2F11016-PCT DESCRIPTION Title of Invention WIRELESS COMMUNICATION DEVICE AND
METHOD FOR CONTROLLING TRANSMISSION POWER 5 Technical Field [0001]The present
invention rélated $674 radio communication apparatus and a method of controlling transmission power.
10Background Art [0002]In an uplink for 3GPP LTE (3rd Generation Partnership Project Long Term
Evolution, hereinafter referred to as LTE), estimation of the channel quality between a terminal (user
equipment, UE) and a base station (BS or ENBY Usidd’ 4 kodnding 15 reference signal (SRS) is
supported. The SRS is used mainly for scheduling of an uplink data channel (physical uplink shared
channel, PUSEH (B B fregtiehy resource assignment and selection of a modulation and coding
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Technical Field
70001] The present invention relates to a radio communication

apparatus and a method of controlling transmission power.

Background Art

[0002] In an uplink for 3GPP LTE (3rd Generation Partnership
Project Long Term Evolution, hereinafter referred to as LTE),
estimation of the channel gquality between a terminal (user
cquipment, UE) and a base station (BS or e¢eNB) using a sounding
reference signal (SRS) is supported. The SRS is used mainly for
scheduling of an uplink data channel (physical uplink shared
channel, PUSCH) (e.g. frequency resource assignment and
selection of a modulation and coding scheme (MCS)). “Sounding”
refers to estimation of the channel quality between a terminal and a
base station.

[0003] In LTE, similar transmission power control {(TPC}) is
performed for a PUSCH and an SRS. Specifically, transmission
power of SRS (SRS transmission power) is determined by adding an
offset to transmission power of a PUSCH (PUSCH transmission
power). For example, in LTE, SRS transmission power Psrg(1) in

subframe #i is determined by the following Equation 1.
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offset to transmission power of a PUSCH (PUSCH transmission 25power).For example, in LTE, SRS
transmission power PsRs(i) in subframe #i is determined by the following Equation I. [1]
2F11016-PEMPEREYi)= n1111{PcmAx PSRS_OFFSET .4- 1 Ing | 0 WSRS PO_PUSCH a 131-
f(0}(Equation 1) [0004]In Equation1,PCMAX [dBm]denotes maximum transmission power of an SRS
that can be transmitted from a terminal; PSRS OFFSET [dBm] denotes an offset value for
transmissiofpéiverBid USCHyo bertranshitegd fidmthe formival {rarbfete’ Set byl & paséistation);
MSRS denotes the number of frequency resource blocks to be assigned to the SRS; PO_PUSCH
[dBm] dendtés the initial value of the PUSCH transmission power 10 (parameter set by the base
station); PL denotes a path loss level [dB] measured by the terminal; a denotes a weight coefficient
indicating thetbfpensafidn rdfit bt th@ hath I’osslijM)A(bara{rggnt@r set DF e Bhase CATdM)  &hd f()
denotes an accumulated value in subfrfame #iscﬁrétaip%nﬁ)past TP§ecqmmand. Q[%r(lgfro%yg{%esasuch as
. O(?g]ﬂ/leanw

15+3 dB, +1 %%?@aﬁlé)nndlpdﬁ\jvﬁlrclgsec? f%)op contro hlrlg,nsstrgr% ardization of

LIE-Advanced, whigh. is q,ds%vseloplgga\!perspygq{ll}l& &siasted.In LIE-Adyanced, suppqrt for yplink
ura

transmission in which a terminal uses a plurality of antennas (single user-multiple input multiple output,

SU-MIMO);is,20Q: heingistudiashy ERecsUr MiVIO(s 1 techpigpg iR whieh @ single terminaldransmits data
signals in a certain frequency at a certain time from a plurality of antennas to spatial-multiplex the data

signals thrgpgh auvistual commbigicatidnapaths(sitdam) jn Mspaced $2006]4n Urdemtopeéréorne £
communication by SU-MIMO in 25 LIE-Advanced, a base station must know the status of a
propagatiofirpath betweare eact antenivacdfsa termirial ansl gachlaritenhhof 1 Hask statica.HHence,

the terminal must transmit an o
[dBm] denotes the initial value of the PUSCH transmission power

10 (parameter sct by the base station); PL denotes a path loss level
[dB] measured by the terminal; o denotes a weight coefficient
indicating the compensation ratio of the path loss (PL) (parameter
set by the base station); and f(i) denotes an accumulated value in
subframe #i containing past TPC command (control values such as

15 +3 dB, +1 dB, 0 dB, and -1 dB) in closed loop control.

[06005] Meanwhile, standardization of LTE-Advanced, which is a
developed version of LTE, is started. In LTE-Advanced, support
for uplink transmission in which a terminal uses a plurality of
antennas (single user-multiple input multiple output, SU-MIMO) is

20  being studied. The SU-MIMO is a technique in which a single
terminal transmits data signals in a certain frequency at a certain
time from a plurality of antennas to spatial-multiplex the data
signals through a virtual communication path (stream) in a space.
[00006] In order to perform communication by SU-MIMO in

25 LTE-Advanced, a base station must know the status of a
propagation path between each antenna of a terminal and each

antenna of the base station. Hence, the terminal must transmit an



2F11016-PCT SRS to the base station from each antenna. [0007] Regarding the uplink for
LTE-AdvancP;ed Ig%mique is being studied in which common transmission power control is employed
among a pﬁj}&ﬁt@o ntennas of a terminal in order to 5control transmission power of a PUSCH and
an SRS (for example, see NPL 1). Specifically, at the terminal, a single value is used as each
parameter in the equation for determining SRS transmission power, which is shown as Equation 1,
uniformly foRafl antehread. aRttissdan isrevér an drictbass i Biyhaling load required for 10transmission
power control at a terminal having a plurality of antennas, Citation List Non-Patent Literature 15[0008]

NPL 1 R1-10984d, Hlas@t - Udiak MEltiuRhieHha B swer CortrB Binfitand of FEhtdh 20 Fechnical

Problem [0009]Meanwhile, when th [ ' . .
[bezgr]ig stu 1Jed Qn W {%%epélgr&;%{gg (%Ilgannals;[lg)zssmn power control is

employed among a plurality of antennas of a terminal in order to
5 control transmission power of a PUSCH and an SRS (for example,
see NPL 1)}. Specifically, at the terminal, a single value is used as
each parameter in the equation for de.termining SRS transmission
power, which is shown as Equation 1, uniformly for all antennas.
This can prevent an increase in signaling load required for
10 transmission power control at a terminal having a plurality of

antennas.

Citation List

Non-Patent Literature
15 [0008]

NPL 1

R1-101949, Huawei, “Uplink Multi-Antenna Power Control”

Summary of Invention
20  Technical Problem
[0009] Meanwhile, when the reception SINR (signal to
interference and noise ratio) of an SRS transmitted from a terminal
to a base station (reception level of SRS at a base station)
decreases to a certain level, the measurement accuracy of the
25 channel quality (e.g. SINR measurement value) using SRSs between
the base station and the terminal (SINR measurement accuracy) is

significantly deteriorated due to an influence of interference and



interference and noise ratio) of an SRS transmitted from a terminal to a base station (reception level of
SRS at a base station) decreases to a certain level, the measurement accuracy of the 25 channel
quality (e.g%Fé}IQI]F@"ﬁ@asurement value) using SRSs between the base station and the terminal (SINR
measurement accuracy) is significantly deteriorated due to an influence of interference and
2F11016-PCT noise. [0010]For example, FIG.1 shows a simulation result indicating characteristics of
the SINR measurement value of SRS (vertical axis) at a base station in relation to the reception SINR
of SRS at the base station (input SINR [dB], horizontal axis). As shown in FIG.1, when the input SINR
of SRS is dréadel tharf 0 tB: thavinpat SINR dnd BVSINR Fisaslidhfoht Vadie brendistantially the

same values (indicated by the dashed line in FIG.1), showing good SINR me ement accuracy at
the base stHibRASY CohitasE o&isHown 16N FIG £ AVAER %Srﬁgpl)’taéﬂ\ﬁ?% S%%lgs rQ"cFE? dFdss, an

error (or variance) between the input SINR and the SINR measurement valueis, lar wing bad
SINR meaasﬁ}é%él t%c%ﬁ?zfcft[?)gloﬁlfltﬁelg}ﬁ %eégurt(gﬁeﬁ? 88&]%)01;/8(# Psgdegt%[}lc())r%{;ed, the

base %ta“O{h%a(jmtep%Ef [, Rresiss seheduling afg PUSECH 13(sHeh s ffequancysiesquice,

assignment and MCS selection), impairing the system performance. [0012]Furthermore, when
transmissign powerjsicantralied 2 a fegminRl, Sre SRS transreissian powvenaamallyteansiitted by the

terminal may deviate from the target SRS transmission power set to
SINR and the SINR measurement value are substantially the same
values (indicated by the dashed line in FIG.1), showing good SINR
measurement accuracy at the base station. By contrast, as shown
10 in FIG.1, when the input SINR of SRS is 0 dB or less, an error (or
variance) between the input SINR and the SINR measurement value
is large, showing bad SINR measurement accuracy.
[0011] If the SINR measurement accuracy of SRS is deteriorated,
the base station cannot perform precise scheduling of a PUSCH
15  (such as frequency resource assignment and MCS selection),
impairing the system performance.
[0012] Furthermore, when transmission power is controlled at a
terminal, the SRS transmission power actually transmitted by the
terminal may deviate from the target SRS transmission power set to
20 the terminal. That is, at the terminal, an error occurs between the
target SRS transmission power set to the terminal and the SRS
transmission power actually transmitted by the terminal
(hereinafter referred to as “TPC error”). Hence, if the SRS
transmission power actually transmitted by the terminal is smaller
25 than the target transmission power due to the TPC error, the
reception SINR of SRS at the base station may decrease to a certain

level (0 dB or less in FIG.1), impairing the SINR measurement



20 the terminal. That is, at the terminal, an error occurs between the target SRS transmission power
set to the terminal and the SRS transmission power actually transmitted by the terminal (hereinafter
referred tods L‘Eﬂﬁcp‘é?ror").Hence, if the SRS transmission power actually transted by the terminal is
smaller 25than the target transmission power due to the TPC error, the reception SINR of SRS at the
base station may decrease to a certain level (O dB or less in FIG. 1), impairing the SINR measurement
2F11016-PCk acednacy,sad desciibed allove e[0013]To prevent deterioration of the SINR
measurement accuracy of SRS caused by the TPC error, a method may be employed in which the
SRS transtfidsichl powdrds dorgrotiad byls takiny fritodonsideration titd Vdtiatisis &f tHe TRE error.
That is, the terminal sets the SRS transmission power such that the SRS transmission power is
greater thah%hs §afget #anshiissionddbiset b hn dssuhédm&iMUm TP CTEHEO ForRidmpIg, the

terminal increasles offset valug PEREFEQEF? thor PUSCH.transmission power J,[Osq?\évgl in Equation
1 by adding e ‘sstithed maxintuin TEC 2fi6r to tHE Stiset VAL his preventd the feception SINR of

o e e ) dsaIe S s Iesl 0L O plessp 19y vhen
the terminal sets the SRS transmission power such that the SRS
transmission power is greater than the target transmission power by
an assumed maximum TPC error. For example, the terminal
increases offset value Pgrs orrser for PUSCH transmission power

10  shown in Equation 1 by adding the assumed maximum TPC error to
the offset value. This prevents the reception SINR of SRS at the
base station from decreasing to a certain level (rot 0 dB or less in
FIG.1) even when the terminal receives the influence of the TPC
error in controlling the SRS transmission power. Thus,

15 deterioration of the SIN.R measurement accuracy can be prevented.
[0014] In this method of controlling SRS transmission power,
however, greater SRS transmission power must be assigned to the
terminal as the assumed maximum TPC error is greater, regardless
of the actual TPC error. This increases power consumption of the

20 terminal. In addition, another problem will arise in which an
increase in SRS transmission power leads to an increase 1in
inter-cell interference. Furthermore, if the common transmission
power control is performed for a plurality of antennas when the
terminal has the plurality of antennas as described above, SRS

25 transmission power transmitted from all antennas increases as the

assumed maximum TPC error increases. Thus, a problem of

increased SRS transmission power and increased inter-cell



15deterioration of the SINR measurement accuracy can be prevented. [0014]In this method of
controlling SRS transmission power, however, greater SRS transmission power must be assigned to
the terminaifastHeddsumed maximum TPC error is greater, regardless of the actual TPC error. This
increases power consumption of the 20 terminal. In addition, another problem will arise in which an
increase in SRS transmission power leads to an increase in inter-cell interference. Furthermore, if the
common transerissiam pewes controd isnpartonmeddor d fplurality of antennas when the terminal has the
plurality of antennas as described above, SRS 25transmission power transmitted from all antennas
increases 49 thesdssuhhed maxieduim PCetioe incresrses. Thiis ¢ problemivtdnébased SRI
transmission power and increased inter-cell 2F11016-PCT interference becomes more noticeable.

[0015]it is &9 BHRBRGEHE PReddritanvditiod 16! proldd orddid corthhtpidanien t4pPaRLSSand a

method of controlling transmission power that can reduce an increase in power cotnsumpt%on of a
Sterminal WHIE Bevetting“déteriSratiSi of the 'SIKK AidasteR8nt &Ecraly tAlked By the TPC error
ata b%se S%%?%‘ir?ﬁ'”&%ﬂf% %rxog‘lve&ting deterioration of the SINR measurement

accuracy caused by the TPC error at a2 base station,

Solution to Problem
[0016] A radio communication apparatus according to a first
16 aspect of the present invention adds an offset value to transmission
power of a first signal to control fransmission power of a Second
signal, the radio communication apparatus including: a setting
section that determines a correction value for the offset value
according to the transmission period or the difference of
15 transmission power between a third signal transmitted and the
succeeding second signal to be transmitted; and a control section
that uses the correction value to control the transmission power of
the second signal.
[0017} A method of controlling transmission power in a radio
20 communication apparatus that adds an offset value to transmission
power of a first signal to control transmission power of a second
signal according to a second aspect of the present invention, the
method including: determining a correction value for the offset
value according to the transmission period or the difference of
25 transmission power between a third signal transmitted and the
succeeding second signal to be transmitted; and using the

correction value to control the transmission power of the second



[0016]A radio communication apparatus according to a first 10 aspect of the present invention adds an
offset value to transmission power of a first signal to control transmission power of a second signal, the
radio comrﬁﬁi‘ﬁ@é%%%pparatus including: a setting section that determines a correction value for the
offset value according to the transmission period or the difference of 15 transmission power between a
third signal transmitted and the succeeding second signal to be transmitted; and a control section that
uses the carirgatidn value to control the transmission power of the second signal. [0017] A method of
controlling transmission power in a radio 20 communication apparatus that adds an offset value to
transn ssion power of a first signal to control transmission power of a second signal according to a

second aspect of the present invention, the method including: determining a correction value for the
offset valud‘dbearfiag §6 tie FaReAtissidn Y6 dPthe difference of 25 transmission power between a
third signal transmitted and the succeedg\‘g second siqnal to be transmitted; and using the correction

t

value to cohtrdtthe tranSHiSsToR polver BRSSO  IE £ 18T SidASE KaanthgR s Effects of
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can be reduced w eterioration of the measurement accuracy caused by the TPC error is

prevented gtiajhasg station. BriefiDeseripten of Prawings 100019k ¢« HiGr lils 3 grarh sb@wing

characteristics of a SINR measurement value of SRS in relation to input SINR of SRS at a base
station; at a FAGe2 43 & bhack diagram of a configuration of a terminal 15according to Embodiment |
of the present invention; FIG.3 is a block diagram of a configuration of a base station according to
Embodiment 1 of the present invention; FIG.4 shows a correspondence between elapsed time
T and a correction value for an offset value according to Embodiment 1 of 20the presen nvention;
Brief Description of Drawings
10 [0019]

FIG.1 is a graph showing characteristics of a SINR
measurement value of SRS in relation to input SINR of SRS at a
base station;

FI1G.2 is a block diagram of a configuration of a terminal

15 according to Embodiment 1 of the present invention;

FI1G.3 is a block diagram of a configuration of a base station
according to Embodiment 1 of the present invention;

FIG.4 shows a correspondence between elapsed time T and a
correction value for an offset value according to Embodiment 1 of

20 the present invention;

FIG.5 shows a correspondence between an SRS fransmission
period and a correction value for an offset value according to
Embodiment 1 of the present invention;

FI1G.6 is a block diagram of a configuration of a terminal

25 according to Embodiment 2 of the present invention,;

FIG.7 shows a correspondence between power difference AP

and a correction value for an offset value according to Embodiment



FIG.5 shows a correspondence between an SRS transmission period and a correction value for an
offset value according to Embodiment 1 of the present invention; FIG.6 is a block diagram of a
configuratiéfldf Etéfrhinal 25according to Embodent 2 of the present invention; FIG.7 shows a
correspondence between power difference AP and a correction value for an offset value according to
Embodiment 2F11016-PCT 2 of the present invention; FIG.8 is a block diagram of a configuration
of a terminal a¢coidingrioskEmbaodimeantid of the present invention; F1G.9 shows a correspondence
between the type of SRS and an offset value according to Embodiment 3 of the present invention;
FIG. 10 shows a cdiiéspbntiercetbetaleehithenype GfSRScart agwitséovalgd atchbediig el
Embodiment 3 of the present invention; 10FIG. 11 shows a correspondence between the type of SRS

and an offset YA BECoRIiFGD EhBbHhehtod dfltkelpre s8Rt iAverfidbIE G, 12 is a block diagram of

another internal configuration of an offset setting section according to the present ion; is FIG. 13
shows another cor}:eg%uoﬁdéﬂgévgm%ncgoélﬁ%%ga e P %?%ﬁf%%eﬁ%g At%,pgng grg(;sfrr%c%%ﬁs value for

an offset value according to the present invention; : shows thesallpyvable range of the
TPC efror ﬁ]nLTI%CtE% {e c\fa%éuoef 1%5% cl)r{s%]l%gFl 014%{%%%% allowable range ofﬁthe TPC error in
LTE (in the; gase,9fms); FIG. 15 shows another correspondence among elapsed time T, power

difference AP, and a correction value for an offset value according to the present invention;
FIG.10 shows a correspondence between the type of SRS and

an offset value according to Embodiment 3 of the present
invention;

10 FIG.11 shows a correspondence between the type of SRS and
an offset value according to Embodiment 3 of the present
invention,

FIG.12 is a block diagram of another internal configuration
of an offset setting section according to the present invention;

15 F1G.13 shows another correspondence among elapsed time T,
power difference AP, and a correction value for an offset value
according to the present invention;

FIG.14A shows the allowable range of the TPC error in LTE
(in the case of T>20 ms);

20 FIG.14B shows the allowable range of the TPC error in LTE
(in the case of T<20 ms);

F1G.15 shows another correspondence among elapsed time T,
power difference AP, and a correction value for an offset value
according to the present invention;

25 FIG.16 is a block diagram of another configuration of a
terminal according to the present invention (in the case where the

terminal has a plurality of antennas);



25FI1G.16 is a block diagram of another configuration of a terminal according to the present invention
(in the case where the terminal has a plurality of antennas); 2F11016-PCT FIG. 17 shows
another co?Fé%Bb@ﬁgﬁce between elapsed time T and a correction value for an offset value according
to the present invention; and FIG. 18 shows another correspondence between power difference
AP and a correction value for an offset value according to the present invention. Description of
Embodiments [0020]Embddirhentss of thet prasent imeemtiomdritl nowblbe t 0deseribed fridétailavith
reference to the accompanying drawings. A terminal (radio communication apparatus) according to the
embodimefits o thedpresantsiaventiony 80RR0IESR S trandifisdion povver By addihg &n'6fsBt Yalue to
PUSCH transmission power as shown in Equation 1. 15[0021](Embodiment 1) FIG.2 shows a
configuratih of t8rmifal ABb 4860Adidg to the present embodiment. At terminal 100 in F1G.2, RS

generation sectionﬁfé%%?erafs an R%seq%%r]l:ce gSOFlgrs é:o(r) S)é%rggle, Z dgﬁ-Chu (ZC3 %eequence)
and outputs the ge ted RS’ é)quence 2Bto phase rotation Section fOZﬁS %’f]sﬂasg rotation section

102 p%ffor@ggg%% [Qtafign é?&ih& Fﬁ&%%%le?&ﬁe Jeggived fron, RSrgeneration seation 4081 gnd

outputs the sequence after the phase rotation to mapping section 103, the phase rotation

correspondifng, ip.a,Jirag domain eyalic shift 25amount (amount of cyclic shift (CS), not shown)
instructed from

Description of Embodiments
[0020] Embodiments of the present invention will now be
10 described in detail with reference to the accompanying drawings.
A terminal (radio communication apparatus) according to the
embodiments of the present invention controls SRS transmission
power by adding an offset value to PUSCH transmission power as
shown in Equation 1.
15 [0021] (Embodiment 1)

FIG.2 shows a configuration of terminal 100 according to the
present embodiment. At terminal 100 in FIG.2, RS generation
section 101 generates an RS sequence (SRS. For example,
Zadoff-Chu (ZC) sequence) and outputs the generated RS sequence

20 to phase rotation section 102,
[0022] Phase rotation section 102 performs phase rotation on the
RS sequence received from RS generation section 101 and outputs
the RS sequence after the phase rotation to mapping section 103,
the phase rotation corresponding to a time domain cyclic shift
25 amount (amount of cyclic shift (CS), not shown) instructed from
the base station. Because samples of the RS sequence are

assigned to subcarriers, the RS sequence is a frequency domain



the base station.Because samples of the RS sequence are assigned to subcarriers, the RS sequence
is a frequency domain 2F11.01.6-PCT signal.Hence, the phase rotation process in the frequency
domain in phE<E fotation section 102 is equivalent to a cyclic shift process in the time domain. [0023]
Mapping section 103 maps the RS sequence after the phase 5 rotation received from phase rotation
section 102 on a plurality of subcarriers, which are frequency resources, based on frequency resource
assignmeng igfpsmatior émat shen)phstsucted framitherhasesstationh anft eytputscthelmapped RS
sequence to inverse fast Fourier transform (IFFT) section 104. 10[0024]IFFT section 104 performs an
IFFT process ph ihe platalitycof susdaniers i whichithevR$eselgtiencecisahiappéd Hndl lotesuts the
signal after the IFFT process to cyclic prefix (CP) addition section 105. [0025]CP addition section 105
adds a sighl identiéal fo49enail Toof the signal after the IFFT process from IFFT section 104 to the

head of the signal as a CP and outputs the resulting signal with the CP (SRS) to trgnsmission section
109 (D/A s&%f?&éiloM@@fé]b%fsse%étmée@%&ﬁfdﬁn desBISFSEtEthE 8§|tc‘?ﬂa‘tai%ﬁ 8Bk 107 and

offset yalue determination section 108. 8Rlisel seiing section 406 figterpings Ay plfeaivalye for the
PUSCH transmission power (eherelna er referred to as "transmission power otfset value,” i.e. a value

corresponding [q, PSR, OFRSET shewndn.quation 1)..Lhe offset valye dg used i dglerning

transmission power of the RS sequence (SRS). 25 [0027] Specifically, elapsed-time calculation section
107 calculatesAnyelapseditimeskRatwaert thentkansmissien timenef the uplinkchamnet(e:g. upkink signal

such as a PUSCH, a PUCCH and
base station, and outputs the mapped RS sequence to inverse fast
Fourier transform (IFFT) section 104.

10 [0024] IFFT section 104 performs an IFFT process on the
plurality of subcarriers in which the RS sequence is mapped and
outputs the signal after the IFFT process to cyclic prefix (CP)
addition section 105.

[0025] CP addition scction 105 adds a signal identical to the tail

15 of the signal after the IFFT process from IFFT section 104 to the
head of the signal as a CP and outputs the resulting signal with the
CP (SRS) to transmission section 109 (D/A section 110},

[0026] Offset setting section 106 includes elapsed-time
calculation section 107 and offset value determination section 108,

20 Offset setting section 106 determines an offset value for the
PUSCH transmission power (hereinafter referred to  as
“transmission power offset value,” i.e. a value corresponding to
Psrs orrser Shown in Equation 1). The offset value is used to
determine fransmission power of the RS sequence (SRS).

25  [0027] Specifically, elapsed-time calculation section 107

calculates an elapsed time between the transmission time of the

uplink channel (e.g. uplink signal such as a PUSCH, a PUCCH and

10



2F11016-POT an SRS) transmitted from terminal 100 and the transmission time of the succeeding
SRS to be transmitted from the terminal. Then, elapsed-time calculation section 107 outputs the
calculated efapstititime to offset value determination section 108. [0028]Offset value determination
section 108 first determines an correction value for the offset value (i.e. PSRS_OFFSET in Equation 1)
according to the elapsed time received from elapsed-time calculation section 107, the offset value
being instrugted fromthenkaserstation.d hene effsetdalue detedninationsseotian skt 10cokects the
offset value instructed from the base station using the determined correction value, thereby
determiningithe ¢ransmigsiog pdWRer affsds watue Tien t offdetfvalue determimation sectidrh®@8 outputs
the transmission power offset value to transmission section 109 (transmission power control section
111).The prdeessdf-15ueatting el rahemissioh ppwe difset paltre i offsetseting dediighs 206 will be

explained in detail later, [0029]Transmission section 109 includes D/A section 110, transmission power
control sectioh 412, 8AdS§H-comEFsibR tSEdhdA 412 FraREMHi8goh ERction 109 performs a transmission

process 20suef g DIf onversiqy, amplication, and up:canvesiooR s sansl (R e CP
correction value for the offset value (i.e. Pgrs orrser in Equation
1) according to the clapsed time received from elapsed-time
calculation section 107, the offset value being instructed from the
base station. Then, offset value determination section 108
10  corrects the offset value instructed from the base station using the
determined correction value, thereby determining the transmission
power offset value. Then, offset value determination section 108
outputs the transmission power offset value to transmission section
109 (transmission power control section 111). The process of
15 setting the transmission power offset value in offset setting section
106 will be explained in detail later.
[0029] Transmission section 109 includes D/A section 110,
transmission power control section 111, and up-conversion section
112, Transmission section 109 performs a transmission process
20 such as D/A conversion, amplification, and up-conversion on the
signal (SRS) from CP addition section 105.
[0030] Specifically, D/A section 110 of transmission section 109
performs D/A conversion on the signal (SRS) from CP addition
section 105 and outputs the signal (SRS) after D/A conversion to
25  transmission power control section 111.

10031] Transmission power control section 111 wuses the

transmission power offset value from offset value determination

11



[0030]Specifically, D/A section 110 of transmission section 109 performs D/A conversion on the
signal (SR%HE(B%S;E’Taddition section 105 and outputs the signal (SRS) after D/A conversion to
25transmission power control section 111. [0031]Transmission power control sectionl1lluses the
transmission power offset value from offset value determination 2F11016-PCT section 108 to control
transmission power of the signal with CP from D/A section 110, and outputs the signal (SRS) after the
transmissicre poiver cohfrof ¢o aprbrversicm sattivon 212 PRhaieis, transhtissicirpdwer éntkd! section 1
1 1 uses the correction value 5for the offset value determined in offset value determination section 108

to control tAEOSRSRrahsmrSiA Howdl {003 UP-LHRVEFsIdR Sectisih 12 freBtenchieshveis the

signal after the transmission (gower conttrolér(%m transmission power control ﬁcztion 1 into the carrier

wave frequeridSThiis Poup-Lorvergih &8¢t at 1s

on 112 Tandmits the fsrgaﬁle%%y-con\/erte signal after the

mansmissiqn piogessiom nienna 113, Thiouah fisyprossss, (e SRS is Uenomied wilhihe

transmission power contro In transmission power control section 111. [0033] For example,

according tg.the gresentgmbodiment, SR$ISransmissionpowet PsRs(i)in sebdiame#iio n
determined by the following Equation 2. [2] PSRS (i) = min fPcmAx (PSRS_OFFSET Aesej+ 10 10R1

0 (MS& PO; RUSGHI() @) oPOoMtrol the SRS transmission power.
[0032] Up-conversion section 112 frequency-converts the signal
after the transmission power control from transmission power
control section 111 into the carrier wave frequency. Then,
10 up-conversion section 112 transmits the frequency-converted
signal after the transmission process from antenna 113. Through
this process, the SRS is transmitted with the transmission power
controlled in transmission power control section 111.
[0033] For example, according to the present embodiment, SRS
15 transmission power Pgrs(i) in subframe #i is determined by the
following Equation 2.
[2]
Pops (1) = min{Foyax - (P SRS OFFSET T Aofter )+ 1010gy, (Mgpg) + P o_puscn () +a() PL+ f()}
(Equation 2)
20 [0034] In Equation 2, Pcmax [dBm] denotes maximum
transmission power of an SRS that can be transmitted from terminal
100; Psrs orrser [dBm]| denotes the offset value for tfransmission
power of a PUSCH to be transmitted from terminal 100 (parameter
set by a base station); Mggrs denotes the number of frequency
25 resource blocks to be assigned to the SRS; Po puscu [dBm] denotes
the initial value of the PUSCH transmission power (parameter set

by the base station); PL denotes a path loss level [dB] measured by
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(Equation 2) 20[0034]In Equation 2, PCMAX [dBm] denotes maximum transmission power of an SRS
that can be transmitted from terminal 100; PSRS_OFFSET [dBm] denotes the offset value for
transmissich 16(9\%7? bf a PUSCH to be transmitted from terminal 100 (parameter set by a base station);
MsRs denotes the number of frequency 25 resource blocks to be assigned to the SRS; Po_puscH
[dBm] denotes the initial value of the PUSCH transmission power (parameter set by the base station);
PL denotes e path 4dss Jéve| [dB] mieasuresl by 2&-T141016-KJeterntinah 100;mal dendtesg a Weight
coefficient indicating the compensation ratio of path loss (PL) (parameter set by the base station); (i)
denotes arcacopmukpaddovalue ihcsubfrapid kohtaifing palst (TFC &BrRRtand ¢éoRtrol Vetuds 8ich as -3
dB, +1 5 dB, 0 dB, and -1 dB) in closed loop control. Furthermore, in Equation 2, Aoffse, depotes a
correction VARid 96roffsEtVal R IPSRSS OBBSEACHANE Htoliatdd With tR8 eldpded #iR& cadldulated in

elapsed-time calculation section 107. [0035]That is, offset value determination sectjon 108 determines
10 correcti6f Vaftd AbtsBEfor r?ro%rgct Ognbﬂ'ls%?éal %Olgéﬁ)é_é?: Siﬁls(?}thc%esd fr%m%éé BLaEe station

based,on the,elapsedfime,celculatein clapsqd i ealepalian segiion 107, asShpwnn Fquation 2
e

Then, ‘offset value ermination section 108 adds correction value Aoffse, to offset value

PSRS_OFESET 19 feteyming 1otransplissien power,effset value (RERS_QFFSETsApffsat)uas shown

in Equation 2. Transmission power control section 111 controls SRS transmission power PsRs(i) in
accordance with Equationt2, using ¥ans ssiar powerioftset value (ReRsi @EFSEIAGHset) received
from offset value determination section 108. 20[0036]FIG.3 shows a configuration of base station 200
according telthesprésentembddimient. dm basetstatioh(200 in FIG.3, reception section 202 receives a
signal transmitted from terminal 100 (FIG.2) via antenna 201 and performs a reception process such
as down-cdiVedsidn ahd AYD ToRVErtonen e dsdsivad Bigrian 25eThesighdl rasdpide e m
terminal 100 contains an SRS. Then, reception section 202 outputs the signal after the reception
procdss to EP FEMbIAR sectibh208 - R1100g-peairecting offset value Psrs_orrser

instructed from the base station based on the elapsed time
calculated in elapsed-time calculation section 107, as shown in
Equation 2. Then, offset value determination section 108 adds
correction value Agrrser to offset value Pgrs orrser to determine

15 transmission power offset value (Psrs orrsetT T Aorrset), as shown in
Equation 2. Transmission power control section 111 controls SRS
transmission power Pgrs(i) in accordance with Equation 2, using
transmission power offset value (Pgrs orsspt T Aofser) received
from offset value determination section 108.

20 [0036] FIG.3 shows a configuration of base station 200 according
to the present embodiment. In base station 200 in FIG.3,
reception section 202 receives a signal transmitted from terminal
100 (FIG.2) via antenna 201 and performs a reception process such
as down-conversion and A/D conversion on the received signal.

25 The signal transmitted from terminal 100 contains an SRS. Then,
reception section 202 outputs the signal after the reception process

to CP removal section 203.
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[0037] CP removal section 203 removes the CP added to the head of the signal after the reception
process from reception section 202 and outputs the signal without CP to fast Fourier transform (FFT)
section 2041'5j§088]FFT section 204 performs an FFT process on the signal without CP from CP
removal section 203 to convert the signal into the frequency domain signal and outputs the frequency
domain signal to demapping section 205. [0039]Demapping section 205 extracts a signal (i.e. SRS)
10corresparidiniy/tp the ransmission baod freQuencyeresouecesh of @ Rlesited detminalo(desiréd
terminal subject to communication) from the frequency domain signal received from FFT section 204,
based on thd frbguengy sésoiirce tssigrment information for the Wesired péiminaldastaetéd fom base
station 200 to terminal 100.Then, 15demapping section 205 outputs the extracted signal (SRS) to
section 207 foft rAddSUHiTy DINR f6P SR Y (SRauS IR nﬁ@a§ar5én%ﬂﬂl§é6ﬁowéﬂﬁ)f.qei@nd]ﬁ diit shift
amount setting section 206 outputs a cyclic shift amount of terminal 100 (desired terminal), which is
instructed 26trdiPBadd &tation 200 to terminal 100, to SRS SINR measurement section 207.

0411SRs SNETeaBHgmENL secton 07 perfpis complesdiigion aniie SR o demapping

. QO rac .
section 20 sequence Known ﬁe transmitting ré’celvmg SI&GS to ermine a

correlation gignal inithegregyancy slagin, [hen 3RS SR measyrement section, 204 parferms the

inverse discrete Fourier transform (IDFT) process on the correlation signal in the
the frequency domain signal and outputs the frequency domain

signal to demapping section 205.
[0039] Demapping section 205 extracts a signal (i.e. SRS)
10 corresponding to the transmission band (frequency resources) of a
desired terminal (desired terminal subject to communication) from
the frequency domain signal received from FFT section 204, based
on the frequency resource assignment information for the desired
terminal instructed from base station 200 to terminal 100. Then,
15 demapping section 205 outputs the extracted signal (SRS) to
section 207 for measuring SINR for SRS (SRS SINR measurement
section 207).
[00407 Cyclic shift amount setting section 206 outputs a cyclic
shift amount of terminal 100 (desired terminal), which is instructed
20 from base station 200 to terminal 100, to SRS SINR measurement
section 207.
[0041] SRS SINR mecasurement section 207 performs complex
division on the SRS from demapping section 205 and the RS
sequence known by the transmitting and receiving sides to
25 determine a correlation signal in the frequency domain. Then,
SRS SINR measurement section 207 performs the inverse discrete

Fourier transform (IDFT) process on the correlation signal in the
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2F11016-PCT frequency domain to calculate the correlation signal in the time domain (i.e. delay
profile).This delay profile contains SRSs of a plurality of terminals.Thus, SRS SINR measurement
section 202/Ud&3GHE Bmount of cyclic shift of the desired terminal received from cyclic shift amount
setting section 206 to mask part of the delay profile other than the part corresponding to the amount of
cyclic shift of the desired terminal, thereby calculating the SINR measurement value of the SRS (SINR

measurement yalde for IRS) Ofithedesiraditerpeingh o heny SRSt SINRengasuremertt sectiar 10 207
outputs the calculated SINR measurement value for SRS to section 209 for deriving SINR for data
(data SINRdaeriving $ectiont 209y. [D04RCBffset Setting dettipn208 Perfomg the sdhkeSorozkss as
offset setting section 106 of terminal 100.That is, offset setting 15section 208 determines an offset
value of trambydissién polves for MISCH (tharisiission poWwbRofset VARG (PSRE COFFSET+
Aoffset) shown in Equation 2).The offset s used to determine the transmission power of SRS to be

transmitted & tehirdP L0 (debirettinaf iifhafd, sfidetdeting Setfibh Yhaldstksmings

20corection value Auff for offset value SRS 90FSET, aceording o the elapsed e betygen the
transmission ?lme O¥ e Upiln channe}lfransml tedgfrom the 8e5|red terminal an e transmission

time of the gupgeeding ST i Reranamitad igmyhe arruogl, andetetmings iasmiseion power
offset value (PSRS_OF SET+ Aoffset) 25 Then, offset setting section 208 outputs the determined

transmissiqnypaweraffset valug, P IRSLQEFSRET1TAallseh dpdata SINR; deriving seetign R@O.
measurement value of the SRS (SINR measurement value for SRS)
of the desired terminal. Then, SRS SINR measurement section

10 207 outputs the calculated SINR measurement value for SRS fo
section 209 for deriving SINR for data (data SINR deriving section
209).

[0042] Offset setting section 208 performs the same process as
offset setting section 106 of terminal 100. That is, offset setting

15 section 208 determines an offset value of transmission power for
PUSCH (transmission power offset value, i.e. (Psrs orrser T Acsrset)
shown in Equation 2). The offset is used to determine the
transmission power of SRS to be transmitted from terminal 100
{(desired terminal). That is, offset setting section 208 determines

20 correction value Agsreer for offset value Psrs orrseT according to the
elapsed time between the transmission time of the uplink channel
transmitted from the desired terminal and the transmission time of
the succeeding SRS to be transmitted from the terminal, and
determines transmission power offset value (Pgrs orrser T Aoerset).

25 Then, offset setting section 208 outputs the determined
transmission power offset value (Psrs orrser ™ Aorrser) to data SINR

deriving section 209.
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2F11016-PCT [0043]Data Sl R deriving section 209 uses the SINR measurement value for SRS from
SRS SINR measurement section 207 and the transmission power offset value from offset setting
section 208%6!dé%iVé SINR of uplink data (i.e. PUSCH) (SINR 5 measurement value for data).
Specifically, data SINR deriving section 209 uses transmission power offset value (PSRS_OFFSET
Aoffset) to derive the SINR measurement value for data in accordance with the following equation 3.
SINR meagurea@Ent value fos dagixRINRI maasduwrement valve 10f0r SRS s SRS eOFFEER-1L Ant’
set)(Equation 3) [0044]Then, base station 200 performs scheduling of terminal 100 (e.g. frequency
resource assigrynegrnand MCE selettony Bsindrfomexainple$ IRERSINR measmanént value for data
derived in data SINR deriving section 209. 15[0045]In base station 200, channel quality deriving
section 21G héluiy dfdic SR SMoUT Gt Rsettisn 208, SREUSINRIHbaR ifsMent $Edtich 207,

sl stig seten 98, 2 dala SIVR feiyngsctpn 091y e conaure cosgie. e
(152 oy b iplpes ) e o) T et e ppve e 4] gl
this reason, the Jgnger A2Sfransmissi,firesiipieryal Relweepruplink chapnels (uplik signal
Agreser) to derive the SINR measurement value for data in
accordance with the following equation 3.
SINR measurement value for data = SINR measurement value

10 for SRS — (Psrs orrserT ™ Acrtser)  (Equation 3)

[00447 Then, base station 200 performs scheduling of terminal
100 (e.g. frequency resource assignment and MCS selection) using,
for example, the SINR measurement value for data derived in data
SINR deriving section 209.

15 [0045] In base station 200, channel quality deriving section 210
including cyclic shift amount setting section 206, SRS SINR
measurement section 207, offset setting section 208, and data SINR
deriving section 209 may be configured.

[0046] Next, the process of setting the transmission power offset

20 value in offset setting section 106 of terminal 100 (FIG.2) will now
be explained in detail.

[0047] The temperature of a power amplifier (PA) of terminal 100
varies as time elapses. Thus, the amplification characteristics of
the PA wvaries as time elapses. For this reason, the longer a
25 transmission time interval between uplink channels (uplink signal

including a PUSCH, a PUCCH, and an SRS) is, the more

significantly the amplification characteristics of the PA of
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including a PUSCH, a PUCCH, and an SRS) is, the more significantly the amplification characteristics
of the PA Qj ﬁF}gl%fls-PCT terminal 100 varies.That is, it is assumed that an increase of the
ein

transmission tim

erval between uplink channels leads to an increase in the TPC error. [0048]That

is, in terminal 100, the TPC error varies depending 50n the elapsed time (transmission time interval)

between the transmission time of the uplink channel and the transmission time of the succeeding

uplink charinemspatificilyy 876 TRC elrbridcreatds dtheBlapsEtPiindd betieehtheltfalisfission

time of the uplink channel and the transmission time of the SiJ‘CC eding uplink 10channel (transmission
& Hefeh s

time intervalPdedPeases T0o4B RehREI et 2ty SdttBmlo

SC il

SASHissior Bower

offset value (@%I;S OFEEET g.é]etg shown in Equation 2), which is used to determine the SRS

transmissioR power, according to

& eﬁgrr)é,ed time (transmission time interval) 15between the

wansmissign e of the ik channel and H1e figpsmissionsime.atine susceeding ¥R 3: (00

following e

plana

calculate SRS traRsmisgiooROWERPSRB(DRIRS s ARSET showmn e FAMEIOB &t ween  the

10

20

transmission time of the uplink channel and the transmission time
of the succeeding uplink channel. Specifically, the TPC error
decreases as the elapsed time between the transmission time of the
uplink channel and the transmission time of the succeeding uplink
channel (iransmission time interval) decreases.

[0049] Hence, offset setting section 106 determines an
transmission power offset value ((Psrs orrser™ Aorrser) shown in
Equation 2), which is used to determine the SRS transmission
power, according to the elapsed time (transmission time interval)
between the transmission time of the uplink channe! and the
transmission time of the succeeding SRS.

[0050] In the following explanation, termipal 100 uses the
equation of transmission power shown in Equation 2 to calculate
SRS transmission power Psrs(i). Psrs orrssr shown in Equation 2
is determined with reference to an assumed maximum TPC error.
That is, Psrs orrseT shown in Equation 2 is a parameter determined
to reduce or prevent the deterioration of the SINR measurement
accuracy of SRS at base station 200 even when the assumed
maximum TPC error occurs. Furthermore, Psrs orrser shown in
Bquation 2 is reported (instructed) from base station 200 to
terminal 100. 1In the following explanation, the TPC error is

defined as “small” if elapsed time (transmission time interval) T
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20is determined with reference to an assumed maximum TPC error. That is, PSRS_OFFSET shown in
Equation 2 is a parameter determined to reduce or prevent the deterioration of the SINR measurement
accuracy of'SK8%t'base station 200 even when the assumed maximum TPC error occurs.
Furthermore, PSRS_OFFSET shown in 25Equation 2 is reported (instructed) from base station 200 to
terminal 100.In the following explanation, the TPC error is defined as "small” if elapsed time
(transmissipp time: interval) Tr 2FdAQ36RGT between the transmpisiidn tinker ohitbe uplidk channel and
the transmission time of the succeeding SRS is 20 ms or less, and the TPC error is defined as "large”
if elapsed timenF isilosiger thian @M S hs{005djElapsed-thieTalsulfion seetiors $67 ealdufdres elapsed
time T between the transmission time of the uplink channel and the transmission time of the
succeeding SRS e [oO32jNeke fdHset vaiue ldatseminhtioh Betidr 108 dEtéPnlifdL e tdfrédtidt value
Aon-sei for offset value PsRS_OFFSET nstructed from 10base station 200 according to elapsed time
T calculatel in elapsed-time calculation section 107. [0053]For example, as shown in FIG.4, offset

value detergipaiqn seqlign 198 seS. oSN VAP 40138010 PP Patcutates clapsed
time T between the transmission time of the uplink channel and the
transmission time of the succeeding SRS.
[0052] Next, offset valoe determination section 108 determines
correction value Agsreee for 0ffset value Pgrs orrser instructed from
10 base station 200 according to elapsed time T calculated in
clapsed-time calculation section 107.
[0053] For example, as shown in FIG.4, offset value
determination section 108 sets correction value Agrrger 10 —6 dB in
the case of elapsed time T of 20 msec or less (the TPC error is
15 small), and sets correction value Agprser to 0 dB in the case of
elapsed time T longer than 20 msec (the TPC error is large).
Then, offset value determination section 108 adds correction value
Aotrse: to offset value Pgrs orrser instructed from base station 200
to determine transmission power offset value (Pgsrs orrser +
20 Actiset)-
10054] That is, in the case where offset value Pgrs orrseT
instructed from base station 200 is determined with reference to an
assumed maximum TPC error, offset value determination section
108 sets correction value Agfrser to O dB in the case of longer
25 elapsed time T (T>20 ms in FIG.4) and uses offset value
Psrs orrspr instructed from base station 200 as the transmission

power offset value without change. On the other hand, offset
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the case of elapsed time T of 20 msec or less (the TPC error is 15 small), and sets correction value
Aoff,t to O (%I;;ll{'b% ecase of elapsed time T longer than 20 msec (the TPC error is large). Then, offset
value determination Section 108 adds correction value Aoffse, to offset value PSRS_OFFSET
instructed from base station 200 to determine transmission power offset value (PSRS_OFFSET
20Aoffset). [0054]That is, in the case where offset value PSRS_OFFSET instructed from base station
200 is detevriined dit refdienbeoto 8A Hisstmeéd adhsim TIPO et foi! BFEE Valiid Wetérmination
section 108 sets correction value Aoffset to 0 dB in the case of longer 25 elapsed time TéT> 0insin

FIG.4) andfseLoftdt ValtRP SRS OEFIET 1HSutitidd ftnt Base Stdtion200™sS tHe friHsihission

power offset V§|U6 \{\éi%h&tét %tﬁg%? VOnlt@e q,ther hand, offsietS IF&%%L -Prq)T Y IueS gegggpii% tion
section 108 ASteFMINES Eorfadiion vaftie RorrSET t6 & HE in e CaSscor Shortar efapsed time T (T_20

ms n FIG. 4 geirects pfisel valle, RRS (ORFSET. nsyyeled AT paseistatin, 200 nia.a smaller

value, and thus sets the smaller value than offset 5value PsRS_OFFSET as the transmission power

offset yalug, {§Q25bAs desgrined abaves tarminah 100 satsa differentrearrectionyv/alue for the offset
value instructed from base station 200 according to the transmission time interval (elapsed time T)

between thpoupdink channel ttansaitteeldand thevsucceeding: SRS 010 becdransmitiddf Specifically,
terminal 100 determines correction value Aonset such that SRS transmission power Psks(i) in the
case of shorterrelapsed timéien®in FIG.4 Tk thevPPCeenrne is satall) idsmallbrtiars SRSon

transmission power PsRs(i) in the case of longer elapsed time T (1>20 ms in FIG.4, i.e. the TPC error
is 15large) 3Rt iBCRRFfABILL00 sES sHTARTBRS thshmBsioh6wER PSF@PDF $hbHRF eibpsed time

T. [0056]As described above, the TPC error decreases as elapsed time T decreases. his reason,
when termiR&lt TOEFdet SmitRdt SRS HaRSRlsSigH SoWet § ﬂ?o&téi‘?lasp%‘éa‘ﬁ énl'g(ﬁ(%é) Ais in 20

e s AR on SN deorseeR e eI g G e
200 is 'eSSUE?'X&OAQ%?St%OJﬁ‘t?Hat SRS transmission power Pgrg(i) in the case of
shorter elapsed time T (T<20 ms in FIG.4, i.e. the TPC error is
small) is smaller than SRS transmission power Pggrs(i) in the case
of longer elapsed time T (T>20 ms in FIG.4, i.e. the TPC error is
15 large). Thatis, terminal 100 sets smaller SRS transmission power
Psrs(1) for shorter elapsed time T.
[0056] As described above, the TPC error decreases as elapsed
time T decreases. For this reason, when terminal 100 sets smaller
SRS transmission power tor shorter elapsed time T (T<20 ms in
20 FIG.4), thereis a low probability that the reception SINR decreases
to a certain level (0 dB or less in FIG.1) due to the influence of the
TPC error. Thus, the SINR measurement accuracy at base station
200 is less likely to be deteriorated.
[0057] That is, terminal 100 can set the SRS transmission power
25 down to a necessary minimum value with which a desired reception

SINR can be acquired at base station 200 by correcting the offset

value instructed from base station 200 according to elapsed time T.
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[0057]That is, terminal 100 can set the SRS transmission power 25down to a necessary minimum
value with which a desired reception SINR can be acquired at base station 200 by correcting the offset
value instrééted frohy base station 200 according to elapsed time T. 2F11016-PCT Here, the desired
reception SINR refers to reception SINR with which the SINR measurement accuracy is not
deteriorated. With this configuration, the SINR measurement accuracy of SRS (measurement

accuracy ofjchannehqualigiathase station 20&eand herensured while pOwer CONSEMRIIDM at
terminal 100 is reduced to a necessary minimum. In other words, determination of appropriate SRS
transmissionhpe lacdosdingNRthe assumesh ERC etron at terminak ¢ 00dcare rédueeadaste awer
consumption. [0058]In this way, according to the present embodiment, the 10terminal determines the
transmissidrk ppwerosffSet wedtecaccordirg t& iNeRransmissiore soadition: (A 4he preserit emBadiment,
transmission time interval) about the relationship between the uplink channel (uplink signal)
transmitted( ShelARE ERCEEH MG SRSAY 1 thdmitdd SWith this cohfRpit4tioha the teribaf £an

15reduce SRS transmi siog, ower as the above transmission ;ime@e{vaéis shogeré i.g.tthe influence
of the TPCRFr&mi& SheANIEF. T%?s%gﬂ’ Bre Y8Rt dERRSH oA 'of &S eastrementscedfady caused

by the TPCn%r(r:%rs%tatlh}g rbnaisilei%[%tlllcl)n quhe 3%‘8893%5”1%%[‘ determination of appropriate

SRS transmission power according to the assamed TPC error at
terminal 100 can reduce waste power consumption.
[0058] In this way, according to the present embodiment, the
10  terminal determines the transmission power offset value according
to the transmission condition {in the present embodiment,
transmission time interval) about the relationship between the
uplink channel (uplink signal) transmitted and the succeeding SRS
to be transmitted. With this configuration, the terminal can
15 reduce SRS transmission power as the above transmission time
interval is shorter, i.e. the influence of the TPC error is smaller.
This can prevent deterioration of the SINR measurement accuracy
caused by the TPC error at the base station while suppressing an
increase in power consumption of the terminal. Furthermore,
20 according to the present embodiment, the terminal can reduce the
inter-cell interference by reducing the SRS transmission power to a
necessary minimum,
[0059] Furthermore, in the present embodiment, in the case
where, for example, the system defines in advance the
25 correspondence between elapsed time T and correction value Aqtrser
shown in FIG.4, signaling does not need to be performed for every

SRS transmission for SRS transmission power control.
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increase in power consumption of the terminal.Furthermore, 20according to the present embodiment,
the terminal can reduce the inter-cell interference by reducing the SRS transmission power to a

necessary miniMGrIC[0059]Furthermore, in the present embodiment, in the case where, for example,
the system defines in advance the 25 correspondence between elapsed time T and correction value
Aoffset shown in FIG.4, signaling does not need to be performed for every SRS transmission for SRS

transmissioQpewes contal. 2F11016-PET Alternatively, iR the case.wheigdbe correspandence
between elapsed time T and correction value Aoffset shown in FIG.4 is reported in advance from the

base statiopitopa taminal as @ parameter; theparameldrireeds tq he sépostad im a Fdlatively fong 5
period or just once to the terminal and signaling does not need to be performed for every SRS
transmissiore for SRS triansmdssiorcgovier contrbk Thas,dn stichi casesy an intveaseinl signaling
overhead for the SRS transmiss onpower control can be suppressed. _10[00601]Fu'rthermore, according
to the pres@mtremsidifehl HEcHUISE ¢he haseeskatibh ban khbwitHeddifferante Bétwadn SRS
transmission power and the PUSCH transmission power (i.e. transr?issio power offset vgue for

SRS), the B4 Sthtidh 4 ISAVRSHE SINR HEELIEM T Yalié P& PUBER (E1INR Mé&Surdnent
15value for. dag%l,) fr?m the SINR measure vajtue of SRS QSINRfme rement valulesfé)iro%RS).
prevgr?ti ) Uracy' a%lh

€ rme or Cr ransmissio Tdinsm
Thus, of c(feterloratlon oFt‘ﬁe §| measurement accuracy of at t%e ase station as

described ghoye. can |ead g preveqtian of deteriratin of the SINR jueasuement acehtasy of
PUSCH. This enables the base station to 20perform precise scheduling of PUSCH (frequency

resource assjgiipeniyand MCScselectiqny [00p1H8 the present gmbediment, the rasehas been
described in which the terminal uses elapsed time T between the transmission

suppressed.

10 [0060] Furthermore, according to the present embodiment,
because the base station can know the difference between the SRS
transmission power and the PUSCH transmission power (l.e.
transmission power offset value for SRS), the base station can
derive the SINR measurement value for PUSCH (SINR measurement

15 value for data) from the SINR measurement value of SRS (SINR
measurement value for SRS). Thus, prevention of deterioration of
the SINR measurement accuracy of SRS at the base station as
described above can lead to prevention of deterioration of the SINR
measurement accuracy of PUSCH. This enables the base station to

20  perform precise scheduling of PUSCH (frequency resource
assignment and MCS selection).

[0061] In the present embodiment, the case has been described in
which the terminal uses elapsed time T between the transmission
time of the uplink channel and the transmission time of the

25 succeeding SRS (FIG.4). In the present invention, however, the
terminal may determine correction value Agrrser for offset value

Psrs orrset, which is instructed from the base station, according to
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time of the uplink channel and the transmission time of the 25 succeeding SRS (FIG.4). In the present
invention, %95\{@}{8[ (Elile terminal may determine correction value Aoffset for offset value
PSRS_ OF , eruch is instructed from the base station, according to 2F11016-PCT an elapsed
time between the transmission time of the SRS transmitted from the terminal and the transmission
time of the succeeding SRS to be transmitted (i.e. the transmission period of SRS).Specifically, as
shown in FA@S, the REFAINA My sBESRGFEtidh Gallé WoHEdst 6 dB ifthe Odse lPFSRER S
transmission period 'SR ?f 20 ms or less (the TPC error is small), and may set correction value

e

A01-, to O BEIMIAE (45 TS PER S HranSRTIBLISH hefiBd TERE 16hEBF TRANI6 sl (RS TBE WSt is
I . That is, th inal. [ ff S OFFS R
arge). That is, the %;@%g@clggéem@gf g a%eé;@%% FSRS. OFfS %Ig%us%% }Q%%e (t_rntﬁ aéef% &gRosf

transmission power | orter transmission perioa Is sma n the

transmissiapypeyver i the Gase of 3 longer SR3MFANSMISsian ReriQd.dn G, RPRR QFRIET shown

in Equation 2 is determined with reference to an assumed maximum TPC error, as with FIG.4.That is,

the terminal sets smaller1oreErestion yalde Agreset far sartel SR SdfasEsYPMRangs TSRS to
reduce the SRS transmission power.In other words, the terminal determines correction value Aorf,,

such that the: SRS tianismissiaripeveenin the cgsé of Sdrter SRS iransmisdionpediod TgRs:(T sRs20

insin FIG. 5, i.e. the TPC error is small) is smaller than the 20 SRS transmission power in the case of
longer SRS transpatissionypdricd TsRS(TSRSS> dBmisninthIS &2 i.e. tHe FRE etromis targe}omere, SRS
transmission period TsRs is a parameter reported in advance from the base station to a terminal.

Hence, thelsdide €tation ca? BEEFtiRG the Bidkt Vdlig acbBdrdfig t the SRES3- trahdhiisdidn period

and thus does not need tp glways grasp the transmission times of uplink channels in all terminals
(elapsed tHLR TAHETE Ay L TRETHE reSaht ShmBOuRtent Thag g F1 oot that the SHY

10  transmission power in the case of a shorter SRS transmission
period is smaller than the SRS transmission power in the case of a
longer SRS transmission period. In FIG.5, Psrs orrser shown in
Equation 2 is determined with reference to an assumed maximum
TPC error, as with FIG.4. That is, the terminal sets smaller

15 correction value Agsrser for shorter SRS transmission period Tggrs to
reduce the SRS transmission power. In other words, the terminal
determines correction value Agrser Such that the SRS transmission
power in the case of shorter SRS transmission period Tsrs (T
crs<20 ms in FI1G.5, i.e. the TPC error is small) is smaller than the

20 SRS transmission power in the case of longer SRS fransmission
period Tgrs (Tsrs>20 ms in FIG.5, i.e. the TPC error is large).
Here, SRS transmission period Tgrs is a parameter reported in
advance from the base station to a terminal. Hence, the base
station can determine the offset value according to the SRS

25  transmission period and thus does not need to always grasp the
transmission times of uplink channels in all terminals (elapsed

times T in FI1G.4) unlike the present embodiment. That 1s,
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2F11016-PCT compared to a case described in the present embodiment (when elapsed time T in
FIG.4 is used), in the case where SRS transmission period TSRS is used for SRS transmission power
control, it ig@dadyado’Share information for the SRS transmission 5 power control (process of setting the
transmission power offset value) between the terminal (offset setting section 106 in FIG.2) and the
base station (offset setting section 208 in FIG .3). [0062]Furthermore, periodically-transmitted SRSs

are explaingg.inF16H.The present invention, howsyernmay besaprliechio the 40SRS ta-which no
transmission period is set (SRS without a transmission period), such as a one-shot SRS. For example,
a terminal miayptseat an SRS Without aRiamsmissionyparioy, asithe 8RS with a makioum ganSmission
period among the transmission periods of the SRSs to which a transmission period is set (e.g. 320 15
ms in LIE).tAltersnativeky theptermindl riiay determine the firansmisSion powen offsetvalpe fof the SRS
without a transmission period according to elapsed time T between the transmission time of the uplink
channel (PUSTHO RUTCH, $raSKRS)ararsHiittet AAd thet raRsitidsibhdinidiof theridBé8ditg SRS

(such as one-shot 20SRS), as with the case in FIG.4. [0%63]Furthermore, in the present gmbodiment,
a case’hasEB ExpRitaa in WHIGH e tethin At S50t td BRner BRETBSARREE a2 Which fb’;’e%l]r? balue Ao

for offset valye PSRS QFFSET, 1 fis instieted fron the base station accpiging fo elagssd time T

in 25FI1G.4 0 transmission perio (i.Se. the Ich transmission power offset

value (P SRS QRESEITAQlsel showpindauation 2 mayiaks tyowvaliaspAlignatively, the terminal

[0062] TFurthermore, periodically-transmitted SRSs are explained
in FIG.5. The present invention, however, may be applied to the
10 SRS to which no transmission period is set (SRS without a
transmission period), such as a one-shot SRS. For example, a
terminal may treat an SRS without a transmission period as the SRS
with a maximum iransmission period among the transmission
periods of the SRSs to which a transmission period is set (e.g. 320
15 ms in LTE). Alternatively, the terminal may determine the
transmission power offset value for the SRS without a transmission
period according to elapsed time T between the transmission time
of the uplink channel (PUSCH, PUCCH, or SRS) transmitted and
the transmission time of the succeeding SRS (such as one-shot
20 SRS, as with the case in FIG.4.
[0063] Furthermore, in the present embodiment, a case has been
explained in which the terminal selects either of two values as
correction value Agpeser for offset value Psrs orrser. which is
instructed from the base station, according to elapsed time T in
25 FIG.4 or SRS transmission period Tgrs in FIG.5 (i.e. the case in
which transmission power offset value (Psrs orrsETtAcfrser) shown

in Equation 2 may take two values.) Alternatively, the terminal
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2F11016-PCT may select one of three or more values as correction value Aoffset for offset value
PSRS_OFlziﬁLf_a'm\%k&;h is instructed from the base station, according to elapsed time T or SRS
transmission period TSRS (i.e. transmission power offset value (P - SRS_OF SET+Aoffset) 5shown in
Equation 2 may take three or more values). [0064] Furthermore, in the present embodiment, a case
has been explained in which the terminal changes correction value A et for offset value
PSRS_OFPSET iristfidtetiford thehiase SfatibA Hecbiding TodapSEd et of SRS traniiission
period TsRs as shawn in 10 F1G .4 or 5. Alternativcﬂy, tpe Ierminsatlrma¥é:€%r{3§c1er}lhet%%uq;[igges for
determinindhe SR&tardmisSioh FowarF 8Ebrding to elapsed time T o transmission period
TsRs For example, the terminal calculat R Smissi wer P LR accord ith the
folloning Exon s 1 Slapeat e 1 538 ot 1eke, Toart caeulatos SRS aramiesan sower

PsRs(i) in accordance with the following Eguation )t elapsed ime T is longsrthan 2Quins, [3] PSRS =
n{PcmAX, (P%RF?S FFSET +A u )+1010 0 set(MsRs) Po Risen CO+ a(.1)f (Equation 4) 20[4] PSRS

-{PCMAX "SRSOFFSET (11210810 (M353) PO PWUBEI16) afi)o PL (@} ¢Equation 5) [0065]In Equations
4 and 5, PSRS_OFFSET prevent deterioration of the SINR measurement accuracy even if a
25maximuiiTRG errdf octies whick jsiexpbeteplingthe icase bbldngamt, a case has been
explained in which the terminal changes correction value Agreeer for
offset value Pgrs orrsut instructed from the base station according
to elapsed time T or SRS transmission period Tsrs as shown in
10 FIG.4 or 5. Alternatively, the terminal may change the equations
for determining the SRS transmission power according to elapsed
time T or SRS transmission period Tggrg. For example, the
terminal calculates SRS transmission power Pgrs(i) in accordance
with the following Equation 4 if elapsed time T is 20 ms or less,
i5 and calculates SRS transmission power Pgrs(i) in accordance with
the following Equation 5 if elapsed time T is longer than 20 ms.
[3]
Fogs (i) = min{ Feyax s (P SRS OFFSET T D opiser )“*' 101og,5(Mgps )+ Fo puscu (1) +alf)- PL+ f{D)]
(Equation 4)
20 [4]
Pyrs (1) = min{Peysax- Fors orrser +1010810(M sps)+ Py puscu (/) +a(j}y-PL+ f(i)}
(Equation 5)
[0065] 1In Equations 4 and 5, Psrs _orrser is set as a value that can
prevent deterioration of the SINR measurement accuracy even if a
25 maximum TPC error occurs which is expected in the case of longer

clapsed time T than 20 ms. That is, if elapsed time T is longer

than 20 ms (the TPC error is large), the terminal calculates SRS
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elapsed time T than 20 ms.That is, if elapsed time T is longer than 20 ms (the TPC error is large), the
terminal calculates SRS 2F11016-PCT transmission power P5Rs(1) without correcting offset value
PSRS_ OFESETIasFsfiown in Equation 5. On the other hand, if elapsed time T is 20 ms or less (the
TPC error is small), the terminal uses correction value Aoffset to correct offset value PSRS_OFFSET,
and 5 calculates SRS transmission power PsRs(i), as shown in Equation 4. With this configuration, as

with the present.emRadiment, powsr cansumpyon wf {he tarminalean be edusedswhilewdetgdoration of
the SINR measurement accuracy of SRS is prevented. [0066](Embodiment 2) 10In Embodiment 1, a

case has been geseribed i whickva terminalbdetermifies aToriéatiarn valué fordnidffeét palue
instructed from a base station according to the transmission time interval (elapsed time) between the
uplink charinet trafismitid ang the bucedgdingTRS & bertranswmitedd) Intthe present embedisnent. 15
a case will be described in which the terminal determines the correction value for the offset value
instructed fesmmbethagde stalioh abeording!td té HifislerkElincttarshhissiohssower betweehtfe uplink
channel transmitted and the succeeding SRS to be transmitted. 20[%%%? The, present mbogiment will
now b8 deschibial! it &SR PIET 8 SABIS S 86‘nﬁé’lﬂ[§tfoﬂ OF 1 irhiriat c%o?gi%qt%%&eoﬁlres‘ent
embodime%l(%%mpt?nents in.FIG.6 m%tnare the same as com%(%réen[ts in %@Q%%irgnept 1 EFvl,%IZ) will be

assigned the same ré?er%ﬁcr:léf Humérai$ as inFI&2 an c?vel?llap“plr?g e§:<p anations will 25be omitted.

[0068]In termjnal 300 0 H1G,6, affsetssiing.section 801 ingludes Rewer differencs calgylation section
302 and offset value  2F11016-PCT determination section 303.0ffset setting section 301 determines

the SINR measurement accuracy of SRS is prevented.
[0066] (Embodiment 2)

10 In Embodiment 1, a case has been described in which a
terminal determines a correction value for an offset value
instructed from a base station according to the transmission fime
interval (elapsed time) between the uplink channel transmitted and
the succeeding SRS to be transmitted. 1In the present embodiment,

15 a case will be described in which the terminal determines the
correction value for the offset value instructed from the base
station according to the difference in transmission power between
the uplink channel transmitted and the succeeding SRS to be
transmitted.

20 [0067] The present embodiment will now be described in detail.
FIG.6 shows a configuration of terminal 300 according to the
present embodiment. Components in FIG.6 that are the same as
components in Embodiment 1 (FIG.2) will be assigned the same
reference numerals as in FIG.2 and overlapping explanations will

25 be omitted.

[0068] In terminal 300 in FIG.6, offset setting section 301

includes power difference calculation section 302 and offset value



an offset value for PUSCH transmission power (transmission power offset value. (PSRS_OFFSET+
Aoffset) shown in Equation 2) which is used to determine transmission power of the RS sequence
(SRS). 5 [(B9] 8pécifically, power difference calculation section 302 calculates power difference AP
(scale of relative power tolerance), which is the difference between the transmission power of the
uplink channel transmitted from terminal 300 (e.g. an uplink signal including a PUSCH, a PUCCH and

an SRS) and-the transiissiond ipawenaf thesyeseeding SRS tabeitsansritteddremiersinal 300.
Power difference calculation section 302 uses transmission power calculated by using uncorrected

offset value, R SR'$s OF-Shk ifistrueted T dnthase statieha20( (FIG3) tas thetiassmissiorwgower of
the succeeding SRS to be transmitted.Then, power difference 15calculation section 302 outputs the
calculated pdiier diffeterice (AR ta offset valtie/deterningtionvsedtiorE308: {00700 ffseh \alue s
determination section 303 determines correction value Aorrsei for offset value PSRS _OFFSE1
instructed figrhbdse SEFGMI0C dECaramd 18 ISowerodifdrentd e R §6WERIT diffdtence

calculation section 302, Then, offset value determjnation section 303 yses the determine rection
value Aoffse! P dorrect otV aRE ﬁSF@@_Yﬁ%&S‘I{E‘ﬁJﬁ&?E}&Sd ﬁ%ﬁ?%i%@ 2RtiST ﬁblcf?h;grg@;

determining transmission power offset value ((Psas_oFFsurt.Aoff"t) shown in Equation i,).jl' en, offset
value 25de earﬁﬁﬁg%ﬁgﬁssgc 1011 %%ﬁetﬁﬁflsctﬁef et Sr_r(r:ﬁl'rl%doo ééft‘f\ﬁm’ee(ﬁé’ﬁ%%#ﬁéﬁf oLfF',)’ for the

PUSCH trapsiisgionpower i@ Fansmission powet.conthel seclipnd s gl 1046-PCThf the
[0071]Furthermore, offset setting section 208 (FIG.3) of base station 200 according to the present
embodiment;parqTos themsAMeansmitted from terminal 300 (e.g. an uplink signal
including a PUSCH, a PUCCH and an SRS) and the transmission
10 power of the succeeding SRS to be transmitted from terminal 300.
Power difference calculation section 302 uses transmission power
calculated by using uncorrected offset value Pgrs orrser instructed
from base station 200 (FIG.3), as the transmission power of the
succeeding SRS to be transmitted. Then, power difference
15 calculation section 302 outputs the calculated power difference AP
to offset value determination section 303.
[0070] Offset wvalue determination section 303 determines
correction value Ayrreer for offset value Psrs orrser instructed from
base station 200 according to power difference AP from power
24 difference calculation section 302. Then, offset wvalue
determination section 303 uses the determined correction value
Aorsser to correct offset value Pgsrs orpsgr instructed from base
station 200, thereby determining transmission power offset value
((Psrs _orFrsET T Aofrser) shown in Equation 2). Then, offset value
25 determination section 303 outputs the determined offset value
(Psrs orrseT T Aorrser) for the PUSCH transmission power to

transmission power control section 111,
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process as offset setting section 301 of terminal 300.That is, offset setting section 208 determines the
offset value for the 5PUSCH transmission power (transmission power offset value. i.e.
(PSRS_OFRFSET#GHS ) shown in Equation 2), which is used to determine the transmission power of
an SRS to be transmitted from terminal 300 (desired terminal).That is, offset setting section 208
determines co ection value Aoff"'t for offset value PSRS_OFFSET 10 according to power difference

AP, which isithe difference hetwespathestransmission pewet of the uplink ghanmnel irapsmitied from a
desired terminal and the transmission power of the succeeding SRS to be transmitted from the desired

terminal (trapsmissigropowet saltiated byhusingeunraorrested difset valpye PBRE sOf SEEmand
15determines transmission power offset value (Psus_OFFSETAOoffset)- [0072] Next, the process of
setting the tramsessian polrcdffsettvalue incoffsetrseltfhy setticrr 80 ef tetfhihal 300 ¢F1G6) will be
explained in detail. [0073]Here, in the case where an amplifier circuit having a 20plurality of power
amplifiers (PES)EE ensployesl in eiimmal 306, tkeharber 6f PABUsed fof anmiptifieatici? Vartlé$ more
significantly as the power difference, which is the difference between the trgnsmission power of the
uplink ehannkl %rgﬁgrﬁﬁ?e‘ﬂs(‘ﬁ POSCHPL BYECKH U 5l SRS %nﬁotﬁveet’faﬂéaﬁr%géio%ag&gerloFthe
succeeding, 25 uplink to bejgra&smitt d, increases. Thﬁt is, §i.nce triz number Hf F;@s usg% fotro

é

amplification vdrte$ Moré'signiticdnt ass}t]hoewpré)wielf1 ditférehte Betweéen Uplink channefs increases,

o AT et st bepoverdeence s oo
terminal 300 (desired terminal). That is, offset setting section
208 determines correction value Agrrser for offset value Psrs orFrseT
10 according to power difference AP, which is the difference between
the transmission power of the uplink channel transmitted from a
desired terminal and the transmission power of the succeeding SRS
to be transmitted from the desired terminal (fransmission power
calculated by wusing uncorrected offset value Psrs orrser), and
15 determines transmission power offset value (Psrs orFrseT T Dotrset)-
f0072] Next, the process of setting the transmission power offset
value in offset setting section 301 of terminal 300 (FIG.6) wili be
explained in detail.
{0073] Here, in the casec where an amplifier circuit having a
20  plurality of power amplifiers (PAs) is employed in terminal 300,
the number of PAs used for amplification varies more significantly
as the power difference, which is the difference between the
transmission power of the uplink channel transmitted (a PUSCH, a
PUCCH, or an SRS) and the transmission power of the succeeding
25  uplink to be transmitted, increases. That is, since the number of

PAs used for amplification varies more significantly as the power

difference between uplink channels increases, errors in the PAs are
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frequency bandwidth of a transmission signal.For this reason, the frequency position and bandwidth of
a transmission signal varies more significantly as the power difference increases (as the transmission
power increéasds orfdécreases more significantly). Furthermore, because the amplification
characteristics of the PA also depends on the frequency (frequency position and bandwidth), 10the
TPC error increases as the power difference increases (as the frequency position and bandwidth

varies morg signifigantlyy: [Q07RIT hat is - at daiminal P00, the TRG &ITor varies dependiagonthe power
difference between the transmission power of the uplink channel transmitted and the transmission
power of theri15:succeeding uplink channel to be transmitted. Specifically, the TPC error is assumed to
decrease as the power difference decreases (as the number of PAs varies less significantly, i.e. the
frequency posifidr andf banblwidhty of the transmissionsignaiwvariessleps significanthy. 20[0076]In view
of thc above, offset setting section 301 determines the transmission power offset value
((PSRS_OFFSERECAofsER dholft Ih Equatidhe?)sdBésrding té - diffERBhcE' AP, VifiéR s the
difference between the transmission power of the up‘)iLink h nn:# transmitted and.the transmission
power bf the'8RE il & ‘FRSET 588a18M4ted 1 ﬁ’b%slgt VAiu@ PEREHE At ShisSivh Sower of

the succeegglg c§SRS to be transgaitt%g).The transmission Fog\_{%rfgffget value is used t% %S%tgérpine the

SRS transmissio power. PETT016° éll'y[(f()% h the Tdilowing explanation, as with iment 1,

terminal 300 yses,theseguation eftransmissiqr power shawn in EQUalion 2 to;ealculale iRy .

transmission power PsRs(i). PSRS_OFFSET shown in Equation 2 is determined with reference to an
assumed MEaxENR ABELIMRERS With Embodimantie Furtheroeose aB&R$s QEFSHT shewnAn

Equation 2 is reported from base station 200 to terminal 300, as with Embodiment 1. [0078]Power
difference calculdtionesettion308 ¢nfaféspt setting frequency position and bandwidth),

10 the TPC error increases as the power difference increases (as the
frequency position and bandwidth varies more significantly).
[0075] That is, at terminal 300, the TPC error varies depending
on the power difference between the transmission power of the
uplink channel transmitted and the transmission power of the

15 succeeding uplink channel to be transmitted. Specifically, the
TPC error is assumed to decrease as the power difference decreases
(as the number of PAs varies less significantly, i.e. the frequency
position and bandwidth of the transmission signal varies less
significantly).

20  [0076] In view of the above, offset setting section 301 determines
the transmission power offset value ((Psrs orrseT T Aorfser) shown
in Equation 2) according to power difference AP, which is the
difference between the transmission power of the uplink channel
transmitted and the transmission power of the SRS that is

25 calculated using offset value Pgrs orrser (the transmission power

of the succeeding SRS to be transmitted). The transmission power

offset value is used to determine the SRS transmission power.
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section 301 calculates power difference AP, which is the difference 10between the transmission power
of the uplink channel transmitted and the transmission power calculated USoffset value
PSRS_OFESER ¢iiétransmission power of the succeeding SRS to be transmitted that is calculated
using uncorrected offset value). [0079]Then offset value determination section 303 in offset 15setting
section 301 determines correction value Aoffset for offset value PSRS OFFSET instructed from base
station 200 a¢cording {a pawer differenceniP ealslitatediin ppwes difféténck mdloulationnsection 302.
[0080]For example, as shown in FIG.7, offset value 20determination section 303 determines correction
value Aorrseirasifodws00 dBsis assbeiaterhwithopovedr diffensmeésAiPosf 1I500BedT gleater -11dB is
associated with power difference AP of 10 dB or greater and less than 15 dB, -3 dB is associated with
power diffeFehitatAPiof £dB bt grédtbs wht fesstiah 10 BB SAGBIEU5 aBSotiated Mithgidiver

difference AP of 3 dB or greater and less than 4 dB, -5 dB is associated \%/ith wer difference AP of 2
dB or greafer BhdPlssihan' 8 B8, ARd™8 Y 1S Bséobiatkel Git pBGEr 2L 1T P fiftérdiite AP of

less than 2 dB. Then, %&S’%@/‘%‘#@Fﬁ ?r%iér%%tircigés%:'{i&n golgba(gg%g%%\éeiqeteﬁrgiﬂ%degg{r@lcéipn'value

Aoffset to SHfset vaile ruc om base station to determine transmission

power offsgf value (P SRIL,QEFRSET +HAA(REL R(00811 Tha iS¢ inithe 6ase,Whers offselvalue
PSRS_OFFéEﬁ"lns{—ru&ed from base station 200 is determined with reference to an assumed
maximum TRG &ref neffssvalugsdetermination seationt 1.
[0078] Power difference calculation section 302 in offset setting
section 301 calculates power difference AP, which is the difference
10 between the transmission power of the uplink channel transmitted
and the transmission power calculated wusing offset wvalue
Psrs orrser (the transmission power of the succeeding SRS to be
transmitted that is calculated using uncorrected offset value).
[0079] Then, offset value determination section 303 in offset
15 setting section 301 determines correction value Agrrser for offset
value Pgrs orrser instructed from base station 200 according to
power difference AP calculated in power difference calculation
section 302.
[0080] For example, as shown 1in FIG.7, offset wvalue
20 determination section 303 determines correction value Agfiser as
follows: 0 dB is associated with power difference AP of 15 dB or
greater, —1 dB is associated with power difference AP of 10 dB or
greater and less than 15 dB, -3 dB is associated with power
difference AP of 4 dB or greater and less than 10 dB, -4 dB is
25 associated with power difference AP of 3 dB or greater and less

than 4 dB, -5 dB is associated with power difference AP of 2 dB or

greater and less than 3 dB, and -6 dB is associated with power
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303 sets smaller correction value AO St for smaller power difference AP (smaller TPC error).That is,
offset value 10determination section 303 corrects offset value PSRS_OFFSET into a smaller value for
smaller powerldiffereéfice AP, and sets the smaller value than offset value PSRS_OFFSET as the
transmission power offset value. [0082]As described aboveterminal 300 sets a different 15 correction
value for the offset value instructed from base station 200 according to the difference in the

transmissiopy pawyer,(powes difference,AR) betwgen therunlink ¢hanpe) sransmaittec from dergunal 300

and the succeeding SRS to be transmitted from the terminal 300.Specifically, terminal 300 determines

correction 2QvalusmADI304 suchhat SR 3 dransmissioncpewet BeRs(antbercase of snoalferpower
difference AP (i.e. the TPC error is small) is smaller than SRS transmission power PsRs(i) in the case

of greater paverdifferance: AR: (i.e.itherTRCedrrdir isnlarge) dhatds; termis) 300 séts smallecSRS
transmission power for smaller power difference 25AP. [0083]As described above, the TPC error
decreases trs:powdrsdiffeteneevAr dddieakasiter thidseasonr whel términall 300 sets 2F11016-PCT
smaller SRS transmission power for smaller power difference AP, there is a low probability that the

reception SINEEddcrealdsifo 4 tertiih 1608 (& 8B%or 18RS fr?Fl%flﬁscﬁ}e HhesnlieheedThe TPC

error. Thus, the SINR asurement accurac ase station 200 5ijs less likely to be deteriorated.
[0084]That1i§,stt§9h%%1£n3%é’ Elbﬁb?é}tethse %ﬁ%%grbslam?s?s%ﬁ%g\ﬁlelrﬂaﬁo(\ifvr‘iv tloﬁé ﬁ%%égg&en%ﬁir%am value

with which Qsds%szﬁ%%r%%@l%um TPC error, offset value determination section

303 sets smaller correction value Aggrser for smaller power
difference AP (smaller TPC error). That 1is, offset wvalue
10 determination section 303 corrects offset value Psrs orrser into a
smaller value for smaller power difference AP, and sets the smaller
value than offset value Pyrs orrseT @5 the transmission power offset
value.
[0082] As described above, terminal 300 sets a different
15 correction value for the offset value instructed from base station
200 according to the difference in the transmission power {power
difference AP) between the uplink channel transmitted from
terminal 300 and the succeeding SRS to be transmitted from the
terminal 300. Specifically, terminal 300 determines correction
29 value Agrrsec such that SRS transmission power Pgrs{i) in the case of
smaller power difference AP (i.e. the TPC error is small) is smaller
than SRS transmission power Pgrs(i) in the case of greater power
difference AP (i.e. the TPC error is large). That is, terminal 300
sets smaller SRS transmission power for smaller power difference
25  AP.
[0083] As described above, the TPC error decreases as power

difference AP decreases. For this reason, when terminal 300 sets
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SINR can be acquired at base station 200 by correcting the offset value instructed from base station
200 according to power 10 difference AP. Here, the desired reception SINR refers to reception SINR
with which the1S1BHR(Oheasurement accuracy is not deteriorated. With this configuration, the SINR
measurement accuracy of SRS (measurement accuracy of channel quality) at base station 200 can be
ensured while power consumption at terminal 15 300 is reduced to a necessary minimum. In other

words, determinglionof apRICATALR SRS irapsmissian pawsn accerding (o the Assumed TRE, error at

terminal 300 can reduce waste power consumption. [0085]In this way, according to the present
embodiment, ¢he 2Qtesmipal determinesithe RASMIssian: pewe! effsstvaluedaccardingsta they
transmission condition (in the present embodiment, difference of transmission power) about the
relationship: between the:Liglinki 8hannkt §uplinkiSighdl) tdansmittéd @and the suceeedinlysSRB{o be
transmitted.With this configuration, the terminal can 25reduce SRS transmission power as the above
difference sfrtransmissionspolier iS BBller, ¢ %s wisethiee influesieB ot thie AP EAseoF 1€ shadllel Othis can

prevent deterioration of the SINR 2F11016-PCT measurement accuracy caused by the TPC error at
the baBe sthlidis wWhilektispresdiiy Antintiea2d §6 power consumption of the terminal. Furthermore,

according to the present embodiment, the terminal can reduce the,inter-cell interference by reducing
the SRS St ALkt Db to  HELLbhry Mt SOOEIFaer O T s et o

ermore, In the present

embodimer‘lllbi\r;lf;[lh ocaas%ecessary minimum value with which a desired reception

SINR can be acquired at base station 200 by correcting the offset

value instructed from base station 200 according to power

10 difference AP. Here, the desired reception SINR refers to

reception SINR with which the SINR measurement accuracy is not

deteriorated. With this configuration, the SINR measurement

accuracy of SRS (measurement accuracy of channel quality) at base

station 200 can be ensured while power consumption at terminal

15 300 1s reduced to a necessary minimum. In other words,

determination of appropriate SRS transmission power according to

the assumed TPC error at termimal 300 can reduce wastc power
consumption.

[0085] In this way, according to the present embodiment, the

20 terminal determines the transmission power offset value according

to the transmission condition (in the present embodiment,

difference of transmission power) about the relationship between

the uplink channel (uplink signal) transmitted and the succeeding

SRS to be transmitted. With this configuration, the terminal can

25 reduce SRS transmission power as the above difference of

transmission power is smaller, i.e. as the influence of the TPC

error is smaller. This can prevent deterioration of the SINR
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where, for example, the system defines in advance the correspondence between power difference AP
and correction value Aoirsei shown in FIG.7, signaling does not need to be performed for 10 every
SRS transridsioifBF'SRS transmission power control. Alternatively, in the case where the
correspondence between power difference AP and correction value Aoffset shown in FIG.7 is reported
in advance from the base station to the terminal as a parameter, the parameter needs to be reported in

a relatively jopg - 081ed of Just:anse tothederminaliandrsignaling,dogs ARtneed dohe performed for
every SRS transmission for SRS transmission power control. Thus, in such cases, an increase in

signaling oveshead tor phe SRSHENSMISSioR poyer contropcandie suppressed asmwith Emibadiment 1.
20[0087]Furthermore, according to the present embodiment, because the base station can know the
difference betweenahe SRSrtrhrsmission power dnegheoPUSCPIrwanshissidnqsbwee (ite. the
transmission power offset value for SRS), the base station can derive the SINR measurement value
for PUSCH! (SINRmbssrerAdntzsvhlae fdrdat ot the ISR sresuremast Daud 6f SRS (SINR
measurement value for SRS).Thus, prevention of deterigration of the SINR measurement accuracy of

SRS at the'Bade Bafisnds Y £8182PE T H8EETREd dBAYE Ml to prevention of deterioration of the

SINR mea Srglgnt acgl{lrra,[(i}/e?frn PCH,%CHl.r;l’hitshenableess%h&bage gtg&991ton9erf05m ngciscea%%heduling
of PUSCH requeJncy resource assigriment and MES selectionxflas with Embodimerit 1.

5[0088](Emppdiment 3),, I Embediment 1, a casg has begrrdescribed in which.aterminal

determines a correction value for an offset value instructed from a base station according to the SRS
transmissioqn,ReEQE. Ihihepresert erebadiment: A aasevillhe.daseribed ipLQwhichy theyterminal sets

the offset value instructed from the base station to an SRS to which no transmission period is set.
Aorrser Shown in FIG.7, signaling does not need to be performed for

10 every SRS transmission for SRS transmission power control.
Alternatively, in the case where the correspondence between power
difference AP and correction value Agrrser shown in FIG.7 is
reported in advance from the base station to the terminal as a
parameter, the parameter neceds to be reported in a relatively long

15 period or just once to the terminal and signaling does not neced to
be performed for every SRS transmission for SRS fransmission
power control. Thus, in such cases, an increase 1n signaling
overhead for the SRS transmission power control can be suppressed
as with Embodiment 1.

20 [0087] Furthermore, according to the present embodiment,
because the base station can know the difference between the SRS
transmission power and the PUSCH transmission power (i.e.
transmission power offset value for SRS), the base station can
derive the SINR measurement value for PUSCH (SINR measurement

25 value for data) from the SINR measurement value of SRS (SINR

measurement value for SRS). Thus, prevention of deterioration of

the SINR measurement accuracy of SRS at the base station as
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[0089]The present embodiment will now be described in detail. FIG.8 shows a configuration of terminal
500 according to the present embodiment.Components in FIG.8 that are the same as 13components
in Embodirmehtt1§@G.2) will be assigned the same reference numerals as in FIG.2 and overlapping
explanations will be omitted. [0090]In terminal 500 in FIG.8, offset setting section 501 includes
SRS-type determination section 502 and offset value 20determination section 503.0ffset setting

section 50} deternuings ap Pffset valie for BYSEH iransny$sionRower {iansnyssianepawerroffset
value. PSRS_OFFSET shown in Equation f) which is used to determine transmission power of an RS

sequence (RS u[OORLSpeaifically.SREFtypeSetarminatidrseationz02 250 étesminestthentype of the
succeeding SRS to be transmitted in an uplink from terminal 500.The types of SRS include an SRS to
which a trapsmission peried is set (hdreihatter gefered tBEaS QH11016RATR 'Re odice SRSy &nd an
SRS to which no transmission period is set (hereinafter referred to as "aper od c-SRS"). The
aperiodic-SRSirgfersetvtan SR8 trahsthites from sterminBl Eied of predidermined times after the
terminal receives a trigger signal from base station 200. SRS-type determination section 502 outputs
informationl H18&&dng WhitR BHEHE Sutbeeding SRS to be transmitted belongs to (type of the

succee_ding SRS to be angmgt%i%totof{setavaéuag det rrgi tion section 5Q3. [00920f§g}1va}ilue
determination SeCtI%IPI 505'Se16ctS Gftset Tovhlue P S O E§ET§%S§F5§_%)C}:F1§E¥NS own in
Equation 12@’%@995 determines a correction value for an offset value
instructed from a base station according to the SRS transmission
period. In the present embodiment, a case will be described in
10 which the terminal sets the offset value instructed from the base
station to an SRS to which no transmission period is set.
[0089] The present embodiment will now be described in detail.
FIG.8 shows a configuration of terminal 500 according to the
present embodiment. Components in FIG.8 that are the same as
15 components in Embodiment 1 (FIG.2) will be assigned the same
reference numerals as in FIG.2 and overlapping explanations will
be omitted.
{0090] In terminal 500 in FIG.8, offset setting section 501
includes SRS-type determination section 502 and offset value
20 determination section 503. Offset setting section 501 determines
an offset valoe for PUSCH transmission power (transmission power
offset value. Pgrs orrsegr shown in Equation 1) which is used to
determine transmission power of an RS sequence (SRS).
[0091] Specifically, SRS-type determination section 502
25 determines the type of the succeeding SRS to be transmitted in an

uplink from terminal 500. The types of SRS include an SRS to

which a transmission period is set (hereinafter referred to as
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associated with the type of SRS, according to the type of SRS received from SRS-type determination
section 502, the offset value PSRS__ OFFSET being instructed in advance from base station 200.
Then, offs vaide Gelermination section 503 outputs the selected 15offset value (PsRs_orrseT) for
PUSCH transmission power to transmission power control section 111. [0093]Furthermore, offset
setting section 208 (FIG.3) of base station 200 according to the present embodiment performs the
same procéss axoctisetsBlifg sevliomSOREf tarnvitelB00y Thiitds S200§fsr Betivig edctidrs 208
determines the offset value for the PUSCH transmission power (transmission power offset value.

PSRS_OFHSET Ehahi® in Eglrdici 15 owhich RAREE b fetehiing the TaRsARSSioA Psiwélor an SRS

to be transmitted from ter | 500 (desired terminal).That is, oﬂget setting sectipn 208 selegts
25offset vaGEBEHE BFPEET FebttAA I b G SHS BT dinb 1§ B e BrRg

succeeding SRS to be transmjtted from the desired terminal. 2F11 1§-P§'IT}({OQ%]J3\IQ>&ttpgrprocess
of setting t(%len%r%\snsarntbltses]‘io‘fj%r?lp?o\J/[v((zerrmoi]'frs]eg:l valtie In Gffset ts%l%ﬁ& rsesclt%(%naSOl of terminal 500 (FIG.8) will

now be explgiped insgetail. {3Q954The aperigdic; BRSANd prriodie- SRS pead different.trangmission

power. Specifically, the apériodic-SRS tends to need greater transmission power than the
periodic-SRe o thefellawinghres easonsi QWP sLIRB the eperiadic:SRSe arbalapagd time

between
to {type of the succeeding SRS to be transmitted) to offset value
determination section 503,
[0092] Offset value determination section 503 selects offset
10 value Pgsrs orrser (Psrs orrsgr shown in Equation 1}, which is
associated with the type of SRS, according to the type of SRS
received from SRS-type determination section 502, the offset value
Psrs orrseT being instructed in advance from base station 200,
Then, offset value determination section 503 outputs the selected
15 offset value (Psrs orrser) for PUSCH transmission power to
transmission power control section 111.
[0093] TFurthermore, offset setting section 208 (FI1G.3) of base
station 200 according to the present embodiment performs the same
process as offset setting section 501 of terminal 500. That is,
20 - offset seiting section 208 determines the offset value for the
PUSCH transmission power (transmission power offset value. i.¢.
Psrs orrseT shown in Equation 1), which is used to determine the
transmission power of an SRS to be transmitted from terminal 500
(desired terminal). That is, offset setting section 208 selects
25 offset value Pgrs orrser associated with the type of SRS according
to the type of the succeeding SRS to be transmitted from the

desired terminal.
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transmissions is likely to be longer than that for the periodic-SRS 10to be transmitted periodically, and
thus the TPC error is likely to increase.Setting a shorter transmission period (e.g. 20 ms or less) to the
periodic-SRB! tediices the TPC error.On the other hand, in the case where the terminal does not
transmit an uplink channel (e.g. PUSCH) for some time before transmission of the 15aperiodic-SRS,
the elapsed time of the transmissions is long, increasing the TPC error.In order to prevent deterioration

of the meagyrement acgiracy pi.channel qualit, capised by e TRCHIIQY; gregieRiangmigsion power

must be assignedto the aperiodic-SRS. [0097]Second, because the number of aperiodic-SRSs to be

20transmittegig Jimitedreorypatad i that of ipaliadia-SRSs the MEaswreentaccuragyicanrot be
improved by averaging a plurality of ape odic-SRSs unlike the case with the periodic-SRS. Hence,
greater transmissiorn poagrimustbeidssigned to the aperiodic-SRS to acquire the measurement
accuracy equivalent to that of the 25periodic-SRS. [0098]Lastly, the aperiod c-SRS may be used to
instantanedsly measurkhthe utiakiguklity IR Precigely selettMES-foRthe POSEHI X 190481PCT

-

5 transmission power. Specifically, the aperiodic-SRS tends to
need greater transmission power than the periodic-SRS for the
following three reasons:

[0096] First, with the aperiodic-SRS, an elapsed time between
transmissions is likely to be longer than that for the periodic-SRS

10 to be transmitted periodically, and thus the TPC error is likely to
increase. Setting a shorter transmission period (e.g. 20 ms or
less) to the periodic-SRS reduces the TPC error. On the other
hand, in the case where the terminal does not transmit an uplink
channel (e.g. PUSCH) for some time before transmission of the

15 aperiodic-SRS, the elapsed time of the transmissions is long,
increasing the TPC error. In order to prevent deterioration of the
measurement accuracy of channel quality caused by the TPC error,
greater transmission power must be assigned to the aperiodic-SRS.
[0097] Second, because the number of aperiodic-SRSs to be

20 transmitted is limited compared to that of periodic-SRSs, the
measurement accuracy cannot be improved by averaging a plurality
of aperiodic-SRSs unlike the case with the periodic-SRS. Hence,
greater transmission power must be assigned to the aperiodic-SRS
to acquire the measurement accuracy equivalent to that of the

25 periodic-SRS.

[00981 Lastly, the aperiodic-SRS may be used to instantaneously

measure the uplink quality to precisely select MCS for the PUSCH.

35



That is, the precise measurement accuracy is required for the aperiodic-SRS, and thus greater
transmission power must be assigned to the aperiodic-SRS than the periodic-SRS. [0099]For these
reasons, negessarptfansmission power may vary 5 depending on the type of SRS (aperiodic-SRS or
periodic-SRS). If offset value PSRS_OFFSET used to determine the SRS transmission power is
constant regardless of the type of SRS, the terminal must set the transmission power (offset value) of

the type of SRS raquiria.0reater fanspissian eaMsr (hete, ARl aperiadie ?RS) 10 e

transmission power of all types of SRS including other types of SRS (here, mainly, periodic-SRS).In
this case, grgatgliaesyEsion pawer thar necessasy istagsigner ta the ppoedie-SRS.sncreasing
power consumption of the terminal.Furthermore offset value PSRS_OFFSET is updated at every
transmissiars of ghe: i5apariodie SR 5o the frefuentye of répoiagiofdoenttdt iformation increases,
increasing the system overhead. [0100]In the present embodiment, to overcome the above problem,
offset setting 88&ibn 304rof termsinal SO0 deterAines dffsctValiePRRS IQFFSET IPSRS 2OFFSET
shown in Equation 1), which 20is used to determine the SRS transmission power, according to the
typeoféucce&ding SRStobEtransmittAGpeEift Iy, APBIEIRBRS A RRFioBRL SR Iéﬁ)%ln the
following exgglan tion, terminal 500 uses the equation %Etransmissio po rsrtlown in Egsuation 1lto
calculate 25'SKRS $nEMidoh phiverPERE (I SEGrthRritor8 PLRS %ﬁFg%Sr‘ ASWRIH EGU?

X shown'in qua%on lis

determined Wi PIRIENGR 19 [P PURPIEA MBFTHY i ciPisH e VAR PSR : That s, offset
set the transmission power (offset value) of the type of SRS
requiring greater transmission power (here, mainly, aperiodic-SRS)
10 to the transmission power of all types of SRS including other types
of SRS {(here, mainly, periodic-SRS). In this case, greater
transmission power than necessary is assigned to the periodic-SRS,
increasing power consumption of the terminal. Furthermore, if
offset value Pgsgs orrspr is updated at every transmission of the
15 aperiodic-SRS, the frequency of reporting of control information
increases, increasing the system overhead.
[0100] In the present embodiment, to overcome the above
problem, offset setting section 501 of terminal 500 determines
offset value Psrs orrseT (Psrs_orrser Shown in Equation 1), which
20 is used to determine the SRS transmission power, according to the
type of succeeding SRS to be transmitted (specifically,
aperiodic-SRS and periodic-SRS).
[0101] In the following explanation, terminal 500 wuses the
equation of transmission power shown in Equation 1 to calculate
25 SRS transmission power Pgrs{i). Furthermore, Psrs orrser shown

in Equation 1 is determined with reference to, for example, a

maximum TPC error of each type of SRS. That is, offset value
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2F11016-PCT PSRS_OFFSET is set to a necessary value for meeting the requirements for
measurement quality. Offset value PSRS_OFFSET is reported in advance from base station 200 to
terminal 40%¥ (thia érigthod of reporting PSRS_OFFSET Of each type of SRS will be explained in detail
later). [0102]SRS-type determinationsection 502 outputs the determined type of succeeding SRS to be
transmitted (aperiodic-SRS or periodic-SRS) to offset value determination section 503. 10[0103]Then,
offset Va'U%g?JSeromggiggw section pQ3.Seledts offsef yalue RSRs orrsES associairdwith-hestype of

SRS determinedin -type determination section 502. [0104]For example,as shown in FIG.9, offset
value deterpgipation section H03 seatsiefiset value & BRIIQRFBE 1q,3 4B 15 whesp the: tarminal
transmits the aperiodic-SRS, and sets offset value PSRS_OFFSET to 0 dB when the terminal
transmits thel peringic-GR% Thatis, effset walu2 Wéterminatiani sedtioh(BD3(séts ageehted offdet value
for the transmission power of the aper odic-SRS, which requires greater transmission power, than the
200ffset vahsefor tthegrdhsmission powef of thepdriadic-SRS; B desttlbdibatsavel 401 09] THat is,
offset value determination section 503 determines the offset value according to whether the
transniissichS$éribd 3 €kt to the SRS.Specifically, offset value determination section 503 25 sets the
offset value %uchéiat the t%a§smission gower of the Eeriodic-SRS iS Iogﬁr than the trﬁnsmi sion power

of the aperio S. 2PIAGTEYBET [DFOET Hdfe? thetorre&SbHiBnce BawelR tRé Fpe Bt SRS and

determined type of succeeding SRS to be transmitted

(aperiodic-SRS or periodic-SRS) to offset value determination
section 503.
10 [0103] Then, offset value determination section 503 seclects
offset value Psrs orrser associated with the type of SRS determined
in SRS-type determination section 502.
[0104] For example, as shown in FIG.9, offset wvalue
determination section 503 sets offset value Pgrs orrser to 3 dB
15 when the terminal transmits the aperiodic-SRS, and sets offset
value Pgrs orrser to 0 dB when the terminal transmits the
periodic-SRS, That is, offset value determination section 503
sets a greater offset value for the transmission power of the
aperiodic-SRS, which requires greater transmission power, than the
20 offset value for the transmission power of the periodic-SRS, as
described above.
[0105] That is, offset value determination section 503 determines
the offset value according to whether the transmission period is set
to the SRS. Specifically, offset value determination section 503
25 sets the offset value such that the transmission power of the
periodic-SRS is lower than the transmission power of the

aperiodic-SRS.
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offset value PSRS OFFSET shown n FIG.9 is reported in advance from _ base station 200 to terminal
500.An optimum offset value PSRS_OFFSET of each type of SRS is determined according to the
condition faFdelesntitiing an SRS at base station 200 (e.g. the transmission period of periodic-SRS or
the transmission timing of aperiodic-SRS). Hence, the above correspondence does not need to be
reported frequently (in a short period). [0107]Here,thespecificmethodsofreportingthe 10

correspondeneg petween e type %ﬁ%&g%@&%%@% showndn HIGI remshese siation 200
to terminal 500 will now be explained. In LTE, offset value PSRS_OFFSET of the period c-SRS

isreportedasirfosmatianabeutpowsrconirelie. g: n UplinkkRpwerconrtparpresciinedin[3e PP TS36.331 15
Vv8.9.0(2010-03), "3GPP TSGRAN E-UTRA RRC Protocol specification (Release 8)"]. Information
containing Pas pesciuofap Which ate parametersiin £tiationA). [0408}00 the offferchand; forreporting
offset value PSRS_OFFSET of the aperiodic-SRS in addition to offset value PsRS_OFFSET of the
20periodic-BRS;_as performbdeinthe resen Entiddinientd tHe falldniry fouf ficthods thay be
employed.As explained below, some reporting methods can reduce signaling for reporting offset value
PSRS°OFESET Of te ﬁﬁériéfcﬁ&-eSF?S.nfdi%Q%esﬁ%§ rédorfiig fnethdt % ﬁ\%fhogeogreﬁg‘ﬁing offset

25value PsRS OFFESET of the aperiodic-SRS by ¢ ining the offset value in information about
powelrJcontFSﬁ%%%%sfﬁéﬂn%?ﬁbgg);org:&%Fﬁﬁé’ g?%é%ﬁué gé %_té?—‘?—'\éﬁlljrséfl fiwne E)}erﬁééi%@%osu.ln this

aperiodic-SRS8). Hence, the above correspondence does not need
to be reported frequently (in a short period).
[0107] Here, the specific methods of reporting the
10  correspondence between the type of SRS and the offset value shown
in FIG.9 from base station 200 to terminal 500 will now be
explained. 1In LTE, offset value Psrs orrser 0f the periodic-SRS
is reported as information about power control (e.g.
“UplinkPowerControl” prescribed in [3GPP TS36.331
15 V8.9.0(2010-03), “3GPP TSGRAN E-UTRA RRC Protocol
specification {Release 8)7]. Information containing P, puscu Or @,
which are parameters in Equation 1).
[0108] On the other hand, for reporting offset value Pgrs orrseT
of the aperiodic-SRS in addition to offset value Psrs orrser of the
20 periodic-SRS, as performed in the present embodiment, the
following four methods may be employed. As explained below,
some reporting methods can reduce signaling for reporting offset
value Psrs orrser of the aperiodic-SRS.

f0109] The first reporting method is a method of reporting offset

o2
<1

value Psgrs orrser of the aperiodic-SRS by containing the offset
value in information about power control, as with the method of

reporting offset value Pgsrs orrser of the periodic-SRS. In this
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2F11016-PCT reporting method in order to allow terminal 500 to transmit an aperiodic-SRS, base
station 200 must also report SRS resource information for ape odic-SRS in addition to the information
about poweF toitiofCExamples of the SRS resource information 5includes information indicating SRS
transmission resource, such as "SoundingRS-UL-Config" prescribed in [3GPP TS36.33lI
Vv8.9.0(2010-03), "3GPP TSGRAN E-UTRA RRC Protocol specification (Release 8)"] (information

containing..for gxample nihe baadwidth,eufteausney horping:pafiesn fansR&trapsmissian) 40 Thus,
in this reporting method, the base station must report two kinds of parameters to allow the terminal to
transmit the @peripdic SRSSincseasing theisignaling laad.si0140J6he spoand sapdrtingsmethad is a
method of reporting offset value PSRS_OFFSET of the aperiodic-SRS separately by 15containing
the offset valie inthei SRS resepreel indom&toR for thé dijeradic SRS. in thismegoringeetHod, order
to allow terminal 500 to transmit the aperiodic-SRS, base station 200 needs to report only the SRS
resource infermationdfentie hperiolis BRS. eFhus, tthid képortiRg méthbrI e GiresE2E BigHAlRg load

for 20reporting offset value PSRS_OFFSET of the aperiodic-SRS than the first reporting method.
[0111]The tHifd Pty ihbd ?snalllﬁgfﬁ(?ot’otfgeén%t?’nér@d}f}éléﬁﬁﬁlﬁé}ujée(%%lﬁ%ﬁ ’fosruéfps]&svalue P-

SRS OFFSET ﬁgré%dic-ﬁge_sgﬁg_vgtgln§?1bpdiments %r de%.The.traneriiai%ZSp §%0§Eh}e
C_

periodic-SR a &fod §'are chfeulated 1[J%lsng quationéli and 2, respectively.Here, because

the range of A0§"t{o,be eRPstEd doesppneed tabr 38¢ areater PRTkthe faRGE Of proocol

specification (Release 8)”] (information containing, for example,
the bandwidth or frequency hopping pattern for SRS transmission),.
10 Thus, in this reporting method, the base station must report two
kinds of parameters to allow the terminal to transmit the
aperiodic-SRS, increasing the signaling load.
[6110] The second reporting method is a method of reporting
offset value Pggs orrser o0f the aperiodic-SRS separately by
15 containing the offset value in the SRS resource information for the
aperiodic-SRS. In this reporting method, in order to allow
terminal 500 to transmit the aperiodic-SRS, base station 200 needs
to report only the SRS resource information for the aperiodic-SRS.
Thus, this reporting method requires less signaling load for
20 reporting offset value Psrs orrssr of the aperiodic-SRS than the
first reporting method.
[0111] The third reporting method is a method of reporting
correction value (A,ppser) for offset value Pgsrs orrsgr of the
periodic-SRS as with Embodiments 1 and 2. The transmission
25 powers of the periodic-SRS and aperiodic-SRS are calculated using
Equations 1 and 2, respectively. Here, because the range of Agsrser

to be reported does not need to be set greater than the range of
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2F11016-PCT PSRS_OFFSET to be reported, the smaller number of reporting bits can be used for
Aoffset than PSRS_OFFSET, which requites four bits in LTE. Hence, this reporting method requires
less signalitig 10a&HFOT reporting offset value P SRS OFFSET of the aperiodic-SRS (i.e.
5"PSRS_OFFSET Aoffset" shown in Equation 2).Correction value Aoffs et may be defined as a fixed
value for the whole system. In this case, signaling from base station 200 to terminal 500 does not need

to be perfopned. [0112]The fourth.ieporting methad is pmethasefrenorting, 10offaet valuga n
PRRS_OFF%ESFm a different range for the aperiodic-SRS from that for the periodic-SRS.For example,

base statiop 200susesra different range of pifset yalieRSRSL QAFSET for the aperiod o-SRS from that
for the periodic-SRS, even when the same number of reporting bits is used for the both two types of
SRS: 15Range of offtehvaluet RER Se PHASET ofi apbricdic<SRS$tosheé ¢eportegn 41ty 15 di
Range of offset value PSRS_OFFSET of periodic-SRS to be reported: -10.5 to 12 dB [0113]That is,
the range dfoffsetnaiierSRS f ORFSETUst the 20periodic-SKS b herepbrteti - d(to ¢he
positive direction by a certain amount (by 3 dB in the above example) to determine the range of offset
value PSREPOFFSETGHe Apefiodic-SRSE bé tegofBa  Thiis 4 this réddifinG e thbd! hecessary
transmission power can be determined according tq the %%ee gf SRS wit ou} 25increasing t?g number
n

of signalingtsit&: 014 &Min Bfis 46y %ifi thd Srstht Empotitent fertiifal BH0' Gete iRty the'

transmlss'%‘lpss)vc\:/%%%tfsse}gvt?‘lauleirf10gr %&%18‘%%%9'@9&&011 200 to terminal 500 does not

need to be performed.
[0112] The fourth reporting method is a method of reporting
10  offset value Pggrs orrser i a different range for the aperiodic-SRS
from that for the periodic-SRS. For example, base station 200
uses a different range of offset value Pgsgrs orrser for the
aperiodic-SRS from that for the periodic-SRS, even when the same
number of reporting bits is used for the both two types of SRS:
15 Range of offset value Pgrs orrser 0f aperiodic-SRS to be
reported: —=7.5 to 15 dB
Range of offset value Pgrs orrsgr of periodic-SRS to be
reported: —10.5 to 12 dB
[0113] That is, the range of offset value Pgrs orrser of the
20 periodic-SRS to be reported is shifted to the positive direction by a
certain amount (by 3 dB in the above example) to determine the
range of offset value Pggrs orrsgr of the aperiodic-SRS to be
reported. Thus, in this reporting method, necessary transmission
power can be determined according to the type of SRS without
25 increasing the number of signaling bits.
[0114] 1In this way, in the present embodiment, terminal 500

determines the transmission power offset value for SRS according
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2F11016-PCT to the type of succeeding SRS to be transmitted from terminal 500. This enables
terminal 500 to assign individual necessary transmission power to the ape odic-SRS and the
periodic-SRBLIFUfthiEFmore, according to the present embodiment, at terminal 500, 5 the transmission
power identical to that of the aperiodic-SRS does not need to be assigned to the periodic-SRS, and
thus the transmission power of the periodic-SRS does not increase. For this reason, the periodic-SRS

can be trangmitiedywith a,feggssary mnimymPawes.d hus, dkis passible lnprevent thel gseater
10transmission power than necessary from being assigned to the periodic-SRS, reducing the power

consumptiamef theztesminal. Thusnaiccording(to the presentiembodinient; dietdrioratior of the SINR
measurement accuracy caused by the TPC error can be prevented at base station 200 while an
increase intpawem15 cansumptionroftiertiiral 5p01isaéducsR Furthernidre, acsowihg te thé present
embodiment, offset value PSRS_OFFSET does not need to be updated at every transmission of the
ape odic-SES! dreventing-andaeredbednt thésytassevdrisend 8 1m5)ndrtRérhssrd ivthe Pfesent

embodiment, a case has been 20described where the two t pef oéSRS, the l?r[%eri cgf -SRS and
periodic-SRBC arkAisdl SREXD noREVEr, &) Heé BhtbYoribRt Mio'd graRey! B'eg C%y &S For

example, in LTE-Adv%nced, tHe use of "oneﬁsh_ot Slt?hse" and "m%tgi-g,hg %RS" %Sdth‘?l%"sa oghc-SRS is

being studiBd Th8 Bhe-shdt i€ Haishi ed18nly oncetatter reception of & trigger signaFfrom a

pase statio, and e Tl shal PR prtrenemillad psdeteriyned multAle times epbeaftergeeption of
the trigger signal from the base station.Examples of 2F11016-PCT
this reason, the periodic-SRS can be transmitted with a necessary
minimum power. Thus, it is possible to prevent the greater
10 trapnsmission power than necessary from being assigned to the
periodic-SRS, reducing the power consumption of the terminal.
Thus, according to the present embodiment, deterioration of the
SINR measurement accuracy caused by the TPC error can be
prevented at base station 200 while an increase in power
15 consumption of terminal 500 is reduced. Furthermore, according
to the present embodiment, offset value Pgsrs orrser does not need
to be updated at every transmission of the aperiodic-SRS,
preventing an increase in the system overhead.
[0115] Furthermore, in the present embodiment, a case has been
20 described where the two types of SRS, the aperiodic-SRS and
periodic-SRS, are used. SRSs, however, may be categorized into a
greater number of types. For example, in LTE-Advanced, the use
of “one-shot SRS” and “multi-shot SRS™ as the aperiodic-SRS is
being studied. The one-shot SRS is transmitted only once after
25  reception of a trigger signal from a base station and the multi-shot

SRS is transmitted predetermined multiple times only after

reception of the trigger signal from the base station. Examples of
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the trigger signal from the base station include a signal containing information constituting at least one
bit, which is transmitted through a downlink control channel called a physical downlink control channel
(PDCCH). e basE dtation uses this information o to instruct a terminal to transmit the aperiodic-SRS.
In response to the trigger signal from the base station, the terminal transmits an SRS once or
predetermined multiple times during a predetermined SRS transmission time. Furthermore, the
multi-shot SRSs$darzbe categotiZzad inta an SRSctransmitted inchuldesinglegfreduenayt bamdhfgr the
purpose of improving the measurement accuracy of the channel quality and an SRS transmitted in
different fréqueney Hands fop thet purpose of ndasutingrthe chahnerduality irsa Wide vantt Tthe
terminal m?:édefine these aperiodic-SRSs as different types of SRS to determine 150ffset value

PSRS_OFESET & ofdifg tthErtpe 6RSRS [GTIBIRG exipiel a8 shBwitinedichot P4 Biminal
(offset value determination sectign 5 ets offset yalue PSRS_OFFSET of. 3 dB to an one-shot SRS,
sets offset 98%?95@@3@%&%&?@@% to gﬁ‘ﬁ%ﬁsﬁotﬁﬁ%@én‘éﬁﬁﬁe@ i’hs.a1 giﬁ‘_ﬁ]férff?etdagncy band,
and seis 200feeL YIS RSRIORRIET 3 (818 haulfshol 3RS dnemitied n.dffeten
frequency bands: That is, as shown in FIG. f&) the terminal’associates greater offset value

PSRS_OFESET, with the ope;shiat$RS dhan withhemulti shos SRS.rapsmitied in @ sivgledgequency

band for the following reason: in the case of the 25 multi-shot SRS transmitted in a single band,
averaging a pluraligysof SRSsat the bagestation:gan suproxyaithe measurement qualityngf the channel.
On the other hand, in the case of the one-shot SRS, 2F11016-PCT the improvement of the
measurementegualityrbynsriue of ReragingnofsRSswannot imezexpectdduatt therbasesstatioh,cand thus
the one-shot SRS requires greater transmission power. Furthermore, the terminal sets the same offset
value PsR3n ORESET to $feSiuktiashdt 6 SRS gansaided i eliffeteAtlreqtehieyBahddand the
one-shot SRS for the following reason: in the case of the multi-shot SRS transmitted in different
frequiicy 15AAE the IMpHdVERteht of MHidmeaiirerhfit qBAIRY BY Virtde of ANRAGING SF SREE cannot

be expected at the base station, as with the Pase}rlof the one-shot SRS .JfOThtg%,&hear?lulti-ssfggt SRS
requires th&'$Hi8 S hry thhiigdion Powsl &s the SR8 Shot BRI Y '

[O117]A|ter?zaetlix\{glxbﬂ’}tc]{aé%rmi@ialn%ﬁmtlegﬂizﬁtpgquc—:ncy bands for the purpose of

measuring the channel quality in a wide band. The terminal may
define these aperiodic-SRSs as different types of SRS to determine
15 offset value Psrs orrser according to the type of SRS.
[0116] For example, as shown in FIG.10, a terminal {offsct value
determination section 503) sets offset value Pgrs orrser of 3 dB to
an one-shot SRS, sets offset value Pgrs orrsgr of 1.5 dB to a
multi-shot SRS transmitted in a single frequency band, and sets
20 offset value Psrs orrser of 3 dB to the multi-shot SRS transmitted
in different frequency bands. That is, as shown in FIG.10, the
terminal associates greater offset value Pgrs orrser with the
one-shot SRS than with the multi-shot SRS transmitted in a single
frequency band for the following reason: in the case of the
25 multi-shot SRS transmitted in a single band, averaging a plurality
of SRSs at the base station can improve the measurement quality of

the channel. On the other hand, in the case of the one-shot SRS,
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aperiodic-SRSs into different types of SRS depending on the interval of subcarriers in which the
aperiodic-SRS is arranged, and 15may determine offset value PSRS_OFFSET according to the type
of SRS. [0LE8]Bos-€xample, as shown in FIG.11, the terminal (offset value determination section
503) sets offset value PSRS OFFSET of 1.5 dB to an aperiod c-SRS arranged at a subcarrier interval
of 15 20kHz, and sets offset value PSRS_OFFSET of 3.0 dB to an aperiodic-SRS arranged at a

subcarrier inferval ot 30 KHz.Thaj s, fhe-derming! ARseniales,g1eotey et yalugr IR S, ORFSET with

an aperiodic-SRS arranged at a longer subcarrier interval.This iS beCause extension of the

subcarrientggval feads 10,3 feg¢regse xr-theaveragenwmpes of subcaskiersusedfeathethe
measurement of channel quality per unit frequency band, thus impairing the measurement accuracy of

the channeb guality {making \arigiinre 2 FelkOilie-P Clagreates s at thepbase istatidh THusy the ape
od.c-SRS arranged at a longer subcarrier interval requires greater transmission power.
[0119]Embbldintents: of tHespres¢htirnvention fitset beerdeBernibed 0L20]in tHecpresht-inbertion,

configurations of Embodiments 1 and 2 may be combined.Specifically, the offset settin% section of
5 SRS transmitted in different frequency bands and the one-shot SRS

for the following reason: in the case of the multi-shot SRS
transmitted in different frequency bands, the improvement of the
measurement quality by virtue of averaging of SRSs cannot be
expected at the base station, as with the case of the one-shot SRS,
10 Thus, the multi-shot SRS requires the same necessary transmission
power as the one-shot SRS.
[0117] Alternatively, the terminal may categorize the
aperiodic-SRSs into different types of SRS depending on the
interval of subcarriers in which the aperiodic-SRS is arranged, and
15 may determine offset value Pgrs orrser according to the type of
SRS.
[0118] For example, as shown in FIG.11, the ferminal (offset
value determination section 503) sets offset value Pgrs orrser of
1.5 dB to an aperiodic-SRS arranged at a subcarrier interval of 15
20 kHz, and sets offset value Pgsrs orrsgr of 3.0 dB to an
aperiodic-SRS arranged at a subcarrier interval of 30 kHz. That
is, the terminal associates greater offset value Pgrs orrsgr with an
aperiodic-SRS arranged at a longer subcarrier interval., This 1s
because extension of the subcarrier interval leads to a decrease in
25 the average number of subcarriers used for the measurement of
channel gquality per wunit frequency band, thus impairing the

measurement accuracy of the channel quality (making variation
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the terminal includes the elapsed-time calculation section, the power difference calculation section,
and the offset value determination section, as shown in FIG. 12.That is, the offset 10value
determinatigil B&c¢tiGhlshown in FIG. 12 determines correction value A o set for offset value
PSRS_OFFSET shown in Equation 2 according to both of elapsed time T explained in Embodiment 1
and power difference AP explained in Embodiment 2. Specifically, as shown in FIG.13, correction

value A -offsgt is associated with £lapsed 45 timeyT; andipower-difference AR. Gonaction yalde Aoffset
in FIG.13 is associated with elapsed time T and power difference AP according to the allowable

ranges of the TR&G ertar qresteibed e LTH (farexianaple rsea 3G PR 536 40 v89.0v(Table
6.3.5.2.1-1)), which are shown in FIGs.14A and 14B. Here, FIG.14A shows the 20 provision of the
allowable rafgé 8f the TP@ errdi (9c0r¢B) in the Jase afslapsed time Triohger tHamvZ0 mse@>20 ms).
FIG.14B shows the provision of the allowable range of the TPC error in the case of elapsed time T of
20 ms or le$$ {FL.P041s). In FIG.14B, grater power difference AP is associated with the greater

allowable 25range of the TPC error. [0121]In FIG.13, constant correction yalue Aoffset (0 dB) is
associated %ﬂﬁxﬁth the chse R Ligpdeftintd ko6 S ARG Hith O BE 12616 ERER of elapsed

time ofms and of 15 dB or greater, bas on‘Fth. fA d 14B.That is constant correctign value
Ae,is assoacl?éjted With'di erce%%éélﬁgéid tir:g(;lg T°A le?ﬁ]é Rflé?;[/r%lgc%c%c?i%g ] %(;tljen&res’s%%%%\l}e%ct{gn,

greater corgciopyalie APTihamay he associgied wit langer elapsed fiment ag shawn inklG. 15

power difference calculation section, and the offset value
determination section, as shown in FIG.12. That is, the offset
10 value determination section shown in FIG.12 determines correction
value A oreser for offset value Psps orrser shown in Egquation 2
according to both of elapsed time T explained in Embodiment 1 and
power difference AP explained in Embodiment 2. Specifically, as
shown in FIG.13, correction value Aggpser 15 associated with elapsed
15 time T and power difference AP. Correction value Agrfser 10
FIG.13 is associated with elapsed time T and power difference AP
according to the allowable ranges of the TPC error prescribed in
LTE (for example, see 3GPP TS36.101 v8.9.0 (Table 6.3.5.2.1-1}),
which are shown in FIGs.14A and 14B. Here, FIG.14A shows the
20 provision of the allowable range of the TPC error (£9.0 dB) in the
case of elapsed time T longer than 20 ms (T>20 ms). FIG.14B
shows the provision of the allowable range of the TPC error in the
case of elapsed time T of 20 ms or less (T<£20 ms). In FIG.14B,
grater power difference AP is associated with the greater allowable
26 range of the TPC error.
[0121] In FIG.13, constant correction value Agrrser (O dB) 1s

associated both with the case of elapsed time of T>20 ms and with
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instead of FIG.13.That is, in FIG. 15, different correction value AolThi is associated with different
elapsed times T and with different power differences AP.Furthermore, in FIG. 13, constant correction
value Aoffsetlis)assadiated with longer elapsed time T 10 (T>20 ms) regardless of the value of power
difference AP. Alternatively, as shown in FIG. 15, different correction value Aojese, may be associated
with longer elapsed time T (T>20 ms) according to power difference AP. [0122]By using the

corespondgnces, 0 FIG.47,4nd 45, the. Latprminabcan.coniol e SRS ¥ansmission paver by taking

into consideration both elapsed time T and power difference AP. That is, the terminal can control SRS

transmissiqyy, ReWeL More precisely andicanfyriherirgducesthe; waste: pewes eopstivptiamecampared to
the above embodiments while preventing deterioration of the SINR 20measurement accuracy caused

by the TPCAgrrQr, at the haseistadions [0123]Altbough a casedhsiiren describddavhers adkyminal has
a single antenna in the above embodiments, the present invention can be applied to a case where a
terminal hasca: plutality abantenmas: For texamplet i@nshpneeire FIGo 16 tdiminal 400chaving N
antennas 25113-1 to 113-N includes transmission processing sections 401-1 to 401-N corresponding
to the Pesptiive bntemias Hered eddhtrdnangission procebsing' Sedtichs 401 éRidds, fdfedample,

2F11016-PCT .. . .
instead of FIG.13. That is, in FIG.15, different correction value

Aotrse; 18 associated with different elapsed times T and with
different power differences AP. Furthermore, in FIG.13, constant
correction value Agggset 15 associated with longer elapsed time T
10 (T>20 ms) regardless of the value of power difference AP.
Alternatively, as shown in FIG.15, different correction value Agrsser
may be associated with longer elapsed time T (T>20 ms) according
to power difference AP.
[0122] By using the correspondences in FIGs.13 and 15, the
15 terminal can control the SRS transmission power by taking into
consideration both elapsed time T and power difference AP. That
is, the terminal can control SRS transmission power more precisely
and can further reduce the waste power consumption compared to
the above embodiments while preventing deterioration of the SINR
20 measurement accuracy caused by the TPC error at the base station.
[0123] Although a casc has been described where a terminal has a
single antenna in the above embodiments, the present invention can
be applied to a case where a terminal has a plurality of antennas.
For example, as shown in FIG.16, terminal 400 having N antennas
25 113-1 to 113-N includes transmission processing sections 401-1 to
401-N corresponding to the respective antennas. Here, each

transmission processing section 401 includes, for example,

45



components from RS generation section 101 to CP addition section 105 shown in FIG.2. Furthermore,
offset setting sections 402-1 to 402-N shown in FIG.16 may employ the same configuration as offset
setting sectibn AB6KEFIG.2), offset setting section 301 (FIG .6), offset setting section 501 (FIG. 8), or
offset setting section (FIG. 12). Offset setting sections 402 of respective transmission processing
sections 401 of terminal 400 shown in FIG. 16 determine correction values Aoffset for offset values

PSRS_OFESET, (05 offset MalueseRsas PER2 ) of despeative PReSAP tansipitied fomithe

respective antennas according to the respective transmission time intervals (above-described elapsed
times T or SRS YrrRosmissION periods TsRs) 10s raspestiverdifteranaes of tkansmission pRWEr o
(above-described power differences AP) in the antennas.Then, transmission power control sections
111 in 15transmissiah sectiona 109 &f tefminald00mentrel respective transmissian power of the SRSs
transmitted from the antennas by adding respective correction values Aoffset assigned to SRSs
transmittedofféae antentias o respettive dffset Vdilés PSR IDFESETR (bt by usingtdeterniihiéd offset

values PSRS_OFFSET).In this way, 20terminal 400 seé)aratel)gcdetermines correction values Acme' (or
offset Valudd' PSR -OPESETL, foredkitple)shhictPare tded (B Hantdl rassnissici poviet dFdhe SRSs

transmitted from ante nales.Th?t is, ter@lﬂal A{OO dettermines of{set Va'”f@ éor thfe resgectivte SRSs
transmittedfforhe rellfo Civerdntenndd T ordifigtd the 25488 ctive transiissich fimgtintérvals

patli st e L R
FIG.16 determine correction values Agrrse:r for offset values
Psrs orrser (or offset values Psrs orrser) of respective SRSs

i0 transmitted from the respective antennas according to the
respective transmission time intervals (above-described eclapsed
times T or SRS transmission periods Tgrs) or respective differences
of transmission power (above-described power differences AP) in
the antennas. Then, transmission power control sections 111 in
15 transmission sections 109 of terminal 400 control respective
transmission power of the SRSs transmitted from the antennas by
adding respective correction values Agfrser assigned to SRSs
transmitted from antennas to respective offset values Psrs orrseT
(or by using determined offset values Pgsgs orrser). In this way,
20 terminal 400 separately determines correction values Agrrser (OF
offset values Pggrs orrsar, for example) which are used to control
transmission power of the SRSs transmitted from antennas. That
is, terminal 400 determines offset values for the respective SRSs
transmitted from the respective antennas according to the
25 respective transmission time intervals between SRSs (e.g. SRS

transmission periods) in the antennas, and uscs the offset values

assigned to respective SR8s to control transmission power of SRSs
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transmitted from the antennas.This enables terminal 400 to set different transmission power to each
antenna using, for example, a common parameter (e.g. offset value PSRS_oFFsET) reported from the
base statio# totHe&iitennas.With this configuration, terminal 5400 can appropriately control the SRS
transmission power for each antenna, and thus can further reduce the SRS transmission power
compared to a conventional technique in which the SRS transmission power is controlled uniformly for

all antennags.{Q12A]Fwiherragre tindhepresantsinvemion, wherbaderminal has10® pluralikycof
antennas as explained in FIG. 16, the terminal may control transmission power of the SRSs by using
the ratio ofd&ddla venrection value sAoff'tfomofisebvaluelP SRS n®@ERSET ¢ Of vatioxofeadle offset value
PSRS OFFSET) assigned to each SRS, as the ratio of the transmission power assigned to each SRS
to the total AGwansmision Pever dssignead {6 all BRI thmsmittedsfearh 16@ ahtéANEL0 SpekHically,
although the above embodiments describes a case in which transmisgion power of an SRS transmitted

from each BAhnal Rl defind® asFsRLhEHOWN in BYUiAtiohP Hr 2P MiseaHBbtifent HE8dAideEs a case

in which thﬁ é%rmi'nal defines the O1 total ﬁg@nﬁn}:ﬁsiog Q"V&ra%fsang"sjé?"tx of OSVIVRS?S C<;;1rnsﬁrr&1it5$d
simultaneously from fﬁ%pp ﬁr%ﬁfﬁo? ahtennas as PSRE() Shown in quaﬂon% or 2% That IS, fotal

ransmissiop powet PSRs() of e pluyaly;of SRs fgclovipied Rkadina et AU o or

PSRS_OF&% to the PUSCH transmission power.Then, as with the above 25embodiments, the

terminal detgrminesecorracionvalyes,Aeffset fos respestive; giiset vialuesy SRS_OFE SEragccording
to the respective transmission time intervals (elapsed times T (e.g. FIG.4)) or power 2 110 6-PCT

transmission power is controlled uniformly for all antennas.
[0124] Furthermore, in the present invention, when a terminal has
10 a plurality of antennas as explained in FIG.16, the terminal may
control transmission power of the SRSs by using the ratio of each
correction value Agppses for offset value Pgrs orrser (or ratio of
each offset value Pyrs orrser) assigned to each SRS, as the ratio of
the transmission power assigned to each SRS to the total
15 transmission power assigned to all SRSs transmitted from the
antennas. Specifically, although the above embodiments
describes a case in which transmission power of an SRS transmitted
from each antenna is defined as Pggrs(i) shown in Equation 1 or 2,
this embodiment describes a case in which the terminal defines the
20 total transmission power of a plurality of SRSs transmitted
simultancously from the plurality of antennas as Pgps(i) shown in
Equation 1 or 2. That is, total transmission power Psgrs(i) of the
plurality of SRSs is calculated by adding offset value Psrs _orrser
to the PUSCH transmission power. Then, as with the above
25 embodiments, the terminal determines correction values Agerser for
respective offset values Pggrs orrsgr according to the respective

transmission time intervals (elapsed times T (e.g. FIG.4)) or power
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differences AP (e.g. FIG.?)), or differences of transmission power (power differences AP (e.g. FIG.?))
in the respective antennas (or offset values PSRS_OFFSET is determined according to the respective
SRS transmiziissida-petiods (types of SRS (e.g. FIGs.9-11) in the 5 antennas). Then, the terminal
controls transmission power of the SRSs by using the ratio of correction value Aoffset (or the ratio of
offset value PSRS_OFFSET) assigned to each of the SRSs transmitted from the respective antennas

as the ratioQkHansmIFsion @%@gaslsig@ed)gée@%@ffﬁe% SR vansrpited framthedrespective 10

antennas to the total transmission power PsRs(i). That is, in an antenna from which an SRS having

smaller corrgetipn valuerpoffsetdor offset valug RSRS) QRF8ET risstpansmitted. therdate qfor

transmission power of the SRS to total transmission power PsRs(i) is smaller and smaller transmission
power is assigred toatheek5nienna s K other dwarel; ini thedanrtenna drong whiath ant SRSckiaving smaller
correction value Aoffset is transmitted (the TPC error is smaller), deterioration of the SINR
measuremént Scéuracynat thédiase statichs cavteefurther preVertedzand tessRS dranstnisien power
at the terminal can be further reduced. In this way, similar 20 effects to the above embodiments can be
obtainéd edél frilthesdase WHER thE teffiial ﬁégscéb‘i‘lté&ﬂ% Ui WA ¥8&0 BeRAMiREPActbFding to

elapsed time T_or power difference AP, (or the SRS transmission period (offset value PSRS OFFSET
determinedsa&éércﬁﬁ”g 15 thé 1y §O?§ﬁé)ﬁg§ tHE 4605 t?a%‘ﬂ‘rﬁs%&ﬁsﬁb grroﬁégcﬁa }??SU?

25transmittef{rom eahaennas [0123) Fychermorey n the.abave gubeqigents, g case s been

described where B hdwn'in Equation 2 Is determined 2F11016-PCT with reference to

an assumeg. maximum TRG ek (e.& IGs:h and ) vhiterpatively, pccording 1@ $hepresentinvention,
P - SRS_OFFSET shown in Equation 2 may be determined with reference to an assumed minimum

TPC error. in thisicage teprregtian fue e N8RS may herdetesingd suchithat greaperdarrection
value Aoffset is associated with longer elapsed time T (T>20 ms) as shown in FIG. 17, and such that
greated coreectionnvaduedAolfi't is assbciatedswitts greatep povwer differende AP &sishowniin RIG. 18.
[0126]Although a case has been described with the above 10embodiment where the present invention
is configurexhas anartanma vife phesentSRvention is alsoraplicalsle 1o dhtenitd pordorrset

(or offset value Pgsrs orrsgr) 1S transmitted, the ratio of
transmission power of the SRS to total transmission power Psrs(i)
is smaller and smaller transmission power is assigned to the
15 antenna. In other word, in the antenna from which an SRS having
smaller correction value Agrsser 18 transmitted (the TPC error is
smaller), deterioration of the SINR measurement accuracy at the
base station can be further prevented and the SRS transmission
power at the terminal can be further reduced. In this way, similar
20 effects to the above embodiments can be obtained even in the case
where the terminal wuses correction value Aggrser determined
according to elapsed time T or power difference AP (or the SRS
transmission period (offset value Psrs orrsrr determined according
to the type of SRS)), as the ratio of transmission power of each SRS
25 transmitted from each antenna.
[01257 Furthermore, in the above embodiments, a case has been

described where Pgrs orpser shown in Equation 2 is determined
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[0127]The term, antenna port, refers to a logical antenna configured with one or a plurality of physical
antennas.That is, an antenna port does not always refer to one physical antenna, and 15can also
refer to, for2eéxampté an array antenna configured with a plurality of antennas. [0128]For example, in
LIE, how many physical antennas constitute the antenna port is not prescribed, and an antenna port
is prescribed as a minimum unit by which a base station can transmit a 20different reference signal.

[0129]Furthet g AIFENNAROKISA{SQ Ly gscikedhas aminimumaunitwith which theaveight ot
precoding vector is multiplied. [0130] Also, although cases have been described with the above

embodimentias exgmplas whereytha presant:inyeotiondspaasiguteth2&hythardwake,sthesprasent
invention can also be realized by software. [0131]Each function block employed in the description of
each 2F11016wRCTof thewforementionetyentzodineatsmmay dypically bedfimplemented astan LSI
constituted by an integrated circuit. These may be individual chips or partially or totally contained on a
single chip 211mis ddopredrhere Bt thismmay-alsdibé éferadto 88 I'IC By sterhuleSH's tsuper LSI,"
or "ultra LSI" depending on differing extents of integration. [0132]Further, the method of circuit

integration & hbt MfiitstF {6 1818 hdstplentBAtatdhidiRG deaicEe Gifculth) BF géharats 15

associated with longer elapsed time T (T>20 ms) as shown in
FIG.17, and such that greater correction value Agrssor 18 associated
with greater power difference AP as shown in FIG.I8,
(0126} Although a case has been described with the above
10 embodiment where the present invention 1is configured as an
antenna, the present invention is also applicable to an antenna port.
[06127] The term, antenna port, refers to a logical antenna
configured with one or a plurality of physical antennas. That is,
an antenna port does not always refer to one physical antenna, and
15 can also refer to, for example, an array antenna configured with a
plurality of antennas.
[0128] For example, in LTE, how many physical antennas
constitute the antenna port is not prescribed, and an antenna port is
prescribed as a minimum unit by which a base station can transmit a
20 different reference signal.
[0129] Further, an antenna port is also prescribed as a minimum
unit with which the weight of precoding vector is multiplied.
[0130] Also, although cases have been described with the above
embodiment as examples where the present invention is configured
25 by hardware, the present invention can also be realized by
software.

{0131] Each function block employed in the description of each
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purpose processors is also possible. After LSl manufacture, 10 utilization of a programmable FPGA
(Field Programmable Gate Array) or a reconfigurable processor where connections and settings of
circuit cellsawithinéaPCLSI can be reconfigured is also possible. [0133]Further, if integrated circuit
technology comes out to 15replace LSI's as a result of the advancement of semiconductor technology
or a derivative other technology, is naturally also possible to carry out function block integration using

this technology.,ApRlication of bigtechnelpgyJa alsePassibls, I013AThediscloswesefn ented
JapanesePatentApplication 20 N0.2010-105323, filed on April 30, 2010 and Japanese Patent

ApplicationgNo.2010-249128, fileduar Nowgmher 5,12Q10.4netuding the specifiatiansmdrawings and
abstracts, are incorporated herein by reference in their entirety. 25Industrial Applicability [0135]The
present invantioniid applichbpes t@ a mobile: Ebynmurticatibhysysteny for dxampie s 2RO T6-RCT
Reference Signs List [0136] 100, 300, 400, 500 terminal 5200 base station 101 RS generation
section 102° pHake rotatiom séetorh 208 nbapipiblyisectigry also be referred to as “IC,”

5  “system LSI,” “super LSI,” or “ultra LSI” depending on differing
extents of integration.
[0132] Further, the method of circuit integration is not limited to
LSI's, and implementation using dedicated circuitry or general
purpose processors is also possible. After LSI manufacture,
10 utilization of a programmable FPGA (Field Programmable Gate
Array) or a reconfigurable processor where connections and
settings of circuit cells within an LSI can be reconfigured is also
possible.
[0133] Further, if integrated circuit technology comes out fo
15 replace LSI's as a result of the advancement of semiconductor
technology or a derivative other technology, it is naturally also
possible to carry out function block integration wusing this
technology. Application of biotechnology is also possible.
[0134] The disclosures of Japanese Patent Application
20 No.2010-105323, filed on April 30, 2010 and Japanese Patent
Application No0.2010-249128, filed on November 5, 2010, including
the specifications, drawings and abstracts, are incorporated herein

by reference in their entirety.

25 Industrial Applicability
[0135] The present invention is applicable to a mobile

communication system, for example.



104 IFFT section 10105 CP addition section 106, 208, 301, 402, 501 offset setting section 107
elapsed-time calculation section 108, 303, 503 offset value determination section 109 transmission
section 15LF0IDIA-8ELtion ill transmission power control section 112 up-conversion section 113, 201
antenna 202 reception section 20203 CP removal section 204 FFT section 205 demapping section
206 cyclic shift amount setting section 207 SRS SINR measurement section 25209 data SINR deriving
section 210 channel quality deriving section 302 power difference calculation section

Reference Signs List
[0136]
100, 300, 400, 500 terminal

5 200 base station
I01 RS generation section
102 phase rotation section
103 mapping section
104 TFFT section

16 105 CP addition section
106, 208, 301, 402, 501 offset setting section
107 elapsed-time calculation section
108, 303, 503 offset value determination section
109 transmission section

15 110 D/A section
111 transmission power control section
112 up-conversion section
113, 201 antenna
202 reception section

20 203 CP removal section
204 FFT section
205 demapping section
206 cyclic shift amount setting section
207 SRS SINR measurement section

25 209 data SINR deriving section
210 channel quality deriving section

302 power difference calculation section



2F1.1016-PCT 401 transmission processing section 502 SRS-type determination section
2F11016-PCT CLAIMS Claim 1 A radio communication apparatus that adds an offset value to
transmissich POWeref a first signal to control transmission power of a second signal, the apparatus
comprising: 5 a control section that controls the transmission power of the second signal using the
offset value determined according to a transmission period of the second signal; and a transmission
section that; ranspitssthe secondhsignakwithgdhesteansmission power controlled in the control section.
10 Claim 2 The radio communication apparatus according to claim 1 , wherein the offset value is
determineds S tR&t -thetrarkmissiompowen ofdbhéisecond signal in the case where the second signal
has a short transmission period is lower than the transmission power of 15the second signal in the
case where the second signal has a long transmission period. Claim 3 The radio communication
apparatus according to claim 1, wherein the offset value is determined according to whether the
20transmission period is set to the second signal. Claim 4 The radio communication apparatus
according to claim 3, wherein the offset value is determined such that the transmission power of the
second signal to which the transmission period thereof



25is set is lower than the transmission power of the second signal to which the transmission period
thereof is not set. 2F1 1016-POT Claim 5 The radio communication apparatus according to claim 1,
further conmypilisimg-aPlurality of antennas, wherein the control section controls the respective
transmission power of each of a plurality of the second signals 5 using the respective offset values
corresponding to the plurality of second signals transmitted from the respective antennas, the offset
values being dete ined according to the transm¢sgian pegiods of the second signals in the respective
antennas. 10Claim 6 The radio communication apparatus according to claim 1, further comprising: a
plurality of antginnas; and radio a settingsection that detgeminassthehoffses ¥dlues soreddpending to a
plurality of the second signals transmitted from 15the respective antennas according to the
transmissioreperodsof thesecorid sigmals e the respéctive afiienhassignal whereinad wohtrol
section controls the respective transmission power of each of the plurality of second signals using a
ratio of the (Gfioetvafife esrre8ponting tb 4619 BtH Hiutality o ZPSTCHE SigrRsPiHE Hato of the
offset value being a ratio of the transmission power assigned to each of the plurality of second signals
to totaP transmission poWER HEotGFAASHISEBh POWEF BEinG okt BERIGRELPH ALPHE Eedbnd
signals transmitted from the respective antennas.and being calculated by adding the offset value 25to
the transmits%s?or% %%%%?o?ltﬁg ﬁll’OS%l é?ilgrhgl .téFaicrﬁftgsﬁgevrgﬁ%ec%r#ﬁﬂﬁ]lclgt)léo% %ﬁﬁ%rra us %c%br%ling to

claim 1, Zthljanlsﬁliﬁgg—ion period of the second signal; and

a transmission section that transmits the second signal
with the transmission power controlled in the control section.
16
Claim 2 The radio communication apparatus according to claim I,
wherein the offset value is determined such that the transmission
power of the second signal in the case where the second signal has
a short transmission period is lower than the transmission power of
15 the second signal in the case where the second signal has a long

transmission period.

Claim 3 The radio communication apparatus according to claim 1,
wherein the offset value is determined according to whether the

20 transmission period is set to the second signal.

Claim 4 The radio communication apparatus according to claim 3,
wherein the offset value is determined such that the transmission
power of the second signal to which the transmission period thereof
265 is set is lower than the transmission power of the second signal to

which the transmission period thereof is not set.

23



wherein the first signal is a signal transmitted through a physical uplink shared channel (PUSCH), and
the second signal is a sounding reference signal (SRS). Claim 8 The radio communication apparatus
according & tl&if 1 Wherein the second signal to which the transmission period thereof is not set is a
sounding reference signal (SRS) transmitted only once after reception of a trigger signal from a base
station apparatus. 10 Claim 9 A radio communication apparatus that derives channel quality of a

second sigpahfrgmschannel quality o6 afikst isignal usingraruetisatvaliueo the appesatia tamprising: a
reception section that receives the first signal; and 15 a channel quality deriving section that derives

the channefgudlity af dhepsdéednd sigpahfram thechamnelquality of the first signal, using the offset
value determined according to a transmission period of the second signal. 20Claim 10 A method of
controlling transmissiol pewettin & hetlio conimuhicagehiapparatustitatsadds an sfseCvdESto
transmission power of a first signal to control transmission power of a second signal, the method

comprisingt I 208 MiSEEAROMAGRE tPan<tAiSSion hower 8 thE E¥corid Sighnal 2%08ihg the bifset value

determined agcording to a transmission.period of the second signal. 2F11016-PCT Claim 11.A
method of Hél’if}iﬁgtﬂﬁahﬁ%?aﬁéfiﬁ/ethoaﬁde Shnel que %f%ggtct)ﬁdqgiiﬁn%ﬁ:?r%?r!]léﬁ’aﬂ]rﬁel quality

riveéd chahnd qua?i?yoo
of a frst signaleind anffset Yale 0, faa ERd BUMAANG: ;v e o fRLINGIEiChANARIGually of
the second sngngl usm% the offset value determined according to a transmission period of the second
signal. values being determined according to the transmission periods of

the second signals in the respective antennas.

10 Claim 6 The radio communication apparatus according to claim 1,
further comprising:
a plurality of antennas; and
a setting section that determines the offset values
corresponding to a plurality of the second signals transmitted from
15 the respective antennas according to the transmission periods of
the second signals in the respective antennas,
wherein the control section controls the respective
transmission power of each of the plurality of second signals using
a ratio of the offset value corresponding to each of the plurality of
20 second signals, the ratio of the offset value being a ratio of the
transmission power assigned to each of the plurality of second
signals to total transmission power, the total transmission power
being power assigned to all the second signals transmitted from the
respective antennas and being calculated by adding the offset value

25 to the transmission power of the first signal.
Claim 7 The radio communication apparatus according to claim I,

h4
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wherein the first signal is a signal transmitted through a physical
uplink shared channel (PUSCH), and the second signal 1s a

sounding reference signal (SRS).

Claim 8 The radio communication apparatus according to claim 1,
wherein the second signal to which the transmission period thereof
is not set is a sounding reference signal (SRS) transmitted only
once after reception of a trigger signal from a base station

apparatus.

Claim 9 A radio communication apparatus that derives channel
quality of a second signal from channel quality of a first signal
using an offset value, the apparatus comprising:

a reception section that receives the first signal; and

a channel quality deriving section that derives the
channel quality of the second signal from the channel quality of the
first signal, using the offset value determined according to a

transmission period of the second signal.

Claim 10 A method of controiling transmission power in a radio
communication apparatus that adds an offset value to transmission
power of a first signal to control transmission power of a second
signal, the method comprising:

controlling the transmission power of the second signal
using the offset value determined according to a transmission

period of the second signal.

hb
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Claim 11 A method of deriving channel guality that derives channel
quality of a second signal from channel quality of a first signal
using an offset value to, the method comprising:

deriving the channel gquality of the second signal using
the offset value determined according to a transmission period of

the second signal.



