WO 2006/020400 PUT/1JS2005/026670 [0001] METHOD AND SYSTEM
FOR LINK ADAPTATION IN AN ORTHOGONAL FREQUENCY DIVISION
MULTIPLEXING (OFDM) WIRELESS COMMUNICATION SYSTEM

WEFSH LD OF INVENTION [00031 The present invention§§ Tai&z&/#56670
an orthogonal frequency division multiplexing (OFDM) wweless

comﬂ:?rllg%tlg %ﬁ %Qré b(oit‘gir&r t s related
commupy i {{f] I H‘T?@N’@m

communlc ion systems provi e broa and services such as wireless
Internet access to subscribers. Those broadband _services require reliable
[6PRRhigh-rate communicationEes PRI R EMg channels.

[GYgapgonal irﬁagmﬂmﬂ?@ﬁdﬂ thiawagdamnb@mm@am@amm

to mltlgate t ts o ulti-path fadl omb tion of
R TR RElB R o i er: the
Iiﬁsﬁane Iﬂgnestmansbrnigthdgh Iaa:mdt/hdimaﬁlemhc:ylfﬁrrlm adentabiwork an

&@M oF Iyé/? [&%g\é/otgl&{ environments. [0006] For an efficient
operation o ere ess communlcatlon systems, a link adaptation. for

communication parameters is required. Link adaptation is an approach for

[86lRgting communication paramgarKGROUIND a coding rate, a
modulation scheme, a fransmit power or he like |n order to maximize, the

3%RIghput. soEEFR IVEHE e5E gf%rﬁgsv?/leer Bourng pléveer/%ntd
affopriondWER) isistiesgy I;nmg@eﬁe@w mamzelbmwnllﬂ‘hwphm@dhﬁnd

Srder to determmﬁagie ét(lg g%l @% &B%Xeﬂ%%&%ﬁl@{“% RtRfading

sub-c corre nown.

annels' power should be
Mgs@sgmgww@m@msmm@&le%%%ﬁ%Q dfnhengyof the
Aeeasdingly ligdesiiablefeiavg aligraleth fading. The combination of

multiple-input multiple-output (MIMO) and OFDM (OFDM-MIMO) technologies

‘can bring high bandwidth efficiency for local area network (LAN) or wide area

network (WAN) environments.

[0006] For an efficient operation of wireless communication systems, a link
adaptation for communication parameters is required. Link adaptation is an
approach for selecting communication parameters, including a coding rate, a
modulation scheme, a transmit power or the like, in order to mazximize the
throughput.

[0007] In the OFDM-MIMO systems, water-pouring power/bit allocation
(WP) is strongly suggested to maximize downlink capacity. In order to determine
the WP schemes properly, not only correlation of sub-channels but correlation of
sub-channels' power should be known. The transmission of this information
requires considerable overhead. Accordingly, it is desirable to have alternate

approaches to signaling such information.



approaches to signaling such information. -1 [00081 SUAWABY [00091 A
method and system for link adaptation in an OFDM wireless
communication system is provided. The sub-channels are divided into a
plurality of groups. A channel quality indicator (CQI) is generated for each
group based on channel quality status in each group of sub-channels,
and communication parameters o schannel are adjusted in
%% hance with the CQi. [009a] I accordance with a first aspect of the
poesent inveAtiorttodrens gysirtethn hndtsiibraetuisting OFDM wireless
COMMUNIGALIS fpgﬁm iheoanal Fegyenchaivision nuinleXinad QR ity
wireless communications, the method comprising: using an OFDM
whsrstenin Sohammshgra priamirdrs (BB s ThtaRG Fre sreERRRsRS om
iaaghﬂlgﬂ %aﬂgwf&&ugsw@aaﬁagf@p @fafﬁ@blfpiﬂﬂé%ind@t%i@@iﬁéaﬁon
~ each group based on at least gne channel,quality status in.eac ;
RO B O TG AR B e PR et
indication. [009b] In accordance with a second_aspect of the present

il0&%rion, thdRedscPrRER AV b A St ARBAYOP TiHIC RISHTRtI AR FHAD, there is
qstoorrenal frearniey diyjisiang mabitptexiniga4oR D) inisetessonal frequency division

communpications ., comprising: a CQl gepe [ 10 generate a
m”'“efﬁi?ﬂ%{éﬁm \W qlgg o??E’@W‘fS?%a”gh g&%ﬁ%@f@é@ﬁ%@% based on at-

leastiomerchanié MayelioyBeeRPEsBach RIVRIY Bhédhisatifers being

diviglegigine flralitint srerppiaastadidragaptor configured to adjust

‘communication link parameters ysing a &g ;eedb ck indication. [009et] ‘

I GECBTRIRES RS P P S o ra0et RS BERURERBH on & least one
charpigi\ddeityestanuthingmau fregpeacy division multiplexing (OFDM) wireless
a’djugtzr?r,]?zcr:g'ﬁéra&f#a%é’r?%%\aﬁgﬁal@e‘f@@Héﬁﬁ g Ay RbapasatarsrBfigured to

ra annel quality indicator (COl) for each
[009D] In accordance with a second aspect of the present invention, there is
provided a base station for link adaptation in an orthogonal frequency - division
multiplexing (OFDM) wireless communications ,- comprising: _

a CQI generator configured to generate a chann.el quality indicator (CQl) for eééh
group of sub-carriers based on at least one channel quality status of each group, the sub-
carriers being divided into a plurality of groups; and |

a link adapfor conﬁguréd to adjust communication link parameters using a CQl

feedback indication.

[009c¢] In accordance with a third aspect of the present invention, there is
provided an orthogonal frequency division muiltiplexing (OFDM) wireless
transmit/receive unit (WTRU) comprising: |
a CQI generator configured to generate a channel quality indicator (CQI) for each
group of sub-carriers based on at least one channel quality status of each group, the sub-
carriers being divided into a piurality of groups, the CQI being transmitted so
that transmission communication fink parameters can be adjusted using a CQI feedback

indication.



group of sub-carriers based on at least one channel quality status of each
group, the sub- carriers being divided into a plurality of groups, the CQI
being transmitted so that transmission communication link parameters can
be adjusted using a CQI feedback indication. 2 [0010] BRIEF
DESCRIPTION OF THE DRAWINGS [0011] Figure 1 shows the
correlation Ak t versus k for several typical values of a when P=256.
(p3) Figure 2 sh slgtiotd brerass Isformalues of P
=0.64. [00 |gure 3 s ows the correlation 7k versus

several typicalvalyaswef thwbend=aas.| {00144 Higukeférstowsihepical
correlatlon 7k ver %or two values of P when a =0.64. [0015] Figure 5
i’ %}Wﬁlad@ﬁ??f' o?f% ocess for adjusting communication parameters.
CL%’ % [0016_@‘1: 2 mgggﬁ@%@fbﬁﬂ #Foreach Wreieb values of P
sub-channels. ] Figure 7 is a diagram of a system for link
adhptafior)-§8018] DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS [0 inafter,.the followin odlmen are
eMEshed wﬂﬁlgﬂ?@r?é#&‘é“ﬁ)%ﬁfﬁ% s%/%te guﬁovfféve‘rreﬁ g ygtues
neted #iaitiFe2embodiments are not limited to the IEEE 802.11 system,
but may be applicable to any wireless communication system. [0020

Sifpske h Figumey sheortriegomelntiom ﬁ@PF%’éi)’éﬁ’é‘%ﬁB%eéPfe%d‘(ﬁ‘en
Wofop the channel between the tth transmit antenna and the rth 2a

[0015] Figure 5 is a flow diagram of a process for adjusting communication
_parameters. ’ ‘ :
. ) k CQ (t)
~[0018] Figure 6 shows generation of ~~¢ for each group of sub-channels.

- [0017] Figure 7 is a diagram of a system for link adaptation.

[0018) - DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENTS

10019] Hereinafter, the following embodiments are explained with
reference to IEEE 802.11 system. However, it should be noted that the
v_embodiments are not I:im:‘tted to the IEEE 802.11 system, but may be applicable
to any wireless communication system.

[0020] Suppose A7 = (A7 B¢, 17} is a time-domain channel response

vector of length W for the channel between the tth transmit antenna and the rth

2a



WO 2006/020400 PCTIUS2005/026670 receive antenna. The average
power of the coefficient hi"?" is expressed by a-Z F{l h"r) 12} which is
independent of the values of t and r. This is because the size of the
VA RAHEU Ay in MIMO systems is usually much less than thRCT/US2005/026670
propagation distance of the first arrival path. [0021] In IEEE 802.11 a/n, a
20-i1VI Iz sampling rate is used, resulting in a 50-ns time resolution of the
TeReivACH P sel IMoRTRIRESINSSRE cf Ehey rsfirderhriine dxsragsserd 5
z~ G:te-plrvsos =G e (Equation 1. ze'~ here arQ/F.rzo 1- e-
G R ol Sy ot SR IR RO e
doetbe prihs{chisiess)aj00R AIBUM myBtihe Rvasag8pemeholfdiiethan the
coefficigtints é)ver the g%%yﬁU/-l Za, =1 %Bfead, W, results in 1=0 . The

%3 Ameter 15%%%%&’5 ont lés%%ﬁlgga}iﬁ%n distance of the first path (Do)

[@A81path lods HGtRIEOLtHE ahmanPérMd asahringhretaisarseb powbingfin a
Sfierenh PALNSHRGPEP PRI BHORAISIANGES O e RS PALASIARNECRS profile
known. Because the sampling duration is 50 ns in the foregoing example,

e bBIBHEEEIRSPlistance between two consecutive paths is 15 meters.
Therefore, ifalﬁ)xq,erptesswhe propagation distance of the kit path in
meters, 4+1 =D, 4,15 for 1=0,1,..., W-2. Without loss of generality, only
the power loss Tatio ‘of the second path to the first path may béPatation 1)
considered. whichG!s fined as fP+AslifiDo<_D. ,

= e = ]

where @ =50/T" =0 I R oW >>1 and T in

nanoseconds is the power-delay time constant for the paths (clusters).

[0022] Summing the average power of the coefficients over the delay
W1
Z 0',2 =1

spread, W, results in /=0 . The parameter I' depends on the propagation

distance of the first path (D 0) and path loss model of the channel. To evaluate the
average power of different paths, the propagation distances of these paths should
be known. Because the sampling duration is 50 ns in the foregoing example, the
propagation distance between two consecutive paths is 15 meters. Therefore, if

D genotes the propagation distance of the th path in meters, Dy =Dy +15 g,

1=0,1,.,W-2. Without loss of generality, only the power loss ratio of the second
path to the first path may be considered, which is defined as

[Do +15

0

2
J if D, <D

Jree

foss T D 15 15
( o ” J if D, > D,

0

(BEquation 2)
D,. . N D, <D
where ~ /= ig the free space propagation distance. When free the channel

is line-of-sight (LOS). Otherwise, the channel is non-LOS. When Rips g given,

the parameter ¢ and power-delay time constant ' can be calculated by solving
8-



R1. Doss Do +15if Do > D Jr= Do, (Equation 2) where D~1- is the free
space propagation distance. When DO D fr-, the channel is line-of-sight
(LOS). Otherwise, the channel is non-LOS. When _R R '-is given, the
WA PAPREREH A and power-delay time constant F can be calcul€#/15§2005/026670
solving -3 WO 20 0 610 2 04 0 0 PCT/11S2005/026670 the equation a e
(Equation 3) [0023] Assuming D;r* =15 m, the values of a and I' are
tbheamaoTable 1 for several typical values of Do. The average value of r
within a roonz. ispapproximately 60 ns. Do in meters a T in nangseconds
151.3570 45 7.750 750.64 32 1.00 0.49 24 Table 1 u(f,r) (:Eﬂ?ﬁ?ﬂ{‘)‘g)
-(1,r)~ [0024] Suppose is the drequency-domajn CF nel response vectar
@P%ﬁ]gth P S HE @Rannel betweSiStH f’rl};%)s‘?rﬂ Eg;\%%ﬁ Og'ﬁ’dlﬂigame 1
((FREANIENR 0AIRe OIS T AONYSS.ALE 58 SPARDPIS: BBF: s
th sub-channel can be represented as
approximately 60 ns.

D, in meters a I' in nanoseconds
15 1.38 70
45 1.0 50
75 0.64 32
100 0.49 24
Table 1
7y (t,r) &) @t.r)
[0024] Suppose B = {H" e He is the frequency-domain

channel response vector of length P for the channel between the h transmit

antenna and the’th receive antenna. In other words, " consists of P sub-

pth

channels. The sub-channel can be represented as

W1
() [(82%rras
HED =5 B

=0 ) (Equation 4)
. —jemlP
where "> =€ The correlation between the 21 and P21 gub-channels is
defined as
r)y _F (&) (Y
anPz —E[H.Dx (HP?, ) .l. (Equa’tion 5)
)
[0025] Suppose W™ e complex Gaussian variable with zero mean and is
(.r)
independent of b e lzm, According to Equation 1,
w1 ‘ W=l ]
P = EHZ BT J : (}: RSy Wy ) J
1=0 m=0
— G-—l lg e—alWI:(’p;—pz)l
1=0 , (Equation 6)

which is independent of the values of ! and 7. Assuming *=P1~ P2 for

kE=0L...P-1 gpng oW >>1, Equation 6 can be written as

e



I' P (Equation 4) where YT" =e-iznrY The correlation between the Pith and
P261 sub-channels is defined as pp, .112 Pi (Hp, / (Equation 5) [0025]
Suppose is a complex Gaussian variable with zero mean and is
ViStrRaseAHdPf of /* if 1 > m . According to Equation 1, P<,P, ("EW/UB2005/026670
~(hmt.nN)*WP"~P'9 PhLh\m w-, =G'-' e alWY(1'-Ya)l i-n, (Equation 6)
which is independent of the values oft and r. Assuming k=pj -P2 for k and
aW " 1, Equation 6 tamBe written as -4 %VO 2006/020400
PCT/US2005/026620 o187 Px (Equation 7) The variable k repragrisdime
number of syb-channels spaced between the two_sub-channels under
ThsrswiEralson. RSt ndR SRR AU be BiRubshansels spRGes) REETE T tiBh
s3)b-[036}fsigud chReusrieaUFemoRkheigainst k for several typical
values of a when P=256. With the decrease oft-he parametera, the
correlation pgt = Is spaced with k sub-carriers is
reduced. Accordi tdeﬁmmmh/]ﬁ)the'%aller the parameter Qrthe Mare)
comparable the average

[0026] Figure 1 shows the curves of A | against k for several typical

values of ¢ when P=256. With the decrease of the parameter? , the correlation
between the two sub-channels spaced with k sub-carriers is reduced. According to
Equation 1, the smaller the parameter ¢, the more comparable the average
power of the paths. In other words, such a channel consists of more effective

multi-paths and therefore the channel becomes more frequency-selective. In the
limit case that @ >0, | P[>0 for any value of k. On the other hand, if the

channel is flat fading (non frequency-selective), @ —> | resulting in 1P =1 o

all values of k.

[0027] Figure 2 shows the curves of P versus k for a different number of

sub-channels P when @ =0.64 With the decrease of P, the correlation curve

becomes narrow linearly. For example, the sub-channels with 1P 209 g P
and P=256 have to be spaced less than 4 and 16 sub-carriers, respectively.

[0028] In order to use the principle of “water-filling”, a measure for CQI
must be defined. The CQI should be constructed based on the power of the sub-

channels. Although | P | presents the correlation between two sub-channels
spaced by k sub-carriers, it does not show clearly the correlation of the two sub-
channels’ power. Therefore, the correlation of sub-channels’ power should be

derived. The correlation of sub-channels' power is defined as

4
:} . (BEquation 9)
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[0029] With el >>1,



power of the paths. In other words, such a channel consists of more
effective multi-paths and therefore the channel becomes more
frequency-selective. In the limit case thata > 0, ~ Ps H 0 for any value of

WO BYp6tPRBther hand, if the channel is flat fading (non PCT/US2005/026670
frequency-selective), a -) m_, resulting in Pk 2 for all values of k. [0027]
Figure 2 shows the curves of 11 Pk versus k for a different number of
sub-channe I?_Iwﬂeizaz:_ 0-64. With the decrease of P, the correlation
curve becomes‘harrow lineaely. For example, the sub-channdéBauwittidoPie)

ap: 0.9 for P=64 and P=256 have to be spaced less than 4 and 16
B&b-carriers, respectively. [0028] In order to use the principle of
"Water'fa"in%{ﬁ‘ﬂﬁgﬁ%fg%g@ amiust be defihed-"The CQI should be
constructed ed o the poweriaf dhve subz.chasiieks. Althetigh 1P1, i
presents the correlation between two sub-channels spaced by’k

sub-carriers, it does not show clearly the correlation of the twdSsiggtion 11)

channgls’ power efore, the correlatio sub-ch s’ houl

e e e on SR o BRI S S e o
tBIHRIUB20r2] afl,PS InRhd datiatitioOpf EqiGoRe] WithndBfussies WAL is
BAAY g g AT 20 (RRRRAy hR0 & et Btk BAAURAC] oy

eer
(tr) —
hy," for p €10, 1]), have the same variance and are independent from each
other. Substitution of Equation 10 and Equation 11 into Equation 9 results in

 2e[1-2e™ cos(2rk/ P)+ ¢+ (1—e ™) (1+e™)
& (1+3e™*)(1—2e™ cos(2mk / P) +e™**)

(Equation 12)
[0030] Figure 3 shows the curves of Ve against k for several typical values

of @ when P=256. From Figure 8, the smallest value of the correlation 7k is
around 0.5 at k=P/2. In other words, two sub-channels spaced with P/2 sub-
carriers may statistically have about 8 dB differences in power. Therefore, it is

not necessary to report the CQI for each of the sub-channels. Figure 4 shows the

curves of V¢ versus k for a different number of sub-carriers P when @ =0.64, The
curves are shrunk linearly as the value of P is reduced.

[0031] Figure 5 is a flow diagram of a process 500 for link adaptation in
accordance with the present invention. Sub-channels are divided into a plurality
of groups (step 502). Figure 6 shows a scheme for generating the CQI in each
group of sub-channels. In Figure 6, the total sub-channels are divided into Q

groups and each group consists of 4 consecutive sub-channels with A=PIQ
The correlation of the sub-channels' power in a group for different values of @ is

shown in Table 2.



= |+e a 1-2e-"cos(27dc/P)+e-2a (Equation 11) where k =p, - p2 e [O.
i~V -1] Equation 10 and Equation 11 are independent of the values oft
and r. In the derivation of Equation 10 and Equational, it is assumed that

Wisk2paePEMePimaginary parts of a multi-path coefficient, (say W@ serop/@6670
[0, W - i]. , have the same variance and are independent from each other.
Substitution of Equation 10 and Equation 11 into Equation 9 results in
_2e""[I-2e "cos(22k/P)+e-2I'+(1-e")'(1+e") (1 + 3r')(1 Statistes| 2dkanpes
2a) (Equaheraizpsieban] Figure:Ish8ws tha clirves 3R PREFRSETRED WO
Sevetal_t_pr_gal values . of awhen P=256.From Fim r&@“@h&@ﬂlﬁlm group

valué-of the-corBlation Yk is a;gund—ﬁ%t k=Pi2{n-other \.A%‘?‘ﬁﬂdBiwn
sub-¢han ' i '
dB differen

D 4+
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D (]
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D

D
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E
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CS . ] T LI} C II\J\J\JQQMI] U IL".I\J

he sub- channels Flgure Z@P}g s the curves of Yk versus kfor
a different number of sub-carriers P when a = 0.64. The curves are
$oeark Iinear&y%@lth@va&wa’r@ﬂﬁoxmmp[bwﬂloﬁigmmﬁﬁsmaﬂﬂwstatus

diagram a6a,P1ress @O0 forlinkcRdantiation i, aG6erdanas Wé”bﬂ?ﬁyzed by

present invention. Sub-channels are divi d nto a plurality, of groups

SN GEeEHE RS lefcﬂ%%?%éﬁ@r&w%ﬁ@ egfasatitPNR), 2
QO Prof w’wgﬂam%saks phikig e, the tatarsbchanngls amafmal e@diNtBe
roups an ac rou onsists onsecutive anneis wi
R R R D B s R I pE st b
tefergrtrstahscidhof @hisr shdgilsmbyidle i20pEN@IR00H/O2R4BRLY. Assuming

PCT/H&ZQOS/UZ%?O SE&.’[IS'[IC&| differences
that denotes the 1 0QI of the thtransmit antenna (97 0,1,-.Q-1 ang

t=0,1,...,N. ‘1) CQIq is preferably calculated as

® . ®
CQIY = B +[1010g,, (SNR ¢ )_!, (Equation 13)

where LX-] is the largest integer smaller or equal to %, B is an integer which

should be determined based on system requirements. SNR is calculated as

Np=1 Al

sweg = 3 Saeal

=0 1=0 (Equation 14)
Ng is the number of receive antennas and @~ is the noise variance in each sub-
channel.
[06033] The CQI is fed back to adjust communication parameters (step 506).

Since CQI is generated based on the sub-channels in a group, total number of

Ox Ny CQls are generated in a transmission frame (packet), where N is the

number of transmit antennas. It is not necessary to report CQI on an OFDM
symbol basis, since the channel may change little in a frame (packet) interval;
and due to common phase error (CPE) invoked by the combination of RF
oscillator and the phase-locked loop, the phase of the channel responses may

change. However, such a change does not affect the power of the sub-channels.

7.



The values of 0 for 0<- k< A -l in power between two sub-channels in a
group 20?0.90.46dB 16 >-0.80,97dB 8> 0.6 2.22 dB Table 2 [0032]
A CQlI is generated for each group based on channel quality status in

V22 ¢PRIB(step 504). The channel quality status may be aR§yASa0p§ 026670
different methods including, but not limited to, a signal-to-noise ratio
SNR), a bit error rate (BER), a packet error rate (PER), or the like.

EftdRa ROk 6RBIM 6P SEERRe R IO B ABR SRRt sERersRT estdranted
fedNRHd QuvRvehilisl Gleleh iR dyiesshentbthatiotheihmer et maypdet tones

mplemented alternatively. Assuming that | denotes the COIl of the
B O BB S b= ) EE31) b GredagyY for e
zmafpwat_&tw@@m@iiﬁ%@og,a(SARq_‘ﬂ (E_quation 13) where Lx | is the
ﬂgﬁ%ﬁt ! ”teq?JrS%QUfﬁQf £AUBLIGPHB ?@H&ﬁ%&"’&lﬂé MY Igcz?t%sl that

etermined based on system requirements. SNR is calculated as NP-I o.-|
coreponh 2 oy i 6P AT R0 HAc ALY, 2
antennas aeh Q2 is the noise variance in ea - nel. [0033] The
ST ook 6 AU EORRIRL QA WA/ (05 266D e

b B gtheipied based2orihe/sut-Bhapnels dnagdiosP cLotsh M Re I0ed1s.

" AN* CQIs are generated in a transmission frame (packet), where NT is

IRAFRROPEP P TSPATPERTEN TR TSRO R BEEREAR b PSR ET O ITER
LAthdtisgipbotikas@Ersineaiheahesna maychbigeaiitle o ad@noe more
égaCkﬁﬁégé%%’aé%ﬁa}”uge e Q.gemmon phage error (GPELIoked by ths o
combination of
modulation order.

[0035] Because any pair of sub-channels statistically has a maximum of 3
dB differences in power, the CQI reported according to Equation 13 may be more
meaningful for the change of coding rates rather than modulation schemes.
Therefore, the modulation scheme may be kept constant for all the sub-channels
while adjusting the coding rate according to the reported CQI for different groups
of the sub-channels. In this case, the modulation scheme may be determined

according to

M® = ¢ +[_1010gw(SNR(t))_l’ (Equation 15)

where C is an integer which should be determined based on system requirements.

SNR is determined as follows:

= . 1 Nazipe 5
SNR® =— > [H{7] =20 DB
o ) R =0 =0 ) (Equation 16)
[0036] Optionally, after channel estimation, paths with relatively strong

power may be selected. After the selection of the paths having relatively strong

power, the number of effective paths is reduced to M that is usually less than W.

Ny~
GO = > 1Y forme[0,M —1]
Suppose r=0 is the effective channel response and X is

. 0
the vector indicating the locations of the M paths. With Gy and K , first all the
-8-



oscillator and the phase-locked loop, the phase of the channel responses
may change. However, such a change does not affect the power of the
sub-channels. 7 WO 2006/020400 PC:T/US2005/026670 Therefore, the
WEBTKARBY calculated based on the channel responses estiR§RAE24A5426670
the long training sequences on a frame basis without using the pilot tones

inserted in OFDM symbols. The inserted pilot tanes_are used_onl th

B BB Bl R GRS S P AR BR LFGAL Tl B s e
nidiabtEsoaedafoiting sidtes ¢hatndosrispdntifte opéimodtienioOsiheatysthe
ISEW%%& ’n%‘gt A';éfft%‘;re%%wcgs&%{%%eg frgaéf %J%gﬁl‘%& so that

required to report, a Is. In a typical case” that Q =16 and NT =4
cadilraigmrae begrsideare required to report the CQIs. This is reasonable

[&éﬁggfaresmh%ytaa@s@ﬁ%d%? i@e@ef&"{ﬁ‘ﬂénliﬁaioﬂl&@iﬁﬁg Alternativalye
e I may represent a compoination Ot Iwo or more communic tion
FhoTRET LSRR TGS mbIn 2R FBPATBERY 1 a%tavarﬁqsﬁdlﬁgﬂﬁ?f the

RIfeam{o3btHeransmaniiphridat sfithehhabnaisistédisticaliydes o both the
maximum of.3 dB.differences in._ power, the. r I i
e

selheriehin in ol atpertshémiés. tTvsreibie. the rsdthati crobedentamale
Redent canglantfosall e subiehanpalsunbile-adiustingthe sodiRGAAEus

according to the reported CQI for different groups of the sub-channels. In
ARSI SHRAABH LcRBITPREY B8 BR M HfTed HEEIING TBWHTR
The kger CBDURER Y bleattdnhk byfevhrere sthcaarn énteged Fepbith dlrankdex
%kg)eﬁ}géa%erminegkfbased on system requirements. SNR, is determined as

0

OWs AL KT (V-1 SNR(

[0038] Figure 7 is a diagram of a system 700 for link adaptation. The
system 700 comprises a CQI generator 702 and a link adaptor 704. The CQIL
generator 702 generates a CQI based on channel quality status of received
signals 706 via each group of sub-channels. A CQI 708 generated by the CQL
generator 702 is forwarded to the link adaptor 704 for generating control signals
710 for adjusting communication parameters. The communication parameters
include, but are not limited to, a coding rate, a modulation mode, a transmit
power level or the like. The link adaptor 704 may comprise a look-up table for
adjusting communication parameters in accordance with the input CQI. The CQI
generator 702 may reside at a wireless transmit/receive unit (WITRU), base
station or both. The link adapter may reside at a WIRU, base station or both.
[0039] The MIMO-OFDM transmitier and/or receiver of the above
embodiments may be used in a WTRU or base station. The transmitter and/or
receiver elements may be implemented as a single integrated circuit (IC),
multiple ICs, logical programmable gate array (LPGA), discrete components or &
combination of any of these IC(s), LPGA, and/or discrete components.

[0040] A WTRU includes but is not limited to a user equipment, mobile

station, fixed or mobile subscriber unit, pager, or any other type of device capable

9.



az, oNR (Equation 16) [0036] Optionally, after channel estimation,
paths with relatively strong power may be selected. After the selection. of
the paths having relatively strong power, the number of effective paths is
WGP that is usually less than W. NG=. Cr;") _ 1 forrAGH@IWIE]026670
Suppose _0 is the effective channel response and K is the vector
indicating the locations of the M paths. With and K, first all the -s WO
oS OpETEIBa o PUTHISIOUIIONBETD ARariAHeR arkuien ey Baited
the sritsBled dsingrEamation s apahtheathoteedyRtigansaotinivice in
schemes can be dec'%ded for optimization. Optionally the MIMO channel
NANEDY STEfErERER sub-carrier may be transmitted so that calibration
[6ahlbe madaliit@il] Benfenbmbodimenesniortsalé tlingrerdnndexamdgitneare
JEIGiBDE Fn THOSRLHGER AL ASIRHONE 11APE SRR QIS AL G NEIHA ture

configures the “reference subcarriers and the index of the subcarrier(s

ogrelemenincrnpnraed HerpomithaattHieibee fsaturescordisitypicithe
hedndexplRBrrRisencs wea RDHiisnehseaohesarbatbansritifires

In another eméb diment, the receiver can dynamically choose reference
anhSTRERLS &%ﬂ.%ﬁ%ﬁéﬂ‘t’ﬁﬁ%ﬁs channel transfer functions of all
subcarriers and other factors in the spectrum. The receiver chooses the
index of the referencg subcarrier and. reports the index to the transmitter.
[0038] Figure 7 is a diagram of a system 700 for link adaptation. The
system 700 comprises a CQI generator 702 and a link adaptor 704. The
CQI generator 702 generates a CQI based on channel quality status of
received signals 706 via each group of sub channels. A CQI 708
generated by the CQI generator 702 is forwarded to the link adaptor 704
for generating control signals

-10-



710 for adjusting communication parameters. The communication
parameters include, but are not limited to, a coding rate, a modulation
mode, a transmit power level or the like. The link adaptor 704 may
comprise a look-up table for adjusting communication Parameters in
accordance with the input CQI. TIELEI@IS generator 702 may reside at a
What WiEglessdransmit/receive unit (WTRU), base station or both. The link
adapter may reside at a WTRU, base station or both. [0039] The
MiMo-OEB%irsHanredsing 8 crservaicatiendinbdveribngstainieausnryydivision

multiplesinged AD&YWImBIdserdoasa siziionnd R rABGBHIEs APALRg receiver

e implemented as a single integrated circuit (IC), multiple
I s,l %g%ﬁa? g%sol\ﬁg?éarﬁ/nfgrt)nf‘ecag}%”g'r?gya( @ﬁ)’ %i?&' &6 ponents or a

ceimBination Bitaesrigrhite aolehalitP GAremeiior discrete components.
[Q4R)Ainy ERMAARRkIdRRRYtIRIRAEIMIERS ) 1GR H56R SANRMEREMIPUR |east one

Channg}atioril fixeg or mobile subscriber unit, pager, or any other type of device
SLAURIY SEHE 5868 RF2HR0BECT/US 20051026670 of operating in a
adjustingr slersnenidatinmiink pArbastestatizmgincl Qe dnlidskniatioaiied to a

Node-B3{ie femEllsh A5FeSP RRLILAT a 8&5?@@&?&@8 r[oaagg(? on one of a
0 the

, device in a wireless environment. [0041] Althoug eatures an
signaldfeniodiftd e PRt PR EeRicuigiB e HaherforisddER).

embodiments in particular combinations, each feature or element can be

used al | t feat nd elements of the preferre . | .
erhbodimgngﬁ#vgcﬁiﬁ%ﬁéoib%agt%%squ\‘/ﬁhngrm v%’ffﬁo%%t giREPteSuurgigmined in
acCordgRd Ithen B GRIHION AL SR GAUERTEOROWED CLAIMS What is claimed is: 1.

A method for adjusting a communication link in orthogonal frequency
division _tmultiplexing (OFDM) wireless communications, the method
C}é'mprisi-l:%a‘ rr[i)eﬁwoggo(f claim )1 Wi erelsn %en&(ﬂ 1s calculated based on channel

responses estimated from long training sequences on a frame basis.

5. The method of claim 1 wherein a coding rate for each sub-carrier is adjusted

in accordance with the CQI corresponding to the sub-carrier.

6. The method of claim 5 wherein a modulation mode for each-sub-carrier is

also adjusted in accordance with the CQI corresponding to the sub-carrier.
7. The method of claim 1 wherein a modulation mode for all sub-carriers is

adjusted in accordance with a modulation mode indicator generated based on the entire sub-

carriers.

11



using an OFDM waveform comprising a plurality of sub-carriers; dividing
the sub-carriers into a plurality of groups; generating a channel quality
indicator (CQI) for each group based on at least one channel quality

status in each group; and adjusting communication link parameters using
a8COI febtharhindichtmm | Wieraitibel 68| atmr¢sents airctnebDatids of two or

more SSNRTAHRARMSES-ARA8R of a signal-to-noise (SNR) ratio, a bit error rate
(BER), and a packet error rate (PER). 3. The method of claim 1 wherein

the number of groups is determined in accordance with a correlation of
sbb-carridws' pethed 4f ThenmétHodhef ciampiisivige sailedtiegCbigth with relatively

strongcamgt%gﬁe?ﬁﬂﬁpmoglcﬁ%%%f‘?gsc‘p% c%@@%ér%@é&@g Q{Rp ndga vector

sequences on a frame basis. 5. The method of claim 1 wherein a co
'“dlca?aeetm laggliPa - %ﬁ@ﬁ%‘%ﬁm@f@daiﬁ Heesniipe daReiusEngdite communication

parametgresponding to the sub-carrier. 6. The method of claim 5 wherein a
modulation mode for each-sub-carrier is also adjusted in accordance with
the COI corresponding to the sub-carrier. 7. The method of claim 1
wHerein Eéndeeebromeiénior awbelsiafriensigpladmtednininesrdantg MIMO)

channid/ithaumosulatiarrarse KiicaivrgasaralRthRRILURLERBBNIFE SUB- transmitting
statio carrlers 11 8. The method of claim 1 wherein the CQI represents a

"tombination of two or more communication parameters. 9. The method of
claim | further comprising selecting a path with relatively strong power,

Whﬁreb)Aa'BgéeQ{MEOWQQPQHQSQ&)&%EM the sgeleciad L ANRS Fivision

indicating the location of the selected paths are transmitied for adjusting
mU‘“p%%ﬁg%wc\ﬂﬂsI?Sﬁmwgawsm@wm@a ‘of claim 1 wherein a
rrwmﬁllegemrbmuIWﬂgnmﬂduthélM@ét@lmammaﬁu{aWaﬁei@fﬁmQ@Ql) for each

group %lf’l%t?@rcré?ﬁé? r@gg%rglggda{%gﬁllgﬁgtl%%g téé f?tmlé aﬂgs telgcr:]h group, the sub-
carriers being divided into a plurality of groups; and
a link adaptor configured to adjust communication link parameters using a CQI

feedback indication.
12. The base station of claim 11 wherein the CQIl for each group is generated
from one of a signal-to-noise (SNR) ratio, a bit error rate (BER) and a packet error rate

(PER).

13. The base station of claim 11 wherein the number of groups is determined in

accordance with a correlation of sub-carriers’ power.

14. The base station of claim 11 wherein the CQI is calculated based on channel

responses estimated from long training sequences on a frame basis.

12



11. A base station for link adaptation in an orthogonal frequency division

multiplexing (OFDM) wireless communications, comprising: a CQI

generator configured to generate a channel quality indicator (CQI) for

each group of sub-carriers based on at least one channel quality status of

edth grols, tessudbatcarridrsibieingldivideeiinto gingatitte obgreaps sabd @rier is
adJustu;ah@Q@égma%efmmﬁet@@%ﬂ&%@ﬁew?@w WK Raramyeters using a

CQI feedback indication. 12. The base station of claim 11 wherein the

CQI for each group is generated from one of a signal-to-noise (SNR)

ratio, a biherraseat@(BiBY) asicha padketrrmmedal i) odd fdhedbrseb-carrier
is alsosg%ﬁ@%e%f ng@ ;&W&e\cﬁ H mg f; ‘?rregFQEBP stls,[gete Ic%?gelrn

accordance Wlt a correlatlon 0 -carriers’ power. he base station

of claim 11 wherein the CQI is calculated based on channel responses

esﬁmatedqtrml@a@ﬁ@irangaﬁquem@ﬁénmaaﬁfm%b@ﬁsmg for-allR@RasRiers is
tion of c aim 1ltWh ei odln rate ach sub- capﬂger is ad#'usted
e

adJUStgt(]a'n eIt L AT R HERS dl'ﬂ ?ﬁ@% B RUEATRFSEB OFhRS e sub-

i acCoTdANce With the
carrierstation of claim 15 wherein a modulatlon mode for each sub-carrier is

also adjusted in accordance with the CQI corresponding to the sub-carrier.

17 The? station of claim 11 wherein a modulation mode for all

stb-carr Sﬁcﬁ@%%%@@bﬂda‘ﬁ%‘”@vﬁﬁh& MO IRRIRRERTD A RTRhAERN of two
or mogesteTateditaiRedoarathetertire sub- carriers, 18. The base station of claim

11 wherein the CQI represents a combination of two or more

communication parameters. 19. The base station of claim 11 wherein the

lifk-adapttt E8aToRtien Rkalp 1A espindirting asertainteatiises a look-up

table fpataiueliBtsJonaBcalcRrTepsidhibe € Qla2trdhechagestationof claim 11
further comprising a selector configured to select a path having relatively

strong power, whereby an effective channel response of the selected
20. The base station of claim 11 further comprising a selector configured to select

a path having relatively strong power, whereby an effective channel response of the selected
path and a vector indicating the location of the selected paths are transmitted for adjusting

the communication parameters.

21 The base station of claim 11 wherein a multiple-input multiple-output (MIMO)
channel matrix of a reference sub-carrier is transmitted for a calibration at a transmitting

station.

22. An orthogonal frequency division multiplexing (OFDM) wireless
transmit/receive unit (WTRU) comprising:

a CQI generator configured to generate a channel quality indicator (CQI) for each
group of sub-carriers based on at least one channel quality status of each group, the sub-

carriers being divided into a plurality of groups, the CQI being transmitted so

13



path and a vector indicating the location of the selected paths are

transmitted for adjusting the communication parameters. 21. The base

station of claim 11 wherein a multiple-input multiple-output (MIMO)

channel matrix of a reference sub-carrier is transmitted for a calibration at
that tranpanssiftisgNETAIGEAtRD. [Nk draheyetess fragubacydiiistsidrusingtipl & geedback
indica&@EDM) wireless transmit/receive unit (WTRU) comprising: a CQI

generator configured to generate a channel quality indicator (CQI) for

each group of sub-carriers based on at least one channel quality status of

eath grdine, WiERIbf clarne?? béiergidithdelCihforaeplir alitypigoenpstdtefrom one
of a siGrial-REHLL RERI{IEHS bR %ﬁ?&@%@ﬁ?}%@%’%%@%‘%r%%(mﬁm,

parameters can be adjusted using a CQI feedback Indication. 23. The

WTRU of claim 22 wherein the CQI for each group is generated from one

oP4 sigrideovDite (SNIRjiratik2, ahireifroheateuBbR) ngrauprcketorRiEdmined in
accor %e(l\DA}r:ng godfréqﬁ?ow&;%h‘lapgﬁ%%i@ 22 wherein the number of groups is

PO\iver. o
etermined In accordance with a cofrelation of sub-carriers' power. 25.
The WTRU of claim 22 wherein the COl is calculated based on channel

responserestimtedframnong tiaiaiag sequennes UxR (e basis. 86- channel
The WTRL{ offclaim 22 wherein the CQOI represents a combination of two
ses estimated Ir ﬁaa

Rl S commﬁmégﬂ%ﬁrﬂg histerEn 8 Bf'®1aim 22 further
comprises a selector configured to select a path having relatively strong

powver, whergbyan &testye shannelrespense Rbiesrles g BB Awo or

vector indicating the location of the selected paths are transmitted for

more CHIRHAG2HE BBRMEHICation parameters. 14

27. The WTRU of claim 22 further comprises a selector configured to select a
path having relatively strong power, whereby an effective channel response of the selected
path and a vector indicating the location of the selected paths are transmitted for adjusting

the communication parameters.

14



