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Improving the Rates in Wireless Relay Systems
through Superposition Coding

Petar Popovski,Member, IEEEand Elisabeth de Carvalho,Member, IEEE

Abstract—We introduce a new two–step relaying scheme based
on superposition coding,SC–relaying. In Step 1, the sourceAS

broadcasts a message, created by superposition coding, to the
relay AR and the destinationAD. After decoding the information
from AS , AR relays a part of this message in Step 2, by
using a codebook that is adapted to the linkAR − AD. The
information–theoretic design shows that the proposed scheme can
improve the spectral efficiency, attaining almost optimal value.
We demonstrate that the SC–relaying can be ported even to
the case of uncoded systems, where it is shown how to select
the transmission scheme in order to maximize the throughput
between the source and the destination.

I. I NTRODUCTION

Recently, there have been significant research efforts related
to wireless relay systems, most notable being the schemes for
cooperative diversity [1] as well as the information–theoretic
investigations of the strategies for cooperative relaying[2],
[3]. Fig. 1 depicts a wireless relay system, whereAS being
the source,AD is the information sink and the relayAR

is assisting the communication betweenAS and AD. We
consider the systems where the linkASAR is strongerASAD,
which is the interesting case for relay–based systems [4].

We propose a 2–step relaying scheme based on superpo-
sition coding, shortlySC–relaying. SC–relaying belongs to
the class of Decode–and–Forward (DF) schemes [5][6]. In
Step 1,AS broadcasts toAR and AD, while in Step 2AR

transmits toAD. The data transmitted byAR in Step 2 is a
function of the data thatAR has received fromAS in Step 1.
The superposition coding [7] has been introduced for efficient
broadcasting. The usage of superposition coding for relaying
has been investigated in [8], where the role of the superposition
coding is to increase the diversity and thus decrease the outage
probability. On the other hand, the objective of our SC–
relaying scheme is to increase the spectral efficiency and is
therefore necessary to assume Channel State Information (CSI)
at the transmitters [6], such that the transmission rates can be
adapted, allowing for unequal durations of Step 1 and Step
2. The treatment of the issues related to outage probability,
when the CSI is entirely/partially not known is outside the
scope of this letter. In order to improve the spectral efficiency,
the nodeAR recodes the signal and adapts it to the achievable
rate on the linkARAD. Due to the particular choice of the
transmission format in Step 1, the signal received in Step 2
can be easily utilized to helpAD decode the signal received
in Step 1. Note that such a combining is not straightforwardly
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Fig. 1. The wireless relay scenario.γ0, γ1, andγ2 denote the SNRs.

possible for the Decode–and–Forward (DF) scheme from [1].
Furthermore, the spectrally–efficient relaying used in [6]states
that AD uses maximum ratio combining of the transmission
by AS and AR, but doe not specify the encoding procedure.
On the other hand, SC–relaying represents a scheme that uses
standard single link codebooks and is designed to enable
simple combining of the transmission byAS and AR at
AD, and therefore portability of the ides to the cases of
uncoded/lightly coded systems.

The letter is organized as follows. Section II introduces the
system model and the assumptions. The operation of the SC–
relaying scheme is described in Section III. The design of the
scheme under information–theoretic assumptions, along with
some numerical results, is given in Section IV. Design of the
SC–relaying scheme for uncoded systems and guidelines for
practical adaptive modulation and coding (AMC) are described
in Section IV. The last section concludes the paper and
outlines topics for future work.

II. SYSTEM MODEL

There is a single channel with a normalized bandwidth of
1 Hz and a link with SNR ofγ can send up to:

C(γ) = log(1 + γ) [bit/s] (1)

With the normalized bandwidth, the terms “rate” and “spec-
tral efficiency” become equivalent, while the time can be
expressed in number of symbols. We usexV [m] to denote
the m−th complex baseband transmitted symbol from node
V ∈ {AS , AR}. A complex–valued vector is denoted byx. If
the nodeV is transmitting, then them−th received symbol at
the nodeW ∈ {AR, AD} is given by:

yW [m] = hixV [m] + zW [m] (2)

where i = 0 if V = AS ,W = AD, i = 1 if V = AS ,W =
AR, and i = 2 if V = AR,W = AD. Eachhi denotes a
complex channel coefficient.zW [m] is the complex additive
Gaussian noiseCN (0, σ2). The transmitted symbols have
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Step 1: AS broadcasts the signal
√

1 − αxb +
√

αxs

• AR receivesyR = h1(
√

1 − αxb +
√

αxs) + zR and decodes
successfully firstxb and thenxs.

• AD receivesyD1
= h0(

√
1 − αxb +

√
αxs)+zD1 and does not

decode the signals, but keepsyD1
in memory.

Step 2: AR transmits the signalxr , which has identical information
content asxs from Step 1, but isre–codedwith a different codebook.

• AD receivesyD2
= h2xr + zD2, decodesxr and uses the

information to locally generatexs.
• AD obtains the vectoryD3

= yD1
−h0

√
αxs = h0

√
1 − αxb +

zD1 which is used to decodexb.

TABLE I
DESCRIPTION OF THESC–RELAYING SCHEME.

E{xV [m]} = 0 and a normalized powerE{|xV [m]|2} = 1,
such that the SNRs are given byγi = |hi|

2

σ2 for i = 0, 1, 2.
The transmitted power is fixed for bothAS andAR. However,
we do not put a joint power constraint on the source and the
relay, as our assumption is that the relay is deployed to use
maximal power. Unless stated otherwise, the following willbe
always assumed:

γ1 > γ0 γ2 > γ0 (3)

All the channels are considered to be constant at least during
Step 1 and Step 2. Each node is assumed to know all the
relevant SNRsγ0, γ1, γ2 before the start of the transmission
of AS . For the information–theoretic design, we assume that
the packet lengths are sufficiently large, such that long error–
correcting codes can be applied to yield a practical zero
probability of error if the rate is chosen to be below the channel
capacity.

III. D ESCRIPTION OF THESC–RELAYING SCHEME

The two steps of the SC–relaying scheme are described in
Table I. In the description,α is thepower–division coefficient
for superposition coding and0 ≤ α ≤ 1. xb is called thebasic
message andxs is the superposedmessage. The duration of
Step 1 isN symbols, such that bothxb andxs are vectors of
N complex components.

Let Rb andRs be the transmission rates of the basic and the
superposed message, respectively, whileR2 is the transmission
rate applied byAR in Step 2. ThenRb and Rs should be
chosen such that, after Step 1,AR should be able to decode
both xb and xs from yR. Furthermore,R2 should be chosen
such thatAD can reliably decodexr (and thereforexs) from
yD2. Finally, Rb should be also chosen in such a way thatAD

can reliably decodexb from yD3.
Let us assume thatRb, Rs, R2 are appropriately chosen, as

required in the description above. Then, the overall transmis-
sion rateRsc from AS to AD can be calculated as follows.
The total number of bits thatAS transmits in Step 1 is given
by N(Rb + Rs). The total number of bits thatAR needs to
send in Step 2 isNRs, as xr contains identical information
with xs from Step 1. SinceAR transmits at the rateR2, the
Step 2 has a duration ofN2 = NRs

R2
symbols and in general

N2 6= N . The amount of data received byAD after the two
steps isN(Rb + Rs), such that the overall data rate is:

Rsc =
N(Rb + Rs)

N + N2
=

(Rb + Rs)R2

R2 + Rs

(4)

If N2 < N , then it can be seen that the overall rate is improved
and this is exactly because we make provisions for the adapted
duration of the second step.

IV. I NFORMATION–THEORETICDESIGN

A. Choice of the Rates andα

Central to the proper information–theoretic design of the
proposed scheme is the selection of the coefficientα and the
ratesRb andRs. From the condition thatAR should decode
xb andxs, we obtain the following conditions:

Rb ≤ C

(

(1 − α)γ1

1 + αγ1

)

= RU
b1

(α) Rs ≤ C (αγ1) = RU
s (α)

(5)
From the requirement thatAD should decodexb from yD1

after knowingxs, we obtain:

Rb ≤ C((1 − α)γ0) = RU
b2

(α) (6)

Another required constraint comes from the fact thatAD

should decodexr, sent byAR in Step 2, which implies:

R2 ≤ C(γ2) (7)

It is easy to see that, to maximize the overall spectral effi-
ciency, we should setR2 = C(γ2).

We now proceed towards the discussion on selectingα in
order to optimizeRsc. The optimization problem can be stated
as follows:Givenγ0, γ1, γ2, find α ∈ [0, 1] that maximizes (4)
while satisfying the conditions (5) and (6).

Note that the direct transmission corresponds toα = 0
and the multi–hop toα = 1, which makes them special
instances of the SC–relaying. First, it can be easily seen that
R2 should have the maximal possible valueR2 = C(γ2).
Since Rsc strictly increases withRb, then Rb should be set
to the maximal possible valueRb = min

{

RU
b1

, RU
b2

}

. We
consider two different cases:

RU
b1

≤ RU
b2

⇔ α ≥ 1

γ0
− 1

γ1
= α0 (8)

RU
b1

≥ RU
b2

⇔ α ≤ 1

γ0
− 1

γ1
= α0 (9)

To cover the caseγ0 < γ1

1+γ1
, we should writeα0 =

min
{

1
γ0

− 1
γ1

, 1
}

. Clearly, if γ0 > γ1

1+γ1
and (3) is satisfied,

then0 < α0 < 1.
In (8) min

{

RU
b1

, RU
b2

}

= RU
b1

= Rb and α ∈ [α0, 1]. Here
Rb + Rs = C(γ1) and is independent ofα. On the other
hand,Rsc = C(γ1)C(γ2)

C(γ2)+C(αγ1)
strictly decreases withα, such that

it is optimal to setα = α0. In (9) min
{

RU
b1

, RU
b2

}

= RU
b2

=

Rb and α ∈ [0, α0]. Here Rsc = C(γ2)[C((1−α)γ0)+C(αγ1)]
C(γ2)+C(αγ1)

and the optimalα needs to be found by settingdRsc
dα

= 0.
The optimal valueαopt, in general, is a function of all three
valuesγ0, γ1, γ2, but it cannot be expressed in a closed form.
Nevertheless, it can be shown that, for givenγ0 andγ1, there is
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a threshold valuef2(γ0, γ1), such that whenγ2 ≥ f2(γ0, γ1),
then the choiceα = α0 is optimal, see [9]. The function
f2(γ0, γ1) can be determined by settingdRsc

dα

∣

∣

α=α0
= 0, which

results in:

f2(γ0, γ1) = (1 + γ1)
γ0(1+γ1)

γ0(1+γ1)−γ1 · (γ0/γ1) − 1 (10)

When γ1 is relatively high, it follows from (10) that
f2(γ0, γ1) ≫ γ0−1 for small values ofγ0, while f2(γ0, γ1) ≈
γ0 for larger γ0. However, the numerical results show that
choosingα = α0 wheneverγ2 > γ0 leads only to slight
suboptimality in the spectral efficiency. Whenα = α0, the
SC–relaying has a rate:

Rsc(α0) =
C(γ1)C(γ2)

C(γ2) + log2

(

γ1

γ0

) (11)

Instead of optimizingα, we will compare the performance
of the SC–relaying withα = α0 to an optimal reference
information–theoretic scheme, described in Section IV-C.

B. Reference Schemes

Here we consider three alternatives to the SC–relaying
scheme:

1) Direct transmissionbetweenAS andAD at a rateRdir =
C(γ0).

2) Multi–hop transmission, where all the data from Step
1 is relayed byAR in Step 2, but the transmission
rate in Step 2 is adapted toγ2. Here AD ignores the
transmission ofAS in Step 1. The rate of the multi–hop
transmission is easily found to be:

Rmh =
C(γ1)C(γ2)

C(γ1) + C(γ2)
(12)

3) Decode–and–forward (DF)transmission, as in [1],
where AR decodes the packet fromAS and retrans-
mits the packet in Step 2 using thesame modula-
tion/codebook as used in Step 1. Due to the same
transmission format, nowAD can do Maximum Ratio
Combining of the signal received fromAS in Step 1 with
the signal received fromAR in Step 2. The transmission
rate byAS should be chosen such thatAR can decode
AR in Step 1 andAD can decode the combined signal,
such that:

RDF =
1

2
min{C(γ1), C(γ0 + γ2)} (13)

The following observations are in order. First, it is interest-
ing to note1 that the direct transmission corresponds toα = 0
and the multi–hop transmission corresponds toα = 1. The
choice α = α0 makesRsc > Rmh wheneverγ1 > γ0 and
γ2 > γ0. Regarding the direct transmission, for givenγ0, γ1,
the minimalγ2 = γ2,0 for whichRsc(α0) ≥ Rdir is determined
through:

log2(1+γ2,0) = log2(1+γ0) ·
log2 (γ1/γ0)

log2 [(1 + γ1)/(1 + γ0)]
(14)

1There is no analogous correspondence with the DF scheme.

C. The Optimal Reference Scheme

The SC–relaying scheme is not optimal in an information–
theoretic sense. In this section we are seeking for the scheme
that offers maximal achievable rate by only putting the
constraint that in Step 1 onlyAS transmits and in Step 2
only AR transmits. As pointed out in [6], such constraints
are appropriate for the practical half–duplex relay channel.
An additional constraint is that the scheme is decode–and–
forward, such thatAR can reliably receive the message in
Step 1. Hence, afterAS broadcasts the message in Step 1 at a
rateC(γ1), the relay decodes it, while the uncertainty ofAD

about the message sent byAS is N [C(γ1) − C(γ0)]. Thus,
if we use an optimized transmission atAR, then in Step 2
there should beN [C(γ1)−C(γ0)] bits in total transmitted to
AD. In Step 2AR transmits at a rateC(γ2), which makes the
overall rate:

Ropt =
NC(γ1)

N + N C(γ1)−C(γ0)
C(γ2)

=
C(γ1)C(γ2)

C(γ2) + C(γ1) − C(γ0)

=
C(γ1)C(γ2)

C(γ2) + log2

(

1+γ1

1+γ0

) (15)

By comparing (15) with (11) we see that whenγ0, γ1 are
(reasonably) greater than 1, thenRsc ≈ Ropt.

For the optimal reference scheme,AR should use a code-
book created e. g. by random binning (Slepian–Wolf cod-
ing) [7], which is complex in practice. On the other hand,
SC–relaying can use standard single–user codebooks, asxb

andxs are coded independently. This makes the ideas of SC–
relaying applicable in the case of lightly–coded or uncoded
systems, unlike the approach with random binning.

When compared to the optimal reference scheme, it can
be noted that there are two sources of suboptimality for
the SC–relaying.First, in SC–relaying the nodeAR relays
N log2

(

γ1

γ0

)

bits, which is too many compared to the minimal
necessary, since:

C(γ1) − C(γ0) = log2

(

1 + γ1

1 + γ0

)

< log2

(

γ1

γ0

)

(16)

wheneverγ1 > γ0. Second, in the SC–relaying, if after Step 2,
we allowAD to decodexr by usingyD1 as a side information,
thenxr can be sent at a rate larger thanC(γ2), which would
increase the overall rate. Instead we have designed the SC–
relaying to decodexr from the transmission ofAR and then
simply combine this information with the previous reception
yD1 by subtraction. Such an operation makes the scheme
easily portable to the case of uncoded/lightly–coded systems,
as it will be seen in Section V. As a final note, the closeness of
the SC–relaying to the optimal scheme, suggests a small gain
from transmittingxs at a rateR2 > C(γ2) and then decoding
it by usingyD1 as a side information.

D. Numerical Results

Here we provide numerical illustration for the information–
theoretic design of the SC–relaying. Fig. 2 shows the gain
in terms of spectral efficiency brought by the SC–relaying
scheme. In this evaluation scenario,AS , AR, AD are lying on
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Fig. 2. Comparison of the spectral efficiency for different positions ofAR

on the lineASAD . dij is the distance betweenAi andAj .

a same line, the distance betweenAS andAD is dSD and the
distance betweenAS and AR is dSR. Two different values
for γ0 are used,γ0 = 5 dB and γ0 = 15 dB. For given
γ0 and given ratiodSR

dSD
, the other two SNRs are determined

as γ1 = γ0 (dSD/dSR)
ν and γ2 = γ0 (dSD/(dSD − dSR))

ν ,
where ν = 3 is the path loss coefficient. In such a way,
we always obtainγ1 > γ0 and γ2 > γ0. The major gain
over Rdir and Rmh is brought by the SC–relaying, while
the improvement ofRopt over Rsc is relatively small. When
γ0 increases, the SC–relaying performs very close to the
optimal scheme, but the gain of the SC–relaying over the
direct link is decreased. For the considered scenario, the DF
scheme has the worst performance in terms of achievable rate.
Note that the DF scheme approaches the multi–hop scheme
(and slightly outperforms it) when the values ofγ1 and γ2

are approximately equal, which happens around the middle
position.

Fig. 3 illustrates the impact of the suboptimal choiceα = α0

for the SC–relaying. Note that whenγ1 > γ0 and γ2 > γ0,
the value ofRopt provides an upper bound for the spectral
efficiency of the SC–relaying. Fig. 3 shows the value of
Ropt−Rsc(α0)

Rsc(α0)
·100 [%]. We have fixedγ1 = 30 dB. In principle,

for a given γ0, we can do the evaluation for an arbitrary
positive value ofγ2. Nevertheless, we have evaluatedRopt

and Rsc for γ2 = γ2,0 (given in 14) due to the following.
When γ0 < γ2 < γ2,0, then the direct link is preferred over
the SC–relaying andRopt > Rdir > Rsc(α0). The difference
Ropt−Rdir increases asγ2 increases. The value ofγ2,0 is the
minimal value ofγ2 where the SC–relaying is selected over
the direct link. It can be easily shown that, forγ2 > γ2,0,
the differenceRopt − Rsc(α0) monotonically decreases with
γ2. Hence, the calculation withγ2 = γ2,0 provides an upper
bound to the value ofRopt−Rsc(α0)

Rsc(α0)
. It can be seen that the usage

of α0 is only slightly suboptimal, which renders the further
optimization ofα unnecessary.

V. PRACTICAL DESIGN OF THESC–RELAYING

Analogously to the case in which practical adaptive mod-
ulation and coding (AMC) approximates the ideal AMC for
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Fig. 3. Percentage of improvement of the optimized relaying over the SC–
relaying, where the latter usesα = α0. Hereγ1 = 30 dB, while for eachγ0

it is γ2 = γ2,0, whereγ2,0 is given by (14)

given SNR (given by the capacity expression (1)), the practical
implementation of the SC–relaying is an approximation to
the scheme designed in the previous section. The objective
of this section is to demonstrate that the idea of SC–relaying
can indeed bring gain in the spectral efficiency even when
the information–theoretic assumptions are removed. The result
will be a method for adapting the rate betweenAS and AD

by selection of the transmission method.

A. Note on the Modulation Levels

In order to present an exemplary design, we consider
a system with uncoded transmission. We assume that the
system has two different modulations QPSK and 16–QAM,
respectively, such that when the transmission is done over
a direct link, there is a single SNR threshold for switching
between the two modulations.

The constellation used for QPSK is{ej π
4 , ej 3π

4 , ej 5π
4 , ej 7π

4 }.
Regarding the 16–QAM constellation, instead the usual one
with Gray encoding, in this example we have opted to use
another type of 16–QAM, created by superposition of two
independent QPSK–modulated packets. This is because we can
use the same modulation to do the function of superposition
coding in Step 1 and as a 16–QAM modulation over a direct
link 2. A 16–QAM symbol is represented as:

x16 =
√

1 − α16xb +
√

α16xs (17)

whereα16 = 1
5 , while xb, xs are QPSK symbols. With such

α16, the constellation points forx16 correspond to a standard
16–QAM constellation with average power of 1.

Let PQPSK(γ) denote the probability that a packet ofN
QPSK symbols is received correctly when transmitted at SNR
of γ. When 16–QAM is used for transmission over a direct link
with γ, let P16,b(γ) denote the probability that the basic QPSK
message in the superposition–based 16–QAM transmission

2This is done solely for simplicity, we could have as well used the usual 16–
QAM for transmission over the direct links; however, the conclusions will not
change and we in fact will show that by having only these two modulations,
we can still reap the benefits of SC–relaying.
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is received correctly. The superposed message is discarded
if the basic QPSK message is not received correctly. The
expected throughput of QPSK and 16–QAM transmission is,
respectively:

τQPSK(γ) = 2PQPSK(γ) (18)

τ16−QAM (γ) = 2P16,b(γ) + 2P16,b(γ)PQPSK(α16γ)(19)

Note thatP16,b(γ) 6= PQPSK((1 − α16)γ), as the interference
from the superposed QPSK message is not Gaussian. It is also
worth noting that the throughput of the described uncoded
16–QAM scheme is slightly better than 16–QAM with Gray
coding and only a single packet, since with the described
scheme in some instances at least 2 bits per symbol succeed
to be transmitted.

We fix the transmission of the sourceAS to consist of
N = 200 symbols. If the two modulations are used to design
adaptive modulation scheme based on maximal throughput
over a direct link, then the threshold for switching between
the two is made atγt, such thatτQPSK(γt) = τ16−QAM (γt)
and, forN = 200, we have foundγt = 16.2 dB. Furthermore,
we have found that forγ ≥ 20 dB, the transmission with
16–QAM is virtually error–free andτ16−QAM (γ) = 4.

Note that the DF scheme is excluded from this evaluation,
as in this particular example it would have performed almost
identically with the multi–hop scheme (with a negligibly
higher reliability for the 16–QAM signal received at the
destination).

B. Application of the Modulation Schemes in SC–relaying

Now consider the relay system from Fig. 1 and assume that
γ1 = γ2 = 20 dB, such that the 16–QAM transmissionsASAR

andARAD can be assumed to be error–free. The question we
want to ask is:For given γ0, how should the source select
the transmission mode in order to maximize the throughput?
For the chosen example, the multi–hop transmission hasR1 =
R2 = 4, such that the throughput isRmh = 2. Furthermore,
the direct transmission uses adaptive modulation: QPSK for
γ0 < 16.2 dB and 16–QAM otherwise.

Let us consider the operation of the SC–relaying for the
given parameters. After Step 1,AR takes the2N = 400
bits of the superposed messages and transmits them by using
the 16–QAM modulation. In fact, it creates two messages of
200 bits each and uses the superposition. The transmission
during Step 2 takes4004 = N

2 symbols. Having that a 16–
QAM transmission of200 symbols can be treated as error–
free atγ2 = 20 dB, the same holds for the transmission of
100 symbols. AfterAD decodes the transmission ofAR, it
creates the superposed message and subtracts it from the signal
originally received fromAS and it should next decode a QPSK
signal at a SNR of(1−α16)γ0. If K 2–step transmissions are
made, then the total number of bits received successfully at
AD is:

K · 2N + K · 2N · PQPSK((1 − α16)γ0) (20)

The duration of a single 2–step transmission isN + N
2 =

3N
2 symbols, such that the expected throughput for the SC–
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relaying scheme is

τsc(γ0) =
K · 2N + K · 2N · PQPSK((1 − α16γ0)γ0)

K 3N
2

=
4 + 4PQPSK((1 − α16)γ0)

3
(21)

Fig. 4 depicts the average throughput offered by the different
transmission modes versus the SNR of the direct link. It can
be seen that there is a region of values ofγ0 for which the
SC–relaying withα16 offers the best throughput and thus it
should be the preferred transmission mode. Hence, the value
of α for this system should be selected as:

α =







1 γ0 < 10.4 dB
α16 = 1

5 10.4 dB < γ0 < 16.7 dB
0 γ0 > 16.7 dB

(22)

In this simple example we have seen that the SC–relaying
can bring benefits even whenα has only three discrete values
(0, 1

5 , 1). By additionally optimizing the choice ofα e. g. with
respect to the throughput, we can obtain further improvements.
For example, ifγ1 = 30 dB, then the superposed message
might need to be chosen to be modulated with 16–QAM (recall
that the rate of the superposed message in the information–
theoretic design grows withγ1). Note that, from the point of
view of signalling overhead, it is better to have a smaller set
of usable valuesα, since the value should be reported toAD

and used in the decoding.
One might argue that if there are more intermediate modu-

lation levels available (between QPSK and 16–QAM), then the
direct link might not need to use SC–relaying. On Fig. 4 we
have depicted the throughput offered by 8–PSK and it is clear
that there is still gain from using the SC–relaying. However,
it should be noted that the introduction of more modulation
levels also implies finer adaptation on the linksASAR and
ARAD and richer set of available values forα, which should
be taken into account when assessing the performance of the
SC–relaying.

It can be concluded that the SC–relaying makes the problem
of adaptive modulation and coding multidimensional, sinceit
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is not anymore function only of the SNR on the link (in this
caseγ0), but is parameterized byγ1, γ2 and the available set
of values forα.

VI. CONCLUSIONS

We have considered the problem of relay–based transmis-
sion in a wireless system that consists of a sourceAS , relay
AR and destinationAD. We have introduced a novel 2–step
transmission scheme based on superposition coding, termed
SC–relaying. In Step 1,AS broadcasts a message that is
obtained using superposition coding. A part of this messageis
relayed in Step 2, whereAR adapts the transmission rate with
respect to the link quality towardsAD. The key point of the
proposed scheme is that the signal format in the two steps is
chosen in a way that enables a simple combining atAD. For
the information–theoretic design, the numerical results show
that the proposed scheme can bring a notable gain in spectral
efficiency over the conventional multi–hop transmission with
adaptive modulation, while performing very closely to the
information-theoretic optimal scheme. Regarding the practical
usage of the SC–relaying, we have demonstrated that it can
bring gains even for the uncoded transmissions and we have
shown that the introduction of such a relaying scheme gener-
alizes the problem of adaptive modulation and coding. As a
future work, we will investigate the optimization of the SC–
relaying in case of multiple available transmission channels,
e. g. in OFDM.
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