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Outline
• We consider a network of buffer-aided wireless 

devices that transmit deadline-constrained 
data packets on a slotted-ALOHA random-
access channel


• We study the case in which the number of 
retransmissions is less than the deadline 

• A packet can be dropped for two reasons: 
either the number of retransmissions reached 
the maximum allowed number or the packet 
expired


• Aim: to reveal the trade-off between the packet 
deadline and the number of retransmissions as 
a function of the arrival rate
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Fig. 3. Drop probability for various q values for the first Markov chain
for which n = D � 1 = 2.
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Fig. 4. Average throughput for various q values for the first Markov chain
for which n = D � 1 = 2.

V. SIMULATION AND NUMERICAL RESULTS

In this section, simulation and numerical results are pre-
sented for a topology where buffer-aided nodes have buffer
size1 L = 3 and the packet deadline is D = 3. More specif-
ically, we evaluate the performance of a non-backlogged
device in terms of drop rate and average throughput measured
in bps/Hz for various values of transmit probability q and
number of retransmissions n. It is noted that the number of
users in the network is N = 2, with one user being non-
backlogged and the other one backlogged, i.e., it always has
a packet to transmit. Regarding the non-backlogged user, the
packet arrival probability is � = 0.5.

A. Number of retransmissions n = D � 1

The first scenario examines the impact of varying q,
while the number of retransmissions is n = D � 1 = 2.
Fig. 3 depicts the drop rate for varying values of transmit
probability q, equal for both users. It can be observed that
the drop rate for the non-backlogged user is minimized when
q = 0.5. For lower q values, the drop rate increases, as the
device does not access the wireless channel that is vacant
is several instances. In such cases, packets remain for more

1Our analysis does not consider the effect of buffer size, because we
assume that the buffer size is at least as big as the deadline of the packets
and if the buffer size exceeds the deadline, the packets at the back of the
buffer will be never transmitted.
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Fig. 5. Drop probability for various q values for the second Markov chain
for which D = 3 and n = 1.
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Fig. 6. Average throughput for various q values for the second Markov
chain for which D = 3 and n = 1.

time-slots in the buffer and are dropped due to expiration.
Then, for higher q, collisions might occur and the drop rate
increases.

Then, Fig. 4 depicts the average throughput performance
for various q values. Here, throughput is maximized when
q = 0.5. As already observed for the drop rate performance,
when this q value is adopted, the non-backlogged user
improves its throughput, as more packets are successfully
transmitted to the destination. More specifically, a q = 0.5
optimizes the trade-off between channel access and collisions
with the backlogged user.

B. Number of retransmissions n < D � 1

For the second scenario, the maximum number of retrans-
missions is n = 1. So, Fig. 5 depicts the drop rate for various
q values. Again, a similar trend with the first scenario can be
seen. For the non-backlogged user the minimum drop rate is
observed when q = 0.5. Regarding the impact of n on the
drop rate, a slight increase is observed for higher q values,
since n is equal to one and packets are more frequently
dropped, after a collision.

Finally, Fig. 6 depicts the average throughput performance
for varying q. The throughput performance follows closely
that of the first scenario. Thus, for q = 0.5 maximum
throughput is obtained for the non-backlogged user, while
for higher q values, the average throughput performance
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Fig. 3. Drop probability for various q values for the first Markov chain
for which n = D � 1 = 2.
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Fig. 4. Average throughput for various q values for the first Markov chain
for which n = D � 1 = 2.

V. SIMULATION AND NUMERICAL RESULTS

In this section, simulation and numerical results are pre-
sented for a topology where buffer-aided nodes have buffer
size1 L = 3 and the packet deadline is D = 3. More specif-
ically, we evaluate the performance of a non-backlogged
device in terms of drop rate and average throughput measured
in bps/Hz for various values of transmit probability q and
number of retransmissions n. It is noted that the number of
users in the network is N = 2, with one user being non-
backlogged and the other one backlogged, i.e., it always has
a packet to transmit. Regarding the non-backlogged user, the
packet arrival probability is � = 0.5.

A. Number of retransmissions n = D � 1

The first scenario examines the impact of varying q,
while the number of retransmissions is n = D � 1 = 2.
Fig. 3 depicts the drop rate for varying values of transmit
probability q, equal for both users. It can be observed that
the drop rate for the non-backlogged user is minimized when
q = 0.5. For lower q values, the drop rate increases, as the
device does not access the wireless channel that is vacant
is several instances. In such cases, packets remain for more

1Our analysis does not consider the effect of buffer size, because we
assume that the buffer size is at least as big as the deadline of the packets
and if the buffer size exceeds the deadline, the packets at the back of the
buffer will be never transmitted.
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Fig. 5. Drop probability for various q values for the second Markov chain
for which D = 3 and n = 1.
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Fig. 6. Average throughput for various q values for the second Markov
chain for which D = 3 and n = 1.

time-slots in the buffer and are dropped due to expiration.
Then, for higher q, collisions might occur and the drop rate
increases.

Then, Fig. 4 depicts the average throughput performance
for various q values. Here, throughput is maximized when
q = 0.5. As already observed for the drop rate performance,
when this q value is adopted, the non-backlogged user
improves its throughput, as more packets are successfully
transmitted to the destination. More specifically, a q = 0.5
optimizes the trade-off between channel access and collisions
with the backlogged user.

B. Number of retransmissions n < D � 1

For the second scenario, the maximum number of retrans-
missions is n = 1. So, Fig. 5 depicts the drop rate for various
q values. Again, a similar trend with the first scenario can be
seen. For the non-backlogged user the minimum drop rate is
observed when q = 0.5. Regarding the impact of n on the
drop rate, a slight increase is observed for higher q values,
since n is equal to one and packets are more frequently
dropped, after a collision.

Finally, Fig. 6 depicts the average throughput performance
for varying q. The throughput performance follows closely
that of the first scenario. Thus, for q = 0.5 maximum
throughput is obtained for the non-backlogged user, while
for higher q values, the average throughput performance
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Fig. 7. Drop probability for various q values for D = 5 and n = 0, 1, 4.

is marginally degraded. In conclusion, when considering
both cases of n, it is observed that the performance of the
non-backlogged user is almost identical and the number of
retransmissions does not significantly affect the drop rate and
the average throughput for a small deadline values and low
number of users.

C. Comparisons
In this case, we compare the performance of the system

when all the packets have deadline D = 5, and additionally,
(i) there are no retransmissions (n = 0), (ii) there are some
retransmissions (in this case n = 1), and (iii) there are as
many retransmissions as needed (n = D � 1 = 4). We
observe in both Fig. 7 and Fig. 8 that the performance
is improved, when there are more retransmissions. This is
expected in this case in which there are no packets with the
same or lower deadlines further back in the queue due to
the fact that the inflow of packet is low and the deadline is
assumed to be the same for all packets.

VI. SUMMARY AND FUTURE DIRECTIONS

In this paper, we considered a network of buffer-aided
wireless devices having to transmit deadline-constrained data
packets on a slotted-ALOHA random-access channel. We
studied how deadline-constrained transmission with retrans-
missions performs, since the transmission of packets in a
queue might get delayed due to retransmissions, and as a
result they might get dropped before reaching the head of the
queue. The aim of this work is to reveal the trade-off between
the packet deadline and the number of retransmissions as
a function of the arrival rate. We analyzed the system
using Markov chains and numerical and simulation results
are included to highlight the effect of varying the transmit
probability and the number of retransmissions on the drop
probability and the average throughput.

Part of ongoing research is to study the performance
of multi-packet reception (MPR) using Direct Sequence
Code Division Multiple Access (DS-CDMA), which can be
incorporated in order to help improve the performance of
the wireless MAC protocol. Such a scheme will allow for
multiple simultaneous transmissions that would otherwise
lead to a collision.
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Fig. 8. Average throughput for various q values for for D = 5 and
n = 0, 1, 4.
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Fig. 1. Markov Chain when the number of retransmissions is D = 3,
n = 2.

transmitting nodes and thus the number of collisions in a
time slot. We use a Markov chain model of the system with
bursty traffic and the arriving packets are stored in a buffer.
We consider two cases, based on the number of allowable
retransmissions: first, we consider that each packet can be
retransmitted as many times as needed, as long as it is in
the system (i.e., number of retransmissions n = D � 1);
second, we consider that each packet has a limited number
of retransmissions (i.e., n < D � 1).

A. Number of retransmissions n = D � 1

In this case, the number of possible retransmissions is
the same with the deadline. For a deadline D, the Markov
chain has D + 1 states, the states from 0 to D model the
passed time. In our constructed Markov chain we include 2
additional virtual states (i.e., states S and U ) to model the
successful and the unsuccessful delivery, respectively. The
state S is to capture the success in a packet transmission
before its expiration or dropping. The transition probabilities
from state S to any other state depends on the state prior to
S. The state U , models the case where a packet either expires
or it is dropped. An illustrative example of the Markov Chain
for deadline D = 3 is depicted in Fig. 1.

The transition probability matrix M (column stochastic)
for a deadline of D = 3 is:

M =

2
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B. Number of retransmissions n < D � 1

In this case, a packet can be dropped for two reasons:
either the number of retransmissions reached the maximum
allowed number or the packet expired. The motivation behind
limiting the number of retransmissions is to reduce the
amount of packets waiting at the queue in order to reduce
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Fig. 2. Markov Chain for D = 3 when the number of retransmissions is
n = 1.

the amount of packets that will expire, and hence increase
the throughput of the system. For a given deadline D, the
Markov chain has D(n+1)+1� n(n+1)

2 states and, as before,
two additional virtual states, which help in the visualization
of the successful transmissions. For example, when one
retransmission is allowed (n = 1), we have 2D states (for a
deadline of 3, as depicted in Fig. 2, there are 6 states).

Remark 1. The throughput, T , of the system is derived by
considering the probability of being at the virtual state S.
This is found by finding the states from which a successful
transmission can occur. More specifically, the throughput is
given by

T =
X

s2S
⇡(s)µ, (3)

where ⇡(s) is the steady-state of state s in the Markov chain,
s is a state of the Markov chain belonging in the set of states
S from which a successful transmission can take place. In
the case of the Markov chain in Fig. 2, states 1, 2, 0, 2, 1,
3, 0 and 3, 1 belong to set S .

The drop rate (or drop probability), DR, is correspond-
ingly found by considering the states from which a packet
might get drop due to the deadlines or lack of retransmis-
sions. More specifically, the drop rate is given by

DR =
X

i2{0,...,n}

⇡(D, i)(1 � µ) +
X

f2F
⇡(f)(q � µ), (4)

where f is a state of the Markov chain belonging in the set
of states F from which the last unsuccessful transmission of
a packet can take place can take place. The states of steady-
state ⇡(D, i) in the case of the Markov chain in Fig. 2, are
3, 0 and 3, 1. State 2, 1 belongs to set F .

Remark 2. The construction of these Markov chains with
the virtual states provides a systematic way of studying the
evolution of such complicated systems in which packets may
have a limited number of retransmissions.

Fig. 1 Markov Chain for deadline D=3 when the 
number of retransmissions is n =1

Fig. 2 Drop probability and average throughput for 
various of transmission probability q values for the 

second Markov chain for which D=3 and n=1

Fig.3 Average throughput for various q values for 
for D=5 and n=0, 1, 4
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transmitting nodes and thus the number of collisions in a
time slot. We use a Markov chain model of the system with
bursty traffic and the arriving packets are stored in a buffer.
We consider two cases, based on the number of allowable
retransmissions: first, we consider that each packet can be
retransmitted as many times as needed, as long as it is in
the system (i.e., number of retransmissions n = D � 1);
second, we consider that each packet has a limited number
of retransmissions (i.e., n < D � 1).
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chain has D + 1 states, the states from 0 to D model the
passed time. In our constructed Markov chain we include 2
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B. Number of retransmissions n < D � 1

In this case, a packet can be dropped for two reasons:
either the number of retransmissions reached the maximum
allowed number or the packet expired. The motivation behind
limiting the number of retransmissions is to reduce the
amount of packets waiting at the queue in order to reduce
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the amount of packets that will expire, and hence increase
the throughput of the system. For a given deadline D, the
Markov chain has D(n+1)+1� n(n+1)

2 states and, as before,
two additional virtual states, which help in the visualization
of the successful transmissions. For example, when one
retransmission is allowed (n = 1), we have 2D states (for a
deadline of 3, as depicted in Fig. 2, there are 6 states).

Remark 1. The throughput, T , of the system is derived by
considering the probability of being at the virtual state S.
This is found by finding the states from which a successful
transmission can occur. More specifically, the throughput is
given by

T =
X

s2S
⇡(s)µ, (3)

where ⇡(s) is the steady-state of state s in the Markov chain,
s is a state of the Markov chain belonging in the set of states
S from which a successful transmission can take place. In
the case of the Markov chain in Fig. 2, states 1, 2, 0, 2, 1,
3, 0 and 3, 1 belong to set S .

The drop rate (or drop probability), DR, is correspond-
ingly found by considering the states from which a packet
might get drop due to the deadlines or lack of retransmis-
sions. More specifically, the drop rate is given by

DR =
X

i2{0,...,n}

⇡(D, i)(1 � µ) +
X
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⇡(f)(q � µ), (4)

where f is a state of the Markov chain belonging in the set
of states F from which the last unsuccessful transmission of
a packet can take place can take place. The states of steady-
state ⇡(D, i) in the case of the Markov chain in Fig. 2, are
3, 0 and 3, 1. State 2, 1 belongs to set F .

Remark 2. The construction of these Markov chains with
the virtual states provides a systematic way of studying the
evolution of such complicated systems in which packets may
have a limited number of retransmissions.
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transmitting nodes and thus the number of collisions in a
time slot. We use a Markov chain model of the system with
bursty traffic and the arriving packets are stored in a buffer.
We consider two cases, based on the number of allowable
retransmissions: first, we consider that each packet can be
retransmitted as many times as needed, as long as it is in
the system (i.e., number of retransmissions n = D � 1);
second, we consider that each packet has a limited number
of retransmissions (i.e., n < D � 1).

A. Number of retransmissions n = D � 1

In this case, the number of possible retransmissions is
the same with the deadline. For a deadline D, the Markov
chain has D + 1 states, the states from 0 to D model the
passed time. In our constructed Markov chain we include 2
additional virtual states (i.e., states S and U ) to model the
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B. Number of retransmissions n < D � 1

In this case, a packet can be dropped for two reasons:
either the number of retransmissions reached the maximum
allowed number or the packet expired. The motivation behind
limiting the number of retransmissions is to reduce the
amount of packets waiting at the queue in order to reduce
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the amount of packets that will expire, and hence increase
the throughput of the system. For a given deadline D, the
Markov chain has D(n+1)+1� n(n+1)

2 states and, as before,
two additional virtual states, which help in the visualization
of the successful transmissions. For example, when one
retransmission is allowed (n = 1), we have 2D states (for a
deadline of 3, as depicted in Fig. 2, there are 6 states).

Remark 1. The throughput, T , of the system is derived by
considering the probability of being at the virtual state S.
This is found by finding the states from which a successful
transmission can occur. More specifically, the throughput is
given by

T =
X

s2S
⇡(s)µ, (3)

where ⇡(s) is the steady-state of state s in the Markov chain,
s is a state of the Markov chain belonging in the set of states
S from which a successful transmission can take place. In
the case of the Markov chain in Fig. 2, states 1, 2, 0, 2, 1,
3, 0 and 3, 1 belong to set S .

The drop rate (or drop probability), DR, is correspond-
ingly found by considering the states from which a packet
might get drop due to the deadlines or lack of retransmis-
sions. More specifically, the drop rate is given by

DR =
X

i2{0,...,n}

⇡(D, i)(1 � µ) +
X

f2F
⇡(f)(q � µ), (4)

where f is a state of the Markov chain belonging in the set
of states F from which the last unsuccessful transmission of
a packet can take place can take place. The states of steady-
state ⇡(D, i) in the case of the Markov chain in Fig. 2, are
3, 0 and 3, 1. State 2, 1 belongs to set F .

Remark 2. The construction of these Markov chains with
the virtual states provides a systematic way of studying the
evolution of such complicated systems in which packets may
have a limited number of retransmissions.

The throughput is given by:

The drop rate is given by:


