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AUTOMOTIVE MIMO ANTENNA SYSTEM FOR 5G STANDARD AND BEYOND

The invention relates to an antenna system (1)

to be mounted on a vehicle, comprising:

- a chassis (10),

- a printed circuit board (20) fixed to the chassis and de-
fining a main plane (P1), and

Fig.2

- a dielectric carrier (30) that extends along a main axis
(A1) perpendicular or tilted relative to said main plane
and that has a side face fitted with several antennas elec-
trically connected to the printed circuit board.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to a telematics system,
and specifically to multiple input multiple output antennas
(also called MIMO antennas).

[0002] More broadly, the invention relates to an anten-
na system to be mounted on a vehicle.

[0003] It also applies to a vehicle fitted with such an
antenna system.

BACKGROUND INFORMATION AND PRIOR ART

[0004] Various types of antennas are used in the au-
tomotive industry to implement various applications (ra-
dio, navigation, telephony...).

[0005] Multiband antenna systems are also commonly
used in the automotive industry. Such an antenna system
includes a small number of antennas (typically three or
four antennas)to cover and operate at multiple frequency
ranges and/or for redundancy reasons.

[0006] An antenna system can be installed on the roof
surface of a vehicle to let the antennas have an unob-
structed view overhead. This antenna systemis generally
connected to one or more electronic devices (e.g., a cel-
lular phone) inside the passenger compartment of the
vehicle, such that the antenna system is operable for
transmitting and/or receiving signals to/from the electron-
ic device inside the vehicle.

[0007] The main problem of such an antenna system
is that its capacity (in terms of simultaneous communi-
cations) and its coverage (in terms of distance) remain
reduced. This problem becomes more and more signifi-
cantwith the developmentofthe needs of communication
between the vehicle and the outside, especially due to
the development of the 5G standard.

SUMMARY OF THE INVENTION

[0008] A purpose of the invention is to provide an an-
tenna system having a better capacity and coverage.
[0009] The above purpose is achieved according to
the invention by providing an antenna system to be
mounted on a vehicle, comprising:

- achassis,

- a printed circuit board fixed to the chassis and de-
fining a main plane, and

- a dielectric carrier that extends along a main axis
perpendicular or tilted relative to said main plane and
that has a side face fitted with several antennas elec-
trically connected to the printed circuit board.

[0010] Thanks to the invention, the antenna system
has an array of antennas disposed in such a manner that
its capacity and its coverage can be improved and the
interference reduced.
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[0011] The position of the antennas on the side face
of the dielectric carrier indeed enables a good propaga-
tion of electromagnetic waves in any direction around the
vehicle.

[0012] The antennas system can for instance be of the
Massive MIMO type, with more than twenty antennas.
[0013] A massive MIMO antennaindeed increases the
effectiveness of the transmission. Itis able to send out a
stronger radio signal, with a higher data throughput for
greater distances.

[0014] Beamforming is another key wireless technique
used by the invention, consisting in focusing a wireless
signal in a specific direction, rather than broadcasting to
a wide area.

[0015] When the massive MIMO antenna is used in a
spectrum of the 5G (for instance from 410MHz until
7125MHz), this solution can be used when the car is driv-
ing at low speed through the cities or is stationary.
[0016] Otheraspects of the invention are the following
ones:

- the dielectric carrier is hollow and has an outer side
face that is fitted with said several antennas and an
inner side face at least partially coated with a con-
ductive layer;

- the conductive layer is electrically connected to a
ground terminal of the printed circuit board;

- the dielectric carrier is directly fixed onto the printed
circuit board by means of its conductive layer;

- the dielectric carrier has an essentially rotationally
symmetrical shape;

- the dielectric carrier has a cylindrical shape;

- the dielectric carrier has a conical shape, with a top
angle preferably lying from 4 degrees to 30 degrees;

- said antennas are regularly distributed all around the
dielectric carrier;

- at least one of said antennas has a size different
from the size of another one of said antennas;

- first antennas of same size are regularly distributed
all around the dielectric carrier, at a first height rela-
tive to said printed circuit board;

- second antennas of same size are regularly distrib-
uted all around the dielectric carrier, at a second
height relative to said printed circuit board distinct
from said first height, the size of said first antennas
being different from the size of said second anten-
nas;

- theantennasystem comprises a finishing cover, said
finishing cover and said chassis encasing the die-
lectric carrier;

- the finishing cover has a shark-fin shape;

- the antenna system comprises another antenna
fixed to the printed circuit board, at a distance from
said dielectric carrier.

[0017] The invention also relates to a vehicle compris-
ing aroof and an antenna system as defined above, fixed
to the roof so that said dielectric carrier extends at least
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partially above the roof.

[0018] Preferably, said chassis extends between said
roof and said printed circuit board, above or below said
roof.

DETAILED DESCRIPTION OF EXAMPLES

[0019] The following description with reference to the
accompanying drawings, given by way of non-limiting ex-
amples makes it clear what the invention consists in and
how it can be reduced to practice.

[0020] In the accompanying drawings:

- Figure 1 is a schematic view in perspective of a ve-
hicle comprising an antenna system according to the
invention;

- Figure 2 is a schematic view in perspective of a part
of an antenna system according to a first embodi-
ment of the invention;

- Figure 3 is a schematic cross-sectional view of the
entire antenna system of Figure 2;

- Figure 4 is a schematic cross-sectional view in per-
spective of a part of an antenna system according
to a second embodiment of the invention;

- Figure 5 is a schematic cross-sectional view of the
carrier of the antenna system of Figure 4;

- Figure 6isaschematic side view of a truncated cone;
and

- Figure 7 is a graphic illustrating the variation of a
best bottom angle of the truncated cone of Figure 6
as afunction of a distance between the antenna sys-
tem and a base station.

[0021] Figure 1 represents a vehicle 100 having a roof
101 fitted with an antenna system 1. This vehicle can be
of any type: car, truck, motorcycle, etc.

[0022] Inthe description, the terms "upper" and "lower"
(and their derivations) are used relative to this vehicle,
the latter being considered as running on a horizontal
road. Thus, the upper of an element designates the side
of the element that faces the sky, and the lower desig-
nates the opposite side.

[0023] The antenna system 1 canbe used for ensuring
a wireless communication between the vehicle equip-
ment (or the vehicle passengers equipment) and the out-
side world, in terms of satellite navigation, satellite radio,
car access, telephony, etc.

[0024] This antenna system 1 comprises an antenna
module and a telematics control unit suitable to process
the signal received from the antenna module and/or to
send a signal to this antennas module so as to transmit
this signal in a specific direction. This telematics control
unit is connected to the vehicle equipment to send it the
processed received signals.

[0025] A first embodiment of the antenna system 1 is
shown in Figures 2 and 3, and a second embodiment of
this system is shown in Figures 4 and 5.

[0026] In both represented embodiments, the antenna
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system 1 is particularly designed for ensuring communi-
cations with a 5G base station, according to the 5G stand-
ard.

[0027] Consequently, the minimum requirements of
the antenna system 1 are:

- for peak data rate: a downlink of 20 Gbit/s and an
uplink of 10 Gbit/s,

- for peak spectral efficiencies: a downlink of 30
bit/s/Hz and an uplink of 15 bit/s/Hz,

- a user plane latency (for a single user and small
packets): 4 ms forenhanced Mobile Broadband (eM-
BB) and 1 ms for Ultra-Reliable Low-Latency Com-
munication (URLLC),

- acontrol plane latency lying between 10 and 20ms,
and

- a maximum aggregated system bandwidth: at least
100 MHz, up to 60GHz in higher frequency bands.

[0028] Here, two frequency bands can be used: First
there is the Frequency Range number 1 (FR1) from 410
MHz to 7125 MHz. The other and preferred Frequency
Range number 2 (FR2) includes frequency bands from
24.25 GHz to 52.6 GHz.

[0029] To this end, according to the invention, the an-
tenna system 1 includes a chassis 10; 110, a printed
circuit board 20; 120 fixed to the chassis 10; 110, a die-
lectric carrier 30; 130 carrying several antennas 41, 42,
43, and a finishing cover 60 that protects at least these
antennas.

[0030] The chassis 10; 110 is designed to be fixed on
the vehicle. In a variant, it could include or be formed by
the roof of the vehicle.

[0031] In both embodiments, the chassis 10; 110is a
dielectric support for the printed circuit board 20; 120.
[0032] In the first embodiment shown in Figures 2 and
3, it comprises a molded piece of plastic comprising a
plate that that is essentially flat and that is shaped so as
to be fixed horizontally, above the roof 101 of the vehicle
100.

[0033] This chassis 10; 110 comprises fixing means
for its fixation to the roof.

[0034] AsshowninFig.2, these fixing means comprise
at least one hole 11 enabling the screwing of the chassis
on the roof.

[0035] This chassis 10; 110 also comprises fastening
means for fastening the printed circuit board 20; 120.
[0036] Here, these fastening means comprise ribs 12
that extend on the upper face of the plate of the chassis
10, the top faces of the ribs 12 all extending in a same
plane sothat the printed circuitboard 20 can restonthese
top faces.

[0037] The fastening means also include snap-fasten-
ing teeth suitable to hook the upper face of the printed
circuit board 20 in order to block it on the ribs 12.
[0038] Thanks to the ribs 12, when the printed circuit
board 20 rests on the chassis 10, these two components
delimit between them a space that houses some of the
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electronic components of the printed circuit board 20.
[0039] In the second embodiment shown in Figures 4
and 5, the chassis 110 comprises a molded piece of plas-
tic comprising a plate that is essentially flat and that is
shaped so as to be fixed horizontally, under the roof 101
of the vehicle 100.

[0040] Here again, this chassis 110 comprises at least
one hole 11 enabling its screwing to the roof. He also
includes snap-fastening teeth suitable to hook the lower
face of the printed circuit board 120.

[0041] In both embodiments, the printed circuit board
20; 120 includes a dielectric plate onto which bands of
copper (or other conductive material) are situated, and
electronic components soldered onto the dielectric plate
to both electrically connect and mechanically fasten them
to it.

[0042] This printed circuit board 20; 120 carries the
telematics control unit. In a variant, this unit can be carried
by another printed circuit board situated in another place
into the vehicle.

[0043] The printed circuit board 20; 120 defines a main
plane P1. This main plane P1 is here the median plane
of the dielectric plate (see Figure 2).

[0044] The dielectric carrier 30; 130, that carries the
antennas, is made of a dielectric material such as a mold-
ed plastic.

[0045] This dielectric carrier 30; 130 is hollow and lon-
gitudinally extends along a main axis A1 perpendicular
or tilted relative to the main plane P1, with an angle great-
er than 45 degrees. Here, the main axis A1 is perpendic-
ular to the main plane P1.

[0046] Preferably, the main axis A1 extends vertically
when the vehicle is situated onto a horizontal road. Be-
cause of the roof curvature, if the main plane P1 is not
horizontal, it can be necessary to tilt the main axis A1
relative to the main plane P1.

[0047] The dielectric carrier 30; 130 exhibits approxi-
mately a symmetry of revolution about the main axis A1.
[0048] As shown in Figures 2 and 3, it comprises a
cylindrical shaped wall.

[0049] In the embodiment of Figures 4 and 5, the die-
lectric carrier 130 comprises a wall having a conical
shaped upper part, more specifically a frustoconical
shaped upper part 135. This second embodiment is pre-
ferred because, as it will be explained hereinafterin more
details, it improves the communication with a high base
station.

[0050] The dielectric carrier 30; 130 rests by its bottom
end on the printed circuit board 20; 120. Its upper end is
free and opens toward the outside.

[0051] The inner side face 31 of the wall is partially or,
preferably, entirely coated with a conductive layer 50.
This layer is made of a conductive material, here a me-
tallic material.

[0052] This conductive layer 50 is electrically connect-
ed to the ground terminal of the printed circuit board 20;
102. Consequently, this layer can play the role of an an-
tenna reflector and of feeding ground lines for the anten-

10

15

20

25

30

35

40

45

50

55

nas.
[0053] This electrical connection between the conduc-
tive layer 50 and the printed circuit board 20; 120 forms
a mechanical connection that fixes the dielectric carrier
30; 130 to the printed circuit board 20; 120.

[0054] As shown in Fig.3, in the first embodiment, the
cylindrical wall thickness of the carrier 30 is constant. As
shown in Fig.5, in the second embodiment, a lower part
136 and an upper part 135 of the wall have constant
thicknesses, these thicknesses being distinct. This thick-
nesses difference creates, on the outer side face 131 of
this wall, a peripheral ring 133 (see Figure 5) facing down-
ward. On the contrary, the inner face of this wall is con-
tinuous. Consequently, this innerface and the outerfaces
of the lower part and of the upper part of the external face
of the dielectric carrier 130 are all frustoconical.

[0055] In both embodiments, the lower part 136 of the
carrier 30; 130 has the roles of mechanical fixation and
of making the electric connection between the printed
circuit board 20; 120 and the antennas. The upper part
135 has the role of carrying the antennas 41, 42, 43.
[0056] The carrier diameter, height and thickness are
dictated by the implementation and the requirements of
the antenna system 1. But for example, the external di-
ameter can be of 28 mm, the height of 50 mm and the
thickness of 3 mm.

[0057] In the first embodiment, the propagation axis of
each antenna (that is, in the illustrated embodiments, the
axis that is orthogonal to the mean plane of the antenna
and that passes through the geometric center of this an-
tenna) extends radially relative to the main axis A1 and
horizontally. Consequently, each antenna principally ra-
diates into a horizontal direction, towards the outside.
[0058] Inthe second embodiment, the propagation ax-
is of each antenna is tilted relative to the horizontal. Con-
sequently, each antenna principally radiates into a tilted
direction: towards the outside and upward. This is the
preferred solution when the antenna system 1 is de-
signed to communicate with 5G base stations having
great heights.

[0059] The top angle a of this truncated cone is lower
than 45 degrees. Preferably, this top angle o lies from 4
degrees to 30 degrees. This top angle is defined as the
aperture of the truncated cone (or as the maximum angle
between two generatrix lines of this cone).

[0060] As shown on Figure 6, considering a bottom
angle B of the truncated cone, it can be written:

a=2. (90°B)

[0061] Thesetopangle o and bottom angle f influence
the direction in which each antenna principally radiates.
[0062] Ina calculation assumption of havinga 5G base
station of 30m height and an antenna system 1 situated
at 1.5m height, the bottom angle f varies from 75° (for a
distance between the 5G base station and the antenna
system 1 of 100m) to 88° (for a distance greater than
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500m). Figure 7 illustrates the variation of the bottom
angle B for each distance between the 5G base station
and the antenna system 1.

[0063] A good compromise is obtained for a bottom
angle B of 87°, that is a top angle o of 6°.

[0064] The vehicular antenna assembly 100 is de-
signed to be operable as a massive multiband multiple
input multiple output (MIMO) vehicular antenna having a
beamforming solution.

[0065] To this end, the number of antennas 41, 42, 43
is greater than twenty. It is for instance comprised be-
tween 30 and 100.

[0066] This massive MIMO antenna array has a large
number of steerable ports enabling beamforming, which
means that radio signals and information can be sent
directly to another device (for instance the 5G base sta-
tion) instead of broadcasting everywhere. This has the
added benefit of also reducing radio interference across
the cell, resulting in a more enjoyable user experience.
[0067] The exact number of used antennas depends
on the operating frequency of the antenna system 1 be-
cause the signalwavelength plays arole in the separation
distance required between the antennas carried by the
carrier. In this respect, the conductive layer 50 improves
the electrical separation and the overall envelope corre-
lation coefficient (ECC). In other words, the represented
dielectric carriers 30; 130 can carry a greater number of
antennas than a dielectric carrier lacking conductive layer
50.

[0068] The antennas carried by the carrier 30; 130 can
be of various types. Here, they are all of the same type.
[0069] The type of the antennas can be, for instance,
patch array (as shown in Figure 2), dipole array, slot an-
tenna array or dielectric lens array.

[0070] Here, the patch array is obtained by metalliza-
tion of the outer side face 31 of the dielectric carrier 30;
130. Feeding lines connecting the antennas to the printed
circuitboard 20; 130 are obtained in the same way. Feed-
ing lines connecting the antennas to the ground conduc-
tive layer 50 may be obtained by drilling holes through
the wall of the dielectric carrier 30; 130.

[0071] Consequently, the antennas are all electrically
connected to the electronic components of the printed
circuit board 20; 120 so as to be used as transmitter
and/or receiver. The beamforming is carried out through
electrical signal phase variation feeding the antennas.
[0072] The antennas are regularly distributed all
around the dielectric carrier 30; 130, at several heights
on this dielectric carrier 30, in order to obtain an omnidi-
rectional antenna system 1.

[0073] In the example represented in Figure 2, the di-
electric carrier 30 is fitted with large antennas 41, little
antennas 43 and medium antennas 42.

[0074] Six large antennas 41 are regularly distributed
all around the main axis A1, at a little height above the
printed circuit board 20.

[0075] Eightmedium antennas 42 are regularly distrib-
uted all around the main axis A1, at a medium height
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above the printed circuit board 20.

[0076] Twenty-four little antennas 42 are regularly dis-
tributed all around the main axis A1, at a great height
above the printed circuit board 20 (next to the top ex-
tremity of the dielectric carrier).

[0077] The distance between the large antennas 41
and the bottom extremity of the dielectric carrier is greater
than the distance between the little antennas 43 and the
top extremity of the dielectric carrier. Consequently, the
propagation of the waves emitted by these large anten-
nas is not disturbed by the printed circuit board 20; 120.
[0078] In the shown embodiments, each antenna is
composed of a single piece of metal having a squared
shape (curved around the main axis A1). This piece of
metal can be provided with resonance slot(s).

[0079] To ensure a good communication between the
vehicle and the 5G base station, implementing the an-
tenna system 1 in an overhead position is preferred. The
best integration option is on the vehicle roof 101.
[0080] Thus, as shown in Figure 3, the finishing cover
60 has a shark-fin shape, with a base opened, and is
provided with means for fixing it onto the roof 101 of the
vehicle 100, all around the chassis 10, the printed circuit
board 20 and the dielectric carrier 30 to protect them.
[0081] Asexplained above, the chassis 10 can be fixed
above or under the roof 101. But in both embodiments,
the upper part of the dielectric carrier 30; 130 is housed
into the finishing cover 60, above the roof. On the con-
trary, the printed circuit board 20; 120 is situated between
the roof 101 and the chassis 10; 110, that is to say under
or above the roof.

[0082] As shown in Figures 2 and 4, in both embodi-
ments, the 5G Massive MIMO antenna array can coexist
with at least one other antenna, for instance a GNSS
antenna, a satellite digital audio radio service antenna
(SDARS), or a Bluetooth Low Energy antenna (BLE).
[0083] This other antenna is preferably situated at a
distance from the dielectric carrier 30, 130, and is con-
nected to the printed circuit board 20; 120.

Claims

1. Antenna system (1) to be mounted on a vehicle
(100), comprising:

- a chassis (10; 110),

- a printed circuit board (20; 120) fixed to the
chassis (10; 110) and defining a main plane
(P1), and

- a dielectric carrier (30; 130) that extends along
a main axis (A1) perpendicular or tilted relative
to said main plane (P1) and that has a side face
(31) carrying several antennas (41,42, 43) elec-
trically connected to the printed circuit board (20;
120).

2. Antenna system according to claim 1, wherein the



10.

1.

12.

9 EP 3 840 119 A1 10

dielectric carrier (30) is hollow and has an outer side
face (31) carrying said several antennas (41, 42, 43)
and an inner side face (32) at least partially coated
with a conductive layer (50; 150).

Antenna system according to claim 2, wherein the
conductive layer (50; 150) is electrically connected
to a ground terminal of the printed circuit board (20;
120).

Antenna system according to any one of claims 2
and 3, wherein the dielectric carrier (30; 130) is di-
rectly fixed onto the printed circuit board (20) by
means of its conductive layer (50; 150).

Antenna system according to any one of claims 1 to
4, wherein the dielectric carrier (30; 130) has an es-
sentially rotationally symmetrical shape.

Antenna system according to claim 5, wherein at
least a part of the dielectric carrier (30) carrying said
several antennas (41, 42, 43) has a cylindrical
shape.

Antenna system according to claim 5, wherein at
least a part of the dielectric carrier (130) carrying
said several antennas (41, 42, 43) has a conical
shape, with a top angle preferably lying from 4 de-
grees to 30 degrees.

Antenna system according to any one of claims 1 to
7, wherein said antennas (41, 42, 43) are regularly
distributed all around the dielectric carrier (30).

Antenna system according to any one of claims 1 to
8, wherein at least one of said antennas (41, 42, 43)
has a size different from the size of another one of
said antennas (41, 42, 43).

Antenna system according to claims 8 and 9, where-
in first antennas (41) of same size are regularly dis-
tributed all around the dielectric carrier (30), at a first
height relative to said printed circuit board (20; 120),
and second antennas (42) of same size are regularly
distributed all around the dielectric carrier (30), at a
second height relative to said printed circuit board
(20; 120) distinct from said first height, the size of
said first antennas (41) being different from the size
of said second antennas (42).

Antenna system according to any one of claims 1 to
10, comprising a finishing cover (60), said finishing
cover (60) and said chassis (10; 110) encasing the
dielectric carrier (30; 130).

Antenna system according to claim 11, wherein the
finishing cover (60) has a shark-fin shape.
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13.

14.

15.

Antenna system according to any one of claims 1 to
12, comprising another antenna fixed to the printed
circuit board (20; 120), at a distance from said die-
lectric carrier (30; 130).

Vehicle (100) comprising a roof (101), character-
ized in that it also comprises an antenna system (1)
according to any one of the preceding claims, fixed
to the roof (101) so that said dielectric carrier (30;
130) extends at least partially above the roof (101).

Vehicle (100) according to claim 14, wherein said
chassis (10; 110) is located between said roof (101)
and said printed circuit board (20; 120), above or
below said roof (101).
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