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Research Objectives
• This work considered infrastructure-based vehicular communication
(I2V).
• Vehicular communication suffers from high packet loss due to
challenging channel characteristics such as huge Doppler spread
and multipath fading.
• This makes current IEEE 802.11p standard for vehicular network
based on the conventional retransmission scheme (ARQ) inefficient.
• Highly scalable and fault-tolerant properties offered by rateless code
makes this a promising area of research.
• This work proposes the implementation of a systematic Raptor codes
for a broadcast service in I2V communications.

Overview of Raptor codes
• Rateless codes or fountain codes are set apart from other fixed rate
codes by their flexible and reconfigurable coding rate (i.e. can be
determined on-the-fly).
• Conventional codes has fixed coding rates and require prior
knowledge of the channel conditions. This is a challenge for timevarying or unknown channel conditions e.g. vehicular environment.
• Raptor code has a low complexity design of O(K) against LT code
O(K log K), where K=source block length.
• Raptor code is the most successful of fountain code family. A
systematic Raptor code has been adopted in the 3GPP-MBMS and
DVB-H standards.
• Systematic code construction = immediate decoding for nodes with
good channel condition. Subsequently, nodes with bad channel
condition can make use of the repair symbols for decoding.

System Model
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Proposed model (1)
Two types of infrastructure-based vehicular communication scenarios are
considered:
• pure I2V communication
• once a vehicle has left the infrastructure communication range, it
needs to wait until it comes across the next infrastructure to
continue the reception.
• a combination of I2V and V2V communication (I2V2V)
• vehicles can continue the infotainment reception even outside the
roadside infrastructure communication range through V2V
communication (new source).
• But, only vehicles which have successfully decoded the K
infotainment source block are eligible to act as a new source.
• If >1 eligible vehicle, the node closest to the receiver is selected
for V2V communication (i.e. lowest error rate & latency).
• The new source node re-code the packets before transmission to
ensure that they are unique from each other.
• The vehicle switches back to I2V communication when it comes
into contact with a new infrastructure.

Proposed model (2)
• A modified BA (block acknowledgment) procedure is proposed, we
name as Raptor-coded acknowledgment (r-ACK).
• In a typical BA scheme, a block of packet (i.e. source block) is
fragmented into K smaller packets (i.e. source symbols) and sent
into the channel one after another. Acknowledgment trigger and
response packets are required at the end of transmission.
Acknowledgement trigger is sent by sender and receiver will respond
by providing feedback information on missing packets required for
retransmission. Each specific missing packets are retransmitted until
all packets in the source block are successfully received, thus
requiring multiple pairs of BA trigger and response packets. This is a
waste of channel utilization and packet latency.
• However with r-ACK, each packet is unique. As long as enough
encoded symbols are received and the generated decoding matrix is
of full rank, the vehicle would be able to successfully decode the
original source block. The receiver will send the trigger packet and
only a single trigger/response packet is required

Methodology
The simulation model consists of 3 building blocks:
• Detailed physical layer simulator to obtain the SNR vs. PER curves
• An OFDM-based simulator considering channel coding
(multi-rate convolutional coding), multipath and fast-fading
Rayleigh channel in accordance to vehicular communication
measurements, and training-aided channel estimation. This
gives a more realistic and accurate representation to the
analysis.
• Analytical IEEE 802.11p MAC (based on Bianchi’s Markov chain
model) under saturation condition to determine average packet
performance at the MAC layer.
• Systematic Raptor-coded application layer FEC (forward error
correction).
• The packet erasure rate at each receiving vehicle is derived
based on the SNR (distance from the sending node) that is
matched to the PER from the physical layer simulator.

• Simulation parameter
Raptor code
parameters

Value

MAC
parameters

Value

PHY parameters

Values

Original message
size

512 KB

Min.
contention
window

15

Path loss model

Log-distance with
path loss exponent2.4

Source block
length, K

1000

SIFS

32us

Average speed

100 km/h

Source symbol
(payload) size

512 bytes

Slot time

13us

Infrastructure
distance, I

1km

Simulation time

20s

Propagation
delay

1us

Communication
range, R

240m (QPSK 1/2)
150m (16QAM 1/2)

• Simulation scenario

• Vehicles (receivers/new source) are moving on a bidirectional
highway. Vehicle speed follow a normal distribution with average
speed of 100 km/h.
• Infrastructures (senders) are fixed at a specific location. 2
infrastructures are considered, with I=1km distance between them.

Numerical Analysis
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Decoding Success Probability
•

The decoding success
probability is given by the
number of vehicles that manage
to complete recovering the K =
1000 source symbols against
total number of vehicles present
in the environment throughout
the 20s simulation time.

•

Raptor codes enable more
vehicles in the environment to
complete decoding the original
message (source block) as
compared to the ARQ scheme.

•

The improvement is ~15% for
I2V and ~25% for I2V2V

Mean decoding time
•

The mean decoding time is
defined as the average
decoding time of vehicles
which successfully complete
the decoding

•

Fig. shows that the mean
decoding time is significantly
reduced as vehicle density
increases.

•

The r-ACK in an I2V
communication decoding time
is ~10% shorter than ARQ
scheme, while I2V2V
communication further
reduced it to be ~30% shorter
than the ARQ scheme

Mean aggregate throughput
•

The proposed r-ACK scheme
offers up to 40% and 55%
aggregate throughput
improvement for I2V and
I2V2V communication
accordingly against the ARQ
scheme.

•

This is due to the continuous
encoded symbols
transmission with minimal
feedback required.

Conclusion
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Conclusion
• Performance of systematic Raptor codes in a pure I2V and I2V2V vs.
ARQ in IEEE 802.11p for infotainment broadcast on highways were
investigated.
• Proposed r-ACK (Raptor-coded acknowledgment) outperforms the ARQ
scheme in terms of vehicles decoding probability, mean decoding time
and aggregate throughput, with I2V2V having a more significant
improvement compared to I2V communication. It can also be concluded
that the ARQ scheme is inefficient for broadcasting.
• Higher modulation scheme has trade-off:
• It reduces the probability of success due to smaller communication
range & worse packet error performance, leading to reduced
number of eligible vehicles to forward the re-coded message.
• However, it reduces mean decoding time and increases mean
aggregate throughput due to the shorter transmission cycle and
higher data rate.
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