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Objectives

Objectives

Requirements:
– Enabling M2M

communication

– Satisfying
"Plug&Play" principle

Solution:
Exploiting LTE network

SMART CITY

Question: Is LTE able to support both M2M and H2H communications?

Objective: Simulating a Smart City scenario and testing network
performances with NS3
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Connection Release - LENA+ Extension

Connection Release - LENA+ Extension

– NS3’s LENA module was
designed as
connection-oriented

– Didn’t support
Connection Release, only
handovers

– Many devices
⇒ We need Connection

Release!
⇒ SRS Periodicity

needed to be
increased!
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M2M Communications

M2M Communications

Self-intercommunicating devices ⇒ IoT and Smart-Cities
Huge growth: +34% annual from 2016 to 2021 (Cisco)

50.000 devices per cell site (3GPP)

Features:

– short packets
– small # packets
– uplink-dominant
– low duty-cycle packets

⇓
5G requirements are outlined
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H2H Communications

H2H Communications

Communications between humans: Smartphones, Laptops, Modems.
HTCs provide different type of services (VoIP, Video-Streaming, Gaming,...)

Heterogeneous traffic:
– Packets of different sizes
– Variable # packets per

transmission
– No evident temporal statistic

for the access on the channel

G. Foddis, R. G. Garroppo, “On RACH preambles separa-

tion between human and machine type communication”
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System Model in NS3

System Model

M2M Periodic Traffic Model (3GPP)

– APP-layer payload size →Pareto distribution (α = 2.5, [20,200] Bytes)
– Header = 65 Bytes (CoAP, DTLS, UDP and IP headers)
– Half of devices has ACK in downlink (payload size = 0)

H2H Traffic Model (UMTS study)

We built a custom On-Off application to model Hyper-exp inter-arrival and:
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Figure 2: Empirical CDFs taken from [11]

scenario perspective everything has already been implemented
(e.g. buildings, propagation models that consider indoor, out-
door and mixed transmissions, different types of eNB’s antenna
models, scheduling algorithms, PHY error models, MIMO
models, power control, frequency reuse algorithms, handovers
and much more).

The EPC comprises of two nodes: the MME and a S-GW/P-
GW combo-node connected via a P2P link. Every external
device that wants to communicate with a UE will be connected
to the LTE network through the P-GW. Every eNB will be
connected both to the MME and the S-GW, again with P2P
links, using the appropriate interfaces.

The entire protocol stacks for both UEs and eNBs has been
modeled, both for signaling and data transmissions. The radio
bearer management has also been modeled although simplified
by the union between of the serving and the PDN gateways.

Despite the apparent completeness of this system a few
simplifications were made, in particular the RRC protocol and
the connection request signaling were too ideal to properly
simulate an MTC environment. Also, the model was thought
as connection oriented, meaning that once a UE were properly
connected to an eNB it could only remain connected or
perform a connection reconfiguration (e.g. if a handover or a
modification to the bearers were needed).

The first problem, as mentioned in Section I, has been
solved through a patch to the LTE module called LENA+.
A more proper explanation of the issue, the solution and the
implementation is given in [4]. Basically this patch makes the
connection request more realistic managing in a more proper
way the preambles used for contacting an eNB for the first
time, asking for synchronization. The possibility of a preamble
collision has also been added and experimental results were
presented.

In order to solve the second problem we created a fork to the
GitHub repository of LENA+ and added a configurable timer
(10 seconds by default) for each eNB that keeps track of every
UE activity. Whenever a data packet is sent or received by
the specific UE, the timer is reset. When the timer expires the

appropriate bearers are canceled, the EPC stores the current UE
context and a connection release message is sent to the UE. If
the UE has to send a new packet while it is in RRC_IDLE state,
the packet is stored in a queue, a connection request message
is sent and whenever the connection is reestablished all the
packets in the queue are sent.

Another very important addition for our simulation was the
increase of the Sounding Reference Signal (SRS) Periodicity.
The SRS is a signal that is periodically sent in broadcast
from the eNB to the UEs, whose purpose is to let them
take measurements of the current channel state and possibly
reporting them back. The period is set as an integer number of
milliseconds and only one UE per millisecond can report the
measurement to the eNB. The highest periodicity allowed by
ns3 is 320, limiting in this way the maximum number of devices
that can be simultaneously connected to this same number.
Since we wanted to simulate much more device-rich scenarios,
this limit had to be overcome. Previous attempts were made in
order to increase this limit, but none of them was complete.
Now this feature is fully working and all the changes can be
found at [26].

B. Simulation

As already stated, in these types of simulations a fundamental
trade-off between complexity and accuracy occurs; the main
issue, then, is to determine what to include and what we are
willing to tolerate.
A fully complete model should take into account various sub-
models in order to determine the behavior of MTDs and HTDs
- mainly in terms of traffic, mobility and numerosity - and
to fully characterize the presence of buildings and scatterers.
However, since our aim was to simulate how the access to the
network and the traffic generated by MTDs impacts the HTC
in contemporary LTE networks in a SmartCity scenario, we
were mainly interested at the steady-state traffic point of view
and some simplifications have been done.
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System Model in NS3

Three Scenarios:
Simulation Time = 30 min
Scale-down from 50.000 (3GPP) to 400 MTDs
1) H2H only: 100, 200, 400, 800
2) H2H: 400

M2M with transmission period = 90 s: 50, 100, 200, 400
3) H2H: 400

M2M: 200
M2M transmission period: 8, 15, 30, 60, 90 s

Measured performances:
– Packet-loss
– Average end-to-end delay
– Total throughput
– User throughput
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H2H Results

H2H Results

H2H Only

Varying #MTDs

Varying period
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H2H Results

H2H Only

Varying #MTDs

Varying period
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Conclusions and Future Works

Conclusions
M2M communications do not seem to have a great impact on the network
performances, excluding extreme cases

Future Works and Improvements
– Modeling H2H downlink traffic
– Implementing M2M traffic following

exactly 3GPP standards:
· ∼ 50.000 MTDs per hex-sector
· MTDs express a periodic traffic with
different periods
· Poisson Traffic

– Considering a bigger scenario
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