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On BER for Low Complexity
Non-SIC NOMA with AMfUser
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ABSTRACT

In non-orthogonal multiple access (NOMA), one
of factors for implementation complexity is
successive interference cancellation (SIC), which is
essential for each user to operate at quality of
service (QoS). In this letter, we consider the NOMA
scheme with M-user, without the SIC complexity.
First, we derive the closed-form BER expression.
Then it is shown that the non-SIC NOMA BER is
comparable to the SIC NOMA BER. This can be
possible, with two reasons; one is the power
allocation of the user fairness, and the other is the

optimal maximum-likelihood (ML) detection.

Key Words : NOMA, user fairness, superposition
coding, SIC, power allocation

I. Introduction

In the fifth generation (5G) mobile networks,
non-orthogonal multiple access (NOMA) has been
considered as a promising multiple access scheme
[1-6]. Recently, the bit-error rate (BER) for Afuser
NOMA has been derived”. In this letter, we
consider the NOMA scheme, without successive
interference cancellation (SIC). We derive an
analytical expression for BER, and show that the
BER of this proposed scheme is compared to that of
the conventional SIC scheme.

II. System and Channel Model

We consider a cellular downlink NOMA
transmission system, in which a base station and
M users within the cell. The Rayleigh fading

channel between the mth user and the base station is

denoted by hy, ~CN(0,3,,) , ISm<M  The base

station will send the superimposed signal
M
Y= NP | where Sw is the message for

the mth user, ®mis the power allocation coefficient,
M

with 2om=t®n =1 0y < <oy and P s the

constant total transmitted power at the base station.

The power of “m is normalized as unit power,

. 2
E[smsm]:E[‘sm‘ 1=1 The observation at the mth

user is given by
YV =l x+w,, (€))

where Wn ~ €N (0.Ny) s additive white Gaussian
noise (AWGN). We consider the binary phase shift
keying (BPSK) modulation, withSm € {+1’_1}. Then

the following metric is the sufficient statistics
T = || X + 11, )

where 7w ~“N(0.No/2)  Let the information

input bit for the nth user be b, 6{0’1}. Then, the

bit-to-symbol mapping is given as

{sm(bmzmzﬂ or su(b)=(=1". @3

Splby =1 =—1

And we use the binary representation notation for

the index I, Ogigzm_l -1
()y = byibyz - brby @)

where each bit 2; ) 1<j<m—1 , corresponds to the
Jth user. In [7], the BER performance of M user
NOMA with the perfect successive interference
cancellation (SIC) and maximum likelihood (ML)
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detection was derived, when the channels are sorted

by the instantaneous realizations, ie.,

|hl| Z 2z |hM | In this letter, under the sort by

the channel gain variances, i.e., Xz 28y,

the BER of the nth user can be expressed by

>, Pa

m m,i

Ny

271
m: 1
[)e( 1;SIC NOMA) _ z 5)

m—1
i=0 2

[0}

where “m.iis given by

2

am,i:( (1) o+ (1) \/(Tl)
(6)

and for the compact presentation of Rayleigh
fading BER performance, we use the notation
as

F(vb):i[l— T ™

1+"Yb ’

Further, the compact presentation of BER

performance, we use the notation as

YcPa,,;

1)(,(m;SIC NOMA) (I, C) — Z (8)

where I is the lower limit of the summation index,
and C is the channel index. With the above

notation,

p(m;SICNOMA) __ p(m;SIC NOMA) (0. m) )
e e > :

. BER Derivation for Non-SIC NOMA
with M-user

Now, we derive the BER expression for NOMA
without SIC. The decoding strategy in this letter is
based on the ML detection; specifically, the non-SIC
NOMA receiver detects the information bits from
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the received signal 7», i.e., before the SIC is
performed at each receiver. First, for m=M _ if

Xy 120 , the decision boundary is only the one,

. (db; 1s¢; non-SIC NOMA) __ .
ie., " =0 Otherwise, the number

of the decision boundaries is more than one. Thus

.. (db; 1s7; non-SIC NOMA) __ .
the condition for only 7m =0 js

obtained by

s = (g = =) >
Fz o

10)

Then, with the above assumption, the non-SIC
NOMA BER of the Mh user equals to the standard
SIC NOMA BER

13;M;non—SlC NOMA) — Pe(M;SIC NOMA) (11)
because in the standard SIC NOMA, the weakest
channel user does not perform SIC.

Note that for 1<m<M —1_ the number of the
decision boundaries is more than one. Thus, in
order to avoid confusion, we define formally the nth

nearest decision boundary for the mth user

(db nth; SIC NOMA or non-SIC NOMA) (12)

T

Further, for the compact presentation, we introduce
the normalized decision boundary

db; nh; SIC NOMA or non-SIC NOMA
(db; nt/; SIC NOMA or non-SIC NOMA) __ r,f, )

7m,norm = ‘hm‘\/F
13)

We depict the nth nearest decision boundary, in
Fig. 1, for the SIC NOMA and the non-SIC NOMA,
with M =4, respectively.

Note that near \/_ Z \/—

+Jay =y ==y
~ —Jay +Jay g o+,

14)
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ideal perfect SIC NOMA decision boundary (db) non-SIC NOMA decision boundary (db) (dbieie)
pldbisie)

M =4, case

M =4, case

r_‘(dlxl\'/ SIC NOMA) =0

P\([dt Ist: SIC NOMA ) —0

r](dl). Ls:SIC NOMA ) -0

ideal perfect SIC,
form=3,2,1

db 157 SIC NOMA,
Y =0

i, norm

¥

2. norm

1. norm

st non-S1C
M —1, norm

1, norm

73, nom

1, norm

() — {157 non-SIC NOMA)
="y

L(db: 25 non=S1C NOMA)

db: 37d: non-SIC NOMA)

— (dbs 4tk non-SIC NOMA)
=h

1, norm

2, norm

A, nonn

ib: Lst

(¢
PAr=1, norm
1, norm

(db; 1s7; non-SIC
2, norm

"i, nom

SIC NOMA BER terms

1

P(,' V- SIC NOMA) (2.\J—I _ 2”'1_1;&1)

Pe(‘.:SICNOMA)(Z\J =1 M=l g

Ind nearest boundary of Mih user for SIC NOMA

1nd nearest boundary of 3rd user for SIC NOMA

!
non-SIC NOMA BER terms

by re-use of SIC NOMA BER terms

[)L‘(\/:SI(.‘ N(JMA!(ZMA _oM-l=l ])

2nd nearest boundary

(db; 1st; non-SIC NOMA)

_(db: 1st:non-SIC NOMA )

(db; Lsi: non-81C NOMA)
(db; 15 non-SIC NOMA)

(db: 1sr: non-SIC NOMA)

(db:; Lstz non-SIC NOMA )
(db;: 1st: non-SIC NOMA)

(db; Lsr; non-SIC NOMA )

£ non-SIC NOMA) __

(db; Lsr; non-SIC NOMA)

(db; Is7; non-SIC NOMA)

m_norm

SN o i

r(dhlxi‘nun-blcNJMA) = Joy +Jos a,

NOMA)

:Jn,'

= Jar —Jay +Jo
= oy = oy

= o = oy = o

=—Jou + oy + oy
R
A
Yol
-

NOMA) __

pL2:SIC NOMA) (2:—1 _ ol 2)
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2nd user for SIC NOMA

M
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M
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j=1+1

2nd to (M —1+1)th nearest boundary

4th nearest boundary
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Fig. 1. Non-SIC NOMA BER derivation with 27d fo (M — m + 1)th nearest boundary

2ud nearest boundary

M;SIC NOMA . . M —1; non-SIC NOMA
A ) degrades severely, which requires pyMnen ' For m=M—1, the two lst
\/7 S ZM—] ) nearest decision boundaries,
A i=t V% Such assumption makes (dbs1st:nan SIC NOMA)
V. = [y WPy, , of the

(db; 1s2; non-SIC NOMA) __ o e
syl =0 as the 2nd nearest decision
non-SIC NOMA corresponds to the 1s¢ nearest
r]&db;lan;non-SIC NOMA) =0

- >

boundary for
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.. (db; 1s¢; SIC NOMA) __
decision boundary, w =0 of the

standard SIC NOMA. Then, the non-SIC NOMA
BER of the (M —Dth yger is given by

(M —1:non-SIC NOMA)
e

p(M~1;SICNOMA) + p(M:SICNOMA) (2M—l _oM-l-lar 1)
e e 2 .

_—
Lst nearest boundary 2nd nearest boundary

1s)

Similarly, for 1<m <M —1 the non-SIC NOMA
BER of the mth user is derived as

P(m; non-SIC NOMA) ~
e

M
(m; SIC NOMA) (j;SICNOMA) [~ j—1 _ Am—1.
P + > P 277 omt ).
Ist nearest boundary ~ J=m+1
2nd to (M —m~+1)th nearest boundary

16)

Note that the approximation up to the
(M —m+1)th  pearest decision boundary is

tolerable, because from the (M —m~+2)th pearest
decision boundary, the contribution to BER is little.
The validation of such approximation is presented in
Appendix, in detail with the exact BER for M =3
and the Znd user, which is compared to the
approximated BER in this letter.

IV. Results and Discussions
We consider all the three users within the cell
withM =3 . Assume X, =15, ¥,=1.0, and
¥;=0.5, and the constant total transmitted signal

power to noise power ratio P/ N, = 40dB,

In Fig. 2, we plot the BER for the 3rd user, with

2
ay > — =~ 0.67. In such range, the BER expression

=3

holds, regardless any combination of (al,%) , under
1 .

o +a, < 3’ and to avoid the severe BER

degradation, the more power is required, i.e.,
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Fig. 2. BER, for QoS and degradation ranges for 3rd
user.
ay > 0.75. As shown in Fig. 1, the BER

performance of the non-SIC NOMA is comparable

to that of the standard SIC NOMA, because
plm;non-SICNOMA) __ p(m; SIC NOMA)
e e -

In Fig. 3, we plot the BER for the Znd user, with

11
02>a, > 32 =~ (.17 > 0.05 > ¢, . Note that the

0o oo 02
o

(a3 =1—a3 — )

|severe BER
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% e e /
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Fig. 3. BER, for QoS and degradation ranges for 2nd
user.
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3rd user uses g > 0.75, and then «o; + a, < 0.25,

i.e., the power allocation less than 0.25 remains for

the Zst user and the Znd user. And for the user
fairness, o, > «, is required. As shown in Fig. 2,

the non-SIC NOMA BER is comparable to the
standard SIC NOMA BER, with the small BER loss.

In Fig. 4, we plot the BER for the /st user, with
the same ranges in Fig. 2. As shown in Fig. 3, the
non-SIC NOMA only suffers the severe BER

degradation, for % < 0.1 sych range, however, is
avoided, because the 2Znd user BER degrades
severely. Then, the non-SIC NOMA BER is
comparable to the standard SIC NOMA BER, with

the small BER loss, for 0-1 <a, <0.2

02 puss

QoS BER range:
g o1 0.0 < g <0.05

Bit error rate
Gy
-dgoo

\ 65555?0 %

s
o \ 5% %
104 non-SIC only {ff%o ©%
3 %)
severe BER 00

. . Q %
0 degradation gdgfgog%%oooo

° P(l: non—SIC NOMA)
A
P(l: SIC NOMA)
A

0.2

0.2 aq

(ﬂ:i :1—01—02)

Fig. 4. BER, for QoS and degradation ranges for Ist
user.

V. Conclusion

In this letter, we proposed the non-SIC NOMA
scheme with AMuser. First, we derived the
closed-form BER expression. Then it was shown
that the BER performance of this non-SIC NOMA
scheme is comparable to that of the standard SIC
NOMA scheme, with the power allocation of the
user fairness, and the optimal ML detection. In
result, the implementation of NOMA without SIC
complexity could be considered in the practical

systems.
Appendix

We validate the BER approximation in this letter,
by the numerical results of Section IV. Remark that
there are two causes of the approximation; the initial
cause is the decision boundary approximation, and
the secondary cause is the dominant term
approximation. The decision boundary
approximation is tolerated by the following

observation; for example, the approximate decision

= NPy is obtained

from the equal likelihood equation

(db; 1st; non-SIC NOMA)
boundary %

Pr,3, (12 | b, =0) = pp p, (2 | b, =1), a7

which is given by

1559
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(NP s s+ )|

l 1 e 2N,/2
4 27N, /2

(W (- oy )
+l; e 2N, 2
4. 27N, /2

(NP~ s+ )
4 l 1 e 2N,/2
4. 27N, /2

AN e oy |
L,
4 27N, /2

= (18)
(VP (o, o+ ))2
R
4 J2nN, /2
(P (e~ ))
+l 1 e 2N,/2
4 27N, /2
(NP (s~ @)
R
4 27N, /2
(VZ’V'Z ‘\/F(’\/Z’\E’\/OT\))Z
+l 1 e 2N,/2
4 27N, /2
(db; 15t non-SIC NOMA)
Note that, at » = +‘h2‘ﬁ\/a,
(ra—tps \ﬁ(+ﬁ+@+ﬁ)):
+l 1 e 2N, /2
4 27N, /2
(NP (o =)
1 1 e 2N, /2
4 27N, /2
= 19
(VP (o o+ ))2
1 1 e 2N,/2
4 27N, /2
(NP (o, ~as )|
1 1 2N,/2

+———c
427N, /2

And the four terms approximated to zero are so

small, that we could not obtain the numerical values,

forP/ Ny =40dB in our case. Instead, for

P /Ny =20dB= 100 e give the numerical

.((lb; Lst; non-SIC NOMA) _ .
values, at % = +‘h2‘ﬁ\/ o . with
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2
a =005 a, =02 apqd ‘hz‘ =10 as follows

(7:2—‘}12‘\/;(7\/@#»\/;#» [N ))2

1 2Ny /2

1
fo—
42nN, /2

~1.2251 x 1075,

(1211 NP (o /o, )
11 2N, /2

+——c
427N, /2

~ 1.5112 x 10710,

(o)
1 1 2N, /2

——
4.2xN, /2

~ 7.9200 x 107108,

(311 NP (s

L 2Ny /2

1
NI S S
42nN, /2

~ 1.7633 x 10722,

(20)

Therefore, the decision boundary approximation is
tolerable. Next, we consider the dominant term
approximation. Based on the approximated decision

boundaries, the exact BER is given by

P(2; non-SIC NOMA; ezact)

€
+P(2; non-SIC NOMA)

e

+ if(+2;+1;+1) +if(+2;+1;71)

@n

3rd nearest boundary, approximated in this letter
—if(-i—l;—l—l;—l—l) - if(—&-l;—i—l;—l)

1 1
—Zf(+2;—1;—1) —Zf(+2;—1;+1),

where

P(Z; non-SIC NOMA)

€
1st nearest boundary

+%f(+0;+1;+1)+%f<+0;+1?_1) @2

+if(+1;—1;—1) + if(ﬂ;—l;ﬂ),

2nd to (M —m+1)th nearest boundary

and

www.dbpia.co.kr



¥/ On BER for Low Complexity Non-SIC NOMA with A£User

3; non—SIC NOMA) . -
o piren ). in this letter
' . p3 non=SIC NOMA; cauct)
1005 . -
0 approximated 3rd decision boundary term

Bit error rate

1% contribution
to exact BER

(3=1—a; — ﬂz)

Fig. 5. Comparison of exact BER, BER in this letter,
and approximated 3rd decision boundary term, for 2nd user.

2,P(C\ay + Bya, + A\/;l)2
- .

f (C; B;A) =F
0
(23)
. (2; non-SIC NOMA; ezact)
In Fig. 5, we compare F, ,
(2; non-SIC NOMA) .
F, , and the 3rd nearest decision

boundary term. As shown in Fig. 5, the contribution
of the 3rd nearest decision boundary term to

P(2; non-SIC NOMA; ezact)
e is about 1%. Based on the

above observations, we approximate the BER as

dominant terms of the 2ad to (M —m + Dth pearest

boundary, in the equation.

(1]

(2]

(3]

(4]

(5]

(6]

(7]
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