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Abstract—To sustain dense user equipment (UE) deployments,
one of the difficult issues is to provide a proficient way to various
channel access in the cellular communication networks, such
as long-term evolution-Advanced (LTE-A) networks. In LTE-
A, random access (RA) is the necessary process to set up the
wireless connection between a UE and an evolved node B (eNB).
The performance of the RA straightforwardly influences the
performance of the whole system. Currently, a discrete uniform
distribution (DUD) is used to avoid the potential collision in
the network, while multiple UEs try to access the channel
resources. However, in a DUD, every UE has an equal chance to
choose similar contention preamble near to the expected value
of the DUD, which may cause an increase in a collision among
the UEs. In this work, we propose a method based on the
existing alternatives, such as continuous exponential distribution
(CED). CED distributes the random values between two bounds
in a poison point process, in which random variables occur
continuously and independently with a constant average rate.
In this way, our proposed method can distribute the UEs in
a parametric set of the probability distribution. Our proposed
mechanism is named as CED RA (CED-RA), which replaces the
DUD mechanism in RA with CED to show enhanced reliability
and lower latency.

Index Terms—channel access, LTE-A, random access, resource
allocation

I. INTRODUCTION

3rd generation partnership project (3GPP) proposes that
the higher layer connections among cellular devices (namely
known as user equipment [UE]) are given by connecting a UE
to an existing cellular network, such as Long-Term Evolution-
Advanced (LTE-A) [1]. In an LTE-A network, generally, small
amounts of data need to be transmitted from a huge number
of UEs. In this way, the UEs perform random access (RA)
for transmitting resource requests to the base station, known
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TABLE I
LIST OF ABBREVIATIONS AND ACRONYMS USED IN THIS PAPER.

Acronyms Full description
3GPP Third Generation Partnership Project
CB Contention-based
CED Continuous Exponential Distribution
CF Contention-free
CRP Contention Resolution Period
DL Down-link
DUD Discrete Uniform Distribution
eNB Evolved Node B
EPC Evolved Packet Core
LTE-A Long Term Evolution-Advanced
MIB Master Information Block
PDF Probability Density Function
PDP Power Delay Profile
PRACH Physical Random Access Channel
PSS Primary Synchronization Signal
RA Random Access
RAN Radio Access Network
RAR RA response
RL Reinforcement Learning
RNTI Radio Network Temporary Identity
RRC Radio Resource Connection
SIB System Information Block
SSS Secondary Synchronization Signal
TA Timing Advance
UE User Equipment
UL Up-link

as evolved Node B (eNB) [2]. The UEs perform RA utilizing
the physical random access channel (PRACH) by a four-step
handshake mechanism.
In a dense UE deployment, several UEs try to communicate
over the same channel resources, and the UEs contend to
access the shared radio resources and create a huge collision
problem. Preamble collisions may hamper RA due to simul-
taneous UE channel access. The challenge of effective RA
is crucial due to the rapidly increasing number of connected
UEs in the network [3]. A typical LTE-A network consists
of two parts: the evolved packet core (EPC) network and the978-1-7281-5628-6/20/$31.00 ©2020 IEEE



Fig. 1. A typical UE communication in LTE-A networks.

radio access network (RAN) [4]. The EPC is responsible for
the overall control of mobile devices and the establishment
of an IP packet transmission flow. The RAN is responsible
for wireless communication and radio resource access. The
RAN, which provides the necessary user and control plane
protocols for communicating with mobile devices (UEs) in
LTE-A, consists of eNBs. eNBs are interconnected through
the X2 interface. Moreover, the eNB is connected to the EPC
through the S1 interface. A high-level architecture of LTE-
A networks with connected UEs’ communication is shown in
Fig. 1, where the UEs are connected to the eNBs.
In LTE-A, the minimum resource scheduling unit for downlink
(DL) and uplink (UL) transmission is alluded to as a resource
block (RB). An RB comprises of 12 subcarriers size of
180kHz in the frequency domain (FD) and one subframe size
of 1ms in the time domain (TD). This time-frequency resource
that is RB on which RA is performed is known as PRACH. RA
enables UEs to conduct an association initialization, known as
contention-based RA procedure [5]. RA preambles are utilized
by UEs to start the RA transmission attempt. There is a
total of 64 preambles, which are grouped into two categories;
contention-free (CF) RA preambles and contention-based (CB)
RA preambles. The eNB uses a few preambles for CF RA
and designates distinct preambles to various UEs. Residual
preambles are utilized for CB RA, where every UE randomly
generates one preamble from a discrete uniform distribution
(DUD) [4].
DUD is used to avoid the potential collisions in the LTE-A net-
work while multiple UEs try to access the channel resources.
However, in a DUD, every UE has equal chance to choose
similar contention preamble near to the expected value of the
DUD, that is (a+b)

2 (for a lower bound a and upper bound b)
which may cause an increase in a collision among the UEs. In
this work, we propose a method based on the existing alterna-

Fig. 2. DUD-based and CED-based (for constant rate parameter λ =
{8, 16, 32}) random value dispersion.

tives, such as continuous exponential distribution (CED). CED
distributes the random values between two bounds in a poison
point process, in which random variables occur continuously
and independently with a constant average rate, which is 1

λ
(for a constant rate parameter λ). The motivation to propose a
CED-based RA (CED-RA) mechanism is to distribute the UEs
in a parametric set of a probability distribution. Fig. 2 shows
the difference of dispersion a random variable (X) between a
DUD-based random value and a CED-based random value.
The rest of the paper is organized as follows. In section II,

we describe our proposed CED-RA mechanism along with a
brief description of the CB RA procedure in LTE-A networks.
Simulation results and performance evaluation is discussed in



Fig. 3. Contention-based RA procedure in an LTE-A network.

Section III. Finally, in Section IV, a conclusion, along with
future work considerations, is presented.

II. EXPONENTIALLY DISTRIBUTED RA PROCEDURE IN
LTE-A

At the time when a UE is turned on or awakens, it initially
synchronizes with the LTE-A DL channels by interpreting
the primary synchronization signal (PSS) and secondary syn-
chronization signal (SSS). The UE at that point separates the
master information block (MIB), which contains data about
the location of the DL and UL carrier configurations; in this
manner, the eNB gets the data of system information block
(SIB). This SIB contains all the RA parameters, such as
RA slots, RA preambles groups, and preamble configuration.
Subsequently, to interpreting the SIB, UEs can produce CB
RA transmission attempts.

A. Contention-based RA procedure

There are four major steps performed by the CB RA for
association initialization in LTE-A networks. Fig. 3 portraits
these four steps with their descriptions.

1) Preamble transmission (UE→ eNB): A UE initiates CB
RA by selecting a randomly generated one of the accessible
CB preambles from a DUD and sends that to the eNB at the
next available RACH slot. The eNB periodically broadcasts
SIB messages that allow the UEs to choose an appropriate
preamble from them. The physical properties of RA preamble
in PRACH contain the RA radio network temporary identity
(RNTI) and the configuration of the preamble data. The UE
waits for an RA response (RAR) window once the preamble
is sent.

2) RA response (eNB → UE): The eNB calculates the
power delay profile (PDP) of the received preamble on
PRACH. This estimated PDP is checked for a predefined
threshold, and if it is found higher than the threshold, it is

regarded as an active RA preamble. For every active RA
preamble, the eNB decodes the RNTI to discover the RA
slot in which the preamble has been sent. Later, the eNB
sends a RAR message to the decoded UEs on the DL control
message channel. The RAR message contains a timing ad-
vance (TA) directive to synchronize ensuing UL transmissions,
a UL resource award for radio resource connection (RRC)
requirements, and a brief RNTI, which might be made stable at
contention resolution period (CRP). However, if various UEs
transmit a similar preamble at a similar RA slot, a collision
occurs.

3) RRC connection request (UE→ eNB): As mentioned in
the previous step, channel resources are assigned to the UE;
thus, a UE sends RRC connection request and a scheduling
request to eNB. At step 3, a message is addressed to the
temporary RNTI assigned in RAR message at Step 2 and
conveys either a specific RNTI if the eNB already has one
RRC-associated UE, or an initial UE identity or a randomly
selected number. However, due to a collision in step 2,
colliding UEs try to retransmit RA connection requests using
the same UL resources; subsequently, more collisions happen
in the network.

4) RRC connection setup (eNB → UE): This step is also
known as CRP, in which the eNB acknowledges the UE after
decoding the RRC request. RRC connection setup messages
are sent utilizing the dedicated RNTI. After this, an acknowl-
edgment is sent by the successful UEs to the eNB and carry
on for data transmission. However, the collided UEs must wait
to initiate a new CB RA procedure if a maximum number of
retransmission attempts is reached.

B. Proposed CED random access in LTE-A

In each RA slot, a limited number of preambles are utilized
for CB RA. The use of DUD RA for preamble selection has a
limitation of arranging contending UEs near an expected value



TABLE II
SIMULATION PARAMETERS AND THEIR VALUES.

Parameter value(s)
Simulation time 100s
Simulation model LTE-EPC model
Number of eNBs 2
Number of UEs 2, 4, 8, 16, 32, 64
Distance between UE and eNB 60m
Data payload (packet) sizes 32, 64, 128, 256, 512, 1024Bytes
Packet Interarrival rates 5, 10, 20, 40, 80, 160, 1000ms
Total number of RA preambles 64
CB RA preambles 52

of a+b
2 , which results in massive collisions after a long run

or with several UEs accessing simultaneously. Therefore, we
propose to use CED-RA instead of DUD-RA. Our proposed
CED-RA arranges most of the contending UEs near the initial
preambles. Whereas, the rest of the UEs are placed away from
the initial preambles with a contact rate parameter (λ). The
CED-RA arrangement allows UEs to access resources as early
as possible; meanwhile, each UE also has a small probability
of occurring away from most of the UEs, also shown in Fig.
2. The probability density function (PDF) of a CED-RA is
determined as

f(x;λ) =

{
λe−λx,∀x ≥ 0

0,∀x < 0
. (1)

As described earlier, here λ > 0 is the constant rate parameter
of the CED.

III. SIMULATION RESULTS AND PERFORMANCE
EVALUATION

The proposed CED-RA method reduces the collision rate
and increases the UE association’s success rate of existing
RA without changing the 3GPP LTE RA procedure. We
performed simulations in a discrete-event network simula-
tor release 3.30.1 (ns-3.30.1) [6] to verify the performance
of the proposed CED-RA method. The performance of the
proposed method is evaluated in terms of network reliability
and end to end latency. These two parameters are tested for
three different scenarios. First we, performed simulations with
increasing number of UEs in the LTE-A network (Nue =
{2, 4, 8, 16, 32, 64}). Later, the performance is also evaluated
with different data packets sizes and packet interarrival rates.
The purpose of performing simulations with different packet
sizes and interarrival rates is to evaluate the effects of the
proposed method on the actual data transmissions as well.
Detailed simulation parameters and there used values are
summarized in Table II.

Fig. 4 shows the performance comparison of DUD-RA
method with our proposed CED-RA method, where we vary
the number of contending UEs in an LTE-A network (network
topology is followed as shown in Fig. 1). In Fig. 4(a), we
show that the CED-RA method maintains higher reliability as
compared to DUD-RA, even in dense UEs deployments, which
is 64 UEs. Similarly, the end-to-end latency of the network
is also improved when the proposed RA mechanism is used,

Fig. 4. Performance comparison of DUD-RA and CED-RA with varying
number of contending UEs, where (a) network reliability (%), and (b) end-
to-end latency (ms).

Fig. 5. Performance comparison of DUD-RA and CED-RA with varying data
packet sizes, where (a) network reliability (%), and (b) end-to-end latency
(ms).



Fig. 6. Performance comparison of DUD-RA and CED-RA with varying
packet interarrival rate, where (a) network reliability (%), and (b) end-to-end
latency (ms).

as shown in Fig. 4(b). In CED-RA, improved reliability and
reduced latency are evident that for a denser UE environment,
choosing earlier RA preambles with a constant parametric rate
decreases collision among the UEs. The performance of the
proposed DUD-RA method is also evaluated with varying data
packet sizes. The motivation to evaluate an RA mechanism
with different data packet sizes is that the channel resources
occupancy time of the UEs very much depends upon the data
packet size to transmit. Fig. 5(a) and Fig. 5(b) depicts the
impact of different data packet sizes on the reliability and
latency of the network. The figures show that the proposed
CED-RA method performs better as compared to DUD-RA
for both; reliability as well as end-to-end latency. However,
the effect of data packet interarrival time has fewer effects
on the reliability and latency performance of the network, as
shown in Fig. 6(a) and Fig. 6(b), respectively.
From the figures (that is Fig 4-6), we recognize the signifi-
cance of the use of a continuous exponential distribution. The
key objective of the proposed CED for the RA procedure is to
let UEs in the network perform their association initialization
more efficiently, where the efficiency is attained by reducing
collisions in the network.

IV. CONCLUSION AND FUTURE WORK

In cellular communication networks, such as LTE-A, one of
the challenges is to provide efficient channel access, especially
for denser UE scenarios. In LTE-A, RA is the core channel
access mechanism to set up the wireless communication
association between a UE and eNB. However, the performance

of the currently implemented RA method considerably affects
the increase in contending UEs in the network. One of the
reasons for this performance degradation is the use of (DUD)
RA procedure in LTE-A networks. In a DUD, every UE has an
equal chance to choose similar contention preambles near to
the expected value of the DUD, which causes the increase
in collisions among the UEs. In this paper, we propose a
CED-RA method based on continuous exponential distribu-
tion (CED). CED distributes the random values between two
bounds in a poison point process, in which random variables
occur continuously and independently with a constant average
rate. In this way, the CED-RA method distributes the UEs in a
parametric set of the probability distribution. The performance
evaluation results of simulation experiments show that CED-
RA significantly improves the reliability of the network with
a reduction in latency as well.
In future considerations, we aim to implement a reinforcement
learning-enabled mechanism to optimize the performance
of CED-RA. The motivation to implement reinforcement-
learning for the optimization of the RA procedure in LTE-
A is the behaviorist evaluation characteristic of reinforcement
learning models.
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o>KD>IpNL<̀@IcDT<̀E:cQE@<q;<BNFDNJ<>IA<oNEM<]>rQEL<GSNICN:A@><HI@JE:K@LMT<S>I>A>U
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bcddefghijkelm�0�n���������/��"���8������oo�����������������..��

#$%&'p'#qq)�2���������������������!�����
��+2��-��������1��������������/�
�4�������������

������-�1���������������"�!����o�����!����,���.����������!����������r��������"����1���5����

������-����������r�����-������o���������������!��������

#$%&'s#(p#)�����������,�4��.�����o�-�.�����8�������������,����������"���������t1���+u���

2���!����
�������

�"�����������,�����0����!�v�!��2��.������������������2������

#$%&'#q#p%)�
*-�����������0�����"!������������..�������/�
+�����������

�������������� ����������������r��������!������
����w!�x��������!���u���r����y�!������������������!���u��

r��������!������8�!��������r������ ����������������r��������!����

����	�����������

����	�����������

����	�����������

����	�����������



�����������	
�	�
��������	�����������	���	����������	���	��������	 ��!"���	#��$��!	%������&	��

'(	)����*+����	#��$��!�,

-�.�.	)	%"���"�&,	#�/��"�	0���1,	+���	(�����	���	2��"�&	�	����.	3%�������	)��
�����&,	%�����4

�����5�����	6������
�	���	+&��/��	�����	-���������	��	������	'(	%���	#��$��!�,

+����"	������	���	-�"���	7����$&	3%�������	)��
�����&,	%�����4

���	6�����������

�����8�����	0����	�/����	��	 �	����"�	���	+�$�����	��	+�$����!	+���	2���	��	//��
�	#��$��!�

$��"	9+	:����*�����	-������	-���&�,

7���;��	<"��	3)��
�����&	��	�"�=���,	)�����	>�����/	3(����	 ������44?	������	:��	3%"�����	-����/&

��	��������,	%"���4?	0������	<"���	3@"�	)��
�����&	��	�"�=���,	)�����	>�����/	3(����	 ������44?	A�����

%"�	3)��
�����&	��	�"�=���,	)�����	>�����/	3(����	 ������44

BCDEFGHIJKLEMNEOPQRJSPETQMRJUJMVJVWENMQEXMYJIP

ZPK[MQ\U
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