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DESCRIPTION BASE STATION DEVICE, MOBILE COMMUNICATION
SYSTEM, MOBILE STATION AND COMMUNICATION CONTROL
METHOD 5 TECHNICAL FIELD The present invention relates to LTE
(Long Term Evolution) systems and more particularly to base stations,
mobile communication systems, mobile stations 10 and communication
control methods. BACKGROUND ART A communication scheme
succeeding to W-CDMA and Hggg';&hgfﬁé NE (Long Term Evolution),
is 15 discussed in a standardization group 3GPP for the W-CDMA. As
i he I quens

@ﬁ%ﬁﬁ Mu tlls?eﬂ)ﬁ?]]:e)\? ai;l(géS’C’-\hl:al-Dgh/IIE II:;(gknﬂ Aﬁ@%&?ﬂ%&ﬁeg F\ljjenc Dklvl\{ls’lol\r/llOB ILE
Multiple ASIAH B8 NGS5 RN HANAT KA GRNKE lsp MET 9 DFor
20 example, see 3GPP TR 25.814 (V7.0.0), "Physical Layer Aspects for
mﬁmgﬁooa The OFDM is a scheme where a frequency

| HH aller frequency bands (subcarriers) and data is
transmitted in thEbe frpaesey baridsy 25 Aeconding dathe ©FOM LifliE (Long
PRSP nARhEYS it SSIRPTIPR YE FEFURIPY IR base
efficiency by arranging thé subcarriers in the frequency band densely ]
R AilruameiRKd e iee e AFREAP BveYadsifpor helklbeasitations
dadhe SemcPNdaxd sehepunwiiere anfeeeneriy band is divided and the
resulting frequency bands are used for different terminals, which can

reduce interference among the terminals. According to the SC-FDMA,
BAEHIOROUNEANARIE power can be reduced, resulting 1

A communication scheme succeeding to W-CDMA
and HSDPA, that is, LTE (Long Term Evolution), is
discussed 1n a standardization group 3GPP for the W-CDMA.

As radio access schemes for the LTE, OFDM (Orthogonal
Frequency Division Multiplexing) and SC-FDMA
(Single-Carrier Frequency Division Multiple Access) are
discussed for downlink and uplink, respectively. For
example, see 3GPP TR 25.814 (V7.0.0), “Physical Layer
Aspects for Evolved UTRA”, June 2006.

The OFDM i1s a scheme where a frequency band
is divided into smaller frequency bands (subcarriers)
and data is transmitted in these frequency bands.
According to the OFDM, it is possible to achieve Taster
transmission and improve frequency utilization
efficiency by arranging the subcarriers in the frequency
band densely without mutual interference while allowing
overlapping of the subcarriers.

The SC-FDMA i1s a scheme where a frequency band
is divided and the resulting frequency bands are used
for different terminals, which can reduce interference
among the terminals. According to the SC-FDMA,
variations of transmit power can be reduced, resulting
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in less consumption of power in the terminals and wider coverage. In the
LTE system, a base station (eNB: eNodeB) controls receive timings of
signals received in uplink 5 channels from simultaneously accessing
mobile stations such that the receive timings can be within a CP length. In
addition, the base station controls transmit timings of the mobile stations

thro downllnks nalm in_qrder to maintain orthogonality apnong the .
HionlE 36 CERBRLITR A il & Fodilet iR BAaRG and wider
cavmpaigating to the base statlon the base station may control the

transmit timing Rasqd,an the-recrivetiming b<H§e°E§§§'€P8Hf BB\ odeB)

from the mobile station. 15 In the case where a mobile statlon ttempts to
s@RtEAARumieRRRY o THEHERE St8dn Sdrona bther B6/d Ve bhseup 1 1nk

slatipme Ry Cf'?rfmﬁ tRq HamstahEv0s b%%@éﬁ@ir@gem@mmm @@at ions
RACH ‘HE, Access Chann Ii transmitted fr&}m the mobile st I|:g)n| th.
SRRt o ey b et R T e Rl
hojustid lrtimnnomreesthwre nsalyeliel dafined rat ifallbs/st therssijustmédim i ngs
‘Po'ﬁ'ﬁte %'ﬂ)‘ﬂ’@ lé”itaué i%éd}ﬂﬁtpmgﬂmﬂwpi knfd @h%{(ﬁ&ﬁ ng in

-Kr, -Ki+l, .. ., In theTormula, -K1 through
96@&50% t'Baa! FﬁF@é i mé‘éﬁlﬂﬂﬂﬁ'@rﬂ L6 UAMA Kk tHHRnMartde

anc g thagrange is wider, a greater number of bits is required for the
downlink signali l_:%"EBDISCLOS RE OF INVENTIO %PROBLEM TO BE

SOLVED BY THh ENFORHISHe & TRPIDK S SRkdgd S currently
basckgroundaking to the base station, the base station may

control the transmit timing based on the receive timing
of a pilot signal transmitted from the mobile station.
In the case where a mobile station attempts to start
communications to the base station, on the other hand,
the base station may control the transmit timing based
on the receive timing of a RACH (Random Access Channel)
transmitted from the mobile station.

For the above downlink signaling, an amount
of the transmit timing adjusted In the mobile station
may be defined as follows,

the adjustment amount = (minimum unit of the
adjustment amount) X Kk,
where k 1s —K;, -Ki+1, ..., -1, 0, 1, ..., Ky-1,6 Kj.

In the formula, -K; through K; corresponds to
a range of the adjustment amount of the transmit timing,
and as that range is wider, a greater number of bits is
required for the downlink signaling.

DISCLOSURE OF INVENTION
[PROBLEM TO BE SOLVED BY THE INVENTION]
However, the above-mentioned background art

has some problems as follows.
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has some problems as follows. 2 In the state where communications are
to be initiated or substantially the same state as the communication
initiation due to established communications but ongoing
off-communications (which 5 are collectively referred to as "the
communication initiation state" hereinafter), the transmit timing may be
controlled based on aa adjustment a ount raré?ae different from the

adjustment amolifit Se ﬁ)‘f?ﬂéetﬁﬁ Shittih %ﬂﬁ&@&ﬂﬁlﬂﬁlcgtro%sto be
Bpadificty d Osincs dbsttarstitaihlipg theemshileeststiomtreayas the

SaniicAideYa "L PLRELIMAAL B SATymwtign itation

state, a larger adjustment amount range may be required to control the
ﬁamﬂMﬂhﬁﬁb'@ﬂ%h@HﬁePﬁQ@'ﬁEGQm 1eASHK BrhfR 2 the(Which

ﬁp@"%@tﬂl?‘bma)(/@qt;jlelﬂ‘@ﬁfg@ thedasopss timgge r@@iﬁg’ﬁ”ﬂﬂﬁﬁﬂ:: on
communicatons Sm usime ran e.r I.re (0]
R B R A RS B S e X Tl may

ae inccomtormkyl esth bms&ﬁrmnnumﬂom_hjnagmmetab, angreattr maniger
QliFPLPANE PABEEAA LS, o SIPP2NEGIQ LSRN ”"ﬂ?P"tthe

timing, resulting in_an increase 1n signaling overhead and actordin

19
§nas Bidouht gt EBmnmIckiich CQIBRIH IEedhbasts 25 iftRe St ineﬁ?al ly,

sdjHgimenhamaurd RNYE s ﬁemi-ln gcopPraitywidi the csrgaegdon may
cammul |cat|on state, glIhe tr tlmlng could not be ontrolled ?ropﬂ%

SN R Can Y R %tuon 'Sthte FTHUSOME orestittiRFention
addrassebclad Borabavd heatdned pediadie.,Ore disje@efthaghiesstment

H¥BRHPR IS rRyevidag PBee Falan A&vPPE® control the transmit

timing. On the other hand, since the transmit timing of
the mobile station may not deviate from the proper timing
relatively during communications, a smaller adjustment
amount range may be required to control the transmit

timing.

IT the larger adjustment amount range is used
in conformity with the communication iInitiation state,
a greater number of bits may be required in the downlink
signaling to control the transmit timing, resulting iIn
an increase in signaling overhead and accordingly a
smaller amount of communication capacity. In contrast,
iT the smaller adjustment amount range is used 1In
conformity with the ongoing communication state, the
transmit timing could not be controlled properly under
the communication initiation state.

Thus, the present i1nvention addresses the
above-mentioned problem. One object of the present
invention iIs to provide a base station, a mobile
communication system, a mobile station and a
communication control method that can control the
transmit timing in uplink transmissions properly with
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communication system, a mobile station and a communication control
method that can control the transmit timing in uplink transmissions
properly with 3 limited signaling overhead by defining different adjustment
amount ranges of transmit timings adapted for the communication
initiation state and ongoing communication state. 5 [MEANS FOR

OLVING, THE PROQBLEM] | t the ab lem,

STEEInS BRREAAARAR TR to b ALE bR dor T PPEPENE.
adjumgtimgting anmilfamgqsvﬂéreinahe; mbiil€ L0 stegisnacbaprbésl for
@m&plwnﬁr&@'i'Bﬁfﬁgﬂam?i‘”ﬂw_aﬁf&ﬁ': Yassheng %ﬂ'%QFPé{'A
scheme, the base station comprising: an adjustment amount range

soMiRY i &R reid E6t-an adjustment amount for adjusting a
transmit timing of the uplink signal to have different 15 ranges depending

LA o0 T LA B L obile staton. According
to the aspect, it Bpaskibherto tindioxte oo adjudtimenadmomt faroblem, one
%%JE@E‘G e %'BMQ&WH”?ﬁ%ﬁﬂ%‘ﬂ'%i‘%‘@t%%wﬁ@ station

ber of signaling bits for channel types of uplink signals. Another )
ke G onthepteRbindefoR Rekdhs sEakiQaisierein the mobile

saamibinatingn anmiaksle asiatinp Mihekeis ipraqbilprstaiioo drademice with
T e et e L
senmrati s gent amoadifosddjeditig anpamshitrtanog oSe& tpligk unit
SI9RT!#Y D eudiferest e S AR PERARL A VRRS AhR P Ik FP0ER ing a
%@gﬂsmit timing of the uplink signal to have different
ranges depending on types of a channel transmitted by
the mobile station when the base station indicates the
adjustment amount to the mobile station.

According to the aspect, it is possible to
indicate the adjustment amount for adjusting the transmit
timing to the mobile station with an optimal number of
signaling bits for channel types of uplink signals.

Another aspect of the present invention
relates to a base station for communicating to a mobile
station wherein the mobile station transmits an uplink
signal 1n accordance with a SC-FDMA scheme or an OFDMA
scheme, the base station comprising: a range setting unit
configured to set an adjustment amount for adjusting a
transmit timing of the uplink signal to have different
ranges depending on types of a downlink control signal
when the base station indicates the adjustment amount
to the mobile station in the downlink control signal
transmitted by the base station.

One aspect of the present invention relates
to a mobile communication system including a mobile
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30 when the base station indicates the adjustment amount to the mobile
station in the downlink control signal transmitted by the base station. One
aspect of the present invention relates to a mobile communication system
including a mobile 4 station and a base station communicating to the
mobile station, wherein the mobile station transmits an uplink signal in
accordance wit -FDMA scheme or an OFDMA scheme, and the

PRt ARG B 02 BB CORAG™ S UBHRNFEE L Bt £ The mobile
atl;aslinent, anmloarltefclrrad;hﬁlmgo b irhessitt aitnirmgoftthe nplinktsigraah taip 1 i nk

W%Werfﬂt & % %@'w.%ty%e%ef dE'ctF?éﬁE“tBend Y, EpmA
Ile station when the base station indicates the stment amount to
#RNREe SN tHeakdrngibatd agpeu%cll it%%s@le'f@ﬂﬁ@cﬁ@ tting

m.aﬂju&ttwemgm@u]&f@@éwmamj G@ﬁgftélﬁ]l tiraine lﬁ%ritlefmpt&'ﬁ justing
tfion with a Imal num IS 10r C ne es oru

RN R AR Ao B AR ot Reciik TNBko5 SBALAASE DAY motfETerent
cangleslcaimmegydtengndndlmg'aemomré aatrohandebata;arason tted by
EHBMHBISFINY ©¢0q ieRpilG isEatop ey SQéh% E%'i%ﬂaﬁ%ti%té the

an uplink signal in accordance with a SC-EDMA scheme or an OF

3L AR TheaRE R&ER inERBed] l?a'nb% @%ﬁlh@ Rnit conflgured
to set an adjustmeicnening fot adiusng 8 prapwsit timngiaf thrpouplinkle to

EFR SRR B st SRR AR R SRR R i «
lhubulengat@h ibhtee Wowdlih& cotiad! 12Bsigadl hraasmatet byade bageber of

f‘!_:i PSR LT & Preseahinuqantie) felates 0 GPPIHINGAYRAR I s .

rol method in a base station
Another aspect of the present invention

relates to a mobile communication system including a
mobile station and a base station communicating to the
mobile station, wherein the mobile station transmits an
uplink signal in accordance with a SC-FDMA scheme or an
OFDMA scheme, and the base station includes a range
setting unit configured to set an adjustment amount for
adjusting a transmit timing of the uplink signal to have
different ranges depending on types of a downlink control
signal when the base station indicates the adjustment
amount to the mobile station in the downlink control
signal transmitted by the base station.

One aspect of the present invention relates
to a communication control method In a base station
communicating toamobile station, the method comprising:
receiving an uplink signal transmitted from the mobile
station in accordance with a SC-FDMA scheme or an OFDMA
scheme; indicating an adjustment amount for adjusting
a transmit timing of the uplink signal to the mobile
station; and changing a range of the adjustment amount
depending on types of a channel transmitted by the mobile
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communicating to a mobile station, the method comprising: receiving an

uplink signal transmitted from the mobile 30 station in accordance with a
SC-FDMA scheme or an OFDMA scheme; indicating an adjustment

amount for adjusting a transmit timing of the uplink signal to the mobile

station; and changing a range of the adjustment amount depending on

types of a channel transmitted by the mobile 5 station. According to the
gf;?e‘éfs?ﬂ is possible to indicate the adjustment amount for adjusting the
transmit timing Aacthe ntbibilg statiornt vith as petrbal ,nuirtber sf pemgadlmbe to

PIRifPESRa0as) évt%%j PR u ﬁ\mﬁw %%(f;ﬁ%gﬁgg R Yransmit

myer]tlon relates communlcatlon_contro _met ASe station
tamhdaickthdtoae mebikleamtatkanetdd Roripriengireadivingmher of

SJFi'iﬂﬁéﬂﬂﬁbtr@Fﬂiteﬁd ot h@ﬂwgmoh‘iy ﬁé’?éioﬁfl @F@QWRC%W'@mQ Is.
SC-FDMA scheme qr an OFDMA scheme;.indicating an a%’ustmen
thEHﬁu

amount for- sa RS AP R Of b AL Sat fo RAVEBEAOD
sedatins dovriinic conohdigedt i izettiog tthe hdjusttifeatanmoura tdbase

dESEPLIRANEBHARREREIRE PRJOEPSS A HISIAPYNARSGNIR! SIgHR method

when the adjustment amount is indicated in the downlink control signal
GRS PPthe' 928 EYkia; aRd Ry & el of e from
emeunio ineemelitetstativniiased ©6 riva eceiveiliovaliBiccdMA scheme

signal. 2 aspect of the present invention relates to_a mohile station

B Bl A Sk aco L AP TR A aRE b ARy e Tor
apliihksighay t_ntmitignairit dohfigaedad trehsmitph Uplnisdigne linto the
AeIidRNcs v PR RCTTP M AGRARR T ek 3PSARINMA S§'i‘§'ﬁ§?|25r6r}d dBtting

uglink transmit timing adjustment unit configured 3
the adjustment amount to different ranges depending on

types of the downlink control signal when the adjustment
amount is indicated in the downlink control signal
transmitted by the base station; and changing a range
of the adjustment amount at the mobile station based on
the received downlink control signal.

One aspect of the present invention relates
to a mobile station for communicating to a base station,
the mobile station comprising: an uplink signal
transmittingunit configured to transmitanuplink signal
in accordance with a SC-FDMA scheme or an OFDMA scheme;
and an uplink transmit timing adjustment unit configured
toadjust anuplink transmit timing based on an adjustment
amount for adjusting a transmit timing of the uplink
signal if the base station indicates the adjustment
amount to the mobile station and the adjustment amount
has different ranges depending on types of a channel
transmitted by the mobile station.

Another aspect of the present invention
relates to a mobile station for communicating to a base
station, the mobile station comprising: an uplink signal
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to adjust an uplink transmit timing based on an adjustment amount for
adjusting a transmit timing of the uplink signal if the base station indicates
the adjustment amount to the mobile station and the adjustment amount
30 has different ranges depending on types of a channel transmitted by
the mobile station. Another aspect of the present invention relates to a
mobile statjon_for communicatipﬁ; to a base station, the mobile s io?a n
i ﬁlgnal

ESAPRTHGE &R BBIHR &ibf? Bl EnE Uit OB ERR HEASH
uplirdeesigriatl am eec avdariteaviiCa SCMADésememe oraam OFDMA scheme,

gg%e% ﬁN%{&%‘Q%@éfi@f@ii%irﬂ%%i%*aﬁr%%di%ﬂnaeun ip@%@nferamount

sting_a transmit timing of the_uplink signal to 5 the mobile station in a

fVinRkidenidIng il torasesinnt bjLRen ek it BAiavk GAgegl to
F{l@em%@rnfée §tlw_;[ q §ﬁf‘lti(irl‘1f(;'é;[.th§:jo@ﬂﬁ_ tl PiigRs léfliilf[\ﬂj% I'[_;?"Fg'ti\ta 1 for
1mi aadjustment u contrigur O adju n N rans 1min

BN NIRRT 20050k g Bk DA FREENS FaRges .
:aMMEN:ﬁ@_N]l Abcioleipgu:am& @mbﬁ_dirrﬂmesrofMWEi@gs'nmtium link
RIS RAIORIC ST EIREHRY SIS I ORISR AR  an

communication c I method can control the transmit timing in uplin

HBdhksidis2 poipady Wit e PagRMnS Bvdkhéadfcgetinmg downlink
diffarenbadjgsgeatiamount ranges of transmit timings adapted for the
communication initiation state and 20 ongoing communication state.

BRIEF DESCRIPTION OF DRAWINGS FIG. 1 is a block diagram

LASNEANG AG Eartdngémentldf\aErddid @¥rhmunication system according

25 to embodiments-of thf A§SY I¥eRliIdkbodiments of the present
invention, a base station, amobile communication system,
a mobile station and a communication control method can
control the transmit timing in uplink transmissions
properly with limited signaling overhead by defining
different adjustment amount ranges of transmit timings
adapted for the communication initiation state and
ongoing communication state.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a block diagram illustrating an

arrangement of a radio communication system according
to embodiments of the present invention;

FIG. 2 illustrates an exemplary arrangement
of a subframe and a slot;

FIG. 3 1llustrates an exemplary arrangement
of a slot;

FIG. 4 1llustrates an exemplary arrangement
of a subframe;

FIG. 5 i1s apartial block diagram illustrating
a base station according to one embodiment of the present
invention;
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FIG. 2 illustrates an exemplary arrangement of a subframe and a slot;
FIG. 3 illustrates an exemplary arrangement of a slot; 30 FIG. 4 illustrates
an exemplary arrangement of a subframe; FIG. 5 is a partial block
diagram illustrating a base station according to one embodiment of the
present invention; 7 FIG. 6 is a block diagram illustrating an exemplary

baseband unit in.a base station according tg _one embodjment; FIG, 7
illustrates a recé:i\iegt'rmiﬁg frﬁmaaﬁ%iﬂ&g%e%feﬁ‘igﬁ 3Md & &éWga\EihH&Nan
anae grskastatidnasedoadiny tonane ambadiimasteofsitagresentaneatahi ng to
EK& 8&@3§&§tiﬁ1& lack diagram illustrating a mobile station according to

O kJ

one embodiment of the _present invention; 10 FIG. 9 is a flow diagram
illustrating a comhfumnichtidrl darebrat®ed AcdR@ied ¥forfeiming from a

eobedimest 2t herprasentanvendeivid g @i K iow diagsa® station
a_communication control method to one

ill i di ) )
B BOAMbE 15t BBSrSIROTNORDS, Ger BrerBrssaLinvention;
SYMBOLS 50: EdIG1081) $082»a0a3 4 00x }t owdbidisagioam2d Llostrating

31053193 L%t TORIeLPPI 107 1S Ve AN dRRsaT ARITENS £0¢he

amplification_unit 106: transmitting and receiving unit 108: baseband
plRESIy vention;
FIG. 9 is a flow diagram i1llustrating a

communication control method according to one embodiment
of the present invention; and

FIG. 10 i1s a flow diagram illustrating a
communication control method according to one embodiment
of the present Invention.

LIST OF REFERENCE SYMBOLS
50: cell
100;, 100, 1003, 100,: mobile station
110;, 1102, 1103, 110,: mobile station
102: receive and transmit antenna

104: amplification unit

106: transmitting and receiving unit
108: baseband processing unit

110: call processing unit

112: application unit

1081: timing adjustment amount management unit
200: base station

202: transmit and receive antenna
204: amplification unit

206: transmitting and receiving unit
208: baseband processing unit

210: call processing unit

212: channel interface
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25 110: call processing unit 112: application unit 1081: timing adjustment
amount management unit 200: base station 202: transmit and receive
antenna 30 204: amplification unit 206: transmitting and receiving unit
208: baseband processing unit 210: call processing unit 212: channel
interface 8 2081: channel interface 2082: MAC processing unit 2083:

RLC pro§ unit 2084 UL transmit timing control unit 5 300: access
gateway [%J]arat G260 241 IEFSE BERT MODE FOR CARRYING
OUT THEBR/ENTACN ptereesfidm thelbesttmode of implementing 10

the presgaglgve E'@ ?pqeggré% L%hout following embodiments

with reference to the drawings | the drawings illustrating the

embodirAB8R4, akaﬁéﬁ@%ﬁdEbﬁkﬁ&ﬂ&wﬁ@ﬁﬁ!gin@ﬁd&monam

referred3p@s t%@@@rewm@n@plpa}%@@are not described
repeateggés radio comm nlcatégn system adapted for a base station

according to entbdbfmdhts & present invention is described with
reference to FIG. 1. A radio communication system 1000 is a system 20

ReRicly BBV TRAN 294 Hd RADH(MayerRipERe i‘bﬁs Long Term
communication EfEM ri@EiG:ﬁ]Elud&f‘% 5288 o eneF eN@HJ@)’W@t ing
hEipe ewdiet invention is described through the following
embodiments with reference to the drawings.

Throughout all the drawings illustrating the
embodiments, components and elements having the same
function are referred to as the same reference symbols
and are not described repeatedly.

A radio communication system adapted for a
base station according to embodiments of the present
invention iIs described with reference to FIG. 1.

A radio communication system 1000 is a system
to which Evolved UTRAN and UTRAN (may be referred to as
Long Term Evolution or Super 3G) may be applied, for
example. The radio communication system 1000 includes
a base station (eNB: eNodeB) 200, multiple mobile
stations (UE: User Equipment) 100, (100,, 100,, 1003, ...,
100,: n 1s a positive iInteger) presently communicating
to the base station 200, and multiple mobile stations
110, (110,, 110,, 1103, ..., 110,4: m is a positive integer)
that are in the state where they attempt to initiate
communications to the base station 200 or 1in
substantially the same state as the communication
initiation state due to ongoing off-communications. The
base station 200 1s connected to an upper station such
as an access gateway apparatus 300, which is in turn
connected to a core network 400.
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stations (UE: User Equipment) 100x, (1001, 1002, 1003, ..., 25 100x,: n is
a positive integer) presently communicating to the base station 200, and
multiple mobile stations 110m (1101, 1102, 1103, ..., 110m: mis a
positive integer) that are in the state where they attempt to initiate
communications to the base station 200 or in 30 substantially the same
state as the communication injtiatjQn state due to ongping off
b derd

-communications™r bas&™ A B60 cohR&ctd r‘?uﬁ&ﬁgﬁa‘ﬁeﬁ 100,
aueh ae@mandasa yhtegva@pphatisa3d), st ioin t2@0cameatecedd 1 50

K BRI Y@L abixh ion (@
E ol 1o tho DS S AT S callb0 e Evoal Bags Eha

dRd UTRAN S@hdd Esnsrddtikad uEﬁWs@hﬁlMtWt&iﬁM% 100,
RPile AREPIPNLAY, Pdalbiitimg racRiviraavineow pb theasesaition 200
200 orarein %E’%gel%:]boiﬂ?ood of thg regﬁl)ﬁl gwmdow_ As stated below, A
B Bt didH S0l RALAURES R0 Te Ot Q of G5k SRS TITRE-  ~S
gbditestationbd00, theh ismieteratatignalsXoOsouadiay Bas Crgceive
ENTHgL Gronals IMier fgiaarl aiBiRoe shanumiUFlos L BligRs 100,

of propagation environments and/or migration of the mobile stations 100 ,

%%ﬁ%tﬁﬁdcr?!(ﬁﬁ&ﬁn&h%‘ ehhsddj:%rr%hkl AR A% RPThLRIndrgporting
dminga pEthe wplik signalsifiosethednabile blagenscheth teachirye €6

roper receive timings and transmits the computed q:d%'::stm(ﬁ t amount tot-

2 rﬁ&ailé%?a%io%]én 0?REBAYSIAT 1&)ef Lot Fllom At of MAggration
tifekleennob hlarsdivhiOn sha Other thel hs stk Gianior0 @ymoutes

Kvidey esrdop IR isAte rhpredhe MePae SRS HAMYS™F the
to initiaie communications to the i ) ]
uplink signals from the mobile stations 100, to achieve
proper receive timings and transmits the computed
adjustment amount to the mobile stations 100, as physical
layer control information or MAC layer control
information.

On the other hand, the mobile stations 110,
reside at the cell 50 in the state where the mobile
stations 110, attempt to initiate communications to the
base station 200 in the Evolved UTR and UTRAN or in
substantially the same state as the communication
initiation state due to ongoing off-communications.
Thus, 1t cannot be estimated whether uplink signals
transmitted from the mobile stations 110, may fall within
a receiving window of the base station 200 or deviate
from the receiving window significantly. At this time,
the mobile stations 110, transmits RACH (Random Access
Channel) before initiation or resuming of communications.
As stated below, the base station 200 computes optimal
transmit timings for the mobile stations 110, and
adjustment amounts of the transmit timings of the RACH
from the mobile stations 110, based on receive timings

10
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base station 200 in the Evolved UTR and UTRAN or in substantially the
same state as the communication initiation state due to ongoing
off-communications. 25 Thus, it cannot be estimated whether uplink
signals transmitted from the mobile stations 110n, may fall within a
receiving window of the base station 200 or deviate from the receiving

RRC BN ARDAL LS ERAE BAG AT TESaRRU BFS to the

mmbmljalcatlmm @y stated lzdowntherbfies satiaro2e0lcenlpuiesdptofalRACH
ings fqr th i A t-amount
the t anbtr%ngt%mlng‘sﬁof‘E t % Séﬁﬁ?oqrin the moblﬂ %t%%gs]ﬁq Q‘Qeﬁ%w of

threieamangLeddne 200H S EAGARS Pig éh?u&ﬁl@ﬁtteﬁn@tmﬂs tgming
ge pebie stainniklPnps andTiermationa Ejepans 66BAGHgresponses.

In this embodiment, the r vin m ow of the base s

defined by CP | a%ﬁﬁ df Peas? &?h%?ﬁ‘?ani%)m @0;9)81, 100z,
pRessing. SideCh nhmalmee tlatioraneta (i0an gE0RN tooBunctd@nal ity
L3P ARG YRN8 Mo BT RO R DY RBS CPHBILIG: the §E’P'iebed below

station 100, is described below unless specifically stated. From the

vieBsift c%&%ca!jﬁ!sﬁﬁén'( ¥f SHRk&dnsmit ifhgtRRcordpyRetat of

aw}a@tm@mtormfh@ pcljils\tmeﬁtramgmtiortaidmﬁg@ updslorarisnyt to the
t|m|§ e.moblle station ]te(]rg ntI comgunicatin to the bas

REGSE D00 ANYSHIAS ba e T 05 AGd ysting
£cp b@unidlirigraizor 0Q Iedpok ey chﬁnﬁéls Ao tHee aamathiecmnamGQnt

Fﬁ[&?@é% "%Q%MEJWK&BWW!% e mobpe statiry 140 8/ PHYsiFal s

ayer control’ information or MAC Tayer control information. In addition,

gﬂ@@thgqﬁ()@@%%qloggﬂgﬁelve timings of reference S|gnals

for sounding and/or CQIl reporting channels. Also, the
adjustment amount is transmitted in downlink channels
to the mobile station 100, as physical layer control
information or MAC layer control information.

In addition, since the mobile stations 110,
(110,, 110,, 1103, -.., 110,) have the same arrangement,
functionality and conditions, the mobile station 110, is
described below unless specifically stated otherwise.
From the viewpoint of adjustment of uplink transmit
timings according to the present invention, for the
mobile station 110, being in the state where the mobile
station 110, attempts to initiate communications to the
base station 200 in the Evolved UTRA and UTRAN or 1in
substantially the same state as the communication
initiation state due to ongoing off-communications, the
adjustment amount for adjusting the uplink transmit
timing is computed based on the RACH. Also, the
adjustment amount is transmitted in downlink channels
to the mobile station 110, as some of control information
in RACH responses.
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20 (1101, 1102, 1103, .. ., 110.) have the same arrangement, functionality
and conditions, the mobile station 110n, is described below unless
specifically stated otherwise. From the viewpoint of adjustment of uplink
transmit timings according to the present invention, for the 25 mobile
station 110n,being in the state where the mobile station 110n,attempts to
initiate communications to the,  base station 200 in the Evolved UTRA

d
UTRAN or in' sl I 8 EamE QY Y GRTERmaNGEER ifdain the
stabVdaatb tihgoiS§ ef-otimnauricatippd, kel 3@adjesimenbawewd fachemes
I ) o db .
R T v ap SR U R Y oS
AeBiestaABR ¥ 8on s OB W Een@ob mRRMEatNR af R ACEespsRey band

1%,0 IrFu[t)hﬁ /{@w@ cqn?_mgnim@tigﬁ ms@%@lmm @E@Mﬁdpedba?d E,

- ale a l1ed a§ raalQ access scnemes 10 aownlin n N
SHRERT oA G ARe Hs Ltk ABole! BB bbGas KindE v BRasency
haqw@qy b‘éh&SS@diEMdini@mltyﬁmmlewhemmyﬁaa@mency band
Sﬁ%ﬁ%gﬁféh%d%{wt@?émg@ e EdPape Yy m%s P¥hd is used

1A Is a scheme where a frequency band is segmerited and the _
fedmentddF peRRRcyE SRS Bd&r fdreiftieldnt RmMalsy fRbuekd o 10

iatitetiond d A dderigiones armenottbe feTminRts. A communication
channel in the Evolved UTRA and UTRA@I is desgribed. For downljnk
¢ héﬂne

channels, a PD§‘Cﬁc(|yﬁ]y ichF DolvAlinik SALHE Fﬁ&a o r}{grgg UTRA
gedmobile Athtibes deslop j&eta LTE downlink control channel are used.

In other words, g dowaliHIGRRNEIH 51 ) nthe BRSEH ephiSical

LTE downlink control channel. In the downlin ) )
Downlink Shared Channel) shared among the mobile stations

100, and a LTE downlink control channel are used. In
other words, the downlink channels may mean the PDSCH
and the LTE downlink control channel. 1In the downlink
channels, the LTE downlink control channel is used to
transmit information on users and/or transport formats
mapped to downlink shared physical channels,
acknowledgement information on uplink shared physical
channels and others. The downlink shared physical channel
iIs used to transmit user data.

For uplink channels, a PUSCH (Physical Uplink
Shared Channel) shared among the mobile stations 100, and
a LTE uplink control channel are used. In other words,
the uplink channels may mean the PUSCH and the LTE uplink
control channel. The uplink control channel includes
two types of channels, a channel time-multiplexed with
the PUSCH and a channel frequency-multiplexed with the
PUSCH.

In the uplink channels, the LTE uplink control
channel is used to transmit downlink quality information
or CQl (Channel Quality Indicator) used for scheduling
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channels, the LTE downlink control channel is used to transmit
information on users and/or transport formats 20 mapped to downlink
shared physical channels, acknowledgement information on uplink shared
physical channels and others. The downlink shared physical channel is
used to transmit user data. For uplink channels, a PUSCH (Physical

Uplink 25 Shared Channel) shared among the mabile stations 100, and. a
BRI AR AV MR DIk A SHh s hOThE Gonioh B e the
daymieankhes REBEH gtuytsa aH uplirknoats| chradinelckimoudiedgement

' t f | _
Eﬁﬂultlp ei;% r:/wttd g—gﬁﬁgpé an{?\%%g%i%lsel ?e%qtferltc@-emaﬁmenxle'dnk
AR tRd PRRYH fitthe GBAKhbRRelsARS R TEUDEIK &l &Fannel

erusad g teansanitigowplek gusiHnformation or CQI (Channel Quality
Indicator) used for scheiiu(!rbr\}g ﬂ1“%and AMCS._(Adaptive Ma Aation an% d i
Coding Scheme) th 1B 'daWhitid 1780 SRARAPchaftReid A4S trated in

Bdknowledgemars idfosaatiment HARQ AR forkartion ok dakdovanttiekused
foared gypical gannels. plspeysendatady BZH arlsjgigqfi Bthg E’yég for

In uplink transmissions, as illustrated in FIG.™2, it is discussed that'seve

Qﬁﬁﬁ%ld@ﬁg‘ﬁl‘él{ﬂs@& 9Neachitik. A ?efer@n(‘fbeﬂ@%' !pﬁlStiQéjhaTﬁ&e rence
datgrsiemnodilstiona pint is, kdetrdulatontieterenoed signay imappes. A
B PP R, SR A U e 5.
aplskunrddmg psedesoatrcleansiog datbimifiatiorusiea pdnsaahfedndt bhg ,
UFﬁW&C'i PNy aEe PBNRHIRS bt PoNe M s OB SPYRMA% on of
blocks other than the } }

a transmit format of the PUSCH in AMC are transmitted
in one or more of the seven long blocks other than the
long block mapped to the demodulation reference signal.
In the long blocks for transmitting the sounding
reference signals, the sounding reference signals from
multiple mobile stations are multiplexed in accordance
with CDM (Code Division Multiple). The demodulation
reference signal i1s mapped to the fourth and eleventh
long blocks 1In one subframe, for example. The
above-mentioned long blocks may be referred to as SC-FDMA
symbols. Since a single subframe consists of two slots,
the single subframe consists of 14 long blocks as
illustrated in FIG. 2.

Alternatively, i1t is discussed that two short
blocks (SBs) and six long blocks (LB) are used for each
slot as another uplink transmission format as illustrated
in FIG. 3. The long blocks are mainly used to transmit
data and control information. A reference signal (pilot
signal) for sounding, that i1s, a sounding reference
signal, for use of scheduling, uplink transmit power
control and/or determination of a transmit format of the
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long block mapped to the demodulation reference signal. In the long
blocks for transmitting the sounding reference signals, the sounding
reference signals from multiple mobile stations are multiplexed in
accordance 20 with CDM (Code Division Multiple). The demodulation
reference signal is mapped to the fourth and eleventh long blocks in one

hframe, f le. The_above-mentioned long block be .
RltGHEh s A FBRAT RS, Sh @S e itrtcoh@RsHx 1o

nlositts,. 25 the tingld sutgirirhe c&rssiEsoftizalosg bibtlsas tihestsadechd i ng

. thgld ut : , .

P g U oo

ki hinBoRad SoS 10 00 T ias 18T IdokE hRx@Eip (=Bl to The two

gﬁmt lﬁlt'r-]@;ﬂﬂg C@f‘}@oclll_jfg@@?aﬂ@n-ﬁéﬁﬁ@ﬂﬁqe %‘griaéijﬁéll’]?b ﬁi.@@alkfp@nal
oungaing, al IS, (0] |ng eference Si , r.use o eguilng,

T SREV DA ot v sl ey K Ty i< ol

tenkgoRUSEH dinAvETfis mapped toicgmaalmore of the six long blocks.

in the long blocks;f,x JapagiHiggLne o ¥ding: EEEIESIBYSS slots |

sounding reference signals from multiple mobile stations are multiplexed

Hepminegd fvoss) ai6cks RS dselso dnd RV raBehde Qéﬁ%ﬁks and
tvilettsignal)daigdaid demmedwasionlthakisr demaduation reference

signals. Since : in)g{? subfrgme con%isat of tw02§ {s, tChe sin(gle to one
subframe consist§ df fouPshoftblocks and A twelve ?on%%fo k8'Ys
#useddd e IGof. Ndxe azes stitiod RO@ Adcbadind ® ahescribed with
pPEPRYRISRIOf the prpsentdnvention is described with reference to FIG.

> In this embodiment, the base station 200
includes a transmit and receive antenna 202, an
amplificationunit 204, a transmitting and receivingunit
206, a baseband signal processing unit 208, a call
processing unit 210 and a channel interface 212.

Packet data to be transmitted from the base
station 200 to the mobile station 100, in a downlink
channel i1s supplied from an upper station of the base
station 200, such as the access gateway apparatus 300,
to the baseband signal processing unit 208 via the channel
interface 212.

The baseband signal processing unit 208
performs various operations including segmentation and
concatenation of packet data, transmission operations
in an RLC layer such as transmission operations
associated with RLC (Radio Link Control) retransmission
control, MAC retransmission control, HARQ (Hybrid
Automatic Repeat reQuest) transmission operations,
scheduling, transmission format selections, channel
coding, and IFFT (Inverse Fast Fourier Transform)
operations and forwards resultant data to the

14



10

15

20

25

30

In this embodiment, the base station 200 15 includes a transmit and
receive antenna 202, an amplification unit 204, a transmitting and
receiving unit 206, a baseband signal processing unit 208, a call
processing unit 210 and a channel interface 212. Packet data to be
transmitted from the base 20 station 200 to the mobile station 100, in a
downlink _channel is supplied fram an upper_station of the base station

55@,%5%' 498 g'é‘?é?ﬁaﬂlvab'ﬂgra '%0,2 (?the baseband signal

p.rocessing uni.t Iﬁ&yin taencantd i 'mlga'rfanei 212 (25 ir\hériggebaim 206
'8?%"6’%5??%&%'&%%@ pE'SWUI?P@E‘BH‘F RPN LFPANGh 4 sepand
egmentation and ‘concatenation of packet data, transmission operations

mizhRICItRP bLiafaf vanstieibasshaihs bssrbied AREREENg uni t

ﬁ:@mtiiﬂ K ngglgl &glrznfw?loga?@ic%nﬁﬁbm%o : EefrangAiESiomhen, the
ontrol, Il utomaltic.kepeat r ransmission _
B E g Te R R ST LR S EERRTHER spp gional
wid FFTnvesd Fastfragie e Tiayisfoamd operptlont bad fdrwakdse

SR FBiRdS e MTASInG 40 IREVIRGHRLAS ThRY receive

ansmitting and receiving unit 206 performs frequency conversion to
aorkRRhadBBand signal supplied from the baseband signal processing

unit 5 208 into aosigh wihenadicfzeaien®olbanth taetrthasmitted from
R D D SN B H02 ALl Ut TR e &t on 200
andupdeivik aptenna 2bg., 16 lon aemtiel haad, ¥ondata terkodttempdmfies
theraelils siations it wnd 4P io thedhase s@tign2Qhe transmit and
receive antenna 202. The transmitting and receiving
unit 206 frequency-converts the resultant radio
frequency signal into a baseband signal and supplies the
baseband signal to the baseband signal processing unit
208.

The baseband signal processing unit 208
performs various operations on the incoming baseband
signal including FFT operations, error correction
decoding, reception operations associated with MAC
retransmission control and reception operations in RLC
layer and forwards the resultant signals to the access
gateway apparatus 300 via the channel i1nterface 212.

Also, the baseband signal processing unit 208
measures a receive timing of an uplink signal transmitted
from the mobile station 100,, computes an adjustment
amount for adjusting the transmit timing of the mobile
station 100, to accommodate the uplink signal within a
receiving window of the base station 200, and reports
the adjustment amount to the mobile station 100,. Note
that the receiving window of the base station 200 is
defined by timing of FFT (Fast Fourier Transform)
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in uplink channels, the amplification unit 204 amplifies a radio frequency
signal received at the transmit and receive antenna 202. The transmitting
and receiving 15 unit 206 frequency-converts the resultant radio
frequency signal into a baseband signal and supplies the baseband
signal to the baseband signal processing unit 208. The baseband signal
Erocessing unit 208 20 %erE)rms vErious operations on the incoming

g

R&HhAkd %aﬁﬂglu& E’?%E rations, error correction decoding,
reception operationscabdedidted yith A G astbemissargoantropammcessing

FEFE DA LS e g3y G e ol ST oo
AEBthe hakbBarRinghad Gredesstyemt 2080 Hiakshirs & Fasane tifnkgming

offaa uphttsinealienvTited oot motiospIien SRR UEDased
adjustimeni amount 1or a ransmit fiming o e e

G ER a8 VS LIS e AR T ARG BS RRe Sy enent
afitbe hasetstattdre2000 biad Eep_smatﬁ_e)adjaétﬂ\ent amount to the mobile
station 100,. Noig, that {py e 7S Wiy Al PSS HOPRIPIS state

defined by timing of FET (Fast Fourier Transform) 15 operations and CP
RAGHI RRIkioA HE BhsdRAA YRS RIARSHAE kit 268 tokBBieBaR®
aptimdal dranaid timing of the mobile station 110n, and an adjustment

amount for tran?\s[nit L’tcr)ningr? %{‘ a_RACQ tran%[r:anittfd {érom g)le énql?ile d signal
station 110n, ba && on I’eCEIV({{I-I%IQ‘I% of the RACH 'ﬂgr rE R
pdjosiaRail Rghound o e Sndisiiedtson Nl ech. WhEkal pilceessimeuitio FI1G.
@10 performs state management and/or resource allocation for the base

The baseband signal processing unit 208
includes a layer-1 processing unit 2081, a MAC (Medium
Access Control) processing unit 2082, a RLC processing
unit 2083 and an UL (Uplink) transmit timing control unit
2084.

In the baseband signal processing unit 208,
the layer-1 processing unit 2081, the MAC processing unit
2082, the UL transmit timing control unit 2084 and the
call processing unit 210 are coupled to each other.

The layer-1 processing unit 2081 performs
channel encoding and/or IFFT operations on data
transmitted i1n downlink channels and/or channel decoding
and/or FFT operations on data transmitted in uplink
channels. Also, the layer-1 processing unit 2081
measures receive timing of a signal transmitted from the
mobile station 100, and informs the UL transmit timing
control unit 2084 of receive timing position information
indicative of position of the receive timing within the
receiving window. In the layer-1 processing unit 2081,
uplink reference receive timing (referred to as a
reference FFT timing hereinafter) is predetermined for
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10 station 200. Next, an arrangement of the baseband signal processing
unit 208 is described with reference to FIG. 6. The baseband signal
processing unit 208 15 includes a layer-1 processing unit 2081, a MAC
(Medium Access Control) processing unit 2082, a RLC processing unit
2083 and an UL (Uplink) transmit timing control unit 2084. In the

aseb nd rocessn1 unit 208, 2 thela er-1 roce

G AR BIEE ki EAT 5083, 40 01 SAAGRE GBS R Qi ce 1 1
PadVi arsl.thel calt hribsessibg diim210taretdoe predfte reanlc ethdf TTiAming 1S

YEI BIPCR T MUNA08 | DB IS H*ﬁa’\}ﬁﬁ%am?e%'”% Y9e!FEtation

operatlons on data 25 transmitted in do san /or channe
Hesotthhnand@dr A-TcedetatfoRy oA Ak mymRRAdN Glink réHapmRdiss ons

Aot e Bierritereeetsinti Wit 4GGh mﬂsu@mwettrraﬁg r@i & timing,
?gnal transméted froﬂhthe mobile sIatfn 100, and mforrast elU
0

RsritiiRd So cohftSinit Y884 SELLTSEARAY pbE dr?%'r?ﬁ%n&f
ndatverdf pbsitidm of tiie kectivanigiivigbwittiimihegrecoinibgyadndsngial) ,

TR TsPRFSTG AP S IR FIFTRNEDETRY Emﬂ%(rﬁef?ﬁr@db ase

to as a reference FFT timing hereinafter) is predetermined for 1

8&@Nhﬂ%ﬁ%§9ﬁnﬁﬁuﬂ%ﬁ%&@mﬁ%dbéﬁﬁhﬂﬁﬂﬂtﬁﬁﬁBeMWﬁst'm'ng of
ambaginenk theirgfesancedéd ltlwnmeamumedé@ beFres@iveigingbi le
where.a mopile station residing, at ceHboun conduct

R B A kSt i RO Sl Plherit b Rg, Rgnal
bearople sThehethe arfereinioe iriaﬁ:ﬁtnlel@flmgxsmut timing (UL transmit

timing control sigpgh.example, the layer-1 processing unit 2081
may use uplink reference signals such as sounding
reference signals to detect signal receive timings of
the respective mobile stations 100,. As a result, the
receive timings of the mobile stations 100;-1005 may be
detected as i1llustrated in FIG. 7. In FIG. 7, the head
portion of a subframe is illustrated. Although FIG. 7
illustrates a single path, it is required for multiple
paths to accommodate all paths having a relatively higher
receive power within the receiving window.

The layer-1 processing unit 2081 computes a
difference between a reference FFT timing and an optimal
receive timing for each mobile station (which may be
referred to as an optimal FFT timing hereinafter), for
example, the optimal FFT timing minus the reference FFT
timing for each mobile station, and supplies the computed
difference as receive timing position information to the
UL transmit timing control unit 2084. As stated above,
the uplink sounding reference signal may be used to detect
the receive timing for each mobile station.
Alternatively, 1T some characteristics may be improved,
the CQl, feedback channels or demodulation reference
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which is transmitted in downlink channels from the base station 200, is
determined such that receive timing of 10 an uplink signal ideally
transmitted from the mobile station based on the UL transmit timing
control signal becomes the reference FFT timing. For example, the
layer-1 processing unit 2081 may use uplink reference signals such as

soundine 15 reference Sriéni%f) to detect signal receive timings of the
?e's%@&i g Mittfe B&atib"°100,. As a result, the receive timings of the
mobile stations 1005d8@% hawy bet detectgteas-lluptradec mHGg7umi t 2081

FIE Ju ediest BP0 & EspIAMS S dIySieled ARG 20n the

ustrates a single path, it is requir multiple paths to accommodate
@PE&%?h&ﬁﬁ}dﬂﬂmﬂé@Mﬂ@ﬂﬁ|E6§ﬁ§@dﬁﬁvﬁmWﬁh8r&kmmﬁﬁnsm't
WhﬂlPWgThQJth’_fol! pr@ﬁeis@rmomit 2981—:@@")9“@_5 A id{f@erp@cgillei\@_q:\en
a r?jerenc%cFFT tunlaqran an optl?al 25_r§]ce|ve tlimn&for each mobllte_ i
LAEST Bt ORa) e ey o G RONLP PR kg HérSiRdiisy timing
Yor tdxamilb etheeapsimall RgTwinmickpminusTthe refebante BRRA tildnmy Idr0, has
gAch monile siFemNAsHaplssdle FARRYIGH FHRAIPAGE 8P EXEMEnce FFT

timing position information to the 30 UL transmit timing control unit 2084.

RiudieDaive the (M dRindkg tderendd Signal may be used to

detect the receiypdming/fereachppoilestiog. didreap el ifcomsutes a
RN SRR S Sl AN i IREE
ptéssrly urBcBY em&dsuiera EeEive amingnd iHACIS trafdmined which
ey he popis-vatrtdlae and Fprymsiorhe Wikwisgihe MeiWafter)
control unjt 2084 receive timing position o

derived from the RACH receive timing, for example, the
optimal FFT timing for each mobile station minus the
reference FFT timing, and supplies the computed
difference as the receive timing position information
to the UL transmit timing control unit 2084.

The MAC processing unit 2082 serves to perform
transmission for MAC retransmission control of
downstream data such as HARQ, perform scheduling or
select transmission formats. Also, the MAC processing
unit 2082 performs receptions for MAC retransmission
control of uplink data and others.

In addition, if the UL transmit timing control
unit 2084 instructs the MAC processing unit 2082 to
transmit a UL transmit timing control signal indicative
of an uplink transmit timing such as timing advance (TA)
to the mobile station 100,, the MAC processing unit 2082
transmits the TA to the mobile station 100,. The TA may
be transmitted as control information in physical layers
or control information in MAC layers, for example.

Also, if the UL transmit timing control unit
2084 instructs the MAC processing unit 2082 to transmit
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information indicative of position of the receive timing within the receiving

window. The mobile station 110, has the same uplink reference receive

timing (reference FFT timing) as the mobile station 110,. 10 The layer-1

processing unit 2081 computes a difference between the reference FFT

timing and the optimal receive timing for each mobile station (which may

be referred to as an optimal FFT timini hereinaﬁer&iieriye from the

RACH el &AO ARG, HF BENDIE RELS Bpitd tihﬂ‘u%g'ﬁ?&déﬁe of a

nohites stattortmniniis ghet oefeinencediHltensg aandosupplids, thesuch as the
mpt {fferen ive-timing pasition, format;

e o arviohey T iad 1 RACEPHIAA Ceed rrom

bEgorio bd kensitiadidefor Ml setlin8mibsion REAES ©F HB@nstiek 2082

t&arsyph &8s HARQ e Megrdedoipie  salaat idAsSMss|on formatstA may
Slso the MAC Procassing unitzofz Perf(%ms receptions for MACi[ _
SirahbAILRIBA tsnttorst ipiind B HRG bhars SESRS0dnd N GiHgBE T 2
RAl@éﬂnirmjsipglcsmLol u_nﬁ 2_084 instructs_ the MAC p_rocessing un!t 2082

to_ transmit a Ulr ansiinypg coueo) sgnaliicaive of a8 pelins

transmit timing such as timing advance ) to the mobile station 100" the

e sadesshgnimid 2082 SolmreifishRd BoWHhd HoniR Gkeibrifdoa such

dBe Jé&gnan ba trposmidied aseeaual éifereirdian drphysneslayesiens for
Ei?nrgrol information in MAC Ia%enr for examdo . Also, if th%UL transmi
| r

1 ol i 20E s WAL ecer G TR BB | the RLC
fayswis 18§an Uplaiskitdiatiey santlbl signas Galivavead! ko radsmait

UBNgde d18a159e SAtiopddBp +idHRS UF T ARIPESGEXTARSR 8 s on
timing of RACH transmitted from
control.

The UL transmit timing control unit 2084
transmits an UL transmit timing control signal, such as
TA, to each mobile station 100, via the MAC processing
unit 2082 or the layer-1 processing unit 2081 for
adjusting the receive timing of the mobile station 100,
based on the receive timing position information of the
mobile station 100, transmitted from the layer-1
processing unit 2081 1f necessary. In other words, the
UL transmit timing control unit 2084 determines a
transmit timing to accommodate receive timings of
multipath signals received at receiving ends of the base
station 200 from the multiple mobile stations 100,
simultaneously within a CP (Cyclic Prefix) length. The
UL transmit timing control unit 2084 transmits to the
mobile station 100, via the MAC processing unit 2082 or
the layer-1 processing unit 2081 an adjustment amount
of the transmit timing to be adjusted by the mobile
station 100, to achieve the above transmit timing as the
UL transmit timing control signal. 1In this embodiment,
the adjustment amount of the transmit timing may be
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the mobile station 110., the MAC processing unit 2082 5 transmits the TA
to the mobile station 110.. The TA may be transmitted as an information
element included in a RACH response. The RLC processing unit 2083
performs transmissions in RLC layers for downlink packet data such 10
as segmentation and concatenation or transmissions for RLC

S TR N I £ ne
ogtransraibskdnT cbatndl nth Foe Waicdnsroib irhimgsdoartreloumjt o4 example.
L e P W

§Ait 2gB1t0r MajsstirkNAe fcblR kg FofIRLWeBIk &Q@noll@@,iﬁ@? FFT

Pasery) tFe recelyehimmbliasdios temaiioa atithe haokilerdgtiondOOFFT
ransmitted from the layer-1 processing unit 2081 if necessary. In other
E)Pb's,n%eeGH?r ndritt ffithg control unit 2084 determines atransmit

timing to accomimpdie isce?\ndc_mﬂiingseam,'s rﬁhi&pé._llb, s'rgnaigsa"ciei_velt Bning
SRV PUAITIE 198 8350 31100 AhEORY AR SHiPIE MPPHG SIAIpIS tment
100, simultaneously within a CP (Cyclic Prefix) length. The UL transmit
BRMGTENES UAR 2084 HEdRslshY tHEh foBRPdd forsiortdiathelMAc as

processelgand P8 emathbedaysind orececting unii AGGduan adiutmemrt the
amount_of the transmit tﬂn%t be adjusted by the mobile station 100, to
ft timi

0
M AURHE QBN n§7as the UL transmit timing control
wigealelrkiiskembedimeht, the-adjustmedt athount-of thK trahsmittiminghe UL

PR et P ey Rd Ry sebipeled herperonses R AREY{es e k as an
UL transmit timing control signal to the mobile station
100,. In this embodiment, -K; through K, corresponds to
a range of the transmit timing adjustment amount. Then,
since the base station 200 has established communications
to the mobile station 100, and uplink signals transmitted
from the mobile station 100, are considered to be within
or near the receiving window of the base station 200,
the UL transmit timing control unit 2084 sets the K; and
K, to small values. Each mobile station 100, controls
transmit timing based on the UL transmit timing control
signal transmitted from the base station 200, resulting
in receive timings of uplink signals transmitted to the
receiving end of the base station 200 from the mobile
stations 100, being within the CP length and thus keeping
the orthogonality between the mobile stations.

In addition, the UL transmit timing control
unit 2084 transmits the UL transmit timing control signal
such as TA to the mobile station 110, via the MAC
processing unit 2082 for adjusting the receive timing
of the mobile station 110, based on the receive timing
position information of RACH transmitted from the mobile
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optimal FFT timing for each mobile station, for example. In other words,
the adjustment amount may be computed so as to make the difference
between the optimal FFT 5 timing for each mobile station and the
reference FFT timing equal to zero. In this embodiment, the UL transmit
timing control unit 2084 defines the transmit timing adjustment amount to

be adjusted by the mobile station 100, as 10 the adjustment amount =
AR irot o Rt B GHEE 500 Whrs AZKET KL PTOGe5S i ng
(]ln 1LIK2Q&R. Thé Lo rhrsmitowidg corlthxle ubit2a8datresrsaits thienki aey
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ﬁﬁﬁ@“ﬁ@%ﬁﬁ@wf&ﬁ&hYeTﬁéﬁ" isisce hayddelfaddn sdgnad s received
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ran Ite rom e e statio are consiaer WI
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Torerol uhh@08KL Jersathsnki intl 1K3 tugsialh tatods . UFech 120Gk slaatmsm its
480, RBIRIS AT BYIORRSEION Dy L RISIDSTIRY 0Nl g uni ¢

3 Ianal transmitted from the base stafion 200, resu Iting 25 In receive

Bgs P uphkRERaRMREa Tt iR *Pé‘céi\ﬁbd@?é%h bide mobile
steHai 300 from thegmehiée stationadSm.ikeind withip tbe ﬁf’ri@ntb Pgdal to

thu ke(\a,pln the ortho onalry 6e\ﬁeen the ﬁstatlons I h
E¥EnshiiGintnE ESRLTSY Jhi 208 & fLhe uu

&mb@(tbmﬁ‘dﬂ%l.gnﬁh sudhras TR tolth& hidbilg staﬁgmlsmmewa traenmm:t may
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110n, based on thé receive timing position information of RAC

ﬁgﬁs@ﬁgdfpé}ﬁt@:mo&gnlng or each mobile statlon for

example. In other words, the adjustment amount may be
computed to make the difference between the optimal FFT
timing for each mobile station and the reference FFT
timing equal to zero. |If the UL transmit timing control
unit 2084 receives a RACH transmitted from the mobile
station 110,, the UL transmit timing control unit 2084
instructs the MAC processing unit 2082 to transmit the
adjustment amount to the mobile station 110, at a
predefined timing.

In this embodiment, the UL transmit timing
control unit 2084 defines the transmit timing adjustment
amount as

the adjustment amount = (the minimum unit of the
adjustment amount) X Kk,
where k=-Ksz, -Kz+1, ..., -1, 0, 1, ..., Ks-1, Ks. The UL
transmit timing control unit 2084 transmits the k as an
UL transmit timing control signal to the mobile station
110,- In this embodiment, -K; through K; corresponds to
a range of the transmit timing adjustment amount.
Then, the UL transmit timing control unit 2084
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20 stations 110n, and reported from the layer-1 processing unit 2081. In
other words, the UL transmit timing control unit 2084 determines a
transmit timing to accommodate receive timing of multipath signals
received 5 at the receiving end of the base station 200 from multiple
mobile stations 110n,simultaneously within the CP length. Then, the UL
transmit timing control unit 2084 transmits to t mobilistation 110n, via

#eiAEBrodtesgdint 42882 ST 5qt&EneNEhsRt 5PN Ssiddhyannot
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timing adjustment amount may be compute ubtracting the reference

S
ERTRHHGRRT QRS oPlimbl Rt RBHRG 6! é&cxyni%'ﬁﬂ»‘e%?&{ﬂén,sfﬁﬁlg as the
evamRle i1t @hPo WOIKs i b e RERSHNeNE aeuRiUBaYLRE 6AGBIIRY tO

m Fe the difference hetween the optimal FFT timi (.Z]f r each mopile
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timmgooattdliewhitf2081 rébevescdb RAE Hstzanb mnitte d i ddds tleermobilet20in or
s@ion O dhe-UE &p0SAY TMingfontrd #nig RE84, dnstruglg G MAC200 .

processing unit 2082 to transmit the adjustment amount to the mobile
station 110n, at ROBreBE@ER knind: e thid-efbhadNSBAL I fghGantrol

timing 29 eantiphynis0B4eleénesitha fransnoihtireing Adipsenend justment
amount as the adjustment amount :_(¥1e inimum quit of tgﬁgdjustm nt =
MU XA WherekS- 1@ d8RECI LY Ehe Kychhrys 3K 1=K2=7
abukiitifaing @3drol UNK 2088 sranbiiits the W adant §lawangirigtimingd for

eprire signahie-€he MR Silipns e endhis emPoeiBemiBted to the

through K4 corresponds to } ) )
mobrle station 100, while eleven bits are required for

the transmit timing adjustment amount transmitted to the
mobile station 110,. Thus, a smaller number of bits may
be required for the transmit timing adjustment amount
transmitted to the mobile station 100, than to the mobile
station 110,. 1In other words, a range of the adjustment
amount of TA transmitted as control information iIn the
physical layers during communications or control
information 1n the MAC layers may be set to be smaller
than a range of the TA transmitted as a part of RACH
response information at the communication initiation.
Also, for example, the UL transmit timing
control unit 2084 may define the adjustment amount of
transmit timing for transmission to the mobile station
100, asymmetrically with respect to the plus and minus
directions. In other words, the UL transmit timing
control unit 2084 may set the minimum unit of the
adjustment amount as 0.5 us and specify the K; through
Ks as K1=K»=8, K3z=512 and K4=1024. Alternatively, the UL
transmit timing control unit 2084 may set the minimum

unit of the adjustment amount as 0.5 u s and specify the
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a range of the transmit timing adjustment amount. Then, the UL transmit
timing control unit 2084 21 sets the K3 and K4 to greater values because
it cannot be determined whether the mobile station 110, is in the state
where the mobile station 110, attempts to initiate communications or in
substantially the same state as the 5 communication initiation state due to

ongQqipg off-communicatigns and whether uplink signals  transmitted from
(e BB IR 75 e whAEDr Aol freRlnk dmdctrof he Other
wasadstgtiosn 20anHer extimplee theed jlusamsemtttingimg cortrob £0ting TA

- " : y ¢
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imihg radauinoentamodine taosmitied catheonolile stakiait LOO, thayytde set

115 Bavils SN GLP: In other words, a range of the adjustment 20
amount of TA transmitted_as control information in the physical layers

during communitBticdA b Ed@b ifieimAsaTPthe MAG Bylis ntdamsmi t
s4inia K sowhar hRnwaTRege oBthendviransmitterbasid pas ehdA€Hamount

response infonmatgn at the commuynication initiation. 25 Alsq, for
2l Nt el

f -
SENROGE EATAR I T RN SIIs ey, kSt mobile
adjadtient hAduasiwednbraistibtiey fof huagmiesibra cherhobfetransmit

£RHGh J CPopSHPRREIRGIYY BrTeBe Eie ho BT 874 f#iD HIre§NS0 be
In other'words, the UL transmit timing 30 control unit 2084 may set the = _
ARRNeURkGMAdh respect to the plus and minus directions.
Thus, the UL transmit timing control unit 2084 may set
the minimum unit of the adjustment amount as 0.5 s and
may specify the K; through K; as K;=8, K;=16, K3=512 and
K4=1024. 1In other words, the range of the adjustment
amount of the TA transmitted as the control information
in the physical layer or the control information in the
MAC layer during communications as well as the range of
the TA transmitted as a part of the RACH response
information at the communication initiation may be set
to be asymmetric.

In addition, for example, the minimum unit of
the transmit timing adjustment amount for transmission
to the mobile station 100, may be set to be smaller while
the minimum unit of the transmit timing adjustment amount
for transmission to the mobile station 110, may be set
to be greater. Thus, the UL transmit timing control unit
2084 may set the minimum unit of the transmit timing
adjustment amount for transmission to the mobile station
100, as 0.5 u s and the minimumunit of the transmit timing
adjustment amount for transmission to the mobile station
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adjustment amount as 0 .5 g s and specify the K1 through K4 as
Ki=K2=8, K3=512 and K4=1024. Alternatively, the UL transmit timing
control unit 2084 may set the minimum unit of the adjustment amount as
0.5 g s and specify the 22 K1 through K4 as K1=K2=8, K3=1024 and
K4=512. In other words, a range of the adjustment amount of the TA
transmitted as control information in the physical layers or control

tAmasortinQneiniac 1dy2re kg ¥ ebmurtditiond i We &4 tdpeT the
ayhpmsttioevittte #recande ofthEA Attranssiitietitasd pest dffACdntrol
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hAFooguakdpset tRe RABsiEnt havedt driFhRehiCRAiRg fcations may

Hén%@ts]jm tp éhesmaklil?eﬁtai@faft_oo_t ae Wel A ﬁhbma_l Cli#ﬁ_i"ﬁeﬂf the
amount of transmit tlmlng nsmission to e obile station to

A R e e R S e R e TR Gk RACH
Desrossi timmbaonad Lmit 2884 tlag seo tieuminibaud anit dfitidciation.

adjustment amaygas G h3 g SR MR SPEUANSKLIRTPYEN KdFSand the
K1=8, K2=16, K3=512 and K4=1024. In other words, the range of the

'aéi’jﬁéth%rﬁtérﬁd&rﬂ s EAkpa ke e Shitd hbraafmid fiming

Hejanysiea nayes aoie copsp dfeeaties inthe MACildgerdesiedon 100, ,

&%rggunicatiinsea§ \évell as ct)l'f: aaﬂgﬁo; .trrlle Té Otranqsrrr]lllttgd sa Sart ofS well
ACRTe Qonse ifrmation At cOMMIMEENEA hrfhtdR ay &

a& the ayngeetict 2% headotonsfol Exdnpld tbe atiimatmeitof amount
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station 100, may be set to be smaller while _the minimum unit of the
93h§ﬁtﬁﬁkﬁhﬁmﬁﬂW@H%hﬁ%Fﬂon initiation, In advance. 1In

other words, the two TA ranges are defined as fixed system
parameters in the radio communication system 1000.

Next, the mobile station 100, or 110, according
to one embodiment of the present invention is described
with reference to FIG. 8. The mobile station 100, and
110, have the same arrangement, although they are
differently designated depending on the respective
communication states of communications to the base
station 200 during communications or at communication
initiation.

In FIG. 8, the mobile station 100, or 110,
includes a transmit and receive antenna 102, an
amplificationunit 104, a transmitting and receivingunit
106, a baseband signal processing unit 108, a call
processing unit 110 and an application unit 112.

For downlink data, radio frequency signals
received at the transmit and receive antenna 102 are
amplified at the amplification unit 104 and then
frequency converted into baseband signals at the
transmitting and receiving unit 106. The baseband
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for transmission to the mobile station 110n, may be set 30 to be greater.
Thus, the UL transmit timing control unit 2084 may set the minimum unit
of the transmit timing adjustment amount for transmission to the mobile
station 100, as 0. 5/. s and the minimum unit of the transmit timing
adjustment amount for transmission to the mobile station 23 110n, as 1.0

S. In other words, the minimum unit of the adjustment amaqunt of TA _
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Myebknerethe pape ©A Bpdngmi #minge 10 adjustment amount
reported to the ggobile statiO{J[ 100"rEat i@ the ra&;e of TA duri

communication %sm‘ﬁ & HS’Fa 3 }heL{Fé ﬁln'ﬁti% s?rﬁm Is
amppiti epofted to thbenclyilp biatiart 1 0@mpthattis 1tha rargetbeTAaseband

@?%‘}?WWQ%E‘F JoRy i RAVAREE. INFR Oty WoRds, (nedyg T4y
ranges are_defined as fixed system_parameters in the radio

BAfeRdith sysbh 1098, RekT eenfodicansabhI88 ot 1@5g0ciated
Rdconding to anss ArmBedimant ohtee oIESEMA\RYHNtiaNa fesaved omtFormat

refiren e-to FIG. 8. The mobile stafion 100,@9 20.110n, have th(i E%q:e
Artangement altfough they &6 ditteldly d ignﬁgﬁﬁé‘&eh%g on'the
mmm %Dnﬂﬁld].i@t.ibﬁ E&itasof the mup i!:&mh.spa. deetasd adtatioand
£684-fringcopppupiealiong 9hdt OFYRAIteB ipliatiqt 2rdhi'G& Png and

the mabile station 100, or 110n, includes a transmit and receive antenna

E§E&hvINg unit 106

The transmitting and receiving unit 106
performs frequency conversion for converting the
baseband signals supplied from the baseband signal
processing unit 108 into a radio frequency band, which
is amplified in the amplification unit 104 and
transmitted from the transmit and receive antenna 102.

Also in the mobile station 100, presently
communicating to the base station 200, the baseband
processing unit 108 decodes TA transmitted in downlink
channels as control signals in the physical layer or
control signals in the MAC layer and adjusts uplink
transmit timing based on the decoding result. 1In this
embodiment, the timing adjustment amount management unit
1081 holds information on definition and range of the
TA transmitted as the control signals In the physical
layer or the MAC layer and transmits the definition and
range to the baseband signal processing unit 108. Then,
the baseband signal processing unit 108 adjusts the
transmit timing of uplink signals based on the definition
and range of the TA transmitted as the control signals
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amplification unit 104, a transmitting and receiving unit 106, a baseband
signal processing unit 108, a call processing unit 110 and an application
unit 112. 30 For downlink data, radio frequency signals received at the
transmit and receive antenna 102 are amplified at the amplification unit
104 and then frequency converted into baseband signals at the

transmittin 6‘E}and rec élvm unit 106. The baswé%% nd 24 si naI cessin .
&fit Wﬁ§ 88 ShSGHcIOdi ngt ra!léw ro? réac(ﬁg ally
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ation unit 11 e other han nk packet datais supplie
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the 8esqharehsgoal trpaﬂsﬁmwmtm@rMmﬁH@msmﬁserQ084 in the
ssociated 10.with r, ansmls ontrol ,(HAR ansmission for
Freiici T T RS S U R

onm ietgdlink packet data and forwards the resultant signals to the

t itting and 6 : e Q
ransmitting and jeegivVing N 96 i, fhcel AL B% 219 [Reel signal 'ng

106 performs frequency conversion for converting the baseband

Eappid HbmliReHRBEWHhHGHIhRP Prodelshl @irita®s iRibatrkaio 200 the

fFagienay darcs gaich pm&@ilnghmmmfm@@ndmtd@égnmo
ransmitte &h the tra smlt d receive ant nna 102. Also |[Ethe1gm t I
Zt e} con ro

{afoP 1d sennly QM t”‘o“tﬂ& dséStafforPsH0;
pasphals proce%étﬁgt unie PR tsedeamd taddmig€s ingolinikk transmit

EIANRE B SUU O PIgRASIR YW BYICT  In this embodiment,
the timing adjustment amount management unit 1081 holds
information on definition and range of the TA transmitted
as a part of the control signals in the RACH response
and transmits the definition and range to the baseband
signal processing unit 108. Then, the baseband signal
processing unit 108 adjusts transmit timing of uplink
signals based on the definition and range of the TA
transmitted as a part of the control signals in the RACH
responses and actually received TA. 1In this embodiment,
the definition and range of TA transmitted as a part of
the control signals in the physical layer or the MAC layer
are the same as those 1In the UL transmit timing control
unit 2084 in the base station 200, and thus description
thereof 1s omitted.

The call processing unit 110 manages
communications to the base station 200. The application
unit 112 performs operations associated with upper layers
from the physical layer or the MAC layer.

The above-mentioned information on the range
of the transmit timing adjustment amount reported to the
mobile station 100,, that i1s, the TA range during
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25 control signals in the MAC layer and adjusts uplink transmit timing
based on the decoding result. In this embodiment, the timing adjustment
amount management unit 1081 holds information on definition and range
of the TA transmitted as the control signals in the physical 30 layer or the
MAC layer and transmits the definition and range to the baseband signal
grocessing unit_.108. Then, the baseband signal processing unit 108

QS HEC FEA QR B i A BERADBAI bR thetdifinkiRR9SP T the
tange hiht TA trangmittbfllesthe odniaol cigntls2Zpiortie gdhysicthHayeobi l e
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BReFAIHBING c@BtrGlned 20844y ee hase fliatien gaG-andtuss or fixed
description thereof is omitted. Also, in the mobile station 110n, attempting
Yoaliclﬁgt'%'communications to the base station 200, the 10 baseband

signal processingeuilt 108 decadesmdssarsmitterhit doWniektdhadndior the

B8 PLEGUI! SN BRAGTHESRBISTHW JUEBYRIEK L is

transmit timing based onthe decoding result. In this embodiment, the

ferEabRRmdnt BholrtfiaaeRemekPurittds1 Pelds 15 information on
definition and ramnge oitidp T&AEMsMitiednasa eay of the gartinl igedlding
in the RACH respo nd transmits the definition and range tq the . .
FRUBERT STt 20 ThR B NN Hle dhcdari Sohys Timing
p@atssiry sihy ned adusehtraasmit Amilg bfaginksAigsignsie Gasateohiming
B¢ defiplipniandienes ohtheche YANSPYUeaS & PRI I E¥Relol unit
signals in the RACH responses and actually received TA. In this )
ﬁ@gmq%ﬁgrmlnes whether the mobile station transmits a
RACH as a primary channel.

IT the channel transmitted by the mobile
station 1s the RACH (S702: YES), the UL transmit timing
control unit 2084 defines a larger adjustment amount
range for adjusting transmit timing. For example, at
step S704, the UL transmit timing control unit 2084 may
define the transmit timing adjustment amount to be
adjusted by the mobile station as

the adjustment amount = (the minimum unit of the
adjustment amount) X Kk,
where k=-Ksz, -Kz+1, ..., -1, 0, 1, ..., Ks=-1, Ks. 1In
addition, the UL transmit timing control unit 2084 may
set the Kz and Ki as K3=K;=1023.

On the other hand, i1if the channel transmitted
by the mobile station is not the RACH (S702: NO), that
is, 1T the channel i1s a secondary channel other than the
RACH, the UL transmit timing control unit 2084 sets the
transmit timing adjustment amount as a smaller value.
For example, at step S706, the UL transmit timing control
unit 2084 may define the transmit timing adjustment
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the definition and range of TA transmitted as a part of the control signals
in the physical layer or the MAC layer 25 are the same as those in the UL
transmit timing control unit 2084 in the base station 200, and thus
description thereof is omitted. The call processing unit 110 manages
communications to the base station 200. The application 30 unit 112

f i iat ith I the physical |
R Vit oy F TRE BSESobnED A Rof AR EAS BFine
transmitttman@ dgjustitnreanamaeunt vepbrted (ctthe mobikemsiationrlD0=6Ff the

hat is TA range duri communications, and the information on
éw(zjrgr%{:ﬁgfﬁe ?r%a(r)lgrﬁ#?m%l?\g %djustment amount reported to the mobile
whadie110nT Khat isthE A range atthe cOmmbinication- inftztibn, Heve 1N

iR igeatieal terpach Dt!ﬁF@ﬂérﬂ'ie@ ﬂ'ﬁfﬁﬁ@y@@ﬁm e 2084 may
corﬁ]m%% é)aégmeter %%leed \Elu: . Next, a transmission control method

for the' Bse taBBif 206 aBcbrding 18 THis embodiment is described with
reference to FIG\I_@XIO Aastep 5200 l{\m_ley tHerab Haﬁmi timing ogobtroll
HREARYE d9eERRER 28 - KBnRRILIVRAS iRV LY S @S EDrding

for agjusting receive timing of a mobile station, the"UL transmit timing
Eontldn hisit 082 ddkeRiked HRGRE IhbRRGbIK SHtiochabasancs 1580 FIG-

RACH as a primary channel. If the channel transmitted by the mobile

defnes a larger S Shbn ATRRe rtyd B BRGNS n g T 2 TA
Eseg@mplt ad2d step ST jthe W tiadnbatit thsind Bditas tinid2084 a RACH
P¥¥ponse. The indication in the RACH response means that
the TA is transmitted to the mobile station as a part
of control information in the RACH response.

IT the TA transmitted to the mobile station
is indicated 1n the RACH response (S1002:YES), the
transmit timing adjustment amount Is set to a greater
value. For example, at step S1004, the transmit timing
adjustment amount may be defined as

the adjustment amount = (the minimum unit of the
adjustment amount) X Kk,
where k=-K3, -Ks+1, ..., -1, 0, 1, ..., Ks-1, Ks. In
addition, the Kz and K; may be set as K3=K;=1023.

On the other hand, 1f the TA transmitted to
the mobile station is not indicated in the RACH response
(S1002:NO), the transmit timing adjustment amount iIs set
to a smaller value. For example, at step S1006, the
transmit timing adjustment amount may be defined as

the adjustment amount = (the minimum unit of the
adjustment amount) X Kk,
where k=-K;, -K;+1, ..., -1, 0, 1, ..., Ky-1, K. 1In
addition, the K; and K, may be set as K;=K,=7.

According to the embodiments of the present
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define the transmit timing adjustment amount to be adjusted by the
mobile station as the adjustment amount = (the minimum unit of the
adjustment amount) X k, 25 where k=-K3, -K3+1, ..., -1, 0, 1, ..., K4-1, K4.
In addition, the UL transmit timing control unit 2084 may set the K3 and
K4 as K3=K4=1023. On the other hand, if the channel transmitted by the

bile station i RACH (S702: NO), that 30Q is, if the_ch Li
R e N PR R e
amib 208dsseta thb erdesfiintadinfoadjustenart atre at ashesoalerwaieation
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ddition, the UL t it tim trol unit 2084 t the K K2
BERNRY ARk, G B R YIRSt hretibomA BAYRe and
communitatipd systetridos midodimyl toothis embadiyenais desaibedeved .

with reference tq flﬁm{b% HO-A SR R1A0R 1t @m g‘irl‘?& WEERE B o lved

TA transmitted to a mobile station is’indicated in H response. The

HhBRAtGHAHE RSN f&*ﬁ&ﬁ% MaxhsRatr B8 aAsmiked terRE Term
mebileItaben asra Barpdb A Gontepk wfalegtigniibdloe RACHHESRNSS.e

If the TA trangmitted {o the mobile _taq:on }]s in%i ated in the nlq?AEI—L tion
N A VA e SHARNR] aB G e OO AR
gatxol method according to the present invention can
be applied to all systems where the SC-FDMA or OFDMA
(Orthogonal Frequency Division Multiplexing Access)
scheme 1s used 1n uplink transmissions.

Although the present invention has been
described by way of the above specific embodiments, the
present invention is not limited to them. Various
alternative embodiments, implementations and operations
will be conceived by those skilled 1n the art from this
disclosure.

In other words, i1t i1s understood that the
present invention encompasses other embodiments not
disclosed herein. Thus, the scope of the present
invention can only be defined via accompanying claims.

For convenience, the present invention has
been described with reference to the distinct embodiments,
but separation of the embodiments is not essential to
the present invention and two or more of the embodiments
may be used together as needed. Some specific numerals
have been used to facilitate understanding of the present
invention, but unless otherwise noted, these numerals
are simply illustrative and any other appropriate values
may be used.
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value. For example, at step S1004, the transmit timing 20 adjustment
amount may be defined as the adjustment amount = (the minimum unit of
the adjustment amount) X k, where k=-K3, -K3+1, ..., -1, 0, 1, ..., K4-1,
K4. In addition, the K3 and K4 may be set as K3=K4=1023. 25 On the
other hand, if the TA transmitted to the mobile station is not indicated in

the RACH 1002:NO), the t it 1 tment _
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ﬂdﬁanentmnMMnnhwt&phmmdﬁasamwBGMMBHMBHamOUMB:@mesent

WN@H%W Ofﬂlﬁt%ﬂWé”%’%lgH;ﬁ@% =N Bhgresii mlﬂyé Mustr8tive

K2-1, KZ. In addition, t e set as Ki=
%ﬂ&x&ﬁgkﬁﬁé%ﬁ%edﬁﬁ%tﬁﬁ@ﬁi@@@éﬂZéhﬁ@ﬁﬁﬁﬂ@mﬁmﬁﬂd

@WB%%imm&mEﬁmﬂ@b@ﬂus%%ﬂﬁdﬁEWJW%@ab9eﬁW$§%d§Kih6§ﬁﬂﬁn the
at the communication initiation OI‘JE #&E%Oﬁ communication ar#clj for
n&

tHeLstard Alring R FHUHAGSLS ARSI QrioR PSS es
acgnmuditatipntzysteheareitocahimemdgion toine pethse ikt gamvention

AURRIZsAYRTTERd dP§ B 39RR1PE aPd FeqlRblipk tH’”‘Uﬁ'E‘H‘%‘H‘QI block

properly can be achieved. Although the systems complying with Evolved

OFRArABLTRME (FHESRaf BP At &St @Yy Fernd MR ispRAEsd in
REFRL BE) 6 fieaciibedin bembayraaribeimentss iefaseTsidipresent

Y BB 21 LR, B E AR ORI REAEL and
YarHoyb &l rFsequea oy Hi/sih Ml tplexarldt Aduwrtd)orssscadtie is used
SN FRRSTYPRONSaAtUOR AFPTBSEE HYSBIWKPFPEEN in the art
without deviating from the spirit of the present
invention.

This international patent application is
based on Japanese Priority Application No. 2007-001861
filed on January 9, 2007, the entire contents of which
are hereby i1ncorporated by reference.

[Industrial applicability]

A mobile communication system, a base station,
a mobile station and a communication control method
according to the present invention can be applied to a
radio communication system.
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described by way of the above specific embodiments, the present
invention is not limited to them. Various alternative embodiments,
implementations and operations 20 will be conceived by those skilled in
the art from this disclosure. In other words, it is understood that the
present invention encompasses other embodiments not disclosed herein.
Thus, the scope of the present 25 invention_can only be defined via
accompanying claims. For convenigrlré%,'c@w% present invention has been
described with reference to the distinct embodiments, but separation of

the embodiments is not essential to the present invention and two or

more of the embodiments 30 may be used together as needed. Some

specific numerals have been used to facilitate understanding of the

present invention, but unless otherwise noted, these numerals are simply
illustrative and gny qther appropriate values may be used. .29 The present .
invention has been AdRESLd i HRILEALE S IS LCHE LRSCHBAGD T 1o
sftth€ prasenh @wentiort bet the einbedsientd ame stmplp dlosttivenang 1 i nk
LA miene AT U e SRINBHHOTHIRNED SO DI A
by those skilled in the art. For convenience of explanation, apparatuses

a6deaiRy toiRE eRBBGInehR Tt afk eI FRdRbn have been

described with rafereng§ & tinetinnabhlockh diageanife blditdseng unit
ag)paagatuses a¥:be implemented.n 10 hardyare, soft
&OMBi

arg or - -
ASHOhE ther@of ?%e BIoBAd HREREM s AT df8 thfSHhigting a
tmndodimettst and varistrghmodifidatioks sdigraibntant avesttatdoerent

tPh%th%@ag%B)é erR gkillef ipyhredt gfthquigeyidted repdhessittedd by
tr?eprr%%ebnile station when the base station indicates the

adjustment amount to the mobile station.

2. The base station as claimed in claim 1,
wherein if a channel transmitted by the mobile station
is a RACH, the adjustment amount is set to a larger range,
and it the channel transmitted by the mobile station is
a channel other than the RACH, the adjustment amount is
set to a smaller range.

3. Abase station for communicating to a mobile
station wherein the mobile station transmits an uplink
signal 1n accordance with a SC-FDMA scheme or an OFDMA
scheme, the base station comprising:

a range setting unit configured to set an
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15 invention. This international patent application is based on Japanese
Priority Application No. 2007-001861 filed on January 9, 2007, the entire
contents of which are hereby incorporated by reference. 20 [Industrial
applicability] A mobile communication system, a base station, a mobile
station and a communication control method according to the present

inyention can be applied tg.a 25 radio communication system. 30 _
S HEL N CARSIRH R bR roP CkHRBAD Sy ) AHBAS Sdiphng OF the
uwpdrerkiteimakilk tativavardsinitt eanaiplink asigres it epandbineg with by pe s

S5 EPYB SISO QEBYA SRR, HIPdASE A2 COMRisiigi on

justment amount range setting unit configured to set an

agid dRRhesmdif GAHNSEAMED EraASRH BitinkQof BhteupnaRr dihgaisdation
paverdieol raANDER depeneittIos gaaaf aehansrlittrsmitsy hthease
mobile. station when the base station indicates the 15 adjustment amount

fle station. 20 2. The base station as claimed in claim 1,
wherein if a channel transmitted by the mobile station is a RACH, the
adjustment amount is set to a larger range, and if the channel transmitted
by the mobile station is a channel other than the RACH, the adjustment
amount is 25 set to a smaller range. 30 3. A base station for
communicating to a mobile station wherein the mobile station transmits
an uplink signaln aggordgNee MDA ST FPMA SR AN A 3,
wherein the range setting unit sets the adjustment amount
to have different ranges as control information iIn a
physical layer, control information in a MAC layer and
an information element 1n a RACH response, the control
information and the information element being

transmitted by the base station.

5. The base station as claimed 1n claim 3,
wherein if the downlink control signal is a response
channel to a RACH, the adjustment amount is set to have
a larger range, and if the downlink control signal 1is
a control signal in a physical layer or a MAC layer, the
adjustment amount 1s set to have a smaller range.

6. A mobile communication system including a
mobile station and a base station communicating to the
mobile station, wherein
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scheme, the base station comprising: a range setting unit configured to
set an 31 adjustment amount for adjusting a transmit timing of the uplink
signal to have different ranges depending on types of a downlink control
signal when the base station indicates the adjustment amount to the
mobile station 5 in the downlink control signal transmitted by the base
station. 10 4. The base sgat n as claimed in claim 3, wherein th(|e ran

setting unit sets 1 aBRRHASHBERP o h508 G ARt 2ih YT Signal
eontaat aderdatice iwd dhyaicaClaydrMeorgiwh mfenmatioam @ MDMA layeheme ,
3@(& 15 an information element in a RACH response, the control

information and the information element being transmitted by the base

station. 20 5. THENRafastgist ad damaamlddms3a wisdisin isteting unit

d@WH‘li:éf;&?@ttﬁp'E&n@Sg aarﬁsarujsascm@ge!f tt%rﬂgiﬁﬁil'l fbe atdkﬂljhniﬁﬂi ng a
mount IS set.lQ have er ran | e wnlin ontro

PRREI S NG Lyt L7 b SD8Y e Aifimai f Ferent
HA0getSs dap@haixﬂ@smalletyqn@s 806 aAchabile edmincaicationt ted by
REM AN SGUR SIIOR apf @ Q?é%étaé‘i?af%‘ﬁ‘ui‘f?&'i’&%@es the

the_mobile station, wherein 32 the mobile station transmits an uplink
§@A&Slﬁ%8&d§ﬁ&%ﬂﬁ decHrvAclkhe SERIAPHMA scheme,

and the base station includes a range setting unit

7. The mobile communication system as claimed
inclaim6, wherein 1T a channel transmitted by the mobile
station is a RACH, the adjustment amount is set to a larger
range, and 1f the channel transmitted by the mobile
station i1s a channel other than the RACH, the adjustment
amount is set to a smaller range.

8. A mobile communication system including a
mobile station and a base station communicating to the
mobile station, wherein

the mobile station transmits an uplink signal
in accordance with a SC-FDMA scheme or an OFDMA scheme,
and

the base station includes a range setting unit
configured to set an adjustment amount for adjusting a
transmit timing of the uplink signal to have different
ranges depending on types of a downlink control signal
when the base station indicates the adjustment amount
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5 configured to set an adjustment amount for adjusting a transmit timing

of the uplink signal to have different ranges depending on types of a

channel transmitted by the mobile station when the base station indicates

the adjustment amount to the mobile station. 10 7. The mobile
communication system as claimed 15 in claim 6, wherein if a channel
transmitted b mobile station js a CH the dﬂ tment amoupt is

£ GO0 1o SHRARE oA BN fa R G AETE byaibenal
bracrsEnndotiter bhyantthe RS trmtaﬂlﬁlment amount is setto a

smaller range. 20 8. A mobile communication system including a 25

mobile station and a base station communicating to the mobile station,
wherein the mobile station transmits an uplink signal in accordance with a
SC-FDMA scheme or an OFDMA scheme, and 30 the base station

includes a range setting unit configured to set an adjustment amount for
adjusting a transmit timing of the uplink signal to have different ranges
depending on typesTdia daviniikle contmolsighab Wwhen tey badssiatoa laimed

yicaies ife %dJU%sws?mO% e33|18 Qe SN e dowplinkene

control signal transmitted by the base station. 5 9. The mobile

e tRsih SeRH s damkaviR cFéFrifﬁe\Nﬁémn'fﬁé'%ge agiggntrol
VniFeatm el o USW%f\tpﬂiWht@thffereﬂUﬁtG@Iaﬁ padiehEion in

information in a ical la control |nfor ation | a MAC| and an

A GV B AR 1) AHERF IR EHEE STZRBAE TN ARALH PeeBbnse,
the control information and the information element being
transmitted by the base station.

10. The mobile communication system as
claimed inclaim 8, wherein if the downlink control signal
IS a response channel to a RACH, the adjustment amount
is set to have a larger range, and if the downlink control
signal 1s a control signal 1n a physical layer or a MAC
layer, the adjustment amount is set to have a smaller
range.

11. A communication control method in a base
station communicating to a mobile station, the method
comprising:

receiving an uplink signal transmitted from
the mobile station iIn accordance with a SC-FDMA scheme
or an OFDMA scheme;
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the control information and the information element being transmitted by
the base station. 15 10. The mobile communication system as claimed in
claim 8, wherein if the downlink control signal 20 is a response channel to
a RACH, the adjustment amount is set to have a larger range, and if the
downlink control signal is a control signal in a physical Iayer ora MAC
layer, the adjustment amount is set to have a smaller ran %5 11. A n
communication ST AEMHSE A 344 SEUERL AR Eh g 4 STINg
anobimstatiant theimdthgd abmphiseingipédeikngdgnplihk smnihe mobile

i[?lsmlg%d fr%rn the mobile station in accordance with a SC-FDMA

eme or an O DMA scheme; 34 indicating an adjustment amount for

adjusting a trarBRAREARPofANd BRHR sRifialth theaddbirtBandn: angunt

geeH@iIn@e ehipe adypiReim amednt Erdapsndied ea BRetRtamobile
Sﬁgel transmitted by the mobile station. 10 12. The communication

fdthod as claimed in claim 11, wherein if a channel transmitted
by the mobile station is a RACH, the adjustment amount is set to a larger
range, and if the channel transmitted 15 by the mobile station is a channel
other than the RACH, the adjustment amount is set to a smaller range. 20
13. A communication control method in a base

12. The communication control method as
claimed in claim 11, wherein if a channel transmitted
by the mobile station is a RACH, the adjustment amount
is set to a larger range, and if the channel transmitted
by the mobile station is a channel other than the RACH,
the adjustment amount is set to a smaller range.

13. A communication control method in a base
station communicating to a mobile station, the method
comprising:

receiving an uplink signal transmitted from
the mobile station 1n accordance with a SC-FDMA scheme
or an OFDMA scheme;

indicating an adjustment amount for adjusting
a transmit timing of the uplink signal to the mobile
station 1n a downlink control signal for setting the
adjustment amount to different ranges depending on types
of the downlink control signal when the adjustment amount
is Iindicated 1n the downlink control signal transmitted
by the base station; and

changing a range of the adjustment amount at
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station communicating to a mobile station, the method comprising:
receiving an uplink signal transmitted from 25 the mobile station in
accordance with a SC-FDMA scheme or an OFDMA scheme; indicating
an adjustment amount for adjusting a transmit timing of the uplink signal
to the mobile station in a downlink control signal for setting the 30

adjustment amount to_different rapges depending on types of tjne

HO P Ak o S AR B A< h At SRR S8 At Phyont ol
daygmek control signal transmitted by the base station; and changing a

range of the adjustment amount at 35 the mobile station based on the

received downlink control signal 5 14. The communication control method

as claimed in claim 13, wherein the indicating the adjustment amount
comprises transmitting the adjustment 10 amount with different ranges as
control information in a physical layer, control information in a MAC layer

and an information element in a RACH response. 15 15. The
communication tdntrol methodnasucldiowt imdaioohd whkreieklzod as
ORICFIRGINE YRRt PENOUDHEQRIY WE%HQ'CE"H’&BE@%E’W%:W& 20
amount with a larger range in the downlink control s%l_al when the

asdM Pk BBRTPRGHANE & AR hisechdnan &'d REERGath A dchliHg tment
theadstmentaaduRfeite A tsralleg eangedn dgundavaling sigoanvé€ion in

B PYPLYI AR R FBTR SROPHR N IR anc
an information element in a RACH response.

15. The communication control method as
claimed 1n claim 13, wherein the indicating the
adjustment amount comprises indicating the adjustment
amount with a larger range in the downlink control signal
when the downlink control signal is a response channel
to a RACH and i1ndicating the adjustment amount with a
smaller range in the downlink signal when the downlink
control signal is a control signal in a physical layer
or a MAC layer.

16. A mobile station for communicating to a
base station, the mobile station comprising:

an uplink signal transmitting unit configured
to transmit an uplink signal 1n accordance with a SC-FDMA
scheme or an OFDMA scheme; and
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30 16. A mobile station for communicating to a base station, the mobile
station comprising: an uplink signal transmitting unit configured to
transmit an uplink signal in accordance with a SC-FDMA scheme or an
OFDMA scheme; and 36 an uplink transmit timing adjustment unit
configured to adjust an uplink transmit timing based on an adjustment

amount for adjusting a transmit timing of._ the uplink sigr% if the base n
station indicate<tfle %%Ejmg;é_rﬁ %H%rﬂﬂttto dhBGAS A ERg e UnT t
adjnftiimpuradotna zed jdiffereatranpda ddpandangsonitypdsd i aghbarsstd on
ngmigt i [ 017 ' atj e s A
S AT Yo ey NG o bhafisnae, inipo of

tigRaluRhdnitingLarabnidirdd a5 kasansehedi Qilind Bighaates the
aepidanse Mith anerrP Mo SERMenANIQFRIABEBRMakheteia the

b station indicates an . adjustmgpt amoynt for adjustjng a trgnsmit
B F I BTo SOl BT S R AS R PR LT g tyPes
eifnal fatseiting thatadjustmeitttancouny toties e ndiffe idne ragita s, iamal the
mobile station further comprises an uplink transmit timing adjustment unit
configured to adjust an uplink transmit timing based on the received 25
downlink control signal. 30 18. The mobile station as claimed in claim 17,
wherein the uplink transmit timing adjustment unit adjusts the uplink
transmit timing based on the range of the adjustment amount transmitted
as control information in a physical layer, control information in

17. A mobile station for communicating to a

base station, the mobile station comprising:

an uplink signal transmitting unit configured
to transmit an uplink signal 1n accordance with a SC-FDMA
scheme or an OFDMA scheme,

wherein the base station indicates an
adjustment amount for adjusting a transmit timing of the
uplink signal to the mobile station in a downlink control
signal for setting the adjustment amount to have
different ranges, and

the mobile station further comprises an
uplink transmit timing adjustment unit configured to
adjust an uplink transmit timing based on the received
downlink control signal.

18. The mobile station as claimed in claim 17,
wherein the uplink transmit timing adjustment unit
adjusts the uplink transmit timing based on the range
of the adjustment amount transmitted as control
information in a physical layer, control information in
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37 a MAC layer and an information element in a RACH response 5 19.
The mobile station as claimed in claim 17, wherein the uplink transmit
timing adjustment unit adjusts the uplink transmit timing based on the
adjustment amount with a larger range if the downlink 10 control signal is
a response channel to a RACH and based on the adjustment amount with

3 SR 4age e downl Contl SN 2 SVl SUREN Fesponse

19. The mobile station as claimed in claim 17,
wherein the uplink transmit timing adjustment unit
adjusts the uplink transmit timing based on the
adjustment amount with a larger range iIf the downlink
control signal i1s a response channel to a RACH and based
on the adjustment amount with a smaller range i1f the
downlink control signal is a control signal in a physical
layer or a MAC layer.
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