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\ € swN /
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57 @AHA BAAA o] B NN HAA SFE A% £4S AN AHAAS} vawste] wol
#th.
%8S B wyel I AAele] B AU AY slM AZEY PUAAE H8F A2 B2 tholo] 1

& vrhie sy,

AWGN A date] Apolz, tvhfdd AAAA 7IWe Ad FAHCE)S 2d vzl dde] Aol A2 = 9
A, dddE aﬂ"‘r?l Aol el Azxyd HHAA des 4T ANGN Z9-oF FAbsHAl, =2 71} A
AAE = 8ol BAME A2 ARSAHUE2) A 2REe] S AAs] f8) 28dr. Al AHEAHUED S 913l
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Oﬂﬂ}ﬂ H1134’ Hor & Z]'Z]' X134’ NO= ks iHE—..j?ﬂ—’,\—O]E}, :LE]—'_—’ X29] *JEHE.QE = ﬁ}‘?’l Lq]"‘?:q], Xot= “?‘}d %5—
frk. Al AREAHUED OIA xo7F H2d wf, Hypae Mol ¥tk x.8 A% (83 AR IHAAA o] 59

Ao 2 2D 2o AVIA e xe AT FeY Fola, Al ARSAHUED A HxE x, A5E
X

AUEL 2 AAgEich, Al AFRAUED A 223 w 2S ZZ ¥ (Noise Enhancement Ratio): Z=3Ha] (22)
oF ).

-1 - -1 . . -1
H,y,=H,H x +x,+ H,n
=x, + H} (H,,x, + )

X, ¥4 zp

P 0
7 #|VEL (21)

. (22)

=R % +I {x,—%)+n o)

o714 2 Nz, B A AREY DAAA olF x9 Fre] Aotk x 049

kel 7HAe) AP e e 2.

ratio of remaining interfetence

P |H‘1 p,|H,, P; IH.‘lI:
P2 = P2 %\ ; + - = .
1_ZF 1 ZF (24)
1)2|}{2J2 P }{:12
A7 Lz e spR, elm M e @ma A7 A el SWRelth, Telm o AlZEA 1
AAA olF A1 AEAWED AN BALE e 2.

LA
p:IH:1|—

e

N e zr = log,| 1+

= (25)

T 9¢ B o] o Ao nE ddAR AP A st AREAY HHAAE o]&3 UE, NOMACTA Q] o

olE & AR} AlEH ol AatE yEh= =wolt
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=
=
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=
N
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=
)
=
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o
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o
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5
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~
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folr 2
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o

oy

)
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He ©A1(1070) &

N

-4
ol

A1) 4, AL AR H2 Bt A FAAAT A2 AFEARRE ] 1A
ohoolu, A2 A8AE F A5
A2 AHEAE 913 Az Ay

=1 el o AAjdel] wE dde Ad stellA MSE HAAAES A8 AlLFe] BE tolojadis
s

ARE HAAA 243 FAHA, @dd = dde] A sl Ha s o A7) des T4
o}, Al AREAHUED OIA, Ha Hidt A 7Wxﬂ71” L= 11ellA A wkel go] A2 AREAHUE2) =5-E €]
S AABH] S8 AgErt. Al AREAED O 4 AsE vhdt P

y,=H,x, + H,,x, +n,

(26)
71 Hpd U2 244 13 x5 9% A Algolt). a8 i x,9 Adido=z 2 39 wid, x,& ¢4 5%
b, x7b AL ARSAHUED Ol A 2" wf, Hypg Hdol ok, A7]dA, &8s (HE54S 7Hgetd, Ad
Hos 18 A4 7z2soly 7t fEE v 2.
IPWSE_HH (H H,1+O' Iy H
(27)

x5 %k (93 Hagdxasdy AdFAHL & 2.
W_u:-.rsz_yn Xu™= W.-u.\.rsz_ Hy, H,,x, +x, + Fr.\!;‘u-fSE_HZI n,

e 7 .

=X, + u;mrss_ff:, (H,,x, +ny)

=X, Y4 s

(28)
Xy

A7IA {mse xe AT FHEe Fola, Al AFEAHUED A x,.0] Hxd A5E 2t 7hdshH, Al A

SAHUED M x5 528 o 55 5% H] (Noise Enhancement Ratio)= a3} £t
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b Mmuse
Ermse
nl
(29)
J‘2|om

o=, 7b ARz Ha oy 2RE o] AEE AASY] A Ad AG Uy ol&s FI3hd, xwE
8 HaxH g RSN HAA ol F FAE AT vt 2
n=»n—-H,x,
uXx +H, (x, —x,)+n,
i ~
A"} _ Hf)l(x') _x')) - -
o] 7] A = AHzE A5, < = <7 AEL HagdAsAY HEAA o] F x 9 e 1A

otk x,olH el el hie] WL thes) 2.

ratio of remaining interfetence

P> |H1| p.|H, | - P:lHnl-
p'.t':.—.i'}. - x( )_
Iy amase n, CansE (31)
P> |H21|2 21
S P I R A N i & < dd AAA A9 x.9] SNReJt}. TLElER x,0] FHAAk
Folle] ZHEAA o] Al AFEAR(EDAIAM 2] AFS oS3 2o,

"\ 1c MMSE =log,| 1+

\ €rnasE

£ 12 B owwel 9 Aol mE wadR U9 AY sld AU AZEY AxBEASe Y A
S ol &3 UE, NOWAS] FlolEl& A4 % AEelold Aug tehls 2ezoln,

GA(1020) el A, A2 AHEAE 95 M3 Feel &2 ekal, HAAaBuAksd M AA EA el 7]xske,
NOMAS] B H A FEA7I7] AT AT ARE AMESe R, 4 HaRdAsde TeA
HE AR F34(28) 2FH, x5 AT HAiFdAsdy Ad F4 o), x I Ao Fe v

I} ausE _”MMSE Hsy (H,,x, +n,)

BA1030)NA, & Bxa7] Ag N1GEE w028 i e AT F AT, Webd IPMSE 5A A
= ohgat 2
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= H 2 H
W iermase _Hy =(H5,H,, + O'z,_lmﬁsl) H:1 30

2 i
A7 0 imeT lowsS] SASZEE 45 5 .

) : _ . H
var(ly yse) = E( vnseli aauase)

= E((Wypsse g, (Hyx + 1)) Wopgee g, (Hyx + 1y N™)
”—'.mss Hy HuE(xr"l )HHII”I?MSE S T

Bt H
v, MMSE _Hs, E(mn; Wonse _Hy

HygrH
= ”MMSE_H 110- H I\MSE Hy, +
W, o H'”
MMSE _Hy, MMSE _H,, (35)

o714 715 Ex 7|HA S Yebd.
18], 9AI(1040)o A, IPMMSE 7}FEX] #E|o] o8t HAaHiAtEolele] AYS FH s},

o]

T AI(1050) A, AL AREARNA Haxd AzEs AWzsta, A2 AREARE A7 AEAlE hste] AT
Akl 2 o] HAAA o

ojwj, A1 AHEAE #h
A AdAGE ol&ste] Wittt

I~

514
1EE A&
HIPMMS‘E_H_\I.TI =W pansse Hy, Hyx + %, +Wonie Hy,

=x,+W, x, +n)

IPMMSE _H,, (Hll

=X, +} _ IPMMSE

= .‘r'

X, [UE1

3 B oubge] o Ao wE Fe OMAS v AR Hde Hold M sfollAe e AAAA W
o]&3k NOMAS AFgsh= 492 A1 AFEAHUED) ] it IPMMSES}S] 351 al BE

138 #zx35hH, f\l%aﬂﬂ 011*1 AHS

[e]

T, =4 L

AxeHA|, H2 X}’“Oﬂ = M 1171—5— AREA HAAARG Lhe BER A y_oﬁw

A= AetEl IPMMSE HAAIAE A Z e a2 melshr] w&Eo] NOMA A AIA 719 71&d H31¢ BER A
S A FETF. ZIE BERO] 10 @, IPMMSE ZHIAA ZIWMe A=¥EA FAAA 718 oie] o 1dB, MMSE Z
AA 71 ] 0.2dB A5 43

SAI(1060) 1A, AL AFRAE 93t AEAEo] tate] o] zHel w9E TaTh. HaPFAsol
A ool A2 AEAE 913 AENE R A

[e]
=
SE T, olF A7) AL AEAE AT AENEE Had,

o
=
>~
2,
o
=
=
=
Z
=2
x
Z
it
1
BN
i)
R
o
oo
ol\
[
=

HAAA axte] AL 71x38ke], IPMMSE AE+4 o]
(Noise Enhancement Ratio)+ t}&-3 7},
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I\ iPMMSE

€ipamsE = .
1 (37)

a8 xe A o] e dEe vEa g

ratio of remaining interfotence
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H,\I p.|H. . p|H,[
PH, (x,-3,)_IPMMSE = |H I X(J | l }” - L_l - |
1_IPMMSE 1 IPMMSE (38)
P> H"l
2
oA TPMMSE o g n,

A (1070) oA, HIS AASHZ] &l RIPMMSE 7H5%] HEE -3t} oln), 2
&3kl +etar, RIPMMSE 7He3] HEE vlitste] o M9 d5e
ANE S 7P 3}

oAl e, oS gAE & X5 Aolx, o 1S AAS ] sz
HAAAZS Aoratt, Ad Hiy S 918 RIPMMSE 715 HElE oS3 2},

r H -1 H
I;RIPKLM'S'E _H,, _(H H +GIL IPADMSE 7 ) Hll (39)

9

2 g +n
o7l TIPMBETT = it e

o

to] patomny 5.

var(Hy, (x, — £,) +m) = E[ (Hyp (%, — %)+ m)(Hy (x, — £,) + m)¥ |

= E[ (Hy(x, = %,) +m)(x, — %) HE +nf) |
= E[H,,(x, — X,)(x, = %,)" Hy1 |+ E(mn;")
= H Ef(x, — )00, = 2,)  1Hy + 0],

= HZIPHH(_\'3-5'3)_J'P.'.£'4’SEH21 ¥ Ga;l

A (40) MRS F, el e AHE welde
S =

22 MMSEQ] 7152 HEE A $ . o)A

Hdol ol =¥ MMSE(RIPMMSE)

rlo
o
o,

T 4E B ddgol A AAdd wE dd A7 gdy ol Mg stelA F el MA 2 g2 AAA 7
o] NOMAS AM&3h= 92 A1 AFEAHUED) ] o gk RIPMMSEQH BER AR nE YeEl= gzl

T 145 FHzEE, AlEH ol ALEE WEe 3Y 7|HE 1/3 AEFA ZE=E o]&3 QPSKolt}. A& o]
AARE NOMAS $J8k IPMMSE 7HEAIA HEth RIPMMSE 74 AI A7} Htl BER A%< 444 5 dtts AL B
o] =1},

¥ BERC] 10 °‘ ul, RIPMMSE ZHEAIA 71¥HS AZXEA IHIAA
o] 0.5d8 Ame] o5& xﬂ%t‘&rﬂr. 23 olgh B ol A, 379

719 tiv] ¢F 1.5dB, MMSE ZHAAIA 71

AEAE 2 NOWA A 2]

E
A%, ArBFASele AFA Ge e Wik BR A5S B 98 338 delelE @ 4 g
AbsHe g m @A A5H HAA e BeelA HAn dEEed AE0N0W-tELY oF
ZHN0) A=) A5S Ao BEAAT, NUE AT BEAA Aol did A Rede Waa o
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Hol A=, NOMAIA Y] AMBZEH T HAFHAS AE5H dAA 71HY A9 o8 248 Fad3la, oy
g EAE V2R HAE AEE ol &3] MISE 7R HEHE d5Fo2M AR IPMMSE THEAIA 7IHE Al
retivk. F7HH o2 IPMMSE ZHEAIA 713 A &F &3] E4e] 7xste], BHth Ax¥l s &
FA1717] 1%k RIPMMSE ZHEAIAE Alcteladnt. dd4d=2 dde] A tellA 21 AF&xke] 29 NOMA-MIMO Al
S 9% P Asgrt AnE ATeta, Aol A RIPMSE IC 7o) =¥ BERo] 10
F3 MMSE 7+ A1 A 719 ] 42 1.5dB9} 0.5dB Ak AdsS FHAIE AL HolFr).

oA MHE AL Hedlol PALL, ATEdC] PHLL, W/EE FSdo FHSE ¥ AEXE]
FHake xFoR AL & k. dF Fol, A5 41 % YA % PHast, dF ol xw
=

AA, ZEEZ2], ALU(arithmetic logic unit), ©lAE A& ZZAA(digital signal processor), "}o]aA =7

FE, FPA(field programmable array), PLU(programmable logic unit), U}O]iiﬁi/‘ﬂ/ﬂ = 9y
(instruction)S A&t §HT F AE T2 oAwdt FXe} o], s} oo HE AFH T 55 54
AFEHE ol&ete] 78E = vk, A FA= &9 AAS) H 7] 9 AA A —rﬁgﬂﬂ st o]
of AXES o EYAlAS T F Avk. T, HF AT LZEo]e] Ao FH3sle], HlolHE

A, A%, 24, A L ANE FE Atk olalel MelE slstel, Ae] FAL S AEEE dow A
WE ASE QAW #F slERekdA BAY A4E AW A=, A A BE A Ay sx

=
(processing element) ¥/%+= 54 F39 A 245 X3 F JS5S & F ATk, odE 59, A XA
= 85 R ZEAM EE sty ZzAM 2 sl ZEZHE 988 4 k. I, BHE ZZAA
para €1l processor -, - X o] processmg con igura IOH a "5‘6 .
( lel o 2o, oE A TA( f tion) 7}s3tch

AT EO]E AFE Z2Z I (computer program), T =(code), W& (instruction), E& o|& F 3 o|4t9

A4S TR 5 odor, ekt U BAAES Ay gAE PASAY SYdon m: Aghom

¢

(collectively) A2l Zx& HHd 5+ oot /‘EEC’J]Cﬂ /EE HolHE, Al Aol ofste] A w7
A7 Ao WE w= fgolgE ATy Yite, oW 89 7A, FA8 A (component), EFAH X, 7MY
A=A (virtual equipment), FHFE A% wlA] T A, t‘:‘—E AEEE= AT F(signal wave)ol FTHo=E,
e dAH o2 FA S embody)E G JTE. AZEojE WEYIZ AZ4H FAFE A= A AR o)A,
Ak o R AAEAY AddE & vt AZEC] W o dolHE shy ol AFH IF te UE

vl A 5= it

Aol mE WY thefet 7 w4g FIk FEE e =
| ALt I 7&%’51 45 Jhs dAE 2

< 9502 HE ety 2 ¢ vk, AV wiAld VEEE 2209 ‘5‘

AAEL 7% ASo)AY HAFE AZES o FHANA FAHo] AME Thed AY & vk, AFEH &
= 75 712 wiA Y doE = tlAd, ZEY g2 2 7] o=z e x7] vhA|(magnetic media),
CD-ROM, DVD$®} #& F7]% vfA(optical media), ZFEIZA t~FA(floptical disk)9} &2 A7]-3 wjA]
(magneto-optical media), ¥ E(ROM), RAM), ZA] WEg 53 2L 2038 HHS AZA3L 3355
= B3 A" st=do] A7 2. 2o WEo] dds Ao o wEo|x|

219
e

m r
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Aol mEWR ohd AHZE B2 AgdA AFHe e Ad® £ e a1 Ao} =es
@t 471E SEdde] AAE AAlde FAL ] e st olabe] axEdel nERA A
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= 4" 4 gon, 1 odr s el

olg3t ol AAdlEol H% BAR Arelsh wro] o8l ARHAo HF JlEokld By A4
A Aehe grlel AAzRE Bed 54 2L wde] bssith. dF S, AYHE sl&se] AuH Py o
& AR FAEA, e AR A2, T2 A, A2 58 FHakE AR i e g
2 A% e 2FEAY, de THes B #5Ed oae aAHAY ABHHGE 448 297 948
F ek,
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k1

N
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F1

Power

Freq.

Received SINR

U UE1
Sitenna /\ (near user)
- ~
-~ Han ~. Hi2
~. UEz
| ~ . (far user)
BS antenna, Ha, I .}Q

x; :‘/Esi ¥, =H,x, +ZHﬂx] +n,

Jwi S,"
& H | . 5 1
ata for Rank the received CE for the signals Demodulation /
User 1 < ’ | signals by power with p;> py channel decoding of y;
~
L3 3 H
T b b e
D - |
s ~ e~
s . 3,
Data for_22 | Channel di \/ e Sy J Rank the received CE for the signals Demodulation /
User 2 / modulation of 52 | signals by power with p;> p; channel decoding of y,
S
Power for each signal A e

P2>>py Until all the interference

yji are cancelled.
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O  UE1w.0 NOMA
=——— | JE2 NOMA
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= Bound for UE1 NOMA
9 ==&= Simulation for UE1 NOMA w. 64QAM
=== Simulation for UE1 NOMA w. 16QAM
3 = Simulation for UE1 NOMA w, QPSK
—&— Simulation for UE1 NOMA w. 1/2 coded QPSK
T i //
Z /
o 5 /
w
3 / |
i / S e
:
h . b
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30 35 45
EH7
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Data Rate (bps/Hz)
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Bound for UE1 NOMA w. perfect IC

=== Bound for UE1 NOMA w._ ZF IC

9| @ Simulation for UE1 NOMA w. 64QAM w. perfect IC s
—B— Simulation for UE1 NOMA w. 16QAM w. perfect IC /

g | === Simulation for UE1 NOMA w. QPSK w. perfect IC
—%— Simulation for UE1 NOMA w_ 1/2 QPSK w_ perfect IC /
= =)= = Simulation for UE1 NOMA w. 64QAM & ZF IC / a
==~ - Simulation for UE1 NOMA w. 160AM & ZF IC / &
=== Simulation for UE1 NOMA w. QPSK & ZF IC

6| = 9k== Simulation for UE1 NOMA w. 1/2 QPSK & ZF IC 7
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107 T e T |
= Gt . - el S 5
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=== Bound for UE1 NOMA w. MMSE IC
== == Bound for UE1 NOMA w. ZF IC

—p— Simulation for UET NOMA w. 1/2 QPSK & MMSE IC
—&— Simulation for UE1 NOMA w. QPSK & MMSE IC
—&— Simulation for UE1 NOMA w. 160AM & MMSE IC

=== Simulation for UE1 NOMA w. 640AM & MMSE IC
=== Simulation for UE1 NOMA w_1/2 QPSK & ZF IC

=== Simulation for UE1 NOMA w. QPSK & ZF IC
==¢~~ Simulation for UE1 NOMA w_180AM & ZF IC

=== Simulation for UE1 NOMA w, B40AM & ZF IC
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—E— UE1 OMA w. 1/3 QPSK & MMSE CE
== E1 NOMA w. 1/3 QPSK & RIPMMSE IC

=== UE1 NOMA w. 1/3 QPSK & IPMMSE IC
=£}== UE1 NOMA w. 1/3 QPSK & MMSE IC
se=ps UE1 NOMA w. 1/3 QPSK & ZF IC
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