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Abstract—Spectrally efficient frequency division mul-
tiplexing (SEFDM) is a multi-carrier signalling format,
which has a higher spectral efficiency than conventional
orthogonal frequency division multiplexing (OFDM) sig-
nals. This work presents preliminary investigations into
the use of power allocation for SEFDM. In this method,
different subcarriers within the same SEFDM symbol are
allocated different power levels. Results show that such
power allocation is beneficial to SEFDM detection, with a
particular case studied here of the suboptimal fixed sphere
decoder (FSD) detector. The investigated method results in
a drastic complexity reduction compared to FSD without
power allocation for the same error performance.

I. INTRODUCTION

SEFDM was originally proposed in 2003 [1] and the

idea behind it is to pack more subcarriers, relative to

OFDM, in a given bandwidth. Orthogonality violation

in SEFDM results in inter-carrier interference (ICI) and

creates an environment with substantial distortion that

will be severely damaging if left uncompensated.

This work, and for the first time, introduces a power

allocation method to SEFDM. In this method, different

subcarriers within the same SEFDM symbol are allo-

cated with different power levels in a way similar to

what has been proposed for non orthogonal multiple

access (NOMA) [2]. Such power allocation is beneficial

to overcome the ill-conditioned issue of SEFDM for sub-

optimal detectors and reduce detector complexity. For

proof of concept, in this work, an FSD detector is used

to detect the SEFDM signal.

Notation : Matrices are denoted by bold uppercase

letters, bold lowercase letters represent column vectors.

(.)H is the Hermitian operator, ⌈.⌉ is the ceiling function,

⌊.⌉ is the slice function and ‖.‖ is the Euclidean norm.

II. SEFDM SIGNALS AND POWER ALLOCATION

SEFDM is a multi-carrier modulation technique,

where symbols are generated similarly to OFDM. The

discrete SEFDM-modulated signal, x ∈ CQ×1 is [3]

x =
1√
Q

Q−1
∑

q=0

N−1
∑

n=0

zn exp

(

j2πα
qn

Q

)

, (1)

where z ∈ CN×1 is the complex baseband symbols to be

modulated by N subcarriers, Q ≥ N is the total number

of samples and 1/
√
Q is employed for normalization

purposes. α ∈ (0, 1] is the compression factor, hence

saving (1 − α) × 100% from the originally occupied

bandwidth. In OFDM α is unity.

If the SEFDM signal in (1) were to be transmitted

over additive white Gaussian noise (AWGN) (w), with

zero mean and variance σ2
n = N0/2, where N0 is the

noise power spectral density, the SEFDM-received signal

y ∈ CQ×1 can be presented by

y = x+w. (2)

At the receiver, the demodulated signal ẑn ∈ C, affected

by the channel and ICI is given by [3]

ẑn =
1√
Q

Q−1
∑

q=0

yq exp

(

−j2πα
qn

Q

)

, 0 ≤ n ≤ N − 1,

= Λz+w,
(3)

where Λ ∈ CN×N is the correlation matrix with (Λm,n)
representing the interference from subcarrier n on sub-

carrier m and given by [4]

Λ(m,n) = exp(jπα(m − n))×

exp(
−jπα(m− n)

Q
)





sinc(α(m − n))

sinc
(

α(m−n)
Q

)



 . (4)

Unlike standard SEFDM methods, in the proposed

method, subcarriers are transmitted at different power

levels. The reason is that within the SEFDM symbol,

there are subcarriers that can be mutually orthogonal.

For α = b/c where b, c ∈ Z, b < c and for c < N , there

are ⌈N/c⌉ mutually orthogonal subcarriers (|Λm,n| = 0).

Thus, a subset of mutually orthogonal subcarriers will be

transmitted at higher power level (PH ) and the rest of

the subcarriers are allocated with the lower power level

(PL). To have a fair comparison with SEFDM signals

without power allocation, it is important to not change

the total transmitted power. Thus, the increase in power

level in some subcarriers results in a reduction of the

power level for the rest. The ratio between the upper

and lower power levels (ρ = PH/PL) differs according

to the system parameters (i.e. N and α) to benefit the
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Fig. 1: SEFDM signal spectrum with power allocation

for N = 16, α = 4/5, b = 4 and c = 5.

most. In (1), the multiplication of the complex symbol

zn by a weighting factor will result in the desired power

allocation.

Fig. 1 presents the spectrum of an SEFDM symbol

with power allocation for N = 16, α = 4/5. In this

case, b = 4 and c = 5, which results in 4 subcarriers of

power PH and the rest of power PL.

III. SYSTEM DESIGN & RESULTS

The output of the first stage detector u ∈ CN×1 is

calculated by taking a hard decision on the mutually

orthogonal subcarriers with high-power level while the

rest are set to zero. Thereafter, u is used to calculate

and cancel the interference from the subcarriers with

high-power level on the rest of the low-power level

subcarriers, in a way similar to the method of [3], as

shown in (5). The resultant vector v ∈ CN×1 is the

input to the second stage detector FSD.

v = ẑ−Λu. (5)

As a consequence of first stage interference cancellation,

the correlation matrix Λ is updated to Λ́, where the

elements referred to the interference already cancelled in

the first stage is set to zero. This adjustment to Λ results

in an orders of magnitude reduction in its condition

number, which is beneficial for FSD because the initial

zero forcing (ZF) estimate is crucial to its performance.

The FSD algorithm searchs within a limited subspace,

where at every level (w), a fixed number of nodes (tree

width) Tw = 2w, are examined. The FSD estimate is

obtained from the minimisation problem stated in [5]

ẑout = arg min
z̃⊂H,z̃∈M

‖L(p− z̃)‖2 ≤ ğ, (6)

where z̃ is a candidate SEFDM symbol within the search

subspace H, M is the constellation cardinality, L is

an upper triangular matrix defined by the Cholesky

decomposition as Λ́HΛ́=LHL, p = (Λ́HΛ́)−1Λ́v and ğ
is the radius of the search sphere, which corresponds to

the distance from the ZF estimate ẑZF = ⌊Λ́−1v⌉. We

can notice that the first stage detector affects both FSD

ZF estimate and correlation matrix.
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Fig. 2: SEFDM signals BER performance with M = 4,

N = 16, Tw = 2 and α = 4/5, 2/3.

Fig. 2 shows the bit error rate (BER) performance

versus energy per bit over N0 (Eb/N0) for the proposed

method and compares it to conventional FSD. The pa-

rameters are M = 4, N = 16 and α = 4/5,= 2/3.

The FSD is of unity level (Tw = 2) for power allocation

and it is of higher level order for conventional FSD.

The power ratio ρ is chosen to result in optimal BER

performance, with no details given here for brevity. From

the results, it can be noticed that Tw of conventional FSD

(diamond marker) needs to be increased substantially

(16 and 32 for α = 4/5 and α = 2/3, respectively)

compared to the power allocation method (Tw = 2) to

achieve a comparable BER performance.

IV. CONCLUSION

This work introduces the use of power allocation for

SEFDM. Results show that such method is beneficial to

SEFDM detection with a particular case presented here

for the FSD detector. The investigated method results in

a drastic complexity reduction compared to conventional

FSD for the same BER performance. Further investiga-

tion is the subject of ongoing work.
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