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Keyword : Non-Orthogonal Multiple Access (NOMA)/Partial Non-Orthogonal Multiple
Access (P-NOMA)/Power Allocation/User Fairness

Partial Non-Orthogonal Multiple Access (P-NOMA) system is interesting
communication technology. As a result, signal interference between users can be
reduced where the signals of user equipment are not fully overlapped. The P-NOMA
is presented for solving interference where consider the user equipment signals are
only partially overlapped. This concept increases the data rate even more and it has
been proven to be efficiently implemented. Both flexibility and spectrum efficiency
are the benefits of such a system. However, the near and far users still achieve the
different data rate which is the main problem of typical NOMA. However, user fairness
still achieves the different data rates and it has received very little research. When
considering the technique of transmit power allocation based on channel inversion
between users that difference. To make up for the loss by interference, more
transmission power is allocated to the far user and a lower power allocation to users
with better channels because successive interference cancellations can eliminate
interference. It can be seen that power allocation is an important factor in non-
orthogonal multiple access. In “this paper, we will present the double power
allocation for user fairness. Where, the first power allocation is proposed to minimize
the gap of achievable rate. However, the gap is still not zero. Thus, the double power
allocation is introduced so that the equal rates of near and far users are achieved.
Finally, the result shows that this method is the most efficient in allocation power to

achieve user fairness
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Uszansamlunisléadunnud (Spectrum Efficiency) n1ssiamnninuiss aualunns
sesfumaideudevasgunsaififisduumeaa arumuisnisdoansiish iterunldeuly

Y

MImBUALBSLUUNANTIS uavuinsEvism s Tiensevineld Tuhdetazidunanis
noud vdnn1s waraAdefiAsdumedadiuaulaaglununuidedAnwunedanis
ihdwesdyann Insazduluimadafldlunsusulgmnumindonvesildau uags
UsgAnsnmdmiunsiauinaluladnsdeaslugadal nsnanfanaianisidiis
dosdyaa Ussavsnmuesusazmailaiifauuand ety nadanstnasmdsny uay

A58 UNEIINITINLNDIT I IUN1TUTELN USDIATITIHA L ULUUI B

2.2 wadan1sMinnetRedy I

Tunsidnd et eedgyey1as (Multiple Access Technique) Iul,wfammﬁﬂgﬂlﬂﬁa
sesfumsdeadoyauiinaannlunineins nsildlundasmeadedu fuilideatu e
aud wdsau Wudu wardmsldaududmeluladnnsdoarsyad 1 dnsldmaia
Frequency Division Multiple Access (FDMA) m'amqﬂmiﬁ'@a’]iﬁl 2 Mgwada Time
Division Multiple Access (TDMA) luszuuni1sd ea13gadt 3 tunaida Code division
Multiple Access (CDMA) LLasmi?f’eJmiqﬂﬁ 4 THinaila Orthogonal Frequency Division
Multiple Access (OFDMA) Tutlagtudlfinistauinisdearsunfianisdearsgad 5 uay
wallai lduanuaulasg1auinfife Non-Orthogonal Multiple Access (NOMA) ugilu

Jagduasiinsuszniswadiaignld



#MsU 5G A e Orthogonal Frequency Division Multiplex (OFDM) 43 93310

NOMA Famsiimnududeunaztodiinnaies a1u snudunssiin1sidelusuinn deiuly
nuAdedfsaulanavidums@nvunaidauuulausa Afe P-NOMA tie@nwiUssansnm
ANudang unauisasessunsiusnsianiindu wagludiutiazeduiamaianisidnds
YosdyIItAEITRY A9l

neuduiiovim g latwsasimealinazidumsiasandesdygrunitidw &

)

Junsdsdayasnaniguludsldnuiiesaesau lnemnualidldnuieglndanntigiu

(% I

a ! v ¥ yd‘ Yo o/ a U ! 1 =
Sendt Jldanulngd (near usen flanlasudyaaandesdyaandeiuuieginaainanid

<

g1 gldnulna (far user)

v
u

2.2.1  MsinfeYasdyyramUInuanIRIn (OFDMA)

7 o

NSLUNDYOIF QYR LU ARG 1A OFDMA 1Judnniaidanuilslunis

Y v

57UOFDM 17U ANS601091a18n1508U 96287 (TDMA) B3 latuutian kazimalulagdniu

a4 a o v

audeauIngiinanldiumalulagnisdeasadeldsing q Wy WIMAX uag LTE wag
Fuduisnisidnfwesa@dnsd1msu IEEE 802.22 Wireless Regional Area Networks
(WRAN), cognitive radio technology @414 white space Tuaduaiud Insviad (TV) uag

IDLAUD ITNSNDIEMSUTBNIYUS DECT -5G FILTn0USLaIniNanauauaImIufedang

q
I3

IMT-2020 @195 ULBUNALATY USOAWUUALBNDAINULSIES (eMMB) hazhaUNa LAt U i

Y

K '
a A A

mwwﬁwumﬁﬂ (URLLC) Miadialesn

wAdA OFDMA L un1suUsdyaimaaud senanniui eliue as
gosdyaralidnissuniuiu dnuazaes OFDMA 9xiunisuynd unvidesnse
Subcarrier Tiuuaas LHa11 TuduresniswlsuesifudnvazUasunlasosdyyio
mnufgesmunariiasuly uazvinnssudsdeya wevihlildsumudu Tagldignisma
adinmmaniiiseninnsvinliidudaseredunie Orthogonal Tnsnsuengiatuiivivlyiia
Fayras Sideband seutreduiuarlifnasorosdyyiadie q vldnssudedyaio
aud i uldegedivssans amanndy lesns Throughput ﬁqa [31,[9] waswmaln
OFDMA (Humsiuuadiuiu Subcarrier Tugldam ilefiazseasunis access 9ngle
wae aunseuiu lurisewmsneinsaniediu auyfildusasau lasudiuiu
Subcarrier Ly usazanansalduinisniauduls Tuwella OFDMA dmsusyuu LTE
aan3aseIsumNLNIuaUANTIgIdn 20 WNLIBING WazTEgETENIRAUN Yol

299 OFDMA agdlvunsdenda 15 Nlatdsed [6]



Pilot Subcarriers

User 1 Data Subcarriers ;
User 2 Data Subcarriers

‘Imnhmn|mmr‘rmn HTTTII'TTTTTT[T‘T:T‘[‘T'I"‘T‘

\ Frequency

Guard Band Guard Band

'
a

IUN 2.1 ﬁ;ﬂﬁﬁmiéawuwmﬁﬂ OFDMA [https://isecosmetic.com]

AN5197 2.1 WISITLRDTNINIEATNYBWNATIA OFDMA d11suU LTE

Channel 1.4 3 5 10 15 20
Bandwidth [MHz]

Sampling 1.92 3.84 7.68 15.36 23.04 30.72
Frequency [MHz]

Subcarrier
Spacing [kHz] 15
FFT Size 128 256 512 1024 1536 2048
Usable 72 180 300 600 900 1200

Subcarriers

Resource Blocks 6 15 25 50 75 100

Slot Duration[ms] 0.5

PNATN 2.1 %8L{]Uﬂ’]iLLﬁ@ﬂﬂIWWWi’]iﬁLG]E)%V]Nﬂ’]EJﬂ’]WEU’ENL‘Vlﬂ‘ljﬂ OFDMA

LALOSUNYIIUALLDEATDINTITMBS LAsall

Channel bandwidth A® N15USULUAE gUNITAIUNT 1MBNUAIIND BUS

20U 6 VUM FIE 1.6 MHz B9 20 MHz

Sampling frequency 9115AMMUANINTFIUVBA clock n5 0 Sampling

frequency WMfU 1.92 MHz T unsaild bandwidth 1.4 MHz x 2 1Ui5 a9 Tuusas



bandwidth 19U bandwidth 3 MHz agl# Sampling frequency = 1.92 MHZ x 2 x2 = 7.68
MHz

Subcarrier spacing 15 kHz WJuszeyvinewes subcarrier w3 03UNNTB4

bandwidth 989 subcarrier

FFT Size (Fast Fourier Transform Size) aztdunsusndnaniusaniiu
d1uq n1eaudsazld Invert fast Fourier transform (IFFT) 21570 ey eynadannnany
subcarrier vosnqildau Thduniafetuieuds Tunsdvessuiufald FFT mnszane
Funnaisuldanmssutusesnnduduusas subcarrier Favunaves FFT aeflvuiawiifiu
Sampling frequency / subcarrier bandwidth %1 bandwidth 1.4 MHz agiivuinves FFT
= 1920 kHz/15 kHz =128

Usable subcarrier Ai® Yu1n¥89 FFT 7l @£ 9UI1UIUVDY subcarrier Wil
TumnauiRasdiunediugnldidu guard subcarrier vinlsidl subcarrier fiaslddsdoya way
Yrundadu ngu Resource Block TagAInuAlY RB a¥12 subcarrier 1 bandwidth w11

1.4 MHz Aagdl usable subcarrier 19 72 subcarriers, 3 MHz Afil@ 180 subcarriers tudu

Resource block 118155 1unMMualiliil 12 subcarrier fianils resource

block (RB) vilsilfay bandwidth agildrwau RB leviniu Usable subcarrier /12
Slot duration gdUuAWINUMUAYNYUIA bandwidth AB 0.5 ms
Symbol per slot AreduauASweIN1s modulation

Tumalulad 5G NR @11150912USUSEeEseMINAaUNEeY  THa1U15a9
LUSUBUIAMILAUNINREUAIND biveri g luldTmnududaulunisuseuianavanig
wlashani3es (Fast Fourier Transform) liNAuWUULavIM6e wagsasfunisidaiugiu

AWARNg 9 figeunn wiseenidu 15 kHz, 30 kHz, 60 kHz, 120 kHz uazgegndl 240 kHz

222 msihdsdasdyyrauuulinmin (NOMA)
lunsimumealulagnisdeansyail 5 wasnsdeansiugadalulainisya

fvegaunningiiasesiunnudeansidnuludagdulllinisdeusevesgunsaidnuiu

1% |

WANANE AINABINTAIUANIISINAWY AUntadisn dethunliusnisludueineg ey

=3

wilslumatafiddgnmasldsunnuaulasazgnyadsedrannuie dufdenisidibs

1 (Y]

dosdgaunuuliddsann Auansliiuindvszdnsamnideniinisidnieiesdyayu



' 1%
a a o = IS IS

(OMA) anunsalianasuanudivsednsamingadunaziinnudangulumsldaunasy

Y

¥

wagluudvasnnuminieniuve it

nsdndesdyaauuulifenn(2] Ingnuadslunisudiauslunisuseyu
3GPP Release 13 wag 3GPP Radio Access Network (RAN) fins@nwinaiin NOMA anau
a9A Tudauves (Multiuser Superposition Transmission : MUST) Tagl435 nsia15%a
Fousiu ﬁam1iaﬂiaﬂiﬁﬁﬂﬁﬁagaﬁuaa;ﬁﬁi’fmwmEJﬂu‘Luézmna”uLﬁmﬁulmsw LTE-A 911
3GPP LTE Release 14 1eina1731 NOMA a11150928A 1908y 1ausuniu wazdagliszuy
LTE Tusnmisdeyaavesrldanulinsauiu uana Nt N13AN¥ININTFIUYRs NOMA dwmisy
5G New Radio (NR) Tu 3GPP LTE Release 15 land11da3uuuuni1suseuianan1unings
’Luv‘fmmLﬁmﬁ’ué’mmﬂ%’uﬁwﬁmmmﬁq Minimum Mean-Square Error (MMSE) receiver,
wallA SIC wazrinada Parallel Interference Cancellation (PIC) receiver N1531AS1E%
NOMA 1um§iad%’Umw%miﬁdﬁmﬂ%’mﬂugﬂLLUU eMBB, mMTC and URLLC wazlugdqu

289 NOMA Lesdusnasd lagndnwilu 3GPP Release 16 uavnisdeanslugadinly g

9 Y

aAaaa v

19 NOMA Tuwnu Layered Division Multiplexing (LDM) Milglusnasgnuiinavialusuian
ATSC 3.0 ag13lsfin1u NOMA §apaiianududourasszuu wazdinsgnAnwegiesiaiiies
wilulagduazdiniswamailafildlunisdeaisend 5 uda ws NOMA Adslasuaiuaulaly

nstdfiuwmelulagnisdeansyadaly

1 1%

wadan1sidnfegesdygranuulinmin awnsaliuinmgldnunatgay

]

Turamswennsial wsemaudiiednu lneldnsdnassndsnuiiunnaneiu Aauisadae
Tinsiindstesdyaauuuliniainaiuisaiiauauglaundu wWessureainudilad
NOMA 1113y Jzuansguitegng Asgun 2.2 msiihivesdysrauuulinsminlunnided

annilguaziinisdateyavesldnunioutulasldinaiansidisiadousiu (Hade 2.2.2.1)

! =~ &

WudsaziinduAsn1svudoudyg undeonuIniauiunionaifednissunIuYes
y1aAnfu NOMA 33iin13n139nassiasdsliiud ldanununisuniuresd o

(Channel Inversion) tiagaglunisaeateyavesdldnundannisvesnisuseyndldnisen

nsunInaeanINaInunseledled (Wate 2.2.2.2) Jetreliaiuisoaudyyiasuniudg
Wnduaunsnalatveyavesldinues Inedldnunivesdyayrunugninaglisunisinass

MasdannniniediganmsagydeiasiilaiUTouiisuiudldanundvesdyaunnaglasu

[

NSINATINGINUNToENIN
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Power/Code Frequency

Time

JUN 2.2 wanedegrevesiuuunisidnfsdesdyaiauuulifeain(2]

2.2.2.1 mansagauiiu (Superposition Coding : SC)
msisadeuiu IWumaliafivasln NOMA dnansafiazds
JayavesldnuratenunsouiuvIananfodiloyaluri9aaaednuy  wagn1swnsia

Fauriu [12] @11150AUIN LAgNnIRua LA

x=x/ﬁ(\/2xl+ azxz) (2.1)

Iag? x ADdIANNAQRINANITHEIU P WnUMSdviavug
x,x, udygamvesdldnulnduaslng aaudwu waziwuald o, a, Msdnassndiu

YOI LTI

2.2.2.2 m3vszendldnisdanisunsnasanudidusoledled
(Successive Interference Cancellation : SIC)
n15UsEEnAldNISAANITUNINARAAUEIR U #11150719Y

nonsad e lfauldegwiaides lngldismsaensiavesldnunedunou

v
U

wasanuudy gy arzgnuesindudygiasuniusazazgnaveenly wazgavingaznensia

i o

doyayauveadldanvieeanyt wu lunsalnildyaudldnuassse dagui 2.3 fe §ldau
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v
(% [

Tnduazldanulng dyarnvesldzgndmsouiu deiudadinisoonsiadyayia luns

<

UszgnAlen1sAnnN1sunINaonsILaInueIn 15t nd e sdy s awuulinw@In e nansan

ANULSIVDIYRIT IR SRAINNSRenTadyadltiulng dyaauveldaulng

1 o d' A

Jrgnaensianewllosaniivesdygyuifnit ndwinaensiarsiiolndudyyiusuniu
waraINgNaveen uazgavineagyinisnensiavesveldaulnaesnun uazlunsdves
Aldaulng aggnuesindvesdyaraifillosninlafunisiaassndanuiuin Fdudndud

(Y] [

agldnsyurunismsuszendldnmisiansunsnasamudiau dyanvesyldaulndazgnues

dudgarusuniu 9@ N15000ATHALATUT LaYNITIAEIINANIUILTIUTALIBAIT

deuLde
30y

Power

- T Frequency

Qi \ Far User signal
£ | 1 decoding

\ Far User /
V4

. j| \
Base Station @ SIC of Far User near User signal

signal decoding

« NearUser 4
,

_—-

a v o % 1 a v Y
EUV] 2.3 m'iﬂamiwaammﬁm%aﬂﬁﬂ%ﬂﬂuﬂﬁﬂLVlﬁuﬂﬂﬁUi%Qﬂﬂ%ﬂﬁmﬂmiLmiﬂ

A0ARUAIAU

doyniaisulavesy 199uld eviin1sdanisunsaon

Y

(9

ANUANTU @S eule padl

y,=hx+n, (2.2)
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'
I (1

Fyaauinsulavesgldanulng aunsaasulansil

ynmr = h’lx + wl

ynear:hl“P( 7/1X1+ 7/2X2+C()1 (23)
ynearz hl“P( ylx +h1 }/ZxZ +C()1
interference&domin ating desired &lowpower ~ 0ise

'
(9

wardyaansulivesldnulng WWeuldesil

Viw =hx+ o,
yfarth“P( )/lxl—'_ 7/2x2+a)2 (24)
Yiar = NPy x +h, V2% + o,

desired &domin ating interference&&lowpower ~ M01S€

Wo A ununie Adulsednsivosdyyiaidstousynin

aonfigiuiazyliau n, unudginsuniuniddu1iwuuuln (Additive white Gaussian

aa a v

. 4 1 Y 2 Y]
noise : AWGN) ‘V]@Jﬂ']LQﬁEJL‘V]'Tﬂ‘UV:]uEJLLa%ﬂf]ﬂﬁlflﬁJLLﬂiﬂi'}l‘UW]WﬂU O ANIRANITLUNINADA

CRIGRIAT (s) azdadusruiuasavin 0 #5e 1 lumaiian NOMA waz P-NOMA

[ @ =

NaAD NIANLN1TARNISUNITNARRAINE1ULAEILSY 2iAUNIAY & =0 NAAIUITD

nansavedyangldnulseganysallilidyausuniumdeny

223 msdidetesdugauulifieinuisdau (P-NOMA)
nsAneTluedde 18] Yruwfnvesnsidieiwesdyaauutlifan
vsdlunisuuussussansnwssuuligedu neussiduandnsnuasis (The sum of
achievable rate) ﬁmﬂSi'fgiJLLUUﬂﬁf{’fmaiswﬁmuﬁLmﬂsh\‘]f‘ﬁ’ui'qmﬁumiﬁmimﬁmwmi
Wudeuvesdyias WenaaouUszANS AMNUedTEUY WUN1TTRATINGIULUY Fixed
Power Allocation, Fractional Transmission Power Allocation (FTPA) Wag Optimal power

allocation minimum rate constraint
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1400
1200

1000 |

800

600 £

- B8 -P-NOMA (fixed PA)

= © ~Full NOMA (fixed PA)
400 - = —OMA (fixed PA)

~@- P-NOMA(FTPA)

=@+ Full NOMA (FTPA)
---------- OMA(FTPA)
—8—P-NOMA (PAw/ const.)
~—6— Full NOMA (PA w/ const.)
- OMA (PA w/ const.)

Sum of achievable rate [Mbps]

200 : §
0 5 10 15 20 25 30

Tx SNR [dB]

JUN 2.4 Sasrsauivileiisudu SNR

NFUN 2.4 uandiiaudguuuunIsInassnasaIue 3 §
AT levaunaiia P-NOMA fnitnatia NOMA kay OMA was3snan

YWUUFINADNTT

AVDINITINATS

q

wasuszunsdnasmdsnuimuigan aoudeulufigniaue dewn [14] In1sdnaus
n3AnwINsidnf s esd g ranuulidsainsiunumalulagaiiasdy (Beamforming)
dwsupdunnudgelugny mmwave Mdupduilmnzdumealulad 56 wnlundnduuens

Ttuinsguu P-NOMA draulaanniu annisiaussdnsamnisuiamevesdyaialu

a a

53U JaudueuinUssaniaminimadadue (8] wardndafiddydenisiauinalulad
fo msliuimsvesldauludrueuminiisuesdnsnisdsdoga (5] dnsldiddalu
ATUIUNITNINAASYDIENTIN1Td 9003 A TngldISA1uInYed19ve9dnI1Nsd By
(Achievable rate gap) waztLauengwsves Jain’ faimess [17] Wi auandliiiualumn

Wensgniegldnulnduagina

AMsnderesduaamuullfsainuisdlu Wuwmadawuulause nanifde

7]

Wunsuszgndldinaiaves NOMA war OFDMA saufiu Tunisusuugeuszdnsainves
SPUUANARlgUTINIA W sueslde [51(14] uag [17] naila NOMA iin1s

msvivdeuvesdyaadldnuimunlunisddeyandoniu Afeanunsafilduuudinvigaan

' [ o =

sl P-NOMA qgiliinnsannisviudouniuvasdygianieaunsdiy falviadygyiuveldanu

fimsiudeutuwarlunsdnliddyyruveslldviudoudu unanivigliauisaan

L Ae )

=)
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v ¥ [
a = = a v W

Fuaasuniuiiadulussuy waziieuSuusssruumalulagnisdeanslvigediu 8nviads

wansbiliiudnUszansnmgaundn NOMA

flugrureaaia P-NOMA Afenisutsanuiidudondnidu Subcarrier
Ao lazlasun1sivuaTIuIY Subcarrier IngvialUvasnaila NOMA aza1usald
bandwidth Iétsmun 91ndugldanly PNOMA aganunsaldsunisuinislitasaa
Wiy laglelamundsanuniumannisves NOMA Msinassnasuliiudly wuifnues

nannsiidernsannissunuvesdygradiielundoniu n1susvruinausavenisds

¥
v = 1

Toyalddne ddein15AI5INGINTY Subcarrier S1u3UNN wifzAueg iU bandwidth

VRIPAUNW AU gdnsNsdsdayaveslvilanuiniediuuiniy

Wionansliiudwwasinsiudourssdygialunaia P-NOMA 11nTu

Y o

Mnualimsdinesvesdninisivdeudyainsldnuimun aunsaleuls dil

p=a+pf (2.5)

gl p Ao dnsnsviugeudyangltnunmun (Total Overlap Ratio :TOR)
a fe 8nTInsiiuteuresldaulng (Near UE’s Overlap Ratio : NOR)

f fim dasnnsviudeuresltenlng (Far UE’s Overlap Ratio : FOR)

s o

mMsfarsanmsTiudeuresdyain (Overlap Ratio) Midumafiwesdfay
luwadied Ao n1sUfudmsmsiudeuresdnyaneldnu dsiafedgninunfionsun
Usznausie 2 Jady A ANAINMaZiLRUsteInIsiugeu Tuaundiussnisiudou
uiAnliandy s umMuiuTEndeildaes LagiiteaSungfaiumisnsriudeu fsy
2.5 azenireglifiuiansdiinanuning TOR wirdu Tunsail 1 dyaimsuniuseniig
dllnauazlnawiniu wazlunsdli 2 ;ﬁ%ﬂﬂulﬂalﬁ%’ué’ﬁyaywmiumuwmi‘wﬁgﬁLﬁmm
Auviaveglilng wazlunsdld 3 Aldeulndlasudyaasunivsuaivgansiunives
Aldaulna uazlun1susu NOR way FOR %Qﬂﬁﬂﬂiﬁﬂuﬁaﬂmmﬁwmmé’mﬁdauﬂum

(Y] '

MAsd AU UNINADAUINF QY IUTUNIU



Example 1) p=0.5+0.5=1

Near . “emos ] -
i | B=05
Example2) p = 0.8+0.2=1
N a=08
ir;;ar rrm— | farUE
p=02
Example 3) p = 0.2+0.8=1
a=02 |
Neax ' BB —— 5
‘ far UE
LE \ p=08

JUN 2.5 fegen1siiansandnsinisviudeu (TOR=1)

AT 2.6 o3 ureiiegansiasannisiudeulunsdasinaila nsdlves
dldaulnduazlna Tumalin OMA, NOMA waz P-NOMA auddu wadia OMA (Junsdl
vouflfuinsuiuuudin fduudazdosdyyravosldonliinssunuiy meda
NOMA ansnsaiiagliuimsgldaulsndeniu éi’zgzmmman@%’mu?jaﬁmiiumuﬁ’uLﬁﬂsﬁu

wag P-NOMA vzfiansanvislunsaivgldlnduaslnalyifinnsiivdou uwaslimssunuiuiaiy

U198

OMA (Non-Overlap)

Power

Power

Near UE far UE
Subcarriers
Conventional NOMA (Full-Overlap)
Near UE
far UE
Subcarriers
Partial NOMA (Partial-Overlap)[1][2]
R1 N R2 R3
§ Near Y1 OL(NOR) far
2 UE B(For) 11— UE
0 N-[BN] N-1 N+[aN] 2N-1 Subcarriers

SUM
U

2.6 wuudnaaen1sindsresdygnusasinallametasau

15
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1Ay uuAliileoulaveIn1sAIUUATIIUIL subcarrier ANUTNIINITIIU

Fouvesildelndlna sendu 3 diu dell

R1:0<k <N-[BN] (2.6)
R2:(N-[BN]) <k <N-[aN] 2.7)
R3:(N+[aN])<k<2N (2.8)

lng?l R1 fie Weoulwvesnisimuadiuiu Subcarrier Wildanilng

R2 fio Reulvyesnsinuaduiu Subcarrier Wigldanilnauas

Aldalng
R3 fio Weulvvesnsimundiuiu Subcarrier Wigldanulng

2.2.4 msgeyidenigs (Path Loss)

o o

n1sgedeniae (Path loss) 9xgniansalunisdnassyesdyyiuves

wiadia P-NOMA Aani1sfidyerauisulagnasaneuniasuldni nunsanuindyyiuues

v Y
o0 v o 4 [

AASUllAasdyateunIfdioanul 1o19N19liNaNIENUVDIAYQYIMNTTLIY dynend

v
=2 (XY

ey dygaasiou iWudu vlimdsdnisanamiuszeznia Jeazdauegiu
ANTNUINGDN AR 2.2

o

M3 2.2 diaanisaadeludunismuaninwindes

GHRIRTERH wvdtdntsgadeludung
PUUY 2.5

LaLiled 2.7-3.5
aelulsenu 2.0-3.0
melueansiidl LOS 1.6-1.8
melueansiilid Los 4.0-6.0
Lﬁumﬁmﬁﬁmsumﬁwaﬁﬂgq 3.0-5.0
99719985y 2.0
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o

2.2.5 wuudaesdesdyrumsiianuuisiad (Rayleigh fading channel)

v v

WUUTIADITRId Y IUNISALUULTLAE (Rayleigh fading channel) dA1u

(7]

ASLINYAIDATLADN ULALLNITHINBIWALDUAU LANINNNITANAINST DLNUT UVBITELAU
dyanaegrviuiiule Tunssudygrauinnin 1 @une Msaeiou NSUNISNAeATENINg

AAURTILATARUALYDUTNNDSluan LInd N Tedunaldwmalivesdyyulasunansyny

INAFUNANGIDIUIUINN d@1unsaLTeulacadl

1 1
h= N(O,—)Jer(O,—)
V2 V2 (29)
Toeft h wnuuuusassesdyanswakuusad uae N(O,% Wy

nmswanuasUnAnfidnadeiduaud uagdanlesuuninsgrudu % Tneeosdyay il
2

ANMUDATTABNULATIINITHINLINALDUNY

nsdnaesszuumumada P-NOMA [unisirassissdygyrunisiiawuy

<

wiad Jadunuuiaesiiugiuiding wargnidlunisiiaewesdygavesszuuluduiu

an

2.3 MIINATINANUVBUAazINALA

msdnassndsnulumadares NOMA way P-NOMA \dutladefiddaunndivinli
a1unsasessunisiiuinisvesdldaulanseniu wagluduveunaiin OFDMA Wunis
Trusnmsgldnulgnnnisutanrud Feasdunmsudauudinifviu fafulunsde
wavuve Izt luiidevesnisdandsnuaziandiiiuindnadeussadnsnimues

eEANIIIGET e HIV R PR TRR AL AR LN b

gnsMsdetoyaveslnuresnaia OFDMA uaz NOMA 31NNTIARTING 91U

2 y
h.. /N (BNRER

szuansliiudsgun 2.7 aonfigudsdoyaliiudldnu laedmuali

v a1 Y] Ao A v 2 o w ° o
Indasfivosdyanundninide 20 dB wazildawlna |n, | /N = 0 dB miuafu d1msu
WwAlA OFDMA 9¢MRUAliANa4dIns on159nasTWa U iy P =P, =1/2P e

Aunndnsnsditeyaveusavililnduaglng seviviu R, =3.33 uaz R, =0.50bps

near
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mud U uavdmiunsdnassndsnulumeadaves NOMA fldaeulndlisudesdya i
wlesudnassidsdsiitioonin Tnefl P =1/5P uazldlnadivosdyanaiugniniiliding
Fnassidsdafiuanndn B, =4/5P 9naunisaziiulddn dnsinnsdetoyaiinle
(Achievable rate) vos{ldnulnduazeldanulng wirdu R, =4.39 uav R, =0.74bps
wihezdinsdnassiaditugldnulnaunniudifinnn dnsnmsddeyaszsninedldnds
fnafiunnsnaiu udlllowssuiisusnsnsdeyavesdlilnduazlnavounaiin NOMA

uaz OFDMA Usingilumeiia NOMA fisiufia 32% uay 48% audndiu [10][15]

Base Station

/ | \
(AN \
1 . .
28 = . / =
::E:H._ \\ Far User g Far User yin SP
A~ P § 5
<]
’0"% Near Usel = %P
P.().( ear User 5
S 2
|h
R, = logz(l +”‘N1l = 439 bps
1

" p.lh,|? o
Ry =log, (1+ —pmzlzmz) = 0.74 bps

Near User

~ ’

JUN 2.7 wuudnaeansasasa ANt sdyaatuulinmin

wadla P-NOMA agiimsawindnsinisdeteyanunisivuagidagluduunise
Tnauwuseaniluzdin Aslifnisfudeuvesdyyian Inanisivuamdsdwiovnunliiug Ly

! = o v o = Y a o o a 2
LLa5€LanUWﬂ7§WUsﬁaumaqa§yjmqm "U\ﬁ]glsﬂLLU’Jﬂﬂﬂqiﬁ]ﬂaﬁiwaﬁquLWﬂUf’] NOMA AAdLNIT

Jaasmmdsnuiwanaeiuladudldnulnduazlng uarlunsaindyarveslelifinnssuniu

fldlnduazlnaszlasunisdnassndanunivan

nA15°99 2.3 szuansliiiufsagunisiieuiisuaunissnsinisdedeyaniy

WARANLANAAY TASNISIAATINGINUNLANFAIINY AT
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AT 2.3 AUN1INIIAIIMYEISnIINsaslayaluLazivAtia

gns1n1es
Joya ansnsdetayadldlng ansnsdedoyadldlng
waila
I | h| P
n P _ /
OMA R =log, (1 +—2j R, =log,| 1+——
(2 o
Conventional P h| P(l-y,
R :10g2(1+”*2}/1_} R, =log,| 1+ - ( 12)
NOMA In[ Py, +o
P L[ Py hl P i [ P(1-
R, =log, | 1+— |+log, 1+2”714 R, =log, 1+‘ f‘z +log, +‘ f‘z ( 7')
P-NOMA o Sfh| P(1-7,)+0’ Ih| Pr+o
h 2;«P} h 2P;/ ‘hrP ‘IL‘ZP(I—y)
Rn:logz[lﬁ-”; +log2[1+,"l R =log. 1+ +log. | 1+ :
p d : § ) 2 f 53 2 2,
ropose o 8ln,[ P(1-n)+o o ‘h,‘z Py 4o

2.4 AYIANITINANTIOUSVIIISUUEDEANT
Wewansliiudnssuivilavesdldeu viednsnisdoyavesdldnulnduay
na Tunsieseiusyansamesldau saumsnisdiaemaliiowansliiudninuil

Wien Tuwmeida P-NOMA a1u1sanansanteanauniseail

2.4.1 dasduvaidsdyyrunanidvasdyyIMunInaaauINdyyI
5UNU SINR uazdnsnisdedayanvinla

nsAINEnIINTdtayavelE7vile laed SINR vaeldulnduas
Tna Tuwasia P-NOMA 988in15731519951A15N UG DUy &, B uagn1sinass

wasuTIuiL e SINR Nldsuvedldlng awnsadeulmduy
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|H,,, [k] B /o’ kis in R1
SINR,,[k]= H._ k] yP
| ””’2[ L2 - k is in R2
5|Hnear[k] (1_7/)])1f+0 (210)
uay SINR 7isuldvosldanlng Teuldsd
2
|H K] (=), kis in R2
2 b
SINR ,,[k]=1|H ., [k]| yP, +0°
wlkl=1[H, |2 \ ks in R3
‘Hfar[k]‘ B(/O'i,
(2.11)

Wwed  H,, [k],H , [k]= dosdygiavesldaulnduaglng §a9g fansanms agde

near far

AadagyosdgyranisinaluuLsiad (Rayleigh fading
channel)

o, = ANAIUDATTADNULAZNITLANLALNLOUNY (independent
and identically distributed) LUV Q14 5UNIUNIAFV?
LUUUIN (Additive white Gaussian noise : AWGN)

P, = fdvdeimunvesdldan

5 = NMIFANIUNINADANIUARU (SIC)

» = MIINATINAINUTULIN

o o

NNAUNTTH (2.10) uag (2.11) aggniandnaiiiemdnsinisdsdeyanvia

lovasgfldnulnduaslna awnsadiould dadl

R,,.=A Y log,(1+SINR,,[k]) (2.12)
ke[R1,R2]
R, =A Y log,(1+SINR,, [k]) (2.13)

ke[R2,R3]
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wazdnsnsdsdeyaniunveslda Amuialdain

(2.14)

sum ~ " near far

] I
25  ANUNNYU
dienansbiutsnuiniisuvealdiu isnuandiiuliwasesnsinisds
Joyandnau viovnluismsdunaliiuluzuuuuresriad iawesiguninuwindey

voeyldanu Tuidetiarasusuuimamaduaanaliviniien Al

2.5.1 Y99319v89dns1n1sdedonaseninegly [3]
Y897199048n TIN5 loyn Aanad19reednsINsdstayaseninelelng

wazlna weanansliiudsmnuiniisy @unsasiuin leain

R, =R, —R

near far

(2.15)

Bl newazuansiiuliegadnauitnnuiwesdasinmsdeloya

frmndinasnsiivesannasiianuwiniieuiniian

2.5.2 Jain’ fairness index [17][19]

Tuunanu[d] luedsnsiidnsmasiuseninsldumuianiionan i

(%
Y o A

feanuANWey shswasiuveldlnduaslng annsostiouls fadl

S,=A Y log (1+SINR,,, [k])

ke[R1,R2]

(2.16)
S,=A Y log (1+SINR,,[k])

ke[R1,R2]
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Y o

AIlugud] Jain’ fairness ausaldisuls ¢Gail

. 129

= (2.17)
MY (S,)
m=1

A1 index ANUWITBNazdaAinay 1/M < F <1 Tag#l F =1 1la6n31n1s
detpyaver ldoulnduazlnawiniu wagaranuiniisussninadlddedddesniinie

whiu I/M vise F=1/2 deninnsangldiiesaasaulussuy

2.6 &34

q

niinanludredu wemluundilunisesurengus uazauideiiieates
wdnn1svamMAdn OFDMA NOMA was P-NOMA ausazinaiaanunsaiiazyiaugaudule
athafiedurgludredu weda P-NOMA WWumeadanuulausnszninte OFDMA uay NOMA
ﬁ’qﬁ?uﬁqﬁmmﬂmsﬁ’u%’aummé’agmm;ﬂ%’mu fldarlasunisivuadiuiu Subcarrier
ilefaganunsauiuruinaaswesmsdetoyalditeaindiuiuves Subcarrier wazns
BTUILHUINNNITUAAINATDIAUINABNTENI LU N15Taseiuseansninues

gnsn1saetoya iveldlunisaniunuvesnuddel ieusuusianuminieuvesrldeu



UNN 3

A5AUUNSIY

3.1 na1adn
Lﬂywﬂuwﬁawa’nﬁqmsaﬂ’wamszwmsLsﬁﬂﬁﬂsﬁmﬁagzymhiﬁg&mmma'au 294
nuATell InefiTothiaueBmsinarsndsuaosiy Wefnuisnafiudssdnsninluns
Usuugssasnisdsdeyaseninadldiiieliianenauminion faasdunsfnuiisnisinass
WUt U uMTRassE I UED 'ﬁauﬁgﬂﬁmsmﬁmwmiﬁu%’ausuaqz%’nmﬂm
MniuiiauedaneifiuvediBnsinassndnuiitisantesiheesdanmsdoyaseving

@

dldaulaunniign waziievinliudladanisdnassndanuasstuiivsedniam §3d8as

[
o

dnawenismuiduvesnisuiamedededoyave ldnuifisuiunisdnassndanudu

LINLALANSIANAIIURDIYU

3.2 N15918995TUY

N139189458UU Aznandfauvaiianveas P-NOMA Tagldlusunsy MATLAB Tuns
$ravana Tnwitagmsiunmadamans lnsazeSuisiiuainuuudiassssuy s
Faarsndanutunsn madpassmdinuaestu uuandunsuiuuTRuA s ATIY

Wenseninagldan

3.2.1 nmdnisesdynalinsainuisau [41H5]
wmaila P-NOMA 1unilshAsfianunsaiiuusyansamvesssuuuazay
winileuesldnuligedu lunmaAfediddnauensdnasmdinuaosdy Wolnmeisna
nsdwesldaulnduazlng msdiaesszuy Wudesdyyriamiidsd Wunisiiasan

Unuuoanatin NOMA fu OFDMA tuiugiu Jefewmatia P-NOMA fvualiidunisda

€Nl

ayananiguludaldnuissastay lnegldnuneglndaniigutendy ldaulnd

e

(Near User) ey
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Fryayauanesdyarandediuuseyinaainaniiigiuit dldaulna (Far Usen) lussuuay
Junsinrsandasinsiudouresldauannisdadeyasenuimioutu wasiinisuiu

=

RIIEIUVDINTRULDUUNNEAIU NFIandyIuTUNIUNARTY

0 Partial NOMA (Partial-Overlap)[1][2]

i R1 R2 R3
E Near Y1 QNOR) far
= z
Far UE 2 UE BEoR) 17, UE
o ~BN N1 NHON] 2Nl Subearriers
] Proposed Partial NOMA (Partial-Overlap)
P
&
R1 R2 R3
Near UE =
Z| | Near ¥ Y1 QNOR) i
Base Station 2 &
UE ) 1- UE
O : Near UE’s Overlap Ratio (NOR) | Baon £
NN N1 NHON] N1 Subearriers

13 : Far UE’s Overlap Ratio (FOR)
P : Total Overlap Ratio (TOR, p--(l+[3)

[
g

U7 3.1 wwudaeanisiiivesdyaalifminuisdiy

N15318093UkUUN173na 358 L ulumaila P-NOMA Tugi9vainay
Subcarriers AnUN1SAITAEHTINNTTUFOUVRE a1 Tunsdifind1afia Ao nsfnwinis
NUGDUNBIUNATUTDIFY QI H1INN8RTINISULaULAT TOR whﬁ’uﬁgq@j AuLAd1 NOR
= 0.1 Uag FOR = 0.9 maneaud gldaulndlasudygrasuniuauialnganglilng
waedyanavesldlnaviudeuiisndniios el BRIINTVIUTOUYDIF Y IULYNTIITEUN
msfvuadIuIuLsia:  Subcarriers AnzgnAtuiammiiouluyea R1, R2 way R3 fagudl

3.2 diefiavanunsadnasmruinauiivesnisddeyavesdldnu
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Base Station 7 }

-1 Near User

"1
Sub-carrier L | l

Rls s R2 | R3 N e

Note that

S 0 N Rl: 0<k<N-|[N|
sleas \
R 24/ ] R2: (N~ IBN)) sk < (N + [aN])
/ @ t ¢ /
’ ¥

R3: (N +|aN]) sk < 2N

N\ A F_ar-l:‘sc; -

JUN 3.2 LUUT1884n1590a@55 Subcarrier @niuglydenu

Y

3.2.2 WUUIN@BIYReH

]

°

nMsiaedlusliuussuuveamnailn P-NOMA Wavihnisddayayiuues

Hldanunoniu mallanelanunsanazdadeyaveswldnunarsauniouiunieand1ime

17

AtaualutnaAetY A NSNSFETOUNIU @nusacuI taeNAuue LA

Y

x:ﬁ(mxl+ afarxz) (3.1)

'
Yo

A o Ao vy 1% | = &
wasilodyunsuldvesgldnuanniadalaeaniiigiu aguldnad

Vi =hx+n, (3.2)

e n, WNURYYIMTUNMUNAAYILULYUIN (Additive white Gaussian

[ L4

. PRy a 1 1 [ 2 a o
noise : AWGN) NilAaagwiuauduarA1ANULUTUTIUNNY O uay A, A9 LUUTIABS
Yosdgerunisaluusiag (Rayleigh fading channel) dmunsyateddasesonunayil

n1suaniaunileuny wazdn1sgaidunias agliarduegivaninuingey Useau 2-4

¥
Y A

annsaagunsleulanail
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1 1

h’leﬂr = N(O,_]-'_jN(O,_)
V2 V2 (3.3)
1 1

hy =N ( \/EJ+ NO) (3.0)

- 1 o - L a 7 L X
Tnen N 0,—— | LNUAIYAIUITILAZAIYAURNTNLASVIIEDIAIUULUUNNT

NG

ada = ¢ N1 oA 1 ' ) ~
LLQﬂLLQQﬂﬂW‘WﬂJWWLQa‘EJL%U@JUEJ LLagﬂﬂqLUﬁﬂLUumqmiiﬁl‘ULﬁu ﬁ IQEJEUEN EUEUUN AU

DATTHDNULALINTLINLIWAL DU Y

323 mMsdadsswasnutunsn (First Power Allocation: 7,)

nsdnasandsnutunsn Wunstmuandanulisudldaununisandy
yesedyya donnvesnisdaasindanuluunaui Wunslesgiauaaumye
vouflfu Ineflaeinuslinisdnasndsnuduusn fo 0<y, <1 msdnasmdsaly
wadadazgninuslsiudldonlnduaging sudouluvesnistmuadiuau Subcarriers
Tudouvesosmsuvauusion ludasnaunwidesii (N -[SN]) <k <N -[aN] vio R2
muualigldnulnduaslng eglumsuinisiieniu dyyianesldnuiddnsnisiudeu
fuog dadu Fldnuiegluteulves R2 agldsumsinasndstunsnliiugldnulnduay
lna edasnsiudouvesglisnilnduaging fidwviriu 0<a, B <1 audifu feg
yosmsAnaiiiofazimuadia Subcarier Wivgldi sgradulunsdisnsnsiiu
Fauvadd 1ulnd NOR = 0.2 uardnsinisvivdauveds ldaiulng FOR = 0.3 agiun
Aaunsdaassuuud i AU lEnuusarse iesnansdedeyavesldam was
\Jouluves R3 fe (N +[aN]) <k <2N fﬁ’mumiﬁﬁﬁm@flﬁt’fmﬂﬂawhﬁgu sty a3l
FrildlFsudyapusunuanglésedu fugldsumstaasmdsnuiomn msdaass
nsnutuusnizgninnsanvifudldou lunsiunamsnmdiuvesddyausonids
YosdnyaaumInasnUINdRYaasUNIY Wemsnsnsdsteyavesldau nsdaassay
mmmmzamaqLwiaz;g‘lﬂi’fmuw'%aLﬁum'ﬁl,l,ﬂqwﬁqmuﬁummi’mqUizmﬁﬂJamuﬁé’aﬁLﬁa

ANUWINTEL ST g
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3.2.4 N1FINATINAIIUADIYY (Double Power Allocation:y,)

nsdnassndsnuaestu gniauslunuiliieyigantosineweigninisds

v ' v & a o 9 Yo Y = = o '
Toyaszwiteadlden Wumsiiunsdrassndanulddudldlng iesruies Faazdosey

aeluioulauves R2Z0SESN-[AN] doiarsauisulvvesnisdnassanuiu

Subcarriers MIINATINGINUFDITU e 8lUNITUTUNF 11Ul T U RINTBLALTUAIUAINY

wingan lunsdaeanavesdnsnisdedaya uwastieusuugsmnuwiniieuvesldanuy

o

3.2.5  9ATIEIUVIINIASE YIUADNEIUDIFYYIMUNINABAUINE Y6

IUNIU

Lﬁav‘hmaﬁmmﬁmﬂmsﬁu%’aummLmazﬁlﬂ%’mmé”a LUILIANUIUIN

SINR vesldnulnduazlng awnsaeulaail

|H,., K] B /0
SINR,, [k]= H,..[k] 7P,
S|H,, [k A-y)P, +c°

v

wag SINR P5ulavesldnulng Weulaeai

|, k] =17,
(K= 1|H , k] 7P, +0°

SINR,,

far

|H

wlkl B/o?

'
= o

3.2.6 dnsnsdedayanvirlivesusdazgly

kis in R1

(3.5)
kis in R2
kis in R2

(3.6)
k isin R3

WaNaElnTednsInsdstaya lun1sfnwisnsinisivdeuvesldau

Tndwazlna NOR hay FOR kazn153AaTINAIIUSIUAUL TINISTAATINAINUTUBSNLAY

o d' o ° - o y v A ovy
a0etu ANauUN1TT (3.5) wag (3.6) gninuAALiiomsnsINTastayaNinlaved

[

Aldeulnduazlng anunsadeuld dall
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R,.=A Y log,(1+SINR,,[K]) (3.7)

ke[R1,R2)

R, =A Y log,(1+SINR, [K])
‘ ke[R2,R3] (3.8)

wagdnsnisdadeyanivanvesldau Aualeain

(3.9)

sum — " “near + far

3.2.7 Yavinevasdnsnisdsdoyaseninedly
Tumafeinmsfnnanushifieusesldaulumeaiia P-NOMA 19198 finw
Y999190848051N15d ey lngagdanauazins1eridnsinisvivdeuvesdygyiuues
Aldeulnduazlna NOR wag FOR flenuvasnnnuminiiesfe snsnsdedoyavesgldaud
Ay wionaseliint uilidesfiganiiasinld Susnaueiinisfiazuandidiuden

AU ausaeuledu

P

gap

RN i

near far

(3.10)

3.3 MAaNNISNN9UYRIssUUNUaUe luaul

Bmadiudsganinmlunisusulsednnmsdsdayaseninadldanuliinninumi

WU MIemATANTSRET NS LADITU 1519¥aSunendIsnsidausdeanidu

Y

=D

2735 o9
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3.3.1 Algorithm 1

double power allocation
PA=0:0.1:1

N2

Position NOR(a)

\p

Position FOR(B)

|}

| first power allocation

|}

condition
k=subcarries

R1 and R3 r2
O==k<=N-[BN] N-[BN]D==k<=(N+[aN
calculate SINR of Near user calculate SINR of Near user
calculate SINR of Far user calculate SINR of Far user

o #

calculate achievable rate
calculate achievable rate of gap
find min gap

END

SUN 3.3 #anNNISVINUY099anaINun 1

Y

351159 1 @1USUITN1TANIUNT NTTRFTINAINUT U LINLALNITINATS

wasnuaestu ludussuwsnazdunisimun subcarrier Wiiugldeu tnefarsandnsinis

v v

udauvasdyaaudldnulng waglna fazan Suannsainlaidnsivdeu nisianisiu

FouriesusdIuTesdy I aunsenadinmsiudouiuyiun dausaleuaunisian
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RI[k]=0<k<N-[BN] (3.11)
near R2[k]=(N_[ﬂN])SkSN_[aN] |
R2[k]=(N~[BN])<k<N~[aN]
Jar R3[k]:(N+[aN])SkS2N (3.12)

1agil N Ao Fast Fourier Transform (FFT) size of UEs’ signals Wagemsn

msiudewvewldiilnduazlnawiniu o <o <1 way 0< B <1 anuddu

INUUILVIINTAUIULALTIN1TIAATTNA I UTU LT AT NI TINATINEIITU

ansuluaunisvas SINR LLsiaw:ﬂéfj’mu Mt

2
|Hllear[k]| 7/2Pk/02 k IS In Rl
SINR""'G”[k] J |Hnear[k]|2 711)k (313)
5|Hnear[k]2(1_7/1)f;( +o? kisin R2

2
\Hfa,.[k]\ (-7)E k is in R2
2
SINR,,.[k] = ‘Hfur[k]‘ nh+o’

(3.14)
‘H W[k]‘zpk/az ks in R3

naun1sT (3.13) way (3.14) %Qﬂﬁmfﬁ’ﬂmmﬁamé’mwmsdq%@;ﬂaﬁﬁw
esfldrlnduarlng anmnsndeuld dil
R, (@.f)=A Y log,(1+SINR,,, [k]) (3.15)
ke[R1,R2]
R, (a.f)=A Y log,(1+SINR, [K]) (3.16)

ke[R2,R3]
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nsmdnsmasnivilavesldanu anaunisit (3.15) wag (3.16) Tuigns

=1 & 1 ) y v = = ' % = Yo
u%Lﬂummadamﬂmiawaaﬂawmﬂﬂ/lfjmsuaﬁLLmawﬂﬁnmu ﬁ]zﬂ’]ﬁ,rl'imsusmimmu

maximize
a,ﬂ,}ﬁ’}’z Rsmn = Rnear + Rfar (317)
WagRzAIMMAIANNWINAUTERIE LSy agUladed
min imize Ry =Ry — Ry, (3.18)
@ Bt gap near far

ada

asUisnstidunsmnemeu Tnensdeudeyadldluvionun Wemdneu

20N AT UNITUNA TN AUVDILABEHILAUT N1TTAATINEIUNIFDITILONMIAN

Y

1% =

WgaNmUAINABIN1TYRsIngUsEaATIAaIN1AIANWIENYR e lTau Teyatign

v
Yo a

Ueulunisiwinaunsaasulanal

Subjectto  0<y, <y ,0<y, <y (3.19)
0<a<L0Lp<]
R, (@, f.71,7,)
R (@ B571575)



3.3.2 Algorithm 2

START

S

Position NOR(a)

!

Position FOR(B)

first power allocation

|

condition
k=subcarries

Position NOR(a)
and use the first power allocation
that decreases the achievable rate gap for
calculate SINR.

Position FOR(B)
and use the first power allocation
that decreases the achievable rate gap for
calculate SINR

Double power allocation

condition
k=subcarries

RlandR3

RlandR3
(c=k<=N-[BN]

R2
Q:BN]<=ke=(N+aN

32

R2
(<=k<=N.[BN] Q- BN])<=ke=(N-[aN
calculate SINR of Near user calculate SINR of Near user
calculate SINR of Far user calculate SINR of Far user

calculate SINR of Near user
calculate SINR of Far user

(Vg

calculate achievable rate
calculate achievable rate of gap

calculate the first power allocation
that decrease the achievable rate
gap

calculate SINR of Near user
calculate SINR of Far user

e

calculate achievable rate
calculate achievable rate of gap
find min gap

END

JUN 3.4 winnsviauvesdanesiiun 2

Bnsh 2 Tunsufudsednsnisdsdeyavesdldaulilianuwinieuiu 35

Dun1sranoulud1uYeINITTAATINSIUTULSA SUAUNITRANTUISRIINITITUT DU

vaadyarauluyndumls Minlrdesinswesdnsinisdeyalinnioenanneu wazlutuneou

wsnhasdunisAuadiuiuadunividesveusa] ldluudaznsdiues NOR way FOR

Y

A1unsadeulanatl
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RI[k]=0<k < N-[BN] (3.20)
near Rz[k]:(N_[ﬂN])SkSN_[aN] '
R2[k]=(N~[BN]) <k <N~-[aN]
| R3[k]=(N+[aN]) <k <2N (3.21)

Tnedi N o Fast Fourier Transform (FFT) size of UEs’ signals

INUUINEUNTT (3.20) wae (3.21) ¥NsAulagltnIsInasTNENIUTY

wsnlwauni15es SINR wraggldany Al

|H,,m,-[k]|2ﬂ/0'2 kis in R1
SINRUL’(I)’ [k] — H k ? P
i1 | neu;[ ]| 71 k - k|$ in R2
5|Hnear[k]| (1_}/1 )Pk +o (322)
2
H, [k]| (1—y)F,
A, [ 1\2< 7P, i R
2
SINR,,, [K]=1 |H , [k] nB +o
2 2
\H (K] P, /o7 kis in R3
(3.23)
NNANNSA (3.22) uae (3.23) asgnisnduianitemndnsinisdedeyaiivh
lovasgldnulnduazlng awnsadieuls il
R..(@.p)=A > log,(1+SINR,, [K]) (3.24)
’ ke[R1,R2]
Ry (a,f)=A [Z ]log2 (1+SINR,,, [K]) (3.25)
ke[R2,R3

WefuIumdnsmasniinlavesldau a1naunsi (3.24) uaz (3.25)

Tuinstianiuavessnsnisdseyavedlilnduazlng o Amadnsiilvinasavesdne,

(%
Yo A

nsdadeyaesiign Yesinvednsnisdiloya axdeulassil
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min imize Rgap.min = Rnear - Rfar (326)
a,B.n
Uz anTInsdsteyald amnsadwnlacl
Optimize Rsum.opt = Rnear,opt + Rfar,opt (327)

a,B.n

TudunuLIN RN A UINYINYadnTINTTdITayasendnr ldeau

waagyhnsiuAIes a, B,7, Weodhanduialunisdnassndsnuastudnass waves

v
Yo

ASTUIUNTITELTA mmaaaqﬂiﬂmu

optimize 0<a<1,0<p<1 (3.28)

a.B.7

yl,npt = yl (Rgap,min [a’ ﬂ])

T UIINANNTT (3.27) Uag (3.28) IIMTAIUINMIAIUBY SINR Unny
Al InetAneuaInMsAuINAITIREsINGIUTU LINYasAImInsauian Wldly
NSAUINMIAINBUYBINTIINITINATINANWADITU LieAIWIsnvew it [Weuld

[

&
JU

|I{near[k]|2 7/2 1),{/0'2
SINR,,, ,[k]= \H oo [K1] 70 P, (3.29)
5|Hnear[k]

2
(1 - yl,opl )Pk + 0-2

2

Hfar [k] (1 - yl,opt)Bc
2

SINR,,, ,[K1=4|H ,[k] 7,,B, +0°

(3.30)
|, 1+ B /o
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° o

NFUNTSN (3.29) waz (3.30) %Qﬂmmmmmﬁamé’mwmsdq%’a;&aﬁﬁﬂ

[

lovasldanulnauaring awnsadisuls dadl

R (. B)=A 3 log,(1+SINR,,, [k]) (3.31)

ke[R1,R2]

Ry (@.B)=A Y log,(1+SINR,, [K]) (3.32)

ke[R2,R3]

dedamdnTnasmvilivesd iy anaunisi (3.31) uag (3.32)

v o

11551 ANAANSALANEA19UI0AIINTEIUOUALDENENYS 9D 19UBIONTINTAITVOY
i U

Vo

AlnATANITINATINAINUADITY s euUlsall

mlgéﬁize gap,min :‘ near _Rﬁzr (333)
NnuannAnuansIMsddayals ansaduinllaciil
Optlmlze Rsum,npr = Rnear,upt + R_far,upt (334)
a,p.ys

aal

asUisnisiildumsmicneu wuunswuslymeenuassdiu nauduas
insmneuludiunsnneu ndmintuazihaneuilaannisud Ueymludiunsniioun
Tduitgyludiunass iemAmoureinITandoitgresdnsinisdslaya 3NN15Inass

WARUTULINLAZNITINATINGINUEDITY A11saazUingUssasAvesnsanim lansll

Subject 1 to 0<7, <7, .. (3.35)
0<a<1,0<4<1
R,,.(a B.7))
R, (a,B,7)
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SUbJeCt 2 to }/l,npt = 7/1 (Rgap,min [a’ ﬁ])

OS}/ZS]/max

minimize R, (. pB.7,)

a.f.7,
Rsum (a’ ﬂ’ 72)

3.4 Aauu1aluvesni1svianie (Outage probability)

AuUiaziduresnisuIame (Outage probability) Ao Arauunasilufisensuls

' v
S a =

Minvuluszuy ndRenIsuIAMeinluledniinisdsteyanivild (Achievable rate)

>
aa

Tunhednsaiuniinedsed ddunu A9t

P,, =Pr{SINR

hear

<SINR,, <R,..} (3.36)

a a 1 < av & & a a Y @ !

WausziduauiiaziduvesnisviameluanuideiidunsiTeuieuliiu
gnsnisdeteyavew ldnulndwazlng Iaeign1sdnassndsnutuusnuasn1sdnass
WaMuaIty wandbiiudslsgansanlunisusulgsanuminiisuseninelldaui

A1U13030999719099NIINTAUBYA LR anTnliuaNnIshansl

Outage P, =Pr{R, <R (3.37)

out far target }
772

P =Pr{R <R (3.38)

out near target }

Wa R Ap Lﬂmmsﬁuaqé’mwmia'ﬂ’fmgjam%ﬁ’mmmm%LmeJaqmsmmma

target

3.5 Complexity Analysis

'
a <%= a

a U vV |1 a a a a 7 v o
AsUsEliuAMutugau Ul UseliulseansS nnvessanasiui lnanidaualu

Y

aw & A Y & = aadad ° 9 | A 1% a | o
J1UIYU LW@LL'ﬁﬂﬂfWquaQrJﬁW@V]é’jﬂa’]Wiug‘q?qNLW’]LV]EJNGUQQEELGUQ']U ﬁ]gaﬁU’]Eﬂ,UﬁauaﬂlU

1%
v a

JU
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3.5.1 Big O notation
Tunisusziulszd@ns ammsenududouvessanainy (Algorithm
Complexity) aztfiun1531a518¥iuUY Big O notation 3Aen 1sUseiu szuzauefign
wiefuilumiieUsyaina Ainoufiumeddesnelifums run wWevnistou Input ezl
ANLFNTTUSTEMIN LA FU vuIaes Input 3slun1sduia Big O notation axgALUY

oy 7 Uszinm arunsaasunele sadl

O(1) %30 constant AvdanasuNfngalun1sUszuiana liiABunnad

YPALEN ViR lLALAY STevianariaAwi 1 Laue

'
a o

Ollog n) 5@ logarithmic v udane3 Aufivinisauguusazsou aw6n
° 1% av o a &£ o v @ o o o Aa o ' Y] =
Iuudeyanliilenaintueenil agvihlidusndaneifunianumdeu 1wy dane3fy
Binary Search

o a

O(n) n3e linear Wudanasiiunfiansaszesiiatusgiuduiudunn 1

Y

Jowdun d18une iaduduassiafazyilinanlunisuszananaiiivaoan vl

[

Usgansnmegluszaud

O(n log n) w58 linearithmic {Ww3sn1suszananavainisiugUassseu lny
wuseandunsiuluseuusnazaziAniiu n seu wasn1saugudulussiinsdadeyailyl
Weteseanlu Mg log n fatuazdanudutan On log n) Anusilunisusyananalny

AN

O(n?) #3e quadratic LunsWRILIASUNALTIL uiagyiliaatlunis
Uszananaunind wuiiudunadiunasasi asvilinaniududmi Uss@nSamiedh

17N°9)

0(2/n) %38 exponential WHuisAiAeud1a%e HeavnnsiiuBunmdn

I estinmefin s ezinatlun1sUsaanal L ua g1 UM Ana

O(n!) w38 factorial un1sUszaranafiugfign asnazliawisansiu

Tanaglnanunndesiiedda
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AN31971 3.1 USEnnuesnIseIuae Big O [https://itopstory.com]

Big O function Name
o(1) Constant
O(log n) Logarithmic
O(n) Linear
O(n log n) Quasilinear, log-linear #3® Linearithmic
O(n?) Quadratic
O(2/\n) Exponential
o(n!) factorial

3.5.1.1 nsUsEliuANUgutauYedanasiy

'
a o

MntdulenandwmannisyinursasazdanasnuNuLaUans
Foassnasnuasstuiiaanumniey Tudruilazianslmiuiinisuszsifiuanududounas

o o e lﬂl
NANNITNNIU ANAITNN 3.2

FEmsUszananaiitoidunsussifiuanududeuludaneiiiug 1
dunisteudoyaidrluiisnun ilevdmmeuvesnisantesinnisdnassndanulunig
Ufulgsmnuiiiessewiedldon devhnsteudwesnsdaassndsnutuusn y, Faud
0: 0.1: 1 Tnsrmualidunisfsdoyaandudses y iethavessdnassndaudu
usmaUssamse deiuasvhliludupouiifimududoudu omn mnduinisteuteya
yoamsdnassndanuaodu y, fewintu 0: 0.1: 1 axfimsadeyaurldlunisuszanana
Nnmsiadeyamnandindsves g, Swilitirmiadudeudy orn) uasilevinsteudoya
vaarundan1siugdouvedayaauldaulng (Near UE’s Overlap Ratio : NOR (&) way
nsviudeuresdaarltanlng (Far UE’s Overlap Ratio : FOR (/) Tnarfinnsandaus
a=0:0.1:1 waz F=0:0.1:1 arud1au nu18A8I190N1TRINTU I UNT YD IALALS

[y

a =ouay B =0vSounumeddudu (0,0) uaraERia1TUINNY dumiaAnTw svilila

Y

I
U Y 4 [ £y

uAvrRINIsTUgoudtyganiaun 121 funids Wsnaasliiuindmnlidiinsivdeu

wosdeygn Tusumis (0,0) dnmsvivdeunisundiu egraaulusiunmis (0.5,0.5) dinsiu

Re

audaaedvauysalseninad idaulusmunis (1,1) zdwadodnsinisdadoyaves

g} 1)

Aldenusgels WeaunUssiiuanududourasszuuagyili Near UE’s Overlap Ratio &
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Arpududeuindy O(11) Weswindunswesnisviudeudiiies 11 A1 Fadunisdeou
ToyalnanisinunAas Wwieaiuiu Far UE’s Overlap Ratio : FOR Aflawiniu O(11)
TN 11 A1 wazannigiileysyinana Wewnntuneusgnielanssuiunisiiednuy

FIWINATNT VDM NNTEUIUAITUIAUAU F8TAVITY (O(n) x O(n) x O(11) x O(11)) =
o(n®)

FBnsusrnanaiiedunisusadiuanududeuludanesiiud 2
wuunsutirTunesnduaedan emdneureansantesitansdnassndsnulunis

USuugsnuminiigusenineldau luilupeunsnileviinsdeaurivenisinassndanugy

usn y, fiauel 0: 0.1: 1 Tneinualidunisfsdoyanndinlsves y, iWetheveinsinass

v
= o ¥/

WEIUTULININUTEIRANE satuazyilrlutumauiidaududawdu Omn) wazyinnistou
Joyaveaiuniinsiiudeuvesdayyiagldaulng (Near UE’s Overlap Ratio : NOR (@)

wazn1svivdouvesdayaaldeulng (Far UE’'s Overlap Ratio : FOR (f)) lagaziiansan

(%
g

il @ =0:0.1:1 kaz F=0:0.1:1 gruadu WeuuUssliuanuduyauveIseuuay
vin194 Near UE’s Overlap Ratio dfA1a21ugugaulvinnu O(11) 1ulfeanunvy Far UE’s

Overlap Ratio : FOR Adawviady O(11) ileussunana tlesainnnduneusy ateld

a I v

= U = o U 6 U
ATZVIUNITAEINUY UINAANTVDIVNNTSUIUNITUIAUNU A8UANNINY (O(n) x O(11) x

O(11)) = O(n) TUTUABULINILYIN LI IEIUITONIANYDINISINATTNA I UT UL NVIN LKA

(% [

A9gnIINTasdoyaTEnIe g nuliadesnian nUUILIHaa NS lAY0IN13TRaTS
NAINUTULSNAL AP A TAAINT VB ILAAZAILAUES 1A uadludunaud 2 Inenisvau

Toyar0IN1sINAIINANIUEDITY 7, TAAU 0: 0.1: 1 Asevitlrdianududeudu On)

v v

wagillevhnsteudeyavesiuvisnisiudeauvesdnaugltenulng (Near UE’s Overlap

[

Ratio : NOR (a)) waznisviudeuvesdayyraus l9arulng (Far UE’s Overlap Ratio : FOR

DA

(f) 18 NIITUIRAWS @ =0:0.1:1 way F=0:01:1 aruarau ot u1usziiunig

FugouVDITEUUALYIIA Near UE’s Overlap Ratio daranudugdeuviniu O(11) wulheaiy
fiu Far UE’s Overlap Ratio : FOR Afianvindu 0(11) vlwluduneufiadesiiniududou
WA (O(n) x O(11) x O(11)) = O(n) MNUUUINAANTNITUTLAUTOTUADUN 1 Uy 2 11

AU EVIALANYINAU O x 11 x 11) + O(n x 11 x 11) = O(n) NMSUIHBANSUIUINAU

IelleannusastumeulildegmeldNeuluseriuld Juwhlitirnududouvesssuuieas
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1NNTEVIUNTUTELAUANUT UL 0 UVDID AN DS U ATEIUITD

1]
a

Wl lunsiesIERnseenwuUNITInaT NN UNATgA luN1TUSTUUTIA UM TIgLYDY

Al natlunsussinanadanasossuvegels udu Ganaziiuldindane3iium 1 &

ANUFUEaUNNINNIRIzdaliialunisUsEIaNaiuINNI Y

AN 3.2 NTEUIUNISUTLIUANUT UL D UVBIDANDINY

Process Complexity
Algorithm 1
Double power allocation value O(n)
First power allocation value O(n)
Near UE’s Overlap Ratio: NOR Oo(11)
Far UE’s Overlap Ratio: FOR o(11)
Total (O(n) x O(n) x O(11) x O(11)) = O(n*)
Algorithm 2
First power allocation value O(n)
Near UE’s Overlap Ratio: NOR o(11)
Far UE’s Overlap Ratio: FOR o(11)
Double power allocation value Qo(n)
Near UE’s Overlap Ratio: NOR o(11)
Far UE’s Overlap Ratio: FOR O(11)
Total Onx 11 x11) + O(n x 11 x 11) = O(n)
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W13 fn
segvvineseviegldanulnduaslng 1:2
IUTITULALSE (N) 512
STUZUDIAAUNIA (A) 15 kHz
naegs (P) 10 dB
ndagayde (L) 3

WUUIADDId ey 16d Rayleigh fading

ANSANNITNSNEDANINANGU (SIC) 0

gnsIn1sviudauvesdyaaurldeulng (NOR) 0<er<1

gnsn1sviutouvasdyaaidldaiulng (FOR)
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Feulvvesnisiiviun subcarrier Tifugldanu Aretteuluves R1, R2 way R3 Faazdunele

Idnsmsdeteyavedldnulnduaglng R, w8 R, Tudoulvres R2 i8ns1n15d

v '

Feyawiiu lesnmsdaassndsnuduusniiunumdrAgdmiudnsnisdedoya us

agtlsfimudnsinisdsdoyavesdldnulng R, Megludeuluves Rl ddnsifiaandy
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Capacity of NOMA vs OMA
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JUN 4.3 snsdeyanvinlavesdlilnduazlnalunisdnassndenuasstu

4.3.4 Algorithm 1

FBnsi 1 Tumsdnasmndsnuiieusulsenuminiisnvesfidon uazns
fsanmsiudeuluudaziums shedsmamdaeuiivanzauiian Taonsleudeyaves
ndRaTINEIutuusn 0< 7, <1 LaznITRaTINA sty 0< 7, <Lifiemdns
sunsdsteyaszninagldau musannsiudouvesdyann fgui 4.4 azuandliiiu
gnsTINveINsdslayaisuiunsiudeuvesgldnulng uaznisiudeuresldaulng
Bunnsdiflsifimetudeuresdyyagldifniy dumneenuidasnsddoyavegld
sxgnAnalaaldivaiinres OMA dwunsdlvesnisvivdouundiu andumaiaves p-
NOMA aunsgviainsiudeutuyesdyaaglinuuvanysal viofldnuaunsolda
wuusnsilsigearlunsdlveamaiin NOMA uazannsanisiraedunsalidnmaiudeures

fldnulndnsil NOR = 0.1 uay snsinsvivdeuvesyldanulnaiasunlas §n15uvens
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dateyasyninaldaudiawyiiy uarlunsdln sasinsiudeuvesdldaulng (FOR) 1Wheu
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Abstract— Partial Non-Orthogonal Multiple Access (P-
NOMA) system has been proven to be efficiently implemented.
Both flexibility and spectrum efficiency are the benefits of such
a system. However, near and far users still achieve the different
data rate which is the main problem of typical NOMA. In
literature, power allocation between near and far users was
presented to minimize this gap but still the gap cannot be zero.
In this paper, the method to make a zero gap is proposed by
using double power allocations. The first power allocation aims
to minizine the gap between near and far users and the second
power allocation focuses on equal achievable rate. The results
illustrate the most effective solution in valuing of power
allocations in order to realize the user fairness.

Keywords—Non-Orthogonal Multiple Access, Partial Non-
Orthogonal Multiple Access (P-NOMA), power allocation, user
fairness

I INTRODUCTION

Recently, various solutions have been studicd in order to
contribute a user fairness in Partial Non-Orthogonal Multiple
Access (P-NOMA), The most effective method in developing
and improving power allocation to equalize user equipment in
P-NOMA is considered to be achievable rate. The P-NOMA
is considered to be an attractive communication technology
for the next generation as it can support an enormous amount
of user data and is able (o serve multiple users at the same
time, frequency and code resource block. The conventional P-
NOMA has been facing many problems such as signal
overlapping and interference [rom other user devices [1]. yel,
a Superposition Coding (SC) technique can help the machine
to send information of multiple users at the same time and a
Successive Interference Cancellation (SIC) technique is able
to eliminate user interference and decode the users” data at the
receiver. So far, several researchers have focused on the
overlapped ratio of users to find the best achievable rate for
user equipment. The work presented in [2-3] has studied the
partial overlapped ratio of users considered under the basic
Orthogonal Frequency Division Multiple Access (OFDMA)
structure. The results have shown that the total achievable
ratio of P-NOMA is higher than the ones obtained from
conventional NOMA and Orthogonal Multiple Access
(OMA). However, this was viewed as being unfair to the user
equipment. Consequently, further studies were conducted to
demonstrate the fairness of users by studying the gap of
achievable rate to find the differences of sum achievable rate
between the near and far users [4-5]. More studies have
revealed that the different rate affects the different quality of
services |6-7]. Afterwards, lots of studics in algorithm have
been continually presented to encourage the achievable rate
for the user fairness. The user fairness has been continuously
studicd as shown in |8 | which has mentioned the improvement
of user faimess under the composition of NOMA.

978-0-7381-1127-8/21/$31.00 ©2021 [EEE

Nevertheless, it is an improvement in the outage probability,
which was derived for PN-NOMA system over the
generalized n-p fading channel.

Regarding to literatures, the variety of fairness and user
equality in P-NOMA have been presented. Nevertheless, the
sum rate of users does not always remain the same. And it can
be clearly seen that the power allocation has not been
emphasized in P-NOMA system. However, P-NOMA should
be evolved by focusing on power allocation. It can be further
improved to double power allocation. In this paper, we study
the difference of sum rates between near and far users.
Afterwards, the first power allocation is proposed to minimize
the gap of achicvable ratc. However, the gap is still not zcro.
Thus, the second power allocation is introduced so that the
equal rates of near and far users are achieved. Finally, the
result shows that the point of overlapping the uscr device can
be the most achicvable fairness as well as to demonstrate the
optimal value of power allocation for the equity.

This paper is organized as follows. Section IT describes the
system model of P-NOMA and the various signal overlapping
situations. The proposed double power allocation can be used
to calculate the achievable rate and the gap of achievable rate
ofnear and far UEs in Section I1I. Also the simulation results
are shown in Section IV. Finally, the conclusion of this paper
is presented in Section V.

1. SYSTEM MODEL

A. System Model Basic P-NOMA

Firstly, we will explain how the P-NOMA system works
and its mechanism [2]. From Figure 1, according to LTE
downlink, we will show a model of P-NOMA that employs
the OFDMA system which consists of basic signal
composition between two users. We also define the user
devices based on different distance between Base Station (BS)
and user devices which arc assigned according to SIC
technique in NOMA. However, the UE with a larger (or
smaller) amplitude of channel is described as a near (or far)
UE. The Near UE’s Overlap Ratio (NOR) is given by
parameters: o, while p represents the Far UE’s Overlap Ratio
(FOR) and p means the total overlap ratio (TOR). Finally, a (0
<a) and P (B < 1) are defined as positive real numbers.
Although this operation suitably supports for TDD, it is also
possible for FDD [9].

In Figure 1, the various signal overlapping situations affect
(he achievable rate sum, which is being studied in this paper
and shown as following. Firstly, the non-overlapping signal
scenario between near and far UE signals in OMA is
presented. Tn other words, both UE signals do not interfere
cach other. The conventional NOMA UE signal [ully
overlapped and causes interference o both the near and the far
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uscr equipment. Afterwards, we illustrate the P-NOMA signal
pattern. It can be seen that the NOR and the FOR partially
overlap.

OMA (Now-Orertap)

Ew‘v-n "'J

H | EE—
L

Sobvarmen

B Near UE's Overtap Ratio (NOR)
0 Far U's Ovedap Ratlo (FOR)
p Total Ovestap Ratio (TOR.
—hH

Fig. 1 System model of P-NOMA with two used cases [5] and
proposed partial NOMA.

Example 1) p = 0.5+0.8+1

Near _emes o
s — U -] farUE

Example 2) p = 0.8+0.21

Near
"

Example 3) p = 0.2+0.821

Fig. 2 Partial overlap scenarios.

B. The Description of Partial Overlap in Different

Outlines.[5]

The concept of P-NOMA) is considered at a controlled
overlap ratio in which it needs to be determined by two
factors: position and width. These two factors are affected by
interference and transmitted power of user device. In case of
overlapping width, it can be said that if the interference
increases, the overlap ratio increases. Regarding to the
overlapping position, we will show an casy-to-understand
example by assigning the same TOR as shown in Figure 2.
As we can see in case 1, the interference magnitude of far UE
and near UE"is the same. For case 2, the far UE receives a
larger noise and. for case 3, the near UE receives the larger
interference. However, in this paper, TOR may not be equal
in all cases. Therefore, NOR and FOR parameters, which
indicatc how thesc parameters affect the overlap signal. In
addition, it is considered to the key factor in valuing the sum
of achievable rate and the achicvable rate gap.

II.  PROPOSED DOUBLE POWER ALLOCATIONS

A. Power Allcation and The Indication SINR and

Achievable Rate of Each UEs

In this paper, we emphasize on a downlink network with a
single BS with two users, therefore the BS will send data to
both users at the same time using the NOMA principles. The
superposition coding can transmit data simultaneously to
multiple users. Furthermore, BS defines different transmission
power based on the conditions for cquality. Therefore, the
high transmission power allocation is assigned to distant uscrs
primarily. Consequently, we can use our proposed technique

to improve the faimess in both near and far user equipments.
Thus, we also consider power allocation in the next section.
The received signal at user equipment transmitted by the BS
can be represented as

Yi=hx+mn (0Y)

Thereby, the superposed coding NOMA signal is
transmitted by the BS where x = VP(ya&yx, +Vapx,), X, is
the signal for far user, x, is the signal for near user, a;and a,
are the power allocation coefficient for the near and far users,
respectively. In principle, the NOMA system will define a;, >
a;owing to channel coefficient. As a result, this paper will denote
a;=y,and @y =(1-y;), Pis the transmit power and
n; denotes AWGN at receiver of the near and far users. Note
that y,is called as the first power allocation in this paper.

We will define NOR and FOR adjustments lo be
considered to determine the SINR of each UEs. Then, it also
allects the efficiency of the system in terms of the achievable
rate. To improve the fairness of the user equipment between
near and far by reducing the difference in achievable rates (or
gap of achievable rate) when considering the overlapping
ratio. From Figure 1, the P-NOMA system is divided into
three systems: R1, R2 and R3, where R1 and R3 are non-
overlapping. There is no interference from FOR and NOR.
Affer that R2 will have partial overlap. At the same time for
both NOR and FOR, there arc some segments incompletely
overlapped. Furthermore, the first power allocation in Figure
3 is y; which will be considered for NOR as well as (1 —y;)
is considered for FOR.

To find the achicvable rate, we can calculate the SINR of
near and far UEs overlap ratios. The a and f. and also set the
conditions for R1, R2 and R3, where the overlapping region is
Rl and R3,0<k<N—|[BN|-1 and0<k <N -|BN] -1
, respectively and the overlapping region is R2, (N — |gN]) <
k< (N+[aN])—1. the SINRycqr ) and the SINRf,. are
the FOR and NOR’s SINR that are taken up from k-th
subcarricrs respectively, without the loss of generality. The N
is the total number of subcarricrs for a uscr. The notation |. Jis
the greatest integer function. The received SINRs of near UE
can be written as:

2 2
|Hnear|* V2Pic/ 01
|Hnearx| v1Px
8|Hnears| (1-11)Pitor?

kisinR1

SINRpearc kisinR2 @

where  H,..x = |d; "(randn(1,N) + li x randn(1,N ))/VZ is

the k-th downlink channel coellicient of near UE. Each
channel coefTicient is modelled by Rayleigh fading with zero
mean and unit variance. The o; is the variance of independent
and identically distributed (i.i.d.) zero mean complex additive
white Gaussian noise (AWGN) of the k-th subcarrier. Also,
the nis called the path loss exponent and P is the total
transmitted power of the -th subcarrier. Note that y, is the
second power allocation to adjust power of near user.

Basically, the achicvable rate in the near user is higher than
that of the far onc. Besides, the conventional NOMA system
is usually emphasized on the first power allocation that leads
to overlap ratio and aims to minizine the gap between near and
far users. Hence, we propose the second power allocation in
near user, which is without overlap ratio between the two
different UEs. Overall, we have developed and improved
power allocations. Thus, the power allocations result in equal
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achicvable rate sum and prevents the gap of achicvable rate
among users.

In this section, we will be illustrating the double power
allocations in respect of the SINR,,.,; and we define it as
¥1.¥2 which are the power allocation coefficients for the
near’sUE, 0 < y;, < 1.InRl,y, isallocated power toR1,
the near’s UE signals without interrupting signals. In R2, as y;
is allocated power to R2, the near user initially performs SIC
due to interference signal from far user before decoding its
own signal [10). We consider the cffect of SIC performance
in (3) using 4, which is an positive integer number (0 or 1).
When the SIC succeeds (6 =0) [11].

Similarly, the received SINRs of far UE can be written as:
2
IH[ar,k| (1 = 71)Pk
2
| Hyar k| 1P + 02
2
[Hrar| Pe/ o

kisinR2
SINRsor i =

kisinR3

Where  Hygps = Jd_;’(randn(l,NH-Iitrandn(l,N))/\/z_ is

the k-th downlink channel cocfficient of far UE. The term
containing the near UE component will be treated as an
interference. The BS has two distinct messages to the far user
and the near user. Consequently, the power allocation factors
for the far and the near user can promote user faimess in which
the higher power is given to the far user and the lower power
to the near user makes up for the SINR loss by the
interference. Note that, we assume Px= P for all £.

From the achievable rate of each UEs in (2) and (3), the
achievable rates for the near and far UES, Ryeqr and Ryqy, are
calculated and can be expressed respectively,

Rpear =4 log, (1 + SINR.or [K]),
ke{R1.RZ]

@

Rar=A logz(1 + SINRyqr K1),
ke|R2,R3]

B. Fairness between UEs’ Achievable Rates

In this section, we will demonstrate P-NOMA system
improvements in terms of cquipment fairness based on near
UE’s overlap ratio (NOR) and far UE’s overlap ratio (FOR) ,
also explain how to improve power allocation in the P-NOMA
system. Finally, we illustrate the results of the achievable rate
of cach UEs.

First of all, we investigate the sum of the achievable rate,
which identify the differences in the sum of achievable rate
between near UE and far UE. if the gap of achievable rate is
reduced or very slight. There will be highlighted as [aimess.
The sum of the achievable rate and gap of achievable
rale, Ry, and Ryqy, are calculated as follows, respectively,

Rsum = Rnear + Ryar ®)
Rgap == IRnear - R[ﬂrl

The declaration of parameters values are followed by N
which is the number of sub-carriers. That number is equal to
512, the tone space A is 15kHz and the total transmitted SNR
per subcarrier is 10 dB. The first power allocation coefficient,
0<y; <1, is obtained by the fractional transmitted power
allocation scheme [12]. In the beginning, SIC threshold is 0

dB as our assumption. The location between the near and far
UE is double distances which is accounted for 1:2, and n is
called the path loss exponent. Typically, we setn=4. The
below Table I shows variable values.

TABLEI
SIMULATION PARAMETERS
‘. Parameter Values
‘ Distance between the near and far UE 12
Number of subcarriers, N ' 512
Subcarrier offset, A . 15 kHz
transmit power, P H 10dB
Path loss exponent, n 4
Channel model | Rayleigh fading
Power allocations, y,,y, 0<y,r,<1
SIC succeeds 0
The far UE’s overlap ratio (FOR) 0<a
The near UE’s uvcrla;p ratio (NOR) [3;1

The result shown in Figure 3 shows the achievable rate of
UE according to NOR and FOR. The NOR is in a fixed
position and the FOR position is changed or increased. The
result of the sum rate is the same, when NOR is added. In
addition, the resulting sum rate increases as the achievable rate
remains stable and the NOR is raised.

10°
32%

Sum Achievable Rate [bps]

Achievable Rate Gap [bps]
°

Fig. 4 The difference of achievable rate in each UEs.
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Figurc 4 illustrate the gap of achicvable ratc of Each UEs.
The user fairness will be highlighted overlap ratio. If the gap
of achievable rate decreases, it effects to a better quality of
user. From the figure, the NOR is minimal. As the FOR
increases, there is the smallest gap of achicvable rate.

IV.  SIMULATION RESULTS

In this section, we present an analysis gap of achievable
rate in the P-NOMA system. The results demonstrate that the
achicvable ratc sum is cquivalent between the near and far
uscers.
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Fig. 5 The achievable rate of near and far UES in conditions for
three regions.

Figurc 5. shows the difference of achievable rate in cach
UEs under the conditions of the system (R1, R2, and R3). Tt is
noticeable that near and far users in R2 have the same
achicvable rate. This is because the first power allocation pays
a successful role on R2. However, the rate of near user in R1
is always higher (han far user. Therefore, we need the second
power allocation o make this gap be zero.

We explore (he second power allocation parameters and
methods for calculating the achicvable rate and gap of
achievable rate for each UEs, The improvement of the second
power allocation is considered in R1.

x107

Achievable Rate of Each UEs [bps]

gb—o
0 01 02 03 04 05 067 08 09 1

power allocation
Tig. 6 The achievable rate of near and far UTs in the proposed
double power allocations.

The analyzing results arc shown in Figurc 6. It may be
considered that when we adjust the second power allocation
inregion | by finding the optimal value of the second power
allocation, y, =0.1, NOR=0 and FOR=0.1. The interscction
between Rypqp and Ry, is the best value to the guarantee
fairness with zero gap.

V. CONCLUSION

In this paper, we have proposed the partial non-orthogonal
multiple access (P-NOMA) system (0 conduct (he improving
of double power allocations to support user fairness by
introducing the effective method to allocate power. As a
resul, the power allocations affect (he sum achievable rate.
Likewise, we have repaired the power allocation of the near
UEs signals, which is without interference. It is noticeable that
{he achicvable rate between the near ever though the far user
has introduced an increase in the overlap ratio. Furthermore,
we insist that this approach makes a neutral result between
user equipments.
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