel over which the
base stat?gﬁ Tansmts common signaling such as a pilot signal. The
common channel is nonitored by nobile stations within or near that base

station's cell, In e@téxt?i't?&odé(%g\%}ﬁ[@nta %ﬁ%%sﬁiﬂ‘?éﬁ&@&g‘é@@éﬁﬁta&b@i”k)

or.to page a nobile stdation Transm T poweir controller 72
perforys fhesARQNkheRR pRINErGtRiedr kadn 16latinewoivee dstdl difforenees]Uleesthe

described in the background section above to control the transmt
powers fr gieoilite powierllevdls do st seiessmily ered te bebynovhecduhsiemstinstann, Theg. , so
t hey are at approximately the sanme power |evel assumng all the

mobi | es apresest ingentien schieves this degipeblefgeényinge transmit power synchronizafios of
t he advant ages of CDVA communi cations is the use of diversjty 20 (both
soft and Brsfcedune. Hargesoral, thewomer dofels ahald boss statiorninveayss &l a divessitbbi | e

station noves to the edge of the current base station ll., the nobile
station dBRRAQVET BFRSEL LR OF gncrf: Q@gtﬁmpﬁ‘gkvﬁ%ﬁprﬁéﬁﬁé’ﬂéﬁg@ﬁ ng (e.g.,

the pilot or perch signal) and determ nes that there is sufficient

ar ool base ot at i on [PByS T RPN aeHER onRlioh brAREE ke R i R 26

neasurenegﬁaéggmggingp t he serving base station (BS 1) which then sends a
handover request nessage to the RNC. The RNC accepts the handover
request and sends an i nter-base station handover request nessage to

the target base statj On-dé%@ﬁggﬁﬁgs&mla@m %&;wffre@zﬁh}&ﬂzﬁtﬁi anfe fr ) anaraiever

to the call involving the no e station the serving
target base station will start transmitting to the mobile at the desired power setting and

desired power levels for serving and target base stations based on mobile station power

15 reports;

(2)  informing the new target base station of a desired power setting

and the transmit power synchronization time (to);

(3)  informing the old serving base station(s) and the target base station

of this desired power setting and the transmit power synchronization timé {1, );

20 (4)  checking the power level of the serving base station(s) at the

synchronization time (¢); and

(5)  adjusting the transmit power of the serving base station(s).'

Each serving base station may as one option adjust its transmit power

based on the difference between the desired power setting for the new target base



11 base station continues to handle the call. The RNC conbi nes the

connecti ons £Q5kiNe two base stations so that the hand
processed w tﬁout a break, i.e., soft handover. Thi s ma(lz% /S‘#%/r{%zg%reak
handling of the call by two or nore base, stations occurs until t he

nobil e station noves sufficiently close ]t one of the base stations or away
fromone 5 of the base stations for the farther base station to be

dr opped. station and the actual powersetiieg of edudcservinglbasb atakign @t tick trénsmit petweapowner
control, diversity handover poses sone difficulty in

coor di natsyngh=yiwstionrtime (g, }.hA varatisnidf thoubsvd meetdurefis thprovide tHase
stations/sectors involved. Reference is nmade to Fig. 3 to better understand

the slaohtdniatiRevihe g tbradll the bashstatbARinvelvedsa uRs haslewss Bhchbatde
present invention at 10 soft handover. Al though multiple base stations may

be i nvol vagtismhmayddyet $stri¥spective RAASAKFoweRRE tﬁéttthhh@Eéﬁréd‘&'@epﬂetthC
may be involved in a diversity handover, such as illustrated in Fig. 1
wi t h respseichionieniontiheati ons bet ween base station 20 and 22 and
‘mobi | e station 30, the fol'l owing description is sinplified for purposes of
illustration only to the scenario involving only two base stations BS | and
BS2 15 connected tThe fisovwaprecRiZennryialswbe astd to rehndhrgiise irindran govesr .
As menti oned above, the present invention nmay also be applied enpl oyed
to sof t erlevielnodvies bagstsitéons periodicadly afteathomisasyockroniationeosmatmarsate
involved | n the saofter handover bel ong to the sane base station, the
RNC need i95@npediifiv én ViEasmit poveddee!patisgseibedebaysnsuendriBsviay occur

The, mobj | e

Sont T on hdeRe ? &:t Hesa f%lgtg%z\%@m%@aweaiqesé\m> CommAORIoRBY o
RAKE

el s G e SRk 47%5*2‘6@’ noFf€ st R alfeing Ui %%%iﬁ%q?éwsﬁé%

vel 1) to tﬁ@g&%‘izﬁ%sﬁg offl Vlg{z%gf%}il& R PREC 36 rec-gf'\?ecf ﬁ&?ﬁ%&m the

two base stati ons are recerved as

recei ver &h%tlﬁ%n@l‘l’ﬁmxﬂﬁﬂd Whl&?pfbd\&%éssﬂztzﬁnfgqms%ﬁ% pé@er %\Qzlspr ocessed as

one signal. Transm.t power control detects the power |evel
preferably as a signal to |nterference ratlo E[err]/I[err] of the received,
Fig. 4 illustrates example procedures performed by the radip network

controller and base stations involved in the soft handover example to achieve base

t5  station power synchronization in accordance with an example preferred embodiment of
the present invention. First, the radio network controller orders each of the serving base
stations BS;, BS,, ... BS, to measure their respective transmit powers to the mobile
station A, B, ..., P, and to report the measured results to the RNC (block 100). Each

of the serving base stations measure their respective transmit powers P, B2, ..., P,

20 (perhaps in the form of E, /1, values) and report their respective average transmit
powers to the RNC (block 102). From those reports, the radio network controller

determines the initial transmit power ( P,,,, ) for the target base station BS,_ to transmit

new

at a transmit power synchronization time in the ﬁlture_(z‘o).

The radio network controller also determines new transmit power settings
25 P,P,..P forthe serving base stations BS;, BS,, ..., BS, attime (ro) (block 104).

As already mentioned, in the preferred example embodiment, the initial target power



di versity-conbi ned signal.

12 wooeisis The nobile station's transmt power conpeokkend88

al so responds to transmt uplink power control conmands fromthe base
stations BS 1 and BS2 to adj ust its link transmt power up or down by
an appropriate increnent in accordance wth t he recei ved conmands.
Based upon the power |evel neasurenent of the diversity 5 conbined signal,
t he cont rsdtting a8d thpewesy gower sethingsifer thowerving hesetatjamegredhenamgs At and
transmts themvia transmtter 90 to both the serving base station BS 1 and
the t ar gesynchronibation tiat(ifgh, B82argerbasectatitans,yj transmits pt Sednitézd power
enbodi nent of the invention, TPC commands i ncl ude one or nore bits

whi ch i ndisifihg R deBi 4dditibACdee@ne bake §thEOAM BSROBRY , ..., BS, @djdststheidransmit

REW °.

decrease in transmt power, or no change in transmt power. O course, any

10 nunbepoRbrstikdid thEir RlifreRESAIATE PbVet 9alR0S P, DI, and Pare sgaetrenizhabadirhy
t he present I nvention. Based upon the receiVved TPC comuands, BSJ and

BS2 ingre o1 ﬁ?o?:@ : ' ] RENEYT YAt he r.k espondi ng

i ncr err§ent fﬁ@t&thwgg{gf or qsggmés%%ﬂméﬂ@e@sﬁ? the Asp?’rr‘g%’t"i'é%aé)c?&above, t here
are substanti al .problens jn,attemting._t oordi nate the current
transmt POEFoRiggn Wetd{e} é’élpﬁkﬁé%agé&ﬁgﬁ egapiofiosecontsglians ¢ he
initial power |evel of the new target base station at  soft handover. In
essence, BEMPARng the power epntrcliapsradiospihese poWsT coRtEalPREIBBORY Cafeb& ur ement
messages framthe, serving . base.station BS1 to the nobile station,

FMelive b

f or mul at eBERARTRG ¥ 1E4F T 16 $19M5r base station BS2, and
communi cates that initial power setting to base station BS2, the

h Tesponce 20 1o AT PO Eptot ol AR ARG RE 5 no

that 43 "eRR&fet Yhn having Q'éi%@?oh%’ eé%)éur‘e‘lﬁe#t%gx}n{?ﬁ@ﬁ%x}%@b thasfosifeat | on

BS2 begins transmtting, there is possi | a very large

of f - set bethtiogthe heotiRrstatich BREs1iras GRipdiagdevélatisited Brn each baderstelidn and

Wil e the known power levels may differ in accordance with a desired, pre-
sends that received power to the RNC. The RNC then determines a new transmit power

£ . and synchronization time ¢, for the new base station BS,,,, as well,as one or more

new

a controlled gffsets (offser, corresponding to BS,) between the new power F,,,, and the
15 old power P, of each old base station BS ; involved in the soft handover (block 11G).

The RNC then sends P

new

and ¢, to the new base station BS,,,, and P

new s

fy, and the
offset; to each old base station BS; (block 112). Attime ¢, each old base station BS,
detects its transmit power P, and calculates an increment value

A; = offset; + P, — P, (block 114). Each old base station then regulates its transmit

20 power up or down by A; (block 116).

While there are several different ways in which the difference between the
old and new power settings of the serving base stations can be minimized or adjusted
towards a desired offset, that adjustment preferably (though not necessarily) occurs
gradually. Gradual adjustment is preferred when increasing power, and in particular,

25 when the transmission is at a higher bit rate. This minimizes interference to the rest of

the system. A preferreﬁ methodology of adjusting the power of the serving base



established offset, in the preferred exanpl e enbodi nent, the target and
serving base 25 station transmt powers are approximately a ‘
power | evel .wgﬁgléWé?‘rpl e of the former situation is V\hertepctrzézgﬁo I'le
station is considerably closer to a fi rat base station than a second
base station. Rather than have the fart ér base station transmt at a very
hi gh power | evel so that the neasured | evels of both base stations by the
nobi | e argattdiB is explained in conjunction with the flowchart routine Serving BS Power 13
sanme, interference is reduced and capacity increased by keeping the power

| evel fr ofdjustmertiiblosk Q96 ilhasmtet it flowckeart fortrahés Figedel than the power

| evel of the closer first base station. I n any

event, it is desirable to have the serving and target base st%tio&se 5
transnit at known pOwegurranigiosvesat RESMETYBE2SG SlaHBRAY raPEGREnies BY Bifences,

i.e., the absol ute ﬁomer | evel s do not necessarily need {o be kno
each ti mevarfeblam(s, Jitead the nepricansmit pevensynshrondrationed tng &7 aj)eg?ifﬁﬁiﬁﬂsémﬁ al
using a transmt power synchronization procedure. In general, the

pover 4 evigy thedfaritble PASE) Shavdrintte oniodefrkdias the dbsoduteivajue of thehtiffdenee are
set to one or nore predetermned levels at or for a specific time. 10

The transmtheggyggmW@@@ggéﬂﬂgﬂrig&edure may be divided into five
phases i ncl udi ng: (D) determning a transmt power

synchroni zation tine (to) when the target base station will start
transnmtting to the nobile at the desi&gdiﬁg L,B@%ang and desired
power |l evels for serving and target base stations based on nobile station
power 1 5 reports;

It is this difference that is ideally reduced to zero (or to a desired offset) at which time
the serving and target base stations are synchronized in the sense that they are

10 transmitting at approximately the same power level {or to a desired offset) to the mobile
station at the same point in time. The value of parameter S is also set in block 102 in
accordance with the rate at which the difference is to be reduced. Two different values

of B can be employed: f,, and S, -

A decision is made in block 204 whether the power difference magnitude

15 @ is zero or approximately zero, i.e., within a deadband range. Ifso, a determination is
made that transmit power synchronization is achieved between the target and serving
base stations (block 212). Otherwise, a decision is made in block 206 whether the
current base station transmit power at synchronization time (te) is greater than the
desired power setting at that time. If not, the transmit power from that base station is

20 increased gradually. Instead of increasing the transmit power at every possible power
adjustment opportunity, i.e., upon receipt of every fast TPC command, the power is
increased only at selected ones of those opportunities or periodically. Specifically, the
power is incrementally increased only after « / £ transmit power control commands are

ignored. For incremental increases in transmit power, an example value for o/ £ is on

25 the order of | ¢B.



(2) rnform ng the new target base station of a desired power setting
and t he tranwagg,ﬁgwer synchroni zation tinme ([err]); PCT/SESS/02292

(3) informng the old serving base station(s) and the target base station
of this desired power setting and the transmt power synchronization tine
([err]); 20 (4) checkthg the power |evel of the serving
base station(s) at the synchroni zation time ([err]); and
(5)  adjusting theaAfteansiviely, pbshercupfent trensmit pomgr biadesssthan thedesired power
Each serving base station may as one option adjust its transmt power
based on aththatiiffeetiertcanshet pewer ofithebase statiop dovire mebile stptiopristdeerassed by
target base 14
station athe appeopniste poveoadiustmentiingrepfent attroberVihgonusand{blorbd18)- fhe
transmt power synchroni zation tinme ([er]r). A variation of the
above pr osuithble vekietfor pr bffi indlotie210 for the sstacfipomies dersase ismrefasrbly to al |
t he base stations involved in the handover. Each base )
5  selected so that power is decreased faster than it is increased, e.g., the power decrease is

performed all.in one step. Control returns to decision block 204 from either block 208

or 210 to determine whether power synchronization has been achieved or to repeat the

adjustment process outlined above. By ignoring every « / § power adjustment

command, the present invention ensures a gradual increase or decrease in power while

10 at the same time minimizing any undesired power level difference.

Accordingly, the present invention achieves base station power
synchronization at diversity handover without requiring additional complication of the
mobile station. Moreover, the mobile station need only transmit one set of power :
control commands to all base stations/base sta;tion sectors involved in the handover.

15 The invention may be applied at the initial power setting of a new base station
becoming involved in a diversity handover as well as periodically during the diversity
handover process to compensate for transmit power level drift. By providing such
dynamic and coordinated downlink power control, unnecessary interference caused by
high base station transmissions is minimized while still preserving a minimum power of

20 cbmmunication. This improves the downlink system performance and optimizes

capacity with respect to relative transmit power levels on the downlink.

Thus, while the present invention has been described in connection with
what is presently considered to be the most practical and preferred embodiment, it is to
be understood that the invention is not to be limited to the disclosed embodiment, but on

25 the contrary, it is intended to cover various modifications and equivalent arrangements
included within the spirit and scope of the appended claims. As mentioned above,

while the present invention has been disclosed in the context of soft handover, the



station may adjust its respective transmt power so that it |

desired | ev®O®318¥fe 5  synchronization time to. IPET%BS}%E%

The above procedures nay al so be used to re-synchroni ze transmt power

| evel s of the base stations periodicallygafter the initial synchronization
to conpensate for any "drift" in transmt power |evels. As described
above, such drjfts.may o r . because the bit. errors aff.ecting the
Cramar © TEGwEY IVETEPR Lok alio heannliokies beanenorst sioisi D adlutiE toh ar o
likely not the s [ (rors affecting the same TPL command sent :
to the sé%ﬁﬁﬁ&%ﬁgggggﬁggﬁﬁ: This results in "different” received TPL

commands rat her than the same TPL command whi ch produces drifting
transmt power |evels. Fig. 4 illustrates exanple
procedures performed by the radi o network controll er and base

stations involved in the soft handover exanple to achi eve base 15 station
power synchroni zation in accordance with an exanple preferred enbodi nent of
the present invention. First, the radio network controller orders each of
the serving base stations BS[err], BS[err], ... BS[err]to neasure
their respective transmt powers to the nobile station Plerr] ,
Plerr],..., Plerr] and to report the neasured results to the RNC (bl ock
100). Each of the serving base stations neasure their respective
transmt powers Plerr], Plerr],... Plerr], 20 (perhaps in the form of
E[err] / I[err] values) and report their respective average transm:t
powers to the RNC-(block 102). Fromthose reports, the radi o network
controller determines the initial transmt power ( Plerr]) for the
target base station B[err] to transmt



at a transm't power synchronization tinme in the future ([err]).
The radi o ngyMeEkggontrol ler also determ nes new transmt powT/mgmngs
25 [err] , [err] for the serving base stations BS[err],—BS err]

BS[err] at time ([err]) (block 104), As al ready @[ E.J” M

preferred exanpl e embodiment, the initial target power h
Bn time ([err]), the target base station

setting a | v ,

sane. At 'f LW ¥7s . %, ¥

BS[err] transmts at the initial power setting P[err]. In addition,
serving base stati O%ng@%ﬂ}éﬂmﬁ%@ﬂlﬁh for use ?1'34%%5{ ]:ré’tﬁb%%hnhﬁﬁichﬂbﬁ@@ﬁ%ﬁu

power s fromthelr current transmt values Plerr], Plerr], ..., Plerr]

at synchr gpdga k\lgoé‘cédtfﬁler cennedié®td ﬂ)ﬁ&rél%a%@@taﬂ@ﬂs RRvk basestatiogs commanded
by the RNC [err err ..., lerr] synchronlzatlontlrre([err])

(bl ock 10@hmriRakibeing e hbbilé ﬂdtt@n@&ichMﬂbmtdmidaea geographpeal aogani ng t he
power control operations, those power control operations can be
per f or ged assodidted mﬁpﬁmtbave statisn, sampiiging the steps of: An

alternative procedure is described nowin conjunction with Fig. 5.
for a call involving the mobile station, establishing an initial communication

between a mobile station and a first base station with the first base station transmitting
to the mobile station at a first power level;
for the same call, establishing a handover communication between the mobile
10 station and a second base station;
determining an initial second power level for the second base station for
transmissions from the second base station to thé mobile station; and
controlling the transmit power level of one of the first and second base stations to

achieve a desired transmit power offset.

15 2. . The method in claim 1, wherein the desired offset is zero.
3. The method in claim 1, wherein the desired offset is non-zero.
4. The method in claim 1, wherein signals received by the first and second

base stations from the mobile station are diversity-combined in the controller and the
signals received by the mobile station from the first and second base stations are

20  diversity-combined in a RAKE receiver in the mobile station.

5. The method in claim 1, the controlling step further comprising:
gradually changing the transmit power level of one of the first and second base

station to reduce the difference therebetween.

6. The method in claim 1, wherein the controlling step includes:
25 adjusting the actual transmit power levels of the first and second base stations to

the same power level.



10 Rather than having tjlg ﬂgﬁﬂsﬁ)@ measure their transmt powers to
the nobil e tion,l i on measures the powsky,

recei ved fr‘gr{r)]gegéc 1(’ébase stafioh ghds * sends that received po/é\géféﬁthzomt he
RNC. The RNC then determ nes a new transgit power Plerr] and ,
synchroni zation tine [err] for the new base station BS \[err] as wellas one
or nore a controlled offsets (offset, corresponding to BS[err])

bet ween t he neW powEhe Brdthod fn ahadntlhevhet(ﬁntmdetpnmngJ[S‘@prf]lrtberI@a e8! d
base station BS[err] involved in the soft handover (block 110). The
RNC t hen sendsedteblishisgd preddterntined tiew eassocisted wittea desisetbitrfiresmi}l polverr] ,
and t he offset[err] to each old basé station BS[err] (block 112). At
tine to, bwehfolibe fiastehast atation andrthe initial powletievtisofiths stdomdsymist staoion(
P[err] and cal cul ates an increnment val ue [err] = offset, + [err] -
[err] (block 114). Each old base station then regulates its transmt 20
power up or do@n byThemgthod i olakn 7] &)e controlling step further comprisihg! e there

are several different ways in which the difference between the and
‘new poher sett dh@gnmmg naliferonca fetyiesa the aciuehbansmit pewer ipvel @éaxeofﬁrst base
adj ust ed towards a desi red of fset, that ad referably (though

not necesS@HPR RS tzmr@dt e e@r%fhtramwt pepsa e ag}h?sft?%ﬁ%se. satifnetidime do-

when i ncreasi ng power, and in part icular, 25 when the transm ssion is at
o nyaner DX r 8t kTl B e AR AR 5o warvrh B
controlling step further comprising:
comparing the actual and desired transmit power levels of the first base station;
10 if the actual transmit power level exceeds the desired transmit power level of the
first base station, decreasing the actual power level; and
if the actual transmit power level is less than or equal to the desired transmit

power level of the first base station, increasing the actual power level.

16.  The method in claim 9, wherein the actual power of the first base station
15 is changed incrementally with a first delay period between each incremental increase

and a second delay period between each incremental decrease.

11, The method in claim 1, further comprising after the second base station is
transmitting:
determining whether an undesired transmit power level offset exists between the
20 first and second base station, and _
controlling the transmit power level of one of the first and second base stations to

reduce the undesired transmit power level offset.

12. A mobile communications system, comprising:
a mobile radio station;
25 a first base station establishing a communication with the mobile station with the

first base station transmitting to the mobile station at a first power level;



16 © stations is expl'ﬁ@n tion with the flowchart routine
Serving BS Pouggo/zisie Adjilis gamagm'ﬁom illustrated in fl puglsassoher mat
in Fig. 6. * ¢ TFhe'cwrent power at each serving base station
is represented by the variable [err],and the new transmt power
synchroni zation at tine [err] is represen?gd 5 by the variable [err] A

variable a is defined as the absolute value of the difference in the
current and news peswerd st tsiatipn, estabdishing] emidunication with thetbilesfationpamd
that is |deaIIy reduced to zero (or to a desired offset) at which tine
the serving andatbasgstatipasentsoliar] connegtad toythe irsirandesecond base sfatiers, Spling
they are 10 transmttjng at approximtely the sane power | eyel Sgor to
desired of @ #&tijial powprelepbior &ie second base sfatian te Ffén%raﬁéommo 1§ SEALiRD anthe

(e’ CAROAR o ke SRR SR s e TG
o L BB BT kAR Lvehofagrpr syt SLon 1

approximately zero, i.e., within a deadband range. If so, a deternination
'S made thag trang @%éteﬂ%axﬁi’ !‘,@f\?géyeﬁﬁﬁe%sé %ta%h' RnediReteedesthe

target and serving ase stations [ ock herw se, a decision is

nmade in bl ﬁ%rﬂ@ﬁhmhﬁﬁni&ﬁﬁdwersxty@:bfrﬂﬁﬂing@@@aﬁb@:treqmnﬁi gt power at
synchroni zation time [err] is greater than the desi red power setting
at that tioemminicaiion from the anshiiet stpomereckived frdratthb fise aslaseicond bsse2fiations.
I ncreased gradually. Instead of increasing the transmt power at every
possi bl e power ) ]

14.  The system in claim 12, wherein the transmit power level of the first base

10 station is adjusted towards the set initial power level of the second base station.

15.  The system in claim 12, wherein the transmit power level of the first base
station is adjusted to a desired offset from the-_éet initial power level of the second base

station.

16.  The system in claim 12, wherein the first and second base stations each
15 include a transmit power controller for varying the transmit power level of the base

station to the mobile station.

17.  The system in claim 16, wherein one of the first and second base station
transmit power controllers varies its base station transmit power in response to transmit

a power level control signal from the base station controller.

20 18.  The system in claim 12, wherein the mobile station includes:

a RAKE receiver that diversity combines the signals received by the mobile
station from the first and second base stations to generate a diversity combined received
signal, and

a mobile station controller measuring a parameter of the diversity combined

25 received signal and transmitting to the first and second base stations a transmit power



.gg{l\gft Im;;nt opportijsgi tgéd“ﬂﬂlﬂ}”@?%@”%ﬁ pt of every fast TPC conmand, the

i ones of those opportunitles. or
peri odi cal | y"’."°§g/§cu ically, the v power is increnentally 1%’%%%9§@wzon| y

after [err] transmt power control comma are i gnored. For

I ncremental increases in transmt power, exanple value for a/ [err] is
on 25 the order of 1 dB.

17 level control comnfdricetoniatieast yr dédreddaahe tanenit dovarbakéd pawes i s | ess
than the desired power at that tine, the transmt power of the base
station t onectruredphtametenti on i s decreased by t he appropriate power
adj ustnent increnent at each a /[err] command (bl ock 21 0). A sui tabl e

val ue for a [errgL in_block 210 for the rate of power decrease is preferably
5 selected so that PeweYsiem instaimakhavhiessinghe transmittpavecrileeled{sbel firgs. byse
t he power decrease,.i erforped al]l, in ope,step. Control returns to
deci si on bﬁq%tb%‘ ?@%ﬁﬁiﬁﬁ%ﬁ‘:ﬁ@? aﬁx%%gngggetween tg‘? inital segond tappHaP W Inue!
power syn ' ' een,achi eved or to repeat the adj ust nment
pr oces§ o%ﬁﬁé@%@%ﬁ%@?&”é% Vi'aﬂg every a [err] power adjustnent :

command, the present invention ensures a gradual increase or decrease in

power while 10 @t the saRBm L rE?aAz[f‘i‘ 1§ ?A‘Fé@ﬁg tﬁ?ﬁa}f&ﬂﬁ?gﬁé}189%?9?&15%\/0?&%‘? eves

di ff erence. ccordin e pre AV

base statthmcondbas§m@ilahqglb¥a@&ih9ﬂcﬁ£ngédvefSity handover wi thout
requiring additional conplicatioR of the nobil e station. Mreover, the
nobi |l e station need only transmt one set of power control conmands to

al | base stati dtis/ bdElee sitstdrnan chést I, svHopsialthe Badestithen bitesIVe@ establishes a
predetermined synchronization time (‘;0) associated with desired transmit power levels

10 for the first base station and the second base station.

22.  The system in claim 21, wherein the first base station determines a

difference between the actual transmit power level of the first base station at
synchronization time #, and a desired transmit power level of the first base station at
synchronization time ¢, and adjusts the first base station transmit power level to

15  decrease the difference.

23. A method comprising coordinating a transmit power level of a serving
base station transmitting to a mobile station with an initial transmit power level of a

target base station transmiiting to the mobile station in a handover operation.

24.  The method in claim 23 applied to a code division multiple access

20 (CDMA) mobile communications system, wherein the handover operation is a diversity

handover operation.

25.  The method in claim 23 including coordinating respective transmit power

levels of plural serving base stations with the initial transmit power level of the target

base station.



15 The invention nmay B
station wdReagiong g
periodically during the:

dizver si ty handover as welplct@&sos/z292

“ﬁ initial power setting of a new base
+% handover process to conpensate for

transmt power l|level drift. By providingz?uch dynam ¢ and coordi nat ed
downl i nk power control, unnecessary interference caused by hi gh base
station transmssions is mnimzed while still preserving a _m ni_mum power

of 20 communi%&t i ohhe mtkod ipelgirad3t whesing navKk rEpEmERETieYshdhice and

optim zes . capacity with respect to relative.transm:t wer. | evel s on
t he downl ﬁiﬁﬁmmeg%f the'serving base stafigg ,as%ﬁpﬂ éhg H’é“%}rlﬁg’%?{tie{;%\f@ﬁb? i eflas

the st prcrish SR s re Fidranaariiom i B 83 EEF proviagEl R SPaiBea”
that the | | | + | 40 nmbodi t, but
25 ¢ ho- o4y PR Hhst Shs bHEE prodherRind e S B Bt e T
equi val ent arrangenents I ncluded within the spirit and scope of the

appended cl ai gy, ASTRERdROEh BRRKSS, fyrther Wi idhe o B8BRE the MRt POWRRS

"been disclosed in the context of soft handover,

18 preseldve]l mubotaing bidaktafiaotdrdappkidfietenco bbBiedhomrdauas! tgdrisuet bower
I ncl udi ng for exanpl e softer handover.
level at the predetermined synchronization time and the new transmit power level.

28.  The method in claim 27, wherein the reduction is performed gradually.

29.  The method in claim 26, further comprisih g adjusting the transmit power
10 levels at one or both of the serving and target base stations to reduce a difference
between an actual transmit power level at the predetermined time and the new or initial

transmit power level.

30. A power control method for use in a mobile radio comfnun'ications system
including a controller connected to plural base stations, each base station
15 communicating with mobile stations located within or near a geographical area
associated with the base station and having plural sectors each having one or more
antennas, comprising the steps of}
for a call involving the mobile station, establishing an initial communication
between a mobile station and a first sector with the first sector transmitting to the
20 mobile station at a first power level;
for the same call, establishing a handover communication between the mobile
station and a second sector;
determining an initial second power level for the second sector for transmissions
from the second sector to the mobile station; and
25 controlling the transmit power level of one of the first and second sectors to

achieve a desired transmit power offset.



1. A power control iy @ nobil e radi o comuni cations
system i ncl udj I, @gu Ect ed to plural base ofach
base stati onY9 99318 mrunrca‘tl ng wt ile stations |ocat edS‘EIvﬁl'aIi/%r‘lgg/ﬁor9 near

a geographical area 5 associated with t% base station, conprising the
steps of: for a call involvi t he nobil e station, establishing
an initial comunication between a nobile station and a first base
station with tisa.firfite hesedinadlzion30, wherid therigsired offset ishgprmbiiately zatd.on
at a first power |evel; for the sane call, establishing a
handover comuni cation between the nobile 10 station and a second base
stati on; 32. Thiemethodingaian 30 theicahtreBingradep bwerericemyirising: t he
second base station for . transm ssions fromthe second base station to
the nobil e st atgradualbhehanging the transmibpewer levaloh one of thadhpt argbigepnd 6¢&pr of
one of the first tﬁggﬁ econd base stations to achi eve a desired

transmt B\KEﬁm‘@f erepge therebetyeen. The method in clai m 1, wherein the
desired offset is zero. 3. The nmethod in claim1, wherein

wherei . st gnal & Fecel VB Bt 20, whereinrepnroliiy SRR RER: 1% o
e DI o ot el A s SRR ol b9l il Letorddciofet e

signal s receive rom irst and second base
stations %rag}@powezdpevgg sity-conbined in a RAKE receiver in the nobile

station. . The nethod in claim1, the controlling step
further conprising: gradual |y changing the transmt power |evel
of one of the f34.st 'Elmjrrmﬁmﬂﬁh diaime 30, wheriratheatet¢rminestep fineheti ihladesice
t her ebet ween. The method in claim1, wherein the

control ling steptibigh pre’&termmed time d &ésuamédnw;apa dedirdd eansmit ppaeer
| evel s of the first and second base stat s to the sanme power |[evel.

10 levels for the first sector and the initial power level of the second sector.

35.  The method in claim 34, the controlling step further comprising:
determining a difference between the actual transmit power level of the first

sector at time tg and the desired transmit power level of the first sector at time tg.

36. The method in claim 35, wherein if the difference exceeds a threshold, the
15 controlling step further comprising:
comparing the actual and desired transmit power levels of the first sector;
if the actual transmit power level exceeds the desired transmit power level of the
first sector, decreasing the actual power level of the first sector; and
if the actual transmit power level is less than or equal to the desired transmit

20  power level of the first sector, increasing the actual power level of the first sector.



20 ) ' 7. The method in claim1, wherein the determ ning step

further inclwdes31319 establishing a predeterm ned t ipag/skes/szhoz
associated with a desired transmt power | evel for the first base
station and the initial power |evel of the second base station.

8. The method in claim7, the controlling step further conprising: 5
determ ning a difference between the acqygl transmt power |evel of the
first base station at time [err] and the desired transmt power |evel
of the first base station at tine to. 9. The met hod in

claim8, whesgin if the difference exceeds a thres
controlling step further conprising:
desired tragégbt power |levels of the first base s

actual trangft power |evel exceeds the desiged
first base station, decreasing the actual powg

the actual transmt power |evel is |ess than
transmt power |evel of the first base

‘power |evel. 10. The met hod i n‘¢l ai m
power of the first base station 15 is changed, (U
del ay period between each increnental increasg 2

period between each increnental decrease.

claimi1, further corpr sing after the secone~page
transmtting: det er m ni ng_wEt hgr 2
| evel offset exists b i SEeCONt
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controlling the transmt power |evel of one of the first and second base
stations to ce the undesired transmt power |evel off

12. A nobi l%é@g&g%%ﬂ%i cations system conpri sing: ‘g&ff%’?ﬁsﬁ%m
radio station; 25 a first base station establishing a

comuni cation with the nobile station with the first base station
transmtting to the nobile station at a first power |evel;

21 a second base station es? | i shing communi cation with the
nobi l e station; and a base station controller, connected to the
first and second base stations, settingme ninitial power level for the
second base station to transmt to the l|£& station and adj usting
the transmt power |evel of the first base station to the nobile station in
5 conjunction with setting the initial power |evel of the second base

station. 13. The systemin claim 12, wherein the base
station controller ingludes a diversity handover unit for diversity
conbi ni ng signals cor %ﬁgapding to a comuni cation fromthe bile
station received fromt irst and second base stations. 14.
The systemin claim1p, wherei®the transnit power level of the fifrst base
10 station is adjusted; e setf initial pows4 | evel of theg second
base station. Conlblier Hhe-dystem | i i n ft he
transmt power |evel ¢f LhediLsidbase siabﬂ&gi' adjusteq tg a
desired offset fromthe-set initiagzpoder leve OFT} segﬁﬂgkhasqt
stati on. (o reysysteth i n cl i RERG0 H He ffrst and
second base stations éadhNetwork
Interface
" BASE STATION (BS)
Network |~ g2 :
Interface Controller ?
B4 : 72 5
TRX L~ Transmit Power -~
Controller
66
e
TRX
/§8 VEO
TRX TRX




15 include'a transmt power controller for varying the transmt power
| evel of the {@asR;sigig Station to the nobile station. ST/SFQ%&Z
The systemin claim16, wherein one of the first and second ba& 128%
transmt power controllers varies its base station transmt power in

response to transmt a power |evel control signal fromthe base
station controller. 20 18. ThéV&ystenlln cIa|TE¢Q ereln t he
nobi l e station includes: RAKE-r+ecgi ver t hat

conbi nes the signals received by the mblh@ station fron1the flrst and
second base stations to generate a di\ersi 9 coprbi ned recei ved si gnal

iy G 2 GRS TRl ana (v aneredt e l8 GRENE St ang

di versity conbi ned ceived gha
ransmt power

second base stations a tr power
22 | evel control nd to increase or decrease t
based on the Sured paraneter. 19.
claim 12, wherei e transmt power |evel of the first base
is adjusted toffeduce a difference between the initial second transm
power |level 5 and the first transmt power |evel. .
The systemin ¢laiml¥ wherein the transmt power |evel of/gﬂ of the
first and secodd base |s "Ten\tf grgﬂﬁﬁK]@OHh&H@Ed. -~ ér

——=1 BS1 B89 e
BS1 Tx(P1) ; BS2 Tx(P2)
!
|
s
i
!
vy
80
MOBILE i
STATION (MS) Contmﬂer Y
s Poeepean |
RAKE |
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| Receiver f—————» Diversiy :
§ 8 &1 Combiner i
| Ll Receiver T 4
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Transmit h
Transmitter j4——— ggwter” S——
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21. The systemin claim12, wherein the base station contraoll e%? 02292
est abl i shes vwap 99/31819 predeterm ned synchroni zation tine ([er rrﬁT/ 88% 4t ed
with desired transmt power |evels 1%6“” the first base station and the
second base stati on. 22. The systemin claim2 1, wherein
the first base station determnes a di fference between the actual
transmt power |evel of the first base station at synchroni zati on
time [err] and apgestret=rranSi T pPower-Tever ol the 11150 pase station at
synchroni zation {ime [err] and adjusts the first base statiof transmt

power level to 15 dect di f f er epes, 23 A net hod
conprising coordinatingja transm} power} | evel of a s¢rving | base
station transmtting to aghile ptatign igth an,initifal tragsmt power
| evel of a fargetz bage Btatipn tr&nsniX ti-ngs 44t he nobi lle station in a
handover operati g¢n. o : P4, \Thefhet:h in ¢laim?23 applied to a
code division nulitiple acgess; 20 } (CDVA){ nobi L-e ®ommuni cati ofs system
wherein the handqver opératign isfa divefsi@y2 £ Jandover dperati on.
25.  The method i n cl aif ng23wi ncl fidi ng cpofdi pat®ng- rdspecti e transnit
power level § of plyrat Leryi hg base s@t-gorﬁ wth the irfitial transmt
power |evel of tHe target . & %a:;e st at o;g & = =
23 o s E e = o5
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26. .The nethod in claim 23, wherein a new transmt power level is
det er m ned fv9695/2193§§er\/i ng base station based on the initial powerosioewel of
a

t he target e station, and the is?éti al and new transmt power |evels
are provided to the serving and target base stations with a

pr edet ermi ned synchroni zation tine. 5 27. The nethod in claim
26, further conprising adjusting the transnit power | evel at the
serving base station to reduce a difference between an actual transmt
power | evel at the predeterm ned F{ﬁhr nization tine and the new
transmt power |evel. 28. Re~met hod in claim 27, wherein

the reduction is perforned gradually. 29. The nmethod in
claim 26, further conprising adjusting the transmt power 10 |evels at
one or both of the serving and target base stations to reduce di fference
bet ween an actual transmt power |evel at the predeterm ne i and the
new or initial transmt power |evel. 30/ A power

control nethod for usée ji.n a nmobile radi,o communication gEem '
including a controlle M&ﬁ@@ﬁgdﬁ@%?gr%@w@éé@p% F%ﬁﬁ edch base station
15 comunicating with nobiRNGdeteominesddygg andiigfosr nedr a
geogr aphi cal - ar ea agaecl af 86 Wi g Aediarslsd Bitser(and dhaving pl ural
sectors each having o & é@‘t e steps of:

ift i al

8 :
for a call involving ﬁe%:ﬁ%fa%?n ﬁmw%gﬁgm égﬁﬁ:@ga

commruni cati on between a riobolved inscdhhandoveri rst sectfor with the
first sector transnitting to the 20 _nobile station at a filfst power
| evel ; for e sane call, establishing a handover %?Enunication

bet ween the nobil e station and a second sector;
determning an initial_second power |evel ¥for the secaond dectgr for

t ransmn ssi ons fromthe second sector to the nobile statidn; and 25
controlling the transnjt poeN(C _@Wﬂds)Pn@WZ, bf ta BSidypsandnd decond sectors
to achi eve a desied tr@gaw,ttepaw@rgﬁ éﬁg old BSL

At tims tp, old BS; detects its transmit

power Pgld, and calculates a
A = offset + Poid;_* Pnew

l 116

BS; regulates its transmit power up/down
by A




24 31. The nmethod in claim30, wherein the desj 89&£§Ft‘is

appr oxi mat eVp PE s 32. The method in claim3

controlling step further conpri sing: /6 gradual | y changlng t he
transmt power |evel of one of the first and second sector to reduce
the difference therebetween. 5 33. -The nmethod in claim 30,
wherein the controlling step includes: - adj usting the actua
transmt power |evels of thg rgt and second sectors to the same
power |evel. %ék he nmethod in claim30, wherein the
determ ning step further includes: establishing a

predeterm ned tine [err] aSSOCIated mnth a desired transmt power 10

| evel s for the firg - are ower |evel of the second

sect or . Un 34, the controlling step
further conpri sings oL, J.ué~“g a difference between the actual
transmt power |evel of the flrst sector at tine [err] and the desired
transmt power |evel of the figrst sector at tine to. 36. The
‘method in clai M35, where,n 1T the dl Terencg exceeds a threshold, the 15

controlling step further r|5|n
Set 0= | Pltg) ~P(ly) | &B b 22
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(54) Title: BASE STATION TRANSMIT POWER CONTROL IN A CDMA CELLULAR TELEPHONE SYSTEM V/

{57) Abstract

A power control method in accordance with the present invention
synchronizes the transmit power levels at the base stations currently serving
a mobile station and an initial transmit power level of a new target base
station being added in a diversity handover situation. At the bsginning of
the handover, a radio network controller orders the serving base stations
to measure their respective transmit powers to the mobile station. Each
serving base station then measures its transmit power to the mobile station
and reports the power level measurements to the radio network controlier.
An initial transmit power setting is determined for the target base station,
and new transmit power settings are determined for the serving base stations
synchronized for example to a particular time (fp). At or about synchronizing
time 7, the target base station transmits to the mobile station at the
initial power setting, and at or about the same time, the serving base
stations preferably also adjust their transmit powers toward the new values.
Alternatively, the serving base stations transmit at their respective new values
at or about time 15 . In a preferved embodiment of the present invention, the
serving base station power adjustment is performed gradually.
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