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[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 maximize 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.
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whent@r06dr | i nk adaptation. [0018] DETAI LED
DESCRI PTI ON OF THE PREFERRED
[0013] Figure 3 shows the correlation /4 k versus k for several typical values

of & when P=256.

[0014] Figure 4 shows the correlation 7k versus k for two values of P when
@ =0.64.
[0015] Figure 5 is a flow diagram of a process for adjusting communication
parameters.

. . CQIY
[0016] Figure 6 shows generation of 1 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
[0019] Hereinafter, the following embodiments are explained with

reference to IEEE 802.11 system. However, it should be noted that the
embodiments are not limited to the IEEE 802.11 system, but may be applicable
to any wireless communication system.

[0020] Suppose A¢" = {A¢", B, 47D} is a time-domain channel response

vector of length W for the channel between the ¢th transmit antenna and the rth
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[0022] Summi ng the average, power of the coefficients
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spread, W, results in /=0 . The parameter I' depends on the propagation

distance of the first path (D o) 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

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

]=01,.,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

( 2
D, +15 if D, < D4,
DO

foss = D 15 35
[ o ¥ ) if D, > D,
'DO

) (Equation 2)

D,<D

where D fee is the free space propagation distance. When fee _the channel

is line-of-sight (1.OS). Otherwise, the channel is non-LOS. When Rioss i given,

the parameter ¢ and power-delay time constant I' can be calculated by solving
-3-



be known. Because the sanpling duration is 50 ns in
the foregoi ng exanple, the propagation distance
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[0024] Suppose H®? ={H)" , H" .. Hp'}

is the frequency-domain
channel response vector of length P for the channel between the #th transmit
antenna and the”th receive antenna. In other words, H“” consists of P sub-

channels. The 7 sub-channel can be represented as

-1
r) _ (&) I-p
HO = pW)
=0

2

(Equation 4)

where Wp= e_mm. The correlation between the # ith and ? oth sub-channels is

defined as
) @ ) tr) *
p I(Jtnpz - E|.Hptx (HPtz ) ] (Equation 5)
( ,r) L3 . »
[0025] Suppose b is a complex Gaussian variable with zero mean and is
.r) .
independent of hn if I#m_ According to Equation 1,
e _ g[S pengn L[S geny e
anPz =E Z 1 P Z(zm ) P
1=0 m=0
IWZ_I Iy (o= pa)l
=G ) e ¥ WP
1=0 ! ) (Equation 6)

which is independent of the values of ? and 7. Assuming k=p =P for

k=01...P~1 gnq oW >>1 , Equation 6 can be written as

4-



,r) [0025] Suppose ' is a conplex Gaussian variable
vvlth zero nean and is independent of mif m.

wéeewrideqog to Equation 1, , (Equation 6) whi chPC$/US2005/026670
i ndependent of the values of and r . Assuming = Pi ~ P
2 for k =0,1,...,P-1 and aW 1 Equation 6 can be

witten asl-e Ille_,,e J . (Equation 7) The variable
repr esent :Ihe_nﬁabeL of sub-channel s spaced bet ween
the two Sub- bhfanﬂéﬁ under consi deration. From(Equation 7)
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requency selectiv the lim¢f .case that
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lifi#P o &R fhagrs— 0 ek@dd P ok ¥iny MADZ8pf kn Qui diee other Usads ifethe
princi pl e of "wat er-filli ng", a neasure for CQ

channel is flat fading (non frequency-selective), & = ©, resulting in | P F1 for

all values of k.

[0027] Figure 2 shows the curves of Lo | 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 | pe 0.9 for P=64
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

ED HO 2’ HOO 2}
) _
PisP2 UH(' 9 ]
. (Equation 9)
[0029] With e/ >>1,



must be defined. The CQ should be constructed based

on the power of the sub channels. Although ' k'
wonres®e®0t he correl ati on bet ween two sub- chanRerAIS2005/026670

spaced by k sub-carriers, it does not show clearly the

correlation of the two sub channels' power. Therefore,

the correl_ation_ of b ,;:hannel s' power shoul d be

der!ved. EI 1(;'@01 of sub-channel s’ power i

defined as' (Equatiod+®”[0029] Wth " 1 ,, (Eqﬁﬁwaﬁpnw)
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Tfici ?”"%’g e,sarrey
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(Equation 12)

[0030] Figure 3 shows the curves of Yk against k for several typical values

of @ when P=256. From Figure 3, the smallest value of the correlation Tk is
around 0.5 at k=P/2. In other words, two sub-channels spaced with P/2 sub-
carriers may statistically have about 3 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 /¢ 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 A consecutive sub-channels with A=PIQ,
The correlation of the sub-channels' power in a group for different values of Q is

shown in Table 2.
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q
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(Equation 13)

where I-X-I is the largest integer smaller or equal to x, B is an integer which

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

-1 A-1
o _ (t,r)
SNRY =— ZIH,+qA
0 1=0

=t

(Equation 14)

Np is the number of receive antennas and & ? is the noise variance in each sub-
channel.
[0033] 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 CQIs 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.
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Since CQ is generated based on the sub-channels in a
group, total nunber of J x Jy T CQs are generated in
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of transmt antennas. It is not necessary t o report
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l@aﬁm%ﬁlﬁersuch as a conbination of a coding rate and
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of the sub-channels. In this case, the modulation scheme may be determined

according to

M = C +[10log,,(SNR® )J’ (Equation 15)

where C is an integer which should be determined based on system requirements.
SNR is determined as follows:

2 INRIWI >
-5 2l

Nyl
SNRO = — 37 |H¢
(o ey R =0 I=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.

Np-1
GP = h%" forme[0,M ~1]
Suppose r=0 is the effective channel response and X is

®
the vector indicating the locations of the M paths. With G and X, first all the
-8-



of the sub-channels. In this case, the nodul ation
schene nmay be determ ned according to M (Equation
wohere®2@os an i nt eger which shoul d be det er mi nedThaswd 026670
on systemrequirenents. SNR is determ ned as foll ows:
(Equation 16) [0036] Optionally, after channe
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d toM.hat
BGRB8 M ey

cfEﬁ@?ﬁﬁQaﬁﬂ%xﬁﬁdé C}C% the vector indicating the
ocations of the aths. Wth and K.first. al
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reﬂeeemsb NBbcdraieme ndehe iindex ofthe stbeamies(ss gbe @Pwnépmthe
tran tt h |4

R S B b L BB B A

stBERIAN) ds HoBGapérited $o Bhe t%sfrﬁtﬂeﬁ\/\ﬂn dxmthene embodiment, the
enbodi nent, the network config %s the reference
reerbreT e aEEa Y, 19056 S5 1CBA DR FUDCUBIERT bRsS @y Ingtantaneous

gﬁf?){‘& (} %f&t fﬁntCHSnQﬁf \éﬁrs @aﬁ‘gleﬁ‘@&né BhsE thRBFs in the spectrum.
Ingly,

ccor e i ndex of the reference
Theheesiver ﬂmﬁsesd:hnond@feqfdhe eeferance wubearsies and reporty the index

teﬁﬁ B@nﬁggggghggngubggsr{:Eglg:;egagndYEEP;ﬁ?;Lgous
[GhggInel  t Fassé arisf 4l aeddramsofod spdtbms U0 forr Fek adapthtlon The
other factors in the spectru The, reg e
sy DB RoBPTiER. o R FOTE S I &Lk FHiGb 05 he OOl
gleﬁgletﬁsor 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 CQL. The CQL
generator 702 may reside at a wireless transmit/receive unit (WTRU), base
station or both. The link adapter may reside at a WTRU, base station or both.
[0039] The MIMO-OFDM transmitter and/or receiver of the above
embodiments may be used in a WIRU or base station. The transmitter and/or
receiver elements may be implemented as a single integrated circuit (10,
multiple ICs, logical programmable gate array (LPGA), discrete components or a
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
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to the transmtter. [0038] Figure 7 is a diagramof a
system 700 for |ink adaptation. The system 700
woanpree®s a CQ generator 702 and a |ink adapPor/uR2ms5/026670
The CQ generator 702 generates a CQ based on channel
qual ity status of received signals 706 via each group
f v is not limited
ofoe Bt A GeRes hiflnrd A AODRERAorhckinRs Bl js pot fmite
togeNedaBi site cottraller, micegsalointdr@nfotherdjyne of ingerfacing device in
cQ ni cation rameters. The communi cati on paraneters
a MR e RFEVHG “not limted to, a coding rate, a
[opagul at i QLHRGR. the fb4tRedThhd ptesntk @ ¢he @redehe ivdotion are

The |ink adaptor 704 may conpri seg | ook-up table for
desgfibed m@mﬁfwmdcfﬁ@b%hmﬁBFS&ﬁM%ﬁﬁﬁ copphiniationseagh feﬁt“re
ot Qﬁ#e%@ lé%.{l(%g usel PlofSwibERe Ak Q)?hgloﬁaﬂ?ﬁés @9l élém@htsPof the

wreless transmt/receive unit (WRU), base station or
plefétred dindodinmdnta dejnteriawe gombiiationsawith onprthous gther features

s(iaiei on or .Rhot h. 4 Q39] ;The M MO OFDM transm tter
and glegrents eERERTES IR WY e enbodi ments nay be used

in a WIRU or base station. The transmtter and/or

recei ver elenments may be inplenented as_ a single

integrated circdit (1C), multiple ICs, Togica

progranmabl e gate array (LPGA), discrete conponents or

a conbi nation of any of these IC(s), LPGA, and/or

di screte conmponents. [0040] A WIRU i ncl udes but is not

limted to a user equi pnent, nobile station, fixed or

nmobi | e subscri ber unit, pager, or any other type of

devi ce capabl eof operating in a wireless environnent.

Abase station includes but is not Iimted to a Node-B,

site controller, access point or any other type of

interfacing device in a wireless environnent. [0041]

Al t hough the features and el ements of the present

invention are described in the preferred enbodi nents

in particul ar conbi nati ons, each feature or el ement

can be used alone without the other features and

el ements of the
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preferred enbodi nents or in various conbinations wth

or wthout other features and el enents of the present
wonsreion. CLAIMS What is clained is: 1. A net Rod/uS2005/026670

adj usting a conmuni cation link in an orthogonal

frequency division nultipl ﬁéi‘ng%[%(]:u\/p Wi rel ess

communi cati on system the f conprising: dividing

into a plurality of groups; generating a

V@ﬂ%ﬁg@gﬁgﬁl&ty i ndicator (CQ) for each _group based

on channeh metdlodt for stdiusiing a conuhumicatipn likdimapuethegynal

conmmuni gat.i.on . anet.er s c | ]

SRS FBEHOn TR it ORDADF R RERES i idichtfh Ehiem, the
héhed comppiRfhgdf a signal -to-noise (SNR) ratio, a bit
error_rate (BER), and a pa ke{, ergﬁ%r rate (PER). 3.

The #BH sgb-chpangls 1Rk BIHatheh8IMBBY of groups is
det ef,pj] ' a@‘xﬁﬁ- |ih i o@) abt @ACH based
sub- %E}gﬁﬁgﬁg% ggl&v\lgééi . lli'c elhtrirg:taﬁ%igo’o )cl ai n?lfgrv\%uepr e?she n
chhenél@ualsy stdtoslimeach gravpdanth channel responses

estimgted fromlong training,seqguen .

basi Sa1Brng (SRR OF PRIISHe foar ey et St oL

for each sub-channel is adjusted in accordance with

the CQ correspondi ng to the sub-c nel . 6. e
met h@d of The metherl gficlaim %W&e%aiﬁh%g&gﬁﬁ FRONGE fﬁggaﬁ%‘?&?"m of

a0 i ;gdi ' CHERRARE AMphékd:R@ror rate
DALk (NR) BT B ol Rt IR Ak o
(PEXR)M 1 wherein a nodul ation node for all su b
channels is adjusted in accordance with a nodul ati on
node i ndi cat or generated

3. The method of claim 1 wherein the number of groups is determined

in accordance with a correlation of sub-channels' power.

4, The method of claim 1 wherein the CQI is 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-channel is

adjusted in accordance with the CQI corresponding to the sub-channel.

6. The method of claim 5 wherein a modulation mode for each sub-
channel is also adjusted in accordance with the CQI corresponding to the sub-

channel.
7. The method of claim 1 wherein a modulation mode for all sub-

channels is adjusted in accordance with a modulation mode indicator generated

based on the entire sub-channels.
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based on the entire sub-channels.8. The nethod of

claim lwherein the CQ represents a conbination of two
wonrossmrenecomuni cati on paraneters. 9. The met hedTal2005/026670

claim1further conprising a step of selecting a path

wth relatively strong power, wher an effective,
chanfel r 'Eb%l)m%]éo@ﬁf Cliq%r@lp%‘éfhé%ﬁtl’é Elh‘bé%ﬁ LeRIREFTYS 9@%1‘““1“ of
t%%r%&ﬂe%gfn?&ilcgté% nghlﬁétehg.‘e sel ected paths are

or adj

transmtte usting the comuni cation
paranmeters. 10. The nethod of claim1 wherein a

of oot e oFBnpietBtbotdaify LR GligbiRiod ARG sLRblib a path

wigh | RIAVeD stiong povidis WHdrélng aat éffdcoife chhnnél syspoase of the
for link adaptation in _an orthog}gnal, f
r

| [ reguency

selegtest pathmand gl eeetargindisatine ther loratien oF Hat Af lecled rpths are
| Sing: (En t enerating a

e B SR 8 o B e R o of

sub- channel s based on channel quality status of each

grou t hg, sub .channel s bei di vi ded,.ipnto_a '

of g ﬁg u ps{i‘hﬁ H&et§°$i°ﬂ I?iaéla'a tng% T2 g’diq)ﬁg The e BhdttiBhd belput

(GOINIONEHetineD itk AR R r6feferidd sabardanicaramsnlittdddorsEdlibration

12. The systemof claim 11 wherein the CQ for each

ajraorgnimitiiogatatient fr om one of a signal -to-noi se (SNR)

ratio, a bit error rate (BER) and a packet error rate

(PER). 13. The system of claim llwherein the nunber of

gr oufd. i sAdetstmiforelink mdaptesiotaimcan withhgenad dregueacy division

of . syb-.ch ! power. 14. The.systemof c¢laj.m11
e s R SRR

I €S PYNSQF g&Sdrhttfegdedih® A ghhfndl Hualitys BdieneeC Q) fa each
frame basis.15. The systemof claim 1l wherein a

group of subchanigls based amsbannal saralify stadps, §§ gaehy group, the sub-

r : RIS ' o the
BEEREAMNGSE Wihded o Fufitity SPOANYS ¥hd
a link adaptor for adjusting communication parameters in accordance with

the CQI.

12.  The system of claim 11 wherein the CQI 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 system of claim 11 wherein the number of groups is determined

in accordance with a correlation of sub-channels' power.

14. The system of claim 11 wherein the CQI is calculated based on

channel responses estimated from long training sequences on a frame basis.
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16. The system of claim 15 wherein a nodul ati on node

for each sub channel is also adjusted in accordance
wei20ds/020w00 CQl correspondi ng to the sub channel PCT/TS2008026670

system of claim 11 wherein a nodul ati on node for al

sub channel s is adjusted _in accordance w

nodullat i oRbasrrdempirieandd V@%@Pﬁ@él%é§?d{°6ﬁa%b channel is
a&ﬁ%éﬁ:ét? r111§ #Ecg?@%@%ﬁh thd CQEQ%H%XﬁJIﬁHh?EO i eaduB-dhannel.

representsS a conbi nation of two or
rmre conmuni cati on paraneters. 19. The system of claim

rei the | ink r .o se l. 00
f or i us %tSM‘ﬁ%]ﬁFtlg Wlbegg%% eofdél "il"'iltm%lélé) g EJ&@‘QA& sub-
MahBel iaealgldjuaﬁéd ihheeconasinesnwath tHeaC QI tdrrésponding to the sub-
conprises a means for selecting a path having

elvely strong power, whereby an effective channe
response of the selected path and a vector indicating
the location of the selected paths are transmtted for
adj usitii ngThhesystemroficleani bh wiereime: eraiulation m@eﬁystaﬂrﬁUb-

‘?{91‘1%!6@ 18 ﬁéﬁﬁwr eICF? agfué {qk 'l @ﬁ%%logl%o églpfl-ilcgrlﬂoxp Yherated

BdseAoRitht edtit@Eulckatnadig.ati on at a transmitting
station. 22. An orthogonal frequency division

mul tiplexing (OFDM wireless transmt/receive unit

(WIR\Yg co l;m% ?ét@:&x la% 1 1%?* t?&re d@re Fe@,@ﬁt%ta' ddthbdnation of

channel quality 1 ndicator or eac group of
EwdbnﬂmnﬁmﬂnmnbaﬂaﬁonQMEMmHhES quality status of each
group, the sub channels being divided into a plurality
of groups, the CQ being transmtted sothat

transiy ssiphe sfREmbTcldhl 10/ aedraiethe liak @daptoe catdpiisésedook-up
in accor dance with the CQ. 23. TheWRUof cl ai 'Eﬁne oqL

rdjyssinggonfaynisaipn garampetess Yearsprdazge Wit

20. The system of claim 11 further comprises a means for selecting 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 system 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 for generating a channel quality indicator (CQI) for each
group of sub-channels based on channel quality status of each group, the sub-

channels being divided into a plurality of groups, the CQI being transmitted so
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fromone of a signal-to-noise (SNR) ratio, a bit error
rate (BER) and a packet error rate (PER). 24. The
WORRIGmR04mb ai m 22 wherein the number of groups PET/US2005/026670
determined in accordance with a correlation of
sub-channel s’ power. 25. The WIRU of cl aim 22 wherein
thaﬂ; éra@@migsion adromiuaicatiop peramefieTeeamiead J‘F%%%B}m%"é%rdrance with

é@g&ted fromlong training sequences on a frane
26. TheWI'RUof claim 22 wherein the CQ

represents a conbi nati on of tmo or nore connunication

p ar a met ers. ‘éiﬁéﬁ? fe %nh%‘gg . % \llilerl(g&g té‘ l{-&% oupnF igér?eq'gted

Y)‘h&r ?%ﬂél-%‘-n@fs@ GSNR)Gafib2a Mt efr6H lB@tl@S(BER) dritba packet
ect ed pat h a vector |nd|cat|ng the | ocation of
enherGEKBE&@d paths are transnmtted for adjusting the
comuni cati on paraneters.

924. The WTRU of claim 22 wherein the number of groups is determined

in accordance with a correlation of sub-channels' power.

95. The WTRU of claim 22 wherein the CQI is calculated based on

channel responses estimated from long training sequences on a frame basis.

96. The WTRU of claim 22 wherein the CQI represents a combination of

two or more communication parameters.

27.  The WTRU of claim 22 further comprises a means for selecting 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.
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