Chapter 2
System Model

2.1 VANET Description: Elements and Applications

The VANET under consideration consists of a set of RSUs and a set of vehicles
moving in opposite directions on two-way vehicle traffic roads. A vehicle is said
to be moving in a left (right) direction if it is currently heading to any direction
from north/south to west (east). Based on this definition, as shown in Fig. 2.1, if
two vehicles are moving in opposite directions on a two-way road, it is guaranteed
that one vehicle is moving in a left direction while the other vehicle is moving in a
right one, regardless of the orientation of the road. The vehicles and RSUs broadcast
safety messages (periodic and event-driven) for the purpose of safety applications.
The periodic safety messages broadcast by different vehicles have the same (fixed)
message size!. Also, the periodic safety messages broadcast by an RSU have equal
message size, which may differ from the size of the periodic messages broadcast by
another RSU based on the application.

2.2 Communications Channels

The VANET has one CCH and N, service channels (SCHs), denoted by ¢y, ¢z, . . .,
cn,,- The CCH is used for transmission of two kinds of information: high priority
short applications (such as periodic or event driven safety messages), and control
information required for the nodes to organize the communications over the service
channels. The Ny, SCHs are used for transmission of safety or non-safety related
application messages. It is assumed that the transmission power levels on all channels
are fixed and known to all nodes. All channels are symmetric, in the sense that node x

! A generic format of a periodic safety message, called the Basic Safety Message (BSM), is specified
in the SAE J2735 application layer standard [1] to be broadcast by vehicles. The BSM makes use
of the large similarity among the vehicle state information required by various V2V applications
in order to avoid using a specific message for each application, which may result in a waste of the
wireless network resources [2].

© The Author(s) 2014 9
H. A. Omar, W. Zhuang, Time Division Multiple Access For Vehicular Communications,
SpringerBriefs in Computer Science, DOI 10.1007/978-3-319-09504-2_2



10 2 System Model

North

Left directions Right directions

v

East

South
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Fig. 2.2 Partitioning of each frame on the CCH into £, R and F sets [3]

is in the communication range of node y if and only if node y is in the communication
range of node x.

On the CCH, the time is partitioned to frames consisting of a constant number
L of time slots of equal duration 7. Each frame is partitioned into three sets of time
slots: £, R, and F, in that order, as shown in Fig. 2.2. The F set is associated with
RSUs, while the £ and R sets are associated with vehicles moving in left and right
directions respectively. Each second contains an integer (fixed) number of frames,
and each time slot is identified by the index (from O to L — 1) of the time slot within
a frame.

2.3 Node Equipment and Identification

Eachnode (i.e., vehicle or RSU) has two transceivers: Transceiverl is always tuned to
the CCH, while Transceiver2 switches among the SCHs. Also, each node is equipped
with a global positioning system (GPS) receiver and can accurately determine its
position and moving direction using GPS. The current position of each node is
included in the header of each packet transmitted on the CCH. Each node is identified
by a unique MAC address and a set of short identifiers (IDs), called VeMAC ID,
where each VeMAC ID corresponds to a certain time slot that the node is accessing
per frame on the CCH (more details in Chap. 3). Each VeMAC ID is chosen by a node
at random, included in the header of each packet transmitted in the corresponding
time slot, and changed if the node detects that its ID is already in use by another
node [4].
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2.4 Time Slot Synchronization

Synchronization among nodes is performed using the one pulse per second (1PPS)
signal provided by any GPS receiver. The rising edge of this 1PPS is aligned with
the start of every GPS second with accuracy within 100 ns even for inexpensive GPS
receivers. Hence, this 1PPS signal can be used as an accurate common time reference
among all the nodes. Consequently, at any instant, each node can determine the index
of the current slot within a frame on the CCH, and whether it belongs to the £, R,
or F set. In case of a temporary loss of GPS signal, the synchronization among
different nodes can still be maintained within a certain accuracy for a time duration
which depends mainly on the stability of the local oscillator of the GPS receiver
at each node [5]. If the GPS signal is lost in a certain area for a duration longer
than a specified threshold, a distributed synchronization scheme, e.g., [5], should be
employed until the GPS signal is recovered. Details of such a back up distributed
synchronization scheme are out of scope of this brief.

2.5 Definitions

For a certain node, x, set V, denotes the set of one-hop neighbours of node x, from
which node x has received VeMAC Type1 packets (defined in Sect. 3.1.3) on the CCH
in the previous L slots. Set 7, is defined as the set of time slots that node x must not
use on the CCH in the next L time slots. This set is used by node x to determine which
time slots it can access on the CCH without causing any hidden terminal problem.
How each node x constructs and updates sets NV, and 7, is discussed in Chap. 3.

A two-hop set (THS) is defined as a set of nodes in which each node can reach
any other node in two hops at most. The term ‘packet’ refers to a MAC layer protocol
data unit (MPDU), and the term ‘message’ refers to a MAC layer service data unit
(MSDU), i.e., the unit of information arriving to the MAC layer entity from the layer
above.
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