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The mobile hotspot network (MHN), which is capable of 
providing a data rate of gigabits per second at high speed, 
is considered a potential use case of the future enhanced 
mobile broadband for 5G. Because a unidirectional 
network deployment has been considered for an MHN, 
non-orthogonal multiple access (NOMA) can be employed 
to improve the system performance. For a practical 
implementation of NOMA under an MHN highway 
scenario where multiple pieces of MHN terminal 
equipment are served through the same beam 
simultaneously, a NOMA transceiver is proposed in this 
paper. For the NOMA transmitter, Gray-coded QAM 
constellation mapping is extended to arbitrary modulation 
order q. For the NOMA receiver, successive interference 
cancellation (SIC) is no longer necessary, and instead, a 
parallel demodulation is proposed. The numerical and 
simulation results suggest that the proposed NOMA 
transceiver outperforms the conventional NOMA SIC 
receiver and can be flexibly used for an MHN highway 
scenario. 
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I. Introduction 

Advanced versions of the Long Term Evolution (LTE-A) 
technology are being developed and are moving toward the 
fifth-generation (5G). Several bodies including the NGMN 
Alliance [1], 5G PPP Association, Networld Technology 
Platform, and 5G Forum in Korea have presented their views 
on 5G, and many of their perspectives have been considered by 
the International Telecommunications Union (ITU) and unified 
in the set of broad requirements for International Mobile 
Telecommunications 2020 (IMT 2020) [2]. With respect to the 
current IMT applications, IMT2020 and beyond have 
addressed several new use cases encompassing enhanced 
mobile broadband (eMBB), massive machine type 
communications (mMTC), and ultra-reliable and low latency 
communications (URLLC).     

Owing to the proliferation of smart devices (for example, 
smartphones, tablets, and televisions) and a wide range of 
applications requiring a large amount of data traffic anytime 
and anywhere, providing high-quality service at high speed has 
emerged as one of new potential eMBB use cases for the future 
IMT system [1], [2]. Currently, a mobile hotspot network 
(MHN) for maintaining high-quality data traffic at high speed, 
which enables the successful deployment of applications on 
user equipment (UE) located within a moving platform, such 
as buses, subways, or high-speed trains, is being developed at 
ETRI in Korea. The MHN system employs the millimeter 
wave (mmWave) frequency band because sufficient 
bandwidths of several GHz will be made available for 5G at 
the World Radiocommunication Conference 2019 [3], which 
makes MHN systems capable of providing a wireless backhaul 
link of gigabits per second for high-speed onboard UEs. 
Unidirectional network deployment has been adopted by 
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MHN systems, enabling them to take advantage of a non-
orthogonal multiple access (NOMA) transmission to further 
improve the system throughput and spectrum efficiency under 
bandwidth limitations. 

The “Study on Downlink Multiuser Superposition 
Transmission (MUST)” was approved by 3GPP in 2015. The 
motivation of this MUST study item is to evaluate its potential 
enhancements for the LTE system performance because the 
use of NOMA transmissions has been widely agreed upon to 
be a remarkable technical trend [4]. A transmitter employing a 
superposition coded Quadrature Amplitude Modulation 
(QAM) constellation with adaptive power allocation and a 
receiver with successive interference cancellation (SIC) are the 
main components of NOMA technology [5]–[11]. A QAM 
constellation was adopted because it shows the capability of 
achieving arbitrarily high spectrum efficiencies by setting a 
suitable constellation size, and has been widely adopted by 
different communication specifications [12]. In this paper, we 
focus on the design of QAM constellations for joint 
modulation at the transmitter, and a NOMA receiver without 
employing SIC. In particular, the contributions of this paper are 
as follows: we 1) propose a two-bit based Gray-coded 
constellation mapping method and a two-bit based parallel 
demodulation, 2) numerically analyze the performance of the 
proposal achieved using an arbitrary modulation order of q, 3) 
compare the performance of the proposed NOMA receiver 
with the conventional NOMA SIC receiver through simulations, 
and 4) discuss the benefits of the proposal for practical 
implementation of NOMA under an MHN highway scenario. 

II. MHN Highway Scenario and the Challenges of 
Implementing Conventional NOMA in MHN 

The motivation of an MHN is providing data rates of 
gigabits per second for UEs at high speed. Figure 1 shows an 
example of an MHN highway scenario [13], where MHN 
radio units (mRUs) are located along the road and one piece of 
MHN terminal equipment (mTE) is equipped in each of the 
vehicles. The users inside the vehicle can access the network 
through in-car WiFi or a small cell access point. Data exchange 
between the mTE and mRU is achieved through the mobile 
wireless backhaul (MWB) link, as shown in the Fig. 1. In 
addition to the distributed located mRUs, MHN digital units 
(mDU) are installed together to form a central control, and all 
mDUs are connected to the core network through a gateway. In 
an MHN, the mmWave frequency band is employed to enable 
the capability of providing data rates of gigabits per second. 
Furthermore, to guarantee sufficient coverage when employing 
the mmWave frequency band, directional antennas with a 
sharp beam and high gain have been adopted by both the mRU 

 

Fig. 1. MHN highway scenario. 
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Fig. 2. Unidirectional network deployment [14]. 
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and mTE. For this case, a unidirectional network deployment, 
as shown in Fig. 2 [14], is formed in an MHN, and multiple 
mTEs moving toward the same direction within the same 
mRU coverage are served by that mRU. As shown in Fig. 1, 
two buses moving toward the same direction are served by the 
same mRU. 

The general system parameters for an MHN system can be 
found in [15]. The coverage of an MHN cell can be up to  
1,000 m, and multiple vehicles within the same cell are served 
through the same beam of the mRU. Therefore, NOMA is 
considered suitable for an MHN highway scenario as a way to 
maximize the spectrum efficiency and system throughput. 
However, differing from a conventional cellular environment, 
several challenges exist for NOMA implementation in the 
MHN highway scenario: 1) Multiple vehicles are served by the 
same mRU simultaneously, but the main lobe of the beam of 
the serving mRU is very sharp (8 for the case of an MHN), 
and it is impossible to differentiate multiple NOMA user pairs 
using beams. That is, under an MHN highway scenario, 
NOMA should be able to support many mTEs within the  
same beam simultaneously. However on the other hand, a 
conventional NOMA SIC receiver is unsuitable for this 
particular situation because of an accumulation of errors. When 
multiple onboard mTEs are equipped with a conventional 
NOMA SIC receiver, accumulated errors occur owing to the 
fact that the SIC receiver can never cancel the interference 
perfectly, and the bit-error performance of the later 
demodulated bits after the SIC is dependent on the correctness 
of the previously demodulated bits before the SIC. A higher 
number of SICs before demodulation results in the 
accumulation of a larger number of errors. Assuming that three 
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users are being served by the same mRU through NOMA as an 
example, SIC is not necessary for demodulating the first user’s 
data. To demodulate the second user’s data, the second user 
will consider the first user’s data as interference, and apply SIC 
to cancel the interference. In this case, the demodulation error 
of the first user’s data will cause an additional demodulation 
error to the second user. Furthermore, this kind of error will be 
accumulated if the third user considers the data of the previous 
two users as interference, and demodulates its own data by 
implementing the SIC procedure twice to cancel the 
interference. Unfortunately, under an MHN highway scenario, 
the case of simultaneous mTEs within the same mRU 
coverage is unavoidable, and this situation requires a different 
type of NOMA receiver that will not accumulate such errors. 2) 
For an MHN highway scenario, different mTEs may require 
quite different data rates despite their locations because the 
numbers of active onboard UEs in different types of vehicles 
are quite different. For example, the desired data rate of a large-
sized express bus is probability much higher than that of a 
small-sized car. On the other hand, a conventional NOMA 
transceiver performs well only when a near user requires a 
higher data rate and a far user requires a lesser data rate. 
Otherwise, its performance degrades significantly. Therefore, a 
new NOMA transceiver with better performance is necessary 
to counteract this degradation in performance. 3) Owing to the 
high mobility of vehicles under a highway scenario, the 
number of vehicles within a cell varies quickly. In this case, the 
mDU needs to frequently update the superposed constellations 
to match the different number of vehicles and their data rate 
requirements. This requires the NOMA transceiver to be able 
to flexibly allocate and adaptively adjust the data rate to 
multiple mTEs. However, a conventional NOMA transceiver 
does not have this capability because it is not optimized for this 
situation. In this paper, we propose a different type of NOMA 
transceiver targeted at improving the performance and 
suppressing the influence of these challenges under an MHN 
highway scenario. 

III. Proposed NOMA Transceiver 

To provide a robust MWB link and reduce the influence   
of the aforementioned challenges when implementing NOMA 
under an MHN highway scenario, a NOMA transceiver is 
proposed in this paper. The proposed transceiver includes a 
two-bit based Gray-coded constellation mapping method, and 
parallel orthogonal demodulations. Note that, to make the 
description clear, as in a conventional QAM constellation, a 
fixed power ratio is adopted for describing the proposal and 
simulation when implementing NOMA. That is, the power 
allocation related to the user distance is not taken into account 

throughout the paper. 

1. Two-Bit Based Constellation Mapping 

To the best of our knowledge, most of the published articles 
related to NOMA have dealt with low modulation orders, that 
is, up to 64-QAM. In this section, we propose a Gray-coded 
QAM constellation mapping that can be used to generate a 
constellation for an arbitrary modulation order of q, where  
q is an even number. Figure 3 shows the Gray-coded 
constellation mapping generated using the proposed 
constellation mapping method for 16-QAM, as an example. 
There are a total of 16 partitions, Ai,j, which represent the i-th 
row and j-th column of the symbol decision region. The 
proposed constellation mapping of 16-QAM is obtained by 
mapping for every two bits. The baseline of the proposed 
mapping is applied to make the decision areas for every two 
bits be adjacent to each other. 

Step 1.  Constellation mapping for the last two bits of 16-
QAM 

The mapping starts from an arbitrary basic 4-QAM Gray-
coded constellation mapping, and the employed 4-QAM 
mapping is first used for the proposed mapping of the last two 
bits of the 16-QAM in the second quadrant. The proposed 
mapping of the last two bits in the first quadrant is obtained by 
symmetrically flipping the second quadrant mapping around 
the y axis. The proposed mapping of the last two bits in the 
third quadrant is obtained by symmetrically flipping the second 
quadrant mapping around the x axis. Finally, the proposed 
mapping of the last two bits in the fourth quadrant is obtained 
by symmetrically flipping the third quadrant mapping around 
the y axis. 

Step 2.  Constellation mapping for the first two bits of 16-
QAM 

The proposed mapping of the first two bits (corresponding to 
each quadrant) follows the same pattern as the employed 4-
QAM Gray-coded constellation mapping. 

Similarly, to obtain the proposed constellation mapping    
of 2q-QAM, we can consider the proposed 2q–1-QAM 
constellation mapping as the constellation mapping for the last 
2q–1 bits of 2q-QAM in the second quadrant, and obtain the 
Gray mapping for the other three quadrants by symmetrically 
flipping it following a similar procedure as mentioned earlier. 
The mapping for the first two bits of 2q-QAM should always 
follow the same pattern as the employed basic 4-QAM Gray 
coded constellation mapping. 

2. Two-Bit Based Parallel Demodulation for NOMA 

By assuming that the source information bits are 
independent and randomly generated with equal probability, 
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Fig. 3. Proposed Gray-coded constellation mapping for 16-QAM 
and the demodulation region for the (a) first and (b)
second two bits. 
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we know that the received bits in one received symbol will be 
independent after going through a memoryless channel. That is, 
as an example, the bit error rate (BER) performance of the first 
two bits is independent from that of the last two bits in a 
received 16-QAM symbol. This independent relationship 
among every two bits can be shown through the derivations 
described in the next subsection. This enables parallel 
demodulation for every two bits, the BER performance of 
which can be calculated separately. The proposed two-bit based 
parallel demodulation method was designed based on the 

aforementioned independent relationship among all of the two 
bits in one received 2q-QAM symbol. When the proposed 
constellation mapping is employed, the proposed parallel 
demodulation can be used for an arbitrary modulation order of 
even number q. As an example, the parallel demodulation for 
the 16-QAM constellation in Fig. 3 is described as follows. 

Step 1. Demodulate the first two bits of the received symbol 
As shown in Fig. 3(a), the combined region of {A1,1, A1,2, A2,1, 

A2,2} is used as the decision region for ‘00,’ that of {A1,3, A1,4, 
A2,3, A2,4} is used for ‘01,’ that of {A3,1, A3,2, A4,1, A4,2} is used 
for ‘10,’ and that of {A3,3, A3,4, A4,3, A4,4} is used for ‘11.’ 

Step 2. Demodulate the last two bits in parallel with step 1 
As shown in Fig. 3(b), the combined region of {A1,1, A1,4, A4,1, 

A4,4} is used as the decision region for ‘00,’ that of {A1,2, A1,3, 
A4,2, A4,3} is used for ‘01,’ that of {A2,2, A2,3, A3,2, A3,3} is used 
for ‘11,’ and that of {A2,1, A2,4, A3,1, A3,4} is used for ‘10.’ 

From the figures, we can see that the demodulation regions 
for every two bits are orthogonal and independent from each 
other, which means that the demodulation for the first two bits 
and the last two bits can be applied in parallel simultaneously. 
A similar demodulation method can be used for demodulating 
arbitrary 2q-QAM symbols when the proposed constellation 
mappings are adopted at the transmitter side. 

3. Error Probability 

As shown in Fig. 3(a), the magnitude of 16-QAM symbols is 
defined within {–3a, –a, a, 3a} along the in-phase (I) 
component x-axis and the quadrature-phase (Q) component y-
axis. When assuming that the source information bits are 
independent and randomly generated with equal probability, 
and the channel is an additive white Gaussian noise (AWGN) 
channel with zero mean and a variance of 2, the 16-QAM 
symbol error probability in the decision region of A1,1 
employing a conventional QAM demodulation is 
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(1) 

where 
,, i je AP  is the symbol error probability of the i-th row 

and j-th column of the decision region, Q(·) is the known Q- 
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function as in (2), and only an adjacent symbol error (1-bit 
error) is taken into account. That is, (1) holds true at a relatively 
high signal-to-noise ratio (SNR). An approximation is made 
when calculating the symbol error rate (SER) and BER to 
clearly show the regular pattern of SER/BER equations for an 
arbitrary 2q-QAM modulation. 
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21
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   .             (2) 

Similarly, we obtain the symbol error probabilities in the 
decision regions of A1,2, A2,1, and A2,2, as shown below: 
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By considering the source information emergence 
probability, the overall SER and BER employing conventional 
16-QAM demodulation are given in (5) and (6). Note that the 
1/4 in (6) indicates that there are a total of four bits in one 16-
QAM symbol, and therefore the BER value should be 1/4 of 
the SER value. 
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When the proposed parallel demodulation algorithm is 
employed, we consider that a 16-QAM symbol consists of two 
virtual symbols for every two adjacent bits, that is, V1 for the 
first two bits and V2 for the last two bits. Following a similar 
calculation, we determine the SER and BER using the 
combined decision regions given in Section II for each virtual 
symbol V1 and V2, respectively, as 
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From (5) through (10), it is known that, by using the 
proposed constellation mapping and the demodulation 
algorithm, the overall SER and BER are the same as those of 
conventional QAM constellation mapping and demodulation. 
That is, 
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The reason for this is that both the conventional QAM 
constellation mappings and the proposed QAM constellation 
mappings are Gray coded, and theoretically the uncoded SER 
and BER employing any type of constellation mapping should 
show the same error probability. Equations (11) and (12) also 
prove the independent relationship of every two bits in one 
received 16-QAM symbol, which is considered the baseline of 
the proposed two-bit based parallel modulation. 

Following a similar calculation, the SER and BER 
performances for arbitrary 2q-QAM modulation schemes and 
their overall performance are summarized in Table 1, where Vi 
and bi indicate the i-th virtual symbol and the i-th bit, 
respectively. Each virtual symbol corresponds to two adjacent 
bits, for example, V1 corresponds to b1b2 and is represented by  
V1:b1b2 in the table. Here, Q is short for the Q-function, that  

Table 1. Performance summary for various modulations. 
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256 QAM Q/4 Q/8 Q/2 Q/4 Q Q/2 2Q Q     3.75Q SER/8
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is, Q = Q(a/). We should note that the values of a for different 
modulation schemes are different because the different 
modulation schemes have different normalization factors, that 
is, 1/ 2,1/ 10, and 1/ 42a   for QPSK, 16-QAM, and 64-
QAM, respectively. From the table, it is clear that the SER 
values of the virtual symbols form a geometric progression 
with a ratio of 1/2. The properties in Table 1 can be described 
as 

 SER (1/2) SER , where , 0,
i j

j i
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i iV V                        (14) 

 
/ 2

1

SER SER
i

q

V
i

  ,  and                  (15) 

 
/ 2

1

2
BER SER / BER

i

q

V
i

q
q 

   .            (16) 

4. Flexible Use of the Proposed NOMA Transceiver 

Different virtual symbols can be assigned to different users 
for implementing NOMA. The number of bits within a symbol 
for different users can be flexibly allocated. Taking 64-QAM as 
an example, there are a total of six bits in one symbol, which 
can be assigned to three users in the manner of (2, 2, 2), and (2, 
4) or (4, 2) in the case of two users. Here, (m, n) indicates that 
the first m bits within one symbol are assigned to the first user, 
and the remaining n bits are assigned to the second user. A 
similar representation is used for the case of more than two 
users.  

The theoretical curve of the conventional 16-QAM 
demodulation is plotted in Fig. 4 as a reference. Additionally, 
the numerical results for 16-QAM, 64-QAM, and 256-QAM 
employing the proposed constellation mapping and 
demodulation algorithm are plotted for comparison. As shown 
in Fig. 4, in the case of 16-QAM, the BER performance of the 
first two bits (first virtual symbol) is about 0.4 dB better than 
that of the theoretical curve, and 0.6 dB better than that of the 
last two bits (second virtual symbol), at a target BER of 10–3, 
that is, there is a 0.6 dB difference between two virtual symbols. 
In addition, it should be noted that the theoretical curve, which 
indicates the performance of conventional demodulation, lies 
between the BER curves of the two virtual symbols. This 
implies that, by using the proposed methods, the first virtual 
symbol can achieve a better performance than that when 
demodulating the symbol using a conventional demodulation 
algorithm. Actually, based on Table 1, for arbitrary 2q-QAM 
modulation schemes, the performance of the first one or 
several virtual symbols is always better than the performance 

 

Fig. 4. Comparison of numerical results employing the proposed 
constellation mapping and demodulation for 16-QAM, 
64-QAM, and 256-QAM. 
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achieved through conventional QAM demodulation, and the 
performance of the remaining virtual symbols is worse. 

Particularly for the case of 64-QAM, we show three different 
combinations of bit allocation corresponding to three different 
scenarios. In the case of (2, 2, 2), the BER performance of the 
first two bits is about 0.8 dB better than that of the second two 
bits, and 1.4 dB better than that of the last two bits at the target 
BER of 10–3. However, the performance difference becomes 
1.16 dB between the first two bits and the last four bits in the 
case of (2, 4), and 0.93 dB between the first four bits and the 
last two bits in the case of (4, 2). This implies that when 
allocating more adjacent bits to one user, the overall 
performance for that user converges to the performance level 
of employing conventional demodulation. Furthermore, when 
multiple users exist and the first user is assigned with the first 
several bits within a QAM symbol, allocating fewer bits to this 
user and more bits to other users is preferable. We obtained this 
conclusion by comparing the cases of (2, 4) and (4, 2), where 
the BER curves in the case of (2, 4) are better than those of (4, 
2). 

IV. Simulation Results 

1. Performance Comparison 

The uncoded BER performance of the proposed NOMA 
transceiver was compared with that of the conventional 
NOMA transceiver in a single-input single-output (SISO) 
system under an AWGN channel. A symbol level SIC receiver 
was adopted by the conventional NOMA for comparison. To 
show the difference in performance between the proposed 
NOMA receiver and the conventional NOMA SIC receiver, 
the proposed Gray-coded constellation mapping is used for 
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Fig. 5. Performance comparison for 16-QAM under AWGN
channel with (2, 2) bit allocation. 
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Fig. 6. Performance comparison for 64-QAM under AWGN
channel with (2, 2, 2) bit allocation. 
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both systems. Figure 5 compares the simulation results when 
16-QAM modulation is employed. Based on the NOMA 
concept, we know that in a superposition coded QAM symbol, 
more transmit power should be allocated to the far user and less 
transmit power to the near user. Correspondingly, following the 
similar bit allocation to multiple users, as described in the 
previous section, we considered the first m bits to be assigned 
to the far user, and the remaining n bits to be assigned to the 
near user, when the total number of bits of the superposition 
coded QAM symbol is assigned to two users in the manner of 
(m, n). That is, as shown in Fig. 5, the first two bits are assigned 
to the far user, and the second two bits are assigned to the near 
user. As shown in Fig. 5, the BER performance of the far user 
(first two bits) employing a conventional NOMA SIC receiver 
is the same as that employing the proposed NOMA receiver; 
however, the BER performance of the near user (second two 
bits) employing a conventional NOMA SIC receiver is about 
0.11 dB worse than that of the proposed NOMA receiver, 
which leads to the average performance of the overall four bits 
employing the NOMA SIC receiver being about 0.05 dB 

worse at the target BER of 10–3. The reason for this is that the 
second two-bit performance of the conventional NOMA SIC 
receiver is not only dependent on the demodulation of the 
desired data, but is also dependent on the cancelation of the 
interference. That is, if the first two bits are not correctly 
demodulated, the demodulation of the second two bits will 
have a high probability of being wrong. This observation 
implies that the NOMA SIC receiver is a sub-optimal receiver, 
and the theoretical throughput as analyzed by (3) in [5] can 
never be achieved. On the other hand, the proposed parallel 
demodulation for NOMA enables an independent 
demodulation for all two bits (different users), and in this sense 
can be considered the optimal NOMA receiver. 

Figure 6 shows a performance comparison when three users 
are assumed. In the case of (2, 2, 2), the first two bits are 
assigned to the far user, the second two bits are assigned to the 
middle user, and the third two bits are assigned to the near user. 
For a similar reason as mentioned earlier, the first two bits of 
the two NOMA receivers show the exact same performance. 
Simultaneously, the performances of the second and third two 
bits of a conventional NOMA SIC receiver are about 0.08 dB 
and 0.1 dB worse than those of the proposed NOMA receiver 
at a target BER of 10–3. The difference in performance of the 
third two bits is larger than that of the second two bits because 
applying SIC twice is necessary before demodulating the 
desired data for the near user when employing a conventional 
NOMA SIC receiver. This implies that the greater the number 
of users that are simultaneously served by NOMA, the more 
gain that will be obtained by employing the proposed NOMA 
receiver. As in an MHN highway scenario, multiple mTEs are 
served by NOMA at the same time, and the proposed NOMA 
receiver can clearly exploit more throughput gain from NOMA 
than the SIC receiver. 

Figures 7 and 8 show a performance comparison when 
unequal numbers of bits are allocated to two NOMA users in a 
(2, 4) and (4, 2) manner, respectively. By comparing these two 
figures, we can see that the performance gain of the second two 
bits when employing the proposed NOMA receiver is much 
higher in the case of (4, 2), which corresponds to the special 
situation in which the far user requires a higher data rate than 
the near user. The effect of this special situation may not be 
significant in a cellular network because the NOMA for a 
cellular network is serving a UE pair. However, in the case of 
the MHN highway scenario, the onboard mTE requests data 
for many onboard UEs, and the required data rate of an    
mTE is much higher than that of a UE. Furthermore, the 
aforementioned special situation may occur frequently 
especially for an MHN highway scenario, because a bigger- 
sized vehicle with more onboard UEs may be further away 
from the location of the mRU than a smaller-sized vehicle with 
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Fig. 7. Performance comparison for 64-QAM under AWGN
channel with (2, 4) bit allocation. 
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Fig. 8. Performance comparison for 64-QAM under AWGN
channel with (4, 2) bit allocation. 
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fewer onboard UEs, and the required difference in data rate 
between these two vehicles can be significant depending on the 
number of active onboard UEs. This observation implies that 
the proposed NOMA receiver is more flexible for use than a 
conventional NOMA SIC receiver for an MHN highway 
scenario. 

2. Discussions 

When looking back at the challenges of implementing 
NOMA in the MHN highway scenario described in Section II, 
the proposed NOMA receiver performs better than the 
conventional NOMA SIC receiver and is capable of 
overcoming the aforementioned challenges to a certain extent. 
Note that, in the simulations, the transmit power ratio of 
multiple users is fixed to make the superposition coded symbol 
constellation the same as in a conventional QAM constellation. 
We believe that when a dynamic transmit power allocation is 
adopted for a NOMA transmission, the proposed NOMA 
receiver will show a higher gain than a conventional NOMA 
SIC receiver. However, an additional analysis and system level 

simulation results may be required to prove this idea. Therefore, 
such proof will be part of our future work, and is not shown in 
this paper. When comparing the structure of the proposed 
NOMA receiver with a conventional NOMA SIC receiver, it is 
clear that the proposed NOMA receiver has a lower complexity 
because no SICs are necessary. In addition, the proposed 
parallel demodulation is not only good for NOMA but also 
good for the demodulation of single user (SU) data, and works 
just like conventional QAM demodulation. That is, the same 
receiver employing the proposed parallel demodulation can 
freely switch modes between NOMA and SU reception 
without modifying the transmitter or receiver. Furthermore, 
when considering the signaling used for enabling the 
transmission modes of SU transmission and NOMA, the 
signaling of the demodulator selection is sufficient. For 
example, when 16-QAM is employed, the transmitter can send 
a signal and tell the receiver to use both demodulators for the 
case of an SU transmission, or only use the first or second two-
bit demodulator in the case of NOMA. In this case, the receiver 
does not even need to know whether it is served through 
NOMA or SU mode. 

V. Conclusions 

A NOMA transceiver was proposed in this paper. The 
proposal includes the extension of Gray-coded constellation 
mapping for arbitrary 2q-QAM and a two-bit based parallel 
demodulation method. Based on the analysis, we determined 
that the proposed NOMA receiver without SIC is more optimal 
than a conventional NOMA SIC receiver. The numerical and 
simulation results indicate that the proposed NOMA receiver 
outperforms a conventional NOMA SIC receiver with respect 
to the error rate performance, receiver and signaling complexity, 
and flexibility of a practical NOMA implementation, 
particularly under an MHN highway scenario. 
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