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Abstract This paper proposes a distributed RS cod-
ing scheme which is comprised of two different Reed-

Solomon (RS) codes over fast Rayleigh fading channel.
Practically in any distributed coding scheme, an ap-
propriate encoding strategy at the relay plays a vital
role in achieving an optimized code at the destination.
Therefore, the authors have proposed an efficient ap-
proach for proper selection of information at the relay
based on subspace approach. Using this approach as
the proper benchmark, another more practical selection
approach with low complexity is also proposed. Monte
Carlo simulations demonstrate that the distributed RS
coding scheme under the two approaches can achieve
nearly the same bit error rate (BER) performance. Fur-
thermore, to jointly decode the source and relay codes
at the destination, two different decoding algorithms
named as naive and smart algorithms are proposed. The
simulation results reveal that the advantage of smart
algorithm as compared to naive one. The proposed dis-
tributed RS coding scheme with smart algorithm out-
performs its non-cooperative scheme by a gain of 2.4-3.2
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dB under identical conditions. Moreover, the proposed
distributed RS coding scheme outperforms multiple ex-

isting distributed coding schemes, making it an excel-
lent candidate for the future distributed coding wireless
communications.

Keywords Reed-Solomon codes · distributed coding
schemes · information selection approach · joint
decoding algorithms

1 Introduction

In wireless communication, the performance of the com-
munication system is degraded due to signal fading. Di-
versity techniques [1, 21] are effective ways to combat
the fading effects. In the wireless communication sys-

tems, the three basic technologies that provide diver-
sity are time diversity, space diversity and frequency
diversity. Multiple-input multiple-output (MIMO) is a
breakthrough technology in wireless communications,
where the transmitters and receivers are both equipped
with multiple antennas. This technology can effectively
combat the influence of wireless channel fading and has

been recognized as a core technique for improving the
spectral efficiency and channel capacity. However, ow-
ing to the limitation of their size, this useful technique
cannot be directly applied to mobile equipment. In or-
der to address this challenge, the idea of cooperative
diversity [2, 3] technique came into being to realize
the idea of MIMO in a distributed way. This tech-
nique means that the transmitters share each other’s
antennas to provide a virtual MIMO technique. There-
fore, the idea of cooperative cooperation can be used
to obtain similar spatial diversity gain as conventional
MIMO technique.

https://www.editorialmanager.com/tels/download.aspx?id=104208&guid=2cdb6b5b-8a9b-42c0-a88e-d7eb89a981e7&scheme=1
https://www.editorialmanager.com/tels/download.aspx?id=104208&guid=2cdb6b5b-8a9b-42c0-a88e-d7eb89a981e7&scheme=1
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A simplified cooperative communication system con-

sists of three nodes named as source, relay and desti-
nation. In a cooperative communication system, a re-
lay node repeats the received information from source

node through either relaying or hard detection as dis-

cussed in [2]. Different protocols of cooperative com-

munication have been proposed such as decoded-and-

forward [24], compress-and-forward [25] and amplify-
and-forward [26]. These protocols have been combined

with channel codes to construct a more efficient way of

cooperation known as coded-cooperative. Various coded-

cooperative schemes have been presented in literature

such as low density parity check (LDPC) codes [4, 5],

turbo codes [6, 7], polar codes [8–10] and Reed-Muller

(RM) codes [11, 12].

The fifth generation (5G) wireless systems are re-

quired to support the traffic originated by miscellaneous

types of communication networks such as device-to de-

vice (D2D) and machine-to machine (M2M). Such type

of communication may demand a short length message

sequence rather than a long message sequence. In [19],
the short length binary code RM code has been used

in the coded-cooperative scheme and the scheme con-

structs a subcode at the destination which acquires a

better bit-error-rate (BER) performance. Also, in [18,

20], polar codes have been applied in the code cooper-

ation scheme. The idea of constructing subcode is also

mentioned in the schemes of their paper. However, in

the existing literature, the coded-cooperative scheme

based on short length non-binary codes to generate a
subcode has not been well investigated. As a well-known
non-binary short length RS code [14, 16], it is a Maxi-
mum Distance Separable (MDS) code and performs well

in correcting random burst errors. The author in [16]

has proposed a coded-cooperative scheme based on RS

code, however, the scheme does not include the idea of

subcode. In this paper, a distributed RS coding scheme
which jointly constructs a new code at the destination
is proposed. In this proposed scheme, two different RS

codes are applied to the source and relay nodes. The

relay repeats the received information from the source

node. Therefore, the code of the destination node which

is jointly constructed by the source and relay nodes, is

a subcode. Thus, a well designed code at the relay has a
great influence on the coded cooperation scheme. Based
on this fact, firstly an efficient approach is proposed as

a benchmark for proper selection at the relay. Secondly,

a low complexity information selection approach is pro-

posed.

The remaining structure of this paper is organized

as follows. In Section 2, a general design of distributed

linear block coding scheme by subspace approach is in-

troduced. Section 3 focuses on presenting the system

model of distributed RS coding scheme and discussing

the design of optimized subcode at the destination. Sec-
tion 4 describes two design approaches for partial en-
coding at the relay. The joint RS decoding based on

two decoding algorithms, naive and smart algorithms

are established in Section 5. The numerical simulation

results of the distributed RS coding scheme over fast

Rayleigh fading channel are presented in Section 6. Fi-

nally, Section 7 concludes the paper.

2 General design of distributed linear block

codes by subspace approach

A generalized distributed linear block coding scheme

[15] is shown in Fig.1. It consists of three communica-

tion nodes named as the source S, the relay R, and

the destination D. All these nodes transmit and re-
ceive signals through a single antenna. In the scheme,

two linear block codes C1(N,K1) and C2(N,K2) are
employed at the source and relay nodes respectively,

where N is both the codeword length of C1 and C2,

K1 and K2 (K1 < K2) are the code dimensions of C1

and C2, respectively. It takes two time slots to complete

end-to-end transmission of a message sequence. During

time-slot 1, the source encodes the message sequence

a1 to the codeword b1 ∈ C1 and broadcasts the coded
symbol sequence xS = [x0

S , x
1
S , · · · , x

N−1
S ] to R and D

nodes simultaneously, where xi1
S denotes the M -QAM

modulated symbol for i1 = 0, 1, · · · , N −1. At the i1-th

time instant, the modulated symbol xi1
S is transmitted

to the relay node through the Rayleigh fading channel.

The received signals of the relay node yi1S,R and desti-

nation node yi1S,D can be written as

yi1S,R = hi1
S,Rx

i1
S + ni1

S,R (1)

yi1S,D = hi1
S,Dxi1

S + ni1
S,D (2)

where ni1
S,R is a complex Gaussian variable with zero-

mean and σ2/2 variance per dimension at the i1-th time
instant, where σ2 is power spectral density (PSD) of

noise. The hi1
S,R is a complex Gaussian variable with

zero-mean and 0.5-variance per dimension at the i1-th

time instant. The ni1
S,D and hi1

S,D are defined like ni1
S,R

and hi1
S,R. After transmittingN modulated symbols, the

received signal sequence at the relay node is yS,R =

[y0S,R, y
1
S,R, · · · , y

N−1
S,R ] and the received signal sequence

at the destination node is yS,D = [y0S,D, y1S,D, · · · , yN−1
S,D ].

During time-slot 2, the relay obtains a1 by correct

decoding under the condition of an ideal source-relay

channel. In the scheme, no additional message symbols
are generated at the relay as all the message symbols

are just transmitted from the source. Thus, these K2
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Fig. 1 General system model of distributed linear block
codes

message symbols for C2(N,K2) code are selected de-

pendent on a1 and generated the codeword b2 ∈ C2 at

the relay. After modulation, the relay node transmits

the signal xR = [x0
R, x

1
R, · · · , x

N−1
R ] to the destination

node. At the i2-th time instant, the received signal yi2R,D

can be given as

yi2R,D = hi2
R,Dxi2

R + ni2
R,D (3)

where i2 = 0, 1, · · · , N − 1, ni2
R,D and hi2

R,D are defined

like ni1
S,R and hi1

S,R in (1). After transmitting N modu-

lated symbols, the received signal sequence at the des-

tination node is yR,D = [y0R,D, y1R,D, · · · , yN−1
R,D ]. At the

destination, the overall received signal y is jointly con-

structed by the source and relay nodes, as shown below:

y = |yS,D|yR,D| (4)

where ‘|’ represents the concatenation of the two re-

ceived message sequences during the time-slot 1 and the

time-slot 2. At the destination, the demodulated code-

word |b1|b2| ∈ |C1|C2| belongs to a new code C. If the

relay selects K2 additional message symbols indepen-
dent of a1 to generate the codeword b∗

2 ∈ C2. Through

the joint construction, the destination gets the code-

word |b1|b
∗

2| ∈ C. The resultant code C is a subcode of

C, i.e., C ⊂ C.

As mentioned earlier, few of non-binary codes are

used in this model. The famous short length non-binary

code RS code, which is a special type of MDS code,

reaches the singleton bound and performs well in cor-

recting random burst errors. Therefore, we employ RS

code in this distributed coding scheme.

3 Optimized design for distributed RS codes

The system model of distributed RS coding scheme is

shown in Fig.2. A complete distributed transmission of

the source generated information sequence m1 requires

two time slots.

During time-slot 1, the source maps the binary mes-

sage sequence m1 to the non-binary M -ary symbol se-
quence a1 which are the symbols in GF(2n), n > 1,

where n is an integer. Then non-binary sequence a1 is

encoded by systematic RS code RS1(N,K1, d1), where

N is codeword length, K1 is the code dimension and
d1 is the minimum distance of RS1. Since RS code is

MDS code, d1 is exactly equal to N − K1 + 1. Let α
be a primitive element in GF(2n). Then, the generator

polynomial of RS code RS1 contains N −K1 consecu-

tive roots which can be given as

g1(X) = (X − α)(X − α2) · · · (X − αN−K1) (5)

where αj1∈GF(2n), 1 ≤ j1 ≤ N −K1. The codeword of

RS1 can be generated as: b1(X) = g1(X)a1(X), where

a1(X) = a
(1)
0 +a

(1)
1 X+a

(1)
2 X2+· · ·+a

(1)
K1−1X

K1−1 is the

polynomial of message sequence a1, a
(1)
p1 ∈GF(2n), p1 =

0, 1, · · · ,K1 − 1, b1(X) = b
(1)
0 +b

(1)
1 X+· · ·+b

(1)
N−1X

N−1

is the polynomial of codeword b1, b
(1)
i1

∈GF(2n). The
systematic codeword polynomial of b1(X) can be given

as: b1(X) = XN−K1a1(X) + p1(X), where p1(X) =

p
(1)
0 + p

(1)
1 X + · · · + p

(1)
N−K1−1X

N−K1−1 is the parity

check polynomial and can be computed using polyno-

mial division such as: p1(X) = XN−K1a1(X)/g1(X),

p
(1)
l1

∈GF(2n), l1 = 0, 1, · · · , N −K1 − 1. Then, after
M -QAM modulation, the source node further broad-

cast the sequence xS to relay and destination nodes

simultaneously. During time-slot 1, the relay and desti-

nation receive signals yS,R and yS,D, respectively.

During time-slot 2, the relay demodulates the re-
ceived symbol sequence yS,R and gets the estimated

sequence b̃1. The sequence b̃1 is then decoded by M -

ary RS1 decoder using Euclidean algorithm [13] for de-

coding and provides non-binary estimated message se-

quence â1. The relay selects only K2 symbols from mes-
sage sequence â1 as the relay message sequence a2. The

information selection approaches at the relay will be

discussed in Section 4. Then non-binary sequence a2 is

encoded by systematic RS code RS2(N,K2, d2), where

N is codeword length, K2 is the code dimension and d2
is the minimum distance of RS2. The generator poly-

nomial of RS code RS2 contains N − K2 consecutive

roots which can be given as

g2(X) = (X − α)(X − α2) · · · (X − αN−K2) (6)

The codeword of RS2 can be generated as: b2(X) =

g2(X)a2(X), where a2(X) = a
(2)
0 + a

(2)
1 X + a

(2)
2 X2 +

· · · + a
(2)
K2−1X

K2−1 is the polynomial of message se-

quence a2, a
(2)
p2 ∈GF(2n), p2 = 0, 1, · · · ,K2 − 1 and

b2(X) = b
(2)
0 + b

(2)
1 X + · · · + b

(2)
N−1X

N−1 is the poly-

nomial of codeword b2, b
(2)
i2

∈GF(2n). The systematic
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Fig. 2 Distributed RS coding scheme

codeword polynomial of b2(X) can be given as: b2(X) =

XN−K2a2(X) + p2(X), where p2(X) = p
(2)
0 + p

(2)
1 X +

· · · + p
(2)
N−K2−1X

N−K2−1 is the parity check polyno-

mial and can be computed using polynomial division

such as: p2(X) = XN−K2a2(X)/g2(X), p
(1)
l2

∈GF(2n),

l2 = 0, 1, · · · , N −K2 − 1. The codeword b2 is mod-

ulated into xR using M -QAM modulation. The relay
transmits the modulated symbol sequence xR to the

destination. During time-slot 2, the destination receives

signal yR,D.

At the destination, the signals transmitted from the

source and relay are concatenated as y shown in (4).

Owing to K2 > K1, the RS code RS2 has better error

correcting capability than RS1 and the RS code RS2

has more consecutive roots. These additional roots can

be utilized by the joint RS decoder. Therefore, joint de-

coding can get performance gain from this construction.

The two joint RS decoding algorithms are proposed i.e.,

naive algorithm and smart algorithm, which will be ex-

plained in section 5.

As mentioned in the previous section, the jointly

constructed codeword at the destination belongs to the

subcode C. The minimum Hamming distance of sub-

code C is d3. We need to consider that large number

of codewords with low weight d3 might obtain at the

destination owing to the worst scenario that the source

generates a codeword with weight d1 and the all-zero
codeword is generated at the relay. Thus, the Hamming

distance of the codeword at the destination is d3 = d1.

To avoid the worst scenario described above, a new

scheme is proposed to select a subcode C with as few as

possible codewords of minimum weight d3. If we meet

the design standard, the destination node can obtain a

subcode with a better weight distribution.

4 Design approaches for partial encoding at the

relay

Two effective approaches for proper selection at the re-

lay are proposed in this section. Before presenting de-

sign steps, some nomenclatures are explained below:

1) The first case is delineated as an event in which the

Hamming weight at the source and relay are given

as wt(b1) = d1 and wt(b2) = 0, respectively. The

codeword of minimum distance d1st3 = d1 is obtained
at the destination.

2) The second case is delineated as an event in which

wt(b1) = d1, wt(b2) = d2, and the codeword of dis-

tance d2nd3 = d1 + d2 is obtained at the destination.

3) The third case is delineated as an event in which

the codeword of Hamming distance d3rd3 just greater

than d2nd3 is obtained at the destination.

4) Let v1, v2, v3 indicate the number of occurrences of

the first, second and third cases, respectively.
5) h → e indicates that the situation h leads to the

situation e.

6) |θ| represents the cardinal number of any set θ.

4.1 Approach 1: Exhaustive search for all candidates

In this approach, an exhaustive search is performed for
all candidates which are the message sequences with
weight 0 < wt(a1) ≤ d1. All message sequences that can

be encoded into codewords with weight d1 are derived

from these candidates. The specific steps of approach 1
are shown below:

Step 1: Determine A = {ck} that is the set of all

message sequences generating codewords with weight
d1 at the source, where k = 1, 2, · · · , |A|.
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Step 2: Determine B = {λg} that is the set of all

selection patterns λg = [s1, s2, · · · , sK2
], where si ∈

{1, 2, · · · ,K1}(i = 1, 2, · · · ,K2), g = 1, 2, · · · , L and L

is defined as:

L =

(
K1

K2

)
=

K1!

K2!(K1 −K2)!
(7)

Step 3: Determine v1, ∀ck ∈ A and ∀λg ∈ B by

maintaining each unique combination λg fixed at the
relay.

Step 4: Choose λg→min(v1) and save them in the
set H. If |H| = 1, move to step 9 else move to next step.

Step 5: Determine v2, ∀ck ∈ A and ∀λg ∈ H by

maintaining each unique combination λg fixed at the

relay.

Step 6: Choose λg→min(v2) and save them in the
set I. If |I| = 1, move to step 9 else move to next step.

Step 7: Determine v3, ∀ck ∈ A and ∀λg ∈ I by

maintaining each unique combination λg fixed at the

relay.

Step 8: Choose λg→min(v3) and save them in the

set J . If |J | = 1, move to step 9 else back to step 7 and
increase the wt(b2) by 1.

Step 9: The optimized selection pattern λ
(1) = λg

is choosed. End of approach 1.

The approach 1 is an effective way to select K2 mes-

sage symbols at the relay. However, for RS1 code with

larger N and K1, the number of total candidates will

become large. The complexity of determining the set
A rises sharply. At the same time, the number of se-

lection patterns will become huge. Therefore, this will
bring more complexity to determine selection pattern
λ
(1). Based on this fact, we propose another approach

to deal with the increase in complexity.

4.2 Approach 2: Partial search for promising

candidates

Approach 2 is applied to the selection procedure. At the

source, each message sequence that can be encoded into

a codeword with weight d1 contains at least τ = K1−

min(K1,d1) zero symbols. The division strategy for di-

viding a codeword into two parts is designed. Scenario

(a): the first part has one more symbol than the last

part; Scenario (b): the last part has one more symbol

than the first part. Therefore, the symmetric structure
of the 11 message symbols is shown in Figure 4. Ac-
cording to this structure, we reasonably select part of

all candidates as samples. This will effectively convert

an exhaustive search into a partial search. The specific

design steps of approach 2 are as follows:

Step 1: Determine the positions of τ zero symbols.

Scenario (a): the w (⌈τ/2⌉ ≤ w ≤min(⌈K1/2⌉, τ)) zero

symbols are randomly distributed in the first part, and

the other τ − w zero symbols are uniquely assigned in
the remaining part. Scenario (b): the w zero symbols are

randomly distributed in the last part, and the other τ−

w zero symbols are uniquely assigned in the remaining

part, where ⌈·⌉ denotes ceil operation. Considering the

two scenarios, the set A1 = {cu} is determined, which
contains partial message sequences that generate the

codewords with weight d1, where u = 1, 2, · · · , |A1|.

Step 2: The relay selects K2 message symbols out

of K1 recovered message symbols. Scenario (a): select
µ (⌈K2/2⌉ ≤ µ ≤min(⌈K1/2⌉,K2)) positions from the

first part, and the other K2 − µ positions are uniquely

selected from the remaining part. Scenario (b): select µ

positions from the last part, and the other K2−µ posi-

tions are uniquely selected from the remaining part.

Considering the two scenarios, B1 = {λq} is deter-
mined, which is a set of partial message selection pat-

terns λq = [s1, s2, · · · , sK2
], where q = 1, 2, · · · , |B1|.

The subsequent steps of approach 2 refer to steps 3

to 9 in approach 1. Finally, the selection pattern λ
(2)

is fixed at the relay, then K2 message symbols selected

by λ
(2) are re-encoded to get the codeword b2. End of

approach 2.

To better understand the proposed approaches, an
example is given below.

4.3 Design example for two approaches

Consider a distributed RS coding scheme, RS codes

RS1(15, 11, 5) and RS2(15, 7, 9) at the source and re-

lay are employed, respectively. The symbols of RS1

and RS2 are defined over GF(24) using the polynomial

X4 + X + 1. The selection procedures of K2 = 7 out

of K1 = 11 message symbols under the proposed two
approaches are shown as below.

Firstly, approach 1 is applied to the selection pro-
cedure:

Step 1: Determine A = {bu} i.e., the set of all mes-

sage sequences which can be encoded into the code-

words with minimum Hamming distance d1 = 5 at
the source, where the cardinality of A is computed as

|A| = 45045.

Step 2: Determine selection patterns λg = [s1, s2, · · ·

, s7] and save them in B, L = 330.

Step 3: Determine min(v1) = 840.

Step 4: λg→min(v1)= 840 are saved in H as illus-

trated in Table 1. Since |H| = 4 > 1, we proceed to

step 5.

Step 5: Determine min(v2) = 16635.

Step 6: λg→min(v2)= 16635 is saved in the set I.

Since |I| = 1, we proceed to step 9 and the optimized
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Fig. 3 The structures of the K1 message symbols, scenario (a) more positions in the first part, scenario (b) more positions in
the last part

Table 1 The selection patterns that result in min(v1) and
min(v2) under Approach 1

Serial number Selection pattern v1 v2

1 [4,5,6,8,9,10,11] 840 17010
2 [4,5,7,8,9,10,11] 840 17280
3 [4,6,7,8,9,10,11] 840 17535
4 [5,6,7,8,9,10,11] 840 16635

selection pattern is λ(1) = λg = [5, 6, 7, 8, 9, 10, 11]. The

approach 1 search is terminated.

Approach 2 is applied to the selection procedure. At

the source, each message sequence that can generate

the codeword with weight 5 contains at least 6 zero

symbols. The symmetric structure of the 11 message

symbols is shown in Figure 4.

Step 1: Determine the distribution of 6 zero sym-
bols. Scenario (a): the w(w = 3, 4, 5, 6) zero symbols

are randomly distributed in the first part(6 positions),

and the other 6−w zero symbols are uniquely assigned

in the last part(5 positions). Scenario (b): the w zero

symbols are randomly distributed in the last part(6 po-

sitions), and the other 6−w zero symbols are uniquely

assigned in the first part(5 positions). The ways to dis-

tribute 6 zero symbols are β1 = 84 and |A1| = 24075.

Step 2: The relay selects 7 message symbols out of

11 recovered message symbols. Scenario (a): the µ(µ =

4, 5, 6) positions are randomly selected from the first 6

positions, and the other 7 − µ positions are uniquely
taken from the remaining 5 positions. Scenario (b): the

µ positions are randomly selected from the last 6 posi-

tions, and the other 7− µ positions are uniquely taken

from the remaining 5 positions. The number of selection

patterns is |B1| = 44.

Step 3: Determine min(v1) = 360.

Step 4: λq→min(v1)= 360 are saved in H as illus-

trated in Table 2. Since |H| = 3 > 1, we proceed to

step 5.

Step 5: Determine min(v2) = 10035.

Step 6: λq→min(v2)= 10035 are saved in I as illus-

trated in Table 2. Since |I| = 2 > 1, continue the next

step 7.

Step 7: Determine min(v3) = 6540.

Table 2 The selection patterns that result in min(v1),
min(v2) and min(v3) under Approach 2

Serial number Selection pattern v1 v2 v3

1 [1,2,3,4,9,10,11] 360 10035 6615
2 [1,2,3,6,9,10,11] 360 10035 6540
3 [1,2,3,8,9,10,11] 360 10245 ——

Step 8: λq→min(v3)= 6540 is saved in J . Since

|J | = 1, we proceed to step 9 and the optimized se-
lection pattern is λ

(2) = λq = [1, 2, 3, 6, 9, 10, 11]. The

approach 2 search is terminated.

To compare the proposed approach 1 and approach
2, the above example with RS codes RS1(15, 11, 5) and

RS2(15, 7, 9) is accordingly simulated. The BER per-

formance is shown in Fig.5. Based on 16-QAM modu-

lation, the ideal source to relay channel and joint RS

decoding (will be discussed in section 5: smart algo-

rithm) are used in the simulation. The simulated result

reveals that the distributed RS coding scheme under

the two approaches have almost identical BER perfor-

mance at low to medium SNR. However, at high SNR,
the distributed RS coding scheme using approach 1 out-
performs the distributed RS coding scheme using ap-
proach 2 by a performance gain of around 0.23 dB at

BER≈ 10−5. The BER performance curves show that

the proposed partial search approach 2 is valid. There-
fore, we apply the proposed partial search approach

2 to the other two scenarios. In one scenario, the RS
code RS1(31, 27, 5) is used at the source and RS code

RS2(31, 17, 15) is employed at the relay. In the remain-

ing one scenario, the two RS codes RS1(63, 59, 5) and

RS2(63, 43, 21) are utilized at the source and relay, re-

spectively. The detailed processes that obtain the se-
lection patterns corresponding to the two scenarios are

shown in Tables 3 and 4, respectively. Furthermore, Ta-

ble 5 lists all three scenarios of distributed RS codes

and selection patterns, which will be considered in Sec-

tion 6 to generalize the proposed distributed RS coding

scheme.
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(a) (b)

First part: 6 positions

Last part: 5 positions First part: 5 positions

Last part: 6 positions

Fig. 4 The symmetric structures of the 11 message symbols, scenario (a) 6 positions in the first part, scenario (b) 6 positions
in the last part

Table 3 The selection patterns that result in min(v1), min(v2) and min(v3) under Approach 2 with RS1(31, 27, 5) and
RS2(31, 17, 15)

Serial number Selection pattern v1 v2 v3

1 [2,3,4,6,8,10,11,12,15,16,20,21,22,23,25,26,27] 3515 505725 123550
2 [1,3,4,5,7,8,9,10,11,12,13,14,15,18,19,20,24] 3515 584250 ———
3 [2,3,4,5,6,8,11,13,14,15,19,20,21,22,23,24,26] 3515 505725 132425

Table 4 The selection patterns that result in min(v1)and min(v2) under Approach 2 with RS1(63, 59, 5) and RS2(63, 43, 21)

Serial number Selection pattern v1 v2

1
[1,3,4,5,6,8,10,11,13,15,16,17,18,19,22,23,25,
26,27,28,30,31,33,34,35,36,37,38,40,42,43,44,

45,47,48,50,51,53,54,55,57,58,59]
155840 3457010

2
[1,2,4,5,8,9,10,12,14,15,16,17,18,19,20,24,26,
27,28,29,30,32,33,36,37,38,39,40,41,42,43,44,

47,48,49,50,52,53,54,55,56,58,59]
155840 3033535

3
[2,4,5,6,7,8,9,10,11,12,13,15,16,17,18,19,20,22,
23,25,26,27,28,29,31,33,34,35,36,37,38,39,40,

41,42,43,44,47,49,53,55,56,57]
155840 3902170

4
[2,5,6,7,8,9,10,11,12,13,15,16,17,18,19,20,21,22,
23,24,25,27,28,29,30,31,32,33,34,35,36,38,39,

41,42,44,45,46,47,50,51,53,55]
155840 4046635

4.4 Complexity analysis for the two searching

approaches

Encoding one message sequence of length K1 at the

source requires ξ×s = K1(N−K1) multiplication opera-

tions and ξ+s = K1(N−K1) addition operations, hence,

the number of total elementary operations is ξ1s = ξ×s +
ξ+s = 2K1(N −K1). Then, for |A| and |A1| message se-

quences, the number of elementary operations is ξAs =

2K1|A|(N −K1) and ξA1
s = 2K1|A1|(N −K1), respec-

tively. For |B| and |B1| selection patterns, the number

of all elementary operations is ξBr = 2K2|A||B|(N−K2)

and ξB1
r = 2K2|A1||B1|(N − K2), respectively. There-

fore, we can get the number of total elementary oper-

ations of approach 1 is ξ(1) = ξAs + ξBr = 2|A|[NK1 −
(K1)

2+K2N |B|− (K2)
2|B|] if approach 1 converges at

step finding v1. Similarly, when approach 2 converges at

step finding v1, the number of elementary operations of

approach 2 is ξ(2) = ξA1
s + ξB1

r = 2|A1|[NK1 − (K1)
2 +

K2N |B1| − (K2)
2|B1|].

5 Joint Decoding for distributed RS codes

Joint decoding is one of the key features of coded coop-
eration system. In this section, two algorithms are pro-
posed for the joint RS decoding, i.e., naive algorithm

and smart algorithm.

5.1 Naive decoding algorithm

The specific steps of naive decoding algorithm are as

follows:
Step 1: Decode the first part of sequence |b̂1|b̂2| by

RS1 decoder and second part by RS2 decoder to obtain

the estimated non-binary message sequences â1 and â2,

respectively.

Step 2: Define a threshold ρ which is the SNR value

of crossover point of the BER performance obtained by
RS1 and RS2 over the fast Rayleigh fading channel.

Step 3: Send â1 and â2 to the combiner, if SNR≤ ρ,

the combiner output is ã1 = â1; SNR> ρ, the selected

K2 positions of â1 are replaced by corresponding K2

symbols in â2, ã1 = â
′

1.
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Table 5 Optimized selection patterns of corresponding distributed RS codes

Serial number RS1(N,K1) RS2(N,K2) λ(1) λ(2)

1 (15,11,5) (15,7,9) [5,6,7,8,9,10,11] [1,2,3,6,9,10,11]
2 (31,27,5) (31,17,15) —————— [2,3,4,6,8,10,11,12,15,16,20,21,22,23,25,26,27]

3 (63,59,5) (63,43,21) ——————
[1,2,4,5,8,9,10,12,14,15,16,17,18,19,20,24,26,
27,28,29,30,32,33,36,37,38,39,40,41,42,43,44,

47,48,49,50,52,53,54,55,56,58,59]
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Fig. 5 BER performance comparison of distributed RS
coding scheme over a fast Rayleigh fading channel with
RS1(15, 11, 5) and RS2(15, 7, 9) under different information
selection approaches

Step 4: Convert the combiner output ã1 into binary

sequence and get estimated binary message sequence

m̃1.

The reason for defining a threshold: in channel cod-

ing, the BER performance of code with more error cor-

recting capability is worse than the code with less error

correcting capability for low SNR regime while it out-

performs the less error correcting capability code over

high SNR regime.

5.2 Smart decoding algorithm

The specific steps of smart decoding algorithm are as

follows:

Step 1: Decode the second part of sequence |b̂1|b̂2|
by RS2 decoder to obtain the systematic non-binary

sequence â2.

Step 2: The demodulated sequence b̂1 is comprised

of parity sequence p̂1 and systematic message sequence

â1, these selected K2 positions of â1 are replaced with

the K2 symbols (all) of the estimated sequence â2 in

combiner block and get joint sequence b1.

Step 3: Decode the combiner output sequence b1 by

RS1 decoder and get the estimated non-binary sequence
ã1.

Step 4: Convert the estimated sequence ã1 into bi-

nary message sequence m̃1.

Furthermore, a note for the step 2, the sequence b1

is the joint source relay sequence and more reliable than

b̂1 due to the inclusion of â2. This provides coding gain

to the cooperative system.

6 Simulation results

For the simulations, three different scenarios are con-

sidered for the proposed distributed RS coding scheme.

All scenarios are examined through fast Rayleigh fad-

ing channel. In the first scenario, RS1(15, 11, 5) and

RS2(15, 7, 9) over GF(24) constructed based on the poly-

nomial X4 + X + 1 are used. The code rates for first
scenario are R1 = 11/15 and R2 = 7/15 for source-to-

destination and relay-to-destination links, respectively.

For the second scenario, RS codes RS1(31, 27, 5) and

RS2(31, 17, 15) over GF(25) which is constructed based

on the polynomial X5 + X2 + 1 are employed in the

scheme. In the second scenario, the code rates are R1 =

27/31 and R2 = 17/31, respectively. Moreover, the RS
codes RS1(63, 59, 5) and RS2(63, 43, 21) over GF(26)

which is constructed using polynomial X6 +X + 1 are
applied in the third scenario. Their code rates are R1 =

59/63 and R2 = 43/63, respectively. For the first sce-

nario, 16-QAM modulation is employed. Besides, we

have used 32-QAM modulation for the second scenario

and 64-QAM for the third scenario. Supposing that the

relay node has a 2 dB performance gain over source

node, i.e., γR,D = γS,D + 2 dB, where γR,D is the SNR
per bit between the relay-destination link, γS,D and

γS,R are SNR per bit among the source-destination and

source-relay links, respectively. Furthermore, Euclidean

algorithm is used for all scenarios.



Jointly Optimized Design of Distributed RS Codes by Proper Selection in Relay 9

4 6 8 10 12 14 16 18

SNR per bit, 
S,D

 (dB)

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

B
it
 E

rr
o
r 

R
a
te

 (
B

E
R

)

Coop,16-QAM,Random

Coop,16-QAM,Approach2

Coop,16-QAM,Approach1

Fig. 6 BER performance comparison of distributed RS cod-
ing scheme with RS1(15, 11, 5) and RS2(15, 7, 9) under dif-
ferent information selection approaches.

6.1 Performance comparison of distributed RS coding
scheme under different information selection
approaches

Fig.6 demonstrates the BER performance comparison
of distributed RS coding scheme under different selec-
tion approaches for the first scenario. The ideal source

to relay channel (γS,R = ∞) and joint RS decoding

(smart algorithm) are used. It is observed that the pro-

posed scheme employing approach 1 and the proposed

scheme employing approach 2 have almost the same

performance at low to medium SNR. The BER perfor-
mance of the scheme employing approach 1 improves
slightly at high SNR. Whereas the proposed scheme

employing random approach exhibits the worst perfor-

mance and shows the importance of appropriate infor-

mation selection at the relay. Similarly, Figs.7 and 8

show the BER performance for the second and third

scenarios, respectively. The simulation results illustrate
that the distributed RS coding scheme under approach
2 has a better BER performance than the proposed

scheme employing random approach. These simulations

clarify the effect of proper information selection at the

relay and show the validity of approach 2.

6.2 Performance comparison of distributed RS coding
scheme under naive and smart decoding algorithms

Figs.9, 10, 11 show the BER performance of distributed

RS coding scheme with different joint decoding algo-

rithms for the first, second and third scenarios, respec-

tively. The source to relay channel is assumed to be

ideal (γS,R = ∞) for all scenarios. Moreover, approach
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Fig. 7 BER performance comparison of distributed RS cod-
ing scheme with RS1(31, 27, 5) and RS2(31, 17, 15) under dif-
ferent information selection approaches.
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Fig. 8 BER performance comparison of distributed RS cod-
ing scheme with RS1(63, 59, 5) and RS2(63, 43, 21) under dif-
ferent information selection approaches.

2 is employed in the three scenarios. In Fig.9, the dis-

tributed RS coding scheme exploiting smart algorithm

provides about 1.8 dB SNR over the distributed RS

coding scheme exploiting naive algorithm (ρ = 8 dB) at

BER≈ 10−4. From Fig.10, it is observed that the dis-
tributed RS coding scheme utilizing smart algorithm

outperforms the distributed RS coding scheme utiliz-

ing naive algorithm by a performance gain of 2.2 dB at

BER≈ 6 × 10−5 under identical conditions. Similarly,

Fig.10 shows that the distributed RS coding scheme

with smart algorithm outperforms that of naive algo-
rithm by about 2.4 dB gain at BER≈ 8.6× 10−5.



10 Pengcheng Guo1 et al.

4 6 8 10 12 14 16 18

SNR per bit, 
S,D

 (dB)

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

B
it
 E

rr
o
r 

R
a
te

 (
B

E
R

)

Coop,16-QAM,Naive, =8dB,Approach2

Coop,16-QAM,Smart,Approach2

Fig. 9 BER performance comparison of distributed RS cod-
ing scheme with RS1(15, 11, 5) and RS2(15, 7, 9) employing
joint RS decoding (naive and smart algorithms).
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Fig. 10 BER performance comparison of distributed RS
coding scheme with RS1(31, 27, 5) and RS2(31, 17, 15) em-
ploying joint RS decoding (naive and smart algorithms).

6.3 Performance comparison of non-ideal and ideal

source to relay channels

Figs.12, 13 and 14 demonstrate the BER performance

of distributed RS coding scheme and non-cooperative

RS coding scheme for the first, second and third scenar-

ios, respectively. The joint decoding (smart algorithm)

and approach 2 are employed in all scenarios. For fair

comparison, the distributed RS coding scheme and its

non-cooperative scheme have the identical code rate at

the destination. From Fig.12, it is noticed that the dis-

tributed RS coding scheme with ideal source to relay

channel (γS,R = ∞) performs better than the corre-

sponding non-cooperative RS coding scheme by a gain

approximately 2.4 dB at BER≈ 1.7 × 10−4. This phe-
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Fig. 11 BER performance comparison of distributed RS
coding scheme with RS1(63, 59, 5) and RS2(63, 43, 21) em-
ploying joint RS decoding (naive and smart algorithms).

nomenon indicates the influence of the relay node on

path diversity. Moreover, it can be seen that the dis-

tributed RS coding scheme under γS,R = 14 dB has an
approximative performance with that of distributed RS

coding scheme under γS,R = ∞ at low SNR. However,
at high SNR, the relay is useless. Therefore, the over-

all BER performance is significantly degraded, which

results from the uncontrolled error propagation at the

relay. The cyclic redundancy check (CRC) is an effec-

tive way to control this error propagation as mentioned

in [17]. Also, the distributed RS coding scheme under

γS,R = ∞ only gets about 0.15 dB gain as compared to
the distributed RS coding scheme under γS,R = 20 dB

at BER ≈ 9.5×10−5. Similarly, as shown in Figs.13 and

14, it is observed that the distributed RS coding scheme

with ideal source to relay channel (γS,R = ∞) out-

performs the corresponding non-cooperative RS coding

scheme. In Fig.13, the distributed RS coding scheme

under γS,R = 24 dB approaches the performance of the
distributed RS coding scheme under γS,R = ∞. The

simulation results of Fig.13 reveal that the superiority

of our proposed distributed RS coding scheme (with

virtual 2×1 MIMO) over its non-cooperative scheme

(with 2×1 MIMO). Furthermore, when the distributed
RS coding scheme under γS,R = 16 dB, the error propa-

gation is occurred at the relay. In Fig.14, the BER curve

of the distributed RS coding scheme with γS,R = 18 dB

becomes flat at medium SNR because there is no error

control propagation employed at the relay. Moreover,

at BER≈ 5.6×10−5, the distributed RS coding scheme
under γS,R = 28 dB only lags behind about 0.22 dB

gain as compared to the distributed RS coding scheme

under γS,R = ∞.
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Fig. 12 BER performance of distributed RS coding scheme
under non-ideal and ideal source to relay channels and
non-cooperative RS coding scheme with RS1(15, 11, 5) and
RS2(15, 7, 9).
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Fig. 13 BER performance of distributed RS coding scheme
under non-ideal and ideal source to relay channels and
non-cooperative RS coding scheme with RS1(31, 27, 5) and
RS2(31, 17, 15).

6.4 Performance comparison of the distributed RS

coding scheme with the existed schemes

The BER performance comparison of the distributed

RS coding scheme employing smart algorithm and ap-

proach 2 for the first scenario with the existed schemes

in [16], [22] and [23] i.e., RS adaptive cooperation (50%

cooperative), distributed turbo coding (DTC) and dis-

tributed linear convolutive space-time codes (DLC-STC)

schemes is presented in Fig.15. The simulation results

of Fig.15 demonstrate the superiority of our proposed

distributed RS coding scheme over the existed adaptive

scheme (50% cooperative) in [16], DTC scheme in [22]
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Fig. 14 BER performance of distributed RS coding scheme
under non-ideal and ideal source to relay channels and
non-cooperative RS coding scheme with RS1(63, 59, 5) and
RS2(63, 43, 21).
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Fig. 15 BER performance comparison of distributed RS
coding scheme and the existed schemes in [16], [22] and [23].

and DLC-STC-ML scheme in [23] through fast Rayleigh

fading channel. For example, the distributed RS cod-

ing scheme obtains about 2.3dB, 2dB and 2.5dB gains

at BER≈ 7.6 × 10−4 as compared to RS adaptive co-

operation (50% cooperative), DTC and DLC-STC-ML

schemes.

7 Conclusion

In this paper, we have proposed a distributed RS cod-

ing scheme for wireless communication which is com-

prised of two RS codes with different number of con-

secutive roots. In the scheme, two information selection

approaches to achieve an optimized subcode at the des-

tination are developed. Monte-Carlo simulations have
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Table 6 BER Performance comparison of distributed RS coding scheme and the existed schemes in [16], [22] and [23]

SNR Approach 2 50% cooperative DTC DLC-STC-ML

6 7.92×10−2 1.48×10−1 —————– ———————
8 3.69×10−2 1.03×10−1 3.83× 10−2 ———————
10 1.47×10−2 5.55×10−2 1.58× 10−2 1.85× 10−2

12 3.87×10−3 2.05×10−2 5.66× 10−3 7.49× 10−3

14 7.29×10−4 5.01×10−3 1.86× 10−3 2.52× 10−3

16 9.05×10−5 8.04×10−4 6.31× 10−4 8.18× 10−4

18 7.36×10−6 7.54×10−5 1.63× 10−4 2.94× 10−4

demonstrated the superiority of the two selection ap-
proaches. Naive and smart are the two proposed algo-

rithms to jointly decode at the destination. The various
numerical results show that the distributed RS cod-
ing scheme clearly outperforms the RS non-cooperative

scheme. Moreover, the distributed RS coding scheme

using smart algorithm performs better than the dis-

tributed RS coding scheme using naive algorithm under

the same conditions.
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Figures

Figure 1

General system model of distributed linear block codes

Figure 2

Distributed RS coding scheme



Figure 3

The structures of the K1 message symbols, scenario (a) more positions in the �rst part, scenario (b) more
positions in the last part

Figure 4

The symmetric structures of the 11 message symbols, scenario (a) 6 positions in the �rst part, scenario
(b) 6 positions in the last part



Figure 5

BER performance comparison of distributed RS coding scheme over a fast Rayleigh fading channel with
RS1(15, 11, 5) and RS2(15, 7, 9) under different information selection approaches



Figure 6

BER performance comparison of distributed RS coding scheme with RS1(15, 11, 5) and RS2(15, 7, 9)
under different information selection approaches.



Figure 7

BER performance comparison of distributed RS coding scheme with RS1(31, 27, 5) and RS2(31, 17, 15)
under different information selection approaches.



Figure 8

BER performance comparison of distributed RS coding scheme with RS1(63, 59, 5) and RS2(63, 43, 21)
under different information selection approaches.



Figure 9

BER performance comparison of distributed RS coding scheme with RS1(15, 11, 5) and RS2(15, 7, 9)
employing joint RS decoding (naive and smart algorithms).



Figure 10

BER performance comparison of distributed RS coding scheme with RS1(63, 59, 5) and RS2(63, 43, 21)
employing joint RS decoding (naive and smart algorithms).



Figure 11

BER performance comparison of distributed RS coding scheme with RS1(31, 27, 5) and RS2(31, 17, 15)
employing joint RS decoding (naive and smart algorithms).



Figure 12

BER performance of distributed RS coding scheme under non-ideal and ideal source to relay channels
and non-cooperative RS coding scheme with RS1(15, 11, 5) and RS2(15, 7, 9).



Figure 13

BER performance of distributed RS coding scheme under non-ideal and ideal source to relay channels
and non-cooperative RS coding scheme with RS1(31, 27, 5) and RS2(31, 17, 15).



Figure 14

BER performance of distributed RS coding scheme under non-ideal and ideal source to relay channels
and non-cooperative RS coding scheme with RS1(63, 59, 5) and RS2(63, 43, 21).



Figure 15

BER performance comparison of distributed RS coding scheme and the existed schemes in [16], [22] and
[23].


