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Abstract- This paper investigates the system-level
performance of downlink non-orthogonal multiple access
(NOMA) with power-domain user multiplexing at the
transmitter side and successive interference canceller (SIC) on
the receiver side. The goal is to clarify the performance gains
of NOMA for future LTE (Long-Term Evolution)
enhancements, taking into account design aspects related to
the LTE radio interface such as, frequency-domain scheduling
with adaptive modulation and coding (AMC), and NOMA
specific functionalities such as error propagation of SIC
receiver, multi-user pairing and transmit power allocation. In
particular, a pre-defined user grouping and fixed per-group
power allocation are proposed to reduce the overhead
associated with power allocation signalling. Based on
computer simulations, we show that for both wideband and
subband scheduling and both low and high mobility scenarios,
NOMA can still provide a hefty portion of its expected gains
even with error propagation, and also when the proposed
simplified user grouping and power allocation are used.
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I. INTRODUCTION

In order to continue to ensure the sustainability of
3GPP radio access technologies over the coming decade (LTE
Release 13 and onwards), new solutions that can respond to
future challenges must be identified and developed . In the
future, significant gains in capacity and quality of user
experience (QOE) are required in view of the anticipated
exponential increase in the volume of mobile traffic, e.g.,
beyond a 500 fold increase in the next decade. In cellular
mobile communications, the design of radio access technology
(RAT) is one important aspect in improving system capacity
in a cost-effective manner. Radio access technologies are
typically characterized by multiple access schemes, e.g.,
frequency division multiple access (FDMA), time division
multiple access (TDMA), code division multiple access
(CDMA), and orthogonal frequency-division multiple access
(OFDMA), which provide the means for multiple users to
access and share the system resources simultaneously. In the
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3.9 and 4™ generation (4G) mobile communication systems
such as Long-Term Evolution (LTE) and LTE-Advanced
[2,3], standardized by the 3™ Generation Partnership Project
(3GPP), orthogonal multiple access (OMA) based on OFDMA
or single carrier (SC)-FDMA was adopted. The orthogonal
design of multiple access is a reasonable choice for achieving
good system-level throughput performance in packet radio
services with a simplified receiver design. However, in order
to boost further the spectrum efficiency, more advanced
receiver designs are required in order to mitigate intra-cell
and/or inter-cell interference. In we proposed a downlink non-
orthogonal multiple access (NOMA) where multiple users are
multiplexed in the power-domain at the transmitter side and
multi-user signal separation is conducted at the receiver side
based on successive interference cancellation (SIC). From an
information-theoretical point of view, it is well-known that
non-orthogonal user multiplexing using superposition coding
at the transmitter and SIC at the receiver not only outperforms
orthogonal multiplexing, but also is optimal in the sense of
achieving the capacity region of the downlink broadcast
channel . In, the basic concept and benefits of NOMA as a
candidate future multiple access are explained and discussed
in detail. In [10, 11], initial system-level evaluation results of
NOMA were discussed and investigated to demonstrate its
potential gains in a low mobility scenario assuming no error
propagation, exhaustive full search on candidate user pairs,
and dynamic transmit power allocation

The goal of this work is two-fold: The first is to
clarify the gains of NOMA compared to OMA under more
practical wide-area cellular system configurations with both
wideband and subband frequency scheduling in both low
mobility and high mobility environments; and the second is to
clarify the degree of impact of error propagation of SIC
receiver, multi-user power allocation and user grouping on the
performance of NOMA. Specifically, NOMA is shown to
provide 30 to 40% gains compared to OMA for both wideband
and sub band scheduling, and have good robustness to
mobility as it mainly relies onreceiver side channel state
information (CSI) and processing. On the other hand, the
effect of the error propagation owing to the successive
cancellation of interference is shown negligibly small using a
worst-case model which we used to emulate error propagation
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in the system-level simulations. In addition, a simplified user
pairing on the basis of pre-defined thresholds and simplified
transmit power allocation (TPA) with fixed power assignment
ratio are proposed for practical usage with reduced scheduling
complexity and downlink signalling overhead associated with
dynamic power allocation. The performance of NOMA using
proposed schemes is compared with that of NOMA using
more advanced (exhaustive) schemes. It is shown that even
with simplified TPA and pre-defined user grouping, a large
portion of NOMA gains can be maintained.

The remainder of this paper is organized as follows.
Section Il describes the system model and the key
functionalities utilized to introduce NOMA. Section IlI
discusses the key aspects related to the design of the radio
interface of NOMA. In section IV, after describing the
employed system-level simulations, we provide and discuss
the results of the system-level performance of NOMA in
comparison to that of OMA. Finally, Section V concludes the

paper.
I1. DESCRIPTION OF NOMA WITH SIC

This section describes the system model and key
functionalities utilized in NOMA for user multiplexing at the
transmitter of the base station (BS) with SIC applied at the
receiver of the user terminal (User Equipment (UE)).
Throughout this paper, we assume a 1-by-2 single input
multiple output (SIMO) system where the number of
transmitter antennas at the BS is one (Nt = 1), while the
number of receiver antennas at the UE is two (Nr = 2). There
are K users per cell and the total transmit bandwidth, BW, is
divided into S subbands, where the bandwidth of each subband
is B (BW = S x B). We assume that the multi-user scheduler
selects ms users from K then schedules a set of users, Us =
{is(1), is(2), ..., is(ms)}, to subband s (1 <s < S), where is(I)
indicates the index of the I-th (1 < | < ms) user scheduled at
subband s, and ms denotes the number of users non-
orthogonally multiplexed at subband s. For the sake of
simplicity, hereafter the time index, t, and the subcarrier index,
f, are omitted and the channel coefficients are indicated as
constants within each subband.

A. Signal Model and Scheduling Signal-to-Interference
Plus Noise Power Ratio Calculation

The transmit signal, xs, at every subcarrier of
subband s is a summation of the coded modulation symbol of
the is(l)-th user. Thus, of all ms users are superposed in power-
domain as
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where E[|ds(is(1))["] = 1 and ps(is(l)) is the allocated
transmit power to user is(l) at subband s. The Nr dimensional
received signal vector of user is(l) at every subcarrier of
subband s, ys(is(l)), is represented by

}-'h{l-,{!]}l = hg(i, (D), + w,(i,(1)). - (2)

where hs(is(I)) is the Nr-dimensional channel
coefficient vector of user is(l) at subband s, which includes
distance dependent loss, shadowing loss, and instantaneous
fading coefficients, and ws(is(l)) is the Nr-dimensional noise
plus inter-cell interference vector of user is(l) at subband s.
Assuming that the receiver treats inter-cell interference as
white noise, at the receiver maximal ratio combining (MRC) is
applied to ys(is(l)) as follows:

V(i) = RE(is(D)ys(is(D) /Al (3)
= G (i (D))xe+n, (i (1)

=VGGD ). [pu(is00)ds(isk)
k=1
+ ng(i (1))

where Gs(is(l)) = |lhs(is(l))|]* is the combining gain
after MRC, while ns(is(l)) = / is the noise plus inter-cell
interference after MRC. The average power of ns(is(l)) is
denoted as Ns(is(l)) = E[|ns(is(I))[]. In the following, we
define the channel gain of user is(I) at subband s as
Gs(is())/Ns(is(1)). In addition, we assume that the total
transmission power per subband of the BS is common to all
subbands and equals to P. Thus, for each subband s, the sum
power constraint is represented by

T pe(is()) = P. (4)

At the receiver, Us being the scheduled user set at subband s
and user

Us, the scheduling signal-to-interference plus noise
power ratio (SINR) at the receiver of each user, , is derived as
in (5). Assuming that the receiver of user , is able to cancel
perfectly and successively the interference from other user(s) j
with channel gain Gs(j)/Ns(j) lower than Gs(is(1))/Ns(is(l)), the
decoding and cancellation procedure, at the receiver of user
is(l), the SINR of user is(l) at subband s, is represented as

SINR.(i.(D|U,) = _ Gyl )p (i1 ‘
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Note that the decoding and the successive
cancellation order of signals from other users with higher
channel gains are carried out in the order of the increasing
channel gain. On the other hand, at the receiver ofeach user, ,
the received signal from other user(s) j with channel gain
Gs(j)/Ns(j) higher than Gs(is(I))/Ns(is(l)) is treated as noise,
thus neither decoding nor cancellation of these users’ signals
is performed at the receiver of user . Figure 1 illustrates the
structure of the SIC receiver for the case of 2 UEs (ms =2),
with UE 1 having higher channel gain, and thus being
allocated lower transmission power, than UE 2.

B. Multi-user Scheduling and Candidate User Set Selection

In NOMA, the scheduler allocates more than one user
for transmission for each subband. The scheduling metric
adopted significantly affects the system capacity (measured
by, for example, cell throughput) and fairness (measured by,
for example, cell-edge user throughput). The proportional
fairness (PF) scheduler is known to achieve a good balance
between system capacity and user fairness by maximizing
proportional fairness, i.e., the product of the average user
throughput among all users within a cell. In , the multiuser
scheduling version of the PF scheduler is presented and an
approximated version is derived. In the approximated version,
among all candidate user sets, the PF scheduling metric
maximizing candidate user set Us is selected as follows:

Term Qs(U) denotes the PF scheduling metric for
candidate user set U, and it is given by the summation of the
PF scheduling metric of all users in user set U. Term Rs(k|U, t)
is the instantaneous throughput of user k in subband s at time
instance t (the time index of a subframe), whereas L(k,t) is the
average throughput of user k. When tc >> 1, which is valid in
this paper as tc is set to 200, (7) provides a good
approximation of the multiuser proportional fairness policy
that maximizes the product of the average throughput of the K
users.

I11. DESIGN CONSIDERATIONS FOR NOMA

A. User Scheduling and MCS Selection: Wideband vs.
Subband

In LTE, the same channel coding rate (including rate
matching) and data modulation scheme are assumed over all
the subbands allocated to each single user, as the average
SINR over all the subbands is used for MCS selection.
However, for NOMA, such a mismatch between MCS
adaptation subband unit (e.g., wideband) and power allocation
subband unit (e.g., subband) does not allow to fully exploit
NOMA gains [11]. Here, we explore NOMA performance
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gains with subband scheduling and subband MCS and
compare it to NOMA with wideband scheduling and wideband
MCS selection.

B. Modeling of error propagation for SIC receiver

In order to emulate error propagation of the SIC
receiver in the system level simulations of NOMA, we assume
a worst-case model. At the receiver of UE1, where SIC is
applied, the decoding of UE2 is performed first at stage 1.
Based on the knowledge of the MCS assigned to UE2 and the
received SINR, the BLER of the user decoded first (UE2) is
obtained and decoding is attempted. Then, its replica signal is
generated and subtracted from the received signal before the
decoding of UEL at stage 2. Thus, depending on the decoding
result of UE2 (successful (OK) or unsuccessful (NG)) at stage
1, the signal used for the decoding of UE1 at stage 2 differs.
To emulate this in system-level simulations, this would require
complicated link-to-system mapping. To simplify, here we
assume a worst-case model where the decoding of UE1 at
stage 2 is always unsuccessful whenever the decoding of UE2
at stage 1 of the UEL receiver is unsuccessful. Also, the
HARQ process of the corresponding to UE1 transmission is
terminated by emptying the HARQ buffer and requesting a
new transmission. Such a worst-case model is simple but
provides us with a good estimation of the impact of error
propagation on NOMA performance. This is because users
with lower channel gains, as explained later, are allocated
higher levels of transmit power than users with higher channel
gains. Thus, their unsuccessful decoding at the receivers of
users with higher channel gains (i.e., lower levels of transmit
power) would cause high probability of error propagation to
these users
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Fig. 1.System modeling.

With high temporal channel variations more error
propagation are expected to occur due to the failure to decode
UE2 at UE1 receiver. Using this worst-case model we can also
assess the impact of increased error propagation on the SIC
receiver in high mobility scenarios.
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C. Multi-user Transmit Power Allocation

According to (5), due to power-domain multi-user
multiplexing, the transmit power allocation (TPA) to one user
affects the achievable throughput of not only that user but also
the throughput of other users. In order to clarify the degree of
impact of user pairing and TPA on theperformance of NOMA,
both exhaustive and simplified user pairing and power
allocation schemes are explored

Full search power allocation (FSPA)

The best performance of NOMA can be achieved by
exhaustive full search of user pairs and transmit power
allocations. In case of full search power allocation (FSPA), all
possible combinations of power allocations are considered for
each candidate user set, Us,. FSPA remains, however,
computationally complex. Also, with dynamic TPA, the
signalling overhead associated with SIC decoding order and
power assignment ratios increases. In NOMA, users with large
channel gain difference (e.g., large path-loss difference) are
paired with high probability. Thus, considering practical
implementations, user pairing and TPA, could be simplified.
In order to clarify the impact of user pairing and TPA, the
following simplified schemes are also considered.

Fractional transmit power allocation (FTPA)

In order to reduce further the computational
complexity, we adopt a suboptimal fractional transmit power
allocation (FTPA) that is similar to the transmission power
control used in the LTE uplink . In the FTPC method, the
transmit power of user k in candidate user set, Us , in subband
,S ,is allocated as follows:

where aFTPC (0 < aFTPC < 1) is the decay factor.
The case of aFTPC = 0 corresponds to equal transmit power
allocation among the users. The more aFTPC is increased, the
more power is allocated to the user with lower channel gain
Gs(k)/Ns(k). Note here that the same aFTPC will be applied to
all subbands and transmission times. Thus, the value of
oFTPC is an optimization parameter that needs to be
determined a priori via computer simulations such that the
target performance evaluation metric is maximized.

Pre-defined user grouping and per-group fixed power
allocation (FPA)

The users are divided into different user groups
according to their channel gains and the pre-defined
thresholds, denoted as W in Fig. 1. In this pre-defined user
grouping, the users can be paired together only if they belong
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to different user groups. In general, dynamic TPA according to
instantaneous channel conditions of multiplexed users
achieves the best performance because of its efficient
utilization of the power resources. With the pre-defined user
grouping, however, TPA could also be simplified by applying
fixed power assignments to users belonging to the same group.
For example, for the user group with good channel gain, small
power (e.g. 0.2P) is allocated and for the user group with bad
channel gain, large power (e.g. 0.8P) is allocated, where the
total power assigned to different user groups is kept equal to
P. Pre-defined user grouping and fixed TPA can effectively
decrease the amount of downlink signalling related to NOMA.
For example, the order of successive interference cancellation
(SIC) and information on power assignment do not need to be
transmitted in every subframe but rather on a longer time
scale.

IV. SIMULATION EVALUATIONS
A. NOMA System-Level Simulations

We present system-level simulation results of the investigation
on the performance gains of NOMA. The simulator used
consists of a system-level model utilizing exponential SINR
link-to-system level mapping. From all K users, after channel
and interference estimation at the receiver side, the channel
gain is calculated and fed back to the BS. For wideband
scheduling, channel gain is a single value while for subband
scheduling, channel gain consists of multiple values
corresponding to different subbands. At the BS, assuming that
all possible candidate user sets are searched, the number of
candidate . For each subband, the scheduling metric
maximizing the candidate user set is selected. The scheduling
metric is calculated based on the estimated instantaneous user
throughput which is derived using wideband SINR for
wideband scheduling and subband SINR for subband
scheduling, according to Eqg. Based on the SINR of each user,
the MCS with the highest spectrum efficiency while satisfying
targeted BLER<=0.1 is selected. At the UE side, the effective
SINR is calculated for each user using EESM (exponential
effective SNR mapping) model where the weighting factor
beta is optimized for each MCS . Based on the effective SINR,
MCS decoding is attempted using the BLER vs. SINR link-
level mapping table. Note that OMA follows the same
procedure as NOMA but with ms = 1.

B. Simulation Assumptions

To evaluate the performance gain of NOMA, a multi-
cell system-level simulation is conducted. The simulation
parameters are basically compliant with existing LTE/LTE-
Advanced specifications. We employed a wrap-around 19-
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hexagonal macrocell model with 3 cells per cell site. The cell
radius of the macrocells is set to 289 m (inter-site distance
(ISD) = 500 m). K UEs are dropped randomly following a
uniform distribution. In the propagation model, we take into
account distance-dependent path loss with a decay factor of
3.76, lognormal shadowing with the standard deviation of 8
dB, and instantaneous multipath fading. The shadowing
correlation between the sites (cells) is set to 0.5 (1.0). The
spatial channel model (SCM) urban macro with alow angle
spread is assumed . The system bandwidth is 10 MHz and the
total transmission power of the BS in each cell is 46 dBm. The
antenna gain at the BS and UE is 14 dBi and 0 dBi,
respectively. A one-antenna transmission and two-antenna
reception (1-by-2 SIMO) system is assumed and a full buffer
traffic model is used. For NOMA and OMA we assume the
ideal channel and intra-cell/inter-cell interference estimation
and unquantized feedback of the channel gain, but with a
feedback delay such that the channel gain information is not
available for scheduling until 4 subframes after the periodic
report with a 2 ms interval. The performance of NOMA is
investigated with and without error propagation. For without
error propagation, SIC perfectly removes inter-user
interference. For with error propagation, the worst case model
is considered as described in section I11-B. The control delay
of AMC is 4 ms. Table | summarizes the 23 modulation
coding scheme (MCS) sets used for AMC. The simulation
parameters are summarized in Table Il. In order to investigate
NOMA performance gains, the cell throughput and cell-edge
user throughput are evaluated based on the following
definitions. The cell throughput is defined as the average
aggregated throughput for users scheduled per a single cell,
while the cell-edge user throughput is defined as the 5% value
of the cumulative distribution function (CDF) of the user
throughput.

C. Simulation Results

In this section, we evaluate the performance of the
proposed FSPA schemes with both wideband and subband
applied, and compare its performance with a random
allocation scheme (OFDMA-NOMA). We assume that two
adjacent users are considered as a user pair, which selects the
same SC. Each SC can be assigned to at most H = 3 user pairs,
and each user pair can occupy at most V = 4 SCs. In the
OFDMA-NOMA scheme, the SCs is randomly allocated to the
user pairs satisfying H <3 and V < 4. For the simulations, the
total of RSs peak power Ps is 46dBm, system bandwidth is
4.5MHz and the transmit power for each user is PAm =
300mw, PBm = 300mW on the uplink. We assume that noise
power spectral density is -150 dBm/Hz, circuit power
consumption Pc = 1dB and eavesdropper is allocated at a
distance of 500 m from the RS, if there is no special
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instructions. Pass loss functions can be obtained by hata urban
propagation model [39]. The coverage radius of the RS isr =
30 m and user pairs are evenly distributed in a circle around
the central RS. Considering the computational complexity, we
assume that there are 10 SCs in the NOMA wireless network.
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At the input of the modulator, the digital data’s even
bitsbits 0,2,4 and so on) are stripped from the data stream by a
“bit-splitter” and are multiplied with a carrier to generate a
BPSK signal (called PSKI). At the same time, the data’s odd
bits (i.e., bits 1,3,5 and so on) are stripped from the data
stream and are multiplied with the same carrier to generate a
second BPSK signal (called PSKQ). However, the PSKQ
signal’s carrier is phase shifted by 90° before being
modulated.

The two BPSK signals are then simply added
together for transmission and, as they have the same carrier
frequency, they occupy the same portion of the radio
frequency spectrum. While this suggests that the two sets of
signals would be irretrievably mixed, the required 90° of phase
separation between the carriers allows the sidebands to be
separated by the receiver using phase discrimination.

-fgur] e ]
Fle Edn View Inten Took Deraop Window Help
ida R 9£L-2 08 nD
- Encoded data for prienary user
05
e ———-— — ——— —_—d—
0 10 X » 40 50 60 n 80 «® 100
Encoded data for userl
1 v
\ | | | A TERY 1| |
0s5-/ ' I ] jv [{4e A 1
! l \ oA ]4.. \ r ‘|
0 1LY ll‘zl"A'l' yLIY ¥,
0 10 2 » «w 50 60 T 20 % 100
2 Encoded data for use?
S AM A DNAMANLEL M A
I\ \ v gl WYY ‘l. ‘[ M \A[ |y
pli Lo X Yl A¢ ) ¥ L U LL'AAJLL,'__AJL.LLi! -

0 W 2 N & S5 6 TN 0 N W

Fig.4. super position Encoding

Super position encoding method is used for encode
the input signal. In secure transmission schemes were
designed for relay network by exploiting AMC and signal
superposition methods in two typical communication
scenarios.
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In digital transmission, the number of bit errors is the
number of received bits of a data stream over a
communication channel that have been altered due to noise,
interference, distortion or bit synchronization errors. The bit
error rate is the number of bit errors per unit time.
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The channel gain is a complex number whose

magnitude. | h | is the attenuation of the signal and angle is the
phase shift of the signal at a given time instant.
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Next, we investigate NOMA cell throughput gain
with various UE speed. A SNR of zero indicates that the
desired signal is virtually indistinguishable from the unwanted
noise.BER: Short for bit error rate. digital transmission, BER
is the percentage of bits witherrors divided by the total number
of bits that have been transmitted, received or processed over a
given time period
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A SNR of zero indicates that the desired signal is
virtually indistinguishable from the unwanted noise. BER:
Short for bit error rate. In a digital transmission, BER is the
percentage of bits with errors divided by the total number of
bits that have been transmitted, received or processed over a
given time period.
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The QPSK receiver takes the simplest form as shown
in Figure 12. In this implementation, the I-channel and Q-
channel signals are individually demodulated in the same way
as that of BPSK demodulation. After demodulation, the I-
channel bits and Q-channel sequences are combined into a
single sequence.

www.ijsart.com



1JSART - Volume 5 Issue 4 —APRIL 2019

V. CONCLUSION

We evaluated the system-level performance of
NOMA taking into addition to NOMA specific functionalities
such as multi-user power allocation and error propagation for
SIC. Using computer simulations, we showed that the overall
cell throughput and cell-edge user throughput, are all superior
to those for OMA for both wideband and subband scheduling
in both low and high mobility scenarios. The effect of error
propagation also was shown negligibly small even in high
mobility scenarios. The performance of NOMA using various
user pairing and power allocation schemes was evaluated and
compared. The proposed pre-defined user grouping and fixed
per-group power allocation were shown able to maintain a
hefty portion of NOMA gains, which is quite important to
reduce downlink signalling overhead in practical interface
design of NOMA for future LTE enhancements.
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