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Abstract—Power-domain non-orthogonal multiple access
(NOMA) is a promising radio access technique with non-
orthogonal resource allocation that provides a greater spectrum
efficiency than the conventional orthogonal multiple access
(OMA). In this paper, an iterative receiver is derived for
NOMA. It is based on soft-information successive interference
cancellation (SIC) combined with a minimum mean square
error parallel interference cancellation (MMSE-PIC) detector.
Orthogonal frequency division multiplexing (OFDM) is usually
the typical waveform employed. However, with the proposed
receiver design, any linear modulation can be used. In addition
to OFDM, single-carrier (SC) and the recently proposed sparse
Walsh-Hadamard (SWH) are investigated. The NOMA scheme
is analysed in a multi-path fading channel, where two users
have different power ratios and waveforms. Simulation results
show that mixing OFDM and SWH for a two-user NOMA gives
the best performance with low receiver complexity.

Index Terms—power-domain non-orthogonal multiple access
(NOMA), waveforms, successive interference cancellation (SIC),
iterative receiver

I. INTRODUCTION

Serving multiple users simultaneously is of major impor-
tance in modern communication systems. In the previous cel-
lular systems, orthogonal multiple access (OMA) is considered
to enable an easy separation of the signals at the receiver. A
variety of orthogonal waveforms have been used, each with
their advantages and disadvantages. The orthogonality can
be achieved in multiple domains based on time, frequency,
code, or space division multiplexing. However, the use of
orthogonal signals is not optimal in terms of the achievable
multiuser data rate [1]. With the increase of demands on
communication services, it is required to develop alternative
access schemes for a more efficient utilization of the available
resources, in particular the frequency resources in the sub-
6 GHz frequency bands. Accordingly, non-orthogonal multiple
access (NOMA) has been proposed to increase the capacity
of cellular networks through the reuse of the time-frequency-
code resources for multiple users. With NOMA, a lower outage
probability can be achieved and the achievable data rate can
be increased compared to the widely deployed orthogonal
frequency division multiple access (OFDMA) [2], [3].

The NOMA schemes can be divided into two main cate-
gories: code-domain NOMA and power-domain NOMA. In
code-domain NOMA, sparse or non-orthogonal cross correla-
tion sequences of low correlation coefficient are utilized for
the user-specific spreading sequences [2]. In power-domain

NOMA, the signals of the different users are superimposed
on each other. For the downlink, the signals are superimposed
at the transmitter and in the uplink, the superposition occurs
through the wireless channel. Therefore, multiple users can
utilize the same time-frequency resource and their respective
signals needs to be decoupled at the receiver using multi
user detection (MUD) algorithms like successive interference
cancellation (SIC) [1]. The drawbacks of using NOMA are the
increased complexity of the system, especially the receiver,
and the performance degradation because of the SIC and
channel estimation errors [4].

Typically, NOMA is implemented for multiple users us-
ing the same waveform, e.g. orthogonal frequency division
multiplexing (OFDM), leading to a simple implementation.
Recently, several publications have proposed the superposition
of different waveforms. The partial overlap of OFDMA and
single-carrier frequency division multiple access (SC-FDMA)
is analysed in [5], where an adaptive MUD scheme based
on iterative likelihood testing and signal-to-interference-plus-
noise ratio (SINR) processing is derived. This MUD approach
outperforms the conventional SIC. However, the considered
channel is flat Rayleigh fading, which leads to an insignificant
gain in terms of the bit error rate (BER) performance when
combining different waveforms. In [6], an iterative receiver
for NOMA with OFDM and multicarrier (MC) code-division
multiple access (CDMA) is derived, showing the advantages
of soft-decision over hard-decision receivers. Although it is
a NOMA system, the receiver still works without a power
imbalance. Considering heterogeneous mobility of the users,
a transmission protocol exploiting NOMA is proposed in [7].
The users are grouped in different mobility profiles. The data
of the high mobility user is transmitted with orthogonal time
frequency space (OTFS), which spreads the symbols in the
delay-Doppler plane, whereas OFDM is employed for low-
mobility users. The constructed NOMA system spreads the
signal of the high-mobility users over a large time-frequency
resource for high detection reliability while ensuring sufficient
bandwidth for the low-mobility ones. The mixture of OFDM
and OFDM with index modulation (OFDM-IM) is proposed
in [4]. This is achieved by assigning a higher power level
for the active subcarriers used in OFDM-IM. By employing
interference cancellation (IC) and low-density parity-check
(LDPC) codes, it is shown that this scheme outperforms the
conventional power-domain NOMA which utilizes OFDM for
all users.
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Unlike the aforementioned papers where the receiver design
is specific to the employed waveforms, this work derives a
framework to enable the use and combination of any linearly
modulated waveforms. In addition, we design a generic itera-
tive receiver that performs reprocessing of incorrectly detected
blocks to enhance the block error rate (BLER) performance.
Moreover, this paper considers a realistic frequency-selective
channel (FSC) and is not limited to an additive white Gaussian
noise (AWGN) channel as in [6] or a flat fading channel as in
[5]. The novel receiver is based on a minimum mean square
error parallel interference cancellation (MMSE-PIC) detector
for OMA [8], [9]. This is extended for NOMA with the a-priori
knowledge about the interference. The main contributions of
this paper are: 1) Derivation of a generic iterative receiver
based on soft-information SIC with a MMSE-PIC detector
for uplink power-domain NOMA. 2) SIC errors are a major
limitation for NOMA systems. Hence, the quality of the soft a-
priori estimates generated by the iterative MMSE-PIC detector
for the IC is analysed. 3) Evaluation of the NOMA system with
OFDM, single-carrier (SC), sparse Walsh-Hadamard (SWH),
and their combination. Mixed waveforms are proposed to
exploit, first, the better quality of the a-priori estimates of
the strong user with OFDM for the IC of the weak user and,
second, the advantage of frequency spreading waveforms for
the low signal-to-noise ratio (SNR) user.

The remainder of the paper is organized as follows: Section
II introduces the system model. Section III is dedicated to the
design of the generic iterative receiver. Section IV provides
numerical results. Finally, Section V concludes the paper.

II. SYSTEM MODEL

A synchronized uplink NOMA system is depicted for three
transmitters and one base station in Fig. 1. A major difference
to the downlink is that even though the blocks are overlapping
in power domain, they have been transmitted through different
channels h1,h2,h3. The superimposed received signal in the
time domain is given as

ỹ[n] =

K∑
k=1

√
Pkhk[n] ∗ xk[n] + w[n], (1)

with the transmission samples xk[n] of the kth user, the
channel impulse response hk[n] and the AWGN w[n]. The
symbol ∗ describes the linear convolution. Instead of ampli-
fying the transmission sequence with the transmission power,
we combine, for simplicity, the transmission power with the
channel gain which yields to the received power Pk and the
received power ratio 10 log10(Pk/Pn) between the received
power caused by the kth and nth user. It is assumed that the
channel state information (CSI) is available at the receiver.
The transmission system is visualized in Fig. 2.

A. Wireless Channel

In this work, an FSC is assumed whose impulse response
for the kth user is given as hk = [hk,0, hk,1, . . . , hk,L−1].
hk,l is a stationary complex Gaussian process [10, p. 128]
which is uncorrelated with respect to (w.r.t.) k and l, for

k ∈ {1, 2, . . . ,K} and l ∈ {0, 1, . . . , L − 1}, respectively.
The baseband channel is assumed to be invariant over the
entire transmission time. The power delay profile (PDP) model
defines the power ρl of an arbitrary lth path as a random
process with the correlation function given by

E{hk,lhH
k′,l′} = ρlδ[k − k′]δ[l − l′], (2)

with the discrete Dirac pulse δ[n]. If the length of the cyclic
prefix (CP) is longer than the channel delay spread, the channel
can be modelled as a circular convolution which can be de-
scribed easily in the frequency domain. The circulant channel
matrix based on hk is called Hk. For an easy description
of the received signal in the frequency domain, the diagonal
matrix Λk = FHkF

H is used, whose elements correspond to
the channel response of the kth user in the frequency domain.

B. Linear Modulation Model
1) Transmitter: For each user k, a number of bits are

generated. These bits are assumed to be uniformly distributed
random bits bk ∈ {0, 1}Nb . Precoding leads to the coded bits
ck ∈ {0, 1}Nc . The number of coded bits Nc is dependent
on the number of the uncoded bits Nb and the code rate
r. The coded bits are mapped to a quadrature amplitude
modulation (QAM) constellation set S with the cardinality
|S| = J . This results in the symbol vector dk ∈ SNd

such that E{dkdH
k} = INd

holds. The operators E[·], (·)H

and the symbol I denote respectively the statistical expec-
tation, the Hermitian transpose and the identity matrix. The
number of symbols is Nd = Nc/ log2(J). The symbols are
multiplied with the modulation matrix in the time domain
ATk

∈ CNd×Nd of the kth user. The transmission samples
are expressed as xk = ATk

dk in the time domain and
Xk = AFk

dk in the frequency domain, where the transmission
frequency-domain matrix is given by AFk

= FATk
. Here,

F refers to the normalized discrete Fourier transform (DFT)
matrix. To enable a simple frequency-domain equalization, a
CP with the length NCP is appended to xk resulting in a block.
Hereafter, a CP insertion is assumed for all waveforms. Next,
the waveforms used in this work are introduced.

2) Waveforms: If the CSI is only available at the receiver
and the transmitted symbols are independent, a unitary linear
modulation matrix has no impact on the capacity. However,
in a real transmission system, the input signal is not Gaussian
distributed as in the capacity analysis. Due to the use of a
discrete constellation set and the information rate limit, the
mutual information is influenced by the transmitter matrix
[11]. Under the assumption of perfect feedback equalization,
it is shown that an optimal waveform needs to spread the data
over the domain of selectivity of the channel [11].

In this paper, we focus on an FSC such that an optimal
transmission matrix spreads the symbols over the bandwidth
leading to the same channel gain for all symbols. Among the
waveforms that fulfill this criterion are SC-FDMA (referred
as SC) and SWH precoded OFDM (referred as SWH). In the
time domain, OFDM spreads its symbols fully, SWH partly
while SC does not employ any spreading. In the frequency
domain, SC spreads fully, SWH partly while OFDM does not
employ spreading.
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Fig. 1: Uplink NOMA sce-
nario with three-user equip-
ment and one base station.
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Fig. 2: System overview.

For the reference waveforms OFDM and SC, the transmis-
sion matrices are AOFDM

T = F H and ASC
T = I, respectively.

In [12] the SWH precoded OFDM is presented. It has been
proven that the equal gain condition can be satisfied for
frequency-domain sparsity if the spreading factor Q ≥ L with
L being the channel delay spread. Therefore, a similar perfor-
mance as SC can be achieved, but with a significantly reduced
complexity. The transmission matrix is ASWH

T = F HU . The
precoding matrix U ∈ RNd×Nd can be computed as [12]
U = VQ ⊗ IZ . The Kronecker product is denoted as ⊗. It
applies Nd = QZ, and the Walsh-Hadamard (WH) matrix is
computed recursively as

Vm = V2 ⊗ Vm
2

with m = 2m
′
, {m′ ∈ N+ : m′ ≥ 2}, (3)

with V2 =
1√
2

[
1 1
1 −1

]
. (4)

The index of the kth user is noted as ATk
in the equations

throughout this paper since the users can utilize different
transmission matrices as AOFDM

T , ASC
T or ASWH

T .

3) Received Signal: For NOMA, the received signal in the
frequency domain, which is normalized to the received power
of the kth user, is given as

Ỹ norm
k =

Ỹ√
Pk

= ΛkAFk
dk + Snorm

k +W norm
k , (5)

with the normalized interference

Snorm
k =

Sk√
Pk

with Sk =

K∑
n=1,n6=k

√
PnΛnAFn

dn. (6)

W norm
k = W /

√
Pk is the frequency-domain noise which is

normalized to the power of the kth user with σ2
k = σ2/Pk.

W ∼ CN (0, σ2I) is the AWGN in the frequency domain.

III. GENERIC ITERATIVE RECEIVER DESIGN FOR NOMA

The receiver needs to consider the noise and the interference
of other users to reliably estimate the transmitted data. In a
power-domain NOMA system, a MUD scheme should be used
to detect the signals of the non-orthogonal users. Typically a
SIC algorithm is utilized. The SIC appears in the decoding
schedule defining in which order the blocks are computed. It
is assumed that the average received power decreases from the
1st user to the Kth user as P̄1 > · · · > P̄K . Therefore, the
blocks are decoded from the 1st user down to the Kth user. For
the respective user, the interference is estimated and cancelled,
and the MMSE-PIC detector (inner loop) is executed. The
blocks of all K users have to be processed once for each
SIC iteration. To improve the estimates, the blocks can be
reprocessed NSIC times. All computational steps for one SIC
iteration are defined as the outer loop as shown in Fig. 2.

A. Interference Estimation and Cancellation

The Interference estimation and normalization block esti-
mates the following interference statistics. The a-priori mean
of the interference of the kth user can be calculated as

µa
Sk

= E{Sk} =

K∑
n=1,n6=k

√
PnΛnAFn

µa
dn

, (7)

and the a-priori covariance of the interference as follows

Σa
Sk

= E{(Sk − µa
Sk

)(Sk − µa
Sk

)H} (8)

=

K∑
n=1,n6=k

PnE{ΛnAFn(dn − µa
dn

)(ΛnAFn(dn − µa
dn

))H}

=

K∑
n=1,n6=k

PnΛnAFnΣa
dn
AH

Fn
ΛH

n,
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where Σa
dn

= E{(dn − µa
dn

)(dn − µa
dn

)H}. To simplify
the equalizer notation, the a-priori interference mean and
covariance are normalized to the kth transmission power Pk

as µnorm
Sk

= µa
Sk
/
√
Pk and Σnorm

Sk
= Σa

Sk
/Pk, respectively.

The a-priori mean µa
dn

as well as the a-priori covariance
matrix Σa

dn
are generated by the A-priori Statistics block (cf.

Section III-B4) of the MMSE-PIC detector. It is assumed that
the received blocks of the different users are uncorrelated.
Therefore, the cross terms for different users in (8) are zero
and the separate covariances of the interfering users can simply
be summarized. The MMSE-PIC detector generates in every
iteration a-priori estimates µa

dn
of the symbol vector of the

nth user (cf. Section III-B4). The iteration of the detector from
which the a-priori estimates are used for the IC is defined as
NIC. If the interfering block n has not been computed, the a-
priori mean is assumed to be zero µa

dn
= 0, and consequently,

it has no contribution to the SIC. In the case that an interfering
block is decoded correctly, which is identified by the cyclic
redundancy check (CRC), the a-priori estimates are set to
that correctly detected block, i.e., µa

dn
= dn, and hence, its

interference can be perfectly removed. The IC block subtracts
the estimated interference from the received signal as

Ŷ norm
k = Ỹ norm

k − µnorm
Sk

. (9)

Note that Ŷ norm
k is an estimate of the interference-free block

Y norm
k under the assumption of perfect IC.

B. MMSE-PIC Detector

The MMSE-PIC detector is based on the implementation
in [8] and [9]. Due to its use in a NOMA system, the
different components of the MMSE-PIC detector are adapted
and the inputs and outputs are extended as illustrated in Fig. 3.
This figure represents the MMSE-PIC block introduced in the
system overview in Fig. 2 and is referred to as inner loop. The
inner loop takes as input the normalized interference cancelled
signal in the frequency domain Ŷ norm

k . Moreover, unlike in [9],
we introduce the a-priori interference covariance matrix Σnorm

Sk
.

The outputs are the a-priori mean of the symbols of the kth
user µa

dk
, its variance Σa

dk
and the estimated bits b̂k.

1) Equalizer: The component-wise conditionally unbiased
(CWCU) linear minimum mean square error (LMMSE) equal-
ization for an OMA system is given as [9, eq. (5)]. For
NOMA cases, the kth user is indexed and the interference
of the other users Sk is considered. With that information and
the reliability of the interference as the normalized a-priori
covariance estimate of the interference Σnorm

Sk
, the CWCU

LMMSE equalizer can be formulated for the NOMA system.
The a-posteriori mean is given by

µp
dk

= µa
dk

+ Γ̄-1
kA

H
Fk

ΛH
kΣnorm

Yk
(Ŷ norm

k −ΛkAFk
µa

dk
) (10)

with the a-posteriori error matrix

Σp
dk

= Γ̄-1
k −Σa

dk
. (11)

The normalization of the CWCU LMMSE equalizer is
archived with the multiplication of the inverse of the diagonal
matrix Γ̄ = diag {Γ1,1,Γ2,2, . . . ,ΓNd,Nd

}. This forces the
diagonal elements of the equalization matrix to be unitary,

Equalizer Ext. LLR A-priori Stat.Deinterleaving
and SISO Dec.

Fig. 3: MMSE-PIC block in NOMA (adapted from [9])

and therefore guarantees CWCU estimates of µp
dk

. The matrix
Γk is defined as Γk = AH

Fk
ΛH

kΣnorm
Yk

ΛkAFk
. The covariance

matrix of the signal after interference cancellation is given as

Σnorm
Yk

= (ΛkAFk
Σa

dk
AH

Fk
ΛH

k + Σnorm
Sk

+ σ2
kI)−1. (12)

It is important to mention that due to the overall normalization
to the power of the kth user, the noise variance also has to be
normalized as σ2

k = σ2/Pk.
2) Extrinsic LLR: The extrinsic log-likelihood ratio (LLR)

Le
s,b can be computed as in [8, eq. (15)], where b defines the

bit and s the symbol. It is assumed that the noise at each
constellation symbol is independent. Furthermore, the a-priori
knowledge of each bit is neglected due to a marginal impact on
the performance of single-input, single-output (SISO) decoders
with MMSE-PIC demapping as shown in [13].

3) SISO decoder: In the SISO decoder, the a-priori LLRs
of the coded bits La

s,b are calculated as in [9]. In this
system, a recursive systematic convolutional code with a BCJR
logarithmic maximum a posteriori (MAP) decoder is used.
For simplicity, the deinterleaving of Le

s,b and interleaving of
La
s,b are integrated into the decoder block. The estimated

information bits b̂ are computed by comparing the uncoded
LLRs to zero. In this work, the use of a CRC is assumed.
Therefore, the iterative decoding cycle stops after the correct
detection, otherwise it is terminated after NEq iterations.

4) A-priori statistics of data vector: For the equalizer and
the SIC, the a-priori statistics, namely, the mean µa

d and the
variance Σa

d are computed as in [9]. Due to unknown a-priori
LLRs in the first iteration of the iterative receiver, the a-priori
LLRs are assumed to be zero for all symbols, which is aligned
with the assumption of equiprobability of the transmitted bits.
The a-priori statistics that are used if the bits are not detected
correctly, are stored after the NIC iteration to be used in the
interference estimation.

C. Low-complexity Considerations

The complexity of the interference covariance estimation
(8) and the equalization (12) can be significantly reduced.
For this it is assumed that all symbols have an equal reli-
ability as considered in [9]. Therefore, Σa

dk
≈ σ2

dk
I with

σ2
dk

= Tr{Σa
dk
}/Nd. This leads to a diagonal interference

covariance matrix Σa
Sk
≈
∑K

n=1,n6=k Pnσ
2
dn

ΛnΛH
n and to

ΛkAFk
Σa

dk
AH

Fk
ΛH

k ≈ σ2
dk

ΛkΛH
k . Here, Tr{·} denotes the

trace of a matrix. With the approximations, (12) has a di-
agonal structure so that the matrix inverse can be calculated
element-wise, which considerably reduces the complexity. The
approximations are valid due to the use of the SC and SWH
waveforms which results in a wide spread in the frequency
domain. However, some information is lost as a result of
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the neglected reliability of the individual symbols. To further
decrease the complexity, the sparse structure of the SWH
transmission matrix can be exploited as explained in [12].
Therefore, the modulation and demodulation can be computed
more efficiently for SWH than for SC.

IV. NUMERICAL EVALUATION AND DISCUSSION

K = 2 users are considered for the NOMA simulations. The
data block contains Nd = 128 samples and the CP has a length
of NCP = 16 samples. The length of the CP is longer than the
channel delay spread, which has a length of L = 12 samples.
Therefore, the length of the CP is sufficient. The simulated
bandwidth is B = 4.32 MHz. For the constellation set 4-QAM
is used. The code rate is r = 1/2. A recursive systematic
convolutional channel code with the generator polynomial
[1 13/15]8 is used for the encoder as described in [14]. For
the decoding, a BCJR log-MAP algorithm is implemented.
For the PDP the extended vehicular A (EVA) channel model
is used [15]. The amount of SIC iterations remains variable
as NSIC ∈ {1, 2}iterations. The maximal amount of iterations
of the MMSE-PIC detector is fixed to NEq = 7 iterations. In
the case of unsuccessful detection, which is determined by
the CRC check, the a-priori information is provided by the
NIC = 1 iteration of the MMSE-PIC loop for the IC stage.
Note that NEq and NIC are only relevant when spreading
waveforms are used. The SWH spreading factor is set to
Q = 16 with Q ≥ L to attain an equal gain of the symbols as
proven in [12].

A. Analysis of Estimates for Interference Cancellation

To differentiate between the impact of the BLER and the
quality of the a-priori estimates, represented by MSE(µa

dk
)

and MSE(Σa
dk

), the mean squared error (MSE) only considers
a-priori estimates if the blocks are decoded incorrectly. For
simplicity, the analysis of the results for both metrics are
provided for the 1st user and NSIC = 1 in Fig. 4 and 5. The
trends can be recognized and transferred to the other user and
multiple SIC iterations. In order to determine the impact of
the MMSE-PIC iteration, NIC, which is used to provide the a-
priori estimates to the IC, the MSE(µa

d1
) and MSE(Σa

d1
) for

the 1st user for incorrectly detected blocks is shown in Fig.
4a and 4b, respectively. In both plots, the MSE of the a-priori
mean estimate is significantly lower for OFDM than for SC,
independently of the MMSE-PIC iteration which is used to
generate the a-priori information to calculate the MSE. This
shows that even though SC has a better BLER performance
during the first SIC round, i.e NSIC = 1, the soft information
provided by the MMSE-PIC for the IC may not be better
as well. This can be explained as follows: In the received
signal of an OFDM system, both the desired signal as well as
the interference are uncorrelated w.r.t. the frequency-domain
samples n. There is no inter-symbol interference (ISI) and
therefore no need to compute multiple MMSE-PIC iterations.
For SC there is ISI and consequently multiple MMSE-PIC iter-
ations have to be computed. In the used MMSE-PIC detector,
multiple iterations lead to a convergence behaviour and in an
ideal case all the ISI is removed. However, if the detection
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Fig. 5: BLER of the 1st user for a power ratio of 5 dB

is faulty, the receiver can converge to incorrect values. This
can be seen in the quality of the variance estimate MSE(Σa

d1
)

especially at high SNRs. There, the MSE increases if the a-
priori information is generated at higher MMSE-PIC iterations
NIC. However, if the quality of the mean estimate MSE(µa

d1
)

is considered, the lowest MSE appears at NIC = 3. A fraction
of the ISI could be removed and the convergence behaviour is
only visible for NIC > 3. Nonetheless, the best average BLER
for both users can be achieved with NIC = 1 which is used
from here on. The further processing of incorrectly detected
blocks is enabled with another round of SIC, i.e. NSIC = 2,
which leads to a significantly decreased BLER for both SC
and OFDM compared to NSIC = 1 as seen in Fig. 5.

B. Comparison of Waveforms

The idea of utilizing mixed waveforms is that for the
strong user any waveform achieves a low BLER, but OFDM
is preferred due to its better a-priori estimates for the IC.
However, for the weak user, frequency spreading leads to
a significant performance gain suggesting the use of SC or
SWH. The BLER curves of the 1st and the 2nd user for
NSIC = 2 are shown in Fig. 6a and 6b, respectively. The
combination of waveforms is described as (waveform 1st user,
waveform 2nd user).

At the high power ratio of 15 dB, the best performance
for the 1st user is achieved using (SC,SC) and (SWH,SWH)
which spread their symbols in the frequency domain. The other
waveform combinations have a similar BLER but worse by
3 dB compared to (SC,SC). However, the system performance
is dominated by the BLER of the weaker signal of the 2nd user,
where all waveform combinations have a similar performance
except (OFDM,OFDM) which has a higher BLER.
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Fig. 6: BLER for different power ratios and NSIC = 2

At a power ratio of 5 dB, more inter-user interference (IUI)
is present. For the 1st user, all the waveform combinations
achieve a similar BLER until an SNR of 15 dB. At higher
SNR (SWH,SWH), (SC,SC) and (OFDM,OFDM) have noise
floor which is lower for the latter. For the 2nd user, a similar
noise floor occurs for the same waveforms. However, for
(OFDM,SC) and (OFDM,SWH) no noise floor appears for
the observed range of the BLER. This is due to the fact that
the OFDM waveform for the 1st user generates good a-priori
estimates for IC (cf. IV-A) and the frequency spreading lead
to a low BLER for the weak 2nd user.

In summary, the mixed waveforms perform better than
using the same waveform for both users. Additionally, the
combination (OFDM,SWH) can be considered as the best low-
complexity solution among the studied combinations, due to
the sparsity of the SWH modulation matrix.

V. CONCLUSION

In this paper, a general framework and an iterative receiver
are derived for power-domain NOMA to enable the com-
bination and analysis of different waveforms. The designed
receiver integrates soft-information SIC with an MMSE-PIC
detector. To investigate the potential of mixed waveform for
NOMA, three waveforms, namely OFDM, SC, SWH, have
been evaluated in different combinations considering two users
in a frequency selective channel. It has been numerically
shown that the system with mixed waveforms performs better
than using the same waveform for both users, especially
at low power ratios. In particular, when OFDM is utilized

for the user with the higher power and SC or SWH for
the other user. With this configuration, a higher fairness is
achieved for both users with regard to the BLER. Moreover,
the combination of OFDM and SWH arises as a potential
practical mixed waveform candidate due to its low-complexity
implementation.

To determine whether the advantages of using mixed wave-
forms for two users can be extended to more users, the analysis
of K > 2 users is subject to our future research work.
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