Random Access Design for Clustered

NewsleƩer No. 30
October 2013

Wireless Machine to Machine Networks

Monthly Events

Introduc on
This ar cle introduces a design for clustered wireless machine‐to‐
machine (M2M) networks in order to handle the massive amount of trans‐
porta on between M2M applica ons. The clustered M2M network struc‐
ture can fully reuse the random access resource spa ally among clusters to
increase the number of machines supported by the network and reserve
more random access resource for the conven onal devices.

In recent years, the convenient wireless connection between
personal mobile devices has been gradually extended to connecting
appliances in everyday life to provide spontaneous services and better
living experiences. In the near future, the appliances will be equipped
with the capabilities to sense and monitor people's daily needs, and to
self-configure via network connections to serve the needs. Seamless
machine-to-machine (M2M) wireless connection is the key to sustaining
such sophisticated and large-scale interconnections between the machines. Various M2M applications have been proposed recently. While
there are some M2M applications that maintain only a few machines
which continuously transmit medium to high data rates (e.g., video surveillance, digital signage), there are other M2M applications that require
a large number of machines with infrequent, bursty, and low-priority
(non-emergency) transmissions. For example, in the urban area, there
could be tens of thousands of smart meters in the coverage of a macro
cell, where a few hundred bytes of data are sent once a second. The
characteristics of this type of M2M applications are against the design
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concept of many existing wireless networks (e.g., LTE) which were designed to accommodate a relatively
small number of high-rate users per access point/base-station with continuous data with full-buffer traffic
queues. Therefore, the currently known wireless network designs are unlikely to be able to handle the M2M
applications with a large number of machines. For example, the random access channels (RACH) and control
channels of LTE may not have enough capacity to accommodate the large amount of accesses from the
smart meters in the cell.
To accommodate large amount of M2M random accesses in the LTE-Advanced machine-type communication (MTC), the access class barring (ACB) and extended access barring (EAB) techniques have been proposed previously in the 3GPP standards. For the one-shot random access attempts which correspond to the
extremely low-duty-cycle scenarios where the network has enough time before the next traffic burst to resolve random access collisions, ACB and EAB have been shown to be sufficient if the machines can tolerate
long access delay. However, when the machine traffic is recurrent with higher duty cycle, the ACB and EAB
will fail to resolve collisions before the next wave of traffic comes in.
Based on a clustered M2M network structure in which the machines in a macro cell are divided into
clusters, and the machines belonging to a cluster communicate to the cluster head which then aggregates
the traffic and relays to the macro base station (see Fig. 1, and more details in [1], [2]), the team led by Prof.
Hsuan-Jung Su and Prof. Hung-Yun Hsieh investigated how the clustered M2M network can spatially reuse
the random access resource to increase the number of machines supported by the network and/or reserve
more random access resource for the conventional (human) devices.
For the contention-based random
access, there are four operational steps.
The first step is transmitting a random
access preamble. The random access
preambles are generated by one or
more root Zadoff-Chu sequences. However, root Zadoff-Chu sequences are not
necessarily orthogonal. When the random access preambles for human devices and machines are generated by different root Zadoff-Chu sequences, they will
interfere with each other. Since the coverage of a macro base station is much
larger than the coverage of a cluster, the
transmitted power of human devices is
Figure 1: A clustered M2M wireless network.
much larger than that of machines, i.e.,
human devices cause severe interference to machines. Therefore, the random access preambles for human
devices (and cluster heads) and machines should be generated by the same root Zadoff-Chu sequence to
avoid interference. In addition, when the same random access preamble is utilized for machines in neighbor
clusters at the same time, it might cause the inter-cluster interference. Nonetheless, based on the analysis in
[3], the inter-cluster interference will not affect the random access results. Therefore, full reuse of the random
access resource among clusters is feasible.
To evaluate the performance of the clustered random access, simulations were performed with parameters given in the 3GPP LTE-Advanced MTC standards. According to the simulation results, the number of
clusters that should be formed and the number of random access preambles that should be allocated to the
machines can be obtained when the total number of machines is given. Fig. 2 shows the number of successful random access machines (y-axis) out of a given total number of machines (x-axis) for various numbers of
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preambles. For example, 24 preambles can support about 4000 machines per cluster. Therefore, at least 8 clusters should be formed to
achieve 100% success probability if there are 30000 machines and 24
preambles for the machines.
In summary, analysis and numerical results verified that the clustered M2M network structure can fully reuse the random access resource spatially among clusters to increase the number of machines
supported by the network and/or reserve more random access resource for the conventional (human) devices.
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Figure 2: The numbers of successful machines for various numbers of preambles.
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