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1. Introduction

This report is the deliverable D1.1, assemblingrdguirements on the different antenna types usethé
automotive industry. The requirements are not fixgidce this whole area is rapidly developing.sit i
however, very important to look at the antenna iregquents early, since the antenna performancedas ini
the choice of system configurations.

Much of the information concerns the standardg, ¢itowed frequency bands, and system concepts.
Chapter 2 gives an overview of the antenna needlngportant consideration to be taken into account.
Chapter 3 is mainly concerned with sensors, the mgmortant rf sensors being the car radars.

Chapter 4 deals with small antennas for commuminatincluding MIMO technique.

Chapter 5 gives a broad view for wideband requirgmeéncluding sensors and satellite communication.
Chapter 6 concentrates on cooperative systemshairdéquirements.

The picture is quite complex, as can be expecteohiemerging area. It is very important to agresystem
concepts and standards. The automotive industiyneéd to secure the required frequencies, sohfayr t
have been weak compared to the mobile phone opgrddm the other hand, these two industry groups
should work closely together to solve the futuneaanmunication needs.
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2. Overview

2.1 Servicesto be provided

The design and placement of vehicle integratednamate is becoming more and more difficult with the
number of increasing services. As most of thesees require multiple antennas for diversity orM\Q,
the number of antennas for each service has toubiplied by 2 to 4. Services that have to be takdn
account are shown in Figure 2-1 below.

wre

GPS

Galileo broadcast

SASTS o=
w\|w\ly,<

=
=
//1
&1
?1
?1

-PCS1900 -FM

-Bluetooth -AM

-WLAN -DVB-T

-UMTS -DAB
-IBOC

- -DRM
-DARS

Figure 2-1  Services for automotive broadcast and camunications

The frequencies for the above services are spread $everal MHz to 6 GHz. This is shown in the next
Figure The services are separated for Data Servmamunications and Broadcast. For Broadcastcasvi
still analogue and digital have to be distinguishiéds easily understood that the number of sewican
vary between 10 and 20. If MIMO or diversity haeebe applied the number of antennas my range fl@m 2
to 60. It obvious that this has to be handled extlg efficient, otherwise cost, car design and igaill
suffer.
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Figure 2-2  Frequency domain distribution of automoilve services for Data,
Communications and Broadcast

Internationally the specific frequencies for théfetent above listed services may vary in additidhis
causes a sever stress for the design and placevhantomotive antennas. Especially the upcoming C2X
services require a specific attention, as theyuthelAdvanced Driver Assistance Systems (ADAS). Thei
specific applications are shown in the followingiie

Advanced Driver Assistance Sys.(ADAS) Information and warning systems

traffic conditions information

Weather conditions information
Information about low visibility ranges
Warning for traffic jams and accidents

» Collision avoidance
» Adaptive Cruise Control (ACC)

VVVYY

New ADAS

» Crossing assistance

> Cooperation assistance Entertainment and multimedia
» Overtaking assistance
. » Chat
» Convoys (use the slipstream effect) > Internet
» Lane change assistance » Games
» Marketing and promotion

Navigation and Guidance
> Dynamic navigation Traffic analysis and management
» Traffic jam analysis and avoidance

Figure 2-3  C2X communications applications
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2.2 Considerations for the Design of Automotive Antennas

For the design of automotive antennas a humberitfia have to be considered. The most relevaat ar
listed below.

service to be covered

- frequency range

- antenna characteristic (coverage azimuth and ebeyat

- antenna gain

- antenna efficiency

- type of antenna

- Diversity required

- MIMO required

- correlation of multiple antennas

- material to be used

- broadband combination with other services

- placement on vehicle

- car design aspects (most influential, visibilitizes colour, radome ...)
- cost (R&D, production, integration, service ...)

- sensitivity to environments influence (temperatweger, snow, dust ..)
- Tx/Rx frontend integration

- RF/IF cabling

- power supply

Table 2-1 List of antenna design considerations

In the following several, relevant criteria and siolerations are discussed in more detail.
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2.2.1 Favourite placement of antennason vehicles

The different services and frequency ranges haee descussed already above. Next a qualificatiothef
different possibilities for placement of antennagriade. For this a typical car is used and theeplace
according to their suitability coloured from 1 (Bet® 6 (worst). For some special services thisgifecation
does not apply, f.e. parking aid, or automotive &ad

The selection criteria for antenna placement areerdetailed below:

Single antennas:

» sufficient antenna hight

» hemispherical coverage

» ground plane/balun

» no vehicle interfering signals
»  polarisation purity (SDARS)

Multiple antenna systems:
» decoupling
» pattern diversity

» polarisation diversity
» spatial diversity

Multi-band antennas:
» decoupling of the bands

Table 2-2 Selection criteria for antenna placement

Taking all the above into account the followinggament hierarchy results:

Figure 2-4  Placement hierarchy for automotive antenas
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For cabrio type vehicles this placement has tca@pby the one shown in the following Figure

Figure 2-5  Antenna placement possibilities for cabos

It can easily be understood, that cabrios causee smvere problems for the antenna integration. thest
opposite is true for SUVs. These vehicles have llysaarooftop spoiler which is well suited for ante
integration, see next Figure

spoiler

mirrors } \

Figure 2-6  Antenna integration in SUVs
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2.2.2 Possibilitiesfor Antenna Module I ntegration
For this discussion two typical areas are consaieéhe rooftop antenna and car internal commuranati

Antenna Inte-

JELE RO(‘:;:O SCénéezg?a Comlrr:]t:3 r:?jaltion
in MHz
GPS/Galileo 1575/1176-1590
Mob.-Phone 810-910; 1710-2170;
SDARS 2320-2345
DSRC*'? 5875-5925
Long-Range Services
(Heating, Car Check)
RKE
PASE
TPMS
WLAN 2400-2485; 5150-5850
DAB 225, 1450
Bluetooth
WIMAX 2495-2690

Table 2-3 Services and frequency bands for integran in one antenna on rooftop
(coloured brown) and internal communications (coloved blue)
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2.2.3 Automotive Antennas for Satellite Services

Satellite services require normally only one anéerirest rooftop, as the signal are received fraenughper
hemisphere. The problems that arise for the dexfigmtennas for satellite reception are:

- design
- size

- characteristics

While the design aspects are to be discussed dtltar designer, the antenna characteristics armofoe
services required for the Quality of Service. Tybiequirement are shown below.

Figure 2-7  Considerations for antennas for satellé services
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3. Expert Group 1: Millimetre wave antennas

3.1 Regulatory aspects for millimetre wave automotive radar sensorsin Europe

EU authorities have launched a program to redue faad accidents by 50% by 2010, with focus dwedr
assistance and on-board safety systems for acaidéuaction, including automotive radar. For thisgmse,

the European Telecommunication Standard Institut€lEhas identified the 79 GHz range as the most
suitable band for long term and permanent developrmeautomotive radars [1] (EN 301 091). However,
the current technology is not mature enough to é@mgeint cost-efficient radar front-ends in the midine
wave range. Therefore, the European Commissionappsoved the temporary allocation of the 24 GHz
band in January 2005, to allow for the faster immatation and usage of automotive radar [2]. Howeve
this band is interfering with other applicationslahis seen only as a transitional solution ug@L3, when
the technology for 79 GHz is thought to be matureugh for cost-efficient implementation of radansa's

in cars [3]. The market penetration of the 24 Géttars should not exceed 7%.

The temporary use of 24-GHz with a transition teGt9z is called “packaged solution” (Figure 3-1)nake
an early contribution to the enhancement of rodetgossible and to give the time for the develeptrof
the 79-GHz technology.

European 2-Phase Plan 24 /79 GHz

2005 2009 2013
] ] ]

' T T
Review Sunset Date

o>
g

Deployment + Use Use till end of car life

[Z41Gig B0000

Development Deployment + Use I

Figure 3-1. "Package solution” for automotive shortrange radar in Europe

On the 1% of January 2005, the EC approved the decisionliteade the 24 GHz frequency band for
automotive short-range rad& $afety initiative). According to this decision:

+ The frequency band of 21.625-26.625 GHz is allatdt® the temporary use of UWB
automotive short range radar (SRR) from 1 July 2068 30. June 2013. In parallel, research
and development programmes must be conducted etlobjective to introduce equipments
operating in the 79-GHz band.
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« From mid of 2013, new cars have to be equipped BRR sensors which operate in the
frequency range between 77-81 GHz (79-GHz bandg T8-GHz frequency band was
designated for the use of automotive short rangdarga in the ECC decision
(ECC/DEC/(04)03) from 19 March 2004. The main ragjohs are the following:

79 GHz frequency range (77-81 GHz) is designateds®R equipments on a non-
interference and non-protected basis with a maxinme@an power density of -3
dBm/MHz e.i.r.p. associated with a peak limit ofd®m e.i.r.p.,

the maximum mean power density outside a vehidaltiag from the operation of
one SRR equipment shall not exceed -9 dBm/MHz .i.r

the 79 GHz frequency range (77-81 GHz) should béemavailable as soon as
possible and not later than January 2005.

3.2 24 GHz automotive radars; needs

SRR automotive radars operating at 24 GHz requireperating range of up to 30 meters and are useal f
number of applications to enhance the active asdipa safety for all kind of road users (Figure)3-2

« Passive safety:

ACC support,

Obstacle avoidance,

Collision warning,

Lane change assistant,

Lane departure warning,

Blind spot detection and monitoring,
Parking aid (forward and reverse),
Airbag arming.

« Active safety:

Stop and follow,

Stop and go,

Autonomous braking,

Firing of restraint systems and pedestrian pratecti

In addition, combination of long range radars (LRIRY SRR will provide valuable data for advanceadedr
assistance systems (ADAS) (Figure 3-3).
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Pre-Crash
Sensing Cutin and Stop & Go

Park and Backap §
Assist
FPre Crash Detection

Park Assist
Pre Crash Detection Fromt

Figure 3-2. SR radars — Needs.

150 m

Figure 3-3. Combination of LRR and SRR for advancedafety features.
The 24 GHz SRR is a combination of two functions:

- A high resolution distance measurement to proviseed information of an approaching object using
Doppler radar. This necessitates a narrow banddB20 peak signal with a mean power level of 0
dBm. All wanted emissions associated with the neargsbandwidth are inside the SRD (short range
device) band (24.05 to 24.25 GHz), as stated inTCE€commendation 70-03.

- A wide band radar to provide information of the ifoa of objects with a high resolution of
approximately 10-15 cm and requires an averagetrsphgmower density of -41.3 dBm/MHz or -
103.3 dBm/Hz, spread approximately + 2.5 GHz cehtre the SRD band at 24 GHz. Emissions
outside of this mask are at least a further 20 dBrdi.e. -50 or -110 dBm respectively.

Page 16 of 44

The information contained in this document showddibed only for the scope of the contract for wiiiis document is prepared.



ARTIC Grant Agreement number 244335
Smart car antenna needs review 1 February 2010

3.3 77/79 GHz automotive radars: needs

331 Cost analysis of the current solutions available on the market

The first 79 GHz adaptive cruise control (ACC) nadaere introduced in 1999 to Mercedes-Benz premium
cars of S-class [8] asamfortfunction that decrease the vehicle speed if abaad is becoming too close,
keep the preset safe distance and restore thet gfe=ed in case of overtaking. Today the same it
available in BMW 3-series f&850[9].

The first combination of 77 GHz LR radar and 24 GFR radar was introduced in 2005 again by Mercedes-
Benz in S-class providing better monitoring of tfafic situation: the LR radar scans a distancéoup50 m
with an angle of 9° (more than three lanes) and&fr observes immediate surroundings up to 30t wi
an angle of 80° [10]. In emergency situation the-Bafe© system, gathering information from the rada
adjusts seat to a safer positions, tightens sdts, lsoses windows to provide better support fer turtain

air bags and makes the brake response faster. Bquidge of this radar assisted cruise controleys(sold
under the label Distronic Plus) €3000[11]. However, this technology is still not matugaough to be
considered as a full collision mitigation systentdigse even on a broadcasted performance demamstrati
this system did not prevented a double rear-eriionl [12].

Another example of automotive radar available anrtfarket is a combination of ACC and Blind Spoblnf
System, which detects vehicles in the blind spatezaptional in Volvo S-80 for the pridgl900][13].
TRWA has developed a 79 GHz ACC Doppler radar base@aAs MMIC in 2002, which was introduced
in Volvo and Man trucks. Its second generationaysAC-20 is supplied also for Volkswagen Passat and
Phaeton, and is sold as Automatic Distance Cooptibn [14]. Besides standard ACC task the featofes
this multi-functional radar system are (accordimgcar manufacturers’ requirements): follow to stop,
assisted stop and go, distance warning, collisiamimg and collision mitigation. The size of thelaais
98x98x63 mm range 1 — 200 m, speed resolution 0.09 kph, iefdl 6f view 11° [15].

332 Limitations of the current generation of automotive radars and future needs

According to the previous sections, the main futneeds for millimetre wave automotive radars aee th
following:
1. Enhancement of the performance of LR radars, astireduction,
Development of multi-function radars with LR and &&pabilities (examples: follow-to-stop, stop &
go, operation in complex environments, etc.),
Development of tunable LR and SR radars with eldifgeld of view (FoV),
Raw data interfaces and data fusion,
Cooperative sensors,
Reduced cost for mass market production.

n

o gk w
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The transition from 24-GHz to 79-GHz causes aneiase in frequency and a reduction of wavelengtihéy
factor 3.3. The smaller wavelengthenables one to reduce the antenna size and sp@adih@nd lower
effective antenna areaX3. The higher frequency range also yields increasebspheric and bumper
losses. With higher frequencies semiconductor paw#put decreases, parasitic effects are moregstrin
and packaging and testing are more difficult. Tlegetbpment plan towards the introduction of 79 -GHz
SRR sensors is illustrated in Figure 3-5.

Time schedule

[ 2004 2005 2006 2007 2008 2009 2010 2011 LA vl ERRFITP]

Chip-
Development Sensor-
Development

Vehicle-
Integration Rollout

Figure 3-4. Time schedule for the development andHtout of 79 GHz SRR sensors.

The essential needs of future 79-GHz radar sensoysgtems are the following:
« Low chip and component costs,
+ Low assembly costs,
« Improved performance,
» Reduced power consumption,
« Improved electrostatic discharge (ESD)/electromtgmaterference (EMI),
« High update rates.

The typical specifications for 79-GHz SRR systemge&
« Central frequency 79 GHz,
« Bandwidth 4000 MHz (the achievable range resolugcround 3.75cm),
+  Maximum field of view +/- 80°,
+  Range 30 m,
+ Range Accuracy +/- 5 cm,
« Bearing accuracy +/- 5°,
+ Typical antenna gain: 13 dBi.

Mechanically scanning antennas that can be usedllimetre wave automotive radars were realisethia
mid-nineties [4][5] and are still used for theirvééopment [6]. Despite of relatively good perforroan
mechanically steerable systems are very bulky apéresive; they also might suffer from lack of rbllay

in moving and jolting vehicles. In addition, thispoach alone is not compatible with the desigmafti-
function and tuneable radars. Due to the high spéedraffic situations, complete azimuth beam gwee
should be performed in milliseconds, which is ingibke forlow-costmechanical scanning antennas.
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This explains why compaetectronic beam steering devices are necessaachieve these goals. Electronic
beam steering implemented, e.g. in phase array@ae has been used successfully for years iramyilénd
space application. But these systems remain ptotalyi expensive for automotive applications. Ier to
be commercially attractive for automotive industmgh performance multi-functional radar should cost
under €200[7].
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3.5 Conclusions

Current SRR sensors operate at 24 GHz. This givespportunity to develop vehicle applicationsdbject
detection in the vicinity of a car, making a nemegtion of automotive safety systems possible.

Future safety and comfort applications for vehickéls benefit from higher sensor performance at kena
size. Pushed by significant progress in Siliconeda$MMIC technologies and low cost packaging
capabilities, the 79 GHz SRR sensors are in thegs® of becoming cost-competitive and affordable.
Nevertheless, the SARA consortium http://www.sara-
group.org/official_information/specific_decisionsr fdifferent_countries/eu.iypacknowledges that the 79
GHz frequency range is seen as the long-term soldtr SRR.

The European frequency regulation currently regu8BR to migrate from 24 GHz to 79 GHz spectrum in
the year 2013. The system integration and validatio’9 GHz technology may not be available in tioe

a seamless transition. A phase of car integratimhextensive car tests will require additional salvgears

in order to ensure that all safety aspects areectlyrimplemented. The technology to be used iaraline
must be fixed around 5 years before start of proboicThis implies that the 79 GHz sensors museHhaeen
mature in 2008, which is not the case. The car faatwrers need sufficient time for vehicle integrat
including development of bumper materials and fragst as well as extensive tests for safety apjptioat
The net result is that independent of the availghif these radar technologies at 79 GHz today till
recognized that there is a possibility that thegg/rhe a gap in the availability of SRR in new dagig
placed on the European market after the 24GHz lzamd longer available for use in 2013.

It is also important for the 79 GHz SRR market gitowhat availability of a worldwide harmonised
frequency allocation is possible. Europe shouldarage other markets such as North America anchXapa
adopt the same band as the European allocatiahidrcase Economies of scale would bring costs down
which in turn should expand opportunities for 79ZGERR becoming an affordable technology as a mid-
and long term solution worldwide with the broad &##s for road safety in Europe that this will kgin
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4. Expert group 2: Small antennas

4.1 Fields of application

The use of small antennas has also to be consigdred implementing automotive systems. They ard use
both in human-machine interfaces, as well as imraber of other applications, such as listed bellangd
displayed irErrore. L'origine riferimento non é stata trovata..

1. Multistandard Gateway

Transceiver-System+Antenna

Sensors and Bus Systems

C2C communication (IEEE 802.11p)

C2I communication (IEEE 802.11a/b/g)

C2I satellite communication (DVB-S) and navigat{@PS, GALILEO)
C2I short range connectivity (ISM Applications, Btaoth, Zigbee)

c2l mobile communication (GSM/UMTS/HSXPAI/LTE, WIMAX Broadcast
(UKW/TMC/TMCpro, DVB-T/DVB-H)

© Nk

Figure 4-1: Human Machine Interface and Applicatiors

A graphical representation of the future of thesiiattion of a smart car with its surroundings isva in
Figure 4-. To implement this scenario, multiple coamications devices and standards have to be
implemented in the vehicle.
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Figure 4-2: Future automotive scenarios (source: ESI)

The main fields of application that require theige®f small automotive antennas include:

» Broadcast
- Long-medium wave/FM radio
- DAB terrestrial-satellite
- Satellite TV
* Navigation
- GPS/Galileo
+ Communications
- Cellular (GSM/DCS/PCS/UMTS, etc.)
- TETRA (public access mobile radio)
- Future mm-wave systems (V2V, V2I)
* Transponders
- Tolling for road charging
- Asset tracking

- Windscreen rain sensors
- Keyless entry

- Wireless burglar alarms
- Tire pressure monitoring
- Etc.
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Moreover, the ITS (intelligent transport systemjeh is to be under way by the EC funded speciffgport

action COMeSafety, gives new requests for sma#rardas. The main applications are:

* Active Road Safety

- Driving Assistance - Co-operative Awareness

- Driving Assistance — Road Hazard Warning
» Co-operative Traffic Efficiency

- Traffic management based on DNM/CAM (two differgymes of messages)

- Speed management

- Co-operative navigation
» Co-operative Local Services

- Location based services , e.g. POls
* Global Internet Services for Communities

- Fleet & freight management
- Insurance & financial services
- ITS station life cycle management

The antenna requirements for each of these cag=gwiil be summarised in §1.4.

4.2 Networks types

When designing « small » antennas for a smartdiierent network configurations have to be conséde

These are listed in Table 4-.

Table 4-1: Types of networks considered for diffenat applications.

Network areag Telecomm.| Health Transport | Environm.
BAN X X
PAN X X
LAN X X X
WAN X X X X
Satellite X X X
Sensors X X X X

Each network type has its specific characteristic, only in terms of coverage and data rate, s a
regarding its applications and the necessity ofiyapp for a license or using the services of a roatw
provider. Table 4-2, for example, displays a congoar between the characteristics of three of thedsirds

that can be used in automotive applications.

Table 4-2: Comparison between three different commuications standards.

Parameter 3G (UMTS)

IEEE 802.11 (WLAN)

IEEE 02.16-2004(WiMAX)

Frequency band 1.92-2.17 GHz

2.4-2.483 GHz
5.15-5.35 GHz (Indoor)
5.47-5.725 GHz (Outdoor)

No worldwide. WiMAX
Forum:

3 profiles in the licensed
band (2.3 GHz, 2.5 GHz,

The information contained in this document showddubed only for the scope of the contract for witlhits document is prepared.
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3.5 GHz)
unlicensed band: 5.x GHz
Coverage 500-900 m (cell-radius) 10-300 m 7-10 Kiin@S)
Data rate Up to 384 kb/s Up to 54 kb/s Up to 75 Mb/s (20 MHz
7.2 Mb/s (HSxPA) 108 Mb/s (IEEE 802.11n) | bandwidth)
Download up to 100 Mb/s,
Upload up to 50 Mb/s (LTE
Mobility Mobile (Roaming, vehicle | Limited portability Limited portability/Mobile
speed) options
License Licensed Unlicensed Licensed

To choose the standards that are best fitted foertain application, data rates and coverage shboald
considered. Figure 4-3 shows graphically the retatiip between both parameters for different stalsda

that can be used in automotive applications.

The information contained in this document showddibed only for the scope of the contract for wiiiis document is prepared.
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Figure 4-3: Different wireless and cellular commungations standards
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4.3 Frequency bands and characteristics

Table 4-1lists the frequency bands assigned to sdrttee main wireless and cellular standards woiddw
In some cases, these standards may overlap. Y#teinase of automotive antennas differs from thaise
mobile handsets: cars are typically designed feciic markets, so that the equipment may diffenfrone
geographical region to the other. This in turn nsetuat different antennas may be needed.

Table 4-3: Frequency bands of different wireless ahcellular standards

Standard TX RX
AMPS/D-AMPS 824-849 869-894
GT 800 806-821 851-866
GSM 400 450.4-457.6 460.4-467.6
GSM 850 824-849 488.8-496
E-GSM (GSM 900) 880-915 925-960
DCS (GSM 1800) 1710-1785 1805-1880
PCS (GSM 1900) 1850-1910 1930-1990
UMTS FDD 1920-1980 2110-2170
UMTS TDD 1900-1920 2010-2025
Bluetooth 2400-2483.5
WLAN 2400-2500
GPS 1575.42
HIPERLAN/1 - /2 5150-5350 (Indoor)
5470-5725 (Outdoor)
Wi-Fi | |IEEE 8002.11a/h 5150-5250 (Indoor)
5250-5350 (Outdoor)
5725-5825 (CSMA/CA)
IEEE 8002.11b/g 2400-2483.5
IEEE 8002.11.n (ITS) 5875 — 5905

In addition to those standards, short distanceslgdn be implemented using the ISM frequenciesdist
Table 4-2
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Table 4-4: ISM bands available for short links

Lower limit | Upper limit Comments
6.765 MHz | 6.795 MHz
13.553 MHz| 13.567 MHz
26.957 MHz| 27.283 MHz
40.66 MHz | 40.70 MHz
433.05 MHz| 434.79 MHz| only Region 1 (Europa, Africa etc.)
868 MHz 870 MHz | only Region 1 (Europa, Africa etc
902 MHz 928 MHz | only Region 2 (North and South
America)
2.400 GHz | 2.500 GHz
5.725 GHz | 5.875 GHz
24 GHz 24.25 GHz
61 GHz 61.5 GHz
122 GHz 123 GHz
244 GHz 246 GHz

4.4 Antenna requirements

The main antenna requirements for different scesawill be analysed in this section.

44.1 Communications

Communications possibilities in the automotive emwiment include the use of both licensed and umsied
bands, as well as cellular and wireless solutidiadle 4-5 shows the characteristics of some ofntaas
standards that are included in this category.

Table 4-5: Characteristics of different communicatons standards

Name Range Data rate
DECT (macht 50 m 2 Mb/s
das Sinn) (indoor)
UMTS 10 km 384 kb/s
2 Mb/s
3.6 kb/s
7.2 Mb/s (HSxPA)
100 Mb/s, (LTE, download)
50 Mb/s (LTE, upload)
GSM Up to 9.6 kb/s
35 km
GPRS Upto 170 kb/s
35 km
IEEE 802.16 10 km 1-100 Mb/s
(WIMAX)
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Antennas for cellular applications should displajeast an omnidirectional antenna, as in Figude Zthis is
however difficult to obtain, due to the size of #y®undplane, and the presence of metallic elemarits
surroundings, so that a number of sidelobes areepto appear. Normally, the radiation pattern of a
monopole is taken as a reference.

Figure 4-4: Desired radiation pattern of a car-roofantenna.

In order for the user to be able to use differarhmunications standards, multiband antennas orbaiui

as well as multi-antenna systems are needed. Ammgaof such is presented in Figure 4-5. One of the
challenges is the requirement for antennas to éeitiallest size possible, so that they can berautieg) in

the car without effect on its aerodynamics anddsthetical design.

Multistandard Antznna 1

Multistandard Antenna 2

\ 4 Antenna configuration

Figure 4-5: Multistandard roof-top antenna

For the antennas used for mobile vehicular apptioat important specifications also include:

« Efficiency. High efficiency translates into better signal egtion, which reduces the number of
dropped connections and improves the system'styalbdi support fast data transfer rates. Yet,
sometimes a compromise has to be accepted, andidiegeon the application efficiency can be
sacrificed to improve other system characteristics.

* Return lossThere is a great deal of variation in the retoss of antennas, so that a threshold value
cannot be clearly defined. Many antennas haveuwarrdédss of 6 dB when operating under normal
conditions.

+ Selectivity and isolatianThese aspects are particularly important if tstesn is equipped with
multiple antennas.

In the past, design activity seemed to be conceatria single bands moving higher in frequency. Nbw
contrast, there is a growing interest in occupyower frequency bands, such as the one around H® M
considered for LTE. This in turn translates inte tieed for larger antennas that have to be intrat

Page 27 of 44

The information contained in this document showddibed only for the scope of the contract for wiiiis document is prepared.



ARTIC Grant Agreement number 244335
Smart car antenna needs review 1 February 2010

By combining several antenna modules, intelligegrstesns with MIMO capabilities can be implemented.
This is the case of the configuration presentdeigure 4-6.

Module 1: rooftap

bodule 2: mirror

Module 3; mirror
\ll

Figure 4-6: Combined intelligent system of severantenna modules

Many wireless data protocols require receive diteers multiple-in multiple-out (MIMO) architectuse For
example, the current LTE standard states that LA&uls implement MIMO antennas and a number of
advanced signal processing techniques to achievendximum data rate. The same MIMO strategies are
envisaged for WIMAX applications. In these configtions, achieving high isolation and low mutual
coupling between the antenna elements becomesarty important.

 Communication systems that adapt to fading
MIMO system (Multiple Input Multiple Output):

- multiple ports on Tx & Rx

- different channels: signals distributed in an optimmanner
MIMO antennas and terminals: special testing imsgntation

Quality of a MIMO system in a fading multipath eroiment: maximum available capacity in
bits/sec/Hz

» Antennas for MIMO systems degrade the capacitytdue
- low radiation efficiency
- correlation between received signals

MIMO technologies can increase the data rate vagipect to traditional Single Input, Single outprgtems

(SISO) through the use of spatial diversity, whoam be useful to overcome fading problems in maikip
environments. A MIMO system uses multiple portbath the transmitter and the receiver, so thasiteal

travels through different channels and is thusstr@itied in an optimal manner, as shown in see Eigtir.
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Figure 4-7: MIMO communications system

Typical antenna specifications for MIMO include:

* Number of independent antennas:a reasonable improvement of the achievable da&s redn
already be obtained with a 2x2 MIMO configuratisimce it brings a reasonable data rate benefit.

+ Radiation Efficiency: the efficiency should be as high as possible. llkgrveatly depend on the size
of the antenna and the platform in which it is gmtged. Multiple antennas operating within the same
frequency band or in bands that are close to thmel lud interest will add the factor of mutual
coupling, which can greatly diminish the efficiency

« Gain Balance Ratio:some studies suggest that this should approaclasifram achievable). That
means that all antennas should have similar gamaximise the benefits of MIMO. Yet this is not
necessary in all configurations, and has to beaguhred on a case to case basis.

» Correlation Coefficient: the lower this parameter, the better MIMO perforognan be achieved.
Ideally, the correlation coefficient should be high means that the different signals are completel
uncorrelated.

Important developments in automotive applicatiaisetplace in the domain of car-to-car (C2C, V2V)l an
car to infrastructure (C2l, V2R) communications (@€5afty ITS).

The frequency band around 5.9 GHz has been allbdateCEPT/ECC for such applications, whereas the
European Commission is expected to allocate the5868005 band for safety related applications. Gbi
C2C applications include accident and congestioming, blind spot warning, lane change assistaG2¢.
applications cover information on road works areaged limits or intersections (see Figure 4-8 Rigdre
4-9).

Figure 4-8: C2C communications in an urban environrment (Source: Daimler)
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Figure 4-9: C2C and C2I communications in variousraffic situations (Source: FOCUS Auto)

C2C and C2I technologies are based on the IEEEL8pZtandard, that is, WLAN technology. The chdéce
driven by the fact that this standard enables tinitecal safety applications while displaying vdow data
transmission delay. The communications are alsepeddent from infrastructure, and make use of
unlicensed frequencies.

The requirements for C2C communications include $gatem costs, reliable data transfer even atwelgat
high velocities and with multipath environments {Mdc networks, different traffic situations). Tohéeve
this, MIMO systems may be necessary, although thedards only impose the use of diversity strategie
The challenges reside in adapting the charactesisfiWLAN systems to realistic radio environmemtgh
multipath propagation, moving targets and variapleironments.

4.4.2 Broadcast

Receiving devices for radio broadcast systems baes present in cars for a long time. The techiyotdg
antennas for FM and AM reception now mature, witihly integrated solutions in addition to the claak

rod antennas. Yet, in the last years , new stasdsudh as Digital Video Braodcast (DVT), Digital dio
Broadcast (DAB) and Digital Radio Mondiale (DRM)veaappeared, that impose new constrains to the
antenna design. The characteristics of these thaeelards are presented in Table 4-6.

Table 4-6: Characteristic of various broadcast sernees

DVB-T 40-60 km 30 Mb/s
DAB 60 km 1.5 Mb/s
DRM >1000 km 72 kb/s

In the case of terrestrial applications, the despattern is still omnidirectional. Yet in the casfesatellite-
based services, the radiation pattern should bestlhemispherical, as shown in Figure 4-10. In taste,
the complexity of the solutions will depend on systrequirements. They can include small arrays with
switched elements, mechanically steerable anternimgwsid systems (mechanical steering in azimuth,
electronic steering in elevation) or fully electiosteering.
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Figure 4-10: Roof-top antenna with almost hemisphécal coverage

In the case of DRM, the challenge resides in irttgg the antennas, as the very low frequency eb#énd
(below 30 MHz), which allows for very-long-distansgnal propagation, implies the use of large amen
elements.

443 Navigation

Navigation systems are also part of most middleigh end cars. Today, this means almost exclusi@étp
receivers, but in the future different Global Natign Satellite Systems may be implemented in glein
vehicle. A list of GNSS systems and their charasties is given in Table 4-7:

Table 4-7: GNSS characteristics

GPS USA 1.575 (L1) Global
1.2227 (L2)
1.176 (L5)

GLONASS Russia 1.6 Global
1.2
Galileo Europe 1.176 (E5a) Global

1.207 (E5b)
1.278 (E6)
1.575 (E2-L1-E1)

Beidou China 1.4 Asia
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The requirements GNSS Antennas are:
+ Simple structure, low cost

* Frequency coverage: may include more than a frexyueand or more than one system. The options
can be:
0 increased bandwidth
0 multiband operation

* Gain pattern
o ideally, hemispherical
o real antennas: gain roll-off of 10 to 20 dB fronrdsight to the horizon.

« Circular polarization to avoid fading from:
o0 he changing relative orientation of the antennatasatellites orbit the Earth
0 the effects of Faraday rotation caused by the iohee.

* Multipath suppression to avoid degradation of fimsing accuracy
* Phase centre stability: for accuracy in positiorang timing
» Compatible with future requirements

4.4.4 Transponders

Transponders on board from vehicles use typicailicansed frequency bands, as listed in Table Ah&.
devices are most often placed in the windshield, #ve antennas have to display almost omnidireation
characteristics. Due to the characteristics oftthesponders and the business model, the anteanastd
keep low production costs.

Table 4-8: Characteristics of standards for on-boad transponders

Name Range Data rate

IEEE 802.11a (WLAN) 300 m 54 Mb/s

DSRC @ 5.9GHz Upto 1 km 54 Mbl/s

IEEE 802.16 (WIMAX) 10 km 1-100 Mb/

One of the tools will be the use of Dedicated SRahge Communications (DSRC), which provide
communications between the vehicle and the enviesinin specific locations. This will allow the

implantation of systems such as Electronic FeeeCtiin (EFC) that should operate at a pan-Eurojmaat
(Figure 4-11).

oY

Figure 4-11: EFC scenario
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DSRC are reserved for data-only systems, and iechaih the Road Side Units (RSUs) and the On Board
Units (OBUSs) with transceivers and transponder®yTdperate in the 5,725 MHz to 5,875 MHz Industrial
Scientific and Medical (ISM) band. The DSRC standaspecify the frequencies of operation and the
bandwidth of the systems that have to be respeagtdte design, and have thus an influence on thenaa
performance. In Europe, some additional frequerasydb can be defined at a national level. Nowadéags,
existing DSRC systems existing in Europe are ndy faompatible, so that further standardisation is
required.

In the case of tolling systems, the European Cosionshas issued a Directive on Electronic Fee Cuotia
(2004/52/EC) to introduce the European Electrorall $ervice (EETS). These systems could be used not
only for road tolls, but also for other applicatsosuch as paying fees for tunnels, ferries or pgrlats.

It will be mandatory that such systems be compatitith each other, based on open and public stdadar
and use at least one of the following technologies:

« Satellite positioning
»  Mobile communications (GSM and GPRS standards)

« 5.8 GHz microwave technologies (DSRC)

445 Other applications

The number of wireless applications that can belémpnted on board of a car is almost infinite. His t
section, a small sample of short range applicatisngiven. They rely on the communications stanslard
listed in Table 4-9.

Table 4-9: Possible standards for short range links

Name Range Data rate
IEEE 802.11a (WLAN) 300 m 54 Mb/s
Bluetooth 100 m 1 Mb/s
IEEE 802.15.3c 0.1-10 m 1-10 Gb/s
4451 Control systems and keyless entry

Automotive wireless systems are continued to dguelthey include applications such as the ubiquitous
remote keyless entry (RKE, Figure 4-12), to morphssiicated systems such as tire pressure morgtorin
Figure 4-13 or passive keyless entry (PKE). Thellehge for antenna designers reside in integrating
antennas that are at the same time small in sia¢effective and highly efficient.

Figure 4-12: Remote, passive keyless entry (SourdéiST)
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Figure 4-13: Tire pressure monitoring system (Soure: IMST)

These systems rely on RFID techniques, and makefusdicensed ISM bands. The antennas for botissid
of the communications link, namely the reader dadtag, have to be carefully designed. As low-fespy
signals are used, in principle very large antenfmastransmission and reception are required, which
complicates their integration into the car andriabile device.

In some cases, PKE systems use bi-directional liplesating in two distinct frequency bands: 125 Kbiz
receiving data and UHF (315, 433, 868, or 915 Mfdr)transmitting data. The communication range is
typically reduced to less than 3m, due to the nap@gating nature of the 125 kHz signal. The probig
increased, as the position of the tag is completaigom, and it can be in the close vicinity ofastmetallic
objects. To increase the reliability of the systémee orthogonally placed antennas can be ustxilower
frequency band, so that the transponder can pickhapbase-station signal at any given directiore Th
working area of these antennas and their basiemsydesign are shown in Figure 4-14.

Lip=brik wiaks-up,
Deata (Indukiive)

Vehicls — ID Devics
125Kz @ ;
induktive @ == i ";:‘:;f
Transmitter @ Frontand Deetekior
* O {3-dimensional)

. - MEnSjEMEnt
LEHF. (( L.
Recsiver Transmitter

Downlink: data [LHF )

Figure 4-14: Antenna working areas and system desigSource : NXP Semiconductors)
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4.4.5.2 Bluetooth systems

Hands-free kits (HFK) and in-vehicle hands-fredeays have been widely used in automotive envirotsnen
for many years. Most Bluetooth devices require mmas that radiate in a spherical way, so they canect

in any direction. Yet designers have to consideialsdes such as available space, cost, and thet efféhe
surrounding components. Large signal path charge®e expected if the mobile device that is corateti
the Bluetooth system is placed in the vicinity adtallic objects, or its orientation changes (foample, by

a shift in the user’s position).

4.4.5.3 60 GHz WLAN for on-board entertainment systems

Around 60 GHz there is a huge unlicensed ISM bavtdch could be used to implement high capacity
WLAN systems for high-quality multimedia data stréag. The aim is to achieve data rates of up to
10 Gb/s. Although only short ranges can be covetedpuld be possible to adapt such a system to the
requirement of automotive on-board entertainmestesys (Figure 4-15), thus eliminating cabling soha

and allowing for reduced weight, higher energyocédficy and less pollution.

These communications systems rely on the standardnf-wave communications is being developed
within Task Group IEEE 802.15.3c. Yet the high freqcy poses a number of problems, linked to
manufacturing tolerances and propagation issues.

‘| = -

="
Figure 4-15: On-board WLAN scenario (Source: BMW

In Table 4-10, an exemplary antenna requiremenfilprbas been sketched, based on the experience
gathered in the German funded project EASY-A.

Table 4-10: Example of requirements for60 GHz WLANAntennas (source: EASY-A)

Parameter Single element Array
Gain (4 dBi Tag: 4- 6 dBi
Access point: 10-12 dBi
Polarisation Linear & Circular Linear & Circular
Operating frequency & Bandwidth 58.320 GHz 58.320 GHz
60.480 GHz 60.480 GHz
62.640 GHz 62.640 GHz
64.800 GHz 64.800 GHz
Operating bandwidth: 1.632 GH7 ©Operating bandwidth: 1.632 GHz
Matching <-10dB <-10dB
Element dimensions <A2
(required for arrays, cancellation of
grating lobes)
Side lobe level Not relevant
Scan range Fixed or# 45° from boresight
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5. Expert group 3: Wideband antennas

5.1 General Remarks

As stated above in chapter 2 the number of sendceb the distribution of spectra increase increased
significantly in the past and will further increafe example by V2V communications. Presently weeha
the service/frequency selective number of requmetenna installation going up to 15 taking also the
different spectra assignments in the different toem into account. As digital services require tipld
antennas per service for MIMO and Diversity, thenber of antennas could easily come up to 30-50. The
reason is that digital services do below a cer@iN not just degrade, but loose the synchronisation
completely. It is evident that there is no way rtalide 30 to 50 antennas on a car. The only saluto
Wideband Antennas

5.2 Wideband Antenna Needs up to 6GHz

521 Size and accommodation needs

When considering the placement of antennas initéecomes evident that “there is no place”, neithe
limousines nor on cabrios. The best places of aateare discussed earlier. Most of these placdseamise
of car design criteria prohibited. This is again amgument for the integration of antennas in wideba
antennas for multiple services. The size limitataoepted for wideband is presently ca. 10x6x3fenroof
mounting (fin-type) and approximately 1x5x5tfor semi-flat antennas with ground-plane for moiter
places for the integration, like mirrors, spoiledaso on. Only antennas in Windows may larger ag #re
pum flat. These antennas may have sizes up to 1theinear and front window and up to 50 cm in thie si
widows. They require a definite ground-plane byeotstructures of the vehicle. These requiremetvalid
for any type of antenna, and to table it:

Table. 5-1 Size and accommodation needs for widebdautomotive antennas

Wideband antenna type mounting places size limitation
fin-type roof 10x6x3 crh
semi-flat with ground-plane mirrors, spoiler andoso 1x5x5 cr
flat without groundplane windows Uptolm

522 Frequency coverage needs

The present frequency range for automotive anterxatuding automotive radar is from 75 MHz to 6 £5H
This does not take into account some exotic fregjasrfor example for AM radio down at 0.15 MHz. The
needs for antennas for the different servicesenrth MHz to 6 GHz frequency range can be roughliddd

in:
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Table 5-2 Frequency needs for wideband automotivengennas

Service frequency range
Broadcast Audio AM 0.153 MHz — 1.71 MHz
Broadcast Audio FM, DAB .. 76 MHz- 230 MHz
Broadcast Audio DAB 1452 MHz — 2345 MHz
TV terr. 47 MHz — 790 MHz

TV sat 2630 MHz — 2655 MHz
Navigation 1200 MHz- 1700 MHz
Communication (to BS) 790 MHz- 3600 MHz
Communication (V2V) 5700 MHz — 6000 MHz

Broadcast Audio AM does not require multiple anssnn the following the same table like abovesedi
for the evaluation of the needs for combining srsiin wideband antennas. Already here it ha taken
into account that active (also transmitting) seegsitave to be handled differently. In the reusétktthe
bandwidth needs for wideband antenna possibilittescoloured.

Table 5-3 Wideband antenna coverage needs for widabd automotive antennas

Service frequency range Wideband ant. combining
Broadcast Audio AM 0.153 MHz — 1.71 MHz

Broadcast Audio FM, DAB .| 76 MHz- 230 MHz

Broadcast Audio DAB 1452 MHz — 2345 MHz

TV terr. 47 MHz — 790 MHz

TV sat 2630 MHz — 2655 MHz

Navigation 1200 MHz- 1700 MHz

Communication (to BS) 790 MHz- 3600 MHz

Communication (V2V) 5700 MHz — 6000 MHz

From the above table results that in an optimune &wideband antennas need to be integrated imto ca
For the following services multiple wideband antenare needed for MIMO or Diversity:

Table 5-4 Needs for MIMO and Diversity formultiple wideband antennas for automotive

applications
Service frequency range Wideband ant. combining
Broadcast Audio FM, DAB .| 76 MHz- 230 MHz
Broadcast Audio DAB 1452 MHz — 2345 MHz
TV terr. 47 MHz — 790 MHz
Communication (to BS) 790 MHz- 3600 MHz
Communication (V2V) 5700 MHz — 6000 MHz

The other services not listed above do not neetipteilvideband antennas.
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523 Coverage needs for wideband automotive antennas

For terrestrial application the coverage needs lmarsatisfied by an 360° azimuthal coverage and +30°
elevation coverage. For multiple antennas the diffewideband antennas need to be uncorrelated.dehi
correlation can be achieved as shown below

Table 5-5 Needs for decorrelation for multiple widband antennas for automotive

applications
Type of Diversity Needs remarks
Space > lambda/2 corr.<0.4
Polarization A@>30° for linear pol.
Coverage AZ: 360°; EL: +30° in total

524 Needs for interference reduction

All passive systems are not so critical concernirgginterference between different services asyaiiems
meanwhile take care of this problem for exampleskiensive filtering or de-correlation. For the wided
antennas selected above, except for communicafilbering according to the intended frequencies is
required in order to avoid out of band receptionisTs especially critical for wideband antennathey tend

to gain and matching also at out of band frequendigpical examples are Ultra Wideband antennaghwh
may cover 1:10 bandwidth, which is only recommenfiederrestrial TV. In addition it is recommended
integrate a wideband, low noise preamplifier witkv lintermodulation for the total covered band. Tikis
because small wideband antennas suffer from loawr, pwer efficiency and worse matching compaied t
narrowband antennas.

5.3 Millimetre-wave Radar and Communications Antenna Needs

In this section we revisit the 77-81 GHz short nadar (SRR) and the 76-77 GHz long range raddR{L
already addressed in Secti&nrore. L'origine riferimento non € stata trovata. adding the 63-64 GHz
vehicle-to-vehicle (V2V) and vehicle-to-infrastruot or roadside (V2I) communication with the aim of
combining these functions into fewer wideband améesystems as proposed in the previous sectiotizeon
lower band antennas. We will not consider the 2525 GHz temporary frequency designation for new
SRR equipment as it will expire 1 July 2013 (arabas too far away from the other bahd

Table 5-1summarises main characteristics for the two autw@a@intenna systems and the 63-64 GHz future
communications system. Currently the only the 785sHz LRR/ACC systems appear to be in an advanced
level of development, but the deployment is moéthited to high-end cars. It seems thaf generation
systems in Europe often use dielectric lenses.rPayas used to generate, e.g. four beams on reaeid a
single Tx beam within an angular range of aboutif88zimuth (indicated by the narrow green ACC beam
in Figure 5-1). A scanning beam is also possiblat, then electronic scanning may be preferred to
mechanical scanning to improve the reliability otlee lifetime of the radar. Different EIRP requiremh
apply to fixed and to scanning beams. The one=dlist column 3 of Table 5-1 apply to fixed beamie T
polarisation seems to be mostly linear (vertichilt it may be advantageous to use circular pol&isdo
reduce clutter in rain and tilted linear polarieathas been proposed to reduce interference betvedéries
travelling in opposite directions. Newer LRR syssense digital beamforming on receive for the hariab
beamforming, possibly still combined with a lens @rtical subarrays with RF distribution for the
beamforming in elevation. If lenses are used, iy ha necessary to match the lens surfaces. In afase
subarrays with RF distribution, a technology wittwllosses should be selected or developed. Inegyrat
network technologies used at lower bands can hawe kigh losses around 77 GHz 0. A challenge is to
achieve a high angular resolution and accuracypeaally in multi-target scenarios - in the longga and

Page 38 of 44

The information contained in this document showddubed only for the scope of the contract for witlhits document is prepared.



ARTIC Grant Agreement number 244335
Smart car antenna needs review 1 February 2010

adaptive antenna direction of arrival techniques @nsidered 0, 0. Initial ACC systems have adequat
performance to provide comfort services as drigsistance. Future systems must have a higheritigyidto
order to provide safety services such as craskept®n or bicyclist and pedestrian protection. &tne time
the cost must be low — at least for mass-markettéegv

Table 5-1. Summary of 60-80 GHz system characteriss.

77-81 GHz SRR 76-77 GHz LRR 63-64 GHz V2V/V2I

Comment Measure (1) speed in CWLRR systems which are n@uture high capacity DSR
Doppler mode, and (2) |compatible with UWB SRRbroadband access etc.
separation in WB mode  |systems

Typical gain 13-15 dBi 23 dBi 10-30 dBi

Range Up to 30m Up 150m Up to 300m

Max average EIRP -3 dBm/MHz 50 dBm (CW mode) 40 dBm proposed

23.5 dBm (pulsed mode

Max peak EIRP 55 dBm 55 dBm 43 dBm proposed

Typical size [mm] H=74,W=70, D=58

Reference documents CEPT ECC/(04)03 CEPT ECC/DEC(02)01| CEPT ECC/DEC(02)01
ETSI TR 102 263 ETSI EN 301 091 ETSI TR 102 400

ETSI EN 302 264

intersaction side-crazh blired spaot
collision
warning rear crash
lahe changs
Supporl
ACC {77CHZ) E
oyartake
support
collision |5
] rear callisicn

mitigation ! :
- WEMNE

inbersection sade-Eriash Blised] sgsil

Figure 5-1. SRR and LRR functions relevant to roacgafety (ETSI TR 102 263).

The short range radar (SRR) has a CW Doppler mapahility to provide accurate speed measurement and
a wideband capability to provide an accurate seiparaneasurement (5-10 cm). The latter requires a
bandwidth of about 4 GHz. Figure 5-1 shows thedangmber of services and beams that the SRR may
provide in the vicinity of the car covering all arithal directions. It is anticipated that aboutsg&dsors may

be required — either simple sensors just compriging antenna element or larger sensors with some
direction finding capability. Simple sensors withdirection finding require that multiple sensoesused to
localise targets. A range accuracy of 1.5cm isireduo get a lateral accuracy of 20 cm with 1.%mser
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spacing. It is common practice to hide SRR sensoetectromagnetically transparent bumpers etacaly
coated by metallic paint. This is acceptable farent 24 GHz systems, but will have a big impactubfire

79 GHz systems, e.g. 10 dB insertion loss and 5ndBe figure degradation. However, some of this
degradation may be recovered by reactive compemsais in the case of lens surfaces 0. This type of
aperture cover is generally avoided for LRR syste@mmpared to 24 GHz, the band 77-81 GHz offers
several advantages 0:

1. one common technology platform for LRR and SRRreasombining of functions and integration
2. decreased dimensions and volume

3. increased Doppler sensitivity

4. higher angular resolution with moderate antennatapedimensions,

Less information is available for the 63-64 comneation systems as most developments still go ob e
GHz band.

5.4 Vehicular Satellite Terminals

It is expected that satellite vehicular terminall gontinue to be used also as fill-in in areasewéhno other
services are available, but probably the deployroéttiese systems will remain small. A line-of-gigh the
satellite is required. Examples of existing vehacuerminals include:

1. Inmarsat BGAN terminal (L band) with tracking amen

2. Eutelsat EutelITRACs fleet management with varioow-tapacity services (35,000 terminals with
tracking antenna, Ku band).

3. TVRO vehicular terminals (RVs and motor coacheshhwiracking antenna (Ku band). A typical
acquisition cost may be USD 1,000 and above. Skagrtanna systems have been developed, but do not
appear to have been commercialised.

It is expected that also terminals compatible Withband multimedia services will be developed.

Table 5-7 summarizes main characteristics for dmkr(D/L) Ku-band Direct-to-Home (DTH) services and
downlink and uplink (U/L) Ka-band interactive muftdédia (Internet) services in Europe.

Table 5-7. Satellite DTH and multimedia applicatiors in the Ku and Ka band.

Frequency bands Applications
D/L: 10.7-11.7& Fixed Satellite Services (FSS) also used for Diteddome (DTH
12.5-12.75 GHz delivery in Europe. Polarisation is dual linear.

Broadcast Satellite Services (BSS). Polarisatiodual circular, but du
linear is currently essentially exclusively usedemrope.

Multimedia twoway services with lower parts of the bands mairdeq
with gateways and higher parts of the bands mairdgd with user
Polarisation is circular in USA. Polarisation wagially linear in Europe
but new systems like Eutelsat Ka-Sat and Avantiaklyill use circulg
polarisation.

D/L: 11.7-12.5 GHz

D/L: 17.7-20.2 GHz
U/L 27.5-30.0 GHz
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5.6 Summary

Wideband antennas will definitely be required fotufe automotive wireless services. First we carsd
non-interactive services up to and including C barekre wideband antennas — each providing multiple
services — can drastically reduce the number oéramats to be integrated on a car. The automotive
applications put a severe stress on the desigmesetantennas. Their design needs to fulfil theeberived
requirements for an efficient application.

The 60-80 GHz bands for future automotive appl®ipose similar problems with high number of senso
required per vehicle and a potential to combinetions.
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6. Expert group 4 and 5: Array and smart antennas.

Smart car antenna needs review

Cooperative vehicle systems represent the margagee intelligent vehicle and the intelligent higdy and
are expected to enhance public safety and imptowenobility of the overall transportation systentl. &
them perform the called Intelligent Transportat®ystem (ITS). A set of different standards can sedu
covering different kinds of system communicationsnf satellite and terrestrial broadcast, GPS/Galile
Wimax/2G/3G to closer communication systems: VDERC, 12V, V2V, P2V and IR. However, not all the
communication systems get advantages with the uslgamart antennas. In the following sections a
summary of the standards and which informationeisded for the application on smart antennas onigars
covered.

6.1 Specific V2V Standards

6.1.1 |EEE802.11P
This standard is an evolution of IEE802.11 (WiFi N Solution). It is an amendment to be used in
vehicular environment: roadway safety and emergeecyices.
The main radio characteristics are:
a) BW per channel of 10MHz
b) Bit Rate of 3, 4.5, 6, 9, 12, 18, 24, and 27 Blbp

c) The European frequency allocation has a ban80oMHz from 5.875 to 5.905 GHz. This is the
European Radiocommunication Office (ERO) [1] pragbdor Intelligent Transportation Systems Radio
Service (ITS) Aug 2008 but the ETSI EN 302 571cdtes it at 5.855 GHz to 5.925 GHz.

d) The USA allocation has a frequency band of 75z2\MH5.850-5.925 GHz. It has been defined by the
FCC for Intelligent Transportation Systems Radiovise (ITS-RS)
6.1.2 WAVE (Wirdess Accessin Vehicular Environments)

It has its own network and transport layer protamadled WAVE short message protocol (WSMP) evolved
from IEEE 802.11p to support both vehicle-to-vehielnd vehicle-to-roadside communication, but the
physical layer is the same of IEEE 802.11p.

6.1.3 DSRC (Dedicated Short Range Communication)

The target of this standard is:

a) Freight and fleet management,
b) Automatic vehicle identification,
c) Traffic control and parking management

In Europe the DSRC systems has a bandwidth of 1@ BitH5.795-5.805 GHz proposing ETSI Standards
downlink channels with a bit rate of 500 kbps aptink channels with a rate of 250 kbps.

In USA DSRC services have been allocated at 5.9 8&ml. However, it has been superseded by IEEE
801.11p.

The Japanese proposal for DSRC is collected atémelard ARIB STD-T55. The frequency bandwidthtis a
5.8 GHz band with 1 Mbps of bit rate.

However, some millimetre Bandwidths for ITS&DSRC68& 64 MHz bands according to EN 302 571 and
ISO/CD 21217 have been proposed too.
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6.1.4 Wireless broadband networks

Mobile Wimax (IEEE 802.16e) has been proposedT&r services, but without a predefined bandwidthl(<1
GHz). On the hand, South Korea authorities defittedl Wibro (Wireless broadband) with a dedicated
bandwidth of 100 MHz at 2.3 GHz.

6.1.5 CALM

CALM, Communication/continuous air-interface longdamedium range, has been proposed by the ISO TC
204 WG 16 [2]. It is a framework intended to bedige packet-switched networks in mobile environmsent
using different carriers, e.g., 2G, 3G,WiMAX, basedthe internet protocol version 6 (IPv6), thatoisay,
CALM-M5 to incorporate the WAVE profile or CALM-IRo incorporate an infrared profile.

6.2 Non Specific V2V Standars

6.21 NGH

Next Generation Handheld (NGH) [3] system is neetdedccompany digital switch over and convergence
of fixed and mobile services as well as telecommation services and what is more to facilitate the
multimedia content consumption in an efficientxitde and robust way.

MISO and SIMO (diversity reception) will providesggnificant gain compared to SISO systems, butrtake
in consideration that T2 is already MISO-capablel &H is strongly suggesting SIMO implementation,
NGH needs to go further, and offer MIMO as the diigp ahead.

NGH will be available over 5 MHz, 6MHz, 7 and 8 MiBandwidth over the classical VHF and UHF TV
broadcasting band:
e Band lll: 174 MHz - 220 MHz (VHF)

 Bands IV and V: 470 MHz - 861 MHz

622 LTE

LTE (Long Term Evolution) is the standard that ddsrs the evolution of the air interface for cediul
mobile communication systems called usually 4thegation (4G), from the networks known as 3G. LTE is
a set of enhancements to the Universal Mobile Dehmsunications System (UMTS) which will be
introduced in 3rd Generation Partnership ProjeGRB) Release 8.

Release 8's air interface, E-UTRA (Evolved UTRANest OFDMA for the downlink and Single Carrier
FDMA (SC-FDMA) for the uplink and employs MIMO witap to four antennas per station. LTE supports
both FDD and TDD mode. While FDD makes use of mh#pectra for UL and DL transmission separated
by a duplex frequency gap, TDD is alternating uding same spectral resources used for UL and DL,
separated by guard time.

The operating bands and channel bandwidth of LTExeafound in [4]. It has been summarized here.
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Table 6-1 Operating bands and bandwidths applied tthe E-UTRAN

.E-UTRAN Operating Band : Bandwidth s
Uplink Downlink
1920 MHz to 1980 MHz 2110 MHz to 2170 MHz 5, 10, 15, 20 Japan, Europe, Asia
1850 MHz to 1910 MHz 1930 MHz t0 1990 MHz | 1.4, 3,5, 10, 15, 20| C2nada, United States,
Latin America
1710 MHz to 1785 MHz 1805 MHz to 1880 MHz 1.4,3,5, 10, 15, 20 Finland;Hong Kong
1710 MHz to 1755 MHz 2110 MHz to 2155 MHz 1.4, 3,5, 10, 15, 20| Canada, US, Latin Americ
824 MHz to 849 MHz 869 MHz to 894 MHz 1.4,3,5,10 Canada, US, Australia
830 MHz to 840 MHz 875 MHz to 885 MHz 5,10 Japan
2500 MHz to 2570 MHz 2620 MHz to 2690 MHz 5, 10, 15, 20 EU
880 MHz to 915 MHz 925 MHz to 960 MHz 1.4,3,5,10 EU, Latin America
1749.9 MHz to 1784.9 MHz| 1844.9 MHz to 1879.9 MHz 5, 10, 15, 20 Canada, US, Japan
1710 MHz to 1770 MHz 2110 MHz to 2170 MHz 5, 10, 15, 20 Brazil, Ur“F?:r"’L‘jy’ Ecuador,
1427.9 MHz to 1452.9 MHz| 1475.9 MHz to 1500.9 MHz 5, 10, 15, 20 Japan E()%‘éfgbl\j‘g;‘ KDDI,
698 MHz to 716 MHz 728 MHz to 746 MHz 1.4,3,5,10
777 MHz to 787 MHz 746 MHz to 756 MHz 1.4,3,5,10
788 MHz to 798 MHz 758 MHz to 768 MHz 1.4,3,5,10
704 MHz to 716 MHz 734 MHz to 746 MHz 1.4,3,5,10
1900 MHz to 1920 MHz 5, 10, 15, 20
2010 MHz to 2025 MHz 5,10, 15
1850 MHz to 1910 MHz 1.4, 3,5, 10, 15, 20
1930 MHz to 1990 MHz 1.4,3,5,10, 15,20
1910 MHz to 1930 MHz 5, 10, 15, 20
2570 MHz to 2620 MHz 5,10 EU
1880 MHz to 1920 MHz 5, 10, 15, 20
2300 MHz to 2400 MHz 10, 15, 20 China

6.3 Referencesin chapter 6
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