; e3eRn64Ts B BASE STATI ON TRANSM T POAER CONTROL I N A CDVA CELLULAR

TELEPHONE SYSTEM FI ELD OF THE | NVENTI ON The present i nvent to

cellwl ar tel ephone systens. Mire specifically, the presentmmmmmmmmwmww

relates to base station transmt power control during handover_s|tua

in a code division nultiple access cellular tel ephone system GROUND

AND SUMVARY OF THE | NVENT10N In a cellul ar conmuni cati ons nobi | e

radi o stations communi cate over respective radi o channel s @ Bﬂww uww

station. Several base stations are connected to a switchin is

typically connected to a gateway that interfaces the cellul ar *Googa

communi cations systemw th other conmmuni cations systens. A call placed from

an external network to a nobile station is directed to the gateway, and
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Guotatl on pages the call

nobil e station and establi shemle&%mu ons channel. ~s In a Code

Division Multiple Access (CDMA) nobil e comuni cations system the

information transmtted between a base station and nobile station is

nodul ated by a mat hematical code, sonetines called a spreading code, in

order to distinguish that information frominformation associated with

ot her nobile stations or base stations that are using the same radio

frequency band. Accordingly, individual 20 radio "channels" are

di scrimnated on the basis of these codes. Various aspects of 2 CDMA are

set forth in one or nore textbooks such as Applications of CDMA and

W rel ess/ Personal Comunications, Garg, Vijay K et al., Prentice-Hall (

1997). Spread spectrum comuni cations permt nobile transm ssions to be
received at two or nore ("di ‘QF INVEN nd processed
simul taneously to generate one received signal. 5 Wth these conbi ned

Si nal r ocess! ng PRERRkiih AichirchfesRASENBLEHBRE bprama Rapdover 11 om

one base station to or fromone antenna sector to another sector
on the sspeifiedly, fHeairbsum) inventibekélatenlo baeaepionttastiitpowdanatol dulifie voi ce
or data communi cations. This kind of handover is typically called

"di vef si hyndevedsiuations buaicade diviaiesinuitipiaadesse collulneteliphane bysterand voi ce
information fromplural base stations ~o is conbined in a comopn point with
deci sions being nmade on the "quality" of the received data. Typically this

cormon point 1 | BARRAROUNSS AN SUNMIARBIPSHIEINGENFIORS Dase
stations. In the +mat i-on—ar e

transmt fromplural base stations, and a nobile station conbines the

results. CdVA SyStﬁ”%c@L@Xﬂnﬁd)qgn " c%tx %ste?no S’r{nle rgh e{t%ﬁ&r?éc ﬂ.glﬂlg,yl%t-e

soft t 5 handover
adj acent oG xles;tsecmé fadib «’ahhme@ﬁﬁd |0 s?at'bha%‘?@t'avsisets@dtid?ﬁ aﬁ@édnnwbteh%tahe ,
current base station continues to handle the call. As a result, the call is
handl ed bwitbhing nods evisitiais tgpizaliy connveted-tb af g}it@wiy akinberfices thehedrt

di versity handover occurs with both base stations handling the call until

t he rtBbi cemsuicationasyssemswith pﬁxeémmmumas:ena gyséeras.of aallep m&r@nm ons

whi ch t hen 20 .excl uil ve Softer di dover

han
occurs whkmal nefygrk te adpgbi ?WH?%S“ lJitS %"I"?QWGJQ dhe %me )ﬁi“f EMEWRYsect or s
at the Sﬁ%?gl?ﬁﬁ% BF Mok & watﬁfi g%ﬁes% hé/ B?sresstétf%ngsr?ﬂ{?h t%ﬁrg?@?z'tﬂ@édl&ﬂs system

transnlt I on usin sane re uenc time, each

user's camobilel stétion0N% basy aatfi@f emdbammmsbﬁbadtémamf estditisBéradisers. In
addition, signals 2s received by a base station froma nobile station close

to the b&gmlmmcatmsahmnnhch stronger than signals received from ot her
nobil e stations |located at the base station cell boundary. As a result,

di st a}gt mobi | e conmng i(:%%teilj)lglssio%rl\efluﬁlp?e c%‘éjs%"é‘&f)ﬁ%} 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



3 domi nated by close-in nDbiIe stations which is why this condition is
sonetines referred to as the "near-far effect."” Therefore, to achieve
increased capacity by decreasing unnecessary interference, all

fobi | e-transmitted signals should arrive at a base station with about the s
sanme average power irrespective of their distance fromthe base station.
Accordingly, uplink (or reverse) transmt power control (TPC) fromthe
nobile station to the base station is one of the nost significant factors
in inmproving the performance and capacity of a CDVA system In general, the
nobile station attenpts to control its Ltransmt power based on the signa
strength to generate a signal-to-noise %SNR) val ue (or other ~ o suitable
nmeasure) of signals received froma base station (open |oop transmt power
cont r ol ) , CRMA takeeset fiorth ot ertd mmemwstbbohmmtaspmpﬁcamddFDMGa@es to the

bi | [ I I l.) h th d I | th
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station. rans ower I'S al’so 1 nportant
for tr f’insq“‘tlﬁv%kééﬁﬁbzfs%fﬂtkhéf ab&ﬁﬁ)céés@wsﬁﬁumebhﬁyw@eﬁe@a&t@fel reéeived signal.
Speci fica the base station varies its transmt power dependi ng upon
downl ink merthmetcomdmmd signalpubcessing agpabibties; dnmposisbls ¢opetfyrm hchamdbvére
station. There are several reasons for downl i nk power control. 20 qne
reason f offoRIGUSIbask Statiam knenoth@wkar fenope pnieana ée%demﬁméeqt%omﬁ& t hat

in certain covera ations annel fr.om base station
to nobile aﬂco?"ISSﬁgﬁﬁs)r IWEQ%P?VE%%IIIF dlsiIlIlgﬁ&%rIﬂﬁE © OPIERE Hat& | ocation is a
poi nt whe, I cgqﬁn gearly the
sane as téh(gn%gﬁlﬁgﬁé)ﬁs}s 1?%§I(IIB aseaé‘tléartItI? %ang\IIagg?l?%SIt\%IIaﬁdt he nobil e
station. Burihfdiversiydiandaver the sigiating 2ad ivbicerihfarmatien fion phirsidesd smevas al

tinmes over the interference experienced by a nobile station at a point
rel at el i combined:ip atqﬁv@nn«a@ poigt atithodecisipnszheing medeapn thexspiplitg” ehthe

e o) ribgeved 8y 5B Realy R 2PineAfu ot 3031 Hsbe R uhERge Bot iR E o
wher e sev&,rt?g bade! s?aﬁﬂ)ng”Int ons?Ieng?fIcﬁoﬁr\‘fi}éé@%(ﬁﬁ%&lgggnf&nﬁhow ively

| arge interterence. In ot Ituations tion may be | ocated
wher et hetraisgifiefroinOplufll aaéeesrtﬁm &l & thobfle YRidSHILMbIRRAHe rddattther reason
for downlink power control is to mnimze intercell interference caused s

by unnecessarily high base station transmt power |evels. By varying the
downl i nk power | ev&IDME\ systems piavida \seiil and csefier tda/ea%mbaxéqaepa | ar
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causi ng I’IEEd ESS I’It errerence. Interrerence reduces capacity. In

all of thieealla®es rebilt,ithe d4lV RrHangRdUs Baih basestdss cﬁi@hana-ueﬁoreajrsﬂc or
| ower its transmt power to ensure acceptable quality but at the sanme tine

reduce t obasire Ehet soft dipersisy handdver epém's avithebath basenstatiarishanidiing Beccalbentjower
control in CDVA systens is i ort transm

wer contro ust nent s
occur verSIlefm‘éItIIfe‘rWI%ﬂ m@"‘{?f sutBcigptly OIOEQS’ oRe ?I@ﬁ 6??0%3"“?’?? ‘HI!]CS§I"P’hg

Cranshl i BRBMAIEDRRAF eicdf, SR BrvRteRy o TeroRBrs i e AT ot s
that measiifthaidbie bbiivath $h8[difitiaft Rl 8 BBAEmLYabutalibn 50, one or more

transmt power control bits having one value are transmt uplink fromthe
nobil e station to the base station to decrease the transmt power by a

pr edet er mi ned i ncr Beeause al gsers in aiBDMAwoOMmuEcAions systemmirangmiansni t power
val ue. On, the ot her hand, when the neasured value is |ower than the

r ef er enceinfemationgisingdhe see fisgperaytbandat the sametimeeashWser 8ont rol bits are

or oot er ratmeicAtad Ol forBR i Sbfighiledpd BE MEFen . LB R iR R, ®
power ,£0ntdeBlyed 8YiathsdMiatibn If'rBH E‘Encﬁﬂ@ eIl dIENE 1B YRCHARNARIN 4B A bei ng

acquired and continues 2s throughout the comrunication. A problemarises in
coor di nat strangéotinhisignals reocined fiomsthet miobiis stationglooated abtiat basestaion cell
diversity handover. One problemis that during a handover, the transmt
pover conbeindary. ofvs aesulfodistant siobile semmounieasionssee evershasiosvadrand ved in t he
handover may be erroneously received at one or nore of the base stations.
Anot her problemis that an offset between the downlink transmt powers of
base stations involved in the soft handover can be quite large. Ofset
refers to the difference between the transmt power |evel of one (or nore)
base statl ons currently serV| ng the rmbl I e statl on and the pover s Ievel of

o o, 4 e o o, 4



2s power conmand for the target base station is likely considerably offset
fromwhat that transmt power |evel should be at the tinme the command is
actual ly received and inplenented at the target base station, i.e., after a
significant tinme del ay. 6 What is needed is a way in which to conpensate
for or otherwse elimnate this undesired base station transmt power

of fset at handover. Moreover) the solution to the above-identified problem
shoul d preferably be a sinple one that allows the nobile station to only
transmt one set of power control commands to all of the base stations
involved in the handover. It is an objegt of the present invention to
overcone the problens identified above, and in particular, to provide base
station transmt power coordination technique that does .not increase the
conpl exi t§oramateddyrsleseria mebilg sations whichasyhydhisgopditiongs semetimgs seferred ¢ o
el i m nate,_errpngous .t rapsm,t power ~o0 settings including undesirable offset
transmt ﬁﬁﬁé@3§5?Fﬁﬂégﬂ§¥1base stations involved in a diversity handover.
It is a further object of the invention to conpensate for drifting in the
transnit powver | evetpirdffe/MeeacHienCinticatddetpatity BY d8kehsing ufEdsiary handover .
For exanple, as a result of different errof rates on the uplink control
channel s merferevvechl] robilbdransinitted sigadls should amsve dts bdse station widwabout khepower
control comuand to these base stations, each_ base station ends up,

transnf t t $AWE ASFRCEROWeE dTesnertivs ahthepdligtancefamdhe baserdation. ofceardingly,
respective bit error tes.. A power c t hod in.,accordange wWith the
b ebent | ARG BREnes Ry 2oReh s Fa IRy AR mobuf SEBpRTR i pist
stations : t j j 4at : it '

sover | evaltiafiont oTBte gt gk B e apR O AR P KSIR: ahd BRIty
handover 6f 4 GRIN{ASystein. tTagzcheal nhe Agbtile stdinhardgelo cohtfod dis eraSthiror K
controller orders the serving base stations to detect their respective
transmt powertasedon the sigidl stresgthttd ganeriechsigaalwdmpisesdSNR) walio(orathor t s

its transm.t power (to the bil.e atio to the radio network controller.
The r4i oSHiEblimRasuRRAf st amals Teesive rﬁgsaggﬁez%atm (Opsh leap:tranamit pever

setting f i l ttjqags for the
serving b0utelf abfiRSast HoRoT P rRRl BV SRS Mcs B B B ANOGHE (11
and new t &3H8M Jose@YSSSpaWEr ddnerofyWRRHIRNEFd 5éhl ko BBntASIShO peWeHRGHed khe
respective base stations invol'ved in the soft handover. The target base
stati on tthertmse statidmota Withimdbrdlativel asmalh teleranbe d.gi 1 dBl, faroalbmob#e statign and

t he serving base stations adjust thejr transmt powers toward the new

val ues. | Wansmyjpsiers reeeived ablipl Rase#@®nent of the present invention, the
serving base station power adjustnment is perforned gradually with the

target,base statio S} ttd i, Nt L t he

servi ﬁl'rg’] base stati %é\if@gﬁ{&(}rifﬂé%rﬁg}r%&??%ﬁéw‘eﬁ%@%ﬁ%alﬁg\t}\r’tgk)gg?lﬂgg hew val ues
at the sypghundisdidhd @orhitAE bh& statidh RNAE hedbifelbtdtivar ﬁ?&@ﬂ@aﬂyﬂﬁ@%é@ﬂﬁom a
future synchronizing tinme may be enpl oyed and provided to"all base stations
to coordi nafes itshteansmityowdr depesding @peh dosmlink atansiaitipostr cahtiekmessagesac hed
at that synchroni zi ng time. The invention may al so be io enployed to

peri odi caP¢mmends sent by the mobile siatiopr dheraare gevesalighsons Sar dewnlink pewen
transmt power, levels. Still further, the invention may be enpl oyed to
control t ?ﬂ%c}lrit power |evels of different base station sectors involved in
a softer handover. BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoi ng and

ot her ,gbj ects, f eat@ﬁ@&as&f‘%r%ﬂhﬁlﬁgﬁ&s&?t ﬁd%?%ric'%ﬁﬁﬂi is3p agc&nmo'dhtcttﬁe

apparent fromthe follow ng description of preferred enbodi nents as

i |1 ustrat &t that iheraic conzeage arga tocatibmg she dowdlihchiazihel fonebashatasiohes s
refer to the same parts throughout the various views. The drawi ngs are not
necessar i Mpbilg stagian anayebeoprusually peeteatin ¥amplemtsteha boration)is apoinitvhese t he
pri nci pl ea]eogatﬁ lgess %‘.on(\)/r?en(t)rl WO neighboring 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



Fig. 1 is a schematic overview of an exanple nobile cellular 20

communi cati ons system where the present invention may be enployed; Fig. 2
is a function block diagram showing in nore detail a radi o network
controller and a base station shown in Fig. 1; Fig. 3 is a function block
diagramillustrating in nore detail a nobile station shown in Fig. 1 as
wel | as power control conmands involving a nobile station, 2s two base
stations, and a radio network controller; Fig. 4 is a diagram show ng
nmessages transmt between the radio network controller and the base
stations to synchroni ze base station transmt power at soft handover in
accordance with an exanpl e enbodi nent ofg the present invention; Fig. 5is a
flowchart illustrating alternative procedures for base station transmt

PS?e;d{:ﬁQ%i%ﬁé;i ﬁiﬁd@%%@?%h%aﬂe%%“@%f helaESHeathr S5 A shofe Pruh |
br of or r od- Es At @AUAnfRih ¥BLIEAR ke Rlerfchbrtf O SREC Futivbh B BB o
THE DRAW Hafor thaly e 1bedtb@\Wheg: drRSegrabtd-dterférehcdtitipqs afushallgpbanat i on and

not limtation, specific details are set forth, such as particular
enbodi menAsothé¢ateasén bmsjownltkpewersiontot is tomisimdize interogh anterference bawssdgh

i 1 o6 1 R PRSCERari] Bigh b Slabe TR GEVey VPN RECONREKI n ot hor
mbodi J 1f1e.deatall |le th
or agent 1 ROk PhslEA0E bindefiin aRRGRIREL Ahict? larfcui e Tl © 11

"softer” gtm@erehde/isneoriRMeNf BRI SV idlel HfiRd £AdNSARL Bithigh Rivel
pur poses of explanation only, the follow ng description is provided in a

sof t handoversuscmirdmum qhalitgtunder postcondimns,detch oEtte dinse the glommtink power
wel | - known net hods, .interfaces,  devices,  and 20 sih%inal I ng_techni ques are

omtted s¥onld bmioothigh esehecausingresdlespintertersnce: ntichriptestsrenca yedices pelhi t h

detail.,,Fi.gq. 1 illust bj | di | 1 ul .
commun? cattRaney < 2l of Sisstneem, i, AyaBisbetioter e 5t Rep a9 b omse e ent
of the prgagthit hBWEPld &fburd fcRpfab ity but at the same time reduce to the extent

possible interference to other signals.

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 referenc;alue, one or more opposite value transmit power control bits are
transmitted uplink to the base station to increase the transmit power by a predetermined
increment, 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



wi deband- CDMA comuni cations system Radio network controllers (RNCs) 12 zs
and 14 control various radio network functions including for exanple radio
access bearer setup, diversity handover, etc. Radio network controller 12
is coupled to a 9 plurality of base stations 16, 18, and 20. Radio
network controller 14 is connected to base stations 22, 24, and 26. Each
base station serves a geographical area referred to as a cell, and a cel
may be divided into plural sectors. Base station 26 is shown having six
antenna sectors S1-S6. The base stations are connected to their
correspondi ng radi o network controller ky various neans such as dedi cated
t el ephone lines, optical fiber links, mcrowave |links, etc. Both radio

net wor k controllers é%yand,lé are connect with exter getmo s such as
the Publ i BVR%RCEIOREOUSEY EssRbYicd 2hERGOF H‘%@S‘er aﬁq’n@aﬁlﬁ’ﬂser&%‘?t e"eﬁ’@ eL“fllﬂsough
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exanpl e nﬁmcio%els&a@.tw@ﬁtea 8g%“‘b§§kt§éfér§t'&%@dﬁ%&&'t&ﬁvb&ﬂtb@tﬁaﬂsﬁ tg; erbase
stations. Mbile station i's conmunicating with base stations 1 18, and

20, and il ef @ieglor arordlbass saaonsicureaitlyngerving theomebils ttationaad Bk powker22. A
control link between radio network controllers 12 and 14 permts diversity
conmunf calevehef a agw basa stetinm engaged indiverityihandeues withathe snebibecstatien. 22, Each

2 base. st AT BSEE FR AR orpotone ﬁi%ﬁadaabrﬁs%ﬁhﬁﬁ‘cﬁsﬂ”%ﬁhgrﬂfft Galan e
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frequencies 1 n co I Vi sion conmmuni catl o
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di stingui sh between the various nobile station and base station 20

conmmuni casé mpidlyFog., putqmmsohenles&cml mglllﬂlhg:oedar’qyl the ¢infpoal framsmit pover t er m
channel t plcal refers t a CDMA ¢ any nobil e station,

is defifne VFh‘St eringd and VFseécfeéh%ge\g/e ferest lwgwahaa?s B baggd @he.
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vari ous baée statlo%s Wthin toe Rk avt gﬁnetmo?k in erfégg?SZ IS

connect eddt¢laya controller 50 and to a diversity handover unit (DHO 54.

Di versity handover unit 54 perforns nunerous functions required for

establ i shing, naint |n|ng, and, dr.oppi ng di ver .connectio ch as
di versity conbinin owdﬁértéq f<3 ownstsmago ?L%gmtlm&o m%dmépvmnk
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SR e S
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addition, the base station includes a controller 62 connected to a

pluralit ytmﬂsmit poseeimeasizenédiepbris pérdodicdly, derrmihes an apptdpriase poweransni t
power controller 72. Controller 62 controls the overall operation of the
base st at basHngdonibe Iara@t hase stetionbi eithendhe samepowaRifcRowerra aspeeifice of
radi o connecti.o es ngat,ive tr nscelvers 64-.70 are |nd|VLduaIIy
assi gned f&™ ’?}S‘é}?SFF EQF?CB‘HE’ PN SCHBBP thestarget BAe Stafion-east one
transceiver is enployed as a common control channel over which the base
stati transmts I '
channal i 5 moni t or ooy by Sg R th Brpt s Raflof Hecphve W Wterm iR BOTRE, 1
cel |, andpowenfrom the @etwark mede,cH)0 msswipk ioghecseammebf imelmakhaver trimpirede a
nDblle station (downlink). Transmt power controller 72 performs the open
| oop and Blusingdhatame secands dhaeservipgibess statien sansmeis pawee levebepuld have

background, sect,i on,above to control e transm t wer s om all nobi.l e
P r anon o WHEeH SREpBIreRpr eHEn piiisaidfimsh BegAye of B Sokeq EphREtranmi

appr oxi MapEl Y, g%@,@%@&%gv%& ﬁ‘é% éﬁﬁ?s‘é%ﬁlﬂ Me%@dn%?e el N9 the

same type of serv vantages o Connunlca 1rons is the
use ofzsdi pewet Edmmand 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.



20 (both soft and softer) handover. Using soft handover as an exanple, as a
nobi |l e station noves to the edge of the current base station cell, the
nobi-l e station detects the power |evel of the common channel signaling )
‘(e.g., the pilot or perch signal) and determ nes that there is sufficient
signal strength fromthat common signal for that base station to be a
target base station (BS2) for handover. The nobile station sends a power 2s
measur enent nessage to the serving base station (BS 1 ) which then sends a
handover request nmessage to the RNC. The RNC accepts the handover request
and sends an inter-base station handover, request nessage to the target base
station. The target base station assigné a transceiver to the cal

involving the nobile station while the serving base station continues to
handl e the call. ThWhahG reedds iseswahin whithde compensateofor tonethemyisease

stations sQ that the handover is, processed w thqut break, i.e., soft
handover . ehmlaatm%umt%bm%lmsmbpwcrt%gse&%ﬁlan@V?fmd“@f@%ﬁéh%as e

stations til i [ fELCi l.0se one of
the base SGHPELMs!abokEFeREsh B RRuEERnlt b & sBRblctort BaTa sy
base st at jRmbBilOfalsPRPGHly trafisHRIAE sBESE dower REnkSICdemmBEAdS tof A of BE bafover
control, diversity handover poses sone difficulty in

coor di nat stagbsyinvbhvediiz thechandevér ansm t power | evel s of the base
stations/sectors involved. Reference is nade to Fig. 3 to better understand

t he downl i nk power control, synZProni zat.ion jssues addressed hy the present
invention at o sof tItAnpHeRIest ofAhe RESSEM IRYANtIOP IR ONersamE:the PERRIEMayY be

. lved i . . '
| nvol ved [ObniSEOE o RERABEfr. 3 Rtoytul B ER Far ¥ b0y CriRford
respect tgchAMfudthadoed NSt iRSlcnReihe RBAMISHEH IfIRe #dbABGtatidnand nobile station
30, the follow ng description is sinplifiéd for purposes of illustration

only to the scenario involving only two base stations BS 1 and, BS2 ~ 5
connected to the saltes &dtharabjéatwdiheadventiontte etiminats ietrpnphourdoarsmit pewer
menti oned above, the present invention nmay al so pe applied enployed to

Sof t en® naselbRgs st Andssable 0L LFANSEHE Baver Seftings at Base KRUOTSTOURYERI M n
the softer ¢ ng to the sanme base station, the RNC need not be

i nvol ved %W%%E@&égwng of the downlink power control provided by the
base station. 20 The nobile station includes a controller 80 connected to a
RAKE recei ver 82, altti§ afisther objaoeof thenhveiltios to 86mpeaiateafor idiftng it e 90.
RAKE receiver 82 includes plural receivers 84 and 85 (there may be

addi t i onalrans;ogipewtes levslshstwierchasa statiods inyolvediingiveirsity bandoivasrF@6. The
transm ssions fromthe twq. hase stations BS 1 and BS2 e received .as

£ 1 pat nEXAPIER S 4 EESelt pE ARG RLTEOT RS OB AR WK S9nB0! GREUIED SYET SO ner

86, a o] #TeTel j | o et ] r t he
00, i1 DAREBERE o) Uin b e e N bPURE ARGl Btephs

recei ved, s@tibRs, eatl baRERTRACLNIS SPatansmitlidg Myte BPRist iffdrahd fiwér IEv@ssm t
power controller 88 also responds to transmt uplink power control comands
from the dependitgon dresrefiectivabit elS2rates.adj ust its uplink transmt power up

or down by an appropriate increment in accordance with the received

commands. Based upon the power | evel ,nmeasurenent, of the diversity s
combi ned signal, th& RO conirel mathod i ascordance il thePTewRE iINVEBHOR 01 ( TPC)

comands transmits themvia trapsmtter 90 .10 hoth the servin se
ctat on: AR e R bR IGRIHTeh B Sariehs deorlSerVifia s ARUE

pr ef erped spibAGKERA inigh] Erih’srﬂif‘if@@&t‘ 18%el ofRtnewP B Pasd ftatisd Beitdtdaed fPh €
bits which indicate a desired Increase in transmt power, a déesired

decr ease diversignisandovaositaatiomr Anthechegigeng of thedraadoterpavatio nefwerkur se, any

to nunber of bits or bit assignnments is possible and are contenpl ated by

t he presefenirolesarders thexereng statiensrte dlstegbtherespestne rassmBpoweshtd BS2

i ncrease ar decrease their transmt power by the corresponding,.increnment,
eg., 0. 50 mebesiaren. Enth sarémi s Sation sRRrs s RIS (A MsaneRs | &
attenpti ng.t: [ t 4t I vi ng
base ot at 15y 0pT AErARb Gebiiti LplrBltr, FihaolnoRU cdnfibflr Bbeehifhed3h

t ar getzs bagsitial @arsailt péwertettilpofod etarget BaRStARGEandhéw RandhR powsR sktfingfNC
processes transnit power measurenment nessages fromthe serving base station
BS 1 to tlfier theeivinsbaveistifions Syiohkaiesd @ pdrtithlat tim%z{,) Shtiifigial Mid hewe
station BS2, and comruni cates that initial power setting to base station
BS2, the smansmitpodasSarsd tkisPAcHEoniking tirhe BRMVErotided 36 €t febpedtivarnane btafioner
many tines in response 20 to a |arge nunber of "fast" TPC comrands received
during that tinme period. Consequently, by the tinme the target base station
BS2 begins transmtting, there is the possibility of a very large offset

o o M o o, 4



13 sane, interference is reduced and capacity increased by keeping the
power | evel fromthe second base station at a | ower |evel than the power

| evel of the closer first base station. In any event, it is desirable to
have the serving and target base stations transmt at known power |evels or
known rel ative power |evel differences, i.e., the absolute power |evels do
not necessarily need to be known each tinme instant. The present invention
achieves this desirable goal using a transmt power synchronization
procedure. In general, the power levels of all base stations involved in a
di versity handover are set to one or norpe predetermned |levels at or for a
specific tine. to The transmt power synchronization procedure may be

divided into, five.phages i,ncludjng: det ermning..a transmi. ower

synchr oni PXPIVsH 1 pﬁéoﬁ‘tﬁlﬁ‘d%ﬂ'ﬂ%ﬁgﬁgé‘%‘é‘f S‘Bﬁ%’g}f&?%‘?%w elr?(r’%teas??“o" at
transmtty & i [ ¢ i ; ve@d power

| evel s foipegrél?l\g/ll é}d;&ar%mtdg? 812(2 tﬂt‘)ego‘s:cgq g??’? %ﬁ@%gggﬁgﬁﬂeﬁgﬁﬁglgﬂégn power t
S report stowa?d therdfewr vilogs. tiae preferfed geimpleembdidahemrofahe predastiinechtipoywer
setting and the transmt power synchronization ti msagto); (3) informng the
ol d servi thg sbeving basaistation poaved atdjustrent geperfersedsgradually with the targps based

power setting and the transm.t power synchroni zati.on.tinme (to ),.; .20 (4)
P hocki ho. S EREmifiBet s it TOMe sfng 208 e Sy GRS Rt ddjistin

S7nEr O, i B B AL IR o o e

its transmt power based on the difference between the desired power
setting for the new,Las@et ARARE examfletnMddiRedd fitife @,ﬁkﬂ?&niﬂﬁg@ﬁn@ﬁ.&yl ng
of each serving base station at the transmt power syrichronization tihe
(to). A vb¢employed afid prowviddidoneeal Phaze gthtibas tscdopdipaevhel erahfrait ponehiaelszat | on
time tQto all the base stations involved in the handover. Each base

st ati on nibat desingd values arearepehad; ai ghatisanehrpaizing ibme.s The ipyentipn imayaalse he
desired leve] at the.,5,synchronizatjgn tine tq . Th bove procedures .may
oo b SHlovE! rersindisabirereet ot i btiehsly comndet bin S Sidkemibns
peri odic yeol d Lial . I i

Do re; powerdehat. SO thithir, Bl VAR TRNE B HI B FOPRRRTI R o
because t hgeRiof dffdrfithasé ERtibh BectbRan{ 61966 H 4 soTrMantiévg! (TPL) command
recei ved by one base station are likely not the same bit errors affecting
the same TPL .command sent to the second base station. This results in
"different" received TPL conmands rather than the same TPL command which
produces drifting tranBREERKE REREIQN QF THE DRAWINGS:s exanpl e
procedures perfornmed by the radio network controller and base stations

involved in the soft handover exanple to achieve base . .
The foregoing and other objects, features, and advantages of the invention

LAY DAY\ 2\Vial

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 tne 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;



~ s station power synchronization in accordance with an exanple preferred
enbodi nent of the present invention. First, the radio network controller

orders each of the serving base stations BSS, BS2, ... BS" to neasure their
respective transmt powers to the nobile station P, , PZ, ... , P" and to
report the measured results to the RNC (bl ock 100). Each of the serving
base stations neasure their respective transmt powers P~ , P2, ... , P"

20 (perhaps in the formof Eb | to values) and report their respective
average transmt powers to the RNC (block 102). Fromthose reports, the
radi o network controller determines the initial transmt power ( P'eW) for
the target base station BS'ew to transnm®& at a transnit power

synchroni zation time in the future (to ) . The radio network controller

al so_det erm nes “?"Fi%f@mﬁa owinglhé92gedrdtismit Béfween the radioRet ik t he
serving base stations BSS, BSZ , ..., BSn at tine (to ) (block 104). As

al ready neoritrodleeand the Base sqatioheto thchromize ease statidh nansmittposver at §ofal t ar get
power 15 setting and the new power settings for the serving base stations
are the shandoveginagpendanes withiaprexemple ¢embogimant of therpyesenbinyentienit i on BS" eW
transmts at the initial power setting P'eW. In addition, serving base

. - o7 " adi . . ; ,
current transi ¢ pduiS boa RyeRit Hilsghliih kAR hloc 8RR PtShbifa | e 5
(to ~ 50 LRemMePoReMEdntAiddgngs comanded by the RIVC Pi , PZ, ..., P" at

synchroni zation tine (to ) (block 106). Rather than the radi o network
controller performng the power control operations, those power control
operations can be gdgf@isweflowchar diageapéldustrasing pseceduegsifonadjusimghe basat i ve
procedure i s described nowin conjunction with Fig. 5. =0 t her than

havi ng ¢ hetalion BOWEL IO NGYY HESE YR bR P?WS%%‘?H’WB&A@P@ the radie negTk e

ace ot ot PO i BBk M PERT AP FeBRET b B g SRl e "

det er m negvanti§yv transmt power Phew and synchronization tinme t o for the
new base station BS'ew as well,as one or nore a controlled offsets (

of fset; corresponding to BS; ) between the new power P'ew and the s old
power Pol di of each old base station BS; involved in the soft handover

(bl ock0110). The RNCDEBEEAILER SCERIRRIO} AL HEDRAMNWRNES st ati on BS" ew
and P'ew, t o, and the offset; to each old base station BS; (block 112). At
time t o, each old base station BS; detects its transmt power Pold; and
cal cul at es an i ncr dirdhe fallawiagDeseripiions &ar;purpesga @f explpnation(asnidowk 114) . Each

(bl ock 118yt e s dEtalsarE Sodban, DR RS e d BRI HoREt  or ence

bet ween t | i | an be
i i m zech tor e 4t AP RE bRl 4 o i ol o O R e oy
(t hough nPlowReEE #SRI1I bey Appaesiitits ofie skilled lity theQrethadthedstbsemt fiRRhtibiS makHeer r ed
when increasing power, and in particular, z5 when the transmssion is at a
hi ghens bi practited inkither embodiineets thatt dephe feons ¢hdse spefic dstailaf Fohexamypleem A
preferred net hodol ogy .of adjusting the power of the serving base 16

33

stations Waileths pres@it inventionmaices appligdita othes hapdowas situationsisupd asesofieny BS
Power Adj gs{,t rn=etnth égl 0C ?‘go li)l I ugatt.rate i n fltowctfart forma ipﬂ Fig}. 6. The
current pOWSFSIREABERYFT ISP B SEUOR AR SEP B fUSBIPLES BY THBIIEN abl e
P(to ) , L& i ' b ~rl S
Fepr cuent S0 METOlRiE SASHb Ao R oy R W, ORHAIGNE: Reerek 2 I BTS2 the
absol ut e imtaneexdetatied deidriptions of welltkivwrlmethdids fintkr faeds, [dewiees, satt i ngs,
i.e., a=]IP~toJ - Pto It is this difference that is ideally reduced to
zero @br signalingicchniques dre omyittad souas Bot tojabscurndhe deseriptjom pfl theaprgeent base
stations are ts%/nchéloni zed in({he sense that they are o transmtting at
appr oxi melBEPHORYithnnesessay 4etih) (or to a desired offset) to the nobile
station at the sane point in tine. The value of paraneter ,li is also set
in block 102 in ac dan ' ﬁ;&g i ' QL be
reduced. Two di ffe?gg{ T‘\ﬁ/‘lgt?% ng'tsés(%‘ﬁ]?%l%an gé"errp %ﬁg@pﬁ}cgggﬁigﬁﬁ%é%\%ﬁl&%
deci si on irsadvettance wilhohk p2éFérradh etndedinidin of thvepresirdt igvention, RRIODMMer~ s a
is zero or approximately zero, i.e., within a deadband range. If so, a

det er ni namidaband-GRNEA communications sysiome Ragimuetmonk zentrdiers RNER) Eed

bet ween t he rget .and, servj.ng bas tations (bhlock 212). Qtherw se, a

doct s on A& hAadNrol ariouk i MeRur kR gtiosS et e Ton e tile F R A Sharm
power at gyd ' j | R S3:8"h j wer
setting at tﬁﬁ&ﬁ’@érﬁy h%x{&v%{igt‘%r%%isl%n?a%%e%ﬁr%g%ﬂp%g@gg%g tgt(:g'ati on is
20 increased gradually. Instead of increasing the transmt power at every
possi bl e power adjustment opportunity, i.e., upon receipt of every fast TPC

o S " o . o




17 Alternatively, if the current transmt power is |less than the desired
power at that tine, the transmt power of the base station to the nobile
station is decreased by the appropriate power adjustnent increnent at each
a [/ /3 command (block 210). A suitable value for a/ /3 in block 210 for
the rate of power decrease is preferably s 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

ei ther block 208 or 210 to determ ne whet her power synchronization has been
achieved or to repeat the adjustnent prgcess outlined above. By ignoring
every a / ~ power adjustnent command, the present invention ensures a
gradual increase or decrease in power while o at the same tine mnimzing

any undeshlpeditpefRase siafions 4 ¥padl. Radionemiogs gontialler Jfds epnnectaddat i on
achi eves base, stati po synchroni zation at diversity,handover .w thout
equi i nPRBAREPEHA 24oRm PEalranoge SHlioneitea doRAPhIce R agieted thas

nobi | e st.atd ; i all
base ot att e ARaE el AR AR thioMBraT e, MASp RafOR 0 % s ATRAHRS s

i nvent i orant@nhaBectayS i-86. dhetbase statidbnsdre gonsgctakibttheig cofresponditighady st ati on

becom ng involved in a diversity handover as well as peri odical IF during
t he disvernsitwvorkcontioller by vadeussmeanscoah ap dedisated telephong dines,phisal fibere|

unnecessaifFs; WNEPREYE HEEs el SR ERv BB ALEIe g AKOLHFCenared o h
mpr oves. TH cKEn ner BHERER 530 R b S B e R GRIRIV R R T

respect tmdrRbtabic Vré el orRAYR mbBINESWitéHing Béht&le SN (ndtuswnyhiThe t he
present invention has been described in connection with what is presently

consi der eRINCoditeetst tnebibostatign ealts datheaapprppradte basecstatidngs). rent, it is to be
understood that the invention is not to be limted to the di scl osed

enmbodi nrent, but on_2s.the contrary, it..is intended o coyer various
nodi f i&ati ons and éﬁgi&gl’ b¥e eé?‘?%%dﬁ?@?ﬁ%‘ati’?fﬁl 3 36iSROWRe spirit and

scope of g e ai i , il
soope, o uBRREE NG R E s SRS MR AR R IRATERET |
present ignéestations FOUISard 20, 41 AEBIld QdtibP30i \@mmaniaNss wathtyadei ons
including for exanple Ssofter handover. 19 WHAT IS CLAIMED IS: 1. A power
control nstathod 20@andX2e A controidbik etwaen madio network aontositers ¥ 2 radnldipermits ng a
controll er, connected to plural base stations, each base statiaon

comuni caﬁl_if?r@itséwmrr;mm;ﬁiggs tafrpeyRaobie siatian ib via bass rstzw@as 28 agé@];gr diehc al
ol 0 ngobRchublnigedoibeRG SHRSRRRPRTELA HBpCRBORRR R bars Safel veen
a mmobi | e 1sal nﬁ@@@gﬁ%ﬂt%d%%rﬂhﬂé&&i}jbdﬂe?h AE‘@e%}ri‘b&HlaB@%? siifc@t | on

transmtting to t Ile station at a first power |evel; for the sanme
cal |, estmbltipfhesrgmanivationsatilizeahesane aidio fregatneiesintdode divisibe 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 station, is defined in

terms of an RF frequency and a particular 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
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



station and a second base station; determining an initial second power

| evel for the second base station for transm ssions fromthe second base
station to the nobile station; and controlling the transmt power |evel of
one of the first and second base stations to achieve a desired transmt ’
power offset. ~s 2. The method in claiml, wherein the desired offset is
zero. 3. The nethod in claim1l, wherein the desired offset is non-zero. 4.
The nethod in claim1, wherein signals received by the first and second
base stations fromthe nobile station are diversity-conbined in the
controller and the signals received by the nobile station fromthe first
and second base stations are 20 diversikly-conbined in a RAKE receiver in
the nobile station. 5. The nmethod in claiml1, the controlling step further

conpri si RiverSikPEstAbining GWéif}gsﬂlhﬁn%,chbnﬁ@l\@fd dtRaSlinlOfel eEradio t he first
and second base station to réeduce the difference therebetween. 6. The

met hod i resduacencdntrobbizoeitims. hSomerntf thdsei PIJOsfuaptionsol ildesdeseabedijnufsirthag t he
actual transnmit power levels of the first and second base stations to the
same powdletaibb@ew. 20 7. The nethod in claim 1, wherein the determ ning

step further includes: establishing a predetermned tine ~to ~ associ ated

wWth a desired tra ' r ' | t he
initial power | eveﬁﬁgﬁ} B?sﬁceg\(@éogloh\éﬁ@g%gcgﬁgﬁoglﬁ{r%qﬁﬁfg( %%‘?Edgggioﬁggl aim7,
t he cagnt rigletfaBihgSiigPtHeRITE Mn G@dRidns tHedbase elagibAtimilidesa ¢bntdotieesT e bet ween
the actual transmt power |evel of the first base station at tine t0 and
t he desi raednéctedhtna plupaite of transdeivdrs (R XY i6d 564, 168s end 7@tdsovelhas a iramsmoid. 9.
The nethod in claim8, wherein if the diﬁéferenﬁe exceeds, a threshold, the
cont r ol | iRRyVEscaptroller Re Consratler §2:cqntrelsiha Py gl operation of the;pase gdiopag

transm t WS thle%\é{%i)ﬁsh%ex{tb g)a{r{téﬁz}ncg,aa%% r%}e%gé 8f%adio 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 CDMA 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 of 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



I f the actual transmt power |evel exceeds the desired transmt power |evel
of the first base station, decreasing the actual power level; and if the
actual transmt power level is less than or equal to the desired transmt
power | evel of the first base station, increasing the actual power |evel.
10. The method in claim9, wherein the actual power of the first base
station i s is changed increnentally with a first delay period between each
i ncremental increase and a second del ay period between each increnental
decrease. 11. The nethod in claim11, further conprising after the second
base station is transmtting: determ nipng whether an undesired trans-~rit
power |evel offset exists between the 20 first and second base station, and
controlling the transmt wer | evel of the first and second base
SRt ons teSe e EoRtTmien 46 B¥Rdle 459 ath b R Seruhe Sprdiifions BoMehen b | o
conmuni cag,) hShARg: | r=Yell § 0N, ' base
station Zé)tog%?? sﬁ;ﬁzﬁlgﬂé’ ﬁ’g%n}%égﬁ%ns \%lpét%'I ﬁgst%ﬁé}‘ﬂ grr%) f?g)?égz(h{)?'b%ﬁlwﬁ?idoﬁl E’Ea first
base st atTiémiakebefortibrédk hahdliRg ofdld ¢4l ¢ 84d moie Bast istasionp ovdis Ligve! ;

21 a second base station establishing conmunication with the nobile

st ati on; thethobilbattioptmovassutfaciently tlose tocanenddbebasestatioas or nway frodt eee ond
base stations, settjng an_ initial power |level for the second base station

to transmfithe baseistatiopp forthe dathesbage station iRbs HgPP#E transnit power |evel of
the first base station to the nobile station in conjunction with setting

the initial pover lavek ofed iGhs Sgtg{gqcél?rﬂﬁ ?offfja%t o 8B§trolTBRle?%t§tt§WdH?erC| aim

12, wherein the base station contr nc S ar |veré!ty handover uni t
for di Verﬁiiséé’scﬁﬂ!@'fﬁtﬁ]%» i @odinatRs/ERsdhenilring therasafipowecieiélonr fHeom t he

nobi | e station received fromthe first and second base stations. 14. The
syst em i rbas¢ stativris?sectdre iriotved eR ¢fecanseiis mpdeverFiged a besfer underkiand thdbase
downlink power control synchronization issues addressed by the present invention at
10 soft handover. 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 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/I, of the received,

diversity-combined signal.



~0 station is adjusted towards the set initial power |evel of the second
base station. 15. The systemin claim 12, wherein the transmt power |evel
of the first base station is adjusted to a desired offset fromthe set
initial power |evel of the second base station. i 6. The systemin claim -
12, wherein the first and second base stations each i s include a transmt
power control ler for varying the transmt power |evel of the base station
to the nobile station. 17. The systemin claim 16, wherein one of the first
and second base station transmt power controllers varies its base station
transmt power in response to transmt a power |level control signal from
the base station cet~troller. 20 18. Thi systemin claim 12, wherein the
nobi |l e station includes: a RAKE receiver that diversity conbines the

signal s received byrHehfobiRPithiforst &hhéit poet EhRrdlick 88 adodtesRMAE base
stations to generate a diversity conbined received signal, and a nobile

st ati on coatsmt bEinknpeveerrdontrobhcgramands fromathe bhse datvansB S lyargbBBR ne ddjist
recei ved signal and transmitting to the first, and second base stations a
transmit igowpnk tramsmitp@vercap@r dawr BYrAR ABPHORTiRedREsBENbin 3rserdanse wWithe
transmt wer..based on the, neasure ar a fy . Th temin claim1l12,
wherei n (18 R emRahdsy HEvarPaF AR Tl menbrelnbf SRR AL 24
reduce a ¢HntiRe®SigRall e &@mtrol1BEs0 geﬁdrat:s &REITE pbwensdtitiol gme,; cb@kfihds and
the first transm t power level. 20. The systemin claim 12, wherein the

transm t gmweanshetsahemfviotranshitteh 80 to beth thesersmpdnade btatden BiSdtandrthé sarget
gradual |y changed. 21. The systemin claiml2, wherein the base station

cont r ol | ehasgstationiBYre dnacperdgneawith 9ad psgfannad embodimant of theenvension, TPC

i ith,desjr ransmt . r for the fir ) i on
g?‘]ZOf |hgt S(é(g'%d Wmt n(ﬂ,sglgxgiugg g)p%a 8% _xr;sorrne Entg(\)v\ﬁch fnﬁ%:%lesa dgsuetd u?crezlasesl}l trlgl?lgnentsl}o%ér?

a desired decrease in transmit power, or no change in transmit power. Of course, any

10  number of bits or bit assignments is possible and are contemplated by the present
invention. Based upon the received TPC commands, BS1 and BS2 increase or decrease

their transmit power by the corresponding increment, e.g., 0.5 or 1 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 BS1 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



22. The systemin claim?2l1, wherein the first base station determnes a
di fference between the actual transmt power |evel of the first base
station at synchronization tinme to and a desired transmt power |evel of
the first base station at synchronization tine to and adjusts the first
base station transmt power level to i 5 decrease the difference. 23. A
met hod conprising coordinating a transmt power |evel of a serving base
station transmtting to a nobile station with an initial transmt power

| evel of a target base station transmtting to the nobile station in a
handover operation. 24. The method in clyaim 23 applied to a code division
mul tiple access 20 (CDVA) nobil e communi cations system wherein the

handover operatiqgn is a djversity handaver operation. 25. The nethod in
Cl'ai m 23 ARG TP CRSoh AFOREEN A0 FRBTRY T e TN HReD Mg POVEL VeI BTb1 it
serving t] i QL t 1 t ar get
base st aB ﬁ%%é&g%%@?mg‘ Jn@ﬁ]éggé‘%ér]]ﬂi: natli-'?n@?,& {;\:hggl\r,\gi{t%é gl’oﬁé{Nﬂ{SF ia’%gs‘em't power
| evel is gggigy,m ned for the serving base station based on the initial power
| evel of the target base station, and the initial and new transmt power

| evel s are provided to the serving and target base stations with a
predet er ni ned synchineny gwtritoit ix desgrablzo havetheseridng and targetrhase statigns her

conprising adjusting the transmt, power |evel at the serving base station
Lo redhicdTansalit atnBapONar JEVats SRR 1At YRRutRr eyl AEFErFRSR) 6y thene

redetern I i i i I . 28.
The. et hoirepfie PG 18621¢ B BntdeluitP Aotd o REMAPERR dmeSHENL THE . 205

The met hqgeidht Ghvniios fchibwstthR desRABIE igdhNsidtlh Hahdrhi@ pbiver syrdhssizatisiner to
| evel s at one or both of the serving and target base stations to reduce a
di f f er engerobedusecn general} thalpotveaheieis ofpdllease Istatiohs atvotved iprastieersityi ned ti ne

and the new or initial transmt power |evel. . .
handover are set to one or more predetermined levels at or for a specific time.

10 The transmit power synchronization procedure may be divided into five

phases including:

(1)  determining a transmit power synchronization time (¢,) when the

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 time (to) ;

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



30. A power control nethod for use in a nobile radi o conmuni cati ons system
I ncluding a controller connected to plural base stations, each base station
~ 5 .communicating with nobile stations |located within or near a
geographi cal area associated with the base station and havi ng pl ural
sectors each having one or nore antennas, conprising the steps of for a
call involving the nobile station, establishing an initial comunication
between a nobile station and a first sector with the first sector
transmtting to the 20 nobile station at a first power level; for the sane
call, establishing a handover connunica}ion bet ween the nobile station and
a second sector; determning an initial %econd power |evel for the second
sector for transm ssions fromthe second sector to the nobile station; and
25 cont r ofthiioy antiehd dansipowep sertinglof\eath sdrvimpebasé station fat thettrangshitsgeoerd
sectors to achieve a desired transmt power offset. 24 31. The method in
cl ai m 30, syitvhra@iizationdinie i) e vidiaim oftheppovxprosediry ivtrprovB.thdhe net hod
in claim30, the controlling step further conprising: gradually changi ng

t he transsyitchpmieationeined ¢ pto alhtheofast lstatibns stvodved isebohandoset.oEadiobaseduce
the difference therebetween. 33. The nethod in claim 30, wherein the
control | i stgtien ayiadpistitte sespectjvedransmit pewverciouhat it isaatdhe desivpddevdl avties of
the first ﬁﬁg second sectors to the sanme power level. 34. The nmethod in

cl ai m 80, SYWSFEIZUORdIM@er ni ni ng step further includes: establishing a
predetermned tine ~to ~ associated wth a desired transmt power |evels

The method i n ol ai nitEAEerR@ressAbiesh g be s SHEln RanhifiopedRingBiocher =
gieﬁ e m ni RGefs Fithd B4R AERINS bUESHcAINE aR& R linitinPHHEhionPRRH th QYfbemfatd he
for any “drift” in transmit power levels. As described above, such drifts may occur
_ because the bit errors affecting the transmit power level (TPL) command received by
10 one base station are likely not the same bit errors affecting the same TPL command sent

to the second base station. This results in “different” received TPL commands rather

than the same TPL command which produces drifting transmit power levels.

Fig. 4 illustrates example procedures performed by the radio network

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

15  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 P,, P, ..., P, and to report the measured results to the RNC (block 100). Each
of the serving base stations measure their respective transmit powers P, B, ..., P,

20  (perhaps in the form of E, / I, 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

at a transmit power synchronization time in the future (to )

The radio network controlier also determines new transmit power settings
25 P, P,,..., P, for the serving base stations BS,, BS,, ..., BS, at time (to) (block 104).

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



sector at tine tp and the desired transmt power |evel of the first sector
at time t0. 36. The nmethod in claim35, wherein if the difference exceeds a
threshold, the t 5 controlling step further conprising: conparing the
ractual and desired transmt power levels of the f rst sector; if the actual
transmt power |evel exceeds the desired transmt power |evel of the first
sector, decreasing the actual power level of the first sector; and if the
actual transmt power level is less than or equal to the desired transmt
20 power |evel of the first sector, increasing the actual power |evel of
the first sector. .AYf.A As. AY
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10¥<" 10%5%& cl)%gco & lﬁ)base station OB/S& (ro?(@lz%ocy &ide to, ehich old base station BS;

detects its transmit power P, and calculates an increment value

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

new

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 preferred methodology of adjusting the power of the serving base
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The current power at each serving base station is represented by the

variable P(?,), and the new transmit power synchronization at time (to) is represented

5 by the variable P(fy). A variable « is defined as the absolute value of the difference

in the current and new power settings, i.c.,

a=|P(to) - P(to)-

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 £ 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: S,, 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. If so, 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 transnlit_ power at synchronization time (to) 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 a/ § is on

25 the order of 1 dB.
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suitable value for & / B in block 210 for the rate of power decrease is preferably
s 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 a / # 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 station 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 communication. This improves the downlink system performance and optimizes

capacity with respect to relative tTransmit 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
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present invention could also be applied to other handover situations including for

cxample softer handover.
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1. A power control method for use in a mobile radio communications system

including a controller connected to plural base stations, each base station
communicating with mobile stations located within or near a geographical area
5  associated with the base station, comprising the steps of:

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 the 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.
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7. The method in claim 1, wherein the determining step further includes:
establishing a predetermined time (to) associated with a desired transmit power

level for the first base station and the initial power level of the second base station.

8. The method in claim 7, the controlling step further comprising:
5 determining a difference between the actual transmit power level of the first base

station at time t() and the desired transmit power level of the first base station at time t.

9. The method in claim 8, wherein if the difference exceeds a threshold, the
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.

10.  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;
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a second base station establishing communication with the mobile station; and- -

a base station controller, connected to the first and second base stations, setting
an initial power level for the second base station to transmit to the mobile station and
adjusting the transmit power level of the first base station to the mobile station in

5 conjunction with setting the initial power level of the second base station.

13.  The system in claim 12, wherein the base station controller includes a
diversity handover unit for diversity combining signals corresponding to a

communication from the mobile station received from the first and second base stations.

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 set 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 centroller.

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
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level control command to increase or decrease the transmit power based on the

measured parameter.

19.  The system in claim 12, wherein the transmit power level of the first base
station is adjusted to reduce a difference between the initial second transmit power level

5 and the first transmit power level,

20.  The system in claim 12, wherein the transmit power level of one of the

first and second base station is gradually changed.

21.  The system in claim 12, wherein the base station controller establishes a
predetermined synchronization time (to) 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 transmitting 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.
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103 26.  The method in claim 23, wherein a new transmit power level is

determined for the serving base station based on the initial power level of the target
base station, and the initial and new transmit power levels are provided to the serving

and target base stations with a predetermined synchronization time.

5 27.  The method in claim 26, further comprising adjusting the transmit power
level at the serving base station to reduce a difference between an actual transmit power

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 comprising 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 communications 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; o
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.
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31.  The method in claim 30, wherein the desired offset is approximately zero.

32. The method in claim 30, the controlling step further comprising:
gradually changing the transmit power level of one of the first and second sector

to reduce the difference therebetween.

5 33.  The method in claim 30, wherein the controlling step includes:
adjusting the actual transmit power levels of the first and second sectors to the

same power level.

34.  The method in claim 30, wherein the determining step further includes:

éstablishing a predetermined time (to) associated with a desired transmit power

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 t() 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.



