
Performance Evaluation of ETSI GeoNetworking
for Vehicular Ad hoc Networks
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Abstract—The GeoNetworking protocol provides single-hop
and multi-hop communication in vehicular ad hoc networks
based on IEEE 802.11p/ITS-G5. It has been standardized by
the ETSI Technical Committee ITS as part of its Release 1
set of specifications and is expected to be deployed in the
next years. This paper presents a performance evaluation of
the GeoNetworking protocol in its recently published version.
Our study assesses the performance of the broadcast forwarding
algorithms for multi-hop packet transport that are used to
disseminate information in geographical areas for road safety and
traffic efficiency applications. From the algorithms specification in
the standard, we derive six variants with different combinations
of protocol mechanisms with increasing complexity and assess
their performance in terms of reliability, latency, and overhead.
The algorithms are evaluated in a reference freeway scenario
with bidirectional road traffic and a realistic trace-based mobility
model with varying vehicle density. The obtained results indicate
that the combination of contention-based and greedy forwarding
shows the best overall performance; further functional improve-
ments have a limited performance gain in the studied scenario.

I. INTRODUCTION

Communication among vehicles and roadside stations is
expected to significantly enhance safety and traffic efficiency.
This gain is achieved by improving the driver awareness,
in-vehicle signage of traffic signs, road warnings and speed
advisory, amongst other use cases. In recent years, major
efforts have focused on designing a vehicular communication
system based on wireless LAN operating at 5.9 GHz frequency
range allocated for road safety and traffic efficiency. Several
standards have been defined covering vehicular ad hoc net-
works (VANETs), including messaging protocols, management
procedures as well as security and privacy support.

Recently, a Release 1 of vehicular communication stan-
dards has been completed in Europe [1]. There, the GeoNet-
working protocol resides the core of the European Telecom-
munications Standards Institute (ETSI) protocol stack and
provides the transport of messages over ITS-G5, the Euro-
pean variant of the vehicular communication support in IEEE
802.11-2012 (formerly known as the p-amendment). GeoNet-
working is highly tailored to the characteristics of VANETs
with sparse and dense distribution of vehicles and frequent
topology changes, and meets the requirements of safety, traffic
efficiency and driving comfort applications. Being part of the
Release 1 of cooperative ITS standards in Europe, it was also
adopted in the standards’ profile of the Car-2-Car Communica-
tion Consortium (C2C-CC) – a European industry consortium
of car makers, suppliers and research organizations – for an
initial deployment of vehicular communication planned for
the upcoming years. Implementations have been tested under

real-world conditions in field operational trials (FOTs) and
validated by tests for conformance and interoperability.

Geographical routing schemes in wireless networks have
been widely studied for several years [4] – [8]. Initially, they
addressed general mobile ad hoc networks, later in particular
sensor networks and vehicular networks were focused. Their
main principle is based on utilizing geographical information
for packet transport in an ad hoc network without coordination
by a central entity. A destination can either be an individual
node or a geographical region. The latter mode allows for
efficient distribution of packets inside a geographical area
(in short, geo-area), which requires mechanisms to alleviate
the well-known broadcast storm problem [9]. Compared to
topology-based routing schemes, such as AODV and OLSR,
with geographical routing the source node does not need to
compute end-to-end routes. Instead, packets can be sent ‘on the
fly’, which makes the routing robust against frequent topology
changes, as typically found in VANETs. ETSI GeoNetwork-
ing [2] is a standardized variant of geographical routing,
derived from existing research approaches and embedded into
the ETSI protocol stack.

The GeoNetworking standard has evolved over the past
years and finally published as a European norm [2]. The
present paper evaluates and compares the broadcast forwarding
algorithms of the GeoNetworking Release 1 standard version.
Only few publications assess the performance of the standard-
ized solutions [10] – [12], though none of them addresses the
latest version of the standard. Our main contributions are as
the follows: First, we classify the protocol mechanisms used
in the standardized forwarding algorithms and define relevant
performance metrics. Second, we evaluate the six forwarding
variants, assess the contribution of individual mechanisms to
the overall performance, and finally, propose improvements to
the standardized algorithms based on the obtained results.

The remaining sections of this paper are organized as
follows. Sec. II provides relevant details of the GeoNetworking
protocol where Sec. III defines the performance metrics that
will be considered for the evaluation and Sec. IV presents the
studied scenario, the simulation environment and performance
results, followed by the conclusions in Sec. V.

II. ETSI GEONETWORKING PROTOCOL

The ETSI GeoNetworking protocol, standardized in the
EN 302 636 standard series1, controls the transport of data
packets from a source node to the destination, which can be
either an individual node (GeoUnicast), all nodes/any node
inside a geo-area (GeoBroadcast/GeoAnycast), or all nodes

1ETSI standards are available at http://www.etsi.org/standards.



in a one-hop/n-hop neighborhood (single-hop/topologically-
scoped broadcast). Every ad hoc router has a location table
that maintains the position of its known neighbors and is
used to make forwarding decisions; it also has packet buffers
for location service, store-carry-and-forward and forwarding
algorithms (see below).

For the safety and traffic efficiency use cases described in
Release 1 and the C2C-CC profile, two packet transport types
are relevant: first, single-hop broadcast for the transmission
of periodic Cooperative Awareness Messages (CAM), and
second, GeoBroadcast for the multi-hop distribution of event-
driven messages within a geo-area, known as Distributed
Environment Notification Messages (DENM) [3]. The ETSI
GeoNetworking protocol [2] specifies three main forwarding
algorithms to distribute messages in a geo-area: Simple Geo-
Broadcast and contention-based forwarding as base schemes,
and advanced forwarding, which combines both base schemes
and comprises a set of protocol mechanisms to improve their
performance. In order to allow a systematic evaluation of the
standardized forwarding algorithms, we separate them by their
technical features:

Simple GeoBroadcast (S ) is a packet flooding scheme that
restricts the packet re-broadcasting to the geo-area, i.e. every
node inside the area retransmits the packet immediately after
reception. The packet forwarding is controlled by a duplicate
packet detection based on its source identifier and sequence
number, maximum hop count and lifetime.

Contention-based forwarding (CBF ) is an algorithm
where the sender broadcasts a packet, the receiving neighbors
buffer the packet and start a timer whose duration depends
on their distance from the sender (the larger the distance, the
shorter the timeout). When the timer expires, the packet is re-
broadcasted. If the packet is received a second time before the
timer expires, the timer is canceled and the packet is regarded
as duplicate and discarded.

CBF with greedy forwarding (GFC ) combines CBF
with a sender-based selection of the next hop for immediate
forwarding (greedy forwarding) in CBF in order to avoid the
forwarding delay caused by the CBF timer. The source defines
a target area behind itself. Then it selects a ‘virtual destination’
position at the opposite border of the area, determines the
best neighbor, i.e., that with the largest forward progress, and
transmits the packet to the unicast MAC address of the best
neighbor. Upon reception, the selected neighbor immediately
forwards the packet. Other neighbors which overhear the
packet transmission switch into CBF mode and start a timer.
In case the greedy forwarding transmission gets lost, the nodes
in CBF mode are able to trigger a retransmission when their
CBF timer expires.

GFC with retransmission threshold (GFC-RT ) extends
GFC by a functionality for nodes in CBF mode: When such
node receives a duplicate packet in the contention period, it
keeps the packet and increments a Retransmit Counter (RC)
instead of discarding the packet. If the RC exceeds a pre-
defined threshold RCth, the packet is discarded and removed
from the CBF buffer; otherwise, the packet is re-broadcasted
when the CBF timer expires. CBF can be regarded as a special
case of GFC-RT with a RCth = 1. This extension allows
for redundant retransmissions to increase the reliability of the
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Fig. 1. Overview of the GeoBroadcast Forwarding Algorithms in the ETSI
GeoNetworking protocol.

packet distribution at the expense of a higher data overhead.

GFC with sectorial contention area (GFC-SECT ) ex-
tends the GFC scheme and restricts the potential number of
forwarders in CBF mode to those located outside a sector. The
sectorial area is determined by the angle ϕ conformed by the
forwarder (F) selected by the greedy forwarding algorithm, the
sender (Se) and the overhearing relay (R): ϕ = 6 FSeR. When
the sender transmits the packet to the selected forwarder, the
packet is overheard by all neighbors. The nodes outside the
sector (ϕ > 30◦) switch into CBF mode, whereas the nodes
inside the sector do not contend (ϕ ≤ 30◦) and drop the
packet. Thereby, the sectorial extension limits the number of
potential forwarders to reduce the data traffic overhead.

Finally, the latter two extensions, GFC-RT and GFC-
SECT, can be further combined, which corresponds to the
‘advanced forwarding’ algorithm in EN 302 636-4-1 [2] and
will also be referred to as ADVANCED in the remaining
sections of the paper. The six protocol variations as illustrated
in Fig. 1 can be sorted by increasing complexity from S to
ADVANCED 2. An important question that this paper aims to
answer is whether the increasing algorithm complexity results
in a higher communications performance.

III. PERFORMANCE METRICS

In order to evaluate the performance of the six variants of
GeoBroadcast forwarding algorithms in ETSI GeoNetworking,
we define the following metrics, which cover the protocol
requirements in protocol overhead, reliability and latency.

Data Traffic Overhead (DTO): Naive multi-hop forward-
ing algorithms may cause many retransmissions [9], which
result in higher contention on the wireless medium, increased
number of collisions in the medium access and potentially
a data load beyond the network capacity. To alleviate these
issues, more advanced forwarding schemes attempt to reduce
the number of redundant retransmissions to a minimum. The
DTO allows measuring the data load in the network, as the
total number of all nodes’ data frames entering the MAC or
the PHY layer, divided by the number of DENM messages

2For better readability, we defined a color code for the algorithms, which
is reused in Sec. IV.



sent by the facility layer:

DTOMAC =
No. of frames at MAC layer

No. of facility DENM Tx
, (1a)

DTOPHY =
No. of frames at PHY layer
No. of facility DENM Tx

. (1b)

In order to understand the difference between DTOMAC
and DTOPHY, it is important to note that a data packet
that enters the MAC layer does not necessarily result in a
PHY layer transmission. For example, during an ongoing
MAC transmission or when the channel is sensed to be busy,
new transmission requests are stored in the limited-size MAC
queue. If the channel is congested, the MAC frames remain
in the MAC queue until the CSMA/CA algorithm finds a free
contention window or stops the transmission attempts for the
current frame. In extreme cases, it may happen that the lifetime
of the packet expires or the MAC queue overflows and further
MAC frames are discarded.

Node Coverage Ratio (NCR ): For road safety and traffic
efficiency applications, such as hazardous location notification,
it is important that every vehicle (we use the terms ‘node’
and ‘vehicle’ interchangeably) in the area reliably receives
this message to inform the driver about potential risks and
dangerous situations. In order to quantify the reliability of the
message dissemination in a geo-area, the NCR of a message
transmitted by the facility layer is defined as the ratio between
the number of nodes in the geo-area receiving that message at
least once and all nodes located in the geo-area:

NCR =
No. of Rx nodes in the geo-area
No. of all nodes in the geo-area

. (2)

Nodes outside the area are not taken into account. Since the
geo-area information is carried in the GeoNetworking header
and does not change during the multi-hop transport of the
packet.

End-to-End Delay (E2ED): In addition to the NCR, also
the latency, i.e. the delay between the message transmission
and its reception by the destination, is a key metric. A small
E2ED is critical for safety applications, such as a ‘traffic
jam ahead’ warning, where a fast driving vehicle may quickly
approach the rear end of a traffic jam with very low speed
vehicles. A very short communication delay is required to raise
the awareness of the driver or even to trigger the emergency
brake automatically. The E2ED is defined as the difference of
the timestamp when the message is received by the destination
and the timestamp when it is generated by the source including
all forwarders:

E2ED = tRx − tTx. (3)

We have identified DTO , NCR and E2ED as the most rel-
evant networking-related performance metrics for the GeoNet-
working protocol. Next, we will use them to evaluate and
compare the forwarding algorithms.

IV. PERFORMANCE EVALUATION

This section describes the considered scenario and the sim-
ulation environment, presents the results of the performance
evaluation and proposes protocol improvements.
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There are multiple reasons for flow-density data not to coincide with the funda-

mental diagram:

• The measurements process induces systematic errors (Sect. 3.3).

• The traffic flow is not at equilibrium.

• The traffic flow has spatial inhomogeneities or contains non-identical driver-

vehicle units.

The statements on traffic jam dynamics and driving behavior derived in the above

enumeration are exact for the fundamental diagram, only. Since each of the afore-

mentioned factors can cause significant differences between the density obtained

from Eq. (3.14) and the theoretical expectation in the fundamental diagram (it is

not unusual to see discrepancies by a factor of two), deriving statements from flow-

density data is quite error-prone. In the following examples of empirical flow-density

relations shown in the Figs. 4.9, 4.11 and 4.12 (upper left panel), the maximum traffic

density obtained by extrapolation is unrealistically small, while the front propaga-

tion velocities derived from the trend of flow-density point clouds of congested

regions are too large in magnitude (and the point clouds do not always show a clear

trend).

To estimate the effects of the errors mentioned above, we can use traffic sim-

ulations that also simulate the measurement process using virtual cross-sectional

detectors. Fig. 4.10 shows that the flow-density diagram depends strongly on the

method of averaging for obtaining the macroscopic speed and the flow (cf. Sect. 3.2),

at least at large densities. Particularly, all methods yield estimated densities that

strongly deviate from the actual density, which is, of course, available in the simula-

tion. Remarkably, plotting the flow Q against the density estimate
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Fig. 2. Flow-density diagram for sections of two typical freeways. The solid
lines are extrapolations of the data points [15]

A. Simulation Scenario and Environment

We assume a typical communication scenario with vehicles
driving on a circular bidirectional freeway with three lanes
per direction, a radius of 3 km and a speed limit of 120 km/h
(33.3 m/s). However, this is only a limit, the vehicles have
different speeds. The circular structure is needed to avoid edge
effects which would occur if we just had a straight freeway.
The vehicle density varies from 5 to 60 veh/km/lane (which
corresponds to 500 and 6,500 vehicles in total, respectively),
and is kept constant. These traffic densities cover free and con-
gested road traffic conditions, which indicates a transition from
free flow to congested road traffic, in line with those found
on typical freeways shown in Fig. 2. The figure illustrates
the flow-density diagram, where the vehicle flow Q steeply
increases up to a density of ρ = 20 veh/km/lane and later
declines until 60 veh/km/lane, which indicates the upper bound
for our simulations. The distribution of vehicles is uniform
along the whole freeway.

The simulated vehicles implement the ETSI protocol stack
covering ITS-G5 PHY and MAC, GeoNetworking as speci-
fied in EN 302 636, and the facility layer protocols CAM
and DENM. Every vehicle sends CAMs every 500 ms and
500 vehicles uniformly distributed over the circular freeway
periodically send DENMs with an interval of 1 s. We use
a simplified DENM protocol, where only new DENMs are
sent and other DENM message types (update, negate, cancel)
are not used. A vehicle is equipped with a single ITS-G5
transceiver and operates in a single channel. A simulation run
is executed for 100 s; the DENM transmissions start at t = 5 s
to ensure a steady state simulation where the GeoNetworking
location tables are filled up with position information of
neighboring vehicles and finish 5 s before the end to allow the
last DENMs to be forwarded within the geo-area. The protocol
stack of the vehicle models is simplified and does not include
functionality for decentralized congestion control (DCC), i.e.,
gatekeeper functionality, QoS/EDCA, security and privacy, nor
multi-channel/multi-transceiver operation. This simplification
ensures that we are able to study the performance of the for-
warding algorithms isolated from the effects of other protocols



TABLE I. SIMULATION PARAMETERS

Parameter Values

Vehicle density 5-60 veh/km/lane (18.3 km, 6 lanes)
PHY / MAC protocol ITS-G5 (802.11p)
Data rate/ Tx Power 6 Mbit

s / 20 dBm
Channel bandwidth 10 MHz at 5.9 GHz
Simulation duration 100 s
CAM interval / size 0.5 s / 512 bytes
DENM interval / size 1 s / 512 bytes
Total DENMs sent 45,000 (500 vehicles)
Geo-area 1, 500× 100m behind the vehicle
Sectorial angle / RCth 30 ◦ / 2

or functions.

The simulations are carried out with the network simulator
ns-3 [16], version 3.19, using a log-distance propagation model
with Nakagami fading [13]. The off-the-shelf version of ns-
3 has been extended with the GeoNetworking and facility-
layer protocols, i.e. CAM and DENM. The vehicle mobility
is obtained from traces generated by the traffic simulator
SUMO [17]. Due to the huge amount of nodes and since
there is no difference in the results by changing the seed it
is sufficient to run every simulation once. A summary of the
main simulation parameters is given in Tab. I.

B. Data Traffic Overhead (DTO)

Fig. 3 presents the data traffic overhead at the MAC layer
DTOMAC and at the physical layer DTOPHY (defined in
Sec. III) as a function of the vehicle density for the three
main GeoNetworking algorithms: Simple GeoBroadcast (S ),
contention-based forwarding (CBF ) and contention-based for-
warding with greedy forwarding (GFC ). For better readability,
the GFC extensions are elided; they have a similar behavior
to GFC, shifted downwards for GFC-SECT and ADVANCED,
and upwards for GFC-RT.

We can detect when the channel becomes congested by
observing at which vehicle density DTOMAC becomes greater
than DTOPHY, which means that some MAC frames could
not be sent due to a busy channel. Indeed, we observe
that S and CBF experience channel congestion from 10
and 40 veh/km/lane, respectively. In the case of GFC, it
is more difficult to see when the channel becomes con-
gested since DTOPHY also includes the MAC retransmissions
of the unicast greedy forwarding algorithm; in this case,
DTOPHY > DTOMAC. We can find when GFC starts experi-
encing channel congestion by comparing its DTOMAC to that
of CBF. The particular feature of GFC is that a forwarder
vehicle is selected to avoid additional delays, but the number
of transmitted packets from the GeoNetworking layer is the
same. Therefore, the channel congestion in GFC starts at
25 veh/km/lane (indicated as low density in Fig. 3), when its
DTOMAC becomes higher than that of CBF. We confirm this
result with the increase in the end-to-end delay of GFC at the
same vehicle density in Fig. 4b.

We observe that S has a much higher DTOMAC than CBF
and GFC and it increases with the vehicle density, due to
the fact that all nodes re-broadcast the packets immediately
after reception, which results in a huge amount of redundant
transmissions. Furthermore, for low to medium vehicle densi-
ties, CBF has a slightly lower DTOMAC than GFC, since the
channel is already influenced by a higher data traffic overhead.
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Fig. 3. Data traffic overhead DTOPHY (solid lines) and DTOMAC (dashed
lines), both normalized by the number of sent DENMs.

For higher densities, however, the DTO of CBF increases
abruptly and tends to that of S. The reason is that when the
channel is congested, the packets must wait in the MAC queue
before being transmitted; during this time the others nodes’
CBF timers expire as well. In this case it is no longer possible
to discard the packet after overhearing a duplicated packet,
which leads to a high DTO .

Finally, we can see that, on the one hand, the DTOPHY
of GFC is greater than that of CBF for low vehicle densi-
ties, since the unicast greedy forwarding path causes MAC
retransmissions that contribute to the DTOPHY of GFC. On
the other hand, these MAC retransmissions allow GFC to
maintain a lower overhead than CBF for high vehicle den-
sities, since when other nodes in the neighborhood overhear a
packet transmission for the second time, they cancel their own
retransmission timers and drop the packet. This mechanism
prevents many redundant retransmissions and gives GFC the
lowest DTO for high vehicle densities.

C. Node Coverage Ratio (NCR)

Fig. 4a presents the NCR of the GeoNetworking forward-
ing algorithms, which reflects the reliability of the packet
transport in the network. From a high level perspective, we
observe that the NCR is roughly inversely proportional to
the data traffic overhead: a high DTO results in channel
congestion and a large number of collisions, leading to a
low NCR. Furthermore, when the channel is congested, some
packets stay indefinitely in the MAC queue instead of being
transmitted, as shown in Sec. IV-B, which further reduces the
NCR. Vice versa, scenarios with a low overhead typically
correspond to a high NCR.

For instance, we observe on the one hand that the NCR
of S is less than 90% even at low vehicle densities, and it
further decreases than the vehicle density grows. On the other
hand, for CBF and GFC, the NCR is almost 100% up to
a vehicle density of 30 veh/km/lane. For a vehicle density of
40 veh/km/lane, the NCR of CBF starts to decrease. However,
for higher vehicle densities, the NCR of CBF decreases at a
faster pace than in GFC. These trends are consistent with the
data traffic overhead behavior observed in Fig. 3.
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We further observe in Fig. 4a that the GFC extensions,
namely, GFC-RT and GFC-SECT, in general do not improve
the NCR of GFC. In particular, GFC-RT shows a lower NCR
than GFC for medium to high vehicle densities, whereas GFC-
SECT outperforms GFC only for vehicle densities higher than
45 veh/km/lane. The reason for the low NCR of GFC-RT is
that the additional packet retransmissions cause a higher data
traffic overhead, which leads to a more congested channel.
GFC-SECT, on the other hand, prevents most nodes overhear-
ing a packet transmission from setting a retransmission timer;
this mechanism reduces the data traffic overhead, but it may
interrupt the packet dissemination in case that the greedy for-
warding chain fails and all potential retransmitters are located
inside the sector refrain from retransmission. Only at very
high densities the sectorial contention area pays off and GFC-
SECT achieves a higher NCR than GFC. The combination of
both extensions, ADVANCED, achieves an intermediate NCR
between the values obtained by the extensions implemented
separately.

D. End-to-End Delay (E2ED)

Fig. 4b presents the E2ED for all routing algorithms.
S shows the shortest E2ED at the lowest vehicle density
(5 veh/km/lane), since there is no channel congestion (see
Fig. 3) and nodes forward the packets immediately. However,
as the vehicle density rises, the E2ED increases very quickly
to values longer than 1 s, which is unacceptable for safety-
critical vehicular applications. The E2ED of CBF is almost
constant at 60 ms until 40 veh/km/lane, which coincides with
the point at which the channel becomes congested (see Fig. 3).
For higher vehicle densities, many packets cannot be transmit-
ted due to a busy channel, the MAC queues fill up and the
E2ED grows rapidly. GFC shows a similar behavior to CBF,
but the sharp increase in the E2ED occurs at 30 veh/km/lane.
Therefore, with GFC the channel becomes congested earlier
than with CBF due to the additional load created by the unicast
MAC retransmissions of the greedy forwarding algorithm.
Finally, the GFC extensions show a shorter E2ED for both
low and high vehicle densities than standard GFC, whereas
GFC has a lower E2ED for medium vehicle densities.

E. Performance Summary

To summarize, we observed that for low vehicle densities
(below 25 veh/km/lane) GFC shows the best overall behavior,
with the highest reliability (NCR of 100%), and a bounded
latency with E2ED below 50 ms. Beyond 25 veh/km/lane
the performance of the algorithm deteriorates, i.e. its NCR
decreases and the E2ED rises. For medium vehicle densities
(between 25 to 45 veh/km/lane), CBF outperforms the GFC
algorithm with a higher reliability and a shorter latency, mainly
because it creates less data overhead, which results in a
less congested channel. For high vehicle densities (beyond
45 veh/km/lane), GFC has a clear advantage over CBF in terms
of reliability at a comparable (high) latency.

We also observe that the extensions to GFC do not nec-
essarily lead to a performance gain in most scenarios. GFC-
RT allows for redundant retransmissions for higher reliability,
but as CBF and GFC already achieve a NCR of 100%
at low to medium vehicle density in our simulation setting,
GFC-RT cannot go beyond. On the contrary, GFC-RT adds
additional load to the network such that the channel saturates
at a lower vehicle density than GFC. However, we still expect
that GFC-RT may be useful under worse channel conditions
where GFC does not achieve a NCR of 100%, such as
in urban settings with buildings or obstacles blocking the
propagation. The extension GFC-SECT, which restricts the
number of forwarders to those outside the sectorial contention
area, shows a good performance in high traffic densities, with
the lowest end-to-end delay and a comparably high reliability.
The combination of both GFC extensions (ADVANCED )
achieves an intermediate performance between GFC-RT and
GFC-SECT, as it could be expected.

F. Suggested Algorithm Improvements

Based on our performance study, we derive the following
possible improvements for the standardized GeoBroadcast for-
warding algorithms:

Forwarding range. The greedy forwarding algorithm used
in GFC and its extensions selects the neighbor with the
maximum progress towards the destination as the next hop.



This node is usually located at the edge, i.e. the “gray zone”,
of the communication range [14], which has a poor link quality.
This implies that unicast transmissions to these nodes will
likely fail and require MAC retransmissions. If the greedy
forwarding algorithm would select only those neighbors with
a minimum link quality, the number of MAC retransmissions
required would be much lower, leading to a lower channel
load and effectively contributing to a shorter E2ED and
higher NCR. This can be most simply achieved by defining a
maximum forwarding range as an upper limit for the distance
at which the selected next hop may be located.

CBF timer. In scenarios with a high channel load, the
E2ED is dominated by the MAC queuing delay instead of
the CBF timer delays. In this case, the CBF overhearing
mechanism does not work anymore and the performance of
CBF approaches that of Simple GeoBroadcast. If the CBF
timeout value took into account the lower layer processing, in
particular the MAC queuing delay, we expect that the DTO of
CBF at high vehicle density would decrease as more vehicles
suppress their own retransmissions by correctly overhearing
other vehicles’ transmissions.

MAC layer retransmissions. When a source sends a
unicast packet with GFC to the selected best hop and the
transmission fails, the source attempts to retransmit the MAC
frame up to a predefined number of times. These MAC layer
retransmissions compete with the network-layer retransmis-
sions triggered by CBF ; when nodes in CBF mode overhear
the MAC layer retransmissions from the source, they interpret
them as re-broadcasts from other nodes and incorrectly refrain
from retransmitting. As opposed to this, it might be more
suitable to enable multi-path transmissions by letting other
vehicles to retransmit instead to enforce a transmission over a
lossy link. This could be achieved by reducing the maximum
number or even disabling the MAC layer retransmissions.

While the first proposal to define a forwarding range can
be directly applied to the ‘advanced forwarding’ algorithm
in EN 302 636-4-1, the CBF timer modification requires
knowledge of the expected layer-2 processing delay. A pos-
sible implementation could use cross-layer information of the
estimated delay from the layer-2 queuing functionality. The
last proposal implies a slight modification of the IEEE 802.11p
MAC protocol to allow a more flexible control of the maximum
number of retransmission attempts. Finally, we note that all
three proposals suggest improvements for the CBF principle
and therefore also apply to GFC and its variations.

V. CONCLUSION

This paper evaluated the GeoNetworking protocol as stan-
dardized by ETSI in its Release 1 for cooperative ITS and com-
pared the GeoBroadcast forwarding algorithms, namely, Sim-
ple GeoBroadcast (S ), contention-based forwarding (CBF ),
contention-based forwarding with greedy forwarding (GFC )
with its extensions sectorial contention area (GFC-SECT ), re-
transmission threshold (GFC-RT ), and finally the combination
of both GFC extensions (ADVANCED ). Performance metrics
and a highway simulation scenario were defined to quantify
the reliability, latency and traffic overhead of the forwarding
schemes. While S disqualifies due to its very high overhead
and resulting high latency and low reliability, CBF outper-
forms GFC over a wide range of vehicle densities. The GFC

extensions provide little benefit in the considered scenario, but
they may be beneficial in urban scenarios with worse wireless
links. Based on the performed evaluation, improvements to the
GeoNetworking standard algorithms are proposed.
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