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ABSTRACT

In this paper, we propose an overload control scheme to resolve an overload problem in a random access channel of cellular
machine-to-machine (M2M) communication networks. The M2M applications are characterized by small-sized data intermittently
transmitted by a massive number of machines. Due to this characteristics, an overload situation in random access channel (RACH)
can happen when a large number of devices try to send a signal via the RACH. To address this overload problem, we propose a
scheme in which a base station estimates the total load in the network and controls the load by using a p-persistent method based
on the estimated load.
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| . Introduction cellular network is engineered for human-to-human

(H2H) traffic, it is considered not suitable for M2M

In recent years, the machine-to-machine (M2M) communications. The M2M applications are cha-
communications in cellular networks such as racterized by small-sized data intermittently tran-
Long-Term Evolution (LTE) [1][2] has attracted  smitted by a massive number of machines. Due to
great attention [3]. However, since the traditional this characteristics, an overload problem in random
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access channel (RACH) is identified as a prominent
problem of M2M in LTE networks.

In this paper, we propose an overload control
scheme to resolve the overload problem in cellular
M2M communications. The proposed scheme est—
imates the total load in the system by means of a
Bayesian tracking algorithm. Then, the proposed
scheme controls the participation of user equi-
pments (UEs) in the random access procedure by
using a p-persistent method.

SectionITintroduces related works. In Section III,
we explain the system model. Section IV describes
the proposed overload control scheme in detail. The
simulation result is presented in Section V, and the
paper 1s concluded in Section VI.

II. Related Works

This section explains some related works. Since
most of M2M applications have the characteristics
that there are a tremendous number of M2M UEs
in a given area, which causes the overload problem.
A hierarchical model is proposed to reduce ove-
rhead signaling in a cellular radio access network
(RAN) [4]. By making M2M UEs first send the
data to a data concentrator before sending it to
base station, the total signaling overhead in the
RAN of the cellular system is dramatically dec-
reased. However, by adding additional hops, the
process for handling a single M2M UE gets longer,
making this solution cannot be used for applications
that need low latency. This solution also requires
M2ZM UEs to be installed not too far from the data
concentrator, making it inapplicable or too expe-
nsive for some applications.

Another approach is grouping the devices into
several groups depending on the priority. Each
group has different overload control parameters
according to its priority. The control parameters
can be an access class barring parameter, a back
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off parameter, or slot allocation. The works that
propose this kind of approaches are [5], [6], and
[3]. The main idea of this approach is to disperse
the access of the devices, especially the low
priority devices so that the higher priority devices
can access RAN easily with a very low collision
probability. Though this method can work well in
the simulation, these works do not give a detailed
guide to how to control the overload by using the
information available to RAN.

Some works redesign the procedures for M2M
communications to improve the latency and
resource usage [7]-[9]. The authors of [7] proposes
for M2M

the authors propose a

a contention based access channel
In [8],

procedure that allows M2M devices to send the

communications.

data in the authentication procedure. In [9], the
authors make use of timing advance information to
enhance the throughput in the random access
channel (RACH). Although these previous works
propose a new design of transmission procedure for
M2M communications, none of these works study
the issue of overload control schemes..

Other than the cellular M2M communications, the
research works on the M2M communications based
on the RFID and ZigBee technologies have been
published (e.g., [10]-[12D). In [10], the authors
propose a WiMedia MAC based on RFID coop—
erative relay transmission scheme for warehouse
management system applications. In [11], the aut-
hors analyze the existing bus information system,
as the basis of the results obtained, and design an
experimental bus information system, which is
based on a computer, a ZigBee communication, and
In [12],
vibrating wire sensor and ZigBee wireless networks

several line tracers. a system using

has been implemented to monitor and manage the
structure.

[ll. System Model
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3.1. Random Access Procedure

In this paper, we define a cycle as a basic time
unit for the random access procedure. At the start
of each cycle, a physical random access channel
(PRACH) is placed. In each cycle, a UE, which
tries to perform random access, chooses one
preamble out of all orthogonal preambles available
in the PRACH. The number of available preambles
in a PRACH is denoted by S.

If a UE selects a preamble which is not selected
by any other UE, the random access of the UE can
be successful. On the other hand, if two UEs select
the same preamble, collision happens. To prevent
overload condition, in which an excessive number
of collisions happen, we adopt a p-persistent
overload control algorithm. In this algorithm, the
BS decides the random access probability £, in
cycle t and broadcasts P, before cycle ¢ starts. A
UE initiates random access with the probability 7,
in cycle .

The BS tries to detect the preambles sent by
UEs in the cell. Upon detecting a preamble, the BS
sends the random access response (RAR) via a
downlink channel. The RAR conveys the identity of
the detected preamble and an initial uplink resource
grant. When a UE receives an RAR corresponding
to the selected preamble, the UE can send the layer
2/3 message (e.g., an RRC connection request and
a scheduling request) by using the initial uplink
resource grant in the received RAR. If the BS
succeeds in receiving the layer 2/3 message, the
BS sends the contention resolution message with
the identity of the UE contained in the received
layer 2/3 message. The random access procedure is
the contention

completed if the UE receives

resolution message with its own identity.

3.2. System Parameters
We define an active UE as a UE that is ready
to initiate a random access procedure. Let N,

denote the number of active UEs at the start of
cycle t. An active UE sends a preamble via a
PRACH in cycle ¢t with probability 7Z,. To send a
preamble, each UE chooses one preamble out of S
preambles. Let Mt{” denote the number of UEs
that selects preamble s in cycle t.

A random access procedure of a UE is

successfully finished when no other UE sends a
preamble on the same preamble. Let Hf‘” denote
the number of UEs which succeed in completing
random access, among the UEs selecting preamble
s in cycle t. Then, we have Ht(s):1 if M<S>:1;
and Hf”ZO, otherwise.

A UE, which fails in random access in cycle t,
(t+1). The
number of the reattempting UEs in cycle (t+1) is
N-5 1Ht("*). In addition to these reattempting

makes an attempt again in cycle

UEs, new active UEs arrive at the system for
random access. Let A, denote the number of new

active UEs. We assume that 4, follows a Poisson

distribution with mean A. Then, we can calculate
the number of the active UEs in cycle (t+1) as

Ny =N, =D H+ 4, @

At the end of each cycle, the BS knows the
outcome of each preamble. Let Of” denote the
outcome of preamble s in cycle t. Then, Of“)z—l
if a collision happens in preamble s; Q(S)ZO if
there is no UE sending preamble s; and Q(S> =1 if
a UE succeeds in random access via preamble s.
We define the vector of the outcomes of all
O™ and
define the history of the outcomes from cycle 1 to
cycle t as O,={0,-,0}.

preambles in cycle ¢ as O,=(0OY,..,
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IV. Proposed Overload Control Scheme

4.1. Bayesian Tracking Algorithm

For overload control, the BS decides the random
access probability 7, before cycle t starts. To find
an appropriate random access probability, it is
crucial for the BS to know the current number of
active UEs. However, the BS cannot know N,

Therefore, we investigate the Bayesian tracking
algorithm to estimate N, based on the history of
outcomes a

The BS maintains the estimate of the average
number of active UEs by means of the Bayesian
tracking algorithm. Let ¢), denote the estimate of
the average number of active UEs in cycle ¢. The
BS evaluates @), based on O,_,. Therefore, from
the standpoint of the BS, @), is defined as

Q =ENI0,_|] )

In cycle (t+1), the BS updates the previous
estimate (), to the current estimate @,,, on the

basis of the new outcome O,. We can calculate

Q41 as

Q1= E[Nf+1|5z] o @
=E[N, - 25, 12"+ 4/0)
=(1-P)Q+X

+ 25'21](0/("7=71 E[A/It(S)‘Ot(S) =—1,0,

)

where [y is 1 if X is true, and is 0 otherwise.
In (), EMYI0=-1,0,_,] is the average
number of UEs, which send preambles on RAO s,

under the condition that a collision happens on
preamble s. To calculate this, we assume that /N,

conditioned on O, ; follows a Poisson distribution

with mean @),. Then, we can calculate

EM10Y==1,0, )] = (P, Q,), where
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P.@Q/S(1—exp(—PQ,/5))
1-(1+PQ/S) exp(—P,Q/9)

f(P,Q)= (5)
From (3)-(5), the proposed scheme updates @,

as
Q)‘+1:(1_R€)Qt+>‘+Ltf(Rt,Qf) ©®)

where Z, is the number of preambles in which a

collision happens, ie., Z, :Zf=1[(o“=f1)‘ At the

end of cycle ¢, the BS obtains Z, and calculates
@, ,, by using (6).

4.2. Overload Control Scheme

The overload control scheme decides the random
access probability P, every cycle based on the
estimate ). The aim of the overload control sch-
eme is preventing the overload condition in random

access by maximizing the throughput. If we

assume that the estimation ¢), is accurate, the

throughput is calculated as
EIZS_ 210, ] = B,Q exp(PQ/5) 7)

This throughput is maximized when P,Q.,/S=1.

Therefore, in the proposed scheme, the BS decides
P, as

P,=5/Q, ®)

if @ =5 and P, =1, otherwise.

V. Simulation Result

By simulation, we show the operation of the
proposed scheme over cycles in Fig. 1. The
parameters are as follows : §=180 and A =50. At
cycle 50, a large number of UEs (ie., 1000 UEs)
suddenly arrive in the system. We can see that the
proposed scheme can handle this overload situation
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very well by tracking the number of active UEs
and by
accordingly.
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Fig. 1 Operation of the proposed scheme over cycles

VI. Conclusion

In this paper, we have proposed the overload
control scheme for the cellular MZ2M commu-
nications. By simulation, we have shown that the
proposed scheme effectively controls the overload
situation.
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