-1- TITLE OF THE | NVENTI ON COVMUNI CATI ON SYSTEM EMPLOYI NG AUTOVATI C REPEAT
REQUEST 5 BACKGROUND OF THE I NVENTION 1. Field of the Invention The present
invention relates to packet transm ssion enploying automatic repeat request
(ARQ under environnment of nobile conmunication. 10 2. Description of the
‘Rel ated Art Recently, as the Internet has wdely spread, a demand on data
comuni cati on under nobil e comuni cation -€nvironnent has increased

remar kabl y, and, achi evenent of 15 nobil e conmuni cati on having a higher data
rate and a |arger capacity than those of a next generation nobile

comuni cati on sySIEWR (QEVIHEOQQYVENSI@Xpected. In data conmunication field,
as data transm ssion at varjous rates and quality of service is

requi red, a packet 20 tra%mggﬁg%tsgﬁﬁ# %NPEQYB%@aAq@N&iT\}FdB‘EPFHO
packets of fixegdeddor mati on anounts which are then transmtted is
effective. Further, in a data communication field, error free transm ssion
must be guaranteed, differently from 25 voice comrunication or the I|ike.
Accordi ngly, caut gﬁ q@;H @ see "Automatic repeat request
error controSIal sB éﬁo,th\%oﬁiﬂs ; ,ﬁ tello, and M J. Mller, |EEE
Trans. Commun . Mag., vol .1.22Fippd &f lthe DewentiB84) is essential. In ARQ a

packet encoded with an errgor 30 detection code added to a information signal
sequence is transmtted f]ﬁt?mp&etsfeaﬁs?ﬁ“é?}tdr?neﬁ&,laéﬁa,t%tp%F eption end,

a re-transni ssi oRriRaHESYi drPlerph By PAG kfttdratTRd€epeat request (ARQ)

under environment of mobile communication.

10

2. Description of the Related Art
Recently, as the Internet has widely spread, a
demand on data communication under mobile communication
environment has increased remarkably, and, achievement of
15 mobile communication having a higher data rate and a
larger capacity than those of a next generation mobile
communication system (IMT-2000) is expected. In data
communication field, as data transmission at various data
rates and quality of service is required, a packet
20 transmission system in which data is divided into packets
of fixed information amounts which are then transmitted is
effective.
Further, in a data communication field, error
free transmission must be guaranteed, differently from
25 voice communication or the like. Accordingly, automatic
repeat request (ARQ; see "Automatic repeat request error
control schemes," S. Lin, D. J. Costello, and M. J. Miller,
IEEE Trans. Commun. Mag., vol. 22, pp. 5-17, Dec., 1984)
is essential. In ARQ, a packet encoded with an error
30 detection code added to a information signal sequence is
transmitted from a transmissicn end, and, at a reception
end, a re-transmission request for the packet is made

toward the transmission end when error has been found in



toward the transm ssion end when error has been found in -2- the received
packet by using the error detection code. At the transm ssion end, the
packet for which the re- transm ssion request was made is transmtted again,
and this operation is repeated until no error is found in the 5 reception
end. Thereby, error free transm ssion can be achieved. However, according
to ARQ such a re- transm ssion request oCé&dr s frequently when a channel
condition is not satisfactory, and, thereby, a 10 transm ssion perfornance
is remarkably degraded. In order to solve this problem Hybrid ARQ in which
error probabil it F&CPeHEE P ALta PVe8GiRT ofNe TR AGTECT B MaFIRe -er Pér

correction code {ia %gghg;nggﬁiﬁ]tg}% erher pdetectipn yngeder 8 proposed. Hybrid

ARQ i ncl udes Type-1 1n whic e 15 re-transm ssion packet is identical to
the initial trdnsmsssissnopackaisstamdsTypade|1d Itdansmiwhedhagdhen r eend

transm ssi on packet is not.identical %o t he ifitial transgi ssion packet. In
Type-1, study has'eSRSHRGEORuth TPRACSAhBRTLE FEt &TFEE pac %‘fnci!irﬂcrf error

at a receptign 2Qepdiohhen@ackeierepyst eredr kb talhemidsiéntéanyd ssion
packet is received, both the packets are conbined together

synbol - by- synbolachiieeeby, packet conbini ng such that a signal -to-noi se
rati o (SNR) can be irrprovggwggé{rbeaﬁ&ggiigéego(ﬁg@ "AR éeggi_ty Conbi ni ng
( " Viterbi

DS/ CDVA system with 25 convol utional encodi ng and ecoding," S.
Soui ssi and S. WWagkesrissiBRErdqeers. odehrsTéchgbentyolwhedda dloaniel pp.

304- 312, May, 1995)...On th t h L. in T AANARN i gi nal d i
restored byyconb?(?ﬁqﬁ'ltoﬁelgl gggg%ttl%;%§ﬁ:0?¥eégrg%tkté}eregéfc');lﬁgl pg- t (r:gngn‘i 's:. on

packet whi choar ec mgliwsednbyet fi€rmance is remarkably degraded. In order

to solve this problem, Hybrid ARQ in which error
probability is reduced as a result of employing a forward
error correction code in addition to the error detection
code is proposed. Hybrid ARQ includes Type-I in which the

15 re-transmission packet is identical to the initial
transmission packet, and Type-II/III in which the re-
transmission packet is not identical to the initial
transmission packet. In Type-I, study has been made such
that when a received packet includes error at a reception

20 end, the packet is stored, and, after a re-transmission
packet is received, both the packets are combined together
symbol-by-symbol. Thereby, packet combining such that a
signal-to-noise ratio (SNR) can be improved may be
achieved (see "A Diversity Combining DS/CDMA system with

25 convolutional enceding and Viterbi decoding," S. Souissi
and S. Wicker, IEEE Trans. Veh. Techol

pp. 304-312, May, 1995).
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On the other hand, in Type-I1/III, original code
is restored by combining the already transmitted packet
30 and re-transmission packet which are punctured by the
different puncturing pattern. Thereby, it is possible to
improve the coding rate (see "Rate-compatible punctured

convclutional codes and their applications," J. Hagenauer,



different puncturing pattern. Thereby, it is possible to inprove the coding
rate (see "Rate-conpatible punctured convolutional codes and their
applications,” J. Hagenauer, -3- |EEE Trans. Conmun. vol. 36, pp. 389-400,
April, 1988). Further, according to |IMI-2000, information transm ssion of
maxi mum 2 Mops is rendered. However, a higher transm ssion rate i s needed
in consideration of 5 future demand. Theréftre, enploying of a variable rate
system such that the transm ssion rate can be inproved w thout w dening the
frequency band changl ng the nodul ation |evel and coding rate
appropriately vw%‘f? TrenSuatPBRbf VR 1t-r dRsnPBsi v c‘?‘r%)nné\lprllé sé?%)f actory is

10 being studied (see " Pei{,of fBNCE, Qfo el MROk o RALE- ATtD Level
Control | ed Adaptive Mdul ation Syster% F[;%Togo i Ue, Sel i ch %légr%rél and

Nori hi ko Mori nagat;ansﬁe(sWnpoabeeap@ummoﬂ MEpG:E;LSSSé‘FQBa-@ﬁ, CB95ef8r, RCS95 30,
May, :.995). Furth

r W|thre rd to A ng a 15 .variable rate
system a study Bedrt HE on o Rg S e%‘% c,&ﬁélg@ﬁéﬁé ﬁs?ﬁg
Punct ur ed COISV0|ﬁﬁﬂLQ:ﬁza|deﬁ@dG WTHYE;@‘HJ@:@“ vepModih@td o Spustierse” ratdsashi
Nai j oh, Seiichi Sanpe-i, Norihiko Mrinaga, and Yukiyoshi Kam no, Techni cal

Report of | El CE,SX30%. ZRCPRERSE-Pte tuapsmigeépn %Te%r%ﬁrh@ezemwowﬁis st udy,
at a reception end.,&Sif! ;ﬁ%%ﬂa AHe afretc%l%%%t(}] BShQ! Sf gs ﬁé“ mat ed,
t ra Sl on ar ane

and, based on a resu e esti mat nsm ers such as
the nodul ation ﬂ'l@lille]l&S?,lCEDdlengl rane ard sy mbak ala;bneoramatai@'t ghenned. 25 On
the other hand, in n5|derat|§n of .corrrmnﬁlit W th is a

proni si ng candi d%ﬂ’a Ot §faBc 5 Mo & 8,rm cjo?rpsc?sﬁjt etzatcg(?ml Yue of
transni ssi onopowesi Pt edndsse tepdh Asahdink Whi SPdde Rate and

Modulation Level Controlled Adaptive Modulation System,",
Toyoki Ue, Seiichi Sampei, and Norihiko Morinaga,
Technical Report of IEICE, SST95-21, CS95-28, RCS95-30,
May, 1995). Further, with regard to ARQ employing a

15 wvariable rate system, a study has been made (see "Type-II
Hybrid ARQ Scheme using Punctured Convolutional Code with
RAdaptive Modulation Systems,'", Masashi Naijoh, Seiichi
Sampei, Norihiko Morinaga, and Yukiyoshi Kamino, Technical
Report of IEICE, CS%96-27, RCS96-20, May, 1996). According

20  to this study, at a reception end, a situation of a
transmission channel is estimated, and, based on a result
of the estimation, transmission parameters such as the
modulation levels, coding rate and symbol rate are
determined.

25 On the other hand, in consideration of
commonality with IMT-2000, CDMA is a promising candidate
as an access method, and, a composite technigue of
transmission power control and site diversity which are
inherent to CDMA, with ARQ is demanded. According to CDMA,

30 a same frequency is used in common with other users.
Accordingly, when a power larger than a required one is
transmitted, the number of users who can use the same

frequency band is reduced. Therefore, in order to prevent



inherent to CDVA, with ARQ is demanded. According to CDMA, 30 a sane
frequency is used in conmmon with other users. Accordingly, when a power

| arger than a required one is transmtted, the nunber of users who can use
the sane frequency band is reduced. Therefore, in order to prevent -4- the
transm ssi on power from exceeding a required one, transnm ssion power
control is performed. For exanple, a tran$m ssion power control signal (for
exanple, a TPC command for increasing or decreasing the power at a 5
transm ssion end) is transmtted froma reception end to the transm ssion
end such that tH9WENSNSSPEOR rRevat tiired ekeerdite a mawwirsdi o end is
controlled so t .. recei the.reception end y_b t

const ant. Furthgtﬁ%ar%%v%ﬁﬁﬂﬁs§§¥%%%%r82el%r %ﬁl'e%%?ecfe's EJ%% re}e(%neé;feg’dlay used,
site diversity iscgenfiesied soedr tdwmttrodi ghghsl f (fop axeinal i &yTedf base
stations are received/transmtted in a tinme overlapped manner. SUMVARY OF
THE | NVENTI ON 15°9W3RRQIoan 1 REReF NAYK o §RSFeR $1R@ ] Po¥ert PAndni ssi on end
as a feedback signglsmialdohSen§PNYENILRALLYUSEERS: a-LRREEEH si@nal for
re- transm ssion request. However, when the ACK signal 1s” repeatedly sent
to the transnmi sstlon eredismihssoneard suvdt thett hlee qormmiteabieohr i srudttiesn i s
satisfactory. On.g ther __hand, . when the NACK sjgnal_is.repeatedly sent to
the transm ssi ofnrﬁot?net %anﬁrené%?%whaetn e 88%%%%a$isoonsch§?t8§ﬁ%n i s not
satisfactory. Accecdliwgl Yy aheobpegptinin he pagseatképtyeihiseant. 25 is to

i nprove the transm ssion performance by effecti velg utilizing the ACK/ NACK
signal in ARQ A communi catF&Rehet Hod-BECSYAFRY. t S t PR prreeeRpcY 1s

10 repeatedly used, site diversity is performed such that
signals from a plurality of base stations are

received/transmitted in a time overlapped manner.

SUMMARY OF THE INVENTION

15 In ARQ, an ACK/NACK signal is sent to a
transmission end as a feedback signal, and is
conventionally used as a control signal for re-
transmission request. However, when the ACK signal is
repeatedly sent to the transmission end, this means that

20  the communication situation is satisfactory. On the other
hand, when the NACK signal is repeatedly sent to the
transmission end, this means that the communication
situation is not satisfactory.

Accordingly, an object of the present invention

25 is to improve the transmission performance by effectively
utilizing the ACK/NACK signal in ARQ.

A communication method according to the present
invention comprises the steps of:
a) transmitting an ACK signal indicating that a

30 received packet includes no error or a NACK signal
indicating that the received packet includes error, from a
reception end to a transmission end, and performing

automatic repeat request;
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i nvention conprises the steps of: a) transmtting an ACK signal indicating
that a 30 received packet includes no error or a NACK signal indicating
that the received packet includes error, froma reception end to a

transm ssion end, and perform ng automatic repeat request; -5- b) obtaining
reliability of the received packet when denodulating it at the reception
end; and c) reporting fromthe reception e to the transnission end the
reliability of the received packet 5 utilizing the ACK/ NACK signal by using
not less than three |evels. Thereby, the transm ssion end can perform
transm ssion control suit &bl ebteiring aediibbsiohy s¢f udtd geceavedrdaaket o t he

reliability of the receive acket, at. the 10 reception end. The net hod may
further conprise@?%é §%5€”§F96§g H%fg?ﬁﬁﬁiﬁﬁc %ﬁﬁpéﬁl’hgngeliability of the
recei ved packet whether an mepothing e€eemvedepaskeptich teddbeostheed so as
to be conbined with a re-transm ssion packet, when 15 the received packet

i ncl udes error. THRATHPSLD EaA Eﬁﬁ[ﬁ%%ﬁéﬁﬂéatYh%f P 11519FdNEE Paektadat i on

occurs as a result; of, 4y) RBAAEREGAMED iBRAGKeLy hawhNhdOWeks! kabh! {dYed Or
conmbi nation with the re-" transm ssi on packet. 20 The nethod may further

conprise the stepeoflsl) perfornming control of a transnission paraneter at
the transm ssion end bas%glon,the Al nal _transmtt fromthe

. ere théqggg%CK'sig n_en n ?d Co
reception end. Thereby, thé transnasion end>caR per orth 255t Palisni ssi on
par amet er setti ngrstsgriiadydient eohtadbN 8iPaBle to a transmission situation

according to the reliability of the received packet at the

10 reception end.

The method may further comprise the step of d)
determining based on the reliability of the received
packet whether or not the received packet is to be stored
so as to be combined with a re-transmission packet, when

15 the received packet includes error.

Thereby, it can be prevented that performance
degradation occurs as a result of using a received packet
having low reliability for combination with the re-
transmission packet.

20 The method may further comprise the step of d)
performing control ¢f a transmission parameter at the
transmission end based on the ACK/NACK signal transmitted
from the reception end.

Thereby, the transmission end can perform

25 transmission parameter setting suitable to transmission
situation according to the reliability of the received
packet obtained at the reception end.

A communicatilon method for a mobile
communication system according tc another aspect of the

30 present invention performs power control at a transmission
end so that reception quality at a reception end is made
to be constant. The method may comprise the steps of:

a) transmitting an ACK signal indicating that a



situation according to the reliability of the received packet obtained at
the reception end. A communication nethod for a nobile comunication system
according to another aspect of the 30 present invention perforns power
control at a transm ssion end so that reception quality at a reception end
is made to be constant. The nethod may conprise the steps of: a)
transmtting an ACK signal indicating that-fa -6- received packet includes no
error or a NACK signal indicating that the received packet includes error,
froma reception end to a transm ssion end, and performng automatic

repeat request; mrkRiSds) peekkbor Mmagdsontokrobr aot raanEWwiKs siignalpar amet er at

(e Lranem ssion e WL 2109 Lhe AGYNGK. slgracend e Leansnogl o

power control signd

transm ssi on conté@dptiyoritankd zbng e AEENAGKend 0 Hidprlr fargihgansm ssion
power control signal. The nmethod may further conprise the step of c)
re-transmitting ¥ E&TEhdPPssForePirKet aP€-built so as to be able to be

properly/effgctively conb&ne%e%&ggmfgb Aeady o kr ansm %sﬁéﬁket at the

reception en when an 15 information transm ssion rate fromthe
transm ssi on endpradsanediengdd thhr brapentims itnarsdi ssi e ipar aivet CKAWAEK ol  at

t he transnissiog.en -EﬁﬁffeQx nthf geception end cgﬂ .proqerly/effectively
conbine the al reatP Tt aHEHi% 88" I HuKReP WL h PRE TurTERETY recei ved packet

sSo as to obtain a highlytMﬁhh@PLei@aﬂkaBEEQQEth@ pecRIvehipacket . A
comuni cation nethod for a nobile communication system according to anot her
aspect of the Precise transmission control by utilizing the ACK/NACK

10 signal and transmission power control signal.

The method may further comprise the step of ¢)
re-transmitting a re-transmission packet re-built so as to
be able to be properly/effectively combined with an
already transmitted packet at the reception end, when an

15 information transmission rate from the transmission end is
changed through the transmission parameter contrcl at the
transmission end.

Thereby, the reception end can
properly/effectively combine the already transmitted

20 packet with the currently received packet so as to obtain
a highly reliable packet from the received packet.

A communication method for a mobile
communication system according to another aspect of the
present invention, comprises the steps of:

25 a) transmitting an ACK signal indicating that a
received packet includes no error or a NACK signal
indicating that the received packet includes error, from a
reception end to a transmission end, and performing
automatic repeat request; and

30 b) when uplink site diversity reception is
performed such that a plurality of base stations
simultaneously receive a signal transmitted from a mobile

station, generating the ACK/NACK signals at the plurality



present invention, conprises the steps of: 25 a) transmtting an ACK si gnal
indicating that a received packet includes no error or a NACK signal

i ndicating that the received packet includes error, froma reception end to
a transm ssion end, and perform ng automatic repeat request; and 30 b) when
uplink site diversity reception is perforned such that a plurality of base
stations sinultaneously receive a signal Tfansnitted froma nobile

station, generating the ACK/ NACK signals at the plurality -7- of base
stations, and trapsmtting themto %he nmobi | station and a host station of

the plurality of°baS25 st GRS, &R t??ﬂ?Wﬁﬂ&lPQ 5PSTi bn WS MyPLhe ACK/ NACK
signals fromthesphtiahidng of nbasessiets®nss and periLI MPGbhr Dase
re-transm ssion control. Thereb even when the uplink site diversity
reception is perﬁ@ﬁhﬁ@nstfﬁ@e@o§ es@@blkﬁl%ﬁﬂilwﬁbpﬁéngst%ﬁ|kﬁKﬂﬂéﬁerrforn1
determ nation as XLS bsen f t de ndent |

Gn XL %reo?rb%% ﬁ?u%ln? cffa KeL EE%\&OAQ rfdegﬁg%o?ﬁ?_%%

Especially, in tﬁ nmobr | e

sta can performrte-
control independentkynshidwh wantiay. for a final determnation fromthe
host station, it is possible to effectively reduce rocessi ng del ay, and,
al so, to reduce the neces raﬁgﬁ?s§|%%1%ﬁTP@ﬁ ﬁngh?e diyerRd tiret hod may

further conpriserthepsi&p ©f fekrodRBEr athdthddre sACK: 8homah R 1kr ansmi tting
it to each base sta?lon fromthe host station of the plurality of base

stations, when tR&akdsh eamatregiordcepvesninil IAOKARACK exigfrilas/BP6ANERE

plurality of basgeobations.mi.ch Laclugen2 ot Lessatipn fh (Gt hofte

signals. The nmet hod rise ste
10 statlon as it can perform re-transmission control

independently without waiting for a final determination
from the host station, it is possible to effectively
reduce a processing delay, and, also, to reduce the
necessary transmission buffer amount.

15 The methcd may further comprise the step of c¢)
generating the ACK signal and transmitting it to each base
station from the host station of the plurality of base
stations, when the host station receives the ACK/NACK
signals from the plurality of base stations which include

20 not less than n (2 1) ACK signals.

The method may further comprise the step of c¢)
determining at the mobile station that proper reception
was performed at the reception end, when the mobile
station receives the ACK/NACK signals from the plurality

25 of base stations which include not less than n (2 1) ACK
signals.

A communication method for a mobile
communication system according to another asepct of the
present invention, comprises the steps of:

30 a) transmitting an ACK signal indicating that a
received packet includes no error or a NACK signal
indicating that the received packet includes error, from a

reception end to a transmissicn end, and performing



determning at the nobile station that proper reception was perforned at
the reception end, when the nobile station receives the ACK/ NACK signal s
fromthe plurality 25 of base stations which include not less than n (>: 1)
ACK signals. A comunication nmethod for a nobile comunication system
according to another asepct of the present_invention, conprises the steps

of: 30 a) transmtting an ACK signal indi cati ng that a received packet
i ncludes no error or a NACK signal indicating that the received packet
includes error, froma .reception end to a transm ssion end, and performng

-8- automatic repBut™ SPGBy e Gl i nk site diversity reception is

performed such that a plumgl khgnofipbase sittat Besrsstiutdarqusl Yysreceive a
signal transmtted froma nobile 5 station, generating the ACK/ NACK si gnal

at a host stati oRSTEPITReRR Iy &hRtya dpluredd tat afibase sWFioMSansnitting from
the plurality ofg Pt;%ﬁ?c;dsq.? rFeQ‘éié?”? CRNACK, SEgnAl Sy ARpeLahed; by the
nobi 1 e station. Int k i

host station to the I's contrguratron, packets tromthe
10 plurality of bhseigt atgeors adriegcondi AEd NACHeshenal aantd a thostebyatidni s

possi bl e to obt ai i ghly rel.iabl acket _.i.nformation. The .nobile_station
loes the sars ACRENACH PRI PEaRER (154t PPam EHA. phiHATey 0P Bagh
stations and cashgepi@Famiygkiry veeki gl € Jr- tthansBins SAGKY @K @bnald5 A
comuni cation nethod for a nobile conmunication system according to anot her

aspect of the pgeReRttedBhiGhenNoebnpratEicd tthetbtepebble HRtiransnitting an
ACK signal indicating thatyQ ¢{iQCeb}ed PAcKRI | pokides PARMHY or a NACK

si gnal
10 plurality of base stations are combined together, and

thereby, it is possible to obtain highly reliable packet
information. The mobile station uses the same ACK/NACK
signals transmitted from the plurality of base stations
and can perform highly reliable re-transmission control.
15 A communication method for a mobile
communication system according to another aspect cof the
present invention, comprises the steps of:
a) transmitting an ACK signal indicating that a
received packet includes no error or a NACK signal
20 indicating that the received packet includes error, from a
reception end to a transmission end, and performing
automatic repeat request; and
b) when downlink site diversity reception is
performed such that signals transmitted from a plurality
25 of base stations are simultaneously received by a mobile
station, demodulating a received packet at the mobile
station, generating the ACK/NACK signal, and transmitting
it;
c) when the host station of the plurality of
30 base stations receives the ACK/NACK signals via the
plurality of base stations which include not less than n
(2 1) ACK signals, determining at the host station that

the plurality of base stations performed proper reception,



20 indicating that the received packet includes error, froma reception end
to a transm ssion end, and perform ng automatic repeat request; and b) when
downlink site diversity reception is performed such that signals
transmtted froma plurality 25 of base stations are simultaneously
received by a nobile station, denodul ating a received packet at the nobile
station, generating the ACK/ NACK signal, ant transmitti ng it; c) when the
host station of the plurality of 30 base stations receives the ACK/ NACK
signals via the plurality of base stations which include not |ess than n
(>_ 1) ACK si gnatRerefst giSmtarRgTass e F8SECdt et ReFdC™MeRe 3Bl Ghal ity of
base stations pepfried PIRPBLsEesePti Yy -9- thereby re-transm ssion
control being performed at the plurality of base stations. In this
configuration, as the plurla ithysofobasmrastigni,ons Pee froruriedg tiyhefdossd i nk
site diversity perfor 5 transm ssi0 ccqr.ding.10 t.he sane ACKLNACK
signals. Ther eby,gjé?ﬁ%%n%tﬁﬁré‘%sr?%??o%h%a%wg'(bitlg:kngéi% e&la’ievresrléciyt ?erg?fﬂéct .

Gt her obj ect $ andranshiivyidreatubesing tdecheprsameniCR /MK isagmailkl. becone
nore apparent fromthe 10 foll owi ng detail ed description when read in

conj unction withNeREacBIFARPLAE 2w Ty S BRPEEDESER FEVERSEEY THE
DRAWNGS FIG 1 Lkkystrates a case where an ACK/ NACK 15 signal expressed by
not less than three levels is generated, according to the present

invention; FIG 2 illustrd&@sraocbasetahane furtherdeeztwiaredf abeording to

the reliability Bgegeﬂgcfﬂégﬁiig%c5§ilVE%%J%%Fmore apparent from the

10 following detailed description when read in conjunction

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a case where an ACK/NACK

15 signal expressed by not less than three levels is
generated, according to the present invention;

FIG. 2 illustrates a case where it is determined
according to the reliability of a received packet whether
the received packet is to be stored or to be discarded,

20 according to the present invention;

FIG. 3 illustrates a case where a transmission
end controls transmission parameters according to an
ACK/NACK signal sent from a reception end as a feedback
signal, according to the present invention;

25 FIG. 4 illustrates a case where both an ACK/NACK
signal and a transmission power control command are
utilized in combination together, according to the present
invention;

FIGS. 5 and 6 illustrate how to re-build and re-

30 transmit a packet at a transmission end when an
information transmission rate is decreased, according to
the present inventicn;

FIGS. 7 and 8 illustrate how to re-build and re-



the received packet is to be stored or to be discarded, 20 according to the
present invention; FIG 3 illustrates a case where a transm ssion end
controls transmi ssion paranmeters according to an ACK/ NACK signal sent from
a reception end as a feedback signal, according to the present invention;
25 FIG 4 illustrates a case where both an f&ONACK signal and a
transm ssi on power control command are utitized in conbination together,
according to the present invention; FIGS. 5 and 6 illustrate how to
re-build and re-_30 trflcnsarri t C%e[gac}éet at_a _t.ransm ssi.on_end when an

§"s d

tPansm 2 cf eab¥P™ECESHdFRY Y tHe present

informati on transm ssion r

i nvention; FIGS. idfefatht8idd kusheat eshon tcd dsbunkdeandd | eacddddihgansnit a
packet at a transmission end when an information transmission rate is
i ncreased, accor HMAPID Sttheé"YFBSeAT i nvention; FIGS. and 10 illustrate how

to performuplink 5 site @igsersi hjqar e6epii it Shehnbiato st dl ypiapsm tted
froma nobile station is sinmultaneously received by a plurality of base

stations, in CDVAlpacketensidysmesspPohon awdortdiangat eighel pregentititadent i on;
and FIG 11 illustrates how ta tform downl.ink sit 10 diversity reception
such that signal gr?rga%snﬁn&?ﬂéed Sftrgghog l%l%‘rr%ﬁli a;pec? Sggsée%?la\ﬁ({o% ére

si mul t aneousl y reteryedtpyf dasebsketséas) om CDMACDNAkpackeindntiarsBhssi on,
according to the i;;)ﬂr:r?gg_ent i nventi on. 15 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI RERFECEIG 9L Wirorg 4 Bbmt P 6" ¥4%w &%a transni ssion end and

a reception end in ARQ having aif eatuserffes how to perform downlink site
10 diversity reception such that signals transmitted from a
plurality of base stations are simultaneously received by
a mobile station, in CDMA packet transmission, according

to the present invention.

15 DETAILED DESCRIPTICN OF THE PREFERRED EMBODIMENTS

FIG. 1 shows a control flow at a transmission
end and a reception end in ARQ having a feature of
generating an ACK/NACK signal which can be expressed by
not less than three levels.

20 The transmission end transmits a new packet or a
re-transmission packet to the reception end (in a step
S11). The reception end receives this packet (in a step
S21), demodulates it, and, also, calculates reliability of
the demodulated packet so as to obtain reliability

25 information (in a step S$22).

In order to obtain the reliability information,
the path metric value calculated in a process of decoding
may be used in a case where the convolution code and
Viterbi decoding are used as forward error correction

30 coding and decoding, for example. In this case, as the
final path metric value is smaller, the decoded signal is
more reliable. Acccrdingly, this value can be used as the

reliability information for the received packet.



generating an ACK/ NACK signal which can be expressed by not |ess than three
| evel s. 20 The transm ssion end transmts a new packet or a re-transm ssion
packet to the reception end (in a step SlI1). The reception end receives
this packet (in a step S21), denodul ates it, and, also, calcul ates
reliability of the denodul ated packet so as to obtain reliability 25
information (in a step S22). In order to obt&in the reliability information,
the path netric value calculated in a process of decoding may be used in a
case where the convolution code and Viterbi decoding are used as_forward

error correcti onSPEHH 1 land 1deeddt i, PRSP B EnPPelSE FRNPEVERSESVEHS t he
final path metrigevaldie iRl Lebna i Hiedlogaded: Stapalod e iBn! gnieidabl e

Accordingly, this value can be uséd as the reliability information for the
recei ved packet . thdlsigdalertoatinvekyerérncd gadliso (pdBsimdasumeduse the power

| evel of the receiqu.a% %% measur ed at t@@ reﬁggtiqgkaan or the
signal-to-interfﬁ?%ﬁ%é“?at 0 F@VR? ea¥urefCaf °t T %gpiﬁﬁyend may al so
be used as the rehfabhddiion 5 iTAf erRBtds, WhehhiBeCaseesivdiepolsbe i€cei ved

power is large or SIRis large, it can be determned that the reliability
of the received paEketo¥F sSHi gif. [WReR: t He Canebsi FedepBiRsd i 9admdlPf or SIR s

smal |, it can bercdelelMNpdd hae LB&1Rld gﬁiclkiettyigfhl&@. r ggehvede packet is
10 low. Then, it is determined Iin a step 523, by using  error detection

code, for exanpl eecohesdharowsir ot snakl aerfddulist sdapacket demchbgdes error.
Then, by using ?‘gefcgfrﬁlr'i%%‘;&rh}'&h TESI'aeitﬁCcéfi o %gg Lhe. AhovgLgptLi pped 15
packet reliability, e Si gnal expréessed by nore
10 low.
Then, it is determined in a step S23, by using
error detection code, for example, whether or not the
demodulated packet includes error. Then, by using a
result of this error detection and the above-mentioned
15 packet reliability, the ACK/NACK signal expressed by more
than two levels is generated (in steps S24 and $25), and
is sent to the transmission end as a feedback signal.
According to the related art, the ACK/NACK
signal is expressed by two levels. In this case, the
20  signal having the value of "0"/"1" is used for expressing
absence/existence of error in the packet, for example, to
be sent to the transmission end as a feedback signal. 1In
contrast thereto, according to the present invention in
which the ACK/NACK signal expressed by more than two
25 levels is generated as mentioned above, "000" of the
ACK/NACK signal is assigned for a case where no error is
detected and thus the packet has the highest reliability,
and, then, signals of "001" through "111" (NACK(0) through
NACK (6)) are assigned corresponding to the reliability

30 levels in the order therefrom, as shown below:



than two levels is generated (in steps S24 and S25),
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Thus, it is possible to generate the ACK/NACK

signal expressed by more than two levels. The above

Table-1 shows an example of the ACK/NACK signal having 8

levels. However, the number of the levels may be set

freely.

Then, the transmission end receives the ACK/NACK

signal, and determines whether the ACK/NACK signal

10 expresses ACK or NACK. When the ACK/NACK signal expresses

ACK, the transmission end deletes the already transmitted

packet from a transmission buffer, and sets the

transmission packet to be a new packet (in a step S13).

Further, when the received ACK/NACK signal expresses NACK,

15 the transmission end sets the transmission packet to be a

re—transmission packet. Accordingly, when receiving the

ACK signal, the transmission end transmits a new packet.

However, when receiving the NACK signal, the transmission

end transmits the re-transmission packet (the packet same

20 as or corresponding to that which was already transmitted).

-

FIG. 2 shows one embodiment of a control flow

according to the present invention in which whether a
received packet is stored or is discarded is determined
according to the reliability of the received packet.

25 Similar to FIG. 1, the transmission end



signal, and determ nes whether the ACK/ NACK signal 10 expresses ACK or NACK.
When t he ACK/ NACK signal expresses ACK, the transm ssion end del etes the
already transmtted packet froma transm ssion buffer, and sets the
transm ssi on packet to be a new packet (in a step S13). Further, when the
recei ved ACK/ NACK signal expresses NACK, 15 1 he transm ssion end sets the
transm ssion packet to be a re- transn155|0ﬁ ‘packet - Accordingly, when
receiving the ACK signal, the transmssion end transnits a new packet.
However, when receiving the NACK signal, the transm ssion end transmts the

re-transni ssion patkdt (% ReNBART S 207585 b1 THryeSPoRarkgtt e tHigt whi ch

was al ready transqdddedn enkl G 12 ghonsaere epbodidmMi @fiod epatrol flow
according to the present invention in whi ch whether a received packet is

stored or is d|s%%ﬁ@ﬁﬂﬁﬁ%sadé@@ﬁ@ﬁrﬂﬂFlQﬂ&ﬂ@réFngd¢@»%ﬂw§aﬁyopa§igm@&'aﬂththe
recei ved packet. ci% Syl |ALebo Fl God DGt LaNIM salan end iddmdsanarits 2

new packet or a re fransm ss the Treception end case,
the transm sSi onparicet. tirsars et scde sogralre-nebnshigs aom ichent(ihi satten si gnal

such that the rggeptlo end can. determ ne therefrom whether the 5 packet.
is a new one or at FESEPHROR MY iGFCE LY BE ptNSPHCKeFhd iPedePtion end

recei ves the packet) (idh® RkePmidd) . rand tdet erhl8efend @4 he
above-nenti oned |dent|f|cat|on signal, whether the packet is a new one or

a re-transni ssi ohdeme’ {iqrtdont pIsaR) Whﬁﬁﬂ@rdéb@rm¢¢heﬁgxﬁ)athéw e Qecei ved
packet is a new Q”Pe"‘igi 1%ﬁ388%x¥§d 1rf Qr ttwé Ehﬁ?t tv\h—Ing Jele fu g0t
e t ver,’ when de

operation is proceed € next s termning that the

recei ved packet tbaa.thetnemmanedsp@®k©meusEheeweoe©UMGnﬂ1emdreoabvmbs this

packet with the gorrq&gqp s@thaCke%he current operation is proceeded to
the next step. However, when determining that the
received packet is a re-transmission one, the reception
end combines this packet with the corresponding packet

15 (2already transmitted packet) but received in the past time
and stored in a reception buffer (in a step S43).

By performing the combination, it is possible to

obtain the received packet but having a higher reliability.
As a method of combining the currently received packet

20 with the same or corresponding packet but received in the
past time (already transmitted packet), the above-
mentioned packet combination, code combination or the like
may be used, for example. Then, in the case of the new
packet, the received packet is demodulated. In the case

25 of the re-transmission packet, the combined packet is
demodulated. Further, similar to FIG. 1, the reliability
of the packet is calculated, and the reliability
information is obtained (in a step S44).

Then, whether or not the demodulated packet

30 includes error is determined by using error detection code,
for example (in a step S45). When nc error is found out,
an ACK signal is generated (in a step S46), and, also, in

the case of the re-transmissiocn packet, the packet stored



15 (already transmtted packet) but received in the past time and stored in
a reception buffer (in a step $43). By performng the conbination, it is.
possible to obtain the received packet but having a higher reliability. As
a nethod of conbining the currently received packet 20 with the sanme or
correspondi ng packet but received in the pagt tine (already transmtted
packet), the above- nentioned packet conbination, code conbination or the
|ike may be used, for exanple. Then, in the case of the new packet, the

received packet iis deaoslyt@dreds bR1theg case 23:@b the)re-transm ssion
packet, the conbi ned packet is denodul ated. Further, simlar to FIG 1, the

reliability of the packetWhen egireql as edetenied .ha NéCf\abirfmat%/ is nformati on
is obtained (in gagggte%4 Eh%l%e gé er, o r&%tcogggmg g&)d&ﬂe?t ed packet 30
i Png ode,

i ncludes error et erm ned by us error detection or exanple (in
a step $45). V\hememmahrlntrylmffoamadlomtof tare AGCesivgdapatisetgener atsed (in a

step $46), | so, i the case of the re-transm_ssi on packet, the packet
Stored 4. ¢ RECEEPHER IR 60 FYh WS EAT OV drpRrEat

detected, a me%'s@l&@’ceé@ed genaiabeds{bred 5t ameSABFreangs w@rcording to the
reliability information of the received packet, it is 5 determ ned whet her

or not the packetre%?*ch?PC% he Weenothe werl iddtiddttadof sthe ¥reastveded in t he
buffer of the 21%%52%%0{'3 g@th@?e 'Aalbiédﬂlt s?ffeE? %eec;gﬂe %d packet

is very low mer alltteef I'S ekxpected even | is
stored and is corﬁmenedfwtlhhs gpaakelibr ancsmd;smh mcbeb;namm:nai aorbhere may

be a case Wn1e6e %r‘ golsmgill"tgcthat error % L{{Srls r at 5 algacsree%%%q bg t he
combi nat i on. + AccrEPAGES LTS TL i vERdpa2idt ThETE Br¥d

possibility that error occurs is rather increased by the

combination. Accordingly, the received packet is stored

only when the reliability thereof is high, but it is

discarded when the reliability thereof is low (in a step

15 S49). The other steps are the same as those of FIG. 1,

and description thereof is omitted.

Thus, only a packet having a reliability higher
than a predetermined threshold is stored in the buffer and
used for being combined with a re-transmission packet.

20 Thereby, it is possible to effectively reduce the storage
capacity of the buffer.

FIG. 3 shows one embodiment of a packet
transmission control flow according to the present
invention in which the transmission end controls

25 transmission parameters in accordance with the ACK/NACK
signal sent from the reception end as a feedback signal.

In FIG. 3, transmission of a new packet or a re-
transmission packet from the transmission end {in a step
S61), reception of the packet by the reception end (in a

30 step S71), demodulation of the packet (in a step S72),
determination as to existence/absence of error (in a step
S73), generation of the ACK signal (in a step S74) or
generation of the NACK signal (in a step S75), and



only when the reliability thereof is high, but it is discarded when the
reliability thereof is low (in a step 15 S49). The other steps are the sane
as those of FIG 1, and description thereof is omtted. Thus, only a packet
having a reliability higher than a predeterm ned threshold is stored in the
buf fer and wused for being conbined wwth a {ge-transm ssion packet. 20
Thereby, it is possible to effectively reduce the storage capacity of the
buffer. FIG 3 shows one enbodi nent of a packet transm ssion control flow

according to thetpieseidsidmegnthenadcry/ wixch ibha1t £ansid ssionmgrdieantrol s
25 transm ssion paraneters in accordance with the ACK/ NACK signal sent from

the reception en8N@ds (i feasfifacR’8) gied .thy waprGas3thesandhiaesiedd LoPR@ new

packet or are t } SSi, spi, SSi end (in a step
561), reception %?gﬁﬁ%’%ggﬂé%ggéﬁ%ﬁgéﬁg%%%%f%a%gngh%?ggg' 30 step S71),

denodul ati on of the packetlIritheacstepoS72)gw céiognninafI®n Hs & 0

exi stence/ absence of . error (in a_ st 73), generation of the ACK_sjgnal

G e step 97y BN R A SE RS NAGRTSTRARo 0] RO 519 St ahiE - 15.
transmi ssion of thendtKéNAGK esidgaak ERatdi®l =aRENMbESERE radUdd a step S76)

are the sanme as those in general ARQ nethod, and description thereof is
onitted. In the BBR{¥BFKf$madhdinai At G623, a 5 nodul ati on paraneter(s)

(transm ssion paraneter(s)gd,atl; dihe14r ansdd $4,08 L8N Shangedbased on
the received ACK/ NACK sigﬁﬁ%hiﬁ a s%ép §%%. ébecif?%g% Y, baségJon t he

recei ved ACK/ NACKigségnathe tdi@nciednnehdtoiai tiisomsitgmased metretl, sawgrding
according 1pto.the estippled condiiion, the thansmesion paraneten(s)
is(are) controlled at the transmission end.

As the transmission parameter(s) to be thus
controlled, the number of modulation levels, coding rate,
symbol rate, transmission power value and so forth can be

15 used. Then, as shown in Table-2 through Table-6 below,
the parameter (s) is(are) set in accordance with the
estimated condition.

Table-2 shows setting of the number of
modulation levels in accordance with the estimated

20 condition, Table-3 shows setting of the coding rate in
accordance with the determined level, Table—-4 shows
setting of the symbol rate in accordance with the
estimated condition, and Table~5 shows setting of the
transmission power value in accordance with the estimated

25 condition.

Table-2

LEVEL MODULATION METHOD (NUMBER OF i
MODULATION LEVELS)

BPSK (1)

QPSK(2)

160AM (4)

640AM (6)

I LI NG




is(are) controlled at the transm ssion end. As the transm ssion paraneter(s)
to be thus controlled, the nunber of nodul ation |evels, coding rate,

synbol rate, transm ssion power value and so forth can be 15 used. Then, as
shown in Tabl e-2 through Tabl e-6 bel ow, the paraneter(s) is(are) set in
accordance with the estinated condition. Tghle-2 shows setting of the
nunber of nodulation |evels in accordance wth the estimated 20 condition,
Tabl e-3 shows setting of the coding rate in accordance with the determ ned

level, Table-4 shoys. setting of the synbol rate in accordance with the

estimated conditi on, - - of thetransm-ssion power
val ue in accordance WEWEYhe estimated 25 COHEC FBAETabl e-2 LEVHEL
MODULATI ON MET (NUMBER OF |MODULATI ON LEVELS}, 1 BPSK(1) 2 QPSK(2) 3 16
QM (4 ) 4 64QAM6) - 15- Tablle-3 LEVEL CODI'NG ﬁ't I'tTo 271 r2z 4r3
WHERE ro <_rl < [r2 \_31'—3 —tabte—4 LEVIEL%\II?VEY_ RATE

4 '3

WHERE ro < r; £ 15 £ 3.

Table-4

LEVEL SYMBOL RATE
1 Mo sps

2 M, sps

( 3 M, sps

4 M3 sps

5 WHERE My € M; € M; € Mj.

Table-5

LEVEL TRANSMISSION POWER VALUE
= o

X1

X2

X3

W N ] -

WHERE Xg 2> X1 2> X2

v

X3.

10 In these tables, the number of level corresponds
to the communication situation between the transmission
end and reception end determined, and, expression is made
such a manner that the larger number of level (LEVEL)
indicates the more satisfactory communication situation,

15 and the suitable parameter will be set therefor.

As a method of setting the modulation parameter
based on the ACK/NACK signal at the transmissicn end, a
method may be employed such that the modulation parameter
to be set is determined based on a history of the ACK/NACK

20 signals, for example. 1In fact, successively sent ACK

signals indicate that the communication situation is



 — )

1 M sps 2 ML sps 3| M2 sps 4 M3 sps 5 WHERE Mo < ML < M2 S M.

Tabl e-5 LEVEL TRANSM SSI ON POAER VALUE xo 2 x1 3 x2 4 x3 WHERE xo0 >_ xl1
> x2 > x3 10 In these tables, the nunber of |evel corresponds to the
conmuni cation situation between the transm ssion end and reception end
determ ned, and, expression is made such _g-manner that the |arger nunber of
| evel (LEVEL) indicates the nore satisfactory communication situation, 15
and the suitable paraneter will be set therefor. As a nethod of setting the

modul ation par a@@fsjfa@%&‘g onrf ne, sw%e?.égggls@cets@(ivte'i9nt§%i1§§\il c end,

a nethod may be enpl oye uch"that the nodul ation paranet er e set is
det erm ned basedsnad shiistiargtef thite tACKCNAGKN 20asignalisuatdapnekaspl e. I n

fact, successively sent, ACK. signhals indicate that the mruni cati o
Situation is . 1720 SFECRORD: - I ACTRTrEAY  + NPt PRASEISLEIUEE y SRR NACK
signal s indi cat eot hatr t1@neeBMHAL CALdOR Sl kUatkorihas,, ReeORB rdaafaded.

Accordi ngly, when a predeterm ned nunber of ACS. signals are received
successi vel y2 t hehydt afetléPd 8y 2 stRF iTebTabbPel? BhrafifglerFabPeb® to be set

are to be one(sgng?)r %@E?Hdh&% iaj?lclri?lé§§gs!e<§’vfévef.n GANEEASEast hereto,

when a predeterm ned nunber NACK signals are
thereto, when a predetermined number of NACK signals are

received successively, the parameter(s) shown in Table-2
through Table-5 to be set are to be one(s) corresponding

10 to a decreased level.

Further, as the above-described control cf the
modulation parameter(s) is performed based on the ACK/NACK
signa. generated at the reception side, it is not
necessary to inform the modulation parameter(s) to be set

15 for the transmission packet from the transmission end to
the reception end when a consensus as to how to determine
the parameter (s) to be set based on the ACK/NACK signal is
previously made between the transmission end and reception
end.

20 FIG. 4 shows one embodiment of a transmission
power control flow in which, in CDMA packet transmission,
in a case where the transmission power of the transmission
end is controlled periodically for the purpose of
achieving a constant reception quality at the reception

25 end, both a signal (transmission power control (TPC)
command) for correcting the transmission power at the
transmission end and the ACK/NACK signal are utilized in
combination together.

At the transmission end, a new packet or a re-

30 transmission packet is selected from the transmission
buffer and transmitted (in a step S81). The reception end
receives this packet (in a step S91).

For example, based on the reception signal power



| i © . i

recei ved successively, the paraneter(s) shown in Table-2 through Table-5 to
be set are to be one(s) corresponding 10 to a decreased |evel Further, as

t he above-described control of the nodul ation paraneter(s) is perforned
based on the ACK/ NACK signal generated at the reception side, it is not
necessary to informthe nodul ati on paranet§#%§) to be set 15 for the
transm ssi on packet fromthe transm ssion to the reception end when a
consensus as to howto determne the paraneter(s) to be set based on the
ACK/ NACK si gnal revi ously made between the transm ssjon _end and

s
reception end. %V?iu}thf TREWE O B FEPREAT ST 2 TP (LEF 0RO PRI

control flow in whi&dhtidl CRMALPARKRLsdilanBlEsi 88, thd R rAnGAS8sWBRr &nd he
transm ssion power of the transmission end is controlled periodically for

t he purpose of &thi2BHRP &%6onsvatthadcépei anagihy iefy e rreeivedpti on 25
end, both a sign an§gj I I GO ol .( d) for
correcting the t?g S%¥SSIOﬁi§6%gr8§¥E% e Q%&ahgnggé%éﬁjén ghd t he ACK/ NACK
signal are utilized in coifoat tba dmget-imentidhetiheedemniom smedatend, a new
packet or a re- 30 _transm.ssion Ba%get i se%ected fromthe transm ssion

buffer and transHFFEEW (1H E5sE8 YSeHTREFelEptT ont BHd T3 Ecefves this

packet (in a stepi§id)-tdomwexaepkice hased quIkhe s668Rld aRveNgREl tREVer
-18- level, the reception end generates a command (TPC command) to control
the transm ssi onTp6REYCDf STt pAASHY SIGH eAGasprAad a2ty S8EFEPsLen t hat

the quality of thgyrecgl é%heﬁ“v%@éé(éfQﬁ?@&%@ﬂoﬂgﬁ i%é@ A0Y R FRdGured
constant. 5 As for the above-nentioned reception quality,

10 value(s), and, when the measured value(s) does not satisfy
the target quality, it is necessary to increase the
transmission power at the transmission end. For this
purpose, a transmission power control (TPC) command Up is
set. In contrast thereto, in order to decrease the

15 transmission power at the transmission end when the
quality is satisfied, a transmission power contrcl (TPC)
command Down is set.

Further, simultaneously, at the reception end,
demodulation of the received packet is performed (in a

20 step $92), and whether or not error is included in the
demodulated packet is determined by using the error
detection code, for example (in a step $93). When no
error is detected, the ACK signal is generated (in a step
S94), and, also, when this packet is a re-transmission

25 packet, the packet stored in the buffer is deleted.
However, when error is detected, the NACK signal is
generated (in a step $95). The thus-generated ACK/NACK
signal and the above-mentioned transmission power control
(TPC) command Up/Down is transmitted to the transmission

30 end (in a step $97).

The transmission end receives these transmission
power contrel (TPC) command and ACK/NACK signal, and

changes the transmission power (in a step S82) if



various val ues can be used such as an error rate, a signal-to-interference
ratio (SIR) , a power |level of the received signal and so forth, neasured
at the reception end. A target value(s) is previously set for the neasured
10 val ue(s), and, when the neasured val ue(s) does not satisfy the target
quality, it is necessary to increase the tyqansm ssion power at the

transm ssion end. For this purpose, a transm ssion power control (TPC)
command Up is set. In contrast thereto, in order to decrease the 15

transm ssi on powescad-4hRe transm ssion end when the quality is satisfied, a
transm ssion power control (TPC) comand Down is set. Further,

si mul t aneously, at the redeptrpBpmesion dewsduranton ofetthiee pécaivbirigucket
s perforimed (in:ges2G Shehis92d, A0k MEIGH ool LLIR abg /LlCk uded in

t he denodul at ed pac?(et i's determ ned by using the error “detection code, for
exanple (in a stepgrsdB)in Woebinatiar rargdthedewétl ethw thee dAGKrsbgaal is
generated (in a step 594), and, also, when thi cket i s a re-transm ssion
25 packet, tHe packet stor&d°Ph ?‘ﬁ%o%u“fefrécr' itéedg?gf%"&ng H(S’\Hévgﬂ'?%%%rht error
is detected, the-M¥K Sl of Sthaemet Atk (iBnal sdepP 9¥kmitheon power

t hus- generated ACK/ NACK signal and the above-nentioned transm ssion power
control (TPC) cepmarel smend i(EPE reastanct e@reoasenad.afom sxponle 3Gend
(in a step S97). t 1SS} receives these transm ssion power
control (TPC) cosr’r%gﬁrcli %ﬁﬁ& Wﬁ?gnal, and changes the transm ssion
power (in a step S82) if -19- necessary. A transm ssion power control method
of utilizi ng , th@gglé_r_gnsn‘i ssion power control comand and ACK/ NACK

ACK/NACK SIGNAL TPC COMMAND INCREASE/DECREASE IN
TRANSMISSION POWER
ACK UP +x, dB
NACK UP +x, dB
ACK DOWN -x; dB
NACK DOWN -xg dB

WHERE x¢ £ X;.

In a case where the transmission power control
command is Down and also the ACK/NACK signal is the ACK
15 signal, it can be determined that the communication
quality is the best among the above-mentioned four
different combinations. In contrast thereto, in a case
where the transmission power control command is Up and
also the ACK/NACK signal is the NACK signal, it can be
20 determined that the communication quality 1is the worst
among the above-mentioned four different combinations.
Further, when setting is made such that xo= 0
(dB) in the above Tabel-6, change in the transmission
power is actually performed only in a case where the
25 communication situation determined from the transmission
power control command coincides with the communication
situation determined from the ACK/NACK signal.

Thus, not only the transmission power control



signal in conbination together will now be described 5 As one enbodi nent,
the following four different conbinations of the ACK/ NACK signal and
transm ssi on power control conmand (TPC conmand) are assuned, for exanple,
as shown in Table-6 below 10 Table--6 ACK/ NACK SI GNAL TPC COVIVAND

| NCREASE/ DECREASE | N TRANSM SSI ON PONER _A@GK UP +x0 dB NACK UP +x1 dB ACK
DOM -x1 dB NACK DOM -x0 dB WHERE xO0 5 x1. In a case where the

transm ssion power control conmand is Down and al so the ACK/ NACK signal is

the ACK 15 signadmmdrld &80 Bessletis MoredatRasidhel camwhicationrgual ity is
the best anong the above-nentioned four different conbinations. In contrast
thereto, in a ca&Rkferihiadadt hbet FUMBHI iLStaAn pdera dert r olThesflandit stsUp and
also the ACK NAGLSGN thSatRENEGE-Y gaaleibl 42006 29, gt 6F mped that

t he comunication quality is the worst “anong the above-nenti oned Tour

di fferent conbi naimmonms.catkunt rez] iwhernsiethisngis sefmfde iseciiot hatte x@wer0 (dB)

in the above_Tabel -6, .chan in_the transm ssion power is actually
performed onPy i%orétfé’a}sér\/\ﬁﬁwé IP‘HQ(GES EERTIMP R on situation det er mi ned

fromthe transnission powerteen! rot GORTBRdPESE NEidas WitkihitBenot only
conmuni cation situation determ ned fromthe ACK/ NACK signal. Thus, not only

the transnissi ortHOVBIE rEdit PEK/NBEK Temangubutl et Sda e SACRERABCK gnal are
utilized for def&rdiNidN9+bBEL RO F AOR - hENALd U pERELebYntidy 1S

command for determining the current communication
10 situation.

Then, the transmissicn end receives the ACK/NACK
signal, and determines whether the ACK/NACK signal is the
ACK signal or NACK signal (in a step S83). When receiving
the ACK signal, the transmission end deletes the

15 transmitted packet from the transmission buffer, and sets
the transmission packet to be transmitted subsequently to
be a new packet (in a step S84). However, when receiving
the NACK signal, the transmission end sets the
transmission packet to be a re-transmission packet (in a

20 step 885).

FIGS. 5, 6, 7 and 8 illustrate embodiments of
packet configuration used in packet transmission in which,
in packet transmission employing hybrid ARQ, when an
information transmission rate is changed due to contrel of

25 transmission parameter based on the ACK/NACK signal sent
from the reception end as a feedback signal, the
transmission end re-builds a packet and re-transmits it as
the re-transmission packet, and thereby the re-built re-
transmission packet and the already transmitted packet can

30 be properly combined together at the reception end.

Here, M denotes an information transmission rate
for the already transmitted packet, m denotes an

information amount which is included in one packet, and a



possi ble to achieve nore positive determ nation of the conmmunication
quality, and this is effective for the power 5 control in CDVA packet
transm ssion. Further, it is also possible to utilize not only the current
ACK/ NACK signal but also the past ACK/ NACK signal (s) together with the
transm ssi on power control command for detx@rm ning the current

comuni cation 10 situation Then, the transm ssion end receives the ACK/ NACK
signal, and determ nes whether the ACK/ NACK signal is the ACK signal or

NACK signal (in d@a@ie&Dp@%@bd Yoo & LG nBYint &y AC K 19gralk, the
transm ssion end deletes the 15 transmtted packet fromthe transm ssion

buffer, and set sfoR/RePARSNPESPRM Qrediedt t BThS 12 BHEIG ttédtstbserp@mi y to
be a new packet rééelrr} %toﬁlptﬁgﬂlr .‘ﬁ%ﬁns}ﬁ@w‘?{'ﬁrfi%f%}é’ 195 Lhe NACK sjgnal,

the transm ssio sets the transm ssion packet e a re-transhission
packet (in a 20catewhsd®) thEkGSackst Gncludad 8ridt ustnidht eseabodsuent s of
packet - configuration used in_packet transm ssion in which, _in packet
transni ssi on SeM%ﬁWSWBFFBDA%Fk%éﬁ ﬁﬁanﬁrﬂfB?%%tW% °¥n8fi ssion rate is
changed due to cegidi@ler@y 25 transm ssion paraneter based on the ACK/ NACK
signal sent fromthe reception end as a feedback signal, the transm ssion
end re-builds a packet andiféiftrahshs tsgunedsthehethe-intpignritisnon packet,

and ther eby the ¢estuiids e (Lt ansimsal on_packets andhd he alueady trapsm tted

packet can 30 be properly co together at the reception en M
denot es an i nf orét iaranddngnisstbe tmremifel onhpa admezaly donamsini shadh

packet, m denot eg, 3 | 1 or R iR Ayt maLeRetscinelqided dp gpepacket.
re-transmission packet is re-built, as follows, so that
the already transmitted packet and the re-transmission
packet. may be combined properly at the reception end.
As shown in FIG. 5, the packet period of the re-

15 transmission packets for each packet is set to L the same
as that of the already transmitted packet. 1In this case,
as the information amount included in one packet also
becomes m/n, the information amount becomes 1/n of that of
the already transmitted packet if only one packet were

20 transmitted as the re-transmission packet. If so, it
would have been difficult to combine the re-transmission
packet with the already transmitted packet at the
reception end. Therefore, n packets are transmitted as
the re—-transmission packets for the single already

25 transmitted packet, as shown in FIG. 5. Thereby, it is
possible to transmit the information amount same as that
of the already transmitted packet. Then, the reception
end can use the thus-transmitted n re-~transmission packets
for being combined with the single already transmitted

30 packet. In this example, the re-transmission packets have
a configuration such that the symbols 1 through m of the
already transmitted packet are arranged in the order.

However, it is also possible to perform interleaving.



packet period denotes a time interval allocated for/occupied by one packet.
It is assuned that the packet period for the already transmtted packet is
L. Then, a case where this packet includes error, and, as a result, a 5
re-transm ssion packet is transmtted will now be considered. First, it is
assuned that the information transm ssionyhate at the re-transmssion is
reduced into Mn according to the transm ssion paraneter control shown 10
in FIG 3. At this tinme, a packet configuration of the re-transn ssion

packet is re-built, as fohbeWor SQntRats he algeady trapshidd edpacket and
the re-transm ssion packet nmay be conbined properly at the reception end.

As shown in FI Gbessperfierpadkeitijeprilddtbe »heeTleantBieransnpaskas packet s for
each packet is el lg.h Uhe, sagR as (DaL ofife 8l eady. transmtled packet.

In this case, as the rnformatiord amount™inc i N ONé pac al's

beconmes m' n, theaatber mat rensanmatinfeensesod/ traofsnikatoaf ratbe aldredgy
transmtted packet if only one packet were 20 transmtted as the
re-transniss ontﬁéEWQPFel¥h%%f”WF dfodFd have been difficult to combine the

re-transm ssi on packet Wwhifeihs idlangadyst sgnemitt edcpagkeiraisthe
reception end. Therefore, n packets are transmitted as the re-transm ssion
packets for the psissgbeecatpeatfie@s vedansafitcedipadker, dasaghoywasigREGT 5.

Thereby, it is i Q%Eit t Ln i Qn u as that of
t he al ready traﬁ§%§%¥gh%p%§ﬁ%%§ éﬁ,(gﬁgérggégﬁﬁfn Cgﬁg Qénéﬁggniﬁb
t hus-transm t t edartrantsmansihos paarkepack et spedoivdigi, ngndonbansgdi wiinky t he

single alre 8y transm.tt g 30 cket..ln this exanple, the.re transn ssion

packet's havg a135W¥FdWP§ ?B%O€§Eh t fatCt A §yrb&iaser Fh?ob@ﬁb?W?)lQPhe

al ready transm tiethspackebnargrarianged ifet peeydeferiod is L, and the
information amount for each packet is m/n, for the re-
transmission packets.

On the other hand, in a case where the

15 transmission rate at re-transmission is increased into n X
M due to the transmission parameter control, the packet
configuration of the re-transmission packet is re-built as
follows so that the already transmitted packet and the re-
transmission packet can be combined properly/effectively

20 a2t the reception end.

As shown in FIG. 7, when the packet period of
the re-transmission packet is set to L same as that of the
already transmitted packet, the information amount
included in one packet becomes n X m. Accordingly, it 1s

25 possible to transmit n-times amount of information in
comparison to the information amount of the already
transmitted packet. Therefore, as shown in FIG. 7, such a
packet configuration as that the same information is
repeated n times, for example. Further, also in this case,

30 it is possible to perform interleaving.

FIG. 8 shows another example of packet

configuration in the case where the transmission rate in

re—-transmission is increased into n X M. In this case,



However, it is also possible to performinterleaving. -22- However, in this
case, packet conbi ni ng cannot be perfornmed until all the n re-transm ssion
packets are received. In CDVA, it is possible to reduce the spreading
factor to raise the information transm ssion rate, thereby, 5 to reduce
this time delay. Alternatively, as shown ip;FIG 6, it is possible to
effectively reduce the tine delay by assigning different spread codes (code
1 through code n) to the n re-transm ssion packets, respectively, and
transmtting 104t Ll t I 04 Ri. , e_J nfor. i-an
transm ssi on ra?%gﬁg}ﬁéﬂ?ytﬁe pgéfzﬁbétéi%é |é¥qéa %%%gfhég f%&%}ﬁ%?%g%'
anount for each8patketpaskall merfiod tthesee-td rlaimsn Sheeabpackets. On t he
other hand, in a_case where the 15 transmission rate at re-transm ssion is
increased into ﬁniorﬁ\lﬂiﬁh%nt%“?% ﬁpﬁigﬁ?%s]irbr?nﬁarpé‘ﬁgt?@rlﬁom? o1 fe®packet
configuration okhbheoteths aimsrd=s @afdtketed pdckelli | hcdSraiilowg so that
the already transmtted packet and the re- transm ssion packet can be

conbi ned pr oper By/ EPFéé]Pf%e‘F%/ copige the TP iddieeny. thRangheWwed n FIG 7,
when the packet jaerked,ofn {Hle diGiceansnt S5l G fAdkChatR e et diveaye as
that of the already transmtted packet, the informalion anmount inclfuded in
one packet becom#sthexrarepcoordimgly, it is 25 possible to transmt n-tines

anount of information in npari.son to the information_a nt of the
already transmtted packgfg'f%éﬁg?ﬁrg?ea?%gﬁ Gaqﬁoglép g?&sfﬁﬂFﬁfl packet
configuration agliohatint BRisaein Nf eaget Wharé suprepeatied aivéressy for

exanple. Further, also in this case, 30 it is possible to perform
interleavinb@ reception is performed such that a signal transmitted from

a mobile station is received by a plurality of base
stations simultaneously in CDMA packet transmission, each
base station generates the ACK/NACK signal and sends it to
the mobile station as a feedback signal, and the mobile

15 station performs re-transmission control by using the
ACK/NACK signal given by the plurality of base stations
(the number of the base stations: M).

In FIG. 9, the mobile station transmits a new

packet or a re-transmission packet from a transmission

20 buffer thereof (in a step S101). Each base station
receives this packet (in a step S111 or S121), demodulates
it (in a step S112 or S122), determines existence/absence
of error (in a step S112 or S123), generates the ACK
signal (in a step S114 or S124) or the NACK signal (in a

25 step S115 or S125), and transmits the ACK/NACK signal to
the transmission end (mobile station) and a host station
(in a step S$S116 or S126).

Thus, same as in the case where site diversity

is no= performed, each base station sends the ACK/NACK

30 signal to the transmission end {mobile station) as a
feedback signal. Also, to the host station, the ACK/NACK
signal is transmitted, and, further, when the ACK/NACK

signal is the ACK signal, the demodulated packet is



FIG 8 shows another exanple of packet <configuration in the case where the
transm ssion rate in re-transmssion is increased inton x M In this case,
-23- differently fromthe above-descri bed case, as shown in FIG 8, the
packet period is set to L/n. Thereby, the information anmount included in
one packet is the same mas that of the alygeady transmtted packet.
Accordingly, it 5 is possible to conbine the single already transmtted
packet with the single re-transm ssion packet effectively at the reception
end. FIG 9 showsrgmngniardeadicrenéredman ARQ control flow in which, in a case
where uplink site diversity 10 reception is performed such that a signal
transnitted from a nobil §¥’§t BPFbnstaticdc dpreambyea IR en OF BPt b
stations sinultagee N gERMA r 1S54 00, s18aGRL D tiqn
generates the ACK/ I—l%%l?ksisgnal ang%%rsﬁ li.%ﬂt%gM ?%gélrmbi I gngt glﬁle%ﬁé%sdogc
f eedback signal ,lessl tHee molill € AKX M)athiCens pegnd s nEir @- tstapssi3sion control
by using the. A Si | . giyven t he rality of. base.stations (the
nunber of thg bg@/}eyggga@tﬁ Ol%s%% K/ﬁ%xl% %ng?gbgeaﬁ%bliyefcee%ﬁeati oh frafdhits a
new packet or asr®ty arnsmissskeosrphcketthfartonha demddilssidopacRetbus f er
thereof (in a step 510};%. Each gase station receives this packet (in a step
5111 or 5121), deRoRRARt &8CSHVeti neRd StsR 5119 BrK51e8t) §4EBR N hes
exi stence/ absencera@maidedd, LR, ansdebmildcak Bl23)n AeNeiahesst e ACK
signal (in a step S114 or 5124) or the CK signal (in a 257step S115 or
5125), and transhe¢elydre AOKENACKPsPhAl. tis ishdetemmrdsdihet &he (nobil e
station) and g noshoi Al palhBed $URR SrbBelly 580 tvdllUsnaS BB RRch N the
case where site diversity

(host) signal is transmitted, to each base station as a

feedback signal (in a step S134).
Each base station receives this ACK/NACK (host)
signal (in a step S117 or S127), and utilizes it for
15 management of a reception buffer thereof. Thereby, as the
same ACK/NACK (host) is used among the respective base
stations, the same reception buffer management is enabled
between all the base stations.
On the other hand, the mobile station uses only
20 the ACK/NACK signals sent from the plurality of base
stations (the number of base staticns: M) as feedback
signals, and performs re-transmission control by the
determination same as that in the host station. That is,
when not less than n (1 € n £ M) ACK signals are received,
25 it is determined that the currently transmitted packet was
properly demodulated at the reception end, and the
transmission packet is set to be a new packet (in a step
S104), but, when only less than n ACK signals are received,
it is determined that the currently transmitted packet was
30 not properly demodulated at the reception end, and the
transmission packet is set to be a re-transmission packet
(in & step S103) so that re-transmission will be performed

to the reception end.



is not perfornmed, each base station sends the ACK/NACK 30 signal to the
transm ssion end (nobile station) as a feedback signal. Also, to the host
station, the ACK/NACK signal is transmtted, and, further, when the

ACK/ NACK signal is the ACK signal, the denodul ated packet is -24-
transmtted therefrom The host station deberm nes whether or not the

ACK/ NACK signals sent fromthe M base stations include not Iless than n (1 <
n5M ACK signals (in a step 5131) 5 Wien not |less than n ACK signals are

received (in a step 5132}neidpy S dehekAtReghbihat dike devrdylayed packet is
properly received, and then, the ACK (host) signal is transmited, but,

when only |ess tie&ePRiACKisSiRprfiosmade theckevedi@tioa §pépmeBly, it is
geterm ned that Jhie 1l degogulaled eackeinle; Sl ¥ oBeLLYstefelyaslorpad the

NACK (host) sign is transmtted, to eac ase station as a

signal (in a stedf PE84pr Eacdr baskepshdenvhyr ecdtdpeesatlys AEKENAGKOH{iH@ST )
signal (in a.ste 117 or 5127), and l,étilizes it for 15 managenent aof a
eception butf el EEPBof S TREN Y 45 ¢ RBSTERHCACRIACK (HASET 1L Uded
among the respeglittRuBasgitsi@ticaing, riRgl Saste HRGRRIAN fhuhf ehe MBSRgEMENt |S
enabl ed between all the base stations. On the other hand, the nobile
station uses onlS§Fataen, hat ACK/PEREKPIEgiial Breeent Miomeskangl deapyt 2t base

stations (the nues of, Base.stalionsuuld a8 Lesdhack clkonakssoand performs

re-transm ssion control by t ermnation sane as t I'n ost
station. That i strangméssion bes&nshan n (1 <- n <_ M ACK signals are

received, 2 olt s det erﬁggght hat..t he cur rgnt ly transm ttegugagget was

properly denodul ated at e re%ré’pti-’lhoer?eerr?a,y and-tfe s Whersy

errors caused by the poor channel condition,
transmission/reception buffer control is different between
the mcbile station and the base stations. 1In order to
deal with such a case, it is possible that, a timer is

15 used in each base station, and, a control is added such
that, when a packet stored in the reception buffer is not
received after a predetermined time has elapsed, the
packet is discarded, or re-transmission request for the
packet is sent to the mobile station, for example.

20 FIG. 10 shows cne embodiment of an ARQ control
flow in which, in a case where uplink site diversity
reception is performed such that a signal transmitted from
the mobile station is received by the plurality of base
stations (the number of base stations: M) simultaneously

25 in CDMA packet transmission, the host station of the base
stations generates the ACK/NACK signal, and transmits it
to the mobile station via the plurality of base stations,
re-transmission control being performed thereby.

When receiving a packet (S151 or S161), each

30 base station transmits the packet to the host station
(S152 or S162). The host station receives the packets
transmitted from the plurality of base stations (S171),

combines them together (S172), demodulates the thus-



transm ssion packet is set to be a new packet (in a step 5104), but, when
only less than n ACK signals are received, it is determned that the
currently transmtted packet was 30 not properly denodul ated at the
reception end, and the transm ssion packet is set to be a re-transm ssion
packet (in a step 5103) so that re-transapgsion will be perfornmed to the
reception end. -2 5 Thereby, even when uplink site diversity receptionis
performed, the host station and nobile station can perform determ nations

as to existencelphsenes iffomackein qsnoR) | ndeperderbiys EspeLtdINAck as the
nmobile 5 station can _performre-transm ssion control independently w thout

wai ting for a fisi@nadefEFATAEITbN McorreRgMHostt SHdth oAl/Pt $%5/%e8si ble to
prevent process@ﬂ97qglaﬁgg?”@ése‘ﬂﬁ%%io%oﬁgééfﬁ d ey +HEdUEE, Ay ANt of the

necessary transm ssion fers. 10 Further, ere may be a case where, due
to errors causedniey ACKENPOWrs tdremindlrovionde thast, startdnsmi(§§bdrdr edéph i, on

buffer control is different between the npopile st.ation and th ase
otat rone M S aie g aR5Eats S Shoral®tivghe fiotide Safife [P | er
is 15 used in eaglgdhase station, and, a control is added such that, when a

packet stored in the reception buffer is not received after a predeterm ned
time has el apsed, the paéRetMeRLkF sdatden, refereas rtigs ACESNBRK reiguads for

the packet is snp bod Beumpbite ot ahisans:LoromXamhined EhGy 4 sshhovs one

enbodi nent of an ARQ contro ow I n which, In a case where uplink site
diversity recepriddsaterpéntorh@t/NM@h SR48) a signal transnmitted from the

mobi l e statign is received by,the plurality of base.SLall 908y (dhe nunber of
base stations: M S|nultaneousfy

plurality of base stations are combined together, the
reliability of the received packet is effectively improved.
The ACK/NACK signal generated by the host station is
transmitted to the mobile station via the plurality of

15 Dbase stations which perform site diversity reception. The
mobile station performs re-transmission control by using
the same ACK/NACK signals transmitted from the plurality
of base stations.

FIG. 11 shows one embodiment of ARQ control flow

20 in which in a case where downlink site diversity reception
is made such that signals transmitted from the plurality
of base station are received by the mobile station
simultaneously in CDMA packet transmission, and, after the
plurality of base stations (the number of base stations:

25 M) receive the ACK/NACK signal sent from the mobile
station as a feedback signal, the respective base stations
transmit the ACK/NACK signals to the host station, the
plurality of ACK/NACK signals are combined there, and then,
re-transmission contrcl is performed.

30 When receiving the ACK/NACK signal from the
mobile station, each base station transfers the ACK/NACK

signal to the host station (S192 or $202). When receiving

not less than n ACK signals (1 £ n £ M), the host station



25 in CDVA packet transm ssion, the host station of the base stations
generates the ACK/ NACK signal, and transmts it to the nobile station via
the plurality of base stations, re-transm ssion control being perforned

t hereby. When receiving a packet (S151 or S161), each 30 base station
transmts the packet to the host station _§§;52 or S162). The host station
recei ves the packets transmtted fromthe plurality of base stations
(S171), conbines themtogether (S172), denodul ates the thus -26- obtained

information (51 er.a %%i/ Sl di ngly and
transmt it (51%‘%&@%?9% tatﬁ% Eg% _ ygggénggléggg a ‘%%gétr é%%i ves the
t hus-transni tt egpropankey ACKINAGKE sitgnak fomime ke ahdsh, stats orthg BCEINACK5163) ,

5 and transmts this_signal to the bile statiaq 154 or 5164). The
mobi | e station Pé@@?%e%gﬂﬁee P)&éﬁ(/(m&%?si(% and Isgﬂn&?hebﬁ urdl§ty of base
stations, conbineset Dery(SdAR)1eandndat graanes AGHNACKe (Rd43)stak@ohn this

enbodi ment, as the packets fromthe plurality of base stations are conbi ned
together, the delteabines ytivit tthe cocopvely gackemijtsedf pecketvelas inopr oved.

The ACK/ NACK sign er h o] tat| N rapsmtt he
nobil e station |r§&3te %ggpf%%egqf% a&)tf %TE ‘ﬁ%%lzlegtsézt%&c}r?zl'mﬁ?c% if'nﬂeér fA g’%rét[\@lc%e
di versity receptdignal The beiAdke @iloat) onSPEY faardrs2iélitr ansm ssi on control by

using the same ACK/NACK signals transmtted fromthe pluralit of base
stations. FIG 11 shows oﬂlééqjé Udiar?eﬁfleo?*‘#ﬁéjcté’ntqg]ogaﬁﬁoﬁ?at 1% which in a

case where downlgddeosht 8gdimed Sirdy Jikeeptivorsitys vReA@nI¥CHnd haimesi gnal s
transmtted fromthe pluralit of base station are received by the nobile
station 10 ACK/NACK signals, it is possible that the mobile station

can obtain site diversity effect.

The present invention is not limited to the
above-described embodiments, and variations and
modifications may be made without departing from the scope

15 of the present invention.

The present application is based on Japanese
priority application No. 2000-191789, filed on June 26,
2000, the entire contents of which are hereby incorporated

by reference.

20



si mul taneously in CDVA packet transm ssion, and, after the plurality of
base stations (the nunber of base stations: 25 M receive the ACK/ NACK
signal sent fromthe nobile station as a feedback signal, the respective
base stations transmt the ACK/ NACK signals to the host station, the
plurality of ACK/ NACK signals are conbi nexkthere, and then, re-transm ssion
control is perforned. 30 Wien receiving the ACK/ NACK signal fromthe nobile
station, each base station transfers the ACK/ NACK signal to the host
station (5192 gna5292)x1 W eiving not less than n ACK signals (1 <_n
< M , the ho —on—= termnes that the currently transmtted
packet was properly received at the nobile station, sets the ACK/ NACK
signal to be ACK (host) (S211 and S212), but, when receiving only |ess than
n ACK signals, the host station 5 determines that the currently transmtted
packet was not properly received at the nobile station, sets the ACK/ NACK
signal to be NACK (host) (S211 and 5213). Thereby, as the plurality of base
stations performng downlink site diversity transmt the sane 10 ACK/ NACK
signals, it is possible that, the nobile station_ can qgbtain site diversity
effect. The present invehtidh GEMHBECILLIAN BELERA IR PIABOVE- Ee Stiebed

enbodi ments, ang.variations and nodifications nay be made w thout departing
fromthe scope 15 of the present invention. The present application is
based on Japanese prior&} ytepEnicaingrnNACK2000r401i789catid@dan dune 26,

2000, the entirg contents of WiiGh.al o ngtely Loconpgiated, py reference. 20

indicating that the received packet includes error from a
reception end to a transmission end, and performing
automatic repeal request; 4

b) obtaining reliability of the received packet
when demodulating it at the reception end; and-

c) reporting from the recepticn end to the
transmission end the reliability of the received packet,
utilizing the ACK/NACK signal by using not less than three

levels

d) determining whether cr nct the received
packet is to be stored for the purpose of combining
it with 2 re-transmission packet, based on the
reliability of the received packet obtained in said
step b), when it is determined that the received
packet includes error; and

e) performing re-transmission control based on

the determination made in said step d).
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the ACX/ PACE signal transmtted fromthe reception end. ~. A comunication
nmethod in a nobile comrunication system perform ng power control at a
transm ssion end, conprising the Steps of. a) transmitting an ACI D. signal
indicating that a received packet includes no error or a NACK signal
indicating that the received packet Includggs-error front a reception End to
a transmssion en (f,, and perform ng automatic repeat request; and b)
storing a history of the received . ACK. NACK signals which are expressed an
not less than three |evelss a@ggrﬂéfﬁb&(gstgga[ﬁgdeyyIdlgxmoj thetpacket at
the transm ssion end, determining a [evel communi cation state in the
transm ssi on I|n@ompxmﬂﬁng’mhngstbpt¢ﬁﬂd) ok~ aram$mmnh1®g|enrgaraneter t here

utilizing at |ea t_one 9 A%K @als of th&) EES ed hi story
and a transmi ssi oh rﬁ)d@ﬂeSrSlc%nP? s}fegr?éll and perforti A Ans 1551 on
Control based onpr&fery CHeiReEhedtasCh adi- BBgy | 1 3 stiif dd ﬁati’kteh:elat
conprising the step of ¢c) re-transnmitting a re- transm ssion packet re-built

so as to be abl eth® ERCeRfriopernd, condi méd 1RE e Amaini ol ﬂé@ﬁ?m%$%ﬂﬂﬂnr@¢éd packet
at the receptiop,end, yWhan ag,i pl.gy t'QQahEﬁP§%?5ﬁ”éH& EﬁtfﬁﬁJ
g ransmi ssi on

transm ssion fromthe transm ssion end is change t hr ou
par anet er controkhatugheche rranannéssion grdameter control at the

transmission end.



