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Abstract—We propose a novel buffer-aided cooperative space-
time line code (B-CSTLC) technique for 6G internet-of-
things (IoT) networks comprising a single source node (SN), a
single destination node (DN), and multiple relay nodes (RNs)
equipped with a single buffer. We assume all communicating
nodes have a single antenna to ensure low-complexity imple-
mentation in wireless IoT systems. In the proposed scheme,
multiple RNs receive and decode signals broadcast by the SN, and
those that successfully decode the signals simultaneously transmit
space-time line-coded (STLC) signals to enhance the effective
channel gain. The buffers in RNs further provide opportunities
to optimize channel conditions, with packet delay constrained
by a maximum delay time. We analytically evaluate the perfor-
mance of B-CSTLC in terms of outage probability and average
packet delay. Extensive simulations confirm that the analytical
results align closely with Monte Carlo simulations. Moreover, the
proposed B-CSTLC technique significantly outperforms existing
buffer-aided cooperative phase steering and buffer-aided best
relay selection techniques in outage probability performance.

Index Terms—Buffer-aided cooperative network, relay-assisted
internet-of-things (IoT) network, space-time line code (STLC),
outage probability, average packet delay (APD).

I. INTRODUCTION

As wireless communication advances toward the sixth gen-
eration (6G), adaptive networks and protocols are rapidly
evolving, driven by the increasing deployment of IoT devices
across residential, industrial, and large-scale smart farm ap-
plications [1]. To meet this demand, wireless relay networks
have emerged as a key solution to improve transmission energy
efficiency, especially for battery-powered IoT devices [2].
Buffer-aided relay networks enhance communication stabil-
ity by enabling relay nodes (RNs) with buffers to transmit
signals only when the channel to the destination node (DN)
is stable [3], [4]. In previous studies [3], [4], buffer-aided
RNs were equipped with full-duplex (FD) transceivers, which
reduce the duty-cycle loss in relay networks and improve
average packet delay (APD) performance. However, residual
self-interference (SI), even after SI cancellation, significantly
degrades system performance, including increasing outage
probability. To address this issue, this paper focuses on a half-
duplex (HD) buffer-aided relay network.
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Cooperative relay systems with multiple RNs are widely
recognized for enhancing throughput and expanding coverage
through spatial diversity. Consequently, most research on co-
operative relay networks with multiple buffers has primarily
focused on RN selection techniques [5]–[9]. In [5], relay
selection techniques considering both buffer status and channel
quality are proposed, prioritizing the clearing of fully occupied
buffers and filling empty buffers based on channel conditions.
In [6], the authors leverage channel and buffer state informa-
tion to minimize outage probability by balancing the arrival
and departure rates at each relay’s buffer. In [7], the authors
proposed a novel relay-grouping technique to enhance the per-
formance of buffer-aided relay networks, including an optimal
strategy that maximizes diversity order while maintaining a
fixed target asymptotic delay. In [8], the authors proposed
a Lyapunov optimization-based relay selection scheme for
buffer-aided cooperative networks, dynamically switching be-
tween FD and HD modes to minimize average delay while en-
suring queue stability. In [9], deep reinforcement learning has
been applied to buffer-aided cooperative networks, improving
throughput and delay under complex 6G network conditions
However, guaranteeing worst-case packet delay is challenging
as multiple buffers simultaneously manage multiple packets at
the relay. Even with probabilistic delay constraints, a maxi-
mum packet delay cannot be assured [10]. Additionally, relay
selection techniques based on buffer status and channel quality
require significant overhead for communication between all
RNs and a centralized node.

To address these issues, this paper focuses on a single-
buffer relay network. We propose a novel relay transmission
technique that eliminates the need for channel state informa-
tion (CSI) exchange between nodes. In [11], the buffer-aided
cooperative phase steering (B-CPS) technique was introduced
to address the limitations of relay selection methods. However,
the diversity gain of B-CPS is inherently limited due to
its inability to leverage antenna expansion at the DN. A
related technique is the space-time line code (STLC), where
each transmitter encodes its signal using the CSI, allowing
the receiver to decode the transmitted symbols through a
simple linear combination [12]. This paper introduces a novel
buffer-aided cooperative STLC (B-CSTLC) that combines the
conventional CSTLC technique [13] with a single-buffer relay
approach to enhance outage probability compared to the B-
CPS technique, leveraging antenna expansion at the DN.

II. SYSTEM MODEL

Fig. 1 shows the system model of the proposed B-CSTLC
system. We consider a decode-and-forward relaying network
comprising a single source node (SN), K RNs each equipped
with a single antenna, and a single DN with two antennas. In
this setup, there is no direct link between the SN and DN;

This article has been accepted for publication in IEEE Wireless Communications Letters. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/LWC.2025.3574395

© 2025 IEEE. All rights reserved, including rights for text and data mining and training of artificial intelligence and similar technologies. Personal use is permitted,

but republication/redistribution requires IEEE permission. See https://www.ieee.org/publications/rights/index.html for more information.

Authorized licensed use limited to: AJOU UNIVERSITY. Downloaded on June 02,2025 at 04:06:58 UTC from IEEE Xplore.  Restrictions apply. 



2

SN

RN 1

RN k

RN K

DN

hs,1[t]

hs,K[t]

h1,d[t]

hk,d[t]

hK,d[t]

hs,k[t]

1st hop (Store & Wait) 2nd hop (Foward)

Empty buffer
Filled buffer
Transmission link
Non-transmission link

min
k∈D[t]

‖hk,d[t, tdelay]‖ ≥ Qth[t]

tdelay ≥ Tmax

TX cond.

or

Figure 1: System model of the proposed B-CSTLC.

the DN receives signals solely through the RNs, which relay
them. Each RN is assumed to know its own CSI by receiving
reference signals from the SN and DN is equipped with a
single buffer to store a packet for delay-tolerant networks
(DTN). This configuration enhances the performance of the
two-hop relay system using the RN transmission and reception
techniques described below.

A. First-Hop Operation of the Proposed B-CSTLC
A single time slot is divided into two phases: the first hop

and the second hop. During the first hop, the SN broadcasts
a signal to all RNs. The signal received by the k-th RN (k ∈
{1, 2, . . . ,K}) at t-th time slot is expressed as:

yk[t] =
√

Pshs,k[t]x[t] + nk[t], (1)

where [t] denotes the signal number. Ps represents the trans-
mitted power of the SN, hs,k is the Rayleigh fading channel
coefficient, assumed to be identically and independently dis-
tributed (i.i.d.) as CN (0, σ2

sr), from the SN to the k-th RN.
The transmitted signal from the SN is denoted as x, while the
thermal noise at the k-th RN, nk, follows an i.i.d. CN (0, N0).

The set of RNs that successfully decode the signal received
at t-th time slot is defined as follows:

D[t] =
{
k | log2

(
1 + ρs|hs,k[t]|2, k ∈ {1, 2, ...,K}

)
≥ 2R

}
=
{
k | |hs,k[t]|2 ≥ ρth/ρs, k ∈ {1, 2, ...,K}

}
, (2)

where R denotes the target data rate in bit/s/Hz, ρth ≜ 22R−1,
and ρs ≜ Ps/N0. It is important to note that the halving of
the data rate in this system results from the reduced spectral
efficiency inherent in typical two-hop relay networks.

B. Second-Hop Operation of the Proposed B-CSTLC
In the second hop, all RNs in the set D[t] simultaneously

transmit the signal received at t-th time slot to the DN to
enhance its received signal-to-noise ratio (SNR). To achieve
this, we employ an opportunistic transmission technique that
leverages the buffers at the RNs, as outlined in Algorithm
1. In Algorithm 1, Qth[t

′] represents the effective channel
magnitude threshold for the signal received by RNs at t′-
th time slot1. The value Qth[t

′] is used to determine its

1Since the reception and transmission times at RNs differ, we use t′ to
denote the fixed time slot when a new signal was received, while t represents
the natural progression of time, i.e., t= t′+td[t

′]+1 where td[t
′] denotes the

delay time that the signal received at time t′ is currently stored in the buffer.

Algorithm 1 Signal Transmission Algorithm at RNs in the
proposed B-CSTLC system

Input: hs,k[t], hk,1[t], hk,2[t] (∀k ∈ {1, 2, . . . ,K}, ∀t ∈
{1, 2, . . . , T}), Tmax, α, ρth, ρr .

Initialization: td[t] = 0 (∀t)
1: for 1 ≤ t ≤ T do
2: D[t]←

{
k | |hs,k[t]|2 ≥ ρth/ρs, k ∈ {1, 2, ...,K}

}
3: t′ ← t
4: if |D[t′]| ̸= 0 then
5: t← t+ 1, Qth[t

′]← α
√

ρth/(ρr|D[t′]|)
6: while td[t

′] < Tmax do
7: if mink∈D[t′] ∥hk,d[t]∥ ≥ Qth[t

′] then
8: break
9: end if

10: td[t
′]← td[t

′] + 1, t← t+ 1
11: end while
12: Transmit signals from RN k (∀k ∈ D[t′])
13: end if
14: t← t+ 1
15: end for

opportunistic transmission to the DN and hk,d[t] (∈ C2×1) ∼
CN (0, I2×σ2

rd) represents the Rayleigh fading channel coeffi-
cient vector from the k-th RN to the DN at t-th time slot. Note
that only the RNs in D[t′] can store the signal received at t′-th
time slot, x[t′], in their buffers. This signal is transmitted to
the DN based on the buffer delay time and the channel quality
from the RN to the DN.

The opportunistic transmission conditions for x[t′], based
on channel quality, are as follows: All RNs storing the x[t′]
in their buffers must have an effective channel magnitude
∥hk,d[t]∥ (∀k ∈ D[t′])) greater than Qth[t

′]. The effective
channel magnitude threshold is given by

Qth[t
′] = α

√
ρth/(ρr|D[t′]|), (3)

where α denotes an adaptive parameter, ρr ≜ Pr/N0, Pr

denotes the total transmission power of RNs in the set
D[t′], and |D[t′]| means the cardinality of the set D[t′]. In
cooperative relay networks, the square root of the received
SNR at the DN increases linearly, on average, with |D[t′]|
for the x[t′]. The threshold Qth[t

′] is designed to balance
the trade-off between decoding performance at the DN and
transmission delay performance at the RNs. as Pr and D[t′]
increase, reliable decoding at the DN can be improved even
with a low threshold Qth[t

′]. Therefore, Qth[t
′] is set to be

inversely proportional to ρr|D[t′]| to increase the chance of
earlier transmission and reduce delay. On the other hand, as
the target SNR at the DN, ρth, increases, the outage probability
also increases. To ensure reliable decoding in such cases,
Qth[t

′] is designed to increase proportionally with ρth. The
transmission condition based on buffer status for all signals
is met when the queue delay time of a signal in the RNs’
buffer reaches the maximum allowable delay time, Tmax. This
condition is essential to prevent infinite queue delays, which
would otherwise increase the duty-cycle loss of the entire
system.

Upon satisfying the transmission conditions, each RN em-
ploys STLC to enhance the effective channel gain and sim-
plify decoding compared to conventional cooperative MIMO
schemes [13]. For the STLC-based transmission in the second
hop, a single signal x[t′] is split into two components, x1[t

′]
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and x2[t
′]. The two transmitted STLC signals from the k-th

RN during the t-th time slot are expressed as [12]

sk,1[t] =
(
h∗
k,1[t]x1[t

′] + h∗
k,2[t]x

∗
2[t

′]
)
× ∥hk,d[t]∥−1,

sk,2[t] =
(
h∗
k,2[t]x

∗
1[t

′]− h∗
k,1[t]x2[t

′]
)
× ∥hk,d[t]∥−1,

(4)

where (·)∗ denotes the complex conjugate operation, and the
signals x1 and x2 contain uniquely divided information from
x without any loss of information. In this paper, we assume
that the two signals carry equal amounts of information, and
each signal occupies only half the transmission time of x.
Furthermore, it is assumed that both signals are transmitted
within the channel’s coherence time. All RNs in the set D[t′]
consecutively transmit two STLC signals, and the received
signals at the DN are expressed as follows:[
r1,1[t] r1,2[t]
r2,1[t] r2,2[t]

]
=
∑

k∈D[t′]

√
Pr

|D[t′]|
hk,d[t]

[
sk,1[t]
sk,2[t]

]T
+ n[t], (5)

where rn,l and nn,l ≜ [n[t]](n,l) (n, l ∈ {1, 2}) denote a
received signal and the thermal noise at the n-th antenna of the
DN for the l-th STLC signal, respectively. The DN performs
the linear combination for STLC decoding as follows:

r1,1[t] + r∗2,2[t] =
√

Pr

|D[t′]|

∑
k∈D[t′]

∥hk,d[t]∥x1[t] + n̄1,

r∗2,1[t]− r1,2[t] =
√

Pr

|D[t′]|

∑
k∈D[t′]

∥hk,d[t]∥x2[t] + n̄2,
(6)

where
n̄1 ≜ n1,1[t] + n∗

2,2[t] ∼ CN (0, 2N0),

n̄2 ≜ n∗
2,1[t]− n1,2[t] ∼ CN (0, 2N0),

(7)

Finally, the successful decoding event of the DN for the signal
x[t′] is defined based on the ratio between the received signal
power and noise power in (6), as follows:

1

2
log2

(
1+

Pr

2N0|D[t′]|

(∑
k∈D[t′]

∥hk,d[t]∥
)2)

≥ R. (8)

Additionally, for all signals successfully decoded at the DN,
the packet delay time from the SN to the DN is equal to td[t

′]+
2 (0 ≤ td[t

′] ≤ Tmax), since relaying systems fundamentally
requires two time slots to deliver a signal from end to end.

III. PERFORMANCE ANALYSIS

A. Outage Probability
In this section, we present a mathematical analysis of the

outage probability for the B-CSTLC technique. Since we
consider average performance independent of time, we omit
the time index from now on. Taking into account the two
transmission conditions in the RNs, the outage probability
is derived using the total probability theorem, a common
approach in the analysis of multiple relay communication
systems, as follows:

Po = 1−
K∑

m=1

PK,m(Pm,Tmax
Pm,ITS+(1−Pm,Tmax

)Pm,OTS),

(9)
where four detailed probabilities exist. In summary, PK,m is
the probability that m out of K RNs successfully decode the
signal received from the SN, while Pm,Tmax

is the probability

that, given m successful RNs, i.e., |D| = m, the minimum
channel gain among their channels exceeds Qth within time
Tmax. Additionally, Pm,ITS represents the probability that the
DN successfully decodes the signal when m RNs have suc-
cessfully decoded it, and the minimum channel gain between
the m RNs and the DN exceeds Qth. Finally, Pm,OTS is the
probability that the DN successfully decodes the signal when
m RNs in the set D transmit the queued signal in the buffer
at Tmax time, where the opportunistic transmission condition
based on channel gain is not considered. In (9), the summation
starts from m = 1 since successful decoding requires at least
one relay to decode and the case m = 0, where no relay
decodes the signal, is inherently considered an outage.

First, it is evident that PK,m follows a binomial distribution,
representing the probability that an RN successfully decodes
the signal. This probability is expressed as follows:

Pr
[
|hs,k|2 ≥ R′

s

]
= exp

(
−R′

s/σ
2
sr

)
, (10)

where R′
s ≜ ρth/ρs. It is well-known that the channel gain of

a Rayleigh fading channel follows an exponential distribution
with a mean 1/σ2

sr. Then, PK,m is expressed as follows:

PK,m=

(
K

m

)
exp

(
−R′

s

σ2
sr

)m(
1− exp

(
−R′

s

σ2
sr

))K−m

. (11)

Second, Pm,Tmax
is derived from the complementary cumu-

lative distribution function (CCDF) of the minimum channel
magnitude among m channels between the RNs and the DN.
We define the random variable (RV) Zk ≜ ∥hk,d∥ (∀k ∈
{1, 2, . . . ,K}). The channel magnitude between each RN
and the DN, which is equipped with two antennas, follows
the same distribution as the square root of the sum of
two exponential RVs. Consequently, the probability density
function (PDF), fZk

(z), and the cumulative distribution func-
tion (CDF), FZk

(z), are given as follows:

fZk
(z)=

2z3

σ4
rd

exp

(
− z2

σ2
rd

)
, (12)

FZk
(z)=

∫ z

0

f (u) du = 1−
(
1 +

z2

σ2
rd

)
exp

(
− z2

σ2
rd

)
. (13)

The CDF of the minimum among I i.i.d. RVs (Y1, Y2, . . . YI )
is expressed as

Fminj∈{1,2,...,I} Yj (u) = 1− [1− FYi(u)]
I
, ∀i. (14)

Using (13) and (14), the CCDF of the minimum magnitude of
m channels can be calculated as follows:

Fmin(z)=[1−FZk
(z)]

m
=

[(
1+

z2

σ2
rd

)
exp

(
− z2

σ2
rd

)]m
. (15)

The probability that the minimum channel gain exceeds the
threshold is given by

Pmin≜Pr

[
min
k∈D

∥hk,d∥≥Qth

]
=

[(
1+

Q2
th

σ2
rd

)
exp

(
−Q2

th

σ2
rd

)]m
. (16)

Pm,Tmax
can be obtained by summing the probabilities that

the minimum channel magnitude remains below Qth until
(s − 1) queue delay time and exceeds the threshold at the
s-th queue delay time, for all s ∈ [1, Tmax]. In other words,
the probability Pm,Tmax

corresponds to the probability mass
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function (PMF) of a geometric distribution with the probability
Pmin, as follows:

Pm,Tmax =
∑Tmax

s=1
Pmin × [1− Pmin]

s−1
. (17)

The third probability, Pm,ITS, represents the probability that
the DN successfully decodes the received signal when m RNs
decode successfully and the minimum channel magnitude of
the RNs exceeds Qth within Tmax. When the magnitude of all
channels exceeds the threshold Qth, the distribution of each
channel magnitude follows a truncated distribution

fZk|Zk≥Qth
(z) = fZk

(z)× (1− FZk
(Qth))

−1 (18)

= 2z3 exp

(
Q2

th − z2

σ2
rd

)[
σ2
rd

(
σ2
rd +Q2

th

)]−1
, for z ≥ Qth.

If only one RN successfully decodes, the success probability
of the DN, P1,ITS, is expressed as follows:

P1,ITS = 1−
∫ √

R′
r

Qth

fZk|Zk≥Qth
(z)dz

=


σ2
rd +R′

r

σ2
rd +Q2

th

exp

(
Q2

th −R′
r

σ2
rd

)
, for Qth <

√
R′

r

1, for Qth ≥
√
R′

r,

(19)

where R′
r ≜ 2kρth/ρr. To derive Pm,ITS for an arbitrary inte-

ger m, the PDF of the sum of m RVs with the PDF fZk|Zk≥Qth

must be obtained. This can be derived by performing the
convolution of fZk|Zk≥Qth

m times for any k ∈ {1, 2, . . .K}.

fZm|Zm≥mQth
(z) ≜ fZk|Zk≥Qth

(z) ∗ . . . ∗ fZk|Zk≥Qth
(z)︸ ︷︷ ︸

m

.

However, obtaining the exact result is challenging. Therefore,
we utilize the central limit theorem (CLT) to derive an
approximate result [13]. This means that the approximated
PDF can be derived as a truncated Gaussian distribution with
parameters related to m, i.e.,

mean: µI,m ≜
∫ ∞

Qth

xfZm|Zm≥mQth
(z)dx,

variance: σ2
I,m ≜

∫ ∞

Qth

x2fZm|Zm≥mQth
(z)dx− µ2

I,m,
(20)

and lower bound mQth. We first compute the mean µI and
variance σ2

I of the RV with the PDF fZk|Zk≥Qth
, and then

scale them by m using the properties of convolution [14].
The mean µI is calculated as follows:

µI =

∫ ∞

Qth

zfZk|Zk≥Qth
(z)dz =

∫ ∞

Qth

z
2z3

σ4
rd

exp

(
− z2

σ2
rd

)
dz

=

[
3

4

√
πσrd erfc

(
Qth

σrd

)
e

Q2
th

σ2
rd +Qth

(
3

2
+
Q2

th

σ2
rd

)]
σ2
rd

σ2
rd+Q2

th

. (21)

The variance σ2
I can be derived by

σ2
I =

∫ ∞

Qth

z2fZk|Zk≥Qth
(z)dz−µ2

I = 2σ2
rd+

Q4
th

σ2
rd +Q2

th

−µ2
I .

Consequently, the approximated truncated distribution of
fZm|Zm≥mQth

by mQth is expressed as follows:

fZm|Zm≥mQth
(z)

≈
exp

(
− (z−mµI)

2

2mσ2
I

)
√
2πmσ2

I

[
1

2
erfc

(
mQth −mµI√

2mσ2
I

)]−1

for m ≥ 2 and z ≥ mQth. (22)

The CDF of the channel is approximated by a Gaussian
distribution with the mean and variance scaled by m,

FZm|Zm≥mQth
(z)≈

[
erfc

(
mQth−mµI√

2mσ2
I

)
− erfc

(
z −mµI√

2mσ2
I

)]

× erfc

(
mQth −mµI√

2mσ2
I

)−1

, for m ≥ 2 and z ≥ mQth. (23)

Finally, the Pm,ITS for m ≥ 2 is given as follows:

Pm,ITS = 1− FZm|Zm≥mQth

(√
R′

r

)
(24)

≈

erfc
(√

R′
r−mµI√
2mσ2

I

)
erfc

(
mQth−mµI√

2mσ2
I

)−1

, for mQth <
√
R′

r

1, for mQth ≥
√

R′
r.

Pm,OTS represents the probability that the DN successfully
decodes the received signal when m RNs decode successfully,
and the minimum channel magnitude of the RNs is less
than Qth within Tmax. This probability can be approximately
derived using a similar approach as in (24), with the key
difference being that the channel distribution is not truncated
Gaussian, as there are no conditions on the channel magnitude
for transmission. Then, from [13], the Pm,OTS is given by

Pm,OTS (25)

≈



(
1 + β2

)
exp

(
−β2

)
, for m = 1

1

16

[√
π

2

(
15β + 2β3 + β5

)
exp

(
−β2

2

)
erf
(

β√
2

)
+
(
16 + β2 + β4

)
exp

(
−β2

) ]
, for m = 2

1

2
erfc

(√
R′

r−mµO√
2mσ2

O

)
, for m ≥ 3,

where β≜
√
R′

r/σ
2
rd, µO≜3

√
πσ2

rd/4, σ2
O≜σ2

rd (2−9π/16).
We finally can derive the approximated outage probability of
proposed the B-CSTLC technique by substituting (11), (17),
(24), and (25) into (9).

B. Average Packet Delay (APD)
The APD of the B-CSTLC technique can be mathematically

analyzed using the probabilities derived in the previous subsec-
tion. As mentioned above, the APD is considered by packets
successfully delivered at the DN only, and inherently has the
lower and upper bounds by 2 and Tmax + 2, respectively.
Because retransmissions and packet drops are not considered
in this model.

The approximated expression of APD of B-STLC technique
is given as follows:

APD = 2+Po

[
K∑

k=1

PK,k ·Pk,ITS

{
Tmax−1∑

s=0

s·Pmin(1−Pmin)
s

}

+

K∑
k=1

PK,k ·Pk,OTS ·Tmax

{
1−

Tmax−1∑
s=0

Pmin(1−Pmin)
s

}]
.(26)
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Figure 2: Outage probability comparison among the proposed
B-CSTLC, B-CPS, and B-SBR techniques when Tmax = 4,
R = 1.5, σ2

sr = 1, σ2
rd = 0.5, α = 1.2.
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Figure 3: APD performance of the proposed B-CSTLC tech-
nique when R = 1.5, σ2

sr = 1, α = 1.5.

IV. NUMERICAL RESULTS

In this section, we evaluate the performance of the proposed
B-CSTLC technique in terms of outage probability and APD
through extensive computer simulations, under the assumption
of a unit bandwidth. Fig. 2 compares the outage probability of
the B-CSTLC technique with that of the buffer-aided single
best relay selection (B-SBR) technique, which selects a single
RN with a highest channel quality, and the B-CPS technique
with the DN equipped with single antenna, for varying ρr = ρs
as a function of the number of RNs (K). The parameters
are set as Tmax = 4, R = 1.5, σ2

sr = 1, σ2
rd = 0.5, and

α = 1.2. To ensure fairness in the performance comparison,
both comparison techniques also have the same transmission
conditions in RN side. The results show that the analyzed
outcomes closely align with the Monte Carlo simulation results
for all K. Furthermore, the proposed B-CSTLC technique
outperforms the B-CPS technique across all ρr regimes and
exceeds the performance of the B-SBR technique in practical
ρr regimes. In Fig. 3, we validate the APD performance
of the proposed B-CSTLC technique for various values of
K, Tmax, and σ2

rd, with the parameters set to R = 1.5,
σ2
sr = 1, α = 1.5, and ρr = ρs. The analysis results align

well with the Monte Carlo simulation results across all system
parameters and ρr regimes. Although a larger number of relays
(K = 6) results in a lower outage probability due to a higher
likelihood of decoding success, it can lead to a higher APD
in the low SNR regime. This is because more relays must
simultaneously satisfy the transmission condition to initiate
forwarding, and the SNR threshold is inversely proportional
to Q2

th. Consequently, when the SNR is low, the APD of the
K = 3 case becomes lower than that of the K = 6 case,
despite the reduced average Qth.

V. CONCLUSION

In this paper, we proposed a novel buffer-aided cooperative
space-time line code (B-CSTLC) technique for multiple relay-
assisted IoT networks. In this system, communication between
a source node (SN) and a destination node (DN) occurs solely
through multiple relay nodes (RNs), each equipped with a
single buffer. We derived approximate mathematical expres-
sions for the proposed technique’s outage probability and
average packet delay. Through computer simulation results,
we evaluated the accuracy of these analytical expressions and
demonstrated that the B-CSTLC technique outperforms both
buffer-aided phase steering and buffer-aided best relay selec-
tion techniques in terms of outage probability performance.
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