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Met hod and system for encoding a data matri x and
met hod and system for decodi ng an encoded data matri x
wo-2@Baewfe t he i nventi on Enbodi ments of the i nvRaI/S62007/000388
generally relate to a method and a system for encodi ng
a data matrix and a nethod ahd a system for decoding
an encoded data matri x. Background of the invention
Methast dind) systére fbttentedinguer dataiphbrdst pod f&EMIL and
conmuni i chnol oay., mul tiple fransmt antennas
of a tr%ﬁ%% ttgr%raﬁ%o SATT% e feg’t?&&\?géj?ﬁ@eanﬁ%rdfxa
receiver are used for the transm ssion of a data
. streamfromthe transmitter to the receiver. M MO has
FigdehPlcdiis der e EhoReveral conmuni cation standards in
order to achi eve a higher throughput. Al though
open-1oop M MO techni ques have al ready shown to
Emtachimerg: shiqgh tpes f onvanceogagenethel avaelabel tdyaohethod and
either full or partial channe] state inforpation (CSI)
@ SHSHHL AP RHITEY . 703 BASELS 207 of BFA°foBRfles Svstem
fof UEBHHIGR] 100 et yEl, dAtyDi kattyx| eads to additional
performance gain and sonetines even conplexity
reducti on. Such cl osed-1oop schenmes have been

Ba ' %{%>iﬂhé g ioﬁm’ | EEE 802.16, and 3GPP Long
i application of beanform ng or

According to the Multiple-input Multiple-output (MIMO)
communiéation technology, multiple transmit antennas of a
transmitter and multiple receive antennas of a receiver are
used for the transmission of a data stream from the
transmitter to the receiver. MIMO has been considered in
several communication standards in order to achieve a higher
throughput. Although open-loop MIMO techniques have already
shown to achieve high performance gain, the availability of
either full or partial channel state information (CSI) at the
transmitter, e.g. a base-station of a mobile communication
network, typically leads to additional performance gain and
sometimes even complexity reduction. Such closed-loop schemes
have been considered in IEEE 802.11n, IEEE 802.16, and 3GPP
Long Term Evolution (iTE) for application of beamforming or

multi-user precoding.

However, channel state information estimation for the
downlink channel at a base-station is not possible in
communication systems using FDD (frequency division
duplexing), and it is also not straight forward in
communication systems using TDD (time division duplexing) due

to the mismatch in the radio frequency front end. Hence, the
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mul ti-user precodi ng. However, channel state

informati on estimation for the downlink channel at a
whameHe2ad i on i s not possible in communi cati oNPGYSGENB000388

usi ng FDD (frequency division duplexing) , and it is

al so not straight forward i i* comuni cat i on systens

using TDD (tine division duplexing) due to the
chaﬁ@iataiﬂraﬁen Jtrhféonrmtborﬁ reau@mycalbmte@hmaﬁe@cley the

N JONER IR O

bastmcs}tatt(lcﬁ*heﬂh‘aﬁf SII&Ed)JOtﬂunaT’mBy, uﬁ@ﬁimgwlm h feedback
eU|resah| hfeedback bandw dt h. So, the nobile
bar%dé&ﬂ 1e HeaFi R an HER Y €edBpUEe smbeamforming

vedmirch)r' ?nabb%q@i | W1y &4 £ 5 NOEM f}?té’r %%;ﬁg&#:ﬁ”yegﬁéf' &r

conpr ess t'hi's vector or eeding It
unlkt@o:ky e trhies b agel stenpoess Byhtonmpeetsst oor angit rix before

anti.za the f.eedback bandvm dth requi renent nma e
S SR T M S LR
quarfie asulkst amtd deddfa 0 BRNAEELH 10N &Y 31 LB €LY Y

OFDM (ort hogonal frequency division nultiplexing

Irepdrl Yo diRRnsieCat i on systenms according to | EEE 802. H n
wth 20MHz bandw dth, 52 data sub carriers are
allocated for the transm ssion of data streans. Then a

Thed fictdd afode taacky iprh sudw ey rierewend Imdesus ties 208t bat sfor

coﬂ%d%fg;fion systems employing OFDM (orthogonal frequency
division multiplexing). For communication systems according
to IEEE 802.11n with 20MHz bandwidth, 52 data sub carriers
are allocated for the transmission of data streams. Then a 4
bits feedback per sub carrier will require 208 bits, a 6 bits
feedback per sub carrier will require 312 bits (which is 50%
increment over 4 bits case), and a 8 bits feedback per sub
carrier will require 416 bits (which is 100% increment over 4
bits case). To feedback a few hundreds of bits in a timely
manner to a base-station will pose a challenging task, hence
a low complexity scheme that can provide good performance at

low feedback rate is highly desirable.

Summary of the invention

According to one embodiment of the invention, a method for
encoding a data matrix having at least a first component and
a second component is provided wherein the value of the first
component is determined, the number of bits to be used for
encoding the second component is selected based on the value

of the first component, the second component is encoded using



10

15

20

25

30

feedback per sub carrier will require 312 bits (which

is 50%increnent over 4 bits case) , and a 8 bits
wo emdioecke per sub carrier will require 416 bitBCT/84320011000388

is 100% i ncrenment over 4 bits case) . To feedback a

few hundreds of bits in a tihely manner to a

base-station will pose a challenging task, hence a | ow
thec geglestiady muthate athdfitemn anrdvilte ootk perfeemencel at
enég@gdfeedback rate is highly desirable. Summary of the
I'nvention According to one enbodi nent of the
invention, a nethod for encoding a data matri x havi ng
at least a first conponent and a second conponent is
o WCEEd WY P4 He v a8 S t he first component is
determ ned, the nunber of bits to be used for encoding

t he second conponent is sel ected based on the val ue of
I1lulse riitriste covgeohiemnt g e sdoonidoonpiorreitre sexmbateed below
wit Si n%t t}enséeel ect ec% ngig)erinofs bits, and the first

0 nent Gs ‘encoded: grt description of the figures

Illustrative enbodi ments of the invention are
. expl ained belowwith reference to the draw ngs .
Figpirgurle SR o8ifois COMEBHMATR CERT oTY S5 AF GREDHHY NP t N an

enbodi@%gbdyégﬂ%agfn%ﬂgil oAigyre 2 shows a flow

[

di agram accordi ng to an enbodi nent” of

Figure 2 shows a flow diagram according to an embodiment of

the invention.

Figure 3 shows an encoder according to an embodiment of the

invention.
Figure 4 shows a three-dimensional coordinate system.
Figure 5 shows a three-dimensional coordinate system.

Detailed description

Figure 1 shows a communication system 100 according to an

embodiment of the invention.

The communication system 100 includes a transmitter 101 and a
receiver 102. The transmitter 101 includes a plurality of
transmit antennas 103, each transmit antenna 103 being

coupled with a respective sending unit 104.

Each sending unit 104 is supplied with a component of a

Np x 1 signal vector x =[x1,x2,...,xNTfT where Np is the
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the invention. Figure 3 shows an encoder according to
an enbodi nent of the invention. Figure 4 shows a
wao boogmetissrensi onal coordi nate system Fi gure 5SPGIHSGEI0A000388

t hr ee- di nensi onal coordi nat € system Detail ed
description Figure 1 shows a’ communi cati on system 100

according to an enbodi nent of the invention. The

numisimad] datapankly st moos | Hed udeach seadshet peit 1004
& J aGei v . Jhe 14t ' e
tra& urlaslrty offétsr%ér)étrﬁgga%%mé%%oﬁ %}g%hé¥§ll§%gm§?8tor =
usiang erfrea ddddomti inge camuipdrach Wi @3, asuEspeledt velsegdihgr, the
. uniit 104. Each, sending unit 104 is suppljed with a ,
S190Gp dTHtOof2 & N SEIE si %|t%%%+t&e§ pagnalpector de
rectlded phefite Nisndiienuaber 0 pfod ransihta 8ot ¢noasrdf3ive
Each sending unit 104 transmts the respective .
antegwpenerftS ofeadie mepiare vartornx 1P nkeine cegpedi veth a
nt enn 3 ch_that get he t he_signal vector
resl%secgcelrﬁ% ]%%eﬁlann%mrﬁ%gié?’gnja éoerc orli's (?eE%ﬁ:%iLa‘c’zle%yﬁflQ * 1
the transmtter 102 by a plurality of receive antennas
s1g1@Y, VaiPH et et V¥lakeenna 1051 beV hy @ otprednihfahian

channel 108. NR denotes the number of receive antennas 105.

Since NR and N7 are assumed to be bigger than one, the

communication system 100 is a MIMO (multiple-input multiple-
output) system, for example a MIMO-OFDM (orthogonal frequency
division multiplexing) system with Ny = Ny = 4 or 8 and
working at a center frequency of 5 GHz with a system

bandwidth of 20MH=z.

Each receive antenna 105 receives one component of the
received signal vector y and the respective component is
output by the receiving unit 106 coupled to the antenna and

fed to a detector 107.

The transmission characteristics of the communication
channel 108 between the transmit antennas 103 and the receive

antennas 105 can be modeled by a complex Nr x Ny channel

matrix H.

The received signal vector y can be written as
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respective receiving unit 106, in formof the received
N 1 signal vector vy =y , Y2r rYNRT vV -a a
w@oovsiei2e@t i on channel 108. N R denotes the nupdESGZIN7/000388

recei ve antennas 105. Since N and N are assuned to be

bi gger than one, the communiYat i on system 100 is a

M MO (nultiple-input nultipleoutput) system for
whegganphiée a MowDlERDMmtileogavedlsef Nveqitenc ywiditvizdon mean and

mul ti pl exi ng) systemwith N= N =4 or 8 and working
Varaanaecegger frequency of 5 Gz with a system bandw dth

of 20MHz. Each receive antenna 105 recei ves one

conmponent of the received signal vector y _ and the

Forl @%Qﬁﬁﬁ.'evet@lmiﬁﬂfnl'c%ﬂ@rp gstﬁén{ heyJ eGei: V'Jlﬂnr&{fﬂlcatlon
coupled to the antenna an to a detector

Systhm ecgpsniieg dro dhddadiFeit 0264 lof, thMacorifrﬁEﬂ mz drﬁ, or
h el, 108 ween .t.he sn1t ant and

seEpoelBed ThAt e rgs i, B RE Y B

Evoghansel .maoid X ridtanthg &@&eld&ﬂllﬁiwld&ﬁ@ﬁté&n_lmﬁlses
be witten as y = Hx + n (1)where n is a conplex

OFD@H&@§FQ@9@&%&3ﬁﬂﬁﬂﬂﬂnqm1@1Wﬁﬁﬁ9ﬁnﬂﬂiﬁﬂﬂﬂqﬁﬂﬂ%wke s2v

The communication system 100 may use beamforming for the data
transmission. As an example, eigen-subspace beamforming is
explained in the following. With eigen-beamforming, a

performance gain and simple decoding can be achieved.

By using Singular Value Decomposition (SVD), the MIMO channel

matrix H can be decomposed according to

H = UDV (2)

where U of size Nr x R and V of size Ny x R are both unitary

matrices, and D is a R x R diagonal matrix consisting of the
singular values of H as its diagonal elements, and R is the

rank of H.

To perform eigen-subspace beamforming, V needs to be fed back
from the receiver, e.g. a mobile terminal, to the
transmitter, e.g. a base-station of a mobile communication
network. In order to reduce the amount of information in V, V

may be multiplied with a matrix ¥ such that the last row of

V consists of only real numbers.

Hence, equation (2) may be expressed as:
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For exanple, the conmunication system 100 is a
comruni cati on system according to Wfi | EEE 802. Hn,
wOedvBeI2IEEE 802. 16, or 3GPP LTE (Third Gener at PONSG2007/000388

Partnership Project Long Term Evolution) . For

i nstance, the conmunication %yst em 100 uses OFDM

(orthogonal frequency division nultiplexing ). The

comuni cation system 100 nay use beanform ng for the

dat a tr_@psm’ ssion. A s an exanpl e, eigen-subspace

hea®DIMi ng is explained in the following. Wth

ei gen-heanf ormng, a perfornmance gain and sinple

décdB¥hg can be achi eved. By using Singul ar Val ue

Deconposition (SVD) , the M MO channel matrix H can be

decaoposed accarding to where U of size N X R and V of
- whegiez D RDZ R eVi5oYE aRft eRgTemtrices, and E) is a R x

R di agonal matrix consisting of the singular val ues of

H as its diagonal elenments, and Ris the rank of H.

To perfdrm eigen-subspa beanf orm ng, V needs to be

Eeddja@alefxm{ﬂ f‘h@rggigi ;Er, e.g. a nobile termnal, to (4)

the transmtter, e.q§. a’Hase-station of a nobile

conmuni cation network. In order to reduce the anount

of information in V., V may be multiplied wwth a

an&nﬁgﬁXréﬁﬁggQn&gakhghﬁagésgoﬁgﬁhogf YH.

Thus,
y = Hg+n
= (QQYH)§+Q (5)
= (UDEEH)z +1n

To transmit data on the first K eigen modes (where K < R),
the beamforming matrix W is defined as the first K column

vectors of V, i.e.,

= Yuk) (6)

The transmitted signal x is related to the K x 1 data signal
u by:

X = Wu (7)
The bandwidth of the feedback channel, i.e. the communication

channel used by the receiver 102 to feed back channel state

information to the transmitter is limited so W has to be
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V consists of only real nunbers. Hence, equation (2)

may be expressed as:H = UDVH (3) = UDVH where D=D S
wW@nwsN6e2MS and where and v represents the | astPCDEGINN7/000388

of V. Thus, y =H +n=( DH)x + n (5 = (ubvH )x

+n To transnit data on the first K ei gen nodes (where

K R), the beanformng matrix Wis defined as the
quamitrigteds agtdinihe/ detarsnipftar | 101 erecqivey (e KaeS)t Thed

tr,ansm d signal x is.related to the K1 data signal
Venp IR %ffwﬁﬁr%%%ea%aﬂdw dth of the feedback
channel, i.e. the communication channel used by the

recei ver 102 to feed back channel state information to
It tilve dersinsahili¢ erhats dhanqueahisizaWhas ¢ O betfwanimzesd, in

I ansm’éater 101 recejves 3Eheh qguanti zed version
4

imﬁﬁg%%{%ﬁ%ﬁﬁiéﬁlggQﬁ_ln complexit as low storage

requirements and is flexible with respect to an adjusting of

the antenna setting.

It is assumed that the communication channel 108 is estimated
accurately, and that there is no error or delay in the
feedback communication channel, so in the following, only the
impact .0of the quantization error due to the limited feedback
bandwidth is considered. Hence W, instead of W, is being

used as beamforming matrix by the transmitter 101.

In the following description, only eigen-beamforming based on
SVD (singular value decomposition) is used as an example,
however, other types of beamforming methods may be used

according to other embodiments of the invention.

According to one embodiment of the invention, a feedback
scheme is used which uses Givens rotations for the
compression of the matrix W. According to Givens rotations, a

unitary matrix, such as W in this case, can be represented as

follows:
w =
min (N7 ~1,K) \ ) Np
J { -1, T
II Qi(li—l e b1 - ej¢N lﬁL) II §1i(Wli) X INpxK
i=1 1=1i+1

(9)

where Dj is a diagonal matrix and Gj4 is defined as:



It is desirable that the quantization of Wis sinple

in inplenmentation and low in conplexity, has | ow
wGa@Bagr46 equi renents and is flexible with respersGr07/000388

an adjusting of the antenna setting. It is assuned

that the communication chanrfel 108 is estinated

accurately, and that there is no error or delay in the

f eedback communi cati on channel, so in the foll ow ng,

only the inpact .of to(&e quanti zation efror due to the

limted feedbatk bandWidth is tonsidered. Hendk ,

i nstead of |WQ iscbei(ng ysed a5 beathofytisng metrix by

the trapsmjtter 101. dn the_foll ow ng descript{ on

' (f“’bi énd beanf or mi ng based: oh—8vD (singul ar val pe (10)

deconposi tifor) is @%@z\llas)an exanplees (Nowever ,0 ot her

types of beard orm ng dret hods rnay be usgd ac di.ng to

ot her embodi ments of the invention. Accordi AYTto -bne

enbodi nent of the invention, a feedback schene is used

whi ch uses G vens rotations for. the conpression of the
whetad 11X ddhotAccartdi rng-dionda yensaY oid i pnsataiuni tary

matri x, such as Win this case, can be represented as

follows : W= x INT XK

For example, a 4 x 2 unitary matrix W can be written as

1 0 0 0 ]
0 ej¢21 0 0
=1, o 01 4 |” Gy (w21) 831 (w31) G471 (va1)
0 0 0 ej<1>41_ N
10 0 0
01 0 0

T 7
00 032 o | *832(¥32)E1p (va2) X

Therefore, a 4 x 2 unitary matrix W can be fully described by
only ten parameters: ¢11, 921, 31, W21, VY31, V41, ¢22, 32,

Y32, V42-

In table 1, the Givens rotation parameters necessary for the
description of a matrix using Givens rotations for wvarious

dimensions of the matrix are given.

Dimension | Number of Parameters

of W parameters

2 =1 2 G011, W21
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(9) where p_-j_is a diagonal matrix and G _j_ is

defi ned as:where | _ denotes the k-dinensional unity
woraiosiosn24¢-or exanple, a 4 x 2 unitary matrix VPCEHSGI®7/000388
wittenas 1 0000e F2100W=1(y4i ) 00.J
F31 x 1 (y2l) 1 (y3l) GO 0D 0 F41 (H) Therefore, a 4
2 unitary matrix Wcan be fully described by only ten
Zpar &reters? fn, f i H%ﬁ" &4l Y31 Y41 F22' F32' Y32
Y42- In tpble 1 , the Gvens rotation paraneters
3necassary| #or the deggyipt i@ri,of\vﬁf,n'qyﬁx using G vens
rotations| for various &i mensi ons of the matrix are
3gixven. The| gunber

rotation

i i t '
par oot ers, 11" TRE naer bt bi ¥ 1o 1

t he | EEE

JUSER t0 engode the ré

802. H'n drs

TS Sitmar ded 11 (e B2

RETE Dy T EPresents e mugDer " yo1, w31, vae

4 x 2 10 011, 921, 931, W21, W31, Va1, 22,
032, V32, V42

4 x 3 12 ¢11/ 021, 931, W21, W31, W41, 922,
$32, W32, W42, 933, W43

4 x 4 12

411, 921, 931, W21, V31, W41, $22,

32, W32, W42, 933, V43
Table 1

The number of bits assigned to the Givens rotation

parameters, i.e. the number of bits to be used to encode the

respective parameter, according to the IEEE 802.11ln draft is

summarized in table 2, where‘bw represents the number of
bits assigned to wv, and b¢ is the number of bits assigned to

¢. An unequal bit assignment is used due to the different

ranges of ¥ and ¢. Yy has a range from 0 to ©/2, while ¢ has a

range from 0 to 2m.

bW b¢
1 3
2 4
3 5
4 6

Table 2
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bits assigned to y, and bf is the nunber of bits
assigned to f. An unequal bit assignnment is used due
W@ eooBloen2dé f f erent ranges of y and f . y has a PEI§&2007/000388
fromO to p/2, while f has a range fromO to 2p. Table
2Using a bit assignnment for 1353 and f as for exanple
given by table 2 , y and f can be quantized according
Usihg @1B)tardsitdmedtheozr W andi fo reepriesendxdnfifle given by
quanti zed version of y and f). The beanform ng nmatrix
tabllec@n thamdd rascovsr enal trirzass miaaeard i tax cord)i rapd o(13)
(14).. Y- 1.(12) y =+ -- wherek =0, 1, ...,2 -1
(whers) Ppbeng dhfragresgnt yhe) quamihzad (vigsimrdest redand ¢) -
property of the quantization of the beanformng matrix
Thewprapiremiggamate ise ¥ hadt Hecdi AgoRarcErERengs &hels
the.matr] Ware Ximz and t he off-di agonal
traIellsIélrlreq{{rf}tesr )cf}fo\ﬁtl & TRt i e ngl)é m nim zed. According to
one enbodi ment of the invention, the nunber of bits
assigned to a vector (or matrix) conponent is not

SS! g b
gixeddt T e k= 0,3,..., 8 21 (12)
2 Y 2 v )
- k b
o = bjil + g: where k =0,1,...,2 ¢ _1 (13)
2P0 500
W=
min (Np—1,K) . X . & N
307 1 IONp—1, 1 T (q
II Qi{li—l 1 TNT lJ II gli(Wli) X INpxK
1=1 1=i+1
(14)

A desired property of the quantization of the beamforming
matrix W may for example be that the diagonal elements of
the matrix @w.are maximized and the off-diagonal elements of

the matrix WW are minimized.

According to one embodiment of the invention, the number of
bits assigned to a vector (or matrix) component is not fixed
but depends on the size of another vector or matrix

component.

A method for encoding a data matrix having at least a first
component and a second component~according to one embodiment

of the invention is illustrated in figure 2.

Figure 2 shows a flow diagram according to an embodiment of

the invention.
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20 but depends on the size of another vector or matrix
conponent . A nethod for encoding a data matri x havi ng
w@rooBmee6 a first conmponent and a second conmpoPEn$G2007/000388

according to one enbodi nent 25 of the invention is
illustrated in figure 2 . Fib%re 2 shows a flow

di agram according to an enbodi nent of the invention.In
201, the value of the first conponent i's deternined

n Jh20 th e bt io used for odln
%Q%ﬁw h éaéﬁggbfsgé%lé %P%%ﬁpentth% ge?he
first conponent . I'n 203, the second conponent IS

encoded using the sel ected nunber of _bits. In 204, the
In G40%1 emIBHRAT |QF dhtoticd Motesthatok Hahepdnd; e Second

comfiirfth hes fééﬁcmmméa and g e, Se¢ %ngfcﬁq@ofiffgtare

encoded is not limted, 1.e. 204 may be carried out
contyefrerg: .( or S|nultaneously to) 203. The size of a

conponent is for exanple the absolute val ue of the

conmponent in the case of a real or conplex conmponent.

In DB Stz tfeCortdManesteiiayi &l S0chee OB AQ fhé €s8lected
the Euclidian norm) of a conmponent in case that the

numhﬁﬁ) Mits itself a matrix.

In 204, the first component is encoded.

Note that the order in which the first component and the
second component are encoded is not limited, i.e. 204 may be

carried out before (or simultaneously to) 203.

The size of a component is for example the absolute value of
the component in the case of a real or complex component. The
size of a component may also be some norm (e.g. the Euclidian
norm) of a component in case that the component is itself a

matrix.

The number of bits to be used for encoding the second
component is for example selected based on the size of the
first component. In one embodiment, the number of bits to be
used for encoding the second component 1s selected based on

the absolute value of the first component.
The data matrix is for example a data vector.

In one embodiment, the first component and the second

component include angle (or angular) information.



The nunber of bits to be used for encoding the second
conponent is for exanple selected based on the size of

w0 b@sfé2ee conponent. I n one enbodi nent, the neeeG2007/000388
bits to be used for encoding}%he second conponent is
sel ected based on the absol val ue of the first
co onent The data matrix is for exanple a data

LRy Qﬂ?e BHRRSHITRIHE , OF Hehg i Futerlbipioncite apricond
co |inl:fﬂogrﬂrm!: tion. ccor : ngfjslg’lcgir}%ﬁ eré)oédn%%% g#ﬂf%rmatlon of a

repnesEttiagn,ort el sSscombiconponeir ¢ angdremed®ra matrix. For
i_ncl udi ular informatjon of are resentat|on of,
SR Syt d TS G HHO o Teft & FRETT S Rt O bxappEding to
Gividies repaseHation is a representatlon according to
G vens rotations. The data matrix for exanpl e incl udes

channel state information. For exanple, the. data

Thed rdascﬁp%gﬂﬁb M9 SR Ky g Dol Rl X s Tor

xanp é encod celver o< & CONMUAI cat] on
infeysteamdm oo reaermp]té,edzlt@ datd ansttit eis of Bd@mforming
communi cation system The data matrix nmay thus be a
ma i x including channel state information, in other
wor ds i nformation about a conmuni cati on channe
bet ween the receiver and the transmtter, e.qg.
Thq|ﬂaﬁanmanyixﬂy§jﬂqﬁrgyample encoded by a receiver of a

communication system to be transmitted to a transmitter of
the communication system. The data matrix may thus be a
matrix including channel state information, in other words
information about a communication channel between the
receiver and the transmitter, e.g. information specifying
transmission characteristics of the communication channel,

that is fed back from the receiver to the transmitter.

The communication system is for example a multiple-input

multiple-output communication system.

An encoder for example carrying out the method illustrated in

figure 2 is illustrated in figure 3.

Figure 3 shows an encoder 300 according to an embodiment of

the invention.

The encoder 300 is an encoder for encoding a data matrix 305
having at least a first component 306 and a second
component 307, which the encoder 300 for example receives as

input.
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transm ssion characteristics of the comuni cation
channel, that is fed back fromthe receiver to the
W0 e@n®en2td er. The conmuni cation systemis for BPXEEE2087/600388
mul tipl e-input nultiple-outq#t conmuni cati on system A
n encoder for exanple carryimng out the nethod
illustrated in figure 2 is illustrated in figure 3 .
TheFeggrded SROWS ngd Uglesode dedBrmdedaadicdg aud ta01 configured

to 8%’%%%%'1'% t t%fe 1'\); .uiemé E}iht%n'fimet %gr@% ren?togem.ic‘lS aaréelecting
encoder Tor encoding a data natriXx aving at least
ciraufiicr $02c eopdiemntre306G card 1& csedtord madponett WBGES to be

whi ch the encoder 300 for exanple receives as

usepn S, PRECEAEHIENSIGEIORE TREP ORI e MaARF LT ite value

of $8% eqnihguwagherdetsergn ne the val ue of the first
conponent and a selecting circuit 302 configured to

sel ect the nunber of bits to be used for encoding the

second co nent .307 hased on the .alue of t.he first .
ThecSﬁﬁ8ﬁgﬁt%Q%GE%fﬁgeéh&8§ Pd%ﬁ4af3Ffﬁgr%Q%ﬂéﬁﬂﬁs%frcult 303
confri b ceneRdich@ otier Gl s3QDneoridrgdrethd G ENaRded Rthe

second conmponent 307 using the sel ected nunmber of bits

selgrged S6ERE OfcHditty G CUISCTIS! CORIAYHBF T B ot
con%qgu&'e@ttoc%%%%mth%o qustT'E%nng%%%r 330%0 is for

exdanpl e part of a transceiver, €.g. a
The encoder 300 is for example part of a transceiver, e.g. a

multiple-input multiple-output transceiver.

The first encoding circuit may be the same as the second

encoding circuit.

A circuit can be a hardware circuit, e.g. an integrated
circuit, designed for the respective functionality or also a
programmable unit, such as a processor, programmed for the
respective functionality. A processor may for example be a
RISC (reduced instruction set computer) processor or a CISC

(complex instruction set computer).

According to other embodiments of the invention a method and
a decoder for decoding an encoded first component and an
encoded second component of an encoded data matrix according
to the method described with reference to figure 2 and the

encoder described with reference to figure 3 are provided.

A decoder for decoding an encoded first component and an

encoded second component of an encoded data matrix 1s for
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mul tiple-input nultiple-output transceiver. The first
encoding circuit may be the sane as the second

WE@n@eM6a2gs circuit. A circuit can be a har dwar ePCT/8G6201/000388
e.g. an integrated circuit,]QFsigned for the
respective functionality or "al so a programabl e unit,
such as a processor, programed for the respective

eXafigAet PaF&l Ofy 2 ATFECESTET iy F-orf Bx AR BY LIRSS L
sta%%e%%%%a@ornuw_oor}sa%@é O &M Y QeRRSOr or a O SC

conplex 1nstruction set conmputer) . According to
ot her enbodi nents of the invention a nethod and a

decoder faor decodi,ng .an gncoded first _caonponent _ an n
In GRG0 B cBasHT o rTEHen Lo chn BRSdeq GaPa TS5 For the
quadecobdiibe ¥ theumt hed drsdaad wWadrinef ef@isendts. The
figure 2 and the encoder described with reference to

bitf pgariengieate tor GAmpshenk sdédodactass deodth itp@rprs holding

cha%ﬂ%gd%%akbr?&r§§yﬂ%%ﬂgﬂg 3@%’%@15”99Qﬁ9x&§999@ t? vector and
component  of ‘an encodeé ata matrix 1s forexanpl e part

forokxambl @nsiegerel ,ore.qgonfedrr ide padhipry tclannef tSHatwsctors

i nformation fed hack to the transceiver._Ip one ,
SuCEB ORI TERY, ARSI difr SOy FE TSR % ARERF e s
achq¥dRbl, Zat icon HBfcrvealar A IfRRAA IoF Mld ivdctor space of

conponents. The bit assignnment to conponents of

whitBCtOkS vieetdrvawt Wes daladl Rgcharneinty atee.g. 07) in
dinformation) may vary fromvector to vector and

which a lot of the vectors to be coded can occur can be coded

with higher spatial resolution than subsets where fewer

vectors can occur.

In one embodiment, the method for encoding of a matrix
illustrated in figure 2 is applied to a matrix expressed with

Givens rotations. For example, the bit assignment to one of

the ¢ is based on the value of one of the y. The method can
also be applied to other applications where a quantization of
matrix or vector components is carried out. Note that as
exampies, components of vectors (i.e. matrices with only one
column) are quantized. However, embodiments of the invention
can also be applied for gquantization of components of
matrices with more than one column, in particular, a matrix
may be split into its columns and each column may be
interpreted as a matrix (with only one column) the components

of which are quantized.

As an example, it 1is explained in the following how a 2 x 1
unit-norm beamforming vector w is encoded according to one
embodiment. It 1s assumed that the second component is real

(e.g. this is achieved by multiplication with a matrix as was



for exanple depend on geonetric properties of the
vectors such that for exanple, a high resolution of

walenvspeieas i s achieved, i.e. such that for sSPOFSGHODNH00338
t he vector space of which t vectors to be coded are
elements (e.g. Dn ) in whi a lot of the vectors to

be coded can occur can be coded wth higher spatia
expiladokdt WoRht had egehse $onsane tHierer(dctsorah ddtoderan be
Wrik@angsenbodinent, the nethod for encoding of a matrix

strated in figure 2 is applied to a matrix

expressed with G vens rotations. For exanple, the bit

assignpent to one of the y is based on the val ue of

one(6f [the y . The nethod can al so be applied to other

Yapp Qg tions where a quantization of matrix or vector

conponents_is carried out. Note that as exanples,

co ngALs |of vectors (i.e. matrices with only one

c&l urm) ard quantized. HEREVEErYeHbBYi REANE) of t he (15)

i nvent fon dan al so be applied for quantization of

conponent s 9&1 trices with nore than one colum, in
pas t FEBVGRLE a gt r i X dmBierke Reaitt ok ekt HEGIYMS  and
each cehunm iy be interpreted as a matrix (with only

one colum) the conponents of which are quantized. As
5 an exanple, it is explained in the following howa 2 x

Duelto unit norm property, w satisfies

2 2
Wy + W5 = 1

2 2 _

10 In addition, there is a matching between the Givens rotation

view point and the Geometry view point since rq and rp are

related to yp1 by r1 = cos(yp1) and rp = sin(yp1).

Based on the geometry view point in (15) and the constraints

15 according to (26), the following can be seen:

When ro is large (and accordingly, yp1 is large, i.e. close

T
to g or —g, i.e. the absolute value of ypq1 is close to E)’

r1 is small. Therefore it is possible to encode ¢17 with low

20 resolution without a great loss of accuracy.

When ro is small (and accordingly, W21 is small, i.e. close
to 0), r1 1s large. Therefore it is desirable in view of

accuracy that ¢771 is encoded with high resolution.
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uni t-norm beanform ng vector wis encoded according to
one enbodinent. It is assunmed that the second

weowpoeiend is real (e.g. this is achieved by PCT/SG2007/000388
multiplication with a matri x és wasexpl ai ned with
reference to equation (3) ) ch that w can be witten
as W w =W (Ceonetry view point) (15! (G vens
Rotation view point) sin Y21 Due to unit norm

Theﬁ%e%%rtyilhn o) t'eSh{Boedc‘ r{%}?@ddﬂﬁé %mkg%?rgf dgjfﬁ ”Qé&%ﬂgd to

tweerl vens 7ot oh Vi éw poi

endRRBY MY W QW MRRIdHI i Roe 4y Ml N anghi@l aded 19 ddrn
] _ by | = cos( y2 ) and r2 L si n( y2 i ) Based on the

reﬁ%%&&ﬁﬂa/ﬁﬂéﬂMé%ﬂé“ofYW§#5®h@ﬂdGi@§n§OP§££§iBB§ are uged.
according to (26) , ol  owing can be seen: \Wen r2

is large (and accordlngly y2 is large, i.e. close T T
Tto - or - i.e. the absolute value of yo-i is close
Fon @ Pottern understandimgi L THeres o and 5 sl bbasibhbet phe

geog%gta_ﬁgccaryl 5 A d Qi F SOl M0 Wi LHoUt . A AL PAENL OF8Phr w.

Figure 4 shows a three-dimensional coordinate system 400.

The coordinate system 400 includes a first axis 401, a second
axls 402 and a third axis 403. The first axis 401 and the

second axis 402 define a plane 404. The complex number

e]¢11 (the first component of w) corresponds to a point in
4l w

this plane 404. The second component of w, assumed to be

real, corresponds to a point on the third axis 403.

Together, the first component and the second component of w
define a point on a sphere 405 because of the constraint

(16) . Consider two different (positive) values for rp (note

that two possible values for rp corresponds to a one bit

assignment for yp1). One value (the larger value) defines a

first circle 406 on the sphere 405 and the other value (the

smaller value) defines a second circle 407 on the sphere 405.

The radii of the two circles 406, 407 correspond to the value
ri. It can be seen that if rp is small, rq is large (second
circle 407) and that if rp is large, r7 is small (first

circle 406). A point on the second circle 407 to which the
vector w may correspond is indicated by an "x" and a point on

the first circle 406 to which the vector w may correspond is
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Wen r2 is small (and accordingly, y2 is small, i.e.

close to 0), i is large. Therefore it is desirable in
woe@s/oaR4@ccuracy that f] ] _ is encoded with hP@iSG2007/000388

resol ution. Therefore, in one enbodi nent, the nunber of

bits assigned to encode f | %6 a function of r and r2,

which are in turn related to the value of Y21 when

inddjopdest ot @t ofs” ave fismtke Por Notpettieat uinletlst andkagple,
thadIW&S 84tpac!‘ﬂat5 ';%%Tfjséirr%lee the geomet Iicdl . for both
i nterrelation 5% e paraneters of The” vector W .

1HeQUISE 4 Showse a #dW 8@y mensp ppal 2 £005 th hake=gysbe .
e 400. The:%og#dinate g@%?2n1400 inc?udes a firgt axigwll

TheA@btad el axd AR hd-aphdidrtt axiss 4083 The Hitst
axi s 401 and the second axis 402 define a plane 404.
The conpl ex nunber e YIl (the first conponent of w)

Tt GoH P e AU A, AAne: 404 JNECPECRHE are
conmponent of w, assu to be real, corresponds to a
clopeimttcoradie dihied conm 3B . tddget hesintdheoditisé second
. Cﬂgp%§ t and the second conponent of w define a point
CLI6mCa sﬂere 405 because of the constraint (16)
Consider two different (positive) values for X2 (note
that two possible values for 2 corresponds to a one
To gichigys ghravted ofa WeAdgOneluadt et fen | e eer, vatoerding to

dedd ' 4o 9t 40 the._.
oneo?ﬁggﬁggﬁﬁg %%%éﬁgaéfﬁgﬁggéﬁﬂefng%ﬁﬁﬂéég% %%6%%%5 $€signed
to @hcle 4Q71 e dheRIigAd® the value of ri. An example

for a possible bit assignment for w is illustrated in fig. 5.
Figure 5 shows a three-dimensional coordinate system 500.

Similar to the coordinate system 400 shown in figure 4, the
coordinate system 500 includes a first axis 501, a second
axis 502 and a third axis 503. The first axis 501 and the
second axis 502 define a plane 504. The complex number
qej¢11 (the first component of w) corresponds to a point in

this plane. The second component of w, assumed to be real,

corresponds to a point on the third axis 503.

As in figure 4, the complex number qej¢11 (the first
component of w) corresponds to a point in the plane 504.

As above, 1t is assumed that rp may have two different values
for ro , i.e. a one bit assignment is used for ypi. As

above, a value of rp corresponds to a point on the third

axis 503. The larger value of rp defines a first circle 506

on a sphere 505 and the smaller value of rp defines a second
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The radii of the two circles 406, 407 correspond to
the value r . It can be seen that if r2 is small, r is

wo arngeei2second circle 407) and that if r2 is |BCHeG2007/000388
is small (first circle 406) A point on the second
circle 407 to which the vecﬁ@r w may correspond is
i ndicated by an "x" and a point on the first circle

cirgde H8Twhinc irhehspheaeon OF -ndiec sitesisorid 3 siamli dategure 4,
is Qﬁeagetoof %Oln %r%'ﬁflfﬁyq t sfﬂéfﬁ% :ﬁianple

are 8- poi nt's "per I'S neans t for
bot h val ues of r2 (i.e. for y2|) r 3 bits are
allocated for fn . The total nunber of bits to
Ther appesentiwbilg sl apsiones) tfor puichp be sBéR EHampPLie
points on the first circle 406 are cl oser to each
Sel@?ﬁ@fd @Sﬁﬁ&dééllgt &r’t I#élepoﬁlf?tes odn Tone EET AR IR RIS
To achieve a | average) quantization error,
areaééé#&inﬁ& & %o éle 8 ﬁ?éntlso atrﬁe i (Fvént iN6n] %%elarge

er of Di ned t selected a cordln
andt \Jrﬁlsu&noft&ﬁﬁ] afs e 5f0<§5r &5 b 2
gnaent, fo is. i lustrated.in f
a55§%ﬁ o2 Q% &Fee%ggﬁe% |onal%¥n'cg%rg|n;étel\lg%ﬂstem%k)%iJi 5%d ul
LieS Bl %et Q ldag ceandinatsy Sy SiRD 490 Shays 104 1 e e de
, the coordinate system 500 includes a first axis 501,
seea secanthidxiass3eaumEmd alepwncd raxics 503.siFhee fig sts akdsye 1f
501 and_the second axis 502 define a plane 504. The,
ri éénﬁmé%lndﬁﬁéﬁt circle 506) and ro is small if rj is large

(second circle 507).

Due to this bit assignment, there are four possible points
for w on the first circle 506 and 16 possible points for w on

the second circle 507.

It can be seen that compared with the possible points for w
in figure 4, the distance between the points is more evenly

distributed.

If it is assumed that the probability of the two values of
Yo1 are equal, the total number of bits to represent w is

142=3 (first circle 506) and 1+4=5 (second circle 507) i.e.

four bits on average.

Please note that the encoding of the vector components
qej¢11 and rp of the vector w as above may alsc be seen as

an encoding of the vector (¢171, 621, Y21, ¥22) which,

according to the representation of w with the help of Givens

rotations, uniquely corresponds to w. Generally, a matrix may
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e- | (the first conponent of w) corresponds to a
point in this plane. The second conponent of w
w@s®enet4¢ o be real, corresponds to a point onpP€TI8G2007/000388
third axis 503. A s in figure 4 , the conplex nunber r
e H (the first conponent of%ﬁ) corresponds to a point
in the plane 504. As above, it is assuned that 2 ma Y
be avedesb by eheosing @ wed figr qr2 vedtar of @reragheters which

: [ Iy r. V2] - ahove,. a e :
ani BRI d ToRhe Ty YRS e 5 Y Gt ol Sk oen ene
vecdtdIRF YRl e s (@ﬁfli,rkﬁﬁ,aw?ﬁnap 5j I 5hech0Bn9hualy
sphere 505 and the small er valUe o% r2 defines a

ides@a@Ies WGl @sSQt d s phenrgbChovih e slisT€ WSre athe
sinfigure 4, is the set o f points fulfilling
numbens torfaibritt s( 26)s 1L9rEee tourther endodiing asdiignetedandsd on the
_ i s in this exanple sel ected depending on the size o
sizke ©Z yHor wEraammEtgiod wiol higtsrared agsi gheard o2 hiy]be used
when r2 is large (i.e. Y2 1 is large) and wlies on
to emeodier stucki eclPa 50 tegnddadpr bits are assigned t o f
_when 2 i s small (i.e. Y2 1 i small) and wlies on
the second circle 507. Note that this can also b e
As seerxarpla,bithbdssiigrmits depend digyomentd fSt ngez rx 21
i slargei f r i s small (first circle 506) and r 2 i
beagforgiing veGtor | s |arge (second circle 507) . Due t
o this bit assignnment, there are four possible points

Jé11 Jd11
W = r|e _ |cosyzpie (17)
nH sin yoq

according to the traditional bit allocation method and the
variable bit allocation method according to an embodiment of
the invention. The column headed "remark" in table 3 gives a
reference to tables 5, 6, or 7 respectively, in which it is

specified how many bits are allocated to b11 for each of the

possible bit combinations for w51 in the respective average

feedback bit case.

Bits allocated
Traditional
Average Allocation Variable Allocation
Feedback b¢11
bits:
Py Po11 Pyoq (depending on | Remark
v21)
4 1 3 1 2, 4 Table 4
6 2 4 2 5 4, 4, 3 Table 5
8 3 5 3 6, 6, 5, 5, Table 6




for won the first circle 506 and 1 6 possible points

for won the second circle 507. It can b e seen that
w@orpasieds Wi t h the possible points for win fiBCreG207/000388
t he di stance between the points i s nore evenly
distributed. If it i s assuf®d that the probability o
f the two values of Y2 i _are equal, the total nunber o
f bits t| o represent wipg 142= 3 (fiFstbci4cl4e 5p6) and

=5 _(clann~nAnAd r\' rel o EN7Z e htoc An avink ann
J \QC\JUllU TmoUT C LAV |

UI T U O \WAN] AV T U.\‘JC
Pl ease note that the encg&k&ﬁ & f the vector
conponents - e FIl and 2 o f the vector wa s above
may also b e seen a s an encoding o f the vector (f ,
TheFgassigymentypf Wﬁﬁcﬁum@@éopélﬁgﬁs(}%iﬁyﬁ%ﬁﬁéééﬁmthm
the?e c@ﬁﬂhﬁ% tE%oQ%EQ %g%l %%% %ﬂéﬁ'féga
corresponds y, a matrix may e encoded
5 perlipreaaadi.ng a natrlx or vector of parameters which
uni quely identify the matrix such as it is the case
with the vector of parameters (fi F21 Y21' Y22) which
uniquery Tdentifies w. AS it is done in [he agpye
exanpl e whBi€é t he nunper, of ;ts assi$ned to the
encgdingFof t.depe ? BhtPhalsPLater ¥2T1 t hemherhod

I sPraretrR T dt h
Largneter ¥8 torIQXS an exﬁﬂg1 ‘ﬁdblg in éﬁﬁ30é1

assi ghments“for a 2 x bits
0 4 5
1 2 3
Table 4

The possible values of Yy corresponding to the possible bit

10 combinations for yp71 in table 4 are 1/8mand 3/8=w (in that

order corresponding to the bit combinations given in table 4

from top to bottom).

. Total
Bit
Bits allocated number of
representative
for ¢711, b1 feedback
of y21 ;
bits
00 5 7
01 4 6
10 4 ‘ 6
11 3 5
Table 5

15
The possible values of y»q1 corresponding to the possible bit

combinations for wyp71 in table 5 are 1/16m, 3/16m, 5/16m, and
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15

beanform ng vector w = rxepFn cos y2le FIl :i7: r2 sin

y2i according to the traditional bit allocation nethod
wa@pashbie4s/ari abl e bit all ocation nmethod accor dPEySGHOAN038S

enbodi nent of the invention. The col um headed

"remark" in table 3 gives a 4kference to tables 5, 6

, or 7 respectively, in which it is specified how many
7/ 1874 s{iar el ansded darrsponditig eashcid Bie PoBsSibheions
_bit conbinations for y2i in the respective average
9ivedediadehie TaSemdmiRe B MR EE®) gnnent of the nunber

of bits is just an exanple, there could be anot her

assignnment that lead to better perfornmance. Table 4

podstbre bt bonb, nat | shoct o (Yo ch Lhsl b 4 are i 8 ¢
and 3t8ppekinthhatcor er gorrésporﬁ’ﬁﬁng%to thenpey of
corfbi nati ons given in|tabl &4,f rkglmltop t o batd@ihck
Tahle 5 of yo1 :
bits

000 6 9

001 6 9

010 5 8

011 5 8

100 5 8

101 5 8

110 4 7

111 4 7

Table 6

The possible values of yp7 corresponding to the possible bit
combinations for yo71 in table 6 are 1/32n, 3/32wn, 5/32m,

7/32w, 9/32x, 11/32m, 13/32m, and 15/32m (in that order
corresponding to the bit combinations given in table 6 from

top to bottom).

For example, for average 4 bits feedback, in the traditional

scheme, 1 bit is assigned for yp7 and 3 bits are assigned
for ¢11, while in the variable allocation scheme according to
an embodiment of the invention, 1 bit is allocated for yo1q
and 2 or 4 bits are assigned to ¢11. The actual assignment

(whether 2 bits or 4 bits) depends on the value of yp1 and

is given in table 4. This example is the same as the one

illustrated in figures 4 and 5.
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The possi bl e values of y2i corresponding to the
possi bl e bit conbinations for y2] in table 5 are

WO 2806028 | bp, 5/ 16p, and7/16p (i n that orderPCT/SG2007/000388
corresponding to the bit conbinations given in table 5
fromtop to botton) . Tabl e 4 The possi bl e val ues of
Y21 corresponding to the possible bit conbinations for
y2i in table 6 are |/32p, 3/32p, 5/32p, 7/32p, 9/ 32 p,

| 1,/.32p, .13/ 32p, and 15/ 32 i n_that _order .
Forc(Sclhreesd|c‘§’losnediOngg 0 thE bﬁ?e%kgaré)]f na i%n%l%?VeﬂePﬁn‘fl%\WeO% the

oM 0 RoLdMas FOF eﬁé@é@i@l fPL18%8r 89Rc4 BILS = 2,
e feedbagllgz,fi n the traditional schene, 1 b%étg ?s ggs%’@éd

f.or. Y21 .d bi re. signed for f.,.while in_ the,.
> bvlgcrsl 'ab ebdléaa 3 ’ocga]fi%nblstgi earr% accor |en%] ? &3111’(3%%%‘??%%?9 to
fo tdhe 1iinueghtd on, e I d 1 r
ta]og‘ebisltq's LaiLre assél)'gnfeo(lllr tt)doﬁ(?ic%@éThcgﬁg%t?u% 8%-% %gﬁ%g%%gcg or 8
bitwhetheeracx uslt idr abdidrajerdependsiventibhe vabue 6f Y24
and is given in table 4 . This exanple is the sane as
quarfe Zevte 1 130t reR s G igiesod Hiel B ardr dthey chse
: %§ﬂ k |t s,-depending on the val ue
Car%ffle@\zl%ri&\?\%a{: ‘goggf(olaj;) Saorg%i@lg’e) val ues since by , =2
, 5 bits, 4 bits, or 3 bits are assigned to f i ,
according to tahle 5 . Likewise, for the case of an
As ﬁveﬁ%@?%%&@é%ﬁedf Fibit s IRt tial 2HFHIRESRGRNEAT 2
3 ¥ 3 PoerddhitRpleedor The

rlej ¢11 cos ypq COS \y31ej ¢11
w = | 221 | = |sin yo1 cosyzpelP2l (18)
r3 sin y3]

e.g. for a MIMO system with three transmit antennas according
to the traditional bit allocation method and the variable bit
allocation method according to an embodiment of the
invention. As in table 3, the column headed "remark" gives a
reference to tables 9 or 10, respectively, in which it is

specified how many bits are allocated to b¢ll for each of

the possible bit combinations for woq in the respective

case.

As above, the assignment of the number of bits is just an
example, there could be another assignment that lead to

better performance.

Bits allocated

Givens Proposed




quanti zati on and reconstruction of the y and f may be
carried out based on (12) and (13) . < A s a further
wW@x@spbe46 t abl e 7 shows bit assignnments for a BCDSG2007/000388
beanf orm ng vector rie FlII cos Y21 cos y3 e FII w =
r2e F21 sin Y21 cos y3 e F2f1118 3 sin Y3 eg for a
MM systemw th three transmt antennas according t

Fe$]} al l ocati on mgt hod gccordiing to|an enbodi ment of
e

asvermnr o oo ) 4 A0S, B SRR P

respectively, injwhich|it is|specif|lied how many bits

Averdmetraditional Rhit alllocati on nmet hod and t he Jari abl|&emark

bitgte allocafed to|b ,., |for each of |the possi bl g bit
conmbimatTons for [Y2ZI 11 the Tespective T SE AS d@UV Table
4 he assignment of| t ke nunber |of 1bitls is just’an ~'
exanpl e, there cquld be another asgi gnnent 3t hat| 3ead 8
to—betterperfornance—Table 7 Table 8 The possible
val ug¢s of Y21 Y31 correspondiing toithe poss?ble bt £ Table
1eonbi napi ons fHor |Y2h and ¥3 (O and |1 p in tableg 4
9
5 6|5, 6
Table 7
Bit Bits allccated for Total
representative number of
¢21 and ¢11
of feedback
y31 Y21 o1 P11 pbits
0 0 3 4 9
0 1 4 3 9
1 0 2 3 7
1 1 3 2 7
Table 8

5 The possible values of wyp71 and w37 corresponding to the
possible bit combinations for ypq1 and w37 (0 and 1) in table

8 are 0.2967 and 0.8727.

Bit Bits allocated for Total
representative number of
621 and 677
of feedback
Y31 v21 Pooq Bopq bits
00 00 3 6 13
00 01 4 5 13
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8 are 0.2967 and 0.8727. Table 9 The possi ble values o
f Y2 1 Y3 1 corresponding t o the possible bit
w@oowBioeesé ons for y2 i and | (00, 01, 10, 11) PaI/$G&il0®000338
9 are 0.1396, 0.4363, 0.7156, and 1.0821 . For
exanpl e, for average 8 blts:¥%edback the traditiona
schene assigns 1 bits for Y2 1 an Y3 i and 3 bits for
f fand 04 >21 whilloe in the gari abl e al I1ocati on scﬁéne
acgergrg—t erboedtrent—o—+thetnventon,
S passigned fori¢2 1{and yé and 2 , 3br 4 bhits ;?
al [ocgjed fjor po- The actgal assignmegit ( Wijet NeR o2
bits, 3 bitls or 4 bilts) dependsion the value o f Y2
and y31 and i 91shoywn in ﬂable B . For 12 avera@é

f eedtback blto, the—aetuval—bit—asstegrrert—-S—she
tabIeTG'. Th &Bantlzatloﬁ and ecgns ructijon 032
maly b(g_carr|eq10ut basedson (1) . Gne dif[ferenece
fromthe twoantennas case (i.e. |2 x 1 beanfl orm ng
vect or)0 i s t hat00t he |val ues of vy (as §be0|f|ed i A2
£ v
T

ta""‘odalu;)lal'i"lﬁt tAto |yu‘l st+Bted—as—in
(1R) Al t Hough~i n tthe enbodi mepts descri bed above,
there s a|focug on|quantizatioh of & beanflorm ng
vector, whan there are two transmt antennds and two
receiﬁ%)antennéé t he feeflback of a beanfornmi ngl@atri X
can UC-Lbd.IIICUOKOU'[ arat ugguaiy o—th

T
beanforn1ng vector.

feedback tif a
1

1N

11 01 3 4 11

11 10 4 3 11

11 11 4 3 11
Table 9

The possible values of ypq Y31 corresponding to the possible
bit combinations for y»q and w37 (00, 01, 10, 11) in table 9

are 0.1396, 0.4363, 0.7156, and 1.0821.

For example, for average 8 bits feedback, the traditional
scheme assigns 1 bits for wpoq1 and w31, and 3 bits for ¢17
and ¢91, while in the variable allocation scheme according to
an embodiment of the invention, 1 bit is assigned for w31
and Y31 and 2, 3 or 4 bits are allocated for ¢j7. The actual

assignment (whether 2 bits, 3 bits or 4 bits) depends on the

value of yo1 and Y37 and is shown in table 8.

For 12 average feedback bits, the actual bit assignment is

shown in table 9. The quantization and reconstruction of ¢

may be carried out based on (13). One difference from the two
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The variable bit allocation schene descri bed above can
beapplied directly to a schene where a matrix is
wexpseered using G vens rotation paraneters (aBCT/8G2007/000388
table 1 ) . A s additional information, information
about the rule according t o 4vhi ch the number of
allocated bits is selected has to be stored, for
antexass casee (infoor Mati dn kfanfitreln® tector) The that the

varlable b t alloca sche can_be on idered as a
VALl o3 O Kb AHSRAIAGNaI T UEHES r 3RS ohs hbF aERC and
uni®cc2deP ek hased LPRILaGh, (8iynce a code book is

gener ated and used for the G'vens rotati on paraneters

f and y : Fbmever the variable bit allocation schene

d |
w1 e85, LoVEL SUARR0R doou retml Lhan Leadi thonal Lo 4 cocus

on behwear fHien af ®b|k%akilﬂoradlr@&té@tfb150hﬂ|i@1 deserd bege two
above and the tradjitional G yvens rotation approach can

tra@@%@ﬂé@ﬂ@ﬁﬁ@%mrr%%w sarh%%mg?w%d &lee rEfgedlpgck of a
beahioquﬁ %?}fy it %Fg strl uted gﬁ%?éggég%:rdlhgﬁ¥

uni for
faiba@mqﬂmmmamMRnﬁunh@emxmﬁ|om a sinple
quanti zati on schene is provided for unit-norm ,
beanf or m ngvect or based on vari abl e feedback rate. The

Thebd%irG aldea ift allocation scheme described above can be
applied directly to a scheme where a matrix is expressed
using Givens rotation parameters (as in table 1). As
additional information, information about the rule according
to which the number of allocated bits is selected has to be
stored, for example the information of tables 5 to 10. The
variable bit allocation scheme can be considered as a hybrid
of the traditional Givens rotation approach and a codebook

based approach, since a code book is generated and used for

the Givens rotation parameters ¢and y. However, the variable
bit allocation scheme has a lower storage regquirement than

traditional codebook-based feedback schemes.

The main differences between the variable bit allccation
scheme described above and the traditional Givens rotation

approcach can be seen as:
- The number of bits assigned to ¢ (by) is a function of y;
and

- The gquantized value of y may or may not be uniformly

distributed.

Thus, according to one embodiment of the invention, a simple

guantization scheme is provided for unit-norm beamforming
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thi s enbodi mrent can be seen as giving higher
resolution in dense areas and | ower resol ution
wo@rdenwi2ee. This can be directly applied to exPGI/BGL07/000388
G vens rotation based feedback schemes by having the
bits allocated to f parametéfs (i.e. the paraméters
fjj_)to depend on the value of y paraneters (i.e. the
vecher dpesed soy] viyiabResiktsbshawrbhat The bewliy idea of

. proposed schene can achi eve a.l ower nean squar Lror .,
thi QbR TbaReAngHI SFoHi SEaRtE PPhE BB pFFO R 1

den® 1Peag! 958 LopR- MM syst em basedwaret. henpoRAsEhe
quanti zati on scherme al so out perforns existing schene.

dirdbi sy eabpliiaentoi exhetingsGivened rosafthenubasst feedback

schgRgn BEca=Tong) JBSeRel BLOPA 6he LEnfloBP RERECBES: e ®
the GEARCREF 8. Pon' Par ABFEroch, hur Fadhconde?l Shidng i
(1. fogtes PREPGABEE URifcedBam o ch o od er i et
e
lowbeantanmanguiatr déesahbe .f Ther 3Rt ey fravenacaunif dim

distribution fromO to 360 degree (i.e. 0 to %H}, .
clogprieoPphdIMO system based on the p oposed gquantization

scheme also outperforms existing scheme.

This embodiment is not restricted to the use of eigen-
beamforming or Givens rotations, which have only been used to

give examples.

In one embodiment of the invention, due to the non-uniform
distribution of the Givens Rotation parameters vy, Huffman

code is used to encode the Givens Rotation parameters y and
hence reduce the number of feedback bits required. Efficient

source coding may be achieved in this way.

For example, it can be seen that for unitary 3 x 2
beamforming matrices the ¢ parameters have a uniform
distribution from 0 to 360 degree (i.e. 0 to 2=m), while the
v parameters have a non-uniform distribution in the range of
0 to 90 degree (i.e. 0 to m/2). It can further be seen that

the distribution of w31 is not symmetric and the

distribution of wyp7 and y32 is symmetric.
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y paraneters have a non-uniformdistribution in the
range of 0 to 90 degree (i.e. 0 to p/2) . It can
wo ooBlen4be seen that the distribution of y3]_ PCESGEN7/000388

symmetric and the distribution of Y21 and Y32 is
symetric.Due to the non-unéformdistribution of the y
paraneters Huf fman code is used in one enbodinent to

Due & 0dE: then QuaEbZRUGPIE AMBLEESn 50T t BX A LrardSt SHOWN
in tables 11 and 12, it can be achieved in this way to

Hufﬁmecscecm i$1eu$1@|<én1nzedevem]§i3@hm©ﬂtYQQ (e@rcosiez):hand

only 1.94 bits an bits_{i d bits

auanch e FARIEFFE5 - of SFolf e 4apre T60MabrE FodhEPeL  and
12, the déaweméi ashbesebeen patsi eayatbyrspoeseandthe quantized

described with reference to specific enbodi nents, it
vershoul of be2 undersiwgod bymkwﬁﬂebMUQHkyjlrﬂ%thiﬁﬂtaﬁdu& 77

various changes in formand detail nay be nmade therein
bitsa fm*te@fépegt?n@liﬁoﬁprhe §|‘5F‘F}lﬂ-aéhays€§p§°b‘ff the

i nvention as defined by the appended cl ains. The scope

of the invention is thus indicated by the appended

clpims and al | changes whiich cone w Bhits tlhe neani ng
and range of_ equival ency of the claiq? ar e therefore
i n Z8%De enbraced. The feedback:Phf drivé®i ot tF gr
expnpl e dhgsinformation that is used to genegaf e
beanf or m ng maEEcRapiild tyy afﬁ‘éﬁ@f‘%%c f‘% bl
Y21 and (1) Code or W39,
V32 ¥32s | (1)x (i)
(i)
11.25 0.14714 110 3 0.44142
33.75 0.354956 0 1 0.35496
56.25 0.35146 10 2 0.70292
78.75 0.14644 111 3 0.43932
1.93862
Table 10
Bits ‘
Quantized Avg. bits
Probability | Huffman for
value of for vy31,
(i) Ceode V31,
V31 (1)yx(idi)
(i1)
11.25 0.2722 10 2 0.5444
33.75 0.47748 0 1 0.477438
56.25 0.2299 110 3 0.6897
78.75 0.02042 111 3 0.06126
1.77284
Table 11
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the receiver 102 to the transmtter 101 for exanple
using the MMO Control fixed field as it is
WO kdosm62ag ed in tables 12 and 13. The first |iPerS&1007/000388
tables 12 and 13 give the bit nunbers . BO Bl B2 B3 B4
B5 B6 B7 B8 Nc index Nr indéf Channel G ouping (Ng)
Coefficient width size Table 12 Table 13 There are
Whikdtoget heveftoohehas(been parbﬁCsﬂaEﬁytB@owhN@ncodEﬁmribed
fixed fiel Tabl e and. 13.show the fi
withfe %rﬁﬂF%htSrSpFSF%éﬁeamBOQﬁgﬁP%%Ctéts % liﬁ#@ t he
undSP$REbAILY| FRSEaMRKiBlES Qnaﬂdelar@r ehasedafrdbus changes
transm ssion of codebook information. As expl ai ned
in BpvReanehdebpid Ba¥i §AnBALSS Bheyenlél @’é&é‘ﬁ&tnge@ﬁrttﬁélg from
v f n [
thea?éygégla&gdgggpemg%dt&geﬁﬁ?%g%&g ue o ?lnéaN%be%%}
app@hdsdatEaamS|gnedhbosyopeFof ghanpheenthen tilse thus

Codebqook I nformatio b t. 9 d bit 10
ind{BAERy BYbFRS| SPREaRgHeH LRARYr SaHq 23 T hangits gt come

w1tﬁ§§'gﬁgdmggﬁlﬁ (§ﬁ9r§gﬁgé BEtéqﬁﬁ%aq%Q%®rbﬁeﬁbe claims are
dependi ng on the val ue of
therefore intended to be embraced

The feedback information, for example the information that is
used to generate the beamforming matrix V is transmitted from
the receiver 102 to the transmitter 101 for example using the
MIMO Control fixed field as it is illustrated in tables 12
and 13. The first lines of tables 12 and 13 give the bit

numbers.
BO Bl B2 B3 B4 B5 B6 B7 B8
Nc index Nr index Channel Grouping (Ng) Coefficient
width size
Table 12
B9 B10 B11 B12 B13 B14 B15
Codebook Remaining matrix Reserved
information | segment
Table 13

There are altogether 6 octets (i.e. 48 bits) in the MIMO
Control fixed field. Tables 12 and 13 show the first two
octets which are followed by four octets including the
sounding timestamp. Bits 9 and 10 are used for transmission

of codebook information.




10

15

An exanple for a bit allocation with exanplary val ues
for f and y that for exanple occurs according to this
WO 2008/06ai6 f our subcarriers is shown in tabl e 1BCT/SG02000388
14C ains 1 . A nmethod for encoding a data matrix
having at | east a first conp%%ent and a second
conponent wherein the value of the first conponent is
As deigranimet;alddiee nwtherb of s bi§si domdet used §ori erredming
the second conponent is selected based on the val ue of
on tthe fialste cohpbnenty.; when sdvonith bonpohehtis 9 enoodduits
usi ng the sel ected number of bits; and the first .
arecm it© dhcaREdwhen thege VRdiifo® fadc dFdilng fogr bits
aj né v%wereln t he nunber of bits to be used for
are dllgn O{he sécond conponent is selected based on the
SI ze of the first conponent. 3 . The nethod according
to claim1l , V\,hereln t he nunber of bits to be used for
Fore fEGHNE t e C@ﬁﬁhﬂ@ﬁtlm%o@@@’@tmdgba%@dbbnbihe9 and

ol.ute val ue the first conponent met hod _ |
bit g ord r§ & &l ]1% ni) ‘aaf%rn‘gt? Ci 4L 4 bits
are %%%fﬂﬁgdnfor Yy (average 4 bits per subcarrier) depending

on the value of ¢.

An example for a bit allocation with examplary values for ¢

and ¥ that for example occurs according to this rule for

four subcarriers is shown in table 14.

subcarrier subcarrier 2 subcarrier 3 subcarrier
1 4
011 | w21 |11 V21 b11 Vo1 011 | W21
0 1 0 1 1 1 0 1 1 0 1 0 1 0 1 0
Table 14
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5 . The nethod according to claim1l , wherein the

first conponent and the second conponent conprise
wangBeei2ed or mation. 6 . The nethod accordi ng tPCTEGR007/000388

, Wherein the second conponent is a paraneter

i ncludi ng angul ar informati o of a representation of

the data matrix or another data matrix.7 . The method
Claagsording to claim6 , wherein the representation is a

representation according to Gvens rotations. 8 . The

met hod according to claiml1l , wherein the data matrix

1. eompihees fehamiRloditrd) & Il mdi ok ¥hvindedetdwsk a
. according to claim8 , wherein the data matrix is a
firgéarPaPRnsd trd )@ SEEOIThECHRRARN Bt R HYy to claim

thel ya1\W2e 1 e dala Aﬁ%ﬁ% J?&CCPQF&MM?J ecei ver
of "a communi cation systemto be transmtied to a
thet namdrirt toefr kdft st e deamMmeddafdorersysiieny thle sdwond

nmet hod according to.claim 10, wherejn th .
CoBBRT ot 10 RS D Tl T G R E the first
com?@h@hgbe-putput communi cation system 12 . An encoder

or encoding a data matrix having at least a first
thec grgonehicommprerdedencremassheralndipre sinigeeted number of
bit%?tga@ ning circuit configured to determ ne the val ue

the first component is encoded.

2. The method according to claim i, wherein the number of
bits to be used for encoding the second component is selected

based on the size of the first component.

3. The method according to claim 1, wherein the number of
bits to be used for encoding the second component is selected

based on the absolute value of the first component.

4. The method according to claim 1, wherein the data matrix

is a data vector.

5. The method according to claim 1, wherein the first
component and the second component comprise angle

information.

6. The method according to claim 1, wherein the second
component is a parameter including angular information of a

representation of the data matrix or another data matrix.
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the first conmponent; a selecting circuit configured to
sel ect the nunber of bits to be used for encoding the
waemsne2eonponent based on the val ue of the fiP&L/SG2007/000388
conmponent; a first encoding circuit configured to
encode the second conponent %%ing the sel ected nunber
of bits; and a second encoding circuit configured to
7. Sheodethesl fagmsirdiorporemlain R, Teerniodere accor di ng

I 12, .hein art of transcelv r. 14. e
reptéf%g’% erarpe‘iLé)cﬁorus ng%eD Sentacsl het 7y partd or° a fvens
rotettlitongd.e- i nput nultlple out put transceiver. 15. A

nmet hod for decodi ng an encoded first conmponent and an

encoded second conponent of an encoded data matri x

. Wher gl e fncoaded, § v st conponentyd.s. decgded; ¢ h atrix

value of the first conponent is determ ned; the nu
compfr ilsietss ablsingte wast alse difforrmeiciodi ng t he second

conmponent is determ ned based on the value of the

first conponent; and the encoded second conponent is

9. deeodedndsi REddvRidR} erdridiedin rd,onmd + O Whad dudehatrix
of bits was used for encodi ng the second component .
is a beamforming matrix.

10. The method according to claim 1, wherein the data matrix
is encoded by a receiver of a communication system to be

transmitted to a transmitter of the communication system.

11. The method according to claim 10, wherein the
communication system is a multiple~input multiple-output

communication system.

12. An encoder for encoding a data matrix having at least a
first component and a second component comprising

a determining circuit configured to determine the value of
the first component;

a selecting circuit configured to select the number of bits
to be used for encoding the second component based on the
value of the first component;

a first encoding circuit configured to encode the second
component using the selected number of bits; and

a second encoding circuit configured to encode the first

component.

13. The encoder according to claim 12, being part of a

transceiver.
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16. A decoder for decoding an encoded first conponent
and an encoded second conponent of an encoded data

woraiosioso2eo©npri sing a first decoding circuit coPET/§G200T000388
to decode the encoded first conponent; a first
determining circuit configur%% to determ ne the val ue
of the first conponent is determ ned; a second

14 .déthey mmiodeci acwpidoonfigueemin ol 8etlee imaepihe afinker
f. bits which s, used for encodi ng the second

mu#% 5%@6H“Hé§@£ﬁ%%P ?EPQEHTEe%ﬁa?%ge+V?§t conponent ;
and a second decoding circuit configured to decode the
encoded second conponent using the determ ned

15 & giariadnf dhadesribeg 31 Preedersisel forprenchdi agd an
0 C r ¥
enck i CERNL AR, e 4, COMBUES 300" AR PLONKL e
thepenrfardad et Stodcdsorenctodi ngdecodded; matri x havi ng at
least a first c onent and second conponent wherein
the; RGNS [ OFS Het 11 ST OBOHOHent ® | 9 BRTBERTAGG: { he
theHlhde Ofo DI St § Auibe-Seds Fode @NESHI 890880 §0ER8second
conmponent is selected based on the value of "the first

compemsatferits defee weomrdl orpdrentths eatededf ushagfihst
com%%ln%%tte;d aqwl:'dm er of bits;

the encoded second component is decoded using the determined
information what number of bits was used for encoding the

second component.

16. A decoder for decoding an encoded first component and an
encoded second component of an encoded data matrix comprising
a first decoding circuit configured to decode the encoded
first component;

a first determining circuit configured to determine the value
of the first component is determined;

a second determining circuit configured to determine the
number of bits which was used for encoding the second
component based on the value of the first component; and

a second decoding circuit configured to decode the encoded
second component using the determined information what number

of bits was used for encoding the second component.

17. A computer program product, which, when executed by a
computer, makes a computer perform a method for encoding a
data matrix having at least a first component and a second
component wherein

the value of the first component is determined;



the first conmponent is encoded.
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the number of bits to be used for encoding the second
component is selected based on the value of the first
component;

the second component is encoded using the selected number of
bits;

the first component is encoded.



