
T IMU HAWA NITONITE 
USOORE46951E 

( 19 ) United States 
( 12 ) Reissued Patent 

Han et al . 
( 10 ) Patent Number : US RE46 , 951 E 
( 45 ) Date of Reissued Patent : * Jul . 10 , 2018 

( 54 ) APPARATUS AND METHOD FOR 
TRANSMITTING / RECEIVING DATA IN A 
MOBILE COMMUNICATION SYSTEM 
USING MULTIPLE ANTENNAS 

( 58 ) Field of Classification Search 
CPC . . . . . . . . . . . . . . . . . 

( Continued ) 
H04B 1 / 00 

( 56 ) 
@ ( 71 ) Applicant : Samsung Electronics Co . , Ltd . , 

Suwon - si ( KR ) 

References Cited 
U . S . PATENT DOCUMENTS 

5 , 021 , 801 A * @ 
5 , 274 , 844 A * 

6 / 1991 Smith . . . . . . . . . . . . . . . . . . . H04W 88 / 08 
343 / 876 

12 / 1993 Harrison et al . . . . . . . . . . . . . . . . . 455 / 25 
( Continued ) 

( 72 ) Inventors : Jin - Kyu Han , Suwon - si ( KR ) ; 
Dae - Gyun Kim , Seongnam - si ( KR ) ; 
Hwan - Joon Kwon , Hwaseong - si ( KR ) ; 
Dong - Hee Kim , Yongin - si ( KR ) ; 
Youn - Sun Kim , Seongnam - si ( KR ) ; 
Yu - Chul Kim , Suwon - si ( KR ) ; Cheol 
Mun , Suwon - si ( KR ) 

FOREIGN PATENT DOCUMENTS 

CN 
EP 

520063 A 8 / 2004 
1207645 Al 5 / 2002 

( Continued ) ( 73 ) Assignee : Samsung Electronics Co . , Ltd . , 
Suwon - Si ( KR ) @ € 

OTHER PUBLICATIONS ( * ) Notice : This patent is subject to a terminal dis 
claimer . Kei Ji et al . , “ MIMO Channel Transmission with Antenna Selection 

and Optimum Power Allocation ” , Proceedings for the Institute of 
Electronics , Information and Communication Engineers , Mar . 3 , 
2003 , p . 622 , B - 5 - 163 . 

( Continued ) 

Primary Examiner - Michelle Tarae 
( 74 ) Attorney , Agent , or Firm — Jefferson IP Law , LLP 

( 21 ) Appl . No . : 14 / 518 , 741 
( 22 ) Filed : Oct . 20 , 2014 

Related U . S . Patent Documents 
Reissue of : 
( 64 ) Patent No . : 7 , 933 , 560 

Issued : Apr . 26 , 2011 
Appl . No . : 11 / 442 , 317 
Filed : May 30 , 2006 

U . S . Applications : 
( 63 ) Continuation of application No . 13 / 871 , 939 , filed on 

Apr . 26 , 2013 , now Pat . No . Re . 45 , 203 , which is an 
application for the reissue of Pat . No . 7 , 933 , 560 . 

Ma 
( 57 ) ABSTRACT 
An apparatus and method for transmitting / receiving data in 
a mobile communication system using multiple antennas are 
provided . A receiver estimates a fading channel of received 
data , selects a weight set relative to a maximum data 
transmission rate from at least one weight set with elements 
of a plurality of orthogonal weight vectors , and transmits 
feedback information including the selected weight set and 
channel - by - channel state information to a transmitter . The 
transmitter demultiplexes data to be transmitted on a basis of 
the feedback information into at least one sub - data stream , 
multiplies each sub - data stream by an associated weight , and 
transmits the data . 

( 30 ) Foreign Application Priority Data 
May 30 , 2005 ( KR ) . . . . . . . . . . . . . . . . . . . . 10 - 2005 - 0045834 

( 2006 . 01 ) 
( 51 ) Int . Ci . 

H04B 1 / 00 
( 52 ) U . S . CI . 

CPC . . . . . . . . . . . . . H04B 1 / 00 ( 2013 . 01 ) 12 Claims , 13 Drawing Sheets 

100 100 110 1130 
123 TRANSMITTER 939 RECEIVER 

115 119 131 RECEIVED 
SUB - DATA 
STREAM2 

139 
) SUB - DATA 

STREAM 1 ENCODER ! 
MODULATOR 

BEAM 
FORMER IP A7 P TRANSMITTED MAIN DATA STREAM TO BE DEMUX DEMODULATOR MUX 

SUB - DATA 
117 STREAM Í 121 

SUB - DATA 
STREAM 2 ENCODER BEAM 

MODULATOR FORMER 

MCS DATA STREAM RECEIVED MAIN i RECEIVED 
SUB - DATA 
STREAM De 14 - L . . 

SUB - DATA 
STAEAM 2 

SUB - DATA 
STREAM 1 
WEIGHT MOS 

114CONTROLLER 

133 
DL CHANNEL 

PILOT ESTIMATOR 
CHANNEL NO . OF SUB - DATA 

STREAMS 
SUB - DATA 

STREAM 2 WEIGHT | 137 
135 

" IN - - - - - - - - - - - - - - - - 

WEIGHT SET INDEX ( 151 ) 
WEIGHT VECTOR INFO ( 153 ) 

WEIGHT 
SELECTOR 

STATE 
ESTIMATOA 

CHANNEL STATE INFO ( 155 ) 

FEEDBACK INFO ( 150 ) 



US RE46 , 951 E 
Page 2 

( 58 ) Field of Classification Search 
USPC 455 / 69 
See application file for complete search history . 

. . . . . . . . . . NNNN 
( 56 ) References Cited 

7 , 570 , 696 B2 * 
7 , 596 , 133 B2 
7 , 656 , 842 B2 * 
7 , 675 , 988 B2 
7 , 715 , 488 B2 * 
7 , 778 , 826 B2 * 

2003 / 0185309 A1 
2004 / 0157646 A1 
2005 / 0047515 A1 
2005 / 0075073 Al 

8 / 2009 Maltsev et al . . . . . . . . . . . . . . . 375 / 260 
9 / 2009 Shin et al . 
2 / 2010 Thomas et al . . . . . . . . . . . . . . 370 / 334 
3 / 2010 Kim et al . 
5 / 2010 Pedersen et al . . . . . . . . . . . 375 / 267 
8 / 2010 Lin et al . 704 / 223 

10 / 2003 Pautler et al . 
8 / 2004 Raleigh et al . 
3 / 2005 Walton et al . 
4 / 2005 Kadous et al . 

U . S . PATENT DOCUMENTS 

FOREIGN PATENT DOCUMENTS 

EP 
EP 

EP 
JP 

5 , 634 , 199 A * 5 / 1997 Gerlach et al . . . . . . . . . . . . . . . 455 / 63 . 1 
6 , 058 , 105 A 5 / 2000 Hochwald et al . 
6 , 144 , 711 A * 11 / 2000 Raleigh . . . . . . . . . . . . . . . H04B 7 / 0615 

375 / 346 
6 , 473 , 467 B1 10 / 2002 Wallace et al . 
6 , 594 , 226 B1 * 7 / 2003 Benning . . . . . . . . . . . . . . H04B 7 / 0613 

342 / 354 
6 , 665 , 545 B1 * 12 / 2003 Raleigh et al . . . . . . . . . . . . . 455 / 562 . 1 
6 , 687 , 492 B1 * 2 / 2004 Sugar et al . . . . . . . . . . . . . . . 455 / 276 . 1 
6 , 754 , 286 B26 / 2004 Hottinen et al . 
6 , 917 , 821 B27 / 2005 Kadous et al . 
6 , 927 , 728 B2 * 8 / 2005 Vook et al . t al . . . . . . . . . . . . . . . . . . . . 342 / 377 
6 , 956 , 838 B2 * 10 / 2005 Ertel et al . 2005 Ertel et al . . . . . . . . . . . . . . . . . . . 370 / 334 
6 , 963 , 742 B2 * 11 / 2005 Boros et al . . . . . . . . . . . . . . . 455 / 424 
6 , 965 , 762 B2 * 11 / 2005 Sugar et al . . . . . . . . . . . . . . . 455 / 276 . 1 
7 , 092 , 737 B2 * 8 / 2006 Horng et al . . . . . . . . . . . . . . . 455 / 562 . 1 
7 , 167 , 526 B2 * 1 / 2007 Liang et al . . . . . . . . . . . . . . . . . . 375 / 267 
7 , 260 , 968 B2 * 8 / 2007 Bunten et al . . . . . . . . . . . . . . . . . . . 72 / 201 
7 , 263 , 132 B2 * 8 / 2007 Horng et al . . . . . . . . . . . . . . . . . . 375 / 267 
7 , 272 , 294 B2 * 9 / 2007 Zhou 007 Zhou . . . . . . . . . . . . . . . . . . . . H04B 7 / 0417 

375 / 316 
7 , 286 , 855 B2 * 10 / 2007 Raleigh et al . . . . . . . . . . . . . 455 / 562 . 1 
7 , 302 , 745 B2 * 12 / 2007 Stahle . . . . . . . . . . . . . . . . 29 / 434 
7 , 327 , 983 B2 * 2 / 2008 Mehta et al . . . . . . . . . . . . . . . . . 455 / 63 . 1 
7 , 339 , 980 B2 * 3 / 2008 Grant et al . . . . . . . . . . . . . . . . . . . 375 / 148 
7 , 352 , 819 B2 4 / 2008 Lakshmipathi et al . 
7 , 362 , 822 B2 * 4 / 2008 Li et al . 375 / 299 
7 , 492 , 829 B2 * 2 / 2009 Lin et al . . . . . . . . . . . . . . . . . . . . . . . 375 / 267 
7 , 539 , 253 B2 * 5 / 2009 Li et al . . . . . . . . 375 / 260 
7 , 567 , 621 B2 * 7 / 2009 Sampath . . . . . . . . . . . . . H04L 1 / 0003 

375 / 267 

JP 
JP 
KR 
KR 
KR 
WO 
WO 
WO 
WO 
WO 
WO 

1445886 A2 
1 447 925 A2 
1445886 

11 - 168453 A 
2003 - 530010 A 
2005 - 509316 A 
2007507162 A 

2002 / 0000456 
20020014774 
20040074340 
2002082689 A2 
03075396 A2 

2004014013 A1 
2004040833 A1 

WO 2005 / 008831 
2005036799 

1 / 2004 
8 / 2004 
8 / 2004 
6 / 1999 

10 / 2003 
4 / 2005 
3 / 2007 
1 / 2002 
2 / 2002 
8 / 2004 

10 / 2002 
9 / 2003 
2 / 2004 
5 / 2004 
1 / 2005 
4 / 2005 

OTHER PUBLICATIONS NNNNNN Mun , Cheol , “ Capacity Optimized Space - Time Processing for 
CDMA MIMO Antenna Systems ” , 2003 IEEE 58th Vehicular 
Technology Conference Proceedings vol . 1 of 5 , pp . 463 - 467 . 

* cited by examiner 



100 

U . S . Patent 

5110 

TRANSMITTER 

3115 

$ 119 

. . 

7123139 RECEIVER 
131 RECEIVED 

SUB - DATA STREAM2 
wwwwwwwwwwwwwwwwwwwwwwwwwwww 

139 

. . . . 

w 

. 

5113 SUB - DATA 

STREAM 1 ENCODER / MODULATOR 

. . * * 

BEAM FORMER 

ha 

TRANSMITTED 
MAIN DATA STREAM TO BE 

DEMUX 

DEMODULATOR 

1 SUB - DATA 1 
117 STREAM 1 MCS 

SUB - DATA 

STREAM ? ENCODERII BEAM 
MODULATOR FORMER 

Jul . 10 , 2018 

MUX 

DATA STREAM 
RECEIVED MAIN 

- 

RECEIVED SUB - DATA STREAM1 

- 

- - 

- - und 

5133 

SUB - DATAN SUB - DATA STREAM 2 STREAM 1 

MCS 

WEIGHT 

111 
CONTROLLER? 
NO . OF SUB - DATA 

SUB - DATA 

STREAMS 

STREAM 2 WEIGHT 

DL CHANNEL ESTIMATOR 
PILOT CHANNEL 

5135 
WEIGHT SELECTOR 

Sheet 1 of 13 

137 

wwwwwwwww 
w 

wwwwwwwww 
wwwwwwwww 
forte 

tot get 

in 

| 

WEIGHT SET INDEX ( 151 ) WEIGHT VECTOR INFO ( 153 ) 

STATE ESTIMATOR 

. - 

CHANNEL STATE INFO ( 155 ) 
- 

. . . 

FEEDBACK INFO ( 150 ) 

FIG . 1 

US RE46 , 951 E 



U . S . Patent Jul . 10 , 2018 Sheet 2 of 13 US RE46 , 951 E 

START 

ESTIMATE DL FADING CHANNEL 1201 

SELECT WEIGHT INFO 
RELATIVE TO MAX RATE 203 

w ww . 

ESTIMATE CHANNELS OF SUB - DATA 
STREAMS ACCORDING TO WEIGHT INFO - 205 

SEND FEEDBACK INFO INCLUDING | 
WEIGHT INFO AND CHANNEL STATE INFOF201 

END 

FIG . 2 



U . S . Patent Jul . 10 , 2018 Sheet 3 of 13 US RE46 , 951 E 

START 

RECEIVE FEEDBACK INFO 

DECIDE NO . OF SUB - DATA STREAMS 1209 
USING WEIGHT INFO 

DEMULTIPLEX MAIN DATA STREAM 305 

ENCODE AND MODULATE 
SUB - DATA STREAMS - 307 

SEND DATA AFTER BEAMFORMING 1309 

END 

FIG . 3 



U . S . Patent Jul . 10 , 2018 Sheet 4 of 13 US RE46 , 951 E 

400 
- - - - - - - - - - - ww mm - - - - - - - - - - - 

k = 0 - 401 

- 

- 

- 

DECIDE PHASE DIFFERENCE BETWEEN E - 402 
ELEMENTS OF kth WEIGHT VECTOR 

- 

- 

- 

- 

- 

DECIDE kth WEIGHT VECTOR 403 
w . . 

- 

- 

- - 

Kk + 1 1404 
- - 

- - - 

405 wwwwwww 
YES K < Nn , ? - 

- 

- 

- 

- 
- 

- 

ww 

w 

DECIDE NN , WEIGHT VECTORS + 406 
- - - - 

CLASSIFY N WEIGHT SETS WITH 
ORTHOGONAL WEIGHT VECTORS 

407 

FIG . 4 



atent Jul . 10 , 2018 Sheet 5 of 13 US RE46 , 951 E 

n = 1 n = 1 E500 500 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

510 i = 1 1 
- - - I - - 1 

munt 

www 

COMPUTE REFERENCE PHASE - 520 www . 

11 
11 

m = 1 w wwwwwwwwwwwwwwwwwwwwwwwwwwwwww 521 
DECIDE m th ELEMENT - - 522 11 

I * 1 
11 

mm + 1 m = m + 1 - 523 523 11 
11 - 

- 

- 

- 

- 

NO - 

m > n , ? w wy 
- 

+ 

- 

1 1 - 

11 - 

- 

YES 
DECIDE ith WEIGHT VECTOR OF 

nth WEIGHT SET 
- 25 - 

- - 

- - - - - - - - - - - - - - - - - - - - - - - - - - - 

it - i + 1 1 - 512 5 N 

513 
i > n , ? 

YES 
DECIDE nth WEIGHT SET 514 

Ww white water with or w i tte - 

non that 6502 
503 

n > N ? n > N ? NO 
YES 

COMPLETION COMPLETION - 504 - 504 FIG . 5 



600 

U . S . Patent 

- 610 - 610 

7630 

| 123 

8113 TRANSMITTER 

5115 

SUB - DATA 

STREAM 1 ] ENCODER / MODULATOR 

5119 

139 RECEIVER 
MITRAFFIC 131 RECEIVED CHANNEL | SUB - DATA STREAM2 

www ww wind 

- 

LA 

- 

- - 

BEAM FORMER 

we 

web w 

- 

ww 

where 

TRANSMITTED 
MAIN DATA STREAM TO BE 

DEMUX 

1121 

Jul . 10 , 2018 

- - 

DEMODULATOR 

wwwwwwwww w 

MUX 

we w 

DATA STREAM 
RECEIVED MAIN 

- - 

SUB - DATA 

SUB - DATA 1 

117 STREAM 1 MCS 

STREAM 2 ENCODER / BEAM 
MODULATORI FORMER 

SUB - DATA SUB - DATA STREAM 2 STREAM 1 

MCS 

WEIGHT 

RECEIVED SUB - DATA STREAM1 

- 

wwwwwwww 

. . . . . . . 

133 

OL CHANNEL 

Sheet 6 of 13 

611 CONTROLLER? 

PILOT ESTIMATOR 

NO . OF SUB - DATA STREAMS 

SUB - DATA STREAM 2 WEIGHT 

CHANNEL 

623 

5631 

- - - 

- - - - - 

- 

- - - 

- - - 

- - - - - - 

wwwwwwwwwwwwwwww 
w 

with 

their 

hom w 

ww 

WEIGHT SELECTOR 
STATE ESTIMATOR 

WEIGHT SET INDEX ( 651 ) 

to w 

- 

ww ww 

- - - 

CHANNEL STATE INFO ( 653 ) FEEDBACK INFO ( 650 ) 

FIG . 6 

US RE46 , 951 E 



U . S . Patent Jul . 10 , 2018 Sheet 7 of 13 US RE46 , 951 E 

START 

ESTIMATE DL FADING CHANNEL 701 
- 

SELECT WEIGHT SET RELATIVE TO 
MAX RATE 6 - 703 

- 

6705 ESTIMATE CHANNELS OF SUB - DATA 
STREAMS ACCORDING TO 
SELECTED WEIGHT VECTORS 

SEND FEEDBACK INFO INCLUDING 
WEIGHT SET INDEX , TRANSMISSION INFO , - 707 

AND CHANNEL STATE INFO 

END 

FIG . 7 



U . S . Patent Jul . 10 , 2018 Sheet 8 of 13 US RE46 , 951 E 

START 

RECEIVE FEEDBACK INFO - 801 

DECIDE NO . OF SUB - DATA STREAMS 
USING CHANNEL STATE INFO | 803 

DEMULTIPLEX MAIN DATA STREAM 805 

ENCODE AND MODULATE 
SUB - DATA STREAMS - 807 

. . . . . . 

SEND DATA AFTER BEAMFORMING 809 

CENO END 

FIG . 8 



U . S . Patent 

900 

910 

930 

| 123 

TRANSMITTER 

139 RECEIVER 

113 

$ 115 

139 

7119 

115 

SUB - DATA 

STREAM 1 ENCODER / MODULATOR 

TRAFFIC 131 RECEIVED V CHANNEL Y SUB - DATA 
STREAM2 

BEAM FORMER 

TRANSMITTED 
MAIN DATA STREAM TO BE 

DEMUX 

117 

Jul . 10 , 2018 

DEMODULATOR 

. . 

MUX 

SUB - DATA 
STREAM 1 121 

SUB - DATA , 

MCS 

STREAM 21 ENCODERI I BEAM 
MODULATOR FORMER 

DATA STREAM 
RECEIVED MAIN 

. . 

RECEIVED SUB - DATA STREAM 

. . . . . . . . 

DH 

L 

. 

SUB - DATA STREAM 2 MCS 

SUB - DATA STREAM 1 WEIGHT 

s 133 

DL CHANNEL ESTIMATOR 

Sheet 9 of 13 

911 CONTROLLER 

PILOT 

NO . OF SUB - DATA STREAMS 

| SUB - DATA STREAM 2 WEIGHT 

CHANNEL 

933 

1931 
WEIGHT SELECTOR 
STATE ESTIMATOR 

WEIGHT VECTOR INFORMATION ( 951 ) CHANNEL STATE INFO ( 953 ) FEEDBACK INFO ( 950 ) 

FIG . 9 

US RE46 , 951 E 



U . S . Patent Jul . 10 , 2018 Sheet 10 of 13 US RE46 , 951 E 

START 

ESTIMATE DL FADING CHANNEL 1001 

SELECT WEIGHT VECTORS 1003 

ESTIMATE CHANNELS OF SUB - DATA 
STREAMS ACCORDING TO SELECTED 

WEIGHT VECTORS 
- 1005 

SEND FEEDBACK INFO INCLUDING 
WEIGHT VECTOR INFO AND 

CHANNEL STATE INFO 
1007 

END 

FIG . 10 



U . S . Patent Jul . 10 , 2018 Sheet 11 of 13 US RE46 , 951 E 

START 

RECEIVE FEEDBACK INFO - 1101 

DECIDE NO OF SUB - DATA STREAMS 
USING FEEDBACK INFO - 1103 

DEMULTIPLEX MAIN DATA STREAM + 1105 

ENCODE AND MODULATE SUB - DATA STREAMS - 1107 

SEND DATA AFTER BEAMFORMING 1109 

CENO END 

FIG . 11 



U . S . Patent Jul . 10 , 2018 Sheet 12 of 13 US RE46 , 951 E 

o 
to 

e 
* 

. . . . 

closed - loop knockdown precoding 
precoder codebook + companding 
open - loop knockdown precoding 
precoder codebook 

- - - - - - - - 

Ñ - 

- - - - - - - 

- - - 

melon sono 
- - - wwwwwwwwwwwwwww - - - - 

www ??? ???? 
now 

www www www . - - - 

??? ????? ww 

h ere we 

- 

Spectral Efficiency [ bps / Hz ] 
0 

0 

w w . . w . . . . . . . . win . . www ww 

- 
w 

- - potom 
80 . wwwwwww 

web on www www www ww 
- - - - 

- - * pomem 
- wwwwwwwwww - * * * drwm 

- - - - 

* - 

- 

- 

A - - 

— - 
- - 

FH t provenant ? ????? ???? ??? ??? ?? ?? ? - - mene mot 
* 

www 
N comme le 1 . 5 4 . 5 2 2 . 5 3 3 . 5 4 

Average SNR per receive antenna [ dB ] 

FIG . 12 



U . S . Patent Jul . 10 , 2018 Sheet 13 of 13 US RE46 , 951 E 

ã 

- 

ã - - - Live 

e closed - loop knockdown precoding 
- precoder codebook + companding 

E open - loop knockdown precoding 
* precoder codebook 

- 
- 

- what tohoto from the man - - 
- 

- 

have come new meen 

- - - - - - - - - - - - - - - - - - - - - - - - - 

- 

- - - - - - - - - - - I - - - - - - L women who use these and we 
Spectral Efficiency [ bps / Hz ] 

wwwwwwwwwwww - 

- 

- - - 
. ww - 

- 

- - - - - 

- 

- weny 
- how - 

www - Tan A wwwwwwwwwww w wwww . . ww w wwwwwwwwwwwwwwwwwwww - - - - 
- - 

? ?? ???? www Samen met T - 

- - - - - - - - - - - - - - - wowwww - - mm - T - - 
* 

- - - 

?? ??? ??? ?? ? 
* * 

- 

? 

2 2 . 5 3 3 . 5 A 4 . 5 

Average SNR per receive antenna [ dB ] 

FIG . 13 



US RE46 , 951 E 

APPARATUS AND METHOD FOR When fading between the transmit / receive antennas is 
TRANSMITTING / RECEIVING DATA IN A independent , the spatial multiplexing transmission scheme 
MOBILE COMMUNICATION SYSTEM provides high capacity in proportion to the number of 

USING MULTIPLE ANTENNAS transmit / receive antennas . The capacity is significantly 
5 reduced in an environment with a high spatial correlation of 

fading rather than an independent fading environment . This 
Matter enclosed in heavy brackets [ ] appears in the is because fading from which signals transmitted from the 
original patent but forms no part of this reissue specifica transmit antennas suffer is similar and therefore it is difficult 
tion ; matter printed in italics indicates the additions for the receiving stage to spatially distinguish a signal . 
made by reissue ; a claim printed with strikethrough 10 Possible transmission capacity is affected by a Signal to 
indicates that the claim was canceled , disclaimed , or held Noise Ratio ( SNR ) . As the received SNR decreases , the 
invalid by a prior post - patent action or proceeding . transmission capacity decreases . Thus , a transmission data 

rate can be maximized when the number of data streams to 
CROSS - REFERENCE TO RELATED be simultaneously transmitted and a transmission rate of 

APPLICATIONS 15 each data stream are adjusted according to radio channel 
states , in other words a spatial correlation of fading and a 

[ This application claims priority under 35 U . S . C . $ 119 to received SNR . If a transmission rate of data to be transmitted 
application Ser . No . 2005 - 45834 filed in the Korean Intel exceeds the transmission capacity supportable by a radio 
lectual Property Office on May 30 , 2005 , the entire disclo channel , many errors occur due to interference between data 
sure of which is hereby incorporated by reference . ) This 20 streams to be simultaneously transmitted and an actual data 
application is a continuation reissue application of U . S . transmission rate decreases . 
patent application Ser . No . 13 / 871 , 939 , filed on Apr . 26 , To increase a transmission data rate in the spatial multi 
2013 , which is a reissue application of U . S . Pat . No . plexing transmission scheme , profound research on a pre 
7 , 933 , 560 , issued on Apr . 26 , 2011 from U . S . patent appli - coding scheme has been conducted . The precoding scheme 
cation Ser . No . 11 / 442 , 317 , filed on May 30 , 2006 , which 25 multiplies data streams to be transmitted from a transmitter 
claims the benefit under 35 U . S . C . § 119 ( a ) of Korean Patent by transmission weights and transmits the data streams using 
Application No . 10 - 2005 - 45834 , filed on May 30 , 2005 , the information about a downlink channel from the transmitter 
entire content of all of said prior applications and patent to a receiver . Thus , the transmitter is to know a state of a 
being hereby incorporated by reference . downlink channel from each transmit antenna of the trans 

30 mitter to each receive antenna of the receiver . For this , the 
BACKGROUND OF THE INVENTION receiver is to estimate the downlink channel state and feed 

back information about the downlink channel state estimated 
1 . Field of the Invention through a feedback channel . However , the receiver is to 
The present invention generally relates to an apparatus transmit a large quantity of feedback data using an uplink 

and method for transmitting / receiving data in a mobile 35 feedback channel in order to feed back the downlink channel 
communication system . More particularly , the present state information . When a large amount of feedback data is 
invention relates to a data transmission / reception apparatus to be transmitted , much time is taken to feed back the 
and method for implementing a spatial multiplexing trans - downlink channel state information from the receiver to the 
mission in a mobile communication system using multiple transmitter using the uplink feedback channel whose band 
transmit / receive antennas . 40 width is limited . The conventional precoding scheme cannot 

2 . Description of the Related Art be applied to an instantaneously varying wireless channel 
Mobile communication systems are developing into high - environment . Accordingly , a real need exists for technology 

speed , high - quality wireless data packet communication for maximizing a data transmission rate by precoding while 
systems for providing a data service and a multimedia minimizing an amount of feedback data needed to be 
service as well as a voice service . For example , the stan - 45 transmitted from the receiver to the transmitter . 
dardization for High - Speed Downlink Packet Access ( HS - A precoder codebook scheme has been proposed as the 
DPA ) ongoing in the 3rd Generation Partnership Project conventional technology for reducing an amount of feed 
( 3GPP ) and the standardization for 1x Evolution Data and back information . In the precoder codebook scheme , the 
Voice ( 1xEV - DV ) ongoing in the 3rd Generation Partnership receiver selects a precode with the maximum transmission 
Project 2 ( 3GPP2 ) can be regarded as evidence of the effort 50 rate from among candidate precodes of a precoder codebook 
for finding a high - quality wireless data packet transfer constructed by a limited number of precodes known to the 
service at more than 2 Mbps in the 3G mobile communica - transmitter and the receiver , and feeds back an index of the 
tion system . On the other hand , the 4th generation ( 4G ) selected precode to the transmitter . The transmitter sends 
mobile communication system serves to provide a higher data using a precode mapped to the fed - back index in the 
speed , higher - quality multimedia service . 55 precoder codebook . For example , when 4 - bit feedback infor 

To provide a high - speed , high - quality data service in mation is used , a precoder codebook constructed by a 
wireless communication , a spatial multiplexing transmission maximum of 24 ( = 16 ) precodes is preset between the trans 
scheme has been proposed which exploits a Multiple - Input mitter and the receiver . Because fading varies with time , the 
Multiple - Output ( MIMO ) antenna system with multiple precode decision process is to be repeated in every time slot , 
antennas in transmitting and receiving stages . The spatial 60 such that the selected precode index is fed back to the 
multiplexing transmission scheme simultaneously transmits transmitter in every time slot . 
different data streams on a transmit antenna - by - transmit In comparison with the precoding scheme using the 
antenna basis . It is known that the possible service data feedback channel state information , the precoder codebook 
capacity linearly increases in proportion to the number of scheme requires a smaller amount of feedback information . 
transmit / receive antennas as the number of transmit / receive 65 Assuming that the number of transmit antennas and the 
antennas increases without an increase in an additional number of receive antennas are n , and nz in the MIMO 
frequency bandwidth theoretically . antenna system , respectively , a total of n7xnx complex 
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channel coefficients must be fed back when the channel state increases , a significantly increased amount of feedback 
information is fed back . When Q bits are required to indicate information is required according to an increased number of 
one complex channel coefficient , a total of n7xnxxQ bits are precodes to be considered . Thus , it is difficult for the 
required . On the other hand , the precoder codebook scheme precoder codebook scheme to be applied to the spatial 
requires [ log2K ] bits when the number of precodes for 5 multiplexing transmission scheme for obtaining the maxi 
providing a sufficient data rate is K , where [ x ] is an integer mum transmission rate in an associated channel environment 
equal to or more than x . In the precoding scheme using the by varying a transmission data rate and the number of data 
channel state information , an amount of feedback informa streams to be simultaneously transmitted according to the 
tion increases in proportion to a product of the number of channel environment . In the precoder codebook scheme 
transmit antennas and the number of receive antennas . 10 using a set of predefined precodes as described above , a size 
However , in the precoder codebook scheme , an amount of of a precoder codebook increases according to the number of 
feedback information depends on the number of precodes transmit antennas and the number of data streams to be 
contained in the precoder codebook , in other words a size of simultaneously transmitted , such that its actual application 
the precoder codebook . may be difficult . 

The precoder codebook scheme is to include , in the 15 The number of antennas may be different between receiv 
codebook , ready - made precodes quantized in all possible ers communicating with one transmitter . For example , when 
cases at a spatial multiplexing transmission time . The pre the number of base station antennas is 4 and the number of 
coder codebook scheme can reduce an amount of feedback mobile station antennas is 1 , 2 , 3 , or 4 according to a 
information using predefined precodes , and can also reduce terminal type , the maximum number of sub - data streams 
the degree of freedom in a precoding matrix . When the 20 capable of being transmitted becomes 1 , 2 , 3 , or 4 . When the 
number of factors to be considered is large , the degree of precoder codebook technology is applied , each precoder 
freedom in the preceding matrix significantly increases the codebook based on the number of all available receiver 
number of preset precodes , such that a size of the precoder antennas and a feedback channel based on each precoder 
codebook increases . In the following two cases , a size of the codebook must be defined . The receivers are to select and 
precoder codebook significantly increases . 25 use a precoder codebook based on the number of antennas 

First , the number of precodes to be considered increases of an associated receiver and a feedback channel based on 
at the ratio of geometrical progression because all precodes the precoder codebook . A process for defining a precoder 
are to be considered according to a spatial correlation of a codebook and feedback information to be used between a 
channel for an application in a channel environment with transmitter and a receiver is required . Thus , a flexible 
various spatial correlations . An optimal precoder codebook 30 precoding scheme applicable to various transmit / receive 
differs according to a spatial correlation of a channel . In the antenna structures is required . 
conventional precoder codebook technology , the precoder Accordingly , there is a need for an improved and efficient 
codebook is designed under the assumption that a fading precoding scheme and a feedback scheme that can be 
channel does not have a spatial correlation . However , a applied to a spatial multiplexing transmission scheme for 
distribution of valid eigenvalues , in other words eigenvec - 35 adjusting the number of data streams to be simultaneously 
tors whose eigenvalues are large , differs , and therefore transmitted in a channel environment with various spatial 
optimal precodes differ , according to the spatial correlation correlations and can provide a high data transmission rate 
of the fading channel . As a result , a large number of precoder with a significantly small amount of feedback information . 
codebooks optimized according to the spatial correlation of 
the fading channel are to be used to achieve a high data 40 SUMMARY OF THE INVENTION 
transmission rate . 

Second , the number of precodes to be considered Exemplary embodiments of the present invention address 
increases at the ratio of geometrical progression because all at least the above problems and / or disadvantages and pro 
precodes are to be considered according to the number of vide at least the advantages described below . Accordingly , it 
data streams to be simultaneously transmitted when the 45 is , therefore , an object of the present invention to provide an 
number of data streams to be simultaneously transmitted is apparatus and method for transmitting / receiving data that 
adjusted according to a channel environment . The number of can efficiently provide a data transmission rate according to 
data streams to be simultaneously transmitted varies from 1 a channel environment in a mobile communication system 
to a maximum of min ( nyn ) ( indicative of a minimum value using multiple transmit / receive antennas . 
between the number of transmit antennas and the number of 50 It is another object of the present invention to provide an 
receive antennas ) . The number of columns of a precode apparatus and method for transmitting / receiving data that 
matrix is to be varied according to the number of data can provide a high data transmission rate with a small 
streams to be simultaneously transmitted . Because column amount of feedback information in a mobile communication 
vectors for constructing the precode matrix serving as system using multiple transmit / receive antennas . 
weight vectors are multiplied by data streams , the number of 55 In accordance with an exemplary aspect of the present 
column vectors of the precode matrix is to match the number invention , there is provided a mobile communication system 
of data streams to be simultaneously transmitted . For using multiple antennas , comprising a receiver for estimat 
example , when both the number of transmit antennas and the ing a fading channel of received data , selecting a weight set 
number of receive antennas are 4 , the number of data relative to a maximum data transmission rate from at least 
streams capable of being simultaneously transmitted varies 60 one weight set with elements of a plurality of orthogonal 
from 1 to 4 . There must be considered precodes in which the weight vectors , and transmitting feedback information 
number of column vectors is 1 , precodes in which the including the selected weight set and channel - by - channel 
number of column vectors is 2 , precodes in which the state information to a transmitter , and the transmitter for 
number of column vectors is 3 , and precodes in which the demultiplexing data to be transmitted on a basis of the 
number of column vectors is 4 . When the maximum number 65 feedback information into at least one sub - data stream , 
of data streams capable of being simultaneously transmitted multiplying each sub - data stream by an associated weight , 
increases as the number of transmit / receive antennas and transmitting the data . 
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An exemplary receiver may comprise a downlink channel The phase difference may be computed by 
estimator for estimating a channel state using a pilot channel 
of the data transmitted from the transmitter , a weight selector 
for deciding the weight set and weight vectors on a basis of 277 

the channel state , and transmitting information about the 5 
weight set and the weight vectors to the transmitter , and a 
subchannel - by - subchannel state estimator for estimating where N is the number of weight sets and ny is the number 
channel states of sub - data streams according to the decided of transmit antennas . 
weight vectors and transmitting only information about the . The designing the weight set may comprise f - 1 ) deciding 
channel states of the sub - data streams to the transmitter . - a plurality of orthogonal weight vectors among a number of 
An exemplary receiver may comprise a downlink channel weight sets , and f - 2 ) repeating f - 1 ) a number of times 

estimator for estimating a channel state using a pilot channel corresponding to the number of weight sets . 
of the data transmitted from the transmitter ; a weight selec - The f - 1 ) may comprise deciding a reference phase for 
tor for deciding - the weight set and weight vectors on a basis 15 orthogonal elements of a decided weight vector , and decid 
of the channel state , and transmitting the decided weight set ing elements with a difference of the reference phase from 
and the decided weight vectors to the transmitter and a a first element of the weight vector . 
subchannel - by - subchannel state estimator for estimating The feedback information may comprise weight set index 
channel states of all weight vectors of the decided weight set information for indicating the selected weight set , weight 
and transmitting information about the estimated channel 20 vector information for indicating a weight vectors selected 
states to the transmitter . from the selected weight set , and channel state information 
An exemplary subchannel - by - subchannel state estimator of at least one sub - data stream . 

transmits information about a “ No Transmission ” state for The feedback information may comprise weight set index 
an unused channel on a basis of the decided weight vectors . information for indicating the selected weight set , and 

An exemplary transmitter comprises a demultiplexer for 25 channel state information of all sub - data streams relative to 
demultiplexing a main data stream to be transmitted into the the selected weight set . 
at least one sub - data stream , at least one channel encoder The e ) may comprise : demultiplexing a main data stream 
and modulator for receiving the at least one sub - data stream to be transmitted into at least one sub - data stream on the 
and independently performing channel coding and modula - basis of the feedback information , independently performing 
tion processes for the at least one sub - data stream according 30 channel coding and modulation processes for the at least one 
to a channel coding rate and a modulation scheme , a sub - data stream according to a channel coding rate and a 
beamformer for multiplying the at least one channel - coded modulation scheme defined on the basis of the feedback 
and modulated sub - data stream by a weight and transmitting information , and multiplying the at least one channel - coded 
the data to the receiver , and a controller for deciding in and modulated sub - data stream by a weight defined on the 
advance the number of sub - data streams , the coding rate of 35 basis of the feedback information and transmitting the data 
the at least one sub - data stream , the modulation scheme , and to the receiver . 
a weight to be multiplied by each sub - data stream on a basis In accordance with another exemplary aspect of the 
of the feedback information transmitted from the receiver . present invention , there is provided a mobile communication 

The feedback information may comprise weight set index system using multiple antennas , comprising a receiver for 
information for indicating the selected weight set , weight 40 estimating a fading channel of received data , applying at 
vector information for indicating weight vectors selected least one weight set with elements of a plurality of orthogo 
from the selected weight set , and channel state information nal weight vectors in a time period , deciding weight vectors 
of the at least one sub - data stream . relative to a maximum data transmission rate for the at least 

The transmitter and the receiver may store in advance one weight set to be used at a time point , and transmitting 
weight sets and weight vectors according to the number of 45 feedback information comprising channel - by - channel state 
transmit antennas , the number of receive antennas , and the information and the decided weight vectors to a transmitter , 
number of weight sets . and the transmitter for receiving the feedback information , 

In accordance with another exemplary aspect of the demultiplexing data , to be transmitted on a basis of the 
present invention , there is provided a method for transmit weight vectors of the weight set to be applied in the time 
ting / receiving data in a mobile communication system using 50 period , into at least one sub - data stream , multiplying the at 
multiple antennas , comprising a ) estimating a fading chan - least one sub - data stream by an associated weight , and 
nel from a pilot channel of received data in a receiver , b ) transmitting the data . 
selecting a weight set relative to a maximum data transmis - The receiver comprises a downlink channel estimator for 
sion rate from at least one weight set with elements of a estimating a channel state using a pilot channel of the data 
plurality of orthogonal weight vectors on a basis of the 55 transmitted from the transmitter , a weight selector for decid 
estimated fading channel , c ) estimating channel - by - channel ing information about the weight vectors of the weight set to 
state information relative to the selected weight set , d ) be applied in the time period on a basis of the channel state 
transmitting feedback information comprising the selected and transmitting the decided weight vector information to 
weight set and the channel - by - channel state information to the transmitter , and a subchannel - by - subchannel state esti 
a transmitter , and e ) transmitting antenna - by - antenna data to 60 mator for estimating channel states of the decided weight 
be transmitted on a basis of the feedback information . vectors and transmitting information about the estimated 

The designing the weight set may comprise deciding a channel states to the transmitter . 
plurality of weight vectors with a phase difference defined The transmitter comprises a demultiplexer for demulti 
according to the number of transmit antennas and the plexing a main data stream to be transmitted into at least one 
number of weight sets and configuring the weight set with 65 sub - data stream , at least one channel encoder and modulator 
orthogonal weight vectors among the decided weight vec - for receiving the at least one sub - data stream and indepen 
tors . dently performing channel coding and modulation processes 
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for the at least one sub - data stream according to a channel FIG . 11 is a flowchart illustrating a method for transmit 
coding rate and a modulation scheme , a beamformer for ting / receiving data in a transmitter of the system in accor 
multiplying the at least one channel - coded and modulated dance with the third exemplary embodiment of the present 
sub - data stream by a weight and transmitting the data to the invention ; 
receiver , and a controller for deciding in advance the number 5 FIG . 12 is a graph illustrating simulation results of a 
of sub - data streams , the coding rate of the at least one system performance comparison between the conventional 
sub - data stream , the modulation scheme , and a weight to be technology and the proposed system in an environment in 
multiplied by each sub - data stream on a basis of the feed which a spatial correlation is present ; and 
back information transmitted from the receiver when the FIG . 13 is a graph illustrating simulation results of a 
weight set is applied . 10 system performance comparison between the conventional 

The transmitter and the receiver may store in advance technology and the proposed system in an environment in 
weight sets and weight vectors according to the number of which a spatial correlation is absent . 
transmit antennas , the number of receive antennas , and the Throughout the drawings , the same drawing reference 

numerals will be understood to refer to the same elements , number of weight sets . 15 features , and structures . In accordance with yet another exemplary aspect of the 
present invention , there is provided a method for transmit DETAILED DESCRIPTION OF EXEMPLARY ting / receiving data in a mobile communication system using EMBODIMENTS 
multiple antennas , the method comprising estimating a 
fading channel from a pilot channel of received data in a 20 Exemplary embodiments of the present invention will be 
receiver , applying at least one weight set with elements of a described in detail herein below with reference to the 
plurality of orthogonal weight vectors in a time period on a accompanying drawings . In the following description , 
basis of the estimated fading channel and deciding weight details are provided for a better understanding of the present 
vectors relative to a maximum data transmission rate for the invention . In the following description , detailed descriptions 
at least one weight set to be used at a time point , estimating 25 of functions and configurations incorporated herein that are 
channel - by - channel state information relative to the decided well known to those skilled in the art are omitted for clarity 
weight vectors , transmitting feedback information compris - and conciseness . 
ing the decided weight vectors and the channel - by - channel The present invention proposes an apparatus and method 
state information to a transmitter , and receiving the feedback in which a transmitter receives and efficiently uses a receiv 
information and transmitting antenna - by - antenna data 30 er ' s feedback information according to a spatial correlation 
according to the weight vectors of the weight set to be in a system with multiple transmit / receive antennas . 
applied in the time period . In the system using the multiple transmit / receive antennas 

in the exemplary embodiments of the present invention , the 
BRIEF DESCRIPTION OF THE DRAWINGS receiver selects a weight set relative to a maximum data 

35 transmission rate from a plurality of weight sets , selects 
The above and other objects and aspects of the present weights of the weight set , and transmits selection informa 

invention will be more clearly understood from the follow tion through an uplink feedback channel to the transmitter . 
ing detailed description taken in conjunction with the The transmitter constructs a preceding matrix using the 
accompanying drawings , in which : information transmitted through the feedback channel from 

FIG . 1 illustrates a system in accordance with a first 40 the receiver . Herein , the information may be an index of the 
exemplary embodiment of the present invention ; weight set , weight vector information corresponding to 

FIG . 2 is a flowchart illustrating a method for transmit information about weights selected from the weight set , and 
ting / receiving data in a receiver of the system in accordance channel state information of respective sub - data streams . In 
with the first exemplary embodiment of the present inven the exemplary embodiments of the present invention , the 
tion ; 45 information including the index of the weight set , the weight 

FIG . 3 is a flowchart illustrating a method for transmit vector information corresponding to the information about 
ting / receiving data in a transmitter of the system in accor the weights selected from the weight set , and the channel 
dance with the first exemplary embodiment of the present state information of the respective sub - data streams is 
invention ; defined as the feedback information . The technology pro 
FIGS . 4 and 5 are flowcharts illustrating a method for 50 posed in the present invention is referred to as the knock 

deciding a weight set in the system of the present invention ; down preceding technology . 
FIG . 6 illustrates a system in accordance with a second Next , a system and feedback information generation 

exemplary embodiment of the present invention ; method in accordance with the present invention will be 
FIG . 7 is a flowchart illustrating a method for transmit - described with reference to the exemplary embodiments . 

ting / receiving data in a receiver of the system in accordance 55 
with the second exemplary embodiment of the present 1 . First Exemplary Embodiment ent 
invention ; 

FIG . 8 is a flowchart illustrating a method for transmit 1 ) Knockdown Precoding System 
ting / receiving data in a transmitter of the system in accor - The present invention considers a system of multiple 
dance with the second exemplary embodiment of the present 60 transmit / receive antennas in which a transmitter has a trans 
invention ; mit antenna array in which ny antennas are arrayed and a 

FIG . 9 illustrates a system in accordance with a third receiver has a receive antenna array in which nr antennas are 
exemplary embodiment of the present invention ; arrayed . Multiple weight sets are predefined between the 

FIG . 10 is a flowchart illustrating a method for transmit - transmitter and the receiver . The weight set is a set of weight 
ting / receiving data in a receiver of the system in accordance 65 vector elements whose number corresponds to the number of 
with the third exemplary embodiment of the present inven - transmit antennas . When N weight sets are decided , a total 

of Nxn , weight vectors are decided . 

Wels11 

tion ; 
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In the knockdown preceding technology , the receiver A method for transmitting data in a transmitter and a 
selects a weight set relative to a maximum data transmission receiver of the system of the present invention will be 
rate from a plurality of weight sets , selects weights from the described in detail with reference to FIGS . 2 and 3 . 
weight set , and transmits selection information through an FIG . 2 is a flowchart illustrating an exemplary method for 
uplink feedback channel to the transmitter . The transmitter 5 transmitting / receiving data in the receiver 130 of the system 
constructs a precoding matrix using the transmitted infor - of FIG . 1 . 
mation . Referring to FIG . 2 , the downlink channel estimator 133 

FIG . 1 illustrates a system in accordance with a first of the receiver 130 estimates a downlink fading channel 
exemplary embodiment of the present invention . For con - using a pilot channel or symbol received from multiple 
venience of explanation , the first exemplary embodiment of receive antennas 139 in step 201 . That is , the downlink 
the present invention corresponds to the case where the fading channel from each transmit antenna to each receive 
number of transmitter antennas and the number of receiver antenna is estimated . Subsequently , the weight selector 135 
antennas are 2 , respectively . selects weight information relative to a maximum data 

Referring to FIG . 1 , a receiver 130 of a system 100 of the transmission rate on the basis of information about the 
present invention is provided with a downlink ( DL ) channel estimated fading channel in step 203 . Herein , the weight 
estimator 133 , a demodulator 131 , a weight selector 135 , a information is a weight set index 151 and weight vector 
subchannel - by - subchannel state estimator 137 , and a mul - information 153 . 
tiplexer ( MUX ) 139 according to functions . A transmitter Step 203 will be described in detail . Weight vectors 
110 is provided with a controller 111 , a demultiplexer 20 relative to the maximum data transmission rate are selected 
( DEMUX ) 113 , channel encoders / modulators 115 and 117 , from each of the N weight sets , and a possible transmission 
and beamformers 119 and 121 . data rate based on the selected weight vectors is computed . 

The downlink channel estimator 133 performs channel That is , possible transmission data rates are compared 
estimation using a pilot channel of a signal received from the between the N selected weight sets ( or the weight sets with 
transmitter 110 and transfers estimation information to the 25 elements of weight vectors selected from the respective 
weight selector 135 . The weight selector 135 generates weight sets ) , and a weight set with the maximum data 
weight sets and weight vectors of each weight set according transmission rate is selected . A weight set index belonging 
to the number of antennas on the basis of the estimation to the weight set with the maximum transmission rate is 
information . The weight selector 135 transmits a weight set decided and weights to be used to actually transmit weight 
index 151 and weight vector information 153 to the trans - 30 vectors belonging to the weight set relative to the maximum 
mitter 110 . Simultaneously , the weight selector 135 transfers transmission rate are decided . 
the information to the subchannel - by - subchannel state esti The subchannel - by - subchannel state estimator 137 esti 
mator 137 . The subchannel - by - subchannel state estimator mates channels of respective sub - data streams according to 
137 estimates channel - by - channel states relative to a weight the weight information in step 205 . That is , Signal to 
set selected according to the received information and 35 Interference Noise Ratios ( SINRs ) of the sub - data streams 
transmits channel - by - channel state information to the trans - formed by the weights selected by the weight selector 135 
mitter 110 . are computed , and Modulation and Coding Selection ( MCS ) 

The controller 111 of the transmitter 110 receives feed - or channel state information of each sub - data stream is 
back information 150 from the receiver 130 . The controller decided . Subsequently , the receiver 130 transmits the feed 
111 controls the demultiplexer 113 , the channel encoders 40 back information 150 including the weight information and 
115 and 117 , and the beamformers 119 and 121 using the the channel state information to the transmitter in step 207 . 
feedback information 150 . In detail , the controller 111 Herein , the receiver can simultaneously or separately trans 
decides the number of sub - data streams using the feedback mit elements of the feedback information . 
information 150 and notifies the demultiplexer 113 of the FIG . 3 is a flowchart illustrating an exemplary method for 
decided number of sub - data streams . The controller 111 45 transmitting / receiving data in the transmitter 110 of the 
decides a coding rate and a modulation scheme of each system of FIG . 1 . 
sub - data stream on the basis of channel state information Referring to FIG . 3 , the controller 111 of the transmitter 
155 of each sub - data stream among feedback information 110 receives feedback information 150 from the receiver 
150 and notifies the channel encoders / modulators 115 and 130 in step 301 . Subsequently , the controller 111 decides the 
117 of the decided coding rate and the decided modulation 50 number of sub - data streams capable of being finally trans 
scheme . At a beamforming time , the controller 111 computes mitted using weight information of the feedback information 
weights to be applied to the respective sub - data streams 150 in step 303 . Herein , the number of sub - data streams 
using a weight set index 151 or information 153 of weights capable of being transmitted is equal to the number of 
selected from an associated weight set among the feedback selected weights . 
information 150 , and notifies the beamformers 119 and 121 55 The demultiplexer 113 demultiplexes a main data stream 
of the computed weights . to be transmitted into sub - data streams whose number 

The demultiplexer 113 demultiplexes a main data stream corresponds to the number of sub - data streams capable of 
according to the number of sub - data streams transmitted being transmitted in step 305 . Using information about a 
from the controller 111 . The channel encoders / modulators coding rate and a modulation scheme defined by the fed 
115 and 117 independently encode and modulate sub - data 60 back channel state information of the respective sub - data 
streams obtained by demultiplexing the main data stream streams , the channel encoders / modulators 115 and 117 inde 
using information about the coding rate and the modulation pendently perform encoding and symbol mapping processes 
scheme received from the controller 111 . The beamformers for the sub - data streams in step 307 . Subsequently , the 
119 and 121 multiply the sub - data streams received from the beamformers 119 and 121 multiply the sub - data streams by 
channel encoders / modulators 115 and 117 by weights . The 65 weights transferred from the controller 111 and transmit the 
transmitter 110 computes a sum of the sub - data streams and sub - data streams through the transmit antennas 123 in step 
transmits data through transmit antennas 123 . 309 . 
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To feed back a precode constructed by weights relative to Referring to FIG . 4 , ( Nxny ) weight vectors are generated 
a maximum data transmission rate to the transmitter 110 in in step 400 . The number of weight sets , N , and the number 
a process for obtaining a weight set and its weight vectors in of transmit antennas , ng , are input . To compute the ( Nxn - ) 
an exemplary embodiment of the present invention , a feed - weight vectors , a cyclic process of steps 401 – 405 from k = 0 
back channel is required to transmit a selected weight set 5 to k = ( Nxn ) is performed . In step 402 , a phase difference 
index 151 and weight vector information 153 about the 
weights selected from the selected weight set . N weight sets 
are designed by Equation ( 1 ) . If the N weight sets are defined ( Ax = NAF ) by the transmitter and receivers within a cell , the number of 
bits allocated to the feedback channel for feeding back the 
selected weight set index 151 is [ log N ) . Herein , [ x ] is a between neighbor elements within a weight vector is com 
minimum integer equal to or more than x . puted in order to compute the k - th weight vector . In step 403 , 
When a scheme for indicating selection or non - selection the k - th weight vector is decided using the computed phase 

of each weight belonging to a selected weight set is used for difference . The first element of the k - th weight vector is 
the weights selected from one weight set , 1 - bit feedback 
information for each weight is required , such that feedback 
bits whose number corresponds to the total number of 
transmit antennas are required . An amount of feedback 
information required to feed back a precode is [ log2N ] + ny 20 
bits / use . A feedback channel is additionally required to feed the second element is 
back channel state information of respective sub - data 
streams formed by weights estimated and selected by the 
subchannel - by - subchannel state estimator 137 . 
Next , a method for designing a weight set in accordance 25 

with an exemplary embodiment of the present invention will 
be described . 

2 ) Weight Set Design for Knockdown Precoding Tech with a phase of Aze , in 
other words nology 

The transmitter 110 and the receiver 130 define multiple 30 
weight sets . The weight set is a set of elements of weight 
vectors whose number corresponds to the number of trans 
mit antennas , n . The weight vector may be referred to as the 
weight . Herein , one weight vector is constructed by ng 
complex elements . When N weight sets are defined , a total 35 and the third element is 
of ( Nxn ) weight vectors are constructed . When the N . 
weight sets are designed , the following principles are used 
to consider a spatial correlation . First , n , weights belonging 
to one weight set are orthogonal to each other , and the 
magnitude of each weight is 1 . 40 

Second , main beam directions of beams formed by the 
total of ( Nxn ) weight vectors do not overlap with each with a phase that is Az more than that of the second element , 
other and are to be uniformly distributed within a service in other words 
area . 

To decide the total of N weight sets satisfying the first and 45 
second principles , the total of ( Nxn ) weight vectors in 
which a phase difference between elements neighboring to 
each weight vector is an integer multiple of 

When all the n , elements are filled in the above - described 50 method , the k - th weight vector is completed . After the k - th 27 weight vector is decided , k is incremented by 1 in step 404 . 
When steps 402 and 403 are repeated , the ( k + 1 ) - th weight 
vector is decided . After all the ( Nxn ) weight vectors are 

are generated , the nz weights in which a phase differences decided in step 406 , only orthogonal weight vectors are 
between weight vector elements in the same position is an collected and are classified into the weight sets in step 407 . 
integer multiple of A classification criterion is to collect n , weights in which a 

phase difference between weight vector elements in the 
same position is an integer multiple of 

Vor expCj244 ) V nt 

Nint 

60 

21 
nt are grouped in one weight set , and the total of N weight sets 

in which the n , weights belonging to the same weight set are 
orthogonal to each other are decided . 

FIG . 4 illustrates an example of a process for deciding the 
total of N weight sets . 

65 in one weight set . When the weight sets are classified such 
that the criterion is satisfied , Weight Set 1 is constructed by 
k - th weight vectors where k = 0 , N , 2N , . . . , ( nz - 1 ) N , and 
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Weight Set 2 is constructed by k - th weight vectors where step 520 to @ min = exp { j ( m - 1 ) 0n . i } . That is , the first ele 
k = 1 , N + 1 , 2N + 1 , . . . , ( nz - 1 ) N + 1 . In general expression , ment of the i - th weight vector within the n - th weight set is 
Weight Set ( n + 1 ) is constructed by k - th weight vectors computed immediately after step 521 . When this process is 
where k = n , N + n , 2N + n , . . . , ( 17 - 1 ) N + n . repeated from m = 1 to m = n7 , the i - th weight vector within 

An example of a concrete design according to the above - 5 the n - th weight set is completed in step 525 . Then , a process 
described principles for designing weight sets is as follows . for deciding the next weight vector is performed . 
When N weight sets { Ent ( n = 1 , L , N ) are designed , each When two weight sets are designed in a system of 
weight set En is constructed by elements of nz orthogonal multiple transmit / receive antennas including four transmit 
weight vectors { eni } ( n = 1 , L , ny ) . That is , Ex = { en . 1 , en . 2 , L , antennas , they are expressed as shown in Equation ( 3 ) . 
ennt } . Herein , { en , i } denotes the i - th weight vector belong 
ing to the n - th weight set En and is designed as shown in 
Equation ( 1 ) Ej = { ( 1 , 1 , 01 , 2 , E13 , E1 , 4 } = Equation ( 3 ) 

[ 11 ] [ 1 11 ] [ 1 
e / 37 / 2 Equation ( 1 ) 15 eja | 11 | 11 JN / 2 

NI ???? 
e . / 31 / 2 A / 97 / 2 

en , i = 
V nt nt in ) 

WnT : 

Le e . / 1 / 4 e . / 37 / 4 e . / 57 / 4 e . / 71 / 4 

NI en / 2 NI 
e / 3 / 4 797 / 4 157 / 4 e / 211 / 4 

- 

30 

Om = 7C * * * + 1 - 1 ) 

21 | 2 ajt i + 6i - 1 ) ) 2 j2 | 2 
[ 1 ] 331 / 2 3 

- 1 ) ) 
20 E2 = { ( 2 , 1 , 22 , 2 , 22 , 3 , C2 , 4 } = 

jing 10 + 0 1 ) ) 1 1 1 1 1 1 1 1 1 1 
LeJ31 / 4 2 51 / 4 j77 / 4 

Herein , wm ( n ) is expressed by Equation ( 2 ) . 138 / 2 351 / 2 2 j71 / 2 
25 levenja ] Lev15754 ] [ 2 . 3213 / 4 

27 ( m - 1 ) ( n - 1 i l when = exp { j ( m – 1 ) ºn , i } = exp { j Equation ( 2 ) 
+ i - 1 

nt 
Four weights belonging to E , of Equation ( 3 ) are orthogo TIN nal to each other and their magnitudes are 1 . Also , four 

Herein , weights belonging to E , of Equation ( 3 ) are orthogonal to 
each other and their magnitudes are 1 . However , { e1 , 1 } ( i = 1 , 
2 , 3 , 4 ) and { e2 . i } ( i = 1 , 2 , 3 , 4 ) weights belonging to different 
weight sets are not orthogonal to each other . When data 
streams based on the orthogonal weights are transmitted , 
interference between the data streams to be simultaneously denotes a reference phase of the i - th weight vector belonging 35 

to the n - th weight set En . transmitted is minimized , such that a sum of transmission 
FIG . 5 is a flowchart illustrating another example of rates of the data streams to be simultaneously transmitted 

deciding a weight set in accordance with an exemplary ca can be maximized . The exemplary knockdown preceding 
embodiment of the present invention . Specifically . FIG . 5 technology proposed in the present invention designs 
illustrates a process for deciding a total of N weight sets 40 orthogonal weights belonging to one weight set and trans 
according to Equation ( 1 ) . First , a weight set number n is mits data streams to be simultaneously transmitted accord 
initialized to 1 in step 500 . Because the n - th weight set is ing to weights selected from the one weight set , thereby 
computed in step 501 , the first weight set is computed reducing interference between the data streams to be simul 
immediately after step 500 . In step 502 , n is incremented by taneously transmitted and maximizing a sum of transmission 
1 . Until all the N weight sets are completed , step 501 is 45 rates of the data streams to be simultaneously transmitted . 
repeated . When all the weight sets are completed , the Main beams / lobes formed by 8 weights belonging to E , and 
process is ended in step 504 . E , do not overlap with each other and are uniformly dis 

In step 501 , n weight vectors within the n - th weight set tributed within a service area . Accordingly , even though 
are computed . In step 510 , a weight vector number i of the receivers randomly distributed in the service area of the 
n - th weight set is initialized to 1 . In step 511 , the i - th weight 50 transmitter are located in any direction , beamforming gain is 
vector of the n - th weight set is decided . That is , the first obtained by one or more weights of the 8 transmission 
weight vector of the n - th weight set is computed after step weights . 
510 . In step 512 , i is incremented by 1 . Until a total of nz When weights are selected among the total of ( Nxn ) 
weight vectors within the n - th weight set are completed , step weights such that a sum of transmission rates of sub - data 
511 is repeated . When all weight vectors of the n - th weight 55 streams to be simultaneously transmitted is maximized , a 
set are decided , the n - th weight set is completely decided in probability in which the selected weights belong to the same 
step 514 . Then , a process for deciding the next weight set is weight set is high . When a hierarchical expression scheme is 
performed . used to select one weight set and express weights selected 

In step 511 , a process for computing the i - th weight vector from an associated weight set , an amount of feedback 
of the n - th weight set is performed . In step 520 , a reference 60 information for expressing the selected weights in which a 
phase is decided to compute the i - th weight vector of the data transmission rate is maximized can be minimized . 
n - th weight set . When the reference phase is decided , each Examples of satisfying Equation ( 1 ) with respect to the 
element of the i - th weight vector within the n - th weight set number of transmit antennas , nz , and N weight sets in the 
is computed with a value of the reference phase . In step 521 , exemplary system of the present invention are shown in 
an element number m is initialized to 1 . In step 522 , the m - th 65 Tables 1 to 12 . In the following tables , ( x , y ) denotes a 
element of the i - th weight vector within the n - th weight set complex number in which a real component is x and an 
is computed by applying the reference phase computed in imaginary component is y . That is , ( x , y ) = x + yi . 
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TABLE 1 
16 

TABLE 5 

Number of Transmit Antennas [ n ] : 3 , 
Number of Weight Sets [ N ] : 1 Number of Transmit Antennas [ n7 ] : 2 , 

Number of Weight Sets [ N ] : 1 5 Set Weight 1 Weight 2 Weight 3 

1 
Set Weight 1 Weight 2 ( 0 . 5774 , 0 . 0000 ) 

( 0 . 5774 , 0 . 0000 ) 
( 0 . 5774 , 0 . 0000 ) 

( 0 . 5774 , 0 . 0000 ) 
( - 0 . 2887 , 0 . 5000 ) 
( - 0 . 2887 , - 0 . 5000 ) 

( 0 . 5774 , 0 . 0000 ) 
( - 0 . 2887 , - 0 . 5000 ) 
( - 0 . 2887 , 0 . 5000 ) 

( 0 . 7071 , 0 . 0000 ) 
( 0 . 7071 , 0 . 0000 ) 

( 0 . 7071 , 0 . 0000 ) 
( - 0 . 7071 , 0 . 0000 ) 

10 

TABLE 6 

Number of Transmit Antennas [ nm ] : 3 , 
Number of Weight Sets [ N ] : 2 TABLE 2 15 

Set Weight 1 Weight 2 Weight 3 
Number of Transmit Antennas [ nr ] : 2 , 

Number of Weight Sets [ N ] : 2 1 ( 0 . 5774 , 0 . 0000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 5774 . 0 . 0000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 2887 , 0 . 5000 ) 
( - 0 . 2887 , 0 . 5000 ) 

( 0 . 5774 , 0 . 0000 ) 
( - 0 . 2887 , 0 . 5000 ) 
( - 0 . 2887 . - 0 . 5000 ) 
( 0 . 5774 , 0 . 0000 ) 
( - 0 . 5774 , 0 . 0000 ) 
( 0 . 5774 , 0 . 0000 ) 

( 0 . 5774 , 0 . 0000 ) 
( - 0 . 2887 , - 0 . 5000 ) 
( - 0 . 2887 . 0 . 5000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 2887 , - 0 . 5000 ) 
( - 0 . 2887 , - 0 . 5000 ) 

Set Weight 1 Weight 2 Weight 2 20 2 2 20 

- ( 0 . 7071 , 0 . 0000 ) 
( 0 . 7071 , 0 . 0000 ) 
( 0 . 7071 , 0 . 0000 ) 
( 0 . 0000 , 0 . 7071 ) 

( 0 . 7071 , 0 . 0000 ) 
( - 0 . 7071 , 0 . 0000 ) 
( 0 . 7071 , 0 . 0000 ) 
( 0 . 0000 , - 0 . 7071 ) 

TABLE 7 a 

25 

Number of Transmit Antennas [ nm ] : 3 , 
Number of Weight Sets [ N ] : 3 

Set Weight 1 Weight 2 Weight 3 
TABLE 3 30 1 

Number of Transmit Antennas [ nt ] : 2 , 
Number of Weight Sets [ N ] : 3 

N 

Weight 1 

( 0 . 5774 , 0 . 0000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 4423 , 0 . 3711 ) 
( 0 . 1003 , 0 . 5686 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 1003 , 0 . 5686 ) 
( - 0 . 5425 , 0 . 1975 ) 

( 0 . 5774 , 0 . 0000 ) 
( - 0 . 2887 , 0 . 5000 ) 
( - 0 . 2887 , - 0 . 5000 ) 
( 0 . 5774 , 0 . 0000 ) 
( - 0 . 5425 , 0 . 1975 ) 
( 0 . 4423 , - 0 . 3711 ) 
( 0 . 5774 , 0 . 0000 ) 
( - 0 . 5774 , - 0 . 1975 ) 
( 0 . 4423 , 0 . 3711 ) 

( 0 . 5774 , 0 . 0000 ) 
( - 0 . 2887 , - 0 . 5000 ) 
( - 0 . 2887 , 0 . 5000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 1003 , - 0 . 5686 ) 
( - 0 . 5425 , - 0 . 1975 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 4423 , - 0 . 3711 ) 
( 0 . 1003 , - 0 . 5686 ) 

Weight 2 
35 w 

N 
( 0 . 7071 , 0 . 0000 ) 
( 0 . 7071 , 0 . 0000 ) 
( 0 . 7071 , 0 . 0000 ) 
( 0 . 3536 , 0 . 6124 ) 
( 0 . 7071 , 0 . 0000 ) 
( - 0 . 3536 , 0 . 6124 ) 

( 0 . 7071 , 0 . 0000 ) 
( - 0 . 7071 , 0 . 0000 ) 
( 0 . 7071 , 0 . 0000 ) 
( - 0 . 3536 , - 0 . 6124 ) 
( 0 . 7071 , 0 . 0000 ) 
( 0 . 3536 , - 0 . 6124 ) 

w 

TABLE 8 
40 

Number of Transmit Antennas [ nm ] : 3 , 
Number of Weight Sets [ N ] : 4 

TABLE 4 
Set Weight 1 Weight 2 Weight 3 

Number of Transmit Antennas [ nt ] : 2 , 
Number of Weight Sets [ N ] : 4 45 1 

Weight 1 Weight 2 
N 2 

- 

( 0 . 5774 , 0 . 0000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 5000 , 0 . 2887 ) 
( 0 . 2887 , 0 . 5000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 2887 , 0 . 5000 ) 
( - 0 . 2887 , 0 . 5000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 0000 , 0 . 5774 ) 
( - 0 . 5774 , 0 . 0000 ) 

3 

( 0 . 7071 , 0 . 0000 ) 
( 0 . 7071 , 0 . 0000 ) 
( 0 . 7071 , 0 . 0000 ) 
( 0 . 5000 , 0 . 5000 ) 
( 0 . 7071 , 0 . 0000 ) 
( 0 . 0000 , 0 . 7071 ) 
( 0 . 7071 , 0 . 0000 ) 
( - 0 . 5000 , 0 . 5000 ) 

N 

( 0 . 5774 , 0 . 0000 ) 
( - 0 . 2887 , 0 . 5000 ) 
( - 0 . 2887 , - 0 . 5000 ) 
( 0 . 5774 , 0 . 0000 ) 
( - 0 . 5000 0 . 2887 ) 
( 0 . 2887 , - 0 . 5000 ) 
( 0 . 5774 , 0 . 0000 ) 
( - 0 . 5774 , 0 . 0000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 5774 , 0 . 0000 ) 
( - 0 . 5000 , - 0 . 2887 ) 
( 0 . 2887 , 0 . 5000 ) 

( 0 . 7071 , 0 . 0000 ) 
( - 0 . 7071 , 0 . 0000 ) 
( 0 . 7071 , 0 . 0000 ) 
( - 0 . 5000 , - 0 . 5000 ) 
( 0 . 7071 , 0 . 0000 ) 
( 0 . 0000 , - 0 . 7071 ) 
( 0 . 7071 , 0 . 0000 ) 
( 0 . 5000 , - 0 . 5000 ) 

( 0 . 5774 , 0 . 0000 ) 
( - 0 . 2887 , - 0 . 5000 ) 
( - 0 . 2887 , 0 . 5000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 0000 , - 0 . 5774 ) 
( - 0 . 5774 , 0 . 0000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 2887 , - 0 . 5000 ) 
( - 0 . 2887 , - 0 . 5000 ) 
( 0 . 5774 , 0 . 0000 ) 
( 0 . 5000 , - 0 . 2887 ) 
( 0 . 2887 , - 0 . 5000 ) 

50 

W 

A 

A 

TABLE 9 
Number of Transmit Antennas [ nm ] : 4 , 

Number of Weight Sets [ N ] : 1 

Set Weight 1 Weight 2 Weight 3 Weight 4 

1 ( 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) 

( 0 . 5000 , 0 . 0000 ) 
( 0 . 0000 , 0 . 5000 ) 
( - 0 . 5000 , 0 . 0000 ) 
( 0 . 0000 , - 0 . 5000 ) 

( 0 . 5000 , 0 . 0000 ) ( 0 . 5000 , 0 . 0000 ) 
( - 0 . 5000 , 0 . 0000 ) ( 0 . 0000 , - 0 . 5000 ) 
( 0 . 5000 , 0 . 0000 ) ( - 0 . 5000 , 0 . 0000 ) 
( - 0 . 5000 , 0 . 0000 ) ( 0 . 0000 , 0 . 5000 ) 
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TABLE 10 

Number of Transmit Antennas [ n7 ] : 4 , 
Number of Weight Sets [ N ] : 2 

Set Weight 1 Weight 2 Weight 3 Weight 4 

1 

2 

( 0 . 5000 , 0 . 0000 ) ( 0 . 5000 , 0 . 0000 ) ( 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) ( 0 . 0000 , 0 . 5000 ) ( - 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) ( - 0 . 5000 , 0 . 0000 ) ( 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) ( 0 . 0000 , - 0 . 5000 ) ( - 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) ( 0 . 5000 , 0 . 0000 ) ( 0 . 5000 , 0 . 0000 ) 
( 0 . 3536 , 0 . 3536 ) ( - 0 . 3536 , 0 . 3536 ) ( - 0 . 3536 , - 0 . 3536 ) 
( 0 . 5000 , 0 . 5000 ) ( 0 . 0000 , - 0 . 5000 ) ( 0 . 0000 , 0 . 5000 ) 
( - 0 . 3536 , 0 . 3536 ) ( 0 . 3536 , 0 . 3536 ) ( 0 . 3536 , - 0 . 3536 ) 

( 0 . 5000 , 0 . 0000 ) 
( 0 . 0000 , - 0 . 5000 ) 
( - 0 . 5000 , 0 . 0000 ) 
( 0 . 0000 , 0 . 5000 ) 
( 0 . 5000 , 0 . 0000 ) 
( 0 . 3536 , - 0 . 3536 ) 
( 0 . 0000 , - 0 . 5000 ) 
( - 0 . 3536 , - 0 . 3536 ) 

TABLE 11 
Number of Transmit Antennas ( nl : 4 . Number of Weight Sets [ N ] : 3 

Set Weight 1 Weight 2 Weight 3 Weight 4 

1 ( 0 . 5000 , 0 . 0000 ) ( 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) ( 0 . 0000 , 0 . 5000 ) 
( 0 . 5000 , 0 . 0000 ) ( - 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) ( 0 . 0000 , - 0 . 5000 ) 

2 ( 0 . 5000 , 0 . 0000 ) ( 0 . 5000 , 0 . 0000 ) 
( 0 . 4330 , 0 . 2500 ) ( - 0 . 2500 , 0 . 4330 ) 
( 0 . 2500 , 0 . 4330 ) ( - 0 . 2500 , - 0 . 4330 ) 
( 0 . 0000 , 0 . 5000 ) ( 0 . 5000 , 0 . 0000 ) 

3 ( 0 . 5000 , 0 . 0000 ) ( 0 . 5000 , 0 . 0000 ) 
( 0 . 2500 , 0 . 4330 ) ( - 0 . 4330 , 0 . 2500 ) 
( - 0 . 2500 , 0 . 4330 ) ( 0 . 2500 , - 0 . 4330 ) 
( - 0 . 5000 , 0 . 0000 ) ( 0 . 0000 , 0 . 5000 ) 

( 0 . 5000 , 0 . 0000 ) 
( - 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) 
( - 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) 
( - 0 . 4330 , - 0 . 2500 ) 
( 0 . 2500 , 0 . 4330 ) 
( 0 . 0000 , - 0 . 5000 ) 
( 0 . 5000 , 0 . 0000 ) 
( - 0 . 2500 , - 0 . 4330 ) 
( - 0 . 2500 , 0 . 4330 ) 
( 0 . 5000 , 0 . 0000 ) 

( 0 . 5000 , 0 . 0000 ) 
( 0 . 0000 , - 0 . 5000 ) 
( - 0 . 5000 , 0 . 0000 ) 
( 0 . 0000 , 0 . 5000 ) 
( 0 . 5000 , 0 . 0000 ) 
( 0 . 2500 , - 0 . 4330 ) 
( - 0 . 2500 , - 0 . 4330 ) 
( - 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) 
( 0 . 4330 , - 0 . 2500 ) 
( 0 . 2500 , - 0 . 4330 ) 
( 0 . 0000 , - 0 . 5000 ) 

TABLE 12 
Number of Transmit Antennas [ n ] : 4 . Number of Weight Sets N ) : 4 

Set Weight 1 Weight 2 Weight 3 Weig 

1 ( 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) 

2 ( 0 . 5000 , 0 . 0000 ) 
( 0 . 4619 , 0 . 1913 ) 
( 0 . 3536 , 0 . 3536 ) 
( 0 . 1913 , 0 . 4619 ) 

3 ( 0 . 5000 , 0 . 0000 ) 
( 0 . 3536 , 0 . 3536 ) 
( 0 . 0000 , 0 . 5000 ) 
( - 0 . 3536 , 0 . 3536 ) 

4 ( 0 . 5000 , 0 . 0000 ) 
( 0 . 1913 , 0 . 4619 ) 
( - 0 . 3536 , 0 . 3536 ) 
( - 0 . 4619 , - 0 . 1913 ) 

( 0 . 5000 , 0 . 0000 ) 
( 0 . 0000 , 0 . 5000 ) 
( - 0 . 5000 , 0 . 0000 ) 
( 0 . 0000 , - 0 . 5000 ) 
( 0 . 5000 , 0 . 0000 ) 
( - 0 . 1913 , 0 . 4619 ) 
( - 0 . 3536 , - 0 . 3536 ) 
( 0 . 4619 , - 0 . 1913 ) 

000 ) 
( - 0 . 3536 , 0 . 3536 ) 
( 0 . 0000 , - 0 . 5000 ) 
( 0 . 3536 , 0 . 3536 ) 
( 0 . 5000 , 0 . 0000 ) 
( - 0 . 4619 , 0 . 1913 ) 
( 0 . 3536 , - 0 . 3536 ) 
( - 0 . 1913 , 0 . 4619 ) 

( 0 . 5000 , 0 . 0000 ) 
( - 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) 
( - 0 . 5000 , 0 . 0000 ) 
( 0 . 5000 , 0 . 0000 ) 
( - 0 . 4619 , - 0 . 1913 ) 
( 0 . 3536 , 0 . 3536 ) 
( - 0 . 1913 , - 0 . 4619 ) 
( 0 . 5000 , 0 . 0000 ) 
( - 0 . 3536 , - 0 . 3536 ) 
( 0 . 0000 , 0 . 5000 ) 
( 0 . 3536 , - 0 . 3536 ) 
( 0 . 5000 , 0 . 0000 ) 
( - 0 . 1913 , - 0 . 4619 ) 
( - 0 . 3536 , 0 . 3536 ) 
( 0 . 4619 , 0 . 1913 ) 

( 0 . 5000 , 0 . 0000 ) 
( 0 . 0000 , - 0 . 5000 ) 
( - 0 . 5000 , 0 . 0000 ) 
( 0 . 0000 , 0 . 5000 ) 
( 0 . 5000 , 0 . 0000 ) 
( 0 . 1913 , - 0 . 4619 ) 
( - 0 . 3536 , - 0 . 3536 ) 
( - 0 . 4619 , 0 . 1913 ) 

0 . 0 . 0000 ) 

( 0 . 3536 , - 0 . 3536 ) 
( 0 . 0000 , - 0 . 5000 ) 
( - 0 . 3536 , - 0 . 3536 ) 
( 0 . 5000 , 0 . 0000 ) 
( 0 . 4619 , - 0 . 1913 ) 
( 0 . 3536 , - 0 . 3536 ) 
( 0 . 1913 , - 0 . 4619 ) 

( O 

2 . Second Exemplary Embodiment [ log , N ] + n ; bits / use including feedback information for 
transmitting an index of the selected weight set . To adjust 

A scheme for feeding back weight selection information 55 transmission data rates of respective data streams to be 
using a feedback channel for state information of sub - data transmitted , channel state information of the respective data 
streams . streams formed by the selected weights is to be additionally Information for indicating weights selected from one fed back . When the dedicated feedback channel is used to weight set can be fed back in the following two schemes . 

The first scheme uses a dedicated feedback channel for 60 60 transfer weight selection information , channel state infor 
mation of sub - data streams relative to unselected weights transferring only information about weights selected from 
does not need to be fed back . one weight set as in the first exemplary embodiment of the The second scheme is a feedback scheme for transferring present invention . This scheme uses 1 - bit feedback infor weight selection information in accordance with the second 

mation for each weight to indicate selection or non - selection 65 exemplary embodiment of the present invention . To adjust 
of each weight belonging to the selected weight set . An transmission data rates of respective data streams to be 
amount of precode feedback information is a total of transmitted , the scheme uses a feedback channel for channel 
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state information of the respective data streams in a system Referring to FIG . 7 , a downlink channel estimator 133 of 
for feeding back channel state information of respective the receiver 630 estimates a downlink fading channel using 
sub - data streams from the receiver to the transmitter . a pilot channel or symbol received from a plurality of 

FIG . 6 illustrates a knockdown precoding system 600 in receive antennas in step 701 . That is , the downlink fading 
accordance with the second exemplary embodiment of the 5 channel from each transmit antenna to each receive antenna 
present invention . The same components between the first is estimated . Subsequently , the weight selector 631 decides 
and second exemplary embodiments are denoted by the a weight set relative to a maximum data transmission rate 

and weight vectors selected from an associated weight set in same reference numerals . Only differences between the first 
and second exemplary embodiments will be described , but step 703 . The subchannel - by - subchannel state estimator 623 
parts for performing the same functions are omitted or will 11 10 is notified of decision information . The subchannel - by 

subchannel state estimator 623 estimates channel states of be briefly described . the respective sub - data streams according to the decided The second exemplary embodiment will be briefly weight vectors in step 705 . That is , the subchannel - by described with reference to FIG . 6 . A weight selector 631 of subchannel state estimator 623 computes SINRs of sub - data the system 600 of the exemplary embodiment selects 15 streams formed by the selected weights , and decides channel 
weights relative to the maximum data transmission rate state information 653 of the respective sub - data streams . In 
using fading channel information estimated in the downlink step 707 , the receiver 630 transmits feedback information 
channel estimator 133 and transfers weight vectors selected 650 including a weight set index 651 , transmission infor 
from an associated weight set to a subchannel - by - subchan mation , and the channel state information of the respective 
nel state estimator 623 . The subchannel - by - subchannel state 20 sub - data streams . 
estimator 623 computes and quantizes SINRs of sub - data Next , step 707 will be described in detail . State informa 
streams formed by the weight selector 631 , and decides tion of weights unselected in step 703 is set to a “ No 
channel state information 653 of sub - data streams , in other Transmission ” level , and state information of all weights 
words a Channel Quality Indicator ( CRI ) or MCS . Herein , belonging to a selected weight set is fed back to the 
a combination of various modulation schemes and coding 25 transmitter 610 . Accordingly , only a feedback channel for 
rates is possible in the channel state information 653 of the transferring the selected weight set index information 651 
sub - data streams . This example can be shown in Table 13 . and a feedback channel for transferring the channel state 

information 653 of the respective sub - data streams formed 
TABLE 13 by estimated selected weights are required . Herein , the 

30 weight set index 651 and the state information 653 of the 
Coding Rate Modulation Scheme respective sub - data streams can be simultaneously or sepa 

rately transmitted . QPSK 
8PSK FIG . 8 is a flowchart illustrating a method for transmit 
16QAM ting / receiving data in the transmitter 610 of the system 600 
64QAM 35 in accordance with the second exemplary embodiment of the 
QPSK present invention . 8PSK Referring to FIG . 8 , the transmitter 610 receives feedback 
64QAM information 650 from the receiver 630 in step 801 . Subse 

quently , the controller 611 sets the number of sub - data 
To feed back information about weights selected from one 40 streams capable of being finally transmitted using channel 

state information 653 of the respective sub - data streams in weight set in this exemplary embodiment , a “ No Transmis step 803 . Because a channel to be unused is set to a “ No sion ” level is added to indicate that an associated weight has Transmission ” level , the controller 611 can know the chan 
not been used in the existing MCS or CQI level . That is , nel state information 653 of the respective sub - data streams . 
when an associated weight has not been selected for trans - 45 The demultiplexer 113 demultiplexes a main data stream to 
mission , the “ No Transmission ” level is fed back through the be transmitted into sub - data streams capable of being trans 
state information 653 of the respective sub - data streams . mitted in step 805 . Using a coding rate and a modulation 

A controller 611 of the transmitter 610 receives feedback scheme , the channel encoders / modulators 115 and 117 inde 
information 650 including weight set index information 651 pendently performs encoding and symbol mapping pro 
and state information 653 of respective sub - data streams . 50 cesses for the sub - data streams in step 807 . Subsequently , 
The controller 611 decides the number of sub - data streams the beamformers 119 and 121 multiply the sub - data streams 
capable of being simultaneously transmitted using the state by weights , perform a beamforming process , and transmit 
information 653 of the respective data streams and notifies the encoded and modulated sub - data streams to the receiver 
a demultiplexer 113 of the decided number . Moreover , the 630 in step 809 . The transmitter 610 can know the weights 
controller 611 decides a coding rate , a modulation scheme , 55 because selection information of the weights belonging to an 
and an associated weight of each sub - data stream using the associated weight set is included in the channel state infor 
feedback information 650 , and notifies channel encoders / mation 653 of the respective sub - data streams . 
modulators 115 and 117 and beamformers 119 and 121 of Because MCS information relative to weights unused for 
decision results . an actual transmission must be also fed back , a total amount 
An exemplary method for transmitting and receiver data 60 of precode and MCS feedback information is considered . 

in the transmitter and the receiver of the system 600 of the The second exemplary embodiment requires a smaller 
present invention will be described in detail with reference amount of feedback information than the first exemplary 
to FIGS . 7 and 8 . embodiment only when the number of weights to be used for 

FIG . 7 is a flowchart illustrating a method for transmit the actual transmission is less than ( ( 1 / 2 of Total Number of 
ting / receiving data in the receiver 630 of the system 600 in 65 Transmit Antennas ) + 1 ) . When the number of weights to be 
accordance with the second exemplary embodiment of the used for the actual transmission is more than ( ( 1 / 2 of Total 
present invention . Number of Transmit Antennas ) + 1 ) , a feedback channel for 

160AM 
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feeding back the channel state information of the respective FIG . 10 is a flowchart illustrating a method for transmit 
sub - data streams is used to transmit the feedback informa - ting / receiving data in a receiver 930 of the system 900 in 
tion . In other cases , feedback in which two schemes are accordance with the third exemplary embodiment of the 
combined can be performed with a dedicated feedback present invention . 
channel for transferring only weight selection information . 5 Referring to FIG . 10 , a downlink channel estimator 133 

estimates a fading channel from each transmit antenna to 
3 . Third Exemplary Embodiment each receive antenna using a pilot channel or symbol 

received from a plurality of receive antennas 139 in step 
Open - loop Knockdown Precoding Technology 1001 . Subsequently , the weight selector 931 selects weight 
The proposed knockdown precoding technology can 10 vector information 951 to be actually transmitted because a 

operate as open - loop knockdown precoding technology and weight set is known in a time period in step 1003 . The 
closed - loop knockdown precoding technology according to subchannel - by - subchannel state estimator 933 estimates 
the presence of a feedback channel for transferring selected channel states of respective sub - data streams according to 
weight set index information . the selected weight vectors in step 1005 . Subsequently , the 

The closed - loop knockdown precoding technology in the 15 receiver 930 transmits feedback information 950 including 
above - described first and second exemplary embodiments the weight vector information 951 and channel state infor 
corresponds to the case where index information of a mation 953 of the respective sub - data streams to the trans 
selected common weight set is fed back . According to a mitter 910 in step 1007 . 
feedback scheme for transferring weight selection informa FIG . 11 is a flowchart illustrating a method for transmit 
tion , the structures and operations of the transmitter and the 20 ting / receiving data in the transmitter 910 of the system 900 
receiver of the open - loop knockdown precoding system in in accordance with the third exemplary embodiment of the 
the third exemplary embodiment are the same as those of the present invention . 
knockdown precoding system 100 using the dedicated feed - Referring to FIG . 11 , the transmitter 910 decides the 
back channel of FIG . 1 or the knockdown precoding system number of sub - data streams capable of being simultaneously 
600 using a feedback channel for feeding back the subchan - 25 transmitted using feedback information 950 in step 1103 
nel - by - subchannel state information in FIG . 6 . when receiving the feedback information 950 in step 1101 . 

In the third exemplary embodiment , a feedback channel Then , the demultiplexer 113 demultiplexes a main data 
for transferring an index of a selected weight set is absent stream to be transmitted into sub - data streams capable of 
but a feedback channel for transferring information about being transmitted in step 1105 . Using a coding rate and a 
selected weights is present . When the number of transmit 30 modulation scheme , the channel encoders / modulators 115 
antennas is two , the knockdown precoding system structure and 117 independently perform encoding and symbol map 
of the open - loop scheme is the same as those of FIGS . 1 and ping processes for the sub - data streams in step 1107 . Sub 

sequently , the beamformers 119 and 121 multiply the sub 
A system 900 in accordance with the third exemplary data streams by weights , perform a beamforming process , 

embodiment of the present invention will be described with 35 and transmit the encoded and modulated sub - data streams to 
reference to FIG . 9 . In the third exemplary embodiment , a the receiver in step 1109 . 
description of the same parts as those of the first and second In the open - loop scheme of the system 900 of the third 
exemplary embodiments is omitted or will be briefly given . exemplary embodiment , a channel for feeding back a 

Referring to FIG . 9 , the system 900 of the third exemplary selected weight set index is absent and one weight set is only 
embodiment is almost the same as that of the above - 40 used in one time slot . A transmission data rate of the 
described closed - loop knockdown precoding technology . A open - loop scheme is lower than the closed - loop scheme of 
difference is that a feedback channel for a selected common the first and second exemplary embodiments . However , 
weight set index is absent in the system 900 . Because the because an amount of feedback information of the open - loop 
feedback channel for the selected common weight set index scheme is less than that of the closed - loop scheme , the 
is absent , a transmitter 910 and receivers 930 within a cell 45 open - loop scheme is applied to a system in which an amount 
use only one weight set in one time slot . A weight set to be of feedback information to be transmitted is limited , such 
used is not fixed , and N weight sets are sequentially and that a transmission data rate in the preceding scheme is 
periodically used . That is , the weight sets may be used in improved . 
order of E , , E2 , Ez , . . . , Ey , En . Aweight set to be used varies Comparison and analysis between the proposed technol 
with a defined period and order . Accordingly , the controller 50 ogy and the conventional technology 
911 controls demultiplexing , encoding , modulation , and The conventional precoder codebook technology and the 
beamforming processes for a main data stream using proposed knockdown precoding technology are compared 
selected weight vector information 951 and state informa - and analyzed in terms of a scheme for adjusting the number 
tion 953 of respective sub - data streams . Because a data of data streams to be simultaneously transmitted and an 
processing method of the transmitter 910 is the same as 55 amount of feedback information required therefor . 
those of the above - described exemplary embodiments , its In the conventional precoder codebook technology , a 
description is omitted herein . precoder codebook is separately defined and used according 
When a weight set in a predetermined time slot is known , to the number of transmit antennas , nt , the number of 

the weight selector 931 selects weight vectors from the receive antennas , nr , and the number of data streams to be 
weight set and feeds back weight vector information 951 . 60 simultaneously transmitted , ns . When the number of data 
The subchannel - by - subchannel state estimator 933 detects streams to be simultaneously transmitted is adjusted accord 
the selected weight vectors from the weight selector 931 and ing to a channel state of each transmitter / receiver in a state 
notifies the transmitter 910 of the state information 953 of in which the transmitter with four transmit antennas com 
the sub - data streams . municates with receivers in which the number of receive 

A method for transmitting / receiving data in the system 65 antennas is one , two , three , and four , the number of precoder 
900 of the third exemplary embodiment will be described codebooks to be considered is 10 , in other words ( ny , nr , 
with reference to FIGS . 10 and 11 . ns ) = ( 4 , 1 , 1 ) , = ( 4 , 1 , 1 ) , ( 4 , 2 , 1 ) , ( 4 , 2 , 2 ) , ( 4 , 3 , 1 ) , ( 4 , 3 , 2 ) , 
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( 4 , 3 , 3 ) , ( 4 , 4 , 1 ) , ( 4 , 4 , 2 ) , ( 4 , 4 , 3 ) , and ( 4 , 4 , 4 ) . The 10 precoder - increases . This is because the performance of the knock 
codebooks are defined between the transmitter and the down precoding technology depends on the number of 
receivers . The receiver feeds back the number of receive weights , N . nr . 
antennas , nr , and the number of data streams , ns , to the An amount of feedback information required in the 
transmitter , such that the transmitter selects a precoder 5 closed - loop knockdown precoding technology using a dedi 
codebook to be used . The receiver selects a precode for a cated feedback channel for weight selection information 
transmission at the maximum capacity in a precoder code - feedback is ?log bits / use for feeding back a selected weight 
book suitable for the number of receive antennas , ng , and the set index and ny bits / use for feeding back weight selection 
number of data streams , n , and feeds back an index of the information , such that a total of log , + n , bits / use are 
selected precode to the transmitter . The transmitter selects a 10 required . When the number of transmit antennas is 4 and 
precode with the feedback index in the precoder codebook N = 2 , a total of 5 bits / use are required . An amount of 
suitable for the fed - back nr and ns , and transmits data . feedback information required in the open - loop knockdown 

Because ng can be fed back only once , an amount of precoding technology using a dedicated feedback channel 
required feedback information for ng is small and negligible . for feeding back weight selection information is only ng 
Feedback information for ns instantaneously varying with a 15 bits / use for feeding back weight selection information . To 
channel state is to be transmitted along with feedback reduce an amount of feedback information required for 
information of an index of a selected precode . Assuming that weight selection information , a scheme for feeding back 
each precoder codebook is constructed by 8 precodes , 2 weight selection information using a feedback channel for 
bits / use for feedback information of ns and 3 bits / use for transmitting channel state information of respective sub - data 
feedback information of the selected precode index are 20 streams can be used . 
required , such that a total of 5 bits / use for feedback infor A feedback scheme can be selected to transmit weight 
mation are required . selection information according to an uplink channel struc 

An optimal precoder codebook differs according to a ture of a system to which the proposed knockdown precod 
spatial correlation of fading in an operating channel . Up to ing technology is applied . The number of weight sets to be 
now , a precoder codebook has been designed under the 25 used can be adjusted and applied according to uplink chan 
assumption that a spatial correlation of fading is absent in nel capacity available in the system . Specially , when the 
the conventional precoder codebook technology . Accord uplink channel capacity available in the system is very 
ingly , performance degradation occurs in a channel envi - small , the open knockdown precoding technology can be 
ronment in which a spatial correlation of fading is present . applied . 
To overcome the performance degradation , the transmitter is 30 FIG . 12 illustrates performance comparison results of a 
to perform a companding process for an existing precoder Minimum Mean Square Error - Ordered Successive Interfer 
codebook using a spatial correlation matrix of a downlink ence Cancellation ( MMSE - OSIC ) system using the pro 
channel . For this , because the receiver estimates the spatial posed knockdown precoding technology and the precoder 
correlation matrix of the downlink channel and feeds back codebook technology in an environment in which a spatial 
the estimated matrix to the transmitter , an additional amount 35 correlation is high when n , ng = 4 . When the knockdown 
of feedback information for feeding back a spatial correla - precoding technology considers the case where two weight 
tion matrix of a downlink channel as well as an amount of sets are used , the closed - loop knockdown precoding tech 
feedback information for feeding back ns and a selected nology requires one bit for feedback of a weight set index 
index is required . and four bits for feedback of selection information of four 

In the knockdown preceding technology proposed in the 40 weights , in other words a total of 5 bits / use . The open - loop 
present invention , N weight sets constructed by orthogonal knockdown precoding technology requires 4 bits / use for 
weights whose number corresponds to the number of trans - feedback of selection information of four weights . The 
mit antennas , nz , are defined . The receiver considers the precoder codebook technology requires 2 bits / use for adjust 
number of used receive antennas , nr , and selects a maximum ing the number of data streams to be simultaneously trans 
of min ( nn ) weights relative to the maximum transmis - 45 mitted and 3 bits / use for feedback of a selected precode 
sion rate . The receiver feeds back the selected weights to the index , in other words an amount of feedback information of 
transmitter through feedback information of a selected a total of 5 bits / use . When the performances of the closed 
weight set index and weights selected from the associated loop knockdown techoology and the precoder codebook 
set . The transmitter transmits multiple data streams using technology without companding requiring the same amount 
weights selected from the weight set based on the feedback 50 of feedback information are compared , it can be seen that the 
information . Because N weight sets configured by a total of closed - loop knockdown precoding technology outperforms 
N . n , weights are commonly used even though receive anten - the precoder codebook technology without companding . In 
nas of receivers are various and the number of data streams addition , it can be seen that the open - loop knockdown 
to be simultaneously transmitted is various , an amount of precoding technology requiring 4 bits / use outperforms the 
information about weight sets to be defined between the 55 precoder codebook technology requiring 5 bits / use without 
transmitter and the receivers is significantly smaller than an companding . The precoder codebook technology with com 
amount of information required in the precoder codebook panding has a performance similar to that of the closed - loop 
scheme . Specifically , because the number of precoder code - knockdown precoding technology . Because additional feed 
books to be considered significantly increases when the back for a spatial correlation matrix of a downlink channel 
number of transmit antennas exceeds four , an amount of 60 for companding is required , its amount of required feedback 
information about the precoder codebooks to be defined information is significantly larger than that of the closed 
between the transmitter and the receivers significantly loop knockdown precoding technology . 
increases . In contrast , in the proposed knockdown precoding From the simulation results , it can be seen that the 
scheme , an amount of information about weight sets to be proposed knockdown precoding technology is more easily 
defined between the transmitter and the receivers almost 65 applied to a channel environment with various spatial cor 
does not increase because the number of weight sets , N , relations and has more excellent performance in comparison 
decreases even when the number of transmit antennas , ng , with the conventional precoder codebook technology . 
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FIG . 13 illustrates performance comparison results of a a weight selector for deciding the weight set and weight 
MMSE - OSIC system using the proposed knockdown pre vectors on a basis of the channel state , and transmitting 
coding technology and the precoder codebook technology in information about the weight set and information indi 
an environment in which a spatial correlation is absent when cating the decided weight vectors to the transmitter ; 
nz - nr = 4 . and 

Referring to FIG . 13 , the precoder codebook technology a subchannel - by - subchannel state estimator for estimating 
with companding has the same performance as the precoder channel states of sub - data streams according to the 
codebook technology without companding in an uncorre decided weight vectors and transmitting only informa 
lated environment , because a transmission correlation tion about the channel states of the sub - data streams to 
matrix is an identity matrix in the uncorrelated environment 10 the transmitter . 
and a precoder codebook is not varied even though com [ 3 . The mobile communication system of claim 1 , 
panding is performed . The two precoder - codebook tech wherein the receiver comprises : 
nologies have the same performance as the closed - loop a downlink channel estimator for estimating a channel 
knockdown precoding technology and slightly outperform state using a pilot channel of the data transmitted from 
the open - loop knockdown preceding technology . From the 15 the transmitter ; 
performance results of FIGS . 12 and 13 , it can be seen that a weight selector for deciding the weight set and weight 
the proposed precoder codebook technology has perfor vectors on a basis of the channel state , and transmitting 
mance similar to that of the conventional technology in the information indicating the decided weight set and the 
uncorrelated environment and outperforms the conventional decided weight vectors to the transmitter , and 
technology in a channel environment with various spatial 20 a subchannel - by - subchannel state estimator for estimating 
correlations . channel states of all weight vectors of the decided 
As described above , the knockdown precoding technol weight set and transmitting information about the esti 

ogy of the present invention can be more easily applied to a mated channel states to the transmitter . ] 
channel environment with various spatial correlations and [ 4 . The mobile communication system of claim 2 or 3 , 
can have more excellent performance and higher throughput 25 wherein the transmitter comprises : 
in comparison with the conventional precoder codebook a demultiplexer for demultiplexing a main data stream to 
technology . The knockdown precoding technology requires be transmitted into the at least one sub - data stream ; 
a smaller memory size than the precoder codebook technol at least one channel encoder and modulator for receiving 
ogy , and can be optimized according to an uplink channel the at least one sub - data stream and independently 
structure and capacity of a system to which the spatial 30 performing channel coding and modulation processes 
multiplexing technology is applied . for the at least one sub - data stream according to a 

Although the exemplary embodiments of the present predefined channel coding rate and a predefined modu 
invention have been disclosed for illustrative purposes , lation scheme ; 
those skilled in the art will appreciate that various modifi at least one beamformer for multiplying the at least one 
cations , additions , and substitutions are possible , without 35 channel - coded and modulated sub - data stream by a 
departing from the scope of the present invention . In the predefined weight and transmitting the data to the 
example of the present invention , the system in which the receiver ; and 
number of transmit antennas and the number of receive a controller for deciding in advance the number of sub 
antennas are two has been described for convenience of data streams , the coding rate of the at least one sub - data 
explanation . Of course , at least three antennas can be 40 stream , the modulation scheme , and a weight to be 
applied . Therefore , the present invention is not limited to the multiplied by each sub - data stream on a basis of the 
above - described embodiments , but is defined by the follow feedback information transmitted from the receiver . ] 
ing claims , along with their full scope of equivalents . [ 5 . The mobile communication system of claim 3 , 

wherein the subchannel - by - subchannel state estimator trans 
What is claimed is : 45 mits information about a “ No Transmission ” state for an 
[ 1 . A mobile communication system using multiple anten - unused channel on a basis of the decided weight vectors . ] 

nas , comprising : [ 6 . The mobile communication system of claim 1 , 
a receiver for estimating a fading channel of received wherein the feedback information comprises : 

data , selecting a weight set from a plurality of weight weight set index information for indicating the selected 
sets on a basis of the estimated fading channel , and 50 weight set ; 
transmitting feedback information including informa weight vector information for indicating weight vectors 
tion indicating the selected weight set and channel - by selected from the selected weight set ; and 
channel state information to a transmitter , wherein each channel state information of the at least one sub - data 
weight set has elements of a plurality of orthogonal stream . ] 
weight vectors corresponding to weights used in the 55 [ 7 . The mobile communication system of claim 1 , 
multiple antennas , with the plurality of orthogonal wherein the transmitter and the receiver store weight sets 
weight vectors of each weight set having different and weight vectors according to the number of transmit 
phases between each other ; and antennas and the number of weight sets . 

the transmitter for demultiplexing data to be transmitted [ 8 . A method for transmitting / receiving data in a mobile 
on a basis of the feedback information into at least one 60 communication system using multiple antennas , the method 
sub - data stream , multiplying each sub - data stream by comprising : 
an associated weight , and transmitting the data . ] a ) estimating a fading channel from a pilot channel of 

[ 2 . The mobile communication system of claim 1 , received data in a receiver ; 
wherein the receiver comprises : b ) selecting a weight set from a plurality of weight sets on 

a downlink channel estimator for estimating a channel 65 a basis of the estimated fading channel , wherein each 
state using a pilot channel of the data transmitted from weight set has elements of a plurality of orthogonal 
the transmitter ; weight vectors corresponding to weights used in the 
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multiple antennas , with the plurality of orthogonal a ) estimating a fading channel from a pilot channel of 
weight vectors of each weight set having different received data and selecting a weight set from a plurality 
phases between each other ; of weight sets on a basis of the estimated fading 

c ) estimating channel - by - channel state information rela channel , wherein the weight set has elements of a 
tive to the selected weight set ; 5 plurality of orthogonal weight vectors corresponding to 

d ) transmitting feedback information comprising infor weights used in the multiple antennas , with the plural 
mation indicating the selected weight set and the chan ity of orthogonal weight vectors of each weight set 
nel - by - channel state information to a transmitter ; and having different phases between each other ; 

e ) transmitting , by the transmitter , antenna - by - antenna b ) estimating channel - by - channel state information 
data on a basis of the feedback information . ] according to the selected weight set ; and 

[ 9 . The method of claim 8 , wherein designing the weight c ) transmitting , to the transmitter , feedback information 
set comprises : comprising index information of the selected weight set 

deciding a plurality of weight vectors with a phase and the channel - by - channel state information . 
difference defined according to the number of transmit 16 [ 17 . The method of claim 16 , wherein the feedback 
antennas and the number of weight sets ; and information comprises : 

configuring the weight set with orthogonal weight vectors weight set index information for indicating the selected 
among the decided weight vectors . ] weight set ; 

[ 10 . The method of claim 9 , wherein the phase difference weight vector information for indicating weight vectors 
is computed by 20 selected from the selected weight set ; and 

channel state information of at least one sub - data stream . ] 
[ 18 . The method of claim 16 , wherein the feedback 

277 information comprises : 
Nint ' weight set index information for indicating the selected 

25 weight set ; and 
where N is the number of weight sets and n , is the number channel state information of all sub - data streams relative 
of transmit antennas . ] to the selected weight set . ] 

[ 11 . The method of claim 8 , wherein designing the weight [ 19 . A receiver in a mobile communication system using 
set comprises : multiple antennas , comprising : 

f - 1 ) deciding a plurality of orthogonal weight vectors a downlink channel estimator for estimating a channel 
among a number of weight sets ; and state using a pilot channel of the data transmitted from 

f - 2 ) repeating f - 1 ) a number of times corresponding to the a transmitter ; 
number of weight sets . ] a weight selector for deciding a weight set and weight 

[ 12 . The method of claim 11 , wherein f - 1 ) comprises : 35 vectors on a basis of the channel state and transmitting 
deciding a reference phase for orthogonal elements of a information about the weight set and information indi 

decided weight vector ; and cating the weight vectors to the transmitter , 
deciding elements with a difference of the reference phase wherein the weight set has elements of a plurality of 

from a first element of the weight vector . ] orthogonal weight vectors corresponding to weights 
[ 13 . The method of claim 8 , wherein the feedback infor - 40 used in the multiple antennas , with the plurality of 

orthogonal weight vectors of each weight sets having mation comprises : 
weight set index information for indicating the selected different phases between each other ; and 

weight set ; a subchannel - by - subchannel state estimator for estimating 
weight vector information for indicating weight vectors channel states of sub - data streams according to the 

45 decided weight vectors and transmitting only informa selected from the selected weight set ; and 
channel state information of at least one sub - data stream . ] tion about the channel states of the sub - data streams to 

[ 14 . The method of claim 8 , wherein the feedback infor the transmitter . ] 
mation comprises : [ 20 . A method for designing a weight set to be used in a 

weight set index information for indicating the selected data transceiver of a mobile communication system com dat prising the transceiver with multiple antennas , the method weight set ; and 
channel state information of all sub - data streams relative comprising : 

deciding a plurality of weight vectors with a phase to the selected weight set . 
[ 15 . The method of claim 8 , wherein e ) comprises : difference defined according to the number of transmit 
demultiplexing a main data stream to be transmitted into antennas and the number of weight sets , wherein the 

at least one sub - data stream on the basis of the feedback 55 weight set has elements of multiple weight vectors 
information ; corresponding to weights used in the multiple antennas ; 

independently performing channel coding and modulation and 
processes for the at least one sub - data stream according configuring the weight set with orthogonal weight vectors 
to a channel coding rate and a modulation scheme among the decided weight vectors , 
defined on the basis of the feedback information ; and 60 wherein the phase difference is computed by 

multiplying the at least one channel - coded and modulated 
sub - data stream by a weight defined on the basis of the 
feedback information and transmitting the data to the 
receiver . ] 

[ 16 . A method for transmitting feedback information from 65 
a receiver to a transmitter in a mobile communication where N is the number of weight sets and ny is the 
system using multiple antennas , the method comprising : number of transmit antennas . ] 
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[ 21 . The method of claim 20 , wherein designing the information , a count in number of sub - data streams 
weight set comprises : through which a main data stream is to be transmitted 

a ) deciding a plurality of orthogonal weight vectors to the receiver ; and 
among a number of weight sets ; and a beamformer for multiplying a number of channel - coded 

b ) repeating a ) a number of times corresponding to the 5 and modulated sub - data streams , which have been 
number of weight sets . ] formed to transmit the main data stream and whose 

[ 22 . The method of claim 21 , wherein a ) comprises : count in number of sub - data streams is equal to the 
deciding a reference phase for orthogonal elements of a count determined based on the feedback information , 

decided weight vector ; and by weight vectors of the selected weight set , and 
deciding elements with a difference of the reference phase 10 transmitting the sub - data streams resulting from the from a first element of the weight vector . multiplying operation to the receiver . ] [ 23 . A mobile communication system with a transceiver [ 28 . The transmitter of claim 27 , wherein the transmitter using multiple antennas , comprising : further comprises : a receiver for providing a weight set decided by estimat - 

ing a channel of received data to a transmitter ; and 15 15 a demultiplexer for demultiplexing a main data stream to 
the transmitter for demultiplexing data to be transmitted be transmitted into at least one sub - data stream ; and 

into sub - data streams on a basis of the provided weight at least one channel encoder and modulator for receiving 
set and transmitting the sub - data streams to the the at least one sub - data stream and independently 
receiver ; performing channel coding and modulation processes 

wherein the weight set has elements of multiple weight 20 for the at least one sub - data stream according to a 
vectors corresponding to weights used in the multiple channel coding rate and a modulation scheme . ] 
antennas , the weight vectors being orthogonal to each [ 29 . The transmitter of claim 27 , wherein the transmitter 
other ; store in advance at least one weight set and weight vectors . ] 

wherein the weight vector is computed by : [ 30 . A method for transmitting feedback information by a 
25 receiver in a mobile communication system using multiple 

antennas , the method comprising : 
estimating a fading channel using a pilot channel of data 

ei + 6 – 19 ) transmitted from a transmitter ; I want deciding feedback information based on a weight set 
en la mat + 0 = 1 ) ) selected to be applied in a time period according to V nt 

channel state ; and 
transmitting the decided feedback information to the 

transmitter ; 
wherein the weight set is selected from among a plurality 

where eni is an i - th weight vector belonging to an n - th of predetermined weight sets according to a predeter 
weight set . ] mined order corresponding to one of a plurality of 

[ 24 . A receiver in a mobile communication system using predetermined time periods . ] 
[ 31 . The method of claim multiple antennas , comprising : 30 , wherein changing the 

a downlink channel estimator for estimating a fading 40 weight set comprises : 
channel using a pilot channel of the data transmitted deciding a plurality of weight vectors with a phase 

difference defined according to the number of transmit from a transmitter ; and 
a weight selector for deciding feedback information based antennas and the number of weight sets ; and 
on a weight set selected to be applied in a time period configuring the weight set with orthogonal weight vectors 
according to channel state , and for transmitting the 45 among the decided weight vectors . ] 
decided feedback information to the transmitter ; [ 32 . The method of claim 31 , wherein the phase difference 

wherein the weight set is selected from among a plurality is computed by 
of predetermined weight sets according to a predeter 
mined order corresponding to one of a plurality of 
predefined time periods . ] 50 

[ 25 . The receiver of claim 24 , wherein the receiver further 
comprises : 

a subchannel - by - subchannel state estimator for estimating where N is the number of weight sets and ny is the number 
channel states of weight vectors of the weight set and of transmit antennas . ] 
transmitting information about the estimated channel 55 [ 33 . The method of claim 30 , wherein designing the 
states to the transmitter . ] weight set comprises : 

[ 26 . The receiver of claim 24 , wherein the receiver stores a ) deciding a plurality of orthogonal weight vectors 
in advance at least one weight set and weight vectors . ] among a number of weight sets ; and 

[ 27 . A transmitter in a mobile communication system b ) repeating a ) a number of times corresponding to the 
using multiple antennas , comprising : number of weight sets . ] 

a controller for selecting sequentially a weight set corre [ 34 . The method of claim 33 , wherein a ) comprises : 
sponding to each of a plurality of predefined time deciding a reference phase for orthogonal elements of a 
periods from among a plurality of weight sets in a decided weight vector ; and 
codebook , receiving feedback information transmitted deciding elements with a difference of the reference phase 
from a receiver and decided on the selected weight set 65 from a first element of the weight vector . ] 
by the receiver prior to transmission of the feedback 35 . The method of claim 30 , wherein the receiver store 
information , and determining , based on the feedback in advance at least one weight set and weight vectors . ] 

20 in - 1 " Intly + ( i - 1 ) ) 
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[ 36 . A method for transmitting data by a transmitter in a 40 . The method of claim 38 , wherein weight vectors in the 
mobile communication system using multiple antennas , the codebook are orthogonal to each other . 
method comprising : 41 . A method for a base station in wireless communica selecting sequentially a weight set corresponding to each tion , the method comprising : of a plurality of predefined time periods from among a 5 

plurality of weight sets in a codebook ; selecting a precoding matrix from a codebook comprising 
receiving feedback information transmitted from a a plurality of precoding matrices , 

receiver and decided on the selected weight set by the precoding data using the selected precoding matrix , and 
receiver prior to transmission of the feedback informa transmitting the precoded data , 
tion , and determining , based on the feedback informa - 10 wherein the plurality of precoding matrices are based on tion , a number in count of sub - data streams through 
which a main data stream is to be transmitted to the 1 11 
receiver : and ( 1 - 1 ] 

multiplying a number of channel - coded and modulated 
sub - data streams , which have been formed to transmit and 
the main data stream and whose count in number of 
sub - data streams is equal to the count determined based 111 
on the feedback information , by weight vectors of the lj - j ] 
selected weight set , and transmitting the number of 20 
sub - data streams resulting from the multiplying opera if the number of data streams to be transmitted through 
tion to the receiver . ] two antennas is equal to 2 , and 

[ 37 . The method of claim 36 , wherein the transmitter store wherein j represents the square root of - 1 . in advance at least one weight set and weight vectors . ] 
38 . A method for a terminal in wireless communication , 25 42 . The method of claim 41 , 

the method comprising : wherein the precoding matrix is selected from a plurality 
selecting a precoding matrix from a codebook comprising of precoding matrices , and 

a plurality of precoding matrices ; and wherein the plurality of precoding matrices are based on 
transmitting information associated with the selected pre 

coding matrix , 
wherein the plurality of precoding matrices are based on 

30 talli l ' 1 
si 11 

1 - 1 35 

and and 

fl ] 40 V 21 - j ] si 1 ] 
lj - j ] 

45 

if the number of data streams to be transmitted through 
two antennas is equal to 2 , and 

wherein j represents the square root of - 1 . 
39 . The method of claim 38 , 
wherein the precoding matrix is selected from a plurality 

of precoding matrices , and 
wherein the plurality of precoding matrices are based on 

respectively if the number of data streams to be trans 
mitted through the two antennas is equal to 1 . 

43 . The method of claim 41 , wherein weight vectors in the 
codebook are orthogonal to each other . 

44 . A terminal in wireless communication , the terminal 
comprising : 

a controller configured to select a precoding matrix from 
a codebook comprising a plurality of precoding matri 
ces ; and 

a transmitter configured to transmit information associ 
ated with the selected precoding matrix , 

wherein the plurality of precoding matrices are based on 

50 50 

telal tal - 11 
55 

tell [ - ] 
and 60 and 

I 11 
lj - ; ] 

65 
respectively if the number of data streams to be trans 
mitted through the two antennas is equal to 1 . 

if the number of data streams to be transmitted through 
two antennas is equal to 2 , and 

wherein j represents the square root of - 1 . 
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45 . The terminal of claim 44 , 
wherein the precoding matrix is selected from a plurality 
of precoding matrices , and 

wherein the plurality of precoding matrices are based on [ - ] on 
5 

and 

10 [ 11 ] 
lj - j ] 

15 

if the number of data streams to be transmitted through 
two antennas is equal to 2 , and 

wherein j represents the square root of - 1 . 
48 . The base station of claim 47 , 
wherein the precoding matrix is selected from a plurality 

of precoding matrices , and 
wherein the plurality of precoding matrices are based on 

and 

20 tal 
Fall Fall 

25 

Tel : ] 30 

respectively if the number of data streams to be trans 
mitted through the two antennas is 1 . 

and 46 . The terminal of claim 44 , wherein weight vectors in 
the codebook are orthogonal to each other . 
47 . A base station in wireless communication , the base 

station comprising : 
30 a controller configured to : 

select a precoding matrix from a codebook comprising respectively if the number of data streams to be trans a plurality of precoding matrices , and mitted through the two antennas is equal to 2 . 
precode data using the selected precoding matrix ; and 49 . The base station of claim 47 , wherein weight vectors 

a transmitter configured to transmit the precoded data , 35 in the codebook are orthogonal to each other . 
wherein the plurality of precoding matrices are based on * * * * * 


