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AMETHOD AND SYSTEM FOR TRANSMITTING AND RECEIVING

DATA STREAMS

Technical Field

The present invention relates to a transmission system and more particulardy, to a method of
transmitting and receiving data streams using a plurality of antermas. Although the present invention is suitable for
a wide scope of applications, it is particularly suitable for grouping a phurality of antennas into sub-groups of
antennas based on an antenna combination having a maxinum data throughput and transmitting such
information. Moreover, it is suitable for transmitting a plurality of data streams based on weight values for each
antenna. The related arts do not show such features of applying weight values to transmitting antennas and

grouping antenna combinations to detemmine a combination having a maximum data throughput.

Background Art

Inatrensmission diversity (Tx divesity) scheme, a single data stream i transmitted using at Jeast
two antennas via independent channel. The signals corresponding to the data stream suffer different channel
environment and arereceived in areceiving antenna. harecéivhlgald,ﬂ)csi@als suffering different channel are
combined and decoded. Because it is more efficient to decode combined signals than a single signal, the receiving
end can acquire efficiency in decoding, called diversity gain.

Asanother aspect of diversity scheme, a spatial multiplexing method has been proposed. In the
spatial multiplexing system, al least two independent data streams are transmitted using at least two transmitting
anternas respectively. In areceiving end, at Jeast two antermas are infroduced, and each antenna receives at least

two signals simultaneously. Therefore, the received signals must be recovered separately with a detection
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algonithm for each signal. The separated signal is decoded independently. In this method, each signal is
treansmitted independently so different modulation or coding scheme is applicable to each signal.

In the existing diversity schemes, data streams are transmitted via a fixed set of anfenmas without
regard to a potentially more efficient and effective antenna combination. As aresult, transmissionmay suffer
inefficiency and delays due to underutilization of antennas and overuse of other anternas, Moreover, time and
resources could be wasted. Therefore, the amount of data transmitted suffers.

For example, in a system having four antennas in a transmitting end which are set to transmit data
stream 1 from antennas 1 and 2 and data stream 2 fiom anfennas 3 and 4, other antenna configuration is not
considered. ffantennas 1 and 2 have strong signal strength compared to antenmas 3 and 4, yet data stream 1 does
not havemuch data to transmit whereas data stream 2 does, the fixed configuration would cause delays in
transmitting data stream 2 due to weak signals and data overload. On the contrary, antennas 1 and 2 donothave
much data to transmit, resulting in underutilization of resources.

Another disadvantage of the existing diversity scheme is that anterna signal strengths arenot
considered prior to transmitting data through them. In other words, data is transmitted through an antenna
regardless of the transmission rate of that antenna. As aresult, inefficient as well as ineffective data transmission
could occur. In addition, the amount of data transmitted suffers.

For example, in a system having two antermas, the transmission signal strengfh of antenna 1 is
strong while antermna 2 has weak signal strength. By transmiitting a data stream through both antennas, the

transmission in antenma 2 would suffer and considered inefficient.

Disclosure of Invention

Accordingly, the present invention is directed to a [title] that substantially obviates one or more
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problems dueto fimitations and disadvantages of the related art.

An object of the present invention is to provide a method of transmitting and receiving data
streams having weight values applied to the data streams and selecting a group of antennas providing a maximum
datathroughput.

Another object of the present invention is to provide a method of transmitting and receiving data .
streams by having weight values applied thereto.

Another object ofthe present invention is to provide a mefhod of transmitting and receiving data
streams by selecting a group of antennas providing a maximum data throughput.

Additional advantages, objects, and features of the invention will be set forth in part in the
description which follows and in part will become @pmﬁtnﬁmsehavhgo@mysldﬂmmemtupon
examination of the following or may be leamed fiom practice of the nvention. The objectives and other
advantages of the invention may be realized and attained by the structure particularly pointed out in the written
description and claims hereof as well as the appended drawings.

To achieve these objects and other advantages and in accordance with the purpose of the invention,
as embodied and broadly described herein, a method for transmitting data streams using a plurality of antennas
include the step of receiving feedback information fiom a receiving end, where the feedback information includes
group selection information and weight values for the plurality of antennas. The method finther includes the step
of grouping the plurality of antennas into a plurality of antenma groups based on group selection information
which is included in the feedback information. Furthermore, the method includes the step of transmiitting to a
receiving end a plurality of data streams thwough the plurality of anterma groups, respectively, based on the weight
values.

Tn anofher aspect of the present invention, a method for receiving data streams using a plurality of
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antennas include estimating a charnel status for each antenna. The method fiwther includes the step of calculating
a weight value and a Signal-to-Inferference-plus-Noise Ratio (SINR) for each antenna using the estimated
channel statis and calculating a data throughput for each combination of antermas using the SINR. The method
further includes the step of selecting a combination of antennas which provides the maximum data throughput
fiom a plurality of antenna combinations. The method finther includes the step of transmitting feedback
information to a transmitting end in which the feedback information includes the calculated weight value for each
antenna and the selected combination of antennas. Moreover, the method includes the step of receiving a plurality
of data streams from the transmitting end, from which the plurality of data streams through selected combinations
of antennas based on the weight value for each channel are transmitted.

It is to be understood that both the foregoing general description and the following detailed
description of the present invention are exemplary and explanatory and are intended to provide fixther explanation

ofthe invention as claimed.

Brief Description of Drawings

The accompanying drawings, which are included to provide a finther understanding of the
invention and are incorporated in and constitute a part of this application, illustrate embodiment(s) of the invention
and together with the description serve to explain the principle of the invention. In the drawings;

FIG. 1 illustrates a D-STTD scheme having four transmission antennas;

FIG. 2 illustrates a TxA A scheme having two transmission antennas; and

FIG. 3 illustrates a D-TxAA scheme having four transmission antermas and two receiving

FIG. 41llustrates aD-STTD scheme having a feature of selecting anterma combinations.
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FIG. 5illustrates aD-TXAA scheme having a feature of selecting antenna corbinations.,

FIG. 6llustrates a flowchart showing a process of selecting anterma combinations in the receiving

5 Best Mode for Carrving Out the Invention

Reference will now be made in detail to the preferred embodiments ofﬁlepr&saﬁhwerﬁion,
examples of which are illustrated in the accompanying drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the same or like perts.

As apart of diversity transmission scheme, Space Time Transmit Diversity (STTD) and modes 1

10  and2 of Transmit Antenna Awray (TxAA) are widely used. The STTD scheme is an open loop technique using
two antermas to exploit diversity. More specifically, the STTD employs space-time coding to achieve diversity.
Furthemmore, the STTD scheme is applicable to all of the downlink physical channel except Synchronization
Charnel (SCH) of Widsband Code Division Muttiple Access (WCDMA). Because STTD scheme does not
require feedback signal, delays caused by feedback transmission does not affect transmission in the STTD

15  scheme Theoperation of STTD is finther explained using the following Table 1.

[Table1]
t T

Anterna 1 S1 S2

Antenna2 | -3 s1

In Table 1, trepresents time and t+T represents time plus symbol transmission duration. The
space-time coded symbols, as indicated in Table 1, are transmitied through transmission antennas 1 and 2. Each

symbol is transmitted via independent channel, Assuming that the channe] of time t and the chamnel of t+T are the
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same, the following equations in Equation 1 describes how the signals are received at the receiving end.

R=r)=hs -k +n

ry=r+T)=hey + s +1

Here, 7; and 1, Tepresent received signals at each anferna, and 1 =°°leje’, hy=ase” represent
charnels between the receiving antermas and each of the transmitting antennas 1 and 2. Furthermore, 72; and
represent noise in the receiving end.

In this diversity scheme, pilot signals are used to estimate each channe] status. Furthermore, by
combining received signals, as in Equation 2, the transmitted symbol can be estimated. For example, the

estimated symbol has an effect of Maxinmum Ratio Combining (MRC).

[Equation 2]
5 =}3;’“1 +hz’"2* = ("312 +95§)31 +P31*ﬁ1 +h2ﬂ;

n e * a2 2 # #
Sy=r o =(0g +05)8 +i i, —

InEquation 2, Srepresents a decoded symbol at the receiving end, and /i represents channel.
Furthermore, 7 represents areceived signal, crrepresents almlitlide,srepmis symbol transmitted from the
transmission end, and » represents complex noise in the receiving end. Since there are two receiving antermas,
two equations are presented accordingly in Equation 2.

For mproved and efficient transmission, four transmit antennas can be used to achieve diversity
forMulti-In Multi-Out (MIMO). This is possible in a Double-Space Time Transmit Diversity (D-STID)

scheme. In this scheme, for example, there are four transmit antennas to two receiving antennas are available.
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Tn the D-STTD scheme, the transmitted data is divided info two sub-groups and each sub-group is
transmitted by STTD operation. More specifically, two data streams are space-time coded by the STTD encoder,
and transmitted as space-time coded symbols via a plurality of antennas grouped in sub-groups, i.e,, four antennas
grouped in sub-groups of two. FIG. 1 illustrates this operation in detail.

FIG. 1 isablock diagram illustrating an open loop D-STTD scheme. Asillustrated, aModulation
Code Set (MCS) control 13 is available to control modulation and coding rate to each set of data streamns 11 based
on Chamnel Quality Information (CQL) feedback. In other words, each modulation and coding rate canbe
independently changed based on the CQI feedback. Two independent data streams 11aand 11b arepassed
throughrespective STTD encoders 12aand 12b which perform space-time coding in a diversity scheme.
Furthermore, four antennas 14a-dtran§nit the coded data streans.

Inaddition, the receiving end of the system includes two antennas 15a-b and STTD decoders 16a-
b to receive the transmitted signal and perform decoding fimctions to transmitted data.

Asaclosed loop technique employing feedback CQIL TxAA scheme also uses two antennas to
exploit the diversity. FIG. 2 illustrates the operation in detail. In the receiving end of the Tx A A scheme, a detector
21 estimates channe] status using pilot signals. The estimated channel status information is used fo calculate
Signal-to-Interference-plus-Noise Ratio (SINR). Additionally, the estimated channe) status information is used by
aweight generator 22 to generate a weight value for each charnel. The generated weight values, wy and w, are
transmitted to the transmitting end to be applied to the data stream.

"The weight values are applied to the data streams then transmitted to the receiving antetnas.
Assuming there are two receiving antermas, for example, the receiving signal of each anterna in the receiving end

can be expressed in the following equation.
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[Equation 3]
n=(w by +wyhy Js o+ o
ra={wy b+ wa ks + wg

InEquation 3, s represents a symbol transmitted from the transmitting end, wi and warepresent

5 wdgtlts,hll—lzgmmmmgnissionéhmme]gmﬂnl and r, represent the Additive White Gaussian Noise
(AWGN).

Inthe receiving end, the original data needs to be extracted. To accomplish this, data symbol
recoveryis performed. Accordingly, data symbol recovery in the receiving end can be determined using the
following equation.

10 [Equation4]

8=ty | o+ (g b | 1y

In Equation 4, Srepresents a decoded symbol at the receiving end, /111~ /1 are channels, 74 and s
represent the received signal at each receiving antenna, and w and wyrepresent weight values,

Before weight values can be fed back to the transmission end, the receiving end generates weight

15  values. Anexample of acquiring a weight value is through determining an eigenvector. More specifically, an
eigenvector corresponding to the maximum eigenvalue from a channel covariance matrix. The following

equation is an example of determining a weight value.

[Equation 5]

Rw=Aw
20 = -

In Equation 5, R is a covariance matrix, w is a weight vector, and Arepresents amaximum value of
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the covariance matrix.

Tnthe TxAA scheme, twomodes can be found; namely, mode 1 and mode 2. The difference
between the two modes lies in amethod of acquiring a weight vector. More specifically, inmode 1, aweight
Vectorise)qu&ssed%n 1 bit, whilemode 2 expresses a weight vector in 4 bits.

Mode 1 ofthe TxAA scheme employs a closed loop technique to feedback weight values. In
mode 1, 1 bit phase information s transmitted to the receiving end during each time slot without amplitude
information. Inmode 2, 4 bits are transmitted to the receiving end during each time slot, of which 1 bithas phase
information and 3 bits have amplitude information.

Inmode 1, pilot symbols which are orthogonal to each other transmitted through each of two
antermas on a Dedicated Physical Control Charmel (DPCCH). Inmode 2, the same dedicated pilot symbols are
transmitted through two antennas in the DPCCH.

The receiving end estimates each channel comresponding to each antenna for each time slotusing
signals on a Common Pilot Channel (CPICH) and calculates weight values by which the reception signal power
is maximized. The receiving end transmits phase and amplitnde adjustment information based on the weight
value.

Asexplained above, inmode 2, feedback information comprises phase information as well as
amplitude information. The transmitting end, i.e,, UMTS (Universal Mobile Telecommunication System)
Terrestrial Radio Access Network (UTRAN), uses the following list (Table 1) to analyze the received
information. In other words, the transmitting end can use 4 weight values forphase, with 1 bit feedback
information, by using a constellation rotation method. To acquire the 4 weight values fiom the 1 bit foedback
information, Table2 canbeused. Thats, the transmiting end uses a fixed value, such as 1~/ V2 foraweight

value of a first antenna, and interprets the received feedback nformation according to Table 2 which shows the
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mapping between phase adjustmert, ®, and received foedback information for each time st

[Table2]
Slot#
0 1 2 3
SM R 2 2 2 2 2 2
w2 w2 2 w2 2 2 w2

As explained above, the weight value of the first anterma w is a constant, Wi 1/\/5. The weight

5  wyisthen calculated by averaging the received phases over two consecutive slots. Algorithmically, w»is

calculated as follows.
[Equation 6]
WE —_— F=pa—1 -+ _,.-—': & =pa—1
=2 =2

10
Tnmode 1 at frame border, the averaging operation is slightly modified. Upon reception of the
feedback command for slot O of a frame, the.avaageis calculated based on the command for slot 13 of the
previous frame and the conmznd for slot 0 of the current frame, In other words, frame information from slot 141
notused. The reason for this is to come up with the average value based on (0, ) and (w2, -w2). The average can
15  beacquired through the following equation.

[Equation 7]

10
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W, = cos( 1';_1)2"' cos(%j) ¥ sin(géé'l);- Sﬂl(;ﬁ’ﬁ’)

J -1
InBquation 7, & represents phase adjustment fiom frame;j-1, slot 13, and @13 represents phase

5  adjustment from framej, slotO.

For the first frame of transmission, the receiving end determines the feedback commandsina
nomal way and send them to UTRAN. Before the first feedback command is received, the UTR AN shall use
theinitial weight, wm Having received fhe feedback command, the UTRAN calculates w according
10  tothefollowing equation.
[Equation §]

_cos(x/2)+ cos(¢0)+ sin(xr/2) +sin(4y)
= ; j 2

Wy

TnEquation 8, @, represents phase adjustment from slot 0 of the first frame.

15 Likemode 1, mode 2 of the TXAA scheme employs a closed loop technique to achieve diversity.
Tn this closed loop mode, there are 16 possible combinations of phase and power adjustment from which the
receiving end selects and transmits the FSM according to Table 3 and Table 4. In contrast fiommode 1,no
constellation rotation is done at the receiving end and no filtering of the received weights is perfonmed at the
UTRAN.

20 [Table3]

Strength of Antenna 1 Strength of Anterma2

02 08

11
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08 02

[Tabled]

Phase Difference Between Antermas (radians)

T

01

34

11

10

10

11

4

01

34

Tn the first bit, since all the infommation can be combined, a maxinum value can be selected from

16 weight values. In the next bit, where the previously determined bit is fixed, amaximum weight value canbe

12
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found in order of 8§ >4 >2 combinations.
r
By using the phase and weight information, weight vector - - ] b dotemined. e

Equation9.

5 [Equation 9]

we ~Jpower _antl
T | | power _ant2 exp(j phase _diff)

Ina 15 slot configuration, 4 bit feedback information gets transmitted through four slots. As aresult,
amplitude foedback information in the last three slots are not transmitted. In such cases, the previous amplitude
10  informationistransmitted.
Since there isno feedback information in the first frame of transmission, phase information listed in

Table 5 can be used. Atthe sametime, the transmission power from two antennas are divided equally in half from

thetotal transmission power.
[Table 5]
Phase Difference Between Antennas (radians)
FSMp Apormal initalization)

or held from previous setting
(compressed moderecovery)

0 ¥

1- 0

00- T

01- -2

13
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11- 0
10- w2
000 iy
001 34
011 2
010 w4
110 0
111 w4
101 w2
100 34

In transmitting data using a plurality of antennas, as in the D-STTD scheme, four transmit antennas
can be introduced to the TxA A scheme for MIMO. In a four antenna scheme, or a Double-Transmit Antenna
Array (D-TxAA), the transmitted data is divided into two sub-groups and each sub-group is transmitted by the
TxAA operation.

FIG. 3 illustrates a D-Tx AA scheme for the (4, 2) antenna configuration. More specifically, there
are four transmitting anternas to two receiving antennas. As shown in the figure, the transmit antenmas 32a-32d
are grouped into two sub-groups. The upper two transmit antennas 32a and 32b transmit data stream 1 and the
lower two transmit antennas 32c¢ and 32d transmit data stream 2. A controller (not shown in the drawing) applies
weight values received in feedback information from the receiving end 35 to respective antermas and controls
transmission of data streams which have been weight-applied to the receiving end 35.

Inthereceiving end 35, defectors 34a and 34b in the receiving end 35 estimate channel status using

14
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pilot signals. The channe] status information is used by the weight generator 36 to calculate weight values for each
charmel. The weight values along with the CQI are fed back to a transmitting end. Based on this information, the
weight values are applied to each transmission antenna of each sub-group.
After the weight values are applied to each sub-group, each sub-group transmits the data streams to
5  thereceiving antennas. The received signals can be presented by the following equation. Here; an assumption is

made that there are two receiving antermas,

[Equation 10
h= 0l g+ (s + )5, 11y

1y =y g 0, (0 90 8, £

10

Tn this equation, wi-wy are weight values for each sub-group, /,mis channel coefficient from the
m-th transmit antenna to the n-th receive antenna, s; and.s, are symbols, and 77; and 7, are AWGN vectors,
Since 51 and s, are transmitted to each recelving antenna, the data can be recovered after filtering
15  out the channel information and weight value fiom the combined signals. Furthermore, more reliable data
recovery can be achieved through an interference cancellation method. In other words, as expressed in Equation
11, if an interférence element acquired through data recovery process of sy can be eliminated, reliability of s, canbe

increased.

20 §1=(Wlhlﬁwzhu)mﬁ*(Wlhzﬁwzhnrrz

i7 (Wa}?u* thm)* (rl - (Wlhlﬁ W2h12)§1 )* (Wahzﬁ Wy )* (’” ) '(Wlhﬂ t W2h22)§1)

15
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In this equation, wi- are weight values for each sub-group, /iy, is chammel coefficient from the
mrth transmit antenna to the n-th receive antenna, and 1 and 7, arereceived signals.
The weight values, fod back to the transmitting end, is an eigenvector comresponding to the

5  eigenvalue derived from the channel mafrix.

[Equation 12]
Rm:hghu - R34=h:ﬁha4

[Equation 13]

10 R;Wyy = AWy, Ragwy, = Jgywy,
h13 h23

SR
Tn Equation 12 and Bquation 13, M =l 7 1A Ml Ry Ry g covariance
matrices of 7y and Fy, 420 % represent the maximum values of the covariance matrices, and
wy=ba s wy =l are the eigenvectors corresponding to maximum eigenvalues, respectively.
The above described method is an example of one of the methods that can be used to acquire
15  weight values. Different methods may be used to obtain weight values.
In the above example, two receiving antennas are provided. However, the D-TXAA scheme can
be extended for a configuration having more antermas. For example, the D-TXAA scheme can be extend for the
(4,4) antenma configuration.
As explained above, data rates for sub-groups can be independently controlled. In other words, the
20  data rates for s and s, can be controlled independently depending on the status of the transmission channel.
Accordingly; ifthe channel status is good, transtmission can be achieved by using high order modulation, whichis

similar to Quadrature Amplitue Modulation (QAM), or by increasing the code rate. On the contrary, if the

16
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chanmel status s bad, transmission can be achieved by using a low order modulation, which is similar o
Quadrature Phase-Shifting Keying (QPSK), or by decreasing the code rate. To accomplish this, the receiving end
transmits as feedback the channel status information to the transmission end.

Another embodiment of the present invention relates to maximizing data throughput. In FIG. 4, a
Switch Unit41 in a transmitting end 40 and an Antenna Combination Selector 48 in areceiving end 45 are added
to the (4,2) anterna configuration flom FIG. 1.

InFIG. 4, the receiving end 45 estimates channel status using pilot signals. The status of estimated
channels are used to calaﬂateﬂp'Sll\]Rforchamels of each antenna combination. For instance, the SINR of] not
only (1,2)(3,4) anterma combination calculated, other combinations such as (1,3)2.4) and (1,4)2,3) are calculated
as well. Based on the SINR, the data throughputs of antenna combinations are calculated. Then the antenna
combination having the maximum data throughput is selected.

From the receiving end, the selected antenna combination is fed back, along with the CQ, to the
transmission end 40. Based on this feedback information, the Switch Unit 41 applies the selected antenna
combination. The data streams are then transmitted to the receiving end 45 via selected antenna combination.

FIG. 5 isan example of D-TxAA schemewhere a capacity to select anfenna combinations is
made available to a system comprising aplurality of transmitting antermas. In FIG. 5, a Switch Unit 51 ina
transmission end 50 and an Antenna Combination Selector 53 in areceiving end 55 are added to the (4,2) antenna
configuration of FIG. 3.

InFIG. 5, detectors 59 and 59 in the receiving end 55 estimate channel status using pilot signals.
The estimated channel status information is used by the weight generator 56 to calculate weight values for each
combination of antermas as well as for each anterna. Furthenmore, the SINR for channels of each antenna

combination are calculated by using the estimated channel status information. For instarice, the SINR of] not only

17
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(1,2X3,4) antenna combination calculated, other combinations such as (1,3X2,4) and (1,4)2,3) are calculated as
well. The SINR of each anterma can also be calculated by using the estimated channel status information. For
example, the SINR of not only of (1,2)34) antenna combination calculated, the SINR of each antenna (e.g,
anterna 1, anferna 2, etc.) may also be calculated. Based on the SINR of each antenna combination, the data
throughputs of each antenna combination are calculated fiom which the antenna combination having the
maximum data throughput is selected.

The selected antenna combination is fed back, along with the weight values and the CQJ, to the
transmitting 'end 50. Based on this feedback information, the Switch Unit 51 applies the selected antenna
combination. Furthermore, the weight values are applied to each anterna of the sub-groups. The data streams are
then transmitted to the receiving end 55 via selected antenna combination.

FIG. 6 shows the process of selecting antenma combinations in the receiving end 45 ofaD-STTD
and D-TXAA diversity. With numerous antenna combinations available, the antenna combination having a
maximum data fhroughput is selected.

In FIG. 6, channe] status is estimated usingpilot signals (S41). Based on the estimated channel
status infommation, the SINR for channels of each anterna combination are calculated (S42). Furthermore,
available data throughput for each antenna combination is calculated (S43). After calculation of data throughput is
completed, the antenna combination having the maximum data throughput is selected (S44). The selected
antenna combination having the maximum data throughput is compared to the anterma combination of the
cutrent anferna commbination (S45). If the selected antenna combination has a larger data &ngughmt; the selected
antenna combination is fod back to the transmitting end (S46). If the data throughput amourt of the selected
antenna combination is same or less than that of the current anterma combination, thenno feedback is transmitted.

In such cases, the transmitting end transmits the data based on the current antenna combination.

18
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The foregoing process of selecting antenna combination isnot limited to aD-STTD and D-TXxAA
scheme, but can be applied to oher transmission schemes. Moreover, the combination of antennas is not limited
to above described combinations, but can use other combinations. Furthermore, a mumber of antermas in sub-
groups could increase with increase in number of transmission antennas.

Before transmission of feedback takes place with respect to the selected antenna combination, the
data fhroughputs of the selected antenna combination and the current anterma combination should be compared.
If the amount of data throughput of the selected anterna combnation is similar, same, or even lower than the
current (or initial) antenna combination, feedback need not take place. The reason for this is to reduce increase in
uplink/downlink signating of feedback data and downlink control signal which may take place petiodically or
every time a change in channel status occurs. Therefore, selected antenna combination should replace the current
(or initial) antenna combination when there is substantial difference in data fhroughput and at initial system
comection or set up. The reason for this is to reduce increase in uplink/downlink signaling of feedback data and
downlink control signal which may take place periodically or every time a change in channel status occurs.

T will be apparent to those skilled in the art that various modifications and variations can be made
in the present nvention without deperting from the spirit or scope of the inventions. Thus, it is infended that the
present invention covers the modifications and variations of this invention provided they come within the scope of

the appended claims and their equivalents.
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WHAT IS CLAIMEDIS:

L A method for transmitting data streams using a plurality of anternas, comprising the steps of
receiving foedback information fiom areceiving end, the feedback information including anterma group
5  selection infonmation and weight values for the plurality of antermas;
grouping the plurality of anternas info a plurality of anterma groups based on the antenna group selection
information included in the feedback information; and

transmitting, to areceiving end, aplurality of data streams through the plurality of anterina groups,

respectively, based on the weight values.
10
2. Themethod of claim 1, wherein the feedback information fluther includes charmel quality
information (CQI) for each antenna.
3. Themethod of claim 1, wherein each data stream ismodulated and coded based on the CQL
15

4, Amethod for receiving data streams using a plurality of antennas, comprising the steps of:
estimating a channel status for each anterina;

calculating a weight value for each combination of antennas using the estimated channel
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calculating a Signak-to-Interference-plus-Noise Ratio (SINR) for each combination of
antennas using the estimated channel status;

calculating a data throughput for each combination of antenmnas using the SINR;

selecting a combination of antermas providing the maxinmum data throughput from a plurality

5  ofantennacombinations;

transmitting feedback information to a transmitting end, the feedback information including
the calculated weight value for each antenna and the selected combination of antennas; and

receiving a plurality of data streams from the transmitting end, wherein the transmitting end
transmits the plurality of data streams through the selected combination of antennas, based on the weight value for

10  eachchamel

5. Themethod of claim 4, wherein estimating charmel status firther includes using pilot signals.

6. The method of claim 4, wherein the feedback mformation firther includes chamnel quelity

15  information (CQJ) foreach antenna.

7. The method of claim 4, wherein the estimated channel status is used to calculate the weight

values.

20 8. Themethod of claim 4, wherein the estimated channel status is used to calculate the SINR.
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O. A method for transmitting data streams using a plurality of antennas, themethod comprising
the stepsof
receiving, fiom areceiving end, feedback information including weight values for the
5  antennasincluded in the antenna groups; and
transmitting, to the receiving end, a plurality of data streams through a plurality of pre-defined
antenna groups, respectively, based on the weight values, each pre-defined antenna groups comprising at least one

of the plurality of anfermas.

10 10. The method of claim 9, wherein the feedback information finther includes charnel quality

information (CQI) for each anterma.

1L Themethod of claim 9, wherein each data stream is modulated and coded based on the CQL

15 12, A method for receiving data streams using a plurality of antenna groups, each group having at

least one antenna, the method comprising the steps of:
estimating a channe] status for each antenna;
calculating a weight value for each antenna using the estimated channel status;
transmitting feedback information to a transmitting end, the feedback information including

20  thecalculated weight value for each anternna; and
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receiving a plurality of data streams fiom the transmitting end, wherein the transmitting end

transmits the phurality of data streams through a plurality of pre-defined anterma groups, respectively, based on the

weight values, each pre-defined antenna groups comprising at least one of the plurality of antermas.

5 13. "The method of claim 12, wherein estimating channel status flrther includes using pilot signals.

14. The method of claim 12, wherein the feedback information firther includes channel quality

information (CQI) for each antenna.
10 15. The method of claim 12, wherein the estimated channel information is used to calculate the
weight values.

16. A method for transmitting data streams using a plurality of antennas, comprising the steps of:
receiving feedback information from areceiving end, the feedback information including
15  group selection information;
grouping the plurality of antermas into a plurality of antenna groups based on the group
selection information included in the feedback information; and
transmitting, to the receiving end, aplurality of the data streams through the plurality of antenna
groups, respectively.

20
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17. Themethod of claim 16, wherein the feedback information firther includes channel quality

mformation (CQI) for each antenna.

18. Themethod of claim 16, each data stream is modulated and coded based on the CQL

19. A method for receiving data streams using a plurality of antennas, comprising the steps of:
estimating a channel status for each anferma;
calculating a Signal-to-Interference-plus-Noise Ratio (SINR) for each anfenna using the
estimated channe] status;
10 calculating a data throughput for each combination of antennas using the SINR;
selecting a combination of anfennas providing the maximum data throughput fiom a plurality
of antenna combinations;,
transmitting feedback information to a transmitting end, the feedback nformation indicating
the selected combination of antennas; and
15 receiving a plurality of data streams from the transmitting end, wherein the transmitting end

transmits the plurality of data streams through the selected combnation of antermas.

20. Themethod of claim 19, wherein estimating channel status finther includes using pilot signals.
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21. The method of claim 19, wherein the estimated charmel information is used to calculate the

SINR.

22. Themethod of claim 45, wherein the feedback information firther includes weight values and

5  channel quality nformation (CQJ) for each antenna.

23 Atansmiftingsystem, comprising
a plurality of anfennas for receiving feedback information fiom a receiving end, including
antenna group selection information and transmitting, to a receiving end, a plurality of data streams fhrough the
10  pluralityof antenna groups, respectively; and
a switch unit for grouping the plurality of antennas into a plurality of anterma groups based on

the antenna group selection information included in the feedback information.

24. The system of claim 23, wherein the feedback information finther includes channel quality

15  information (CQI) for each antenna.

25. The system of claim 23, wherein the feedback information fiwther includes weight values for

the plurality of antermnas.

25



WO 2005/076758 PCT/KR2005/000391

26. The system of claim 23, wherein the data streams are transmaitted to the receiving end, based

onweight values.

27. A receiving System, comprising:

5 adetector for detecting a channel status for each antenna;

aweight generator for calculating a weight value for each antenna using the detected channel

an antenna comibination selector for caloulating a Signalto-Inferference plus-Noise Ratio
(SINR) using the detected channel status, calculating a data throughput for each antenna combination using the
10  SINR, selecting a combination of antennas providing the maximum data throughput from a plurality of anterma
combinations, and transmitting feedback information to a transmitting end, the feedback information including

the calculated weight value for each antenna and the selected combination of antennas; and
aphnalit};ofarnermas for receiving a plurality of data streams from the transmitting end,
wherein the transmitting end transmits the plurality of data streams through the selected combination of antennas,

15  based ontheweight value for each anterma.

2. The system of claim 27, whetein detecting the channel status for each antenna finther inctudes

using pilot signals.
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29, The system of claim 27, wherein the feedback information finther includes channel quality

information (CQI) for each channel.

30. 'The system of claim 27, wherein the defected channel status is used to calculate the weight

3L The system of claim 27, wherein the detected channel status is used to calculate the SINR.

32 A transmitting system, comprising;

10 + a plurality of antennas for recejving feedback information from a receiving end, including
antenna group selection information and transmitting, to a receiving end, a phurality of data streams through the
plurality of anfenna groups, respectively; and

aswitch unit for grouping the plurality of antenas into a plurality of antenna groups based on

the anfenna group selection information included in the feedback information.

15
33, The system of claim 32, wherein the feedback information firther includes channe] quality
information (CQI) for each antenna.
34. Areceiving system, comprising:
20 adetector for detecting a channel status for each antenna;
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an antenna combination selector for calculating a Signal-to-Interference-plus-Noise Ratio
(SINR) using the detected channel status, calculating a data throughput for each anterma combination using the
SINR, sclecting a combination of antennas providing the maxinmum data throughput fiom aplurality of anterina
combinations, and transmitting feedback information to a transmitting end, the feedback information indicating

5  theselected combination of antennas; and

a plurality of antennas for receiving a phurality of data streams from the transmitting end,

wherein the transmitting end transmits the plurality of data streams through the selected combination of antennas,

35. The system of claim 34, firther comprising a weight generator for calculating a weigh value

10  fiomeachantermausing the detected channel status.

36. The system of claim 35, wherein the feedback information firrther includes weight values for

each anterma,

15 37. The system of claim 35, wherein the detected channel status is used to calculate weight values

for each antenna,

38. "The system of claim 34, wherein detecting the channel status for each anternna fixther includes
using pilot signals.

20
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39, Thesysem of claim 34, whercin the feedbeck information frther includes chanmel quality

mfommation (CQI) for each channel.

40. The system of claim 34, wherein the detected charnnel status is used to calculate the SINR,

29
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