Upl i nk power control in a wreless conmmunication system Technical Field

The present invention relates to nethods and arrangenents in a wireless 5

t el econmuni cati on network, and in particular to distribution of available
User Equi pnment (UE) transmit power over different conmponent carriers and/or
over physical uplink shared channels (PUSCH) and physical uplink control
channel s (PUCCH). Background 10 3GPPLLong Term Evolution (LTE) is a
project within the 3rd Ceneration Partnership Project (3GPP) to evolve the
UMTS st and&Pd indwods 1t isontaerdt B ngeneriaeiles sotompbinieatdloac smetsitcat i on
networks. I n conparisons with UMIS, LTE provides increased capacity, mnuch
hi gher data peak rates and significantly inproved | atency nunbers. For
exanpl e, T¢digidal FigQeci ficati ons support 15 downlink data peak rates up to
300 Mops, uplink data peak rates o% ﬁg) tg 75 Miit/s and radi o access

net work FREREESERF BIVERHER TPRLaSIe InFtRANS 16 ﬁjér.anﬁﬁmﬁﬂgsi i BHTIPE supports

scal abl erg@bkiBhinRansiindths ki ka2 @aduldooniiseiblitidbnMizvaiebls Wspor t s bot h
FDD (Fr egue‘ncy Di visi on Dupl ex%5 and ],Bé)DqggTi ne Di v{asi on Du (i}ex). 20 LI E uses
OFDM i n EAgadnsi(V ik ahamBrae s Wer diigr ey ermie e ﬁasfF’SF%f‘? P A6 OFDM i n
the upli pkysiddeighiaki shakdEcHawilé (FUSTH)SARphyste uiptiekaantlkclsaerlas a

ti me-fre&uenc%) grid as illustrated in figure 1, where each resource el enent
correspo HEG)- one OFDM subcarrier duri ng one OFDM synbol interval. In
the time domain, LTE downlink transm ssions are organi zed into radio 25
frames of 10 ns, each radio franme consisting of ten equally-sized

subf r ar nBaclafrohedigt h Tsubframe = 1 ns as illustrated in figure 2.
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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



base station transmts control information conprising information about to
which termnals data will be transmtted and upon which resource bl ocks the
5 data will be transmitted, in the current downlink subframe. This control
signaling is typically transmtted in the first 1, 2, 3 or 4 OFDM synbol s
in each subframe. A downlink systemw th 3 OFDM synbols as control is
illustrated in figure 3. LTE uses hybrid-ARQ where, after receiving
downlink data in a subfrane, the 10 term nal attenpts to decode it and

reports tront hiee baser Slealysm vhedkRitht he decodi ng was successful by sending
an ACK or not NAK. In case of an unsuccessful decoding attenpt, the base

station ransm.t .t he erroneous,dat.a. Nk . ng from
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resourceﬁF g in the resource bl ocks, specifically assigned for uplink
LI/ L2 colBP% Son the Physical Uplink Control Channel (PUCCH). These
resources are |located at the edges of the total available cell bandw dth.
Each 25sUER uses bubud-ARdsiisers, affertwetiviae dayrdiadrdatpdn a Subéramsy éh¢ esour ce
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subfrane and an equa %P zed resource at the 30 | ower part of the spectrum

during tHetasecond sl ot of the subfrane or vice versa. If nore resources are
needed for the uplink LI/L2 control signaling, e.g. in case 3 of very

| ar ge nglbﬂhi{ &h%?ﬁgﬁ%@%fr@ﬁlﬂ@l\éﬁt&trﬁmﬁuEtpﬂ{etﬁar& sBatic gehomtsber of users,
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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



Toget her with the frequency hoppi ng descri bed above, the |ocation of the
PUCCH resources at the edges of the overall avail able spectrum naxi m zes
the frequency diversity experienced by the control signaling. Assigning
uplink resources for the PUCCH at other positions wthin the 10spectrum
i.e. not at the edges, would have fragmented the uplink spectrum meking it
i npossi ble to assign very wi de transm ssion bandw dths to single nobile
termnal and still retain the single-carrier property of the uplink

transm sgt iy 1&1%@ obaRAW A1 dnie§ioA MRANHGSAU L@ pbliaaka thigt AGnthee osubframe is
too large for the 15control sjgnaling needs of a siﬁ | e term nal
ThereforB?mﬁoa%ﬁﬁmEﬁgﬁﬁwyméﬁBF@F?C?ﬁ eF@§ﬁﬁ?§é§X%¥ﬁtg§¥ﬁ%°Y%% contro

si gnal i ngssigald tRberde@sifdaal s can share the same resource block. This is
done by assigning the different termnals different orthogonal phase
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isfused herein, the termcyclic shift is sonetinmes used with an inplicit
reference to the tinme domain. The .resource use a PUCCH | ef ore not
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retain the sipgrgerty 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.



5carrier property of the uplink as illustrated in figure 4. The m ddle
SC-synbol in each slot is used to transmt a reference synbol. If the

nobi |l e term nal has been assigned an uplink resource for data transm ssion
and at the sane tine instance has control information to transmt, it wll
transmt the control information together with the data on PUSCH 10 Uplink
power control is used both on the PUSCH and on PUCCH The purpose is to
ensure that the nobile termnal transmits with sufficient power, but at the

tsam?t thi 8o RN <Rt HtQt% iRl tgtB ,upﬁ'lk(l&oclﬁe hllf)@dilﬁ%ﬂhﬂlapnhy td PEbSdageed ﬁ(gu&)ﬁhﬁr ference
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PO_PUSCHc4drier pRopdrty ATtk (infkolBmlius@etaaharfgdrex is the configured maxi mum

transmt power for the nobile termnal,Ms the nunber resource bl ocks
assigned,  PUSCH (J ) JUSCH (] nd a control the.target recei wer, PL is
t he estiﬁﬁ?@%&#ﬁrﬁ%@%&%@gﬁ%ﬁfgw?é 9 Brraﬁﬁ{nltc%lfr%%rﬁgﬁ Sméﬁlglpl ¥ is the a
UE speci Hiobileftéseihabhas bé@asashigraopan uplink e¢soactd fon'dafe fren$misstanon f may
represent either absolute or accunul ative 250ffsets). The. cl.osed | oop power
control 8’&& a%gh%ﬁ%rpsglé%e ’m%t%(\hcﬁsfcf’g%@?ﬂn%%ﬁ%%oneﬁtﬁ%rrlsrﬁ%blﬁr‘r"unﬁat ed or

absol ut etraBefiit thedestmi i fbassedbrotogat HEP@i (T ttendath tonpgdWeCHcomuand) which is
part of the downlink control signaling. Wien absol ute power control is

usediO t h%pﬁlnﬁspeogvel’ 28R505 rues,%&ib%& EH il 'P%dl—? A E SR PURYEN Y1ihd BErifbse 5
is to ensure that the mobile terminal transmits with sufficient power, but at the
same time not be too high, since that would only increase the interference to
other users in the network. In both cases, a parameterized open loop combined
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 ously accumul ated cl osed | oop correction. The base station can 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 conmmand is defined as f (i) = f(i -1) + puschr (i
- KNISCH) 1 where 6. pusc " is the TPC command received in Kp u"."

subf r ane, befRkRr EhStrELEdeREng Wfdaredi wasd actimb)ates polver eannwonis at ed power

control value, The accunul ated power control co dis reset when 10
changi ngue@d|the @Ayer F?F&F?lééfmrﬁ@n‘%lt&? delts 9%rr§‘fth°tr£?”%§ﬁe%%§i§f)ﬁﬁ% TPC conmmand

is recei Eﬁ‘éiﬁoﬁ@y RUSGHhlbEed @68idVIe6p caftdctidie Thehasashition der fitterahe
command i s reset

(re)synchroni zes. In the case of reset_the power control

to f(0) =opHetennels I%F’"‘t’el’ién‘SIE’I‘-i’%l Emﬁﬁifgfr%‘bqrggttgé’r?vﬁd? AR FENESm access

I espofsepagRer dsfrdtlopdiatinpasdiesPe RS nlobilt herniabhiThpewenmudatpd ppwkor m t he
first to the | ast rando ccess preamble, The PUCCH pouer contir(%i1 has in
pri nci pl EORHY QFHBARG AT ‘@(atf}eélbgrsef /At ehrecni T R rewe SREEpvsH TRAE PUCCH
onl'y has gl qgm? i sat i im EbefIREG U QUBIralte; gage of a =1.
20 In LTEfjgeclfffB, t g&%gggms?'?gﬁ(‘%nﬁ%gsa&?eﬁ% possibility to request a power
headr oom e potst thkeraenu triuéatelf phoer FUSEH viatwnsni ssi ons. The power headroom
reports informthe base station how nuch remaining transm ssion power the
UE has for the subpframe i. The reported value is within the range of 40 to
-23 dB, Wi%raéc%{ané%‘?PQ}‘é’eR/‘éclrﬁEOlicﬂgin&aﬁ %”teﬁ%{tw%%ne UE does not have enough
amound Oofhabsihg 8IS Eriterp@yyREaviity RRCI acticonthtetart hesduiziSit senoandfisdat a, or
control information. The UE power headroom (P11) for subfranme i is defined
as PH (0% 11 1910 (114 PUNCH (0) + PO JUKE (1)+ n PL AIT (i)

Py puscn 1S received, and when the mobile terminal (re)synchronizes.

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)}



6 where PCVAX Mpusni PO PUSCH (1)(1) I FL, am(i) and f (i) is defined above.
In order to further inprove the LTE, LTE advanced, from LTE rel ease 10, is
i ntroduced. Wth LTE advanced it will be possible to transmt PUCCH and
PUSCH at the sanme occasion and to transmit/receive on nmultiple conmponent
Scarriers. 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 numtransmt power, becones nore likely. 10 Summary
As both ghetde, physi.cal»Hshanngl® ,RHECH N, PUsKH cans befihédalssvet t ed at the
sanme occasion the avallable transmt power in the UE needs to be shared
bet ween the two channels. The PUCCH has a separate power control |oop from
t he PUSCH: antir tthéuppbeveimmont tiol LTRdPE adwnsepdrandd EoelasseniOt e uplink 15
conponent, Car 8" athti’ﬁi?&ﬁe[n%eyi‘tewﬁﬁéeepéés%lk?ﬁtﬁ%ﬁgﬁiéﬁugéﬁtm how the UE
is distributi ng the available transmt power between nultiple UL conponent
car r i er sPHAE et thesranRUGCHsandnPUSCHuzrtiof direige o nEWE P eosepanenfivent i on.
Furthéer gr%erghere is aneed to control the distribution of TJE transmt
power” between nultiple UL conponent carriers, e.g. in situations where the
(ljJLffZO conponent carriers reside in different bands or where data with

i fferent.] r : I i r Apon carriers.
To be abpvé{ﬁ%c%ﬁégg?&% ﬁgﬁg?@?%egﬂ% ?gkr%g%ﬂlt @%@gieﬁﬁﬁ)[g@t rangﬁst power of a
UE bet wesammokeagim thi scomptmeimowsatiniieationahd/ shendrabErhasucerhechd PUSCH,

i ndi vi du e&%&ﬁﬁ%&ﬁ&&%ﬁfﬂ olRE RS mES e WikeH. by the UE are configured by
the 25 e according to enbodi’ments of the present invention. The power

wei ghting factors are signaled to the UE accordingly and used by the UE to
wei gh? PBlzmMpayd PUSCH and/ or different component carriers.

As both of the physical channels PUSCH and PUCCH can be transmitted at the

same occasion the available transmit power in the UE needs to be shared
between the two channels. The PUCCH has a separate power control loop from
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



According to a first aspect of the present invention a nethod in a base
station for controlling transmt power of a UE is provided. In the nethod,
UE i ndividual 30 power weighting factors are configured to be used for

wei ghting available UE 7 transmt power between uplink conponent carriers
and/ or between PUCCH and PUSCH, and t-he configured UE individual power

wei ghting factors are signaled to the UE. 5 According to a second aspect of
the present invention a nethod in a UE, for controlling transmt power of

the UE i §.R5QW SR Hebwdditu pRiiheshnbEndridiavichy ain dpombetwsen gtdarg factors are
received to _be used for weighting available UEr tr.glfl\sm' %ﬁpower bet ween

upl i nk caapENSHH cadrthgcenigyregVhir Uid t he received

UE i ndi viid4aleqrowes unei ghting factors are applied 10 on the available UE
transmt power during transm ssion. According to a third aspect of the
present invention, a base station for controlling transmt power of a UEis
provigdedacdheiase sicohil @BpER MR hS PesanPin@essa0s nidhod ankhilgiurfong UE

i ndi vi dual power weighting factors to be used for ightin vai | abl e UE
transni t CHYHRIHNS SaRsERt H‘b‘f"?rrﬂ% t%%ﬁr%oﬁé?ﬁméﬁiﬁflet}‘g né?]‘,fgf’%‘rﬂpgl d\}\‘/’elglrllglPUCCI—l and
PUSCH angogert waighhg tito8Qe redeiidgnalel uxgdifeweighting uweitkHUIEUENdi vi dual

power weighting factors to tlgrgﬁu E. Ac ordi.nrg t%ﬁ]a {)gt%e'terq ﬁf@?ﬁt of the
present FAVERET RAVET PEDECTOIPEUHEYTBPPIAY SO TP’ Ppoer ‘ot the UE is
provi dedanJIPeIddE 6RAPRE S@S8ivad AT Bidrdduhlofowee oadigh tirg fdEtdradreapiizdd power

wei ghting factors to ge used, for wai 8hti na%1 avai.l able UE transmt power

bet wetn AHIRHRYE HErransif PaYET SHEP S BETMERE  PUCCH and PUSCH and a

processor for applying the received UE individual power weighting factors
on t he axaidrahlgetoWRtHirdassect owaireshntiingritivans hass stationZbr An advant age

Cont ol FHETEIES FRRREN BT O oHEr BUST T BbBrar ST  E §Gponent
carri er spragssdrdsr RldSighrand PUCEHIunBpemirsedigting factse to fre WREISEH and PUCCH
's SHTU | %vgpg%%n,sglaxfaltlgﬁg %E {r%ggm?tnlgowm@eo%tv%ge% &Jgiﬁéc&gwen%%&rﬁ@rrsed'

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.



Brief Description of the Drawings 8 Figure 2 illustrates the LIE

ti me-domain structure according to prior art. Figure 3 illustrates the
downl i nk subframes according to prior art. Figure 4 illustrates an exanple
of resources assigned on PUSCH according to prior art. 5 Figure 5
illustrates a scenario according to enbodi nent of the present invention.
Figures 6 and 7 are flowharts of the nmethods according to enbodi nents of
the present invention. Figure 8 illustrates the UE and the base

station pPeaREY MY shatRRediTPihs- Rnald sthetpkasesidinduepiiooat. Det ai | ed
description The present invention wll be described nore fully hereinafter

with reference to the acconpanyin rawi ngs, Jj.n ich preferred enbodi nents
of the iﬁ*ﬁéﬁ?iat)’HuéPrétessﬁg‘\‘Rﬁﬁi.rg’P"Tllié‘LiSﬁ‘\?grﬁfqeér?%ﬁﬁﬂﬁ,m%%&}%rré,?rtbe enbodi ed i n many
different forns 15 and should not be construed as |limted to the

enbodi meRrigure et illietratesher etample af haonrddsessigant odi RESTS cacedprotei ded so
that this disclosure will be thorough and conplete, and will fully convey

t he scopB™8f*t'he invention to those skilled in the art. In the draw ngs,

| i ke reference signs refer to like elenments. 20 Moreover, those skilled in
the ait Rigdredpiliustiattsen sdratrip recomians toard efnbndinariof dkpbedsaed herei n bel ow
may be 1 npl epented using software functioning in conjunction with a

progra d’eﬁg(‘érrl'oprocessor or general purpose conputer, and/or using an
application specific integrated circuit (ASIC). It wll also be appreciated
t hat whi Figurke 6prekénre flavelmitoaf the mpetheds iprgordexcio) weepdimen et m 25 of
nmet hods d.deyicesont he invention may al so be enbodied in a conputer

pr ogram g.%oguct as well as a systemconprising a conputer processor and a
menory coupled to the processor, wherein the nenpry is encoded V\tjth one or

more profigure & Hastuetss therilo ARl the PReMEATBR SCE SR ST PRAIBIERES ©

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.



9 It should be noted that the enbodinents of the present invention will be
described in the context of an LTE advanced network, but it should be noted
that the invention is applicable in any system having transm ssion on

mul ti ple conponent carriers and/or when sinultaneous transm ssion on PUSCH
and 5 PUCCH is possible. In case therg is transnmt power limitation at the
UE with sinmultaneous transm ssion on PUCCH and PUSCH and/or nultiple

conponent carrier, it would be desired to take in the whole situation when

Lesm vi ng dhhgid b@hb%ﬁ:jtalat thll'sf@flo | BbdnRntd efmreqﬁésdr@ ifedtioea vtnheaepulsu—lkl oad, the
ase station can schedul e ess data a giv in
conponentessabefdp she gpntgrhldn kT 1159%@41 eﬁf’%"@i%w glknsg;roﬁuidsfoj%ﬁlg %lch t hat
they do ppf +RESWensibAlYS hEPRQABS ¥ arfy §BkdAHavBIgtratidigisbiaaershaltiga can
schedul e transm ssi on on a} reduced n rrber Of?f'(’j"g'ﬂ] nk conpo gﬁgt Cd’il‘l‘l ers. In

order t oCQEERREUREIPIERT/ PHY CW?FBH BRI PS8h ¥he of 15

ACK/ NACKpUEBRH {sGhasmed. quality indicator) and SR (scheduling request)
transm ssions, the base station can reduce the anpunt of ACK/ NACK

transm ssion b scheduling |ess d en.n ownl i nk

conponent® e PETS!S THRFHA PR {“inb %S%ﬁ‘égh‘rgb b ldarg{?g t ransni ssi ons
such t hatrahbeyssith meumnmansmmmwaadmimult@e pedpcxeerttmrlzer,atrmunt of CQ
(channel quajt i cat ther ann S K t he base
station WgH@sz%é%Te% ?L'b %lﬁcshtuta E en © &%nlgq%%h%l{é e Wi th PUSCH

transm ssions, schedul e transm SSI ons on a reduced nunber of downlink
corrponenn“ha&fcrrie,eimsc;rder teckede tize PUSCH laad, tRod@se stadiesngassidrgduleuch t hat

t heyggﬂo ega%% 3 %n %ngu\é# 1%5'1%%}5'1? {ﬂyuplgrﬁi J:d}nﬁ&?e%t%aﬁ%}gdw s BGqlROpESEHI S to be

tran er status report is instead transmtted on
PUSCH t oged PRISGH tdanamdissienspaydhodat thesndenetheccys kbaultargpusiguest does not

contri bu}\ﬁet 9.k hleylg'lu%e sq_gt?%ﬂ Qa.x? cﬁ%%?&@ss%@ﬁa@@@uéé’d@mg ed

si mul taneoun}atlve cope w power I mtation. However on the UE
side, I fofwlmehrUEcompp]mwercalrmmSt ated, the available UE transmt power is
di stributed between the PUSCH and the PUCCH and/or between the upl i nk

conponent, Gitle okt 6 L8 ARGRE BUTCH @oatdh\%hi%%%efaeﬂdévle@hltﬁe ahibu@itder to avoid 5
exceedi ng the maximumtransmt power. Hence, he eNB. det erm nes wei ghting

fact dF s A@W@Aﬁ%lq@d%ﬁnnﬁe&%l%mml@at%w@rd % (schedBirsci§4adt or PUCCH

and/ or t&aﬁmélm Vi duale GAMBRREAte@@de thefanthliahhraic meeck by the UE. The
UE uses these weighting factors when determning the t mt power such

that t hetrensmissiorhby sehefitingdesndaawera giver parplseeld awaf 8K PUSCH whi ch nay
be 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



10 distributed over nultiple conponent carriers is below or equal to the
maxi mum avai | abl e power of the UE. Hence, the power weighting factors can
be equal or unequal between different conponent carriers, which nay depend
on the type of data schedul ed on the conponent carriers. For exanple,
conmponent carrier specific weightingfactors could be used by the UE 15
Therefore, as a first enbodiment of the present invention, the base station
configures weighting factors for each UL (uplink) conponent carrier and

si gnal s the Weh WMihRGFRe liditation. t he UE. The wei ghting factors can either
be signaled explicitly or inplicitly. In case of inplicit signaling the

b . . . h . .
dor i ve. WHPERVTETGHREs W SA. FABE e A M5 F e CE BT bt PREVUT ght | ng
factors f)@wérleiguﬁﬁrfﬂoh@ed bi&%mﬁ &thWﬁCI—D@cﬁ&f&PMO@Hw&U‘br batwdeerthant i |t here
is no power limtation. It shou oted that since the base station is
not awar BPERK Pﬁ%‘pg%&ttcaéﬁﬁﬁrﬂ“@fcg‘é%g? ﬂ}fnﬁ)rés‘fr} AREHRYOLBWES elbﬁ) ?‘f“?éé UE, the UE
{ray nzO]E ékd%@liﬁhgltg_é npeb@mium: efb?aeﬂnwdmt Hegcd an¢ eNB.dctarstinasweigheéingE may have
o performan additign scal ing such that .2 sum,of ransm ssi on
power ov%F“Fﬁéo%ﬁ@PPBPS086ﬁﬁSﬁﬁﬁPn%%9W?éV§hé?@é?%ﬁ?%&Oﬁaggﬁ}{o t he maxi num
a¥a| | abl @n@m&»&l o eféf:h il@vidtal Asmpxaemlcaradr which drs usgpbgithetEhdheWE The usage
of one or nultiple PAs (Power lifiers) i he UE for dif t uplink
conponentSghihese st ’néﬁa?ﬂﬁi8ﬁg¥F%F?%W“éﬁF?%h?ngﬁﬁn%ﬁvﬂggﬁgﬁ spe.gP 30 on
whet her tHeesiaamp oie tthn et gsic@r sovedreorattjcaPleéOCHniont/ad PESEH wbrchi may e
sanelgifferent

ds. 11 As th iS . : .
b U e B i B e S  | RGCBONeP o PG Crent

_ _ OWer oh 't he conponent
carri er sagdikhld pavertdTehé alE. dlincg, herndiver ordsghaing faolofs Farede egealextpl ai ned for

t he exanpl e of .t UL .. nent carriers,. Wthout ricti of ot her
UL conpo Eﬁ‘ﬂu%é)lﬁr‘%eern %1%%1%%?1 ﬁ?%{’%ﬁ%ﬁ Cagn\(?\f'usépV énll%l %agra]dc}%ﬁﬁgr%é t%l ﬁtgq%gi ghting
f?gto;s afndhta scBedulsd ahithg chapboentusedefiFos eadinply, penponerddapsiet he UE: 1 /
z((1 /x )Power + ((1./y) Poyer P,qax(1) In a second enbodi nent,
the eNB %%ﬁ&%ﬁﬁ%%%ﬂ?%&ﬁﬁm¥ﬁﬁF3¥§EE%§§§¥3%??ﬁg factor to be used for PUCCH
and PUSCH, in case where PUCCH and PUSCH are 10 transmtted sinultaneously
and the Uketdeforpoawes fikstramleatlifient UEthsquEsenisevartieonwdigbtsergatiert ors to

adj ust 1 Qoenégru%gss weltgh%%\éggct&% Bp% @ﬂqugﬁ'ﬁgéomponent carrier and signals

the weighting factors to the UE. The weighting factors can either be signaled
explicitly or implicitly. In case of implicit signaling the base station signals
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.



accordingly, which is illustrated bel ow wherein n and mare the wei ghting
factors and z is the scaling factor used for scaling perforned by the UE

1/z((1 /n )Power PUSCH+ (1/m Power PUCCH) P _max (2) 15 These enbodi nents
are further illustrated by the follow ng exanple disclosed in figure 5. It
shoul d be noted that the weighting fq?:t ors and scaling factors disclosed

above are ? 1, while the weights disclosed below are sl, The base station
501 signals to the UE 502 a set of weights w 503, also referred to as

wei ghti ngs biagt g §1de$@ﬁa&§;9caﬁddh@gvpl EnlBRcRdEcH iante RUSGH f gmeeaatul0
conponent carrier. The UE and the base station are fﬁ%&ggéﬂfscrl bed bel ow

in conj uble VBMAY 89pl¢ FhpPevey oaieHoMBONGHE SXF5TS SHRD OV¢d¥riers, the
wei ght's wdioRea B ds eXpIPISEH0A theveBU§THRtves ULl cottgionahed in figure
5. As a special case, all signal ?d V\BL@P'[ factors rra%/Fabe set .as equal to 1.
As a furEHEETpAEEhou REYSERrTon ! CHET Iy GHPPIRTY SAE P8 EPA® t o 1, and
in such aneRSEx LNl Yare Blhsaihaig thervenghtisfaching fasedssdddobe signaled to
the UE, as one of the weight factors can be calculated as 1-(sum of all

si gnal edSSRINGMerPEREd e US copponent carrier, and uses them for

di stributing the available UE transmt power between the PUCCH and PUSCH

and/ or between canpp@ngenfPoser rdcr s (1 y) Pader 140G < AAnkk speci fi €l)scal i ng
factor sf 504 may be applied by a processor 804 of the UE 502, so that the

total oufput power does not. ex t i ;R T SIS t power
for the %Ea SE@’&“&%@Q 1maerrll?’eg%l %r?p%l%gg%no?&}ﬁ\%% %ﬂ rrglrcl)%glndt% car 1rgli]i(lglr ,%I%tﬁg UE
det er m nesbd heed foal FUGLH actidESCH| igl casg vdBfe PECPUSBHPPECEH2Nd each

conmponent_carrcier faor. scali i - SUGH, .t :
vy BloaeR ey iSO dl et o Pttt gt g ysethe oy

2* Power _RWeigBHNg fittormto Afust therttdremis peweadn EHEEH aheé PHSGEbr k nmay si gnal
one specific

reseryed va ' AGH £ L RHEGH 811i:RUSCH t o
i ndi cat eaﬁ?éfhnﬁg]’ §V\cﬁ§ [ hsg‘h!‘sigté {edgjee o%@te{)%&tqh%{%umﬁ, . e.lé}{ heéJPUCCH woul d
t ake al | faavais|aaldl zispboecaling fctor arsdd feresraling pPUSTRENWSLIItAE BE- scal ed by t he

UE with a scaling factor s to be determined 15 by the UE to stay below
P cmax. W%A(EJQ%@?MEP'PIJ‘é@ﬁ*d(ll??n)'ljme?_rﬁf@@lq) g@_ﬁ&pqu)al case of the generic
re fo

behavi or , r the exanpl e of conmponent carrier 1, w PUCCH | would be

set by the UEto 1/s and w PUSCH | woul d be t by the UE equal .to 1, if a
special Feessrsrebodimenss ae firhocafstraied {y ﬁ%?a?}grm'%e ﬁldé%',ﬂ)s%dﬂ t hat :

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



20 s*(w_PUCCH | *Power PUCCH | + w PUSCH | *Power PUSCH 1) 5. P_crmax in fact
becones with w PUCCHI| = 1/s and w PUSCH | = 1: s*(1/ s*Power PUCCH | +
1*Power PUSCH 1) P_cnax The special value of w PUCCH | or w PUSCH | nay for
exanpl e be the value zero. 25 According to one exanple, initially all

avail able transmt power is allocateg,to the PUCCH then the transmt power
to the PUSCH is allocated and the available transmt power is therefore

di stributed between the PUCCH and the PUSCH. In In a third enbodi nent, the

ba_sehst a%érﬁ?oﬁe%t%@zﬂ&r?@nﬂ%s@@ i ér8 U6 ediatrUEE Seebililde WE ghhbmi factor to
wei ght the

ransmt power. on P(gCﬁH |rH§| a(#’ ve g‘g t he transrtn't )oVel on PUSCH,
in case RABEbPWEEH G EVBGESCRGFE SO MRM A (S S R RESUSTY  ARd "t he UE is
pover |ighdigdn, & URspeciidaing mael SEST4, mbh®ebppied bati pncéssondapt ed to
configure a PUSCH specific welighting factaqr totscal e ghhe Otnrﬁansrrit power on
PUSCH r ePETeVeE 082t pRthatdhRe il Botey PeYePp 10t ek S G088 BYccH and
PUSCH ar g kil siThitpad psivebiidraneows Ipycaad. the UE is power limited. In a
fifth enbodi nent, the base station is adapted to configure conponent 10

carrier ecific individual weighting fagct [ y of the
second, ?‘Eiapoexé‘mfl‘f R CQW(S’W%E%?%&?’%@? ?ff%%gﬁrgélggggg%?%%&m configure
conponenfacsei=fd1¢sd,s&liper PUACHEHIEH ng df each @ompooen PLSCer fvdscpll as for
exanpl e: , 1/ zg |/ n POWEflﬁgUSCH CCl+ (1/m Power PUCCH CCl1 + (1/k

) Power _P&EH éi&zﬂo % /5YYy r PUCCH CC2) P max 15 N, m k and | are the
wei ghting factors, z is the UE scaling factor and CCl is a first conponent
carri er antv EOXGK_kPseenRt C€dhPone?it wcWSCHEL 1 *Prwet eISCH Het base st ati on

may gﬁ?sag%’f“t’ﬁﬁléﬁl (‘20*135\;7%%686 oQ@n&ngrri er specific individual weighting

fact Specific weighting tactors to scale the transmt power on

PUCCH rel ative to the transmt power on PUSCH. ,
As a further special case, the network may signal one specific reserved value of

a weight factor for PUCCH or PUSCH to indicate that no scaling shall be done
on the PUCCH, i.e. the PUCCH would take all available power first, and then
the PUSCH would be scaled by the UE with a scaling factor s to be determined

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.



20 Al'ternatively, the base station may be adapted to configure conponent
carrier specific individual weighting factors for PUSCH specific weighting
factors to scale the transmt power on PUSCH relative to the transmt power
on PUCCH. A yet further enbodi ment provides an alternative solution to
distribute the 25 power between the conponent carrier. The alternative
solution inplies that one or several uplink conmponent carriers is/are
prioritized such that the power is first reduced on the non-prioritised

gggggzgz{n %gﬂrhrwi Eﬁ%"-‘ﬁﬁﬁ,ﬂ t%"fﬁé‘sef sﬂ?ti&li iPfddpted BPgcaTRpueE alUIECHPl i nk

( arriers 1s a e infoiniation carri t hese conponent
carri er sSeawdifl eigktipg Sredet edveighehedf Yt POICT 87 %gjc%g{ 5‘%8?%6&%%% is

typi cal | %60 Ywdr HnOPUBEHOM E4sanstErt PeEEH ahBPURITCHrotrah fiditteld PUSCH,
Exanpl es of control information transmtted on the PUCCH are CQ reports

and cont pigruliarespAanehherdh shPeWedPtet her with data on the PUSCH is
ACK/ NACK indicators. Thus the prioritized conponent carriers nmay be PUCCH
and PUSClH Nsadth emmeanhéd, titlabase Gatilenteadqeed i agnfigore hiRJSKHodi ment t he

network has _ to infarm.the UE about which UL co rrie hat are
prioriti¥ }éca%?g HPg 25500 @ 35 edtg‘r‘?éraé“.sér.ut B?/Wﬁrs%%%?gs}{pgeg? ‘llectroft(}aléer ved
val ue, eu@nsiitepatdruR FECCH, of cidtewhetghiCCRehdrPUSEH phetrRUSOHtah t he

respective conponent carrier. The UE will behave according to 10the

pri nci pl EPBEIBIEOUHH AT _W@@l‘?@%‘@?{ émit’ﬁ%‘ maxi num total transmi ssion power,

the UE should first weight the conponent carriers with weights provided by
t he net wof K fiffhhembadiglehs, thmybase gtative is etlagtedHotchafigwivecoprposiguer al conponent

carriers are prioritized, j.e. .t . | Ot
conpbhent el PPEdle i fipel ufgafill iR ARk R AR (B GBS GHDEZEL
}[I\Iﬁl g[\JtE i nﬁn(ﬁ l&mjm}n Srrarodihramﬂsi ke, thehbaddbtatgors tridyl condigerd ergnipedt |initati on,

e shoul. d share the .avaj } h
prioriti2® 1fg:jcalrn :ailvel(r%é?l “ﬁ%}st%#%%%kog?tf(ge%z%allﬁe%(avﬁcggle%lpﬂo# ?%gﬁ%ﬁ nt Fleeexanpl e

where the total UE 20 transmt power exceeds the UE maxinal transmt power
PCmAX. | i/%(Hi/o \Pawer PRSQBECEd 4l(esmi Rewer RHEMH Chdviet! /61 PesethPBB8EH such

t hat cC2+ (1/1) Power_PUCCH CC2)< 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



We: PPLISCH ¢' MAX PPUCCI1 (0O where we is a scaling factor for PUSCH on
carrier c¢c. 25 Turning nowto figures 6 and 7, illustrating the nethods
according to enbodi nents 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 transm ssion;py the UE on 30 PUCCH and/or PUSCH
and/ or between nultiple conponent carriers. In a second step, the base
station signals 602 the configured power weighting factors to the UE. 15

The UE rpG8EYEE4Rbid§ Bt Hirdintitadn GaRéhatesh RRWeUCORI gbitdalg factors,

wei ghting the power to be used in the transm ssi.gn by th .appl yi ng
702 t he veogistansgcomseal drfermaton ERnsAgttehtreeties witide %fhetﬁ%@gHSMen

transm t  bRINREK! A8 BYSHIRRE (R prlidieti RSGH indh O tar@ier sialyiel BUCOHpONnent
S5carriers. In addition, at |east one scaling factor (sf) may be applied 703

when t r aPRHPHUSCussd forsopedftand/ or the PUSCH and/ or on nul tiple
conpoynent carriers such that the sumof the transm ssion power on the PUCCH

and/ or PUSCH whi ch may be distributed over |tipl e coppongnt carriers is
bel ow or Hegempcaosding do Haizismhadivent tg’&l ré‘it}%%nﬁa%fop‘t“ﬁ‘gnbg% qg %ﬁ)ﬁg accordi ng
to an enRagdin®DiompBeMOMRFetOthRE atts pHotitizddh anti tARSIwuSS bodoby efghby UE may
either be scaled 703 with respect to P Jgspect to

|

. SCH angf UCCH Qr v¥|t;1
di f f er enBSiBERpIRSHIC TeaFvER Valurs o gyihe e 28 RpIHERtAHTPEPE {48 hei ng used
as expl apusdrehows ra@pedtiVedogPobenatreier ey €BfwillAghave sccangiheg,toonl 'y
prioritized conponent carriers carrying control information are scaled. 15
The Pt esEmPiRGRISIMN i s al so directed to a UE (User Equi pment) and a base
stati on, yesahtafEréRBet thamarimENBotd) ttabsmiddien Yawes thefE ghuwdd t o

wirel ess%’uyst 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.



communi cate with a nobile tel econmuni cati on network via base stations.
Hence, the UE and the base station conprise antennas, power anplifiers and
20 other software neans and el ectronic circuitry enabling the wrel ess
comuni cation. Figure 8 illustrates schematically a UE 502 arid a base
station 501. Accordingly, the base sﬁgtion 501 is adapted to distribute the
available transmt power of a UE 502 between nultiple uplink conmponent
carriers and/or between 25 PUCCH and PUSCH. The base station 501 conprises

g pr OCgS$lQé U&',Or#cfn@és ¢0thli1QgEj 1ﬁ@1viadiiﬁl%bﬁﬂ@lreﬁ®bﬁfermi@hlhdigl’fgctbﬁﬁﬂ or 52 .

istributing the power to be in the tra et ween

he. PUCCHO RN BUBERORFEI P Bet e dE TSSO ER AP FRP Y aT

'ltor ansmi tgﬂmelgg?ﬁ@@&&ﬁqﬂmg)h %@ehé’tdﬁﬂ-tmltmﬂgsstggn?owsﬂ WherElurt her m)r e, the
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502 toHnprises a recelver 803 for receiving the individual configured power
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transmttin lgaftgrmthr %?éont%(?lt'%ﬁ glr%g%%gn%ﬁé%%%e%ﬂégﬂ t(gos‘re QF%ZM%)USCI—I and/ or on

mul ti pl echnfpctherﬁiE ead thebssessfetion kamprise agtARnes, POECT IBALHATE $P8n power on
the Eé%her 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.



25 and/or PUSCH which nmay be distributed over nultiple conponent c
is below or equal to the maxi mnum avail abl e power of the UE. Accord
enbodi ments of the present invention, the receiver 803 is configur
recei ve a PUCCH specific weighting factor to be used by the 30 processor
804 to weight the transnmit power on PUCCH relative to the transmt
PUSCH or to weight the transmt power on PUSCH relative to the transmt

power on

PUCCH. 17 In addition, the processor 804 may be further
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According to a further embodiment, the processor 801 is configured to configure
UE individual power weighting factors to be used for weighting available UE
transmit power between PUCCH and PUSCH. Further, the processor may be
configured to configure a PUCCH specific weighting factor 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 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
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
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
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.
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In addition, the processor 804 may be further configured to apply a respective
scaling factor 504 on the received weighting factors to scale the distributed
available transmit power between component carriers and/or between PUSCH

and PUCCH.

Modifications and other embodiments of the disclosed invention will come to
mind to one skilled in the art having the benefit of the teachings presented in
the foregoing descriptions and the associated drawings. Therefore, it is to be
understood that the invention is not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are intended to be
included within the scope of this disclosure. Although specific terms may be
employed herein, they are used in a generic and descriptive sense only and not

for purposes of limitation.



6. 30 7. A nmethod in a Long Term Evol ution, LTE, base station for
controlling transmt power of a User Equipnent, the nmethod conprises:
-configuring (601) UE individual power weighting factors to be used for

wei ghting available UE transmt power between uplink conponent 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 nmethod according to claim1, wherein
t he configured UE individual power weighting factors are signal ed
inplicitly to the UE. The nethod at¢kording to claimi1, wherein the
configured UE individual power weighting factors are signaled explicitly to
the UE. @My The method according to claim7, wherein the base station
configures a PUCCH specific weighting factor to weight the transmt power
on PUCCH relative to the transmt power on PUSCH 59. The net hod according

to claim71 ekl it Beoh@s@mtahiten, CIE)bagidteSoriorséatidnmpeci fi ¢ wei ghting
factor to V‘Bit%ms the te;apsmtﬁpower QEOPUS%H relative to the transmt power
on PUCCH. 10.K"RBIHET T A 2 DB AGUFEIMEES P18 o P S User Equi prent, UE,
for 1®cont r ol-Ferdiguring ($9i YE pretiadud powtrewdiiihting liactore thipdusedipr i ses:

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
10 the UE.

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

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

4. The method according to any of claims 1-3, wherein the base station
configures UE individual power weighting factors to be used for weighting
20 available UE transmit power between component carriers.

5. 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-

25 prioritised component carriers.

6. The method according to claim 5, wherein the prioritized uplink

component carriers carry control information.

30 7. The method according to any of claims 1-6, wherein the base station
configures UE individual power weighting factors to be used for weighting
availabie UE transmit power between PUCCH and PUSCH.



-receiving (701) UE individual power weighting factors to be used for

wei ghting available UE transmt power between uplink conponent carriers
and/ or between Physical Uplink Control Channel, PUCCH, and Physical Uplink
Shared Channel, PUSCH, and 15-applying (702) the received UE individual
power weighting factors on the available UE transmt power during

transm ssion. 11. The nmethod according to claim 10, wherein the configured
UE i ndividual power weighting factors are signaled inplicitly froma base
station. 20 12. The nethod according to claim210, wherein the configured UE
I ndi vi dual power weighting factorst@re signaled explicitly froma base
station. 13. The net hod according to any of clains 10-12, wherein the UE

i ndi vi dual ighting factqrs.are received to be used for weighting
avai | abl e 8éﬁﬁggﬁéﬁ$$a%@ﬁkwgﬁﬁﬁﬂﬁga“@Bﬁﬂbﬂﬁ THRYGreoRliguras #he et hod
accor di ng t o BIGEHspRificwreighting fapter toweigbt/the atansunitippwerconPIOTEMt carriers are

prioritized byakiecq mg@gnyﬁitipgggygmcmomr 30wei ghting factors configured
such that the power is first reduced on non- prioritised conmponent
carriers. 20 15.The method according to claim 14, wherein the prioritized

upl i nk conporihetmethod habalintoJainan wheleir it Gas@dthdh configfted B Met hod

according to mePlelsdl [;gl 0- eln.the UE indivi power

wei ghting factors a%ee ?ec .\l/’}eg%l?at%f)or\tg%&% et(l}h gran\s)\lfe“lt&ﬁ‘f’?rr? d%@aq abl e
relative to the transmit power on PUCCH,

10.A method in a Long Term Evolution, LTE, User Equipment, UE, for

10 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
carriers and/or between Physical Uplink Control Channel, PUCCH, and
Physical Uplink Shared Channel, PUSCH, and

15 -applying (702) the received UE individual power weighting factors on the
available UE transmit power during transmission.

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

power weighting factors are signaled implicitly from a base station.
20

12.The method according to claim 10, wherein the configured UE individual
power weighting factors are signaled explicitly from a base station.

13.The method according to any of claims 10-12, wherein the UE individual
25 power weighting factors are received to be used for weighting available
UE transmit power between component carriers.

14.The method according to claim 13, wherein one or several uplink
component carriers are prioritized by receiving UE individual power
30 weighting factors configured such that the power is first reduced on non-
prioritised component carriers.



UE transmt power between PUCCH and PUSCH. 17. The net hod according to
claim 16, wherein a PUCCH specific weighting factor is received to wei ght
the transmt power on PUCCH relative to the 10transmt power on PUSCH.

18. The nethod according to claim 16, wherein a PUSCH specific weighting
factor is received to weight the transmt power on PUSCH rel ative to the
transmt power on PUCCH 15 19. The nethod according to any of clains
10-18, further conprising : -applying (703) a respective scaling factor on
the received weighting factors to scale the distributed available transmt
power between conponent carriers ang/or between PUSCH and PUCCH. 20 20. A
Long Tern1Evqution LTE, base station (501) for controlling transmt power

of a User he b se station 01) .conprises a processor (801)
for confi gur| n&'EJEE“thbﬁaﬁ?‘i?f ':E‘ﬂ%e]r W%F’ﬁﬁ’t'&‘ﬁé’nf”é*&eﬂr“?h% be used for

wei ghti ng avawhmbhaﬂUEnMFammm¢mmmﬂmﬁmhaumeen upl i nk 25conponent carriers
and/ or between Physical Uplink Control Channel, PUCCH, and Physical Uplink
Shared Cha , PUSCH, and a transmtter (802) for signaling the configured
UE i ndi vi dﬂﬁeﬁm@?%mm%@ oy of glpisns 19- ﬁﬁaevhwm%lﬁmdw@abase station
(501) Saccor dipugret oveightingiad@rs wbeéaivedtd'lﬁemgw SERhtio@ailabs configured to

configure UE el rs to be used for weighting
avai |l abl e UE [?ﬂr?gjr%isﬂr"nﬂ#%ﬁ‘gme ef‘ween C%%) W carriers. 21 22.The base
station (501) according to claim 21, wherein the processor (801) is

confi gured 1m‘11ermanbd aa:ercﬁﬁgmmtm;ahéﬂe&r@ptbmﬁe cifd\Wdighinghe UE

i ndi vi dual 5 E li1t| n(g ‘?‘ such t hat wer is first 5reduced
on non- pri or| e et §Mtf§wﬂfﬁ’é‘ E‘t?e&'l"f’éﬁtt\"SOl) accor di ng
to ah® of cIéFﬁ@“QOW?@TQWﬁ@S@Hn the processor (801) is configured to
configure UE individual pomer melghtlng factors to be used for weighting

avai |l abl e ran ower e
ll.JE e me%{poé ace:o ing to c » Wherein a PUSCH specific weighting

factor is received to weight the transmit power on PUSCH relative to the
transmit power on PUCCH.

15
19.The method according to any of claims 10-18, further comprising :
-applying (703} a respective scating factor on the received weighting
factors to scale the distributed available transmit power between
component carriers and/or between PUSCH and PUCCH.
20

20.A Long Term Evolution, LTE, 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 transmit power between uplink

25 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.

30
21.The base station (501) according to claim 20, wherein the processor (801)
is configured to configure UE individual power weighting factors to be
used for weighting available UE transmit power between component

carriers,



10PUCCH and PUSCH. 24. The base station (501) according to claim 23,
wherein the processor (801) is configured to configure a PUCCH specific

wei ghting factor to weight the transmt power on PUCCH rel ative to the
transmt power on PUSCH or to 15weight the transmt power on PUSCH rel ative
to the transmt power on PUCCH 25.A Long Term Evol ution, LTE, User

Equi pnrent, UE, (502) for controlling transmt power of the UE, the UE
conprises a receiver (803) for receiving 20UE individual power weighting
factors to be used for weighting available UE transmt power between uplink
conponent carriers and/ or between Physical Uplink Control Channel, PUCCH,
and Physical Uplink Shared Channel, PUSCH, and a processor (804) for

appl ying the received UE individual power weighting factors on the

avai l able UE transmt power 25during transm ssion. 26.The UE (502)

accordi ng #8-Thedans stBtion($d dcnording to elpisn Q& rwi{e3€i8 ti3proomssirg8®yd t o recei ve

UE i ndi vi dual; L I 804) i dapt ed
i ndi vi dualis pehitireith RbHES &&g})ﬁ%ﬁc&?ﬂr&moﬁﬁg{,&ggﬁmggg (804) is adapte

to use them f,o[% .\gelﬁlgphtl ng of  avail e UE trans ( bet ween conponent
carriers. 2"URdwgPoyer peigbYnglactgrgiugh thay PYSFHatower iflset 25- 26, wherein the
recei ¥er (803pducedoonhgitioitdsddrorponénteatders. ndi vi dual power wei ghting
factors and the processor (804) is adapted to use them for weighting of
avai l abl e ?g transmt power between PUCCH and PUSCH. 5 28. The UE (502)
accor di ng 0 TheLpRs Ftionsetkacrording tp apwphlaime 38R, whereimithe gured to recei ve
a _PUﬁCH rs]pecipﬁniw.ce«s,s_mi(zignt; imnﬁggte@to doﬁﬁi&ﬁemddibiﬂuﬁl"&wﬁf eeigesy (804) thSCH
wei ght the tr, . r t to the transmt power on
or To wei ght et bERE of feighig buifpedl L franiml Bt @REEn

10 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

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

25.A Long Term Evolution, LTE, User Equipment, UE, {502) for controlling

transmit power of the UE, the UE comprises a receiver (803} for receiving
20 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 a processor (804} for applying the received UE

individual power weighting factors on the available UE transmit power
25 during transmission,

26.The UE {502) according to claim 25, wherein the receiver (803) ia
configured to receive UE individual power weighting factors and the
30 processor (804} is adapted to use them for weighting of available UE
transmit power between component carriers.



10relative to the transmt power on PUCCH 29.The UE (502) according to any
of clains 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 transmt 15power between conponent carriers and/or
bet ween PUSCH and PUCCH

22

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 available UE
transmit power between PUCCH and PUSCH.

5
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
10 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 trangmit
15 power between component carriers and/or between PUSCH and PUCCH.
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