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Fig. 8 ETSI TC ITS IPv6 address configuration

decreases with the number of traversed wireless hops in the
VANET.

4 Analytical Characterization of the ETSI SLAAC’s
Performance

The main purpose of an IP address auto-configuration pro-
tocol is to provide each node with a valid IP address as soon
as possible. In the followings we derive an analytical ex-
pression of the time required by the ETSI SLAAC solution
to configure an address.

The address configuration time (Tconf ) is the time elapsed
since a vehicle enters a new geographical area (therefore
loosing the connectivity to the old RSU) till the moment in
which it can start using the newly configured global IPv6
address. This time depends on several factors, such as the
shape and size of the areas, the configuration of the RSUs
and ARs, etc. We consider that the time between two con-
secutive RAs sent by an RSU (or an AR in case the RSU
is working in bridge mode) follows a uniform distribution
between a minimum value (MinRtrAdvInterval) and a max-
imum value (MaxRtrAdvInterval), which we refer to asRm

andRM respectively [20].
We use the following additional terminology. LetDRSU

be the distance between two adjacent RSUs,R the wire-
less communication range,β the vehicular density, andv
the speed of the vehicles11.

In order to obtain a mathematical expression forTconf ,
we first calculate the mean length of a chain of vehicles.
Based on that, we are able to find out which is – on average
– the length of the gap between the multi-hop chain of ve-
hicles from the unconfigured vehicle and the RSU wireless
coverage areāDgap (see Figure 8).

The average distance between two consecutive vehicles
can be calculated using Eq. (2), and it is given by:

eral, but of different technologies) for IP non-safety related communi-
cations.

11 We consider the speed of all vehicles fixed and constant for sim-
plicity of the model. Simulation results that we will present later show
that this simplification does not affect the validity of the conclusion of
our analysis.

D̄ =

∫

∞

−∞

d fte(d) dd =
1 + βR − eβR

β(1− eβR)
. (8)

The average length of a chain composed byi+1 vehicles
is:

L̄chain(i + 1) = iD̄. (9)

As already seen in Section 3, the probability of having
a connected chain composed exactly byi + 1 vehicles is
given by:(1−e−βR)i e−βR. From this, we can calculate the
average length of a multi-hop connected chain of vehicles:

L̄chain =

∫

∞

0

l fL(l)dl =

=
∞
∑

i=0

(1− e−βR)ie−βRL̄chain(i+ 1).

(10)

Therefore, the average gap length is given by:

D̄gap =
DRSU

2
−R− L̄chain. (11)

Let T unsol
RA be the time elapsed since a vehicle changes

area until the RSU sends the next unsolicited RA. The aver-
age value of this time is given by [21]:

T̄ unsol
RA =

R2

M +RMRm +R2

m

3(RM +Rm)
. (12)

Now we can calculate the average ETSI SLAAC ad-
dress configuration time (̄Tconf ), by simply considering the
two possible configuration situations:i) there is on aver-
age multi-hop connectivity between the unconfigured vehi-
cle and the RSU (i.e.,̄Dgap ≤ 0), and therefore vehicles
only need to waitT̄ unsol

RA for the next unsolicited RA sent
by the RSU;ii) there is on average no chain of connected
vehicles between the unconfigured node and the RSU:

T̄conf =

{

T̄ unsol
RA , D̄gap ≤ 0,

D̄gap

v
+ T̄ unsol

RA , D̄gap > 0.
(13)

In order to validate the accuracy of our model and assess
the performance of our solution, we performed the follow-
ing experiments. We evaluated the configuration timeT̄conf

under different traffic conditions and for different deploy-
ment configuration parameters. The traffic conditions are
defined by the vehicular density (β) and speed (v), while
the considered deployment configuration parameters are the
distance between RSUs (DRSU ), the radio wireless cover-
age of each node (R) and the average time between unso-
licited RAs (TRA). The same Matlab-based simulator that
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