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Outlook (((SARA

« Whatis SARA ?
« Status of automotive frequency regulation in Europe
 The need for worldwide harmonization

* SRR strategy of the European Union:
The long-term 79 GHz and mid-term 24/26 GHz approach

« The European 79 GHz regulation & ETSI standard EN302264

« Status of the German RoCC project for the development of
79 GHz sensor technology

« Status of the EU project MOSARIM to investigate and mitigate
interference between radar sensors



The SARA Group (((SARA

SARA - Group

 Formed in 2001 as Short range Automotive Radar frequency Allocation
now: Strategic Automotive Radar frequency Allocation

Mission

« Global harmonization for regulations and standards to enhance
road safety through SRR

« Long term efforts towards effective frequency regulations worldwide for
automotive radar in general

« Cooperation of the industry to develop and maintain the regulatory
framework for automotive radar

Working on Frequency Management for automotive radar
Independent of frequency and bandwidth
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SARA working groups (((SARA

24 GHz ISM group

 Worldwide standardization of the ITU recommendation
(200 MHz & 20dBm peak power) for automotive usage

26 GHz UWB group

« Worldwide standardization of UWB SRR technology
at 26 GHz & -41.3dBm/MHz RMS power

79 GHz UWB group

« Worldwide standardization of the 77-81 GHz UWB band with -3dBm/MHz
RMS power to provide a long-term home for automotive SRR

77 GHz ACC group

« Standardize the 76-77 GHz band in a few missing countries and defend
the band against interest from other groups. Extend to industrial usage.

Worldwide harmonization is the key goal !




SARA — Current Projects ((SA RA

24 GHz ISM:

* Finalize EU recommendation 70-03 and the harmonized ETSI standard EN302858
for 200 MHz/20dBm in EU

» Explore the possibility for an OBW extension from 76 MHz to 200 MHz in Japan
24/26 GHz UWB

« Avoiding the technology gap between June 2013 (24 GHz UWB sunset date) and
the availability of 79 GHz technology by standardization of a 26 GHz UWB band
in Europe

» Prepare for China

79 GHz UWB

» Prepare for standardization in USA, support Japan

77 GHz ACC

» Maintenance / Defense of Frequencies, avoid national restrictions

« SARA support for Toyota Petition for Rulemaking in US (avoid standstill mode)



Frequencies for Automotive Radar C((SARA

K24/26 GHz 24 GHz w

UWB SRR ISM SRR / MRR

Blind spot

detection ckup parking
aid

\ S Blind spot | Lane change
! . detection assistent
77 GHz . w
LRR UWB SRR /
MRR




Trends and Potentials. ((SA RA

Sensor Performance in the State Space.

Vv V
4 R 4 R
> ¢ ¢
24 GHz 24 / 26 GHz 11 GHz 19 GHz

Narrow-Band UWB (5 GHz BW) (1 GHz BW) (4 GHz BW)

:::> Evolution of Sensor Performance :::>

Source: 19 GHz will be the long—term solution for automotive SRR due
to (i) high range (ii) high spatial resolution
(iii) high angular resolution (iv) higher doppler

~gigg&§f Technical issues are identified and will be solved (RoCC, -:-)

8
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Spectrum Automotive Radar - Overview M(S'ARA

[Dassive band

Until 2013 22— 26.625GHz  UWB SRR 77-81GHz UWB SRR,
Europe W MRR
SARA proposal i 24-27.5 GHz
ISM / Narrow Band HRR
SRR, MRR
US & Canada 22 — 29 GHz UWB SRR UWB SRR not
yet allocated
UWB SRR not yet
S 22 — 26.625 UWB SRR Allocated
March 2013 24 — 29 GHz Process starting in
(expected) March 2010
Frequency 1 | | ] | | | > | | | | ] >
22GHz ISM 29 GHz ACC 77 GHz 81 GHz
band band
Two frequency ranges for UWB automotive radar in the near future




European special UWB situation C((SARA

24 GHz UWB
Sunset date in Europe
30.06.2013

24 GHz UWB SRR UWB Gap /79 GHz UWB SRR

26 GHz UWB SRR ,, Bridge®

| | | | | | F===-- e g

2005 2007 2009 2011 2013 2015 2017 2020 VDA ks

* It is a common understanding that 79 GHz is the target band for automotive SRR
« The EU SRR regulation with 2013 sunset date did not take into account for the
automotive development & validation cycles
« There are no technical solutions for a seamless transition in 2013
=» technology gap is evident




Global Frequency Allocation for & SARA

24 GHz ISM Short Range Radar (SRR) ———

Worldwide coverage

High range, but low spatial resolution - =
. . - 1:‘49';::!)»‘ \~ }. Y P -"\) -"; “ .
The presently highest market penetration =% 2 < {
/ ?‘;?;a.; T} 5" 77777 - 5\:‘
» P W,
Restrictions e A Sl b T
= USA & Canada R i =
100 MHz with 32.7dBm v ...,-.,_)
250 MHz with just 12.7dBm | €
= EU:
Since 2010 no restrictions anymore
= Japan Achieving 200MHz & +20dBm (peak) EIRP
only 76 MHz worldwide (ITU recommendation) is of key
« China interest for SARA
only 13 dBm

Interest of the national industry is important for the frequency allocation




Global Frequency Allocation for

24/26 GHz UWB Short Range Radar (SRR) ——

US: February 2002
EU: January 2005
Russia: July 2008
Australia: July 2006

Singapore: December 2007
» 22-29 GHz and 79 GHz

Canada

* Preliminary solution since August 2006

* Final regulation since 2010
Japan

= UWB study group finalized

= Regulation in 2010 expected
Missing China

Worldwide nearly 60
countries have approved
24/26 GHz UWB SRR.

Interest of the national industry is important for the frequency allocation




Current status 26 GHz Process (Feb 2010) ((SARA

» A simple extension of 24 GHz UWB by 5 years (from 2013 to 2018) is proposed
by Sweden, Norway, Portugal, Finland

» This is strongly opposed by ESA and EUMETSAT which — in case of an
extension — insist on the conclusions of report ITU-R TG1/8, mainly a
penetration rate of 0.031%.

« 26 GHz UWB with modified parameters does not influence RAS and provides
compatibilty to FS and EESS with the following assumptions

SRR Frequency Range 24.25 - 27.5 GHz (3.25GHz)

Peak e.i.r.p. —7dBm/50MHz (for iBW>50MHz)
or
—7dBm — 20*log(50MHz / iBW)

oeweonn | SARA IS confident about a

Mean e.i.r.p. @ 1MHz/ms -41.3dBm/MHz .
Ve eirp @ VIS o dEmiT permanent 26 GHz regulation
Duty Cycle (DC) 2% to 10% per 50MHz and per sec . .
oy e 0. PoTR per e In Europe with 10% car
itional limits in the Direct emission limit in the main
band 23.6-24 GHz beam : -74 dBm/MHz e.i.r.p. .
Additional average antenna pe n etratl O n rate
attenuation above 30° elevation: 20
dB.
SRR Market penetration [10%)]




Global Frequency Allocation for & SARA

79 GHz UWB Short Range Radar (SRR) S —
= EU:
COMMISSION DECISION of 8 July 2004
= Singapore: S v, de o
24 SEPTEMBER 2007 gt ¢ g‘*k ) {(
- ’f—-‘ o) 40 N
= (Japan : f;f k. é‘;
Roadmap) \\(::_\:__‘_ RN s '
'\".._\ L > s \&) =
> / N2 .

SARA supports 79 GHz
rollout with EU support

Interest of the national industry is important for the frequency allocation




79 GHz: (((SARA

SARA Strategy for worldwide Harmonization .o

Europe: 79 GHz frequency allocation is available

US: statement FCC —fill the 22-29 GHz band first

Therefore

Japan - start the allocation process now (24/26 GHz study group
finished) and US in parallel asking for worldwide harmonization
, Europe available, Japan in progress, what about US?*“

= Japan is an important milestone in worldwide harmonization



79 GHz EU reqgulation (1) ((SARA

Frequency band regulated in “COMMISSION DECISION of 8 July 2004 on the
harmonisation of radio spectrum in the 79 GHz range for the use of automotive
short-range radar equipment in the Community”

It has been “... identified as the most suitable band for long-term and permanent
development and deployment of short-range radar... ©

Technical parameters:

77 —-81GHz
designated for automotive short-range radar equipment

on a non-interference and non-protected basis.

Maximum mean RMS power density: — 3 dBm/MHz e.i.r.p. (sensor)
— 9 dBm/MHz e.i.r.p. (behind bumper)

Peak power limit : + 55 dBm e.i.r.p.




79 GHz EU reqgulation (2) (((SARA

Technical details described in ETSI Standard EN 302 264-1 and -2

* Measurement conditions for RMS power:
Resolution bandwidth < 10 MHz, Video bandwidth = 3 MHz,
Detector mode: r.m.s. with an averaging time of minimum one cycle time per MHz
(maximum 50 ms).
Measurements of power densities below -40 dBm/MHz (e.i.r.p.) are not required.

Frequency in GHz 77 GHz to 81 GHz

Maximum radiated average power spectral density -3 dBm/MHz
(e.i.r.p.) [dBm/MHZ] of the EUT

» Measurement conditions for peak power:
Peak power is defined in a 50 MHz bandwidth
The largest VBW on a spectrum analyser is about 10 MHz, so the widest RBW that could
be employed should be 10 MHz. To compensate for the differences in RBW from 50 MHz to
10 or 3 MHz, the worst case assumption of a 20 log relationship is used, i.e. reducing the
RBW from 50 MHz to 3 MHz results in an attenuation of the peak limit of 20 log (3/50) or

-24.44 dBm. Frequency in GHz 77 GHz to 81 GHz
Peak Power (e.i.r.p.) measured in 50 MHz bandwidth (dBm) 55




79 GHz EU regulation (3) (((SARA

Technical details described in ETSI Standard EN 302 264-1 and -2

Table 1: Limits of radiated spurious emissions

Frequency range Limit values for spurious radiation
47 MHz to 74 MHz -54 dBm
87,5 MHz to 118 MHz -54 dBm
174 MHz to 230 MHz -54 dBm
470 MHz to 862 MHz -54 dBm
otherwise in band 30 MHz to 1 000 MHz -36 dBm
1 000 MHz to 100 GHz (see note) -30 dBm
NOTE: Not applicable within the permitted range of frequencies for the 79 GHz
SRR from 77 GHz to 81 GHz.

Table 2: Limits of radiated out-of-band emissions

Frequency range Limit values for out of band radiation
25 GHz to 77 GHz -30 dBm/MHz
81 GHz to 100 GHz -30 dBm/MHz

SARA regards the current out-of-band limit in Japan of -81dBm/MHz
as too low for practical applications and kindly asks to revise this limit




79 GHz UWB SRR: & SARA

Sensor Development and Vehicle Integration

First sensor
prototype presented Implementation and Va.
Sensor
[Development

Technology
|Development I
' " 2007 " 2009 " 2011 ' 2b13| " 2015
*Supported by «Supported by
= - n‘,r:
N 2 Today's 24 GHz
sunset date in Europe
*Source: Kokon 2008
Process Step Description

Semiconductor technology | Semiconductor Development (Kokon Project 2004-2007)

Sensor Sensor and component development (MMICs, ASICs)
(RoCC Project 2008-2011)

Car integration and Sensor suitable for mass production

application New materials for bumper / paintings (transparent at 79 GHz)

Car integration and application development

Test under real Test of sensor and application (up to 1 Million driven km for safety related
world conditions functions)




 RoCC is funded by BMBF
(German Ministry of Education and Research)

« Budget ~18 M€
* Duration: 9/1/2008 until 8/31/2011

(Ontinenfal”

Copyright © Infineon Technologies 2009. All rights reserved.

Bundesministerium
fiir Bildung
und Forschung

(U)) universitat Bremen

BOSCH

Page: 20



Radar based vehicle safety for all!

B 76-81 GHz sensor platform adaptable from long to short range

B Universal, low cost radar transceiver (with integrated antennas)

B Radar sensors of high sensitivity to cope with complex situations

B Improved energy efficiency of SiGe MMICs — strongly reduced power
consumption

B 76-81 GHz MMICs in SMD-Package.

B Improve cost-competitiveness of 79 GHz vs. 24/26 GHz

B 500 GHz SiGe Technology Base for automotive radar applications
(also supported by European DOT5 project)

B Early exploration of frequency ranges > 100 GHz

sensing element

-
s
-
=

ASIC

Copyright © Infineon Technologies 2009. All rights reserved. Page: 2 1



«  OEMs (BMW, Daimler)

Definition of Applications and Requirements
System Concepts and Specifications
Evaluation of Demonstrators on the Road

Concepts and Investigations on “Design Conformal” Integration of Sensors in the Car
(e.g. Radar Transmission Through Bumpers and other Facia Materials)

Feasibility of Utilization of Higher Frequency Bands (>100 GHz)

« Tier1s (Bosch, Continental)

Sensor Concepts and Specifications

Component Specification

Sensor Integration and Characterization

Fabrication of Demonstrators

Innovative Concepts for Future Sensors (e.g. Advanced Antenna Concepts)

* Semiconductor Supplier (Infineon)

Design and Fabrication of Sige MMICs (Low Power, Highly Integrated)
Development of Enhanced SiGe Technology (“500 GHz” SiGe)
Development of Low Cost Packaging Technology for MMICs
System-in-Package Concepts (e.g. Antenna-in-Package)

Copyright © Infineon Technologies 2009. All rights reserved. Page: 22



Year 1

(9/2008 — 8/2009)

8/09 Year 2
(972009 — 8/2010)

8/

10 Year 3

(9/2010 — 8/2011)

8/11

QL | Q2 |03

Q4

QL | 02 | O3

Q4

QL [ Q2 [03

Q4

Radar > 100 GHz
Applications

System Concepts / Specs

BMW / Daimler

N AN

7

7

Bosch 7/ Conti

Sensor Concepts / Specs >

Demonstrators

AN

N 7/

7

MMIC Concepts 7/ Sp

MMwave Circuits

Infineon
SiGe HBT 300 GHz 400 GHz
Package

| | |

Copyright © Infineon Technologies 2009. All rights reserved.
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OEMs (BMW, Daimler)
v’ Definition of Applications and Their Requirements

v’ System Concepts and Specifications

— Evaluation of Demonstrators on the Road
— Concepts and Investigations on “Design Conformal” Integration of Sensors in the Car
(e.g. Radar Transmission Through Bumpers and other Facia Materials)

— Feasibility of Utilization of Higher Frequency Bands (>100 GHz)
Tier1s (Bosch, Continental)
v’ Sensor Concepts and Specifications
v’ Component Specification
— Sensor Integration and Characterization
— Fabrication of Demonstrators
— Innovative Concepts for Future Sensors (e.g. Advanced Antenna Concepts)

Semiconductor Supplier (Infineon)
4 Design and Fabrication of SiGe MMICs (Low Power, Highly Integrated)

— Development of Enhanced SiGe Technology (500 GHz” SiGe)
— Development of Low Cost Packaging Technology for MMICs

Page: 24
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Funding support within "Verbundprojekt:
Radar on Chips for Cars (RoCC); FKZ.
13N9822" by BMBF (Bundesministerium fur
Bildung und Forschung) is gratefully
acknowledged

Copyright © Infineon Technologies 2009. All rights reserved. Page: 25



e MOSARIM MOre safety for All by Radar Interference Mitigation

Grant Agreement No.: 248231

Duration:
Theme:

The Consortium:

Financial Regime:

1. Jan. 2010 to 31.Dec. 2012
ICT-2009-4-6.1

DAIMLER InnoSenT R ﬁ(“l

Karlsruhe Institute of Technology

'ﬁ® telefication _

= © BOSCH ~™_

. i VOLVO
5 JRC <oy
EUROPEAN COMMISSION Automotive

O BOSCH (Coordinator)
B UKA

ODAIMLER

oJRC

Budget: 4.820.693€ &% mTRW
O CONTI
Funding: 2897173 €

% BEGRC
OHELLA
HnnoSenT
B Telefication
OVALEO
ovVvoLVOo

29.01.2010

Deliverable D61.3 - Project Fact Sheet Page #26



e MOSARIM MOre safety for All by Radar Interference Mitigation

The Motivation:

Acting pro-active before severe interference cases jeopardize further vehicular radar
proliferation

Bringing together all relevant stakeholders in a European, pre-competitive research
platform

Prepare the track to international, commonly agreed recommendations and de-facto
standards to reduce mutual radar interference for automotive radars

The Objectives:

Elaborate comprehensive and realistic simulation models regarding radar interference
Generation of a starting platform based on common understandings and state-of-the-art
Find common applicable interference countermeasures to reduce mutual radar disturbance
Assessment on actual radar interference potential with of the shelf radar sensors

Generation of recommendations and guidelines for vehicular mutual radar interference
mitigation

Specification and implementation of a norm radar interferer for automotive radar

interferenge tests _ _ 29.01.2010
Deliverable D61.3 - Project Fact Sheet Page #27



o MOSARIM MOre Safety for All by Radar Interference Mitigation

The Project Content and Focus:

Future Focus mutual
interference

Generation of M OSA R | M
a de-facto standard )
Project

Recommendations
and guidelines
Current common, agreed viewpoint

Focus Norm radar interferer

Definition, specification and build
Interference effect mapping to real sensors

Elaboration of countermeasures

Common definition and understanding of mutual interference
Effectiveness and implementation assessment

Ground truth and realization methods
Virtual Radar Drive (Simulation) and Laboratory tests

29.01.2010
®

Deliverable D61.3 - Project Fact Sheet Page #28




Conclusion (((SARA

77-81 GHz in Europe is identified to be the final solution for automotive
UWB SRR

The European 2-step solution with 2013 dead line did not take into account
the automotive development and validation cycle
The existence of a technology gap is widely accepted

Europe will respond to this problem with a “bridge” solution.
The exact solution is still heavily under discussion

The 79 GHz EU regulation has been explained in detail. SARA kindly asks
the ITS study group to harmonize with EN302264 wherever possible

The status of RoCC has been reported.

The EU project MOSARIM has been introduced. Exchange of information is
highly desirable and can be negotiated with the EU.
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CEPTIZEB I+AH & EHIK;

e WGs SE24/FMA7IZHLVT « The new EC Mandate on

g231);EUWBL—4F —IC SRR
FOBBREZFEFEAN — consider the development
D) AT il of the automotive SRR
— technol in the 79 GH
* 79 GHziL {0 % KT HA1Z ey T T R
- range and report on
e AT HEM E DD DFRET whether there are any
* No consensus yet, as of technical barriers to the
Jan 2010 uptake of the 79 GHz band

as the permanent band for
automotive SRR in the
medium term;

— FYTA—H—RIDERD
FHENHY, EHhEMEFE
LN EEK

2010/3/8



79 GHz UWB L —4& Z BV &K

* 76-81 GHz MMICs

— Bare-die units only

— High power
consumption

o fthiRfiTDEAFE
- BE Rt Y—
— ¥t Y —(LIDAR)
— NIAS

o BIRRI(RAS)ZIREE
R DE IS

— RR4.4

— Rep. ITU-R SM.2057

o UWB®ME N1 ERAST iR
[EDZE ~94dB
(100 devices/km”2)

e ~11 dB higher than the
case for the 24 GHz UWB
radar

— Single entryMDZ & D
i b BE A ~ 852 km
(BEHZERGKRDIEZE)




fith D 12K {1 46

o RRMUNMKELVFIE
Tl&, BUREALRAL D
EAR
— @80 GHz: 0.37 dB/km
— @60 GHz: 15 dB/km

0,IC KD REF/ZIRYN
— No RAS observations @
~ 60 GHz

2010/3/8

1kmE =Y DRI = (dB)

Rec. ITU-R P.676, Figure 5
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o ITSD=8IZIL, ~79GHz IZHBNHE (XL,
RlLRBMERANIYBE Z75~60 GHzHRRET R R
|2 J\inéfou& ERFEFEDPTONEE
-> Rec. ITU-R M.1452-1




% BERIEBEDETE

RASOD T 5 EE « BHZEMIGRE

Rec ITU-R RA.769  (dB) =

TR EA (Table 1) 92.44 + 20log f + 20log d
(Tolerable) Input Power f: GHz, d: km

-189 dBW / 8000 MHz

> -198 dBm/MHz . DBEISL.

Freq = 79 GHz, L=-9-(-198) =189 dB
Gain = 0 dBi

Transmitting Power of a - d =851.9 km
UWB device: -9 dBm/MHz
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FIGURE 1

Threshold levels of interference detrimental to continuum observations
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Threshold levels of interference detrimental to spectral line observations
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