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ABSTRACT

The non-orthogonal multiple access (NOMA) is one of the fledging paradigms which next generation radio
access technologies are sprouting toward. The NOMA with superposition coding (SC) in the transmitter and
successive interference cancellation (SIC) at the receiver comes with many desirable features and benefits over
orthogonal multiple access (OMA) such as orthogonal frequency division multiple access (OFDMA) adopted by
Long-Term Evolution (LTE). In this paper, we study the recent research trends on NOMA in 5G systems. We
discuss the basic concept of NOMA and explain its aspects of importance for future radio access. Then, we
provide a survey of the state of the art in NOMA for 5G systems in a categorized manner. Further, we analyze
the NOMA performances with numerical examples; and provide some avenues for future research on NOMA on

a set of open issues and challenges.
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of, F& SNR FZtellA= o EA] A5 $4] X3}
A =k 22 SNRo| 523 oA A3 of
3t 7S 1 3t frelskAl 2heste] L AR B
o} =2 A9 to|HAE A 53 Aeg Hed
Tl I3 32 Fddt AR e A S wE
Z71el|A, v]-3H% NOMAS} #H- NOMA Alo]
o] o}zER] FEE, A (95 AHESld, SNR IR
EHE Zlolck 32 NOMA~Z} vlaL thiatel] Bl
gst A58 wolw 9lon A NOMAES A&
319E W BE ARAEe] Fde] tle]HAlE o5
AE F US4 4 9k

olg]gt & tho|HAE o] 52 thga) 3he] AH
& 4= 9lrh. ¥HA NOMAsHlAE, 71 dokst A
g 2704 9] ARARE o (N-1) ARSALR E]
HY& d=rh 9b, B33 NOMAE A AMS-
A= A 2] the|MAlE S AHE 4 ik §
=4 NOMA+= AHAF P88 53 28 ARER[ZH
E] N2}o| clolmAg] 5345 & 4 Qv 13 4=
NOMA-BF2} 7]&2] vl AR} W] 27 whrle] §F
Ab S2Ksum capacity)S H|2gF Zolch A SNR
H], p=0.75°]H, A28 BW+ 4.32MHz, &~

o

1% 3. Outage performance of cooperative NOMA

B o o A5 AHL 43 dBm, A2 UEE -169
dBm/Hzoltl. 234 & 4= 9150], NOMA-BF =
il gk ZylAzIc) olul, AlSAIES ¥y
500m ¢ elella] F2M9| R Fod HxwEo] glciar 7}
A5l5ict. NOMA-BF= 7]129] tbAbea) |l xw)
o H]ale] gk L=k ZHox] 58k L ol
FAA AY s Fate] A 7o ZeE
2 7ol Wl 2 Wlele] 141e o F] o]

T e AR e A
ujiZell, NOMA-BFE #-83lo] A|4d7}s3t A8}
FE A4 271 A 5 ek

T3 Bawel 07 s T4 NOMAS| o]
2 5 Sk NOMA 4l7]= 2] ARE 533
3] olAlel| thE ARA ARE WA H353) dof 3}
7] Wl SICE A3 Alse] Hash= 2EA<l
2 kAol vlsle] S71el - Balv g o 7gh)
HEe], sl A e AR} 71 S8R ol
vlgsle] 7 EAEE Zrkg) v ARSRES
o] 2R 2 FeEEe ¢ Qlek 7| 7 F
f2ElE 2] 23 Ad 2760 3l 459 A8}
E2 2834813, SC/SIC = o] F 7k 18 Wella] =}
Zrt) o]} o] 1F ¥ SC/SIC AL 7|HA o

1% 4. Sum  capacity
beam-forming

performance of NOMA
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2 A5 oI5 7 BRE Als AFe] Fasi)

NOMA = ot g ARgxlol] @77} vhAlsHA =
oE BE AR AHoE A& o F Besl ¢
F7F A 4 gk 2B olEglt L= vl
738 AdI=E AR A BAF B 4 qlh
53], Fard 2] o5k, otk Adake] qlele
AHEAR= NOMA 2AlEE B9 T2 A9 o) & A
S22 FYE 7] v, &7 A= NOMAA S
Aol kS wA|A] FErh

T

V. e e

NOMA WhAle] AA| o T3 gk vlekst oA+
= Eo] EAsla 9SS A Ay mglr) o]zt
A w7 tlEo] ek 2 Ao} & A9} &
A Eo] A&t} o] Aok, NOMAS Wrl 4
& W 9)ellA] FRIElfof & E 71x] 7}e3E oA whek
< AA gk

5.1 o= &4

A5H vlolel= FAlARIA AgtE= FA A 1E
EA] oS (distortion) < F=rh AE S8 52
ST o2 R gl o8] d¥s Hk=rl. NOMA7H
ORER] &5 Sl oFXER] FEel A
A BES F4s) vk HAS 5 Yok [17]. 3
o] ol ERA] && HASIHAE A o o7
< A = sl= AR ol ERA] FES ke

A7} G asfe,

5.2 7k BAM

[SL— R LE |

4 FAelehs golt Al B4l ol

A ot

Ao 2o gA|, o]7]A= [7]el4] AgkE Fx
Z NOMA "ol F431& 7oL gk o] =i =
A4 BFFse) e 2] B4l ukAle AQk
slar gk AR AEe] FAlA EFEFA A &5
A& AR 74 olm| 2Alsl 9l FA Al B4
i (WPAN) 2 2] A7kt 7H1S whs gHEo] =
- o

t}. o]z 2 llx 9] 3 NOM

A H}219]
A 2 3RE AL 2 Al

o
[
it

Wkl wlebd NOMA HRAel|x] ARgxl 7+ =+
(user-pairing)-& RFE F|#2] HHS sidsl= =g
& v)$- AwEk dwe|ES R R e, ole A4
o] AAAH} glod)& Shgslod e A5S Al
sl7] 98 mk=A] dasic)

5.4 0|7|% U|IE<?|3(Heterogeneous Networks)
wuped ARgAEe] EAtEAH el F7F EE= NOMA
o] Asoll® <3S vIA Zlolck wlehA] o]7|F vlE
91204 ALgAL x| WE NOMAS] oFElA] A
dl=e go A BRAL AT e

lg_’
524 74 sl Q) = Aol

5.5 "l ZA O}RE|X|(Beamforming Outage)

NOMA-BF A|2=H] [9]¢] 7]¥2] vl AH8-=} BF
Alz~glel] va)] FAF SEFS SIS AS O
3ith. NOMAd ®l Z49& AFE 7395 A=k of
%A gEx wskd Zlolt}. webs] NOMA-BF]

obEIA Aee w4 d&vt otk

5.6 S&d U= A =22

FA LS AE3] olalehs AL 56 ol 54l
A|2~Hle E-2 wlE(backhaul) 7]e-S ZIEskE d) )
o] wl$- FQslck. NOMAo| 3t dje] A7
FA719k A7) Afele] Al edZe] AWGN e 3
Aol A #Hde] Fold g 735l olck 5G A5
o] AEgt 74 s el 5 s AR S

X

Ml

-

J

Aled 24k gk [18]= SA4ste] M-8-3hep mrh dA
Aol EAe] 7Fed 7otk

5.7 72 ZXA(Uniform Fairness)

delvlEst w4 Al g, A A A6l
175m o] Wofzl A|efl4] -] 7-¢- Ales 2
S3HA] Rieh Aol AelEo] ods 7 olHE |
e S Al 5 Qlek 2E ARARECAI(SS]
dejvlelst 741 Al -5 A A A el 150m
o] Wojzl ARgALS) TUF
= NOMA w48 19kshe=
2 Zlo]tt.

(¢}
Ad
[e]
L

< 9l e At

S AT

o

Fr
P

vi.d B
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/56 Aol u]A Tk oAl ANOMA)

o] tlo|MAlE o5 T4 HastEe] HFE= Al
3o Ay g Sy o2 Ne i) g 7 4
3}, o}-El%] g, A S5 ol2we gk FHoF &t
74 AR A S Bk aela A A3A ARSRE
o] 741 A A 52 Folelx NOMAS] 9<¢
< 29853 9lck NOMA 714:2] A4 el 7318
A= Al kst 33 I AR &
24 74 AA 71ESIC)S B2 HA e Ay
o]%4, Elz AH ] 2A%EZ(sub-band
scheduling)®] Fk=]e]o} g}, HEs= vj2]
T A = B35} NOMAS] F84-L o5 34,
HZ 710E FAlol|xe] A1 3, ol ARl ¥l 2
wlel| k2] o}9-Elx] B4, @AlHo]|w AAE ] MAC
A% A & % 75 el Bl A e
4 9JS 7ot} wE NOMAE ©]7|1% vEY = 3
ez B} Zlo] 9l a7} Qlofof &} B =
2 NOMA®] 7|& <dl| gt 27t 715 =23}
IS FAHA AdE F3te] Ak glem

FF 7Pst AT WL A ck
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