WD 2007/ 123904PCT1US20071009373 10001] METHOD AND
APPARATUS FOR | MPLEMENTI MG H AR, Q IN A M MO W RELESS
COVMUNI CATI ON SYSTEM [ 0002] FI ELD OF | NVENTI ON
VO3e31138% present invention is related to wi PEl/E¥807/009373
conmuni cati on systens.. More particularly, the present
invention is related to a nethod and apparatus for
i mpl enenting hybrid autonmatic repeat request (H ARQ
inamultiple-input nultiple-output (MM) wreless
comuni cation system [00041BACKGROUND [0005]11-ARQ i s
a transm ssion schene that is wdely used in many
Wi rel ess communi cati on systens to ensure successf ul
0203 t r ansﬁ@@?@?Wlﬁl’y LABUP SR WMPIF BN TIMGback
to a tr&dRQ A MING YAREIS SR OV IGTION SYSTEM
unsuccessful receipt of a data packet, so that the
appm tter retransm WERD QR INVENTRONWacket .

[oo
0006] M is a technique used {o increase data rate -
&’Raﬂsyst g%‘f"h?’é*&@!ﬁfp dpventien, gy rreEtg‘} stoe M{IroTs SPRFAREgation

Sfterfis. IM6RI particuRR1y)1the ippésno ihwmbiads ik Gelatéd bs B1Bsihod and
and recepti.on.so that | tiple data streans a .
Fbaraie, Do mBIAPR RS BT SramRle Beppet HHeRh SLARQ) in a
0 BhphtemeltipletoARRQtt(VEAMID) wizklens commanmirabiau ayiienn
proposed for M MO systens. In a conventional sinple

repetitive H ARQ schenme for a M MO system synbols are
Woadl y repeated in a subBAGIEGROUMNAsHi ssion if the

!O@bgl' a! t i‘ﬁﬂﬁ@ ?ssh%aﬂ‘lé’lﬁis&tm-réﬁgﬁe]th%b qg\@via.bg'nééed in many

transm ssions.1n accordance wth the conventional,k _
EPRFSE crRpRITeativg sYsheRes fto engnre ekl dale dpqnsmission. In
AURQNA rbeditéreBdtiisfebdbadkc fof ARFAHsELIRA, MdicadingesiRBéksful or
transm ssion.x . .
AR ORI b glete gty £ 4Rt i PreaFREsten sEgpsmits a
- faildRQ@atzchenket.f or a M MO syst em has been proposed for
ved ugj [t i.al . r.adi e
YA ed UBINAS 58! 2 HEBLASHL hidbg BB AGE RRa LEHRY system

e 2 shows signa nsSm ssions N accor
thireugdIERED el MIMQEstema a Ax@navhilier syt @ meceiven esmmuldtiple

ARERRAA A tfr.hﬁ%isgs{oﬁnéxm %é(i:egﬁon so that multiple data streams are
transmitted simultaneously via multiple antennas.

[0007] - Different H-ARQ transmission schemes have been proposed for
MIMO systems. In a conventional simple repetitive H-ARQ scheme for a
MIMO system, symbols are simply repeated in a subsequent transmission if
the initial transmission fails., Table 1 shows signal transmissions in

accordance with the conventional simple repetitive H-ARQ for a 2x2 MIMO

system.
Antenna 1 | Antenna 2
first transmission x) x;
second transmission | x Xz
Table 1
[0008] A space time block code (STBC)-based H-ARQ scheme for a

MIMO system has been proposed for evolved universal terrestrial radio access



Xt x2 second transmssion .4 -x, Table 2 [0009]In a

2x2 M MO system as an exenplary M MO system a

recei ved signal may be expressed as foll ows [

‘1020069%3994@ ()) ("y (t)to, (t) I'i nAx 2 )rzPéf/W?}W 09373

where t is an index in time, yi, 1=1,2, is received

signals at receive antenna i, Ity, 41=1,2, is channel

coefficients between receive antenna i and transmt

antenna j, j=1,2, is transmtted signals at transmt

antenna j, and ,u, 1=1,2, is a noise at receive

GEUERAY. iTabld 2ishows signadl tidhaiédichsCihamoeldanse with the STBC-
[ hannel coefficients are sane

gg&?nfg{'éﬁ?fgr%%x%mbo Stte Re failed packet and the

time index ¢on the channel copdhtémiachi 4ntxinna e dr opped

herei nafter QG307 rgh. stgnat— morse ratio

(SNR), the ‘ﬂﬁ&;%%ﬁﬁ%lesglto%o dat a strea?rs after} linear

m ni num nean sewndteamsnrissiof M\/BE) defegtion is witten

as follows: 2 %D b2

SNR(x2)=F1 ic 2-- r JE s Eﬁ?}’a\??on (2) Equation (3)

Weee Es ils ayﬁ*rblMlaM@r gysteahsb dsS anoexsenglavye MEYIOC kydiem, a

g%%é)fg%igf%ggmga%ee’ % l%‘afthégz (E4?Ja?;20nll((é)12 WO
200711239 N(¢3)]0]
%Pm 007( > %276) NR()E fﬂd(t ;ratio EQuatlon 1)

bet ween t woy A@f o™ {1, 8@NS A,5¢)

where t is an index in time, y;, i=1,2, is received signals at receive antenna i,
hy, ,j=1,2, is channel coefficients between receive antenna i and transmit
antenna j, xj, j=1,2, is transmitted signals at transmit antenna j, and n., i=1,2,
is a noise at receive antenna i. It is assumed that the channel is quasi-static
so that the channel coefficients are same during retransmission of the failed
packet and the time index on the channel coefficients will be dropped
hereinafter.

[0010] At a high signal-to-noise ratio (SNR), the SNR for the two data
streams after linear minimum mean square error (LMMSE) detection is

written as follows:

2
C E
SNR (x,) = (d ' - ldl J-}v—’-—, Equation (2)
2 1] .
and
SNR(x,)=|d —E E, . Equation (3)
2 2 d] No H q

where E, is symbol energy, N, is noise power spectrum density, and

d, =[h,,|2 + lhmlz; . Equation (4)
d, =|h,|* +|hy,|*; and Equation (5)
c=hyhy, +hyyhs, . Equation (6)

-2-



Equation (7) SNR(x2) d2 The SNR ratio in Equation (7)
or its variation is used as criteria in assigning a
nodul ati on and codi ng schene (MCS) for each of the
WaeY7dEP¥ans. [0012] For the conventional si¥fpl/Es2007/009373
repetitive H ARQ transm ssion, the received signal in
the retransmssion is witten as follows: [00131
[ 0014] y,(t +1)) 0,2(t +1)) Conmbining yl1l(t) y2(t)
yi (t +1) Y2 (t At a high SNR 1,A 1122)1:x2) Equation
( hitl1212 h21h22 hl 1k2 '1/41121h22/ the SNRs
(@o11r ", yxAn SNR fedtid Hebwex Bradgtaf Rfeandgis) (.. n2(t
+1)). Equakhg&‘)n}%) n2(t) n,(t +1) 020 +1) theEtvvo.

Fi) P quation (7)

SNR(x,) d,

The SNR ratio in Equation (7) or its variation is used as criteria in assigning a

modulation and coding scheme (MCS) for each of the data streams.

[0012] For the conventional simple repetitive H-ARQ transmission, the
received signal in the retransmission is written as follows:
J’x(i’*”l)) (hn hlz)[le ("1(‘ "‘I)J .
= + . Equation (8)
[J’2(t +1) by by \x, ny(t +1)
[0013] Combining Equation (1) and Equation (8) results in:
»n@ h, h, n(t)
¥,(®) = hy Ry, [le'*' 1, (t) ] Equation (9)
»(E+1) by by \x%, n(t+1)
y,(t+1) hyy hy ny(t +1)
[0014] At a high SNR, the SNRs for the two data streams, after LMMSE
detection, are as follows:
2
SNR(x) = Z{d, -'ﬁl—}:@l; Equation (10)
dZ N 4]
and
l* | £
SNR(x,)=2| d, -+ |—. Equation (11)
dl NO .

The SNRs are 3 dB higher than initial transmission. The SNR ratio between

the two data streams is the same as the initial transmission.

[0015] For the STBC-based H-ARQ, the signal received for the
retransmission is written as follows: .
(yl(t+1)) =(hll hlz)( xz‘)_*_(nl(t_'-l)). Equation (12)
Y, +1) Ry, - X n,(t+1)
[00186] Combining Equation (12) and Equation (1) results in:



" Equation (8) (8) results in: Equation (9) data

streanms, after LMVBE detection, are as foll ows:
SNR(x,)= 2(dl - J% Equation (10) d, and

VWRRPAAP3904 - 1. 11 . No Equation (11) The SNRsPGFES2807489373
hi gher than initial transm ssion. The SNR ratio

between the two data streans is the sane as the

initial transm ssion. [00151For the STBC based H ARQ
the signal received for the retransmssion is witten

as follows: (y +1f1 (It 11 k24 4. (n,(t +1)) Equation
(12) )), (t -I;]er) ' 2;3) ) 1;, ],,1&) [\0016] Conbi ni ng
Equatlon(l at Its in: t) 312
Jr; (t +1) Y, Q,)S- +h|.(§ +h: 12/ 411 xEqQuation (13)
l(t l)
Ya (t +1) - hzz hzt 1, (t +1)
[0017] At high SNR, the SNRs after LMMSE detector for the two data

streams are as follows:

SNR(x,) = Equation (14)

0
Comparing Equations (10), (11) and (14), it can be seen that STBC-based H-
ARQ increases the total SNR across the two data streams compared to the

simple repetitive H-ARQ when the cross term |¢|=0, which is generally true for

a random MIMO channel.

{0018] However, in many practical systems, to achieve the maximum
capacity offered by the MIMO channel, a data rate assigned to each spatial
data stream is controlled separately according to its own SNR. This scheme is
often referred to as per-antenna rate control (PARC).. At the initial
transmission, the transmitter, (e.g., a Node-B), would allocate a higher
modulation and coding scheme (MCS) to the antenna with a higher SNR and
allocate a lower MCS to the antenna with a lower SNR. Since the MCS is
often kept the same for each antenna when retransmission occurs, it is
desirable to keep the same SNR ratio betweenv the antennas after
retransmissions. However, the STBC-based H-ARQ scheme equalizes the SNR
across all data streams after packet combining as shown in Equation (14).
Therefore, the STBC-based H-ARQ scheme is not suitable for systems that
adaptively change data rate per spatial stream, (e.g., PARC).

[0019] SUMMARY

[0020] The present invention is related to a method and apparatus for
implementing H-ARQ in a MIMO wireless communication system. A
transmitter transmits at least two data packets via two or more antennas. If
at least one of the data packets is mnot successfully transmitted, the

transmitter retransmits the data packets while rearranging the data packets
4



+ X2 Ini(r) n2(0 n: (t +1) \n; 0 + D Equation (13)
[00171At high SNR, the SNRs after LMVSE detector for

the two data streanms are as follows: SNR(;) = SNR(x2)

WO 007133980 =EEquat i on (14) Aro Conparing EquBET/B¥807/009373
(10), (11) and (14), it can be seen that STBC-based
HARQ i ncreases the total SNR across the two data

streans conpared to the sinple repetitive H ARQ when

the cross termO, which is generally true for a random
M MO channel . [00181However, in many practical
irysinemhogmzﬂctpmaém’ghmmm‘ muidtempdivelyy @ief bramgmiibfer may
S on A GencBel AN CBAFARN Abeh B CREg vt Age
ﬂata wsclmlmwsﬂlR rePhacings ehsynsedsfallyr teansmdtted r atﬁﬁcéist he

BELa RBIPNA t&é& %m@&ﬁt G9ta GRORE) mayAEmS};l? h&l feE@éted mthout

transm ssion, the transmtter

ghanging etséom@ﬂn Hhemerlydbe wa%#g'éw ﬁ@%ea ch&cket is

&&réﬁﬁaﬁwdemﬁg%&n fhd h@@eaaél\{&&ea el %agalaldnevaay be
he antenna with a |l ower SNR, Si n&eht he I\/E:%

ew%weﬂ etatrefcnf@r dhewetrgpsmaitted dafpcparketAns) the new
ERhk184dBuslyl on occurs, it is desirable to keep t he
same SNR ratio betvveen t he antennas after
retransm ssi ons. However, the STBC based H ARQ schene
¢n2al i zes t he BRIEBE DBICRIATION QF STHBDIRAWINGS packet

@g%‘ Bla 2 J é@ & iggmdﬁg rrlglqﬁlégstt%lgctﬂné %?ih %HQJQ?OEJR glfa);sy ﬁéqﬁad from
theafollawind feesriptionad geprefarted 'ﬁp@deme% Evemby Sk gample

Qﬁd 9o be Bﬁ@stoordqgl:%ll QW@B%&}D@;% I8 pdM AL Bkawings wherein:
invention_is relate a et hod and gparat us fo

A8 nent iTigwe ARE .an AOOk/l fiostitPerlbast ﬁﬂ:aff’ gored in
SY@@MceAvith RSPkt inbeMiGifiand at | east two data

BRE e o e o PRE B oty sonbinroc o Bipgance

e greentieteraiagr ai t s t he data packets while
rearrangi ng the data packets in an orthogonal

spreadi ng nmanner. Alternatively, the transmtter y%/
(092565 RETATLRDYDERCRINTIQN QR THE PREFERRED FMBOMMENTS

gt al oRg p&ééan@ RV EA %@%@tm\ymdl@ntee PI2GnHTtye of

successf ully transmtted data packet.

wRelRss ceEmYIRigation AETieme snclndiog; ButRet 1%‘3?33‘i°n1¥f“§ﬁb88d code
HRRASH GHuM P18 GlctesshEMGDA), tfBeduehbRidivividandapley (FDMD), time

BRrian Srpler oo Rieer SREHARRAT 3¢ she fuipd sppgration 5G)
sysampicstiognsalmfipghencyodivisied moltipdedug (OFRM), or any other
ret hansni ta ket and the new data packet
St FEg aﬂ‘é‘%’?}gﬁ%&?‘t"oﬂ%?c‘%Rl EF DESCRI PTI ON OF THE
mmw NGS [Fig22F lAamdZeatieblark dirsyanisroftaninggriter 14@ and a
k‘&:\éﬁ% | 88 %@Mﬁn%%eha% f{efRabh& f\ﬂh& oﬁﬂeogr&@ﬁ@ lihPdde@dh. Of The

a preferre di ment, given % exanple and, to
R 2

brangpdiées 19 and the spgeivrr309 ooy Wé‘elf‘é% SrARSHYFRgeive unit

gyainNds: WheiR Qbat{ogozaﬂhe':ﬂe%ﬁx?olégyl SWAHUO gcledaa0b@iMis not
of .a transmtter conf |‘£';u(é832 cordance wth the bil
Bpodtedn o | 4557 | SHUPRSE 4 BF "@;‘ﬁ?"é* station, ) or mobile
SilRgribe @ity 4 Pagey et c@ﬂﬂlfak' Gidlepblond) Romosdadalgitall Assistant
the present invention. [0025] DETAI LED DESCRI PTI ON OF
.THE PREFERRED EMBODI MENTS [002f] The present invention
may be inplenmented in any type of wreless

comuni cation systens including, but not limted to,

w deband code division nultiple access (WCDWA),

frequency division duplex (FDD), tinme division duplex
(TDD), long termevolution (LTE) of the third

generation (3G system orthogonal frequency division

mul tiplexing (OFDM, or any other wrel ess

comuni cation system [0027]Figures 1 and 2 are bl ock

di agranms of a transmtter 100 and a receiver 200

confl gured |n accordance W|th the present invention.

A P~ o~ P~~~

ata packet




recei ver 204 and a data processor 206. The receiver

200 may optionally include a data conbi ner 208. Data
transmtted by the transmitter 100 is received bézthe
WALUIAZYY02. The H ARQ receiver 204 recei veBCTHROWALPT3
by i nplenmenting an H ARQ nechani sm The data processor
206 recovers data packets tra nsmtted by the

transmtter 100. If the transmitter 100 retransmts an
unsuccessfully transmtted data packet along with a

new dat a packet which replaces a successfully

(PDA% M tdmpuidatior pycktber wsnofaser easice capahlatof operakia in a
el SUGEESSIM! | HndISiUEIfsh BeOChA6R Yhu O is not
tioritadie & NpdeBs aistte sanitalier, ancacme nomtt(AED,loy w@ﬁw@pe of
dak aafxﬂg%“ev&u Qaf;é:ﬁ& bﬁgﬁ»érﬁﬁnélﬂﬁ aevamuéé éﬁvﬁz%ﬁﬁde\ﬁ%d dat a

pac fromthe init g recei ved dat a. he data

ﬁ?Q’}’@éssor 'li_i%trﬁn@nlfé?rnﬁq) indudes 3t lpask bye @@tft%s 102, an H-
Wy Gessshidlek Y1d4r aRa N tdoBtkoflat aoBackat BIRGNRanGWitter 104

data packet that are transmtted toget her

RPN RS epsintwor dat paskelt pipipgetsy Fae&%fmﬁ 102 by
%%Jiﬁnﬂﬁltﬁilgm & HHSARQ dﬁbaialmémr ei rm;?t ﬂM@OBﬂﬁmd itter 104
or ogona ene n acco ance

SHROTRES HaBDEARCl N WP ISER o FRG G Rk Slf GOk SEfiEtsgaty

siagealitted. ar'i}msl ostbotlier 106 aacmged alat® packets fdreretransmission in

al readi o] r.e
ALREHRR" il 82 (bRafaRa ot A IR0 kotlqife D Sified
b@qﬁmved H—A&Q tsHleeRg 2011\/|alvt91®i}§@ré rﬁ?TB,Cﬂnawi dEARQ ¢pheme in

GéRTRAfe Rh Bfe Prédadtt!RAlbRAon, 2RMidh &ill 55 @Rblained in detail
i nvention may be applied to a system enpl oyi hg nore

brecAnafi®y- (2) antennas. Antenna 1 Antenna 2 first
{0g29$M SS Im Pekeivér 260 Qﬂélu&ésaélﬁ HasStwe aiiterm?ég 202akh G1-ARQ

0031 recei ved for th
PRSI B8 kR PSP BPln Bue epdivar 200 fpay, optionally
Endlﬁdel- %) datacopdilinen 208.1 1R fdl PihsmiRed hy2{Hte ﬂrh)msmﬂ,ter 100 is

‘é%‘d%” {hff thQ 32%0200% MR EWRLLON26 4 PdceRA the data by

resu
mplementmg an H-ARQ mechamsm. The data processor 206 recovers data

packets transmitted by the transmitter 100. If the transmitter 100
retransmits an unsuccessfully transmitted data packet along with a new data
packet which replaces a successfully transmitted. data packet when at least
one data packet is not successfully delivered to the receiver 200 at an initial
transmission, the data combiner 208 may combine retransmitted data and the
initially received data after subtracting the successfully received data packet
from the initially received data. The data processor 206 then simultaneously
processes the unsuccessfully transmitted data packet and the new data packet
that are transmitted together in retransmission. The transmit and receive
processing will be explained in detail hereinafter.

[00301 An orthogonal spreading-based H-ARQ scheme in accordance

with the present invention is explained. Table 3 shows signal transmissions

-6-



(hi Thi2 \ Y20) yi(t +1) h2,hn hi. 1-k2 xi |.x2J

n n20) +1) Equation (16) 1,1221 [0033] An 16
MV i i i Equat i on
V%%Zﬂgglégq%nx:-r to estimate xi and x2from Eq PCT/U5200(7/003373

in accordance with the orthogonal spreading-based H-ARQ scheme of the
present invention for an exemplary 2x2 MIMO system. It should be noted
that the 2x2 MIMO system is provided as an example, not as a limitation, and

the present invention may be applied to a system employing more than two (2)

antennas.
Antenna 1 | Antenna 2
first transmission x) X
second transmission | x —X;
Table 3
[0031] A received signal for the retransmitted packet is written as
follows:
t
(M( +l)) ___(hn hn)[ X J+(n‘(t+l))' Equation (15)
Y, (t+1) hy P \—x, m(+1) .
[0032] Combining Equation (15) and Equation (1) results in:
n(@) hy by () .
$210) I TR [xl) ny (1) Equation (16)
»+D hy =k, x, * m@+n ! q ¢
Y@ +1) hyy —hy ny(t+1)
[0033] An LMMSE receiver to estimate x,and x,from Equation (18) is
as follows:
A » »®
xi1\_15%8% _]_Y_&l —H| ya() |, . .
(;J-(H H+E’ ) H e | Equation (17)
ya(t+1)
where
hll hlZ
T3 hll h22
H= .
hll _hlz
hay —hy,
[0034] At a high SNR, the post-MMSE SNR for the two data streams

are as follows:



‘where tfilil fin LA 2E, Equation (17) hi, h12 n21n22
hit -1112 h21 [0034] At a high SNR, the post-M\/BE SNR
for the two data streans are as foll ows:

VRRPOAF2Y - -~ Equation (18) and SNR(x2) 2d§‘"§z{€§¥9‘?76‘ﬁ9373
(19) [0035] The total SNR across all data streans is

i ncreased conpared to the conventional sinple
repetitive H ARQ schenme. The SNR after retransni ssion
is shown in Equations (18) and (19). The SNR ratio
between the two data streans is the same as the

initial S vvhichisadesiredfeatur f
IF’RRC enabl‘%gl?gn)médom Equation (18)

wst’ens. 10036] The ort hogonal
spr eadi ng- based H-ARQ schenme can be easily extended to

@ode than two antenna systenms. Assuming a synbol

vector to be transmigted over N antennas is x0 =

(X" X x"SNR(xDe2darthogonal  spreadi ng- based H-PR@tion (19)
t ransni ssi on pattern 9s determ ned by: X =

OW3E] ag( XAHINoEAUSINROAEr6s30311 MRS Strblidns $s aerbiddd Wahdpakad to

080 | tobvpptSodl (el Sbetlive "BARRL dndingy, | TREnANR SStter

retzassmissionris showado Eqiwtives (18)hatdh@E opr dberNRaéintheomeen
bRL +38 GG RS 4 M MRS %S URD initd}! £308mission, which is a
desired feature for PARC-enabled MIMO systems.

[0036]

extended to more than two antenna systems. Assuming a symbol vector to be

The orthogonal spreading-based H-ARQ scheme can be easily

transmitted over N antennas is X, =(x,,x,,- The orthogonal spreading-

Xy ).
based H-ARQ transmission pattern is determined by:
X =+/NDiag(X,)U,;

where U, is an NxN unitary matrix. The n-th column of the matrix X is

Equation (20)

transmitted during the n-th transmission. Table 4 shows signal transmissions

in accordance with the present invention for an exemplary 4x4 MIMO system.

Antenna 1 | Antenna 2 | Antenna 3 | Antenna 4
first transmission x X, X3 X4
second transmission x —x, X3 -,
third transmission x x, -3 —-x,
fourth transmission x —x; —x; x4

Table 4

[0037]

when one of the transmitted data packets is not successfully received, only the

In accordance with another embodiment of the present invention,

failed data packet is retransmitted along with a new data packet. The new
data packet replaces the successfully transmitted data packet. For example,
in a 2x2 MIMO system, data packets x, and x, are transmitted via two

antennas, and data packet x, is successfully received, but data packet x, is
-8-



Ant enna? Antenna 3 Antenna 4 first transm ssion xi x2

x3 X, second transm ssion x, -x2 x3 -X4 third

transm ssion fourth transm ssion xi -x, -X, X-
WwaBya/1289940037] I n accordance with anot her enb%?’?ﬁ%ﬂ?m’@%“
t he present invention, when one of the transmtted

data packets is not successfully recei ved, only the

fail ed data packet is retransmtted along with a new
dat a packet. The new data packet repl aces the
successfully transmtted data packet. For exanple, in
aoﬂx ZIlMdbﬁ)ra;tmm sydienss, plaatkepackets an@nd, x,ahee retransmitted

t |a t anten as, and data packet x, is .
%83?%‘? l} ST Soith dhe PrEsEbet fovkatipn, only the failed

packet x, is retransxmtted and the successfully transmitted packet x, is not
transmitted. Instead, a new data packet x, is transmitted along with the
failed packet x,.

[0088] Table 5 shows signal transmissions in accordance with the
present invention and a conventional STBC-based H-ARQ scheme for an

exemplary 2x2 MIMO system. In the conventional STBC-based H-ARQ, both

packets x, and x, are retransmitted in different formats as shown in Table 5.
In accordance with the present invention, a new data packet x, replaces the
successfully received packet x, of the conventional STBC-based H-ARQ
system, and the failed data packet x, and the new data packet x, are
transmitted as in STBC-based H-ARQ scheme as shown in Table 5. It is

assumed that no PARC type of rate adaptation is-used in this case. To

simplify receiver design, the format of the new packet x, may be identical to
the data packet x, in the second transmission, (i.e., conjugated and inversed).
Alternatively, the format for the new data packet x, may be different from

data packet x,.

Antenna 1 Antenna 2
first Transmission x, (success) x, (fail)
second transmission . .

X — X
(conventional STBC-based H-ARQ). : ‘
second transmission (present invention) x, —x;
Table 5
[0039] At the receiver, since data packet x, is received successfully, the

decoded bits of data packet x, are reconstructed and subtracted from received

data for the first transmission. The modified received data is then combined
with the received data for the second transmission. Spatial diversity is

achieved in the retransmitted data packet, (i.e., data packet x, ). This
-9-



not. In conventional systens, both packets x, and x2
are retransmtted subsequently. In accordance with the
‘gresent i nvention, only the failed packet x2 is
QEPEATM4 t ed and the successful ly transni tt¥d/PREKE9373
X, is not transmtted. Instead, a new data packet Xx,

is transmtted along with the failed packet x2.

[ 0038] Tabl e 5 shows signal transm ssions in accordance
with the present invention and a conventi onal

STBC-based H ARQ schenme for an exenplary 2x2 M MO
amhgamehMimMVemm SNR ofadw FRBCphded, MMARONilDbe lkxplained
gackets and x, are retransmitted in different

Tas shown in Table 5. In accordance with the

[D0d9ENt | Mheitedied dgneMsfdhé Argaskedmissdion Qsphﬁﬁf-‘Eqﬁhﬁon .

i Stnr e 8 SRS e e it PEaE T T G pospivea

am,tmcmwgdafomoﬁacket X, are transmtted as in

STBC- base RQ schenme as shown in Table 5. It is
assunmed t at(t) %}E’(Amlytpb ({ro hal ( E pt@yion ig (21)
in this ca$qy, 2 @) i @Céi, ¢ 8N, the

of the new packet X, may be identical to the data

Ba@teé tx; s ad\dmttssaumon 24 sofastlitabe description bergafigat ed

g)'a nver&.?ld) ce1ve qat I1 fr%l ythetshe | rt{'mtsnflgsrlothe NGten as
ta packé B& it T er ent rom data packet %

Hpeana 1 Antenna 2 first Transmission X, (success) X2

fail t Cb d
I (e B (PR e
0031 A BRI EGE M Rlatioh 090 Rl @2PAGRLini | T ecel ved

successful |y, the decoded bits of data packet x, are
reconstructgg gn sp@t racteedyfrom recei ved data for
the first|ty ss,@n. The fied received data.is
then combir 5:) hittcha) rgge) e;gi)+d'ata for the fpn (23)
transm ssi P mal+yingensijty is achieved in the
retransm t’ oT ata packet, (i.e., data packet 22).
[ﬁgaa]h _ar r Bggetiemn(23) mﬁﬁ%dtvﬁm&d%?émﬁﬁw[%airmo e dlapdedystem.
i ne rei naf t

oSy Blet Laas®, Fif B RPLRT I Aol Ppola W pnd » o
foljosaé:i on (1). After subtractl ng the successfully
recei ved data packet X1 fromt e received data, it
becomes asg fol lows: [Y- 1204e¢l jU) Y10)) ( h"(t)), (O
h12() 1( X%?j [er@wozg)rﬂ ZLY) H22() AX 2 ) 020k}, YN 24)

x3 Y+

ya(t+1)

where

o) 0
= h'zz(l) ) 0 ]
—ha@E+1) Ry (E+1)
=l (t+1) hy(2+1)
[0044] In quasi-static channel, spatial diversity is achieved on

retransmitted data packet x, with reduced interference due to zero elements

in the matrix above. Assuming quasi-static channel and dropping time index
-10-



Equation (21) Packet X3 is added into Equation (21)

to facilitate description hereafter. [0041] The

recei ved signal for the second transm ssion is witten
VEQ 24031238%s: [ 0042] [0043] Y2 0'1) Conbi ni ngPGRUS2003486373
(t +1) +, Equation (.1)1(t +1))_(h,,(t +1)h(t n+l)\ h

2, (t +1)h"(t +1) Equations (21) [1112(00" 0 - 14'2(t
+1)410 + 1) -1420 +1) 40 +1)) (23) converts two ,

and (x2 x3 2x2 x 2.R(tn,+1) Equation (22)

t, at high SNR, the SNRs of the data streams for the second transmission are
written as follows:

lel” ) &,

2
SNR(x,) ~ (d, ——') . and Equation (25)
d2 NO
2
SNR(x,;)=| d, _Lel® ——E—‘-’—; Equation (26)
dl NO

where % = [ + ||+ | +|hzz‘2, d, =, | +|hzz|2, and €= "Puhin —lbalsy,

[0045] With respect to new data packet x,, a conventional detection
technique may be used, where packet x, is detected independently from two
transmissions followed by a maximum ratio combining (MRC), and packgt P
is detected only using the second transmission. In other words, conventional
technique solves Equations (21) and (22) separately, then perform combining.

In Equation (21), since all effective channel coefficients corresponding to

x;equal to zero (0), only information on x, can be derived from Equation (21).

With this detection technique, the SNRs are as follows:

lel” ) E, .
SNR(x,)~| d, — —=; and Equation (27)
d, JN, _
2
SNR(x,) =~ (d 2 —Iﬂ—)ﬁ’- ; Equation (28)
dl NO

where d, =|h,|* +|#,|*. The SNR of packet x, is identical in both techniques.
However, a better SNR on x, is achieved in accordance with the present
invention, when comparing Equations (26) and (28), and considering 4, > 4;.

[0046] The present invention may be extended to systems with more
than two antennas. Tables 6 and 7 show examples of extension to a four
antenna system. Table 6 shows conventional STBC-based H-ARQ scheme and
Table 7 shows an STBD-based H-ARQ scheme with the successfully
transmitted packet being replaced with a new packet in accordance with the

present invention.

-11-



x 3(t +1)) (22) results in:
into a virtual 2x4 system

)+ N . Equation (23) system
Conventi onal LMMSE nay be
and .x2 as foll ows:

HI + 040BQU/URAE/089373

‘égglied t o denodul ate packets x

QARPY 21E 4H |
/2120)0 hz20 -11112 (e +1) 4(t+1) h;2(t +1) 4(,
[0044] I n quasi-static channel,

HY 2 0) s X3y:

spati al

+1),

diversity is

achieved on retransmtted data packet x2 with reduced
interference due to zero elenents in the matri x above.

Assum ng quasi -stati c channel

and dropping tinme index

N i o B e A
SfFoes)--o(d, ; antl d2 sNRex, ) +4 - & 12)E] dl Afo 2
Eq (M fqugxtzi*mr—( 0y P x5 o
Time 3 Cexy ¥ ~xy ¥ x ¥ x, ¥
Time 4 X, - X3 -x; x|
Table 6
Antennal Antenna 2 Antenna 3 Antenna 4
Time 1 x, (fail) x, (fail) X3 x, (fail)
Time 2 ~-xy* x,* (fail) -x, * (fail) x* (fail)
Time 3 -xg ¥ -x,* x * xg* (fail)
Time 4 X, - Xg - Xg X,
Table 7
{0047] Alternatively, the failed packet x, may be simply repeated and a

new packet x, is transmitted along with the packet x, simultaneously. Table

8 shows signal transmissions in accordance with the present invention and a
conventional simple repetitive H-ARQ scheme for an exemplary 2x2 MIMO
system. In the conventional simple repetitive 'H-ARQ scheme, the spatial
stream that is successfully received is left blank for retransmission. In
accordance with the present invention, a new data packet x, is transmitted in

place of the blank packet. Therefore, higher spectral efficiency is achieved.

- -12-



where at, =1/71112 1h1212+1h21121k2212, d2 =1h1212
1h2212, and ¢ = -h"11;,- [0046]Wth respect to new

dat a packet X' a conventional detection techniqu
‘8929@8313',90‘*/\here packet x, is detected mdepen%‘éﬁwzy‘)w 09373
fromtwo transm ssions followed by a maxi numratio

conbi ning (MRC), and packet X3 is detected only using
the second transm ssion. |In other words, conventi onal
techni que sol ves Equations (21) and (22) separately,

t hen perform conbining. In Equation (21), since all

ef fective channel coefficients corresponding to x,

equal to zero (0), only information on x2 can be
derived from Equation (21). Wth this detection

techni que, the SNRs are as follows:| Antennal Antenna 2

SNRl2)m 4 AN NRO =t —N—-5
Equht ifost @Ea@snﬁqﬂam on (28) wher e [d; = (success)|  x, (fail)
=11 SETAaS S S s TV | SUAE-1 -

bot h tséﬂﬂﬂtﬁﬁ’é%mlsﬁmever a better SN on X3 ifs
ach e\(@&nﬂeﬂnaﬁﬂwﬂ@w@pwtme har@gsent i nventli on,

\M]e a¥aVanaka nd ’)8), ar‘A
congi obecondg:relﬂ_smﬂ«ssmn (P@(Mﬁ} iﬂvenpp entxsl nvent ijon *ay

be 2Yalal~Ya aYans AA N asa Q B N - 'hﬁc-.
Tabl es 6 and 7 show exanplEleB extension to a four
fau4spna Smie%heﬁécb!sl@nﬁl SBvSirsioRNeshiseialis 8 BCEQasten (1).

ne and le 7 shows STBD-.b
A Rng, ate, (8 S FU FYSEranLR PRt D e PAEE ayfrom
EEiaa 8Ny Yéckivea Aty iPBEdealesiaR fasA:dance with the

present 1nven! i on. Ant ennal Antenna 2 Antenna 3
Ant enna 4 .Vx(;5| Ef}ﬁ &)J (FTKO’F (0' hlz(‘)}[ )_'_(”1(’)). Equation (29)
" 210 hy () 0 Ay ny (1)
Y2 ()
[0049] The received signal for the second transmission is written as
follows: ‘
(y,(t—i—l)) (h“(t+1) hy, (t+1))( )+(n,(t+1)]_ Equation (30)
y.(t+1) h, (t+1) h,(t+1) n,(t+1)
[0050] Combining Equations (29) and (30) results in:
»® ha®) 0
S | Ba2® 0 X2 :
Y2 |= ho@hD) Ay D) x3)+N. Equation (31)
y, @+1) 12
P, +1) hy,(t+1) hy 41
[0051] Instead of solving Equations (29) and (30) followed by a
combiner, the present invention applies LMMSE to solve Equation (31) as
follows:
. L ne
[f2]=[”fi”'ﬁ+-1\-’°—1) 7Y 5,0 |; Equation (32)
X3 £, e+
ya(t+1)
where

-13-



- x*3Time 3 - - Time 4 Table 6  Antennal
Antenna 2 Antenna 3 Antenna 4 Tinme 1 x, (fail) x2

fail) x3 x4 (fail) Time 2 x * (fail) 1-x4*f&fai|3
§2007/123904 PCT/US2007/009373

@) 0
= | 2@ 0
H= R+ R+ |
Ry (t+1) Ay (2+1)
[0052] At high SNR, the post-MMSE SNRs for x, and x, are as follows:
2
SNR(xz)z(d, _lel ]-‘?— and Equation (33)
d, N,
2
SNR(x,) =~ (dz _lel )—Ei—, Equation (34)
dl NO

where d, =2, " +[hy|")s d; =|h|* +hu|?, and ¢ = hy b, + iy, .

[0053] For a conventional receiver, data is detected separately for each
transmission before being combined. In other words, conventional detection
solves Equations (29) and (30) separately, then combine post detected signal.
Assuming LMMSE receiver is used to solve Equation (31), and a maximal
ratio combining (MRC) is used to combine post-detection signal, the combined
SNR for data x, and x,at high SNR can be written as:

el ) E )
SNR(x,)=~| d, —+—— | —=; and Equation (35)
d, )N;
‘ 2
SNR(JC;)"’[dz"'ch. )-‘5!—; Equation (36)
4, N,

where d; ={hal? +inl?)s d, ={h[* +s|? s and ¢ = B,k + by kY.

[0054] By comparing Equations (383) and (85), it is shown that the SNR
of the retransmitted data packet x, is identical for both the conventional
scheme and the present invention. However, by comparing Equations (34)
and (36), it is shown that the SNR of new data packet x, is improved using
the present invention, since d, >4, . ‘

[0055] Embodiments.

[0056] 1. A method for implementing H-ARQ in a MIMO wireless
communication system.

(00571 2. The method of embodiment 1, comprising a transmitter

transmitting at least two data packets to a receiver.
-14-



Time 3 - x, * x, * x5* (fail) Time 4 9

Table 7 [0047]Alternatively, the failed packet x, nmay

be sinply repeated and a new packet x, is transmtted
‘8969{6/1%9{‘11 t he packet x, sinul t aneous| y. TabPel/BSHHARET3
signal transm ssions in accordance with the present

i nvention and a conventional sinple repetitive H ARQ
schenme for an exenplary 2x2 M MO system In the
conventional sinple repetitive H ARQ schene, the

spatial streamthat is successfully received is |eft
EﬂOﬁak f or 3t et r he mrathod of einbodinsetodnompxisitg theetransmitter

e Sy o) oy P, R RAGKEL while! R ﬁ{?iéﬁ{& Heata

Byrkety il awforthozenalys prgada@g] p@p@@r fomtransxmssmn if at least one
Z-./d]agg’ BRAR g‘s%@%ée@&%ﬁ}%ransﬁmﬁﬁna 1 Antenna 2

first Transm ssion x| (success) (fail). second

10088k i ssiton (EBRVRHPY Bl ms?mbwéler%fp@tlb?d%nh AR prein

RAREPE YRefol-hmad $4H te8hanitike €5€84ta pueRBEsl On) X3 X,

Tahl e
[0060] 5. The method as in any one of embodiments 2-4, wherein

both the transmitter and the receiver include two (2) antenmas, and the
transmitter transmits data symbols x1 and x2 via two antennas at initial
transmission and transmits data symbols x1 and -x2 at retransmission.

[0061] 6. The method as in any one of embodiments 2-4, wherein
both the transmitter and the receiver include four (4) antennas, and the .
transmitter transmits data symbols x1, x2, x3 and x4 via four antennas at
initial transmission, and transmits data symbols x1, -x2, x3 and -x4 at a first
retransmission.

[0082] 7. The method of embodiment 6, wherein the transmitter
transmits data symbols x1, x2, -x3 and -x4 at a second retransmission.

[0063] 8. The method of embodiment 7, wherein the transmitter
transmits data symbols x1, -x2, -x3 and x4 at a third retransmission.

[0064] 9. The method of embodiment 2, comprising if at least one of
the data packets is not successfully transmitted at an initial transmission, the
transmitter retransmitting the unsuccessfully transmitted data packet along

with a new data packet which replaces a successfully transmitted data packet.

[0065] 10. The method of embodiment 9, comprising the receiver
constructing the successfully transmitted data packet.

[0066] 11. The method of embodiment 10, comprising the receiver
subtracting the successfully transmitted data packet from initially received
data.

[0067] 12. The method of embodiment 11, comprising the receiver

combining retransmitted data and the initially received data after subtracting

-15-



[ 0048] The received signal of the first transmssion is
as in Equation (1). After subtracting data bits of the

successfully recei ved data packet xlI fromthe

WOPR07/433P8# r ecei ved data, it becomes as fol | oReSEUS2007/009373
[ ..)",/(01, 1y, (oLih,10)),(0 11,20))( x3) +(

ni (OlEquation (29) Y2(0 LY2 (1)) On (O 1h22(t))Lx2)
f12(0)1 O [0049] The received signal for the second
transmssion is witten as follows: [0050] [0051]
(3110-1-1)) _ Y2(t+1)) Conbining Y1(0 Y2(0 y (t+1)
ER2d)dcedshalyeRen hitted ddb&ﬂmzkétt [ h"(t +1) 1112(t+1))/x3

et 58 "B (oSl 18! 90 ) e
P8Oprming2) prochksing kq o¥tasy thel_@:ﬂ;ccessﬁally transmitted data packet
at the initial transmission and the new data packet at the same time.

[0069] 14. The method as in any one of embodiments 9-13, wherein
the unsuccessfully transmitted data packet is simply repeated without
changing a format as in an initial transmission.

[0070] 15. The method as in any one of embodiments 9-13, wherein
the unsuccessfully transmitted data packet and the new data packet are
arranged in accordance with STBC-based H-ARQ scheme.

[0071] 16. The method as in any one of embodiments 9-15, wherein a

format for the new data packet is identical to the successfully transmitted

data packet.

[0072] 17. The method as in any one of embodiments 9-15, wherein a
format for the new data packet is different from the successfully transmitted
data packet.

[0073] 18. The method as in any one of embodiments 9-17, wherein
PARC is performed for transmitting the data packets.

[0074] 19. A transmitter for implementing H-ARQ in a MIMO
wireless communication system.

[0075] 20. The transmitter of embodiment 19, comprising at least two
antennas.

[0076] 21. The transmitter of embodiment 20, comprising an H-ARQ

transmitter for transmitting at least two data packets simultaneously via the
antennas and retransmitting the data packets if at least one of the data
packets is not suceessfully transmitted.

[0077] 22. The transmitter as in any one of embodiments 19-21,
comprising a controller for rearranging the data packets in an orthogonal
spreading manner for retransmission.

[0078] 23. The transmitter as in any one of embodiments 19-22,
wherein PARC is performed for transmitting the data packets.

-16-



+111 Equation (30) kji2(t+1),1 results in: Equation
(31) and (30) followed by a conbiner, the present
i nvention applies LMVBE to sol ve Equatl on (SB%T as
WRIGES 0 here [ XA2)+T" Na' H A x3 Equat i Bal/P$997/009373
WO 2007/ 123904PCT/ 1JS2007/ 009373 h12(S)o Tr= h22(0o0
hiz(t +1) 1111(e -14) ,1722(: 41) h21 (t +1), [0052] At
hi gh SNR, the post-MVSBE SNRs for x, and x3 are as
follows: Equation (33) SNR(x2)ft,(d,-.1-cl-E-=; and do
No SNR(x3)(d2 -1 cl2 )P-t' -Equation (34) d, No where
(yoozlfzgz h, 21 O&Fg 1hggd Zﬁrangﬁiﬁa;l Bk 11%12 311926:192 of aéiﬂbddxmeht'sh 19-23,
onve tiona re v

Eeindipls %F SRiFiennd.a speayer fBrIPdE Fish et PRY the

contrbdad traln@nﬁtshdatawsyﬂsplscmn\eeﬂt k2ndh el @oterorms at initial

ves Egua ns .
eI s A SR P
r[@Qﬁﬂ]ver |25 us gtet U‘aseimdée!E@aatu @HY(@CF) of serabedimantardp-23,
CAldr %né% é:ﬁ%lf $6iJeR iE QTR B (4) antennas and the

post - et ectl on si e conbi ned SNR for data X2
&ﬁﬂtrxﬁeratramﬁgﬁtssmac%)ﬁnbfés Vil t2%k3aand x4 via four antennas at

- .initial transmission, and transmits data symbols x1, -x2, x3 and -x4 at a first

n?xﬂissinn

)y

retransmission.

[0081] 26. The transmitter of embodiment 25, wherein the
transmitter transmits data symbols x1, x2, -x3 and -x4 at a second
retransmission.

[0082] 27. The transmitter of embodiment 26, wherein the
transmitter transmits data symbols x1, -x2, -x3 and x4 at a third
retransmission. .

[0083] 28. The transmitter of embodiment 20, comprising an H-ARQ

transmitter for transmitting at least two data packets via the antennas and
retransmitting data packets if at least one of the data packets is not
successfully transmitted at an initial transmission.

[0084] 29. The transmitter of embodiment 28, comprising a controller
for controlling the H-ARQ transmitter such that only the unsuccessfully
transmitted data packet is retransmitted along with a new data packet which
replaces a successfully transmitted data packet.

[0085] 30. The transmitter as in any one of embodiments 28-29,
wherein the unsuccessfully transmitted data packet is simply repeated
without changing a format.

[0086] 31. The transmitter as in any one of embod{ments 28-30,
wherein a format for the new data packet is identical to the successfully
transmitted data packet.

[0087] 32. The transmitter as in any one of embodiments 28-30,

wherein a format for the new data packet is different from the successfully
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Equation (35) SNR(x2)::,(d,; and do No

SNR(x1) 4d2--Er-s ; Equation (36) d; N where d; =(17,212
412212 , do =1111112 +1 h2112, and c+ [00541B

WOMIAIPNY Equations (33) and (35), it is shdy\fv'ﬂ/‘{sﬁ%W/O09373
the SNR of the retransmtted data packet x2 is
identical for both the conventional schene and the
present invention. However, by conparing Equations

(34) and (36), it is shown that the SNR of new data
packet x, is inproved using the present invention,
Hanemitdidd datda,pack{atOOSS] Enbodi nents. [0056] 1. A net hod

npl eggnt i .n_a_ M. i rele
IOk P ton oo ARt il eGP spobodisments 2001,
VheradmBARG ingpexformed don travsmittiagshe detanpackets east two
ﬂ)f@%gl packels tg ﬁcéﬁ&efo\f% lelﬁéntm%%w i ReMIRIA Wreless

enbodi ment 2, conprisin e transmt
?W&ﬁ&#lpplsﬂﬁe%e data packets to the receiver while

[0080] angi Bg. t hehél abaiRACHelSbbdl nitht W4, fbeg@eﬁkng at least two
?ﬁr eadi ng manner for retransm ssion if at | east one of

6788%a packets is not successfully transm tted.
(0003P] 4. TB6. nEThedretivém oflyntpdéneht S5D@dinpeRing 2n3H-ARQ

vvhereig PARC i s fﬁorrre for mgtin .t__he gata it

$HEVE B e pih S iR B ol SefrSnimiting

ambodiupessinlly- ‘d‘pnsmat@d niatmtplackdtealonanwithtaexevarddtat racket

%ﬁﬁ:ﬁ' féﬁfaclagl leﬁg&s%‘gﬁy(@aﬁsﬁﬁ%ﬁ%%a g@lgettvp}?er Q@Reﬁg@ &rl Clata
of s x|l and x

transmts dat a . Vlat\NO ant ennas
Pafiket i natsapeessialy delivered te Hrssrrceiyeriat an y}tﬁ@bt@ni@wam

[v82pt I et ansths SiRBivel 006 ldfholifi Bt BOU B pkfRi@NYa data
one of enbodi nents 2-4, wherein both t he transmtter

BIRAesSAR for seevEERS dats Priketirngmittedethedsansipigterne

tooas]?m tt es t r'ens rrrdcgwd:at af lsaﬂmlﬁlegst , 3%2, coih%ai%ﬁié X# data
ou nnas ransm ss|,0 an

Frshiafy b HaBIRE rdtisbted asbd 803 Wity SPSixed ppigyatier

subtraebingi thei mcesﬁﬂGB’ZJ]'eZeiTrhé dabd (padikaif frembidei mtially6 received

%%’r gilk%rélgetﬂer ﬁgtsang;gcg%so% ;@B%L‘séss tﬁgtu%sﬁ%cgg%b?% W‘tted

con ransm ssi on.
datehpeckst anth dbe neew d?atav\n@qker» rthiahearer braominitted together in

ek Hidsfort St BAHER Q41 -x2, -x3 and x4 at a third
retransm ssion. [0064 9 The met hod of enbodi nent 2,

089K i si ng%i f e TeS8WET 8RR SR 1oRE of gEbo 13’5’&%?@ 138, wherein

19l C easGdcusdfylly Iaansihittal data apadklt t isakinblftn SéPeatddORvithout
cH;e tran{smt er retransmtting the unsuccessfully

AR 3 198 % at a packet along with a new data packet
Wb9ah r eph@cesThe sgeives af in hyy onaws eidbbéinelat 36£89C kdierein

a[ Qoqgﬁa]t]igr tl-lll'g attﬂg %agﬁﬁelgqggntmaﬁ tto% e ?\r%gs ?tqraalsmltted

recelver cons ruc e successful ransm
dde papiatket . [0066111 The met hod of errbodl ment 10,

6098 | Si NGy t hergLLRENESL as in any one of embodiments 36-39, wherein
a format for the new data packet is different from the successfully transmitted
data packet.

{00971 Although the features and elements of the present invention are

described in the preferred embodiments in particular combinations, each
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subtracting the successfully transmtted data packet
frominitially received data. [0067]12. The method of
enbodi ment 11, conprising the receiver conbini
WepdA4 t ed data and the initially recei veECngW&WO“%”
after subtracting the successfully transmtted data
packet. [0068] 13. The nethod of enbodi nent 12,

conprising the receiver performng a processing to

obtain the unsuccessfully transmtted data packet at

the initial transm ssion and the new data packet at
featusappelement cinbe yhad alonkavitlseutdlie atherfeainyepand efements
eiadi Bl fed@ehPodtheie B ThGaHPSY CoRBR{M Y with or without

transmtted data packet is sinply repeated w thout .
ethatdfentiras podrdemgatsi of the prepentainventionsnilds wathods or flow

L:QQ&Q Ipkévidddn ﬂEé bastens ui'»@nﬁﬁﬁ Iﬁﬁ‘ﬁ b8 finPIIREH B I S computer

-13, wherein the unsuccessfylly transmtted data

Bﬁ%ﬂ?@fn’ SFVERe AR fraatare faoethly prabogicd; ty computer-readable
anrage andeani foh eﬂﬁﬁoha@ed gblné&BQp%@b@@&onn{ﬁx@arlhlﬁ .prddeSsor.

thod as, in an nmbodi nept s 5, wherein a
B ot comrterfadatls FHARE I m AR E6E Py memory
SROVBs s& urdndont aaarsd t memday a(IpfaMk,eta 1e@BE&], 1fachéh@nemory,

5 Wh re
FEALBlaA%} Py 6,0l STBRIBI, B8 s HRLE B i
gpd @eg@mblpyiwlrsﬁmaaqetceqp@ml anediskend opioai3nedia shgk as CD-

RN QSLIAS ahd) dfRA] 98K abile SRROAIUPEY. S 9-17, wherein PARC
k girforrre or transmtting the "dat a packet

] 19. SRitablg, BrOeesEPTst &ﬁclv%l BreWey ngt 1XARDLS: naggeneral

Muldasai prot3ss, @WlCﬁiﬂpaﬁb %))‘&iegiﬁr ho&gkﬂﬁonﬂhﬁocess’or, a
é m.tt ar of enb?ﬂ$ﬂg cO rising at |east two

o gl Reisagswal AR R G e R 55, more
oooPpraessgrain dbsAdgtivn sing DISH ccfre,ra td’xﬂ:ﬁﬂlﬁrl 4 infigroadntroller,
I ket S y he ant e
gﬁgﬂatﬁo‘r{éﬁ%ﬁ@&ﬁ% egtlr ﬁ%ddg rgmtﬁsé ) ‘e@ Ilgeﬁr F0Re oéate
Arpeayd A& G lceltcsms,s anwtotlsmtse@srﬁfuidtggmteahmmt éI0), and/or a
L&QZHa%ﬁmeThe transmtter as in any one of enbodi nents

19-21, conprising a controller for rearranging the
PR packét sproeesaer drt Rewsinklons pridtadsafgvangnmesy fher used to

Bhlea 80 S fred Ui éB brbdiscelig fof BBSTH b tAkeldss tirlndhi¥ receive
onig &{[,Eﬁ Odl ments 19- 2 erein PARC is perforned

Pf?rnﬁqlflﬁglea'gt &ma sta ion, radio network
ﬂﬁﬁfﬂﬁBMﬂbﬂ%ﬁﬁO%@@%@uhﬁO?%ﬂé WTEEJ thoapshs tused in

?o%éw %?%’WRH% ulgsm%md erg"gﬁt%dlguzg Ye\l\\%}e n O?:E"YFH'SSS“CII as

nscr% er and a r’ec rver 1 nc
acamehs Tuidee ghingra madudariat ﬂdelmlwnsyabpbsketbhamd axdbration

aévqcé W%p@me%na s’&ic nbid td @hevﬁglaﬂmanﬂ?& aﬁ%ggg,iag g;eaa"set

data syibol s’ xi and -xZ at retransm ssion

arﬁéylfqaaﬂsmﬁpéﬁooa%@mﬁodaw arfeeyengnmodiatad FY) radio unit, a
liquid crystal display (L.CD) display unit, an organic light-emitting diode

(OLED) display unit, a digital music player, a media player, a video game
player module, an Internet browser, and/or any wireless local area network
(WLAN) module. '
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wherein both the transmtter and a receiver include
four (4) antennas, and. the controller transmts data
synmbols xlI, x2, x3 and x4 via four antennas at initia
transm ssion, and transmts data synbols xl, -x2, x3
and -x4 at a first retransm ssion. [0081] 26. The
transmtter of enbodi nent 25, wherein the transmtter
transmts data synbols xl, x2, -x3 and -x4 at a second
retransm ssion. [0082]27. The transmtter of

enbodi nent 26, wherein the transmtter transmts data
synbols xl, -x2, -x3 and x4 at a third retransm ssion
£Héﬁ§&$ﬁ8. The transmitter of enbodi ment 20, conprising
an HARQ transmitter for transmtting at |east two
data packets via the antennas and retransmtting data

packqts i H aleth8aSHr iR Rlent i BRI RARKARLRId fegi@t request

successfully transmtted at an initial transm ssion.
(HoARQ) 2fdr ihhatipleaigmitt heultiple-entmdi (MEAMQPB traxmmissgimghe
a controller for controlling the HARQ transm tter
n%%%‘ﬁdtoﬁﬁ’fpréﬁpﬁ the unsuccessfully transnitted data

pack ' ra Ikt ' a d .
ok Tl SRS Sa RO bAL o080 BAEKR ia o

pl&Q8 T P trahenitratedhbber as in any one of enbodi ments
28-29, wherein the unsuccessfully transmtted data

pack&ecaiving] FhARQ dsedback indicatimec bhalgithe first odatar packet
0086] 31. e transnjtter as . in an ne, of e I ments
s SOLCHREILY AOPENHEN PO CHE RO tBaBREEE Svar ot
shORREFAR! trhfshlifteduapgssful Iy transmtted data packet.
[0087]32. The transmtter as in any one of enbodi nents
28- 30etrahemgiting ther sedonflodatdeacket ddong puithed fleird data
different fr the successfully transmtted data
PB%W.&FG@Q ??3‘3?“ ‘iatiar%ﬁ%‘r?ittter as in any one of
enbodi ments 28-31, wherein PARC is performed for
transmtting the data packets. [0089] 34. A receiver
for Ropl eMiiat highbd AHQclaima IMaorein ¢hesthird data packet is
communi cation system [0090]35. The receiver of
cenivgatereandn invensetli si ng at | east two ant ennas.
[0091) 36. The receiver of enbodi nent 36, conprising an
H ARQ receiver for receiving data froma transmtter,
the Branshbt flothed RSN 9 RtheBir BB Ge8SEd Wldy third data

trangmtted data packet along with a new data packet
patketh areptmomsnisteslor exsdxddncet withs ai spase timen bpenkk eeding

t | t e data packet is not successfully
dﬁﬁﬂ“}/gﬁéﬁ‘??ﬁﬂ}ﬁg SPE%‘@Pver at an initial transm ssion.
[0092] 37. The recei ver of enbodi ment 36, conprising a
data processor for recovering data packets transmtted
by tHe tr Thenmnetkod of A)Ridh IB wHerein eheisceondfdata packet is
enbodi nent 37, conprising a data conbi ner for
cauBrifdhandler cancerset hwlerst heingdetiansmitied | y recei ved
data after subtracting the successfully received data
packet fromthe initially received data, wherein the

dat a5pr ocas $R{ndhREAS I65 iﬁgﬂeﬁ@ﬁﬂi@f‘g@f@bﬁd Yautomatic repeat
transmtted data fpacket and the new data packet that
0

regyuest r afErARQ)d tfoget heultipledeputansmwsipderoutput  (MIMO)
si mul.t aneo slgr. 10094139. The receiver as in any one
tr&PS&%ﬁ%&Pnﬂm aRSIBteT QOMPIINTEhe unsuccessful |y

trang iﬁf&ﬁﬁ?%ﬂlteﬁ t is sinply repeated w thout
changirpng a fornmat. Pég’%] 40. The receiver as in any
one of enbodi nents 36-39, wherein
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a format for the new data packet is identical to the
successfully transmtted data packet. 10096141. The
receiver as in any one of enbodi ments 36-39, wherein a
format for the new data packet is different fromthe
successfully transmtted data packet. [0097] Al t hough
the features and el enents of the present invention are
described in the preferred enbodi nents in particul ar
conbi nati ons, each feature or elenent can be used

al one without the other features and el enents of the
preferred enbodi nents or in various conbinations with
or wanhBuARG hesmsnedtar esfigured ntmapsnot a fiestpdatepacket

i nvention., The net hods .or .fl ow chart ovj ded i.n.t he
abﬂégeﬁécmdvéma &?Cgﬁys‘ﬁé B ER %ﬁsﬁnﬁf 3¢ 35 gilg?ng data
p%?@trsamat%%glwg%ﬁcce%rsfdly f?@@%ﬁlitt ghRlyy enbodied in a

conput er-readabl e storage medi umfor execution by a

genemakontiblles econdighutértoocontol abes EbARGtzapbmsttof such
conmput er -readabl e storage nedi uns include a read only
thetroop (Rognditiopatbain b cBrstnulatny Pergy) was successfully

oA S GO D ETHERY (R ity

| s and
tFATRNANME tHeSHMAR akArifel irettan¥Rdit@ thaRecol Haed packet
nmedi a such as CD di sks, and digital versatile

atbrgkwittDvbird J0098ichet iaplacepofdhesiust datmphokiet. by

way of exanple, a general purpose processor, a special
pur pose processor, a conventional processor, a digital

si gngl  pr q4RS§AhLsfARB) of A B 5AvhbYeiftTthe third data packet is
m cr oprocessors, one Or nDre m croprocessors in
casimgated nad/orihberse@SP core, a controller, a

m crocontrol l er, Application Specific Integrated
Crcuits (ASICs), Field Programmabl e Gate Arrays

(FPGAs) cifcui 0 . Eali [ i
(O anarde HelioafRerchf laab BOuBlorhft P42 3ebind i hira

das Qsd ket ® hrdi transafittedr en edcobdantedritlo a ispakentnte dlock
radi o frequency transceiver for use in a wireless

codiag(WiBCebasedeHuARQ gohgmme)) | user equi pnent (DE),
term nal, base station, radio network controller
(RNC), or any host conputer. The WIRU may be used in
conj gnct i qheWrh ARk &F clhid ) @b &Cthd) sE@dBat packet
and/ or software, such as a canera, a video canera
ienhjhgataal andiep pbmversed befmekerippeatranamittedat i on
devi ce, a speaker, a m crophone, a television
transcei ver, a hands free headset, a keyboard, a

Bl uet oot h(r) nodule, a frequency nodul ated (FM radio
unit, a liquid crystal display (LCD) display unit, an
organic light-emtting diode (OLED) display unit, a
digital nusic player, a nedia player, a video gane

pl ayer nodul e, an Internet browser, and/or any

wi rel ess | ocal area network (W.AN) nodule. CLAINMS

1. A nethod of inplenenting hybrid automatic repeat
request (HARQ for mnultiple-input mnultiple-output
(MM transm ssion, the nethod conpri sing:
transmtting a first data packet and a second data
packet via a plurality of transmt antennas;

recei ving H ARQ feedback indicating that the first
dat a packet was successfully transmtted and the
second data packet was not successfully transmtted;

and retransmtting the second data packet al ong
wth a third data packet iq@place of the first data °
packet . 2. The nmethod of claim1l wherein the

third data packet is conjugated and/or inversed.

3. The nethod of claim2 wherein the second and third
data packets are transmtted in accordance with a
space tine bl ock coding (STBC)-based H ARQ schene.

4. The method of claim2 wherein the second data
packet is conjugated and/or conversed before being



