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ABSTRACT

The conventional code division multiple access (CDMA) detector based on IS-95 standard shows severe
degradation in communication quality as the number of users increases due to multiple access interferences
(MATI). This problem thus restricts the user capacity. Various multiuser detection algorithms have been proposed
to overcome the MAI problem. The existing detectors can be generally classified into one of the two
categories: linear multiuser detection and subtractive interference cancellation detectors. In the linear multiuser
detection, a linear transform is applied to the soft outputs of the conventional detector. In the subtractive
interfercnce cancellation detection, estimates of the interference are generated and subtracted out from the
received signal. There has been great interest in the family of the subtractive interference cancellation detection
becausc the linear multiuser detection exhibits the disadvantage of taking matrix inversion operations. The
successive interference cancellation (SIC) and the parallel interference cancellation (PIC) are the two most
popular structures in the subtractive interference cancellation detector, The SIC structure is very simple in
hardware complexity, but has the disadvantage of increased processing delay time, while the PIC structure is

good in performance, but shows the disadvantage of increesed hardware complexity. In this paper, we propose
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a hybrid form of SIC and PIC in order to achieve good performance as well as simple hardware complexity.
A performance analysis of the proposed hybrid scheme has been made, and the superior characteristics of the
hybrid structure are demonstrated by extensive computer simulations.

[.MR

Ao XA e FAdA fdoE, opdE
Hhajella] xRl whalo®, §4) f1ae] Adulellr
HEA o) Aejag olshs yaem HérslA
s gl B, Al 2 Al $4l
BCS)e] dalel fAEalg del wgsged,
1 oAM= &4, dlofE], ¥ioe, HAE E clef
¢ Floje] AMu|a® B E AFR IMT-2000
ol ZA iy 722 &3] olzgl FaBA
WG FEE] S A4 2484 Jled o
A=F &5 AHE 340 BAg 28 4 gle
7igololo} B, 1 F CDMA 7|2 S+ujveld]
A AFoR AR A, d2 7RiA a7}
F7leta glow, A Aol welwd @kl 7
oL o8 el AR BF Fo) ol AN
) F48A rlEREA PR gk

a#u} 7)E 18-954] 4% CDMA A|4dl2 o}
F ARl 8%k TMe) 9% &, MAIL (Multiple
Access Interference)oll i3] HSel th28-§ 123
3R] g YA MAIE  Direct-Sequence
Code-Division Multiple Access (DS/CDMA) A~
o] fepul Al 9%E P ALEHN
direct-sequence AMAF Alolef] PAlate ZHY] WA
olck mztd 4t AMAPT WAt MALE ARA|Rt
AR} Eeldell wel MAIZ) o8- o] whAja)
o g Aol 2 oAl ¥k o] MAIS
Ve Aladel £3F fAdx w9t S,
% 7hre] F5 agle] Hrh =3 Wiinear-far)
EAE A ZE AR o] iR o
ok g=ing oyt EAAHESR HHEs] 4
7)&2] Wl AR AR sEA MALR @0l
HoRe ad 2 2R 4 sld TR
B AMARkE chEd] Yedse g4 3o
(spreading code)® Hoi§l 3)irA(orthogonality)e]
FAE 28 Z=g A= et e ol
o4 7|ZFo g FHE S AR Akl 7]
AlFeAA Aol ol oyt A/ YA A
vale dpgelct AME, <& AR Jed =43
© 7olx, wiAHLeR atete] Ajd g ¥
e e E fAlEle AEE Hnehe Aoluk

216

a2y o] Wl 7R Z)eEE vl olF ¥4 4
& WAAT=s A gk

A o Aleat Zn r)ee 19861 Verduol]
geiA Ag 20 FRee?, A A eyl
= 378 7 BAER Qlaled Ala] CDMA A~
golld wiAlEe] ge) e U FAR Hds
T, Aarle 4538 5d ¢ e eg
“lelrde o3 AMAl s fueEled AMgspd
Al2el8] S Wl 4 9laL A R A
2o Ad Bk [BleAe 712 F97)9) soft
o] 4y He] 4% PR & comelation 8
Yo o3fsE A% 4w Aol MALR 2
ek e} o] HAk g whHE GPHE Tl
of sl WY A& Aldo] VRN HH& 7
Al 71@e) Wil ARAl Z3uE AMRSle A
o ula W& A% YA M &k = OHE 3
g9 o}y AMgA A gaalEe (61, (7], 89
Al AR R AL ke n AT R AA sl
MAI# gole Zlefu o]A& 2 Widez b
4 A7 AT, A wollx Halgk NER 71
I o welld a4l e wigeldk o
o] uElF A A7ke Heon} Hatws) of
+ & dAHE 72 qloh e 9]¢ Alqks
A& oF 4] AlFg Al dzEled it
Ex v3A glxlah) g g Az 7H 2 9
= g 7R Qi webd B sEelde dd
7 AA daElas] del Al AR Bl
Wy 2 AlA gruelee] BAER 29+ sle
slo|ve|s Yele] dae]ag Al A *
A 5 HE AlgHe]del 24 w2 oF UEFE
o} & e EEa vlasidch

B i 7Ae thia Ak 1AM E 4
A% wae] gk A& 2z, MAlAe SIC
g} PIC yele] BA45 o] F drvelsg Ay
4 slolBe|s Ye)e] qtye)Sel] iy Fel o]
of whE AT ¥ stk NVAede ¥
2] Ade] oy slojuele ghweigs) old ¢
TelEgae] via A Jehisds, vETe
2 VAdME AE-& deck

. pp oS 2g
we]je] gl E7)A) (synchronous) 4l FHE

www.dbpia.co.kr



T4/ dle| BE)

= ¥e)e] DS/CDMA vlgaldal A vz s

AA E AR

BPSK #xlellA K] Direct Sequence ARERA7} 3l
thi e 44l As rliz oo Aoz ¥
A 4= qlvk
ZA )i (p, Wcos(e,r +6, )+ nlt) M

o714 AL), £.0), b0)e kR Al gt
AFo] A=Z, 4l HF(spreading sequence), AR
HlEd vepde) 2w o) & Wite) 0ol
e ~"ed YUx(two sided power spectral
density = No/2)_l 7} WA ZR§ARE A
(additive white Gaussian noisc ; AWGN) o]t} o]
A% A0 Bk o] Ash 4l

n(t): n, (t)cos((u(t)+ n, (t)uin(m, t) @)

gl O 3= M4 Fuler (carrier frequency)o| T,
O kNIR] ARgA] iRt $AbE veRidch )
T n0eh )i 72t Al EapEe]E) FheA)qd
abg nle) o) in-phase®} quadrature A-Hojcl o]z]
8 e BEE AL ekl ollst 2
o}

=— L )lx_, )u)\ @, I‘)’l’t 3)

a2l A (3o gt Wi Mo} 44k on 2 o
oo} A3} i,

1]]——“- R u)*.(m t)it (4)

o} =Eln -, )= £h?] )

E[L’;U L*Un([)l(a)g,(t)g,(;L)m(m,t)cos(wfx)m]

L
T}
=}l{ﬂ_‘) J;'J) ()le, (e, (A)cos(w_1 )cos(er, A MtdA,

:—L n J.l No 5{t— A, (e, (A)cos (e, 1 )cos (w A )drd A

N T
—%T" g2 ()cos (w1 )t
20t
o [ ot

N 1 N
=—-l’—{T,, + z—sin(:Zm, T, )} "ﬁ
o,

ar} v

2
Forw, »»>—
b

oluigl Ay w)Ee} 4l HEi= Azt mholsr,
TLOghES 2] BEe] B 059 iAoy, F
U3 By zhen)

AL (D] 1 Aol gk A FdEE] (low pass
filter)2] & olefje] Alzb o] & 4= 9ok

d' ()= LPF{r()cos(w, 1 )}

] LPF[ $ 40000 koo o, )+n(x)}cos(wcr)J

[i g, (b, ()cos{w 1 +¢, Jeos{w )+ nlt Jcos(w, t):|

kol

- "PFH?‘ O, O 0 (e 20,1 6, )+ eon z))}M (r)eoslw, ,)}

imgkobk()“‘“‘"’f’ 2 ©
izl Qabdel gk A¥R Al FA)sy

okl As) )
Slll ) n, (l)
EAkglr )’k T (7)

webd [ At @ el wHgk A correlation
ghe: 22k obee] Mo ¥

-— _[ d' Yeos(p, kit @)

20 = [ d“()e, ()sinlo, i ©)

aug HEHQ w|Ee iyt AAL A 0=
7o) 4 @9} 4] 99 o7 vehdc.

Z, =21 cosg, +2¢sing, (10)

G geldE B Rl AR soluels
gefel ciF 4R s ekuelzel Fzel oo
WE Ay 2L S5

H. Mgt 30152l CHE ARSAL HIt Y2lS

chpabgAl Zak yalegss 34 MY Zul W
At 7HE ZHIAA wAlY F 27 ok o &
M 7l ks Ayl sl gl dmelE
L E HE ZHA7] daele Alded G4 7
A d3e)d (Successive Interference Cancella-
ton)@} HW{l AAl <dwE|$ (Parallel Inter-
ference Cancellation) o]t} SIC dbw#)e&2 2z} o
= AAEA 71 THAe] A YR epaes
AAge = A os sdgje] A7|7F eRE Alg-

217

www.dbpia.co.kr



YA B =] "00-2 Vol25 No2A

Jul . |
e MIHE L
(S8 Al I

k= K)
BIC AHE R
“a (g)

k=1ME
I AIE

k AHBIHOL (N —
I & -
o ( k= k+1

no

WA BNM T -
Al IR K= B+
e WA NS

-

VQBL

K-S2 Amllm
PIC D21 BeR

A

dnan

(ZH 1) SIC2) PIC #lel¥als ¢a=lge] Fu Az

Ak Ale® AAsted Releht e oleier
daelFe] wHoRe 7 s shie] Argat
ARd AedRA 4 vjEe] Ad Azle] iAE
of AMEAPE BolAE i) A7t =3 ¥
oAl et whebs] Mol o) w9 ARgAte] A
B O ER A sleld 2 gl w2
olF¢] The AM4Al A &G shed s
A& =IAA ®ck wiwel] PIC dwElFe s1E
e @8 Az=HE 7 Agape] AR
AP v SIC ¢welan Bk, ol§
Zh AbAE Bl vhae] Alale] AlE AEeh Al
A3 i e o 0 AR EAAA
Aol 2E Mg grhs Held Ae)r} gick w
ghr dotEle AdAzle] grhe A& 7Hm
VAR, 7 Abgabe] 2] ZARgrel et gt 2
AHgALe] A& 3] AEst Yasty, shedelale
2 SIC w2l wis) Bahsick

2% 14 Alokd SICe} PIC #e]e] #lo)ve]e
daelge] AL4HE AE PHER =28 ¥ 3
ol3, 17 2% gleluels tlpAgAl 2w e
&9 TEE vEh Zelk WA, s AR
A% guizle] =77} Al LA e 9

) (o } )
| —
) D"S::?“B Choose : Matched :
——n r M SICuser=S filter |
total l:(wr PIC user = K-§ : user & |
' i
|
| O |
| N '
| |
"0 2 r-n) :
PIC | T TET T T oo B
e s e |
: 0 + N
40| . ~ N d
| & e |
: Maiched A G-T,) Matched :
| filter | 4,,,0) N = @'?” filter a0l
| Bank ’(%L > Z *|  Bank ‘“" {
| |
_ Spreader
: Stleks K ' A Tn) p I 1 S+15ksK | :
| | . |
d @ - d
| S e I
| |
I AcG-T,) |
| |
| |
e e e e e Ml T T o o o il A e o LM TR T o o o ]

(29 2) SIC# PIC sfo|He|= lpalga} Al guzlde) 72

218

www.dbpia.co.kr



/8o el

Helo) DS/COMA thabe-A 7ot dore]d A % 454

R O AMALR A4 ] A daelFs AR
& Z7HE Adge) asla o AHaE g o
% M AA dae)egd Fa] AE el vy

AFs Wy 7] AA daelEeds Hupl 9
EJr 29 A M AA dzasehg Aee
B} 2] A7kel d&w]y, Wz AlA g
g AMEE dEc) g B 5 slek

el s $AE 98 =E AR 8 K=}
B, SIC fhwelEd H44t 8/ S2} s, PIC
3258 A4 = K-S7) Flok wlA, SIC o
aejge] Uigk BAom A Agal) SIC g
2158 A 1 A gg AL 4) (1008
o|&ale] 2 olele} 7t}

d/(t)=d"(t)-z,8,(t)cos(e,) an

ufeba] Ss) AHER7EA] MALZE A% AL o}
o} o} & 4 gk

d()=d{ ()28, )cosl, ) (12)
A7 &g S-THA AHAMEA] MAIZ} AR F

9} comelation Ftelch

SIC ¢fxe)2-¢ 93w MAL 82 AA=Z
gh g AR ooia del glnh ejvg A
7Hx] A" o Al&Eh zh8w] (signal to noise)
| viehid olele] Aw Aok

I1]+

SNRm:ju ]—“5_“
— +0o,
N, Z " (13)

=g A G)F
(149} e,

A a3el dse] v 2w A

A

L ES:AI + - No
N YT, (14)

km i+

1
SNR, (40 = AL

7| N=T /T & vehilz, Took T 47t o)
=9ty (chip)ell hat Frlolch m j+A A
AAN HIE 2F BhEe- ool e 2
T BEE olasl & 5 o

P/('u]c) = P{im <0|ij1 :'H}: P{£J+l "°|b
Q(ﬂ S‘NRs'lc ))

= 79 294 PIC 28 E38F & MAI 4

=1 as)

Rol AR A 541 Az 7 8 }A) 2y o}
2] A i,

P 6)=r -3 o, )coslp,)  (s+15ksK)

tA t)cos(p, )+ nlr)- Ez‘g, t)eos(p, )

=341

= 4,0)e, 0, os(@, )+ () EA 0¥~ 2, E)eoslo,)

(16)

A (1604 AR AL ZZhe] AlgAlel dlgt Hw
v ER vhhfy, B e 7R/ AReE et
Wed, Al 3& PIC otwe)ag Eoals, $H3)
AATA - MAL A1 8-& viehdivk. of7]a) ()
o T¥ lelA | 5= glke] SIC dxelE-g ¥t
3o} Subge] AbgAle] rHt— M* 27} AAR ¥,
PIC ¢fye)&oez So|g. ]*1;&_ olu}. 2l(16)
Aa] Follaf gt ‘3,1{:0] duiukz w)s YRE
A A tol] wlela] o] }.]iqﬂ__] A8 Ty
ek mek PIC dae)dd S o) A3
ol A= opefe] A} 3l

- i
0, =L ] ke oo
= Ay + 1+ MAT 17

AL (ADelA AA - Z2he) Albgalel] oigk e
olil, M e A Alelw, MA )
MAL e A H-2 W Eol| oiq} A& ) 8}x)
W37l wlEel $EAE] AARA] %4 MAT Aldo]
vl o BE A (14)9) 3lo) PIC dae|Es ¥t
& Fo] A3 Agu)E Aoz gasly olwjel

7
jaﬁ
SNRPI('({) _—"_"N—
Var(MAI,,, )+ =2

4T, (18)

b

=qF A} (16)0ll 4] zhzhe] ARRA} ARl oiyF
o] Hatslr MAI Aio] ghds] AA=EZ ol
o] Aoz #yFch

AT, A}
N, (19)

& olehe} 3]

SNRP’C(IJ =

g e HE &F Gl o 4

219

www.dbpia.co.kr



PR A e =2 "00-2 Vol.25 No.2A

& 7 Slvk

AT, A}
Ny (20)

th Aellxe oot A AN vhgeR 3
#e] A& Al AR ARE ok

SNRPlc(t) -

V. Ali2lolM it

A (19 A Az 2ug Z)RE 3 1099
ARl ol Zhdal welg AdAsigck ojadt
A AEHe| AL MATLABG o481 Ztz}e]

100H+0 -

Avstage BER

Eb/No (dB)

(2133) AWGNe|MHybrid |25 A58l
TOEH) —fm =y mF S S T T E S
i‘.‘—_ﬁ 3 Bl

e
t ODE-1

1008 ¢

100KE-1

Aretage BER

100K 4
Hb/ND = TR

7] —— Cstvantivanibutestor
T M0 Dewater

= B T T
1008 L = oo + T A PO Datester
el o — 5 —— Hykr Dutestor
R - ‘
10064 % ) ‘ 1 \ |
. 20 00 20 00 4000 80 00

Tatal £ of aotive usere

(284) E,/Ny=7dB §] w AWGNe|A] AMEA} Saol] M}
e OF 4§

220

100040 — — - - ¢
100E-1
10002 - - — - -
@«
w
o
= 10083
=3
g
©
*
= - - ——  ConventlonaiDeteator
10004 {S— %10 Dataoter
E_ 21 - roeoemenr
I —a— Hybra Deteater (B1C=0}
1008-8
100E8 —

400 800

Eb/No (dB)

(1% 5) Rayleigh Fading®}olA] Hybrid @3l A%

100840 . e —m I o T T g
= —+ e e S —3
= s & T
~ ! T T a '
T e )
T00Bt — = ST R S R
E Tz ___J__]
- |
_—. - = ‘
10083 — = = = - _ = =-.=3= b —=
i ) IR R |
i L
m
- - |
g ! g
z
= 100FE-3 Hb/Mo a 148 |
- —— Convartanal Detestor =1
——  ¥IC Detwater
—F]  ric oetactar -
1 Q08 4 —dk—  Hybrid Datwater
1,00E-8 ﬁ | ‘ R

000 10 00 20 00 30.00 4000 89 00

Total # of unera

(2% 6) E:/Ny=7dB Q) uj Rayleigh Fading®}ela] A}g}
ol mhg H|E 0f 4B

ARl gt gl dle)e& 100,000702] W EE
AMgsled Alfo]a] g Zlolrk 3 38} 1§ 4L
%7)4] BPSKQl AWGN 7o 23 A1 &e#le)4
ZAzeolw, 2§ 59} 23 6 2k AREAL 30
km/h=  $Aelxn, AE Faere 900 MHzal
Rayleigh #fjo|v] 7ol 2lq Al E#eld ZHxjelr).

a9 33 1y Selxe 7)E At we SIC
fae]g, PIC dae]d, Juz 3jo|He|s ¢uE
29| BEb/Noell gt 7 AHEAl oigl Gzl u
B R HBE vhehidch o714 & 4 slEe)
AWGN #7olv} Rayleigh so]w Aol =&
PIC tae}ge] SIC atze]gel v|sl Ago] $

www.dbpia.co.kr



=5/ #lolBale &eje] DSICOMA thpAbgat Zst ¢aald 44 @ A4

2 olfiy= SIC dzelad EH o MAI ¥
AR el PIC ¢hwelEe AAA S MAT 4
o] A9 AA=Y] wFolek 2§ 331 AWGN
A 73 52 Rayleigh o]y f7gelA] nF
HjE QF #hEo| o4 selugls otuelEe: 7]
Eo} gatajpoll vl Bb/Nozt oF 3dB #H4f=ixich

o 49 27 62 AMEAL S W ¥R 2
fFE-% bR A, 2 45 H)E 27 g4
10704 712 Fsd7)9] AJ%¢- 8%, SIC Anp)e
137, PIC (¢} #lolvalx Azl 27 A
=g 8 e glek gt Fo AA s fAb
& 23 6ollde wE oF HEe] 107 &
Au7le 57, SIC Zulr)e 99, PIC Hupr|t- 17
w, 283 dlelRee Az 157 AR 4
¥ 4 sleh o] T Hajellr| gk 5 qhRe] A
slolHel g 7|E2] Fiuprld] uiste] 3
2w gE AHAE 79 AWGN foldd= oF 4
Ak, rayleigh ol f7delaaz 3ujR = B
PAE o ¢ ek 2Elal AWGN fHel|4sz
Aokgl ol BE|T. gae]de] PIC dael3el 4
a) fARl o) rayleigh Tl g4l 25
o o]afell4l= SICe} PIC ¥wu]Ze] #H7k 3ehe)
Aeg 2ol T oo dlz B 2 Aed
B3l& o & 9loh

Al gHe)d Aol = gk 5 glRe] FeolHx
de]Ee] SIC dme]st PIC dae]ge] it
Hxo] Aoe] ohd PIC skxelEat vyt A&
Hol& olf SIC ¢hne|dollA iz} Al 4F,
# o AgAbA] ZHje] AR AlEEe WA A
W5 3, AAY7] wEelvk =y ol=ig A
2 F] AAl ®AelAi= SICel PIC ¢irele)
27t Yelae vehir)s 3k FYEeR Ak
solBe|r dae]de] AleE HAHoT F A4
T e By o qloh

V.d R

£ el 5714 7Rl Ad el 4o
SICe} PICE) Fjelnls Held) gtoe|d&g ARt}
A, 7ol o A w4 R el A
5wl g7HE sk cElm met Al 84
71718 Rayleigh #lo]s 74} Aol de
o E =T Alsial slejnl. okmelEe) A
& Wl Aol Hsella) o 4+ gl
o] slolur|e gtmlEe AL AHRe] dsix

PIC stze]&s} W&y AsE Rolu, AMapr)
Bl ol w=t F2 A Balvh weba Als
2molld & w), SIC ¢ze]Eed vlgde Ad A
ko] i, PIC gxeldel widde BA=E =
d 5 gy AFHe] gtk webd ey ssefue
ol ZRA FlelabE A8, IMT-200072 HEw|
o] Falel| HEsh= 7lo] A% YA B =i
o] =]z} AJzhdrl.

Angp#

[1] Shimon Moshavi, “Multi-User Detection for
DS-CDMA Communications,” [EEE Commun,
Magazine, vol. 34, pp124-136, Oct. 1996.

[2]1 §. Verdu, “Minimum Probability of Error for
Asynchronous Gaussian Multiple-Access Chan-
nels,” IEEE Trans. On Information Theory, vol.
IT-32, pp. 85-96, Jan, 1986.

[31 R. Lupas and S. Verdu, “Near-Far Resistance of
Multi-User Detectors in  Asynchronous Chan-
nels,” IEEE Trans. Commun., vol. 38, no. 4, pp.
496-508, Apr. 1990,

[4] R. Lupas and S. Verdu, “Linear Multiuser
Detections for Synchronous Code-Division
Multiple-Access Channels,” [EEE Trans. Infor-
mation Theory, vol. IT-35, pp. 123-136, Ian.
1989.

15] A, Duel-Hallen,
feedback multiuser detector for synchronous

“Decorrelating  decision-
code-division multiple access channel,” [EEE
Trans. Commun., Fcb. 1993.

[6] S. Moshavi, E., G. Kanterakis, and D, L,
Schilling, “Multistage Linear Receivers for
DS-CDMA  Systems,” Int'l. J. Wireless Info.
Networks, vol, 3, no, 1, Jan. 1996.

[71 M. K., Varanasi and B. Aazhang, “Multistage
Dectection  in Asynchronous  Code-Division
Multiple-Access Communications,” IEEE Trans.
Commun., vol, 38, no. 4, pp. 509-519, Apr,
1990.

[B1 M. K. Varnasi and B. Aazhang, “Near-
Optimum  Detection  in  Synchronous  Code-
Division Multiple-Access Systems,” IEEE Trans.
Commun,, vol. 39, no. 5, pp. 725-736, May
1991,

221

www.dbpia.co.kr



PR A )= A 002 Vol.25 No2A

[9] P. Patel and J. Holizman, “Analysis of a Simple A8A, AR EA A AR
Successive Interference Cancellation Scheme in
a DS/CDMA System,” IEEE Journal on Selected
Areas in Communications, vol. 12, no. 5, pp.
796-807, June 1994.

4 ol 7|(n-Ky Baik)

198613 24 : AT
AAEek) 4

1986%] 29 —1986'd 124 :
L EIEEE S

1989 240 : JFUeAekE vhet
A AR £

19893 2%~ #A) : P=AAFAlDTH

1998+ 3% ~®}: ety ol ARFs)
(AP AN

<FPA Heol vlAY A3 A2, IMT-2000 7]

Z} & 9i(Hwan-Min Kang)

W 19973 29 : Yeeks HA)
; T4 & (FHAD
1999 240 : Reyrea el
s A FUEAD
1999 3% ~wlA) : Kreep el
oo AR

: Al A
<A Rob TiAlE AL olFEAl Al
Software Defined Radio

x A} ¥(Sung Ho Cho)
e B 19824 24 : eRhYa AR}
b Tk BY (FPAD
B 19841 129 University of
Towa #7] W el
e # (FHAAD
1989+ 84 : University of Utah
A7) R A3e-Fest
B (FHAD
1989 8%~1992yd 84 : YA AFREAIATA HF
71&% Al
1992 9%~ WA : Wekdeta AR} Akel 39y =
EE
<FPA] Folr AlBMe|, A3, AEEAL, F

222

www.dbpia.co.kr



