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BACKGROUND OF THE INVENTION:

Field of the Invention:

[0002] Certain embodiments of the present invention generally relate to
15  communication technologies. For example, certain embodiments of the present

invention can be used in wireless comumunications, and particular in the Long Term

Evolution (LTE) of Third Generation Partmership Project (3GPP) and Evolved

UMTS (Universal Mobile Telecommunication System) Terrestrial Radio Access

Network (Evolved UTRAN or simply EUTRAN). More particularly certain
20 embodiments of the present invention provide an extension of power headroom

reporting to be used by each and every user equipment (UE) to allow for a more

efficient resource allocation by an evolved Node B (eNodeB).

Description of the Related Art:

25 [0003] Third Generation Partnership Project (3GPP) Long Term Evolution (LTE),
which is a project within the 3GPP to improve the UMTS standard with respect to
efficiency, services, costs, new spectrum opportunities and better integration with
other open standards. LTE may result in a new evolved Release § of the 3GPP
standard including extensions and modifications of the UMTS system. The

30 architecture is called EPS (Evolved Packet System) and comprehends E-UTRAN



efficiency, services, costs, new spectrum opportunities and better

I ntegration with other open standards. LTE may result in a new evol ved

Rel ease 8 of the 3GPP standard including extensions and nodifications of
the UMIS system The 30 architecture is called EPS (Evol ved Packet Systemn
and conprehends E-UTRAN 2 (Evolved UTRAN) on the access side and EPC
(Evol ved Packet Core) on the core sideZz [0004] 3GPP Rel ease 8 is expected
to be devel oped further. Miuch of the standard is expected to be oriented
around upgrading UMIS to the fourth generation nobile 5 conmunications

t echnol ogy, (BaseAtUIERAN) 8n W RLaS Siderpadirand b8 rastet %&E%M\é {dpc voi ce and
ot her services, such as data services, built on top. [0005] In 3GPP

st andar di za#il®n t he specification for power headroom reporting for LTE has
started and is expected to be defined. Power headroomreporting is
currently tBl90d] 3CPBdEtease Srigiesngpteditd bhdevstdpedhBurdhes cMubledf the stohdard has not

yet been 10issé?£:p¥&9d tosbté%ﬁ%dg;({uﬁyﬁp%ﬁm t(L %%%lm%'@ne?a%ﬁ grilorlgﬁg t of the

present inventron IS an appar at us. ppar at us
5 communications technology, essentially a wireless broadband Internet system with

voice and other services, such as data services, built on top.

[0005] In 3GPP standardization the specification for power headroom reporting for
LTE has started and is expected to be defined. Power headroom reporting is
currently topic of 3GPP standardization and the described problem has not yet been

10 solved.

SUMMARY OF THE INVENTION:

[0006] One embodiment of the present invention is an apparatus. The apparatus

includes a processor configured to determine a power headroom report. The

apparatus also includes a transmitter configured to transmit the headroom report.
15 The processor is configured to determine the power headroom report with both

positive and negative values of power headroom, as applicable, in which negative

values indicate the missing power in dB to fulfill transmission requirements.

[0007] Another embodiment of the present invention is also an apparatus. The
apparatus includes a receiver configured to receive a power headroom report. The
20 apparatus further includes a processor configured to allocate radio network
resources based on the power headroom report. The processor is configured to
obtain both positive and negative values of power headroom from the power
headroom report, as applicable, in which negative values indicate the missing power in

dB to fulfill transmission requirements.

25 [0008]A further embodiment of the present invention is a method. The method
includes determining a2 power headroom report.  The method also includes
transmitting the headroom report. The determining includes determining the power
headroom report with both positive and negative values of power headroom, as

applicable, in which negative values indicate the missing power in dB to fulfill



i ncl udes a processor configured to determi ne a power headroomreport. The
apparatus also includes a transmtter configured to transmt the headroom
report. 15 The processor is configured to determ ne the power headroom
report with both positive and negative val ues of power headroom as
applicable, in which negative values indicate the mssing power in dB to
fulfill transmission requirenents. [0097] Another enbodi nent of the present
invention is al so an apparatus. The apparatus includes a receiver
configured to receive a power headroomreport. The 20 apparatus further
includes a paReRskAre@adhit@yured to allocate radi o network resources based
on the power headroomreport. The processor is configured to obtain both
posi tive anpooepat haBudal ¥eSoincRPYE theNRaRIOBRLATRANS LA Pawelfodherdr oom
report, as apfllqable, in which negative values indicate the m ssing power
in dB to fulkthofl in¢ladeseecdving ar Rayar hepdsaens repmt. [ dbogpothdd plshaiclusabodi nent
of the pres i: : | i h i erm.ning a
power headr%g%?éﬂ%ggﬁéggﬂéﬁﬁg?ﬂﬁ%ggﬁggﬁiﬁéﬁ%&ggg?igﬁgﬁgﬁffﬂghthghﬁeadroom
report. Thealttettgrgmnolude obtehinge Srotkethe rpwimer hepdirdom pepoer bbb gebsibeenangéport with

both positive and negative val yes of power headropm as applicable, in

whi ch' negat PRETUSTAIES O RN g atone: i SOIRG DanaReh feeee gpes e 5
transm ssi omhenh@sHitigRMRNMNSIB {oGQ@RlraAimisdlst tei@Ratengbodi ment of the present
invention is also a nethod. The nethod includes receiving a power headroom

report. Thepowedhabur %ﬁlbbﬁuﬁ{euﬂ@ﬁhagfe@&mﬁv@gﬁd@@!acz:oﬁ@meﬂrésdmé Qufages based
on the power headroomreport. The all ocating includes obtaining, fromthe

power headr BsfvFegtseded withHnyastipnsconfigered g SPRHHQ a/eAnEkerdp eBeRMET 2 headr oom
as appl ijgab i.n i g ait.| UESy b RGN 1 S8l in dBto
h§abhcedsn 9B p?&e&%aahaé@edev&{nc 3%? B%%&d&gﬁ%ﬁgf&ﬁ TG PRURL

fulfill tranhsm ssion requirenents. An er e I ment pr esent
i nvention i slsa molwges eransmaidah|tbe sheadmgm memlirtum dhe odieatmivingh indksdes uct i ons

confi gured Eié)cer%%%% ?llw Soxgé%nﬂ)e%ér%gmt r%pc? %(ftﬂtb%thapositive and negative values of

power headroom, as applicable, in which negative values indicate the missing power

in dB to fulfill transmission requirements.

15 [0011]A further embodiment of the present invention is a computer-readable
storage medium encoded with instructions configured to control a computer to
execute a process. The process includes receiving a power headroom report. The
process also includes allocating radio network resources based on the power
headroom teport. The allocating includes obtaining, from the power headroom

20  repott, both positive and negative values of power headroom, as applicable, in which

negative values indicate the missing power in dB to fulfill transmission requirements.

[0012] Another embodiment of the present invention is an apparatus. The apparatus
includes determining means for determining a power headroom report. The
apparatus also includes transmitting means for transmitting the headroom report.
25 The determining means is configured to determine the power headroom report with
both positive and negative values of power headroom, as applicable, in which negative

values indicate the missing power in dB to fulfill transmission requirements.

[6013] An additional embodiment of the present invention is also an apparatus. The

apparatus includes receiving means for receiving a power headroom report. The



10 process. The process includes determ ning a power headroomreport. The
process also includes transmtting the headroomreport. The determ ning

i ncl udes determ ning the power headroomreport with both positive and
negati ve val ues of power headroom as applicable, in which negative val ues
indicate the mssing power in dB to fulfill transm ssion requirenents. 15
[ 0011] A further enbodi ment of the presént invention is a conputer-readable
storage nedi um encoded with instructions configured to control a conputer
to execute a process. The process includes receiving a power headroom

report. TheapieaesslsalisQuded dIeamhgainbas abt ﬁgoé’aﬁﬂ% QadigtneBidik esAges based
on the power headroomreport. The allocating includes obtaining, fromthe

power headr bWl 20 the peyer hepdrapnpespotti vEcapracaeyds rudisvedue Sbsin pasther
headroom a | i ' ' i Lndi 1,5Si Ng
power in dBE?SgtR%u 1??1%3%? Y gﬂ‘é}grg}}s I ﬁleg%g}t?;é@eﬁ%{d %%o%g&%?}oi%{%ﬁ%@agnbodi ment
of the presenilichlviz et whioh itsg@ive aypas abdisate Thremdppgratves i ud &dfill

determ ning _neans.for determ ning a power headroomreport. The apparatus

al so i ncPud&&FFRHEHFHETRE Freans for transmitting the headroomreport. 25
The determning nmeans is configured to determ ne the power headroom report
with both positive and negative val ues of power headroom as applicable, in

whi ch negat BrEEV HIESERIPTIONCEF HENBR AMASIGYY power in dB to ful fill
transm ssion requirements. 4 apparatus also includes allocating neans for

al | ocati ng (Ao @ronsE kndesstandineal hadaenaen.tpEregeneioubiRmednia @gort . The
processor i ] : Ln. both positive and negative val ues of
SRR b ool

power headr eadroom report, as applicable, in which

negati ve,val b-pdi.cat 1 8§51 [ iJel sm ssi on
R L e N s
under st andi mgreofiort;he i nvention, reference should be nade to the

acconpanyi ng drawi ngs, wherein: 10 [0015] Figure | illustrates a system
accordi ng t ¢06]Egbedi2nelustatest e EreseEntreadabenmedivm [ 0@b8kngd-i gurae 2

illustrates a,c ut er:-readabl e di um according to an enbodi nent of the
present i nvéﬁ\bf)‘%ﬁ%%maﬁéhepresel}?ﬁ’di&ﬁ‘—qi’ﬁ%ire. 3 illustrates a method according
to an enbodl[%% Fi%frfetg1 %lﬁ{rgt%se rellt m%t%locri] \égpc}réi%g ‘to an embodiment of the present

15 invention.

[0018]Figure 4 illustrates a system according to another embodiment of the present

nvention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S):
20 [0019] Certain embodiments of the present invention relate to an extension of
power headroom reporting to be used by each and every User Equipment (UE) to

allow for a more economic resource allocation by an evolved Node B (eNodeB).

[0020] In such embodiments, the UE can report in a power headroom report the
difference between the nominal maximum power and the power at the UE, e.g. the
25 power that the UE would use if it did not apply maximum power limitations. This
power headroom report describes only the positive difference between nominal
maximum transmission power and the currently used power. Hence, with the
current standardization assumption, the eNodeB will not have knowledge about the

“missing” power at the UE. As a result resources on the air interface are somehow



[0018] Figure 4 illustrates a system accordi ng to anot her enbodi nent of the

present invention.

[0019] Cert

of power headroomreporting to be used by each and every User

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT(S): 20

ai n enbodi nents of the present invention relate to an extension
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(UE) to allow for a nore econom c resource allocation by an evol ved Node B

(eNodeB). |
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noted that the power headroom report is negative if the right part of the min-
function in Equation 1 for Physical Uplink Shared Channel (discussed below)
exceeds Pua. This part includes further terms (offSet parameters, path loss
estimates, and closed-loop power corrections). Example: The right part of the min-
function requests a transmission power of 26 dBm. Pg, 15 set to 23 dBm. The

reported power headroom is 23 dBm — 26 dBm = -3 dB.

[0022] The extension of power headroom reporting to negative values can be used
by the UE to inform the eNodeB about the amount of missing power in dB; eNodeB
scheduler to reduce the number of allocated RBs to an optimum bandwidth and/or
Adaptive Modulation and Coding (AMC) to adapt the modulation and coding
scheme (MCS downgrade) in case of slow AMC, or outer loop link adaptation
offset in case of fast AMC; adaptation of the UpLink (UL) power control,
reconfiguration of UL sounding channel — if applicable; reconfiguration of signaling
resources and power — if applicable; and rescaling of previous measurements — if

applicable.

[0023] The currently proposed uplink in LTE uses Single Carrier Frequency
Division Multiple Access (SC-FDMA) multiplexing and Quadrature Phase Shift
Keying (QPSK) or 16 Quadrature Amplitude Modulation (QAM) (64QAM
optional) modulation. Power control can be an efficient means to improve the cell
edge behavior, to relax the requirements on the intra-cell orthogonality, and to

reduce inter-cell interference and power consumption. Basically, the Power



10 noted that the power headroomreport is negative if the right part of
the mn-function in Equation 1 for Physical Uplink Shared Channel

(di scussed bel ow) exceeds Pnax. This part includes further terns (offset
paranmeters, path |oss estimates, and cl osed-| oop power corrections).
Exanpl e: The right part of the mn-function requests a transm ssion power
of 26 dBm P. is set to 23 dBm The 156reported power headroomis 23 dBm
-26 dBm = -3 dB. [0022] The extension of power headroomreporting to
negative val ues can be used by the UE to informthe eNodeB about the anount

of mssing p S ugSnt r | | ocat ed
RBs to an op %ﬁ%h1 angQﬁgﬁﬁp%ﬁgl%?Q%gggﬁfég%k%guﬁﬁa|gﬁ a de?%éﬁ(ANCD to

adapt the nndn;bmnmlcatmbcbﬂdhmﬁs@@qsqahm@mmdded a@e)poml‘ caswel of sl ow
AMC, or outer link a (g%gﬁ bpglgfgﬁﬁ E ﬁ edof“ ast . AMC adaptatlon
of the Uleﬁwﬁ?HE R s iGuPaAFBRSE U EREREI NS Ehannel -
if appli Cabb& rekQFONBloBUT atcfNa Qésobics HRIKNR B)ES Okl SRdleaNGmpBglcncy | f
appl i cabl e; and reseallng of previous neasurenents - if applicable. 25
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and to 30 r&SHIRES nﬁéer - H IF'kf eansml NG S € ks n‘%rﬁ 9%8

rence power ¢ nsu Tion. asi cal ly,

the Power & _Spegiklcalrobems nkiwvofiPolhe U@ranldebydm ai’pm)me_,(bfblye dH ao@edingoop power
control conponent cal cul ated at the User Equi prent (UE) and a cl osed | oop
power coftr & itEBE“E8%i on transnitted by the eNodeB. PSD can be deflned as

"transm ssi gn power per_ resource bl ock," where ce (o]o} is the
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transmt po I gg p i | g%ﬁ shanal.edfhr e network
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i nformation igafche WnoRadganis heorrIerkar By ng spRIfiCTE cadi @4 asosy ar
managenent and link quality

allocation of an excessively high transmission bandwidth, thus resulting in a lower

Signal to Interference plus Noise Ratio (SINR) than expected. Information on the

20  PSD used at the UE is expected to be obtained from the power control headroom

reports, which are current topics in 3GPP standardization.

[0025] The power control headroom is the difference between the nominal
maximum transmission power and the power at the UE, e.g. the power that the UE
would use if it did not apply maximum power limitations. The power control
25  headroom is calculated per Transmission Time Interval (TTI) and it is expected that
the UE sends power headroom reports after n closed loop power control commands,
if the change of the path loss exceeds a specific threshold since the last power
headroom report, if the UE is close to maximum power or if the timer started at
previous report has elapsed. Periodic sending of power headroom report is also

30 possible.



15 control decisions at the eNodeB, especially for the adaptation of the
nodul ati on and codi ng schene, UpLink (UL) power control and resource
assignment. An inprecise know edge of the PSD used by a specific UE could
e.g. cause the allocation of an excessively high transm ssion bandw dt h,
thus resulting in a lower Signal to Interference plus Noise Ratio (51NR)

t han expected. Infoi illation on the 20 PSD used at the UE is expected to
be obtained fromthe power control headroomreports, which are current
topics in 3GPP standardi zati on. [0025] The power control headroomis the

di fference HERAPSGPPES 36T BalfiABXIEWNE ihAMSNDESE0fr PRy s Uﬁahﬁ’k power at
the UE, e.g, the power that the UE would use if it did not apply maxi num
power | i nit apdrehChanpel (BERWEH) comsanotrapmissiadinogiageciaby uha felthvieg
Transm ssi o, LkilE Interval (TTI) and it is expected that the UE sends power
headroom reports after n closed | oop power control conmmands, if the change
of the path e Iast power headr oom
report, if '¥9§Eé§¢' cd§%€P?ﬁﬁ%%ﬁ?gﬂ%?%ﬁaggmgnai?ﬁgﬁ%pt|ner started at

previ ous report has el apsed. Periodic sending of power headroomreport is
al so 30pdssithlse)= ?thG?BTdGEPPGKQ+§6P@eﬂﬂdéﬂﬂﬁéﬂﬂﬁﬁ@+wEﬂﬁﬁﬁnsn1t power for
t he Physi cal Uplink Shared Channel (PUSCH) PPUSCH transm ssion in subfranme
i by the folhemwi ng equation: [0027] Equation 1 for Physical Uplink Shared
Channel (PUSCH) PL + 427 5PPUSCH(O0 m n {Prmax, 10l ogi o ruscH(0) Po_ PUSCH(D +

a(TF(i))+ f (ie) HABrhn BEEE enax BRI all@Wedovdd QorYaR: ALY HbHP MG ErspOWer
configured by higher layers; M

* Mpyscn can be the size of the PUSCH resource assignment expressed in

number of resource blocks valid for subframe i;

10 ¢ Py puscu can be an offset parameter defined by Operation and Maintenance

{O&M) or additionally influenced by internal calculations;
» « can be a path loss compensation factor adjustable by O&M;
e PL can be the downlink Path Loss (PL) estimate calculated in the UE;
* Aqp can be a Transport Format (TF) dependent offset; and

15

f(i) can represent reporting of closed loop power correction values using
accumulation or absolute values, respectively.

[0028] An alternative to Equation 1 is the following:

Bousen (1) = min{Ry,x, 10108, o(M pyscr (1) + Fo susen () +@(f)- PL+ A () + F(0)}

where the terms are defined as in Equation 1. Further changes are possible, for
20 example, in which Py,x is defined by PCMAX = MIN(PEMAX, PUMAX), where

PEMAX is the maximum allowed power configured by higher layers and defined in

3GPP TS 36.331 and PUMAX is the maximum UE power for the UE power class

specified in 3GPP TS 36.101.

[0029] The UE can report in the power headroom report, the difference between
25 Pyax and the second term of the minimum function in equation 1. This power

headroom report (in the conventional implementation) describes only the positive



- -puscti can be the size of the PUSCH resource assignnent expressed in
nunber of resource bl ocks valid for subfrane i; 10 PO PUSCH can be an

of fset parameter defined by Operation and Mai ntenance (O&M or additionally
i nfluenced by internal calculations; a can be a path |oss conpensation
factor adjustable by & PL can be the downlink Path Loss (PL) estinmate
calculated in the UE;, Amcan be a Trahsport Format (TF) dependent offset:
and 15 f(i) can represent reporting of closed | oop power correction val ues
usi ng accumul ati on or absol ute val ues, respectively. [0028] An alternative

to Equationd&ﬁhﬁméhewﬁﬁhhemmﬁ@nwﬁkmn&tmmmﬁmﬁmlQGw&QgﬁQh&BMSQHyQthPPUSCl1
(OPQ_PUSCHa% + ATPf ( where the terns _are defined as in Equation 1.
Further cha @@?7av%n%ﬂgémﬁF%th%ﬁ“E@W%%Eﬂﬁﬁélaﬂﬁ“ﬁhp%ﬁﬂpﬁ%& f ¢ B |ned by

PCVAX = M N@PEM%HH g%@pow\@pﬁﬁ EratE e It BAIS alB¥ LA dnovs: gd
configured by higher |ayers and d eflneé In 3GPP TS 36. 331 an PUN%X s the

maxi num UE ybﬁéwﬁﬁbh&ﬂh@HUEppﬁwéﬁ)@3a§50%®ew0ﬁkedﬁnmesﬁﬁﬁfm&nSEMﬂﬁl [ 0029]
The UE can rr@q%ﬂ%(ﬁ a&c%r&gg t(P ﬁygeﬁghtf] pa ro?(%ﬂg mIIP—%thCtIOI% r1]116 ec(ljula 1fo§ rle Ce bet ween

headroom without extension to negative values would also report the value 0 and
the network does not obtain knowledge whether the uplink power is exactly
sufficient (the right part of the min-function is equal to P,,) or if power is missing,
Le. the right part of the min-function is higher than P..,. Hence with the current
10 standardization assumption the eNodeB is not expected to have knowledge about
the “missing” power at the UE. As a result resources on the air interface may be

wasted, since the scheduler is not aware of how much the UE power budget is

exceeded.

[0030] In certain embodiments of the present invention, the power headroom
15 reporting 1s extended to both directions, e.g. reporting (a) positive headroom if the
current transmit power is lower than the nominal maximum fransmission power and
(b} negative headroom if the required transmit power according to the allocation
scheme in terms of number of RBs as well as selected modulation and coding

scheme requires higher power than the nominal maximum transmit power.
20 [0031] The extension of power headroom reporting to negative values can be used
by
(a) the UE to inform the eNodeB about the amount of missing power in dB;

(b) an eNodeB scheduler to reduce the number of allocated RBs to an optimum
bandwidth (ATB = adaptive transmission bandwidth) and/or adaptive
25 modulation and coding (AMC) to adapt the modulation and coding scheme
(MCS downgrade) in case of slow AMC, or outer loop link adaptation offset

in case of fast AMC;

(c) adaptation of the UL power control;

(d) reconfiguration of UL sounding channel — if applicable;



25 PmAx and the second termof the m ninumfunction in equation 1. This
power headroomreport (in the conventional inplenentation) describes only
the positive 8 difference between nom nal naxi mum transm ssi on power and
the currently used power. Using nmaxi mumtransmt power results in a power
headroom of O dB but also requiring nore power for maintaining the PSD at
given allocation would result in a power headroomreport of 0 dB. In other
words, if nore power than Pmax is 5 required according to the right part of
the m n-function in equation 1, the power headroom w t hout extension to

negative val ugs) redtfidudlis®of 8pRlihg thGuVA #e pBwandifbhRicaBkmiik does not
obt ai n knowl edge whether the uplink power is exactly sufficient (the right

part of the mp-kitAnhd SpreSo@td@suleMeMTBAD) aflicdtle. pOVEr is missing, i.e. the
right part of the mn-function is higher than Pm Hence with the current 10

st andar di zal%BR] ddsirgeniabin berme caNeRraBy irsgabtonditisacrbencrd thald newsn edge
about the " éﬁ:‘e%&. POVBTE ah steﬁtg hHEed@%gfi? PR heldrSa r}fe@ﬁnf’%‘e*{% al
edul er of

interface may be wasted, since the sc I's 'not awar ow nuch the
UE power sbudggtopiisnalyc elsddt. all@@80jo ks @dy taalimitehbodbeaeof ssafrcdshier pr esent

invention, the power headrqom 15 reporting.is extended to b irections,
e.g. reportf I‘t@'"'%)sé?n ﬂbcgf&tni 1\1}810 t&igﬁs&fn&? fotl‘i ﬂgthéSUW’éfﬁ cxqmpls r?i“ﬁ%ﬁ%ﬁ} is | ower
t han the nomhahay@xhibdmidd @Rsiah&si on power and (b) negative headroomif

the required transmt power according to the allocation schenme in terns of

nunber of REw33$ ™RId ardlsvelotfkt Rethamshtlond.| P6r anehptQdf N 9L ey ®@Ui res
hi gher power than the nom nal maxi mumtransmt power. 20 [0031] The

ext ensi on oPOPEWEFIHES BPBHACPRFBIL P Aotagom e vacssdt Besddbtrnpedussed by (a)
the UE tg i R{ORsmihet Bﬁmwﬁéﬁgg@%ﬁgoﬁw% cdl] S31sB0 RONGLr RBs9B;  (b)

an eNodeB scheduler to re er of allocated RBs to an optinum
bandwi dt h ( A®B scheldiegt iThe eNpdalseandwiioferehahautithis)actiond/ Bhis apkéagt dawde 25

Gowngr adey CHAAGEE Bkl eracRER id BB Roh R RS e i 1
case of fasFoAMbthdrodxam@hptiBittc AIE efing fie ddlpopenereqeiestt peler dcdrding to

reconfi guratlon of UL soundi gpch nnel - 1f applicable; _
allocation scheme exceeds Pyax) and different Apr values are used for different

15  transport formats, the UE can use another, ¢.g. more robust modulation and coding
scheme with lower A and can signal this to the eNodeB. Enabling or disabling of

this option can also be controlled by the network.

[0034] The extension of the reported range can lead to a more efficient utilization
of the available resources. Without this solution, the PSD requirements from power
20  control algorithim (according to 3GPP TS 36.213) at given resource allocation might
not be maintained because an indicated power headroom of 0 dB does not provide
information whether (or which) additional power is required. As a consequence, the
quality requirements in terms of signal to interference and noise ratio (SINR) cannot
be maintained, and a more robust modulation and coding scheme (MCS) would be
25 expected to be selected by AMC, while the number of allocated RBs is still

maintained.

[0035] At least some of the solutions described in present application allow the
scheduler to reduce the resource allocation on the appropriate number of RBs, in a
targeted, accurate way. Hence, radio resource management may have all necessary

30 information to determine in advance the number of RBs to be reduced. The



9 (e) reconfiguration of signaling resources and power - if applicable; and
(f) resealing of previous neasurenents - if applicable. [0032] There can

al so be an energency trigger condition, whenever the UE power is exceeded.
The UE can send i medi ately a Power Headroom Report. The UE 5 can,
optionally, also be allowed to use only a limted nunber of resources for
submi ssion and can indicate this (or b&told of this by, for exanple, an
eNodeB). This may enhance high coverage. [0033] There are al so sone further
options. For exanple, if the UE runs out of power (required power according

to all ocati egisei@ierexteedmeM™B) ot of@dn dofflieiensl ndyh ®cbihidd §los@ble RBs f or

uplink transmssion, i.e. the UE can transmt on fewer RBs than schedul ed.
The eNodeB dmmecdatelynrad tecreribanance if & TEcan & incressed woemgrofcamalits@ndnabl ed or
di sabl ed bynﬂﬁltyetmork vi a broadcast message or dedi cated signaling. For
anot her exa if the UE runs out of power (required power according to

al |l ocati on e g@)ﬁ T f or

di fferent 12 t rgﬁcspoirht &ﬁ%r i) s')’ 0? %léefgg%ﬁgéueﬁa%& ﬁe%w%??as.h%no&f@gr obust
nodul ati 6n aar@e@ovhrergbyshéadmmq)brﬂngmﬁheAtrﬁexaamdtrolaan@ 1griaHE ishssnted t he
eNodeB. Enablin I|n IS option can troIIed by the
metwork. [ oG8 WP TR s B G e SelBisi b i JESGa BAE" Fonor &
efficient uueﬁﬁaiafdngmgqiomhmoaml foabkedi a5 Qwps F. 1 Wht Prqmt rdnBé Ta$ Ut i On,
the PSD requirenents from power 20 control algorithm (according to 3GPP TS

36.213) at @§xigededs exststpeel télml@\&%rtlpanﬁ ohihgHangsofromecupgn iy 8idRele Ns6¢gse an
i ndi cated pQURE. h&ﬁ@it@x%'i‘ax% 9dﬂ%aﬁ‘g&%u@ﬁl&ap%é’m?ﬁnls%ﬂ%ﬁﬁ%&%@aﬂiﬁ;her (or

whi ch) additional power 1s require a conseqguence
requi r enént $o ireduce rthes bafdvaddyniay S0%. | heref etepn oe bandovidtbi rsductiat icen (k81 NR)

cannot be maint e mor e _robust ul a d codin ene (MCS)

o o’ 25 DB o SR el e 8 55 ATRE s & TR PR B IR et o

RBs is stil :mﬂdiﬁhzntoal @fﬁneg[aﬂﬁBﬁﬂowﬁfrdh%ﬂ&iorrSOdm ot ﬁd@ﬁ %9l tadidmasodﬁ,%cri bed in

present application allow the edul ey to reduce the resource allocation
it B e &

on the appr SFPPETRTH latjqy sgheme g8t BEM QAN AP QRNdy o eice, radio
resource MERAQAKERS 15OXMENEpR] oRSBRISAT ¥urves). A larger negative range can

15 also allow for a higher granularity in each mixture of joint ATB and AMC
measures. This is expected to provide sufficient range given by 6 bits for signaling.
A shift of the range towards negative values could be similarly handled in case of a

reduction of the signaling bits to e.g. 5.

[0037] Certain embodiments of the present invention extend the power headroom
20  report from positive only to positive and negative values, where negative power
headroom represents the following situation: the reported negative value indicates
the missing power in dB to fulfill the requirements given by current resource
allocation and modulation and coding scheme. This knowledge can allow an exact

reassignment of the allocated resources and a more economic resource utilization.

25 [0038] Figure 1 illustrates a system according to an embodiment of the present
invention. The system includes a first apparatus 100 and a second apparatus 200.
The first apparatus 100 and the second apparatus 200 can be configured to
communicate over a communication link 300, which is illustrated as a direct
wireless communication link, though there is no requirement that any connection

30 between the first apparatus 100 and second apparatus 200 be either direct or



30 information to determ ne in advance the nunber of RBs to be reduced. The
10 assignnent of the gained RBs to other connections may becone possible

i mredi ately, and the perfornmance of LTE can be increased in terns of
quality and capacity. [0036] Certain enbodi nents of the present invention
may result in a shift of the 5 range covered by headroomreporting. The
power control range in LTE is assuned tio be 40 dB. Wth 6 bits used for
signaling 64 power headroom |evels can be defined ranging from+40 dB to
-23 dB in steps of 1 dB. This range can be extended, in ternms of the | ower
limt of the;fange, fromcurrently O dB to negative values. An extension to
3 dB can permt Adaptive Transm ssion Bandw dth (ATB) 10 to reduce the

bandw dth by O(ﬁ@%'[ﬂeaﬁlgﬁﬁpp%{‘a@lﬂsldmca%aiﬂgl\(mgtag)r&%%?tl'lQna ﬁ%&nﬁﬁerpfz@vbded by

extending the range to e. B. This extension for the
i nf or mat i onreskivieedad.iand qp@mmllyh%a@nmnlé@n The f'uste@pbiymsal@ﬂo:ané@ofmce

gﬁgiﬁﬂerg n'g- 6 éﬁ\ﬂqqapa{[ UE hsuc gllélllp%{gloﬁa nglE'i? asms?an? a l}&n@ml(i" CQ pﬁlet:egr %glfarrgrng];r 221n

15 al so al | eMefione,ar hﬂghedsmgumﬁmicmrdewcej ﬁheﬁcdil appaxﬁtw emdfe ijnplentenddB and AMC
measures. This is ex ec d suffl e iven b bits for
si gnal i ng. ﬂséﬁP‘F’P‘ ‘;‘ﬁﬁg g Q nth %%966%13%1 %e?(gl mlarly
handl ed in ¢agfplefa @elfeﬁéﬂgﬁltﬁo@@c&ﬁ lﬂé}%rsdn%ﬁjli’cﬁl%nbs,ﬂe&f%Qnt%gﬂtedijlrc{ugo37]

Certai n enbodi nents of resent invention extend power headroom 20
report from(pEE iThe optipyel tﬂlﬁﬁpmé 149 gan WYW@QBQWW@&M%‘#H@@E sughhag Bashegat i ve

head I d
Dalve i ndi ot Db fPLESE U TRARD: SUbag AU { 2 BER  erent o gl ven
by curr %Bt A&?&:}'[@% gllocgs%&l hed c@ﬁ'%g”&% ﬁ?{edoﬁt ﬁa&nﬁ h:l%g&l’ hi s

know edge c exact reassi g resour ces and a
nor e economrepaties @he cmensumltthn 20 cm*nbe ZBnII H038B}o Emg;mrethle helaﬂmsmr &pes. a system
according t ijrent of the nventl on. system i ncludes a

rrb
oo g ot drfboTion R aftoneuh Mo hBHT & Abvigh e LSS 500 and

the second appanatvdme? O an hbRire@nhi@edigdtd e 8QBMMIRtHALE HRMRbcedsor,
communi cation link 300, which is illustrated as a direct wrel ess

comuni cat i & Whigiknegehe g ueshiefisate dhi g1issuPesrdn B Rafvlfdh fanssnsedt i on 30
gret ween jhe ({4 figheARRANALUR LO0n AP dns RYANMARPAN AL 151t 20Q RE ofleligle di rect

allocation, modulation scheme, coding scheme, offset parameters, path loss estimates,
or closed-loop power correction values. By “both ... and ... according to the
determination,” it should be understood that in certain embodiments of the present
invention, this is implemented by providing a positive value (only) if the
20 determination yields a positive value and a negative value (only) if the
determination yields a negative value. It is nof necessarily required that both a
positive value and a negative value be simultancously present in a given power

report.

[0041] The second apparatus 200 can include a processor 210, a transmitter 220, a
25 rteceiver 230, and optionally 2 memory 240. The second apparatus 200 can be, for
example, a base station, access point, router, or evolved Node B. The second
apparatus can be implemented as a combination of hardware 250 and software 260.
The hardware 250 can be, for example, a general purpose computer or an
Application Specific Integrated Circuit (ASIC). The optional memory 240 can be.

30 any conventional memory, such as flash Random Access Memory (RAM), a



11 wireless. [0039] The first apparatus 100 can include a processor 110, a
transmtter 120, a receiver 130, and optionally a nenory 140. The first
apparatus 100 can be, for exanple, a UE, such as a personal digital
assistant, a handheld conputer, a cellular 5 tel ephone, or other

comuni cation device. The first apparatus can be inplenented as a

conbi nati on of hardware 150 and softwdrée 160. The hardware 150 can be, for
exanpl e, a general purpose conputer or an Application Specific Integrated
Circuit (ASIC). The optional nenory 140 can be any conventional nenory,

such as fl aslamBandnm Agpess: Meaeiye. (RAM, a Conpact Disk (CD), or a hard
drive. 10 [0040] The processor 110 can be configured to detemine a power

headr oom r epgpat] THaGeddi@RIBD Ichehe L3RMSRR RErLONE agithRd HEbRibdRRSHL the
headr oom report. The E)ower headroom report itself can be configured to

provi de bot AhpEEICEIsge Hhernregenfigered & gléasagiragiowervdik atipuoes besededi ng to
the determ pat| e i I | es. indi.cate the
m ssi ng pomeﬂ% ﬂlo%{jgéatd%)&& uﬁ% |8rlql iﬁﬁ?g%‘géﬁl%segygﬁlgf% reééﬁﬁ%ﬁ%?%n% e t%s, for
exanpl e, 5t herovaelzubatle pesitise ghd ewgdive atalles aftposvee loidro@s cuteadingl oohat i on,
nodul ati on schene, .coding schene, qffset paraneters, th | oss estimates,
or closed-| agﬁn%@@niogé?%eﬁsﬁoﬁ’ Mt @é?eg%gve'%‘&% “}Cﬁ‘.’at %8 MISSIEREWT di ng to
the determ padBedfilfill trabiheitich RGuAGEEES§RA s, BAbxADIE EduiteRcRERadh nent s of
the present invention, this is inplenented by providing a positive val ue

(only) if tReapdeasioprs pd raRYreh alocations reodybsipr istkemealcodingiehernenefiseti ve val ue
(only) if tgi%a%ggie [@ﬂgﬁﬁ%é Khm¥te§ loFéIo?edqggﬁﬁdr%egc a6 V@ilﬁes.' s not necessarily

required th ositive VvValue an ative value be sinmultaneously

present ;pn %(ﬂquj?gﬁg%r iRRAEL - o [Qﬁnﬁeé%gﬁjagﬁggﬂb%ﬁppgﬁcﬁ%%gg ﬁlﬁan

i ncl ude a processo atransmitt receiver
optional | y ambhediveyt &4k present seeanuh. ap panpitasrcaddlamodie, 290 ¢gsuckxanpl e, a
base stati on, {2CGE8S

S, pain out e or, .evol v ?J I\gé B. Thlglfsecon appar at us
can be i npl SREntEY % CI(;PB]iE??gt i(gﬂyofM‘?{ﬁ?réfV\g L- &I)anar S ?Wcélﬂﬁm. The
har dwar e 25@rapaamipeble ROMERBRPIMG, — athgefemalof PothPRSEerce@bRUnEdia Qfe B
Application S egi fic Integrated Grcuit gASI C). The optional nmenory 240 can
be excluded) can be encoded with instructions that cause a computer 295 to execute a

15  process when the instructions are executed. The instructions can include a power
headroom report 297 in which a power headroom on a range that includes negative
and positive power headroom is expressible. The power headroom report 297 can
include a value that is either positive or negative. Whether the value is positive or
negative can be determined by processor of, for example, a user equipment. The

20  value provided in the power headroom report 297 can instruct the processor of, for

example, an eNodeB, to allocate resources in.a particular way.

[0044] Figure 3 illustrates a method according to an embodiment of the present
invention. The method can include determining 310 a power headroom report. The
method can also include transmitting 320 the headroom report.  The power
25  headroom report can provide both positive and negative values of power headroom
according to the determination, in which negative values indicate the missing power
in dB to fulfill transmission requirements such as, for example, requirements given
by at least one of resource allocation, modulation scheme, coding scheme, offset
paramneters, path loss estimates, or closed-loop power correction values. This method

30 can be implemented by encoding instructions for performing this method on a



30 any conventional nenory, such as flash Random Access Menory (RAM), a 12
Conpact Disk (CD), or a hard drive. [0042] The receiver 230 can be
configured to receive a power headroomreport. The processor 210 can be
configured to allocate radio network resources based on the power headroom
report. The power headroomreport itself can be configured to 5 provide
both positive and negative val ues of power headroom according to the
determ nation of the processor, in which negative values indicate the

m ssing power in dB to fulfill transm ssion requirenents such as, for
exanpl e, reguhp@BERh&GHH YRAIRY, Rth!BAShe ANErRTiALIALE CRedld 0GALI @D,

modul ati on schene, codi ng schene, offset parameters, path |oss estinates,
or cl osed- |@@pplpi@vteﬁxmtertémm&wd\aaag@“sput@.@rp@@ms] Figure 2 illustrates a
conput er -readabl e medi um according to an enbodi ment of the present

i nvention. MShpheencthehdabluthee diclide 20@1ying 6RO aspaveh dreatirdins kepiri. ve,

CD- Read Onl o] EIe ronic Pro ra

ot her forms>h co{r’?éu(a%(rlﬁgé%ﬁglmd nedi aoc‘rét} %{ g)?crfe res@&ﬁeggwg{\coded

W t h i nstr uehilenswehhtadeamusepartconput er 295 to execute a 15 process when
the instructions are executed. The instructions can include a power

headr oom r e pad46] 2%é presomi ifenBion Wer bdee adsQUIRIOMaily almgemishaf al fgk udes
negati ve and posi t|@pomr headroom i s expressible, power headr oom

report 297 CIHPTRY igteEging Wihen jexolxed h@P%&K‘WQﬂ@Bbr Thelypatd be. et her

the val ue i sn@9§bdd, irwver)Ogat Y€ iGARMRRLEG 8 %aagi BY REARESSOnRT, for
exanpl e, a user equipnent. The 20 val ue provided in the power headroom

report 297 elahlemﬁ%tﬁfrl%tcouw&qom@egmasw supgftuigneapgbanal eommpias §s)t o
al | ocat & of C3UHhPe Uk arfh RALLEEH aAqu@%au%Qﬂéﬂél}tlﬁs&Hé Rladeslihd YRAIALES 2

met hod according t i nvention. "8t hod can
i ncl ude det éestrihédhep &ﬂrfﬁmmng@m@ra kmadr 0B nmd epbr £ singlrecNweit RO sheuld &S0

include transmtti 3 t he headyoom. repor .. 0O 25 he oom report
can provi de "B&THO ‘b‘ggﬁ %8% Sﬁsrﬁ?fnrfé’lj[ﬁg ’é@l W‘t‘g&vfﬁ? rﬁB‘é‘B}eaﬂErf &cordi ng
to the det eriiifat GdeBsrvihch negative vaI ues indicate the m ssing power
indBto fulfill transm ssion requirenents such as, for exanple,

requi r ement $o@I7YERuRY4 AlustkeRsta §R{mOhcdhREAY 6 @n AbkIRAR IO bE AP Ps@fti on
schene, coding schene, offset paraneters, path |oss estimates, or

cl osed- I'Sop HEREH- b @@E%Hw{ﬂé%é@rst?ﬁp%a%tl Ao aude seeond SBPATHEY &0fent ed by
encodi ng 1 NghE Ukt QPSarkiQE 1867 LRr WeNBechil SpPRLACDL @ céh be configured to

communicate over a communication link 300, which is illustrated as a direct
communication link, though there is no requirement that any connection between

the first apparatus 100 and second apparatus 200 be a direct connection.

20  [0048] The first apparatus 100 can be implemented as a combination of hardware
150 and software 160. The hardware 150 can be, for example, a general purpose
computer or an Application Specific Integrated Circuit (ASIC). Likewise, the

second apparatus 200 can be similar constructed.

[0049] The first apparatus 100 can include a determination unit 410 configured to
25 determine a power headroom report. The first apparatus can also include a
fransmission unit 420 configured to transmit the headroom report.  The power
headroom report itself can be configured to provide both positive and negative
values of power headroom according to the determination of the determination unit

410, in which negative values indicate the missing power in dB to fulfill



13 conput er-readabl e nmedi um such that the instructions when execute cause
the conputer to execute the nethod as a conputer process. [ 0045] The

met hod can further include receiving 330 a power headroom report. The

met hod can additionally include allocating 340 radi o network resources
based 5 on the power headroomreport. [0046] The present invention has been
described mainly in terns of a user edgui pnent (UE) interacting with an

evol ved Node B (eNodeB). It should be understood, however, that this

i npl ementation is nerely an exanple. Qher inplenentations could be nade,

such as by guhstibdit icirRREOARN 2 OFPEEB e, (Bfe$kmdfs fofen B9th1kii®ndE and the
eNodeB. Additionally, though in sone places the systemis described as

cont ai ni ng ehkspourcs ehepadonEcdiutition sghegics codigte schNpgdedfsel pargiheratsdpdie

under st ood 1 ) ul iL.opl nt e, W ei t her |t.ipl e UES or
mul tiple eNgogg%sm%?esb%?#?géa['%gﬁ??wgﬁah%%oﬁQ?IP%SUStyr g%@s“‘aangy’étag}r%ﬁr‘gg ording to
an enbodi mrernd thefdddimimtese it shbhld iy emntersodnd thiteinsyatie ranbodmmhesofathé i r st

apparatus 100 and a second .apparatus 200. The first apparatus. 100 and the
second appaPHEEE DEHteRHNds &3 }ﬂﬁﬁﬁeéﬁ’yt%"\‘}%‘ﬁﬁﬁr&?%ﬁt"é Bher Oalw;bﬂf%ﬁm cation

l'ink 300, WQk@AninSidd lyiids at §RsidSe avahid el QOHE%?ﬂi/&?‘Ml&“ (bhipk.ictipgugh there
is no requirenment that any connection between the first apparatus 100 and
second appafigeusingpy peldy adiggette gghnedt isomt neeespyiugyauikd thatrboth appar at us

100 can be %H@gﬁﬁ&h?%@ﬁf%rgﬁ@v@bﬂﬁ% i,bggirglﬁltaﬁ&ﬁ]lg%rgse}é% angdvsofdwgre 160.

The har dwar can Dbe, exanp a genera rpose ¢ uter or an

Applicationr&peci fic Integrated Crcuit (ASIC). Likew se, the second

apparatus 200 can be simlar constructed. [0049] The first apparatus 100

can i nchode [@050¢t Brendenatdi aimparanist2001éndocibdgaredptian @bt d&d eonfignsedaopower

headroom report. The fi rsci arﬁparatu& can al so inclg e a transm.ssion unit
rog B

420 conf i gur€ded PP4R IR &L AT B 758D 8PRAT e 0 e S h BKtHIE Sh r epor t

itself can hBo&@EbhI@AUHILY ¢RMRHRYI eI RAS nbhitek 2bduRed dbdcdeonvakues of
power headroom according to the determ nation of the determ nation unit

410, in whi @AvAebdreps RPTes ieneRwdt eadmemiredt Heplbewebe confeemraddof ul fil |
provide both positive and negative values of power headroom according to the
15 determination of the processor, in which negative values indicate the missing power
in dB to fulfill ransmission requirements such as, for example, requirements given
by at least one of resource allocation, modulation scheme, coding scheme, offset

parameters, path loss estimates, or closed-loop power correction values.

[0051] The various units (410, 420, 430, and 440) of the first apparatus 100 and the
20 second apparatus 200 can be implemented in hardware, optionally together with
software. Thus, for example, a general purpose processor can be configured to
serve as an allocation unit 440 when it is performing allocation, and the same
general purpose processor can serve as a reception unit 430 when it is receiving a
signal that includes a power headroom report. Altematively, two or more
25 processors or other devices can be configured to serve as the various units (410,

420, 430, and 440), in particular implementations.

{0052] One having ordinary skill in the art will readily understand that the
invention as discussed above may be practicéd with steps in a different order, and/or
with hardware elements in configurations which are different than those which are

30  disclosed. Therefore, although the invention has been described based upon these



19 transm ssion requirenents such as, for exanple, requirenents given by at
| east one of resource allocation, nodul ati on schene, coding schene, offset
parameters, path |oss estimates, or closed-l1oop power correction values. By
"both ... and ... according to the deteimnation,” it should be understood
that in certain enbodinents of the 5 present invention, this is inplenmented
by providing a positive value (only) if>the deternmnation yields a positive
val ue and a negative value (only) if the determ nation yields a negative
value. It is not necessarily required that both a positive value and a

negative vabi€erRQ @idddlhaARe AUSd YA BE 8RNt kd thBsbMVERII RAWE birt R @Ekain 10 [ 0050]
The second apparatus 200 can include a reception unit 430 configured to

recei ve a powdificaeensr seiatioap g, altPFetise confdruaina requld bogopaan. #h8e i ncl ude
an allocati ' I I -adi.g..ne ces based
on the pomeggﬁgggégﬁﬁﬁ%3%%%%&H%§gs%§ﬁgﬁtﬁ%%ﬁ%%%%?ﬁ@%@%FW%¥§%?$®3§% be

confi gured tppgudeléladesbot h positive and negative val ues of power headroom
according to the 15 deternmination of the processor, in which negative

val ues i adicate the mssing power in dB to fulfill transm ssion

requi renents such as, for exanple, requirenments given by at |east one of
resource allocation, nodul ati on schene, codi ng schene, offset paraneters,
path | oss estimtes, or closed-|loop power correction values. [0051] The
various units (410, 420, 430, and 440) of the first apparatus 100 and the
20 second apparatus 200 can be inplenented in hardware, optionally together
wi th software. Thus, for exanple, a general purpose processor can be
configured to serve as an allocation unit 440 when it is performng

al l ocation, and the same general purpose processor can serve as a reception
unit 430 when it is receiving a signal that includes a power headroom
report. Alternatively, two or nore 25 processors or other devices can be
configured to serve as the various units (410, 420, 430, and 440), in
particul ar inplenentations. [0052] One having ordinary skill in the art

will readily understand that the invention as di scussed above may be
practiced with steps in a different order, and/or with hardware el enents in
configurations which are different than those which are 30 discl osed.
Therefore, although the invention has been described based upon these 15
preferred enbodi nents, it would be apparent to those of skill in the art
that certain nodifications, variations, and alternative constructions would
be apparent, while remaining within the spirit and scope of the invention,
which is defined by the appended cl ai ns.



16 CLAI MVE: 1. An apparatus, conprising: a processor configured to
determ ne a power headroomreport; and a transmtter configured to transmt
t he headroom report, 5wherein the processor is configured to determ ne the
power headroomreport with both positive and negative val ues of power
headroom as applicable, in which negative values indicate the m ssing
power in dB to fulfill transm ssion reduirenments. 2. The apparatus of claim
1, wherein the processor is configured to determ ne 10 the power headroom
by subtracting the nom nal maxi numtransm ssion power and the power that
the apparatgs.amgld use if it did not apply maxi mum power linmtations,
wherein the result of said subtracting is not limted to zero and positive
val ues. 3. The abpar AR @BPAFUSE FHPRHSIE wher ei n t he apparat us conprises a user

equi pnent . @3#& f}ﬁh% he processor is
configured to det%?%?%%g@ﬁgﬁgome u% on1%g%%$?ﬂgg(§$?%%ng a 6 bit report
ggnflguredzgg kgwmtsmymaamégekdEehe&nedxﬂmahvmnn@nge of +40 Bo -23 dB, in 1

st eps n ar.at a . receiv con red to receive a
o er Pedr oom MuBRRTR icesR T rorkial®i 1S dhRATht Fe ore: AIE kG o

net wor k r es ithORsh p@@:ﬁa 20 HE%@VQG}W@ES BEFS Waudr 8RB ds, applicable, in WHiEGH €i N
processor is configured to obtain both positive and negative val ues of 25

power headr 88#(Fs %W%@%ﬁ%@ﬁ“ﬁ%@&P@%ﬁﬁ?éﬁé?ﬁﬂﬁ%§m§ﬁ§WPE§EWEmn@W5whlch
negative val ues indicate the mssing power in dB to fulfill transm ssion
requi renents. 6. The apparatus of claimb5, wherein the processor is
configured to al? d&atappaamﬁ ofi il 1, vdgiedn the tpiessor @ sonfiges! tb glegriger

equi pnen %&r gin i %_ i.tive.headroom .when
appl i Cal%b Wﬂ%ﬁ)&)‘)\@?h ea\(%gr?’% or n%g gmmﬁmsuransmlssmn power and the
power that the apparatus would use if it did not apply maximum power limitations,

wherein the result of said subtracting is not limited to zero and positive values.

3. The apparatus of claim 1, wherein the apparatus comprises a user equipment.

15
4. The apparatus of claim 1, wherein the processor is configured to determine
the power headroom report cornprising a 6 bit report configured to identify a level
selected from arange of +40to -23 dB, in 1 dB steps.
20 5. An apparatus, comprising:

a receiver configured to receive a power headroom report;
a processor configured to allocate radio network resources based on the power
headroom report,
wherein processor is configured to obtain both positive and negative values of
25  power headroom from the power headroom report, as applicable, in which negative

values indicate the missing power in dB to fulfill transmission requirements,

6. The apparatus of claim 5, wherein the processor is configured to allocate
additional radio network resources to a user equipment when the power headroom

3¢  indicates positive headroom, when applicable, and to allocate fewer radio network



17 resources to the user equi pnment when the power headroomreport indicates
negati ve headroom 7. The apparatus of claimb5, wherein the
apparatus conprises an enhanced 5 node B. 8. The apparatus of claim
5, wherein the processor is configured to obtain, fromthe power headroom
report, a 6 bit report configured to identify a |l evel selected froma range
of +40 to -23 dB, in 1 dB steps. 10 *7 9. A nethod, conprising:
determ ning a power headroomreport; and transmtting the headroomreport,
wherein the determ ning conprises determ ning the power headroomreport 15
with both pesblitdaoanduReealipie vkt 8% Rfvep B¥RKodhe BPo0 Giicads nagpive cabl e, in
whi ch negative values indicate the mssing power in dB to fulfil

transm ssi omcadsefi-r enent s. 10. The nethod of claim9, wherein the
determ ning conprises deteimning the power headroom by subtracting the

nom nal maxi num transm ssion power and the 20 power that the apparatus

woul d use if it diThengipammplof oixi yuvhepondre hppaiaist joompsiseswhietrdipcetthe resul t

of said subtrgc%ing is not limted to zero and positive val ues. 11.
The net had ©Paim9, wherein the nethod is perforned by a user equipnent.
25 12. The nmethod of claim9, further conprising:
8. The apparatus of claim 5, wherein the processor is configured to obtaim, from
the power headroom report, a 6 bit report configured to identify a level selected from a
range of +40 to -23 dB, in 1 dB steps.
10

9. A method, comprising:

determining a power headroom report; and

transmitting the headroom report,

wherein the determining comprises determining the power headroom report
15  with both positive and negative values of power headroom, as applicable, in which

negative values indicate the missing power in dB to fulfill transmission requirements.

10. The method of claim 9, wherein the determining comprises determining the
power headroom by subtracting the nominal maximum transmission power and the
26 power that the apparatus would use if it did not apply maximum power limitations,

wherein the result of said subtracting is not limited to zero and positive values.

11. The method of claim 9, wherein the method is performed by a user

equipment.
25
12. The method of claim 9, further comprising:
configuring the power headroom report as a 6 bit report configured to identify a
level selected from a range of +40 to -23 dB, in 1 dB steps.
30 13. A method, comprising:

receiving a power headroom report;



configuring the power headroomreport as a 6 bit report configured to
identify a level selected froma range of +40 to -23 dB, in 1 dB steps.
3013. A nmet hod, conprising: receiving a power headroomreport; 18

al l ocating radi o network resources based on the power headroom report,
wherein the allocating conprises obtaining, fromthe power headroomreport,
both positive and negative val ues of p@wer headroom as applicable, in

whi ch negative values indicate the m ssing power in dB to fulfill

transm ssion requirenments. 5 14. The method of claim 13, wherein the
al I ocating radi 0, 5ERRHFLRSHERIRTEDER e QLA thEovtd dbddr Qiddepsradi 0 net wor k
resources to a user equi pnment when the power headroom i ndi cates positive
headr oom when apisiréin s Blocaing compribds ebinng &way the avwer hredrmomKkenaisour ces to
t he user equi . he r par.t i ndi egative
neadr oom - PR PR bR BRGNP RABA R ahul I AL AR5 5
perfornmed byalass isdikasde tnigsadgepoBer Sl fllie tardfistbnotquiteaiens.13, furt her

conpri si ng: obtaining, fromthe power headroomreport, a 6 bit report
configured to identify a | evel selected from a range of +40 to -23 dB, in 1
dB steps. 7 ThOnfe ¥R ¥ @lairh qa,d@}%ran el RERInIRAI4 s QRER B RpHel h

instructions 20 configured to control a conputer to execute a process, the
process i nchliefiabieg adbieahiadion getyorkoREFIIEEs 401 POBR PRBBREL VARE e BOVEHI t ti ng

t he headroo : o ;{]\H%a?i i | o [ gL er m ni ng
t he power hgké%ir?(gogﬁnﬁnrdé%tg? £ O%HY 0 folﬂlbyglgl%l éﬁé%r&hgg%t ?%{evfg‘?%esﬁgf power
headr oom ascspdt resalrtes,toithe wdet eduiRbenn edrat itheepovak begireond rapatt endidages m ssi ng

power in dB to fulfill transm ssion requirenents.
10 mnegative headroom.

15. The method of claim 13, wherein the method is performed by an enhanced
node B.

15 16. The method of claim 13, further comprising:
obtaining, from the power headroom report, a 6 bit report configured to identify

alevel sclected from a range of +40 to -23 dB, in 1 dB steps.

17. A computer-readable storage medium encoded with instructions
20  configured to control a computer to execute a process, the process including:
determining a power headroom repott; and
transmitting the headroom report,
wherein the determining comprises determining the power headroom report
with both positive and negative values of power headroom, as applicable, in which

25 negative values indicate the missing power in dB to fulfill transmission requirements.

18. A computer-readable storage medium encoded with instructions
configured to control a computer to execute a process, the process including:
receiving a power headroom repott;

30 allocating radio network resources based on the power headroom report,



18. A computer-readabl e storage nmedi um encoded with instructions configured
to control a conputer to execute a process, the process including:
receiving a power headroom report; 30allocating radio network resources
based on the power headroomreport, 19 wherein the allocating
conprises obtaining, fromthe power headroomreport, both positive and
negati ve val ues of power headroom as dpplicable, in which negative val ues
indicate the mssing power in dB to fulfill transm ssion requirenents. 519.
An apparatus, conprising: determ ning nmeans for determ ning a power

headr oom r epor t ; widiéln kSRt BSpIRA SRy, HoaNSBIphivbiigaidemhegasr oom
report, wherein the determ ning neans is confi ured to determ ne the
power headr §8#POERYE adyeedive gtlHesgd PovERisadinem s gapliceblesin Micd nggativpwer
headroom as,aRRhLEAD!E kel Bl Re8RIG1BMSSalitlaal e the m ssing
power in dB to fulfti tran ssion requirenents. . An appar at us,
conprising: receiving neans for receiving a power headroomreport;
15al | ocating me fqr allocating.radio network resources based on the
power heddr oom r porgFappmm”&ﬁﬁﬁéhﬁWgw:he al l ocating means is configured to

obt ai n both posi ddwti nég adride@rials@sokr RAWLbmEgRE; a@m f rom t he power
headroom report, as applicable, in which negative values indicate the

m ssi ng power i nTAEM{ENE Heans for epgpigiaedlg vadipey i¢noEnent s.

wherein the determining means is configured to determine the power headroom
report with both positive and negative values of power headroom, as applicable, in
10  which negative values indicate the missing power in dB to fulfill transmission

requirements.

20.  An apparatus, comprising:
receiving means for receiving a power headroom report;
15 allocating means for allocating radio network resources based on the power
headroom report,
wherein the allocating means is configured to obtain both positive and negative
values of power headroom from the power headroom report, as applicable, in which

negative values indicate the missing power in dB to fulfill transmission requirements.



