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@ Mercedes-Benz

Recent Mercedes-Benz accident study calculation Press Information

20 percent fewer rear-end collisions thanks to June 10, 2008
DISTRONIC PLUS and Brake Assist PLUS

Stuttgart - DISTRONIC PLUS and Brake Assist PLUS, the Mercedes-Benz
assistance systems based on sophisticated radar technology, make an
effective contribution to accident prevention. This is the conclusion
reached after an analysis carried out by Mercedes-Benz on the basis of
representative accident research data. With the help of this technology an
average of one fifth of all rear-end collisions could be prevented in Germany
alone. And on motorways, rear-end collisions could be reduced even further:
by an average of 36 percent. The Mercedes-Benz systems warn drivers when
they are maintaining too little distance from the vehicle travelling in front
and provide support in the event of emergency braking.

Engineers working for the Stuttgart-based car manufacturer have developed a
procedure which for the first time makes possible a predictive calculation of the
usefulness of new safety technologies. For this the specialists have taken into
account both official statistics and the analysis of the approximately 16,000
traffic accidents which have so far been studied within the framework GIDAS
(German In-Depth Accident Study).

The evaluation of the safety potential offered by the DISTRONIC PLUS and Brake
Assist PLUS assistance systems is based on the reconstruction of more than 800
rear-end collisions. The focus of the representative study was the question: how
many of those accidents could have been avoided if all the passenger cars had

been equipped with this Mercedes-Benz technology?

The results confirmed the great safety effect of the systems: with DISTRONIC
PLUS and Brake Assist PLUS an average of more than 20 percent of all rear-end
collisions could be prevented. In a further one-quarter of all collisions the

systems could contribute to a significant reduction of the severity of the accident.

Daimler Communications, 70546 Stuttgart, Germany
Mercedes-Benz - A Daimler Brand
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The greatest safety potential is offered by the interaction of modern radar and Page 2
braking technology on motorways, where around 36 percent of all rear-end

collisions could be avoided.
Around 40 percent of all S-Class saloons equipped with radar technology

The DISTRONIC PLUS proximity control system keeps your vehicle at a
previously chosen distance from the vehicle travelling in front and, if necessary
brakes your vehicle to a complete standstill, depending on the traffic situation. If
the distance to the preceding vehicle narrows down too rapidly, the system warns
the driver and calculates the required brake pressure, which is then provided
instantaneously by the Brake Assist PLUS system as soon as the brake pedal is
depressed. Should the driver disregard the warning, the PRE-SAFE® Brake system
performs an emergency partial braking manoeuvre, significantly reducing the

severity of the impact.

Since 2005, Mercedes-Benz has offered these radar-based assistance systems for
the S-Class, and since 2006 for the CL luxury coupé. Around 40 percent of all
German customers buying new S-Class vehicles equip them with this safety
technology; while the proportion of CL-Class outfitted with DISTRONIC PLUS
and Brake Assist PLUS is even higher, exceeding 80 percent. Since 2005
Mercedes-Benz has delivered a total of more than 45,000 passenger cars
featuring these innovative systems.

In order to calculate the safety benefits provided by this technology,
Mercedes-Benz specialists make use of relevant data from the individual
accidents, such as speed, distance to the other vehicle and driver’s braking
behaviour. With these data, together with the governing algorithms of
DISTRONIC PLUS and Brake Assist PLUS, the individual speed reduction is
calculated. The engineers from Mercedes-Benz decided to apply a conservative
calculation principle and did not take into account, for example, the additional
safety-enhancing effect of the visual and audible distance warnings which prompt
the driver to apply the brakes himself if the system determines it can no longer

Daimler Communications, 70546 Stuttgart, Germany
Mercedes-Benz - A Daimler Brand
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avoid a collision by itself. The analysis is based on the assumption that the Page 3

drivers ignore these warnings.

In Germany there are over 50,000 severe rear-end collisions every year, causing
death or serious injuries to around 5,700 people. Of all the accidents involving
personal injury, one in six is a rear-end collision. In the United States this

accident type makes up around 30 percent of all serious traffic accidents.

The engineers of the Stuttgart-based car manufacturer continue to work tirelessly
on the development of further driver assistance systems aimed at helping to

prevent road accidents.

Contact:
Norbert Giesen, telephone: +49 (0)711-17-76422, norbert.giesen@daimler.com

Further information about Mercedes-Benz is available online:
www.media.daimler.com

Daimler Communications, 70546 Stuttgart, Germany
Mercedes-Benz - A Daimler Brand
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Press Information
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Mercedes-Benz - A Daimler Brand
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DESIGN OF EFFECTIVE COLLISION MITIGATION SYSTEMS AND
PREDICTION OF THEIR STATISTICAL EFFICIENCY TO AVOID OR
MITIGATE REAL WORLD ACCIDENTS

Dr. Schittenhelm, Helmut
Daimler AG, D-71059 Sindelfingen, Germany

KEYWORDS - effectiveness of primary safety measure, collision avoidance, brake assist,
advanced cruise control, rear-end crash, active safety, safety benefit, real world accident data

ABSTRACT

Primary safety systems are designed to help to avoid accidents or, if that is not possible, to
stabilize respectively reduce the dynamics of the vehicle to such an extent that the secondary
safety measures are able to act best possible. The effectiveness is a measure for the efficiency,
with which a safety system succeeds in achieving this target within its range of operation in
interaction with driver and vehicle. Based on Daimler’s philosophy of the “Real Life Safety”
the reflection of the real world accidents in the systems range of operation is both starting
point as well as benchmark for its optimization.

A prospective method of efficiency prediction for primary safety systems which yields
statistically significant results is discussed for rear-end crashes. The method starts from a
characterization of the conflict and the crash situation depicting its relevance in real word
accident statistics. The optimization process is aimed at achieving best system performance
under the spectrum of real world accidents. The method was applied to the conventional
Brake Assist of Mercedes-Benz. The result matches excellently with former retrospective
evaluations of German accident statistics. The appliance to the linkage of DISTRONIC PLUS
with Brake Assist PLUS generated promising results. Despite very conservative restrictions
the results confirm with the profound safety effects: DISTRONIC PLUS and Brake Assist
PLUS can avoid more than 20% of all rear-end collisions. In an additional portion of 25% of
collisions the linked systems contribute to a significant reduction of accident severity.

INTRODUCTION

For Mercedes-Benz, automotive safety is not just a question of fulfilling crash tests.
Mercedes’s innovations in the area of primary and secondary safety have been based
successfully on findings of accident research for 38 years. Reality still is and continues to be
the benchmark of the development of effective primary and secondary safety measures. The
development of modern safety measures is a holistic process (figure 1) which is based on
accident research, basic research on driver behaviour (situation based human or operating
error) and development and integration of new sensor, perception and actuator technologies.
During the development process ample simulation series [6], system tests at test areas [5] and
driving simulator tests are used to design and optimize the assistance systems [3]. During the
final step customer-orientated testing of the system is carried out. However, after the system
is introduced to the market it takes several additional years for it to penetrate the market. Only
then is it possible to gain information on its efficiency based on real world accident statistics.
Many of these systems take more than a decade of years to achieve a sufficient penetration
rate. This immense lag of time is not acceptable for the development of safety measures that
had to be efficient on the base of reality like it is required by Mercedes-Benz.
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Retrospective
Efficiency - RWAA

System Design & Development
of Primary Safety Measures

Need for Reliable Efficiency Prediction

l

Figure 1: The need for statistically significant efficiency prediction during the
development of safety measures and beyond

BAS (version Mercedes-Benz)
Collision Avoidance: x%
Collision Mitigation: y%

For the optimization

of the above
described  develop-
ment process it is
essential having
statistically reliable
prediction of the

expected efficiency
available continuous-
ly from the choice of
a promising idea for
the design of a new
safety measure, the
starting point of its
development and
through the whole
process. So it
becomes possible

[}

and conflict situations resulting from human errors,
[}
[}

to focus on those primary safety measure that addresses most efficient relevant accidents

to configure an efficient set of optimal balanced sensors, actuators and algorithms,
to optimize the efficiency of the function by preliminary design using simulation methods,
to obtain reliable information what the customer can expect from the system as benefit.

Efficiency analysis is the key technology to achieve an improved development process.

DEFINITIONS

In analyzing the effect of primary safety measures it is useful to define terms that describe
abstract characteristics of an accident or concrete accidents of a given characteristic. The
characteristic could be a parameter that leads to an accident like the conflict, an environ-

Area of Action
[of BAS]

Area of Conflict -
[of BAS] (

Efficiency [of BAS

Area of Efficiency
[of BAS]

Figure 2: Visualization of the definitions around efficiency

mental parameter like
ice or a property like
skidding. Another use-
ful differentiation is
that  between  the
relative and the
absolute effect. To do
so the following
definitions were intro-
duced (see figure 2).

The area of conflict
[AoC] of a primary
safety  measure is
defined to be the
grouping of abstract
standardized conflict
situations, in which the

primary safety measure should operate, avoiding or reducing accident severity due to its
specifications. Use-cases which can be categorized as accidents are an example that makes up
an “area of conflict”. The area of action [A0oA] is defined as the mapping of the area of
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conflict in representative real life accident data. It is the totality of accidents which correspond
to the conflict situations in the area of conflict.

The area of efficiency [AoE] is defined as the subset of the area of action, in which the
primary safety measure is able to avoid or mitigate the severity of accidents. Here the design
specifications satisfy the physical parameters of the accidents.

The degree of efficiency [DoE] is defined as the quotient of the number of accidents in the
area of efficiency and in the area of action. The efficiency is defined as the quotient of the
number of accidents in the area of efficiency and the number of accidents in the origin base of
all accidents. The adjunct “representative” is used to clarify that the allocation base was
representative. An illustration of the terms defined above and their dependencies is shown in
Figure 2 using the primary safety measure “Brake Assist (BAS)” as an example.

METHODS FOR DETERMING EFFICIENCY

First of all methods for determining the efficiency of primary safety systems can initially be
classified according to their ability to provide results for efficiency in a retrospect or in a
prospective view.
Methods for a retrospect assessment of efficiency have established themselves by proving the
evidence of ESP. Studies conducted by Mercedes-Benz [1], NHTSA and others show that in a
representative sample of accidents a significant reduction in the number or the severity of
special types of accidents between a group of cars equipped with ESP and a group of cars
without ESP could be observed. One of these special types is for example the type of “driver
related accidents”. Mercedes-Benz showed a reduction of 42% in this type of accident. This
result is confirmed by other studies and already existing meta-studies [2]. By contrast in [13]
not a type of an accident but the conflict of a skidding car before the crash is analyzed.
The principle disadvantage of retrospect methods is that they base on the fact that there is a
significant amount of cars equipped with the system in the market and that they are
differentiable from those without the system. This penetration normally needs years after the
point of sale. This is unacceptable for a use in the development of effective safety systems.
The prospective methods can be distinguished by their ability to supply statistically reliable
representative results. The following requirements have to be fulfilled to obtain such results:
1. representative accident database used as a basis for the method / analysis
this means in particular a great number of total and considered accidents, surveyed
coincidentally, containing all required information by the primary safety system
2. reproducibility of the results respectively the determination of AoA and AoE
this means especially a strictly rule-based respectively automated approach
3. integration of most / all parts of the primary safety system in the estimation of AoE
this means integrating descriptions or models for most or all parts of the system in
the loop with car, driver and the complex accident situations in their holistic
interactive dependencies (for the prevention of drastic simplifications).
An assessment of common used method for predicting efficiency in the two dimensions
“representative database” and “level of details of integrated parts” is shown in figure 3.
The “method” driving simulator has the unique advantage that it makes it possible to vary the
driver and its behaviour in the accident situation remaining the same for all different drivers.
To cover the wide spread of conflicts that lead to a rear-end accident the efficiency is
calculated as a mean of several typical rear-end accidents [3, 4, 14, 16]. For getting
representative results the integration in other methods is necessary.
The determination of AoE which is necessary to calculate DoE can be done in two ways. The
simple way is to integrate parts of the primary safety system in the specification of AoE. If
A0A and AoE are determined from in-depth accident data, this could be done. An example of
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doing this is described

Level of details:

high / naturalistic PAEEELITS enctomnen in [7, 8] A weakness of
ongpr:mling :rieptated efficiency this approach is the not
- esting analysis . .
Descrlptlor; of driving neglectable variance in
primary safety SiL-driving simulator
measure simulation testing r::(lﬁ\::;l:i the reSUIts' A m(_)re
analysis complex and expensive

way is to determine
AOE Dby an automati-

-by- .

udgment examination cally performed analysis

tow / poor mrp— -~ -l of ol accidents
one-siaed sample representative sample - -

of accident data of accident data contained In the AoA

Figure 3: Efficiency assessment methods and their characteristics [8, 9]. This approach

ends in a trustier AoE
and DoE than the one resulting from the simplified approach described before. Therefore a
specific version of an automated approach is used in this paper.

GIDAS DATABASE-A STATISTICAL REPRESENTATIVE SAMPLE OF ACCIDENTS

The analysis in this paper is based on accident data provided by the GIDAS project. GIDAS is
an abbreviation for “German In-Depth Accident Study”. GIDAS is a cooperative project
between the German Association for Automotive Technology Research (Forschungs-
vereinigung Automobiltechnik e.V., FAT) and the German Federal Highway Research
Institute (Bundesanstalt fir StraBenwesen, BASt) (see [11] for more details). In its current
form it was founded in 1999. Since this time the data for in-depth documentations of more
than 2000 accidents per year is collected in two research areas — the metropolitan areas around
Hanover and Dresden (figure 4). The criterions for choice and collection are: (1) road
accident, (2) accident in one of the research areas, (3) accident occurs when a team is on
duty, and (4) at least one person in the accident is injured, regardless of severity. For each
accident a digital folder is delivered according to carefully defined guidelines and coded in a
database. Depending on the type of accident, each case is described by a total of 500 to 3,000
variables, containing e.g. accident type and environmental conditions (the type of road,
number of lanes, width, surface, weather conditions, time of the day,...) surroundings of the
accident scene, vehicle-type, vehicle specifications (mass, power, tires, ...) and configurations
(e.g. with safety measures), documentation of damage of the vehicles and injury data for all
persons involved and their medical care. Investigation of all cases is “on the spot” to ensure
best visibility of traces for a best possible reconstruction. Each accident is reconstructed in

detail including the
pre-collision-phase.
Available information
includes initial vehicle
and collision impact
speed deceleration as
well as the collision
Suerr\:gz;\szg;iSf;t Statistics - . - sequence.
Federal Statistical Office ) nearly 16,000 accidents Half the battle Of the
pro of this database is
that: (1) the number of
the Czech Republic cases is h|gh enough
to provide statistically
significant results, and

1000 accidents per year

1000 accidents per year

powered by:

Figure 4: GIDAS database - the research areas around Hanover and Dresden
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(2) each accident is documented in great detail, including in-depth-analyses and
reconstructions of the course of the accidents including the pre-crash phase, and (3) most of
all this database is proven to be representative to German national accident statistics.

RELEVANCE OF REAR-END CRASHES WITH PERSONAL INJURY IN GERMANY

Rear-end collisions are among the most frequent type of accidents with injury outcome. In the
German accident statistic of 2006 this accident type corresponds to 15% of all accidents with
injuries. Taking a closer look at rear-end collisions it becomes clear that only four conflict
situations already make up 80% of all rear-end collisions: (1) colliding with a slower vehicle,
travelling in front,(2) colliding with a vehicle at the tail end of a traffic jam,(3) colliding with
a vehicle which stops, brakes or travels slowly due to an impending stop (traffic light, stop
sign, etc.), and (4) colliding with a vehicle which attempts to turn left but needs to stop for
another vehicle having the right of way (figure 5). We will refer to these accidents as the

Accidents 0% 10% 20% 30

with stationary vehicles parking or maneuvering :l

with traffic moving ahead, waiting or approaching

with vehicles traveling in the same direction :l

with oncoming traffic

when turning off to the right, left or crossing a road_

between vehicle and crossing pedestrian :l
caused by colliding with an obstacle :l

(corresponding to 839 accidents (¥ 12%, equates
to 80% of 15%)

leaving the road to the right or to the left

other accidents :l

Figure 5: The area of action of CRAMS addressing rear-end collision correspond with 15% of all accidents
with injuries in German accident statistics of 2006. 80% of all collisions result from only 4 conflict situations.

“Area of Action of CRAMS” (Collision (Rear-end) Avoidance or Mitigation Systems). The
absolute size of other conflicts is less than 0.1%. For reducing complexity we will leave them
out from further considerations. But where do these accidents happen? Accident statistics give

[um] us a good indication:

= 10,2% 38,0% 64,9% 62,2% in urban areas
g urban m _I | _I| _I and 37,8%

- outside
E m,m@q extra urban urban dareas. The

<a accidents  happening
A outside url_Ja_n areas can
]\ be subdivided into
15.4% TR | three different types of

Il roads: 15% of these
accidents happen on
» ‘ freeways, 11,5% on

waiting, severity AIP fatalities seriously injured V| slightly injured hiah d h
ighways and another
accident: ,collision with another vehicle which is moving or waiting ahead* 11,3% on roads of
Figure 6: Sites of rear-end accidents with personal injury (API) in Germany (2006) | lower categories. Each

i

Collision with another
vehc. moving ahead o

17,5% 10,6%

type of road defines a
specific dynamic representation of the accidents situations which should be addressed by the
primary safety measure efficiently. For details see figure 6. Hard point for reducing fatalities
is the reduction of extra urban accidents on motor- and freeways. Crucial point for reducing
the number of accidents is the focus on “urban accidents”.
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FROM BRAKE ASSIST TO BRAKE ASSIST PLUS

Brake Assist was the first primary safety measure that provides provable assistance to the
driver to avoid rear-end collisions. It was derived from the observation [14] that drivers apply
the brakes in emergency situations fast but normally did not reach maximum capability of the
brake system. Brake Assist (BAS) identifies emergency braking situation by always
comparing the speed at which the brake pedal is

activated. If this speed exceeds a specific limit which
also depends on the current velocity of the car and an
actuation travel of the brake pedal, Brake Assist
automatically builds up the highest brake pressure. The
deceleration increases instantly to the maximum
possible value. It was due to the decision of Mercedes-
Benz to install BAS 1997/98 as standard equipment in
all passenger cars that the efficiency of the system was
measurable in the national German accident statistics of | Figure 7: Efficiency of BAS in rear-end
1999/2000. BAS reduces the involvement of Mercedes- | accidents, figures from the national

Benz cars in contrast to cars of other brands in rear-end |_German accident statistic of 1998/2000
collision by 8% (see figure 7) and in serious accidents with pedestrians by 13% [12, 16].
Selective further development of BAS [3, 4] was “added environmental sensing” i.e. the
integration of two radar sensors systems to monitor and evaluate the traffic situation in front
of the car. The 77-GHz and two 24-GHz radar systems complement each other. The 77-GHz
long-range radar is able to scan three lanes over a distance up to 150 meters with an angel of
nine degrees. Two 24-GHz radar sensors monitor the immediate area in front of the vehicle
from 0.2 up to 30 meter with an angle of 80 degree for each sensor. With this radar-based
environmental perception the situation evaluation algorithm of BAS PLUS can detect
imminent rear-end collisions to identified obstacles. If there is currently one detected BAS
PLUS does in parallel:
(1) BAS PLUS calculates continuously the actual braking assistance required to avoid
the collision by target braking (not necessarily a full braking). The calculated braking
pressure is available as soon as the driver applies the brake.
While the conventional Brake Assist requires a reflex activation of the brake pedal,
BAS PLUS only requires a pressure on the pedal that shows the clear intention for
braking. This measure increases the number of activations considerably compared to
BAS [14]. While the conventional BAS only can provide full braking pressure, BAS
PLUS provides a situational depending braking pressure needed for a target braking.
(2) BAS PLUS warns the driver with an audible signal, prompting him to take action.
This warning sub function is an additional difference between conventional BAS and
BAS PLUS. Thereby BAS PLUS is able to support drivers that misjudge criticality,
react inert or got distracted. This warning increases the number of driver braking in
these conflicts.
The BAS PLUS system is an additional option efficient especially in the case of rear-end
collisions; naturally the BAS remains available. It keeps very efficient in accidents with
pedestrians, where an alert driver sticks to be a more efficient sensor compared to radar.

FROM DISTRONIC TO DISTRONIC PLUS
Mercedes-Benz calls his advanced cruise control DISTRONIC (DTR). It was presented in

1998. The system combines the cruise control function with a 77 Gigahertz long-range radar
sensor. For an intrinsic speed in the range between 30 to 180 km/h DTR can set a value for
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vehicle speed and another value for a time based distance maintaining to a vehicle in front.
Below an intrinsic speed of 30 km/h DISTRONIC automatically switches off. Its maximum
dynamic to decelerate is 2 m/sec?. The assisting System DISTRONIC tries to keep the vehicle
at the desired speed until it detects a slower vehicle in front. In this case DTR reduces the
intrinsic speed so that the planned distance to the car in front is kept. If DTR reaches its
system limits the control task is handed over to the driver. DISTRONIC also contains optical
and audible collision warning.

Selective further developments of DISTRONIC lead to DISTRONIC PLUS [3, 4] in 2005.
The 77 GHz DISTRONIC radar was combined with two 24 GHz short range radar sensors.
The algorithms for situation perception and assessment were enhanced. This leads to an
increased operating range from 0 km/h to 200 km/h, an extend of the area of operation of the
proximity control up to between 0.2 m and 150 m and an advanced dynamic range for
deceleration. As such, automatic braking is now provided up to 4m/s? depending on the
intrinsic speed. Where are the differences between DISTRONIC and DISTRONIC PLUS that
are relevant for their ability to mitigate or if physically possible avoid rear-end accidents?
While the conventional DTR can not ...

e automatically brake to a standstill, DISTRONIC PLUS can.

e “sense” a car standing still after braking to standstill DISTRONIC PLUS can.

e decelerate with more than 2 m/sec2 DISTRONIC PLUS can decelerate automatically
with 4m/sec? up to an intrinsic velocity equal 50 km/h, between an intrinsic velocity of
50-150 km/h with an deceleration in the range from 4 m/sec? to 2 m/sec?, and above
150 km/h with 2 m/sec?.

e control speed and distance in the range from 0-30 km/h for intrinsic velocity and in
proximity up to 0.2 meters, DISTRONIC PLUS can.

The advanced situation perception and assessment based on the use of 24-GHz radar, the
extended dynamic and enlarged system limits cover the dynamic of more than 50% of rear-
end accidents. In sum these additional features give DISTRONIC PLUS the opportunity to
mitigate respectively avoid rear-end accidents.

THE REAL WORLD EFFICIENCY OF BAS LINKED WITH DISTRONIC AND BAS
PLUS LINKED WITH DISTRONIC PLUS

In the two preceding sections the functionality of Brake Assist, Brake Assist PLUS,
DISTRONIC and DISTRONIC PLUS was represented in detail. Now their degree of
efficiency in avoiding or reducing the severity of rear-end accidents based on real world data
will be examined. To be able to do so a virtual proving ground was created consisting of
models for vehicle with primary safety system respectively assisting system, driver and
environment. The actual realized level of detail permits evaluations of Mercedes-Benz cars
equipped with above specified systems BAS, BAS PLUS, DISTRONIC, DISTRONIC PLUS
dynamically in those critical pre-crash situations defined by the elements of the relevant areas
of action. Analysis for the efficiency is carried out automatically based on the area of action.
The assumptions on which the following efficiency analysis is based are very important, they
are chosen very conservative: Selecting accidents from GIDAS database (2006) that belong to
“area of action of CRAMS” (AoA-CRAMS) as defined before. Then it holds for AoA-CRAMS:
e It consists of 839 in-depth evaluated accidents, especially containing reconstruction data.

e It constitutes a representative sample of rear-end accidents with personal injury in Germany.
The systems BAS, DTR, DISTRONIC PLUS, BAS PLUS are tested virtually in the “area of
action of CRAMS” (Collision (Rear-end) Avoidance or Mitigation Systems) assuming:

* Equipment rate is 0% or 100%.

* BAS PLUS is activated permanently (rate of switching-on is 100%).

01-1-12


takohta
Text Box
参1-1-12


FISITA Paper No. F2008-08-109 Page 8 14/09/2008

* DISTRONIC, DISTRONIC PLUS - adaptive cruise control sub-function - is activated for
100% extra urban driving on freeways (Autobahnen) and highways (Bundesstralien).
« Conservative assumptions with respect to the behaviour of the driver during the accident:
= Driver behaviour remains UNCHANGED during the accident (equal to reconstruction).
= A possible reaction of the driver to all kinds of collision warnings is NOT MODELED.
= A simple driver model for activating BAS is used.
The degree of efficiency is calculated as defined before.

0% baseline uu u

-8% -8% 0%

accidents avoided

-50% |y NSRS | Sy S S S| S S S S
0%

accidents with
reduced severity

BAS - YES YES YES YES YES
DISTRONIC - - - YES - -

DISTRONIC PLUS - - - - YES YES (on BAB only)
BAS PLUS - - - - YES YES (on BAB only)

[ Real world accident analysis [ | Efficiency analysis based on real world accident data (GIDAS)

Assumptions:
* Equipment rate 0% respectively 100%
* BAS PLUS is activated permanently (rate of switching-on is 100%)
* DISTRONIC PLUS- adaptive cruise control - is activated 100% extra urban on freeways (BAB) and highways (BundesstraBen )
» Conservative assumptions with respect to the behavior of the driver during the accident (no changes, no reaction on warning)

Figure 8: Mercedes-Benz inventions “DISTRONIC, DISTRONIC PLUS linked with BAS respectively BAS
PLUS” reduce the number and the severity of rear-end collisions:

Figure 8 summarizes the results of the efficiency analysis for BAS, DISTRONIC linked with
BAS respectively DISTRONIC PLUS linked with BAS PLUS based on representative real
world accident data. For comparison the result of the retrospective efficiency in the case of
rear-end collisions based on data from the German Federal Statistics Office is included in
figure 11. This former evaluation shows a reduction of -8% in rear-end collisions resulting
from BAS. A similar effect results from the virtual test with vehicles equipped with BAS in
the area of action consisting of ALL rear-end crashes from GIDAS (2006). Just over 8% of all
rear-end collisions could be avoided during the virtual test of BAS with more than 800
representative accidents with personal injury. [9]

In the case of the combination of BAS and DISTRONIC (switched-on on highways and
freeways) the number of avoided rear-end crashes increases to nearly 9%. Here the additional
obtained reduction of severity carries more weight. In the case of the combination of BAS
PLUS with DISTRONIC PLUS (switched-on on highways and freeways!) the share of
avoided accidents (in all urban and extra urban collisions) climbs above 20%. The proportion
of accidents with reduced severity adds to it with 25%. The safety potential of the interaction
of DISTRONIC PLUS and BAS PLUS becomes even more evident on freeways. Here the
system combination is able to avoid more than 37% of all rear-end collisions. This is due to
the large share of accidents in which drivers do not react. In more than 85% of all accidents
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were the driver did not react a switched-on DISTRONIC PLUS is able to avoid accidents due
to its (increased) wide dynamic range. This is all the more amazing due to the fact that the
additional effect of a warning is ignored. In those accidents in which the driver brakes so far,
DISTRONIC PLUS reduces energy in the bullet car until the point in time when the driver
applies the brake thus far. After this point BAS PLUS optimizes braking reaction of the driver
to a target brake. This avoids many accidents or reduces their severity especially in the
situations with traffic jam. This optimal functionality in complementing one another leads in
sum to an absolute portion of nearly 4% of the total amount of nearly 21 % avoided accidents.
All numbers based on an 80% proportion of accident situations maintaining to rear-end
crashes. A future dropping of the restriction to (CRAMS-A0A) and consideration of all
accident situations may give an increased efficiency. The work will be continued to integrate
the efficiency of PreSafe®-Brake and the reaction of the driver on warnings.

SIMPLIFIED ANALYSIS OF THE INFLUENCE OF THE DRIVER

The following assumptions about the driver were made in the previous efficiency analysis:
» Driver behaviour remains unchanged during the accident (equal to reconstruction data).
* A possible reaction of the driver on all kinds of collision warnings is NOT MODELED.
What is that suppose to mean? A
warning can effect 2 basic reactions:
(1) if the driver does not react in the
original accident without a warning,
it is to be assumed that he would do
o pomese oo pone | SO — With @ certain probability.

(2) if the driver reacts in the original
accident, two different cases have to

System idea: Prepone the driver’s
brake reaction for 0.x seconds

area of conflict: rear-end collisions

distinguished:

(a) the reaction was before he could
Figure 9: Degree of efficiency of preponed braking in rear- be aware of the warning, then it is to
end collisions be assumed that the warning would

have had no influence on the point in
time of his reaction.

(b) the reaction was after the warning, then it is to be assumed that the warning would have
had influence on the point in time of his reaction. With a certain probability the collision
warning will lead to a preponing of the reaction — close(r) to the warning. In none of these
cases the (observed) reaction point
in time would have been regarded
stable or preponed by the warning.
So the assumptions made are very
conservative, but the consideration

Collision avoidance

100%
90%
80%
70%
60%
50%
40%

° ® Proportion of avoided rear-end collisions

o GIDAS (basts of comparison: i drivers of a driver reaction on the warning
0% ° which showed a brake reaction) B _
0 e would (only) improve but in no
0% 0..55 1I_05 1I,55 time of forward displacement CaSG Impa”. the effICIenCIES
(Shtarting pgin!;s !hebset o; a:ll rear":iend cra}s:ebs ckaused b‘y passengzr c?rs in GC{IDASdzqob,(N;833f),a/ga o;actior: i§ ' Figure 9 and 10 shOW simplified
chosen to be the subset of all accidents witl rake reactions, considering road conditions and surface in the analysis.. - - -
Figure 10: Prepone the driver’s brake reaction in time - the efficiency of a preponing of

parameter study showing proportion of avoided rear-end crashes | brake reaction in time for all
drivers who already show a break
reaction. An average of 0.2sec - 0.3sec for the preponing of a brake reaction initialised by a
warning and 0.2sec - 0.3ses for a dynamic brake system — like those that were used in luxury
cars like the S-class - seem to be realistic. [9]
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SUMMARY

A prospective method of efficiency prediction for safety systems which yields statistically
significant results is realized for rear-end crashes. The method was applied to BAS. The
results match excellently with former retrospective evaluations of German accident statistics.
The appliance to the linkage of DISTRONIC PLUS (switched-on) with BAS PLUS has
generated promising results. Despite the very conservative restrictions the results confirm the
profound safety effects: DISTRONIC PLUS and Brake Assist PLUS can avoid more than
20% of all rear-end collisions. In an additional portion of 25% of collisions the linked systems
contribute to a significant reduction of accident severity.

The method has proved to be usable to evaluate the efficiency of simple and complex /
realistic primary safety systems on the base of representative accident data with maintainable
effort. It is applicable to optimize algorithms as well as environmental perception equipments.
It could be used to determine the probable effect of a concept just as well as the effectiveness
of an existing system with a small penetration in the market which is invisible in accident
statistics. The next step is the integration into the vehicle development and process chain of
Daimler. Thereby the implementation of the most effective measures on the way to “accident-
free driving” should be identified and realized [17, 18].
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Global road traffic accident

similarities.

Origin of Data
First age class victim of fatal >65 years old [16-20 years] [24-65 years] Japagég:x;gg Police
accidents (42%) (highest fatality rate) (54%) EU: CARE 2004-EU14
US: FARS 2005
Most frequent fatal accident Vehicle Vehicle occupants Vehicle occupants ~ Jama 2007
.. % 76% National Police Agency
victim occupants(40%) (76%) (50 to 55%) 2006
(Pedestrian(30%)
2 Wheels (30%))
H . 1+ 0, 0, 0, Toyota ESV 2007
Vehicle occupants: Fatalities 76% 52% 34% TRL ESV 2007
in frontal collisions US: FARS 2005
Vehicle occupants: Fatalities 19% 17.9% left 48% in UK T°VE°T‘§CE§;J’§f°7
in side collisions 16.2% right 39% in Germany US: FARS2005

As per EU and US, frontal accidents is a significant portion of overall accident

Autoliv Property.

$1.2.1 Slide: 2 Autoliv




Accident mode: Small Overlap
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High reliability of decision on marginal cases
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Complex road infrastructure

Suburban area: Urban area:
*Narrow streets with protruding e Traffic mix.
electric poles or rigid equipment. * High traffic density.
* Few night illumination * Driver flooded with visual
* Few sidewalks information/signals.
Photoeverywhere
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Consequent requirements for Sensing:
High capability for separation

High proportion of severe pedestrian accidents

Dense traffic

High Resolution
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Weather and light conditions

Weather conditions for fatal accidents
Portion of fatal accident depending on daylight

020 [09%

11.2% . 90%
O Bright or cloudy weather 80%
B Rainy o
OFoggy -
O Snowy
Based on NPA report 2007 Pedestrian accident Vehicle to vehicle Vehicle to infrastructure
ccident accident
Based on NPA report 2007
Majority of fatal accidents occur after daylight, and about
12% occur in difficult visibility conditions
- .’
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Elderly drivers

Trend in Elderly Driver fatality Main differences in Fatal accident causes for Elderly Drivers
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0%
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Even more than EU and US, Elderly Driver fatalities is an increasing issue.
Elderly drivers show slower reactions, tend to be overwhelmed by
warnings/signals: Active control would be more efficient.

.ié;\'

Autoliv Property. Slide: 9  Autoliv

Conseqguent requirements for Sensing:.
High sensor reliability

Figh sensor deeision relizbilit

P

Autoliv Property. $1.2.5 Slide: 10 Autoliv
Zl-c- : —




Spatial Resolution
Angle and distance

Resolution in this context is defined as the ability to separate or resolve two closely spaced targets.
For a simple radar with no measurement capability vertically (elevation), resolution comes from three, mostly independent
parameters: Velocity, Target Angle and Distance (in conventional polar terminology)

Angular resolution is primarily driven by physical antenna aperture, irrespective of how that aperture is realized. For

example, for an array, the narrowest synthesizable beam width can be calculated from the total physical dimensions (ref “Antenna
Theory”, Constantine Balanis, 1982, pp222).

A typical SRR receive antenna aperture of ~6¢cm is probably the maximum feasible , leaving enough physical space and
separation for the transmit antenna (or vice versa) for a total unit size of the order of 10cm or less. Thus we can calculate the
maximum 3db beam width, which will determine our angular resolution.

3dB Beam width: @ = 2*(90 — cos™ (-0.443(A/D)) ( A: wavelength, D: physical antenna aperture)
For D=6c¢cm, this yields ® =10.6 degree

Of course, this resolution figure can be improved upon using super-resolution techniques such as the MUSIC algorithm, but
such approaches trade SNR for angular resolution (while significantly increasing the processing load and thus cost).

Distance Resolution is simply related to swept or instantaneous RF bandwidth (for FMCW and pulse systems
respectively). For narrow band allocations in the ISM band in Japan, occupied bandwidth is restricted to ~80MHz. FCC and
ETSI regulations allow up to at least 2GHz of bandwidth (more like 4GHz). Thus the available distance resolution from the two
allocations is

Distance Resolution = 1/2 (c/ AF) where AF is the occupied bandwidth
Thus for narrowband we have a distance resolution of 1.8m and for a UWB system, we have a potential resolution of 7.5cm
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Spatial Resolution

The simulation plots below illustrate the difference in resolution between a NB and UWB radar. The scale is
given in Cartesian coordinates and in cm. The radar is located at position (1000, 2000). Bore sight is along
the x=1000 axis. Each checkerboard square represents a resolution cell (i.e inside this cell, the radar is
unable to distinguishes two targets that have the same velocity)

>
X(cm)
ISM Band radar uwB radar
Calculation parameters Calculation parameters
Angle resolution : 10° Angle r_esolunon 1 10°
Bandwidth : 80MHz Bandwidth : 4GHz _
Field of view 80° (+/-40° from bore sight) Field of view 80° (+/-40° from bore sight)

Simulation : 20mx20m grid, 1cm granularity, 17m depth
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Simulation : 20mx20m grid, 1cm granularity, 18m depth




Spatial Resolution

As can be seen, at ranges ~6-20m, the UWB achieves a very good resolution cells of the order of 0.1m?,

For highly cluttered target scenarios where target discrimination by Doppler (velocity) is difficult, UWB will have a
significant advantage in terms of target detection:

Real World Scenarios

There are classes of real world scenarios related to stopped object or very low velocity object classification and
also cluttered environments where differentiation via Doppler is not possible.

—  Example: a pedestrian emerging from between two parked vehicles, with a small spacing distance between the parked vehicles
and the pedestrian.

The high resolution achieved by UWB radar will contribute to separate objects in these specific
scenarios that would otherwise not be discriminated.
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1.

SEEM2

10 September 2009

Update on Overview World Situation
for UWB SRR frequency allocation at 24 GHz, 26 GHz and 79 GHz

Ultra-Wide Band Short Range Radar (SRR) supports the governmental goal of cutting
traffic fatalities

SARA is convinced that SRR is one of the most suitable technologies for safety applications
because of its high availability even under bad weather conditions and at night. Customers
recognize these safety benefits. The “take rate” is high at car lines where SRR is offered.

Automotive Radar is the basic technology for automotive active and passive safety
applications. Regulators in the USA and Europe have recognized that this technology offers
substantial possibilities for greatly improving road safety.

An example of active safety measure is autonomous emergency braking.

The safety benefit of SRR has been investigated by various parties: Daimler analyzed real
traffic accidents (what would have happened if the cars would have SRR on board ?) and also
analyzed repair part statistics. A high percentage of accidents could be avoided and others
were strongly mitigated because of the reduction of the impact speed due to SRR. The
Swedish Road Administration showed that reduction of impact speed by 10% would reduce
the risk of fatalities by 30%. Also the German Insurance Research came to a similar result and
asked for introduction of emergency braking in the cars. These studies were published in the
Enhanced Safety of Vehicle (ESV) — Conference 2009, Germany. Based on these and other
inputs, insurance companies are starting to reduce insurance fees if the cars are equipped with
SRR.

Another important factor is that any automotive safety application must be affordable so that it
can be introduced rapidly into the car market. For new technology such as UWB SRR it is
very important to achieve economies of scale that allow the benefits of the technology to be
offered as widely as possible.

For both these factors a worldwide harmonization of the frequency allocation is of great
importance.

2. Situation 24 GHz / 26 GHz band (22 — 29 GHz)

Frequency regulations have been developed in various regions. The following paragraphs give an
overview of the worldwide situation:

USA 2002: Frequency range 22 — 29 GHz. The regulation allows 24 GHz as well as 26 GHz
SRR with no restrictions in time and quantity, no deactivation for Radio Astronomy.

Europe 2005: Freqguency range 21.65 — 26.65 GHz (center frequency 24.15 GHz)
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» Restrictions: time limitation 2013, car fleet penetration 7%, automatic deactivation in
protection ranges around Radio Astronomy sites between 1 and 35 km.

» Because of the restrictions for 24 GHz SRR a frequency regulation for the 77 — 81 GHz
(center frequency 79 GHz) was created with no restrictions in time and quantity as well as
no deactivation for Radio Astronomy.

» The current European 24 GHz regulation with its time limit and fleet limit fails to reflect
the automotive development and production cycle. These restrictions hinder deployment
of SRR and limit the number of automotive manufacturers that are able to implement the
technology.

a) Planning in automotive production cycles conflicts with the time limits placed on
24 GHz SRR'. Only two OEMs committed to implementing first generation SRR
to various model lines, because the time frames of their product cycle fit the SRR
time limits. The majority, however, cannot justify using SRR in their development
and production cycles.

b) Automotive manufacturers change model lines and introduce new models at
varying times — these decisions normally are based on deployment and production
cycles of seven years. Manufacturers must reliably know that new technologies are
mature and available several years before the start of production of a new model
line and for the entire production period, because it is not possible to make major
changes during that period (due to qualification standards, product line
recalibration, etc.). Business decisions in the automotive sector are extremely
sensitive to the availability of components during the entire production cycle.

With four years of experience, SARA knows now that market take-up of first generation
SRR is inherently limited due to the 2013 deadline. Under current conditions, it is
impossible that 24 GHz deployment in Europe will come close to extremely conservative
compatibility limits or reach its potential for contributing to road safety.

Today’s fleet penetration is far below the originally expected value. According to the
annual report published at the end of June 2009 by the German road administration KBA
(Kraftfahrt-Bundesamt) the fleet penetration is approximately 0,02 % of the total car fleet
in Europe. This shows clearly that the current regulation with its time limit and the limit of
the fleet penetration hinders the introduction of SRR.

Europe 2009: To overcome the restrictions for 24 GHz and to avoid a gap in the availability
of radar sensors because of delay in the development of 79 GHz sensors SARA asked for a
frequency evolution to the range 24 — 29 GHz (center frequency about 26 GHz). This
request was based on the fact that the 79 GHz technology is still in the research phase and will
not be available to replace the 24 GHz technology in time for a seamless transition in 2013 as
needed for the time limitation of the 24 GHz decision.

» A mandate from the European Commission in November 2008 initiated this “Fundamental

Review” of the frequency decision for 24 GHz, which has to be finalized in 2009. The
frequency committees of CEPT started the review process in December 2008. A first
report was approved by the ECC meeting in March 20009.
In addition, the search for a new frequency allocation was started in March 2009 with
compatibility studies. The process is still ongoing. In addition to compatibility studies an
impact assessment is under progress which includes the benefits of SRR applications for
road safety. The final review is scheduled for March 2010.

1

This factor already has been recognized in a working document to the Radio Spectrum
Committee considering future monitoring of SRR implementation (RSCom06-96, 24
November 2006).
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» SARA asked also in Europe for the frequency range 24 — 29 GHz to achieve a worldwide
harmonization with Japan and USA. This regulation should also avoid any restrictions in
time and quantity.

» In parallel with the frequency allocation the ETSI process was started to create a new
standard. In the ETSI ERM meeting of November 2008 the new work item for this
process was approved.

Other countries: Meanwhile nearly 60 countries worldwide allow the use of SRR at 24 GHz —
although only Europe has applied time and penetration limits:

» Examples are CEPT countries, including the member states of the European Union,
Switzerland and Russia; South Africa; Australia; Mexico and USA. Canada has allowed
the sale of cars equipped with SRR since 2006, based on a special allowance. In March
2009 Canada published its frequency regulation for UWB, which is consistent with US
regulation. (Comments on the regulation were filed at end of July 2009.)
Singapore also has created a regulation for 79 GHz SRR in addition to 24 GHz.

» SARA asked in Japan for permission to use 24 GHz with a limited number of cars (cars
are available with this technology since 2005) and for 26 GHz without limitations. 26
GHz regulation should avoid limitations in time and quantity. (Limits would block the
wide introduction of the technology.) This approach would give a chance for a worldwide
harmonization. Also an allocation for 79 GHz is proposed.

Market situation: Cars equipped with 24 GHz have been on the road since 2005. SARA has
information about car lines of Daimler, BMW, Ford, Chrysler and Mazda. Mazda uses UWB
SRR in the US. Other car makers show interest in the technology and are eager to rely on a
frequency regulation without restrictions in time and quantity. In the US commercial vehicles
and even school buses use UWB SRR. In contrast to the deployment of SRR technology in the
US the fleet introduction in Europe is extremely limited because of the European regulatory
restrictions.

Vehicle applications were introduced in high class car lines, now going also to lower classes
and get more and more sophisticated.

In 2005 SRR was introduced in the Mercedes S-class with autonomous partial braking and
measures of passive safety like pre-tensioning seat-belts. In 2009 Daimler introduced SRR in
the next car line, the Mercedes-Benz E-class with enhanced applications such as autonomous
emergency full braking with its high safety benefit.

3. Situation 79 GHz band (77-81 GHz)

The European frequency regulation for 24 GHz currently requires a transition from 24 to 79 GHz in
the year 2013. Even before this regulatory requirement was adopted, European research projects
focused on 79 GHz SRR technology, and those efforts have intensified. The first research project
named Kokon funded by Germany worked on semiconductor technology (2003 — 2007). A second
research project started in 2008 (2008 — 2011, RoCC — Radar on Chip for Cars) to focus on sensor
technology. These steps are the precondition for work on car integration, followed by extensive field
tests. Both of these last steps will again take some years. It is visible today that 79 GHz technology
will not be available in time for a seamless transition in 2013 as required in the European regulation
for 24 GHz.

SARA member companies are working on the development of 79 GHz technology to fulfil European
regulations and also because of its technical potential:

Better Doppler (speed) information: Since Doppler shift is proportional to the frequency, a
more precise speed information will be possible at 79 GHz.
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- Higher angular resolution: At higher frequencies smaller antenna structures will allow a
higher angular resolution. This resolution improves tracking of objects and also permits
detection of an object’s corners that leads to an estimation of object size and mass as a basis
for adapting airbag thresholds.

- Smaller sensor size: Smaller devices could also be possible with 79 GHz technology, which
simplifies the car integration, a factor that is especially important for smaller cars.

- Technology trends: There is also a technical trend to higher frequencies in general.

It is apparent that 79 GHz sensors will not meet the 2013 timeline, however, because of the long
development and car integration process, which includes extensive test procedures (e.g. 1 million
driven km under real road conditions for safety applications).

In preparation for when 79 GHz SRR is available, and recognizing that frequency allocation is a time
consuming process, SARA already has proposed a 79 GHz frequency allocation in Japan and asks to
start the allocation process in 2009.

SARA will ask for a frequency allocation also in other regions such as the USA (also in 2009) in order
to achieve a second worldwide harmonized allocation for SRR.

The worldwide harmonized allocation for 79 GHz as the second frequency range for UWB SRR will
make it possible to follow the technological trend to higher frequencies and also will allow further
improvement of the sensor performance for applications of enhanced road safety.

It is important however to note that SRR at 24 / 26 GHz are needed to successfully prepare the market
for the next generation at 79 GHz and to maintain UWB SRR in the cars..

4. Proposal for 24GHz/26GHz UWB SRR regulation in Japan

SARA wants to highlight the fact that a safety technology has to be affordable for the customer as a
precondition for its contribution to road safety. Global harmonization of the frequency allocation is
essential. Therefore SARA respectfully asks the Japanese government to develop a frequency
regulation compatible to other regions, use an emission mask and test procedures which are consistent
with European (ETSI) and US (FCC) standards.

Summary

UWB SRR is a sensor technology that permits advanced automotive safety applications. A frequency
allocation in Japan consistent with the regulations in North America and Europe is an important
precondition for the market introduction of that technology and its benefit for road safety.

An allocation at 24/26 GHz is essential to introduce SRR based vehicle safety technology in Japan
using a technology which is available right now. This allocation at 24/26 GHz will also prepare the
market for the future 79 GHz technology.

Very sincerely yours,

Dr. Gerhard Rollmann

SARA Chairman, www.SARA-group.org

GR-Consulting, Ellwangerstr. 20, D 71732 Tamm, Germany
gerhard.rollmann@ar-consulting.eu
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COMMISSION

COMMISSION DECISION
of 17 January 2005

on the harmonisation of the 24 GHz range radio spectrum band for the time-limited use by
automotive short-range radar equipment in the Community

(notified under document number C(2005) 34)

(Text with EEA relevance)

(2005/50/EC)

THE COMMISSION OF THE EUROPEAN COMMUNITIES,

Having regard to the Treaty establishing the European
Community,

Having regard to Decision No 676/2002/EC of the European
Parliament and of the Council of 7 March 2002 on a regulatory
framework for radio spectrum policy in the European
Community (Radio Spectrum Decision) (!), and in particular
Atticle 4(3) thereof,

Whereas:

(1)  The Commission communication to the Council and the
European Parliament of 2 June 2003 on ‘European Road
Safety Action Programme — Halving the number of road
accident victims in the European Union by 2010: a
shared responsibility’ (%) sets out a coherent approach to
road safety in the European Union. Furthermore, in its
communication to the Council and the European
Parliament of 15 September 2003, entitled ‘Information
and communications technologies for safe and intelligent
vehicles’ (3), the Commission announced its intention to
improve road safety in Europe, to be known as the
eSafety initiative, by using new information and commu-
nications technologies and intelligent road safety systems,
such as automotive short-range radar equipment. On
5 December 2003 in its conclusions on road safety (*)
the Council also called for the improvement of vehicle
safety by the promotion of new technologies such as
electronic safety.

() OJ L 108, 24.4.2002, p. 1.

() COM(2003) 311.

() COM(2003) 542.

(*) Conclusions of the Council of the European Union on road safety,
15058/03 TRANS 307.

g2-5

(2)  The rapid and coordinated development and deployment
of automotive short-range radar within the Community
require a harmonised radio frequency band to be
available for this application in the Community without
delay and on a stable basis, in order to provide the
necessary confidence for industry to make the
necessary investments.

(3) On 5 August 2003, with a view to such harmonisation,
the Commission issued a mandate, pursuant to Article
4(2) of Decision No 676/2002/EC, to the European
Conference of Postal and Telecommunications Adminis-
trations (CEPT), to harmonise the radio spectrum and to
facilitate a coordinated introduction of automotive short-
range radar.

(4 As a result of that mandate, the 79 GHz range band has
been identified by CEPT as the most suitable band for
long term development and deployment of automotive
short-range radar, with the introduction of this measure
by January 2005 at the latest. The Commission therefore
adopted Decision 2004/545/EC of 8 July 2004 on the
harmonisation of the radio spectrum in the 79 GHz
range for the use of automotive short-range radar
equipment in the Community (°).

(5)  However, automotive short-range radar technology in the
79 GHz range band is still under development and is not
immediately available on a cost-effective basis, although
it is understood that the industry will promote the devel-
opment of such a technology in order to make it
available at the earliest possible date.

() O] L 241, 13.7.2004, p. 66.
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(6)

In its report of 9 July 2004 to the European Commission
under the mandate of 5 August 2003, CEPT identified
the 24 GHz range radio spectrum band as being a
temporary solution which would enable the early intro-
duction of automotive short-range radar in the
Community to meet the objectives of the e-Safety
initiative, since technology is considered sufficiently
mature for operation in that band. Therefore, Member
States should take the appropriate measures based on
their particular national radio spectrum situation to
make sufficient radio spectrum available on a harmonised
basis in the 24 GHz range radio spectrum band (21,65
to 26,65 GHz), while protecting existing services
operating in that band from harmful interference.

According to footnote 5.340 of the Radio Regulations of
the ITU, all emissions are prohibited in the band 23,6 to
24,0 GHz, in order to protect the use on a primary basis
of this band by the radio astronomy, earth exploration
satellite and space research passive services. This prohi-
bition is justified by the fact that harmful interference to
these services by emissions in the band cannot be
tolerated.

Footnote 5.340 is subject to national implementation
and may be applied in conjunction with Article 4.4 of
the Radio Regulations, pursuant to which no frequency
may be assigned to a station in derogation of the Radio
Regulations, except on the express condition that such a
station, when using such a frequency assignment, shall
not cause harmful interference to a station operating in
accordance with the provision of the ITU rules.
Therefore, in its report to the Commission, CEPT
pointed out that footnote 5.340 does not strictly
prevent administrations from using bands falling under
the footnote, provided that they are neither impacting
services of other administrations nor trying to have inter-
national recognition under the ITU of such use.

The 23,6 to 24,0 GHz frequency band is of primary
interest for the scientific and meteorological communities
to measure water vapour content essential for
temperature measurements for the earth exploration
satellite service. In particular, this frequency plays an
important role in the Global Monitoring for Environment
and Security initiative (GMES) aiming at an operational
European warning system. The 22,21 to 24,00 GHz
frequency range is also needed to measure spectral
lines of ammonia and water as well as continuum obser-
vations for the radio astronomy service.

The bands 21,2 to 23,6 GHz and 24,5 to 26,5 GHz are
allocated to the fixed service on a primary basis in the
ITU Radio Regulations and are extensively used by fixed
links to meet the infrastructure requirement for existing
2G and 3G mobile networks and to develop broadband
fixed wireless networks.

02-6

(11)

(12)

(13)

(15)

Based on studies of compatibility between automotive
short-range radar and fixed services, earth exploration
satellite services and radio astronomy services, CEPT
has concluded that an unlimited deployment of auto-
motive short-range radar systems in the 24 GHz range
radio spectrum band will create unacceptable harmful
interference to existing radio applications operating in
this band. Considering ITU Radio Regulations and the
importance of these services, any introduction of auto-
motive short-range radar at 24 GHz could be made only
on condition that these services in the band are suffi-
ciently protected. In this respect, while the signal
emanating  from  automotive  short-range  radar
equipment is extremely low in most of the 24 GHz
frequency range, it is important to take into account
the cumulative effect of the use of many devices, which
individually might not cause harmful interference.

According to CEPT, existing applications operating in or
around the 24 GHz band would increasingly suffer
significant levels of harmful interference if a certain
level of penetration of vehicles using the 24 GHz
range radio spectrum band for automotive short-range
radars were to be exceeded. CEPT concluded in particular
that sharing between earth exploration satellite services
and automotive short-range radar could only be feasible
on a temporary basis if the percentage of vehicles
equipped with 24 GHz automotive short-range radar
was limited to 7,0% in each national market. While
this percentage has been calculated on the basis of
earth exploration satellite pixels, national markets are
used as the reference against which to calculate the
threshold, as this represents the most effective means
of carrying out this monitoring.

Furthermore, the CEPT report concluded that to maintain
the protection requirements of the fixed service, sharing
with automotive short-range radar could only be feasible
on a temporary basis if the percentage of vehicles
equipped with automotive short-range radar within
sight of a fixed service receiver was limited to less than
10 %.

It is therefore presumed on the basis of the work carried
out by CEPT that harmful interference should not be
caused to other users of the band where the total
number of vehicles registered, placed on the market or
put into service equipped with 24 GHz automotive
short-range radar does not exceed the level of 7% of
the total number of vehicles in circulation in each
Member State.

It is not presently anticipated that this threshold will be
reached before the reference date of 30 June 2013.
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(16)  Several Member States also use the 24 GHz range radio vehicles were allowed to operate unhindered within a

(18)

(21)

(22)

spectrum band for radar speed meter control which
contributes to traffic safety. Following compatibility
studies with automotive short-range radar of a number
of these devices operating in Europe, CEPT has concluded
that compatibility is possible under certain conditions,
principally by decoupling the centre frequencies of the
two systems by at least 25 MHz, and that the risk of
harmful interference is low and will not create false speed
measurements. Manufacturers of vehicles using auto-
motive short-range radar systems have also committed
themselves to continue taking appropriate steps to
ensure that the risk of interference to radar speed
meters is minimal. The reliability of radar speed meter
equipment will therefore not be affected by the operation
of automotive short-range radar to any significant extent.

Some Member States will in the future use the band 21,4
to 22,0 GHz for broadcast satellite services in the
direction space-to-earth. Following compatibility studies,
relevant national administrations have concluded that no
compatibility problems exist if the emissions of auto-
motive short-range radar are limited to no more than
- 61,3 dBm/MHz for frequencies below 22 GHz.

The above presumptions and precautions need to be kept
under ongoing objective and proportionate review by the
Commission assisted by the Member States, in order to
assess on the basis of concrete evidence whether the
threshold of 7% will be breached in any national
market before the reference date, whether harmful inter-
ference has been or is likely to be caused within a short
period of time to other users of the band by the breach
of the threshold of 7% in any national market, or
whether harmful interference has been caused to other
users of the band even below the threshold.

Therefore, as a result of information that becomes
available as part of the review process, modifications to
the present Decision may turn out to be necessary, in
particular to ensure that there is no harmful interference
caused to other users of the band.

Accordingly, there can be no expectation that the band
of 24 GHz will continue to be available for automotive
short-range radar until the reference date, if any of the
abovementioned presumptions prove not to be valid at
any time.

In order to facilitate and render more effective the moni-
toring of the use of the 24 GHz band and the review
process, Member States may decide to draw more directly
upon manufacturers and importers for information
required in relation to the review process.

As reported by CEPT, sharing between automotive short-
range radar and the radio astronomy service within the
22,21 to 24,00 GHz band could lead to harmful inter-
ference for the latter if short-range radar-equipped

a2-7

(23)

(24)

certain distance from each radio astronomy station.
Therefore, and bearing in mind that Directive
1999/5/EC of the European Parliament and of the
Council of 9 March 1999 on radio equipment and tele-
communications terminal equipment and the mutual
recognition of their conformity (') requires that radio
equipment must be constructed so as to avoid harmful
interference, automotive short-range radar systems
operating in bands used by radio astronomy in the
22,21 to 24,00 GHz range should be deactivated when
moving within these areas. The relevant radio astronomy
stations and their associated exclusion zones should be
defined and justified by national administrations.

In order to be effective and reliable, such deactivation is
best done automatically. However, to allow an early
implementation of automotive short-range radar in
24 GHz, a limited amount of transmitters with manual
deactivation can be allowed as, with such a limited
deployment, the probability of causing harmful inter-
ference to the radio astronomy service is expected to
remain low.

The temporary introduction of automotive short-range
radar in the 24 GHz range radio spectrum band has
an exceptional character and must not be considered as
a precedent for the possible introduction of other appli-
cations in the bands where ITU Radio Regulations
footnote 5.340 applies, be it for temporary or
permanent use. Moreover, automotive short-range radar
must not be considered as a safety-of-life service within
the meaning of the ITU Radio Regulations and must
operate on a non-interference and non-protected basis.
Furthermore, automotive short-range radar should not
constrain the future development in the use of the
24 GHz band of applications which are protected by
footnote 5.340.

The placing on the market and operation of 24 GHz
automotive short-range radar equipment in a stand-
alone mode or retrofitted in vehicles already on the
market would not be compatible with the objective of
avoiding harmful interference to existing radio appli-
cations operating in this band, since it could lead to an
uncontrolled proliferation of such equipment. In contrast,
it should be easier to control the use of automotive
short-range radar systems in the 24 GHz band solely
as part of a complex integration of the electrical
harness, automotive design and software package of a
vehicle and originally installed in the new vehicle, or as
replacement of original vehicle-mounted automotive
short-range radar equipment.

(") OJ L 91, 7.4.1999, p. 10. Directive as last amended by Regulation

(EC) No 1882/2003 (O] L 284, 31.10.2003, p. 1).
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(26)  This Decision will apply taking into account and without
prejudice to Council Directive 70/156/EEC of 6 February
1970 on the approximation of the laws of the Member
States relating to the type-approval of motor vehicles and
their trailers (') and to Directive 1999/5/EC.

(27) The measures provided for in this Decision are in
accordance with the opinion of the Radio Spectrum
Committee,

HAS ADOPTED THIS DECISION:

Article 1

The purpose of this Decision is to harmonise the conditions for
the availability and efficient use of the 24 GHz range radio
spectrum band for automotive short-range radar equipment.

Article 2

For the purposes of this Decision, the following definitions shall
apply:

1. 24 GHz range radio spectrum band’ means the 24,15
+/-2,50 GHz frequency band;

2. ‘automotive short-range radar equipment’ means equipment
providing road vehicle-based radar functions for collision
mitigation and traffic safety applications;

3. ‘automotive short-range radar equipment put into service in
the Community’ means automotive short-range radar
equipment originally installed or replacing one so
installed in a vehicle which will be or which has been
registered, placed on the market or put into service in
the Community;

4. ‘on non-interference and non-protected basis’ means that
no harmful interference may be caused to other users of
the band and that no claim may be made for protection
from harmful interference received from other systems or
services operating in that band;

5. ‘reference date’ means 30 June 2013;
6. ‘transition date’ means 30 June 2007;

7. ‘vehicle’ means any vehicle as defined by Article 2 of
Directive 70/156/EEC;

8. ‘deactivation’ means the termination of emissions by auto-
motive short-range radar equipment;

9. ‘exclusion zone’ means the area around a radio astronomy
station defined by a radius equivalent to a specific distance
from the station;

(") OJ L 42, 23.2.1970, p. 1. Directive as last amended by Commission
Directive 2004/104/EC (O] L 337, 13.11.2004, p. 13).
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10. ‘duty cycle’ means the ratio of time during any one-hour
period when equipment is actively transmitting.

Article 3

The 24 GHz range radio spectrum band shall be designated and
made available as soon as possible and no later than 1 July
2005, on a non-interference and non-protected basis, for auto-
motive short-range radar equipment put into service in the
Community which complies with the conditions laid down in
Articles 4 and 6.

The 24 GHz range radio spectrum band shall remain so
available until the reference date, subject to the provisions of
Article 5.

After that date, the 24 GHz range radio spectrum band shall
cease to be available for automotive short-range radar
equipment mounted on any vehicle except where that
equipment was originally installed, or is replacing equipment
so installed, in a vehicle registered, placed on the market or
put into service before that date in the Community.

Article 4

The 24 GHz range radio spectrum band shall be available
for the ultra-wide band part of automotive short-range
radar equipment with a maximum mean power density of
—-41,3 dBm/MHz effective isotropic radiated power (e.ir.p.)
and peak power density of 0 dBm/50MHz e.ir.p., except for
frequencies below 22 GHz, where the maximum mean power
density shall be limited to -61,3 dBm/MHz e.i.r.p.

The 24,05 to 24,25 GHz radio spectrum band is designated for
the narrow-band emission mode/component, which may consist
of an unmodulated carrier, with a maximum peak power of
20 dBm eirp. and a duty cycle limited to 10% for peak
emissions higher than —10 dBm e.i.r.p.

Emissions within the 23,6-24,0 GHz band that appear 30° or
greater above the horizontal plane shall be attenuated by at least
25 dB for automotive short-range radar equipment placed on
the market before 2010 and thereafter by at least 30 dB.

Article 5

1.  The continued availability of the 24 GHz range radio
spectrum band for automotive short-range radar applications
shall be kept under active scrutiny to ensure that the main
premise of opening this band to such systems remains valid,
which is that no harmful interference is caused to other users of
the band, in particular through the timely verification of:
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() the total number of vehicles registered, placed on the
market or put into service equipped with 24 GHz auto-
motive short-range radar in each Member State, to verify
that this number does not exceed the level of 7% of the
total number of vehicles in circulation in each Member
State;

(b) whether adequate information has been made available by
Member States or by manufacturers and importers regarding
the number of 24 GHz short-range radar-equipped vehicles
for the purpose of monitoring effectively the use of the
24 GHz band by automotive short-range radar equipment;

(c) whether the individual or cumulative use of 24 GHz auto-
motive short-range radar is causing or is likely to cause
within a short period of time harmful interference to
other users in the 24 GHz band or in adjacent bands in
at least one Member State, whether or not the threshold
referred to in (a) has been reached;

(d) the continuing appropriateness of the reference date.

2. In addition to the review process in paragraph 1, a funda-
mental review shall be carried out by 31 December 2009 at the
latest to verify the continuing relevance of the initial
assumptions concerning the operation of automotive short-
range radar in the 24 GHz range radio spectrum band, as
well as to verify whether the development of automotive
short-range radar technology in the 79 GHz range is
progressing in such a way as to ensure that automotive short-
range radar applications operating in this radio spectrum band
will be readily available by 1 July 2013.

3. The fundamental review may be triggered by a reasoned
request by a member of the Radio Spectrum Committee, or at
the Commission’s own initiative.

4. The Member States shall assist the Commission to carry
out the reviews referred to in paragraphs 1 and 2 by ensuring
that the necessary information is collected and provided to the
Commission in a timely manner, in particular the information
set out in the Annex.

2-9

Article 6

1. Automotive short-range radar equipment mounted on
vehicles shall only operate when the vehicle is active.

2. Automotive short-range radar equipment put into service
in the Community shall ensure protection of the radio
astronomy stations operating in the radio spectrum band
22,21 to 24,00 GHz defined in Article 7 through automatic
deactivation in a defined exclusion zone or via another method
providing equivalent protection for these stations without driver
intervention.

3. By way of derogation to paragraph 2, manual deactivation
will be accepted for automotive short-range radar equipment
put into service in the Community operating in the 24 GHz
range radio spectrum band before the transition date.

Article 7

Each Member State shall determine the relevant national radio
astronomy stations to be protected pursuant to Article 6(2) in
its territory and the characteristics of the exclusion zones
pertaining to each station. This information, supported by
appropriate justification, shall be notified to the Commission
within six months of adoption of this Decision, and published
in the Official Journal of the European Union.

Article 8

This Decision is addressed to the Member States.

Done at Brussels, 17 January 2005.

For the Commission
Viviane REDING
Member of the Commission
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ANNEX

Information required for monitoring the use of the 24 GHz range radio spectrum band by automotive
short-range radar

This Annex establishes the data required to verify the penetration rate of automotive vehicles equipped with short-range
radar in each Member State of the European Union in accordance with Article 5. This data shall be used to calculate the
proportion of vehicles equipped with short-range radar using the 24 GHz range radio spectrum compared to the total
number of vehicles in circulation in each Member State.

The following data shall be collected on a yearly basis:

(1) the number of vehicles equipped with short-range radar using the 24 GHz range radio spectrum band produced
andfor placed on the market and/or registered for the first time during the reference year in the Community;

(2) the number of vehicles equipped with short-range radar using the 24 GHz range radio spectrum band imported from
outside the Community during the reference year;

(3) the total number of vehicles in circulation during the reference year.
All data shall be accompanied by an evaluation of the uncertainty related to the information.

In addition to the above data, any other relevant information which would assist the Commission in maintaining an
adequate overview on the continued use of the 24 GHz range radio spectrum band by automotive short-range radar
devices shall be made available in a timely fashion, including information on:

— current and future market trends, both within and outside the Community,
— after-market sales and retrofitting of equipment,

— the state of progress of alternative technologies and applications, notably automotive short-range radar operating in
the 79 GHz range radio spectrum band according to Decision 2004/545/EC.
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Subject:

EUROPEAN COMMISSION

Information Society and Media Directorate-General

Electronic Communications Policy
Radio Spectrum Policy

Brussels, 1 July 2008
DG INFSO/B4

RSCOMO08-51

PUBLIC DOCUMENT

RADIO SPECTRUM COMMITTEE

Working Document

Automotive short-range radars: third annual SRR report and request
by SARA to review the EC Decision on the use of the 24 GHz band by
SRR.

This is a Committee working document which does not necessarily reflect the official
position of the Commission. No inferences should be drawn from this document as to the
precise form or content of future measures to be submitted by the Commission. The

Commission accepts no responsibility or liability whatsoever with regard to any

information or data referred to in this document.

European Commission, DG Information Society and Media, 200 Rue de la Loi, B-1049 Bruxelles
RSC Secretariat, Avenue de Beaulieu 33, B-1160 Brussels - Belgium - Office BU33 7/09
Telephone: direct line (+32-2)295.6512, switchboard (+32-2)299.11.11. Fax: (+32-2) 296.38.95
E-mail : infso-rsc@ec.europa.eu

02-11



takohta
Text Box
参2-11


1. INTRODUCTION

This document addresses the third annual report provided by SARA on the monitoring of
the use of the 24 GHz band by automotive short-range radars under Commission Decision
2005/50/EC over the period from June 2007 to May 2008.

It also introduces the information document prepared by SARA (see RSCOM#24 item 12),
which requests a fundamental review as provided in the text of the Decision to be initiated.

2. THIRD ANNUAL REVIEW OF THE USE OF THE 24 GHz BAND BY AUTOMOTIVE SRR

Article 5 of the 24 GHz SRR Decision establishes the need to monitor the use of 24 GHz
automotive short-range radars, while the Annex describes the data necessary to perform
the review of the Decision. The commitment of automotive companies using SRR to
provide monitoring information is described in the Explanatory Memorandum to the
Decision (RSCOMO04-80Rev2) and in the Memorandum of Understanding relating to the
implementation of active safety automotive short-range radars (RSCOMO04-81Rev2).

Upon presentation of the first draft annual report by SARA in June 2006, the specific
modalities on monitoring the 24 GHz band were agreed by RSC and the first annual report
accepted. The second annual report prepared by SARA following the agreed guidelines
was accepted by the RSC in its October 2007 meeting (RSC#21, see document
RSCOMO07-61).

The third annual SRR report is in annex 1 to this document. The key figure in the report is
that SRR-equipped cars represent as of mid-2008 approximately 0.01% of the total number
of cars operating the EU".

This number, formally computed by KBA, the Federal German Motor Transport
Authority, is well below the 7% threshold identified as potentially harmful to radio
services operating in the 24 GHz range.

In the Commission services' view, the penetration trend in the last three years does not
give rise to any concern that the 7% threshold could be reached before the 2013 expiry
date of the EC Decision. There is therefore no need to consider remedial action in this
respect.

Administrations are invited to give their views on whether the third SARA industry
monitoring report pursuant to Art. 5 of EC Decision 2005/EC/50 is acceptable to the RSC.

3. REVIEW OF THE 24 GHZz DECISION

Document RSCOM#24 item 12 is a submission by SARA requesting the Commission and
the Radio Spectrum Committee to initiate the fundamental review of the automotive short-
range radar equipment operating in the 24 GHz radio spectrum band.

Article 5.2 of the Decision states:

! To recall, the RSC agreed that a national breakdown of SRR penetration was not required in the first three
years of SRR operation in the 24 GHz range.
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"... a fundamental review shall be carried out by 31 December 2009 at the latest to verify
the continuing relevance of the initial assumptions concerning the operation of automotive
short-range radar in the 24 GHz range radio spectrum band, as well as to verify whether
the development of automotive short-range radar technology in the 79 GHz range is
progressing in such a way as to ensure that automotive short-range radar applications
operating in this radio spectrum band will be readily available by 1 July 2013.

...The fundamental review may be triggered by a reasoned request by a member of the
Radio Spectrum Committee, or at the Commission’s own initiative."

It is clear that while the review was intended to address any harmful interference issues
emerging from the operation of SRR (for instance in case the 7% upper limit of SRR
penetration was under threat), its scope was not meant to be limited exclusively to such
issues. The effectiveness of the current spectrum regulatory framework for enabling active
safety SRR applications in the automotive sector should also be subject to consideration
after the first few years of operation.

In its document, SARA advocates that neither the 24 GHz band nor the 79 GHz band, as
regulated by their respective EC Decisions, are currently able to allow a full take-up of
short-range radar safety applications in Europe in the short- to medium-term. It therefore
proposes a possible option of “calibrating” the operation of SRR by shifting the operating
range to around 26 GHz (between 24.25 and 29 GHz).

The main benefit of this approach is argued by SARA to lie in the removal of the need to
limit SRR penetration and therefore its monitoring, as well as the consequent time limit on
use of the spectrum. An additional advantage would be that SRR systems would not
require automatic switch-off around radio astronomy sites. A shift to the upper frequency
has been agreed in the US and is under consideration in other regions.

Before a decision is taken on whether this approach should be pursued in the EU, the
technical feasibility of operating SRR applications without harmful interference to other
users in the amended frequency range should be explored. A number of applications
already operate in the frequencies above 24 GHz in Europe, notably fixed links, fixed
satellite services and some military communication systems.

In order to characterise the potential interference environment of a possible operation of
SRR above 24 GHz, it is expected that both CEPT and ETSI would need to undertake
some dedicated work, possibly framed by Commission mandates. These exploratory
activities may require some considerable time to be finalised.

The Commission services will consider carefully the proposal by SARA and the reactions
of the members of the RSC. Without prejudice to the discussions in the RSC, the
Commission is minded to agree to begin the formal process of fundamental review of
Decision 2005/50/EC at the October 2008 meeting of RSC.

The review is the appropriate mechanism to allow the merits of the SARA proposal to be
evaluated, as well as give an indication of the cost-benefits of undertaking this approach.
Te views of affected parties as well as alternative scenarios, such as the state of progress
of SRR technology in the 79 GHz range could also be explored in more detail.

Administrations are invited to give their views on the proposal to initiate the fundamental
review of EC Decision 2005/EC/50 at RSC#25 (October 2008).

Attached: SARA third annual report on 24 GHz SRR

3
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20 June 2008

To: European Commission
From: Strategic Automotive Radar frequency Allocation group
Subject: Report on the use of the 24 GHz frequency range by automotive short-

range radars as of June 2008

The Strategic Automotive Radar frequency Allocation group (SARA)® pledged in a
Memorandum of Understanding (MoU) to provide information on 24 GHz ultra-wideband
short range radar (SRR) to assist the monitoring required in Commission Decision
2005/50/EC (the Decision).® This third report is submitted for the period June 2007 to end
of May 2008, and has been complied in accordance with agreed procedures stated in Doc.
RSCOMO06-54, dated 16 June 2006, from SARA. As detailed below, SARA reports that
penetration of SRR-equipped vehicles is about 0.01% of the total number of vehicles in

the European Union as of the end of May 2008.*

SARA was formed in 2001 as the Short Range Automotive Radar Frequency Allocation group; its
mission to seek global harmonization of regulations and standards to enhance road safety through
UWB SRR. In 2007 it reformed as the Strategic Automotive Radar frequency Allocation group,
under the same acronym, to continue long term efforts towards effective frequency regulations
worldwide for automotive radar in general.

Commission Decision of 17 January 2005 on the harmonisation of the 24 GHz range radio
spectrum band for the time-limited use by automotive short range radar equipment in the
Community, O.J. L 21, 25 January 2005, page 15.

This report contains no business-confidential information and can be made publicly available.
4
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Overview

Monitoring of SRR implementation is required in Article 5 of the Decision in order to
ensure that there is sufficient information to verify that no harmful interference is caused
to other users of the 24 GHz band, which primarily is assured by verifying that the total
number of vehicles equipped with SRR does not exceed 7% of the total automotive fleet.
The type of information required is described in Article 5 and the annex to the Decision,
and in sections 17 through 19 of the MoU.

This document is the third annual report to be submitted. Sales of SRR-equipped vehicles

are consistent with the assessment submitted by the Commission Services to RSC#15 that

the uptake of 24 GHz SRR technology, while considered by the Commission as a
very useful and instructive commercial demonstration of the concept of active road
safety via technology (and of a pro-innovation spectrum policy), has been
extremely limited to date.’

At this time, two manufacturers have implemented 24 GHz SRR into various model lines
in Europe. Due to the regulatory constraints established under the Decision the number of
SRR-equipped vehicles remains far below the 7% limit in Europe. As described to
RSC#15, “it can already be stated now that the possibility of the 7% threshold for SRR-

equipped cars being reached in any Member State by 2013 is very small.”

Current Report on Vehicle Penetration

In its second report, SARA informed the RSCom that the data collecting unit of the
Kraftfahrt-Bundesamt (KBA — Federal German Motor Transport Authority) submitted
figures for the combined sales of cars equipped with 24 GHz SRR, which showed that
cumulatively from the beginning of the program between 22,000 and 24,000 SRR-
equipped vehicles had been produced for Europe, as of the end of May 2007. Based on

s RSCOMO06-96, 24 November 2006, at un-numbered page 2. In this document, Commission
Services concluded that SARA’s proposed approach towards monitoring “is considered fully
satisfactory and proportionate to the objective of this activity.”

5
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252 million vehicles in the European automotive fleet, this production represented a fleet
penetration of “about 0.008%,” according to the KBA.°

In this third report, SARA informs the RSCom that KBA’s data collecting unit reports that
the percentage of penetration of SRR-equipped vehicles in Europe for the reporting period

ending 31 May 2008 amounts to approximately 0.01.

SARA believes this level of information is a proportionate response to the requirements
for this third year of monitoring, and similar detail would probably be reliable for the next

reporting period so long as the magnitude of the penetration remains similar.

SARA has also undertaken further steps to verify this information. SARA conducted a
survey in June 2008 of its active members to verify that (1) no company was aware of any
installation or sales of 24 GHz ultra-wideband SRR in vehicles sold in the European
Union, or CEPT countries in general, in addition to the sales SARA was preparing to
report; and (2) no company was aware of any sales of stand alone or aftermarket 24 GHz
ultra-wideband SRR equipment in the European Union or CEPT countries in general.
Based on this survey and SARA’s general information on the industry status of SRR, we

are confident that this report is accurate and verified.

In addition to being consistent with the Commission Services’ own assessment as noted
above, these numbers are much lower than market penetration predictions that SARA
submitted previously. Based on modeling of the vehicle fleet, historical registration (and
deregistration) information; and experience with introduction of other safety-related
technology, SARA estimated in the last report that penetration of SRR into the entire
automotive fleet would remain under 3% for at least the first three to five years of the
program, even if all manufacturers in Europe commenced from the outset to introduce
SRR. However, the actual European market figures now make it apparent that the market
is not increasing as predicted because this technology has not been widely implemented
due to regulatory constraints. Based on ACEA figures, 7% of the European automotive
fleet would be approximately 18,270,000 vehicles. The number of SRR-equipped vehicles
as of May 2008 is a tiny proportion of this number.

As SARA pledged in earlier discussion of the monitoring process, this figure represents percentages
of the entire European car fleet. In light of the numbers involved, for this report neither SARA nor
KBA have attempted to “back out” the number of vehicles that might have left the fleet due to
accidents or malfunctions. As noted in the KBA report in annex 1, the European fleet number is
taken from the ACEA report, which we believe is the most reliable source of such information.

6
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Technology Developments — 79 GHz SRR

On 8 July 2004, the Commission adopted Decision 2004/545/EC on harmonisation of
spectrum for 79 GHz SRR. Member States were to make that spectrum available for SRR
by 1 January 2005.

As part of the same survey SARA conducted on 24 GHz implementation, SARA also
asked members to supply non-confidential information on 79 GHz development. We
caution that some such information is confidential; SARA members do not share this

amongst themselves and cannot make it public in any other fora.

In its first two reports SARA provided background details on technology programs
focused on development of 79 GHz SRR technology. The KOKON project was the first
step towards development of 79 GHz technology and ran until the end of August 2007 — a
synopsis of the final report from the project is attached. A successor program named
RoCC (Radar on Chips for Cars) will focus on commercialization of 79 GHz technology,
starting in middle 2008 and expected to run for three years — early background on RoCC is

attached. The goals of the project, broadly stated, are the following:

o Radar on Chip (scalable universally usable radar transceiver for Short, Mid and
Long Range)

e Automobile radar technology in 76 — 81 GHz frequency range; especially also
SRR in 77-81 GHz range for affordable costs

e Continuation of development of SiGe semiconductor process and MMICs (500
GHz cut-off-frequency, high integration, reduction of power dissipation, better
S/N sensitivity)

e Investigations of car integration (bumper, paintings, etc.) and integrated
antenna for low cost SRR

o Packaging (feasibility only)

As an indication of issues under study, one SARA member active in the bumper
technology sector informed the group of its work with materials and paints. Current
testing with conducting and non-conducting materials indicate that 1-2 years of
experimental testing will be required to prove applicability for series production. This
information indicates that in addition to sensor technology also bumper materials and

paints must be developed as part of RoCC.
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Other Information

SARA member Daimler A.G. has implemented SRR into certain model lines is in its
Mercedes-Benz. brand. On 10 June, Mercedes-Benz released the attached press
information describing accident study calculations showing that the combination of SRR
(under the brand name DISTRONIC PLUS) with a brake assist application could reduce
an average of 20% of all rear-end collisions in Germany alone. In a further 25% of all
collisions, the systems could contribute to a “significant reduction” of the severity of the

accident. On motorways, rear-end collisions could be prevented by an average of 36%.

These calculations were developed independently of SARA and by the car manufacturer
itself, which must be particularly rigorous in any claims of accident mitigation from
specific technology applications. Nevertheless, the manufacturer is sufficiently confident

in the results of this technology to issue the attached information.

Mercedes-Benz notes that in Germany alone “there are over 50,000 severe rear-end
collisions every year, causing death of serious injuries to around 5,700 people.” SARA
suggests that if SRR technology can contribute at a minimum to reducing these collisions
by 25%, then there is a compelling Community policy to encourage the widespread
adoption of SRR.

Respectfully submitted,

Strategic Automotive Radar frequency Allocation group

Contacts:

Chairman
Dr. Gerhard Rollmann

email: gerhard.rollmann@qr-consulting.eu

Legal Advisor

Gerry Oberst
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Email; geoberst@hhlaw.com

Attachments

1. KBA materials

N

Final Synopsis of report for KOKON program
3. Background slide on RoCC program

4. Mercedes-Benz press information, 10 June 2008
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Annex 1 re KBA Report

Page 1

Kraftfahrt-Bundesamt

Kraftfahrt-Bundesamt « 24932 Flensburg

European Commission

Subject:

radars as of June 2008

Introduction

E-Mail

Ky
Reinhard.Schulte-Braucks@cec &Ul.int *

Ruprecht Niepold@cec.eu.int

Your reference / your lefter of:

Qur reference:

320-935

Contact:

Frau Buckle

Phone:

Fax:
E-Mail:

+49 (4 61) 3 16-20 23
+49 (4 61) 3 16-

claudia_bueckle@kba.de

Date: 10.06.2008

Report on the use of the 24 GHz frequency range by automotive short-range

Art. 5 of the decision 2005/50/EC requires monitoring of the use of 24 GHz frequency range by
automotive short-range radars (SRR) in order to ensure that the total number of vehicles
equipped with SRR does not exceed 7 % of the total automotive fleet in the European Union.

According to the concession of the Commission the annual reports of the first three years may
be based on European fleet figures only.

The first report was submitted to the Commission by the Short Range Automotive Radar Fre-
quency Allocation group (SARA) in July 2006 (document RSCOMO06-53).

The second report- regarding the period from June 2006 to Mai 2007- was submitted in June
2007 to the Commission by the German Kraftfahrt-Bundesamt (KBA- Federal German Motor
Transport Authority) in pursuit of a guaranteed independent and reliable report. As a result of
this report the percentage of penetration of SRR-equipped vehicles in Europe amounted to ap-

proximately 0.008.

This document presents the third and last annual report, providing information about the level of
fleet penetration of vehicles equipped with SRR in Europe. In future Member States (MS) have
the obligation to evaluate the percentage on basis of the registered number of vehicles within
their respective country and report the results to the Commission.

As already mentioned in earlier correspondence the KBA has been accepted by the Commission
and MS as a reliable reporting authority on the percentage as described above and in future as
a provider of the collected data transmitted by the manufacturers to interested MS.

Up to now only 3 MS took interest in receiving this collected data.

Office hours:

Mon. - Thurs. 8:30 am - 3:00 pm
24944 Flenshurg ~ Fri. 8:30 am - 2:00 pm
Germany

Office building:
Fordestrafie 16

Phone:
+49 (4 61) 3160

E-Mail: kha@kha.de
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Fax:
+49 (4 61) 316 16 50
+49(461)3 1614 95

Internet: www kba.de

Bank account:

Deutsche Bundeshank, Filiale Kiel
BLZ: 210 000 00, Acc. No. 210 010 D2
IBAN: DE27 2100 0000 0021 0010 09
BIC: MARKDEF1210
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Annex 1 re KBA Report

Report

Two car manufacturers introduced 24 GHz- SRR into their production line since decision
2005/50/EC entered into force (as SARA mentioned in the first annual report, introduction of
SRR into the market started in September 2005).

Both manufacturers provided production data of vehicles equipped with SRR to the KBA.

Based on ACEA’s 2008 publication’, the total number of the European automotive fleet can be
approximated as of 261 million vehicles on June, 1st 2008. As a result of the data submitted by
the manufacturers the percentage of penetration of SRR-equipped vehicles in Europe for the re-
porting period ending at May 31,2008 amounts to approximately 0.01.

As already stated in the second report this result stays on the conservative side of estimation
considering the fact that ACEA's European fleet data is incomplete: some of the EU-23-MS (eg.

Hungary and Lithuania) have not delivered any data yet, so that the calculated percentage of
0.01 would be even less, if related to a complete EU-23 data basis.

Respectfully submitted,

(Claudia Blickle)

! http://www acea be/images/uploads/st/20080129_EU%20Motor%20Vehicles%201n%2 0use?202006.pdf
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Annex 2 — Synopsis of Kokon final report

Responding to the European frequency regulations for SRR, a research project was formed with
the name “Automotive High Frequency Electronics KOKON”. The project was funded by
Germany. The participating companies were Daimler (Sensor requirements), Bosch and
Continental Automotive (System Supplier), Atmel and Infineon (Semiconductor manufacturers).

The project addressed the sensor specification at 79 GHz, the development of chip technology and

the development of a first sensor prototype. It lasted from 2004 until 2007.

Executive Synopsis (Taken from Final Statement 25 February 2008)

In the future, great importance will be given to drniver assistance and systems for active and
passive safety, which help to recognize dangerous situations early and therefore prevent
accidents or at least reduce the seventy of accidents. Traffic accidents are not an mnevitable
side effect of traffic and mobility, but 1n most cases, are consequences of preventable human
failure.

If one evaluates only the economic consequences of accidents. then in Germany alone, annual
property damages cost approximately 35 billion euros. In addition. according to a study by
the ADAC, traffic jams on German highways cause additional economical damage (loss) of
approximately a quarter billion euros. Every third traffic jam 1s caused by an accident.

These facts support the importance of activities to improve passive safety systems and the
need for research on active safety and assisting systems 1n motor vehicles.

Such systems require sensors that are capable of detecting objects surrounding a vehicle. This
approach creates an electronic envelope or cocoon (basis for the name of the public funded
BMBF project “Kokon™) around the vehicle, which monitors dead angles. recognizes
obstacles, activates protection and safety systems, detects pedestrians, protects mferior road
users, enables senuautomatic driving in dense traffic (Stop and Go) or platoon driving, and
assists in parking simations.

Such an electronic safety cocoon can be created with radar sensors. The first driver assistance
systems for automatic distance regulation and obstacle alerts using radar
(“intelligent/adaptive cruise control™) are already on the market.

Only with a substantial penetration of such systems in the vehicle fleet can the number of
accidents be drastically reduced and substantial economical damage be avoided. A major
proven effect of such systems is improved traffic flow and decrease of the risk of traffic jams.
The economical and ecological effect deriving from these results could be immense and
could preserve sustainable mobality for users of motor vehicles.

R

Today’s systems in Europe use Long Range Radar Sensors (LRR) operating in the frequency
range 76-77 GHz and Short Range Radar sensors (SEER) 1n the frequency range 22-26.5 (24)
GHz. In Europe the frequency allocation for SER (UWB SER in contrast to Narrow Band
SRR, operating in the ISM-band 24-24 25 GHz) 1s limited 1n time {2013) and fleet
penetration. After the maddle of 2013 SRR sensors of new cars have to operate in the
frequency range 77-81 GHz. In order to maintain the availability of these safetv-relevant
sensors in the future, two missions anse:

12
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Kokon final report synopsis
25 Febmary 2008

1. Research and development for systems with a threefold higher frequency compared to

24 GHz.

2. Development of a technology which also allows, at a higher frequency, an affordable
implementation of the systems. This is a precondition that sensors can be introduced to
all vehicle categories and not only in high class cars to increase road safety by their
wide-spread introduction, reduce accident rates and offer increased comfort to as many
drivers as possible.

One of the semi-conductor technology which fulfills these conditions 15 51/51Ge (Silicon and
Silicon-Germanium, respectively) technology. This technology is based on semi-conductor
“mainstream’ silicon that has a physical frequency limit up to 200 GHz and also offers the
technological preconditions for an affordable supply of the necessary high frequency
components and chips. However, this 51/51Ge-technology has to advance into 1 a new high
frequency range which 1s not yet existing for mass-market applications, and in consequence
requires fundamental research and development.

In parallel, specifications for the sensor used to create the “electronic envelope/cocoon’ must
be investigated. defined and specified. 1n order to determine the necessary parameters for the
high frequency components and chips. For instance, the integration of HF -components and
chips for short and long range radar sensors requires application of nano-electronic
technologies and the development of appropriate assembling and connection techniques.

The project “Kfz Hichstfrequenzelektronik (motor vehicle highest frequency electronic)
Kokon”, lasted between 1 September 2004 and 31 August 2007. The most important German
semi-conductor producers (Infineon. Atmel). the most important German driver assistance
developers (Bosch. Continental) and a large German car manufacturer (Daimler) worked
together and were supported by competent universities and institutes. Project goal was to
develop a demonstrator sample of a Long Range and a Short Range Radar sensor as a basis
for transferning 24 GHz UWB SRR technology to 79 GHz with an adequate - but as far as
possible reduced - risk.

EE

Based on the results of Kokon. the following statements can be made:

¢«  With 51Ge, specifications for automobile radars to electronic components with an
operating frequency of 77 GHz can be fulfilled.

+ Compared to currently available GaAs-components, S1Ge MMICs (Monolithic
Microwave Integrated Circuits) show significant advantages regarding
performance, reliability, testing technology and costs.

+  51Ge opens new possibilities of integration. Continued advancements based on the
results from Kokon should lead to configurable single-chip radars with mntegrated
diagnostic possibilities.

¢ The use of 51Ge makes integrated technologies possible that can fulfill the
requirements of automobile manufacturing.

13
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Kokon final report synopsis
25 Febmary 2008

¢ 51Ge MMICs will be used as key components for the next generation of long
range radars at Robert Bosch GmbH.

o

The results of the Kokon project can be summanzed as follows:

+  World record for highest frequency electronics with 51Ge technology from
Infineon Technologies

o  World-wide first demonstration of 51Ge based HF-front-ends for automotive radar
sensor system in the 76-81 GHz band and realization of MMICs

¢« Demonstration of the world-wide first S1Ge based automotive radar technology
(77 GHz long range sensor products by Bosch, 79 GHz UWB short range sensor
prototypes by Continental)

¢ Standardization through collective specification of S1Ge components.

Altogether the project 1s to be evaluated as very successful: 1t involved the entire chain from
the semi-conductor, the module and system manufacturer up to the car manufacturer. A large

step 1n the direction of economical S1Ge based radar was accomplished.

KoKon developed the basic technology for S1Ge sensors in the high frequency range from 76
— 81 GHz including successful demonstration of feasibility of sensor prototypes.

14
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Annex 3 — Background on RoCC

translation on following page
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Transition to RoCC from KOKON

e GaAs=>SiSi/Ge MMIC high integration

e SiGe 200GHz SiGe 500 GHz

o Several technology approaches focus on 1 Si — basis process

L] .

e 1/0s fully differential circuit technology

e First Step for built-in test self-test, -diagnosis, -calibration

e Long and Short Range Radar ~ multimode and multirange

e 1 OEM participant 2 OEM participants

e 78-81GHz 76 — 81 GHz plus evaluation of >100
GHz
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Annex 4 — Mercedes-Benz press information

@ Mercedes-Benz

Recent Mercedes-Benz accident studv calculation Press Information

20 percent fewer rear-end collisions thanks to June 10, 2008
DISTRONIC PLUS and Brake Assist PLUS

Stuttgart - DISTRONIC PLUS and Brake Assist PLUS, the Mercedes-Benz
assistance systems based on sophisticated radar technology, make an
effective contribution to accident prevention. This is the conclusion

reached after an analysis carried out by Mercedes-Benz on the basis of
representative accident research data. With the help of this technology an
average of one fifth of all rear-end collisions could be prevented in Germany
alone. And on motorways, rear-end collisions could be reduced even further:
by an average of 36 percent. The Mercedes-Benz systems warn drivers when
they are maintaining too little distance from the vehicle travelling in front
and provide support in the event of emergency braking.

Engineers working for the Stuttgart-based car manufacturer have developed a
procedure which for the first time makes possible a predictive calculation of the
usefulness of new safety technologies. For this the specialists have taken into
account both official statistics and the analysis of the approximately 16,000
traffic accidents which have so far been studied within the framework GIDAS
(German In-Depth Accident Study).

The evaluation of the safety potential offered by the DISTRONIC PLUS and Brake
Assist PLUS assistance systems is based on the reconstruction of more than 800
rear-end collisions. The focus of the representative study was the question: how
many of those accidents could have been avoided if all the passenger cars had

been equipped with this Mercedes-Benz technology?

The results confirmed the great safety effect of the systems: with DISTRONIC
PLUS and Brake Assist PLUS an average of more than 20 percent of all rear-end
collisions could be prevented. In a further one-quarter of all collisions the systems
could contribute to a significant reduction of the severity of the accident.

Daimler Communications, 70546 Stuttgart, Germany
Mercedes-Benz - A Daimler Brand
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The greatest safety potential is offered by the interaction of modern radar and
braking technology on motorways, where around 36 percent of all rear-end
collisions could be avoided.

Around 40 percent of all 5S-Class saloons equipped with radar technology

The DISTRONIC PLUS proximity control system Keeps vour vehicle at a
previously chosen distance from the vehicle travelling in front and, if necessary
brakes your vehicle to a complete standstill, depending on the traffic situation. If
the distance to the preceding vehicle narrows down too rapidly, the system warns
the driver and calculates the required brake pressure, which is then provided
instantaneously by the Brake Assist PLUS system as soon as the brake pedal is
depressed. Should the driver disregard the warning, the PRE-SAFE® Brake system
performs an emergency partial braking manoeuvre, significantly reducing the
severity of the impact.

Since 2005, Mercedes-Benz has offered these radar-based assistance systems for
the 5-Class, and since 2000 for the CL luxury coupé. Around 40 percent of all
German customers buying new S-Class vehicles equip them with this safety
technology; while the proportion of CL-Class outfitted with DISTRONIC PLUS
and Brake Assist PLUS is even higher, exceeding 80 percent. Since 2005
Mercedes-Benz has delivered a total of more than 45,000 passenger cars
featuring these innovative systems.

In order to calculate the safety benefits provided by this technology,
Mercedes-Benz specialists make use of relevant data from the individual
accidents, such as speed, distance to the other vehicle and driver’s braking
behaviour. With these data, together with the governing algorithms of DISTRONIC
PLUS and Brake Assist PLUS, the individual speed reduction is calculated. The
engineers from Mercedes-Benz decided to apply a conservative calculation
principle and did not take into account, for example, the additional safety-
enhancing effect of the visual and audible distance warnings which prompt the
driver to apply the brakes himself if the system determines it can no longer avoid

Daimler Communications, 70346 Stuttgart, Germany
Mercedes-Benz - A Daimler Brand

18

0 2-28

Page 2


takohta
Text Box
参2-28


a collision by itself. The analysis is based on the assumption that the drivers Page 3

ignore these warnings.

In Germany there are over 50,000 severe rear-end collisions every year, causing
death or serious injuries to around 5,700 people. Of all the accidents involving
personal injury, one in six is a rear-end collision. In the United States this

accident type makes up around 30 percent of all serious traffic accidents.

The engineers of the Stuttgart-based car manufacturer continue to work tirelessly
on the development of further driver assistance systems aimed at helping to

prevent road accidents.

Contact:
Norbert Giesen, telephone: +40 (0)711-17-70422, norbert.giesen@daimler.com

Further information about Mercedes-Benz is available online:
www.media.daimler.com

Daimler Communications, 70546 Stuttgart, Germany
Mercedes-Benz - A Daimler Brand
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Strategic Automotive Radar frequency Allocation

23 June 2009

To: European Commission
From: Strategic Automotive Radar Frequency Allocation group
Subject: Report on the use of the 24 GHz frequency range by automotive

short-range radars as of June 2009

The Strategic Automotive Radar Frequency Allocation group (SARA) pledged in a
Memorandum of Understanding (MoU) in order to provide information on 24 GHz
ultra-wideband short range radar (SRR) to assist the monitoring required in Commission
Decision 2005/50/EC (the Decision).! This fourth report is submitted for the period July
2008 to June 2009, and has been complied in accordance with agreed procedures stated
in Doc. RSCOMO06-54, dated 16 June 2006, from SARA, as further discussed below. As
detailed below, SARA reports that penetration of SRR-equipped vehicles will be
approximately 0.02% of the total number of vehicles in the European Union as of the
end of June 2009.2

Overview

Monitoring of SRR implementation is required in Article 5 of the Decision in order to
ensure that there is sufficient information to verify that no harmful interference is
caused to other users of the 24 GHz band, which primarily is assured by verifying that

the total number of vehicles equipped with SRR does not exceed 7% of the total

Commission Decision of 17 January 2005 on the harmonisation of the 24 GHz range radio
spectrum band for the time-limited use by automotive short range radar equipment in the
Community, O.J. L 21, 25 January 2005, page 15.

This report contains no business-confidential information and can be made publicly available.

\\\BR - 086737/000002 - 133862 v1
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SARA submission to European Commission
23 June 2009

automotive fleet. The type of information required is described in Article 5 and the

annex to the Decision, and in sections 17 through 19 of the MoU.

This document is the fourth annual report to be submitted. Sales of SRR-equipped
vehicles are consistent with the assessment submitted by the Commission Services to
RSC#15 that

the uptake of 24 GHz SRR technology, while considered by the Commission as
a very useful and instructive commercial demonstration of the concept of active
road safety via technology (and of a pro-innovation spectrum policy), has been
extremely limited to date.’

At this time, two manufacturers have implemented 24 GHz SRR into production lines in
Europe. Due to the regulatory constraints established under the Decision the number of
SRR-equipped vehicles remains far below the 7% limit. As described to RSC#15, “it
can already be stated now that the possibility of the 7% threshold for SRR-equipped

cars being reached in any Member State by 2013 is very small.”

This report also contains updated information on the safety impact of SRR as well as

information on status of 79 GHz SRR technology.
Current Report on Vehicle Penetration

In June 2006, SARA described the method it would follow for these submissions. At
that time, SARA proposed the following

e For the submissions in 2007 and 2008, the Kraftfahrt-Bundesamt (KBA -
Federal German Motor Transport Authority) would calculate the fleet

penetration for Europe based on officially used figures.

e For ensuing years, the KBA would collect data on numbers of SRR-
equipped vehicles and provide the European-wide penetration calculations
to the Commission. The KBA also would provide the collected data to the
different Member States; the Member States could then calculate their own

national fleet penetration rates based on their knowledge of the number of

3 RSCOMO06-96, 24 November 2006, at un-numbered page 2.

\\\BR - 086737/000002 - 133862 v1 2

02-31


takohta
Text Box
参2-31


SARA submission to European Commission
23 June 2009

vehicles on the road in their countries. The KBA would calculate national

penetration figures only for Germany.

In light of the current market and economic context, SARA proposes to continue, for at
least this year’s submission, the collection solely of European-wide figures, and avoid

the additional data processing for Member State calculations.

SARA is suggesting this approach in light of strained resources in the automotive
industry generally and the flat impossibility that the numbers of SRR-equipped vehicles
have reached the penetration limits in any Member State.

In last year’s submission, SARA and the KBA reported that SRR-equipped cars as of
mid-2008 represented about 0.01% of the total number of cars operating in the EU.
SARA believes that approximately an additional 20,000 SRR-equipped vehicles have
been placed on the market in the ensuing year. The industry has entered into a
precipitous sales decrease in new car sales due to the economic crisis and the proportion
of SRR-equipped vehicles is approximately 0.02% of the market (as KBA confirms in
the attached report).

Under these circumstances, the effort to calculate national data seems disproportionate.
We also understand that only few Member States have expressed interest in the
collected data in past years. Thus, SARA has taken the same approach as last year with
in submitting European-level data on the number of such vehicles. On request KBA is

ready to deliver the number of cars at Member State level.

This approach should be sufficient to satisfy Article 5 of the Decision and verify that no
harmful interference is caused to other users of the 24 GHz band. Interference was
predicted only if the total number of vehicles equipped with SRR exceeded 7% of the
total automotive fleet. At a 2008 penetration of 0.02%, there is no possibility of

interference concerns being raised.

SARA conducted a survey in June 2009 of its active members to verify that (1) no
company was aware of any installation or sales of 24 GHz ultra-wideband SRR in
vehicles sold in the European Union, or CEPT countries in general, in addition to the
sales SARA was preparing to report; and (2) no company was aware of any sales of
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stand alone or aftermarket 24 GHz ultra-wideband SRR equipment in the European
Union or CEPT countries in general. Based on this survey and SARA’s general
information on the industry status of SRR, we are confident that this report is accurate

and verified.

In addition to being consistent with the Commission Services’ own assessment as noted
above, these initial numbers are consistent with market penetration predictions that
SARA submitted during the development of the Decision. Based on modeling of the
vehicle fleet, historical registration (and deregistration) information; and experience
with introduction of other safety-related technology, SARA estimated that penetration
of SRR into the entire automotive fleet would remain under 3% for at least the first
three to five years of the program, even if all manufacturers in Europe commenced from

the outset to introduce SRR.
Safety Impact of 24 GHz SRR

The following information in section 1 is taken from SARA’s submission to the
European Commission consultation dated 2 February, which remains valid and timely.*
Additional information is also submitted in section 2 on even more recent findings on
the safety benefits of 24 GHz SRR.

1. Initial Safety Findings

When SRR regulations were adopted, policy makers assessed the real world benefits of
the technology. The US FCC stated in 2002 when it adopted 24 GHz SRR rules that it
expected “vehicular radar to become as essential to passenger safety as air bags for
motor vehicles....”® When it adopted national rules based on the EC decision, the UK’s
Ofcom assessed on a comparative basis that “the benefits of use of SRR equipment,
which would accrue to road users, are expected to outweigh costs of use of SRR in the
24 GHz band, which would accrue to other users of the band....” It further decided that

“assuming conservatively that this equipment may only be successful in stopping 5% to

Annexes from the original submission are deleted.

> FCC, Revision of Part 15 of the Commission’s Rules Regarding Ultra-Wideband Transmission

Systems, First Report and Order in ET Docket 98-153, 22 April 2002, at paragraph 18.
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10% of accidents involving vehicles with the equipment installed, the net present value
of the benefits from using automotive SRR devices are estimated to range from £139 to
£279 million over this period [2010 — 2014].”°

Daimler subsequently conducted a study analyzing real accidents, using the GIDAS data
bank (German In-Depth Accident Study) to focus on rear end crashes as one of the most
relevant kind of crashes. SARA presented the first results of this study in its earlier
request for a fundamental review of 24 GHz SRR regulations. That evaluation was
based on statistics from 16,000 accidents and in particular reconstruction of more than
800 rear-end collisions.

In a September 2008 presentation to the World Automotive Congress, Daimler noted
that 20% of all rear end crashes could have been avoided if the cars had been
equipped with SRR based intelligent brake assistance. Even in cases when the crash was
unavoidable the reduction of crash energy was significant and the severity of the crash
consequences would have been mitigated in 25% of the accidents. These accidents
are a major cause of serious accidents. Daimler has reported that each year in Germany
alone there are over 50,000 serious “head-to-tail” crashes, in which some 5,700 people
are either killed or seriously injured. One in six traffic accidents in which people are
injured are caused by such accidents. Daimler also has noted that as many as 9,500
serious road accidents involving lane changes are caused on German highways each

year, which could be mitigated by blind spot detection based on SRR.

These conclusions have been supported by various experiments using driving simulators
and further statistical assessments. Automobile Clubs made their own tests and reported
about the effectiveness of precrash measures activated by UWB SRR. The result of
speed reduction by brake assistance from 50 to 37.5 km/h was estimated to reduce
acceleration overload in a crash for the driver by 27%, and for the passenger by 30%. In

addition, the pre-tensioning of seat belts would reduce the risk of severe in injury by

Ofcom, “Decision to exempt the use of automotive short-range equipment in the 24 GHz band
from Wireless Telegraphy licensing, Statement and Statutory Regulations” 14 June 2005,
paragraphs 4.22 and 4.8. Ofcom assumed at that time that the SRR regulatory framework would
work satisfactorily and that take-up of both 24 GHz and 79 GHz SRR would increase over the
2010 — 2014 period from 1% to 13%. This penetration is no longer foreseen, due to the
regulatory structure.
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13%. This motorclub also stated that after market introduction in luxury cars the option

should be followed quickly by deployment in all segments of car lines.

Vehicle applications such as Collision Warning and Emergency Braking Systems are
part of the Commission’s Action Plan for the Deployment of Intelligent Transport
Systems in Europe. The Commission has stated recently that “better use should be made
of the newest active safety measures,” and in large part SARA believes encouragement

for customer-driven deployment of SRR is a critical element in those projects.’

European programs funded by the Community make use of SRR technology, e.g., the
APROSYS projects on integrating active and passive safety systems, and active safety
PREVENT projects such as INSAFE, COMPOSE and APALACI.® Substantial research
programs at the national level have been devoted to analyzing the impact of SRR - for
example the UK’s SHORSEN project funded at £457K from 2000 — 2003.° Substantial
government funding has been dedicated to 24 GHz SRR, on the basis that development

of this technology can make a significant impact on road safety.
2. Recent Safety Findings

The following section concerns additional information available on automotive safety.
Assessment of the impact of active safety systems follows a specific progression,
starting from theoretical assessments of the impact of new technology, to statistical
modeling based on accident behavior in light of the new technology, and finally to real
world assessments using accident data. SARA earlier reported the results of the Daimler
September 2008 analysis based on real world data from the GIDAS data bank.

Subsequent and even more depth analysis based on that data validates the earlier

assessment. Several papers especially relevant to this issue were presented at the 21°

Commission, “Action Plan for the Deployment of Intelligent Transport Systems in Europe,”
COM(2008) 886, 16 December 2008, section 4.3.

See Final Report, Preventive and Active Safety Applications, Integrated Project, Contract
number FP6-507075, 7 May 2008, at http://www.prevent-ip.org/.

See Foresight Vehicles Research Projects, 2006, at page 58.
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International Technical Conference on the Enhanced Safety of Vehicles, 15-18 June,
Stuttgart, DE.*°

Daimler Group Research & Advanced Engineering submitted an extensive analysis at
the conference entitled “The vision of accident free driving.” The paper presents a
detailed analysis of accident data and assesses the impact of SRR active safety devices.
In particular, it reviews the impact of Distronic PLUS, which is Daimler’s trade name
for 24 GHz SRR technology (combined with 77 GHz long range radar) implemented
into Mercedes vehicles and integrated into other safety functions, most notably Break
Assist PLUS.

Among the assessments of this comprehensive analysis is that the safety potential of
these systems is “especially evident in extra urban settings on highways and freeways or
motorways.” It states that the systems “prevented more than 37 percent of rear-end
crashes in average. In another 31 percent of these collisions, the system can help to
reduce accident severity greatly.” Notably, it is this type of accident category in which
about 57 percent of all fatalities and 62 percent of all serious injuries happened on

German motorways.

The paper also analyzed the number and severity of accidents likely avoided or
mitigated based on assessment spare part inventory statistics (i.e., spare parts needed to
repair vehicles involved in accidents). The paper states the SRR package “was able to

prevent 53% of all rear-end collisions with injuries.”

This detailed statistical analysis concludes that “the predicted efficiency in avoiding or
mitigating rear-end collisions of the Distronic PLUS package could be demonstrated in

the event of real life accidents for a representative large-scale sample size.”

Daimler’s real world analysis of traffic accident effects is confirmed by other papers
presented at the conference. For instance, a paper presented by the Swedish Road

Administration in conjunction with research personnel on automatic emergency braking

10 Final program available at http://www.esv2009.com/fileadmin/esv/documents/Final_Program.pdf.
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concluded that reduction of speed before impact by 10% “gives a reduction of fatality
’111

risk by 31% and the risk of a serious injury by 19%.

The German Insurers Accident Research body “UDV” presented a paper assessing
accident claims based on all third party vehicle insurance claims, using a representative
cross-section of all such claims for 2002-2006.% Its data bank is comparable to the
GIDAS data used in the Daimler study, but involves only serious accidents (i.e., those
involving personal injury and at least €15,000 total claim value). Among other advanced
driver assistance systems, UDV assessed the impact of collision mitigation braking
systems (CMBS), including a category of such systems “done almost exclusively with
radar sensors.” For this category of active safety technology, the UDV found there is a
“fundamentally high safety potential.” It calculated that if 100% of all cars were
equipped with such technology, “12.1% of all car accidents in the database could be
avoided” and 28% of all rear-end collisions could be avoided. Their conclusion was that,
after electronic stability control, “CMBS are the systems that deliver the greatest safety
potential in the field of active safety. They should therefore be fitted to the car fleet as

soon as possible.”
Other Market Developments — 79 GHz SRR

The following text is taken from SARA’s submission to the European Commission

consultation, dated 2 February, which remains valid and timely.

Development of 79 GHz SRR technology has proceeded in a satisfactory fashion.
SARA has reported to the Commission that companies in the complete supply chain —
car manufacturers, sensor manufacturers and their sub-suppliers as well as bumper
manufacturers — have been engaged in serious efforts to reach this permanent frequency
solution. SARA is alarmed, however, that spectrum managers and regulators have not
taken into account the lead times and stages of automotive equipment development, and

the intrinsic differences between that process and that of other, perhaps more familiar,

1 M. Krafft, C. Tingvall (Director, Traffic Safety, Swedish Road Administration) et al., “The effects
of automatic emergency braking on fatal and serious injuries.”

12 M. Kuehn, et al., German Insurers Accident Research, “Benefit estimation of advanced driver

assistance systems for cars derived from real-life accidents.”
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technology. The integration of new semi-conductor chip technology into automotive
sensors, and the follow-on integration of those sensors into a safety technology requires
a completely different timeframe than that, for example, of a new GSM terminal or

radio receiver.

Development of an automotive safety system requires at least a four-step process: (i)
semi-conductor development; (ii) sensor development; (iii) car integration and
application development; and (iv) real world testing. The technology, sensor and system
development is primarily done by the supplier; the application development is done
mainly by the car manufacturer (OEM) or needs at least a close cooperation between
supplier and OEM. Detail on these steps in the context of SRR is provided in the

following table —

Process step Comment
Semi-conductor The first step for 79 GHz SRR has been accomplished through the
development KoKon project, from 2004-2007. A long range radar (LRR) sensor
based on these semiconductors will be available on the market in 2009-
2010.

Sensor development Chipsets must be integrated into radar sensor applications. This step is
underway through the RoCC project, from 2008-2011, and sensor
development by suppliers.

Car integration and Sensors must be developed to a stage that they can be shown to be

application suitable for mass production, available for integration into mass

development production car lines. System development includes sensor vehicle
integration, and software interface between sensor and vehicle
electronics.

In addition to the sensor the bumper has to be adapted. Materials and
paintings must be developed or optimized so that they are suitably
transparent at the higher frequency of 79 GHz.

Test under real world | The verification of system performance must be shown. Because the
conditions applications are for road safety, up to 1 million kilometers of testing on
the road under normal traffic conditions and post-simulation in the
laboratory must be carried out. Therefore the earliest release for car
series production requires a lead time of several years after having
sensors available for car integration.

24 GHz was the first technology to open the window to object detection around the car.
Higher frequency technology is well known from 77 GHz ACC, which does not,
however, support UWB applications due to frequency limitations. The critical issue for
79 GHz technology is the need to bring cost down to make sensors affordable for all

customer and sufficient testing to ensure there are no liability or safety issues.
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79 GHz will be the next generation technology platform after 24 or 26 GHz, and it will
give the opportunity to improve sensor performance, with important size and
performance advantages. But until recently, 79 GHz technology for SRR was still in the
research phase. A first project named Kokon 2004-2007 was focused on semiconductor
technology using SiGe semi-conductor applications instead of GaAs. The successor
project named RoCC (Radar on Chip for Cars) started in 2008 and will last until 2011.
Its focus is sensor technology (e.g. low cost packaging of 79 GHz MMICs, improved

MMIC transit frequencies, and better heat dissipation).

There is great enthusiasm within SARA about progress towards 79 GHz technology,
and both OEMs and suppliers are heavily involved in this development. The
manufacturers cannot contemplate integration of 79 GHz SRR into production lines,
however, until at least two additional crucial steps are finalized. First, it must be
demonstrated that the sensors can be built by suppliers on a mass production basis.
Second, the resulting system must be tested under real world conditions. This latter step
cannot be avoided or foreshortened, because it is the basis for liability and safety
considerations. Typically new safety equipment must be “test driven” for up to 1 million
km to ensure it can be sold to the public as a reliable and safe option.

Without a working sensor system integrated in the car it is not possible to perform the
testing on the application level as required due to automotive quality standards. Safety
applications must undergo extensive testing to ensure reliable performance in all traffic
situations. Therefore it is desirable that all car manufacturers start working on the

application level as soon as possible.

The availability of 26 GHz sensors would allow all car manufacturers to start with the
development of safety applications based on today’s radar sensor technology. In the mid
and long term the car manufacturers will decide either to use 26 GHz sensors for a
longer time or will use superior 79 GHz sensors. 26 GHz UWB systems will open the
market for 79 GHz sensors. Without 26 GHz many car manufacturers cannot develop
SRR safety applications for the next few years because they have to wait until systems
based on 79 GHz are integrated in the vehicle. In this situation, the use of radar-based
safety systems on a large-scale will be further delayed and the technology gap between

24 GHz and 79 GHz will be extended for many years.
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One way to overcome barriers to ultimate take-up of 79 GHz SRR as a means to ensure
automotive safety is to encourage existing SRR technology. The current 24 GHz SRR
provides a platform for consumer acceptance and market entry. It is thus providing an
impetus for longer term acceptance and economies of scale for 79 GHz SRR. If that
impetus is interrupted by the regulatory framework, then market acceptance of 79 GHz
SRR is threatened.

Respectfully submitted,

Strategic Automotive Radar Frequency Allocation group

Contacts:

Chairman
Dr. Gerhard Rollmann
email: gerhard.rollmann@gr-consulting.eu

Legal Advisor
Gerry Oberst
Email: geoberst@hhlaw.com

Attachment

KBA submission as received by SARA
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Kraftfahrt-Bundesamt E-Mail Kly
*

Philippe.jean@ec.europa.eu
Frank greco@ec.europa.eu
Kraftfahrt-Bundesamt « 24932 Flensburg

Your reference / your letter of:

Our reference:

320-935

Contact:

Claudia Biickle

Phone: +49(4 61) 3 16-20 23
Fax: +49 (4 61) 3 16-2833
E-Mail:
claudia.bueckle@kba.de

European Commission

Date: 22.06.2009

Subject: Report on the use of the 24 GHz frequency range by automotive short-range
radars as of June 2009

Introduction

Art. 5 of the decision 2005/50/EC requires monitoring of the use of the 24 GHz frequency range
by automotive short-range radars (SRR) in order to ensure that the total number of vehicles
equipped with SRR does not exceed 7 % of the total automotive fleet in the European Union.

According to the concession of the Commission the annual reports of the first three years may
be based on European fleet figures only.

The first report was submitted to the Commission by the Short Range Automotive Radar Fre-
quency Allocation group (SARA) in July 2006 (document RSCOMO0G-53).

The second report- regarding the period from June 2006 to Mai 2007- was submitted in June
2007 to the Commission by the German Kraftfahrt-Bundesamt (KBA- Federal German Motor
Transport Authority) in pursuit of a guaranteed independent and reliable report. As a result of
this report the percentage of penetration of SRR-equipped vehicles in Europe amounted to ap-
proximately 0.008.

The third document presented to the Commission in June 2008 was regarded as the last annual
report on an Europe-wide basis, providing information about the level of fleet penetration of ve-
hicles equipped with SRR in Europe. The percentage proved in the third report was of 0.01.
From the period beginning in June 2008 decision 2005/50/EC obliges Member States (MS) to
evaluate the percentage on basis of the registered number of vehicles within their respective
country and report the results to the Commission.

Germanys Federal Motor Transport Authority (KBA) has been accepted by the Commission and
MS as a reliable reporting authority on the percentage as described above and in future as a
provider to interested MS of the collected data transmitted by the manufacturers.

However, the automotive industry represented by SARA informed the Commission that the
penetration of SRR equipped vehicles is still small and SARA therefore suggested drawing up

Office building: Office hours: Phone: Fax: Bank aceount:
Fardestralle 16 Mon. - Thurs. 3:30 am - 3:00 pm +49 (4 61) 3 16-0 +453 {4 61) 31616 50 Deutsche Bundssbank, Filiale Kiel
24944 Flensburg  Fri. 8:30 am - 2:00 pm +45 (4 61)3 16814 95 BLZ: 210000 00, Acc. No. 210010 08

Germany IBAN: DEZY 2100 0000 0021 0010 08
E-Mail: kba@kbade Intemet www kba.de EIC: MARKDEF1210
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Key
another report on an Europe-wide basis. As the Commission agreed, this fourth report concerns
European data only.

Report

Two car manufacturers introduced 24 GHz- SRR into their production line since decision
2005/50/EC came into force (as SARA mentioned in the first annual report, introduction of SRR
into the market started in September 2005).

Since then, both manufacturers provided annual production data of vehicles equipped with SRR
to the KBA.

Based on ACEA"s 2009 publication’, the total number of the European automotive fleet can be
estimated to be 253 million vehicles on June 1st 2009. As a result of the data submitted by the
manufacturers the percentage of penetration of SRR-equipped vehicles in Europe for the report-
ing period ending at May 31 2009 amounts to approximately 0.02.

Like the reports before this result stays on the conservative side of estimation considering the
fact that ACEA’s European fleet data is incomplete: some of the EU-23-MS (eg. Hungary and
Lithuania) have not delivered any data yet, so that the calculated percentage of 0.02 would be

even less, If related to a complete EU-23 data basis.
Besides, it is likely that not all of these vehicles equipped with SRR are still in use.

Yours respectfully,

Claudia Buckle

! http:/fwww.acea be/images/uploads/files/20090218_EU_Motor Vehicles_in_Use_2007 pdf
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7‘/7"7’)‘4‘/5—1.\. Odeg Odeg
DFAEEBBROILT HX
EEERES 0dB 0dB
ERRIm A S DK T BEEHX Om, 10m 5m, 10m 10m, 30m
HBETFHLAL -126. 8dBm/MHz -128dBm/MHz
X Aggregate D &+

XX TUoTHHBELT. REEHDZ N 31dBiIZEM
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AREEH BRIV ESVR)
BT
EHE ITU-R (Casel)
Model A | Model B | Model ¢ | Model D
B3 23GHz 23GHz
7RG 46Bi | dodBi | 40.1Bi |  34.9aBi 410Bi
b b Single entry: F.699 Single entry: F.699
T 2T T iERE Aggregate: F.1245 Aggregate: F. 1245
TUoTTHHES 50m 20m 40m 10m, 18m, 25m
ToTFTFFILE 0.57deg | 0.57deg 1 Odeg Odeg
FUFFALVE—L ode ode
DFE L EBOLT B § §
HwERX 0dB 0dB
B IHD 5 DK IR Om 10m, 30m
HBETHLAL ~125. 8dBm/MHz ~125. 3dBm/MHz ~128dlBm/MHz
X AggregateD &
= =+
sTEFER (FWA)
[Single Entry]
BT FoTHHE | BREZ | FBTHLANL | FHELANL (REBR) | fEREE
T [dBi] [dB/km] [dBm/MHz] [dBm/NHz] [dB]
0.6 -143.1 -16.3
i 6.5 -126.8
3.0 -143.4 -16.6
0.6 -121.9 4.9
M1
3.0 -122.2 4.6
MAER ~126.8
a 0.6 -119.1 7.7
3.0 -119.4 3.3
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TEEER (FWA)

[Aggregate]
wstpy, | TYTTREG | BEAE | SEEE | BEFHLAL | FELAL | FEXES
BT [dBi] [dB/km] [m] [dBm/MHz] [dBm/MHz] [dB]
~ 0.6 1249 1.9
2R 6.5 20 ~126.8
(offset Om) 3.0 ~125.4 1.4
0.6 1126 14.2
41 3.0 115.2 1.6
MAER ' 20 126.8 : :
(offset 5m) R 0.6 1122 14.6
3.0 113.7 13.1
(B%&) offset2zZE L1154
wateay, | TR | BREAE | EEME | $EFELAL | FELAL | REAES
BET [dBi] [dB/km] [m] [dBm/MHz] [dBm/MHz] [dB]
,, 0.6 1248 2.0
LR 6.5 20 ~126.8
(offset 10m) 3.0 125.3 1.5
0.6 1146 12.2
4 3.0 117.8 9.0
MAER ' 20 ~126.8 ' :
(offset 10m) y 0.6 114.5 12.3
3.0 ~116. 4 10.4
= =+ =
AERBRE (BRI VI URX)
[Single Entry]
wEte | 7YTTRE | BEER | HEFSLAL | FELALGBED | FELES
mET [dBi] [dB/km] [dBm/MHz] [dBm/MHz] [dB]
0.6 -129.8 4.0
Mode! A 46.0 ~125.8
3.0 -137.0 1.2
0.6 -132.3 6.5
Mode! B 40.0 ~125.8
3.0 -133.7 7.9
0.6 -135.2 9.9
Mode! C 40.1 125.3
3.0 ~138.9 13.6
0.6 ~134.3 9.0
Model D 34.9 -125.3
3.0 ~137. 1 11.8
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AERE (BEIU LT UR)
[Aggregate]
witray, | TYTTRE | BEME | SEURE | #ETALAL | FELAL | FEER
BT [dBi] [dB/km] [m] [dBm/MHz] [dBm/MHz] [dB]
0.6 115.1 10.7
Mode! A 46.0 20 1258
3.0 120, 4 5.4
0.6 115.5 10.3
Mode! B 40.0 20 1258
3.0 118.7 7.1
0.6 116.7 8.6
Mode! C 40.1 20 ~125.3
3.0 1209 4.4
0.6 115.3 10.0
Mode! D 349 20 -125.3
3.0 118.7 6.6
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HABEREHASH
HRASHANTTRIE

RELEAICTT /=128

RADEEIEFELHZIE, TEROFEORHET, SRROBHFEHEFEEEZI0%ELL
RHRICTEZIRITICENFIREEERET

s FEHEREETNTOI—NT1 7LD THEND 3.5dB EERADS
ELSRTMNERIARNEIE

- FHEINEFR(Activity Factor 3dB. Polarization Loss 3dB) (DL T®
520000k E (Y

HIE{kIcdi=oT
*SRRIZE K E L FEIFKICHEINBEBENA.
ABREHE. PRAHE. HEHNEAOEBEHOA
SRR £ (0.5mRLTF)
ININ—REBADXE(SRREMEHLTEAL L)
‘BESIUVEEROEBROBHAFSIE
- FHEERBEDOE(EIBR

> [SRRO B BIE B EE40%EL - RIEIC TR A
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R IRE 3

BIEERICRIT KREBREIH FSRInizR FH@HE (dB)
7I—-AR8 Aggregate Single Entry
1 | BRAHORER &L &L -

« FS7U7F+F A O Offset angle ADRAHTT
HEEROELIX TR TELVREEELZOT. NTT/DOCOMORINT OS5 L% ERL

(FS773® up-tilt20deg LFBETRBALNNIE, HEBROEREMH )

_ e e oy
HAEFAHREE NTT/DOCOMODS # BB H BARIBL TL\5 4, HERREL TRANSLOT., HEMOHEESL 0.2
(Car Shielding OESS | £BFANTEEL (SRREZEMIE. L— ERIEOER)
2 | HEEFLO®E | & Ofi-Axis Angle OF —
5%k BHEREk B EMIBRHEICH T BIRL

OHESE ) REAICRNECHARE, BUTHNENOHRNEEEBUANS 05

=WF1T

BT SMOHH : FS7oTHAORBLALERAOED SERIRXEEHMSICEH (ITU-RICEHR)
HEER - 25 B LIROERIE—@22dBOERAKX LN 5F o =
HEMDHETFE, FTLRBRTSAORTEIU LOFHSBMEORRFEXICONT, HFNERHTE
ARWETHUMRE, ZETHNETSHAICBRIANS

+ BRQOEEBHOSEHRAEO D LOMEEL THLMOMRRISEZIRIRTS. ITU-R P.837-5 &V, 1
HENos—sey | HAISTA=Z FMERSIE 00,014 (SERIF9) (EALRT 37 mm/h
;iéaj + ITU-R P.452&¢). Fli3 E{E2 dkmERFHEN S0, FSEEMIGE THRAIZEFA—MAEHAICHZH0 2 0.5
g EHuL. REREELH HEMT—RETS
= EEFHHS ITU-R P.838 LWRHL. 5.0 dB/km £MALRIEETS

3

«Activity Factor FHRNBHORMABLIHARE, BELTSNETSHEIRUANS ERALHEICER) rocaen -
4 ;gﬁm;im +Polarization Loss FSBNREOHMARTECHARSE, RETHAETHHEICRYANS (BRI SEREICSER) »iE mﬁmmsmu: R
ohray Loss FHENERSSNITHARE. B THUETSHEBIANS 8
5 | IPMOBRIR | ISEMEIMEEIR | FERLLTOBSRASN. TFNORRMLLMELEL -
FHENR a5t (8] 87+a+s | 42+48""
PIEHER [dB] (SRRERE40%) 12.1 | 77 |

B, HEMIVRBTEIRRORTHSNERIANZIHEE (EEMIVEREICEHEIRTERS
(¥1) P ITNIAMNONTIIREREAEL 28, B=0dBTHOTELHEHEEELD

(BU#K) Activity Factor &V Polarization Loss |CBI9 25ERI S 4

@ Activity Factor 3dB M#R#¥LICDLNT

(1) SRR switched modeDENEREHH IV TN LA E

(2) Reduced PRF mode OEIEREH IV TDLIEAE

(3) Non-UWB mode NEKREBERESLIVUETNLEAE

(4) SRRO/NIVAILE. BRIFEF. /NIVARIE

(5) WCTFIVF =23 ETF N TC20mMRER TEMA A EHREREETRICEOERENDTSBMBERELDD

@ Polarization Loss @ 3dBDIRMICDLNT

(1) REMLRRGE
(REOREIL—FENBITHH, 1 AOEMICREORE BL—FEMELTER. Wk —ERMSICEL. %)

(2) SRR7 77 DR ERRFFHE
(RICFSADIAR I EHI 3R R RRMAE)
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FS Impact analysis study in Japan
NTT / NTT Docomo simulation aggregated scenario

FWA (26GHz)

Antenna gain
[dBi]

Rain attenuation
[dB/km]

[REVE
Model

Car
separation [m]

Allowed interference
level [dBm/MHz]

Base Station
(offset Om)

Focus on this part

Interference level
[dBm/MHz]

Required
improvement [dB]

Subscriper-
station

(offset 5m)

Wireless Entrance (23GHz

Review Antennagain = Rain attenuation Car Allowed interference  Interference level Required
Model [dBi] [dB/km] separation [m] level [dBm/MHz] [dBm/MHz] improvement [dB]
0.6 51 10.7
Model A 46.0 20 1288 - alt
42 5 nmb\e 1228 3.0
0.6 \ -115.5 10.3
Model B 40.0 DA GHZf - edlas.ﬁag
h{:@\O\N s \\Y “' -120.0 58
T06 que *~ 1167 8.6
Model C 40.1 20 125.3
4.2 -122.7 2.6
0.6 -115.3 10.0
Model D 34.9 20 -125.3
4.2 -120.2 51
SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %%4_1_9 2008-12-19




FS Impact analysis study in Japan
Parameter setting and simulation result for Japan

For FWA Subscriber Station — aggregation (100% penetration, Car separation: 20m)

ITU-R Report (FS P-P) FWA Subscriber Station for Japan
Parameter
Case 1 Case 2 FS operator SARA Compromise
Frequency 23 GHz 23GHz 26GHz 26GHz 26GHz
FS antenna gain 41.1 dBi 41.1 dBi 31 dBi 41.1 dBi 31 dBi
FS antenna height 10m 18 m 5m 5m 5m
FS antenna tilt 0 deg 0 deg 0.9 deg UP 0.9 deg UP 0.9 deg UP
FS antenna offset 10 m 20 m 5m 10 m 10 m
SRR position vehicle corner 0.2m inside vehicle corner 0.2m inside vehicle corner
Rain attenuation 0.6 dB/km 3.0 dB/km 0.6 dB/km 12.7 dB/km™ 5.0 dB/km™
Activity factor 0dB 3dB 0dB 3dB Oto 3dB™
Clutter loss 0dB 7 dB 0dB 7dB Oto 7dB™
Polarization loss 0dB 3dB 0dB 3dB 3dB™
Spray loss 0dB 2dB 0dB 2dB Oto 2dB™
Simulation Model ITU-R Model ITU-R Model NTT model ITU-R Model -4.7t0 0dB™
SRRinterference [ gy, dBrmMHz dBmiHz vz [T
Threshold limit -128 dBm/MHz -126.8 dBm/MHz
Margin -18.5dB | +9 dB -16.1 dB +15.6 dB -10.9to +5.8 dB
*1) 99mm/h: Rainfall rate for Tokyo in AIRB *2) 37mm/h: Rainfall rate for Sapporo in ITU-R
*3) To be discussed at the review (e.g. 2018): Please see page 18
SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta 2008-12-19 3

FS Impact analysis study in Japan
Cross-check (recreate ITU report graph with ITU-R model)

ITU-R Casel, fig. 68 — (simulated with ITU-R model)
(Number of SRR: 2, Bumper loss: 3dB, Number of Lanes: 4)

aggregated scenario ITU-R F.1245 beamshape, antenna tilt: O deg FS anten na par am eter:

e A o | Antenna gain:  41.1 dBi
Rain attenuation: 0.6dB/km
o R e § A Antenna height: 10m
‘ ‘ Road offset: 10m
L e = A o A Antenna uptilt: 0 deg
| | | Frequency: 23 GHz
LT I/ 7 < R O R S |

0.6p 10h 100ff 020m

0.6p 10h 100ff 050m | | .
0.6p 10h 100ff 100m |~ SRR parameter:

0.6p 10h 100ff 150m SRR in vehicle corner
Car separation: 20m
SRR height: 0.5m
G ; ‘ ; ‘ ‘ : Vehicle height:  1.5m
0 500 1000 Rar:::.g(;m] 2000 2500 3000 Vehicle Ieng th 5 m

ITU-REP-SM.2057 (Attachment 2, Fig. 68) -109.5 dBm/MHz ‘ .
ITU-R model (French side shielding): -109.5 dBm/MHz 0 dB difference

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %4-1-10 2008-12-19 4
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FS Impact analysis study in Japan
Compromise (37mm/h without mitigation factor)

FWA Subscriber Station — aggregation
(Number of SRR: 2, Bumper loss: 3dB, Number of Lanes: 4)
aggregated scenario ITU-R F.1245 beamshape, antenna tilt: 0.9 deg

D) e e S S '
i i 5.0p 05h 100ff 020m |:
| e 5.0p 05h 100ff 050m ||
120} --------- T E T T R 5.0p 05h 100ff 100m |

| | ————— 5.0p 05h 100ff 150m | |

120f------ £ 8 e o e

I — Rt RRECEETEE :

L . R

aggregated mean PRX [dBm in 1MHz]

450§~ T r EEEEEEEE S T EEEEEE :

-160

1 1 1 1 1 j
0 500 1000 1500 2000 2500 3000
Range [m]

Interference threshold (I/N = -20dB)
ITU-R model (French side shielding):

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta

-126.8 dBm/MHz
-117.6 dBm/MHz

FS antenna parameter:
Antenna gain: 31 dBi
Rain attenuation: 5.0 dB/km

Antenna height: 5m

Road offset: 10 m
Antenna tilt: 0.9 deg UP
Center freq.: 26 GHz

SRR parameter:

SRR in vehicle corner
Car separation: 20 m
SRR height: 0.5m
Vehicle height: 1.5m
Vehicle length:  5m

) 9.2 dB

2008-12-19 5

FS Impact analysis study in Japan

Simulation result (37mm/h with large vehicle assumption)

FWA Subscriber Station — aggregation
(Number of SRR: 2, Bumper loss: 3dB, Number of Lanes: 4)
aggregated scenario ITU-R F.1245 beamshape, antenna tilt: 0.9 deg

100 -~ e e e — ‘
| | | 5.0p 05h 100ff 025m |
| | b | mm— 5.0p 05h 100ff 050m ||
120} --------- T E T T R 5.0p 05h 100ff 100m |:

| | | —rmmn 5.0p 05h 100ff 150m | |

-120
130 f4:r

-140

aggregated mean PRX [dBm in 1MHz]

450§ - -1 T r EEEEEEEE S T EEEEEE :

-160

1 1 1 1 1 j
0 500 1000 1500 2000 2500 3000
Range [m]

Interference threshold (I/N = -20dB)
ITU-R model (French side shielding):

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta

-126.8 dBm/MHz
-118.6 dBm/MHz

$4-1-11

FS antenna parameter:
Antenna gain: 31 dBi
Rain attenuation: 5.0 dB/km

Antenna height: 5m

Road offset: 10 m
Antenna tilt: 0.9 deg UP
Center freq.: 26 GHz

SRR parameter:

SRR in vehicle corner
Car separation: 25 m
SRR height: 1.5m
Vehicle height: 4.0 m
Vehicle length: 10 m

) 8.2 dB

2008-12-19 6




FS Impact analysis study in Japan
Simulation result (99mm/h without mitigation factor)

FWA Subscriber Station — aggregation
(Number of SRR: 2, Bumper loss: 3dB, Number of Lanes: 4)

aggregated scenario ITU-R F.1245 beamshape, antenna tilt: 0.9 deg FS antenna param eter:

) e e e e —— ‘ . .

! ! ‘ 12.7p 05h 100ff 020m | AnFenna gam: 31 dBi

| | |- 12.7p 05h 100ff 050m || Rain attenuation: 12.7 dB/km
-110f--------~ et IR 12.7p 05h 100ff 100m |: 2 .

‘ ‘ | === 127 05h 100 150m | Antenna height: 5m

‘ ‘ Road offset: 10 m
20 Antenna tilt: 0.9 deg UP
Center freq.: 26 GHz

-130 -+

SRR parameter:

SRR in vehicle corner
Car separation: 20 m
SRR height: 0.5m
Vehcile height:  1.5m

-140 [J1

aggregated mean PRX [dBm in 1MHz]

-150

160 I I I I 1 i
0 500 1000 1500 2000 2500 3000 .
Range [m] Vehicle length:  5m
Interference threshold (I/N = -20dB) -126.8 dBm/MHz - -59dB
ITU-R model (French side shielding): -120.9 dBm/MHz :
SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta 2008-12-19 7

FS Impact analysis study in Japan
ITU R Case 1 aggregated scenario

23GHz band FS P-P link in Europe (min. 7km link length needed)

s el . 3.87 dB/km (28 mm/h, 23GHz)

> D dB/km /| o (“(—\(})

< 1.3 S5 7 S 7 £ < -5 7 >
g 06 ' {,/4;{%5/ G e
'% dB/km e— Rain fade margin is almost exhausted

e e > by raincell that is fare away from RX

(typ. 20 dB) are left for the last 3 km

RX ™
<ily oy oy oy
wlily oy oy oily only 0.04 dB of the rain fade margin
oy ol il
<y oy oy

3km 4km
L 7km
If the rainfall area covers more than 4km of the FS link (or rainfall rate

increases by 0.06 mm/h more), the FS link will be unavailable due to
lack of rain fade margin, independent of SRR interference or not.

This is neither realistic regarding scenario nor probability !!!

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %4-1-12 2008-12-19 8




FS Impact analysis study in Japan
Car shielding model (extracted from ITU-REP-SM.2057)

Vertical shielding model
Ls = O fOI’ O(.-OLR < _2 . Receiver
Lg =2.2*( a—oag) +4.4 for-2<(a-ogz) <8
Lg=22 for (a-ag) > 8.

v

. . . P
Slde Shleld Ing mOdel FIGURE 59 Sketch of a NLOS-connection between SRR and receiver

* France model (ITU-R Casel):

For 15t |ane: " LoS / NLOS side shielding
LOS (line of sight) and v AL
Non-LOS assumption = R v

From 2" lane: Ly, = 22 E /\//\ SARA side shielding

: s
« SARA model (ITU-R Case2): 3 . W

For 15t lane: : / _
Same shielding characteristic M S
as for vertical shielding 4 - - . 0 M b

From 2" lane: Ly = 22

a-ar [7]

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta
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FS Impact analysis study in Japan
Road offset, SRR position and lane width
ITU-R Case 1 Road border distance 1.25 m Road border distance 1.25 m
SRR_1 SRR 2
,g: ost_pliise 18 m SRR _height 0.5m
~
Vehicle width 1.5 m
— g
e
Lane width 4 m
IRU-R Case2 Road bB{der distance 1.45 m Road bB{der distance 1.45 m

4 N 4 N

/g Road_offset 20 m

[ ]
SRR_1

)
SRR_2
SRR_height 0.5m

~
Vehicle width 1.5 m

——
Lane width 4 m

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %4-1-13 2008-12-19 10




FS Impact analysis study in Japan
Activity factor extracted from ITU-R-SG1-SM1755

FS Impact analysis study in Japan
Clutter loss

Clutter loss /dB

nominal clutter height /m




FS Impact analysis study in Japan
Polarization loss

Co and Cross polar pattern of a dish antenna in main beam range

0 _~ ~_
5 ~ _ Ny
10 L~ ™
15
20
25
30 | —r
35
40

Attenuation in dB

MWONLALOL AW NLW M

o
o — o o — o ™

4
™

Deviation from main beam in °

Cross-polar Pattern Co-polar Pattern

3.0dB polarization loss has to be considered
at least for the aggregated scenario ! ‘ 3.0dB

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta 2008-12-19 13

FS Impact analysis study in Japan
Road spay

Typical rain fall case

SRR interference risk
to FS link is only
possible under worst
rain fall conditions
(outage almost
reached).

Other weather
situations (sunny,
cloudy, small rain) are
no problem at all

Therefore spray loss has to be considered ! - 2.0dB

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %4-1-15 2008-12-19 14




FS Impact analysis study in Japan
Rain attenuation for Japan (1)

Hokkaido is the area

. . . Wakkanai
with least rainfall in Japan 69mm/h Abashiri
Rain attenuation y dB/km (29-Sep'06) (2;_2;3{%17)
99mm/h Japan Sapporo
Freq. H \Y 75mm/h
23GHz 14.1 10.7 (17-June’06)
26GHz 16.2 12.7
28mm/h Europe Asahikawa
ikaw
Freq. H \% 87mm/h
23GHz 3.87 3.18 (4-Aug'06)
26GHz 4.64 3.85 Nemuro
7= is defined in ITU-R P.838 by: 99mm/h
YR = kRa (27-July’04)
s L@z R URE) e EEaB BEEmEE Heaviest rainfall in 10 m;c’lz);?:;;esa?:q(/:oi)z: -MZaOyO’(;?)
R rainfall rate in mm/h Source: http://www.jma.go.jp/jma/index.html
Frequency (GHz) K., o, Ky, a,
23 0.1286 1.0214 0.1284 0.9630
26 0.1724 0.9884 0.1669 0.9421

Remark: H = horizontal polarization V = vertical polarization

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta 2008-12-19 15

FS Impact analysis study in Japan
Rain attenuation for Japan (2)

FWA unavailable time caused by rainfall (min/year) (targeted less than 2 min/year)
Rain attenuation in dB/km 0.6 3.0 4.0 8.0 12.0
Rainfall rate in mm/h
(V-polar, 26GHz) 3.9 21.5 29.1 60.8 93.5
Wakkanai 1992 130 90 4 0
Major Abashiri 1410 84 26 2 0
5 cities Asahikawa 1862 106 52 6 0
in Hokkaido Sapporo 2276 62 30 2 0
Nemuro 1702 118 36 8 2
Average of 5 cities 1848 100 47 4.4 0.4
Tokyo 3066 332 216 44 14
. . ) Rainfall data last 5 years (2003 — 2007)
Rainfall rate R is calculated by: ‘ Source: http://www.jma.go.jp/jma/index.html
1 e . .
R:(Eh These rain attenuations

are not applicable

with: k, frequency-dependent parameters . .
@ Teareneyep b even for Hokkaido in Japan!!!

¥ rain attenuation in dB/km

Frequency (GHz) K, o, Kk, o,
23 0.1286 1.0214 0.1284 0.9630
26 0.1724 0.9884 0.1669 0.9421

Remark: H = horizontal polarization V = vertical polarization

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %4-1-16 2008-12-19 16




FS Impact analysis study in Japan
FWA practical example (QPSK) in Minamisouma-shi

77z 4

{///_,,/1/ 7 7 T o i _’,’/:/, I
FWA Subscriber Station 6.35dBm/MHz EIRP| 20.5dBm EIRP__|| 48 stations
700 stations ) «
Antenna gain 31dsi Path loss= -117.6 dB (0.7km, 26GHz) |Antenna gain: 6.5dBi[ | QUtpUL
: -79.8dBm/MHz i i Bandwidth: 26MHz || 14dBm
Cloar sky Rain fade margin = 0.7km x é%&;.f,’iﬁ'f%
margin=8.9dB S A0
J -88.7dmmHz +eemmn DU tO always existing additional
S‘ifse%‘éaBrd Heavy rainfall safeguard margin in FWA link
' -92.2dBmMHz pannn [y dget SRR can practically never
FWA QPSK

interfere with the FWA link !

C/N=14.6dB limit for BER"=10°

-106.8dBm/MHz
Receiver noise

I/N=20dB

-126.8dBm/MHz
SRR interference limit

* BER: Bit Error Rate Source:

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta 2008-12-19 17

FS Impact analysis study in Japan
Possible discussions at the date of review (e.g. 2018)

1. Situation: to be checked
 UWB radar penetration in the world (including Japan)
* ITU-R understanding (additional assumption, real data, etc.)

* Minimum rainfall rate for the actually existing FWA in Japan
to be provided by FS operator (37mm/h or more)

2. Mitigation factor: to be discussed again and verified
» Deeper insight regarding models for propagation and attenuation
* Experiment with FS operators is also a possible option

3. Mitigation measure: to be considered further (if necessary)
» Shifting to 79GHz band, depending on practical situation

» Mitigation techniques to be installed, but function only under the
critical conditions (e.g. heavy rain)

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %4-1-17 2008-12-19 18




FS Impact analysis study in Japan
Simulation result (37mm/h without mitigation factor)

aggregated mean PRX [dBm in 1MHz]

Wireless Access 25GHz — aggregation
(Number of SRR: 2, Bumper loss: 3dB, Number of Lanes: 4)

-100

-110

-120

-130 -

-140

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

FS antenna parameter:
Antenna gain: 31.5 dBi
Rain attenuation: 4.7 dB/km

,,,,,,,,,,,,,,,,,,,,,,,,,

Antenna height: 10 m
Road offset: 10 m
Antenna uptilt: 0 deg
Center freq.: 25 GHz

4.7p 10h 100ff 020m
4.7p 10h 100ff 050m
4.7p 10h 100ff 100m
*= 4.7p 10h 100ff 150m

SRR parameter:
SRR in vehicle corner

77777

asof Car separation: 20 m

SRR height: 0.5m

160 ; ; ; ; : : Vehicle height: 1.5m
0 500 1000 Ra:.gg(;m] 2000 2500 3000 VehiC|e |eng th 5 m

Interference threshold (I/N = -20dB):
Simulation results (ITU-R model):

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta

-126.8 dBm/MHz
-115.5 dBm/MHz

) - 11.3dB

2008-12-19 19
FS Impact analysis study in Japan
Simulation result (37mm/h without mitigation factor)
Wireless Access 27GHz — aggregation
(Number of SRR: 2, Bumper loss: 3dB, Number of Lanes: 4)
FS antenna parameter:
OO e ———— 5.3p 10h 100ff 020m Antenna gain: 31.5 dBi
ol IS don o toom Rain attenuation: 5.3 dB/km
¥ ===+~ 5.3p 10h 100ff 150m Antenna height: 10 m
2 : : Road offset: 10 m
e 0 Antenna uptilt: 0 deg
% | Center freq.: 27 GHz
o -130 - { L5
3 awlf 1 SRR parameter:
% SRR in vehicle corner
® sob- ] S S Car separation:. 20 m
SRR height: 0.5m
160 | | | | | | Vehicle height: 1.5 m
0 500 1000 Rar::.;g(;m] 2000 2500 3000 VehiCIe |eng th 5 m
In_terfen_ance threshold (I/N = -20dB): -126.8 dBm/MHz ‘ -10.4 dB
Simulation results (ITU-R model): -116.4 dBm/MHz
SARA| Dr. Gerhard Rolimann / Daimler Japan | Takashi Ohta %%4_1_ 18 2008-12-19 20




AHREH 4

TEH20F12H198 : £8H UWB L—4 XU &#H 2008-L1E-8-2 & V) thi#t

IR

1. Fiats

(1) TR ORHREY

VIERT 7 B AT AT LR 2 b T 2 ARl

<EEB>
FWA*! EEEEIY S URER
2B | MAER Model A | Model B | Model C | Model D
R 26GHz 23GHz
7 T F%E | 6.5dBi 31dBi 46dBi 40dBi 40.1dBi | 34.9dBi
ToOTTS 16m 5m 50m 20m 40m
Aoty k¥ Om 5m, 10m Om
FiHrRE" ~126. 8dBm/MHz -125. 8dBm/MHz | -125. 3dm/MHz
*1 MAZERERT VLRV AT L *2 A S DK TR *3 |/N=-20dB
<UWBL—%>
EIRP -41. 3dBm/MHz RES 0. 5m
L— &% 4 SRR/car == ] 20m
FibEiEER 3km INDN—i8% 3.0dB
BrREE" 5. 0dB/km (26GHz) 4. 2dB/km (23GHz)
ERE 40% (EHIZ) 1% (EEE)

4 BEICIXEMATE 2 SRR 518
<THBRMERE FWAIIAR) >

*6 BADHKEMEE L THIRORERE 37Tmm/h & YEH

L— S igEE O~ 3.0dB | ITU-RSM. 1755 &Y (EF5E{E)
fREmEE" 3.0dB | 50%/K F{miE. S0%EERE (TEH)
YhEia %k 0~ 7.0dB | i—KL—JL, B4, BIRKLGEICKEEE
BERTL—E=E 0~ 2.0dB | BT AEMDERIRNAEE LITHKLAEIZLIEE
ETIVRES 4.7~ 0.0dB | E#HZRETIL. FIL FAELERE, £ 7€y FOEERESE
A&t -1.7~15. 0dB
%6 KEREE-FBEREDESL ONCEFRIBENH D -OFRLERNEALBE TR RRED
(2) EHEL—FIZLBAFHRIAER (TURVIaAL—L3VETFTILEFER)
100 - FHENERZOEELL(EL. REESIBOHEE)
& THEMEZRFODEESHY (F115dB, ETIILRZEZH0dB)
-0 pomm ey — FHHAE
-120 | — |
130 [ _ i
-140 | ¢ _ 1 _
~150 — ‘ —
HEithm MAER A B C D
FWA (E & #40%) EREFEI SO AME (ERE1Y)
<T—CUREE> FWAMAZER : -6.9dB GFAE RS, 1%2/8Y)

ST FSUREEB : +17.2dB
2. &
ERENZBZDET [CTSEMNECOERNMLELEDRHBTEE

] BIEERMRTOERFALY ., EREATHWEBZ S ETFRIND 2025 £ 3 ERBEH=

2022 F&£9 %, BL, ERNRZRICEALBZERFILEICHCTRHEILT 5,

*8 BARMAMKRTEIEFRTRATHS=H. BHICHRAEEHET SLENHD, (2018 FAW)

% 4-1-19



SEERA-2
ERRNEFLEOLARTIZCDOLNT

UWBL—H LR TLLEBRRXEBEOHARIZUTOLEEYIToT=,

1. I RSOBRRES
BRERBRICE, RI-USRTESICRARY MURER (Fo—/1_F) LEGERER (Jo—
FIRUER) D20DFE—FBEHREYT 5, BRRNEBERES H56. ME— FOREEEZFFFIC
- ENH D
RI-1 EI Y RARBTOERRXEBRRBRUVTSLELVE

2R LSS B RE
EEE 22.2 Gz 23.7 Gz | 22.355 Glz | 23.8 GHz
S 250 kHz 250 kHz 290 NHz 200 WHz
210 dBW 210 dBW 195 dB 195 dB
g
THELEME 174 dBm/MHz | —174 dBm/NHz | ~189. 6 dBm/MHz | —191 dBm/MHz

(Rec. ITU-R RA 769-2& 1Y)
BAERNTIE, RI22ISTY12ERMORXETES YRFDERRXBRNZEZIT>TL S,

K12 THRAEOVBELZHAEHADERRXE

~ NV - - _— TTT

XA HERFR JL4 i B e
1* Uil g ag 35° 56’ 40" | 138° 28" 21" 1349 m| 45 m 1396 m
2* KR =F 39° 08 01”7 | 141° 07 57~ 63 m| 20 m 85 m
3* Ak BRE 31° 44’ 527 | 130° 26’ 24" 529 m| 20 m 551 m
4 INETR B 27° 05 317 | 142° 13’ 00~ 211 m| 20 m 233 m
b* RES hkE 24° 24’ 44" | 124° 10" 16" 26 m| 20 m 48 m
6 BE I 35° 57" 21”7 | 140° 39’ 36~ 21 m| 34 m 61 m
T &/ dtiEE 42° 40" 25" | 141° 35" 48" 54m| 11 m 68 m
8 5z B K2 Ik B2 35° 28" 03" | 136° 44’ 14" M4m| 11m 29 m
9 | BIREX® BERE 31° 27 517 | 130° 30" 25~ 58 m 6 m 65 m
10 | ELihIBfE 3 36° 06" 117 | 140° 05" 20" 27 m| 32 m 62 m
11 F1H £ 36° 07° 577 | 138° 21’ 46~ 1456 m| 64 m 1521 m
12 WX A 34° 12’ 58" | 131° 33" 26" MOm| 32 m 149 m

* BIREFEORFIROREICE D (RBLEERICIHBR
¢ AR - WGS84
ook R/MNARD/NAZHRT DO LIGEDES

S 4—-2—1



2. THOERIRE
AETE, EREHMOEARAXZRAVTUIMBL—F R TLDOFHENEHREITT 5,

(1) BEHRL—FIZkBFHRE
BHRZEREGEREBEROERKXELUTIZIRT,

2
L=10x Iog(@J (2-1)
A
L : % (dB) d : FEEf (m) A EE )
R2-VNBARL—FIZL B THRFDERETT .
F2-1 BARL—HIZ&L B TiHkst
ARY MLERERA AR R R
B R 22.2 GHz 23.7 GHz 22.355 GHz 23.8 GHz
RE 0.0135 m 0.0127 m 0.0134 m 0.0126 m
FiELELME -174 dBm/MHz | -174 dBm/MHz | -189. 6 dBm/MHz | =191 dBm/MHz
UWB L—4 EIRP -41.3 dBm/MHz
BT BPR 132.7 dB 132.7 dB 148.3 dB 149.7 dB
(B HZEREKRDH) 4.6 km 4.3 km 27.8 km 30.6 km
_ L—4 73 3.0 dB
g L AEEE
== N IN—B5% 3.0 dB
NS ES 7.0 dB
BT BPR 119.7 dB 119.7 dB 135.3 dB 136.7 dB
(FHEFERZMK) 1.03 km 970 m 6.23 km 6.86 km

(2) BEL—FIC&DFibwsEt
B2-12RY &S IS R—ERDH/N) D TAD L—5 %
ZUTORTRT &,
px2ar x107° xdr SRR
pi L—HEE (SRR/km?)

SOV TADL—EhoDHRDICEET SEET
BEAF. UTOKXTREN S,

2 ) R2-1 R—EEOM/N) 2T
EIRPSRRprZﬂrx106xdrx(4—j mW / MHz
7

EXZBERERNOR, ETHED T HLMBR MO R, FTHREDESTFHEANTONG,

A*x107°
—X
T

EIRP,, = px EIRP x 2 mW /MHz  (2-2)

=40 (SRR/km?) (4 (SRR/car) x 10 (cars/ km?) : SFAEUNBL—S{EEM SEEH I KY) .
REAIDFZE R =30m, SMUDFER,=500(km) & LI=HEDFHREAERER2-212RY,

S 4—-2-2



&2-2 BEHAEL—FITLDTHRE

ARG MILEREA SR NN
FE R 22.2 GHz 23.7 GHz 23.355 GHz 23.8 GHz
FibL=LME ~174 dBm/MHz | 174 dBm/MHz | -189. 6 dBm/MHz | ~191 dBm/MHz

UWB L—FE&SFHER -126. 8 -127.4 -126.9 -127. 4

(BHZERM) dBm/MHz dBm/MHz dBm/MHz dBm/MHz

BB B 47.2 dB 46.6 dB 62.8 dB 63.6 dB
L— & igEE 3.0 dB
Fi5 ININ—1E% 3.0 dB
&0 fhEa %k 7.0 dB
BXR | SRR7UTFHigMAM 6.0 dB
B 1Y% 20.0 dB
&5t 39.0 dB

ERIN DB 82d8 | 76d8 | 23.8dB | 246 dB

3. FH0FMREt
AETIEH, EHRFBEEXRVERT Y TICKD2TSENDORD ZE#BICRETT 5,
(1) EHE%
H3-1zEHRBERDETINEHEXETYT, < CTIHELLEE
ARICESD. ZEULOSERIFEFEBT S ET D,
BRRXT7 VT RIETHMBL—F LR TLOBHF. BERRX T OTTDORESEEREL.
ReRRUVHHRADESORD 2 ROBHERLXEEBELICIE C TEATITFHLIZEET S,

EHELDFER

ERBARICKSI_ERFETE

a, e d ;
/75 /70 !
VAR ) RAS
Ld:6.9+20|og( (v—0.1)2+1+v—0.1) dB S EOf (U ERRB
5 SRR’ ! 2 RAS
S SRR
“Vald,  d,
o _hd, +hd, dd, R
“" d,+d, 2Ka ° Ge |
Ka = 8500 (km) KEDEH EEE L - S MHhikER
- h _hMldMZ_hMZdM1+dMldM2
SRR" —
BREXT LT HRET 2B Auz ~dus 2Ka
b e %*tt

d _1/2h

40"

L, —10xlog[0 196x10 A+O804x10 A)j

X3-1 [EFEXETIL

(2) BIAETILOEE
ZCTlH. R 2ITRTI LS ICESBHEZHBNIEL L THRET IAEERET 5.

£ 4—-2-3



COUVIHRALDERTFEEAEIBOL—FASOFHEATRELEEADEREY >
TORESR EF 5,

EFBXOHEL. 2ETELIMESO—BRETILERET 3,
RELEREYLRETE 1 EAOEN. R&LRAOMITE 2 BOEFEHET 5.

EETHENOBMBHMLTEEETIL

[ oS OSMEIDEE
[, U U OREIOEE
R : UL DRRADEE

A HIED TE

R 7 #+1iE
r. < 35km 1km
35km < r; <50km 5km
50km < r; £100km 10km
100km < r; <500km 100km

EHBED—BRETIL (EHICEVTIES 30m &RE)

R | BREX7 T+ BEA~ORELRR
R:UVIDRERRDOFE

B RDER
B
No. 1 No. 2
< R, L
< R, <500km Rimit R,

R

lim it

X3-2 EEFTHEADBELEFELO—MRETIL

Q) BEARL—HFIZEETFHEHENDHE
R2-2DTFHEMERODAZER L-BAEEICRFTERLXRZEZEE LEENZERL-EREZX
3-3IZRY . BMkmLIEBEN D EFHLEMEZTRSC ENDD D,

Continuum observation 23.8GHz (Height:65m, Size:64m)

-160
170 —e&— without diffraction
! —#— with diffraction

g ~180 ! Threshold: —191dBm/MHz
8 ;:v\? -190 - - - Out of site for Top of RAS F

_ |
g:: E 200
» E -210 ' * N . o
2 % | A g
= —220 .
£ I
n -230 :

240 i

~250 f ~

0 10 20 30 40 50 60 70 80 90 100

Radius Ri (km)

M3-3 BAEL—FITEHFHEN. BIEXFEEOLE
(BRRX7 T 0OE s LERIFBEHOHKIE)



@) #EHEL—FIZLPEATHEHOHE
ERDBEL—FDEAICENTEET RETHENERL LT 5L BEL—FDEHIZEY
CHOEHE L—SEE p 2R LTHET - L0k YRBIOEER S SMIDERER, £TO
HEEOESBNEHEHT 52 LATES,

R, 2
EIRP,,, = > ElRPSRRx[4jRJ x10‘%0xpx;z(ri2—rij) (3-2)

ri =Ry i

K (B-2) IZHBLT. p=40(SRR/km?) (4 (SRR/car) x 10 (cars/ km?) . #MEIDF4ZF R, =500 (km) & L.
REIOFER ZELSEBEOMBL—F XA TLEGENDELEZRI-AITRT, CO—MEE
TIZEBREITENTIE, BERFEmN SEEFSBANFSHLEMER Y /MY, B
FEBMTIEIHIBOT—D 2 &S,

Continuum observation 23.8GHz (Height:65m, Size:64m)

000000000
9000000000000¢ 2000400

o
e POV \ 4

& & o
0 g 0 g L <> <>

4

—e—without diffraction
—B—with diffraction

Threshold: =191dBm/MHz
—-—-=0ut of site for Top of RAS

Aggregated power
(dBm/MHz)

0 10 20 30 40 50 60 70 80 90 100
Inner radius R1 (km)

M3-4 HEHEL—FICLLEETHEN. AFBELAEROLE
(BRRX7 T 0 LERITEHOHKIE)

FYEFBRRE. RAISTT LS ICEFBLREZEFTLTVERESTHEN (Bn) LEFBRLXESTE
BFESENBn DERICIYEHEIND,

R, ﬂ, 2
Laverage = |Og[ Z EIRPy, x (4—72':\)'} X P X 7z(ri2 _ riilz )]

=Ry

jz %1077 x ol 7r(ri2 - ri_lz)

R,
_ Iog{z EIRP,, {47/;

=R

RI-NTHED/NZ A —2(C X HEHFBERVEHRIC K SBERORFAFRETT, MITEX (Gt
KONAIZE DR THI. 6dB, SkmDEERRFEIZ L Y K32dBOEBEARIAFEN S,



-1 [EFEXRUERIZK 518%
BE:30m. 7oF+m:65m. 7oTFERE6 (M)

—BETIL

ARG N ILERER AT ER A
iR 5 22.2 GHz | 23.7 GHz | 22.355 GHz | 23.8 GHz
| UWBL—FEAEHNGOm - 500km) -165.8 -166. 4 -165.9 -166. 4
(EHFE%ER<) dBm/MHz | dBm/MHz | dBm/MHz | dBm/MHz
@ | UWBL—4XEAEHNGOm - 500km) -167.4 -168.0 -167.5 -168.0
(EfFER%#ED) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
® B8k, D-@ (30km - 500km) 1.6 dB 1.6 dB 1.6 dB 1.6 dB
@ | UWB L—#HEAEH (35km- 500km) -199.5 -200. 3 -199. 6 -200. 3
(EfFER%#ED) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
® HiRICk 8% (Q-@) 32.1dB | 32.3dB | 32.1dB | 32.3 dB
® | EiEX+HRICkDB%L (Q+B) 33.8dB | 33.9dB | 33.7dB | 33.9dB
@ ERSN D8R 8.2 dB 7.6 dB 23.8 dB | 24.6 dB
X—=Cr (D-®) 25.6 dB | 26.3 dB 9.9 dB 9.3 dB

FHUNDMDERRXT T FI220TH, 5T LERORIEICE E# X T35kn~500kmd &

BFSBENZHELEREZRE-5IRY, BRFEIKNTIEI~IZBOT—C U &% D,
Aggregated SRR power 35-500km with diffraction B Aggregated power
-185 ‘ —— Threshold =191dBm/NHz
® -190 - ------“<--"---"--“"-----“-“"-¢“-““““/“-/““4“““-“““/“/“/7/-/““/““-““;-“=-==---
g ~
o e TR e H e e e S
g =
= E 10 e e L i e - -
®q |
b~ 205 - T m i
L . "
210 [-------7---- L [ Rl il
I . I I I I I
-215 | | | | | | |
0 10 20 30 40 50 60 70

Height of RAS (Top of Antenna) (m)

M3-5 F/ERRX7UTrHESEEATHENDOERE

4. BERXEDOER %
AETIHH, FIEEFTO—RETIVICKDRETIZMZ T, 3dkmk Y RANZEWTIXERXEDEFD
EREDOAPEERE L CHEFREHERENT 5.
BAERMICIE, FRXEN /AL (db, . B, f&. dLE. BE. BEeh. JtfE) 0O35knE TOEE

TR ADEFEET -2 EEICRBLRARVEHRBALAZEH L TRECRRFEEEHT 5.

(i

Eih & OB EIXRRSY)
R-NBXXEDHRFEEHERICE DIBROHERARBRETRS .
(FFMIXS4-2-13ELIRD M ERESR)



RA-1 BRXEDHERFELERICSSEE

ARG b IVERER TR ERA
IR E 22.2 GHz 23.7 GHz | 22. 355 GHz 23.8 GHz

BT TICERSNHEX 8.2 dB 1.6 dB 23.8 dB 246 B | v—2v
1 Egulin 8.0 km| 38.2 dB 38.3 dB 38.2dB | 38.3 dB 13.7 dB
2 KiR 14.0 km 25.5 dB 25.6 dB 25.6 dB | 25.6 dB 0.9 dB
3 Ak 11.0 km 21.0 dB 27.0 dB 27.0dB | 27.0 dB 2.4 dB
4 INER 1.0 km | 43.5 dB 43.9 dB 43.5 dB | 43.9 dB 19.3 dB
5 AES 2.0 km 25.5 dB 25.5 dB 25.5dB | 25.5 dB 0.9 dB
6 A= 15.0 km 29.2 dB 29.2 dB 29.2 dB | 29.3 dB 4.6 dB
1 M 17.0 km 24.9 dB 24.9 dB 24.9 dB | 24.9 dB 0.3 dB
8 Ik BB K& 13.0 km 25.4 dB 25.3 dB 25.4 dB 25.3 dB 0.9 dB
9 EEREKXF 9.0 km 25.5 dB 25.5 dB 25.5dB | 25.5 dB 0.8 dB
10 E £ 3B 20.0 km 26.2 dB 26.2 dB 26.1 dB 26.2 dB 1.6 dB
11 FAH 6.0 km 21.9 dB 21.9 dB 21.9 dB | 27.9 dB 3.3 dB
12 AKX 3.0 km| 39.3 dB 39.6 dB 39.3 dB | 39.6 dB 15.0 dB

Y=Y UREE (B 0.3 dB

. BRARET—RIIXT HEmigst

20089 A48, BIIXRNENLERIREBT—RITHT HBEMNEH SN =,
20089 A 198, ERARES —RITHT HIBIMREAHEERM A SRR SN,
AETIE, TOEMRFADABZELRT 5,

() FEIERINERER
20089 A4BDENRXAEDI A » MITHEBEINBEFEHERODO~QN 3 RICEEI
%o
O NARUMNMIELRLIRET—ADARNEFET H5E
Q@ BEHFEENTAFRELG DGR
@ BEFMICZBEMNMEM LI5S

(2) FHOEMEE
AIIRDDO~QDBEFEDOERNLEFEIZOVNT, ZTORTUIYILEHERHT 5,
BI5-112RT LS TN\ AR TORFELUNDARICELLIRET—ANRON>HEERET
%, TDEBIREBET—ADNoDETFHENF/NARADEFATRELE SN EIZHLIDT, ED
Y4 XF62D1HET B,
ZOHHIE, FO-21TRY &S ITEMGME TR LG EMICEBTESA—HRE—KRETILEL,
E#riEEDHEIL. RBALRRALY IRAITEH 1 BOEKT. RELRREOMNMITII2EOETZHE
€Y Do



r oI oNBOEE
r,: Vo7 oRloxE R =
R : U S DREADSERE

R HIED FEE

] % # 18
r, < 35km 1km
35km < r, <50km 5km
50km < r, <100km 10km
100km < r, <500km 100km

E5-1 ABHLSHIEL BB, —RAOFANEET 2 BEORMETIL

Ry | BEREXT VT FRES~DRELER
R : YT DREADEE

Bl R DEE
Gk
No. 1 No. 2
Ri < Rjnis R, EL
R < R, <500km R

limit

X5-2 [EFBEO—RETIL

H

L7

H5-3IZRT &SI, EHHBRATAFRERDBE (DFY. FHEEANBIESNLGES) . F
ATV DICKHERBNDEREEE L EHEMERBEE, OLLIFIHEATLIMEEETHS &N
AhD. THEBEADEMIE, 1.29BEETHD. FRFATIE, RS-1ZRI/NARUNDER SRE
FT—ADETIVIZ, BS-3ITRYEHFRADAEMRA EER L THERFT 5.

R-MBREHRBRETRT . YA FTAY—D U ERDBEAREVDII/NER, REEEA, MER
EREEFBICHAFEN-ELOT, SAREIYVELZDOBRINSKLDHIDEEZ D, itoT, WA
REDHRFEKMDIZENDT—T U-6. 0BERRFDREST—RXET 5,



1.3
0.99 -y 4.68
COHEBEDRFEKETSFR 116
L, =—20log(1.16)=-1.29 dB [° T y k\
A
14718 5% 3E st e =
v >—-0.99
_ A1) _ e Line of sight
L, —6.9+20Iog( (v-0.1)7 +1+v 0.1) dB propagation
path
-099>v>-13
L, =-1.29 dB
-13>v >-4.68 =
L, =038 —1.759 dB S
‘ %‘ Out of sight
i propagation
—4682v Hg path
L,=0 dB f
BT {REL : -v
®5-3 EFEENTA FTRIZELEEDFHER
x5-1 BRXEDHRFRE L EBMEE
TUTF | TUTF | B | UBL—4 NS
XXE H#IERTR Bs BfE *EF | BFSEN
m m km dBm/MHz dB
1 3l E% 47 45 8 -187.8 -3.2
2 KR aF 22 20 14 -197.4 6.1
3 AR ERS 22 20 11 -194.0 2.9
4 INETR iR 22 20 1 -183. 4 -7.6
5 RiES i 22 20 2 -184.9 6. 1
6 BEE 531 35 34 15 -195.0 4.0
7 EINK JeimE 14 11 17 -206. 3 15.1
8 i B K= i 2 15 11 13 -199. 4 0.9
9| EREBEX® BERS 7 6 5 -192.0 1.0
10| EtihEEpz 31 35 32 20 -200. 2 8.8
11 =]z E% 65 64 6 -186.2 -4.8
12|  Wwox# il]s] 39 32 3 -185.1 -6.0

* \ARUNDERLREAANEESTFHEN




RIZ, BFFIMICKBENEMLZBEIC DOV THIBERET 5.

RO2CIHNBDORBENTHICHATELGSHLEME10EZTY, FHICKNTKBORES
MNBZHRT VI vILIE. ?k41ﬁ$zrfﬁ>é_tb§§j\7b\éo ZDRT UV vILABE LML, BE
DRBEDEZWNHHEDERTELEL ., BEXBEDL LG WMEATDERTHDS LMD,

x5-2 BRI2KEHXEEKRBTAZBELD L4110 R (—HRER)

- . H17328 & (£/12h) FRABL
&z fz:E HRIE IR = pre= & E
1 FEATIR FiE 110 3,082 4.003 6.0
2 B3I g F tiEE 808 3,209 3.972 6.0
3 EE27 3% tiEE 804 3,111 3. 869 5.9
4 IMRZ VDB R ER ERE 1,239 4,585 3. 701 5.7
o PRI IE R R AR 934 3,309 3. 543 5.5
6 E&E120% HE 1,983 6, 962 3. 511 5.5
1 EE3715 FnFRL 953 3,296 3. 459 5.4
8 A F EEEFHIRR BHE 2,111 8,724 3.148 5.0
9 EE291% BHE 2,028 6, 249 3. 081 4.9
10 E&E102%5 Ll 2, 291 6, 964 3. 040 4.8

3 1. EEO—MEMNERZEET
2. RBZEENS 0008/12hLL EERME & L=,

RO 2CEBENERZEDMBE L KARBEEMORT LY ILETRT , R-1DBRIXMERDOR
XEF. RBEEZRVTCTEHHEDEREENEEFTHIY LN SWEEFRICFAIELTWLWS Z &M
"3,

R-3FDFERKBLX, RE-2&Y FhFh., EBEICFEMZ=_taR. ERBICII/NIMKIUVDSE
FHER. RFICIIEE1208,. FOMORIZIZEE 10 2E0HEZHERALE, ABREBEZ
BMORTUOvILIE, RBRDT.6BRREETH S,

#5-3 HPERAEREEREFEDMEE LAKRBRBEBEMDOKRT O vIL

BBEREEH [ELE EREE | £ETHE | TAKBE | KT vl
=l km? B km? dB dB dB
£E 19, 473, 595 371819. 23 210 0.0 - -
R 4,620, 883 2,181 2,113 10.0 - -
P30 2,438, 964 6, 096 400 2.8 4.8 1.6
A 1,072, 333 6110. 76 175 -0.8 4.8 4.0
ez BR 1,674,070 10, 598. 18 158 -1.2 4.8 3.6
BERS 1, 330, 309 1,869, 728 145 -1.6 5.7 4.1
et g 1,869, 728 9,186.9 138 -1.8 5.5 3.7
=F 993, 248 15, 278. 51 65 -5.1 4.8 -0.3
dbigE 3,725,608 | 83,453.57 45 -6.7 6.0 -0.7

6. FRFTEN I DOEEHFEIINT HEMEET

2008128 19AEN XX E &K YR RTH-ICHBTEN 3 DNE R BEERITWMRIZTEMT S
BEENH T,
AETIE., ZTOEMRFOARZEZEIRT S,

£4—-2-10



x6-1 FHEICHBFEDN I DDEREER

xxh MERE | A = e
B 1= HX = R
13 BB /3171 36° 417 51”7 | 140° 41" 32~ 54 m 32 m 96 m
14 B#E 5311 36° 41’ 54" | 140° 41’ 40" 51 m 32 m 93 m
15 Rz iH BERE 31° 15" 16" | 131° 04’ 42" 320 m 32 m 362 m
* B ZR - WGS84 ** FIMIBRED/NNSRSOLIFEDES

I TR, AMTIEQELS-2ISRTEHBEAO—KETILEFEAL., TOY A XZX165D 1ATIEECE
AUNCDEFTHEBENEHET S EET S, BMRFHDBERZREORT-1IZTRT

7. #EE

e 2009F2R4BMT FRY I RBIZT. FIEICREHNDELIRES—RITHT 2BEETLICHLE
TEHAVWEODIOBULEDT—D UK Y HETREE DEERERT-.

e 20094E3RA3THDT Ry 2&IZT. 10BULEDY—C V2R T BRI 2B Y DA% % HEER
UKLz, (FRT-1)

O BEREOHTHET HHE (EREL0% — 0.1%)
Q HRFEEOIMATHET 245% (FEE2&mLL LK, EREL 0% — 0.3%)

o 2009FTABDNT FRY I ERBIZT, EREMN. 1%I2L>TH SN B10BOEMIT— UIZL
STHATMEE L DEERESBT-A., TRE0. IBIZODVTIIEREBLIENTELA ST,

o RIFTTTHRFFONAITE, HRBFHRFLZFALTWBL—F LR TLOERZEHEFLS
HE5IEMNBEETHD, TDH. EROMBRREERRXEDOLTY 7EHRZEL LIZ, WBL—
BLORTLDEREREF L TELIXABULDESAEFTES— 3 VO RTLEIZEWTHEL.
ELXANGEVBEIERDRNZHAITIEEEZMBL—F VR TLICEBTEEL., 4%ES
EZELTOVEWNESIE. BEMICERORF ZEL T 2BEEZETL L LT D, HH. LM
BEICDUWWTIE, WBL—4 SR TLBAKOERRBEOBMEETEIL REOBKIC K DRTESE
ZIZTERIIENELETH D,

o MBICKYERRNERICHELZE5ZXLELELERATEDLSHIBETSLET S,

KI-1 ERXEORBEFEEI—DY

TR E 1.0% — 0.1% 1.0% — 0.3% (BE)
EREH 8 A 24 7R
EBm<—oy 10dB 5. 2dB

HfPR R <=y HhmEE X—Iy

1 B30 8.0 km 23.7 dB 10.0 km 18.9 dB
2 kiR 14.0 km 10.9 dB 16.0 km 20.1 dB
3 A% 11.0 km 12.4 dB 16.0 km 10.4 dB
4 INEE 1.0 km 29.3 dB 3.0 km 25.0 dB
5 REE 2.0 km 10.9 dB 4.0 km 10.3 dB
6 BEE 15.0 km 14.6 dB 17.0 km 10.7 dB
7 EIMK 17.0 km 10.3 dB 20.0 km 10.1 dB
8 I B K2 13.0 km 10.9 dB 16.0 km 11.6 dB
9 BREXE 5.0 km 10.8 dB 16.0 km 26.8 dB
10 E+ kR 20.0 km 11.6 dB 24.0 km 10.7 dB
1 FIE 6.0 km 13.3 dB 16.0 km 10.8 dB
12 =P 3.0 km 25.0 dB 5.0 km 20.5 dB
13 BB 20.0 km 10.9 dB 25.0 km 10.2 dB
14* S 20.0 km 10.9 dB 25.0 km 10.2 dB
15° MZiE 20.0 km 10.9 dB 25.0 km 10.2 dB
<—CUBEE | B 10.3 dB =M 10.1 dB
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(1) FBDWWRXAE. 5 :1349Mm. 7oTF+E :41(m). 7o T7FEFE4L ()
ARG RILERER E R ER A
IR 22.2 GHz | 23.7 GHz | 22.355 GHz | 23.8 GHz
Q) UWB L—A & E 51 (8km- 35km) -174.0 -174.5 -174.0 -174.6
(EFEXRZERL) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
@ INAGLDOFEIHTHE K (8km- 35km) 63.6 dB 64.0 dB 63.7 dB 64.0 dB
® UWNB L—A & 71 (8km- 35km) -237. 6 -238.5 -231.1 -238.6
(EFExEET, D-@) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
@ UWB L —4 & & 71 (35km- 500km) -203.8 -204. 6 -203.9 -204.7
(EHEXZEED) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
® UWNB L—4~ £ & 51 (8km- 500km) -203. 8 -204. 6 -203.9 -204.7
(E¥FELZEEL, @@NEA) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
® UWB L —4 & 71 (30m- 500km) -165.8 -166. 4 -165.9 -166. 4
(EFEXERL) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
@ HiRIck X (6©-®) 38.4 dB 38.2 dB 38.0 dB 39.3 dB
BRI 7ICERINDEX 8.2 dB 7.6 dB 23.8 dB 24.6 dB
I—=r (D-®) 29.8 dB 30.6 dB 14.2 dB 13.6 dB
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N~DEEZHRE (TR .

RICEEDESZ200m) & L1=5E. 15BBOROEFTEKIXI12BREERD T 54, EEARE~
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ARG N ILERERA E R ER A
B 22.2 GHz | 23.7 GHz | 22.355 GHz | 23.8 GHz
) UWB L— A & FE S (14km- 35km) -176. 1 -176.6 -176. 1 -176.7
(B BXZER<) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
) /\751i0)3|11’3@?ﬁ¢§9&(14km— 35km) 15.4 dB 15.4 dB 15.4 dB 15.4 dB
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(8) AEXRXXAE.

E5:520m). ZPoTFFE:2m) FUTFFERZE20M

ARG MILEREA R E A
R 22.2 GHz | 23.7 GHz | 22.355 GHz | 23.8 GHz
©) UWB L—A & AE S (11km- 35km) -175.0 -175.6 -175.1 -175.6
(EFEXERL) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
@ | NAROFHEHTESR (11km- 35km) 17.8 dB 17.8 dB 17.8 dB 17.8 dB
©) UWB L—A E&E S (11km- 35km) -192.9 -193.4 -192.9 -193.5
(E¥ELZEEL, D-Q) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
@ UNB L—4 &£ & 51 (35km- 500km) -209.9 -210.9 -210.0 -210.9
(EHEXZEED) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
® UWB L—# & &FE S (11km- 500km) -192.8 -193.4 -192.8 -193.4
(EFEXEET, @DNDEHF) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
® UWB L—AZ %A EH (30m- 500km) -165.8 -166. 4 -165.9 -166. 4
(BEFEXEZKRL) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
@ HMiRIck % (©-®) 27.0 dB 27.0 dB 27.0 dB 27.0 dB
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(4) NERXXE.

EZ5 211 (m). ZUoT75E:22(m) 72T FEZE20Mm)

ARG MILEREA R ER A
R 22.2 GHz | 23.7 GHz | 22.355 GHz | 23.8 GHz
©) UWB L—A A& E S (Tkm- 35km) -170.2 -170.7 -170.2 -170.8
(EHFEXER) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
@ | INAGOFHEFESR (Tkm- 35km) 48.1 dB | 48.5 dB 48.2 dB 48.4 dB
©) UWB L—4A & EH (Tkm- 35km) -218.3 -219.2 -218.4 -219.2
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® UWB L—A%&AE A (Tkm- 500km) -209.3 -210. 3 -209. 4 -210.3
(EFEXEET, @DNDEAF) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
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(EFEXE xR dBm/MHz dBm/MHz dBm/MHz dBm/MHz
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(5) REFXXA.
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(6) BBEXRXA.
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ARG MILEREA R ER A
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(9) BREBXRZ., 5 :58Mm. ZoT7+&m:1Tm) 7oTFHERE6Mm
ARG FILERER E R AR
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