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Abstract
Personal Rapid Transit systems have high demands on its reliability and security.
Many of the fundamental functions needed by a PRT system can be provided by a
wireless radio communication link. The goal of this thesis is to determine if the
emerging radio standard for intelligent transportation systems is suitable for
providing some of the needed functions. The emphasis of this work is to understand
the features of the standard that are important for a PRT system and to verify them
with simulation.
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Introduction

Personal Rapid Transit (PRT) is a public transportation system with small automated
vehicles on a network of exclusive guide ways. The main purpose of this research is to
find out if a communication solution based on the IEEE 1609 standards is suitable for
use in a PRT system.
PRT is an emerging industry with a handful of actors and everyone has their own
proprietary control systems. There are currently no special standards for PRT systems
regarding control system and safety issues. Some input can be taken from the railway
industry but since PRT is fundamentally different on many points, new solutions must
be found and safety assessments on these needs to be made.
Building a PRT system with a wireless link as the vehicles only means of interaction
with a central control system puts high demands on link reliability.
The demands put on the radio link are first and foremost for the reliability of the
system, not for security. If the communication link is lost or unstable the worst thing
that will happen is that the vehicles slows down or stops completely without any risk
for passengers.
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Background

Personal Rapid Transit is a concept originally developed in the 1950s with the aim to
move commuters in areas where population density was too low for a conventional
metro system. Over the years only one fully operational public PRT system has been
build, which is in Morgantown, USA. This system is comprised of 12km track and 74
vehicles, each able to carry 20 passengers. The last few years have experienced a
resurrection of PRT interest and there are currently several PRT systems under
construction. The purpose today is still to bridge the gap between conventional metro
systems and cars.

Figure 2.1 PRT station on the Vectus PRT test track in Uppsala, Sweden. [1]

One major feature of PRT systems is that they do not need to stop at every station.
They are designed to make a nonstop journey, bypassing intermediate stations on a
parallel track. PRT systems can therefore in theory offer faster end-to-end journey
times than other forms of transit. One important issue when designing a high capacity
PRT system is the headway. Headway is defined as the minimum distance between
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vehicles in transit. Shorter headway requires a higher frequency of control messages
sent between vehicles and a central control system.
The IEEE 1609 standard is backed up by the Intelligent Transportation System
standards program within the United States Department of Transportation. The ITS
Standards Program was established in 1996 to encourage the use of ITS technologies
in transportation systems. The ITS standards define how system components
interconnect and interact. The IEEE 1609 standard specifically address
communications between vehicles and service providers over a short range radio link.
Because ITS standards are based on open, non-proprietary technology, their use can
make it easier to build interoperable ITS systems across different automotive
manufacturers. The status of the IEEE 1609 standards was as of September 2009
“Trial Use Published, Draft Standards under development”. [2]
“IEEE 1609 standards rely on the IEEE P802.11p Draft Standard Telecommunications and information exchange between systems - Local and
metropolitan area networks. This proposed standard specifies the extensions to IEEE
802.11 that are necessary to provide wireless communications in a vehicular
environment.” [2]
The IEEE 1609 standards use parts of the Internet Protocol Suite to transfer its data.
The addressing is handled by IPv6 and the data is transferred with UDP.
IPv6 is the successor to IPv4, the main driving force for replacing the older IPv4
standard is that IPv4 has a relatively small address space and its available public
addresses will be consumed within the next few years. IPv6 has compared to IPv4 a
huge address space of 128 bits, or 3.4*1038 addresses, enough to assign an IP address
to every atom on the surface of the earth and still have plenty to go. The Internet
Protocol (IP) has the task of delivering data packets to their destination based on their
addresses. [3] [4]
The User Datagram Protocol (UDP) is used to encapsulate the application data before
sending it with IP. This encapsulation is illustrated in Figure 2.2. UDP uses a simple
connectionless model without any hand-shaking procedures which means that it does
not guarantee reliable delivery of data. Time-sensitive applications often use UDP
since the unnecessarily high level of service and consequent overhead of a connection
oriented protocol (such as TCP) would only add delay to the delivery of application
messages. [3]

Figure 2.2 Application data descending through the Internet Protocol stack. [5]

There are several different theories about how to automatically guide vehicles safely
around a track. This thesis will target a PRT system which operates by the principle
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“dynamic moving block” and onboard vehicle propulsion. The reason for choosing a
specific theory is to limit the scope of simulations done for the thesis. The chosen
theory is the one that looks most promising for a real system with regard to current
technological development.
The reason for investigating IEEE 1609 is that there is a strong desire to use standard
of the shelf products in order to simplify safety analysis, cut costs and increase speed
to market.

3

Conditions and requirements

Important areas of consideration for a candidate solution are
•
•
•
•
•
•
•
•

Latency
Bandwidth
No single point of failure
Integrity
Security
Robustness
Communication range
High level of control over channels and packet destination

One important aspect of the radio link design is to keep it simple and robust,
preferably without any single point of failures. The radio link will most likely need to
have a backup link operating on another frequency in order to make the system more
reliable but that is out of scope for this thesis.
Due to the safety-critical nature of data transferred in PRT systems it is vital that data
is protected from attacks such as eavesdropping, spoofing, alteration, and replay.
Expected latencies, bandwidth, coverage range, integrity and security must be
determined for a candidate solution. This thesis will focus on latency and bandwidth,
other issues are subject to a later study.
A PRT vehicle produces and consumes several types of data which each will put
different kinds of demands on the communication link.
In order to better guarantee quality of service (QoS), vehicles should be able to
actively choose which channel and road side unit to use depending on the vehicles
current position.
Aggregation of data streams with different priority over a single link is valuable,
keeping the amount of electronics used to a minimum. Prioritization functions for data
within a channel is therefore desirable.

3.1 Communication hierarchy
In the target PRT system for the thesis, a track has a central control system that
collects information about vehicle positions and control vehicle speed and direction
based on this information. Since a track can be larger than the area covered by a single
radio transceiver there will be a wired roadside network to which distributed radio
units are attached. This hierarchy is illustrated in Figure 3.1.
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Figure 3.1 Communication hierarchy

3.2 Dynamic moving block
This principle is used to achieve optimal headway. It can be compared to the railway
standard of static blocks where a static section of track must be unoccupied before a
new vehicle can enter. The dynamic moving block principle relies on vehicles ability
to always know their absolute position on the track. All vehicles report their position
regularly to a central system that keep track of the most recent position of all vehicles.
For each vehicle the central system calculates an absolute position on the track up to
which the vehicle is guaranteed to move freely, the calculated position is then
distributed to each vehicle. The beginning of the block is the vehicles current position,
the end of the block is the calculated absolute position. Vehicles are trusted to not
travel past this block. This is a simplified description; there are several layers of
security which are not relevant to this thesis. The dynamic moving block principle
requires a much higher dataflow compared to static blocks.

3.3 Factors which affects link requirements
The choice of propulsion system affects the necessary requirements of the wireless
communication link.
3.3.1

Propulsion system

3.3.1.1 In track
The vehicles are dragged forward by the magnetic field induced by Linear Induction
Motors mounted in the guide way. In this case a closed loop for speed control between
vehicle and wayside over the radio link is used, this requires a high frequency of
messages sent from the vehicle in order to achieve a smooth speed.
3.3.1.2 Onboard
The vehicles have their own means of propulsion, either by Linear Induction Motors
or by direct traction on the wheels. In this case the closed loop for speed control is
contained within vehicle and a lot less messages needs to be sent over the radio.
3.3.2

Headway

Required headway can greatly affect communication link requirements. A short
headway will increase the amount of messages needed to be sent between vehicle and
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central system in order to keep the block of track allocated for each vehicle moving
smoothly.
3.3.3

Vehicle density

The number of vehicles contending for radio access in the same area will affect the
risk of data collisions on the radio link.

3.4 Communication link demands of target PRT system
The data in Table 1 and 2 are constructed for a system with onboard propulsion and
ability to handle headway of 3 meters plus vehicle emergency stop distance, assuming
a maximum speed of 15 m/s. The plausibility of these numbers is confirmed with a
PRT company.
The use of priorities is a way to separate time critical data related to the reliability and
performance of the PRT system from data that does not have any timing constraints
related to reliability and performance. Data with priority one is needed on time or else
the PRT system will be degraded. All data with priority two or higher does not
interfere with the systems reliability and performance and are thus of lower
importance.
Table 1. Data produced by target vehicle

Data source
Control
Current speed and position
CCTV

Priority 1
200 bytes/s
10 packets/s

Priority 2
70 Kbytes/s
50 packets/s

Table 2. Data consumed by target vehicle

Data source
Control
Dynamic moving block
information, max speed
Information
Destination, remaining
travel time etc
3.4.1
•
•
3.4.2
•
•
3.4.3
•
•

Priority 1
200 bytes/s
10 packets/s

Priority 2

100 bytes/s
1 packet/s

Typical latency demands for each priority
Priority 1 <50ms
Priority 2 <1000ms
Typical integrity demands for each priority
Priority 1 high integrity demands for security reasons.
Priority 2 low integrity demands
Typical security demands for each priority
Priority 1 strong encryption desired for safety reasons (protection against
sabotage).
Priority 2 encryption desired for privacy reasons.
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3.4.4

Deterministic switching between RSUs

One problem with mobile communication is the need to switch between
communication points while moving. If we have a latency demand of 50ms as stated
in 3.4.1, the switching procedure must be faster than that.

4

Design description

4.1 The IEEE standards
The IEEE 1609 standards, also called WAVE (Wireless Access in Vehicular
Environments), define an architecture and a standardized set of services and interfaces
that enable secure wireless communications for vehicles. The IEEE 1609 standards
rely on IEEE 802.11p which specifies extensions to IEEE 802.11 that are necessary to
provide wireless communications in a vehicular environment.
4.1.1

IEEE 1609

The IEEE 1609 standard is split up in the four main parts shown in table 3.
Table 3. Various services within the WAVE standard [2]

1609.1

1609.2
1609.3

1609.4

Resource Manager
Specifies the services and interfaces of the WAVE Resource Manager
application. It describes the data and management services offered within
the WAVE architecture. It defines command message formats and the
appropriate responses to those messages, data storage formats that must
be used by applications to communicate between architecture
components, and status and request message formats.
Security Services for Applications and Management Messages
Defines secure message formats and processing.
Networking Services
Defines network and transport layer services, including addressing and
routing. It also defines Wave Short Messages, providing an efficient
alternative to IPv6.
Multi-Channel Operations
Provides enhancements to the IEEE 802.11 Media Access Control
(MAC) to support WAVE operations, i.e. the monitoring of CCH and
regular switching between SCHs and CCH.

It represents roughly layers 3 and 4 of the OSI model and the IP, UDP, and TCP
elements of the Internet model, as illustrated in Figure 4.1.

Figure 4.1WAVE location in the OSI model

A WAVE device supports a control channel (CCH) and multiple service channels
(SCHs). The CCH is used to transmit short messages and announce WAVE services;
the SCHs are used for application interactions/transmissions. Layout of the IEEE 1609
channel plan is illustrated in Figure 4.2.
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Figure 4.2. Frequency allocation for WAVE devices [6]

There are two types of devices, roadside units (RSUs) and onboard units (OBUs).
Upon startup, a device monitors the CCH until a WAVE service advertisement is
received that announces a service that utilizes an SCH, or the device chooses to utilize
the SCH based on WAVE announcement frames it transmits. WAVE devices must
also monitor the CCH for additional safety or private service advertisements during
specific intervals, this require a high precision of timing in the devices. The timing is
usually supplied through a GPS time source.

“WAVE accommodates two protocol stacks: standard Internet Protocol (IPv6) and the

unique WAVE short message protocol (WSMP) designed for optimized operation in
the WAVE environment. WAVE short messages (WSMs) may be sent on any
channel. IP traffic is allowed only on SCHs. The WSMP allows applications to
directly control physical layer characteristics, e.g., channel number and transmitter
power, used in transmitting the messages. A sending application also provides the
MAC address of the destination device, including the possibility of a broadcast
address. WSMs are designed to consume minimal channel capacity and are allowed on
both the CCH and SCHs. Maximum length of a WSM is 1400 bytes.” [7]

The address resolution in IPv6 is handled by NDP, it facilitates a neighbor cache that
is populated with IP addresses and associated MAC addresses of devices. This is
accomplished via a multicast/response mechanism which generates a substantial
amount of traffic on the channel. For WAVE implementations it is desirable to keep
traffic on the control channel to a minimum so alternate methods for generating the
neighbor cache are defined. In a WAVE system, the population of the Neighbor Cache
is accomplished based on the information in received packets that contain both MAC
and IP addresses, no multicasts for address lookup are necessary.
4.1.2

IEEE 802.11p amendments to 802.11

The IEEE 802.11a is designed for high data rate communications with low user
mobility. To make it work for high mobility communications IEEE 802.11p PHY
reduces the frequency bandwidth from 20 MHz to 10 MHz, this reduces the effects of
Doppler spread. Also, by reducing frequency bandwidth all parameters in the time
domain for IEEE 802.11p is doubled compared to IEEE 802.11a, which in turn
reduces interference caused by multi-path propagation (reflections).
IEEE 802.11p also contains extensions for communication between stations (i.e.
OBUs) without establishing a basic service set (BSS), this significantly reduces the
time needed to send messages to new stations.
In order to support larger communication range, four classes of maximum allowable
power are defined, ranging from 1 to 760 mW. A range of up to 1000 meters should
be achievable.
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Except for these changes, the IEEE 802.11p PHY and IEEE 802.11a are almost
identical. Table 3 gives a brief comparison of the 802.11p PHY and the original IEEE
802.11a.
Table 4. Key parameters of IEEE 802.11p PHY and IEEE 802.11a PHY [8] [9]

Parameters
Information data
rate Mb/s
Modulation

802.11p
3, 4.5, 6, 9, 12, 18, 24 and 27

BPSK, QPSK, 16-QAM, 64QAM
Coding rate
1/2, 1/3, 3/4
Number of subcarriers
52 (=48+4)
OFDM symbol duration
8μs
Guard time
1.6μs
FFT period
6.4μs
Preamble duration
32μs
Subcarrier frequency spacing 0.15625MHz

4.1.3

802.11a
6, 9, 12, 18, 24, 36, 48 and
54
BPSK, QPSK, 16-QAM, 64QAM
1/2, 1/3, 3/4
52 (=48+4)
4μs
0.8μs
3.2μs
16μs
0.3125MHz

IEEE 802.11e EDCA

The MAC layer in WAVE incorporates the IEEE 802.11e Enhanced Distributed
Channel Access (EDCA) Quality of Service (QoS) extension.
High priority data must be protected from low priority data. This can be accomplished
using QoS. However, when the radio channel is saturated, situations can arise where
different data of the same priority must be protected from each other. Such situations
can be handled Admission Control in EDCA. The access point will then publish the
available bandwidth in beacons. Clients that support this can check the available
bandwidth before adding more traffic and risk saturation. [10]
With EDCA, stations with high priority traffic will wait a little less before trying to
access the medium compared to stations with low priority traffic. This will result in
high priority traffic getting a higher chance of being sent. [10]
Table 4 and 5 show the EDCA parameters for CCH and SCH. The difference in
configuration of the CCH channel will give high priority traffic a higher chance to get
through, compared to a SCH channel.
Table 5 EDCA parameters used on SCH [7]

ACI
1
0
2
3

AC
Background
Best effort
Video
Voice

CWmin
aCWmin
aCWmin
(aCWmin+1)/2-1
(aCWmin+1)/4-1

CWmax
aCWmax
aCWmax
aCWmin
(aCWmin+1)/2-1

AIFSN
7
3
2
2

TXOP limit
0
0
0
0

AIFSN
9
6

TXOP limit
0
0

Table 6 EDCA parameters used on CCH [7]

ACI
1
0

AC
Background
Best effort

CWmin
aCWmin
(aCWmin+1)/2-1

CWmax
aCWmax
aCWmax
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2
3

Video
Voice

(aCWmin+1)/4-1
(aCWmin+1)/4-1

(aCWmin+1)/2-1
(aCWmin+1)/2-1

3
2

0
0

aCWmin is defined to 15 and aCWmax to 511 but these may change in the final
version of the standard. [8]
EDCA defines four access categories (ACs) with different medium access priorities as
illustrated in figure 4.3. Each AC has a separate queue. If a transmission fail or needs
to be delayed, a back off consisting of a fixed and a random waiting time is chosen.
The fixed waiting time is a number of slots given by the parameter AIFSN, slot
duration is 8μs. The random waiting time is a number of slots drawn from the CW.
The back off counter is decremented after the medium is idle for the AIFSN period for
the current AC. The AC with the smallest back-off wins the internal contention, and
the winning AC then contends externally for the wireless medium. [11]

Figure 4.3 Prioritized access for data transmission on one channel [9]

4.2 Roaming and multi channel operation
WAVE devices periodically send out service announcements (WSA) on the CCH
about the services that they provide. Before a device can join a service to send and
retrieve data, one of these announcements needs to be intercepted. The WSA can
contain information about service type, IP address, UDP port, SCH channel number,
data rates, transmit power and routing information. [7]
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A WAVE device is required to monitor the CCH for 50 ms every 100 ms for
announcements of new information sources and emergency messages. This leaves 50
ms, half the time, for data transactions on a SCH. A device that looses the required
accuracy of its synchronization time source (e.g. loose GPS signal) is required to stop
any transactions on SCH channels and continuously monitor CCH until the time
source is available again. [7]
These procedures will have negative implications on latency and robustness.

5

Implementation and test

The focus in these tests is the performance of the physical parameters and QoS
algorithms of IEEE 802.11p. Tests with real hardware on the target system location
are advisable for radio systems. There are many parameters in the environment that
can make great impact on the performance. If such tests are not possible the next best
thing is to make a model of the system in a software emulator and make the tests there.
The tests in this thesis will be performed with ns-3 (Network Simulator 3). ns-3 is a
discrete-event network simulator, targeted primarily for research and educational use.
ns-3 is free software licensed under the GNU GPLv2 license.
The tests will give an indication about the latency and throughput that can be expected
with the required data flow. The tests are made for an increasing number of vehicles
and three different data loads.
1. High priority UDP messages with 20 bytes payload from the OBU with a
frequency of 10 Hz per vehicle, each message generate a reply message from
the RSU.
2. Combination of load one and a low priority flow of UDP messages with 1000
bytes payload from OBU at 70 Hz. Low priority messages do not generate a
reply from the RSU on the transport layer.
3. Same as load one but directly on the MAC layer, i.e. no overhead from UDP
and IP.
Results from dataset 1 and 2 will show capacity of a radio link dedicated to high
priority control traffic as well as the impact of the added overhead for IP/UDP. Results
from dataset 2 will show if it is possible to combine high priority control traffic and
low priority data on the same channel.
After looking at planned PRT projects the maximum number of vehicles on the same
channel to simulate was limited to 100 since it is unlikely that more vehicles than that
will be moving in the coverage area of a single IEEE 1609.
Latency is in these tests measured as the time it takes for a high priority UDP packet
sent from an OBU to be echoed back from the RSU, also called roundtrip time.

5.1 Simulating with ns-3
Ns-3 has a C++ API for the application programming. The program created for these
tests will start with one OBU and one RSU and then continuously add another OBU
after a predefined interval. Statistics for roundtrip time is logged between every OBU
increment. Ns-3 has the ability to produce network traffic capture files in the standard
pcap format. The open-source packet analyzer Wireshark was used to analyze the pcap
files to get the actual throughput including all protocol level acknowledgements and
retransmits.
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IEEE 802.11p has eight data rates: 3, 4.5, 6, 9, 12, 18, 24 and 27 Mbit/s. In these tests
the most robust modulation, BPSK, is used at 6 Mbit/s. The reason for this is to get
close to a worst case scenario.
Since the support of IPv6 is not quite finished in ns-3, IPv4 is used instead. An
additional 20 bytes is added to the payload in order to make IPv4 perform like IPv6.

5.2 Protocol overhead
One drawback of using IEEE 802.11p MAC with IPv6 and UDP protocols is the
significant overhead produced. Below are the penalties for each protocol.
MAC 38 bytes
IPv4 20 bytes
IPv6 40 bytes
UDP 8 bytes
This means that for the small control messages of 20 bytes needed for a PRT system,
there will be 86 bytes of pure overhead, or 430%. This will result in a much lower
performance than what could have been achieved with a proprietary protocol. Larger
packets are used for the other data flows so the overhead will not be as punishing for
these.

6

Results

6.1 Estimated latency and throughput with IEEE 802.11p
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Simulation results of high priority traffic with small packet size can be seen in figure
7.1. The results show that the link is able to provide acceptable QoS even for 100
vehicles.
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Figure 6.1 Roundtrip time and throughput for high priority UDP
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Figure 7.2 show simulation results of mixed high and low priority traffic. When
adding the seventh vehicle the available bandwidth can no longer accommodate the
required throughput, i.e. it is saturated. The most interesting thing that can be seen in
the chart is that in the same moment that the link is saturated, RTT max for the high
priority traffic increase to unacceptable levels. This means that QoS can not be
guaranteed for high priority traffic when the link is saturated by lower priority traffic.
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Figure 6.2 Roundtrip time and throughput for mixed high and low priority UDP

The simulation results of sending high priority traffic directly on the MAC layer,
avoiding much overhead can be seen in figure 6.3. Compared to using IP and UDP as
in figure 6.1, the required throughput is lower and QoS is more stable when the
number of vehicles increases.
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Figure 6.3 Roundtrip time and throughput for high priority MAC
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Discussion

When using the bit rate chosen for the simulation, figure 6.2 shows that a single
channel can only sustain six vehicles if they must send the complete load derived from
table 1. The chosen bit rate is rather low, a real system may be able to sustain higher
speeds. However, since the IEEE 1609 standard requires its units to monitor the CCH
for 50% of the time these numbers would be halved unless all units have dual
transceivers.
Possibilities for encryption of data should be further analyzed. It is however very
likely that the encryption must be done at the absolute endpoints of the data flow to
protect from wired intrusions along track. Additional encryption between radio
endpoints will then introduce unnecessary overhead and latency.
It should be noted that these simulations are made in a clear channel condition. Ns-3
has currently no support to emulate interference. In a real system there will typically
be two types of major interference. The first is by another device operating on
adjacent channel. The second interference is by a device operating on the same
channel but too far away to properly decode its signal. Interference must be considered
in final design and should preferably be tested on target devices on the target location.

7.1 Status of the ITS frequency band in the world
To achieve the required latency and reliability demands from a IEEE 1609 system one
must have a certain level of control over the used frequency band. The WAVE
standard is intended to be used in a frequency band dedicated to intelligent
transportation systems in order to achieve higher QoS than what could have been
achieved in the public frequencies.
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It has proved exceedingly difficult to find information regarding frequency plans for
some countries. Most countries have very different plans and their own hierarchy of
agencies who manages them. The largest early adopters are USA and Europe. The
Federal Communications Commission (FCC) of the USA allocated in 2004
frequencies 5855-5925 MHz, a 75 MHz frequency band [6]. The European
Commission decided in 2008 to allocate 5875-5905 MHz, a 30 MHz frequency band,
which is enough to make it compatible with American transmitters and antennas, the
CCH and one SCH can be used [12].
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Conclusions

The upper layers in IEEE 1609 are mostly there for compatibility between vendors
and systems. PRT will have its own proprietary software at both ends of the
communication link so it is of no value to introduce a complex standard which is
focused on interoperability with other vendors. The only part of practical value is
WSMP. When using WSMP the requirement stated in 3.4.4 regarding deterministic
switching between RSUs can be easily solved since the vehicles always know their
absolute position on the track. This information can be used for the vehicle radio to
decide which road side unit is most suitable at any given position along the track
without doing broadcasts or scanning available channels.
When comparing Figure 6.1 and 6.3, it can be seen that the added overhead of IP/UDP
introduce larger random variation to RTT max when the number of vehicles increase.
For a PRT system it would therefore be better to use only IEEE 802.11p MAC with
EDCA and communicate directly on the MAC layer. Since the control network for a
typical PRT system will be a highly isolated LAN, communication directly on the
MAC layer should be sufficient. As the simulation results in figure 6.2 shows, it will
be important to have a solution which can avoid saturation of the radio communication
link in order to keep QoS within acceptable levels.
Due to the sensitive nature of wireless communication systems, the PRT site needs to
be surveyed and the planned physical layout need to be thoroughly tested for
interference, obstacles and reflections that can disturb the signal. The communication
will always be unprotected from other signals on the medium, a QoS level is very hard
to guarantee, no matter what radio technology is used.

9

Definitions, abbrevations and acronyms

9.1 Definitions
control channel (CCH): A radio channel used for exchange of management
frames and WAVE short messages (WSMs). [7]
dynamic moving block: A stretch of track assigned for the exclusive use of a
single vehicle.
headway: Minimum distance between vehicles.
onboard unit (OBU): A WAVE device that can operate when in motion and
supports the information exchange with roadside units (RSUs) or other OBUs.
[7]
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roadside unit (RSU): A WAVE device that operates only when stationary and
supports information exchange with OBUs. [7]
service channel (SCH): Secondary channels used for application specific
information exchanges. [7]
WAVE basic service set (WBSS): A set of two or more WAVE devices
participating in communications among each other on an SCH. A WBSS is
initiated by a WAVE device using a WAVE announcement action frame on the
CCH. [7]
WAVE device: A device that contains an implementation of the WAVE
protocol standards, including IEEE Std 1609.2, IEEE P1609.3, IEEE Std
1609.4, and IEEE P802.11p. [7]
WAVE short message (WSM): A message specifically designed to operate in
the WAVE band. It can be exchanged directly among WAVE devices without
the overhead of IP or management associated with initiating a WBSS. [7]
9.2 Abbreviations and acronyms
AC
AIFS
AIFSN
BPSK
CCH
CCTV
DOT
DSRC
EDCA
GPS
IEEE
IP
LLC
MAC
ITS
OBU
PHY
PRT
RSU
SCH
UDP
WAVE
WBSS
WSM
WSMP

access category
arbitration inter-frame space
AIFSN number
binary phase shift keying
control channel
closed-circuit television
US department of transportation
dedicated short range communication
enhanced distributed channel access
global positioning service
institute of electrical and electronics engineers
internet protocol
logical link control
medium access control
intelligent transportation systems (DOT group)
onboard unit
physical layer
personal rapid transit
roadside unit
service channel
user datagram protocol
wireless access in vehicular environments
WAVE basic service set
WAVE short message
WAVE short message protocol
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