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TOM TAT

Pa truy nhap phi tryc giao (NOMA: Non-orthogonal Multiple Access) la mét trong nhiing ky thuat
day tiém nang cho mang di dong thé hé thi 5. Ky thuat nay c6 thé két hop vai cac ky thuat khéc
nhu ghép kénh phan chia tan sé truc giao (OFDM: Orthogonal Frequency Division Multiplexing),
va hé théng nhiéu anten phat nhiéu anten thu (MIMO: Multiple Input Multiple Output). Trong hé
théng NOMA dudng xudng, tin hiéu t&r nhiéu ngudi dung dugc truyén chéng lén nhau trong mién
thai gian va tan s6. Nha vay, hé théng NOMA co6 théng lugng 16n hon cac hé théng da truy cap
truc giao. C6 nhiéu phuong phap tach tin hiéu trong hé théng NOMA. Phuong phép triét nhiéu
ndi tiép (SIC: Successive Interference Cancellation) dugc st dung phd bién dé tach tin hiéu mong
mudén & dau thu. Phuong phap nay cé cac dang nhu SIC ly tudng, SIC muc ky hiéu, va SIC muc
t&r ma. Cac nghién clu trudc chi ra rang phuong phép ty sé log-likelihood (LLR) cé hiéu nang dat
dén SIC ly tuang dugc st dung & dau thu. Trong bai bao nay, ching téi xdy dung cong thiic xac
dinh ti lé 16i bit cho hé théng NOMA dudng xudng vdéi 2 ngudi dung (UE: User Equipment) strdung
dau thu LLR. Nghién ctru nay xem xét trong diéu kién kénh truyén c6 phan phé Rayleigh va nhiéu
Gaussian. Biéu thic dé xuat & dang timg minh cho trudng hgp ting ngudi dung si dung phuong
phap diéu bién QPSK (Quadrature Phase Shift Keying). K&t qua mé phong cho thédy hiéu ndng clia
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hé théng phiu hop véi cong thic dé xuat.

Tukhoa: da truy nhap phi truc giao, hiéu nang, mang di dong thé hé thi 5, Log-Likelihood

GIGI THIEU

Mang thong tin di dong thé hé thi nam (5G) c6 nhiéu
uu diém nhu hd trg két néi véi téc do cao, stt dung
hiéu qué nguoén tai nguyén vo tuyén, va thiét 1ap da
két ndi dé€ dap Ging nhu ciu ngdy cang phat trién manh
ctia cac thiét bi di dong. Pa truy nhap phi truc giao
(NOMA) nhén dugc nhiéu sy cht y cho mang di dong
thé hé thd nidm, do kha nang phuc vu nhiéu ngusi
dung trén cung mién thoi gian va tan s6. So véi hé
théng da truy nhép truc giao OMA (Orthogonal Mul-
tiple Access), NOMA dat dugc su t6i uu hon vé kha
ning st dung hiéu qua bang thong hé théng!. Vé co
ban, NOMA dugc phan chia thanh hai loai: NOMA
mién ma va NOMA mién ning lugng. Yuan va cac
cong sy da dua ra hé th6ng NOMA v6i ma kiém
tra chdn 1&é méat do thdp (LDPC: Low Density Par-
ity Check) . Déng thdi, cic téc gia da khao sit hiéu
néang ctia hé théng gébm 2 UE tai dau thu véi phuong
phép tach tin hiéu dung cac phién ban khéc nhau ctia
SIC. Ngoai ra NOMA mién ma con c6 cac phuong
phép khéac nhu da truy cdp ma hoéa Trellis (TCMA:
Trellis Coded Multiple Access), da truy cip phén chia
theo miu (PDMA: Pattern Division Multiple Access),
hay da truy cap ma héa thua (SCMA - Sparse Code

Multiple Access)®. D&i véi NOMA mién nédng lugng,
Ding va cong su da khao sat hé thong NOMA két hop
v6i MIMO va mang v6 tuyén nhan thiic va ching to
dugc hé thong NOMA c6 thong lugng vugt troi so véi
OMA (Othorgonal Multiple Access) . Trong NOMA
mién nang lugng, cac ngudi dung UE cling st dung
khdi tai nguyén tan s va thoi gian. Su phan biét gitia
UE thong qua muc cong suat phan bé.

NOMA da dugc dua vao 3 GPP trong LTE Release 13
vao thang 10 nim 2015°. Mét phién ban cia NOMA
la truyén dan da ngudi dung chong 1én nhau (MUST:
Multi-user Superposition Transmission). V&i MUST,
cac tram goc (BS: Base Station) thuc hién diéu ché va
phan chia theo tan s6 tryc giao (OFDM: Orthogonal
Frequency Division Multiplexing). Mdc du, phé tin
ctia cac UE chéng 1én nhau trén mién thoi gian va tin
s6, nhung cac UE c6 thé€ tach tin hiéu mong muén
dua trén sy phan b6 cac muic cong suét khac nhau cho
moi tin hiéu OFDM. Ky thuidt NOMA c6 thé ting dung
trong mang hop tac®.

huong phdp SIC dugc st dung khd phé bién dé
tach tin hiéu trong hé théng NOMA dudng xuéng”.
Nguyén ly co ban cua SIC 1a dau thu gidi ma tin hiéu
ctia cac UE khéc véi miic cong sudt 1én hon muic cong

Trich dan bai bao nay: Hai N T, Nghia N T C, Khoa D L. Hiéu nang duéng xuéng trong hé théng da truy
nhap phi truc giao st dung ty sé Log-Likelihood. Sci. Tech. Dev. J. - Nat. Sci.; 4(3):621-632.
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sudt tin hiéu mong muén. Sau d9, tién hanh loai bo tin
hiéu ctia cdc UE khdc, két qua cta tién trinh SIC la tin
hiéu cin nhén bi cdng v6i nhiéu ti cac tin hiéu ctia UE
v6i cong sudt thap hon®. Tuy nhién, néu c6 qué nhiéu
ngudi dung chia sé trén moét khdi tai nguyén, diéu dé
hét tit ca UE con lai d€ dat tin hiéu mong muén. Vi
vay, viéc phan chia nhém ngudi diing cting chia sé tai
nguyén la can thiét. Khi do, cac UE trong mdt 6 dugc
phén chia thanh céc nhém nhd, va mdi nhém khai
thdc mot tap séng mang con riéng biét nhu Hinh 1.
Alli va cong sy da dua ra phuong phdp phan nhém
nguoi dung dong dya trén su bat cip gita UE c6 do
lgi kénh cao v6i UE c6 d6 lgi kénh thip va dé xuit
phuong phap phan bé cong suit cho cic nhém ngudi
diing nay®. Ngoai ra, mot phuong phép phan nhém
ngudi dung khac béng thuét toan K-means ciing dugc
dé cap béi Jingjing Cui va cong su '°.

LTI

Bang thong

Hinh 1: NOMA st dung da séng mang

Phuong phéap khéc thay thé cho SIC 1a ky thuat LLR
(Log-likelihood Ratio). Ky thuat nay cho chat lugng
dat dén SIC Iy tudng trong hé théng NOMA '!. Hiéu
nédng st dung phuong phép LLR da dugc phan tich
trong hé théng don va da anten'?. Chét lugng ctia
hé théng NOMA trong chon ngudi dung ngau nhién
da dugc phan tich 3. Trong bai bao nay, ching t6i
x4y dung cdng thiic danh gia hiéu nang cho hé thong
NOMA dudng xuéng gobm 2 nguidi dung st dung ty s6
LLR cho hé thong NOMA duong xudng gém 2 ngudi
dung véi gid dinh kénh truyén theo phan b6 Rayleigh.
Tram phat ma héa di liéu dya trén MUST !4,

Phan con lai ctia bai bdo nay sé trinh bay nhu sau:
phén 2 trinh bay co s 1y thuyét gom mé hinh hé théng
NOMA va cong sudt phan b cho hé th6ng NOMA 2
ngudi dung d€ téng thong lugng dat cuc dai. Phan 3

622

trinh bay hé thong NOMA st dung ky thuat LLR va
phén 413 ddnh gid hiéu nang ctia hé théng véi dau thu
sti dung LLR. Phén 51a két qua mo6 phong va thao luan
va phén cudi cting la két luan.

81°82

7

Hinh 2: Hé théng NOMA dudng xuéng 2 UE

PHUONG PHAP

Mé hinh hé théng

Trong hé théng NOMA dudng xudng, tin hiéu cho
nhiéu ngudi dung dugc ghép mot cach phi tryc giao
trén mién néing lugng. Céc tin hiéu dugc phén biét
bdi cong sudt phan b6 cho mbi ddu thu. Pau thu dugc
thiét ké dua trén phuong phap SIC d€ tach tin hiéu
mong mudn’.

Hinh 2 la hé théng NOMA duéng xudéng gom 2 UE
véi don anten phat va don anten ¢ méi ddu thu. Trong
d6, UE2 & xa tram phit so v&i UE1 duge phan b6 cong
sudt tuong ung la Py va P. Tin hiéu truyén & tram
phat ctia 2 UE 14n lugt s; va sp. Tin hiéu truyén tai
tram phét s dugc viét:

s=VPis1+Vhs, M

Vi E[lls1]*] =E [lls2]*] = 1. L] laky vongva ||
la chudn bac 2. Xét kénh truyén Rayleigh, dép ting
kénh truyén cho UEI va UE2 tuong ting la h;

va hy, d6 lgi kénh trung binh tuong tng la g; =
E (/] va g = E[lIha?]. Goi aVF! va aV*2
tuong tng la khodng cach ti tram phat dén UE1 va
UE2. Vi khoang cach tii UE1 dén tram gan hon so
v6i UE2, nén g1 > g».

Phuong trinh tin hiéu tai dau thu UEL:

y1 =hyxs+mn

2
=h1*\/fTIS1+h1*\/P252+n1 @
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v6i * 1a tdng nhéin chap. Tai dau thu UE2:

y2 =hy*xs+mny

3
=hyx/Pis;+hyx/Prsy+mp )

Nhiéu tdc dong 1én mbi tin hiéu thu la nhiéu Gauss
phtic ¢6 tri trung binh bing 0 va phuong sai nhiéu la
02, v6i i la chi s6 UE thi n; ~ CN (0,62). Tai phia
thu, UE2 giai diéu ché tryc tiép tin hiéu nhan dugc
va xem tin hiéu ctia UE1 1a nhiéu. Dai véi UEL, SIC
dugc ap dung dé€ loai bo tin hiéu UE2 trudce khi giai

diéu ché tin hiéu mong mudn.

T6i wu théng lugng cho hé théng NOMA

Gié stt dau thu gan tram st dung SIC d€ loai bo hoan
toan nhiéu tit cdc UE xa tram. Tl phuong trinh (2)
va (3), ty s6 tin hiéu trén nhiéu va can nhiéu SINR tai
UE1 va UE2 tuong ung:

Pig
SINR| = 4
= NowB (4)
Prg
SINRy = ———=—— 5
2 Pig1 +NowB ®)

vGi Ny 1a mét do cong sudt nhiéu, o 13 s6 khéi ngudn
cdp cho hé thong (xét trong hé thong LTE/LTE A), va
B la bang thong mot khéi ngudn. Thong lugng clia

UE1, va UE2:
Pigy
R{ = wBI 1 6
1 032( +N0wB (6)
Pg
R>» = wBlo 1+ ——== 7
? gz( Pigo +No(03) @

Bai todn cuc dai téng thong lugng dudng xudng dugc
dinh nghia®:

arg max :
P, P
Pig1
P;, P,) = 0Bl 1 (8)
f (P, P) ng( +N0a)B)
Pg
+wBlo 1+ —
gg( Prg +Now3)
véi diéu kién:
Cl: P +P<P, 9
Pigi
C2: wBl 1 >R 10
Og2< +N()(DB>_ 1 ( )

Pg

5 | =R, (11)
Pigo +NowB

®Blog, (1 +

Pgi Pig
- > Pth
NowB NowB

(12)

C1 la diéu kién vé quy cong suit dudng xudng sao cho
téng cong sudt truyén cho 2 UE nho hon hodc béng
cdng sudt truyén F;. C2 va C3 la diéu kién dam bao
muic thong lugng toi thifu Ry va R, ctia mdi UE. C4
la diéu kién d€ UEL1 c6 thé duing SIC loai bo nhiéu tu
UE2, v6i Py, la sy khac biét cong sudt t6i thiu can
thiét d€ phan biét tin hiéu ctia UE1 va UE2. St dung
diéu kién KKT (Karush Kuhn Tucker) cho bai toan
cyc dai thong lugng nhu trén, muc cong suit t6i uu
tim dugc nhu sau?:

p_ b o1
=
2] (230}
plile=l) ole-1) (13)
(%) (%47
Py — (¢~ 1)®>0
(P,=P)ri =P >0
Vdi@i:%Véﬁ:%.
Hodc:
g b P
2 2’)/1
p_ b Fn
T2y (14

Pyn—(gp—-1)o>0
Py — (o1 —1)(Pp+0)>0

Trong phan tiép theo, mic cong suit t6i uu sé dugc ap
dung trong thiét k& dau phat va thu st dung ki thuét
Log Likelihood Ratio (LLR).

Hé théng noma su dung lir

Phuong phdp truyén tin hiéu cho phia phdt
Xét hé thong dudng xudéng nhu Hinh 2, cong suit
t6i wu phan bé dudng xuéng cho UEL, UE2 tuong
ung la Py va P, (P> Pp) dugc xac dinh trong (13)
hodc (14). Goi di = (VP —P) /V2, va dy =
(v/P,++/P() /v2, phuong phdp ghép tin hiéu tai
dau phét dugc dua ra trong 3GPP 1a MUST loai 1 nhu
Hinh 3°. Trong phucong phdp diéu ché nay, tin hiéu
ti cac UE dugc xu ly doc 1ap theo thu ty: diéu ché
QPSK, phéan bd cong sudt va téng hop tin hiéu. Tuy
nhién, sau khi ghép hai luéng dii liéu QPSK, su phin
bé cac diém tin hiéu trén gian d6 16QAM khong tuan
theo mé Gray. Diéu d6 c6 nghia, hai diém tin hiéu lién
ké nhau khac nhau 2 bit. 3GPP ciing dua ra mét dang
ghép khac d€ ddm béo sy phan bd cic diém trén gian
d6 tuan theo mi Gray, va goi 1a MUST loai 2°. Véi
phuong thiic truyén nay, cdc bit dii liéu khéc nhau cta
cac UE dugc ghép chung vao motky tu truyén dan. Sy

623



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu nhién, 4(3):621-632

phén b6 cdc diém trén gidn d6 dugc xdc dinh bdi s6
bit trén mot ky tu va cong sudt phan bé cho cac UE.
Trong hé théng NOMA dudng xudéng gébm 2 UE, néu
sti dung QPSK, hai bit mdi UE dugc ghép chung trong
mot ky hiéu tao thanh chom sao c¢6 dang 16QAM va
tuan theo ma Gray nhu Hinh 4. So d6 khéi thuc hién
tai ddu phat nhu Hinh 5.

Nguyén ly chinh la dya trén ky thuat ghép kénh phan
chia theo tin s6 truc giao OFDM gdm chuyén d6i tu
ndi ti€p sang song song (S/P: Serial to Parallel), bién
déi Fourier roi rac ddo (IFFT: Inverse fast Fourier
transform), chuyén néi tiép sang song song (P/S: Par-
allel to Serial), va thém tién t6 vong (CP: cyclic prefix).
Céc ky hiéu ti cdc UE sé ghép chung véi nhau va duge
anh xa lén gian d6 chom sao theo ma Gray tuong ting.

Nguyén ly tdch tin hiéu tai dau thu

Viéc tach tin hiéu dugc thuyc hién tai méi dau thu
thong qua phuong phép ty s6 Log Likelihood Ratio
(LLR) nhu Hinh 6

Trong OFDM, viéc chén CP nhdm tranh nhiéu lién ky
hiéu do hiéu ting da dudng ma khong lam mét truc
giao gilia cdc song mang con. Hon niia, tich chap
tuyén tinh ctia tin hiéu x vé6i dép ting kénh truyén h;
dugc chuyén thanh tich chép vong déi véi phén tin
hiéu. Diéu d6 cho phép cic miu ky hiéu thu k tai
ngudi dung thid i nhan duge Yy (k =0 — (Nppr — 1)
va (i = 1,2) sau khi qua bo FFT dugc biéu dién '*:

Yy = HyxSk + Nik, (15)

v6i Hy, 1a dép ting kénh ¢ mién tin s6 va Ny 1a nhiéu
Gauss clia ngudi dung thi 7 tdn s6 thd k. Xét kénh
truyén Rayleigh da duong véi L tap c6 dap ting kénh
hi = {hio,h“,...,h,-@,l)}.

Viétlai (15) cho vector ky hiéu sau khi FFT tai dau thu
ctia mdi UE:

Y, =H;S+N; (16)

Phuong trinh (16) tuong duong & mién tin s6 ctia (2)
va (3), v6i S 1a vector truyén gom céc ky hiéu Sy =
VP S1i + VPaSo. Si 1a mot diém trén gidn d6 chom
sao theo MUST 2.

Gia st kénh Rayleigh da duong véi Hy ~
N (0E[IHIP]) dx G = B[] va
nhiéu Gauss tic dong 1én tin hiéu cta hai UE
N ~ CN (0, Np), dua vao gidn d6 chom sao trong
Hinh 4, ty s6 LLR dugc dinh nghia cho méi bit
b1,by,b3 va by tai song mang thi k va ngudsi dung
thi i nhu sau:

(17)

Pr{b,, = 1|Yy,H;
LLR(bm)ZIOg( I‘{ m ‘ ik lk}>

Pr{bm = O‘Yileik}

624

voi Pr{.} 12 x4c xudt c6 diéu kién. Néu LLR(b,,) >0
suy ra by, = 1, ngugc lai LLR (b)) < O suy ra by, = 0.
Goi S}, va 89 1a céc tap céc ky tu, trong d6 bit thi m
tuong Ung la bit “1” va bit “0” S va Sg la mot di€m
sao thudc tap tuong ting 1a S}, va 8% . Phuong trinh
(17) dugc viét lai:

Y. Pr{SalYi Hi}
S €S},

Y. Pr{SglYu,Hy}
SﬁESﬂl

LLR (b,;) = log

(18)

Ap dung dinh Iy Bayes, phuong trinh trén dugc viét
lai:

Y Pr{Yy|Sa,Hi}

SqES!
LLR (by,) = log = (19)
" Y Pr{¥ulSp, Hy }
S/;ESSK
Taco'>:
Pr{Yi|Sk, Hix }
1 (20)

1 2
= exp| —— ||Vu — HyS,
/TNy exp( No H ik ik kH )

Ty s6 LLR cho bit b, dugc viét lai:

1
Zlexp{—ﬁoum—mwauz}

LLR (by) = log | 245 -
2
—— |lyy —H.S
sEsf;eXp{ g 1= HaSl| }

Duia vao phuong trinh xdp xi dugc d€ xuét bgi Viterbi
(1998) 1° nhu sau:

log (¥ exp(&r)) ~ max(&) (22)

Phuong trinh (21) viét lai:
. 1 2
LLR (by) = — min | — ||Yix — HyS«l|
Saes), \No

. 1 2
i (5 v )

(23)

Do chi xét ddu ctia LLR (byy,),

LLR (by) = — min, (I1a—sg]I7)
pen ) (24)
+ min (112~ Sal )
S« €S,

v6i Zy = % =S + Z—ii = Six + Nix. Phuong trinh
(24) dugc xac dinh ty s6 LLR clia cac bit b, trong mot
ky ty tuong ting v6i diém sao ky hiéu Z; nhéin dugc
tai mobi dau thu. Bang cch so sanh v6i ngudng 0 cho
mbi gid tri LLR, ta c6 thé xac dinh gid tri bit bang 0
hodc 1.
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1010
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1011
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2 bit khac nhau

0111
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Hinh 3: Diéu ché theo MUST loai 1

Hiéu nang hé th6ng noma sir dung LLR
DPdnh gid hiéu nédng ngui diing & xa tram géc
UE2

Hai bit ctia UE2 dugc ghép vao mét ky tu truyén dan
la by va by. Xdac sudt 16i bit cia UE2 dugc xdc dinh
thong qua xac sudt 16i bit thu nhét va thu 2 tuong ting
la Py, va Py, ctia chom sao:

1
PUE2=3 (Py, +Ps,) (25)

« Tinh xdc sudt 16i bit P,

Dya vao gian d6 chom sao, goi S| va Sg la thanh phan
dong pha va vuong pha ctia bit thi 1, ngudi dung thua
2 va séng mang thu k:

b] =1 khi Sl = 7d1 hOéC S] = 7d2,

bl =0khiS1 =d1 hOéCSl =d2,

vaPr{S| =+d|} =Pr{S, = +tdr} = §.

Py =+ (M= s 26)
1 4 JrPb]\S]:dl

Py, |5,=—dy
. Tinh Pb]‘slf d

Py is,=—a, = Pr{LLR(b1) <0|S; = —di, Ha} (27)
Tu phuong trinh (24):
. 2
LLR (b1) = — min, (|[Si— S +Noe] )
Spest (28)

+ min, (185~ S+ Nl )

[ASA
Siks Sa, s v Noy 1a céc gid tri phdc. Gid sti ton tai St
v6i Siy € St va SZ; véi SE € 8Y sao cho khoang cich
Ses S;} dén S;; + Noi 1a nho nhdt. Khi d6, dva vao
chom sao ¢ Hinh 4, ta c6 SEQ = S’&Q. Phuong trinh
(28) dugc viét lai cho cac thanh phin dong pha I va
vudng pha Q:

LLR (by)
2
= (H(S]—SEI-FNQH) +J (SQ—SEQ-i-NQkQ)H )
2
|15 S5+ Nawr) + 5 (S0 — St + Naxo) |
= (S5 = St ) (Sps+ 2 — 251 =2V

véi S:;I = {7d1, 7d2} va SEI = {dl, dz}. Xét lan
luot trudng hop ctia S, va S}; cung v6i Sy = —d;. Tu
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Hinh 5: M6 hinh dau phat ctia hé th6ng NOMA 2 ngudi dung
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Yk Y Zk Bit 1
Téch —p_
] 1 [ Pilot [ . [
vy | Tach loai tat
= N P —FFT—> Y > hang —> PIS
e Zero =
- kénh
Lyl Ly va >
DC
— Bit 2

Hinh 6: So d6 tach tin hiéu dua trén LLR

(27) va (29), gidi LLR (b) < 0, diéu kién cta nhiéu
khi nhan sai bit khi:

Nogg > dy (30)
Khi dé, Pb] ‘Sl =—d; dli()’C viét 1a1
Py |5,=—a, = Pr{Nog; >di} (31)

_ Noe | Ho 2 thid
Noyy = Re{ sz} = 3,11, Ny Theo gia thiét

Ny ~ CN(0,Np), nhiéu trén truc d6ng pha la Nygy ~

N (0,%). Do dé, nhiéu Ia Ny ~ N (0, o %) v

ham mat do l1a

_ [[Hall no\?
szkz(”)—WeXp (Iszllz(\/ﬁJ )

Phuong trinh (31) dugc khai trién nhu sau:

Pr(Nogg > d1) = [ fivy, (n)dn
2d3 || o |* (32)
No

véi Q(.) la ham Q. Tu giai thiét Hy ~
N (0.E[[[HulP]). va dit Go = E[lHalP]

1a d6 lgi kénh trung binh ctia UE2, ||Ha||? tuan theo
phéan bé kénh Rayleigh, ham mat d6 xdc sut 1a

1 1
fHszllz(x) = G—zexp (—G—zx)

Xéc sudt Py, |5, — g, dugc viét:

1
[2d?x\ 1 —72%
Poe_ = [t TR G gy (33)
bl‘sl—*dl fO Q NO Gze X

Dua trén x4p xi cho viéc tinh tich phan trén cho
oy Q (\ / ﬁMx> trong '°, v6i oy 12 56 diém 1an cin gin
nhit trong chom sao, va g, la hang s6 lién quan dén

khoang cach t6i ti€u t6i ning lugng trung binh ctia ky
hiéu, ti 1 16i bit dugc x4c dinh:

1 G1d? /N,
Phl‘S]:*dl ~o|1- 2%/20 (34
2 1+Gody /Ny

Mot cich tinh tuong tu cho Py, S1=—dy- TH (29), véi
St =1{-di, —d2} va SE/ = {dy, d»}. Xét lan lugt
truong hgp ctia Sj,; va 52‘31 cung voi Sy = —d,. Tilé
16i bit cho trudng hgp nay nhu sau:

Py (s=—a, = Pr{Noyy > da}

N 1 | sz%/No (35)
T2 14+ G2d2 /Ny

Dua trén tinh d6i xting cta gian d6 chom sao gitia
cac tép diém véi §; = dyvaS;=—d, S;=dy va
S; = —d». Ta xéc dinh duoc By isi=d, = Py, |5,=—dy>
va b, IS1=d> = Bp,|51=—d>-

Tt phuong trinh (26), xac sudt 161 bit thit 1:

Py =~
T, Gudi /Ny | Gadi /Ny (36)
4 1+Gpd? /Ny 1+Gpd2 /Ny
Dbong thai, gian d6 chom sao Hinh 4 cho thay P, =
Py, . Xac sudt 16i bit ctia UE2:

1
PUE2= 3 (Py, +Pp,)

1 Grd? [Ny Grd2 /Ny (37)
T4\ 1+Gd2/Ny  \ 1+ Gad3 /Ny

Hiéu nang ngudi ding & gan tram géc UE1

Hai bit tin hiéu cta UE1 dugc ghép vao mot ky tu
truyén dan 1a b3 va by. Xéc suét 16i bit ctia UE1 dugc
xac dinh:

P_UE1 = = (Py, +PBy,) (38)

SR
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Goi Sy 1a thanh phin dong pha cta bit thd 3, ngudsi
dung thit 1 va séng mang thi k, xac suét 10i cta bit
bs:

By, = 1 [ Misi=—  Phisi=—a; (39)
P4 +Pb3\51:d| +Pb3|51:dz
véi céc xuat 16i dugc khai trién nhu sau:
Pb3|S|:*d| = Pb3|S| =d, (40)
=Pr{LLR (b3) > 0|S; = —d;|H; }
Pos|si=—da» = Foy|s1=a> (41)

=Pr{LLR (b3) < 0|S; = —d»|H; }

Tuong tu cho viéc khai trién LLR (b3 ) nhu (29) va gii
cdc bat phuong trinh trong (40) va (41):

Pb3|51:*d1 = Pb3|51:d1
dr, —d,

3d) +d
:Pr{N1k1> Rl 2}

Pr< Ny >
}+r{ 1kl >

Byyis1=—d> = Bpy|s1=d>

dr—d dy +3d. 43
:pr{ 2—di <Nl,<g}. (43)
2
Tuong ty UE2, ham mat d0 ctia Ny
([ of n )
= —||H
lekl(n) \/Wexp H lk” \/]70 5
xac suat 16i bit b3 dugc xac dinh:
1 G (dy —d1)* /Ny
P;,3 = 7(1 — 5
2 4+ Gy (dr—d1)” /Ng
1] Gi(3di+dy)* N (44)

2\ 4461 (31 + ) /Ny
1 \/ G (di +3d)* /No
2\ 4+ G (dy +3d2)* /Ny

Gian d6 chom sao Hinh 4 cho thdy P,, = P, . Xac suat
16i bit ctia UEL la:

(1_\/ Gi(dy—d)* /N
44 Gy (dy—d1)* /No
1 ¢ Gi (3d +d2)* /Ny

2\ 4+ Gy (3d, +d>)? /Ny

1 | Gi(di+3dr)* /Ny

3 2
2V 44+ Gy (dy+3d>)" /No

P UEl=

| =

(45)
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KET QUA VA THAO LUAN

Théng s6 mé phong

Tham s6 mé phong cta bai viét dua trén chudn
LTE/LTE Advance !’ nhu Bang 1. UEI gin tram phat
c6 d¢ lgi kénh trung binh cao hon so véi UE2. Mat
d6 cong sudt nhidu AWGN khéitao1a 1,15 x 1074W.
Thong lugng gii han cho phép R; = Ry = 100 Kbps.
Gidi han cong sudt cho dau thu SIC1a B,; = 10 dBM.
Mo phong sti dung phuong phdp Monte Carlo trén
phin mém Matlab.

Tham s6 md phéng trinh bay trong Bang 1 d€ mo
phong kiém tra viéc cong sudt tdi vu d€ thong lugng
hé thong dat cuc dai va danh gid hiéu ning ctia hé
thdng thong qua ty 1€ 16i bit BER.

Bang 1: Tham sé mé phéng

Thong s Gia tri

T6ng bing thong hé thong, B 21 MHz

$6 khdi nguon kha dung, @ 1

T6ng cong suét dudng xudng, P 40W

Ngudng hoat dong ctia dau thu 10 dBm

SIC, Py,

Ngudng dudi cta thong lugng, 100 Kbps

R =R

Mat d¢ cong suéit nhiéu Ny 1,15x10°4 W

1,15x1076 W

dYEl =100 m

Khoang céch tii UEI va UE2 dén
dVE2 =200 m

tram phat tuong ting la

Miic cong sudt phan b tdi uu

Bang viéc tinh todn ly thuyét thong qua (14), mic
cong sudt t6i uu cho hé thongla Py =8 Wva P, =32
W. Ttic 13, hé s6 phan bg cong suit cho UE1 va UE2
1a (P, Py) = (0,2;0,8). Kiém chiing trén m6 phong
nhu Hinh 7 bing cach khao sat cong suft Py tit 0
W dén 40 W, mtic phan b cong sut t6i vu dat dugc
tai P; = 8 W nhu ly thuyét va thoa man 2 diéu kién
nghiém trong (14) (Condition-1 va Condition-2 nhu
hinh vé). Déng thoi thong lugng ctia UEL bing UE2
va dugc xem nhu diém cin bing ctia hé théng. Khi
giam Ny dén Ny = 1,15 x 107% W, thong lugng tai
vi tri can bang cho ca 2 UE tang dén Ry = Ry = 8,07
Mbps nhu Hinh 8 va miic cong suét phan b cho UEL
van dat dugc P, = 8 W.

Hiéu ning hé théng NOMA duéng xuéng st
dung LLR

Duya trén muic cong sudt t6i uu dat dugc & trén véi hé
s6 cong sudt phan bé (P, Py) = (0,2, 0,8), hiéu ning



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu nhién, 4(3):621-632

N 5
g 10 : . 0.02
—8— Throughput-UE1
—%¥— Throughput-UE2 |
—-—-Thres-Rate 40'01 e
4 —A— Condition-SIC
g — Ptol 0.01
= —<&4— Condition-1
L3t —b— Condition-2
5
a
e
U) -
2
=
|_

e . =%-0.02
0 10 20 30 40
P, (W)
Hinh 7: Muic cong suat t3i uu phan bé clia UET véi Ng=1,15x10* W
107
3 x10 . . 12
—8— Throughput-UE1
4 —%— Throughput-UE2 11 &
25 —-—- Thres-Rate '
—A— Condition-SIC 1
N —Ptol
2 27 —<&4— Condition-1
<} —b— Condition-2 0.5
"é- — — zero
= 1.59 ()
o
S
o -0.5
£ 1 :
= ‘@ Vitri can bang
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Hinh 8: Mtic cong suét t3i uu phan bé clia UET véi Ng=1,15x10"° W

Threshold

Threshold
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100 T T T

—+— Simulation UE1 (0.2; 0.8)
— % - Simulation UE2 (0.2; 0.8)
—<— Simulation UE1 (0.4; 0.6)
— > - Simulation UE2 (0.4; 0.6)

3L
" . —&— Simulation UE1 (0.1;0.9)
=% - Simulation UE2 (0.1; 0.9)
O TheoryUE1
O Theory UE2
10.4 1 1 1 1
0 5 10 15 20 25 30 35
Eb/No (dB)

Hinh 9: Két qua BER Iy thuyét va mé phéng cho UE1 va UE2 vdi hé s6 phan bé cong suét

ctia hé théng dugc danh gid thong qua ty 18161 bit BER
tai dau thu ctia moéi UE st dung phuong phap LLR dé
tach tin hiéu tuong ting. Kénh truyén Rayleigh véi
dap tng kénh truyén gom 10 tap. Ty 1é 16i bit BER
dugc khao sat theo E;, /Ny = [0:5:35] dB.

Két qua trong Hinh 9 cho thdy, d4u thu dung phuong
phap LLR d€ tach tin hiéu cho ty 1¢ 16i BER triing véi
ly thuyét dugc tim trong [35, 45]. Nhu két qua trong
Hinh 9, ty 1¢ 16i BER cta UEI va UE2 tuong tng la
4x10~% va 9x10~* tai Ej,/Np 1a 35 dB. Trudng hop
(0,1, 0,9), UE2 cho hiéu nang t5t hon so v6i UEL do
nhan dugc nhiéu cong sudt hon gid tri t6i wu, mic
chénh léch khoang 2 dB. Ngugc lai, khi giam mtic
cong sudt phan b cho UE2 dén 0,6, ty 1¢ 16i BER cua
UE2 cao hon UE1 khoéang 12,5 dB.

KET LUAN

Bai bdo dé xuit hai cong thiic 16i bit BER trong hé
thong NOMA ¢6 hai UE véi gia dinh kénh truyén
Rayleigh. Hai phuong trinh dugc kiém chiing két qua
thong qua mo6 phong. Trong hé thong NOMA, viéc
phén bé cong sudt cho tiing ngudi dung cdn dugc xem
xét d€ ddm bdo hiéu nidng ctia hé thong dugc can bang
gitia cac UE. Nghién ctiu nay dang dugc xem xét cho
truong hop c6 nhiéu ngudi dung hon.
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LO1 CAM ON

Nghién ctiu dugc tai trg béi Pai hoc Qudc gia Thanh
phé H6 Chi Minh (PHQG-HCM) trong khuén khé
Dé tai ma s6 C2019-18-32.

DANH MUC CAC TU VIET TAT

3GPP: Third Generation Partnership Project
5G: thé hé thi nam

BER: Bit Error Rate

BS: Base Station

CP: cyclic prefix

IFFT: Inverse fast Fourier transform

KKT: Karush Kuhn Tucker

LDPC: Low Density Parity Check

LLR: ty s6 log-likelihood

MUST: Multi-user Superposition Transmission
NOMA: Non-orthogonal Multiple Access
OFDM: Orthogonal Frequency Division Multiplex-
ing

OMA: Orthogonal Multiple Access

P/S: Parallel to Serial

PDMA: Pattern Division Multiple Access
QAM: Quadrature amplitude modulation
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QPSK: Quadrature phase-shift keying
S/P: Serial to Parallel

SCMA: Sparse Code Multiple Access
SIC: Successive Interference Cancellation
TCMA: Trellis Coded Multiple Access
UE: User Equipment

XUNG POT LOIiCH

Nhom tdc gid cam két khong mau thuin quyén lgi va
nghia vy ctia cac thanh vién.

PONG GOP CUA TAC GIA

Tac gid Ng6 Thanh Hai chiu trach nhiém viét ban thao,
thuc hién moé phong, va tinh toan cac cong thiic.

Tac gia Nguyén Thai Cong Nghia tham gia thao ludn
dé xudt phuong phap thuc hién, va phéi hgp chinh
stia ban thao.

Tac gid Dang Lé Khoa kiém tra va chinh stia ban thao
trude khi ndp. Dé xudt phuong phap, phdi hop thuc
hién m6 phong va tinh todn cic cong thic, lién hé
phén héi cac cau hdi va yéu cau ctia phan bién va ban
bién tap tap chi.
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Performance of non-orthogonal multiple access downlink system
using the Log-Likelihood ratio

Ngo Thanh Hai, Nguyen Thai Cong Nghia, Dang Le Khoa*

E Z"f_ E
ﬁ Wi ABSTRACT

; % 3 Non-orthogonal multiple access (NOMA) is one of the potential technologies for fifth generation
[ u (5G) cellular networks. This technique can combine with other techniques such as Orthogonal Fre-
Use your smartphone to scan this quency Division Multiplexing (OFDM) and Multiple Input Multiple Output (MIMO). In NOMA down-
QR code and download this article link, signals from multiple users are superposed in time-frequency domain. Hence, NOMA systems

have a larger throughput than orthogonal multiple access systems. There are several schemes for
NOMA detection. The successive interference cancellation (SIC) is commonly used to decode de-
sired signals at the receivers. Some NOMA schemes with SIC are ideal SIC, symbol-level SIC and
codeword-level SIC. The previous studies showed that the log-likelihood ratio (LLR) has a perfor-
mance as ideal SIC. In this paper, we derive the bit error rate for a NOMA downlink system with 2
users (UE) using LLR receiver. This study considers the system over a Rayleigh fading channel and
the presence of Additive White Gaussian Noise. The closed-form equations have been proposed
for each user with QPSK mapping. The simulation results show that the performance of the system
is consistent with the proposed formula

Key words: Non-orthogonal multiple access (NOMA), Performance, 5G cellular, Log-Likelihood
ratio (LLR)
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