METHOD AND APPARATUS FOR TRANSM TTI NG | NFORMATI ON ABOUT AVAI LABLE POVNER OF
TERM NAL | N MOBI LE COVMUNI CATI ON SYSTEM 5BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates generally to a
met hod and apparatus for transmtting information needed to all ocate

transm ssion resources to User Equipnment 10 (UE) in a nobile conmunication
system and, nore particularly, to a nethod and apparatus for transmtting
power headroom i nformation of UEs in a nobile comunication system 2.
Description of the Related Art 15A Universal Mobile Tel ecomunication
Service (UMIS) systemis a 3rd generation asynchronous nobil e conmuni cation
systemthat uses Wdeband Code Division Miultiple Access (WCDMVA) based on
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standardi zati on, considers Long Seﬁﬁmﬂﬂolutlon (LTE) to be t he
next - gener ati on nobi |l e comunication system of the UMIS system LTE, a
technol ogy for inplenenting highspeed packet-based comunication at a
transfer rate reachi n@BAGEKGROUNDOY THD INVINTIZN i s expected to be
commerci alized in about 2010. To this end, several schenes have been
di scussed, including a schene to reduce the number of nodes |ocated in
connunlcatlod_ﬁmﬂhﬁlhgkﬂﬁmﬁmlfylng the network structure, and a schene to
align wrel esl":hep?%tsgﬁon%zﬁ{&q W,Iét@s! eg%ﬁerﬁlhf@‘rmeli SmetRsd C:irf?is% ard@s Pessi bl e.
30Referring to , Radi'o Access Networks (E Ns) 110 and 112
are si rpAusmiting nr&oxznaﬁ@a@egdqdd@tajp@@e SERYRIEHO EPSOHICEV 18] Vesa Hooteneat ( ENBs)

120,13 2@E)1%4 mobile communication system and, more particularly, to a method and

apparatus for transmitting power headroom information of UEs in a mobile

communication system.

2. Description of the Related Art
15 A Universal Mobile Telecommunication Service (UMTS) system is a 3™

generation asynchronous mobile communication system that uses Wideband Code
Division Multiple Access (WCDMA) based on Global System for Mobile
communication (GSM) and General Packet Radio Services (GPRS), which are European
mobile communication systems.
20
The 3" Generation Partnership Project (3GPP), now in charge of UMTS
standardization, considers Long Term Evolution (LTE) to be the next-generation mobile
communication system of the UMTS system. LTE, a technology for implementing high-
speed packet-based communication at a transfer rate reaching approximately 100 Mbps,
25 is expected to be commercialized in about 2010. To this end, several schemes have been
discussed, including a scheme to reduce the number of nodes located in communication
paths by simplifying the network structure, and a scheme to align wireless protocols and

wireless channels, as closely as possible.

30 Referring to FIG. 1, Evolved Radio Access Networks (E-RANs) 110 and 112
are simplified to 2-node structures consisting of Evolved Node Bs (ENBs) 120, 122, 124,
126 and 128, and Enhanced Gateway GPRS Support Nodes (EGGSN) 130 and 132. A
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126 and 128, and Enhanced Gateway GPRS Support Nodes (EGGSN) 130 and 132. A
User Equi prment (UE) 101 accesses an Internet Protocol (IP) network 114 by
way of the E-RANs 110 and 112. The ENBs 120, 122, 124, 126 and 128
correspond to the | egacy Node Bs of the 5 UMIS system and are connected to
the UE 101 by w rel ess channels. Conpared wth the | egacy Node Bs, the ENBs
120, 122, 124, 126 and 128 perform nore conplex functions. In the
next - generati on nobil e comruni cati on system (hereinafter referred to as 10
"LTE"), since all user traffic including real-tine services such as Voice
over IP (VolP) is serviced through a shared channel, a device for

perform ng scheduling by collecting status information of UES is needed,
and t heUsBguimgent (019, 101 24¢esgeaandnigrne? Brodooe! ((Bsmabwerkilld Hyovar ¢féhgchedul i ng.
To i npl preis § fifadariapsfer rate of up to 100 Mops, LTE uses O thogonal
Frequency Division Miltiplexing (OFDM as a wi rel ess access 15 technol ogy
in a bandwidth of up to 20 MHz. In addition, Adaptive Mdul ati on & Codi ng

(AVD) for detpgdEBODE 190deh afisomdIeResRepoisth B tﬁ@fegat%l NERABIGF that e
to the channél status of th s applied. "An ENB ( "base

accordin e UE i
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(-term meliggacytodeeBd, aheNEABO PEY, a2 om2Af 128l dACEty pGfdrmamsrs sshslex r esour ces
tothe termnals, i.e., to performscheduling, and an exanple of such

i nf or matY" 6" ¥ay i ncl ude Buffer Status Report (BSR) indicating information
about the anmount and type of data stored in the termnals, and information

about power roomof the termnals..25The BS rovi.des .i nf,armati on
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and 10 SLTEi) onmetall eieritmffiemeudingdeadning scanismwistidtent Wnjcet dver tReMoiRydas t o t he
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headroomintormation 1 ndicates the naxi nrumavall a power at
uses Orthogonal Frequency Division Multiplexing (OFDM) as a wireless access
15 technology in a bandwidth of up to 20 MHz. In addition, Adaptive Modulation &
Coding (AMC) for determining a modulation scheme and a channel coding rate

according to the channel status of the UE is applied.

An ENB ( “base station™) receives reports on information received from the

20 UEs (“terminals™) to perform an operation of allocating transmission resources to the
terminals, i.e., to perform scheduling, and an example of such information may include
Buffer Status Report (BSR) indicating information about the amount and type of data

stored in the terminals, and information about power headroom of the terminals.

25 The BSR provides information indicating the amount of data stored in a
terminal according to priority, and this information is generated and transmitted by the
terminal to the base station if particular conditions are satisfied. The particular
conditions may include, for example, a situation in which new data has occurred in a
terminal that stores no data, and a situation in which a predetermined time has elapsed

30 after transmission of BSR.

The power headroom information indicates the maximum available power that
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the termnal can use for uplink data transm ssion, given the current
channel condition of the UE. Although the size of the power headroom
information is only a few bytes, 1 5 Resource Block (RB) which is the

m ni mum transn ssion resource unit should be used to transmt the power
headroom i nformation, in view of characteristics of the OFDM conmuni cati on
system Therefore, given that a total of 25 RBs exist in a systemwth a
5-MHz bandwi dth, it is necessary to reduce the frequency of transm ssion of
t he power headroominformation by generating and transmtting the power
headroom i nformati on 10 only when absol utely necessary. SUWARY OF THE

| NVENTI ON Accordi ngly, the present invention has been made to solve the
above- thé témital eamethe BoralpliaRBataandsthRdoR@e&anke tuinanthaanelpoaditidess a met hod
and an1gggﬁ{atus for efficiently transmtting and receiving control

i-nf orne “for receiving a service in a broadcast conmunication system
An aspect of the present invention is to provide a power headroom

information transm ssion haod and appar at for .r C] frequency of
{ransss: on STCDEhER 96 FEREISuRT PeRBRARTiodRn BRI Ry bDRs L ObF TG
conmini Rewiuea Byt (RM) which is thémnimem aapeesioofresduecepméisntldibewsed i on is to
provi detoatr%‘gﬁlnqge g&gerai%?lﬁl[o?}nuﬁlf&%aﬁgﬁ eianié\{r oF %Hﬁrhé‘teﬁ’s%f%s 4P ltﬁen&ﬁﬁbfvﬁns m ssion
resources by reducing the trequency of transm ssion of power headroom

i nf or metdnonumigatian swster.nBlier¢forcagivob iliab 2 ¢AmIFS dHBY onst2B asygemmith a I n
accor danga W 4AwaNg iﬁ%s%e&ssa& tﬁggi AL edt?_ttfaﬁg}gisgata@bmespowep_vI ded a

met hod for transmtting power, room | nfor ion by a termnal in a
nobi | e leadieami isfrmatiosy generatinganddrnyaitingcihe sevegkssdroon ngoragHon

tranﬁyri(;r;l%g_,ge,p%rut ne@drpom i nformation if a change in power headroomis
greater than or equal to a’predeterm ned threshold and a total amount of

data stored in a buffer of the termnal is greater than or equal to a

predet erm ned t hreshol dSUMMARY OF PHECOOWWERTPENW t h anot her aspect of the
present invention, there is provided a nmethod for transmtting power

headroominformation by a termnal in a nobile conmunication system The
nmet hod i ncl udesorasyr ihg presehahgention heyeeh easteo m sobvedeteenbovel ng whet her

t he asur.ed change in wer headroom sati.sfi es irst condition,

ot ol R e SR, S D res SR BRI SR efiod S n SRREISER: o

t er m nadffisiattlys fraiesmiaing emd ndcaiang icontesi, infpeneticat fongetdreng aveervitreada oom

i nfor mal%tri o(# étf t he fi{ist a%d second conditions are satisfied, and
mver 6 a

trans L?Bﬁnlm AT EOPKE udi ng the generated power headroom
i nf or mati on. An aspect of the present invention is to provide a power headroom information

transmission method and apparatus for reducing the frequency of transmission of power

20 headroom information of a terminal in a mobile communication system.

Another aspect of the present invention is to provide a method and apparatus to
more efficiently use uplink transmission rcsources by reducing the frequency of
transmission of power headroom information of a terminal in a mobile communication

25 system.

In accordance with one aspect of the present invention, there is provided a
method for transmitting power headroom information by a terminal in a mobile
communication system. The method includes generating and transmitting power

30 headroom information if a change in power headroom is greater than or equal to a
predetermined threshold and a total amount of data stored in a buffer of the terminal is

greater than or equal to a predetermined threshold.
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10 In accordance with a further another aspect of the present
invention, there is provided a termnal apparatus for transmtting power
headroom i nformation in a nobil e conmuni cati on system The term nal
apparatus includes a controller for neasuring a change in power headroom
and generating power headroominformation if the 15 neasured change in
power headroomis greater than or equal to a predeterm ned threshold and a
total anmount of data stored in a buffer of the terminal is greater than or
equal to a predetermned threshold, and a multiplexer for multiplexing
uplink data with the generated power headroominformation. 20l n accordance
with yet another aspect of the present invention, there is provided a
term nal apparatus for transmtting power headroominformation in a nobile

conmmuni cat | 0%%&%&%& YA ahS«‘tﬁQP' ?Eot%@% @E&éﬁt lq@%ﬁt&bﬁeﬁleﬁe &:Tpgé\ﬁ&&f yer for
mMeasuri ng a change | n - power eéaaroom a OI’]tI’O er fO_I’ comparin t-he
measur ethetihdn@e transpdies Peead heehroit imfampiiens byc angimingnin comebil¢ ng a tot al

anount %mﬂéﬁi@at%\%gﬁgmi h@ ol §helids hnc%éurﬁltgszﬁgl%ge_: PPk L 1RAdroBRd
t he r h f t he

gener at i ng po eadroom i nformation i Irst and second

condi ¢ eetermipiag saeiher theancaged shange 11 Rovesk Beadrenm pafistipso B36t AP nk dat a

recei vegetbimQAmaWhedRes tdta¥loud eyt &fa Whieh ih BSuHBNST @t edmpaveitisheagr oom
i nfornmati on, BRI EF DESCR| PTIhC]\l OF THE DRAW NGS 30 ﬁﬁ%bgﬁt}fﬁ%go e and

ot her a%5ed soncktinny gPRsEatingha BONRE Bepdsocst miranasieadE e % |1 becone
nor e apgaideins farogatisked, f gldl exspgidetuiplihie dadeiselnipgi 08 Johantel godre i n

conj unciiqn V\:iIF t he acconpanying draw ngs in which: FIG 1 provides
an exanpfa& O BEHAEYEt ure of the next-generation rmobile conmunication
syst &in based on the UMIS system 5FIG 2 is a flowhart show ng an exanpl e

condi 1 on ( CURAFCTERE ) ot NP ERER LS BReor phner Ao dar i HFS hat fon i n a
t er m naproasicd e dirngnad epanatentoo tiansmttingf powee headesaninformaging irommobll&. 3 is a
f Omr]aéémt%ﬁ'ﬁ%tgg s@’st@?ﬁ H’Bg térg{inél ra%Bgrg?uE tiﬁ%e@%m@d’ntt}aﬁadfog)qgéasuring a
change in power headroom, and generating power headroom information if the
15 measured change in power headroom is greater than or equal to a predetermined
threshold and a total amount of data stored in a buffer of the terminal is greater than or
equal to a predetermined threshold, and a multiplexer for multiplexing uplink data with

the generated power headroom information.

20 In accordance with yet another aspect of the present invention, there is provided
a terminal apparatus for transmitfing power headroom information in a mobile
communication system. The terminal apparatus includes a transceiver for measuring a
change in power headroom, a controller for comparing the measured change in power
headroom with a first condition, comparing a total amount of data stored in a buffer with

25 a second condition, and generating the power headroom information if the first and
second conditions are satisfied, and a multiplexer for multiplexing uplink data received

from an upper layer device with the generated power headroom information.

BRIEF DESCRIPTION OF THE DRAWINGS
30
The above and other aspects, features and advantages of the present invention

will become more apparent from the following detailed description when taken in
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10 information in a termnal according to a first enbodi nent of the present

i nventi on; FIG 4 is a flowhart showing a nethod for transmtting
power headroominformation in a termnal according to a second enbodi nent
of the present invention; FIG 5is a flowhart showi ng a nethod for

transmtting power headroominformation in a termnal according to a third
enbodi nent of the present invention; and 15FIG 6 is a block diagramof a
termnal for transmitting power headroominformation according to an

enbodi nent of the present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS 20Preferred enbodi nents of the present invention will now be
described in detail with reference to the acconpanying drawings. It should

be not egbnfdatiod WItRHGHREIMAMGing iawingsin vitlieh: samre drawi ng reference nuneral s
wi Il be understood to refer to the same el enents, features and structures.

In the follow ng description, specific details such as detailed
configurati ofl@nd wonidenentsampk ofnshiteqpuiovefdtd haxt-gesirstiont hebiwer al | 25

under st andi ng_of ex ary e ients of the present invention. In

addi ti o%qmrﬁ%rg%ﬁ?ﬁoﬂtsysg%gg%ﬁeg\%Weﬂgmsy?tﬁlﬁlmi ons and constructions are

om tted for ElGr2 ty advaberichsemess ctamplhef faahtibod o deswrinpgitba,

enbodi € t. el IO W 3 . e nplish the
For egol By P A5 PR ER oty S U B oy ifor ) O SERBEERA O RO o

t hose disfailen infoduaioteine pateimimaPasconding H parPresjbedinenBGPPhe pissadh i s t he
asynchrigo%ﬁnrmbi | e communi cation standard, or in Long Term Evol ution

(LTE), which ’is the next-generation nobile communication systemcurrently
bei ng di scus§¥a 3fis thdowrirs shayriagn avmethogefop Jegsmiing ReweloRtaditBhce of a

descid PhFRMalén hRGeRiifR @RtorliRY €04 HARN emb8mS I OfreddheinREQEANt | Nvention
will not be |limted tqg such standards and panes, and the invention may be

3 ] d
applied to afiFs$st emlowrhait shpviag & method olon daasiniting: pew e Agpdroom

information in a terminal according to a second embodiment of the present invention;
FIG. 5 is a flowchart showing a method for transmitting power headroom
information in a terminal according to a third embodiment of the present invention; and
15 FIG. 6 is a block diagram of a terminal for transmitting power headroom

information according to an embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 Preferred embodiments of the present invention will now be described in detail
with reference to the accompanying drawings. It should be noted that throughout the
drawings, the same drawing reference numerals will be understood to refer to the same
clements, features and structures. In the following description, specific details such as
detailed configuration and components are merely provided to assist the overall

25 understanding of exemplary embodiments of the present invention. In addition,
descriptions of well-known functions and constructions are omitted for clarity and

conciseness.

In the following description, embodiments of the present invention will be

30 presented to accomplish the foregoing technical objectives. Although the same names of
entities as those defined in 3™ Generation Partnership Project (3GPP), which is the
asynchronous mobile communication standard, or in Long Term Evolution (LTE), which
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5 The necessary anount of power headroominformation of termnals

i ncreases when a schedul er of a base station aggressively allocates

transm ssion resources to the termnals. In other words, the utility of
power headroominformation of termnals increases when the base station
intends to allocate many transm ssion resources to the 10 term nals, but
little power headroominfornmation is needed when the base station allocates
| ess transm ssion resources to the termnals. To describe this in nore
detail, a brief description is provided bel ow of a definition of the power
headroom and a net hod of setting uplink transm ssion output by a term nal
during uplink data transm ssion. 15Power headroom of a termnal is commonly
cal cul atsetic hyxtEgoereiionmebije ciomenicHeadsysem curkdtly bgingi dismpeeyt of the |

091 O PRGRPMESUARSYIIKISIEs TR dofy Lo IBEL BUMSLEATh S5Oy AL, OF L he
term nal, an x_l'owest_nts is the transm ssi on out put required when

the tertereopetaf dhispresent darertion will rotde Rayisd e sud) stskardrayd BymeRppryi ng t he
| onest MB@Weﬁﬂé&ﬂg@?%@@g@gﬁ%ygt&@}vith%Y@Qimilamgchﬁmg%b%ﬁgrogﬁd.det er m ned

dependi ng on the haractéristics of the termnal or may be
desigﬁated for respective termnals on an individual basis by the base

station in a PRl dec8BRINRARNUAE 85 Powd AR oANnR RbiidiRby teMRalsaMases appl i ed
and data,is traHsnlt{eg Wi th n nunber of RBs, r%%g r.ed transnlsE%on power
PREQUI REDFT & Sehelilgr ok 2 AassyPlatqn 486 (BY allgspietyRREDESSIon EPsPGee B + a x PL
+ del t ajeffipals. {d @edel aydrlls, thé A)ilidP ofh@er PRadbs Anfir@a@s iof i tyenifig@l nunbers

that are stored in the termngl or signaled by the base station,in a cal
et up. peags hsn The bike T idsadiie PR Sl HrbHanon Frapor oLl o (o an
ar bi 10 areyminakseger littkapovrashdadmonpiefdehaion Retelar whac thdAE8sd etagbn

allocates less transmission resources to the terminals. To describe this in more detail, a

brief description is provided below of a definition of the power headroom and a method

of setting uplink transmission output by a terminal during uplink data transmission.
15 Power headroom of a terminal is commonly calculated by Equation (1):
Power Headroom = 10 logio(Pmax) - 10 10810(Pix_towest mes) -+ v oo v v (1)

where Pyax is the maximum transmission output of the terminal, and Py iowest_mes 15 the
20 transmission output required when the terminal transmits data with one Resource Block
(RS) by applying the lowest Modulation Coding Scheme (MCS) level. The Ppax may be
determined depending on the device characteristics of the terminal or may be designated

for respective terminals on an individual basis by the base station in a call setup process.

25 When an arbitrary MCS level is applied and data is transmitted with n number

of RBs, required transmission power Prequiren is calculated by Equation (2):
Prequirep = 10 log n+ Po + o x PL+delta_mes +f(delta i)  .......... (2)

30 where Po and « are positive real numbers that are stored in the terminal or signaled by
the base station in a call setup process, PL is a path loss measured by the terminal,

delta_mcs is an arbitrary integer that has been predetermined for each MCS level
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individually, and f(delta_i) is a value that the term nal obtains by

i nputting uplink transm ssion output control comrands received up to now,
to a specific function f(). The transm ssion output the term nal
actually uses is limted by the PMAX. 5 Nanely, the actual transm ssion
output P of the termnal is calculated by Equation (3): P = mn (PMAX
PREQUI RED) (3) Upon receiving a scheduling conmand to transm t
data with a predeterm ned nunber of RBs at an arbitrary tine by applying an
arbitrary MCS | evel, the term nal 10 cal cul ates PREQUI RED usi ng Equati on
(2). Thereafter, using Equation (3), the termnal transmts data with the
PREQuI RED i f the cal cul at ed PREQulI RED does not exceed the PmAx, and the
ter m nadividaalyyidng Yédla Wik s viaec Pmdxhe ftertriieal cabitdnd by edplPREQUPIRED exceeds

it o BED excec!
o appl SIRGTRE CPEGLIT Ba P ane SR dnip it T h e dsclhir noura al Focat &

transm ssion resources and 15 apply an MCS level to the term nal so that

this situati ?t?a?’%m&bfono&ﬁ t: the fermui alTJ&ﬁlaHngsEs gut%)rﬂ C'{l}let 78 ter mnal is

i nformation tha BRe ' station Tererence orm |ng such

t hat PREQUIHRED: ates traotmissicreedpRivof thadesninal i G@wlﬁtﬁ@br anwnéé} on resources
and applying an MCS | evel to the termnal. 20 As shown in Equation
(1), since the power headroomis determ ned by Ptx | owest rnes, and

Pt x_bwesrines i s PREQBFRBD When Pappingbhg the: 1-owédt MCS | evel and

transmtting [%B@ec‘!\h%ﬁg %@%hé%ﬁlm% R6hAHafd US Bndnaf dﬁ@tvﬁfh% RicdetefRigedONer
headr oom i ncl ude L delta i). Since_Pg a are copstants and

the upluspoer Péﬁé% %@P(ﬂﬁbk%}fypwe @5 PphiTEtn e@%'ﬁaéc%ﬁ%vebéh%i%ww by the

basel@t@uduwﬂas Pld8 rtauslﬂ ES ud 09023 ’meérmekn@Wgt Bauakien {35 ehs tahimnn.
Meanwhi | e, ce t.

| 'oss e term nal is a
vari abl ‘éa“ﬁ’i’?k‘f’l ?At/ﬁ wi @‘ﬁgﬂwﬁ*@ éﬁth‘f F%E‘ﬂatﬁﬂgmwﬂf*ﬁhgoﬁdﬁrﬁxﬁégme Xof the
term nadnd&hamsnad tandr@itd Jiv&% abthupt P@[n@gg$1eldaic?twcdpmhmkébsmceédaeh@ase
statio not cogni ze t ange. . erefore 0SS
br upt 15 enSge e FERSen st ot e auges vt BB A8 T o ¢ he
base Stzaqmlfﬁd trariomixgi@n , ouguentht kaieghlet leubhblfockestisansihissive rbmumemahd suddenl y
Chan%e app[y arnslcg%ve | to %ag 20T & t%gﬂh!s%ltﬁg%g%@s QDC[%Q&H" ngly, it is

The power headroom of the terminal is information that the base station
references to perform scheduling such that Pruguien does not exceed Pumax, when
allocating transmission resources and applying an MCS level to the terminal.

20

As shown in Equation (1), since the power headroom is determined by
Pix_towest_mesy ANd Pix_towest mes 18 Prequimenp when applying the lowest MCS level and
transmitting data with one RB, factors used for determining the power headroom include
Po, ¢, PL and f(delta_i). Since Po and « are constants and the uplink transmission output

25 control commands are generated by the base station, f(delta_i) is also a value know to
the base station. Meanwhile, since the path loss is measured by the terminal, it is a
variable unknown to the base station, and if the power headroom of the terminal changes

due to the abrupt change in the path loss, the base station may not recognize the change.

30 Therefore, if the path loss abruptly changes, the changed power headroom
needs to be reported to the base station. However, even though the path loss of the

terminal suddenly changes or the power headroom abruptly changes accordingly, it is
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inefficient to always report new power headroomto the base station.

As descri bed above, the power headroominformation of the tenninal is
needed when PREQU RED is likely to exceed PmAX as the base station

al l ocates many transm ssion 5 resources and applies a high MCS |l evel, to
the termnal. However, if the anount of data stored in the termnal is
negligible, there is a low possibility that many transm ssion resources
will be allocated to the termnal and a high MCS level will be applied to
the termnal. 10l n an enbodi nent of the present invention that addresses

t he above scenario, the term nal generates and transm ts power headroom
information using the following two conditions: Condition 1A change in path
| oss exipeBgieniio DyadirepamnaThevamoutieornto Babasestaprd in a ternminal exceeds
a data anmount threshold ("Y"). 15 In Condition 1, a change in power
headroom or a change in Channel Quality Information (CQ|) may be used

i nstead of t hes dasambpd ﬁbﬁvmltqmpqweeadlr@p@eﬁmﬁt@ﬁ of thedenppatiihagededhy

det er m Rged Bg &E@Jﬂgﬁkél 1P ONREd REAdE008bRY s2flok h@&%&e&ﬂﬁg aayEksiieadr oons
i ndi cated by oi nts according to areas, n appl yi ggq]dlfferent

thres oIea%urfe apﬁém?léeﬁée%h Méisal%%sto ﬂ‘t%‘é“?‘éé‘s@ﬁw\ﬁ)ﬁ%f ff A FeU Abfeidses t he
abovebrrlﬁbﬁwdn lﬁﬁe Be‘imfrﬁ%) Ixsoﬁ\@g,hgibﬁe, tthee rﬂemﬂwneaﬁlsf mmﬁﬂagm:aay @Rnsrhigg6e IP SR E%u : %\IIEVD
p035|||t ta as i on erform.sche |n o, t hat

P ceeds PSS e hedopaeE ol et AR Hom Bt PSSP P B val e
despi t etetrh@alsi gni fi cant change However, 25 if the power headroomis small,
there is a high possibility that the base station will perform scheduling

so that PREQU RED exceeds PmAx despite an insignificant change in power
headit@om In an embadirhére of olhd presang irdestdo {hki adireskds the abssusvedhriohat t he

power gq%r%%gl (g%né%ﬁt%?%hc?ﬂaxf’s%lfsoébﬁv‘e? th%aa%orﬁ i a8}r‘%%%ﬂﬂ’ﬁ¥ g nR QWS headr oom

i ndi cat e mation 1s as shown
in Tabl @volcondmons Cond1t10n 1 A change in path loss exceeds A.
Condition 2 The amount of data stored in a terminal exceeds a data amount

threshold (*Y™).
15
In Condition 1, a change in power headroom or a change in Channel Quality

Information (CQI) may be used instead of the change in path loss.

In Condition 1, a terminal may determine the change in power headroom by

20 classifying power headrooms indicated by code points according to areas, and then
applying different thresholds to the respective areas. The reason why the terminal uses

the above method is as follows. If the power headroom is large, there is a low possibility

that the base station will perform scheduling so that Pruqumen exceeds Pmax, since the
changed power headroom still has a large value despite the significant change. However,

25 if the power headroom is small, there is a high possibility that the base station will
perform scheduling so that Prigumren exceeds Puax despite an insignificant change in

power headroom.

In the following description, it is assumed that the power headroom information
30 consists of 8 bits and the power headroom indicated by each code point of the power

headroom information is as shown in Table 1.



Table 1 Referring to Table 1, the area between power headroons X0
and X(N1) is 5 defined as an area 1, the area between power headroons XN
and X(ML) as an area 2, and the area between power headroons X(ML) and X255
as an area 3. Based on Table 1, if the last reported power headroom
bel ongs to the area 1, a termnal according to an enbodi nent of the present
i nvention determ nes that the power 10 headroom has changed by a
predeterm ned threshold or nore, only when a difference between the current
power headroom and the | ast reported power headroomis greater than or
equal to Al. If the last reported power headroom belongs to the area 2, the
termnal determ nes that the power headroom has changed by a predeterm ned
t hresholgbior nore, only when a difference between the current power
headroom and the | ast 15 reported power headroomis greater than or equal
to A2. lf-the-last-report-ed-power—headroom-belongs-to the area 3; the
t er m nal peeérdisninesm fignatie |powewehdediramm has changeddedy a predet erm ned
threshal'd or nore,, only when|a diffegence betWeen theéﬁgﬁrent power
1 ar t.ha

headroanrandwbhem@asvmnepented~peme%wreadrccu i-s—gr-eater—than—-or-equal to

A3. 20 Nanely, if the satisfaction/non-satisfaction of Condition 1
is determ ned dependi ng on the changg i n power headro the term na
oper at es—-as-—speei-ti-ed-i-na-Ft-Gi-2r—"Bl.. Referring-to-FG2;inistep 205,

the terninal recodhi zes power headro&m i nformati on, aApewer headroom area,
and an larea-specific change tihreshold through a 5 call setup progess.
Recogni zi-ng—power-~headroom-i-nformati-oh-by-t-he-termnal—in step 205 refers
to recagni zi ng aMappi ng rel ati onshiXpu-het ween: code po#riaesg of _power headr oom
i nformation and p r headrogns. Recggni zing a power RQQQroon1area by the

t er m nal—in-step—205-ref-ers-tjo-recogni zi-nganfareato whi ch the power

headr oom_bel ongs, -.for_exanpl g, recognizing a certain_area to whi¢ch an
arbitrary power hggadroom bel angs, 1QX£§garding al | powet, sheadr oons bet ween
t he power-—headroom mapped-t-o-the-mnirmum-val-ue of the power headroom
informati on and the power headroom mapped to the m ni nrum val ue. Recogni zi ng
an ar ea- SpeCiyl it ARIRId SHROLL, BEntAE A MBliobfs SkemPRO faters Lo, i
n power headroom areas have been defi ned,” recogni zi ng change threshol ds Al,
A2, S definedias amerga { othe arfaibetvess e et eadioops wer alKehein oAl ®ak 204 5

I'n st epn@ifla bbRiReh BHWENRLIGERS AL §Snd Ny, s angRh s power headroom
information while perform ng the common uplink data transm ssion process.
After successfully transmtting the power headroom information, the

term nal chegk&edbn ausia 1t & WLt rebhi€ed Rivar hestirpaneelongadrthoaebel angs, in
ngdfg%iggﬁagggrﬁggl&gf@g rﬁg'x%toélig{éﬁ o '{ﬁ(ti St%sezn:]f?ﬁverl;ggnedetgn%iitleg%hz{t %Peoggc}\a%g power
10 headroom has changed by a predetermined threshold or more, only when a difference

between the current power headroom and the last reported power headroom is greater
than or equal to A;. If the last reported power headroom belongs to the area 2, the
terminal determines that the power headroom has changed by a predetermined threshold
or more, only when a difference between the current power headroom and the last
15 reported power headroom is greater than or equal to A;. If the last reported power
headroom belongs to the area 3, the terminal determines that the power headroom has
changed by a predetermined threshold or more, only when a difference between the
current power headroom and the last reported power headroom is greater than or equal
10 As.
20
Namely, if the satisfaction/non-satisfaction of Condition [ is determined

depending on the change in power headroom, the terminal operates as specified in FIG
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In step 220, the term nal continuously neasures the power headroom In step
225, the termnal calculates a difference between the neasured current
power headroom and the reported power headroom and checks if the
difference is greater than a change 25 threshold Ak of the area k. If the
di fference between the neasured current power headroom and the reported
power headroomis greater than the threshold Ak in step 225, the term nal
determnes in step 230 that Condition 1 is satisfied. If the term nal
determnes in step 230 that Condition 1 is satisfied, the term nal returns
to step 220 and continues a necessary operation of generating the power
headroom i nformati on, or may 30 end the operation depending on the
situati ®n. However, if the difference between the neasured current power
headroom and the reported power headroomis |less than or equal to the
threshold Ak in step 225, the termnal determnes in step 235 that
Condition 1 iRefeamagttosFiced, 1Hasmpné05déh@rt¢nm@ch redrgnizoh pewel beadeednbn of

Condi ti gy, Hnah@nséﬁ&v@r%adﬁoﬂ gz{ Thaak &&t#é&ﬁ feh e%hﬁ‘e@hcﬁ@%u& hs£ ep 220 and
continues to ngas ower room 535 t erm na

term patadl %tWhEO%%R&WWU@WM@YW @ﬂf@r@tmbmﬂtﬁiennmal in SterrRQS reason why

the ter paenako k&e@&%@ ﬁxhﬁﬁngz réieﬁzoﬁﬁ‘}ql? 'b@@v&%a@%&@ﬁ&ﬁ%rofgﬂv&? ReddRddn powner
headroom information i s as he anobunt of a{a:};a stored. in the

t er mi nalferEating pnd pevrs hﬁ@drpwy Rsfognivdnshd ey THAHee BRSO RRHTHIR! al so

falls. Fhitsp 2058efQ thatbdRdling @ dredqd vaRAL IRL Soval thehdBis Melorzhefopower
headr oom i nformatl on if the anobunt of stored data |sh‘lfeﬁss than or equal to

a pr edePSTHAIH SECASRIEEN B CGrAALT 0 WHICE AR FRUREY 8OWFY DEAJEOML PROREY has no

dat a10 ordga@ngnall poWHrMehdx’ﬁoM@bWe@ﬁ tHehﬁmmo\headrdstﬁadﬂiappm tonfhe maainhmm does not
ere.i t he dat,a,amount eshol d Y,of ndition 2

t.
Cs o i KOG 6 s Bl et ARt AHoy B aR Rt e BIP dRelR® headr oom
i nfor natnxmmumﬂm&aﬁe R‘&cm@uam@ arY atensp&aseshanpd mréshehﬂugnﬂny tofniod ¢ustegnce of

pover h?@bd g? 03 We Egcg\}éc% r]hea%roo duc ? 'ha @l %eghs deﬁnésd rx?.%v%nimrigmgh%gg quency of

occurrence OF AL i 0N i NET 64865 my set a
di ffereﬁteSh@ildﬁléIfM Y,zacd@ﬁmdrfgrtm1rmmcm®ﬂmmmerb¢mirmam&t| cs or the cell
conditions. For exanple, since it is likely that nore transm ssion
resources will be allocated to a term nal used by a prem umuser, a |ow 20
dat a anount tlhrsé@hﬁlodthf? tpyind egenepies and WanspBisAoNE! h@'c@r(t%tnf@@w@ﬁn headr oom

I nfor rra%g@ Qﬁ@%&hﬁﬂ ﬁ%lm cﬁa&a?%ﬁﬁﬁxséion 9‘0&3559 Ahdequchandyi n a

hi gh-cel | ad env ronment here 1s a’l ow possibility t %at nor e
t ransni génsaﬁttlﬂéém%@s hﬁﬁdrpoménfann@f@at b teraning) cHpds ©P AFS7 1P SYWSEFP, t he

frequengpo@dd RARY hERNGSN BEIRAMRT thB a@émaalbaﬁqqmmham iRephes ri%iaced by
mc;gga ng the data arriti)unt t res 0 Y. 25 Now, a descri pt| on wll

ethgFenorted pover hepgiogmeAseRIS e§lat‘§1k the present invention for
generating and transmtting power headroom i nfor matl on usi ng Condition 1

and Conditio 2 desgcribed above. 30F| St ferrlngto
FIG 3 the tBriids ﬁléec@gm%gmeawY@ﬁasweaﬂhe BOWE 19408 AR ar e
power hezﬁdltmmmmilo:rarmlamm djffaenat beomeanahd inehsunsg], currenspepr 38&irod@ondi tion 1,

and the reported power headroom, and checks if the difference is greater than a change
25 threshold Ak of the area k. If the difference between the measured current power
headroom and the reported power headroom is greater than the threshold Ak in step 225,
the terminal determines in step 230 that Condition 1 is satisfied. If the terminal
determines in step 230 that Condition 1 is satisfied, the terminal returns to step 220 and
continues a necessary operation of generating the power headroom information, or may

30 end the operation depending on the situation.

However, if the difference between the measured cuirent power headroom and

- 10 -



as descri bed above, is satisfied when a change in path loss is greater than
or equal to a predeterm ned threshold, when a change in power headroomis
greater than or equal to a predeterm ned area-specific threshold, or when a
change in CQ is greater than or equal to a predetermned threshold. 5

In step 310, the termnal starts an uplink data transm ssion process
according to a predeterm ned procedure. In step 315, the term nal neasures
its power headroom while performng uplink data transm ssion. That is, the
term nal receives uplink scheduling information through a downlink contro
channel, and neasures its path | oss, 10 power headroom or downlink channel
quality at intervals of a predeterm ned period, while transmtting uplink
dat a acherehiongd howthealfoai isdeksshdresidqualgtol thé dirasiibldonk inTktep OP3,ith

schedul i ng information js . joformation that indi.cates.allocate ansm ssi on
F esour cEUaH AT eS  SlrR S S SR ddt esRiER i AL e e

det er m messavikfatthvar ofQomditidnoh inl steps 283 tthes farmchal Tdwahs iftom sthe 23 tadteal

determ t her [ t r - sured at
tated TRl b SUShRANEE ORISR, G ) LR BRI e
power5 hibadpoetion depondieg dothetshattiohas been | ast transmitted successfully
exceeds a predeterm ned threshold indicated in Condition 1. The term nal
may al so determ ne 20 whether a difference between the current power

headr oom neasiheettasan whitthe teimiesl vilics Gonditione2 govisterminms 6G¢hehd® has been

| ast 1 epaEledy e GR8REMh iNfEYSRAAS 1@ raMoSA el eRdThAGEht bR uaa RRiél mnde cated in
Condition 1. hq(?rwglr edetermned threshold indicated in Condition 1 may be

di f f er eistpipalgistsnde theceditniohdha posw¢iehcadoam wfmation alse Hally Tey8 188 pondi ng t o

an ay@achRinWhieh nbhgene&wandx@ﬁﬁmqm bl an@sdrobMahiot@astidieE the2dmbiast
transmttedg}dsuccess ul | ma

Y, y be used, as._described in FIG 2. so, the

ter mi naf! SRIyY erle sy lRgsiBaRTEaRE O aPEﬁdFtPE?lé‘ﬁ‘ég“%sg‘Ptﬂegﬁ ap ﬁ’étff‘elaﬁ?xéﬂ@i that is
mﬁas % e tiﬁitgﬁﬁiﬂ&lﬂiiilsinﬂfcﬁfavt@tfané\ﬁiﬂ,hlﬁﬂﬂ‘tﬂl eslus o?‘ he ﬁﬁwhéddlboﬁlhaﬂﬁdﬂﬁi' atiqm?l ity, and
t he used to cal cul ate powe adroom o e r eadr o I.nformat1 on
hat et agrtrseihd st peRbbadBe iR Aot bt s R ah Chr oshol d
i ndi cat gderbpiCputdioh it® thelfreq@bhcy of occuriched of posverl @batroom édommtiohePha820 t hat

Condition 1Js satisfie t he term nal praceeds step: . rwi se, if
Conat 11 8020 % Tefas e Prontfn o Beliinck FORGHR MR o Breh S Dertor s
upl i nk wdt@df ardrs i sdower, drdrogoney of eadreorn efgaswr berslngom informatiohn st ep

325, t 1 S her,. it b j:sfi - 11S, the
term na C%’g%eg) kgﬁ% rrf‘%s O(ef% %%%é\%gt%@%hgﬁgﬁé&of Si‘f%?dﬁﬁéégﬁ ge -s[%}g{med at the

pr esent charasteriStiesx oedlis gstle denddforsndidr Yexamglee sieng itnisChkelyt theh more| f t he sum

of the : Y, ] : 3 nd
ot her v LRSI uFetS S ol 1ok 1R AR O 65 LoprkRiih SR T hRle set to

zer 02Q 0Jata aTRentithreshiold Yuyayde sgbtodhericamat spathaigurr hpaskoom infonations j ed
unl ess hBehd BT R merdiahesily On P ther RUASEAURRELA lohdhénvirehiemah generat es
it hegt,d}rl ?lr?errg isnaf lg(vnags!sigﬂit a?hgt rtnL?ent?arertn?ssitotlleres%%\l{c\%g w?l?%g ral c?cregceldr};g CE)lrl‘l mation to
t he bas¥c p y

arbitrary terminal, the frequency of occurrence of power headroom information may be

reduced by increasing the data amount threshold Y.

25
Now, a description will be made of first to third embodiments of the present
invention for generating and transmitting power headroom information using Condition

1 and Condition 2 described above.

30 First Embodiment

Referring to FIG. 3, the terminal recognizes Condition 1 and Condition 2,

which are power headroom information generation conditions, in step 305. Condition 1,
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10 station according to a predeterm ned procedure in step 330, and then
returns to step 315, or ends the operation. Second Enbodinent In a second
enbodi ment of the present invention, a termnal checks the 15

sati sfaction/ non-satisfaction of Condition 1 and Condition 2 inmrediately
before transmtting uplink data instead of constantly checking the

sati sfaction/non-satisfaction, so the termnal may transmt the power
headroom i nformati on along with uplink transm ssion data, wthout
requesting allocation of separate transm ssion resources despite the
generation of the power headroominformation. Use of the second 20
enbodi nent of the present invention may ensure nore efficient use of

t ransm ssisoribedsbore es sdtisleliwbert hehange in path lawesgrater theguesquas épar at e

X | 854 ‘ e . tion.
Ref or 11| BRURgRFRRYIEERY, i AR Sk el AR ARAKAIL BTN (0 s
whi ch apedgowsnehoadspssiic thfcstaiditor ovhey e vbangeiin S Qondiceicoen o aqusl ep 405.

Condi ti %@d&éng&%QFkQQQdabove’ is satisfied when a change in path loss is
greater than or equal to a predeterm ned threshold when a change in power

headr8omis greater than or equal to a predeternined area-specific

threshol d, orpwnen 3 GRaR9End] Bafldin bRlindr@a ©hshtaRn Proc8SURbortiRgdo
predeterm ned threshold. Condition 2, as descri bed above, is satisfied when

the 30 arfsestergmeddiracediesy dy sfen 3lne tiokminpg] measype it FOVEhAFRXORqual to a
pr edet exmilogfroRhREN@HIhk HRYI MehsHRRPhEE: s, Ck! tebRinLI rddeReeSHlink he

term nal notjfies the base station of th mount of its transm ssion data
by tr an§(ili‘f3$‘{llnﬁdn IR w,g@iagigwp nk, contro cﬁaanne, and measures its paal 0SS,
10 power headroom, or downlink channel quality at intervals of a predetermined period,
while transmitting uplink data according to the received scheduling information. The
uplink scheduling information is information that indicates allocated transmission

resources and an MCS level to be applied.

15 In step 320, the terminal determines whether Condition 1 is satisfied. That is,
the terminal determines whether a difference between the current path loss measured at
stated intervals and a path loss used to calculate power headroom of the power
headroom information that has been last transmitted successfully exceeds a
predetermined threshold indicated in Condition 1. The terminal may also determine

20 whether a difference between the current power headroom measured at stated intervals
and the power headroom that has been last reported successfully exceeds a
predetermined threshold indicated in Condition 1. The predetermined threshold
indicated in Condition 1 may be differently defined according to the area, and a
threshold corresponding to an area to which the power headroom belongs, that has been

25 last transmitted successfully, may be used, as described in FIG. 2. Also, the terminal may
determine whether a difference between the current CQI that is measured at stated
intervals and reflects the downlink channel quality, and the CQ! used to calculate power
headroom of the power headroom information that has been last reported successfully,
exceeds a predetermined threshold indicated in Condition 1.

30

If it is determined in step 320 that Condition [ is satisfied, the terminal

proceeds to step 325. Otherwise, if Condition 1 is unsatisfied, the terminal returns to
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predeterm ned procedure in step 410. Wien a termnal with no transm ssion
data reports the generation of new transm ssion data using the BSR, the
terminal may transmt the power headroominformation as well, while
transmtting the BSR 5After successfully transmtting the BSR and the
power headroominformation in step 410, the term nal nonitors a downlink
control channel in step 413. Wile nonitoring the downlink control channel,
the term nal may neasure the path | oss or downlink channel status if
necessary. Based on the neasured downlink channel status, the term nal
determ nes a Channel Quality Information (CQ) value it periodically 10
transmts to the base station. While nonitoring the downlink control
channel stéh3 Bt £13 pAdfGrmd fiBink QhtAnRMmMikSoRd O deadpddninchduddnsdit.SSi on
resources by receiving uplink scheduling information in step 415.
Thereafter, the terminal determnes in step 420 whether Condition 1 is
satisfied. The spporxss sheatrnsiedieshsikai wigktdnaldnditiobdndi shiidfied 1Tha isahé sfied in

step 420 is jidentical t t 3 descr.i bed i,n the first enbadinent, so a
et i | Bk Biiien s YBRnitole SES i e’ el i B FERRIE" L PO Py
i N st®pexd2als prdeteraineil Yaindjpried éedsnditors?.dPthe2Em afribke stbreCdatdiekéasds 1 i s

unsati s{i the,term I ep. 4 : term nal
checks {v(\htgg Ray H@(l)ﬁfﬂcgeldgﬁ(l) it%P gg‘zg‘??s%‘?‘?"e“ﬁge ﬁ‘lg%%%ﬁ%/ td Qﬁngf“grﬁrj?ﬁ %}i_‘lﬁ%g? ermnes in
step 42fc2@mvngt Yheraytbescsoment (OupThiahis, il aay tdstasaingt thayEopdidisedtisti ne
exceeds rm dat.a t [ I ngl i ition 2.
Tt he e OES B ey Aa AT A0 colhl SRRl W FERRR PR L o nal
pr oc eedsovas hsadspont ddformaativon anéh depdinzits, the hewerdiepdiman ipooadiadoths Basep 440. The

sum Hﬁlcjn%c&ﬁﬁg tg h%'ﬁ&igtegr?ingg ?rotc@cﬁﬂ@ Radicy TBShEPihde Retdidls B 4@ 31§, det er mi ned

by subtracting the unt ato be transmtted using the transm ssion
25 resodre@asthglopgi@deed in step 415 fromthe total anount of data at the
present time. For exanple, if the base station instructed in step 415 the
termnal to transpit 500-byte data and the term nal has stored data of a
total of 1000>%89udEmbedimenty 425 then the terninal conpares a val ue

det er mi ned bynsahké@a@t bnBodMBntbyL € bremt1R0ehty] esStewhninal thekdaha anmount

threshold Y. .3 X In step 430, the term nal calcul at ower headroom
Lai b Dyt Eronn-sgtivfactiofs F “Corghiiiondr 2l CCMsiE Ro iGsERER RRIRE o

i ncl udi ighsinitéing aplinld it thsiradvef chisadilpohacking ths tepfaéii/ndhatiscmmal

gener at es i

uplink data t h .t he power,headroom.info i . then
proceed¥ f}t?pt%lf‘a Iy }/\rnﬁnsél?lf Eléer %%ﬁrdihf’ara%%or& 18" %%}nglfoggr\gn?gﬁghgati sfied
even t hoaghigstoe deanvithbutwaguatihg cllbedionhef wglaraik ttansmissids SE@Uirgeesour ces i n
step 415, ernm ngr.a upl. :Qr di h n
pr O(IC:)edu(?eégp ]igg]n%}slé e%%ﬁén}i%)g ﬁﬁehg\gelg?%%dgéﬁga{ngor&%ggﬁﬂyg? %fg(t:ﬁae}ug%&? e term nal
does2hotmiyslraenit® thowerschielateniom inay ehsvae ingme officient ase 443ranshissioer ni nal
transm s, f0e pRbikndala %?{lﬁ)(e@h@p %‘é&]ﬂessttsgﬁarﬁ’éﬁrdﬁiﬂfﬁgioﬁ hesdabdegCcaired

transm ssi on resources, an henre ns to step 413 to nonitor the

downl i nikanswifsionlof phwpHwiadropm iafegmatians oper ati on depending on the terminal's
situation. 10Third Enbodi nent In the second enbodi ment of the
present invention, Condition 2 is checked bef orgi Jpower hecg}dr,o,om i nformation

i s gener at ed.Refefing daslgf: frorthe fswkiahgecoghiars CoRdiEond pre CORBGARrent of the
pr esent whiakf @R pobr hSadrSorl YIBMMAAA deh@a@dDebnditihs, dakRp l4eb tCondittdnel,t er m nal
after datéa\ vvltg Lhe power headroominformation was transmtted is greater
t han s described above, 1s satisfied when a change in path loss is greater than or equal to a
predetermined threshold when a change in power headroom is greater than or equal to a
predetermined area-specific threshold, or when a change in CQI is greater than or equal
to a predetermined threshold. Condition 2, as described above, is satisfied when the
30 amount of data stored in the terminal is greater than or equal to a predetermined
threshold. Having completed a call setup process, the terminal notifies the base station

of the amount of its transmission data by transmitting a BSR according to a
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15 or equal to a predeterm ned threshold. Therefore, nore accurate results
may be obtai ned by checking Condition 2 after generating data wth the
power headroom i nfornation. Accordingly, the third enbodi ment of the
present invention provides a nethod in which if uplink transm ssion
resources are allocated and Condition 1 is satisfied, the 20 term nal
generates data with power headroominfornmation and then conpares the anpunt
of its remaining data with data amount threshold Y, to transnmt the data
with the power headroominformation as it is, or to transmt new data in
whi ch the power headroominformation is replaced by user data. 25Referring
to FIG5, the termnal recognizes Condition | and Condition 2, which are
power hpadetominedifrocsintd iantepeiner Whewa taeaimdl tithms trahdmissighdaa cpbits set up
process,in ste iLon as d SCh Qve f ed, for
Exanp! otemir el bt Rt fu BSpE RERSRE R AR el R RGhE

pr edet epowerddadrhore stfolrdatioGan dictlj whileranamittes theiBd above, is satisfied when
t he amount of data stored in a termnal is greater than 30 or equal to a
predeterm ned threshol d. Having conpleted a call setup process, the

term fal not i Afterssucersstbly rastaittingrthoBSRt dnd thapaner biadiaosm infermelipesi on dat a

by trangmgling ‘t’heBté% %&h B%B%fmxf @&B}ma&ﬁ&mllﬂemépom pigdet er m ned

procedure 1 ste term na no transm ssi on data reports
the newMgeiing 'ihérflf’@'ﬁﬂiﬂk &ﬁ%tmIsCéla@wl dae éera%ﬁi%%gn%@e@sm therpath k8hiokhal nay

transm Ho@xﬁlﬁlk%‘ﬁﬁﬁel ReadripaRekdako BB &ﬂth%%né’ﬂ%ﬁﬂed doRhligk tXAREMNBdthd, g the 5
BSR. ter successfully transmt ?%%Qﬁ@ggRggndpthe power headr oom

i nfor nafhieo‘ﬁ”i“i‘i‘a]s flglprogaes aGhanped, @pgidy I PRiEsAtY ol channel
i N st @ptradkdits WiteDasiitionr Wide hiditehonithe Bkwa Rk ct’diitropdhaﬂrm |1n sté¢he1 3 er mi nal

may nea ure t.h | oss .or 10 downlink chapnel statu ssary Based
ot ho EASTIEE BOUNA hoR R Farm Sy GEOUEERR bY Eref e U ierRrhEeE o

val ue |tnf¢ﬂﬁfanoﬁlnﬁa§td:p/ 41 5 amBereifert et ftembab eestaineonn step 420 qutHee

nmoni t or do Kk ntrol c nel.,. th | t.ed uplink
rr ansm CaRGHOT LEcHPid” o8 blbSres PRARTSrink "ltBhEPRRlol PSR hPst o
515. 15ﬁﬁhdaéa$hémuthﬁsBﬁpZE@O&mUMmdtmrﬂwnﬁmtmﬁﬁgmmeatpmmenkhebdroonlfor

tran f ata and determ nes whether Condition 1 is
satl251aﬁmgﬂggéagﬁﬁhgﬁggheasured power headroom The process of determ ning

whether Condition 1 is satisfied in step 520 is identical to step 320
described in frleenfiibt i TRRALIR ep £, TrcdBEALIGHAEECH! By 43, iy @M tted

here.
Condition 1 is unsatisfied, the terminal proceeds to step 440. In step 425, the terminal

checks whether Condition 2 is satisfied. Namely, the terminal determines in step 425
20 whether the sum of uplink data stored at the present time exceeds a predetermined data
amount threshold Y indicated in Condition 2. If the sum of the stored data exceeds data
amount threshold Y, the terminal proceeds to step 430, and otherwise, the terminal
proceeds to step 440. The sum of uplink data stored in the terminal in step 425 is a value
determined by subtracting the amount of data to be transmitted using the transmission
25 resources allocated in step 415 from the total amount of data at the present time. For
example, if the base station instructed in step 415 the terminal fo transmit 500-byte data
and the terminal has stored data of a total of 1000 bytes in step 425, then the terminal
compares a value determined by subtracting 500 bytes from 1000 bytes with the data
amount threshold Y.
30
In step 430, the terminal calculates power headroom using the current path loss,

and generates power headroom information including the calculated power headroom. In
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20 If Condition 1 is satisfied in step 520, the term nal proceeds to step
525, and otherwi se, the term nal proceeds to step 540. In step 525, the
term nal cal cul ates power headroomusing the current path | oss, and
generates power headroominformation with the cal cul ated power headroom 1In
step 530, the term nal generates uplink data with the 25 power headroom

I nformation, and then determnes in step 535 whether the sum of data |eft
in the termnal's buffer is greater than or equal to data anount threshold
Y. If the sumof the remaining data is greater than or equal to data anount
threshold Y, the termnal proceeds to step 550, and if the sum of the

remai ning data is | ess than data anmobunt threshold Y, the term nal proceeds

to stepst§fhs, Rioeasidhingnbates upRnddha mltﬁ@p@@er%a&haﬁl ihformmsti@f thei ent to
transmt user data |nst§ d._of o%@ headr oo &forﬁal ontb cause of the | ow
Gt 1Tty Bt PrOsesoiRe o ddorr B P CBRED? dnohendior HeSHRFFTSIEUR of t he
re][rai ni ﬂngughatha tetrfingslt @ biddzatetl Hke hpll‘nm fradsnfisimy asodrbe jpowgr 4higabe oom
informati on and gene ata Wt ata. In step
5500 ¢ HeEBRra et Bk St o i S et pkoteh IF AR AR B8 s st e
usi ngs threceztls aoasted 446ar‘c&nam6|tbe\ teesiosir dess ndbhexcbentai pabert hedrocat urns to
step 513.t0 n|to t 0 I|n nt £.0l e o ration
accordi Irrllaor?l ?Ihelntsee nﬁmra?al \é\@gﬁ“ uattrans}mtg ﬂ?e Eﬁr}% %ata ggnf%gébnngstgq fl ed in
step  using the allocated transmission resources, and then returns to step 413 to monitor the

downlink control channel, or ends its operation depending on the terminal’s situation.

10 Third Embodiment
In the second embodiment of the present invention, Condition 2 is checked

before power headroom information is generated. The reason for checking Condition 2
in the embodiment of the present invention is to determine the amount of data left in the
terminal after data with the power headroom information was transmitted is greater than
15 or equal to a predetermined threshold. Therefore, more accurate results may be obtained

by checking Condition 2 after generating data with the power headroom information,

Accordingly, the third embodiment of the present invention provides a method

in which if uplink transmission resources are allocated and Condition 1 is satisfied, the

20 terminal generates data with power headroom information and then compares the
amount of its remaining data with data amount threshold Y, to transmit the data with the
power headroom information as it is, or to transmit new data in which the power

headroom information is replaced by user data.

25 Referring to FIG 5, the terminal recognizes Condition 1 and Condition 2,
which are power headroom information generation conditions, through a call setup
process in step 505. Condition 1, as described above, is satisfied, for example, when a
change in path loss is greater than or equal to a predetermined threshold. Condition 2, as
described above, is satisfied when the amount of data stored in a terminal is greater than

30 or equal to a predetermined threshold.

Having completed a call setup process, the terminal notifies the base station of
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5 520, the term nal generates uplink data according to the common procedure
in step 540, and then proceeds to step 550. Referring to FIG 6, a
term nal according to the present invention includes an upper |ayer device
601, a nultiplexer 605 a controller 610, a downlink control channel 10
processor 615, and a transceiver 620. The controller 610 is notified
of Condition | and Condition 2 by the upper |ayer device 601 in charge of
call setup. The controller 610 controls the transceiver 620 to neasure
uplink data and necessary control information. In other words, the
controller 15 610 is adapted to neasure at |east one of power headroom
path |l oss, and downlink channel quality at stated intervals. Al so, the

cont r ol ther arbbht deft iesr irames ssidre tiite rbye irtudwerittiBgnad iBufien Stater REpardi(BEBMh 2 i s
satisfied, 0, ntroller.610 _generat.e PLOPL. & headr oom
i nfor m?&gﬁfﬂﬁﬁ} par %&%Elté;smin%@tpéocte uer%niﬁl gfpl%éér 5¥h%A{:e%:I§1&1§1| E\@t\p{fg"t he first
enbodi ntmsmisshom dadhrepotts dlic B0 goremativat dstranemessioh ety warg hefBYRebhe on based

on 20 I : |- i NSAHS $d duri
tr ansny Soal B39 L ARMERRSARL nhBodtR B ARh Al STNE Bl 80, ore
satisPi B8R According to the second enbodi ment, upon receiving a

notification indicating the allocation of uplink transm ssion resources
fromthe control channel processor 615, the controller 610 generates power

headr oom i nf offeit Suseesstillp Gepsngfing e BSRo# A1 the g wen herdtqosh orgIedon 5
_sa;I i sf It _ﬁldste]fﬁqg,r fll'xierl‘grrﬁiﬁalt lhs?itolaé Fﬂi @dmﬂk Fikn®SAtrol BRAREL ﬁcgép/'sm? Whnﬂ ifi cati oln
i ndi cating the ocat.ion of uplin ransni Ssi on resour.ces omthe contro
channel ”‘BP’(S‘EF@&%F d@wﬁmk frentsd) rFE‘F’B}CLet&‘C é%uefi ﬁ%arya{“@?“b?ow@rpaﬁbiﬂﬁ m
icgf gyioatimrgiﬂkfch@@m_ is]tcait@(rjlf ﬁedg%ﬁgaﬂja?dcd! @?the&ﬂ&ghz@&@oﬁﬁﬁﬁf chaned Mﬁh hle_r C

ndi tign i.S tisfie e..mul.tj.plexer tiplexes the uplin at a
pr ovi de%eft?ralrlﬁlafl ﬁ%eﬁ’blﬁ‘ésraFgggéqu%tPﬁn‘?ch‘ganéfg%?mﬁ%tﬁgﬁ%wgiﬁﬁﬁ%w mati on generat ed
by the controller 610. In other words, the nmultiplexer 605 generates uplink
data incl udi t.he wer headroom i nf.or nat i ener at by th ontroller
510 Ty PRl BF SESENR AL FRrns SRR Sflaled Miaf o o
cont r ol transfrogsivert iresoutchs dygheasivirg ewpdnk hahedllisg Bformation ifhetepohtX ol channel
process NiLOMkSAt i t i : nel
e e L N
t ransceiiplink &2 ahdigletcagisey sdicthanfondition|li ilsatistieds bissdiaanthe aswavicds are
al | 0cat pelyerl R daNIhelor RNl SOL SARIALLBHRC B8 RAoR 155 BAIKEA 65 sikhe

610 of the t 10 upfin

controllter 610 ocat ed transm ssi on resources.
520 is identical to step 320 described in the first embodiment, so a detailed description 1s

omitted here.
20
If Condition 1 is satisfied in step 520, the terminal proceeds to step 525, and
otherwise, the terminal proceeds to step 540. In step 525, the terminal calculates power
headroom using the current path loss, and generates power headroom information with
the calculated power headroom. In step 530, the terminal generates uplink data with the
25 power headroom information, and then determines in step 535 whether the sum of data
left in the terminal’s buffer is greater than or equal to data amount threshold Y. If the
sum of the remaining data is greater than or equal to data amount threshold Y, the
terminal proceeds to step 550, and if the sum of the remaining data is less than data
amount threshold Y, the terminal proceeds to step 545. Proceeding to step 545 indicates
30 that it is efficient to transmit user data instead of power headroom information because
of the low utility of the power headroom information due to the small amount of the

remaining data. In step 5485, the terminal removes the power headroom information and

- 16 -



Whil e the invention has been shown and described with reference to certain
exenpl ary enbodi nents thereof, it will be understood by those skilled in
the art that various changes in formand details rmay be nmade therein

wi t hout departing fromthe 15 spirit and scope of the invention as defined
by the appended clains and their equivalents. WHAT IS CLAIMED | S:

1. Anmethod for transmtting power headroominformation by a termnal in a
nobi | e conmuni cati on system the nethod conprising: 5generating and
transmtting power headroominformation if a change in power headroomis
greater than or equal to a predeterm ned threshold and a total amount of
data stored in a buffer of the termnal is greater than or equal to an

ot her pg@éﬁtcerrrmn@dmkmeas\hmh the r}:ﬁ@inhﬂ@ﬁ@tﬁtﬂhhﬂiﬂ) M0, deaktmihal tvihemas n t he
change | headr on1|s cal.cul ted mnllnk th | oss by,
o 1 ResPEYE BRI e GRS e B Fa R R st Po"ant o
denot e Plasictrhinel themketmusiestep & Hhato mositattor éalvilinkt doatrolerhanma) gr ends ar e

S gnal o, B ABE LA IhaRafe LiucRBhUR RLBRERS, sFnodlENl foygypath | oss

measur e m na an ‘arbitrar
i ndi v§ d4), the tprned@t&nmmedplir&rda@amqomwbahe oo progedSeh e MOS) | evel

and f (dglitifed n%ng%ﬂg&ﬁﬁ ¢pal ue that the term nal obtains by inputting
upl ink transm ssion ou ut control commands received up to now, to a

specific function.
Referring to FIG. 6, a terminal according to the present invention includes an

upper layer device 601, a multiplexer 605, a controller 610, a downlink control channel

10 processor 615, and a transceiver 620.

The controller 610 is notified of Condition 1 and Condition 2 by the upper layer
device 601 in charge of call setup. The controller 610 controls the transceiver 620 to
measure uplink data and necessary control information. In other words, the controller

15 610 is adapted to measure at least one of power headroom, path loss, and downlink
channel quality at stated intervals. Also, the controller 610 determines whether either
Condition 1 or Condition 2 is satisfied. If so, the controller 610 generates appropriate
power headroom information and provides it to the multiplexer 605. According to the
first embodiment, the controller 610 generates power headroom information based on

20 power headroom measured for uplink data transmission during transmission of uplink
data if both of Condition 1 and Condition 2 are satisfied. According to the second
embodiment, upon receiving a notification indicating the allocation of uplink
transmission resources from the control channel processor 615, the controller 610
generates power headroom information if both of Condition 1 and Condition 2 are

25 satisfied. According to the third embodiment, upon receiving a notification indicating
the allocation of uplink transmission resources from the control channel processor 613,
the controller 610 generates power headroom information if Condition 1 is satisfied, and

then determines whether Condition 2 is satisfied.

30 The multiplexer 605 multiplexes the uplink data provided from the upper layer
with the power headroom information generated by the controller 610. In other words,

the multiplexer 605 generates uplink data including the power headroom information
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203. The nethod of claim1l, wherein the change in power headroomis set to
correspond to Channel Quality Information (CQ). 4. The net hod of
claiml, wherein the total amount of data stored in the buffer is a total
amount of buffered data. 25 5. The method of claim1l, wherein the
total anount of data stored in the buffer is a total anmount of data
remaining in the buffer. 6. A nmethod for transmtting power
headroom information by a termnal in a 30 nobile comunication system the
met hod conprising: measuring a change in power headroom determ ning

whet her the measured change in power headroom satisfies a first -

condi ti on; determ ni ng whether a total anount of data stored in a
buf f er pénectadte hyethetordtollsadilsfi es a second conditi on; generati ng

t he power headroominformation if the first and second conditions 5 are
satisfied; and transmtting uplink data including the generated power

headr oom i nf cFlatrinsegiver 620 trangmit¥taseivet Hsopdink clatii ¢n @nimphiematiohe change

in pOV\B{hrm%ip&é&kﬁanﬁ@ﬂ&Cm ated based on a downlink path |oss by,
5

The control channel processor 615 monitors the downlink control channel (e.g.,

a channel carrying allocation information for uplink transmission resources) the

transceiver 620 has received, and if uplink transmission resources are allocated, the

downlink control channel processor 615 notifies the controller 610 of the allocated

10 uplink transmission resources.

While the invention has been shown and described with reference to certain
exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

15 spirit and scope of the invention as defined by the appended claims and their equivalents.
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10PREQUI RED = 10 log nt Po + ax PL + delta_ncs + f(delta_i) where Po and a
denote positive real nunbers that are stored in the termnal, or are
signal ed by a base station in a call setup process, PL denotes a path |oss
nmeasured by the termnal, delta nts denotes an arbitrary integer

i ndi vidually predeterm ned for each Mdul ati on Codi ng Schene (MCS) | evel,
and f(delta i) denotes a value that the 15 term nal obtains by inputting
uplink transm ssion output control commands received up to now, to a

specific function. 8. The method of claim®6, wherein the change in
power headroomis set to correspond to Channel Quality Information (CQ).
20 9. The nethod of claim6, wherein the total anmbunt of data stored
in the WHAEISICLAIMBDAS: anount of buffered data. 10. The net hod
of claim6, wherein the total anmbunt of data stored in the buffer 25 is a
total anmount of data remaining in the buffer. 11. Atermna

appar at us foil. Armatnd tfen mgpspotieg pheadhadmoim fndometipn byianteemimalbinl &
communi gatii on ﬁﬁ&ﬂ%n%ﬁﬁbﬁ?ﬁ?&%ﬁkd@&ﬂgﬁ s conprising: a controller for
[ g " headr n %

measuring a change i n power | oom 'eneratingﬁpomer.BO headr oom
i nfordati on génerdingrand Suneditidizapryesrihsagyoom nnfeanetiawoing charficdathowet han or

equal  tyQ.8 BLEAeLEf P tfi%lfi (Snt gtpﬁ? ok oy i B Rink@LRksI AP o QtaldRiAnsbored in a

buffer of the termna eater than or equal to an other predeterm ned
t hr eshola stawed in a buffer ofghederming] sygseaterdhamen qaup) tasep et predpRHaEdA with t he
gener at@gshouer headroom i nformati on. 12. The term nal apparatus
of claim1l, wherein the change in power headroom5 is cal cul ated based on
a downlink path loss by, PREQU RED = 10 log n+ Po + a x PL + delta_nts +

f(delga_i) wherg Rethadmdf dasenoliersiashd dhiggd Bajowrt FRRFS Radalcalagedst ored in
the t e pased, clyri a dowilink path loss by,
Preouiren = 10 log n+ Po + o x PL + delta_mcs + f{delta_i)
where Po and o denote positive real numbers that are stored in the terminal, or are
signaled by a base station in a call setup process, PL denotes a path loss measured by the
15 terminal, delta mcs denotes an arbitrary integer individually predetermined for each
Modulation Coding Scheme (MCS) level, and f{delta i) denotes a value that the
terminal obtains by inputting uplink transmission output control commands received up

to now, to a specific function.

20 3. The method of claim 1, wherein the change in power headroom is set to

correspond to Channel Quality Information (CQI).

4. The method of claim 1, wherein the total amount of data stored in the buffer
is a total amount of buffered data.
25
5. The method of claim 1, wherein the total amount of data stored in the buffer

is a total amount of data remaining in the buffer.

6. A method for transmitting power headroom information by a terminal in a
30 mobile communication system, the method comprising:
measuring a change in power headroom;

determining whether the measured change in power headroom satisfies a first
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signaled by a base station in a call setup process, PL denotes a path |oss
neasured by the termnal, delta nts denotes an arbitrary integer

i ndi vidually predeterm ned for each 10 Mdul ati on Codi ng Schene (MCS)

| evel, and f(delta_i) denotes a value that the term nal obtains by
inputting uplink transm ssion output control commands received up to now,

to a specific function. 13. The term nal apparatus of claim 11,
wherein the change in power headroom 15 is set to correspond to Channel
Quality Information (CQL). 14. The term nal apparatus of claim 11,

wherein the total anpbunt of data stored in the buffer is a total anount of
buffered data. 2015. The term nal of claim11l, wherein the total anount of
dat a st emdgdionh the buffer is a total anount of data remmining in the

buffer. detetBini REM Aot ARRRLAL 8Sd 9 5tokddBRSThifd NG til?é)%irﬂﬁadr oom

information in a nobile communi cation system the term nal apparatus
conpr i shaigheszogcendiesdiiovier for measuring a change in power headroom

a controller JbQraGRMBRHoNer hRrdBaAsEAthiehange ik ARAVREoTIeAAERRAEW th a
first _conditioon, conparing a total amount of data stored in a buffer with a

second #&ndiEdAdand generating the power headroominformation if the

first and sec@aghie@ipdiplihRasta actudwed the bbReite@pislve? Baadidih irFbigaeeionf or
mul ti pl exi ng uplink data received froman upper |ayer device with the
gener at ed power headroom i nformation. 17. The term nal apparatus of

claim 16, wher ghanidiedafange 6, whpehehe beage oo ppwirheadboniliatacilftaded on a
downl i nﬁas&? E)IIP a ldg\%fgiirﬁy path loss by,
10 Priquirep = 10 log nt Po + o x PL + delta_mcs + f{delta_i)
where Po and o denote positive real numbers that are stored in the terminal, or are
signaled by a base station in a call setup process, PL denotes a path loss measured by the
terminal, delta mcs denotes an arbitrary integer individually predetermined for each
Modulation Coding Scheme (MCS) level, and f(delta i) denotes a value that the
15 terminal obtains by inputting uplink transmission output control commands received up

to now, to a specific function.

8. The method of claim 6, wherein the change in power headroom is set fo
correspond to Channel Quality Information (CQI).
20
9. The method of claim 6, wherein the total amount of data stored in the buffer

is a total amount of buffered data.

10. The method of claim 6, wherein the total amount of data stored in the buffer

25 is a total amount of data remaining in the buffer.

11. A terminal apparatus for transmitting power headroom information in a
mobile communication system, the terminal apparatus comprising:
a controller for measuring a change in power headroom, and generating power
30 headroom information if the measured change in power headroom is greater than or
equal to a predetermined threshold and a total amount of data stored in a buffer of the

terminal is greater than or equal to an other predetermined threshold; and
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PREQU RED = 10 log nt Po + a x PL + delta_nts + f(delta_i) where Po and a
denote positive real nunbers that are stored in the termnal, or are
signal ed by a base station in a call setup process, PL denotes a path |oss
measured by the 5 termnal, delta nts denotes an arbitrary integer

I ndi vidual |y predeterm ned for each Mdul ati on Codi ng Schene (MCS) |evel,
and f(delta i) denotes a value that the term nal obtains by inputting
uplink transm ssion output control commands received up to now, to a
specific function. 1018. The term nal apparatus of claim 16, wherein the
change in power headroomis set to correspond to Channel Quality
Information (CQ). 19. The term nal apparatus of claim 16, wherein

the total an@uﬁmtigﬁax&&bﬁm&tt@!{eﬁdqgi wblinRelaul fie thel gendratc@tpalveah®idrdonof buf f er ed
data. 15 20. The term nal apparatus of claim 16, wherein the total

amount BfO'B4t%¥ st ored in the buffer is a total anount of data remaining in
the buffer.

12. The terminal apparatus of claim 11, wherein the change in power headroom
5 is calculated based on a downlink path loss by,
Prequiren = 10 log i+ Po + o x PL + delta_mcs + f{delta_i)

where Po and o denote positive real numbers that are stored in the terminal, or are
signaled by a base station in a call setup process, PL denotes a path loss measured by the
terminal, delta_mcs denotes an arbitrary integer individually predetermined for each

10 Modulation Coding Scheme (MCS) level, and f(delta_i) denotes a value that the
terminal obtains by inputting uplink transmission output control commands received up

to now, to a specific function.

13. The terminal apparatus of claim 11, wherein the change in power headroom

15 is set to correspond to Channel Quality Information (CQI).

14. The terminal apparatus of claim 11, wherein the total amount of data stored

in the buffer is a total amount of buffered data.,

20 15. The terminal of claim 11, wherein the total amount of data stored in the

buffer is a total amount of data remaining in the buffer.

16. A terminal apparatus for transmitting power headroom information in a

mobile communication system, the terminal apparatus comprising:
25 a transceiver for measuring a change in power headroom;

a controller for comparing the measured change in power headroom with a first
condition, comparing a total amount of data stored in a buffer with a second condition,
and generating the power headroom information if the first and second conditions are
satisfied; and

30 a multiplexer for multiplexing uplink data received from an upper layer device
with the generated power headroom information.

17. The terminal apparatus of claim 16, wherein the change in power headroom
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10

15

is calculated based on a downlink path loss by,

Preouiren = 10 log nt+ Po + o x PL + delta_mcs + {{(delta_i}
where Po and ¢ denote positive real numbers that are stored in the terminal, or are
signaled by a base station in a call setup process, PL denotes a path loss measured by the
terminal, delta_mcs denotes an arbitrary integer individually predetermined for each
Modulation Coding Scheme (MCS) level, and f(delta i) denotes a value that the
terminal obtains by inputting uplink transmission output control commands received up

to now, to a specific function.

18. The terminal apparatus of claim 16, wherein the change in power headroom

is set to correspond to Channel Quality Information (CQI).

19. The terminal apparatus of claim 16, wherein the total amount of data stored
in the buffer is a total amount of buffered data.

20. The terminal apparatus of claim 16, wherein the total amount of data stored

in the buffer is a total amount of data remaining in the buffer.
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