=& 04-29-2A-3

oF ASAE 213 F33 OFDM/FDD A|&Hi9]
Akl AR 24 vl

i

= EA18HE) 5% "04-2 Vol.29 No.2A

5] * ) S1* * ¥
AL, FHY, 24

’

A New Reduction Method of the Uplink Information for an
Adaptive Modulation and Coding OFDM [ FDD System

Il-soon Jang*, Byoung-han Ryu*, Kyoung-rok Cho** Regular Members
2 o

£ =52 tSAEAE 28k OFDMAJFDD(Orthogonal Frequency Division Multiple Access/Frequency
Division Duplex) AlxHlof|4] 7pHAe] A$g-82 ALsir]|9g 341 A 2] Iz HEE 7 rske ukks A4
et Al AgEI Al A % Tl TS A Ad ARE ASP] deiA, AdE daeiFe IS
Ze]~el7ke) A Ade) 44 S vehis Aue sd wig —’}‘——ff—(channel variation level)2 A3, =&
Zej~e]o thaA sle] MCS(Modulation & Coding Scheme)S ARSglc}. AlEw|o]de shtel A ulox] =3
e, 71Ee daelEe] Hud Huel At ewd=R 9 A8 ¥ outage probabilitydld o] F& A%
& vhepgick

Key Words : OFDM; AMC; CVL.
ABSTRACT

In this paper we proposed the reducing method of feedback information for transmitting of adaptable data rate
in multi-user OFDMA/FDD systems. In order to transmit downlink channel information to Base-Station(BS)
through the limited uplink control channel, the proposed algorithm exploits the channel variation level which
describes the similarity among the adjacent clusters and uses just one modulation and coding scheme(MCS) level
representing channel information of all clusters’. We investigated the performance in single cell environment. It
has a similar overhead for feedback information with conventional algorithm and has better performance in that

bandwidth efficiency and outage probability than the conventional algorithms.

Aol et BT Fopr 8ol ks A

o

1.4 & 7 ole] &3 dlole] Afel Al v

ALgALE 91§ OFDM  Al2wlofjx] Adokgl 74 3

HZ 74 7 slelld] 74 Helulde], 54 Q) % MR aFA, B2 A=y BAe A5
Bl 52 i@'ﬁ]": cheFgt 8 AM|AE AlFs 22 AF3p] Asl 2 AR Ad e we
7] {8 224 dlo]e] AE 7|&e] a7} Sl g Hanhald) 5948 A9sh= AMC(Adap-
T 9l FA1HEex4] OFDM(Orthogonal  Fre- tive Modulation and Coding) 7]&o] ARg-Ew of
quency Division Multiplexing) 7]¥-& ©& A= 23k A]2~€8 AOFDM(Adaptive OFDM) A]4E

*

PAHAZAATY FoSLAMACH T (isjang @etrire kr), ** SR A7\ AR S48 2 A) 2wl 74
T30 030382-0903, AU A} 2003 99 3

140



TE /e AR 419 463 OFDMIFDD A|2dle] s Jr F4 wal

oje} gt

AOFDMA|~®-S $J3t 7]& AMC <tire]&S
A, Zixsrel 7t 2AER A A
2 F=kb] f8id 2 whivle] slEEad] oigt
BE Hukps Ad ARE Hew ek U
Campellos EE Hubkgate] Ad AHRE =3}
T 7+ Bkl A wzdbale Adgioes
HA A%e 2 ¢velEe Akt a3
u, Az ddE Ale] APdel 2E Fukes
9] Ad ARE vowske A2 Erlssie, olE
AAsr] HaiMe AL Hrsgos we Ad A
ez Ilzulsle Zlo] A&AHoldh T
Kellere} L. Hanzot =) 43 Zo)r7] 94,
wad AHRE BE IR Agske S Al
d}gl.om, HIPERLAN2 A28l $1§ 5 o9
o] AHd AHRE o]43= SBLA(Simple Block-wise
Loading Algorithm)S-o] &=kglc}?,

¥ =% AOFDM A|2glojA AMC 4] Apsk
Pz dow) ARG 4 J)1E A Ee| v
3 Aeelr] AR ke AR F, 7]1E9]
FAF z7]e] Rukbnl o8] o Ad AR
Agshe Welld Evsle], AgR =9 AR
Welld] o Ayads zhe Yukdsl 2§ 7pd
7]t WEe] 23he F o= ARel £
FAA Alzgle] T TES STMTIES Yot

E =Y AL oS 2ok 2%elA Akl
dare]ES 93 gl AHofe} Ak Udsie] el
el 71eddch 334 7|Ee] k=gt Aok
dx}E Alele] A% BlZE $I3F OFDM A|~H]
7 AlgHeld #7S Avsle, 47elA] AlEHe]
A 58 A5 daelEe] el e Adwgich

lo u

el

—_—

0. Ak dxeF

Uubd o2 OFDM/FDD | Aelol|4] 313k 8=
Hulktal 471 N7jola, MCS 252 Mu|EZR
o] spsslohy, HukpaEe A4 MCSE A
D3l7] gelde £ NXMUE HuE Ak 3
2 Adsiedop gt e, w@e ke £
Qlgk AMC @ Tl=m] xpe 2/ AN} )
o] g9 sk 212 A2"e As AskE )
A2ch olzdl =S wekslr) Yshal, ChowSe
ofz] el Fukpdle] HEl Fel2EE MCSE
AAZRC Felxaele] =7l 23R Faulkdsale]

kil

LU Lt

Mg dapd, MCSE Zel2ped Fahz ik
gte] i SNRe|| o ZA=ck wlebx, OFDM
7} zro] P A|aglofA] Ful AgA Ad
9] A%, A% F= AMC #3 =9 HuE hh
A7171 HsiA FelzEle =) Sk AT
MCSe| Adwel Alg 458 o] Hoixlch ol
g S 2] e, B =l Ao A
o wel FE|2Ee 2/)E FHoR WA &
2]28]12] MCS ARE Hdshs dvelEs A|Algk

a3 13 a3 2+ A7 Aiokd dzelE AAe)
F 9=2E B AMC 331 s= Agne) ¥
> Ve Zlolok CLy- N7HO] ubisls zhss
1~Elelr} Base Cluster(BC):= E2{2F & 7}
} =27)7F & Fej4EE BCwd MiA BCE 9
v)glt}). Channel Variation Level(CVL)-S <13 &
el AE fAb ARE ey, $AF AEE
7} Ze]~E7ke] g7 SNR Zhe ol&dk) Aekel
dag|Ze 2 AAMEE AMC #3 mew] AH
X492 MCS, CVL, 83 BCd| %3lk= CLun®E
A4 F8o] & MCSE 2= 93 HRER 74
). CLan¥ BCE MCSE AAsl= FH2HE
oA A7 7 Ze =27, i 2 2719 FE
2€lolet. BCx <7 9] CLunlZ 74%E 2
3% PNz 2567091 Aol Bew 8o
BC 2 CLmin 59 3AE Jebd Holch

o
of

tlo

i

o

NE, ot

A
B CL,, 2 MCS &3 |
¥
[ BOR )3 & MCSH IINE=CLy, 43 |
¥
MCS® OVL &%
For | = MCS, ~ MCS,,
v
I 2} BCOIA Clayy >= SNR,, BHESHE CL 4B [
v
L OV, = BCW MEE OLE RAR ‘
v
v
B MCSR &% Jhs8 HIE e |
v

FFQ WE V& s HIE 8 J1X MCS % CVLE &3 l

a9 L ARk daelE 44 2R

141



o

FHEEAI 53] =57 042 Vol29 No2A

Best CL | BestCL
at BC, at BC,

Best CL,

l MCs [ Cvt at BC,

I 2. A3 B2 AMC 18 J= Alge] 29

N=256
8C, BC,
BC=CL, 4 o 0
Clg, 0 1 o '
CL,, o+ ]2f3}ol1fe]as
CL,.=CL,s [o]"]|2z|3]4]|5|8]7{o|" |2[3]4|5]8|7
\
LT
N=16

a3 3. Aok d3EFelA ASE £ A

MCS® BERurgudll 2E SNRuge®] A1,
SNR ,occivea? SNR 14,0019 83 MCSE Ed|
H Aol 7hssict webs, At daeigel A
W Azl Ha Felae 2F Claw¥E2 3T
SNRE 4HE3le] MCSE ZAA}. Fisl= AMC
e v=d) HEolx 7 BCol|l &3k CLummollA
g F8o| T MCSE »E FelxE9 ddA
#=hHE AAsE DAtk AMA Axe 7
MCSvlt} CVL-E AAs= Zlolel. CVL A A
A= BCH #iw MCSE A 7153 CLhvE AR
gl BCH A% CLneld 71 232 CLvE A
Psle], MCSH CVLELE A&} #E-el MCS
AL 71AFe] ARl 2AlF o] Aol aeF
th H7 2AEEE M B2 dlelelE AEsle
A2leKthroughput)-& & Ala®le] A58 s
AFle AL BRE gt weiA, ZRE 3l 2~
AEe s ddr|ze AdsEes AMC 38 Ao
W AHBe= igAd B Y EfEg AFE
e A Ad AHRE 7]k ol e 1
slo], M4 xR MCS¥ #HW A% 7be vE
5 A4S, JbE =& WE £F 4 MCSE
AAsle] 7|2 TR Adgi.

a3 4= Agksl dme|ES B} o] ZAEH

142

Arslr] s, Fakest 71 204809, 24 Fe
2H CLmn®] =7]= 32013, Hd Z=AE] BCE
25621 OFDM A|=~Elg o2 vlehdl Holck sk
g darelEed o3 ohg} 2 AAE 3eld
Aak 12 73 22 82 Cladl| &3k &
H2E]9] MCSE ZAd). MCS Z2A-8- Chow'9}
A3 Aoz, FejaEe &b Yk ¥
7 SNRE& 3o, 1o misl= MCSE A3

£

} 2= BCHE 24| 54 SNRE ZH= CLy
aighcl. BCoollde 4HA19] CLyE BC oA
78] CLnE tiA] BCAAE EUshAl 1,
7, 0#14l2] CLyg Ztzt Adelgich
22k 32 MCS¥ CVLE AlAgcl MCSe2
A Ad 4o odsE EdqEE A5E 5 9l
74% Adegic). dA) A" SNRE| Aleell4 2E
CLpt MCSiZ Afo]| 7Fssictk wzhx, MCS+-
E] CVLE 4kE3tck MCS 9] 739 H SNRreceived
o] SNRugeMr} =tk webd, 2E CLypolA
MCS 2 E&g AFo] 7hssiths AL CLuslR
A% rhsslcke 72&, CVL-E Clasgo] Hrk o]
= MCS8] 739 BE TS 53 SNRuges
WEhs Zoloh MCS:9) 7§, MCS, 9 792}
vlsA et 8] 4 A 4y R4 SNRurged
WESA] Egk webd MCS:9| A$- CVLE
CLisol Huk FU3 vpgdeg MCS;9 CVLE
CL12s g, MCS.2] CVLE CLw7} ¥tk CVLE A
2} 26j|4 BCH 7} &2 SNR2 zZH= CLpet 72
HEo], AHE CLno AT FIe] F4 Ad
Ao FAF Aed vehdct

Azt 4= MCSH A 75 v|E 5 ZAZ
ot MCSe= EfES A9 5 ge 74
F73-& epl & CVLe| Agle]l o g 7}
BlE S 34 0v]Eolr}. 7} MCSel|lA] A%
7Fs3t B|E 45 AXR] Ao, MCS,9 A5 5
Hkpapd e 18| EE, MCS;®| 7% 2¥|EE, MCS;
o 7% 39)EE, MCS:8| 7% 49|EE AL}
I 7R 7 MCSellM 34 753 BlE 8
Aaksld o383} 7k MCS19] 749, CVL-E Class
olmg Hu A 7Fs wlESE 6x256x1=1536
H|Eolck MCS,¢] 7%, CVLE CLipol2g,
A% 7bs HIESE 6X128%2 = 1536v]Ee|ch
MCS;9] 7%, CVLL CLiolB2Z, Hd A$E 7}
= HlEgE 6x128%x3 = 23048|Eo]th. MCS,

;(é 3
1

A
pil

e e

J\)

A

o|r



w2/ A

$I% 449 OFDMIFDD A2 4343 Hu 54 wet

%%, CVLE CLeolng, FHd A4 7P vlEse
664 x4 = 1536w Eolct. webM, 7P w3
] A4 BE £5 zZH= MCS:$ AMC Fm Al
39 MCS Level2 4A3}3 CVL-S CLinZE A#
gt

W Aze 23

Aok dme)Ee) AeE Blaslr] A & 1
zro] 37)¢] /"]’K 5. AAsigic). System #1-&
BE shdrlh BE abpEie] MCS ARE A
Hag Adshs 75'?—3- o]A=ql  A]Awlo]ch
System #2= AR Zejaee] e Aese
Axglog Aokl dwElEg AMSlE System
#37} 5913k AMC s=w Ausks ARg3lr] #fs)
A ZeizE) 27)E 256208 A

a3 5= AlEHelAd 488 91§ AOFDM/FDD
A28 2dS vehdoh A 2xgle] g Al
7]1A) 2] Feedback Information Assembler+= 7z} %}
byl E Akek 2z Ads dasls McS 3l A
F Algel 3" ARE A3 ez
Fe2EelE 7h AMeRjelA] el Fe|zEpd
MCS¥ galsted, dej Folgh Wiz uils Ze
o} 253l 9 wHzsl de|ele kel OFDM
Azmglnt Bl Zh shabr|2 d$sich 7—’( ity
12 A5 R AsERE Ad F4E 7Y

:._l,

mlo

spuf, Aokl drelEg olgsle] MCS U 1A%
Qga A% B2 AdE el e A
g} g AAE MCSE AASEIAL glo], ke i
AZE doleo] Ad 79 B33} 9 H2E 53
)4 ¥tk FFT(Fast Fourier Transform)Z%E] &
Ael plgspd delel 7 AgRelA daE
Bbgst AuE olgaled, YW mEye
s delels SRlskl AN =R wssplz
ek, & ABeoldolN A 1ol 2ake
Aok 7RISk, MCSE Ims =H]E A 838
Esle] 7])x]32] Feedback Information Assembler

of Ad=ln, A Ade ok 7P

E 1 A% ulaE 913 3749 A2] 24

1. All UEs send MCS of all sub-carrier

2. Dynamic allocation of sub-carrier for
each user

3. Uplink overhead = 3(MCS) x 1536
(sub-carrier #) = 4608bit/UE

1. OFDM-FDMA system with AMC for
6 cluster(256 sub-carrier)
System #2 |2. Each UE send MCS of 6 clusters

System #1

3. Uplink overhead = 3(MCS)x6(cluster#)
= 18bit/UE
1. AOFDM system with the proposed

System #3 method
2. Each UE send MCS of 4 among 6
clusters fixed at Call Setup
3. Uplink overhead = 2(CVL) + 3(MCS)
+ 4(256CL#)x3(best CL32#) = 17bitfUE

(Proposed)

C 1
MCS 1001]

MCS 1000]

Freq.
BESTCL,, [BESICL,, | Best Ty, TBest Ty, [Best Ty, TBesTTL,;
MCS Level| CVL | "5 pc | atBC, atBC.. | atBC.. | atBC. at 8C,

[011] (101 [100] (1111

[o01] {010} {111} {000}

2% 4. A2E iz 4

143



FLEAS ] =4 042 Vol.29 No2A

Ak dae]EE R3] Y84, CLES Cla,
CLgs, CLiyzs, Closs2 A3l on, whidr]= BC 6
7 2Tl disle] MCSE AR wew, 7|2)=
oA & AAHA AAsl] F= 4709 BCel| sl
o MCS = Huxnt ddshes Zog 7HAgl
ujebs], MCS 3l mlrw] A 4 2 [THER
CVL(2 H]E), MCS(3 ¥|E) 9 7} BCoA 71
£ MCSE zHe CL329) 933 niE)e] zzt A}
£} Fdg AMC 5l o Agrek Swio)A
Zb Al zEle] 35S w|asly] $lslA], System #2&
Fae )5 256208 Ay FelsEd]
7 SNRE& o83l MCSE A, w=iA
MCS # F=3 AW = 188 EE AR83d

B =79 AT AEHeANME s "=
20MHz®] -2 zh= OFDM/FDD A|AElg 3
Hilglor X 2+ A AlEHCIAE 9T Axd
gstejrlele} A 2dg viepe, A qbdE 1km,
OFDM %} <%(10 OFDM symbols, 1ms)ol &}
S Active Adle] @] & 89, 74 dvie
3.84Mbps2] 558 & 7cka Fsiglch w3
7)x=e) 41 AHL A A gl UE/Y 87
He ALES U5 Fie §Ee) 197 =HE
2 Aok izl 2AFele gwrle 4
Aelme} Ao yakgsl o vES e
whale alggicl Ak WS olgshe Al
71E AzdE 7RE FRE] AlEHeldE &
Asielck. MCSE A4sba o8, 12-QPSK, 1/2-

I

16QAM, 1/2-64QAM 471A]S sEisle] AJEdHo]A
< sl w3, AR Bz AdE AdEe
AMC # Fl=wl AR 0{Yle] AdEE 7o
2 7AEkdek

V. AlEdiold 2%

77 87 ASSE 3.84MbpsE o] FHA]
23l 79 outager} WA 7o gk 1
d 62 UES 7|A=3e] 7ele] o}2 outage
probabilityel} 3+ A5 2HZE viepdch A 7
Al 42} outage probabilityS AlH R, Hulis)
o= HEE Zhe System #19] A9 A9
M=oz AokE System #3¥rcl 110ME
outage probability 2 Z+-Erk 28A|9h Ak okw
2lE5S AMshe AR FEaEE 2 Ak
Azgle wiadael A FEAEE 2=
System #2Xtr} 1/10% %2} 2 outage probability
o] A% o5& Ze=rh System #2+= FIlg Add
Aol A 37 Apdeld B2 o FukpalE 7
e FulzEe] HF SNRe| & MCSE AHS§H
o2n e A AIE LA ol ]
System #32 7]2] )5 ko] w=w) AR E o) g
she Ad Aellel w2l FelAEe] 2§ A
2 wRste] w1 Adsgk 741 Ade) gk MCSE
Adslozy Axde] Adgol =k

Base Station
(Transmitte:) Bit and Sub-Carrier Allocation :gg 3:3: :;
(Packet Scheduer) Feegback Information Assemblet
From User #1
Sub-Carrier
Allocation
Information
User #1 Data —» e bl
MUX
User ¥2 Data —l ! b Adg —% _J RF
; . M‘;‘?‘:""g e i oPs ls] DAC || Canier [
| el H |, Interval Modulation
i t i H Ll
User #N Datz ——-‘ -»\___J
EA
F e
I -
i RF
Adaptive | :
Uset #N Sub-Carrier : F Carrier
Data Setector |} Demosulano FET H | SIP [ APC [*] Demodulatio F‘J
i | DEMUX n
V a o
: 1
Sub-Carrier
Allocation L -
information Store Channel .
MCS Estimator & Detarrmine
Information Predictar
User N I {
(Receiver)

a3 5. AlEHelAidlA A%l AOFDM/FDD A]2-H

144



E 2. AlEdeld Hetrle

. 2 Ghz
Carrier frequency 2048
Number of FFT 1536
Number of data Subcarrier 512
Number of virtual carrier

18.08 us
Guard Interval
. 8192 us
Symbol duration 10
Symbol # per Packet 112 rate

Coding convolution code

(k=7)
IMETRA Channel

(Pedestrian A)

Fading channel model

Category B
Path loss model Mo del[?,
Cell radius 1 Km

Number of active users per cell | 8 users
Data(Transmission) rate 3.84 Mbps
requirements of each user (Coded Bit Rate)
Power Control No

Base station transmission power | Cell boundary
outage prob. = 1%

Received SNR measurement Perfect
Channel estimation Perfect
Synchronization (freq. , timing) | Perfect
Priority
Packet scheduler scheduling!™

gy 78 wE VIAFeRRE Al et
PEATE sgos, 2xd A4 BE O
£88 hehl elstele) System #19] A3 7))
=of sl vlEelr mE Sl 28 ik
Jpell Aig MCSE oot glo, Mok F& MCSH
e Rlol pakes} wio] FPsatng, Azl
w2 el #mgo] A 7hfslA] ¢krh System
#29} 3°] 79 whdvlel 7RIS kel Aelel] we)
228 wele] MCS ZAom Fulgspd MCS
F AAshz System #1°] HgHr} cha e
MCSE ZAA gl weby, Fe| g ARty
e Fgo] HolAA Hrl zehl T4 Aidel
wet Felaee] 2715 WHEksle System #39] 7
3> System #2¢)] Bi&] o] &fo] F2 Z& oF
% sk

23] 88 ARl 2AE sl AHEAe
A4 2785 1Mbps(coded bit rate)= 7} 53,
7|715ke] A)7E 900mol 4t B A AAle] AR
A} 4~ F7}oll uhE outage probabilityel] o A
I xzolc). A|aele] Al AHAA outage FHE-S
5%%2 & 7% System #2% 8w Algxuke-
System #32- System #28r} 5ull e 407 o)A}
o AR 4T ¢ U TS 4 As o
4 gek

Outage Probabiiity

—©&- System #1
-5 System £
-+| = System #3(Proposed)

. A B —
0 100 200 300 400 500 BOO 70D 8OO 900 1000
Distance between UE and BS {m]

13} 6. Comparison of the outage probability as a
function of the distance between UE and BS in
single cell environment

IS

Banthwicth Efficiency [bps/Hz]|

0 100 200 300 400 500 600 700 €00 900 1000
Distance between UE and BS [m]

1%} 7. Comparison of the bandwidth efficiency as a
function of the distance between UE and BS in
single cell environment

—&~ System #1
-8 System#2
)

System #3(Proposed

Outage Probability

0 ; I S S
0 10 20 30 40 &0 80 70
#af users.

28] 8. Comparison of the outage probability according
to # of users at the boundary (900m) of single
cell environment

V.2 &

B =Ro|x= AOFDM/FDD A]x€ldl4e] A&k
% ARk 2= Ao Adel oke meisle] AMC I
d wen Aueke] E4 vkl dis) Aljtelsdch
71Ee] A% =iz 99 ARE gSEe W

N

145



YZEAEE|=EA) 042 Vol.29 No2A

W Blaste °Hﬁﬂl:—94 37t slel AMC7L A4
o] 1/10 Axe] & outage probability 2 A] A
9] Aeg ATl ARE Aok =3 A=
daElEs AHEE 7haAl EEsEE 2e A
28l 7188 3AAQ] FRaEE 2 AlaER
o iy J5go] L2 S & 4 it

[1] J. Campello, “Practical Bit Loading for
DMT,” Proc. ICC 99, pp. 801-805, Jun.
1999

[2] T. Keller and L. Hanzo, “Adaptive Modu-
lation Techniques for Duplex OFDM Trans-
mission,” IEEE Trans. on Vehicular Technol-
ogy, vol. 49, no. 5, pp. 1893-1906, Sep.
2000.

[3] R. Grunheid, E. Bolinth, and H. Rohling, “A
Blockwise Loading Algorithim for the Adaptive
Modulation Technique in OFDM Systems,”
VTC 2001 Fall IEEE VTS 54th, vol. 2, pp.
948-951, 2001.

[4] V. Erceg et al., “An Empirically Based Path
Loss Model for Wireless Channels in Sub-
urban Environments,” IEEE Journal on select-
ed areas in communications, vol. 17, no. 7,
pp- 1205-1211, Jul. 1999.

[51 Y. Zhang and K. B. Letaief, “Multiuser Sub-
carrier and Bit Allocation Along with Adap-
tive Cell Selection for OFDM Transmission,”
Proc. ICC 2002, vol. 2, pp. 861-865, 2002.

o 4‘—(Il-soon Jang) 3¢

1997\d 24 : gkl A uEA-ge s}

1999+ 24 : tHE}E ArFAlTsE At

1999 34~ FHAEE Auealysta 9
AR

1999 64 ~&A) : dEHAREAA T B FA
MACA7§ A+

<yEol MAC 4 2 Z2rz Y

146

$ 4 sKByoung-han Ryu) 3]l

1985 © ReFohak Akl Esiat ahat

19883 : Al &oista 4kglEetat Aat

1907 : A} 72T AT Aups)
ah}

198511 ~1986\d: (PFAF ELEE=

1988+ ~&Al: I=AAEAATY B FAMAC
A7 AT (B

<PAEoP MAC 714 ¥
I Ao, AaE A5EH

ZZEE WY, EY

Z 4 E(Koung-rok Cho) 3141

19774 : AFAS g St

1980 : FAdE A Axbgetat 4t

19921 : FAHA AApF st} kAl

1979~ 1986 : FAIA} TV W74 Alojad7el

19923 ~&A : FHASA TN} ARFAFE
3 aep

<zAop VLSI Ay AA, BAAs4 LSI
LR BELEE Y RIS



