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Abstract

Machine to Machine (M2M) refers to the technology that allows
the devices to communicate autonomously with other devices
over the wired or wireless systems. Neither the contention based
Medium Access Control (MAC) protocols nor the reservation
based MAC protocols can provide a flexible, scalable solution for
M2M networks that contain a large number of the devices. In this
paper, a proposed hybrid MAC protocol for M2M network will be
suggested which combines the main features of two different
protocols. It composes of three main parts: Notification Period,
Contention Period, and Transmission Period. Different devices
contend on the transmission opportunities with the same
contending probability during the Contention Period based on
Non-persistent Carrier Sense Multiple Access (NP-CSMA)
mechanism. During the transmission period, only the successful
devices will reserve a time slots to transmit its data packet based
on Time Division Multiple Access (TDMA) reservation based
mechanism. Moreover, the proposed protocol performance can
be measured in terms of three metrics: throughput, average
delay time, and Packet Delivery Ratio. Extensive MATLAB
programs are done to present a comparison between the
Proposed Protocol with other conventional protocols.

1. Introduction

Machine to Machine (M2M) refers to direct communication between
networked devices using any communications channel, including wired
and wireless to exchange the information without or with limited manual
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assistance of humans.M2M communication can be used for remote
control, robotics, traffic control, health care, and industries to control their
real time monitoring. This type of communication involves a large number
of low power intelligent objects sharing information and making
individual decisions without any human interaction [1].

M2M includes a large number of the devices that are communicating with
each other, there will be a large number of attempts from that devices
trying to transmit to BS at the same time. Therefore, an efficient scalable,
flexible MAC protocol with low power consumption and low latency
should be provided for M2M networks. Actually, the weakness of the pure
reservation based or pure contention based MAC protocols is the main
reason for that the pure reservation based or pure contention based MAC
protocols cannot supply a scalable, flexible MAC protocol for M2M
networks. Therefore, a hybrid MAC protocols is used which combined the
features of both contention MAC protocols as CSMA [2] and reservation
based MAC protocols as TDMA [3]. The authors introduced a combination
between contention and reservation protocols which were proposed [4-6].

In this paper, a proposed hybrid MAC protocol is introduced which
consists of three parts: Notification Period (NP), a Contention Period (CP)
and a Transmission Only Period (TOP). The operation is executed on
frame by frame basis as each frame composes of these three main parts.
The devices contend for transmission opportunities based on NP-CSMA
mechanism during COP duration and only the successfully contending
devices will be assigned a fixed time slot to transmit its own data packet
during TOP duration based on TDMA mechanism. Also, comparisons
between our proposed protocol performance and other protocols in terms
of three different metrics will be made in the simulation results. The effect
of changing the number of the devices on the three performance metrics:
throughput, average delay time and packet delivery ratio will be presented.

This paper is organized as follows: Section Il introduces Related Works.
In Section 11I, System model will be investigated. The Proposed hybrid
MAC Protocol will be explained in Section IV. Simulation Results will be
given in Section V. Finally, conclusion will be done in Section 1V.

2. Related Work

M2M communications includes large number of the same channel access
from large number of M2M devices. Therefore, a scalable, flexible and
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more robust medium access control protocol is required for M2M
networks asgiven in [4]. Actually, two main categories of MAC protocols
exist: contention based MAC protocols and reservation based MAC
protocols [7].

Although contention based MAC protocols such as NP-CSMA, S-
ALOHA and P-ALOHA are popular due to its simplicity, flexibility, and
efficient in sharing channels, more collisions occur when large number of
M2M devices concurrently communicate to the BS and the network
performance will be degraded [8]. Reservation based MAC protocols like
TDMA avoid the collisions and the network performance will be
improved with the heavy traffic by scheduling the transmission time in to
number of time slot and each device is allowed to transmit only in a
defined time slot. In uplink transmission wireless networks and in peer to
peer ad-hoc networks, the reservation MAC protocols achieved a good
QOS (quality of service) only at the cost of a lower channel utilization as
illustrated in [9]. Hence, the pure contention based MAC protocols only or
the reservation based MAC protocols are not able to provide a scalable,
flexible solution for M2M networks. The researches combine the benefits
of both contention based MAC protocols as CSMA and reservation based
MAC protocols as TDMA resulting in a proposed hybrid MAC protocols
as done in [4-6,11].

A frame based hybrid MAC protocol which consists of a p-persistent
CSMA contention period and a TDMA based transmission period had
been introduced in [4-5] in which different devices contend on
transmission during COP duration using CSMA based on their contending
probabilities. Only the successfully contending devices reserved a time
slot in TOP duration based on TDMA.

In [6], a scalable hybrid MAC protocol had been proposed which
composed of a CSMA/CA based contention period and a TDMA based
transmission period. The devices contend for transmission opportunities
during COP duration and only the successful devices will obtain a time
slot for transmission in the TOP duration assuming that each device has
only one packet to transmit in its buffer. A hybrid proposed MAC protocol
had been suggested for wireless sensor networks which composed of the
strengths of TDMA and CSMA to increase the channel utilization which
known as Z-MAC [10] in which the device is allowed to contend for
transmission opportunities during COP duration andto transmit its data
packet during TOP duration only when a time slot is not used.
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3. System Model

The proposed M2M network consists of one base station (BS) and K
number of devices {D; ..... Dy} as shown in Fig. 1 which are distributed
around the BS following the uniform distribution. Because each of the K
devices possess only one packet to transmit in its buffer with the same
priority, it has to contend for transmission opportunities during COP only
when it has data packet to transmit, so called active device. The successful
devices in COP reserve a fixed time slot in TOP to transmit its data
packet. If a device generates a new packet before its transmission, the old
packet in its buffer will be replaced by the new one. In this model, the
packet arrival process for each active device follows Poisson distribution
with average packet arrival rate A. All the devices have the same average
packet arrival rate A with the same priority.

Figure 1: MéMil\riet\rNork Structure

Hence, all K devices will contend for transmission slots during T,,, in
each frame with the same contending probability which follows Poisson
distribution. The probability that a device generates n packets at time t
following Poisson distribution given by,

P.(t) = J (1)

The probability that the first packet is generated after time t is denoted as follows;
Pl)= 1—e™ : o
FOr =T, , i=1/Type, P() = 1 & Tof = Mnim ©)
Tine = !og'il—gj:fwnum} ?
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Where, T,represents the transmission time of one packet which equals to
slot durationT,,,.. T;,. achieves expectation value of one packet
generation interval. G is the offered traffic and M,,,, is number of
devices.

4. The Proposed Hybrid MAC Protocol

This section introduces a proposed hybrid MAC protocol for M2M
networks. The protocol architecture will be explained followed by some
analytical analysis in the following parts:

A. The protocol architecture

The operation is performed on frame by frame basis. Each frame is divided
into three main parts: Notification Period (NP), Contention Only Period
(COP), and Transmission Only Period (TOP).

Notification Period (NP):BS broadcasts a notification messages to all K
devices to notify the beginning of the contention at the start of each frame.
Only the active devices will contend for transmission during COP duration
when they receive the notification messages and their counters will be
turned on to calculate the length of the COP duration and the begging time
of the TOP duration. Other deviceswill keep its energy by entering the
sleep mode.

Contention Only Period (COP):the active devices only contend for the
transmission opportunities based on NP-CSMA mechanism with the same
priority. When only one device transmits a request message to the BS, this
device is successfully contend for transmission and reserve a time slot in
TOP duration. The successfully contending device receives an
acknowledgement (ACK) message from the BS. The ACK message
includes information about the time slot number which the device is
allowed to transmit in TOP duration. Once receiving the ACK message, the
device will stop sending REQ message to the BS.

Transmission Only Period (TOP): the device successfully contendsfor
transmission during COP duration. Then it is assigned a time slot to
transmit its own packet during the TOP duration.
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Figure 2. The frame structure

In the proposed protocol, the BS broadcasts a notification messages for all
K devices during NP duration. Only the active devices are waked up and
their counters are turned on to calculate the length of T., and the
beginning time of Ty, during Teop. The devices that don’t have any packets
to send enter the sleep mode to preserve their energy. The active devices
send a REQ messages to the BS.If only one device transmits a REQ
message to the BS, that device successfully contends for transmission
opportunities and it receive an ACK message from the BS including its
time slot number. Otherwise, the collision occurs and a retransmission
process using Poisson distribution will be happened for the colliding
devices. The active devices enter the sleep mode till the next activity.
Upon Typ duration, a time slot has been reserved for each successfully
contending device.

B. The Analytical Analysis

In the proposed MAC protocol, the contending probability for all K
devices during COP duration is the same. The time axis is divided into
number of the frames, each frame with T;,.... length contains two main
parts: COP duration T,,, and TOP duration T.,,. TOP duration splits in to

number of time slots which has T, duration.

Based on NP-CSMA mechanism [5], the successful contention can be
defined as the event that the transmission request from a device is
successfully received by the BS. Let t;is the time between the (i-1) th and
the ith successful contention. Ni denotes the number of collisions that
occurred duringt;, then [6]
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t.=Z L, ([1dle;; + Colli, ;] + IdleN, + 5, (5)

Idle, ; is the duration of the jth idle time that precedes the channel busy
period (either collision or success) in each t; duration. Colli; is the

duration of the jth collision given that a collision occurs, 5; is the length of
the request message.

Let, t; is a matrix of x*1 dimension, A is also a random matrix of x*y
dimension following Poisson distribution and T;,. is a matrix of y*1
dimension, then

t, =A.T.,. (6)

Ty Is the sum of random variable ¢;, Donates the duration of the COP in
each frame

Toop= Ziey ty =2ie, {202, [Idle, ; + Colli, ;| + IdleN, + S} )
T, Is assumed to be constant and equals to 3msec in this protocol.
The system throughput S can be calculated as a normalized by [11],

T+n [Pmcc!.fs‘_ }
S:?: - rate (8)
T is the quantity of information in a packet and n is number of packets
successfully transmitted in a unit interval. R is data rate to be transmitted.
S is also defined as ratio of number of packets successfully transmitted to
the total number of packet transmitted in a time interval t.P,,.. is the total
offered capacity, 5,.... is the symbol rate.

The Average Delay Time can be calculated by [4,11],

('Tdeia_r }
Average Delay =———

slot

= ( Triﬂ!rz_‘,'/SUCC/Ts!or ) (9)

Tﬁ's!fz}' = Tﬂ'a!fzy}' + TCE'?.'J + Tno ( Ns * Ts!r.:-r) (10)
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Tse1ay IS the total packet delay time. succ is the total number of successful
packets (achieved capacity) and it equals to P, . * packet length L,..T,;,.

is the duration of a time slot. T,,, is the notification period duration and
Tae1ayy 1S the packet delay time from the previous frame. N, is the number
of busy slots.

The Packet Delivery Ratio can be defined as the ratio of the number of
blocked packets (which equal to offered traffic minus throughput) to the
offered traffic during the simulation duration.

5. Simulation Results

A. Simulation Setup:

The M2M network consists of one BS and K number of devices
distributed around the BS following the uniform distribution in a certain
area with a radius of r. Each device generates only one data packet based
on Poisson distribution which is stored in its limited buffer. Hence, if a
new packet arrives at a certain device which trying to successfully
transmit the old packet, it buffered until that device finishes its
transmission.Extensive MATLAB programs are done to simulate the
performance of the proposed protocol. The system parameters are shown
in Table-I [4,5]. In addition, comparisons of the proposed MAC protocol
with contention based such as NP-CSMA, S-ALOHA, P-ALOHA were
done. The effect of some parameters such as delay time, Packet Delivery
Ratio and number of users will be investigated.

B. The system throughput

Figure 3 shows that the proposed hybrid MAC protocol achieves the
highest throughput of 69.66 % compared with other contention protocols
such as NP-CSMA [5], S-ALOHA [6], and P-ALOHA [11] in case of 500
devices. At the high values of A abovelO packet/sec/user, NP-CSMA, S-
ALOHA and P-ALOHA reaches to 0.48, 0.33 and 0.077, respectively.The
proposed protocol gives the maximum throughput value of 0.69 at the
same value of A. With growing number of the devices in the network, the
proposed protocol reserve a time slot for each successfully contending
device in COP duration to transmit its own data packet. If the collision
occurs, a retransmission process using Poisson distribution will be
occurred.
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TABLE I;: Simulation Parameters

Parameter Value

Parameter Name

Trrame=10msec

Duration of the frame.

Tpacker=0.5msec

Duration of one data packet.

Teop = 3msec

Duration of contention period.

Tsior = 0.5msec

Duration of one slot.

Srare= 256kbis

Symbol rate.

Two=10 nsec The length of notification period.

The length of the acknowledgement

messace
The length of the request message

Tacr = 7 usec

Treq = 22usec

Ng =300,500,1000 Number of devices.

o é ; é é 1ICI 1‘2 1‘4 1‘6 18

lambda {packet/ssc par usar)
Figure.3: Throughput in terms of packet arrival rate A when number of devices
equal to 500

C. The system Average Delay Time:

Figure 4 approves that the proposed protocol gives the lowest average
delay time in comparison with other contention MAC protocols such as
NP-CSMA, S-ALOHA and P-ALOHA[5], [11] when the number of
devices equal to 500 devices. The proposed protocol reserves a time slot
for each successfully contending device to transmit its own packet in a
defined time interval. It achieves a decreasing delay time curve which
reached to 582 packets at A= 6 packet/sec per user. NP-CSMA, S-ALOHA
and P-ALOHA give higher delay time curves that reached to 671, 889 and
3142 packets, respectively at A=6 packet/sec per user.
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Figure.4: Average Delay time in terms of packet arrival rate A in case of 500
devices

D. The system Packet Delivery Ratio:

Figure 5 shows that the proposed protocol achieves the lowest packet
delivery ratio especially at high values of A in comparison with the other
contention MAC protocols such as NP-CSMA [5], S-ALOHA and P-
ALOHA in case of 500 devices. However increasing number of devices
that contend for transmission opportunities each with one data packet in its
buffer shows that the proposed protocol preserves lower Packet Ratio with
a maximum value of 0.82 than the other three contention MAC protocols.
With increasing number of devices in the network to 500, NP-CSMA
maximum Packet Ratio is high at 0.88, for S-ALOHA and P-ALOHA
have high maximum Packet Ratio due to collision and no reservation
technique found that reaches to 0.9114 and 0.9929, respectively at A = 16
packet/sec/user.

teeceg.

Packet Dellvery Ratio

g

Q 2 4 -] a 10 12 14 18 148
lambda {packet/sec per user)

Figure.5: Packet Delivery Ratio in terms of lambda A in case of 500 devices
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E. The Effect of Varying Number of Devices:

Figure 6 presents three different throughput curves which are common in
achieving the same maximum throughput at the highest value of A in three
different cases (when number of devices equal to 1000, 500 and 300).
Although increasing number of devices in the network to 1000, the
proposed protocol gives the same maximum throughputof 0.699 at the
high values of A above 10 packet/sec/user. The proposed protocol is
designed to accommodate a large number of devices each with one data
packet in its buffer by reserving a time slot for each successfully
contending device. At a certain value of A = 6 packet/sec per user, the
proposed protocol gives three different throughput values of 0.69, 0.67
and 0.57 in the case of 1000, 500 and 300 devices, respectively.

0 z a 8 8 10 12 14 18 18
lambda (packet/sec por user)

Figure.6: throughput in terms of packet arrival rate A in case of different number
of devices (1000, 500 and 300)

Figure 7 shows the variation of the average delay time in terms of A in the
three different cases when the number of devices equal to 300, 500 and
1000 devices, respectively each with one data packet in its buffer. The
proposed protocol achieves the lower delay time around 440 packets in the
case of 300 devices than with two 500 and 1000 devices cases. It achieves
a delay time around 600 and 1200 packets for 500 and 1000 devices,
respectively. With increasing number of devices each with a data packet in
its buffer, more collision occur and more waiting time for the packets to
be transmitted which results in large delay packets for large number of
devices. At a certain value of A = 12 packets/sec per user, the delay time
reaches to 1220 packets in 1000 devices, 625 packets in 500 devices and
355 packets in 300 devices.
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The proposed hybrid protocol achieves the lowest packet delivery ratio
with a maximum value of 0.72 for the minimum number of devices in 300
devices as shown in Fig.8. The maximum packet delivery ratio values for
500 and 1000 devices are 0.82 and 0.9, respectively. Increasing number of
devices results in more collision and more packet ratio. At a defined value
of A = 13 packet/sec per user, the proposed protocol achieves 0.67, 0.87
and 0.88 packet ratio values for 300, 500 and 1000 devices, respectively
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Figure.7: Average Delay Time in terms of lambda for different number of
devices (1000, 500 and 300).
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Figure .8: Packet Arrival Rate in terms of A for different number of devices
(1000, 500, and 300).
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6. Conclusion

This paper introducesa proposed hybrid MAC protocol for M2M network
with a large number of devices in which each one has only one data packet
in its buffer. This protocol divides the time axis in to number of frames
with the same length. Each frame composes of three main parts:
Notification Period (NP), Contention Only Period (COP) and
Transmission Only Period (TOP). The BS notifies all K devicesat the
beginning of the frame during NP interval. Only the active devices
transmit a contending requests during COP duration and send its own data
packet in TOP duration. From the simulation results, the proposed
protocol achieves the highest throughput, lower average delay time and
lower packet delivery ratio in comparison with other contention MAC
protocols. Also, the proposed hybrid protocol achieves the same maximum
throughput at high value of A with changing number of devices.
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