CAL| BRATI ONAND BEAMFORM NG | N AW RELESS COVMUNI CATI ON
SYSTEM [ 0001] The present application clains priority
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assi gnee hereof and incorporated herein by reference.
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These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. Examples of such multiple-access
systems include Code Division Multiple Access (CDMA) systems, Time Division
Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.

[0004] A wireless communication system may include a number of Node Bs that
can support communication for a number of user equipments (UEs). A Node B may
communicate with a UE via the downlink and uplink. The downlink (or forward link)
refers to the communication link from the Node B to the UE, and the uplink (or reverse
link) refers to the communication link from the UE to the Node B. The Node B may
utilize multiple antennas to transmit data to one or more antennas at the UE. It is

desirable to transmit data in a manner to achieve good performance.
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account for msmatches in the responses of the

transmt and receive chains at the Node B. [0006] In
one design, in each calibration interval, the Node B
may sel ect a set of UEs to pekformcalibration, e.g.,

UEs with good channel ngﬁ?e Node B may send
rressages to the sel ected er a calibration

Eﬂ Mﬁ SesB é??e{fgﬁlﬁh%eﬁ%bgﬂl ! EI{H( q%@ﬁl?d?ﬁh 1n a  wircless

eac SO r ec at
bcﬁﬁ&hnmmteorsgufwh g destribednoecisl gnah afspemm aaNodiceBsmap periodically

ant. enna t he UE. Node B erive_an up
PeTERTARsal @&tﬁoﬁﬂ’ﬂ @aqhowh@g?&ﬁné%tp wf‘&v& vechabEgs %OJPtﬁ’él a calibration
é%}%? ghé; 8L ICEKS w{aélé $ay’ SHH YR afh%pdpoh%alalﬁ to hB&unt for

erive at | east oﬁ/:e rmitial calibration
m{mmhes or theacdpossls @f thedrdgEnibas d deasrvetdheind ethk iNvide & d

h esti mat UE.. Th de, B
ORI e 0 dlesii tr el gl tip g, THSNPRC pbiad sgffet @ sot of
VIR tb etfbAh cﬁﬁtkrhm@td%) UESGHEH SoddEhadhtl (?@hﬁ@i eghdipde B may

The Node B ma aP he calibration vec until it
pendupesseess ﬁOnthtehS@ agtedt UEaltﬁJ mnmru mnalihﬁ@tmmmode[ OH®7NO¢1¢1 B may

%%%Ehgrd%a Srﬁ%%t ¢han ee1 d % 1rnat orn earfcﬁr fﬁgeg egﬁgﬁ% rnay NG5S Peceive at

akimg 1N ccasiin gal

Iw;kttdﬂéwauﬁ’dihg Iﬂéf@fenaé sighl ftdm af hastodicnantdinal sa fAeeURRYTHENode B
due to variable gains in the receive and/or transm:t )
R desivatant wainkeehappel gsmateetos caeh selpgiedidde bpsagagn the sounding

pe%r@ﬁé@ nsg%ll @%gg&g&g&i 'i}ﬁ)ng?r# rUﬁ le 1@5&5‘3 Ih%g BerRGCAYBst oPe initial

gain ue to ferent automat| gain contro
éaMBﬁ)tlogaVemorfﬁur daele acheeted HAE nmsédontthe dowiniinklaad uplink channel

ant ennaéF %enéﬁ :e HSEBYO@E d%?l}%téi hﬁ%}{ 3&;} ré%;c'aﬁ’lgﬁugg Vi’éli?]tpbfor itself based

91?%%1 RitigatdhibkdRa! ReRs dueall Qelebtbd ATES, er’[@l@tNQ&E"@r may apply the
anplifier (PA) gains for transmt chains for th

calibratpineveator enmasisaipdathe ilUlc ang/ c@hbiatiph idérfhler e nt

07 1 Ra ety odeoP oo B RATR g 9 ¢ E eking

fnt® H&dohﬁt & idbdln RSN nmadiple hitbhifis REHHROUHE T HafeihtYance may
or an associated antenna and a gain for a

b@g al fgn@élawmgemﬁm thte regedvemd/cEdRnsYAIchainggt tho kb ils enapcenario,
t
rmy %%t 2 rne?y Eéo\ef%ﬁhg a§29%0%%§i&nélxlg@y &tkm%X%B XL egu%ggda?n ?rnbalance

rm-ne anne
glandiffereat amtzsmfaﬁcr gﬁlh&ohlEola(M}(a) gzahmfdif&éd’ell% dhaingedr the multiple

g\rliltteri]nats ha? tl?et UlEea?Itl aggt%erg glcle?larrléjl : tlhg Nodne B may determine the precoding
matrix by taking into account gain imbalance due to (i) different power amplifier (PA)
gains for transmit chains for the multiple antennas at the UE and/or (i1) different antenna
gains for the multiple antennas.

[0008] In one design, the Node B may receive at least one gain ratio from the UE,
with each gain ratio being determined by a gain for an associated antenna and a gain for
a reference antenna at the UE. Each gain may comprise an AGC gain, a PA gain, an
antenna gain, etc. The Node B may determine a composite channel matrix based on a

channel matrix for the UE and a gain matrix formed with the at least one gain ratio. In

another design, the Node B may receive sounding reference signals from the multiple
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[0019] FIG. 10 shows an apparatus for performing beamforming.

[0020] FIG. 11 shows a process for receiving beamformed data by a UE.
[0021] FIG. 12 shows an apparatus for receiving beamformed data.

[0022] FIG. 13 shows a block diagram of a Node B and a UE.

DETAILED DESCRIPTION
[0023] The techniques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other systems. The terms “system” and “network™ are often used interchangeably. A
CDMA system may implement a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband CDMA (WCDMA) and
other variants of CDMA. c¢dma2000 covers IS-2000, IS-95 and 1S-856 standards. A
TDMA system may implement a radio technology such as Global System for Mobile
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personal digital assistant (PDA), a wireless modem, a wireless communication device, a
handheld device, a laptop computer, a cordless phone, etc.

[0026] The system may support beamforming for data transmission on the downlink
and/or uplink. For clarity, much of the description below is for beamforming on the
downlink. Beamforming may be used for a multiple-input single-output (MISO)
transmission from multiple transmit antennas at a Node B to a single receive antenna at

a UE. Beamforming for a MISO transmission may be expressed as:

X=VS, Eq (1)
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antenna at a UE. Beanformng for a M SO transm ssi on
may be expressed as: x =v s, Eq (I)where s is a
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where U is a unitary matrix of left eigenvectors of H,
V is a unitary matrix of right eigenvectors of H, and

D is a diagonal matrix of singular values of H.

[0029] Beamforming for a MIMO transmission, which may also be referred to as

eigen-beamforming, may be expressed as:
x=Vs. Eq (3)

[0030] As shown in equation (3), the right eigenvector matrix V may be used as a
precoding matrix for beamforming. The precoding matrix may also be referred to as a
beamforming matrix, a steering matrix, etc. A beamformed transmission may provide
noticeable gain over a non-beamformed transmission, especially when the number of
layers (or rank) transmitted is less than the number of transmit antennas at the Node B.

This may often be the case in asymmetric antenna scenarios, with the number of
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[0032] The system may utilize time division duplexing (TDD). For TDD, the
downlink and uplink share the same frequency spectrum or channel, and downlink and
uplink transmissions are sent on the same frequency spectrum. The downlink channel
response may thus be correlated with the uplink channel response. A reciprocity
principle may allow a downlink channel to be estimated based on transmissions sent via
the uplink. These uplink transmissions may be reference signals or uplink control
channels (which may be used as reference symbols after demodulation). The uplink
transmissions may allow for estimation of a space-selective channel via multiple

antennas.
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At the Node B, the uplink signal may be received by antennas 212 and processed by a

receive chain 220 to obtain received symbols (denoted as yp).

[0036] For the downlink, the received symbols at the UE may be expressed as:
Vvp=0-h-T-x,=h, X, , Eq 4)

where 71is a complex gain for transmit chain 210 at the Node B,
ois a complex gain for receive chain 260 at the UE, and

h, =0 -h-7 is an effective downlink channel from the Node B to the UE.

[0037] For the uplink, the received symbols at the Node B may be expressed as:

yy=p-hmx,, Eq (5)



be reciprocal for the downlink and uplink. However,

the effective uplink channel nmay not be reciproca
wWawaok/osdses ef f ecti ve downl i nk channel. 1t is deRCT/EHRI088/078779

to know the responses of the transmt and receive

chains and their influence on the accuracy of the

reciprocity assunption for the effective downlink and

uplink channel s. Furthernore, 8 he Node B and/or the UE
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power amplifier (PA) in the transmit chains, different non-linearity effects, etc.

[0040] Calibration may be performed so that the channel for one link may be
estimated by measuring a reference signal sent on the other link. Calibration may also
be performed to address uplink antenna switching, which may be employed to obtain
uplink transmit diversity when a UE is equipped with two antennas, two receive chains,
but only one transmit chain. Uplink antenna switching may be used for time switched
transmit diversity (TSTD) or selection transmit diversity (STD). Uplink signals may be
sent (i) alternately via the two antennas with TSTD or (ii) via the better antenna with
STD. For STD, the UE may send a sounding reference signal (SRS) alternately via the

two antennas to allow the Node B to select the better antenna. A radio frequency (RF)



[0041] Beanformng in the TDD system nmay be supported
as follows. UEs operating in a beanforned node may be
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uplink. I'n symmetric scenarios with reciproca

downl i nk and uplink, the Node B may derive a precoding
matrix to use for beanform ng for each UE based on the
soundi ng reference signals refeived fromthe UE

Hence., the U no ed to send pr.ecadi.ng .
T s R i SRS HE R, oo R ACHBPU Busittprgne of the owo

artEias at iNateoRenmy send a UE-specific reference
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ubcarriers assi ransmt ant enna
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based. on a reference signal, _[0044]. FIG 3 sho a .
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Rode&Cihdde hass hdvaTRilirdshoReeiover £RdnBer Fadnk&iutiP8ubcarriers per
antenna 352. [0045] An effective m smatch b may be

et anteana.cadth bt epherenceabandigidipdeing, equal to the number of

subcarriers assigned to each transmit antenna for sounding. A channel response may
thus be obtained based on a reference signal.

[0044] FIG. 3 shows a block diagram of the Node B and N UEs 1 through N for
calibration. The Node B has M transmit/receive chains 310a through 310m for M
antennas 312a through 312m, respectively. In general, cach UE may have one or more
antennas. For calibration purposes, each antenna of a given UE may be considered as a
separate UE. In FIG. 3, each UE has transmit/receive chains 360 for one antenna 352.
[0045] An effective mismatch f; may be defined for each antenna i at the Node B,

as follows:



as follows:for =1, ..., M, Eq (6) A where lis a
conplex gain for the transmt chain for antenna i at

W@ b@Imeces B, and Plis a conplex gain for the reCEUS™08/078779
chain for antenna i at the Node B. [0046] An effective
m smatch a} may be defined for Uy, as follows: a = -
, for =1, ..., N, Eq (7) where pis a conplex gain
for the transmit chain for U and 1lis a conpl ex gain
for the receive chain for Uey. [0047] A downlink
channgd =f¥om Node B gyitienina, M o UE may be denoted as Eq(6)
h . An updink channel fromUE j to Node B antenna i
may be denoted as hmu . By reciprocity of a TDD
channel, hmu =h for all values of_ i andy.‘w{0048] The
wheisc fily & compleneerder te tiapsmaiighaip forgmtenna / g e dwdgB, and
ant enag , T8RS &R 1PRSdi. Gald B al€nbdio No0Ge R B! ¢
may n6t> BE°NBCE ary to Cal b at'e f Ae UES' wever "
the UEs shoul d praoperly transm t _sounding reference
H04hk) s 4mpfiechive Brl%lffl’i‘%% A8y B@Qﬁﬁ@ﬁrﬁphgﬁfaass fadews:i ped
bel ow. [0049] An effective downlink channel h 'ejf
from Node B antenna i to UEy may be expressed as: h
=t, ha:;,:]_f. ,Eq (8) Uborj;jamy..estimte the effective Eq (7)
downl i hk €hannel based on a cell-specific reference
signal sent fromeach Node B antenna on the downli nk.
[ 0050] An effective uplink channel hmu ef from UE j
wheRodes B camplerpain fopthye trasmitshagdedUEg: atdp u =p hp u

o; is a complex gain for the receive chain for UE ;.

[0047] A downlink channel from Node B antenna i to UE j may be denoted as hl]D :
An uplink channel from UE j to Node B antenna i may be denoted as h][f By

reciprocity of a TDD channel, h][f = hlf.’ for all values of 7 and ;.

[0048] The effective mismatches /) through Sy for the M Node B antennas may be
estimated to calibrate the Node B. It may not be necessary to calibrate the UEs.
However, the UEs should properly transmit sounding reference signals for calibration

and beamforming, as described below.

[0049] An effective downlink channel hl.f “7" from Node B antenna i to UE j may be

expressed as:

h;”eﬁ:z’i-hf-a. ) Eq (8)

7

UE j may estimate the effective downlink channel based on a cell-specific reference

signal sent from each Node B antenna on the downlink.

[0050] An effective uplink channel hg’eﬁ from UE j to Node B antenna i may be

expressed as:

Ry =7, ps Eq (9)



P. Eq (9) The Node B nay estimate the effective uplink
channel based on a soundi ng reference signal sent by

w4 upl i nk. [0051] A calibration factorPCl/US2908/078779

Node B antenna i and UE nmay be expressed as: t -hi ¢ =
-hu- FfF =" upJ="0b-. E (1O p], --Knh] --PP
CaC}, Equation (10) assunes reciprocity of the

wi rel ess channel, so that h =hl . [0052] A calibration
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glgﬁ)‘ﬁ%]:nt'ﬂy@]ﬂ\pdﬁﬂﬁumﬁkbe calibrated up to a scaling
constant. A _calibration vector ¢ nay then be defined
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A [0054] As shown in equation (12), elenments of the

cal i brat |hmffvect gb cr are i ndependent of index j even

thougt} t ased on neasurenents for UE  Eq(10)
Thi' s’ negiis Hn,athﬂt e aal i bration vector applied at

the Node B does not need to account for mi smatches at

the UE. The Node B may obtain N calibration vectors Cl

Ehuaioglf] ONshwnestrheipidcliEsf thEhverdiod ehBinchpo dext ine= &, .

final calibration vector Cas follows: C =f(C C2, ...,

[0452] EA ¢dlBratwineveetot ([ may e pblagned for HﬁIJEasaﬁbHo‘agi ng

function of the N calibration vectors or a function

that c nes the Nc rati,on vectors using m ni num
mean scglu e érror Cv@k}vélé%\p QJ% otfef “tlechni ques. 1f Ea(D
t he channel gain h or hfl uis too small, then the

@ﬁﬁgﬁr amﬁ% r%ia %}%tgé’bg gﬁgﬁ%ﬁe{d(a}{petﬂ,%}%aﬁgg g]o%st%nt A calibration vector

C , may then be defined as follows:

¢ =c, -%41 Bl B . Bl Bl Eq (12)

1

~

[0054] As shown in equation (12), elements of the calibration vector C; are

independent of index j even though they are derived based on measurements for UE ;.

This means that the calibration vector applied at the Node B does not need to account

for mismatches at the UE. The Node B may obtain N calibration vectors 51 through

C,, for the N UEs. The Node B may derive a final calibration vector C as follows:

C=f(C, Gy, . Cy) Eq (13)

where f( ) may be a simple averaging function of the N calibration vectors or a
function that combines the N calibration vectors using minimum mean square error
(MMSE) or some other techniques. If the channel gain hl.][.’ or h][f is too small, then the
calibration may not be accurate due to noise enhancement. An MMSE estimator may

be used to better combine N calibration vectors with different noise characteristics.

[0055] In one design, calibration may be performed as follows:



be used to better conbine N calibration vectors wth
di fferent noise characteristics. [0055] In one design,

w@ 200004618 on nmay be performed as follows: 1. ThRCINOS0B078779
deci des to performcalibration and selects N UEs with
strong channel quality indicators (CQs) and
relatively | ow Doppler for calibration. 2. The Node B
sends nessages to the N UEs tB enter a calibration

mode. U asyres t he
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measur es the sounding reference signal from each
antenb&.to obtain an effectlve upllnk channel estimate

for, t t d | t
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or

The Node B determ nes the calibration vector
each UH alggsendpanoundingyighrensa signadat the samedimpde B

corg_)ulrﬁ Il\folag B ea?urgsghg Mo S(ﬁ@ Eféglrefngé siigh%\?\fk&ln %%él? %Eogntenna to

cal’ on vectors

equat blﬁtﬁm(alﬁ*)ffecﬁve ﬂiﬁﬁlk%dﬁﬁ@ ctithdts férhtRe TH dndnabiagd cornputes the
node when satisfied with the calibration. [0056]
may araidraentiaster eaforiseah Node thangrng As shovg llb?oélafl% (10) The

vect okghok hiSald ool WiaxigieEhitioral | Brati on with

one hb e B at erent times and/or wth different

Node Bae INbder sl efetdrincIRAO C&lirRGor Yadtht YZ‘ Ofor tAéh UE, as shown in
calibration vector. [0057] A station (e’g., a Node B

or a kfphtiBRY19btain a calibration vector by per form ng
calibration and nmay apply a suitable version of the

cal’ bi'hg Mde\)c'é@p@lpu@ﬁ tlneh ealibrafingnyqctai @ dopitselhbased cwi gadibration
side. Wth the i bration vector, applied, the channe

respoﬁ%@mﬁéﬁ1@ﬁ@?tﬁﬁkmﬁ@9“@én§§Wﬁﬁ%K -based on a

ref erence signal recejved viat } o
8. %ﬂe Noae % exgts the cailbragon mode w%en satisfied with the calibration.

[0056] A UE may also perform calibration to obtain a calibration vector for itself.
The UE may perform calibration with one Node B at different times and/or with
different Node Bs in order to improve the quality of the calibration vector.

[0057] A station (e.g., a Node B or a UE) may obtain a calibration vector by
performing calibration and may apply a suitable version of the calibration vector on the
transmit side or the receive side. With the calibration vector applied, the channel
response for one link may be estimated based on a reference signal received via the
other link. For example, a Node B may estimate the downlink channel response based
on a sounding reference signal received from a UE on the uplink. The Node B may then
perform beamforming based on precoding vector(s) derived from the estimated
downlink channel response. The calibration vector should simplify channel estimation

and should not adversely impact data transmission performance.



ot her link. For exanple, a Node B may estimate the
downl i nk channel response based on a soundi ng

WO edoeneisee signal received froma UE on the upPCTKS20081€78779

Node B may then perform beanform ng based on precodi ng
vector(s) derived fromthe estimted downlink channel
response. The calibration vector should sinplify
channel estimation and shoul d13not adversely i npact
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assurres that a transmtter .g., a Node B or a UE
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RYEROY %rrﬁ’&ol& B&ns ?&@iv\é?ﬁla%é‘ cbfcgXpressed as: y = HV's
+ n, Eq (14) where s is a vector of data synbols sent
by the transmitter, y is a vector of received synbols
at the vHOesver, and n is a noise vector. [0060] The  Eq(l14)

receiver may perform M MO detection with a spati al

[ter.matri x as foll ows: WHV St Wn ,
Eher(els S 4 FREHQL © \s%%tg Sympels oo ba;fth%%'ée%ﬂ symbols and is

an esy hs'@{f&t&fof%celv[e@Q%Lofﬂ&?th%Q@Jeﬁ@r dnlgl ter matrix W
may be derived based MVSE lows: W=V H[HH

+ Y rnis g n@ge Y& V\,here =E [n nH] is a noise
covariance matrix at the receiver, E[ ] denotes an
poplLrt atThencaper atdygperfoamdMIMB detateinntweth aspaaal fligatoeatrix W, as
{iq% nspose. [0062] The bottomhalf of FIG 4 shows a

&Bver with calibration. The received synbols at the
receiver may be as shown in equation (14). The

recei gerwngy wef {arinph MO detection with a spati al Eq (15)
filter matrix W, as follows: sc =SWCy =W CHV s +W

Cn, Eq (17)v\lnere Cis acalibration matrix at the
wheei & 8ra, veatod of detectedipyrelsdls amd B aofestémate Bifie.

[0061] The spatial filter matrix W may be derived based on MMSE as follows:
W=V H[HH" +¥ ], Eq (16)

where W = E[nn”] is a noise covariance matrix at the receiver,
E[ ] denotes an expectation operation, and

H .
“"” denotes a conjugate transpose.

[0062] The bottom half of FIG. 4 shows a receiver with calibration. The received
symbols at the receiver may be as shown in equation (14). The receiver may perform

MIMO detection with a spatial filter matrix W, as follows:

§,=W.Cy=W.CHVs+W,Cn, Eq (17)



calibration matrix Cis a diagonal matrix, and the

di agonal elenents of C may be equal to the el enents of
W@ 2@akbidsist i on vector for the receiver. [0063]PdHES2008/078779

spatial filter matrix W nmay be derived based on MVBE

as follows: WVHHH+ Y C1. Eq (18) [0064] As

shown in equations (17) and (18), the MVBE spati a

filter natrix W attenpts to Uhdo a conposi te channe
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HWOR3F or nES sprtiph dikesBrB Westanhsrderisedibgssd an %Wﬁmfgﬂows

take into account relative transmt powers of

d|ffeggnt‘anhquﬁﬁﬁaiqgkLEhas wel | as gain inbal ance Eq (18)

in the veceive ai ns e"UE. [0066] FIG 5 shows a
bl ock diagramof a UE 110 wth K antennas 552a through

foolfy Wha! endSd BY chfuidhy (VB! 4@ (ggf%@ﬁwm@n el ﬁiﬁer matrix W,
recel ve chains 560a through 560k are coupled to the K

andneptn as unBRa tdmpensgh chbide] HesgeHt hwwhy .a ¢olorednsiidet covariance
chai ns 570a through 570k are al so coupled to the K
ﬁfatr'em AasC85ed . t Tiecodugdrt@bRkbolefpmahs webiver ﬁvﬁﬁ@ﬂﬂlbrﬂi}@l are equal
perform AGC for each receive chain 5%0 an
hs GaficE

1od sg%l.bHISff&m dagciscrizptevifroud igakibratom Whem ap MM§% detector

ﬁqgéfm%ﬁghggﬁgﬁ of all K receive chains are
approxi matel'y equal. The UE may obtain AGC gains of g\

fa68Lgh gk plmseSt he thi¢ retecwed/emwlnaamdo 50 affebr degperf@olance of a

es i vel The A ain be di t for .
bR eras St AR R pE ot dale 0 spupirelative
FRYsnREp&PéS otfqlf?&awaate%xs sepsEr & e aﬁg;ngﬁ‘l'bﬁllafl&r in the receive
each antenna based on a received signal strength

phsasat 8eeliE. for that antenna. [0068] In one design,
LiBeb, Tt AP Do LGRS AT 1Y kOSREDs523 trough
645, where K may be any value greater than one. K receive chains 560a through 560k
are coupled to the K antennas 552a through 552k, respectively. K transmit chains 570a
through 570k are also coupled to the K antennas 552a through 552k, respectively.

[0067] The UE may perform AGC for each receive chain 560 and may adjust the
gain for each receive chain such that the noise variances of all K receive chains are
approximately equal. The UE may obtain AGC gains of g; through gk for the K receive
chains 560a through 560k, respectively. The AGC gains may be different for different
antennas and may change periodically. The UE may be able to accurately measure the
AGC gain for each antenna based on a received signal strength measurement for that
antenna.

[0068] In one design, the UE may determine a receive gain ratio for each antenna £,

as follows:

=5k for k=1,..,K , Eq (19)



Siwhere is a receive gain ratio for antenna k at the

UE. [0069] In one design, the UE may send the receive
W@2009/04@18 os to the Node B, which may take thePCEUS1008078779

gain ratios into account when perform ng beanform ng.

For exanple, the Node B nay deternm ne a conposite

downl i nk M MO channel matrix HD as follows: Hh = R H,

Eq (20) V\,here Ris a di agonal IJmatri x containing the K
ceive gain rat.ig oug ong the diagonal .
‘f(ﬁgrel\lbé Cewe gamr f:%r alrll[ %Ib lgart t@%ﬁh‘e deconposition of
[(m69}:ormﬁs>hé aeﬁgmnhe 4] anahwmblvmalml rétidd tO the Node B, which

(instead of the downlink M MO channel rratrlx to .

mﬁv dike therqspiee ortithgatipat itk agouppwher nefopmBghamforming.  For
9 thé Iﬂﬁ)dy% d@%%ﬁleaaown% t@tdﬁwgfﬂﬂg Mbtclﬂgnnel matrix Hp

al ns en transmttin e soun
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ratio for a given antenna is 1.5, then the UE may scale the gain of the transmit chain for
that antenna by a factor of 1.5.

[0071] As shown in FIG. 5, the UE may have PA gains of p; through pk for the K
transmit chains 570a through 570k, respectively. The UE may have known gain
imbalance in the transmit chains and/or the antennas. For example, one transmit chain
may have a smaller PA than another transmit chain. As another example, the gains of
two antennas may be different, e.g., due to different types of antenna. The UE may

determine a transmit gain ratio for each antenna £, as follows:

t, = Ly for k=1,...K , Eq(21)
a, - P
where ay is an antenna gain for antenna £ at the UE,
pr1s a PA gain for the transmit chain for antenna & at the UE, and

fx 1 a transmit gain ratio for antenna k at the UE.

The transmit gain ratio # is typically equal to 1 but may also be different from 1 when

there is gain imbalance in the transmit chains and/or the antennas at the UE.



tk is atransmt gain ratio for antenna k at the UE

The transmt gain ratiot is typically equal to 1 but
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i mbal ance in the transmt chains and/or the antennas

at the UE.[0072] In one design, the UE may report the
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g%l{)v:e%’? g’;fféierrlit k&@lvfe A8in9 /£ BaidHli MO &S dedivcet deFforehtraR@l chains,
and/or antenna gain differences between different antennas at the UE. Transmission of
the sounding reference signals at lower power may degrade channel estimation
performance. For a small PA, it may not be possible to transmit at higher power due to
backoff requirements. In these cases, the UE may send the receive and/or transmit gain

ratios to the Node B instead of accounting for them at the UE.

[0075] In one design, beamforming may be performed as follows.

1. The Node B calibrates itself as often as necessary (e.g., in each calibration
interval of an hour or more) using the calibration procedure described above to
obtain a calibration vector for the Node B.

2. For a given UE, the Node B weighs the gain for each UE antenna by the transmit
gain ratio # for that antenna (if available) to account for known gain imbalance

at the UE.



interval of an hour or nore) using the calibration

procedure described above to obtain a calibration
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soundmg reference signal from at least one antenna at the UE (block 718). The Node B
may derive an uplink channel estimate for each UE based on the at least one sounding
reference signal received from that UE (block 720). The Node B may derive at least
one initial calibration vector for each UE based on the downlink and uplink channel
estimates for that UE (block 722). The Node B may then derive a calibration vector for
itself based on initial calibration vectors for all UEs in the selected set (block 724).

[0079] For each UE, the downlink channel estimate may comprise at least one
downlink channel vector for at least one antenna at the UE. The uplink channel

estimate may comprise at least one uplink channel vector for the at least one antenna at

the UE. Each downlink channel vector may comprise multiple first gains (e.g., hl.][.’ Yy



one initial calibration vector for each UE based on
the downlink and uplink channel estimates for that UE
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e eaodunggdimirnbaaiyy duakd) different AGC gains for multiple receive chains for

the multiple antennas at the UE. In general, an AGC gain may include any variable gain
in a receive chain. In one design, the Node B may receive at least one gain ratio r4 from
the UE, with each gain ratio being determined by an AGC gain g for an associated
antenna and an AGC gain g, for a reference antenna at the UE. The Node B may
determine a composite channel matrix Hp based on a channel matrix H for the UE and a
gain matrix R formed with the at least one gain ratio. The Node B may then determine
the precoding matrix based on the composite channel matrix. In another design, the

Node B may receive sounding reference signals from the multiple antennas at the UE.



i nto account gain inbalance due to different AGC gains
for multiple receive chains for the nultiple antennas
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variable gain in a receive chain. In one design, the
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multiple antennas at the UE (block 1116).

[0087] In one scenario, the UE may determine at least one gain ratio rx for the
multiple antennas at the UE, with each gain ratio being determined by an AGC gain for
an associated antenna and an AGC gain for a reference antenna at the UE. In another
scenario, the UE may determine at least one gain ratio # for the multiple antennas at the
UE, with each gain ratio being determined by a PA gain for an associated antenna and a
PA gain for the reference antenna at the UE. For both scenarios, in one design, the UE

may send the at least one gain ratio to the Node B. In another design, the UE may send

sounding reference signals from the multiple antennas at the UE, with each sounding



mul ti pl e antennas to a Node B (block 1114). The UE nay
thereafter receive beanforned signals fromthe Node B
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gyen(t:beollg/ efordgrtlea 02 onrtorgnr%fe%ncgosrtgnals, e.g., cell-specific reference signals. A
MIMO processor 1330 may perform precoding for the data symbols, the control
symbols, and/or the reference symbols and may provide T output symbol streams to T
modulators (MOD) 1332a through 1332t. Each modulator 1332 may process its output
symbol stream (e.g., for OFDM) to obtain an output sample stream. Each modulator
1332 may further condition (e.g., convert to analog, filter, amplify, and upconvert) its
output sample stream and generate a downlink signal. T downlink signals from
modulators 1332a through 1332t may be transmitted via antennas 1334a through 1334t,
respectively.

[0092] At UE 120, R antennas 1352a through 1352r may receive the T downlink

signals from Node B 110, and each antenna 1352 may provide a received signal to an

associated demodulator (DEMOD) 1354. Each demodulator 1354 may condition (e.g.,
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[;(msa] n reeedy adysytitaleshe E@mlﬂluﬂ@mdn&lalhmﬁtybaazgeﬂayte CQI and/or
provide recejved data s¥nbols and received contr
QYR Eedback infounsis e Be fesdbacksnormatiamydagy 9moeedata source 1378,

5@84 e gm'bfaef F&GOEe s?%dg%odlgggt &uﬂdlﬁgqgﬁﬁénc@% §1§)‘3 be rP&rocessed

anne proces 4 may stlnate e dowh
ahannedodtd ami MootiulBed)168y totrdEml2probased 1830, tyirecoded by a MIMO

recei ved refe nbol s, and ovide a d i nk
B0 PLREDETE s et Bet Ui torahid %@ REt oA e {pgenerate R
&ﬁﬁ@c SRR %ﬁd?lrrﬂh%é\@a&%%& iQ %nf%ﬁnéshl%sw ﬁﬁbﬂgqﬂl 2t aAt Node B

synbol 3 and the received control synbols based on the
dturthe ik uplinknsighale Stommbtte l%mamlawraﬁelvd@foermnas 1334a through

BB 0T ar B RaBATR RS Pt Rl RO TS SRl fggesor 1344
grgadaatdatha JplinR dhaheel Stok UB120 t8Mdodd BVI eate 60! gqqowde an

control information to a controll er/ ﬁ%ocessor 139

polggaghanke] Edmatsyo @Y vEY detedier kdinINTAMOcdrégstns| 1336 may perform
ﬂﬁﬁ/i(b Hé{te@tﬂ% BSOELRNE u%k @ﬂaq{nglr estimate and provide detected symbols. A

receive processor 1338 may process the detected symbols, provide decoded data to a
data sink 1339, and provide decoded feedback information to a controller/processor
1340. Controller/processor 1340 may control data transmission to UE 120 based on the
feedback information.

[0094] Controllers/processors 1340 and 1390 may direct the operation at Node B
110 and UE 120, respectively. Controller/processor 1340 at Node B 110 may perform
or direct process 600 in FIG. 6, process 700 in FIG. 7, process 900 in FIG. 9 and/or
other processes for the techniques described herein. Controller/processor 1390 at UE
120 may perform or direct process 1100 in FIG. 11 and/or other processes for the

techniques described herein. Memories 1342 and 1392 may store data and program



ot her feedback infornation. The feedback infornation,
data froma data source 1378, and one or nore

WO 2doeneisee signals (e.g., sounding reference sPOHEBRYPS/078779
may be processed (e.g., encoded and nodul ated) by a
transmt processor 1380, precoded by a M MO processor
1382, and further processed by nodul ators 1354a
t hrough 1354r to generate R ink signals, which nay

be, tr-a t nas 4a hr
f&%dﬁé f(gnli% Ig hg Eﬁ Iﬁ? 11 r%spa e Ny fé Qi‘i%%fégﬁg rnaygglect UE 120
IR GE g U&Esafﬂ)t Qlﬁfaaﬁsarﬂsﬁﬁﬁ&)d Blli ahg dod 3Bl ardrer npmess&d on the
by denodul at ors 1332a through 1332t. A channe
stformmuian pggeised ifipgt dhe H&Epl ShRIEMaAAL Mavorisoallocate
Nagle may provide an uplink channe
%%??T‘Fr%ktte t oscgeﬁl%bgget ector 1336. M MO detector 1336
ﬁhwsperfmﬁﬂebeﬁHdﬁthmi@muhhm&mnmnmnha1nﬁhmmkmcmahmghdsnmy

stinate nd rovi de detected . s nbols recei ve
¢ 6?%%3538 gﬁo\@gggy 9& gl £ dedy fpéd?}ngl techniques. For

prayid eda@@QﬁQﬁ&'Ugﬁst RohPhaAdd aﬁlﬁ)rﬁﬂaﬂgn 1§§§’1%1s g, Bhwdidend chips

decoded feéedback | Aformation to a controller/processor

mﬂmaycﬂontne&rbrmed pthosebewr tlmsabowmsiewupmrolmayafoa represented by
nsm ssi on to UE 120.based on t

VPR BRe. JIG0EmatEns ot e rae b LS ELRERfucles. gatieal ficlds or

@eﬁ&ﬂaﬂyﬁ@ﬁbmhhﬁymﬁ@bﬂtlOn at Node B 110 and UE
ectivel Control |l er/ processor 1340 at Node B
[!111@6}ray 18@15615 of ﬁk%lrwquldeﬁ;rth@rr apeersate Olmt ithe Fr@useillustrative logical

BEEEE oL S, o FEBRT 10 AL 90 i

% processes escr

Geelbsiat Iherdip hogelss thpld@oticdtas ldEcﬂrBﬁhc raydwatef esmipudér software, or
direct process 1100 in FIG 11 and/or other processes

fIRbippfEons Rhhethuedo ddeselyi Hustrate this nintekghgpegabdity pfshaggare and

NiRs0a RERY ] & h
Qo?fgn?a g%ﬁ%hgr@gpe@t%lcée )9 éAgsbc quéddc 32}%’)/ sfie gt ave been
tﬂEcﬂﬂaﬁi ot genatlhein tokss diothe dma:tm)nartgm\félﬁdtm soch fumetionality is

i nk.an i nk ased on he f eedback
Vin SRAEET 61 aééw{?;e%f PRLENATE HiED paficylgn @ppligption and
éﬁlzﬁﬁl %ﬂsﬁ’&ﬁ{seirﬂp%%w&&% (;\Qra{lhﬁlsﬁzﬁhegléﬂll%&i aHEsﬁns 1209Rblement the
Those of skill 'in the art woul’d understand that
dmnbfrﬂatfmm’qloaaidysmg Naﬂymgmvgaybefor eqar:bsm'ﬂ@darusppi@amty but such
rlet of. dif echnol ogi,es and tecg
E%Qle ﬁtb?ne %}%{{)]&S s]ilcﬁlg Eﬁ;) dpitg r%t% &gsmg a epa WS from the

yﬁ@@bﬂakq@awm&hgﬂ@m&; bits, synbols, and chips that
be referenced throughout t he above description may

8@9? kpr ddentasipup ylivsiiatizg degicad IMeakst srodeleacandopisgist deécrlbed in
Yehtegtiod BHR ﬁ{el cﬁsclés%lredﬁerg b n?a%/r 156 1%{p?§nencf&{ J)rcﬁelrfoﬁrﬁlgéi g/‘?th%rgeneral-

purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing devices, ¢.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more

microprocessors in conjunction with a DSP core, or any other such configuration.



particles, or any conbination thereof. [0096] Those of
skill would further appreciate that the various

WO Roog®¥a3gs i ve | ogi cal bl ocks, nodul es, circui tBCT/HR2H08/078779
al gorithm steps described in connection with the
di scl osure herein may be inplenented as el ectronic
har dwar e, conputer software, or conbi nations of both.
To clearly illustrate this i m¥rchangeability of

sof war e rio tr )
o8t mer e POk o s ok Zorihiny BB S, cqpuestigpe with the
diselosite sereidady B@ @M@o@leﬂl ﬁ[ra&tlyyml hardvedr&En @fsoftblfater module executed

functionality. Wether such functlonallt i's
Pyl eAEHIEUd O REeHREIEB TSRS tW@r e @éﬁ@ﬂ’&&e tedwlethgy reside in

i
RARY piethly, SR heRbLe RO pRERr 0N RRNH HPOERE memory,
tdasstatesard diekl of amovatdea diskf y CDAR O, Yoir agy Myssfoﬁ*mrof sacipe medium
articular ap Ilcatlon but such i tatjon
5 {ToRE a8t ot GXFBRIaBESPRBe M5B nf%&gﬁh@p@cessor such that

gfi‘éée%& bl ARLRRrPERRERGh Eﬁl?wpi&eﬁ%ﬂfna@ibﬁ'% QcUEtSrage medium.

7] The various illustrative |ogical bl ocks,
hndhala@smaamj thd stowige snadesn mdyé@b iintegead m@dwtprocﬁswrt HFh'eIwocessor

h b d
S Biror e intuwn Y aeies T4t ReicE ante; A8l HiPottallegh a user
{ckafth]. an t%@pilteﬁﬂlttﬂv@nﬂ}%p@%bésls& bid €8 8loRgheCinkdidif may reside as
&QSI C), a field progranmabl e gate array (FPGA) or

mteq@rrm@n@mﬁaba@ert@mna@ew ce, discrete gate or
i stor SGr ha 0 s y
RSP S O L SRR B ARG il o

tesiembired inehetdardy gcﬁ’fwra,l PitmPASE P RS senhbifdyorbah@cof.  If
m cr opr ocessor, but in the alternative, the processor
e/ cmentachyn sfvAaft the AwtctionbEws R5rstored ap 0 tegymitied over as one or

Fﬁo?é' Qﬁﬁﬂét[ g, 0d9 n$t @tﬁﬁpd@cﬂ%h&h%ie ﬁeﬂ{uﬁ? o ut&B¥adable media

e I npl emented as a conbi nation o I ng
teludeebotheomputea stocagbinnalid anl @fmauidSRicandeda including any medium
Iuralitﬁ of n1cropr ssors, g e

JUHY

cr.opr.ocessor ce or
ﬂ%r ety Hla%‘if%rs%fog SOMRUIER RNt RlagC frpheiBele, A storage
Rlcd@Mayobd8ily SMERLIE i DEAE R a[c@@s%&l b%r Qegeﬁ&_ﬁ?%ur?{)qsg%r special

met hod “or algorlthn1descr|bed I n connection w
pirposcosameuttier Bynwanpf bsamplsodid dotlilingtatipy, sush computer-readable

BRiEeBh Sorii® KA YBIN, FRPROR SEBERORE P berr opigal gk storaee.

mRgutR d1EKY sto@gk @€ other &%%mr@%mge fitvasdy, seams atheﬂ%ﬁhum that can
menory, EPROM nenory, EEPROM nenory, reglsters hard

b ysed ta cpEYrOY @t@teededlr@&proaraepcmmew in e fothef syt or data

ahic)ﬁ HIE P flap g%t{égé) pgc % gt N g&{eral%ﬁ(ﬁg % 5 %chl-%tu%o%g eCOmputelr,

umils cou essor
or a general-purpose or special-purpose processor. Also, any connection is properly

termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wircless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually

reproduce data magnetically, while discs reproduce data optically with lasers.



t he processor can read information from and wite
information to, the storage nedium In the

W@blioensts8 ve, the storage nmedi um may be i nt egredT/US200$1¢78779
processor. The processor and the storage medi um nmay
reside in an ASIC. The ASIC may reside in a user
termnal. In the alternative, the processor and the
st or age nediun1nay reside as Hiscrete conponents in a

ERERHEO AE e R e B8, BRI SRR R Yeonecaf epmputer

hﬁﬂﬂn@ﬁgdwsoftmare firmvare, or any conblnatlon
thereof. If inplenented in software, the functions my

1018910 dhegreypus desaepian @ﬁthé\ﬁéﬁc Q§§reo1ﬁ Preyidedytogenable any person

‘E‘%ﬁ&{ chthé %0 %E; 8%9 Qs dé)fﬁe%é’éfd‘gg %@mlﬁca%gé H%he dlsclosure
nmput er-reada iainc &5 bot conmputer storag

wﬂﬁbaraHMya@@mmnt&ﬁﬂm&ﬂﬂﬁﬂdialﬂnﬁhudmﬂgha@ynmnﬂpmmmmesddhmd

hat facjilitates transfer of a conpute ram from
Feinghax 8 epp e rdher Aﬂgfe%}sa‘@léh%&ﬁ%@%@ figeh %ﬁ;ﬁpmt or scope of
avalildhhut. W?Hil'lsa th@kcl6@Re @sen&QQ%ﬁéﬁgtob% ﬁrn%{i] % ale examples and

purpose or special purpose conmputer. By way
éesqul descralred  Ingyeinl Huti is &0 ibengcceudeth tb@rvpddzsersccbr@adatsis@nt with the

. EEPROM CD- ROM th
B Rer S SR P bl (i ok st or nge or ot her

magneti ¢ storage devices, or any other mediumthat can
be used to carry or store desired program code neans
[910He fWHADBAS CIAMMEDI ISns or data structures and
that can be accessed by a general - purpose or
speci al - pur pose conputer, or a general -purpose or
speci al - pur pose processor. Al so, any connection is
properly termed a conputer-readabl e nmedium For
exanple, if the software is transmtted froma
website, server, or other renbte source using a
coaxi al cable, fiber optic cable, tw sted pair,

di gital subscriber line (DSL), or wreless
technol ogi es such as infrared, radi o, and m crowave,
then the coaxial cable, fiber optic cable, tw sted
pair, DSL, or wreless technol ogi es such as infrared,
radi o, and m crowave are included in the definition of
medi um Di sk and disc, as used herein, includes
conpact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and blu-ray disc
where di sks usually reproduce data magnetically, while
di scs reproduce data optically with

| asers. Conbi nati ons of the above should al so be

i ncluded within the scope of conputerreadabl e nedia.

[ 00100] The previous description of the disclosure is
provi ded to enabl e any person



skilled in the art to make or use the discl osure.
Various nodifications to the disclosure will be

wo eadiokepigapparent to those skilled in the art,PERtS100&078779

generic principles defined herein may be applied to

ot her variations wthout departing fromthe spirit or

scope of the disclosure. Thus, the disclosure is not
intended to be linmted to the2%exanpl es and designs

descri bed herein but is to rded the w dest

scope consistent with the Gﬁ%es and novel

features disclosed herein. [00101] WHAT IS CLAI MED

| S:CLAIMS 1. A nethod for wrel ess conmunicati on,

conpr i si ngA mehod thraaldlgss pembramigatign,cahipbisagi on i n

each calipration_interval tq ohtain a calibration

vect operfqﬂlcaﬁym?i@)r@mgaﬁa'lﬂaé?% i Gigh RSO Ry Yy togPbtain a
Lﬁ%%éno%%cﬂa%%raquet@%h (UE) in each calibration

Interval and applying the calibration vector obtained

for t pefaalind rtenindorniing efovait. 1@st Tme nwer hophipherd| AVR) in cach

ereln t ri djcall rformn |i.brat.io . )
SRSy erB bt Sine i YRR ih (st hu PdiB o Fhs gatibration
sedrv@f UEs to performcalibration, deriving at |east
one initial calibration vector for each UE in the
sel ected set, and deriving the calibration vector for
the de e n I I ti

S i %Fﬁ%legle%e%ﬁtae HS g’t wﬁ% n.l.tﬁg pelQ F(}{Xagle oﬁgrﬁ?r&%;% &ahbratlon
whep@en, foheachebbphiingirtdiealset of UEs conpri ses

selectin the set of UEs based on channel quality
i ndi celetias ece) &) Uksacviesmcalihtoe UEs. 4. The met hod

of cl @érmlﬁ%at"l@fs'f Sh@ G AR YA b R fJ)Iee@éﬂ mﬁ.th@.éetltj:c%d set, and

calibrati vector for eac conprises receiving a

downl desrkvm@ﬂnmelibmatbm natae br thimNdie BJEased @a eniviningpliitation vectors

hﬁ oundlng reference signal fromat |east one
ﬁ%@qﬁgseﬁer|V|ng an uplink channel estinmate

for the UE based on the at | east one

3. The method of claim 2, wherein the selecting the set of UEs comprises
selecting the set of UEs based on channel quality indicators (CQIs) received from the

UEs.

4. The method of claim 2, wherein the deriving at least one initial
calibration vector for each UE comprises

receiving a downlink channel estimate from the UE,

receiving at least one sounding reference signal from at least one antenna at the
UE,

deriving an uplink channel estimate for the UE based on the at least one
sounding reference signal received from the UE, and

deriving the at least one initial calibration vector for the UE based on the

downlink channel estimate and the uplink channel estimate.

5. The method of claim 4, wherein the downlink channel estimate

comprises at least one downlink channel vector for the at least one antenna at the UE,



soundi ng reference signal received fromthe UE, and
deriving the at |east one initial calibration vector

wo 200908818 )E based on the downlink channel estiPEE/ES208078779
the uplink channel estimate. 5. The nmethod of claim 4,
wherei n the downlink channel estimte conprises at
| east one downlink channel vector for the at |east one
ant enna at the UE, wher ei n théﬂhplink channel estinate

w? eglats F u8 eai}%lnegﬁmfly n KisC h%q%as{[l\?lr\léeregé)tl%k anne Vector for the

getdavti 6k Taht%nﬂat at @RS tUR, n@nd Ritictcth thaldehik gl tid Mel‘ehﬁf one initial
for the UE conprises derivin an initial calibration
g brgions yctas feh thenVEriempaiset Ariviee padaigiabeplibraiginiccipg for each

%ﬁ?@%ﬁ% tlYeeﬁfE%%&pn&e{% ﬁgg&gf#ﬂl{gﬁa&lﬁm g{%@%\éﬁcg 512 ﬁ}éﬂﬂ{lcﬁaﬁﬁel vector for
thewntennk channel vector conprises nmultiple first gains

for multiple antennas at the Node B, wherein each

upl i nk channel vector conprises nmultiple second gains

for tge muirhé Rlefhodrennas, %efeﬂ?ed@ﬁ%@wﬁhnﬁ@ﬁn%ﬁe%{d? comprises

the deriving an initial calibration vector for each
mutteqim arsitgatr dotUButigip ritsesasdattes Mode iy wher¢in p@h@l uplink channel

nments of an u nor nal,i zed a |bra n vector

Sortecdu s ARG S5 FLhS IR g ERRRTans Sfoge B, and
ﬁ/ﬁ@t@ﬁﬁth@ abfving aNehifgdaliB@tibM eedm fol Bdch atcRiB At the OfE ddMprises
unnormal i zed calibration vector by a first elenment to

obt ai fctemainingi mplgiplecelpinpptatof gn wwermtlized calibratiom vegipmbased on

h th | t he
Blioh UP s mutdole FR TSRO Ehe Fa b oo JISLEL &
conpr aéfg dey mvltipde tRencanl sfthatunomydietd balibiﬁtldd‘leedi\!ﬁdl@ a first
B based on . a functjon_ of the initial calibration

¢lementyte opgin Hyejinifiplcalifratinn veepelor diy anggnnaph@ed{fct i on

bei ng an averagi ng function or a m ni rum nean square
error (MVBE) function. 8. The nethod of claim 2,
wher efn t h@h@meitl&nﬂi afa¢lhiyn pewhorein iy deadvidy ik @fibration vector for

further conpri.ses, for each calibration._.interva

thenlpdy Breelagess o8 T3 R ol VSt i @1 31395<*t & based on a
RALESn Bf SR I ALdaRPralBE G ectSrs 1OP 2BPDRE & U {Pctddl 8! B8 Sunction
conmuni cati on, conprising: at |east one processor

baing hgavareking ﬁp@tlb@ di califignupemecar squetd drisr AMMBE] funetiwh
calibration interval to obtain a calibration vector
for a Node B, and to perform beanform ng for at | east

Ong Ugelr eqhé ped 4fURlind D, WBR&BInClk ipbfiaditally part@iv@d calibration
and a
further FcJ:(F)JrI%lrlses, for each calibration interval, sending messages to the UEs in the

selected set to enter a calibration mode.

9. An apparatus for wireless communication, comprising:

at least one processor configured to periodically perform calibration in each
calibration interval to obtain a calibration vector for a Node B, and to perform
beamforming for at least one user equipment (UE) in each calibration interval and apply

the calibration vector obtained for the calibration interval.

10. The apparatus of claim 9, wherein for each calibration interval, the at
least one processor is configured to select a set of UEs to perform calibration, to derive

at least one initial calibration vector for each UE in the selected set, and to derive the



the calibration vector obtained for the calibration
interval. 10. The apparatus of claim9, wherein for
w@2wb/0e@h8 brati on interval, the at | east one pPOLESHO8/078779

is configured to select a set of UEs to perform
calibration, to derive at |l east one initia
calibration vector for each UE in the sel ected set,
and to derive thecalibration Zect or for the Node B

?a 9 {(])r tf% e%\?ofietgrﬁase porr)l alP{’jﬁa? gghl{ra?t{cinaver%tof%%or all UEs in the
mﬂ@ﬁ@jﬁmfor each UE in the selected set the at | east
one processor is configured to receive a downlink
channel estinate fronlthe UE, to receive at |east one
sound I
the oLy o FAELARERUCOATRIN 16 SRcAn 1633k SIPLARL AR Flet the a
MEsthﬂmqﬂocmSSdrhe catﬁgueaisto eoaves auodinhigk chimicboagenstd Goal the UE,

received fromthe UE, and to derjye the at |east one
IOHEEFISY 98P BP P BI et BPoR G h O RS bRn<oiiane ot the UE, to
daw bkpGhenighnd SitifBle fRNde the WREd B ®RaANghst one sounding
estlnate 12. An apparatus for wirel ess comruni cati on,
mﬁtrrpnqesslgtgll rereaied ffam tIpeUEo e &l dlgriveeth€ of Iestgpne initial cahbrat1on

cal i brat e |bra n,interval to optain
Eiorp b def O GBe WBRBRR Snaich Sl PR’ fhifc channel
Beinka¢ M ng beanf or m ng for at | east one user equi pnent

(UE) in each calibration interval and applying the
calibration vector obtained for the calibration

| ai h
oo For BLpRRER LS A A Sl " 1

conpr ing&ss, fdroperAdalie qidribmtﬂgomlibMtﬁihVﬁtﬂ caditeedtdrdtion interval to
selectlng a set of UEs toEferforn1caI|brat|on means
¥

PRIRiIncesal aﬁ@“d?“P%%%f*Nﬂ@@ @#fial calibration vector
for eqy
deri vi n gt L{ﬁT (H}ngrl tﬁ%aglﬁf(){\'jtg%l g&’ g?ﬂ% ﬁﬁ@% L @]éprgent (gE) in each

oalibiratichi mltemdl arar applpmgvihet ailibration adctor Usained tférethe calibration
selected set. 14. The apparatus of claim 13, wherein
t&Vé#teans for deriving at |east one initial

calibration vector for each UE conprises neans for

recei ving a downlink channel estimate fromthe UE
13. The apparatus of claim 12, wherein the means for periodically

performing calibration comprises, for each calibration interval,

means for selecting a set of UEs to perform calibration,

means for deriving at least one initial calibration vector for each UE in the
selected set, and

means for deriving the calibration vector for the Node B based on initial

calibration vectors for all UEs in the selected set.

14. The apparatus of claim 13, wherein the means for deriving at least one
initial calibration vector for each UE comprises

means for receiving a downlink channel estimate from the UE,

means for receiving at least one sounding reference signal from at least one
antenna at the UE,

means for deriving an uplink channel estimate for the UE based on the at least

one sounding reference signal received from the UE, and



means for receiving at |east one sounding reference
signal fromat |east one antenna at the UE, neans for
W@I20000463¢8 an upl i nk channel estimte for the UKCTDHHSMAS/078779
on the at |east one sounding reference signal received
fromthe UE, andneans for deriving the at |east one
initial calibration vector for the UE based on the
downl i nk channel estinate andﬁihe upl i nk channe
:Sglogtegnsrfi([)}r %r'é\\flﬁg e rrae el:a&mo% om%mlg q’gt(l:(;ﬂ \4 c?qn%r ﬁlerigﬁ based on
theubwWagnRthdreabéstione 4aAhetlink thapedl Ie@tﬁh@t@] Iy perform
calibration in each calibration interval to obtain a
calibration vector for a Node B, and code for causing

L, 2L el RS PEph oA or o 1ot

interwaanm@pﬁﬁﬁmyeﬁhdmnaﬁnbmaﬁmpn vector obtained for
the cali brat %n mtervaLF6 16. A nethod for mhre“%ss oL
communi cat F957, 1O ISR 1735 Ve CRRAHYT Fupesiogically aFigrm calibration

fBdakh éal%ra@or“ﬁ%@va@ tPYothiakd BB bIBLR vAGEOMR L NIRkB, and

I mbal ance for nultiple antennas at a user equi pment '
(UE); and palcffor edusmgheaunttloasthbmgednaputertte pofomm beanfoeming for at

r COdI mat ri Xx. d. of cla 16, erein,.
RAS 6t SR eh U £t Se g et A S QP Gitibration
d&&&rdstmagfom@ dalie&aeh igert®t ri X by taking into _
account gain inbalance due to different automatic gain

contr ol (A(ID gai ns for nultiple recei ve chains for

the mljﬁtl pé 6(? A3 1reelléss lifncagign cy&l%n hOd of

claim er comp . receil east one

gai n détinfinfngom ﬁrb@)dh@ n&ﬁ(ibh agad INddatBOb}b&alﬂgg into account gain
detern1ned béran AGC gain for an associ ated antenna
aplplanee Aenyiiply anénngs HeruspiesfierTarht éHRA aafi the UE, and

wher e| (Srﬁﬁnéjﬁéaﬁﬁﬁfn%h %Jtﬁglﬁr\?%’ﬁ{egg o0l %ﬁat?&np” S€s

deter ni ng e precoding matri x ba e at | east
one gain ratio. 19. The nmethod of claim18, further

conpr |ng det osite channel trix . .

based n STRRGHHER Al f-o R dﬁﬁ‘?ﬁn‘ém@g%ﬁ Afeoding matrix

%ﬁgﬁg%ts ‘gl;:ttfhﬂlrllﬁlﬁfg @k ph&BaIng A9y Naltifl iflo 2BRINWRSAR §inBalance due
[

to different automatlgc gain control (AGC) gains for multiple receive chains for the

multiple antennas at the UE.

18. The method of claim 17, further comprising:

receiving at least one gain ratio from the UE, each gain ratio being determined
by an AGC gain for an associated antenna and an AGC gain for a reference antenna at
the UE, and wherein the determining the precoding matrix comprises determining the

precoding matrix based on the at least one gain ratio.

19. The method of claim 18, further comprising:

determining a composite channel matrix based on a channel matrix for the UE
and a gain matrix formed with the at least one gain ratio, and wherein the determining
the precoding matrix comprises determining the precoding matrix based on the

composite channel matrix.



the precoding matri x conprises determ ning the
precodi ng matri x based on the conposite channe

woreaopioxe329. The net hod of claim 17, further coPgF/US1008078779
recei ving soundi ng reference signals fromthe nmultiple
antennas at the UE, each sounding reference signal
being transmtted by the UE fromone antenna at a
power |evel determi ned based %h a gain ratio for the
anten a t eterm ned by an ACC
gain or tﬁﬁe% hoﬁ()? al%qznﬁl}?\t Compnsfn(% a reference
ant enpgeidingt d@an&iﬁﬁ rédrendh §ighatt ﬂ@ﬁl 0t nollapladnnyheried OE, cach
the determ ning the precoding nmatrix conprises
g g Iﬁifqﬁ@lqe%grﬁ# OEBEi tﬁaglswﬁg adi ky By VEKirery gt aptenna at a power

[

BCRUPI AR AT Eh A5 PSP D FRE he RASto being determined
bjhem ma}a: ggih doraht embms @ild anheGOaor fod uecfb@nck drftenmanit the UE.
antenna gains for the nultiple antennas. 22. The
met hod of claim 21, further conprising: receiving at
| eastypne @Rl hebid & Jlﬁlﬁfnl& hehdtEin tﬁ@@lgteﬂﬁfnﬂlgt' @kiRecoding matrix
being determ ned by a A gain for an associ a
amnmma datietminin2Athg amrencotimg naatrie oprtenoe irdohermat gamtumbalance due

d wh di ng . i :
Botishr o Po5sF aPwlifFn 74 ReThy St R DRERR SOl oy fhe mutiple
M’[@n@% at @BIIE OB Idiffdraritia@tends gaih§ for MRS MARipRf atﬁélﬁﬂaﬁn

21, further conprising: receiving sounding reference
S|gnals fromthe multiple antennas at the UE, each

soundygg 1 $LELeNGA FLANALIDRLAG JARRIA T ed by the UE

from One anEenna at %1 ned based on

a gai fbcélatﬂgoatﬂ@dst bhe gaﬁtretﬁm gront the (PRY dack ghinorabie |b@@lg deterrmned
det er m ned a PA gain for the antenpa and a PAg
bop P4 gaip &rms%lﬁt%ﬁﬁew anf@ RoEgaipfor e %rsa%?raa%@a at the UE,

L1 wHELR tﬁé%le gkegﬂdm QR %b s e{eﬁﬁﬁﬁné){l]l)%( precoding

processor con |gur ete m ne ecodi ng mat
atatrex Mseidaoﬂtﬁe)atteakumg gaft r@tiaccount ga| n i nbal ance for
mul tiple antennas at a user equi pnent (UE), and to
perform beanformng for the UE with the precoding

matrix3. 25ThJH1%th%BF2ﬁ"cﬁ§rH%lOfurt%lelaédi‘ih;?r?smg‘\her ein the at
| east one processor is conTlgured to receive at | east

one ngﬂlVl‘I@t joonding mf@mceuagn@aﬁhng@a mulaple @nt@enwgat the UE, each

determn or. an. C|at ant enna

ST et S Bf bR RSO B BF AhcRGufima e « power
t@:@bl%t@ﬁuﬁ’éditm b agRiiMratientbf Gle 2(11&513@)1 1#8ighinf @fio deing determined
recei ve chain or apower anplifier PA) gain for a

by aRdngain & dhgraftermaznd adtegda ferta tersenge angnaa gighe UE.

24.  An apparatus for wireless communication, comprising:
at least one processor configured to determine a precoding matrix at a Node B
by taking into account gain imbalance for multiple antennas at a user equipment (UE),

and to perform beamforming for the UE with the precoding matrix.

25. The apparatus of claim 24, wherein the at least one processor is
configured to receive at least one gain ratio from the UE, ecach gain ratio being
determined by a gain for an associated antenna and a gain for a reference antenna at the

UE, each gain being an automatic gain control (AGC) gain for a receive chain or a



determ ne the precoding matri x based on the at | east

one gain ratio. 26. The apparatus of claim 24, wherein
W@ bwoasesigast one processor is configured to rBCEUS®08/078779

soundi ng reference signals fromthe nmultiple antennas

at the UE, each sounding reference signal being

transmtted by the UE from one antenna at a power

| evel determ ned based on a giﬂn ratio for t he

ant enna a n Lerp ned a

PSaARRIBE AR Bk SPM I SRURLRLeRaTinRn SR, LE end o

Werngiae thegrédddhg m@riaagdtanide bCle@lone ORTHR. ( AGC)

gain for a receive chain or a power anplifier (PA

gain for a transmt chain for an antenna at the UE

27. geth o] 0 |

det e'ro?n ni ngg%a%hat\%ﬁ{) }) f]czael&f g'?u Wq%?%l IlrlJIotge a%t [egr%%aéhy%rocessor is

usﬁ”rgueazﬂuﬂopﬂmte {dubjlingsefedinag sngls dtcsn dre moltipfen@ttérmas at the UE,

i ndi cative of the i mbal ance for the Iti |l e

ewa%mgofeg?rw&a enal ey GHB ?ﬁjg{’lﬁég?nlﬁj SPgrigfegna at a

bEwaP 108 MadeniBed Blé‘&db(ﬁ?gf Qa!irm?'gtlcﬁ 'f&n’@ilesanl?&inggthe gain ratio being

gener at ed based on a precoding matrix derived by

d@tknnnged by o gamcfou titc ankamngand algamaﬂoaagéefmpe tiffenna at the UE, cach

nmul tii pl e ant as at. thetrU NZ% thod of C%

A &t t?et‘%%an‘f% Rg ¢ )g%ﬁ“ﬁ Phal4h¢E T8 Phé‘ powet

aMplifid! (P A3 BLIRTORS tradsniinehaldEfok @i RhicARSatdRd BEM ni ng at
| east one gain ratio for the nultiple antennas at the

UE, each gain ratio being determ ned by an automatic

gai n gont 1ol (AGE Al f QL ASRES BheR AL enna and

gain Tor°a’ Teterencédrant enna "a BE. 29. The

met hodetodmifingi gainlifmbalsnes rmniltiplc daicaniay am lal’mgeﬁ dqalpg@dnn (UE);
i mhal ance for the multiple antennas at the
conpr FEENSFEEH NPT ALION Brliqativp of His gﬁ”# a”flb%arfcsrf% the multiple

g[lr{gﬁﬂaglt@amhggngﬁd at the UE, each gain ratio being
term ned by a power anplifier (PA) gain for an

assocreatiethgaharom andgel Phogathn Naale Ea thebearefma:med s1gnals being
ant en at the UE. 30. The f i.m 27, where
gHisTaeh By S ghdltecading ﬁ‘f%‘il’fmf{]ef“éfﬁ‘? '%n § JRoofccopRt the gain

GRbaladcB P& BOGRIAAE aktBenadul fhicRife ant ennas conpri ses
sending at |east one gain ratio indicative of the gain

i mhal ance for the nmultiple antennas to the Node B. 31.
The hod..pf cl.aim.27. ndln nal s

o B+ oRf REOArcimrt RECG 1% 6 iy ppitance for
el hillpbR anéwanas t&owrdmlseﬁa&bﬁﬁnﬁfgumbm one gain ratio for the
multiple antennas at the UE, each gain ratio being determined by an automatic gain
control (AGC) gain for an associated antenna and an AGC gain for a reference antenna

at the UE.

29. The method of claim 27, wherein the determining the gain imbalance for
the multiple antennas at the UE comprises determining at least one gain ratio for the
multiple antennas at the UE, each gain ratio being determined by a power amplifier

(PA) gain for an associated antenna and a PA gain for a reference antenna at the UE.

30.  The method of claim 27, wherein the sending signals or information
indicative of the gain imbalance for the multiple antennas comprises sending at least

one gain ratio indicative of the gain imbalance for the multiple antennas to the Node B.



reference signals fromthe nultiple antennas at the
UE, each soundi ng reference signal being sent from one
wapiennsiaait a power | evel determ ned based on BCTHB2008/078779

ratio for the antenna. 32. An apparatus for wrel ess

communi cation, conprising: at |east one processor

configured to determ ne gain inbalance for nmultiple

antennas at a user equi pment lIUE), to send signals or

i nformati on indicative of the gain inbalance for the

mul ti ple antennas to a Node B, and to receive

beaﬂf 8r.nedTh¢ @nahsd bf emimhe7, No@ciB, tht hendiaandi@fal®edr information
i gnal s being generated based on a precodi ng matri x

wérqavéfa ohthetgaik Hpbal fmce f%@s upltiplgeangpanas corpRIissH sending sounding

Cﬁh}al m éé&vaiffem tﬁ@ {%ﬁnégEat tﬁéUETQ&has%Bﬁﬁlﬂg lféfe%ce signal

erein e at east one processor
beang isgntrien oac dﬁﬁeﬁlﬁmtnaEpa\t/eﬂ leadtdeTHﬁE1@dl ‘tmwdabm @ daor ratio for the
the multiple antennas at the UE, and to determ ne each
H4PM% ati o based on a gain for an associated antenna
and a gain for a reference antenna at the UE, each
gai n being an autonmatic gain control (AGC) gain for a
recei ¥2 chéhmmpmams@mwehdanwmemnE%ﬂﬁga@mﬂmﬁ@or a
transnl& %haln or _an an enn& at . the.UE 34. i f ltipl
appar &t (78%10P % PEISHI9% CORHEYS Ot $RTHINg gaLY 1“6‘?? ance ot muitipie

OGRS 904 ubd cgaphicat(em), tosmanthnals dred®im&id @dichtive of the gain
rati o indicative of the gain inbal ance for the

rmbatlmﬁ donfiicemnltiple entenes RpdeN@le Bandrirercapiyarbarméorard signals
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I gure 0O send soun e st gnals

dathvicd plyealdng @idascoahnt the galkJEEmbaladcd for genfuldpiehinsaumndtit nige UE.
reference signal fromone antenna at a power |evel
determ ned based on a gain ratio for the antenna.

33. The apparatus of claim 32, wherein the at least one processor is
configured to determine at least one gain ratio for the multiple antennas at the UE, and
to determine each gain ratio based on a gain for an associated antenna and a gain for a
reference antenna at the UE, each gain being an automatic gain control (AGC) gain for a
receive chain or a power amplifier (PA) gain for a transmit chain for an antenna at the

UE

34. The apparatus of claim 32, wherein the at least one processor is
configured to send at least one gain ratio indicative of the gain imbalance for the

multiple antennas to the Node B.

35. The apparatus of claim 32, wherein the at least one processor is
configured to send sounding reference signals from the multiple antennas at the UE, and
to send each sounding reference signal from one antenna at a power level determined

based on a gain ratio for the antenna.



