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CoMP-Based Dynamic Handover for Vehicular VLC Networks

M. Selim Demir*“, Hossien B. Eldeeb

Abstract— Visible light communication (VLC) has emerged as
a potential wireless connectivity solution for infrastructure-to-
vehicle networks where street lights can be configured to serve
as access points. In this letter, we propose dynamic soft handover
algorithm based on coordinated multipoint (CoMP) transmission.
The proposed algorithm takes the rate of change in the received
power as an input and accordingly revises the handover margin
and time-to-trigger value without explicit information of the vehi-
cle velocity. Our simulation results demonstrate that the proposed
algorithm outperforms conventional CoMP and hard handover
and maintains a stable signal quality regardless of vehicle velocity.

Index Terms— Visible light

vehicular network, CoMP.

communications, handover,

I. INTRODUCTION

EHICULAR networking is an essential component of

intelligent transportation systems (ITS) and builds on
the reliable and scalable implementation of vehicle-to-vehicle
(V2V), vehicle-to-infrastructure (V2I) and infrastructure-to-
vehicle (I2V) links [1], [2]. The current research activities
and standardization efforts on vehicular networking mainly
focus on radio frequency (RF) technologies [3], [4]. However,
limited RF bands can quickly suffer from high interference
levels when hundreds of vehicles located in the same vicinity
try to communicate simultaneously. In such user-dense envi-
ronments, channel congestion might result in longer delays
and lower packet rates. To address such issues, visible light
communication (VLC) has been proposed as an alternative
means for vehicular connectivity [5]-[7].

VLC is based on the principle of modulating the intensity of
light emitting diodes (LEDs) without impact on illumination
levels or human eye. In the context of vehicular networking,
automotive headlight, street and traffic lamps can be poten-
tially used as VLC transmitters. In particular, uniformly placed
highway street lights provide the required infrastructure for the
implementation of 12V communication network where each
of VLC-enabled street lights can be configured to serve as an
access point (AP).

A critical issue in such a I2V network is the design
of handover process required for efficient mobility manage-
ment particularly given the relatively small coverage area
of each light. Vertical and horizontal handover were studied
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extensively in indoor VLC networks see e.g., [8]-[13] and
references therein. Handover schemes proposed for indoor
mobile VLC scenarios (i.e., optimized for pedestrian speeds)
might be perhaps applicable for outdoor VLC systems if the
vehicle velocity is sufficiently small. However, in general,
the fast movement will seriously degrade the performance
of such a system and make the system non-functional. This
prompted researchers to investigate custom-design handover
solutions for vehicular VLC networks [14]-[17].

The need for efficient handover in vehicular VLC networks
was emphasized in [14], [15] without explicit details on the
type of handover techniques. In [16], Dang and Yoo considered
a I2V network where a number of consecutive street lights
are grouped as a cell. Under the assumption of an on-board
camera used as a receiver, they proposed an inter-cell handover
technique. The handover is based on the estimated distance
between the vehicle and each group of street lights and
the required distance estimation is obtained through image
processing techniques. In [17], N. Zhu et.al. considered a
vehicular scenario where individual street lights serve as APs.
They assumed both cases of overlapping and non-overlapping
coverages and calculated received signal powers based on the
Lambertian source model. Based on received signal strengths,
they proposed a soft handover algorithm as a function of signal
detection threshold and signal drop threshold. This handover
scheme relies on the knowledge about the vehicle velocity
and its implementation requires the estimation and feedback
of velocity information.

In this letter, we propose dynamic soft handover algo-
rithm based on coordinated multipoint (CoMP) transmission.
CoMP transmission has been well investigated in the wire-
less communication literature and already standardized in the
LTE-A [18]. The vehicle is mainly served by an AP from
which it gets the strongest signal, but in the case of CoMP,
the vehicle is jointly served by two coordinating APs. Based
on the rate of change in the received powers (related to the
vehicle velocity), the proposed handover algorithm dynami-
cally revises the handover margin and time-to-trigger value
in handover decision. In our algorithm, the handover margin
typically increases while time-to-trigger value decreases for
high-speed vehicles. This enables CoMP transmission to start
early and maintain better signal quality. On the other hand,
for low-speed vehicles, the handover margin is automatically
set low and time-to-trigger value increases. This prevents the
occurrence of ping-pong handovers' and avoids unnecessary
start of CoMP transmission in order to conserve the system
resources. We evaluate the performance of proposed handover
algorithm using realistic site-specific channel models devel-
oped through non-sequential ray tracing in OpticStudio® and

IPing-pong handovers occur when the user is handed over from one cell
to another but is quickly handed back to the original cell. This causes
unnecessary signaling overhead and is an indication of incorrect handover
parameter settings.
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Fig. 1. (a) VLC-based 12V network (b) View from roadside.

demonstrate significant performance gains over conventional
handover techniques.

The remainder of this letter is organized as follows.
In Section II, we describe our system model. In Section III,
we present the proposed dynamic handover algorithm.
In Section IV, we present simulation results to demonstrate
the performance of proposed algorithm. Finally, we conclude
in Section V.

II. SYSTEM MODEL

As illustrated in Fig. 1.a, we consider a vehicular VLC
network with multiple APs in the form of street light poles.
The poles are uniformly arranged and separated from each
other with a spacing of L. The centralized controller (CU) and
APs are connected with wired connections and the CU acts as
a gateway to Internet. As illustrated in Fig. 1.b, we assume a
two-lane highway road with a lane width of W;. Each of light
poles has a height of h, boom length (distance between the
center of the pole and the luminaire) of B;, and boom angle
of . We assume that the receiver (vehicle) is located at a dis-
tance of dj (with respect to the road center) and travels with a
velocity of v. It is equipped with a single photodetector located
at the top of the car. It is possible that there might be other
vehicles nearby, for example, a truck as illustrated in Fig. 1.a.

The physical layer of downlink builds upon direct cur-
rent biased optical orthogonal frequency division multiplexing
(DCO-OFDM). At the transmitter, the input bit stream is
mapped into complex symbols, i.e., S1 S2 S(K/2)—1
where K is the number of subcarriers. Hermitian symmetry is
imposed on the data vector to ensure that the output of inverse
discrete Fourier transform (IDFT) block is real. Therefore,
the resulting data vector for the i'* AP has the form of
X; = [0s1 82 S(/2)-1 0+ S{g /)y - shs7].
Let XZ-’C denote the k'™ element of X;. Furthermore, let P.
and p respectively denote the electrical power and electrical-
to-optical conversion ratio. After K-point IDFT operation,
the transmitted waveform from the i*" AP is written as [19]

K-1
1 S 27k
i)=Y =Xt Bl tape t=0,1, K—1 ()
k=0 K

where xpc = pv/ P, is the DC bias. The average optical power
is therefore given by P,y = E[x;(t)] = 2 pc. It is also possible

IEEE COMMUNICATIONS LETTERS

to write the relationship between electrical power and optical
power as P, = Py, /p* [19].

At the destination vehicle, the light intensity is detected
by a photodetector. Let H;(t), i = 1,...,Nap, denote the
DC channel gain from ‘" AP to the vehicle. The received
signal can be expressed as [19]

y(t)=Ry/P.Y Hi(t)zi(t)+Ry/Pe Y Hj(t)a; (1) +o(t) (2)
€S jel
where R is the photodetector responsivity. In the case of
CoMP, the user is jointly served by coordinating APs that
transmit the same information. Therefore, the set of .S includes
two APs, otherwise it is limited to a single serving AP.
T denotes the set of interfering APs. In (2), v(t) is the additive
white Gaussian noise (AWGN) term with zero mean and vari-
ance of 02 = Ny B. Here, Nj is the noise power spectral den-
sity (PSD) and B is the modulation bandwidth. Based on (2),
the SINR at destination vehicle can be expressed as [20]
Y. Pi(t)

€S

Z Pj (t) + 0'2

jel

Y(t) 3)

where P;(t) = R?P.HZ(t) is the received electrical power
from the i*" AP.

III. CoOMP BASED DYNAMIC HANDOVER

Based on the received power strengths, the CU decides
which APs should serve the vehicle. If there is a sufficiently
strong AP signal, the vehicle is served by that specific AP.
In transition regions between two cells, the vehicle is jointly
served by two coordinating APs as a result of CoMP trans-
mission. Based on the rate of change in the received powers,
the proposed handover algorithm dynamically revises the
handover margin (HOM) and time-to-trigger value (T17T)
in handover decision.

Selection of HOM and TTT values are critical for
vehicular networks. 77"T" value should be low for high-speed
vehicles because when a rapidly moving vehicle approaches
the cell edge, the received signal from the serving AP
drops rapidly and handover should be triggered immediately.
On the other hand, for low-speed vehicles, TTT value
should be sufficiently high in order to prevent ping-pong
effect. High-speed vehicles experience short dwell time that
might cause connection losses due to the high handover
rate. In order to improve the connectivity reliability, HOM
value for high-speed vehicles should be set high compared
to low-speed vehicles with relatively long cell dwell times.
Unlike conventional CoMP where fixed values of HOM
and TT'T are assumed, our proposed algorithm dynamically
changes these threshold parameters.

The pseudo-code of the proposed handover algorithm is
provided in Algorithm 1. Let P.(¢) and P(t) denote the
received power from the candidate AP and the serving AP
at time ¢, respectively. Furthermore, let P (¢t — At) represent
the received power from the serving AP at time ¢ — At. The
rate of the change in the received power is expressed as AP =
[Ps(t) — Ps(t — At)]/At . Based on the value of AP, HOM
and TT'T are respectively calculated as HOM = aAP and
TTT = \/AP, where « and \ are some constant coefficients.
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Algorithm 1 Proposed Handover Algorithm
1: Inputs:
a, A\, At

2: Outputs:

handover and CoMP decision
3: for each At do
4: calculate rate of the change in received power
5: AP = [Ps(t) — Ps(t — At)] /At
6: calculate HOM = aAP and TTT = A\/AP
7.
8

for each time slot do
take measurements of P () and Pe(t)

9: if P.(t) > Ps(t) + HOM then

10: if handover_timer > TTT then
11: make handover

12: reset handover_timer, CoM P_timer
13: else

14: if CoM P_timer > TTT then
15: start CoMP

16: else

17: increment handover_timer
18: increment CoM P_timer

19: else

20: if Pe(t) + HOM > P4(t) then

21: if CoM P_timer > TTT then
22: start CoMP

23: else

24: increment CoM P_timer

When a vehicle moves away from the serving AP, the received
power of the serving AP decreases and the received power
from the candidate AP increases. When the vehicle enters the
region of the candidate AP and the condition P, (¢t)+HOM >
P,(t) is satisfied for a certain time, CoMP transmission
starts and the vehicle is jointly served by both serving and
candidate APs. In CoMP phase, both APs transmit the same
information and the received signals are combined at the
receiver. Handover to the candidate AP is triggered when the
P.(t) > Ps(t)+HOM is satisfied for a duration of TTT. The
vehicle terminates its connection with the previous serving AP
and continues getting service from the candidate AP. There-
fore, candidate AP becomes the new serving AP and serves
the vehicle alone until the new handover decision is taken.
A critical issue in the practical implementation is the choice
of values of o and A\. TTT is a monotonically increasing
function of \ and a lower value of A\ is preferred which
expedites the start of handover and CoMP transmission, but
the value of A should be greater than O to prevent ping-
pong handovers. On the other hand, HOM is a monotonically
increasing function of «. The choice of too small o would
disable the CoMP transmission while a large choice of «
would trigger unnecessary CoMP transmissions. As a rule of
thumb, o and \ values should be selected such that SINR
remains almost constant regardless of the vehicle speed.

IV. SIMULATION RESULTS

In our simulations, we consider a two-lane road where
the poles in the same lane are separated with a spacing of
L = 20 m, and each of them has a height of h = 7 m.
We consider two main use cases: Scenario A) The car travels
in the right lane without any neighbor vehicles, Scenario B)
The car travels in the right lane and precedes a loaded
truck with a height of 7}, = 4.2 m. The distance between

TABLE I
SIMULATION PARAMETERS

Brand Vestel Ephesus M3S 90
Transmitter | Optical power 1w
Power ratio (n) 3
Area 150 mm?
Receiver FOV 180°
Responsivity (R) 1 (A/W)
Lane width (W;) 375 m
Road Road width (W) | 105 m
Car Dimensions 467m x 1.85m x 1.37 m
Material Black gloss paint
Truck Dimensions 54mx 1.8 m X 42 m
Material Black gloss paint
Material Galvanized steel metal
Spacing (L) 20 m
Poles Height (h) 7m
Boom Length (B;) 1m
Boom Angle (0) 10°
Noise Noise density (Ng) | 1 x 10~20 (A%Z/Hz)
Bandwidth (B) 20 MHz

Fig. 2. Radiation pattern of street light under consideration; The green
curve indicates the horizontal radiation pattern while blue curve represents
the vertical one.

two vehicles is given by T, = 4 m. The second scenario is
particularly useful to analyze the effect of potential blockage.
The car is equipped with a single photodetector located at
the top of the car (See Fig. 1b). It has an aperture area
of 10 mm x 15 mm and field-of-view (FOV) angle of 180°.2
All simulation parameters are provided in Table I.

For channel modeling, we use the non-sequential ray tracing
approach in [21]. We consider a commercial streetlamp with
an asymmetrical radiation pattern as shown in Fig. 2 [22].
This pattern features a narrow vertical beam angle combined
with a wide horizontal beam one. The benefit of the horizontal
wide beam angle is to spread the light to longer distances
along the road while the vertical narrow beam is required
in order to focus the light to the road surfaces only. The
LED radiation pattern is integrated into the three dimensional
simulation environment constructed in OpticStudio® software.
Channel impulse responses (CIRs) between each street light
and destination vehicle are obtained based on non-sequential
ray tracing features of this software at each 1 meter over
the traveling distance between two poles. Based on earlier
discussions in Section III, constant coefficients «« and \ are
set as 200 and 0.1, respectively.

In Fig. 3, we consider Scenario A (i.e., no blockage case)
and assume that the car travels in the middle of the right
lane (i.e., d,, = 2 m). We present the average HOM and

2A lower value of FOV will reduce the ambient noise. However, in an
interference-limited case, this reduction will be negligible. Therefore, we pre-
ferred a wide FOV angle to maximize the reception angle in mobile conditions
under consideration.
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Fig. 3. HOM and T'T'T versus velocity.

TTT values as a function of the vehicle speed to better high-
light the necessity of dynamically revising these parameters
which is the main feature of the proposed algorithm. It is
observed that T'T'T decreases with velocity. Since, the received
signal drops rapidly for high-speed vehicles when they move
away from the source, AP handover is initiated more rapidly
for them in comparison to slower vehicles. On the other
hand, HOM increases with speed. For high-speed vehicles,
CoMP transmission starts earlier and continues longer. This
makes system more reliable to sudden connection drops due to
high velocity. Consequently, there is a combination of proper
HOM and TTT values that needs to be selected for each
speed of the vehicle.

In Fig. 4, we present the performance of proposed handover
algorithm for Scenario A. We assume that the vehicle travels
at the center of lane with the speed of 18 m/s (64.8 km/hr).
As benchmarks, we consider four schemes: 1) Hard handover
as specified in 3GPP document [23], 2) Best Connection
(BC) algorithm [24] where the vehicle is always connected to
the AP providing the received signal with the highest power,
3) Conventional CoMP handover where the user can be jointly
served by two coordinating APs, 4) CoMP-Joint Processing
(CoMP-JP) handover [25] which uses the average power of
the received signals from the coordinated APs instead of the
power of the received signal from the source AP (allowing the
postponement of the handover if necessary).

In hard handover, handover margin is set as HOM = 1 dB
while time-to-trigger is set as 777 = 160 ms in order to
prevent ping-pong handovers [13]. In conventional CoMP,
fixed parameters of HOM = 3 dB value and 77T = 80 ms
value are assumed.® The same values are also employed
in CoMP-JP.* In BC algorithm, in order to connect to the AP
providing the received signal with highest power, HOM =
0 dB and TTT = 0 ms are chosen as default. In the
proposed algorithm, it can be readily checked from Fig. 3
that HOM and TTT values should be chosen respectively as
HOM = 5.90dB and TTT = 3.85 ms for the speed of 18 m/s
under consideration.

3Fixed values of HOM and TTT are used in conventional CoMP algo-
rithm. Therefore, it is important to choose values which will provide a decent
performance independent of the vehicle speed. In order to determine proper
values, we simulated the performance of conventional CoMP for different
HOM and TTT values assuming vehicle speeds of 9 m/s, 18 m/s and
27 m/s. Based on these extensive simulations, we selected HOM = 3 dB
and T'T'T" = 80 ms which maintain a relatively stable SINR and fit better for
all speeds.

4t is reported in [25] that CoMP-JP provides a superior performance for
2dB < HOM < 4 dB.
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Fig. 4. Performance comparison of proposed handover algorithm with
different techniques. Vehicle travels at the center of the lane with a speed
of 18 m/s.
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Fig. 5. SINR versus distance for proposed handover technique with different
vehicle speeds.

It is observed from Fig. 4 that hard handover, conventional
CoMP, CoMP-JP and BC algorithms have severe fluctua-
tions in SINR. In hard handover, SINR drops as low as
—12.1 dB while lowest values experienced in conventional
CoMP, CoMP-JP and BC handover schemes are significantly
larger. CoMP-JP algorithm has similar performance to con-
ventional CoMP, but at cell edges it triggers unnecessary
CoMP transmission and causes unnecessary usage of system
resources. On the other hand, as a result of the proper selection
of HOM and T'T'T values, the proposed handover technique
maintains a more stable SINR and outperforms its counter-
parts. The lowest SINR value is obtained as 4.23 dB which
is much higher than those in benchmarking schemes and
therefore enables a better signal quality.

In Fig. 5, we investigate the effect of vehicle speed on
the performance of proposed handover algorithm assum-
ing Scenario A. We consider three different speeds: 9 m/s
(32.4 km/hr), 18 m/s (64.8 km/hr) and 27 m/s (97.2 km/hr).
It is assumed that the vehicle travels at the center of lane.
HOM and TTT values are selected as { HOM = 2.80,
TTT = 15.28} for 9 m/s, {HOM = 5.90, TTT = 3.85}
for 18 m/s, {HOM = 7.89, TTT = 3.60} for 27 m/s. It is
observed that the proposed algorithm is able to maintain a
stable SINR performance regardless of the vehicle speed. The
average SINR values for 9 m/s, 18 m/s and 27 m/s can be
calculated respectively as 6.63 dB, 6.63 dB and 6.99 dB.
Similarly, the lowest SINR value experienced for different
speeds remains around 4.25 dB. These results demonstrate
the performance stability of proposed algorithm for different
speeds.

In Fig. 6, we investigate the effect of blockage on the
proposed handover algorithm. The blue plot is obtained for
Scenario A (i.e., no blockage) while the orange plot is obtained
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—6— Scenario A
—%— Scenario B

SINR (dB)

0 2 4 6 8 10 12 14 16 18 20
Distance (m)
Fig. 6.  Effect of blockage on the performance of proposed handover
algorithm.

for Scenario B (i.e., with blockage). It is observed that
blockage introduces some degradation around d = 10 m which
corresponds to midway between two APs. Because at the cell
edge, the vehicle is jointly served by S1 and S3 and, since
the received power from S3 in Scenario B is lower than that
received in Scenario A due to blockage, some degradation in
SINR value is observed. Other than the cell edge, SINR values
for blockage and non-blockage scenarios remain nearly the
same in general. Interestingly, between 6 m < d < 10 m and
10 m < d < 14 m, SINR values in blockage case are even
slightly higher than those in non-blockage case. For 6 m< d <
10 m, the car is served by S1 located behind the truck and
the blockage reduces the interfering signal that comes from
S3. Therefore, the blockage becomes beneficial in this case
since it partially obstructs the interfering signal. Similarly, for
10 m < d < 14 m, the car is served by S3 while the
received power from S4 (interfering signal) is reduced due
to the blockage effect.

V. CONCLUSION

In this letter, we have proposed a CoMP based dynamic han-
dover algorithm for vehicular VLC networks. Unlike the con-
ventional CoMP, the proposed algorithm dynamically revises
the HOM and TT'T values based on the rate of change in the
received power. Our simulation results show that 771" should
take small values for high-speed vehicles while it increases
for low-speed vehicles in order to prevent ping-pong effect.
On the contrary, HOM should take high values for high-
speed vehicles while it should decrease for low-speed vehicles
with relatively long cell dwell times. With proper selection of
HOM and TTT values, our proposed algorithm outperforms
the conventional CoMP and hard handover and maintains
higher and more stable SINR performance. Our simulation
results further reveal that the proposed algorithm provides a
stable performance even in the presence of nearby vehicles
which can result in partial blockage of the received signal.
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