MIMO BREAMFORING-BASED SINGLE CARRIER FREQUENCY DIVISION
MULTIPLE ACCESS SYSTEM Description [0001] FIELD OF INVENTION
[0002] The present invention is related to a wireless communication system.
More particularly, the present invention is related to a multiple-input
muItipIe output (MIMO) beamforming-based single carrier frequency division

multi eaccess SC-FDMA) system. [0003] BACKGROUND [0004] The third
e &ﬁ%ﬁﬁl\f@@ﬁiﬂ«&&@&% aﬁ&ﬁﬁﬁfﬁa%guéﬁgvaixgﬁgmg

a long term evolution (L lecommunication
system (UMTS) terrestrla o access E%?g arrently, SC-FDMA is
being considered for the evolved ULTRA (E-UTRA). [0005] In SC-FDMA, a
plurality of orthogonal subcarriers are divided into a plurality of subcarrier
DelssHpticHSO known as "resource blocks”). A subcarrier block may be a
localized subcarrier block or a distributed subcarrier block. The localized

subcarrier block is defined as a set of several consecutive subcarriers and
the distributed subcarrier block is defined as a set of several
[MH I VBNV EKARYs. A subcarrier block is a basic scheduling unit for

uplink_transmissions in an SC-FDMA system. Depending on a data rate or a
‘Bﬁ’ﬁér@?&t@é%%%é&‘f%ﬂ'@%u%éﬁﬂ&?t}fbc?k YUrelesfy AR RINICRiRL eistem. More

pa%cu@rf{/fqﬁel\é?eggﬁt(l\r/w\%Rtl@nf%r rt(re etk {8Séorqwlt|ple -input multiple-output (MIMO)

beamforming-based single carrier frequency division multiple access (SC-FDMA)
system.

[0003] BACKGROUND

[0004] The third generation partnership project (3GPP) and 3GPP2 are currently
considering a long term evolution (LTE) of the universal mobile telecommunication
system (UMTS) terrestrial radio access (UTRA). Currently, SC-FDMA is being
considered for the evolved ULTRA (E-UTRA).

[0005] In SC-FDMA, a plurality of orthogonal subcarriers are divided into a plurality of
subcarrier blocks, (also known as "resource blocks"). A subcarrier block may be a
localized subcarrier block or a distributed subcarrier block. The localized subcarrier
block is defined as a set of several consecutive subcarriers and the distributed
subcarrier block is defined as a set of several non-consecutive subcarriers. A
subcarrier block is a basic scheduling unit for uplink transmissions in an SC-FDMA
system. Depending on a data rate or a buffer status, at least one subcarrier block is

assigned for a wireless transmit/receive unit (WTRU) for transmission.
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-1- 0 [0006] MIMO refers to the type of wireless transmission and reception
scheme where both a transmitter and a receiver employ more than one
antenna. A MIMO system takes advantage of the spatial diversity or spatial
multiplexing to improve the signal-to- noise ratio (SNR) and increases
throughput. [0007] SUMMARY [0008] The present invention is related to a
MIMO beamforming-based SC-FDMA system which includes a transmitter

[ LNEYRIvEek thiD G el BlesS HiBpEMETS IRAMIGerAREYY Reheme where

(—ﬁrfor ed an data (fjor transmission Fo generat%e fre uency domaA'n e smit
bath .a g]a smifter and a.recelver em ?M n?ore an (%e antenna. @ gstem
ata. Subcarriér mapping tnits map the frequency domain transmit data

Y A AR A RES SR AMURISSIFy B Tl ANHaN iﬁle&ﬂ%{% RS Me%RRal-to-

the transmit™ data mapped to the dassigned subcarriers o generate time

neREAf IR A stac@BdesharE iy sl@main transmit data is then transmitted
via multiple antennas. At the receiver, transmitted data is detected by a

[@O7VAIBYEIMAERIve antennas. An FFT is performed on received data to
generate frequency domain received data. Subcarrier demapping units in the
[QRe8lvEhearaseriatavaitiopels dalatrdalsigndiMG Heermdermikgraned SC-FDMA

estimator in the receiver generates a channel matrix and a singular value

SYRIEBhYHISHiSIF HSOB R UFAN§RUh 5053 'Eﬁ%e&f‘?énﬁélﬂﬁ?at{r%??m&gﬂ; B tash Rayrier

matfrices hannefl dia naliéattiop apd beamforming unit in the receive .
transform (F IS pefform OIon a_for aans[ml sIon to generate frequency domain
en equalizes a” channel distortion and Interference between transmit’'an

tr%\{eo%%?@@%Qﬂé?%@ﬁpﬂ?{iﬁﬂﬂ@%@ﬁ AR GRS ANEREHACER S to

frequency domain received da
assigned subcarriers. An inverse Fourier transform (IFFT) is performed on the transmit

data mapped to the assigned subcarriers to generate time domain transmit data, and
the time domain transmit data is then transmitted via multiple antennas. At the receiver,
transmitted data is detected by a plurality of receive antennas. An FFT is performed on
received data to generate frequency domain received data. Subcarrier demapping
units in the receiver extract data mapped on the assigned subcarrier. A channel
estimator in the receiver generates a channel matrix and a singular value
decomposition (SVD) unit decomposes the channel matrix into U, D and VH matrices.
A channel diagonalization and beamforming unit in the receiver then equalizes a
channel distortion and interference between transmit and receive antennas based on
decomposed channel matrices to the extracted frequency domain received data.

[0009] The document Interleaved FDMA- A New Spreach-Spectrum Multiple-Access

Scheme, Uli Sorger, Isabella De Broeck, and Mickael Schrell. ICC '98, shows a special



[0009] The document Interleaved FDMA- A New Spreach-Spectrum
Multiple-Access Scheme, Uli Sorger, Isabella De Broeck, and Mickael
Schrell. ICC '98, shows a special _2 0 case of SC-FDMA in which the
transmitter can modulate the signal strictly in the time domain without the
use of FFT and IFFT. [0010] BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Figure 1 is a block diagram of a transmitted configured in accordance

cantntheCor@At it ARSMHGHRRD BOFWRIEKRR)PAR Siristhedailie, time
figured i d ith ti tion. [0013] DETAILED

R R SRR e I & EMBODIMENTS [0b14] When

[dgjgﬁrgg{@ﬁg%ﬁmﬁ@,{p@pi@pﬂ@qyé%ﬁgéincludes, but is not limited to,

a user equipment (UE), a mobile station, a fixed or mobile subscriber unit, a

[0TAg Figurany iothedyRaial £eviee £ aRAbIRIES P BERAY DB MR XdE6l88Rce with the
environment. When referred to hereafter, the terminology "base station”

prestrd é@sydtibis not limited to, a Node-B, a site controller, an access point
(AP) or any other type of interfacing device in a wireless environment. The
[QE2k higuire RtisnantigkediggiRh ehte deRelV oV PRI 8d HAseCSselapcgouiinthe
The features of the present invention may be incorporated into an integrated
PEEREM M¥8"8PBe configured in a circuit comprising a multitude of

[O0'EIFBRARTES SLEWANSAN OF THE PREFERRED EMBODIMENTS

[0014] When referred to hereafter, the terminology "WTRU" includes, but is not limited
to, a user equipment (UE), a mobile station, a fixed or mobile subscriber unit, a pager,
or any other type of device capable of operating in a wireless environment. When
referred to hereafter, the terminology "base station" includes, but is not limited to, a
Node-B, a site controller, an access point (AP) or any other type of interfacing device in
a wireless environment. The present invention may be implemented in a WTRU or a
base station.

[0015] The features of the present invention may be incorporated into an integrated
circuit (IC) or be configured in a circuit comprising a multitude of interconnecting
components.

[0016] Figure 1 is a block diagram of a transmitter 100 configured in accordance with
the present invention. It should be noted that Figure 1 is provided as an example and
the functions performed by the components shown in Figure 1 may be performed by
more or less physical components. The transmitter 100 includes encoders 102a-102n,

modulators 104a-104n, fast Fourier transform (FFT) units 106a-106n, pulse shaping
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[0016] Figure 1 is a block diagram of a transmitter 100 configured in
accordance with the present invention. It should be noted that Figure 1 is
provided as an example and the functions performed by the components
shown in Figure 1 may be performed by more or less physical components.
The transmitter 100 includes encoders 102a-102n, modulators 104a-104n,
fast Fourier transform (FFT) units 106a-106n, pulse shaping -3- O filters

filigygal 981 O80nEHPRaN efafiairR) hitaitE1 bERa-1dANa BRI GPHIG 1112 (optional),

. (optio i se EFT (I FET) units 114a-11 yclic prefix (CP).ipsertion
A e T S o o eI W o o e o aragd n
n&ﬁﬁp%—éﬂﬂeﬁh@ 1asSMIsSSIRY iRipfesoded by the encoders 102a-102n. It

should be noted that the transmitter 100 may include only one encoder

[GLeIT Dig 901 Abosyistememafigesaiior. e essasiethnenteasns 10822103, It

is modulated by the modulators 104a-104n, respectively, in accordance with
sbourid dhe atodedsttzet rine. ffdres ittt ul &0e ch aypintidata drdp arEO8ncisdpr ategssetingyon
the FFT units 106a-106n to be converted into frequency domain data

theo pyste rcqeligiaatioaly Traceneqfigsh#pabiim @der itPraigovadylated by the
processed throu%h the pulse shaping filters 108a-108n, respectively. After

MBI HAHB B SESBREINAY il RC IR SN tha ASNdEme. The
mdo%lﬁaéle%@n;ﬁgl@f' g%‘q% ehE3 ass| Igge@s_g};ﬁ‘?@"yes Pﬁhﬁns.t‘éb?c’g}g%?tg 06n to be

mapping u n, respe e subcarrier mappe

oS TR 8 OSSP R e
dindedad heminafricessed through the pulse shaping filters 108a-108n, respectively.
After processing by the pulse shaping filters 108a-108n, the frequency domain data
107a-107n is mapped to assigned subcarriers by the subcarrier mapping units 110a-
110n, respectively. The subcarrier mapped data 111a-111n may optionally be
processed with a transmit beam forming matrix and/or a scaling factor 120 by the beam
former 112, which will be explained in detail hereinafter.

[0018] The subcarrier mapped data 111a-111n, (or data 113a-113n processed by the
beamformer 112), is then processed by the IFFT units 114a-114n to be converted into
time domain data 115a-115n, respectively. A CP is then added to the time domain data
115a-115n by the CP insertion units 116a-116n and transmitted via the antennas 118a-
118n, respectively.

[0019] Figure 2 is a block diagram of a receiver 200 configured in accordance with the

present invention. It should be noted that Figure 2 is provided as an example and the

functions performed by the components shown in Figure 2 may be performed by more
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[0018] The subcarrier mapped data 111a-111n, (or data 113a-113n
processed by the beamformer 112), is then processed by the IFFT units
114a-114n to be converted into time domain data 115a-115n, respectively. A
CP is then added to the time domain data 115a-115n by the CP insertion
units 116a-116n and transmitted via the antennas 118a- 118n, respectively.
[0019] Figure 2 is a block diagram of a receiver 200 confilgured in accordance

ORASIDY PR SRITROBRRSN TRS FRAAY BPABHET HOZSFTY RS SRR Q2R HIEN:
I d.th ' forr h in Fig;
PRI o ansingAEroAen L U companents o E S 5.

Ay DR Berfbinied By more -4- 0'SFI&sS phAySical Componen eceiver

2680 Iacldgsmubine &ﬂ&%”é'ﬁép?r%zﬂn%%@q Sabbiemoy %Hé'ﬁi’i%lzgs”t%ﬁ%%ﬁ‘m 4, a

IFFT units 206a-206n, subcarrier demapping units 208a- 208n, a controller
sRYQiPUka 2@ fiiesRigA 28sR/EAN, (miehanpel gsimains 2 blagbriingiiss and
value decomposition (SVD) unit 216, a channel diagonalization and
beaafforimgngniiritt 2,1 8 AT Fifitsn#80222202 20emdentmidid 28Ps 222a-22@ nicowdiers
decoders 224a-224n. [0020] Signals transmitted from the transmitter 100 are
28#%e6840-by the multiple antennas 202a-202n and multiple received data
streams 203a-203n are generated. Each received data stream 203a-203n is

(99200 Sanrly, rRoTmtiatnl0a) AR S6Rsmteh, 105 AL dRIsCRsrBihdDe drwtiple
BB IL FRlB M P MA S e s
ESRRYBES G JHp9UB S 2omaBhdARtR 2RERs284 ™y the CP removal unit 204a-204n,
respectively, to remove the CP which is inserted at the transmitter 100.

[0021] After removing the CP, the received data streams 205a-205n are sent to the
FFT units 206a-206n to be converted to frequency domain data 207a-207n,
respectively. Each of the subcarrier demapping units 208a-208n extracts particular
subcarrier signals 209a-209n in accordance with a control signal 211 received from the
controller 210. The controller 210 generates the control signal 211 based on the
assigned subcarriers for the receiver 200. The assigned subcarriers may be a block of
localized subcarriers or a set of distributed subcarriers.

[0022] The extracted subcarrier data 209a-209n is then processed through the pulse
shaping filters 212a-212n, respectively. After processing by the pulse shaping filters
212a-212n, the data 213a-213n is then sent to the channel diagonalization and

beamforming unit 218 and the channel estimator 214. The channel estimator 214

generates a channel impulse response using a known pilot signal 230 and generates a

channel matrix H" for each subcarrier. The channel estimator 214 may be a joint
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respectively. Each of the subcarrier demapping units 208a-208n extracts
particular subcarrier signals 209a-209n in accordance with a control signal
211 received from the controller 210. The controller 210 generates the
control signal 211 based on the assigned subcarriers for the receiver 200.
The assigned subcarriers may be a block of localized subcarriers or a set of
distributed subcarriers. [0022] The extracted subcarrier data 209a-209n is

chRenPreREBak 1A% SBAYRE IS S RapiffaitaiyoRWHIIR Fa’peRligelynators

After processing by the puylse shaping filters ,212a-212n, t ta 213a-213n
UEmE e e s el o e e s e

he channel estimater 214. ge h | estimator 214 generates a channel
Thﬁ tﬁ‘%'én%gﬁ%ﬁqée%s@in' 36191 Wrﬁep?é/rtﬁfénrﬁa@ 0 and generates a channel
matrix H(k) for each subcarrier. The channel estimator 214 may be a joint 5-

[a92BhAheIR4RHAl0? SrisRpmposERi e 6 TRNRRE MRl f, miNim R dRgeRR! matrix

estimators may be used for processing the multiple receive data streams
21 3ardldntaigspectbelyy ThenghatneuaratiiagH(K) is sent to the SVD unit
216. [0023] The SVD unit 216 decomposes the channel matrix Hnk) into a
diagonal matrix, Dnk),an itary matrices Unk) and Vnk) such thaf: rz rz
Equation (1) fiisfi():éd;al@g%%u\}(kw where superscript H denotes H Aiign (1)
transpose. U( k) and V(k) are unitary matrices for the k-th user and the n-th
whele atier sangichtprides demvtetoiraesapeemaiiix and V"’ are unitary matrices

for the k-th user and the n-th subcarrier and comprise eigenvectors of the matrix

HYH®" and HY"H® | respectively. UX"'U® =y®"y® =1 The diagonal

n bl

matrix D'’ comprises the square root of the eigenvalues of H*'H®" . It should be

noted that SVD is an example for channel matrix decomposition, and the channel
matrix decomposition may be performed with any other matrix decomposition methods,
(such as eigenvalue decomposition (EVD)), to achieve the same results.

[0024] In accordance with a first embodiment of the present invention, the
decomposed matrices, U, D and V*, are sent to the channel diagonalization

and beamforming unit 218 and the channel diagonalization and beamforming unit 218
performs frequency domain equalization so that channel distortions and interferences
between antennas are eliminated.

[0025] The received signal in frequency domain is expressed as follows:

ﬁ;k) _ Hfl") ,gim +1\7’§k>, Equation (2)



Hnk)Hnk)H and Hnk)HHnNk), respectively. Unk)HUNnk) =V(K)HVK) = | . The
diagonal matrix Dnk) comprises the square root of the eigenvalues of
Hnk)Hnk)" . It should be noted that SVD is an example for channel matrix
decomposition, and the channel matrix decomposition may be performed
with any other matrix decomposition methods, (such as eigenvalue
decomposition (EVD)), to achieve the same results. [0024] In accordance
wivitte aR|f St amdbofimanet thictireqenese signak atidnthih éranecotiedodat rimatrezpsncy
Unk', Dnk) and 1~k), are sent to the channel diagonalization and

JoFAmfAMing Mt ZlGandihg ghanesl diagepalization.agdpearafarming unit,

218 performs frequency domain equalization so that channé€l distortions and

: . o ) oal
o e N R Al B e s e S Bl
r&z%)[ rz rz rz rz -6- where Rnk) and Snk) are the received signal and the _

IelfRIGTRE PYRRRIY R JHEnBAES Fain fo?'fﬂe‘ﬁ%tlpsubcé‘?rilgreo?ﬂ%?@r gomain

respectively and Nnk) is a noise. The channel diagonalization and
rdveqredosipitgy Wit 2 Thequsilitiey thignzhafteelditstortitratord Ajterie expeesbyd as

applying the matrix Ulk)a and V(k)D(K) ' to the frequency domain received
i@igRal R. The resulting signal after diagonalization R(n is expressed as

follows: ? (k) -V(k)D(k)-'U(k)Hk) -S(k)+1 (k)D(k)-IU(K)HN(k); Equation (3)

RY =y ®p® T y®T RS 2§ 4y ®pt Ty BT NG Equation (3)
which is frequency domain data plus noise.
[0026] Equation (3) is a zero forcing solution for performing a beamforming only at the
receiver 200. This solution may equalize the channel distortion and antenna
interference, but enhances noise.
[0027] After channel diagonalization by the channel diagonalization and beamforming
unit 218, the data 219a-219n is processed by the IFFT units 220a-220n to be
converted to time domain data 221a-221n, respectively. The time domain data 221a-
221n is demodulated by the demodulators 222a-222n, respectively, and the
demodulated data 223a-223n is processed by the decoders 224a-224n to generate
estimated data 225a-225n, respectively. Only one decoder may be used depending on
the system configuration.
[0028] In accordance with a second embodiment of the present invention, a beam
forming is performed both at the transmitter 100 and the receiver 200. At the
transmitter 100, the data 101 for transmission is scaled with an inverse of the diagonal

matrix D and multiplied by the steering matrix V by the beamformer 112. Alternatively,
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D,rzrzrzrzrzrzrz rz rz rz which is frequency domain data plus noise. [0026]
Equation (3) is a zero forcing solution for performing a beamforming only at
the receiver 200. This solution may equalize the channel distortion and
antenna interference, but enhances noise. [0027] After channel
diagonalization by the channel diagonalization and beamforming unit 218,
the data 219a-219n is processed by the IFFT units 220a-220n to be
theoHeasBHI il RRRMARYDe sloering Madbetivele falaeRIGRAIN may
data 221 a- 221 n is de lated py the.de ulgtors 222a-222 .
oA e S LR R 55100, QL . 888 Byraputer 100

nfi5SAERR AR ARETEIGERGTAIG SPUVBIEHICAIR ARSI afRSPeEIVRIS may

9
Only one decoder may be used depending on the system configuration.

bEOBBRIINBRELONARCH Wil 3000Pssem BANIMENDT HpRIGEENtTIAMCHINLBN is

beam forming is performed both at the transmitter 100 and the receiver 200.
eXirdesett pesmstenid6ubicardatad @lidarstransmission is scaled with an

inverse of the diagonal matrix D and multiplied by the steering matrix V by

the beamforngen L2 Adternatively, -7- 0 the transmitter 100 may apRy AR (4)

the steering matrix V. The matrices D and V may be fed back by the receiver

[(ﬁﬁ%]tqrt\geré@%@ig%rﬁqge%q%mgv%%} %gansmitter 100 may include a

nnel estimator and an SVD unit such that the D and V matrices may be

obtained by the transmitter. 100 based on channel reciprocity. This operation
is Y R?‘) = H,ﬁm _t??[) +N;l%. procty Eguation (5)

[0030] At the receiver 200, a receive beamforming is performed by multiplying a matrix

U®" on the received signal R by the channel diagonalization and beamforming

unit 218. The resulting signal after beamforming is as follows:
RY) =§® 4y®"N® Equation (6)

[0031] Equation (6) is a zero forcing solution for performing a beamforming both at the
transmitter 100 and the receiver 200. This solution avoids noise enhancement problem
of the solution in Equation (3) by performing a pre-beamforming with equalization at the
transmitter 100. However, the solution in Equation (7) enlarges the peak-to-average
power ratio (PAPR) at the transmitter 100.

[0032] In accordance with a third embodiment of the present invention, a minimum
mean square error (MMSE) solution is used to suppress a PAPR at the transmitter
100. The beamforming at the transmitter 100 in accordance with the third embodiment

requires feedback information from the receiver 200. The feedback information

includes D* and V) matrices and estimated SNR. The feedback information may
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expressed per user and subcarrier as follows: S(k) =V(k)D(k) S(k) Equation
(4) [0029] The received signal is expressed as follows: R,k) = H(k) ' S (k) +
N(k) Equation (5) rz [0030] At the receiver 200, a receive beamforming is
performed by multiplying a matrix U(k) a on the received signal R( k) by the
channel diagonalization and beamforming unit 218. The resulting signal after
beamforminq(;s as follows: R(k) =S (k) + U (kK)HN (k) Equation (6) D,rzrz rz

b, filo’s e PR}l TR0 3 8t RSP SBRIIBIPIBIAH o rMIR P SAHRHTBT MhfrtgOf

4ROl AL iR, IR er 100, a0 (e gecehien 00, This sollio B40IdS f0fSfrse
enhancement problem™ of the solution i Equation {5 y pérforming a

<DlRdeaQINEeg with equalization at the transmitter 100. However, the
solution in Equation (7) enlarges the peak-to-average power ratio (PAPR) at
the transmitter 100. [0032]n,accordance with a third embodiment of the
present inverstion: & fini asi’square error (MMSE) solutionBgwgesh (@)

i n (k) |12 2 n . .

suppress a PAPR at thdXrahshffiter 100. The beamforming at the transmitter
100 in accordance with the third embodiment requires feedback information

[0033] (heenepeived 2QMalisecfpeekzackasfolimesion includes D(k) and Vf(Kk)
matrices and estimated SNR. The feedback information may -8- 0

RO =H®.§® 4 N® Equation (8)
[0034] After the channel diagonlization and beamforming unit 218 performs a receive

beamforming by multiplying a matrix U,ﬁ")H, the resulting signal is expressed as
follows:

ﬁ(k) _ | Dr(lk) |2
D, - =
" IDP P +0’

SO Ly ®IN® Equation (9)
[0035] The PAPR is reduced as shown in Equation (7). The estimated data at the
receiver 200 approaches the transmitted data when a signal-to-noise ratio (SNR) is
large as shown in Equation (9).

[0036] In accordance with a fourth embodiment, a beamforming is performed only at
the receiver 200 and no feedback is sent to the transmitter 100. A received signal after
receive beamforming and noise suppression by the channel diagonalization and
beamforming unit 218 based on MMSE solution is expressed as follows:

k) _ k) n 7" Bk . :
Ry, =V, DO F 107 U,” R, ;and Equation (10)



be full feedback information or partial feedback information. The beamformer
122 of the transmitter 100 scales and steers the data 101 for transmission
based on MMSE solution as follows: (k). Srzk -przk | k) 2+62 S. Equation (7)
rz [0033] The received signal is expressed as follows: R(k) = H(k) S (k) + N(k)
Equation (8) rz [0034] After the channel diagonlization and beamforming unit
218 performs a receive beamforming by multiplying a matrix U(k)H, the
resulting signal is erprassed asxfollows; k) 2 IIRD,a D(~rz2 + S%% _
+U(k)|5g%ﬁ)‘fr%c%(gﬂd§§5]#ﬁé %%Wé gl N RAER)

(7). The estimated'data at the receiver 200 approaches the transmitted data

Y

ordance with atourth e

dBEVECENF LS AR R dRERRRK SIS AN G SRAS ”ﬂiﬂr%rié%cétrx]%cﬁ’igl Sfiddle

signal after receive beamforming and noise Suppression by the channe
diagongjization and beamforming unit 218 based on(IXIIV(IgE solution is
tesRpressed-asfolleaemes identity at a high SNR and V,™'V,"" =1. Atalow SNR,
P DT +o y J

the equalized beamforming signal at the receiver 200 is estimated with an

approximation error, (i.e., Ry} = S’ plus the error caused by noise).
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(k)* D,a=Vn(k) I k2 +62 Unk)HR,~k); and Equation (10) rz -9- 0 (k) 2 _ (k)
_ k) V(k) Drz V(k)HS(K) +V (k) Drz .U(k)HN(k Equation (11) k) 12 +62rz 1
~nk) 2 +62 [0037] As shown in Equation (11), the equalized signal after
beamforming at the receiver 200 approaches transmitted data at a high
SNR. This is because the middle D(k) 12 a term | (k) 12 +U2 becomes
identity at a high SNR and V?(k)V?(k) = I. At a low SNR, the equalized
HHiforming signal at the receiver 200 is estimated with an approximation
error, (i.e., Ran = (k) plus the error caused by noise). -10- 0 Claims 1. A
single carrier frequency division multiple access, SC-FDMA, system wherein

12 APGHIRR hAEIUraYNCAE S URGRISIE R i pRSIHAeI O SUBPHRIUGIAIH Jherein a

receiver for communication, the system comprising: a multiple-input
pBMidiP - aU Ut M MO (iraRMBHE eis Cas Rieii Go 2o ERiriphibfaghd eUIMideiver for

transform, FFT, units (106a...106n) for
communication, the system comprising:

a multiple-input multiple-output (MIMO) transmitter comprising:
a first set of fast Fourier transform, FFT, units (106a...106n) for
performing FFT on data for transmission to generate frequency domain
data;
a plurality of subcarrier mapping units (110a...10n) for mapping the
frequency domain transmit data on subcarriers assigned for the MIMO
transmitter and a MIMO receiver;
a first set of inverse Fourier transform, IFFT, units (114a...114n) for
performing IFFT on transmit data mapped to the assigned subcarriers to
generate time domain transmit data; and
a plurality of transmit antennas (118a...118n) for transmitting the time
domain transmit data; and

the MIMO receiver comprising:
a plurality of receive antennas (202a...202n) for receiving the
transmitted time domain transmit data and generating multiple streams
of received data;

a second set of FFT units (206a...206n) for performing FFT on the

received data to generate frequency domain received data;
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performing FFT on data for transmission to generate frequency domain data;
a plurality of subcarrier mapping units (110a...10n) for mapping the

frequency domain transmit data on subcarriers assigned for the MIMO
transmitter and a MIMO receiver; a first set of inverse Fourier transform,
IFFT, units (114a...114n) for performing IFFT on transmit data mapped to the
assigned subcatrriers to generate time domain transmit data; and a plurality

of transmit afteHiady12/g8uPsREIef fSPfPéﬁgmtiWQ%ézﬁﬁﬂa--%I%Héif?frﬁﬁgﬁﬁyng

data; and the I\{IIMO reecgic\)/e{ com risinig: %Iuralitsy of receive antennas

(202a...202n§%§rrpeageolvmgr}hhee FRnemited me domain transmit data and

generating miyHials sHe RS SRS 548) foGERRARS AIRET U ESimation

(206a...206n) for performing FFT on the received data to generate frequency

domain recefyeMatRchdhndueiwadinieé subsaiitier demappE@iVeits generate
(208a...208n) for extracting data mapped on the assigned subcarriers; at

least one charuhalhestimatidx; (214) for performing a channel estimation for
MIMO channels between the transmitter and the receiver to generate
a channel matrix decomposition unit (216) for decomposing the channel
matrix into a diagonal matrix D and unitary matrices U and VH, wherein
a superscript H denotes a Hermitian transpose;
a channel diagonalization and beamforming unit (218) for equalizing a
channel distortion by applying either of UH or VD 'UH matrices to the
extracted frequency domain received data; and

a second set of IFFT units (220...220n) for performing IFFT on the

equalized data to generate time domain received data.

2. The system of claim 1 wherein the channel diagonalization and beamforming unit

equalizes the channel distortion based on a zero forcing solution.
3. The system of claim 1 wherein the channel diagonalization and beamforming unit
equalizes the channel distortion based on a minimum mean square error, MMSE,

solution.

4. The system of claim 1 wherein the transmitter further comprises:
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a channel matrix; a channel matrix decomposition unit (216) for decomposing
the channel matrix into a diagonal matrix D and unitary matrices U and VH,
wherein a superscript H denotes a Hermitian transpose; a channel
diagonalization and beamforming unit (218) for equalizing a channel
distortion by applying either of UH or VD1UH matrices to the extracted
frequency domain received data; and a second set of IFFT units (220...220n) .
for peHGRAMGTBRTONRAECEY QIR @MY RFEEYRTAIRRYARBI{ A theckiveRyrix
data. %)t-ﬁh‘? slglstem 0 claimtl Whe.r,éed'ntthe channel diagonalization and
beam orm(aintf;e lrj'flatnceyqu%lrf?za'ens {RE“CNARRAG distortion based on a zero forcing
solution. 3. The system of claim 1 wherein the channel diagonalization and
beamforming unit equalizes the channel distortion based on a minimum
5MeRNsGeleat @AM M MSreirb iy tikihshitléiopyarmenciabmil varerairiteiver.
transmitter further comprises: -12- a beamformer for performing a transmit
beamforming by applying the V matrix to the frequency domain transmit
data. 5. The system of claim 4 wherein the transmitter obtains the V matrix
6rbing BYstrseSiveping4 TSGR b terngaiites WikeenemmIgismitter further

comprises: a second channel estimator for ,performinq channel estimation to
obtair?tﬁ%°9nd channel estimator for performing channel estimation to obtain the V

matrix based on channel reciprocity.
7. The system of claim 4 wherein the beamformer applies a scaling factor.
8. The system of claim 7 wherein the scaling factor is an inverse D matrix.

9. The system of claim 7 wherein the scaling factor is generated based on the D matrix

and a noise variance.

10. The system of claim 1 wherein the subcarriers assigned to the receiver are a block

of localized subcarriers.

11. The system of claim 1 wherein the subcarriers assigned to the receiver are a set of

distributed subcarriers.
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matrix based on channel reciprocity. 7. The system of claim 4 wherein the
beamformer applies a scaling factor. 8. The system of claim 7 wherein the
scaling factor is an inverse D matrix. 9. The system of claim 7 wherein the
scaling factor is generated based on the D matrix and a noise variance. 10.
The system of claim 1 wherein the subcarriers assigned to the receiver are a
block of localized subcarriers. 11. The system of claim 1 wherein the
12ubbarsisieniglhin ﬂoWH%rFébH?@éFaé}%’%@éﬁ WENEIERBIRERFPS Rueirifepee PP,
kBT Pl el L ubereinhe uansmiler (uther camprises Acyclic, o,
prehx U RS PERR R o ity t|ng e =R A L éomal ranemit data

f&%#'&‘érﬁ%ﬁ:@a@é ARG SANATISR? AMEVRMAYE HRLIOTHE RBYING A& L P

from the received data. 13. The system of Claim 1 wherein the receiver

further comprises a controller for generating a control signal indicating the

subcarriers which are assigned to the receiver, whereby the subcarrier
18eMap Eygjamits etaiacts twegpairtichtarezmendppes oontpesasbeacnei®ller for

based on the control signal. 14. The system of claim 1 wherein the channel
oRRERE O raPUsRioPIANGt iwdicahaw drevanRsiEesmpbEiloarss aesignmed 19, the

The system of claim 1 wherein the channel matrix decomposition unit is an

r%‘a'éﬁ(/a%@f&&éﬁ&ﬁ%ﬁ%ﬁ?&ﬁ”%\?ﬁ"@ﬁﬁ'”9 units extracts the particular data mapped

on the subcarriers based on the control signal.

14. The system of claim 1 wherein the channel matrix decomposition unit is a singular

value decomposition, SVD, unit.

15. The system of claim 1 wherein the channel matrix decomposition unit is an

eigenvalue decomposition, EVD, unit.

16. The system of claim 1 wherein the transmitter is a wireless transmit/receive unit,

WTRU, and the receiver is a base station.

17. The system of claim 1 wherein the transmitter is a base station and the receiver is

a wireless transmit/receive unit, WTRU.

18. In a single carrier frequency division multiple access, SC-FDMA, system wherein a

portion of a plurality of subcarriers is assigned to a transmitted and a receiver for
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16. The system of claim 1 wherein the transmitter is a wireless
transmiUreceive unit, WTRU, and the receiver is a base station. 17. The
system of claim 1 wherein the transmitter is a base station and the receiver is
a wireless transmit/receive unit, WTRU. 18. In a single carrier frequency
division multiple access, SC-FDMA, system wherein a portion of a plurality of
subcarriers is assigned to a transmitted and a receiver for -14- .
cRpmHicAtatioR, AT I iBIHHEIEHEYh FUL TRIARHER UM Qe RR@mMTorming, the
b(;‘f'ki]i forming, the method comprising: the transmitter performing fast Fourier
n}?an@é:r%r] LF,g(')n data for transmission to generate frequency domain data;

the trafs mUlte AP B, Y S9SERGY AP A ANSERH datadi S HRGAS Rssion

assigned for the transmitter and the receiver; the transmitter performing

inversg fRstdratdirioiissfomamrdat@n the transmit data mapped to the
assigned subcarriers to generate time domain transmit data; and the

transrmterrdresnstrattingtpét mieed el artcgndonitadatzaavisnmi udigdée @nteiticasjers
the receiver receiving the transmitted time domain transmit data and
generdgdpigneadnighe stanamiter apddhreteerivg the receiver performing FFT on

the received data to generate frequency domaijn received data; ,
the transmitter performing inverse fast Fourier transform, IFFT, on the transmit

data mapped to the assigned subcarriers to generate time domain transmit
data; and

the transmitter transmitting the time domain transmit data via multiple antennas;
the receiver receiving the transmitted time domain transmit data and generating
multiple streams of received data;

the receiver performing FFT on the received data to generate frequency domain
received data;

the receiver extracting data mapped on the assigned subcarriers;

the receiver performing a channel estimation of MIMO channels between the
transmitter and the receiver to generate a channels matrix;

the receiver decomposing the channel matrix into a diagonal matrix D and
unitary matrices U and VH, wherein a superscript H denotes a Hermitian
transpose;

the receiver equalizing a channel distortion by applying either of UH or VD 1UH

matrices to the extracted frequency domain received data; and
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the receiver extracting data mapped on the assigned subcarriers; the receiver
performing a channel estimation of MIMO channels between the transmitter
and the receiver to generate a channels matrix; the receiver decomposing the
channel matrix into a diagonal matrix D and unitary matrices U and VH,
wherein a superscript H denotes a Hermitian transpose; the receiver
equalizing a channel distortion by applying either of UH or VD1UH matrices
to the!BtFaEEPrRglRMAPY dhidir ety BaLgiradffia 18-oaneiedig domain
performing IEFT on the equalized data to generate time domain received
data. 15’ heg (rjnaé?hod of claim 18 wherein the channel distortion is equalized
based on a zero forcing solution. 20. The method of claim 18 wherein the
channel distortion is equalized based on a minimum mean square error,

19IMBE nsethiips Zlairhhesmeibeshofhe!afadfeluikteriePnideingi e based on a

transmitter performing a transmit beamforming by applying the V matrix to

zthe fivezingeaalptitornain transmit data. 22. The method of claim 21 wherein the
transmitter obtains the V matrix from the receiver. 23. The method of claim
21 further comprising:

20. The method of claim 18 wherein the channel distortion is equalized based on a

minimum mean square error, MMSE, solution.

21. The method of claim 18 further comprising:
the transmitter performing a transmit beamforming by applying the V matrix to

the frequency domain transmit data.

22. The method of claim 21 wherein the transmitter obtains the V matrix from the

receiver.
23. The method of claim 21 further comprising:
the transmitter performing channel estimation to obtain the V matrix based on

channel reciprocity.

24. The method of claim 21 further comprising:

the transmitter applying a scaling factor to the frequency domain transmit data.
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the transmitter performing channel estimation to obtain the V matrix based on
channel reciprocity. 24. The method of claim 21 further comprising: the
transmitter applying a scaling factor to the frequency domain transmit data.
-16- 25. The method of claim 24 wherein the scaling factor is an inverse D
matrix. 26. The method of claim 24 wherein the scaling factor is generated
based on the D matrix and a noise variance. 27. The method of claim 18

2netemeod b Cieé AR o IHRIPEdaRIer BraHNKRGER BTGEKized

subcarriers. 28. The method of claim 18 wherein the subcarriers assigned to
the receiver are a set of distributed subcarriers. 29. The method of claim 18

2B SRIMBHSIRGIANE BANRBILRT IRSSILDME L¥EUF iergﬁﬁe%%drﬁgs&? §iMBe D

domain transmit data; and the receiver removing the CP from the received

niiata. ard a Hyseethadcef claim 18 further comprising: the receiver generating
a control signal indicating the subcarriers which are assigned to the receiver,

whereby the data mapped on the assigned subcarriers is extracted based on
the control signal. 31. The method of claim 18 wherein the channel matrix is
24edbmperibachpipeainihgvherein the subcarriers assigned to the receiver are a

block of localized subcarriers.

28. The method of claim 18 wherein the subcarriers assigned to the receiver are a set

of distributed subcarriers.

29. The method of claim 18 further comprising:
the transmitter inserting a cyclic prefix, CP, into the time domain transmit data;
and

the receiver removing the CP from the received data.

30. The method of claim 18 further comprising:
the receiver generating a control signal indicating the subcarriers which are
assigned to the receiver, whereby the data mapped on the assigned subcarriers

is extracted based on the control signal.

31. The method of claim 18 wherein the channel matrix is decomposed by performing

singular value decomposition, SVD.
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singular value decomposition, SVD. -17- 32. The method of claim 18 wherein
the channel matrix is decomposed by performing eigenvalue decomposition,
EVD. 33. A multiple-_input multiple-output, MIMO, transmitter for use in a
single carrier frequency division multiple access, SC-FDMA, system wherein
a portion of a plurality of subcarriers is assigned to a transmitter and a
receiver for communication, the transmitter comprising: a first set of fast
Fourier transform, FFT, units (106a...106n) for performing FFT on data for

H2FRISSIARI0 SR Ipenccomain et Ry of subetietr g

mapping uni a or mapping €quency domain mi

e@g%@g@m%ﬁd@ghe transmitter; a first set of inverse Fourier

transform, IFFT units (114a...114n) for performing IFFT on transmit data
mapped to the assigned subcarriers to generate time domain transmit data;
and a plurality of transmit antennas (118a...118n) for transmitting the time
38omainultiesrimp dataul@glefompliip leHMPut trankipiideoitputsM v @, setpe/earrier
for use in a single carrier frequency division multiple access SCFDMA, .
fregerneyeidsiin B pERiD ResTes S| Plaltl YA st amiaYsae s sigreiptodd a plurality
transmitter and a receiver for communication, the receiver comprising: .
of subcarriers is assigned to a transmitter and a receiver for communication, the
transmitter comprising:
a first set of fast Fourier transform, FFT, units (106a...106n) for performing
FFT on data for transmission to generate frequency domain data;
a plurality of subcarrier mapping units (110a...110n) for mapping the frequency
domain transmit data on subcarriers assigned for the transmitter;
a first set of inverse Fourier transform, IFFT units (114a...114n) for performing
IFFT on transmit data mapped to the assigned subcarriers to generate time
domain transmit data; and

a plurality of transmit antennas (118a...118n) for transmitting the time domain

transmit data.

34. A multiple-input multiple-output, MIMO, receiver for use in a single carrier
frequency division multiple access SCFDMA, system wherein a portion of a plurality of
subcarriers is assigned to a transmitter and a receiver for communication, the receiver

comprising:
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-18- 0 a plurality of receive antennas (202a...202n) for receiving transmitted
time domain transmit data and generating multiple streams of received data;
a second set of FFT units (206a...206n) for performing FFT on the received
data to generate frequency domain received data; a plurality of subcarrier
demapping units (208a...208n) for extracting data mapped on the assigned
subcarriers; at least once channel estimator (214) for performing a channel

estimABIVRIMIME GRS Heas deA3Re PR niRtereaRl g TaBRstied time

generate a.channel. matrix; a channel matrix decomposition unit for
decor BRI A AP AR ST R e
matrices L af MH o WVPETE IhAsSERBISCBRbH) 45N LR Al BRI L ARSRRER/ed
a channel diagonalization and beamforming unit (218) for'equalizing a

channgiiLlistgeiemyiaepieg esheiiddéher Ytak UH matrices to the

extracted frequency domain received data; and a second set of FFT units
(220aa..2a0na)tiorop estincairigr | Flemappihe enitalizzeBada?88o)giEmeententiting data
domain received data. -19
mapped on the assigned subcarriers;
at least once channel estimator (214) for performing a channel estimation for
MIMO channels between the transmitter and the receiver to generate a channel
matrix;
a channel matrix decomposition unit (216) for decomposing the channel matrix
into a diagonal matrix D and
unitary matrices U and VH, wherein a superscript H denotes a Hermitian
transpose;
a channel diagonalization and beamforming unit (218) for equalizing a channel
distortion by applying either of UH or VD1UH matrices to the exiracted
frequency domain received data; and

a second set of FFT units (220a...220n) for performing IFFT on the equalized

data to generate time domain received data.
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