WO 2011/ 040858PCT/ SE2010/ 050641 Uplink power control in a wireless

communi cation system Technical Field The present invention relates to

met hods awo 2arweoggenents in a wirel ess 5 tel econmuni cat iPom/SE@t10050641 and i n
particular to distribution of available User Equipnment (UE) transmt power
over different conponent carriers and/or over physical uplink shared
channel s (PUSCH) and physical uplink control channels (PUCCH). Background
10 3GPP Long Term Evolution (LTE) is a project within the 3rd Generation
Par t ner shi PPRAGKe POWEIGRRN tire levidl ve wilre LENFS coranddrcd tionasdstielme fourth
generati on of nobile tel ecommunicati on networks. In conparisons with UMS,
LTE provides increased capacity, nuch higher data peak rates and

si gni fi cagtdnycdimi@ved | at ency nunbers. For exanple, the LTE specifications
support 15 downlink data peak rate to 300 Mops, .uplink data peak rates
of up t oTHSPIMSER} gﬁvgﬂam?5%#‘&;8&85%%@0&%%9\;8%@5%8{1{%?& FIHE8S of 1ess than
10 ns5 | el @QdichiiAatibd BeSHRROBAS i1 pattahlle wafistiriyuthandvaildtde Usem 20 MHz
down to 1.4 Mz and supports both Fg)%ggare uency Evisi on % | ex) and TDD
(Ti me Di FASIPERFIDUIPEE RSB ROFEET AVES B T N L A T A cfPr[Sff (Di screte
Fourier JrpisdiQipihksiieeed ciniiMié ;PUdEH)Wd plkysidheiphiagi contrbEciimwidls nk

physi cal resource can be seen as a tine-frequency grid as illustrated in
figure 1PUftfefle each resource el ement corresponds to one OFDM subcarri er
during one OFDM synbol interval. In the tinme domain, LTE downlink

transm ssions are organized into radio 25 frames of 10 ns, each radio frane
consi st i Bgclaofroteth equal | y-si zed subfranes of |length Tsubfranme = 1 ns as

illugtra ip figure : t 0 08at hRPedioh TE 1S
typi (ill I %’/Eggsg??%efrpnﬁvgfﬁo%ﬁiﬁggﬁr%Z&lgﬁ%gkytﬁ&g% g r esoﬁracg bl ock
cor r espoRasneshgn®rglkeot (AHPR) htol svadves thvs UMTS héandard wormailn thadourth
contiguoys, SUBGALE! 8.8 kDL N6 L EAUBAGYeHOMR ”Iﬁ é’b%%%%&%%% gRrRd ocks are
nunber ed®in the frequency donmain, starting wth 0 _

2011/ 040BTBRCIViSE2 Dbd¢35084padty, much higher data peak rates and significantly

improved latency numbers. For example, the LTE specifications support
15 downlink data peak rates up to 300 Mbps, uplink data peak rates of up to 75
Mbit/s and radio access network round-trip times of less than 10 ms. In
addition, LTE supports scalable carrier bandwidths from 20 MHz down to 1.4
MHz and supports both FDD (Frequency Division Duplex) and TDD (Time

Division Duplex).

20 LTE uses OFDM in the downlink and DFET (Discrete Fourier Transform)-spread
OFDM in the uplink. The basic LTE downlink physical resource can be seen as
a time-frequency grid as illustrated in figure 1, where each resource element

corresponds to one OFDM subcarrier during one OFDM symbol interval.

In the time domain, LTE downlink transmissions are organized into radio
25  frames of 10 ms, each radio frame consisting of ten equally-sized subframes of

length Tsubrame = 1 ms as illustrated in figure 2.

Furthermore, the resource allocation in LTE is typically described in terms of
resource blocks, where a resource block corresponds to one slot which is 0.5 ms
in the time domain and 12 contiguous subcarriers in the frequency domain.

30 The resource blocks are numbered in the frequency domain, starting with O



fromone end of the system bandw dth. Downlink transm ssions are

dynam cally scheduled, i.e., in each subfrane the base station transmts
control iwbapmnaidss® conpri sing i nformation about to whi ebTiseeemosiesl dat a
will be transmitted and upon which resource blocks the 5 data wll be
transmtted, in the current downlink subframe. This control signaling is
typically transmtted in the first 1, 2, 3 or 4 OFDM synbols in each
subframe. A downlink systemwi th 3 OFDM synbols as control is illustrated

in figurgod ohelEndisEhenybtondbARQviather e, after receiving downlink data in a
subfranme, the 10 termnal attenpts to decode it and reports to the base

station et her .the decodin s successf ul .sendi A not NAK
In case il)ygwél n%ﬁE%E&%PB? a%’é it nﬁ&gﬁ ?%r?%tu,le% E"tl)lgseg(g%gg?l onegfell%

r et r ansnbhsd fratien temeaiss daitel iddptmatkior ooipokingiigfeainatignfabont tthe t er mi na

to the base. statio opsi f_15. rid-Al . for received
downl i nkwg‘hcthat,er?]ét?‘aﬁf ﬁﬁpa ?”Z{)@er en ‘F’rélftg%cg C?gpfa??g% g%pmﬁ%goﬁg&m%\%ﬁhecondi tions,
used fas dasisillanceahanittdie i dvntumkntsddvedink suhfrashehis cogtrolequest s,
indicating that.a nobile term.nal nee phi [ : khk data
transm sSPBALIE YUpHay S in S ﬂf\s}ig ’ %b?%ﬁé}g?llgg@gl_sé%ge £:a{ynpgtlj_dp i nk

r esour cestilafraitiat & d3@miin&nyaiessivith,3 ORPM.$yrhBols @staootrol i+ ilpawaiedrnin

exenpli f .ed eb channel -status reports, hybrid-ARQ acknow edgnents, and
schedul i éufe uests, is transmitted in uplink resources, i.e. in the

resource bl ocks, specifically assigned for uplink LI/L2 control on the
Physi cal LTUBlusak hebrit 1AdRQ Chiagmehft¢rRiociing dovediaks dsdain @edbiieeng, deat ed at t he

edges, of 4hg. Lokl 3¥ah|abl e £ebl ARAN Jih. nEacha RS EhuTssAUT co consi sts

twel ve "subcarri one resource block within each of the two
sl ot s of deevding vak ssotsssdy sendivgdey AEE st N 1 sgetc3d” di versity, these

freq“enc}ﬂpéﬁéc%éfﬁ?ae&rd?n%ég% NG¥ e RARPENG oAt ahh@tahetnit@lngaEous - €. one

"resource” consists of 1 arriers at the upper part of the spectrum
within tHetefirst slot of a subfrane and an equally sized resource at the 30
| ower part of the spectrumduring the second slot of the subframe or vice

versa. | bpﬂﬁk%oﬁﬁ%%ﬁ%ﬁ%n%emn@@%ﬁnﬁm td he: ¥l giktidn doddikseont r ol
signali ng, e.g. in case 2011/ 040858PCT/ SEZOéOI 050641 3
15 ybrid-ARQ acknowledgements for received downlink data; terminal reports
related to the downlink channel conditions, used as assistance for the downlink
scheduling; scheduling requests, indicating that a mobile terminal needs uplink

resources for uplink data transmissions.

If the mobile terminal has not been assigned an uplink resource for data

20 transmission, the L1/L2 control information, exemplified by channel-status
reports, hybrid-ARQ acknowledgments, and scheduling requests, is transmitted
in uplink resources, i.e. in the resource blocks, specifically assigned for uplink
L1/L2 control on the Physical Uplink Control Channel (PUCCH). These
resources are located at the edges of the total available cell bandwidth. Each

725  such resource consists of twelve “subcarriers”, i.e. one resource block within
each of the two slots of an uplink subframe. In order to provide frequency
diversity, these frequency resources are frequency hopping on the slot
boundary, i.e. one “resource” consists of 12 subcarriers at the upper part of the
spectrum within the first slot of a subframe and an equally sized resource at the

30 lower part of the spectrum during the second slot of the subframe or vice versa.

If more resources are needed for the uplink L1/L2 control signaling, e.g. in case



of very large overall transm ssion bandw dth supporting a | arge nunber of
users, additional resources blocks can be assigned next to the previously
assi gned weourmassBl ocks. The reasons for | ocati ngPCSERICCHeHESOUr CES
at the edges of the overall 5 avail able spectrumare: Together with the
frequency hopping described above, thge |ocation of the PUCCH resources at
the edges of the overall avail able spectrum naxi m zes the frequency

di versity experienced by the control signaling. Assigning uplink resources

for the RUALe Qvhal tPARINiEEPS DamtRidihi RS pASRES argemuimter onot at t he
edges, woul d have fragnmented the uplink i%ge(gtrum tggki n‘g it inmpossible to
assi gn VBPSISwAGEtPRAESROWSED Rloskn Gt BERSSERCS PRI @ RO PR mi nal and

still rea@ighé&%s%mltﬁo&@rri er property of the uplink transm ssion. The
bandw dt h of one resource bl ock during one subfrane is too |large for the

15control _ signali needs of inale termnal . Therefore tpo efficiently
expl oi t ?ﬂ%r?aégﬁﬁg%elgc%t&g %fi Fgé&;‘gge%%ﬁf?sb?t ST ﬂgt,herf)uviefallgl e ternminals
can shar gvdikelsapitfiesars:ce bl ock. This is done by assigning the different
termnals different orthogonal phase rotations of a cell-specific |ength-12

frequency-donmi n sequence. A |inear phase ratation i . cy donmain
i s equival énﬁ?%?t%q&g%?’ﬁ Fgaeensy i l%g?ﬁcmitoﬁéta ﬁ%v thée%%%%%ﬁ?%y&%hus

al t hough t he pPeCcoH pRasees at did edgesiof thuseceralk peaitable sipectmym cyclic shift is
sonetinmes used with an igplicit reference to t i in..:The resource
used by a Pucﬁgxirglzﬁg}eeg%qf%nﬁ%tdlvc?ﬁ?lgy SPecr ?eedd]%( %ﬂﬁnﬁoélq?%gﬁaﬁggi‘ requency

domai n by the resource-block pair, but also by the phase rotation applied.
Similarly teo Afdgmiageptihkrre$@mreasrshegRUICSH ehether apsitigps wothindlhe e

di fferent phase rotat.i ons, speci fied, [ Qi Lygdi fferent
orthg%onal s etfFEHEEY 1fer‘61r%t%g§he %dé%g’-‘gp&e@ﬁag}gq%gggeéltrtl%de? : )g_\ever, in the case
of frequency- sgdcentr vieakingrinehsossitot tahsigmheerywalle érasisaiesient at i ons can be

g?gd CIO]IC’I S?gg: teggﬁég‘glgit%st ‘i}gnsi,iggltgg?&élertghﬁlﬁ A a DRI Al Yne YR olO 1%, rot ati ons
property of the uplink transmission.

The bandwidth of one resource block during one subframe is too large for the

15 control signaling needs of a single terminal. Therefore, to efficiently exploit the
resources set aside for control signaling, multiple terminals can share the same
resource block. This is done by assigning the different terminals different
orthogonal phase rotations of a cell-specific length-12 frequency-domain
sequence. A linear phase rotation in the frequency domain is equivalent to

20 applying a cyclic shift in the time domain. Thus, although the term “phase

rotation” is used herein, the term cyclic shift is sometimes used with an implicit

reference to the time domain.

The resource used by a PUCCH is therefore not only specified in the time-

25 frequency domain by the resource-block pair, but also by the phase rotation
applied. Similarly to the case of reference signals, there are up to twelve
different phase rotations specified, providing up to twelve different orthogonal
sequences from each cell-specific sequence. However, in the case of frequency-
selective channels, not all the twelve phase rotations can be used if

30  orthogonality is to be retained. Typically, up to six rotations are considered

usable in a cell.



To transmt data in the uplink the nobile teimnal has to be assigned an
uplink resource for data transm ssion, on the Physical Uplink Shared
Channel (WO3CH)o40858 contrast to a data assignnent in dowrairisekeioioseupl i nk

t he assi gnnent nust al ways be consecutive in frequency, this to retain the
signal 5carrier property of the uplink as illustrated in figure 4. The

m ddl e SC-synbol in each slot is used to transmt a reference synbol. |If
the nobile term nal has been assigned an uplink resource for data

transm sgh@fhandt ahtaliR8hs ¥PEnkitAB ndisleaBERInAABaS @NbE absipdDaMRplioR t 0
transmt, it wll transmt the control informati %Q to therlvvith t he data
on PUSCHespyregoior dRtgBamsmissies on the Phesigadpinis et GRS and on PUCCH

The pur paagsds). 10 cERGHEE ot @ talddeighBtdink én HEHAIIARI intupsniies wi th sufficient
power, but at the sane tine not be toq high, since that . would only increase
the int ePFUPRMERt TOSHANEYS RSP SFHIRAD AR R, i tB&FWH\bA@%%%ls‘%n

par anet eriZRe RBSdH) S eGPMmIkNadinwsirbted ialffaad 4.00p mechani smis used.
Roughly, the open loop part is used to 15 set a point of operation, around

whi ch thg cla 0 opponent .operates. .In nore detail . for t he
mobi e t SprHaRese STPREl B posared da by € 5 RsaserePp B | pow
1 1g 10 &MPUSEHnink) hEBPSChbsignet @ uplink ré¥ougde) for HaGF trhd8missica0 wher e
PcNi Ax is the configured maxi mymtransm t. power for the. mhil.e term nal,
MPUSCH (i?éiag tl?marﬁgﬁgger mggas%’ﬁ %F%@E]?f%lgf%‘?‘v%oﬁle{cﬁ UG B9ECH (j) and a
control theshitr getconeoinfethphmetogePler ivdti the dghiomREICHat hl oss, A TF (i)
is transport format conpensator and f (i) is the a UE specific offset or

"cl osed correctiaon' f i j r absol ute
or ai@urruboglg }i\Peo ngg??ggltcfss)u%@q'ﬁgﬁg?%sf}e{%%}jgggi ILDI(I)&TV\E%{ %ﬁlﬁmgﬁhﬁggoper at ed
in two disffosrrsnte toddbe eidhilerteaninahtlaasedtsoritiabeiciens poBet.Hhutsddébe ar e based

on a TPC(Tr {‘réé"'n%t B{’Y&%i%ﬂ”ﬁﬁ@é’%hw dioﬁggﬁé}eaggtﬁ@ﬁltgﬁ%)‘%hk@ﬁ) control
S|gnallng. en” absol ute power conatro IS sed, _t e Cl 0ose |00p correction
f unct i onoflernesst inethemetworke Ia boWr2@$12 040856 PARYISHXI OPP 50BN G!

with a closed loop mechanism is used. Roughly, the open loop part is used to

15  set a point of operation, around which the closed loop component operates.

In more detail, for PUSCH the mobile terminal sets the output power according

to

Pisen (D) = min{ Py a1 ,101og o (M pysen (D)) + PO_PUSCH (HN+a-PL+ALG)+ f()}
[dBm],

20  where P, is the configured maximum transmit power for the mobile
terminal, Mpye; () is the number resource blocks assigned, Py pysen (/) and «
control the target received power, PL is the estimated pathloss, Ax:() is
transport format compensator and £(i) is the a UE specific offset or ‘closed loop

correction’ (the function f may represent either absolute or accumulative

25  offsets).

The closed loop power control can be operated in two different modes either
accumulated or absolute. Both modes are based on a TPC (Transmit power
command) which is part of the downlink control signaling. When absolute

power control is used, the closed loop correction function is reset every time a



new power control command is received. When accunul ated power control is
used, the power control command is a delta correction with regard to the
previ ouslwoaorwumodsat ed cl osed | oop correction. The basepsrsER@n/osmm filter
the nmobile termnals power in both time and frequency to provide an
accurate 5 power control operating pojnt for the nobile termnal. The
accunul ated power control conmand is defined as f(i) f

= . -1, + 8PUSCH (i K PUSCH ) 7 where QpuscH is the TPC conmand recei ved
in K pus gl Hehler apBtrbeEMBahbes eddeiveat whshfacam@ulatad gowef torttik)l iss the
accunul ated power control value. The accunul ated c% é command i s
reset whBpedkdhe RAWET ﬁ@n‘f{%lmomfgﬁlﬁ%ﬁ AgF t%&?/‘irﬁ'"g“%?(‘fﬁgﬁﬁfé an absol ute

TPC Comﬁ%%du%l ¥ BE&RInY@dtedRRRISEhD | b§rré@:ﬁﬁ‘i ed, baaadtaancetmﬁitemhel e term nal
(re)synchroni zes. In the Qasbe of, rese ower control comand is reset

to f(0) =oRPetermpnpls RaHE gD Poth fime @ frﬁ% %V 4O PRAIPER @SS i ndi cated i n
the rﬁnd?mv&%‘&ﬁﬁol r@éﬁ&ﬁ@%@ﬂﬂfoi@% Riobile t@ntiabl dhperdsmubateti@otvet al power

ranp-up formthe fir t to, t | ast rando ess prea | e. The_ P, power
control R rFOB"rrPﬁ’& Bt gefing assaﬁ@ <ShHT T idséquC I% MECSFS Ot h St he

except i oppEhdlyf; W&N ¥ ihas, fuld Hﬁ%&ﬁﬂ@é‘ér&t@l@nﬁm&aﬁtls@mramee aﬂ@es only
cover thgp§ase 0 20 PUﬁ'EuRel 8 the base station has the

possi bi | |ﬂ(zy1)tmﬂheweamuaatpd\pewehemhr@iomlu@port fromthe UE for PUSCH
transm ssions. The power headroomreports informthe base stati on how nmuch
remai nin transmf?zlcf ower t e UE%gf for thg subframe i. The reported
val ue i sT@Ff BRFHRE Bﬂ% cogrmardl $g eSGiEdE o negative val ue indicates
t hat 1¢ hech&a@ﬁ@%em%tﬁaﬂ@ﬂmhR@mé stifte, 2n tbsulistri TPGowemaind i ul |y
conduct the, transm ssion of data, or control information. The UE power
headr oonf{asiyfFd for subfrarne i |s defined as PH (0= PCMAX 110 |0gl10 (MPUSCH

(0) PO_ PUSCH ( e(ive)d aﬁh W-'hen t ))bi{e terminal (re)jsynchronizes.

Py puscn 1 rec

In the case of reset the power control command is reset to f(0) = AP+ G »

where 6, , is the TPC command indicated in the random access response and

msg

15 AP corresponds to the total power ramp-up form the first to the last random

rampup

access preamble.

The PUCCH power control has in principle the same configurable parameters
with the exception that PUCCH only has full pathloss compensation, i.e. does

only cover the case of a=1.

20 In LTE Rel-8, the base station has the possibility to request a power headroom
report from the UE for PUSCH transmissions. The power headroom reports
inform the base station how much remaining transmission power the UE has
for the subframe i. The reported value is within the range of 40 to -23 dB, where
a negative value indicates that the UE does not have enough amount of

25  transmit power to fully conduct the transmission of data, or control

information.
The UE power headroom ( PH ) for subframe iis defined as

PH (i) = Foyax = {1 0log;o (Mpyscr (0) + Py puscn () + (/) PL+ A (i) + f(i)}



WD 2011/ 040858PCT/ SE2010/ 050641 6 where PcmAx , MPUSCH (i) , PO_PUSCH (1) )
a(j) , FL, ATF (i) and f(i) is defined above. In order to further inprove
the LTE, wWOBonduesssed, from LTE rel ease 10, is introducedT/S¥edio/okibE
advanced it will be possible to transmt PUCCH and PUSCH at the sane
occasion and to transmit/receive on myltiple conponent 5carriers. Wth the
added possibility for the UE to transmt PUSCH and PUCCH at the sane
occasion, the scenario of power limtation, i.e. when the UE has reached
the maxi guetd rp&r SMd, %c_z'y)@r DEQONRS NOFE A kigkid AQ iSdefmeyahavebot h of the
physi cal chann PUSCH ‘and” PUCCH can be transnmitted at the same occasion
the available transmt power in the UE needs to be shared between the two
channel sin Jtver PUGGkh traisnmrose thar W [Tdnetvapond riodm|LddprelqasmlPhs PUSCH and
the power . I S fPrmponent
carriers, (Q%E Op%?fgﬁaggggﬁggﬁ{?%ﬁ&%gg%mgg@%gﬁgﬁgﬁég@ﬁ;ﬁhe UE is

distri buPUS@H aethe\sainkcadrcasion smsintiot trayoweit / igetive en mawltipleptaanpinesdnponent
carr|§rs gg ?etmeen PUCCH and PUSCH according to the present invention.
Furthernoré, there is a need to control the distribution of UE transmt
power between nultiple UL conponent carriers, in situations where the
UL 20 COMRANAN A LA ARLDE IO U ¥ LLALER Pl p@%ﬁsaﬁpweeﬁeatqﬁea wi th

di fferent |nportanc are s onto t ferent component carriers.
To be abba&mtoeceaion, dhetsh@aemmfrpmulmt@fom hé *abam b PE hasqaieefed power of a
UE betwe HM&Hh&EﬁI QRENec6RES idre 11@RE/ or between PUCCH and PUSCH,
|nd|V|du power wel g tlnngactors to be used by the UE are configured by
the 25 eNB accordi ng to enbodi nents of the present invention. The power

wei ghl i n§umEeadrs are signaled to the UE accordingly and used by the UE to
wei ght PUCCH and PUSCH and/or different nt carriers, According to
2 first ASPeEt Soherhy SirbeemoghpURCHoRr L P RERHO:T R & oBagEied &t fén for

control | ke tbobadissn thePMBIbRf tranddmt ipdwef avidedE deBdé heberehired, UE
i ndi vi dual 30 power weightin fs&&8rs are confjgured to b qd for
e H has a separat

wei ght i nBe‘@(ﬁgmth two QEannels e power contro?loop
the PUSCH and the power control loops are separated between the uplink

15 component carriers, therefore the base station have to control how the UE is
distributing the available transmit power between multiple UL component

carriers and between PUCCH and PUSCH according to the present invention.

Furthermore, there is a need to control the distribution of UE transmit power
between multiple UL component carriers, e.g. in situations where the UL
20 component carriers reside in different bands or where data with different

importance are scheduled onto the different component carriers.

To be able to control the distribution of the available transmit power of a UE
between multiple UL component carriers and/or between PUCCH and PUSCH,
individual power weighting factors to be used by the UE are configured by the
25  eNB according to embodiments of the present invention. The power weighting
factors are signaled to the UE accordingly and used by the UE to weight PUCCH

and PUSCH and/or different component carriers.

According to a first aspect of the present invention a method in a base station
for controlling transmit power of a UE is provided. In the method, UE individual

30 power weighting factors are configured to be used for weighting available UE



WO 2011/ 040858PCT/ SE2010/ 050641 7 transmt power between uplink conponent
carriers and/or between PUCCH and PUSCH and the configured UE individual
power weiwbtnnig4beast ors are signaled to the UE. 5 Accor @#cm$ER@oaswsecond
aspect of the present invention a nethod in a UE, for controlling transmt
power of the UE is provided. In the method UE individual power weighting
factors are received to be used for weighting avail able UE transmt power
bet ween uplink conmponent carriers and/ or between PUCCH and PUSCH and t he

; eg_e: VgFtr%%sén{ﬂ:%d@éﬂH{%kw%%ﬁléﬂl@&&hbéﬁ@ltfcaﬁﬁ&@San@r/er BpleepPULICION t he

vai |l abl e ransmt power during transn ssion. .Accordi toathird
aspect ofnd ﬁ@%?@ﬁtf@ﬂéﬁ%‘i‘@ﬁﬁﬁ"ﬁ%&‘g&u %‘i"?’%nw?@?tl%%tcp%ﬁaf%g transnmit
power of sianbeqits thE ow.ded. The base station conprises a processor for
configuring UE individual power weighting factors to be used for 15

wei ghting available UE transmt power between uplink conponent carriers
and/ oy bgtyRemRYGEcand sBHSEHS andprsthainsehtidres nB@Rod ar adifrfat i ng t he

Four b aGEYEIIBE CERBTHY BRERIE G G FOROVACCEPT6F "KORCY ofF Y S0 rancm {
pover of pther WighEinpravbdede rdhevedioteniyedses waigheiagiaveilafloUE ecei vi ng UE
LT ansr | CHBMGHE BBTRBAVER! PRI BT CAr e/ Shar oF BatIen PUCCH and
F’U_SCIQt aan? PRUISTILE6@RhE edcenRPIVE nglititieal wosirwadghiing fadiors duabppieder
\ggl glO ! ngn tl'afg g\%iisab?enU%ht?ar?svrr?ilt lp%\?vlere dlllJI'Elntg I:craarlllssrrp11£s1gr(1)mr during transm ssion.

According to a third aspect of the present invention, a base station for

controlling transmit power of a UE is provided. The base station comprises a

processor for configuring UE individual power weighting factors to be used for

15 weighting available UE transmit power between uplink component carriers
and/or between PUCCH and PUSCH and a transmitter 802 for signaling the
configured UE individual power weighting factors to the UE.

According to a fourth aspect of the present invention, a UE for controlling

20 transmit power of the UE is provided, The UE comprises a receiver for receiving
UE individual power weighting factors to be used for weighting available UE
transmit power between uplink component carriers and/or between PUCCH
and PUSCH and a processor for applying the received UE individual power

weighting factors on the available UE transmit power during transmission.

25
An advantage with embodiments of the present invention is that the base
station can control the UE transmission power available for multiple UL
component carriers, and for PUSCH and PUCCH transmission in case the
PUSCH and PUCCH is simultaneously transmitted and when the UE is power
30  limited.

Brief Description of the Drawings

Figure 1 illustrates the LTE downlink physical resources according to prior art.



An advantage with enbodi nents of the present invention is that the base
station can control the UE transm ssion power available for nmultiple UL
conponentwoanri/gss and for PUSCH and PUCCH transni ssi ORCTISEc@s®5dche PUSCH
and PUCCH is simultaneously transmtted and when the UE is power 30limted.
Brief Description of the Drawings Figure 1 illustrates the LTE downlink
physi cal resources according to prior art. WD 2011/040858PCT/ SE2010/ 050641
8 Figure 2 illustrates the LTE time-donain structure according to prior

art. Fi gh‘{%%ré 2 fhuehiales tiedewdhifk stuliiRmRsoREeOtpAg 4@ prior art.
Figure 4 illustrates an exanple of resources assigned on PUSCH according to

prior art, 5 Figure |l ustr S scenario r di. ng to an enbodi nent of
t he presg’rﬁ“rFrﬁ/’ngSFBFFs tng{?F’é@ng Hﬁgaifleéraé\’c‘?lidgﬂ’/& APt %’i‘t t he met hods 0

according to enbodi ments of the present invention. Figure 8
i Il ust r aFggurt ReillUStrang drhexdmsie of rabuecesassigndd ng RUSEHbodimeg ® of 10 the
present invention. Detailed description The present invention wll be

descri beBbfe" fully hereinafter with reference to the acconpanying
drawi ngs, in which preferred enbodi ments of the invention are shown. The
i nveni i oRiguary 5 flloweraess, a beenanibedcedingtonanymipodiresrerf the prasent

invention.

Figures 6 and 7 are flowcharts of the methods according to embodiments of the

present invention.

Figure 8 illustrates the UE and the base station according to embodiments of

10 the present invention.

Detailed description

The present invention will be described more fully hereinafter with reference to
the accompanying drawings, in which preferred embodiments of the invention
are shown. The invention may, however, be embodied in many different forms
15 and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the invention to those skilled in

the art. In the drawings, like reference signs refer to like elements.

20 Moreover, those skilled in the art will appreciate that the means and functions
explained herein below may be implemented using software functioning in
conjunction with a programmed microprocessor or general purpose computer,
and/or using an application specific integrated circuit (ASIC). It will also be
appreciated that while the present invention is primarily described in the form

25  of methods and devices, the invention may also be embodied in a computer
program product as well as a system comprising a computer processor and a
memory coupled to the processor, wherein the memory is encoded with one or

more programs that may perform the functions disclosed herein.



15 and should not be construed as limted to the enbodi ments set forth
herein; rather, these enbodi nents are provided so that this disclosure wll
be thorowyb 2anich4as38pl ete, and will fully convey the scopeTsE2dlb®sicmyvent i on
to those skilled in the art. In the drawings, |like reference signs refer to
l'i ke el enents. 20 Moreover, those skijJled in the art will appreciate that
the nmeans and functions expl ai ned herein bel ow nay be inpl enented using
software functioning in conjunction with a progranmed m croprocessor or

gener al R%&Bﬁﬁﬁbgﬁﬂﬁﬁhﬁbtuﬁﬂgﬁg&hﬁﬁbﬂgoﬁ@mQﬁQ&hﬁaﬁﬁQMmﬁpﬁﬂﬂiiC i nt egr at ed
circuit (ASIC). It wll also be appreci ted tha% i ggg gﬁﬁgent

i nventio @$§ﬂﬁﬂﬂﬁﬁ?¢F?“%§%%W¥bEHE?-VTH? FB?W?%% 8¥ %ﬁi devi ces, the
i nvent i oph A8Ke dh0tiBA 18 BPPEIBIE inNardy SRBEH RN t@gﬁﬁﬂ’ﬂs&bﬁdimmuaﬁalmel | as a
system conpri sing a _conputer r and a nenor

0Ccess he
processo?mﬂﬂﬁ@?eﬁﬁw¥ﬁ@Eﬁ%ﬁﬂ?V%nggﬁE @&?WHT?P%HES%P pgggrogf%ns that nay
per f oy m phecHRGIdsemse.di scl osed herein. WO 2011/ 040858PCT/ SE2010/ 050641 9
It should be noted that the enbodi ments of the present invention will be

described in the context .of an van ed rk shoul d be not ed
t hat theI}ﬁV?ﬁEFﬁWSt?”ﬁﬁﬁ??8ﬁﬁﬁ§m$ﬁ% Hy* ?ﬁsp havF%%Q an§n155|on on
mul ti pl eteaBRRH o awroca{ Snam’dJ’SﬂH mhemrsrhnuinlan@openmtamsmrs ¢ on on PUSCH
and 5 P j 0ssSi bl e. ase there t ransm.t.; tion at the
i th P befeae ertalet i B SRoE Bt IR RO S oD

conponent carrier, it would be desired to take in the whole situation when
resol vi nghttegork] imi draltt onredlihetled BUECH lnady erbase stadiuceant $rdePWSCH | oad, the

base eni 8%@ 200 %CgQVee%urll egr %ﬁ?}%ﬁ%ﬁhﬁ&c}l&t Lyedks NYRelaffe ppbERK

conpe I €rs,” or sc PUSCH transm ssi ons such t hat
t hey do aond POISSIH txsmﬁummmhythamﬂn%’rdmtmtv@loyr sirpeltayaeoaiskt at i on can

schedul e 1.ransmgsi }&g‘ﬁ%ﬁf&&gg I‘IEI@‘H@@ Ej‘raﬂfsml.t’é%lldrp&i GERRARNtueBEF I €rs. In

or der to FEAtE “th oad ependent on the amount of 15
ACK/ NACKof @RlinK Ghapomeéntoaati¢nsy |nd|cator) and SR (scheduling request)
transm ssions, the base station can reduce the ampunt of ACK/ NACK

transm sgj 8{!:161?3{0 sehedy hk%d@?%a@a\;fﬁlcﬁris AcBin@nt BHTRe ntfurd@tn! i nk

conponent carriers, in addition schedul e PUCCH and PUSCH transm ssi ons

such1§ habCK{®nCdo C‘r@t(caae@ml @ity indierdor (apd Sy (scbadiddng frauest

transmissions, the base station can reduce the amount of ACK/NACK
transmission by scheduling less data on a given number of downlink
component carriers, and in addition schedule PUCCH and PUSCH
transmissions such that they do not occur simultaneously. To reduce the

20  amount of CQI (channel quality indicator) (or other channel state information),
the base station can schedule CQI reports such that they don’t coincide with
PUSCH transmissions, schedule transmissions on a reduced number of
downlink component carriers, or schedule PUCCH and PUSCH transmissions

such that they don’t occur simultaneously.

25 In case a scheduling request is to be transmitted with PUSCH, a bulffer status
report is instead transmitted on PUSCH together with a data payload. Hence the
scheduling request does not contribute to the PUCCH load in case PUSCH and

PUCCH are transmitted simultaneously.

All these measures can be taken by the base station without need for additional

30 specifications and these mechanisms should primarily be used by the eNB to



20 amount of CQ (channel quality indicator) (or other channel state
information), the base station can schedule CQ reports such that they
don't coiwoi2de/oagsR PUSCH transm ssi ons, schedul e trans®CISEQS/ 08064
reduced nunber of downlink conponent carriers, or schedul e PUCCH and PUSCH
transm ssions such that they don't oggur sinultaneously. 25 In case a
scheduling request is to be transmtted with PUSCH, a buffer status report
is instead transmtted on PUSCH together with a data payl oad. Hence the
schedul i %g@gHQﬁ,ﬁinﬁ cRGtnic@r i bute to the PUCCH | oad in case PUSCH and
PUCCH are transmtted sinultaneously. t hese neasures can be taken

Al |
by the base station w.thout ne for addit.iqgnal 30 s i fications and these
nechani SH§W§YR5lﬂndth6r(i”ﬁﬁﬂ%’ ¥ tg‘é(iﬂ?s?cpwrt Wéltaetﬁi% BS avﬁ%%ie Ui BranSiiit
2011/ 0408588GE 20 L4 D5&644n 10e PUBCHM i tieplPU Q8 Hpovidior Ibetivdeat then. However
on the side, if the UE isct%o]\éd\er | i 'tatedt.the avaf' Icg IelgatUaEVOtiéansrﬁt
pover i sUBHRE FPBRPRE IFATHES LR 1%§I}Rfea?fﬁs‘fr?‘nemw andrst “between t he
upl i Nk CerRefRRtithe aiddiehsn aeaemli figvdroHehe:, phesEBtddtavents onightingr der t o
avoid 5 exceeding th Xijumtransmt power. e, the et erm nes
wei ght i nécf%ét%rbg athﬁﬁggﬁfy f Hedsht ?%%e$%mﬁ§rﬁ¢§%%&pg / 8rnP?E§ HcIiUSCH and/ or
PUCCH angh@forttd eaak indinidivel ebrapowattpaneat wiiahrareused bgthaU€. (hed/y t he UE.
The UE uses these i ghti factors, when determning th r ]t power
such t hat'Sth eéwegm?‘ﬁéa&g’éw %&eﬁﬁ%ﬁégﬁ%ﬁra’{lﬁ%ﬂ%ﬁﬁ‘féﬁ% Sté‘r?gﬂglrm PUSCH whi ch
may be 1lthedéghrdf b aednemessionipdigl @ tenRpldG€Htarckior PEISCH whindl mey e equal to
t he xi mqum. avai | abl e power of the UE.. Hence, the I i factors
can eGiFHPGEd o e A u}\é\%tcﬁgjé)ﬁ e FRFSH lsgooe HAE ﬁ&%ﬁ? ¢ %{% %rga%h\%\lg?lc h nay
depend ogavdil®ld y@peeradf tdatik. $timeduiheboorer tWwetghtomgfen®ns caabe icgunal orFor
exanpl e, co ent carrier specific wei.ghtin 0 ed by the
G 15 THErarORe e ey EOEBaa oy "R Brvesheidbdnl Pt e Y e
st ati on ecbddtaghesduleioghhk rgoipantor sarfiers. #ac hxdshpleu pbinpiergaapasent carri er
and signal s.the wej.ghting fac s to.the UE. The weighting factors can
ei t her b@p%c?%%‘gFl\ggltlgﬁé G OVE%%C M6t F)X;%IF? ;EEI n case of inplicit signaling
the base station signals another piece of information fromwhich the UE can
deri Ve whhedfeforej gghe ifing 2@bddimieot of the mppint inFndiodEtbasgsdatioe wei ght i ng

|2 o porg o Pl R B B e om

is no poﬁ%r% 8 t hat since the base station is

not awar éheofveighting feantersanvha U Thewaiigltbtelacicap san cithenke sighatele UE, the UE
e 1o BB i TS S ML e LRnle LS e v
another piece of information from which the UE can derive which weighting
20 factors to apply. The UE can use the weighting factors to reduce the transmit
power on each component carrier until there is no power limitation. It should be
noted that since the base station is not aware of the exact amount of available
transmit power of the UE, the UE may not simply use the received weighting
factors. Instead, the UE may have to perform an additional scaling such that
25  the sum of the transmission power over the multiple component carriers is

below or equal to the maximum available power of the UE. An example of this is

explained below.

The usage of one or multiple PAs (Power Amplifiers) in the UE for different
uplink component carriers is an implementation option, and may depend, e.g.
30 on whether the component carriers are adjacent/non-adjacent or in the

same/different bands.



25 the sumof the transm ssion power over the nultiple conponent carriers
i's below or equal to the maxinum available power of the UE. An exanple of
this is ewplzaimaossBel ow. The usage of one or nultiple PRET(SBoWe050641
Amplifiers) in the UE for different uplink conponent carriers is an

i npl enentation option, and nay depeng; e.g. 30 on whether the conponent
carriers are adjacent/non-adjacent or in the sane/different bands. WO
2011/ 040858PCT/ SE2010/ 050641 11 As there is a dependency on the PA

i mpl enenh @tk QR is A deBenddacyan @e%"ﬁﬁ}ﬁkm@ﬂ’c&m’hﬁﬁ thE UE,)&SSEC@drf?:rzﬁlhellepower on
the conponent carriers such that the follow ng con % tq&f?‘ﬂﬁ) fulfilled, as

expl ai nethe BE aeseala i BOBT W elORARsBhEHT R PYT 0t &any

restri Ctb&{}i@cf)né)&xtéefhlﬂﬂedcﬁggﬁgﬂﬁﬂiedqafﬂie&t’xaﬁﬁﬂé bgw(atjmnmpoaemherm n x and y
are the weighting factors and z is a g factor .used_for scallng

per f or mefRIBT S gt ai‘y/reﬁf(rtcil‘)fl)?f)og&ﬁ@]‘%ﬁﬁ grne(n%lcﬁngom BEEHOS max(1) In
a secpndyaprRed kBl y atdi@ caiBoic@il Letrk gute iam dcathy fattad useei fght i ng f act or
to be used for P and PUSCH, 1 n case where PUCCH and PUSCH are 10

transmi t beding neforasd dudhy Wid the UE is power limited. The UE woul d use
the weighting factors to adjust the transmt power on PUCCH and PUSCH

accordi ngly, whi ahzj(s/: JHouet rcated (bel) Poweh&lGl) s Minznd m are the wei ghting
factors and z is the scaling factor used for scaling perforned by the UE

1/z((1/ n ) Powe / P di ment
are furtﬁza?‘ eTOI us‘? § }fﬂkﬁ n‘%bﬁ %}%?%?Pw ng exarrpi dl(%i)usa?:’lalc‘?g111 §]lgrfg(g{lgfg)ure 5. SIt
sBouI d b& botieel folnfi’tU(ICBﬁé awdﬁglﬁ@hﬁglnfca?@e@rf@raﬁﬂcé&hamﬁu@% ares di scl osed
abov i.le tsdige tati

b0Vt o g bRl B A D pRTrb M 0 08 ey Bapge St on
wei ght i ngrefgauhgrfsqtomotorabpsirt@ﬁrtgpnmlt heWFlU@GHU;QﬁH{ PUSEYSHEt each 20
conmponent, Ca(lghrnI rt“ﬁl-[& is 1ﬁu§tggt kgl?elm%e%l H &re tﬂ@tv%éhtgﬁgscr i bed bel ow

in conj uRctr o an exarrp or two conponent carriers, the
wei ght s faeotdrd almdzmslitue@biallng facruseed for seabugEerforraed by ItheEated in figure
5. As a special case, all signaled weight factors may be set as equal to 1.

As a furthar €as6wet BeSTYM @f/m) Power PUCCH) < P_max  (2)

15 These embodiments are further illustrated by the following example disclosed in
figure 5. It should be noted that the weighting factors and scaling factors

disclosed above are 21, while the weights disclosed below are <1.

The base station 501 signals to the UE 502 a set of weights w 503, also referred
to as weighting factors, corresponding to the PUCCH and PUSCH for each
20 component carrier. The UE and the base station are further described below in

conjunction with figure 8.

As an example for two component carriers, the weights would be w_PUCCH_1,
w_PUSCH_1, w_PUSCH_2 as illustrated in figure 5. As a special case, all
signaled weight factors may be set as equal to 1. As a further case, the sum of
25  the weight factors may be equal to 1, and in such a case, only a subset of the
weight factors needs to be signaled to the UE, as one of the weight factors can

be calculated as 1-(sum of all signaled weight factors).

Thus according to embodiments of the present invention the UE receives the set

of weighting factors w 503 corresponding to the PUCCH and PUSCH for each



25 the weight factors may be equal to 1, and in such a case, only a subset
of the weight factors needs to be signaled to the UE, as one of the weight
factors owo2ba/@e858ul ated as 1-(sum of all signal ed wei gotr/SEacbos®¥1 Thus
according to enbodi nents of the present invention the UE receives the set
of weighting factors w 503 corresponghng to the PUCCH and PUSCH for each
WO 2011/ 040858PCT/ SE2010/ 050641 12 conponent carrier, and uses themfor
distributing the available UE transmt power between the PUCCH and PUSCH

?nd/ or bf@érﬂ%@rﬂerﬁmﬁ&e@hdﬁéé iti@dr8 fod disBdditingoe aaailible paCirhhem$tcal i ng
actor s 5

4 may be applied 04 of the 502 t hat the
total ouPPUeEr %W@?nél%gg %&%ggﬁ’%{kﬁ%n c?ﬁfqeg ?eé’dcq:ﬁnwnﬁﬁﬁ?oﬁ put power
L or the 5&@11;15]105@@'; s&%ﬁmc@mm@oﬁ @HS(IéWﬁajZ@Bm@pHm bg arproesssor 80 UEh
eterm nes the scaling factors. s UC94 eac
conponen®! &Y P25 8t gf?&aﬂ“? Ayt ?‘ét[pblﬁtpﬁmef a%%&t ‘iﬁ%ﬁeé{ E craonig !
sl *w_PUCEH A Ravek 1pRYBGHet fof tB UBVPPHSEX | * Power _PUSCH_ | + 10
s3*w_ PUSCH 2* Power PUSCH 2 P cmax As a further special case, the network

may si gn one s fic reserved val ue PUCCH or
PUSCH oA At ATt e RG OEERA AL SRl tbe S eoahi R b BhRlE o, ¢ ne
PUCCH mmc@bﬁsaale@ 1244, sFH i PAISCH (RVECH fandstach anthpohent cacrexeptgs@lqahmn d be
scaled by the UE with ahgtg ling factor s to be determned 15 by the UE to
stay bel BROBURHBCVEFFNS %vior could be inplenented as a special case of
the generic behavior, where for the exanple of conponent carrier 1,
w_PUCCH_k1woAUL¢ié ]S‘EDWB[}LPUE@I‘UE t&ﬂWﬁ%%HWWQQHHUWW be set by the

UE e aI g,p jPUét(;H az*ﬁg‘gglj QJSE%? g;{ue of w_ PUCCH | or wPUSCH I is

sign stch ower PUCCH 1 +
wW_ PUSCH I*Power PUSCH 1) P_cmax |n fact becomes with w PUCCH | = 1/s and
w_PUSCH_As= furthel spegialscapyidhe IRUeH may signepgie sPEUSTHEPeeial e speci al

val ue of awg%e‘dor P M@Jﬁ%ﬁUg@H 6 %dl@d@@qﬁé’@n@&aﬁﬁ% sraliug Zofe0. 25
According to one exanple, 1nitial %a% aval | able transmt power is

al | ocat ednitbe PREQUGCHhe RERCHheow Paieh'e PEVERETPUSEHIE al | ocat ed
:Rg E Eg g@tb%h%&&l%%r@ctalaaoyﬁhé Sethel Qfs@élﬁlgjﬂaﬁﬁoElsQUtt%dié@@trM&ﬁe@ the PUCCH
15 by the UE to stay below P_cmax. This behavior could be implemented as a
special case of the generic behavior, where for the example of component carrier
1, w_PUCCH_1 would be set by the UE to 1/s and w_PUSCH_1 would be set by
the UE equal to 1, if a special reserved value of w_ PUCCH_1 or w_PUSCH_1 is

signaled, such that:

20  s*w_PUCCH_1*Power PUCCH_1 + w_PUSCH_1*Power_PUSCH_1) < P_cmax
in fact becomes with w_PUCCH_1 = 1/s and w_PUSCH_1 = 1:
s*(1/s*Power_PUCCH_1 + 1*Power_PUSCH_1) < P_cmax

The special value of w_PUCCH_1 or w_PUSCH_1 may for example be the value
Zero.

25  According to one example, initially all available transmit power is allocated to
the PUCCH, then the transmit power to the PUSCH is allocated and the

available transmit power is therefore distributed between the PUCCH and the

PUSCH.



WO 2011/ 040858PCT/ SE2010/ 050641 13 In a third enbodi nent, the base station
is adapted to configure a PUCCH specific weighting factor to weight the
transmt wower1/@mssPUCCH rel ative to the transmt power @®@QTRESGB0SG6m case
where PUCCH and PUSCH are transmtted sinmultaneously and the UE i s power
limted. 5 1n a fourth enbodiment, the base station is adapted to configure
a PUSCH specific weighting factor to scale the transmt power on PUSCH
relative to the transmt power on PUCCH, in case where PUCCH and PUSCH are

transni tied siuhiRaaass] Yhabskd f6tibkid sdpaveto tirTigheda HUTEHT i ft h

enbodi ment, the base station is adapted to conflg% n:gogen% ‘ Q carrier
speci f i cspasifia/veigatingdacieit fongeighlc s risanTe PAF R Ug:r@EB atHe'%¢€ond, third
and fourth,eRoidBMSPUSCE; in t4te Wase PSICGUH aid FISCI0AEd gHhemiarponent
specific individual wejghting factors. for PUSCH and PUCCH as for exanpl e:

1/ z( (1 / nsippdigeopelsanddbe Y 15 MWPRICPUCCH CCL + (1/k ) Power PUSCH CC2+
(1/1) Power PUCCH CC2) P max 15 N, m k and | are the weighting factors,
z is 4 herd)Ersaah eRGotiaatey tenbadsGlaiion & ddapstd coopdipent adarSGRer and CC2 is
a second conponent carrier. Further, the base stati . he, pted to
conf i gur PECHHPBAERINE S Pel° ?ﬁ&c’ihﬁtéarisﬁﬁlt %?PHG%?H?A’ESS{H ?e?%t“?eatg? gr@s f or PUCCH
speci fi ctrab@i poveerfRCPOCSH, th sa%! ehdrb PUCCH sndtPYRNE rrotraPBdtd el ative to
the transmt power on S .20 Alternatively, the base station may be
adapt ed FW‘BH&W@W@%%(%Hp%‘ﬁ?rrlfrg’rtei'peci fic individual weighting
factors for PUSCH specific weighting factors to scale the transmt power on
PUSCH r elrahififtt drabddiment ahs ibate patien isadRIEGHo canfigarefasmpesentbodi ment
provides an. alterpative sol uti | stri oyt PRk hetiwegn the UL
corrpﬁ)(genfar@gf ISP%?HCJI‘V'heMgP e‘?’%lgﬁﬁr\}%?%Cg#)%te{cgﬁ%%%w%%}zt at one or several

upl i nk canpdnetih eadrodireerstsi b¢.atlee pasectationy srhyeefigutratomprnggéwer is first
reduced on the non-priorit.i. ansh I S8 o easan1ef or

prioriti i?%cgl?colr?glvé(riuar%ovy%g%tbr?%e%ggogg@npone%(t:ﬁgaglrdr]ie%r s i's that the information

carried on these conponent carriers should be protected. The_information to
be 1/z((1/n )Power_PUSCH CC1+ (1/m) Power PUCCH CC1 + (1/k )Power_PUSCH

CC2+ (1/1) Power_PUCCH CC2)s P_max

15 N, m, k and | are the weighting factors, z is the UE scaling factor and CC1 isa

first component carrier and CC2 is a second component carrier.

Further, the base station may be adapted to configure component carrier
specific individual weighting factors for PUCCH specific weighting factors to
scale the transmit power on PUCCH relative to the transmit power on PUSCH.
20  Alternatively, the base station may be adapted to configure component carrier
specific individual weighting factors for PUSCH specific weighting factors to

scale the transmit power on PUSCH relative to the transmit power on PUCCH.

A yet further embodiment provides an alternative solution to distribute the

25  power between the UL component carrier. The alternative solution implies that
one or several uplink component carriers is/are prioritized such that the power
is first reduced on the non-prioritised component carriers. The reason for
prioritizing one or more uplink component carriers is that the information
carried on these component carriers should be protected. The information to be

30 protected is typically control information transmitted on the PUCCH or the



30 protected is typically control information transmtted on the PUCCH or
the WO 2011/040858PCT/ SE2010/ 050641 14 PUSCH. Exanpl es of control
i nf or mat iwo 20r1zcaess8t t ed on the PUCCH are CQ reports an@CETsERI10/050641
information transmtted together with data on the PUSCH i s ACK/ NACK
indicators. Thus the prioritized co nent carriers may be PUCCH and PUSCH
used for control data. 5 Hence according to this enbodinent the network has
to informthe UE about which UL conponent carriers that are prioritized,
nguteh'zilr’%gé?? EE}-%@%%ﬁog%rop%féﬁ%&%r?tﬁﬁﬂ%%%&d%ﬂ a&ﬁwedmaab @I e.g. the

, actor for the qn the respecti .CO n
carri er . rePREtsIRAFItrod dpavRateR SrasHitted togstng "B}[}? ﬂ%‘iapqrba%eﬁ;%%gﬁ\}\%ennp? hgntUE

reaches hog MR @3 Tlﬁmﬁ@ﬂ_@”%}r%&ﬁ%d&@ﬂ@fonehh@m&ﬁwhﬁylbé FUCSH wei ght
t he conponent carriers with weights provided by the network. The wei ghts

may e. g. 2@ PYSCHues PhgPBAIYR- several conponent carriers are
priorytized, i.e. the allocated power on the prioritized conponent carriers

is not 15 wei ghted downwards. However, if afier the wej Lhg facto

appl i ed, Hehee dordingtp FhlS@éerﬁanfpﬁ\ﬁevetWPlﬁah ’E‘%& FOOW?Othgg%téhsa%(?ﬁ?d s LZr 2r te he
avai | abl gnidhans BbinpPaveY ceaeal thyt Bed prentitdis aptithisi douzete dane egr by Thi s
further embodinment is exenplified ’rb% taﬁue exa iJ wher.e the tat gl UE 20
transni t PSR SRESHICEsCV R VB naRi WiV ‘r‘eaﬁesrﬂin? %8\7%%}%&&% "H¢hi's case
the UE spgkesi éhend feapsdtive pawphenf carieh TISTH wlltkhhhahcddediBRUSCH ¢ (i)

" MAX PPUCCH (i) where wc is [ '
10 “the pr(lnc)iple ere. a scaling factor for PUSCH on carrier c.

When the UE reaches the maximum total transmission power, the UE should
first weight the component carriers with weights provided by the network. The
weights may e.g. be set such that one or several component carriers are
prioritized, i.e. the allocated power on the prioritized component carriers is not

15  weighted downwards. However, if after the weighting factors are applied, the UE
is still reaching power limitation, the UE should share the available transmit

power equally between the prioritized carriers.

This further embodiment is exemplified by the example where the total UE
20 transmit power exceeds the UE maximal transmit power Peumax. In this case the

UE scales the transmit power of each PUSCH such that
Z W, * Poserne () < Posiax — Poucen @

where w. is a scaling factor for PUSCH on carrier c.

25

Turning now to figures 6 and 7, illustrating the methods according to

embodiments of the present invention.

In a first step the base station configures 601 UE individual power weighting
factors, weighting the power to be used in the transmission by the UE on

30 PUCCH and/or PUSCH and/or between multiple component carriers. In a
second step, the base station signals 602 the configured power weighting
factors to the UE.



25 Turning now to figures 6 and 7, illustrating the nmethods according to
enbodi ments of the present invention. In a first step the base station
conf i gur e’0@011/048858ndi vi dual power wei ghting factors, weCgisERNg/ostse1 power
to be used in the transm ssion by the UE on 30 PUCCH and/ or PUSCH and/ or
between nul tiple conponent carriers. 1F]n a second step, the base station
signals 602 the configured power weighting factors to the UEE WO

2011/ 040858PCT/ SE2010/ 050641 15 The UE receives 701 the UE individual

;:onfi gur ere g@é\@eteﬂﬁ@g %gl itlﬁ%UEﬁﬁHﬁfﬁ(ﬁlal\bﬁh@@ﬂeﬂg)obd&eW[&i:ghmlhgtfacthS,used in the
ransm ssi on by e and a ying 702 the i ghti factors scalin
the tot aWGILSEUPEéH‘éﬁPWe’bHV\B‘? u%%e%‘ tth%afﬁ%riﬁn?lﬁlﬂﬂ é’gtlp‘ﬁ%ggﬁéépp%%% or the PU%CH
?nd{or (()ﬂ}e;ﬂdéﬁghﬁlggfé&ﬁ]@(m coaﬁﬁgltlﬁé ejtal UEnradehit power @heth east one scal i ng
actor (s may. be appl | 3 en t itting on the, PUCCH and/or the
PUSCH anHPBFm&%nﬁﬂﬂnt' Ipé"F (g%%ﬁ‘&ﬁl At aé‘??égs”’gﬁ?go{lﬁ%?h?heecogn o gt he
tr ??5571' S&4r@RrONEEddloh het 1PkEGr candling fARUSCH) whiyche apylidie7@fi when but ed over
mul ti pl e conponent carrj i s bel gw or. ual, to the maxi num avail abl e
power of UPRETGERE LG %ﬁ&ﬁé@%@f’&? H’Qﬁ}eolggﬁggnaﬁléidf)ﬁgﬂtr?ulﬁgee %oénv\%(%le?l (L5 be used
IP[IJStC'Ze t g@gﬁem Gt thythe Ranl b the\traishiiesioh@oseabedhd BBOMH hnd gspect to

an or wwth re cf to different conpopent. I i.f multiple
conponenFUégﬁgY‘_’%F%‘ rﬁ?%gﬁg?%g‘gﬂéegaovﬁg né%ﬁ?%i TEPA egggérrg%glisnﬁeg&gghbi nat i oﬁ

t her eof . ef\salan tex armpiraumDataylaple @iwericf éide U&BNponent carriers carrying
control information are scaled. 15 The present invention is also directed

to a, UE ((User Equi pnent) and,.a S tati [ . -asp.an eNB i n
L Te e TS ettt B P R Dol S R i B RS
t el ecommitid GRtrhan eitie¢rvinr calida? Ghwehstapdadne PUSETtand PHEQbEomwHht he base

station ?e%%gétl t%ediﬁ'grtelelp @g%poggrwecrarﬁg%l i% Mu@ﬁﬁle%@glponent carriers are being

used as explained above, or in a combination thereof. As an example, only
prioritized component carriers carrying control information are scaled.
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The present invention is also directed to a UE (User Equipment) and a base
station, also referred to as an eNB in LTE. The UE is configured to wirelessly
communicate with a mobile telecommunication network via base stations.
Hence, the UE and the base station comprise antennas, power amplifiers and

20 other software means and electronic circuitry enabling the wireless
communication. Figure 8 illustrates schematically a UE 502 and a base station

501.

Accordingly, the base station 501 is adapted to distribute the available transmit
power of a UE 502 between multiple uplink component carriers and/or between

25 PUCCH and PUSCH. The base station 501 comprises a processor 801 for
configuring individual power weighting factors distributing the power to be used
in the transmission by the UE 502 between the PUCCH and PUSCH and/or
between uplink component carriers when transmitting on the PUCCH and the
PUSCH simultaneously. Furthermore, the base station 501 comprises a

30 transmitter 802 for signaling the configured power weighting factors to the UE
502 and a receiver 807 for receiving data and control information on which the

configured weighting factors are applied.



20 other software neans and el ectronic circuitry enabling the wrel ess
comuni cation. Figure 8 illustrates schematically a UE 502 and a base
station 500.20h0messdi ngly, the base station 501 i s adapt edTise2@vsswibut e t he
avail able transmt power of a UE 502 between nultiple uplink conmponent
carriers and/or between 25 PUCCH and;PUSCH. The base station 501 conprises
a processor 801 for configuring individual power weighting factors
distributing the power to be used in the transm ssion by the UE 502 between
Ehe PUCCH and PUSEH and/ or between uplink conponent carriers when

ransmtting on the PUCCH and t he PUSCH si nul t.aneously. Fur rnore, the
base st afFeHdmEIoCHFFRRAEMENSPthe REFRCRE BV CBHS £ p§¥‘fﬁ?§?ﬁ gffshe

conf i gur gghMRVEd tINEdBIHurO OH Retvid Sal i weh eveldhthigZadtoss & Beasid/r 807 for
recei ving data and_control |nfornatigp on whi ch thgﬁconfiggéed wei ghti ng
‘A

factors WeghHpgIavaieble WE YeRaPERPFEE PEFTSEXP I V58641 65 A

_ : _ ording to one
enb]?dﬂ ”eﬁﬁo%ugégortgm_rgéﬁlﬁ%@tbd d’b‘hﬁ@ﬁféﬁlnt,o ﬁrhfﬁit%%&&ﬁ@énﬁfﬂrrieﬁs bpnfigured to
configure i ndi vidual power weighting factors to be use wei ghti ng
avai | abl @B iRgHSRiYE b’&ﬁ)@ﬁﬁﬁ]&%%ﬁved%%’%ﬁ{“ww gﬁ‘%t. t%‘?ﬂgéj %I?or ocessor 801
may al SopbReCiaHrbtédeded 6nPht abhigragithedponpdhenacartierss by configuring the
UE i ndi vi dual power weighting factors such that the PUSCH power is first

reduced on the non-prioritised conponent carriers. According to a further
enmbodi meftcortite BrOReEEe lendfdliment; @ peiteschrtad Iderbhigured 16 culfigurdi vi dual

power wejghting factors to be used for. wei i ng.avail abl.e UE transmt
pome}obePgEQHW?UE%HO&ﬁH“ﬁﬁﬁéﬁg ﬁﬂ?f%ﬁ%?eFﬁ%P%F8%8§§5$Eﬁﬁﬁa%ggg%nfigured to
conf i gur gadsRUGEIV e PREVEICPVECHNNNPUBEEL Gurther vibiegitbcdsher tagreni t power on

PUCCH rel atjve to the. transm ower..on PUSCH or to wei he transmt
power onc‘ﬁg%ﬁe‘ﬁ £ ey re 8‘51{{?1(23015 FRACAT eb%’\%élrg %)%tof’&fﬁgg??é
transmit power on PUCCH relative to the transmit power on PUSCH or to weight

the transmit power on PUSCH relative to the transmit power on PUCCH.

15

Accordingly, the UE 502 is adapted to distribute the available transmit power of
a UE 502 between multiple uplink component carriers and/or between PUCCH
and PUSCH. The UE 502 comprises a receiver 803 for receiving the individual
configured power weighting factors. The UE 502 further comprises a processor
20 804 for applying the weighting factors and distributing the total UE transmit
power. In addition to the received weighting factors the processor 804 is
adapted to apply at least one scaling factor sf 504 (figure 5) when transmitting
by the transmitter 805 on the PUCCH and/or the PUSCH and/or on multiple
component carriers such that the sum of the transmission power on the PUCCH
25 and/or PUSCH which may be distributed over multiple component carriers is

below or equal to the maximum available power of the UE.

According to embodiments of the present invention, the receiver 803 is
configured to receive a PUCCH specific weighting factor to be used by the

30 processor 804 to weight the transmit power on PUCCH relative to the transmit
power on PUSCH or to weight the transmit power on PUSCH relative to the
transmit power on PUCCH.



Accordingly, the UE 502 is adapted to distribute the available transmt
power of a UE 502 between mnultiple uplink conponent carriers and/or between
PUCCH andwBUBGH40888e UE 502 conpri ses a receiver 803 foPCTsEei1viong4t he

i ndi vi dual configured power weighting factors. The UE 502 further conprises
a processor 20 804 for applying the yeighting factors and distributing the
total UE transmt power. In addition to the received weighting factors the
processor 804 is adapted to apply at |east one scaling factor sf 504
(figure B)aadigBn!RNSHEESbNGODYNdyE turares tbhfigureB8A6 apnlythieesPEIBE and/ or t he

PUSCH and/ or on nmultipl e, conponent .carriers such th : of the
transm s¥OREFBHET Sé?ﬁ Oflﬁé‘elf’g%ﬁifi A t&?%facgﬁg&sc Fgﬁe %‘r%g“%e i stributed

over mul 4i43la81CQERGAR Poweabeivelea dosnpieleatcatiees aad/ droodtiveernBYBREM avai | abl e
power of the %E Accordi ng to enbodi nents of the present invention, the
recei ver BHEUS onf i gured to receive a PUCCH specific weighting factor to
be used by the 30 processor 804 to weight the transmt power on PUCCH

rel aty veModifidagiohs ang mit erpomisrdimen RUSCHe disdasedenmtiontalltaomiesioi t power on

PUSCH rel atiye to the.transm.t HOCH e 1R ;

he téach ted
2011/ 040%%‘%’&7’%%5@%916?5 %irtf’fgﬁ%etgjﬁgﬁn Fon, the Dr 0CesSor 804 may be
further tenbraviregddseriapiphy aad tes peeriated drawingy Thetebre 504 Bnbe he recei ved
wei ghting factors.to scale the.distri A Skl i hepUer between
corrponenﬁngﬁrrsho ek B oRd r\lfvlesellﬁ&lfrfﬁ%ﬂ!I %ﬁ?ﬁu&%ﬂg%{lﬁ/hdi fications and
ot her enbtisdiosedtiad dhat iedificstdmsand phessnitodiments agpiptendedinbet o one
skilled in,t art. havi iku®f AREod IigStePheseRted in the
fore&g in’élc&é(gecr‘f'% 1|notn§3 S%%Hé?ﬁte}ggggg%%gt édAgfr?% ngs.c Theerefore, it is to be
under st oathptdyatl hehen| thegrtre omed & ageneric ped desiridiretssn shenly o #qtc
enbodi nept s _di scl osed . t hat nodifications and ot her enbodi nents are
i nt ended%trdouﬁggsﬁf O??]g’?l%g)él'vm thin the scope of this disclosure. Although
specific terns may be enployed herein, they are used in a generic and
descriptive sense only and not for purposes of l[imtation. WD
2011/ 040858PCT/ SE2010/ 050641 18 5 CLAI M5



1. Anethod in a base station for controlling transmt power of a User

10Equi prent

power weiwbtnnig4bemst ors to be used for wei ghting avail alpce/SER 10050681 t
power between uplink conponent carriers and/ or between Physi cal
Control Channel, PUCCH, and Physi cal yplink Shared Channel, PUSCH, and
15-signalling (602) the configured Ué

the UE. 2. The nethod according to claiml, wherein the configured UE
i ndi vi dual power weighting factors are signaled inplicitly to the UE
The met hod according to claim1, wherein the configured UE individual
wei ghting factors are signaled explicitly to the UE.
according to any of clainms 1-3, wherein the base station 25configures
i ndi vi dual power weighting factors to be used for weighting avail able
transmt power between conponent carriers.
4, wherein one or several uplink conponent carriers are prioritized by

configuring
PUSCH power

UE, the nethod conprises: -configuring (601) UE individual

Upl i nk

4. The met hod

5. The method according to

i ndi vi dual power weighting factors to

20 3.
power

UE
UE
claim

(601) the UE individual 30power weighting factors such that

is first reduced on non- prioritised conponent carriers.

)

2011/ 0408583/ SE2010/ 050641 19 6. The nethod according to claimb5, wherein

the prioriti
1.

10

15
2.

20
3.
4.

25
5.

30

zed uplink conponent carriers carry control information.

A method in a base station for controlling transmit power of a User
Equipment, UE, the method comprises:

-configuring (601) UE individual power weighting factors to be used for
weighting available UE transmit power between uplink component
carriers and/or between Physical Uplink Control Channel, PUCCH, and
Physical Uplink Shared Channel, PUSCH, and

-signalling (602) the configured UE individual power weighting factors to
the UE.

The method according to claim 1, wherein the configured UE individual
power weighting factors are signaled implicitly to the UE.

The method according to claim 1, wherein the configured UE individual
power weighting factors are signaled explicitly to the UE.

The method according to any of claims 1-3, wherein the base station
configures UE individual power weighting factors to be used for weighting

available UE transmit power between component carriers.

The method according to claim 4, wherein one or several uplink
component carriers are prioritized by configuring (601) the UE individual
power weighting factors such that PUSCH power is first reduced on non-

prioritised component carriers.



7. The nethod according to any of clainms 1-6, wherein the base station
Sconfigures UE individual power weighting factors to be used for weighting
avai | abl ewoBotweosssi t power between PUCCH and PUSCH. P8T/SER@ 0f08t6InD d
according to claim?7, wherein the base station configures a PUCCH specific
wei ghting factor to weight the transgyt power on PUCCH 10Orelative to the
transmt power on PUSCH 9. The nethod according to claim?7, wherein the
base station configures a PUSCH specific weighting factor to weight the
transmt pewer, OmeBIRCH bediak ity elaim 3, Rehdréiansdipriopidised uplinPUCCH. 15 10. A
method in a User Equi prment, UE, for coqtrolllng transmt power of the UE,

t he met hod co%%??@%%“CaFéEéF@FH@°P?@& V34 vi dual power wei ghti ng
factors to be used for weighting available UE transmt power between uplink

conponent 20carriers and/ or, between_Physi a I|nk rol .Channel, PUCCH,
and Physi cdl Upt mskhashascosrliesdn gy Of Flﬂé'@}l ﬁhgc%i J‘fé?)n the received

(LjJE I ngli }[/' dual ¢ d?fﬁgﬁ[‘esvggg?-&ﬂvﬂrﬁlaﬁ @@fvﬁﬂ’ z’e@HUh@GacaMr&ltb&ﬁl wseldHot waightht power
uring transm ssion e nmet hod ac m 10, wherein the
confi gured UBRYaHaPls WiarasaiePovie it WF?@%%&M?%&%}%J% ‘gnaled inplicitly
fro][n a bazeustat |don 12. The net hod accordl ng to claim 10, wherein the
configure E i ndi vi dual or.s ar nal.ed_explicitl
froma basé stig FsHo%Bep l?ﬁéoﬁﬁf‘% 81Pcﬁtnﬁé)ats% r%(/mo nﬁlglél m;splo 12, y

wherei n the Ueytod yicdifdl wgherig metcghblmgg}ftahémralsmlepoxeetemwéblctccﬁ be used

for WEI hting avail ab E i
10 g grelatlave to tLg tlpansErLta'Bgv%rtorPBw@&l—PEt ween conponent carriers.

9. The method according to claim 7, wherein the base station configures a
PUSCH specific weighting factor to weight the transmit power on PUSCH
relative to the transmit power on PUCCH.
15
10.A method in a User Equipment, UE, for controlling transmit power of the
UE, the method comprises:
-receiving (701) UE individual power weighting factors to be used for
weighting available UE transmit power between uplink component
20 carriers and/or between Physical Uplink Control Channel, PUCCH, and
Physical Uplink Shared Channel, PUSCH, and
-applying (702) the received UE individual power weighting factors on the

available UE transmit power during transmission.

25 11.The method according to claim 10, wherein the configured UE individual

power weighting factors are signaled implicitly from a base station.

12.The method according to claim 10, wherein the configured UE individual
power weighting factors are signaled explicitly from a base station.
30
13.The method according to any of claims 10-12, wherein the UE individual
power weighting factors are received to be used for weighting available

UE transmit power between component carriers.



WO 2011/ 040858PCT/ SE2010/ 050641 20 14. The net hod according to claim 13,
wherei n one or several uplink conmponent carriers are prioritized by

recei vi ngwOBoimmdosssdual power wei ghting factors confi guret/sSgaab/osdsat t he
power is first reduced on non- 5prioritised conponent carriers. 15.The

met hod according to claim 14, mherei? the prioritized uplink conponent
carriers carry control information. 816.The nmet hod according to any of
clainms 10-15, wherein the UE individual power weighting factors are
received to be used for weighting available UE transmt power between PUCCH

and PUSCH. 17. The pet hod according tqQ claim 16, wherein a PUCCH specific
wei ghti ng 15 Heg giethed pesosdipgde P{?“\ﬂe%g P(‘f%efﬁé‘ TS E 86{)@1?1{ on PUCCH

relative to tEganbémsFatridie\WeE pebBriBk&OhY; receivi®y TRantRided paseor ding to
claim 16, wherein a PUSCH specific “%g%hgg fact.or. i s recejved to weight

the transmit PEWBHNEPIRISEIIBIERT HE BOY RSPt o8 et OB A BUCCH

19. The net hodpAsERES dnpsheanyaffers! ai N8 10- 18, further conprising :
-applying (703) a respective scaling factor on the received wei ghting
factors to scale the distributed available transmt power between

25conponent] staké hRESoBacoedingeb ween PUSEHrandhPlYecHtiz2d uplibese st ati on
(501) for controlling transmt po a er Equi pnent, UE, the base

r . of
station (501)CUBAMITEEEIICTSCEEESOBI Ol BHY™# &P confi guri ng UE i ndi vi dual

power weighting factors to be used for weighting available UE 30transm t
power between_uplink conponent carriers and/ et we Physi cal. Upl i nk
Cont tbI  ChainEpe ms Ac H@n5ﬁ9§P¥§FC%B?Fﬁ§'§%éYfﬁmﬁﬁgﬁne F“ﬁﬁ%&%; and a
transmtter (B&r faghshgnatirsgre hecebedftb Genedd dr weighting askilgidever

wei ghting factars (0 08 S yetween PUCCH and PUSCH.

17.The method according to claim 16, wherein a PUCCH specific weighting
15 factor is received to weight the transmit power on PUCCH relative to the

transmit power on PUSCH.

18.The method according to claim 16, wherein a PUSCH specific weighting
factor is received to weight the transmit power on PUSCH relative to the

20 transmit power on PUCCH.

19.The method according to any of claims 10-18, further comprising :
-applying (703) a respective scaling factor on the received weighting
factors to scale the distributed available transmit power between

25 component carriers and/or between PUSCH and PUCCH.

20.A base station (501) for controlling transmit power of a User Equipment,
UE, the base station (501) comprises a processor (801) for configuring UE
individual power weighting factors to be used for weighting available UE
30 transmit power between uplink component carriers and/or between
Physical Uplink Control Channel, PUCCH, and Physical Uplink Shared
Channel, PUSCH, and a transmitter (802) for signaling the configured UE
individual power weighting factors to the UE.



WO 2011/ 040858PCT/ SE2010/ 050641 21 21. The base station (501) according to
claim 20, wherein the processor (801) is configured to configure UE

i ndi vi duavopomerossei ghting factors to be used for wei ghtcmgEamaiosmsi e UE
transmt power between conmponent 5carriers. 22. The base station (501)
according to claim21, wherein the p?&')cessor (801) is configured to
prioritize conponent carriers by configuring the UE individual power

wei ghting factors such that PUSCH power is first 10reduced on
non-prioritised conponent carriers. 23.The base station (501) according to
any of clainms 20-22, wherein the processor &601 i s configured é(ﬁ configure
UE i ndi vi difdl Thohese siehgh (Mg apserditestor Jeipe 20 sBhetest R ghtsshy GRai | abl e UE
transmt povefs Rekveria tbBHEERHa0E iifiSEdal BdwdhReiphting sdadisan be501)
according to claim 23, wherein the processor ‘%8%& 'S confir?eured to
configure a PWECHOEpEesng %Vé‘il@WFi'#gtr@&éF’étrpcf FTRSTHRT CHEP T A s it power on
PUCCH rel ati vggihierd. he transmt power on PUSCH or to 20wei ght the transm t
power on PUSCH relative to the transmt power on PUCCH 25. A User

Equi prent, UE, (502) for controlling transmt power of the UE, the UE

conpri ses X eRebYE sth808)50 Yiactae@igiongaidE2l nethetethutie posesso? @) ght i ng
factors to be used for, weighting availaple UE trans 't.IPO\ﬁver é)etween upl i nk
“Beitiseen s

conmponent car i ©PEgArRs) 6P MBOPET L SR PhEC FS Béndhnel , PUCCH,

and Physi cal ideliiiakaiShare dveiiianietfactdPISCh tieatdUs Qi goess or fifs804) f or
appl ying the receiyed UE individual power weighting factors on the
i/ mpponent carrlegs.

avai l4bl e UE T§998HPR OGBRT O

23.The base station (501) according to any of claims 20-22, wherein the
processor (801) is configured to configure UE individual power weighting
factors to be used for weighting available UE transmit power between

15 PUCCH and PUSCH.

24.The base station (501) according to claim 23, wherein the processor (801)
is configured to configure a PUCCH specific weighting factor to weight the
transmit power on PUCCH relative to the transmit power on PUSCH or to

20 weight the transmit power on PUSCH relative to the transmit power on

PUCCH.

25.A User Equipment, UE, (502) for controlling transmit power of the UE,
the UE comprises a receiver (803) for receiving UE individual power
25 weighting factors to be used for weighting available UE transmit power
between uplink component carriers and/or between Physical Uplink
Control Channel, PUCCH, and Physical Uplink Shared Channel, PUSCH,
and a processor (804) for applying the received UE individual power
weighting factors on the available UE transmit power during

30 transmission.



30transm ssion. WD 2011/ 040858PCT/ SE2010/ 050641 22 26. The UE (502)
according to claim25, wherein the receiver (803) is configured to receive
UE i ndi viwioab1ipusss wei ghting factors and the processor pCEB£R01085m@aRPt ed t O
use them for weighting of available UE transmt power between conponent
carriers. 5 27.The UE (502) according,to any of claims 25-26, wherein the
receiver (803) is configured to receive UE individual power weighting
factors and the processor (804) is adapted to use them for weighting of

avai |l abl e g 4 apEbb2)RRweFdiRe taeain BeCHHAM4 tIRRGE ved 028 isThe UE (502)
according to claim?27,” wherein the receiver (ggﬁ%ﬁgs confi€g$ed to receive
a PUCCH speci $ara8WEIgnticAgvE H&t SIS H@oWEE F R 82 pPE 8RS 67° (804) to

wei ght the traRsdidor RROMYs SadtblOE uEeiadnh V& Waghtieg bf anslable Power on PUSCH
or to weight the transm't power on PUSCH 15relative to the transmt power

on PUCCH. 29.TReSTUE ROSED PEHEEB GrRPIEBt SHy' 6t cl ai ns 25- 28, wherein the
processor (804) is further configured to apply a respective scaling factor

on the received weighting factors to_scal e di str.i buted avai | e
transmt 267l Uﬁégg%)e%i:%%% HeARY ebelpimes %5-%}”6@%%%5%%% nd PUCCH.
25 is configured to receive UE individual power weighting factors and the

processor (804) is adapted to use them for weighting of available UE
transmit power between PUCCH and PUSCH.

10

28.The UE (502) according to claim 27, wherein the receiver (803) is

configured to receive a PUCCH specific weighting factor to be used by the
processor (804) to weight the transmit power on PUCCH relative to the
transmit power on PUSCH or to weight the transmit power on PUSCH

15 relative to the transmit power on PUCCH.

29.The UE (502) according to any of claims 25-28, wherein the processor
(804) is further configured to apply a respective scaling factor on the
received weighting factors to scale the distributed available transmit

20 power between component carriers and/or between PUSCH and PUCCH.

25



