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Abstract—In this research, we are the first to examine the
potential and practicality of achieving a quantum computing
advantage within communication relay networks. Barrage Relay
networks (BRNs) offer a low-latency and resilient network
structure capable of preventing collisions through self-directed
cooperation, thus enabling a robust low-latency broadcast system.
We extend BRN by designing a multi-hop quantum teleportation-
based relay network. This work discovers a theoretical frame-
work for a multi-relay strategy for quantum teleportation tailored
for tactical ad-hoc networking in the post-quantum era, utilizing
quantum devices along with preliminary experimental analyses
to support our proposed protocol using Qiskit.

Index Terms—Quantum Computing, Teleportation, MANETS,
Barrage Relay Networks

I. INTRODUCTION

The deployment of mobile ad hoc networks (MANETS)
in tactical and defense environments presents challenges that
stem from high mobility [1], limited spectrum, multipath
fading, heterogeneous mission profiles, and frequent reconfigu-
ration [2]. Traditional multihop IP routing requires continuous
link-state maintenance, which becomes burdensome under
rapid topology changes and scales poorly with network size.

Barrage relay networks (BRNs), a type of MANET, enable
autonomous cooperative communication among arbitrary num-
bers of radios [3], [4]. BRNs support uncoordinated transmis-
sions to one or more receivers, favoring capture over collision
and producing spatial propagation waves. This yields robust,
low-latency broadcast with minimal state and reactive protocol
design.

Quantum computing is poised to drive the next techno-
logical revolution, with broad cross-sector impact [5]. By
exploiting superposition and entanglement, it enables certain
types of computation with exponential speedups over classical
methods. Early applications include federated quantum learn-
ing [6] and ground-to-satellite quantum teleportation [7].

A. Novelty and Originality

This is the first work to investigate the potential for quantum
advantage in relay networks. Specifically, it examines the
feasibility of integrating quantum-mechanical primitives such
as entanglement and teleportation [8] into relay or routing
mechanisms, and proposes a quantum protocol for relaying
quantum information.

The contribution of this work can be summarized as follows.
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Fig. 1: Quantum Relay Networks with teleportation for suc-
cessful and secure information transfer.

1) We propose a Quantum Relay Network (QRN), a bar-
rage relay network founded on quantum teleportation, a
multi-hop quantum teleportation-based relay network.

2) We validate our proposed QRN both experimentally and
theoretically, exploring its practicality and feasibility in
the quantum era.

B. Background

MANETS are decentralized wireless networks that do not
require existing infrastructure [9]. They are self-forming and
self-healing networks whose topology can continue to change
without any interruption in connectivity, and participating
devices can move freely. There are different types of relaying
strategies for wireless networks such as Amplify-and-forward,
Decode-and-Forward, and Decode-and-Reencode [10].

The main features of BRNs include robustness in the PHY-
Layer, cooperative communications, and the BRN broadcast
protocol [3]. The barrage relay eliminates the main need for
routing protocols for constant mobility and scalability and
does not require unique hardware for optimization. BRNs
uses TDMA (Time Division Multiple Access), a channel
access method for shared-medium networks where several
users share the same frequency channel by dividing signal
info into different time slots transmitting one after another in
rapid succession using their own time slot. BRNs function by
enabling multiple nodes to simultaneously transmit and receive
the same signal, creating a robust, cooperative communication
system that amplifies the reach and reliability of the signal
through synchronized transmission. Each node forwards the
signal in a floodlike manner without predefined routing and
thus is ideal for challenging environments such as military
operations or disaster response [11].
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Fig. 2: Quantum Relay Networks: (a) Quantum relay network with only source and destination as quantum devices and (b)

with all participating nodes as quantum devices.

Teleportation allows a protocol through which an unknown
quantum state can be sent to a distant friend using a shared en-
tangled state [8]. In doing so, it also requires a supplementary
classical communication channel to transfer classical measure-
ment information. More details are provided in Section II-A

Algorithm 1 Quantum Relay Network

1: Input: Number of nodes N, Source S, Destination D, Relay Nodes
{Ry,...,Ry}, Tx range R.

2: Generate angles 6 € [0,7], @ € [0,27] uniformly at random.

3: Initialize secret qubit state |y)o = cos(6/2)|0) +€'?sin(6/2)|1).
4: for each node i=0to N—1 do

5: Approach 1: Classical Relay

6: S and D are quantum; R; are classical.

7 S measures |y)o in basis |0),[1), sends results to R;.

8: R; relay measurement outcomes classically.

9: D applies unitary Up conditioned on received measurements.
10: Approach 2: Quantum Relay
11: All nodes S,R;,D are quantum.

12: Create entangled state |[®);; =

J via Hadamard and CNOT.

13: Apply unitary U(6,¢) to node i’s qubit: U|y); = |y);.

14:  Entangle |y); with node i’s qubit of |®T);;.

15: Measure node i’s qubits in |0),|1) basis, store results in
classical registers.

16: Apply Pauli gates X" Z"™ on node j’s qubit, where mq,m;
are measurement outcomes.

17: Repeat same for all pairs (i, j).

18: end for

[00)+|11) .
7 between nodes i and

II. PROPOSED FRAMEWORK: QUANTUM RELAY NETWORK

We introduce an extension for relay networks that uses
quantum teleportation to accommodate quantum devices.
Within this framework, two primary components are identified:

1) Relay Protocol: This protocol employs a classical multi-
hop strategy with time-delayed communication. Each
node R; at hop k waits to receive a classical message
m from the previous node R;_; at hop k — 1, relaying
it toward the destination D. The process incurs a la-
tency proportional to the number of hops, with time
complexity O(Nj), where N, is the number of hops.
In terms of protocol, we follow barrage based TDMA

approach and call the approach Quantum barrage relay
network (QBRN) while in other approach, we simply
follow time delayed approach termed as quantum relay
network (QRN).

2) Quantum Relay Protocol: This protocol enables quan-
tum state transfer from source S to destination D via
intermediate nodes {R;}. Two approaches are defined:

o Classical Relay: Only S and D are quantum de-
vices. S prepares a qubit state |y) = cos(6/2)|0) +
¢'?sin(0/2)|1), measures it in the computational
basis, and sends classical outcomes mj,m; through
{Ri} to D. D applies Pauli gates X" Z™ to recon-
struct |y). The time complexity is O(N;), where N;
is the number of quantum nodes.

o Quantum Relay: All nodes {S,R;,D} are quantum
devices. S entangles |y) with R via a Bell state,
eg., @) = w. Each R; measures its qubits,
forwarding classical outcomes to R;|, which ap-
plies X™Z™ to reconstruct |y). This repeats until
D. This approach, with time complexity O(N), is
computationally intensive but necessary when all
nodes require |y).

A. Details of QRN process

The teleportation protocol in QRN between two devices is
depicted in Figure 3. Let us suppose that the source node S
and the destination node D. The goal is to transfer quantum
information from $ to D and due to spatial space between the
two, n intermediate relay nodes {Ri,R»,...,R,} are available
in mobile approach. S has a qubit Q that is in state |y)p =
a|0)p + B|1)p. The values of o and B are unknown to §
or D. Before the process can move ahead, S and D require
having a shared pair of entangled qubits that is prepared in
one of the Bell states termed entangled paired bit (EPR) as
|¢) = % (|00) +|11)) where, S and D both keep the first qubit
and the second one separately [12]. This can be assumed that
initially these two parties were together, they entangled two
qubits and later went to their own places, i.e. distant apart.

If we suppose that both qubit states are at |0) then the above
entanglement works first by S applying the H gate on its qubit,
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Fig. 3: Quantum teleportation protocol: A quantum teleportation depicted where a number of multiple steps are involved such
as entangling qubit pair, creating secret qubit state to be teleported, performing measurements, applying conditional logic etc.

through various gates like CNOT, H and U gates.

which is followed by application of the CNOT gate as S qubit
as control qubit and D qubit as target as

CNOT (S,D)Hs|0)p|1)s
1
7
(CNOT(S,D)|0)p|0)s +CNOT (S,D)|0)p|1)s)

=CNOT (S,D)[0)p—=(|0)s +]|1)s)

ﬂg\_
[\)

= %(‘O>D|O>S +[1)p[1)s)

Now, the quantum state of three qubits Q, S and D can be

written as,
1
lW)sply)o = ﬁ(\0>0|0>s+ [D)p[1)s)(al0)o +B[1)o)

The goal here is to move the information on Q from the
source S to the location of D. Now, the source node S entangles
its qubit and qubit Q using the CNOT gate with its own qubit
as control and Q as target; then the Hadarmard gate is applied
to Q, then the state of three qubits after the operation can be
expressed as

HoCNOT (S,0)1¥)sp|w)o

= HoCNOT (S, Q)\%(|0>D\0>s+ [Dp[1)s)(e|0)o +B[1)o)

_ %[(a(|0> +[1))(|00) +[11))

+B(|0) —[1))(|10) + [01)))]

At this stage, S measures the qubits S and Q. There can be
four possible outcomes |0)s]0)p,|0)s|1)g,|1)s]0)0,|1)s|1)o-
Now, based on these measurements, D performs operations
on its own EPR bit as if |0)5/0)p — Do Nothing, |0)s|1)o —
Z gate,|1)5|0)p — X gate,|1)s|1)p — X and Z. In the relay
network, as shown in Figure 2, there can be two methods for

QRN. As depicted in Figure 2a, for the classic relay approach,
only the source S and the destination D are quantum devices,
with relay nodes R; operating classically. The teleportation
protocol is shown in Figure 3. The source S measures its qubit
state |y) in the computational basis, transmitting classical
outcomes to D via R;. The destination D applies conditional
Pauli operators based on received measurements. However,
for the quantum relay approach, as shown in Figure 2b, all
nodes S,R;,D are quantum devices. Each node participates in
the quantum state transfer. The source S initializes a qubit
in state |y) = cos(68/2)|0) + ¢/?sin(6/2)|1) and entangles
it with a relay node R; through a Bell state, for example,
|®T) = w. Node R; measures its qubits and sends
classical outcomes to the next node, which applies conditional
Pauli operators (X" Z™) to reconstruct |y). This process
repeats over multiple hops, requiring multipair entanglement
for N nodes.

III. EXPERIMENTAL ANALYSIS

We recognize real challenges in the practical application
of the teleportation protocol within the suggested framework
[7]. Here, we present the initial findings of our experimental
simulation using Qiskit!. In the context of relay network
design, we have adopted two implementations: one is the
QRN, in which the relay experiences a time delay. The
source broadcasts packets to nodes within its transmission
range. The other implementation resembles a barrage relay
network [3], which employs a TDMA approach with multiple
slots across frames. We then integrate a teleportation protocol
for QBRN. The simulation visualization for QRN is shown
in Figure 4b and for QBRN in Figure 4a. In Figures 5b
and 5a, simulation effects on the measurement process are
presented during a teleportation protocol using AerSimulator.
It is evident that altering the number of sampler shots from

Uhttps://qiskit.org/
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4000 to 10000 produces varying results. Similarly, in Figures
6a and 6b, we observe the impact on the time required to
complete the simulation, depending on the number of devices
ranging from 20 to 700. A larger number of devices result in
communication overhead as expected. Although teleportation
or any other quantum protocols are performed in quantum
computers, especially quantum processing units, we present
the result on how CPU usage is affected with or without
teleportation in our simulation framework, as shown in Figure
7. We can observe that in terms of CPU usage, there is
not much difference in our preliminary results. The results
showing the frames from O to 60 are three sets of experiments
repeated with the same settings. In second and third repetitions
from frames (20-40) and (40-60), simulation with TP (with
TP) shows slightly more CPU usage than without TP (No
TP).
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Fig. 4: Visualization of relay networks
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Fig. 5: Simulation results of teleported circuit with varying
number of shots

IV. CONCLUSION

In this study, we introduced relay network mechanisms
founded on quantum teleportation: the quantum relay network
(QRN) and the quantum barrage relay network (QBRN). Given
recent developments in quantum computing, we find it crucial
to explore its potential applications and the formulation of new
protocols. Through theoretical and experimental evaluations,
we investigate quantum relay networks that are capable of
interfacing with both quantum and classical devices in the
context of communication protocols.
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