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Abstract:

This document describes the work done addressing the identification of UROOF target scenarios where
UWB-over-fibre technology and the very low-cost photonic devices to be developed throughout the
project are suitable. This study will encompass both a technical approach as well as a business approach
where the commercial potential of UROOF devices will be undertaken.

The results obtained cover the aspects planned in UROOF contract:

1. Déefinition of the network topologies and functional requirements of UROOF technology in
every scenario identified.

2. Déefinition of engineering rules (fiber link distances, power levels, signal-to-noise ratios, etc.)
for the complete UROOF system in order guarantee proper operation after deployment.

3. To guide the detailed specifications (Task T2.1) that UROOF components must meet in for
proper operation in every scenario.

Keyword list:

UWB state of the art, fibre distribution architecture, multiple access, power budget, noise, transmission
impairments, latency
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1 Executive summary

Section 3.1 of this document covers the description of different scenarios where UROOF technology
makes sense and provides an added vaue. The scenarios identified can be summarized in the following
categories:

Category #1: Range extension of wireless PAN based on UWB technology
Case#1.A In-Building UWB extension
Case#1.B UWB Broadcasting

Category #2: Very low-cost distributed antenna system (VL-DAYS)
Case #2.A UWB access segmentation
Case#2.B UWB MIMO cover age extender

Category #3: Security and home land applications

Case#3.A Low-latency communications

Case #3.B L ocalization-enabled communications

Section 3.2 of this document identifies the UWB regulations in force at world-level which apply to the
scenarios above, and summarize the key regulated parameters.

Section 3.3 of this document covers the state-of-the-art of commercia and pre-commercial UWB
applications that can be competitive or complementary to UROOF technology.

Section 3.4 of this document proposes different UROOF deployment architectures. The proposed
architectures target to extend UWB coverage. The architectures proposed are intended to provide
multiple access in the identified scenarios. From the network topologies the architecture parameters are
derived. These parameters will drive device specificationsin Task T2.1 and will be reported in D2.1.
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2 Introduction

UROOF focus on photonic components and device concepts for the transmission of Ultra-Wideband
(UWB) radio signals over hybrid wireless/fibre. The key characteristics of UWB signals are that they
occupy huge bandwidths (0.5 to 7.5 GHz) with a very weak power spectral density (PSD), close to
parasitic emissions level in a typical indoor environment (FCC part 15: -41.3 dBm/MHz). UWB is
considered a complementary communication solution within future integrated networks beyond 3G. The
ultimate target of UWB systems is to utilize broadband unlicensed spectrum (FCC: part 15: 3.1-10.6
GHz) by emitting noise-like signals. This deliverable proposes and study different network schemes
focus on the hybrid wireless/fibre distribution architecture.

3 Description of the work

3.1 Identification of UROOF application scenarios

UROOF addresses several novel application scenarios. One of these applications will be further
elaborated and demonstrated by means of a system validation platform. The scenarios identified fall in
these categories:

Category #1: WPAN range extension: UWB radio signals are transmitted and received among UROOF
nodes over combined wireless-RoF links over distances around 1000m.

Category #2: Very low-cost distributed antenna system (VL-DAS): Several access points equipped with
UROOF transceivers, each located in different pico-net locations, are connected through RoF linksto a
central station. UWB signals are passing over the wireless/RoF channel among the access points.

Category #3: Security and homeland applications: A collection of UROOF nodes (e.g. sensor network)
capable of transmitting simultaneously through radio-UWB and RoF-fiber are all connected to a control
station via optical fiber, enabling low-latency, location-enabled and secure (by beamforming)
communications.

3.1.1 Category #1. Range extension of wireless PAN based on UWB technology

UWB advantages are: (i) potentially low complexity and (ii) low power consumption. This implies that
UWB technology is suitable for broadband services in the mass markets of wireless persona area
networks (WPAN). Inherently, the high data rates, i.e. 480 Mbps, are available over short-range of less
than 10m.
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Figure 1. UROOF UWB range extension application

The range extension application targets to enable this high data-rate in extended areas from 10 to 1000
m. This means that high data rate UWB connectivity is provided in an integrated way. This approach is
depicted in Figure 1. The arrows indicate seamless UWB connectivity.

The UWB range extension application overall performance depends on the number of simultaneous
users, the traffic and the modulation type (given the packet length) used. Eventually, the collision
probability can be reduced by using the different channels (sub-bands) available in the UWB spectrum
(3.1t0 10.6 GHz). Two different cases of this application can be identified:

Case#1.A In-Building UWB extension

The in-building UWB range extension architecture consists of deploying a single optical fibrein abuild
(house) structure. Several UROOF nodes act as access-points to provide seamless in-house UWB
connectivity. Figure 2 illustrates this concept.
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Figure 2. UROOF Case #1.A In-building UWB extension application

Functionalities:
Table 1. UROOF Case #1.A functionalities

Min bitrate required NO

Bidirectional capabilities|YES Node density HIGH 1 node every 3-10 m

Location capabilities NO Multichannel NO
uwB

Latency control NO

Range extension SHORT | 100m fibre span
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The functionalities for the different scenarios are:

Min bitrate required: (YES/NO and the minimum bitrate if YES) Indicates if there will be a
minimum bitrate required for the scenario.

The High Definition Video Compression (HDV) compressed with MPEG-2 needs a bitrate of
150 Mbit/s for arelation 4:2:2, 80 Mbit/s for 4:2:0 and 60 Mbit/s for 4:2:0; and for Standard
Definition 50 Mbit/s for 4:2:2 and 15 Mbit/s for 4:2:0. [4]

For uncompressed HDTV as source formats are almost always either 1920 x 1080 resolution or
1280 x 720 resolution we need a bit-rate (for uncompressed 10-bit formats) 332 Mbps for a
resolution of 1280 x 720/24p 4:2:0, 818 Mbps for 1280 x 720/60p 4:2:0, 746 Mbps for 1920 x
1080/24p 4:2:0 and 932 Mbps for 1920 x 1080/60i 4:2:0 (where (p) is progressive and (i) is
interlaced encoding with x frames per second) [5].

Bitrate stated in the tables are net data rates (throughput) and not data-PHY data-rates.

Bidirectional capabilities: (YES/NO) Indicates if the scenario will have the capability of
bidirectiona communication or if the information would only travel in one way form a origin
node to its destination without a chance of response.

Node density: (HIGH/MEDIUM/LOW) Indicates the approximate maximum number of nodes
the net will include. The node density, altogether the range extension, gives the Number of RF
hops that the signal will experience. This parameter is very important in the performance, as can
be seen in Section D.2. It might be possible to reduce the number of consecutive RF segments
for apacket by additional optical fibers, if required from the performance studies.

Location capabilities: (YES/NO) If the scenario will be capable of locating a user inside the
network using, for example, the technique of time-of-arrival (TOA) stimation of the different
signals the user isreceiving. Thisindicates if impulse radio is mandatory.

Multichannel UWB: (YES/NO) Indicates if the UWB signal comprises only channel or if
several channels must be accommodated, for example a channel is reserved for travelling
information in one direction and another channel for the other direction (answer in bidirectional
scenarios). Thisisimportant is WDM configurations are considered.

Latency control: (YES/NO) and which control technique will be used in the scenario for
measuring and regulating the signal latency.

Range extension: (LARGE/SHORT) stands for the maximum length of fibre will contain the
fibre-network.

1. Case#1.B UWB Broadcasting

This scenario targets the provision of high-definition multimedia services from an operator node or
Head-End to a number of subscribers employing UWB technology. This application is cost effective for
the operator a no modulation-conversion is required, and it is also interesting for the costumer, as the
information arrives to the home as UWB signals. This application combines the economy and bandwidth
advantages of fibre broadcasting (Fiber To The Home from an access network or a campus network for
example) with the cost-economy and flexibility of UROOF technology.
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Figure 3 shows this application and Table 2 shows the functionalities of this scenario.
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Figure 3. UROOF Case #1.B UWB Broadcasting

Table 2. UROOF Case #1.B functionalities

Min bitrate required YES Depends on video quality, Min. 384 kbps (low-Q compressed).
Max. 55 Mbps (HD, uncompressed)

Bidirectional capabilities [INO Node density LOW | 10 nodes home + Head-End

Location capabilities NO Multichannel YES | Depends on the number of users
uwB

Latency control NO

Range extension LARGE |Max: 10 km
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3.1.2 Category #2: Very low-cost distributed antenna system (VL-DAS)

When a high number of users is present in an UROOF environment, i.e. when a large area is covered,
the access efficiency of the Case #1 application can be affected heavily.

Case #2.A UWB access segmentation

To solve this issue, a cluster-based structure based on very low-cost distributed antenna system (VL-
DAYS) can be adopted. This architecture is also interesting in terms of security, in order to avoid a direct
access from anybody to anyone. This architecture could be leaded by the structure of the building in
which the deployment has to be achieved. This application is similar to the segmentation done in LAN
networks to optimize the network capability. The application is depicted in Figure 4.

Concentrator

1

Concentrator O/E E/O O/E E/O

Il Il
Antenna Antenna

Figure 4. UROOF Case #2.A UWB access segmentation

In this architecture, it is clear that all the exchanges of a floor (intra-floor exchanges) are connected
directly on the same optical fibre but that the inter-floor exchanges will go through concentrators.
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In such a structure, the local traffic of one floor has no effect on the local traffic of the other floors; the
traffic is cumulated floor by floor and each concentrator (with router function) will secure the access and
will act asthereal access point (in the definition of the 802.15.3a and 802.15.4a standards).

It should be noted that the concentrators in Figure 4 are not part of UROOF project, since the project
targets the Access Node (AN) only in this topology.

Functionalities:
Table 3. UROOF Case #2.A functionalities

Min bitrate required NO
Bidirectional capabilities| YES Node density MEDIUM |1 node every 5 m
Location capabilities NO Multichannel YES
UWB
Latency control NO
Range extension MEDIUM | 1000 m

Case#2.B UWB MIMO extender coverage

This architecture is also suitable to provide enhanced smart antenna processing. In Figure 5, we consider
a structure in which the number of converters is increased in order to enable new antenna processing or
new triangulation computation at the concentrator level.

In this application, it is considered that the density of converters is sufficiently large to get the signd
from one mobile by multiple antennas. The consequence is that the concentrator can achieve a kind of
“macro-diversity’, macro meaning that the distance between the antennas is very large in comparison to
conventional diversity schemes, and consequently improving the traditional diversity results.
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Figure 5. UROOF smart antenna MIMO processing

This application requires the precise control of the signal latency. To go further than typical diversity
mechanisms, such a structure can be used to implement MIMO algorithms or Beam-forming techniques.
The condition for that is to be able to manage the amplitudes and phases sent to each antenna. It is a
complementary way to extend the coverage or to focus the energy in one particular direction or to avoid
interference in certain directions. Table 4 summarized these scenario functionalities.

Table 4. UROOF Case #2.B. functionalities

Min bitrate required NO

Bidirectional capabilities | YES Node density HIGH | 1 node every 5 m (MIMO requires at
least two nodes detecting emission
from 1 UWB terminal of 10 mrange).

Location capabilities NO Multichannel YES |2 (bidirectional)
uwB

Latency control YES Depends on MIMO algorithm performance

Range extension MEDIUM | 1000 m per concentrator
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3.1.3 Category #3: Security and home land applications

Case #3.A Low-latency communications

Latency control is particularly useful for applications in which the time-constrains are mandatory, asit is
the case for homeland security, security in tunnels, etc,

In the case of long tunnels where security is a major concern, surveillance cameras are deployed in high
density. The simultaneous use of a large number of cameras, covering any point of the tunnel or of the
parallel corridors, by the security crew put exceptional stress in the communication infrastructure. This
also applies to rescue teams that can take advantage of the capability to download in real-time such
video streams. UROOF technology provides an economical way to transfer simultaneously a number of
video streams with latency control if DWDM channels are used.

surveillance

" 4
camera ";

’

UuwB
transceiver

“traffic
control

Figure 6. UROOF very low latency applications

UROOF technology aso enables latency-critical applications as traffic control of metro/train convoys.
These applications are based on small UWB transceiver attached to the convoys. Traffic control
applications require a controlled latency and high availability as mission critical applications. The Table
5 summarizes the scenario functionalities.
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Table 5. UROOF Case #3.A functionalities

Min bitrate required YES 384 kbps, surveillance camera video

Bidirectional capabilities | YES Node density MEDIUM | 1 node every 20 m

Location capabilities NO Multichannel YES Depends on humber of cameras
UWB

Latency control YES Traffic and surveillance control application. 90ms to 160ms [33]

Range extension LARGE |10 km

Case #3.B L ocalization-enabled communications

UROOF technology can be also applied to take advantage of the different signals received by the
antenna for triangulation purposes, and the different signals transmitted for beamforming applications.
The triangulation is based on the time-of-arrival (TOA) of the different signas. In this way it is
measured sequentialy the distance between a mobile and a set of transceivers, and its position is
evaluated. An accurate estimation can be done as long as the channel is stationary.

Triangulation

Figure 7. Localization-based (triangulation+beamforming) UWB communication
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If adequate latency control is provided, it is possible to control the time delay (in a coarse mode)
between the signal radiated by the antennas. In this case is possible to include proper Beamforming to
increase the communication reach and to increase confidentiality. The two mentioned applications are
depicted in Figure 7.

Functionalities:

Table 6. UROOF Case #3.B. functionalities
Min bitrate required NO

Bidirectional capabilities | YES Node density HIGH | Depends on triangulation resolution
and beam steering resolution.

Location capabilities YES Multichannel YES (2 (bidir)

uwB
Latency control YES Depends on beamforming angle resolution.
Range extension LARGE |10 km

3.2 Regulations in force

Several standards arein force applicable to UROOF technology:

ETSI ERM TG31A and TG31B: are committed to investigate and develop generic and/or specific
radio standards for short-range devices and automobile radar systems using UWB technology. UWB
applications include, but are not limited to, high-speed short-range wireless communications links,
security and movement/location detectors, electronic fences, proximity alarms, medical sensors,
intelligent automotive systems and ground penetrating radars. [Partner TCF isinvolved in these efforts]

ITU-R WP8F (International Telecommunication Union — Radio Sector, Working Party 8F) and ITU-T
SSG (ITU — Telecommunication Sector, Special Study Group) are active in related vision groups to
facilitate consensus on basic system concepts; analysing procedures to establish the way on how the
terminals are connected to the network depending on the resources and the means available. These
activities are a prerequisite for the forthcoming World Radio Conferences (in particular WRC '07) to
discuss and to identify new spectrum for future systems. Its visions and recommendations for technical
realization of those built on expected user requirements on future mobile telecommunication systems.

IRTF WG to support integrated access architecture by providing inputs into architectural design and
validation, using converters developed within UROOF;

|EEE 802.15.3 TG3a was atask group formed in 2003, aiming to provide a higher-speed physical level
enhancement amendment to 802.15.3 based on Ultra WideBand. Two alliances have been formed after
the merging of the proposals, one considering Multiband OFDM including many companies such as
Texas Instrument, Staccato Communications, ST Microelectronics... and the other one proposing DS
UWB which was driven by Freescale. The |IEEE process drifted into a deadlock, with neither camp able
to muster enough votes to resolve the conflict, but each having enough to block the other.
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Early in 2006, the |EEE task group gave up and voted itself out of existence.

Responses collected by the group over the past several years indicate an evolutionary market developing
for a group of applications that will not be addressed by 802.15.3. For example, high data-rates, at |east
110 Mbps, will be required for simultaneous time dependent applications such as multiple HDTV video
streams without sacrificing the requirements for low complexity, low cost, and low power consumption.
In addition to this data rate the objective was to propose both lower and higher so as to provide a PHY
able to communicate from 50 Mbps to 480 Mbps. [Partners HIT, WI and TES were involved and were

key players].

|EEE 802.15.3 TG3c

The IEEE 802.15.3 Task Group 3c (TG3c) was formed in March 2005. TG3c is developing a
millimeter-wave-based alternative physical layer (PHY) for the existing 802.15.3 Wireless Personal
AreaNetwork (WPAN) Standard 802.15.3-2003.

This mmWave WPAN will operate in the new and clear band including 57-64 GHz unlicensed band
defined by FCC 47 CFR 15.255. The millimeter-wave WPAN will allow high coexistence (close
physical spacing) with all other microwave systemsin the 802.15 family of WPANS.

In addition, the millimeter-wave WPAN will allow very high data rate over 2 Gbps applications such as
high speed internet access, streaming content download (video on demand, HDTV, home theater, etc.),
real time streaming and wireless data bus for cable replacement. Optional data rates in excess of 3 Gbps
will be provided.

IEEE 802.15.4 TG4a is a task group that has been created to provide an amendment to 802.15.4
standard regarding an dternative physical layer. This new PHY is intended to provide both
communication capabilities and high precision ranging (better than one meter accuracy). It should also
bring low power consumption as well as data rate scalability. This last characteristic is significant for
new applications and market opportunities since without modifying the modulation scheme the nearly-
standardised radio can handle data rates from 100 kbpsto 26 Mbps.

This project has become an official Task Group (TG4a) in March 2004 and the proposals have been
presented in January 2005 during the |IEEE meeting in Monterey. Most of the 26 contributions were
dedicated to Impulse-Radio Ultra Wideband (IR-UWB) technology, including TCF and WI proposals.
The merge procedure between the different inputs allows the group to define a baseline specification
without going through the down-selection process. This document specify two physical layers,
consisting of Impulse-Radio UWB and a chirp spread spectrum (CSS) proposed by Nanotron
technologies. It has been stated that only UWB should be allowed to perform ranging and localisation,
thisis more apolitical limitation than atechnical issue.

After that a draft has been edited and pass through four letters ballot successfully but getting a lot of
comments to be resolved. The objective of this procedure is to get the approval of the Working Group
802.15 (WG15). In September 2006 the last version of the draft has been sent to Sponsor ballot, which is
the final step of the standardisation process in IEEE. The standard 802.15.4a should be ratified in March
2007. [Partners TCF, WI and TES are involved and are key players].

ECMA isan industry association aiming to standardise information and communication technologies. It
has been founded in 1961 and is based in Geneva, Switzerland.

This standard body has approved the WiMedia Alliance specification regarding its Ultra Wideband
platform based on Multiband OFDM. This alliance has been formed in IEEE during the debate over a
UWB-based standard for high-rate solutions in the task group 802.15.3a. The new standard dedicated to
high-rate UWB is called ECMA-368.
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ECMA Transmit Spectrum Mask
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Figure 8 . Transmit power spectral density mask defined in ECMA-368.

Standard ECMA-368 defines a High Rate Ultra Wideband PHY and MAC Standard. This Standard
specifies a distributed medium access control (MAC) sublayer and a physical layer (PHY) for wireless
networks. Taken together, the PHY and MAC specified in this Ecma standard are well-suited to high
rate, zero infrastructure communications between a mixed population of portable and fixed electronic
devices. This standard divides the spectrum into 14 bands, each with a bandwidth of 528 MHz. The first
12 bands are then grouped into 4 band groups consisting of 3 bands, and the last two bands are grouped
into afifth band group.

A MultiBand Orthogonal Frequency Division Modulation (MB-OFDM) scheme is used to transmit
information. A total of 110 sub-carriers (100 data carriers and 10 guard carriers) are used per band. In
addition, 12 pilot subcarriers allow for coherent detection.

Frequency-domain spreading, time-domain spreading, and forward error correction (FEC) coding are
provided for optimum performance under a variety of channel conditions. It also defines a transmitted
spectral mask shall have the following break points: an emissions level of 0 dBr (dB relative to the
maximum spectral density of the signal) from -260 MHz to 260 MHz around the centre frequency, -12
dBr at 285 MHz frequency offset, and -20 dBr at 330 MHz frequency offset and above. For al other
intermediate frequencies, the emissions level is assumed to be linear in the dB scale. The transmitted
spectral density of the transmitted signal shall fall within the spectral mask, as shown in Figure 8 .

NEMO and MANET IETF working groups regarding design, implementation and validation of an
efficient procedure to support the integration of mobile with infrastructure networks. In RFC 3963 it’s
defined the Network Mobility (NEMO) Basic Support protocol that enables Mobile Networks to attach
to different points in the Internet. This protocol is an extension of Mobile IPv6 and allows session
continuity for every node in the Mobile Network as the network moves. It also alows every node in the
Mobile Network to be reachable while moving around. The Mobile Router, which connects the network
to the Internet, runs the NEM O Basic Support protocol with its Home Agent.The protocol is designed so
that network mobility is transparent to the nodes inside the Mobile Network. On the other hand the RFC
2501 describes the Mobile Ad hoc Networking (MANET) Routing Protocol Performance Issues and
Evaluation Considerations.
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WWRF (Wireless World Research Forum) WG5 and WG4: WWRF was launched in 2001 as a global
and open initiative of manufacturers, network operators, SMEs, R&D centres and the academic domain.
WWREF is focused on the vision of such systems — the Wireless World beyond 3G - and potential key
technologies. One of its key goalsis consensus building prior to standardisation and coordinated input to
standards bodies. HIT is a member of WWRF forum since 2005 and contribute to WG5 (short-range
communications) and WG4 (Air Interface technologies).

UWB Regulations

European Regulation

The regulation status in the EU is on a constant discussion with quick changes. In this section we will
give an snapshopt of current regulation status, but this issue will be tracked along the whole project
duration by UROOF coordinator. Any regulation change that would be of interest for the project would
be indicated by HIT as coordinator of the project.

ECC

The objectives of the The Electronic Communications Committee (ECC) are the development of
common electronic communications regulatory policies in a European context, the establishment within
Europe of a harmonized plan for the efficient use of the radio spectrum, satellite orbits and numbering
resources, so as to satisfy requirements of users and industry, the promotion of European cooperationin
the preparation of ITU fora, the encouragement of deregulation and liberalisation, as well as the process
of free circulation of radiocommunication equipment as away of supporting the development of a more
open and competitive market.

The European Radiocommunications Office (ERO) was formally opened on 6 May 1991 and is located
in Copenhagen, Denmark. ERO is the permanent office supporting the Electronic Communications
Committee (ECC) of the CEPT. ECC is the Committee that brings together the radio and
telecommunications regulatory authorities of the 47 CEPT member countries.

The timescale is dependent on the resolution of the Public Consultation of the relevant ECC Decision. It
is currently projected to be published by ETSI in April 2007. This would include a first stage
implementation of UWB products without any mitigation techniques.

A further version is expected to be developed which will include mitigation techniques to protect the
services identified by ECC, and is scheduled to be published in April 2008.

European commission has mandated CEPT to take a decision regarding the deployment of Ultra
WideBand in Europe. It is ECC which is in charge of the necessary work to identify the most
appropriate criteria for the introduction of UWB in the European market. The first mandate has been
issued by the EC to CEPT on March 11" 2004.

The decision ECC/DEC(06)EE on the harmonized conditions for devices using UWB technology in the
frequency band 3.1 — 4.8 GHz was developed by ECC TG3 in complement to earlier adopted
ECC/DEC/(06)04 and is mainly focused on the principle of a possible harmonized transition measure
(phased approach) applicable to frequency band 4.2-4.8 GHz.

The document ECC/DEC/(06)EE is the last version of the draft decision made by ECC. It is related to

the use of UWB in the band 3.1 — 10.6 GHz and has been adopted by the ECC in March 2006 in Oulu
(Finland).
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This document presents a harmonised decision based on a consensus reached between all the parties. It
consists mainly of two sections, one dedicated to alow band (3.1 — 4.8 GHz) and the other one focusing
on ahigh band (6 — 8.5 GHz).The PSD emissions alowed in the ECC decision are presented in Figure 9.

ECC/DEC/(06)EE Mask
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Figure 9. UWB mask in ECC decision

UWB operation in band 3.1 -4.8 GHz
In this band the maximum power density level (-41.3 dBm/MHZz) could be allowed if an appropriate
mitigation technique is implemented in the UWB devices. Two mitigation techniques have been
proposed but there still need to be defined and their effectiveness has to be validated.

Thefirst oneiscaled LDC for Low Duty Cycle. Basically the number of UWB transmissions is limited
so as to prevent other technology to be disrupted. LDC technical requirement have been proposed by
France Telecom and validated by ECC Task Group 3.

e Maximum transmission period is5 ms,

*  Period without transmission should be higher than 38 ms (averaged over 1 second),

*  Thesum of the period without transmission should be higher than 950 ms per second,

* The sum of the transmission period should be lower than 5% during 1 second and lower than

0.5% during one hour.

The second mitigation technique is DAA, which means Detect And Avoid. The basic ideaisthat a UWB
device which operates in low band should be able to detect an interfering system and then decrease is
power so as to avoid causing problems to the other technology. The technical requirements for such a
technique are not yet validated.

Another aternative aiming to use the maximum power density level isthe phased approach . In the

band 4.2 — 4.8 GHz UWB could be allowed without the use of any mitigation technique till 2010 or
2012. However no consensus has been find between the TG3 attendees regarding this method.
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The power density levels allowed at this moment by the ECC are presented in the following table:
Table 7. ECC limitsin band 3.1-4.8 GHz.

Frequency in MHz | Maximum mean EIRP in dBm/MHz
3,100-3,800 -85
3,800-4,800 -70

UWB operation in band 6 — 10.6 GHz

ECC has decided to allow UWB activity in the band 6 — 8.5 GHz (high band) with a power density of -
41.3 dBm/MHz without any mitigation technique. Consequently this band appears to be the most
suitable for UWB deployments in Europe since it refers to a long term vision of the UWB market.
Above 8.5 GHz the power limit is decreased to 60 dBm/MHz.

The power density levels allowed at this moment by the ECC in the 6 — 10.6 GHz are presented in the

following table:
Table 8. ECC limitsin band 6-10.6 GHz.

Frequency in MHz | Maximum mean EIRP in dBm/MHz
6,000-8,500 -41,3
8,500-10,600 -65

UWB operation in the other bands

The power limitation for the bands that have not been described in the precedent paragraphs are
presented in the following table:
Table 9. ECC limitsin other bands.

Frequency in MHz | Maximum mean EIRP in dBm/MHz

Below 1,600 -90
1,600-3,100 -85
4,800-6,000 -70

Above 10,600 -85

There are also specified other requirements like the pulse repetition frequency (PRF) for UWB devices
that shall not be lessthan 1M Hz. This restriction does not apply to burst repetition frequency.

In the ECC/REO 046 titled Immunity of 24 GHz automotive SRRS operating on a non interference and
non-protected basis from emissions of the primary fixed service operating in the 23 GHz and 26 GHz
freguency bands are included the typical characteristics of a Short Range Radar (SRR) 24 GHZ link
budget:
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Table 10. Typical SRR parameters.

Output EIRP: 20dBm

Antenna gain: 14 dBi

Bandwidth: 4000 MHz

Antenna pattern: according to ETSI Report TR102 982

Bumper losses: 3dB

Detection range: 30m

Noisefloor: -69 dBm/4GHz (incl. Noise figure (3dB) and mixer losses (6 dB))

Peak noise floor: -57 dBm/4GHz

Signal threshold: 2147 d_BrT)1/4GHz (assumed to be representative of the maximum distance
etection

In this report we can extract the ability of SRR to operate in such an environment mainly depends on the
design of the SRR equipment and the resulting processing gain because it is estimated a minimum
processing gain of 67 dB. So, SRR will operate on non-interference and non-protected basis if SRR
manufacturers design carefully their systems so as to minimize the effect of interference from
radiocommunication services (in particular Fixed Service), as well as from other SRR devices by
implementing adequate mitigation techniques, such as the spread spectrum technique (that can provide
processing gain above 50dB).

ETS

The European Telecommunications Standards Institute (ETSI) is an independent, non-profit
organization, whose mission is to produce telecommunications standards for today and for the future.
ETSl develops a wide range of standards and other technica documentation. This activity is
supplemented by interoperability testing services and other specialisms. ETSI® prime objective is to
support global harmonization by providing a forum in which all the key players can contribute actively.
ETSI isofficially recognized by the European Commission and the EFTA secretariat.

ETSI has established two UWB task groups:
- ERM/TG31A for Generic UWB.
- ERM/TG31B for Automotive UWB.

The EN 302 435-1 is an European Standard (Telecommunications series) that has been produced by
ETSI Technical Committee Electromagnetic compatibility and Radio spectrum Matters (ERM), and is
now submitted for the Public Enquiry phase of the ETSI standards Two-step Approval Procedure.

The document appliesto:

a) UWB building material analysis and classification equipment for imaging and object detection
applications;

b) equipment fitted with an integral antenna;

¢) handheld devices;

d) equipment with an activation switch which alows emissions only when the equipment is in direct
contact to the material to be investigated.
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The permitted range of operating frequencies is 2,2 GHz to 8 GHz with reduced emissions from 0,96
GHz to 2,2 GHz and 8 GHz to 10,6 GHz.

Any emissions radiated from the equipment into the free air are defined as undesired emissions. The
total measured undesired emissions (TUE) of the equipment are the sum of:

1) UWB Emissions (UE) from the transmitter.

2) Undesired and Spurious Emissions (USE) from the transmitter, receiver and other analog or digital
circuitry.

So, it defines the e.i.r.p limits of undesired UWB emissions shown in Table 11 and the limits of radiated
spurious emissions in Table 12. The equivalent isotropically radiated power of any spurious emission
shall not exceed the values given in Table 12 ain accordance to CEPT/ERC/REC 74-01.

Table 11. EN 302 435-1: e..r.p limits for undesired UWB emissions

Frequency range [GHZ] Limit values UWB emissions [dBm/MHZ]
below 0,96 -85

0,96t0 1,73 -70

1,73t02,2 -61.3

22t08 -50

81t09,6 -70

above 10,6 -85

Table 12. EN 302 435-1: e.i.r.p Limits of radiated spurious emissions

Frequency range [GHZ] Limit values UWB emissions [dBm/MHZ]
47 MHz to 74 MHz -54 dBm/ 100 kHz
87,5 MHz to 118 MHz -54 dBm/ 100 kHz
174 MHz to 230 MHz -54 dBm/ 100 kHz
470 MHz to 862 MHz -54 dBm/ 100 kHz

otherwise in band 30 MHz to 1 000 MHz |-36 dBm/ 100 kHz
1 000 MHz to 100 000 MHz (see note) -30dBm/ 1 MHz

Note: Not applicable within the permitted range of frequencies.

The Total Power of undesired UWB emissions (UE-TP) is the integrating time-averaged power density
of the undesired emissions (UE) across the entire spherical surface enclosing the UWB sensor under test
(DUT).

The e.i.r.p. limit of the total power spectral density (UE-TP) shall be 5 dB below the limits shown in
Table 11.
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Table 13. EN 302 435-1: e.i.r.p Limits of Total Power.

Frequency range [GHZ] Limit values UWB emissions [dBm/MHZ]
below 0,96 -90
0,961t01,73 -75
1,73t02,2 -66
22t08 -55
81t09,6 =77
above 10,6 -90

We can see clearly this mask in Figure 10:
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Figure 10. UWB limit for ETS standard.

It also defines the Listen before talk (LBT) as a mechanism to protect other operating services in the
same band. The receiver of the equipment has to monitor the frequency band and then intermittently
checks the permitted frequency range of operation for an active use by other services prior to release the
UWB transmitter emissions, see Figure 11.
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Figure 11. EN 302 435-1: Listen Before Talk (LBT) function

The sensitivity of the UWB receiver has to meet the minimum sensitivity levels of Table 14. over the
frequency range within a max. receiving time of 40 msec. In case the UWB equipment covers only part
of the frequency range of Table 14. , the LBT function shall only cover the actually used UWB range.

Table 14. EN 302 435-1: Frequency and sensitivity limits of the LBT function

Frequency range [GHZ] LBT sensitivity Limits [dBm/MHZ]
0,961t0 1,35 -17
1,35t01,73 -43
1,73t02,2 -43
22t08 -43
81t09,6 -17

About general requirements for RF cables it is mentioned that due to the low power levels involved in
the measurements, all RF cables including their connectors at both ends used within the measurement
arrangements and set-ups shall be of coaxial type featuring within the frequency range they are used:

* anominal characteristic impedanceof 50 ;

* aVSWR of lessthan 1,2 at either end;

< ashielding loss in excess of 60 dB.

Moreover, ETSI proposes to modify the Resolution GSC-10/11 (GRSC) Global UWB Standardization
to include UWB Radar and Sensor/Imaging Applications.
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One of the possible applications were shown in the ETSI UWB Radar and Sensors standardization by
ETSI ERM TG31B in the GSC-11 (11th Global Standards Collaboration meeting) of Standardization
Advancing Global Communications), Chicago 2006: The 24 GHz UWB Short Range Radar: Where
Radar is a key enabling technology for innovative driver assistance systems and safety systems. Due to
high resolution UWB SRR systems are capable of reliable object tracking, to predict the path of
encountering obstacles (which is vital to predict potential crashes) and low resolution.

Time-limited placement on the market of 24 GHz SRRs in the EU member states until 30th June 2013.
After this date only 79 GHz SRRswith alevel of —3dBm/MHz are to be placed on the market.

—FCC
UWB Emission Limits for Vehicular Radar Systems | ——ETSI-CEPT
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Figure 12 . UWB Emission Limits for Vehicular Radar Systems.

Some of Application Examples are:

- Building material analysis and classification, EN 302 435: Localization of hidden targets in
constructions like pipes, holes, wires...Characterization of material, for example meta, plastic
or humidity. In this case sensors could be attached/integrated in Tooling equipment.

- Location Tracking, EN 302 500: Localization of Object in a range gate. Tracking of target
movements within the detection range.

- Object Discrimination and Characterization, EN 302 498.

- Object Identification for Surveillance, EN 302 499: Identification of humans (adult or child),
animals, objects in different environments as buildings, rooms, cars in normal and emergency
situation. Measure heartbeat and breath frequency to monitor the physiological condition.
Enabling of faster rescue and security actions and increased passenger safety.

- Concrete Inspection: The UWB handheld scanner is moved over a grid in order to detect and
determine the position and depth of tendons in a bridge structure.

- Object Discrimination and Characterization, EN 302 498: Safety sensor for “hazardous” tools.

Page 25 from 80



Tool
—>

= orkpiece

Figure 13 .Example of safety sensors.

OFCOM

Ofcom (Office of Communications) is the independent regulator and competition authority for the UK
communications industries, with responsibilities across television, radio, telecommunications and
wireless communications services.

In this consultation document, they have grouped the different types of UWB devices into two
categories:

Generic devices that might be used for a wide range of applications such as personal area networks
(PANS).

Specific devices used for ground probing radar, @&rough the wall€imaging and a number of other
specialist applications.
Ofcom pursues a policy within Europe of promoting the draft ETSI UWB mask for indoor
communications applications, possibly subject to modifications of the roll-off below 3GHz. This

recommendation is based on an understanding from manufacturers that UWB chipsets can meet the
tighter limits applying at the edge of the mask relative to the FCC mask.

US Regulation

In the United States the Federal Communications Commission has emitted a mandate in order that the
transmission of UWB®radio is legal in the band from 3.1 to 10.6 Ghz. The allowed PSD emmissions is
shown in Figure 14.
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Figure14 . UWB e.i.rp. limits for indoor applications.

The FCC®2002 order established a "spectral mask” that defined the maximum emission limit across the
spectrum. The order opens a very wide band (3.1 to 10.6 GHz) for use by UWB; requires that
transmitters occupy at least 500 MHz at any time; and sets an emission limit so low that UWB looks like
noise to other users of the same spectrum. Because UWB works at such low power, it only operates
close-in, typically within asingle room.

The document FCC 02-48 classifies the different UWB systems systemsin:

Low-frequency imaging systems. The first class of imaging systems includes al imaging systems
operating with a =10 dB bandwidth that is wholly contained below 960 MHz. These systems will be
permitted to operate at the emission limits contained in §15.209. They are aso required to meet the
following out-of-band emission limits:

Table 15. FCC low-frequency imaging systems.
Freguency in MHz EIRP in dBm
960-1610 -65.3
1610-1990 -53,3
Above 1990 -51.3

High-frequency Imaging Systems. The second class of imaging systems are those that operate with a-10
dB bandwidth between 3.10 GHz and 10.6 GHz. Emission levels from this category of device must meet
an emissions mask for the appropriate frequency bands. The emission limits are as follows:
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Table 16. FCC high-frequency imaging systems.

Freguency in MHz EIRP in dBm
Below 960 15.209 limits
960-1610 -65.3
1610-1990 -53.3
1990-3100 -51.3
3100-10600 -41.3
Above 10600 -51.3

Mid-frequency Imaging Systems. This class of imaging systems consists solely of through-wall and
surveillance systems. These devices operate with a— 10 dB bandwidth between 1990 MHz and 10,600
MHz. Higher unwanted emission limits than those applied to the other classes of imaging devices are
permitted. The emission limits are as follows:

Table 17. FCC mid-fr

uency imaging systems.

Frequency in MHz EIRP in dBm
Below 960 15.209 limits
960-1610 -53.3
1610-1990 -51.3
1990-10600 -41.3
Above 10600 -51.3

Vehicular Radar Systems. We are limiting vehicular radar systems to operation with a center frequency
greater than 24.075 GHz. Further, we are requiring that the frequency at which the highest radiated
emission level occurs also must be greater than 24.075 GHz and that the -10 dB bandwidth be contained
between 22-29 GHz. Thisis high enough in frequency to ensure antennadirectionality along with a high
level of signal attenuation with increasing distance and intervening objects. It aso is high enough in
frequency to permit the use of an antenna small enough to be mounted on an automobile. Further, by
requiring the center frequency to be this high the emissions appearing within the frequency bands below
10.6 GHz that were investigated by NTIA and others should be similar to spurious emissions from
conventional Part 15 transmitters or to emissions from digital devices and of no greater interference
threat. Consistent with our cautious approach, we are requiring that emissions below 960 MHz be at or
below the § 15.209 limits and that emissions appearing above 960 MHz conform to the following
emissions mask:

Table 18. FCC vehicular radar systems.

Frequency in MHz EIRP in dBm
960-1610 -75.3
1610-20,000 -61.3
22,000-29,000 -41.3
29,000-31,000 -51.3
Above 31,000 -61.3
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Indoor UWB Systems. Devices operating under this category must demonstrate that the system units will
fail to operate if they are removed from the indoor environment. One aceptable procedure may be to
show that the transmitting unit requires AC power to function. Based on the concerns expressed by
NTIA and others regarding operation below 3.1 GHz, we are requiring that —10 dB bandwidth of indoor
UWB systems must lie between 3.1 GHz and 10.6 GHz. We are adopting a very conservative out of
band emission mask to address the concerns of companies which make or market indoor electronic
equipment. In the frequency band below 960 MHz these devices are permitted to emit at or below the §
15.209 limits, and emissions appearing above 960 MHz will conform to the following emissions mask:

Table 19. FCC UWB systems.

Frequency in MHz EIRP indBm
960-1610 -75.3
1610-20,000 -61.3
22,000-29,000 -41.3
29,000-31,000 -51.3
Above 31,000 -61.3

An additional requirement for indoor UWB devices is that they may transmit only when operating with
areceiver. A device connected to AC power is not constrained to reduce or conserve power by ceasing
transmission, so this restriction will eliminate unnecessary emissions. Not only will indoor operation
provide additional attenuation due to surrounding structure, the signals from the UWB transmitters
would no longer be directly in the beam of high gain antennas, such as MMDS antennas mounted on
rooftops or aeronautical antennas at airports.

FCC 02-48 Classification
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Figure 15 . UWB e.i.rp. FCC limits.
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CANADA

We have consulted another sources like Canada Industry which in Gazette Notice SM SE-002-05 tried to
identify public interest and issues regarding the introduction and use of low-power systems using ultra-
wideband (UWB) technology in Canada.

In an effort to control the potential interference from UWB systems, emission limits should be
established. Industry Canada notes that the Federa Communications Commission (U.S) and the
European Conference of Post and Telecommunications Administrations (CEPT) have adopted or drafted
e.i.r.p. density emission masks for UWB systems as listed in Table 20 and Table 21, respectively.

Table 20. FCC Emission Limits (dBnVMHZ) for Various UWB Systems

GPR, Wall
uwB GPR, Wall -1 Through-wall Imaging, and |Communications and .
and Through-| Imaging, and ; Vehicular Radar
System . . . Medical M easur ement
wall Imaging [Fixed Surveillancg .
I maging
uwB UWB Hand-held Anti-collision

Frequency| bandwidth [(UWB bandwidthin bandwidthin lIndoord devices radar and other

Band below 1.99-10.6 GHz including | field disturbance

3.1-10.6 GHz
960 MHz outdoors Sensors
<960 MHz The radiated emissions at or below 960 MHz shall not exceed the emission levelsin
Section 15.209 of the FCC Part 15 UWB rules.

960-
1610 MHz -65.3 -53.3 -65.3 -75.3 -75.3 -75.3

1610-
1990 MHz -53.3 -51.3 -53.3 -53.3 -63.3 -61.3
1990-3100 -51.3 -41.3 -51.3 -51.3 -61.3 -61.3

MHz

3.1-
10.6 GHz -51.3 -41.3 -41.3 -41.3 -41.3 -61.3

10.6- 51.3 51.3 51.3 51.3|  -613 61.3
22.0 GHz ’ ' ’ ' ’ '

22.0- -51.3 -51.3 -51.3 -51.3 -61.3 -41.3
29.0 GHz ’ ' ’ ' ’ '

29.0- -51.3 -51.3 -51.3 -51.3 -61.3 -51.3
31.0 GHz ’ ' ’ ' ’ '

Above3lO| g 4 51.3 51.3 513|613 61.3
GHz

Table 21. CEPT Draft Emission Masks (dBm/MH2z) for UWB Radiocommunication Systems

Frequency (f) / Power Density
Typeof Use f<3.1GHZ 31GHz<f<106GHz] f >106GHz
Indoor Use —51.3 + 87 log (f/3.1) —41.3 —51.3 + 87 log (10.6/f)
Outdoor Use —61.3 + 87 log (f/3.1) —41.3 —61.3 + 87 log (10.6/f)

It should be noted that the maximum emission levels of the FCC and draft CEPT masks are identical in
the range 3.1-10.6 GHz and have the same value as the licence-exemption level for convenciona (non-
UWB) wireless systems.
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A great number of Canadian companies are developing UWB applications. For example, Canada has the
largest manufacturer worldwide of UWB ground penetrating radar systems. Several Canadian
companies also intend to market UWB applications. In addition, there are ongoing research and
development activities on UWB at Canadian universities and research centres.
Industry Canada is evaluating nationa UWB developments as well as conducting studies on
compatibility between UWB systems and other radiocommunication systems.

Industry Canada is keeping the Canadian industry, through the Radio Advisory Board of Canada
(RABC) and other interested parties, well informed of the latest UWB developments. Industry Canadais
aso following the standardization efforts within the IEEE groups, and actively participating in
international and regional UWB activities including the activities of the ITU-R and the Inter-American
Telecommunication Commission (CITEL).

FCC Canada Emission Limits
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Figure 16 . FCC Canada limits.

Other countries

Many countries around the world are assessing the compatibility of UWB systems with other wireless
systems.

In Japan an ingtitute for the development of UWB standards has been established. Japan’s regulator (the
Ministry of Public Management, Home Affairs, Posts and Telecommunications) has expressed readiness
to issue experimental licences for UWB applications.

Singapore (Infocomm Development Authority of Singapore) has expressed readiness to issue trial
permits for UWB applications in a specific geographical location (UWB friendly zone) with emission
masks relaxed by 6 dB (from 2.2 GHz to 10.6 GHZz) relative to the FCC UWB masks. No intentional
UWB emissions are allowed below 960 MHz. In addition, UWB applications with unusua emission
requirements may be approved on a case-by-case basis. The UWB friendly zone will be available until
Singapore formally announces its UWB regulations.
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The Australian Communications Authority recently granted an interim licence for an ultra-wideband
ground penetrating radar system.

Korean Companies are ready for UWB Commercidization. The news that ultrawideband (UWB)
freguency distribution will be made available this year by the Ministry of Information &
Communication is accelerating the move by both international and local semiconductor companies into
UWB chip development. According to a report from the MIC, the worldwide UWB market is expected
to grow to over US$1.3 hillion, with the Korean domestic market accounting for about 25% of that -
which is one reason why the world® chip developers have been paying so much attention to the Korea
market, generating fierce competition. Once the UWB frequency distribution proposa is settled,
consumer appliances such as PCs and TVs with UWB chips integrated are expected to be introduced in
early 2007. Industry observers forecast that UWB with a speed of up to 600Mbps will be available by
2008.

Japan regulation

In October 2005 a technical group of Japanese regulator has been created to decide an action plan for
UWB introduction in Japan.

The approach of this group regarding the maximum density power levels is quite similar with ECC in
Europe. The available spectrum for UWB deployment is also divided into 2 parts.

- UWB operation in band 3.1 -4.8 GHz
In 3.4 — 4.8 GHz band the maximum power density level (-41.3 dBm/MHZz) could be allowed if a Detect
And Avoid (DAA) mitigation technique is implemented in the UWB devices. Unlike the ECC in

Europe, they haven t taken into account the Low Duty Cycle (LDC) method. Without the use of DAA
in this band, the power limitation would be -70 dBm/MHz.

A phased gpproach  has also been discussed. The conclusion is that the UWB transmissions with -

41.3 dBm/MHz are allowed without implementation of mitigation technique till the end of December
2008 in the band 4.2 — 4.8 GHz.

The power density levels allowed at this moment by the Japan regulator in the 3.1 — 4.8 GHz band are
presented in the following table:

Table 22. Japan regulator 3.1-4.8 GHz band.
Frequency in MHz | Maximum mean EIRP in dBm/MHz

3,100-3,400 -70

3,400-4,800 -70 (-41.3 with  phased approach or DAA)

UWB operation in band 6 —10.6 GHz

The Japanese regulator authorizes a power limitation of -41.3 dBm/MHz in the 7.25 — 10.25 Ghz band
without implementation of mitigation technique.

The power density levels alowed at this moment by the Japanese regulation in the 6 — 10.6 GHz are
presented in the following table:
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Table 23. Japan regulator 6-10.6 GHz band.
Frequency in MHz | Maximum mean EIRP in dBnVMHz

6,000-7,250 -70
7,250-10,250 -41.3
10,250-10,600 -70

UWB operation in the other bands

The power limitation for the bands that have not been described in the precedent paragraphs are
presented in the following table:

Table 24. Japan regulator other bands.
Frequency in MHz | Maximum mean EIRP in dBm/MHz

Below 1,600 -90
1,600-2,700 -85
2,700-3,100 -70
4,800-6,000 -70

Above 10,600 -70

Impact of regulation on UWB deployment

Regulation regarding Ultra WideBand will have a significant impact on the deployment of new solutions
based on this technology. Since the authorisation of FCC for unlicensed use of UWB in February 2002,
this technology is seen as a new technique allowing discrete communication with a very low radiated
power, which makes it a significant approach for security applications. However this advantage results
in the use of alarge bandwidth, usually more than 500 MHz. Consequently it is difficult to find a band
only dedicated to UWB and then the technology should coexist with other systems such as radar and
communication means. The consequence is that UWB can only be allowed with a significant power
limitation.

In Europe, the limitation is quite significant in the low band (3.1 — 4.8 GHZz) since without
implementation of mitigation techniques the maximum density power level is-70 dBm/MHz. Moreover
the use of mitigation technique such as DAA involves complexity and then cost increase of UWB
devices. Low Duty Cycle (LDC) method involves significant limitation in terms of transmission period
and then this would reduce significantly the market size for UWB, indeed only a few applications can
take advantage of such a mitigation technique. For instance some sensor scenarios in which alarms are
rarely transmitted.

Regarding the phase approach it is difficult to take it into account since such a regulation can t be used

to sell products to customers. Indeed a product with a limitation period would not be accepted in mass-
market.
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The consequence is that the long term solution is a radio able to communicate in the high band (6 — 8.5
GHz). However these frequencies have a bad behaviour regarding propagation and then a UWB radio
link would only be possible in aroom for indoor applications.

In such a context UROOF proposes an alternative to usual radio communication means. In this project
the optical fibre will alow significant range extension in building, underground... regarding almost all
the indoor applications.

The impact of the power limitation on UROOF scenarios addresses the density of nodes. Indeed the
power limitation proposed by UWB regulators involves a reduction of the transmission range and then
the amount of contact points should be increased in order to cover the same area. It can have also an
impact on the data rate since the use of high data rate can be restricted by the power limitation. In other
words, if the range of the UWB link is decreased a solution could be to drop off the datarate.

Relevant I nterference studies:

GPS:

In document FCC 02-48 are explained the most important interference studies in UWB con-existence.
Indeed, the majority of interference problems reported by NTIA in its analyses of interference to non-
GPS systems concerned outdoor systems and especially outdoor systems operating at an elevation of 30
meters. These provisions will ensure that even nearby RF devices, including devices that also may
operate indoors, will not receive interference.

The outdoor analysis for Imaging System Interference to GPS obtained these values:

Table 25. Outdoor analysis for Imaging System Interference to GPS.

Parameter Value
GPS Receiver Interference Susceptibility -1145
(dBm/MHZz) (Broadband Noise)
Propagation Loss (dB) 49.5
(Minimum Distance Separation (m)) (4.5m)
GPS Receive Antenna Gain (dBi) 0
Maximum Allowable EIRP (dBm/MHZz) -65
47 C.F.R. 15.209 Emission Limit (dBm/MHZ2) -41.3
Additional Attenuation Required (dB) 23.7

As shown in Table 25, a signal level 24 dB below the Part 15 general emission limit is required for
noise-like emissions in the 960-1610 MHz frequency range from imaging systems under the
conservative assumptions we are using based on the record. We also believe that imaging systems
typically will emit RF energy only for short periods of time, so any possible interference from operation
at closer distance separations should be transient.
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DVB BROADCASTING

Some examples of the interference by UWB, both outdoor and indoor cases are shown in the next
figures:

Figure 17. UWB Interference outdoor. Propag. model 1TU-R P.1411 Upper bound

Figure 18. UWB Interference indoor. Propag. model ITU-R P.1238
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3.3 UWB equipment and applications state-of-the-art

Applications/State-of the art

Ultrawideband is capable of being used in a multitude of commercial applications ranging from
wireless networks (scalable from low to ultra high speeds) to remote sensing and tracking devices,
ground penetrating radars, as well as many more applications that have yet to be invented. Consumers
will most immediately benefit from UWB that is optimized for wireless home networks. This
architecture allows multimedia-enabled devices to send and receive multiple streams of digital audio and
video at price points and power consumption levels currently unattainable with existing solutions. While
the range of possibilitiesis endless, below isapreview of theinitia primary and secondary use cases for
Ultra-Wideband.

- Primary Use Cases

Home Entertainment Systems. Soon you will be able to construct a home theatre environment without
any cables. Y our home theatre source content could be broadcast to any other TV in the house.

Instantaneous Sync & File Transfer. Easily synchronize your mobile phone with other phones, your
digital camera or your PC/laptop. Quickly transfer files in an ad hoc manner with other similarly
equipped devices. As we®e learned from our experiences on the internet, the new world is about peer-
to-peer. Mobile, low-power, and non-managed is the future of digital devices. In thisreality there are no
discrete master/slave relationships between devices making legacy "wired" models extinct.

Synchronized Music. Transmit multiple Megabytes of MP3 audio simply by bringing your MP3 player
within range of your PC/laptop or home theatre M P3 server.

DVR Everywhere. Transfer digital media files recorded by your PVR to your Personal Media Player
(PMP) so you can enjoy them while travelling away from home.

- Secondary Use Cases

Conference Rooms. Y our communications networking function is embedded into your work devices like
laptops, PDASs, and projectors, allowing individuals in your office to sit in a conference room and
wirelessly share presentations with embedded graphics and audio. They could enter in to the conference
room and immediately transmit the presentation to other users within the conference room, alowing
them to concurrently review the presentation. Or, they could wirelessly connect to a digital projector to
conduct the presentation and then share it with the other users to eliminate the need for hardcopy or later
transmission via email.

Cleanup the Office. Get rid of the rat® nest of wires connecting your home PC/laptop, keyboard,
monitor, speakers, printer, scanner, mouse, etc. are eliminated, as well as the need to physically locate
them in the same room.

But thereis less information about products already in the market or that are coming soon:
Commer cial
There are only afew of UWB products available. In 2003 appeared the first FCC-approved, commercia

UWB Precision Asset Location system which was used for tracking of high valued assets in hospitals,
factories and in military facilities.
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The system, PAL650, has been FCC certified to be compliant with the new UWB rules. The PAL650
UWB Precision Asset Location system consists of a set of active UWB tags (used as a calibration or
reference tag), UWB receivers and a central processing hub. The hub interfaces with an external
computer (for user display and running of application software) via either serial RS-232 or Ethernet.

(@) (b)

Figure 19. (a) PAL650 UWB Active Tag with Radome. (b) PAL650 Central Processing Hub

The UWB active tag operates at a center frequency of 6.2 GHz and has an instantaneous -10dB
bandwidth of 1.25 GHz. The measurements realized shown thah the UWB tags generate a peak electric
field strength intensity of 58.13 dBuV/m at a 3 meter distance as measured in a 1 MHz resolution
bandwidth. This translates to a -37.1 dBm/MHz EIRP. As the measured -3 dB pulse bandwidth is 400
MHz, the full bandwidth EIRP is approximately -37.1+20 1og(400)dBm=14.9 dBm, or roughly 30
milliwatts. The UWB receiver noise figure at 6.2 GHz is 0.6 dB using a low noise PHEMPT design,
resulting in a system noise floor of -87.4 dBm. The detector uses a tunnel diode for high sensitivity, and
can operate with signal-to-noise ratios as low as +8 dB. With alink margin of (14.9—(-87.4)-8)=94.3dB.

The PAL650™ Specifications are shown in the next table:
Table 26. PAL650™ Specifications

Typical Indoor Range: 300 feet.= 91.44 meters
M easurement Accuracy: 1foot=0.30 meters
Transmission Power: FCC 8§15.517
Operating Frequency: 6.2GHz
Coverage area: up to 90,000 ft2 = 27,432 m2

Moreover, it has been developed an aircraft wireless intercommunications system (AWICS) which
utilizes ultra wideband (UWB) technology to address mission requirements for these multi-crew,
military aircraft.

As we could search, Pulse~LINK is the first company in the world to demonstrate UWB over-wire
technology, and its objective is home applications. It has recently announced a UWB chipset operating
at Gigabit per second speeds, with a single chip supporting communications over the air, on coaxia
cable and over power lines.

High data rate distribution of multimedia can be achieved over in-home cable systems and electrica
wires from the same CWave™ chipset used for wireless applications. Pulse~LINK’s CWaveO) UWB
technology is the first solution to provide a common platform for high definition “No-New-Wires’
connectivity — connect over coax, electrical wires or wirelessly.
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CWave™ technology coexists with the content and data services already being carried on coax. It also
traverses coax splitters allowing the coax to become a backbone for whole-home content distribution
between home electronics. Using CWave™ over coax, atelevision in a bedroom would be able to access
and play content from a personal video recorder in the living room, a PC in the home office, a video
game console in the family room, and similar use case scenarios. Additiona highlights of CWave™ on-
Coax solutions are;

Greater than 400Mbps application layer throughput and more for whole-home A/V distribution
over coax

Frequency operation inside coax is above 2 GHz, providing out-of-band coexistence with legacy
CATV and satellite applications on the coax within the home

The demonstrated ability to traverse common splitters and distances to cover an entire home

Potential usage scenarios for Pulse~LINK’s UWB electric power line technology would be for home
and small office connectivity within an A/V or computer cluster. Typical homes today already have
clusters of devices plugged into each other which have become known as connected islands. At the
home entertainment center, this may include an HDTV Plasma Display, CD/DVD player, A/V receiver,
cable or satellite set-top box, speakers, game consoles, or more. The home work center may include a
PC, speakers, printer, monitor, web camera, scanner, or more as well. With Pulse~LINK’s UWB power
line capability, these consumer devices could be connected together through their existing power cords -
providing additional bandwidth and eliminating the need for al other cabling and wiring connections.

Pulse~LINK product are at pre-introductory stage, as can be seen in the “PL23301 Evaluation Kit EVK”
shown in the next image:

Figure 20. PL23301 Evaluation Kit EVK.

The PL23301 Evaluation and Development Kit contains the PL3120 RFIC and PL3110 Ultra Wideband
LNA with an FPGA baseband and MAC. It can be used to evaluate CWave™ wireless communications
at PHY rates of 667Mbps.

Another just available product is the UWB Generator 320 WiMedia-based Byte Level Frame Generator
(Ellisys) which is the world® first frame generator for WiMedia Ultrawideband and Certified Wireless
USB protocols. It helps verify product and component reliability by generating reproducible traffic,
timing and error scenarios.
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Containing a specialized processor designed specifically for WiMedia-based and Certified Wireless
USB protocols, the UWB Generator 320 produces sequences of arbitrary frames with programmable
inter-frame delay, and can then wait for any kind of response frame or event. The processor®instruction
set enables you to emulate Wireless USB hosts and devices as well as various WiMedia equipments.
Integrated with EllisysC€leading Ultrawideband and Wireless USB protocol analysis software, you can
reproduce previously-recorded scenarios, or modify them for testing corner cases and recovery
mechanisms.

High Definition Monitor wireless connection

Most recently (January 15™) has appeared wireless USB connection to cut monitor's cord by
DisplayLink company. DisplayLink (Newnham Technology) is a display connectivity 1C company,
formed in 2003 to enable simple and flexible connections between computers and displays using
standard wired and wireless links.

DisplayLink® DL-120 and DL-160 ICs alow monitor manufacturers, PC OEMs and PC accessory
companies to develop products for multi-monitor computing including USB-connected monitors, video-
enabled USB laptop docks, and a host of other goodies for the cordless monitor.

These USB chips are the first ones to offer VGA over aUSB 2.0 connection, and it’s supposed that there
will be no loss in quality or lag incurred when watching films or performing other fast-moving tasks.
The DL-120 supports resolutions up to 1,280 x 1,024, while the more robust DL-160 kicks it al the way
up to 1,600 x 1,200. Notably, DisplayLink mentions that these chips could not only be used in LCD
monitors, giving users the ability to beam new galleries over wireless USB. Nowadays both ICs are
current available in production, and it seams that the countdown to a cable-less PC has begun, which
increases the UROOF opportunity.

Figure 21. DisplayLinks DL-120 and DL-160 ICs.

WirelessUSB Hubs

Belkin® just introduced too its CableFree USB hub. It's a four-port Ultra-Wideband unit that lets
pluging in any USB device and having instant wireless connectivity with no need for drivers or
software. This Hub allows people to place their laptop anywhere in the room while still maintaining
wireless access to their USB devices, such as printers, scanners, hard drives, and MP3 players.

This is the first UWB-enabled product to be introduced in the U.S. market with a target market of
laptops accessing wireless to printers, hard drives, etc.
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@ (b)
Figure 22. (a)Belkin Cable-Free USB Hub (b) Tzero and Analog Devices wireless HDMI over UWB.

Icron has just entered this market with the WiRanger wireless USB. Icron is a leading designer,
manufacturer and marketer of innovative USB and DVI extension solutions. The WiRanger is a 4 port
USB 2.0 hub that leverages the company® proprietary ExtremeUSB technology to connect devices to
any PC or Mac via 802.11g within a 100-foot range. Icron has set a spring release date and as Belkin is
delaying it seems that Icron will be the first product to get out to the market.

logear has also an UltrasWideband Hub and Adapter solution. In this case, a 4-port hub offers wireless
USB 2.0 connectivity to desktop peripheras via a USB dongle which communicates with the hub at
480Mbps at up to 10 meters range. Belkin employs Wisair chips while logear products are based on the
WiMedia Alliance MB-OFDM technology backed by Intel and Philips.

There are other players entering in the market like AMIMON (Sanyo®wireless HD projector at CES),
Philips (awireless HDMI product, based on Ultra Wideband), Tzero Technologies and Analog Devices,
and now Asus launches its own wireless HDMI over UWB. They offer accessory devices and embedded
designs that dramatically simplify connections between home audio and video electronic components.
AsusChox will accept component, composite, S-Video, and HDMI (HDCP-compliant) signas, and the
video is then compressed using Analog DevicesCADV202 JPEG2000 video codec, where it® then
combined with audio, packetized and encrypted, and transmitted viathe Tzero MAC and PHY chip.

Wisair just announced a new ultra-wideband hub reference design capable of 480Mbps data rates at a
distance of 30,48 meters, wirelessly. The 4-port USB 2.0 hub is based on the WiMedia UWB radio

platform and is destined to appear in existing, wired USB hub cases to free laptops, from desktop
peripherals or reduce desktop clutter for workstations.

Figure 23. Wisair UWB USB Hub.
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Y -E Data Inc. announced to a Wireless Hub as a UWB wireless device based on Wisair chips. This
newfangled USB dongle comes with a wireless transmitter and a USB hub, into which you can plug in
USB devices, like scanners or printers. Nikkei Electronics reports that the price is expected to be around
¥25,000 - ¥40,000 and that the data rate will reach around 100 Mbps at an unobstructed 10 meter
distance.

Pre-commercial

There are a lot of companies announcing UWB technologies, like the Multiband OFDM Alliance
(MBOA), the WiMedia Alliance, UWB Forum... Volume products are close to market and it seems that
thiswill have amajor impact on the broadband home.

The UWB Forum is comprised of over 100 companies committed to making ultra-wideband technology
aredlity. The group is dedicated to ensuring that standards-based ultra-wideband products from multiple
vendors are truly interoperable, from mobile phones to set-top boxes, from computers to televisions to
digital camcorders and more.

The WiMedia Alliance is an open, non-profit industry association promoting the enabling the rapid
adoption and standardization of UWB worldwide for high-speed wireless, multimedia-capable personal-
area connectivity in the PC, CE and mobile market segments. Other uses of UWB include: ground
penetrating radars, wall imaging systems, through-wall imaging systems, surveillance systems, medical
imaging systems; and vehicular radar systems.

The goa of WiMedia UWB is much more than unwiring your gadgets. By 2008, it aims to be the basis
for al short-distance wireless communications including wireless 1394 and high speed Bluetooth. These
first WiMedia products are expected to reach the market later this year.

WiMedia is the de-facto standard radio platform for ultra-wideband (UWB) wireless networking. With
efficient power consumption and high data rates, WiMedia UWB has been selected by the Bluetooth
SIG and the USB Implementers Forum as the foundation radio of their high-speed wireless
specifications for use in next generation consumer electronics, mobile and computer applications.
WiMedia has attracted many key players in the IT and CE worlds. The "promoter members" include
household names like Hewl ett-Packard, Intel, Kodak, Microsoft, Nokia, Philips, Samsung and Sony.

WiMedia has worked hard to draw support from other industry associations. Organizations representing
USB, Bluetooth and 1394 technologies have al endorsed WiMedia® UWB as the high-speed close-in
radio technology.

Certified Wireless USB will be the first volume product incorporating WiMedia UWB. Its stated
objective is "to preserve the functionality of wired USB while also unwiring the cable connection and
providing enhanced support for streaming media CE devices and peripherals.” Its "performance is
targeted at 480Mbps at 3 meters and 110Mbps at 10 meters.” Other UWB technologies could be
combined with USB, but only WiMedia UWB has been endorsed by the USB Implementors Forum
(USB-IF), which promotes USB and tests and certifies USB products for compliance and
interoperability.

The Bluetooth SIG has selected WiMedia UWB to add "a high speed/high data rate The Bluetooth SIG
has selected WiMedia UWB to add "a high speed/high data rate option” to Bluetooth. WiMedia UWB
will also be used for TCP/IP applications.

On the other hand, UWB Forum focuses on commercialization of High-Rate Wireless Technology,
UWB development group WiMedia Alliance is executing test certification on UWB-related products,
and UWB-certified products should start flooding into the market from the second half of this year. Intel
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Corp has been developing projects to incorporate UWB technology into their Centrino chip. The
company is planning to unveil a UWB chip for domestic specification later this year.

The WiMedia Alliance first demonstration is a Mercedes-Benz R500 SUV all dolled up in Intel® and
Alereon® UWB USB technology. The UWB solution incorporates the Intel Wireless UWB Link 1480
MAC (Media Access Controller) silicon and an Alereon AL4000 WiMedia RF Transceiver. The Intel®
Wireless UWB Link 1480 is a high performance, low power, standards-based Ultra Wideband Media
Access Controller silicon to enable wireless Personal Area Connectivity for digital home and digital
office. It is designed to support simultaneous access of WIiNET based IP (Internet Protocol) and
Certified Wireless USB protocols. Available reference designs based on the Intel® Wireless UWB Link
1480 will enable externa attach host solutions such as dongles and ExpressCards based on Certified
Wireless USB, as well as integrated modules. Applications for this host solution include Desktops and
Mobile PCs, Printers, Digital TVs and Set-top Boxes. The Alereon RF transceiver (AL4100) utilizes the
proven technology of SiGe BiCMOS processing along with advanced design techniques to provide
superior noise figures and linearity across the entire 3.1Ghz to 4.7GHz spectrum.

The demonstration pumped high-definition video from a handheld mobile device to an array of factory
installed headrest monitors for the middle and third row passengers.

Figure 24. Intel’s and Alereon’s UWB USB chipsets (not at the same scale)

Samsung Electronics has also announced that it plans to adopt the technology in its consumer appliances
and mobile handsets.

Figure 25. Samsung phone fitted with the UWB chipset

T-Zero LLC of the US has a so entered the domestic market, and has recently announced its latest UWB
integrated chipset solution.

Alogics Co Ltd, a UWB developer, has signed ajoint development agreement with ETRI (Electronics &
Telecommunications Research Institute) for commercialized 480Mbps products which support the final
standard. Alogics aims to develop an integrated product incorporating MAC (media access control),
baseband and RF chip for easy adoption in mobile devices.
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3.4 Functionalities, architecture and parameters study

The different functionalities of every scenario described in the Section 3.1 imply that for a given
implementation (architecture) a set of rules (engineering rules) between the different parameters
(devicelarchitecture level) must be sdtisfied. In this section we: First, propose appropriate
implementation architectures suitable for the UROOF scenarios described in Section 3.1. Second, we
will study the proposed architectures in order to derive the relationships between the device/architecture
parameters. Setting some of the parameters, the relationships developed give engineering rules for a
successful UROOF implementation.

The scenarios described in Section 3.1 require some functiondlities from the implementation
architecture:

A minimum Number of nodes (N): This parameter is the number of Integrated UROOF
Transceivers (IUT) in operation.

Min bitrate required (B): This parameter applies for multimedia transmissions. It depends
mainly on the quality of the video transmitted. Typical applications employ H.263 384 kbit/sin
medium-quality surveillance cameras, [1,2,3], to 932 Mbps Mbit/s in un-compressed high-
definition TV [5]. Compressed bit rates range from 11 to 22 Mbit/s.

Bidirectional capabilities: Bidirectional functionality isimplemented at node level.

L ocation capabilities: Location can be done with two approaches:

Monitoring the time-of-arrival (TOA) of UWB RF signals to the UROOF nodes. From this
information the direction-of-arrival (DOA) is calculated for three or more nodes. The DOA are
used to obtain the UWB terminal location by triangulation.

Monitoring the RF amplitude received by different UROOF nodes and, taking into account the
estimated attenuation of the channel, to estimate the distance to each node. The UWB termind
is located again by triangulation. This approach is less accurate as depends strongly on the
channel amplitude characteristics and linearity of the device.

The key requirements for the location capability are: (i) bidirectionality, (ii) impulse radio
modulation, (iii) multichannel -information from several nodes must be processed
simultaneously-, (iv) high node density -required for accurate triangulation- , (v) latency control,
and (vi) good dynamic range.

Latency control: Latency is originated by: (i) Electro-optic conversion phase response and (i)
the chromatic dispersion of the fibre link. Depending on the transmitted bandwidth and the fibre
length, second order effects like GV D-dope and PMD might be taken into account.

Application parameters. These are functional parameters adequate for a particular application. These
parameters are extracted from active regulations in force, equipment aready present in the market, and
technology forecast.
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The application parameters that must be specified for each scenario can be summarized in:

Maximum Bitrate: The maximum bitrate required (Br)
SNR: Signal to Noise Ratio required by a given application.

CNR: Carrier to Noise Ratio. Difference in decibels between the amplitude of the RF signal and the
noise present in the transmission path.

RF Power (Min, Max): UWB RF power limits (Pmin, Pmax)
Latency (Max): Maximum latency that can be supported (Lt)

N (IUTs): Number of access points.

3.4.1.1 UROOF multiple access ar chitectures

The target of this section is to propose different architectures suitable for the UROOF application
scenarios. These architectures will support the implementation UROOF application scenarios described
in Section 3.1 for bidirectional (Scenarios# 1.A, 2.A, 2.B, 3.A and 3.B) and unidirectiona (Scenario #
1.B) operation.

The key eement in UROOF architectures is the Integrated UROOF Transceiver. This transceiver is
responsible of translation the UWB signa for the RF domain to the optical domain and vice-versa. In
UROOF project two IUT approaches are investigated:

1. The optically-controlled microstrip converter (OCMC, WP3.1) consists of an open-ended
microstrip line implemented on a semiconducting material. The substrates possess a strongly
manifested contrast between its dark conductivity and the photoconductivity under illumination
by the optical signal, alowing an electrical modulation from the incident light. This device is
intrinsically unidirectional, as produces an O/E conversion

2. The second approach investigated in UROOF is the enhanced electroabsortion transceiver (E-
EAT, WP3, T3.2, T3.9). This device is capable of O/E and E/O conversion simultaneously, In
UROOF it is implemented in an electro-absorption modulator (EAM) optimized for
bidirectiona conversion. For optica input signals at a wavelength close to the absorption edge
the operate as a modulator due to the small voltage changes applied are trandated to a shift in
the position of the absorption edge (i.e. transparency edge) of the device. Optical signds at a
shorter wavelength than the absorption edge are absorbed and it effectively operates as a
photodiode. The E-EAT is intrinsically bi-directional and is the most suitable option for
bidirectiona application scenarios. It must be taken into account that bi-directionality implies
the use of two WDM channels, or the use of two fibres (uplink and downlink).

The studies presented in this document are based in an OCMC/VCSEL. This approach is employed
without lack of generality, as in the parameters employed can directly applied if an E-EAT device is
employed. The OCMC/VCSEL IUT structure is depicted in Figure 26.
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Figure 26. IUT structure including amplifier in the front-end.

The Integrated UROOF Transceiver (IUT) includes the OCMC and the VCSEL systems in order to
convert the UWB signal from the optical to the RF domain (OCMC) and RF to optical (VCSEL). The
IUT includes and amplifier that prepares the received RF signal to be converted to the optical domain
and transmitted to the fiber and vice versa, prepares the received optical signal converted to RF to be
transmitted again by the TX antenna.

The front-end amplifiers, standar in a typical UWB transceiver can raise the emission power and the
system sensibility considerably, and will compensate the propagation losses during free space or fiber
transmission.

Different multiple-access (MA) UROOF architectures have been studied in the first six months of the
project. The most interesting architectures have been selected taking into account strict requirement:

Fair MA must be guaranteed as UROOF technology is flexible (variable number of nodes)

UWB implementation-agnostic (any UWB implementation -OFDM, IR, DS must be
allowed)

Off-the-self UWB terminals. NO modification in UWB terminals would be required.

Desirable characteristics of the MA technique can be summarized in:

Flexible: Any UWB implementation could work seamlessly.
Simple: Deployment should be done with the minimum effort
Scalable: Any number of UWB nodes should be connected

Cogt-effective: Deployment cost should be kept to a minimum
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Several MA architectures have been identified suitable for UROOF technology. These are described in
detail in the next section, and can be summarised in:

0 Architecture#1: Star Configuration: N nodes in daisy-chain configuration.

o0 Architecture #2: Ring topology including an UWB controller: with a full receiver in each IUT
that works as a listener and demodulates and checks some information. As far as it has to be
trangparent for protocols it can be based in power detection.

o Architecture #3. Star/Bus Configuration. This topology includes circulators and all the nodes are
sharing the same fiber like a bus connection but logically has a star configuration where al the
nodes are directly connected to all the other.

0 Architecture #4. Two-way Bus Configuration with double fiber. Consists in two paths of fiber,
one for upward information and the other one for downward traffic to reach from each node all the
others without creating repetition loops.

0 Architecture #5: Two-way Bus Configuration with WDM: Multiplexing the entering signal to
each wavelength  and use afilter in each OCMC with its correspondent .

Architecture #1: STAR CONFIGURATION

Principle of operation:
1. N IUTsare considered: There are N nodes (0..N-1) in a daisy-chain configuration, connected as
shown in Figure 27 (star arrangement).

2. By having a central room where all the signals from all of the rooms in the house are gathered
and wirelessly transferred to al the other rooms. This way the transmission will pass to al the
corners of the house without any feedbacks.

3. The propagation of any signal is guaranteed because TDM MA and TDD (standard UWB
network) isimplemented.

PROs: Simplest implementation.
CONs: Only one IUT per room (except in the central room) is alowed. In case of several IUT in a

room, system malfunction can be produced because if one IUT in the room radiates a signal, and the
signal isreceived by severa IUT in the room, and is forwarded by all of them, aloop can be produced.
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Figure 27. Star configuration architecture.

Architecture #2: RING plus UWB CONTROLLER

Principle of operation: There are N nodes (0..N-1) in a ring configuration, connected as shown in
Figure 28 (ring arrangement). For example, a signal received in the k-IUT Rx antenna is sent to the
(k+1) node OCMC, then the signal is (i) radiated and (ii) copied to the (k+1) node VCSEL, where is sent
to the (k+2) node, etc. The cycle ends when the signa arrives again to the k-IUT. The UWB controller
has stored the OFDM symbol, and does not allow to copy again from the OCMC to the VCSEL.

The UWB controller present in the system must be:

Capable of identifying UWB signas within 12 OFDM symbol (12 x 0.3 ns = 3.6 ns for MB-
OFDM only -other UWB implementations would require to update this minimum time to detect
the UWB signal).

Whenever UWB TX signal is detected, the path from OCMC to VCSEL is blocked (listen
mode).

When IUT isin TX mode, signal is passed-through OCMC to TX antenna.

UWB controller can be realized by a power detector tuned to the UWB band, thus making the
solution cheaper.

PROs: Flexible.

CONSs: Requires aUWB controller.
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Figure 28. Ring topology architecture with UWB controller.

Architecture #3: STAR/BUS

Principle of operation: All the nodes are sharing the same fiber like a bus connection but logically this
configuration has a star topology where al the nodes are directly connected to al the other. This
architecture requires including optica circulators at the IUT because the VCSEL and the OCMC
transmits and receives respectively to and from the same fiber if we want to consider a bidirectiona

case.
PROs: Optical shared media

Fully-connected

Flexible: all UWB implementations can be accommodated.

CONs: Expensive, requires optical circulators.
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Figure 29. Star/bus ar chitecture.

Architecture #4: TWO-WAY BUS (DOUBLE FIBRE)

Principle of operation: In this architecture two-way propagation (IUT are simple repeaters) is achieved
by creating an “upward” and a “downward” link. Each link is propagated to the end of the chain. The
chain is terminated (no propagation) at the link ends. Two propagation paths must be implemented in
order to avoid circular signal loops.

PROs: Full propagation
Passive: No controller isrequired
No limitation on the number of UWB nodes present in the same room.
Hexible: Any UWB flavour can be accommodated.

CONs: Two fibresarerequired
Duplication of “upwards’ and “downwards’ links in order to avoid signal loops

In Figure 30 is shown an example of this kind of architecture where in red is represented the upward
direction of the optical traffic and in blue the downward direction.
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Figure 30. Two-way bus architecture implemented with two fibers.

Architecture #: TWO-WAY BUS (WDM)

Principle of operation: This architecture is an enhancement of the two-way propagation approach
previously described. The “upward” and a “downward” link are transmitted through the same fibre, but
at different wavelengths.

PROs: Full propagation
Passive: No controller isrequired
Flexible: Any UWB flavour can be accommodated
Only onefibreisrequired

CONs: VCSEL operation wavelength must be controlled.
Duplication of “upwards’ and “downwards” links in order to avoid signal loops
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Figure 31. Two-way bus topology WDM multiplexing.

Applying the criteria discussed at the beginning of this section, the most suitable MA implementations
are MA#3 and MA#4. Both approaches implement propagation path isolation to prevent signal loops, in
optical domain (MA#3), and in electrical domain (MA#4).

MA#3 Architecture design rules

Applying the criteria discussed at the beginning of this section, the most suitable MA implementations
are MA#3 and MA#4. Both approaches implement propagation path isolation to prevent signal loops, in
optical domain (MA#3), and in electrical domain (MA#4).

3.4.1.2 Architecture parameters analysis

Let us study the parameters. We will focus here in the power budget and the carrier-to-noise ratio
associated with these architectures. The figures are calculated from generic device parameters (gain,
noise figure, etc.) suitable for both VCSEL/OCMC or E-EAT UROOF implementation. The specific
power levels and signal to noise ratio required in a particular implementation will automatically
establish the relationship between the device parameters to be satisfied.

Basic UROOF point to point link

In this section we evaluate the performance of a simple two IUT nodes point-to-point link. The study of
this simplified scenario is the key stone of the multiple-access scenarios that follow in the next sections.
This connection will be demonstrated in alaboratory setup.
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The simple P2P link is depicted in the Figure 32.
IDIU‘I'I'X PRx

T Goeme GFeTx‘ Giyrx

) B ?J@L*ﬂ iV
@_/ k

L™ |
UWB Tx ‘ GIUTR}( [ GFeR( G/CSEL uT
PI'x PIUTRx
Figure 32. Smple Point to Point Link.
Where

P, isthe received power at the UWB receiver,

P, isthe RF power delivered to the TX antenna at the UWB transmitter,

Py IS the received power at the IUT receiver antenna,

P is the power the IUT is going to transmit to the UWB receiver,

G, Standsfor the IUT front-end amplifier gain included in the IUT before VCSEL conversion,
Gren stands for the IUT front-end amplifier gain included in the IUT after the OCMC conversion and

before the IUT transmission,

Gesat [dB] stands for the electrical (power) to optical (intensity) conversion gain,

Gocue [dB] isthe OCMC conversion gain form optical power to RF power,

G,y [0Bi] and G, 1, [dBi] IUT TX and RX antenna gain respectively,
G, [dBi] and G, [dBi] arethe UWB device TX and RX antenna gain respectively,

d standsfor the length of the SSMF fibre,
a stands for the fibre attenuation at the operation wavelength,
d>a isthe attenuation losses due to the fibre propagation,

I isthe distance the signal travels in free-space from the UWB transmitter antennato the IUT receiver.

In order to simplify the calculations, without lack of generality, we will suppose the same the distance

between the IUT transmitter to the UWB receiver antenna.

Page 52 from 80



Power budget

The power budget in this simplified scenario was reported in D2.1, section. We will summarize the
power budget and we will calculate the expected noise from a system point of view.

P
(i) 2™ that stands for the power gain of the UROOF distribution stand-alone, from electrical to

I:)IUTRX

electrical point: Gy/e = Ry / Ruree

(i) P;"X that stands for the UWB terminal to UWB terminal power budget, including the wireless link.
>

Let usfirst calculate (i):

I:)IU'I'I'X — GFeRx >Q/CSEL >GOCMC >GFeT)(
I:)IUTRX d a

)

Considering free-space propagation over aranger:

I:?I'x I:>IUTR’>< I:?I'x I:)IU'I'I'><

PRX I:)IU'I'I'X I:>IUTR>( PRX (2)

Then, the overall power budget for the complete link is given by:

& GFeRx >G/CSEL )GOCMC >GIUTRX >Gfx >4‘is >GFeRx >(‘;IU'I_I'X >GRX
P, dxa

©)

Where L are the losses due to free-space transmission given by:

L= (4)

Typica values are shown in Table 27 below.
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Table 27. Typical values for power budget calculation.

SYSTEM PARAMETERS: UNITS
IUT front-end transmitter amplifier gain 20 dB
IUT front-end receiver amplifier gain 20 dB
electrical (power) to optical (intensity) conversion gain V CSEL 0 dB
OCMC conversion gain from optical power to RF power 10 dB
UWB device TX antenna gain 2 dBi
UWB device RX antenna gain 2 dBi
IUT TX antenna gain 6 dBi
IUT RX antenna gain 6 dBi
SSMF fibre attenuation at the operation wavelength 0,2 dB/km
Length of the SSMF fibre 0,1 km
r Distance UWB transmitter antenna to the IUT receiver 3 m
Frequency| 5,00E+09 Hz

Expected power budget:
dB
Plum - GFeRx >G\/CSEL >GOCM(: >GFeT>< 49,98
I:)IUTR’X d xa
Pure — G, %Gy | 47:9635974
R
P -
= R =G X 0Gy, 47,9635974
IUTTx
PRx — PIU'I‘I'X PIUTRx PRx -45,9471947
F?I'x I:JIUTRx R’x PIUTTx
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Carrier-to-Noise Ratio

Let us consider the degradation of the CNR due to the signal propagation through the UROOF
distribution architecture. Several noise sources contribute to signal degradation in conventional fibre
link: Thermal noise, laser noise (RIN), photo-detector noise, and intermodulation distortion due to the
non-linear response of the system. All these are evaluated in this section from a system point of view.
The work presented here cover standard devices (VCSEL, APD/PIN photodetector) as introductory
calculations. OCMC and EAT specific analysis will be presented as part of WP3 work.

This section derives the system equations, but does not give final specifications, as final device data is
reported in D2.1.

Thermal Noise

The CNR after the IUT Rx antenna is CNR 1, The CNR 1, at the other side of the transmission
link is given by:

CNRIUTR’X

fFeR’x foCSEL ><ffibre >d:OCMC foeTx

CNRI UTTx = (5)

Where f., and f., arethenoisefactor of the RX and TX front-end amplifiers respectively,
frye Stands for the equivalent noise factor due to the signal attenuation when travelling down the fibre.

Inthiscaseit is equivalent to the fibre attenuation along the fibre link-

fuee @d oo aethe noise factor of the laser and OCMC devices. These figures are evaluated in
D2.1 deliverable from Task T2.1

| nter modulation distortion

The UROOF topology supports different UWB analog channels multiplexed in frequency. This is a
particular implementation of a sub-carrier multiplexing (SCM) system. However SCM technology is
subject to some important system penalties. Because the channel spacing between sub-carriers is small,
a high nonlinear distortion may be expected. The non-linearity is reflected in inter-modulation distortion
- composite second-order (CSO) distortion and composite triple beat (CTO)-. The UROOF architecture
system has very stringent requirements on the noise and the linearity of the system. The linearity of the
two key conversion devices (OCMC, VCSEL) is of paramount importance, so it is necessary to calculate
the carrier to interference ratio (CRI) due to non-linearity.

In subcarrier multiplexed systems the various electrical subcarriers are combined and used to modulate
the optical signal which is then direct detected. If the devices used in the electrical to optical (E/O) and
optical to electrica (O/E) conversion are nonlinear the various subcarriers are mixed to form
intermodulation products.
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Second and third-order intermodulation products (IMPs) are generated by every combination of two and
three input frequencies, respectively.

The interference resulting from source nonlinearity then depends strongly on the number of channels
and the distribution of channel frequencies. Let us consider transmission of three channels (figure 32)

with subcarrier frequenciesfl, f2 and f3.

Figure 33. Intermodulation products and harmonics generated by a three-tone modulation of a non-
linear device.

In the UROOF application second-order IMPs, fitfj, will have to take into account since the
transmission bandwidth occupies more than one octave. The most troublesome third-order distortion
products are those that originate from frequencies fi+fj-fk and 2fi-fj, and since they lie in within the
transmission band, leading to interchannel interference. The interference thus depends strongly on the
number of channels and generally on the allocation of channel frequencies. For aN channel system with
uniform frequency spacing the number of IMPs, and of type 2fi-fj and fi+fj-fk, respectively,
coincident with channel r are given by [1]:

N_l _ _l _(-NN(_ 1\
AMI =2 N-2-21- (") 6)
|MN=1(N-r+1)+1 (N-32-5 -1 1- (- (-)™ 7)
a2 4 8

Considering an OFDM-UWB system and considering only one sub-band the total number of channels
equals N=122.

The figure below shows the total number of third-order IMPs as a function of channel number.

Page 56 from 80



Figure 34. Total number of third-order intermodulation products as a function of channel number for a
N=122 channel system.

It is seen that the central channel is the one with the large number of third-order IMPs. For large N,
N N . 2 .

IM_; and  IM; approach the asymptotic value of 3N/8 and N/2, respectively whereas, the number

of second-order IMPsis proportional to N.

In order to quantify the affect of the intermodulation distortion on the system performance we define the
carrier-to-intermodul ation ratio for the rth channel (CIR) as[2],[3],[11]:

CIR"=m"(D,;,;N?+D,N)+m?(D,, +D,) ®)

where m is the optical modulation depth and Dyy1, D2 , Dyy and D, are the distortion coefficients,
associated with each type of distortion.

For a device with a static nonlinearity the distortion coefficients will depend only on the nonlinear
characteristic of the device and so is a measure of its linearity performance. However, if the device
possesses a dynamic nonlinearity, sometimes called nonlinearity with memory, which is a nonlinearity
that is frequency dependent, the distortion coefficients will depend aso on the specific channel
freguency allocation. The direct modulation of the VCSEL corresponds to the latter case since the laser
dynamics are intrinsically nonlinear. Thisis aresult of the interaction between the carriers and photons
in the laser cavity. The OCMC should fal in the first category but further work is required to confirm
this.

Laser and photo-detector noise baseline

UROOF project proposes two novel devices for optical/electrical and electrical/optical conversion: the
OCMC and the EAT respectively. These two novel devices will be designed, simulated and
implemented in Tasks T3.4 and T3.5 (to start in M10).

Let us evaluate now the noise expected in a conventional laser/photodiode configuration.
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This study must be addressed now, as this very standard configuration gives the baseline for the
complete UROOF architecture. The carrier-to-noise obtained here (D2.2) are considered baseline
figures, and they will be checked against the developed devices to be reported in (D3.4, D3.5) in order
to check their technical advantage.

For an standard APD or PIN photodetector, the determination of the overall system carrier-to-noise ratio
(CNR) require to take into account the relative intensity noise (RIN), receiver shot and thermal noise.
The carrier-to-noise (CNR) at the receiver may be then expressed as.

CNR*=CNR +CNR, ©)

, Where CNRqy is the ratio of the carrier power to the noise power generated by the laser diode and
CNRgy is the ratio of the carrier power to the noise power generated at the receiver. These ratios are
relative to a specific channel r. For simplicity of notation we will drop the subscript r.

The ratios are given by:

_2BXRIN

CNR} = = +CIR? (10)

__ Ymgl?)
ONRec = (2eIgZF +<If>) B -

with definitions as follows:

RIN: Relative Intensity noise

g: APD gain

I rz : receiver noise spectral noise density A%/Hz
I: primary dc photocurrent

F=g": excess APD noise factor

e: electronic charge

B: signal bandwidth

Thetotal CNR isthen written as:

_ 1ml?g®
CNR= (12)B+ g2 2RIN B + 26BIg°F +3 g1 2 (m°C, +m'C, (12)
with:
C,=D,;N*+D,N (13)
C,=D,N+D, (14)

CNR may be bivariately maximised in m and g for a given I, equivalent to balancing the total
contributions of signal-independent and signal-dependent noise terms [3]. The maximum CNR for an
optimum modulation depth, myy, and a given I, obtained by differentiation of (12) is:

CNR-l(rnopt) = 3m:pt DmN2 +DyN + 2n1§pt [DHN + DZ] (15)

or, conversely, my,: may be determined by specifying the required CNR:
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, _-C,+,/C2+3C,/CNR )

mopt - 3C1
The optimum APD gain is given by the usual expression:
™
gopt - elx (17)

The maximum CNR for an optimum OMD and APD gain is then:

L2 122
frnoptl gopt

>[1+§]+g§mI2RIN}

CNR(M,;, 9o ) = (18)
ot Son K38{<I,2
where:
_3m,C,+C,

= 19
* T 2n%,C +C, (19)

The necessary primary dc photocurrent to achieve CNR(Myy, Oop) IS readily obtained by combination of
equations (17) and (18):

ex " CNR(My,, o K B(12)(1+2/%)
(17) ing, - RINXK,B

r

IAPD -

(20)

For a PIN receiver the gain and the excess noise factor are both unity; the required photocurrent to

achieve CNR(my) is then:
e+, /e +W(17)
lon = (22)

PIN — W

with:
2

My

W=——"___RIN (22)
2CNRXK,B

In practice we are interested in obtaining the receiver sensitivity for a desired CNR and a specific
number of channels with the laser biased at a certain point. These last two parameters, number of
channels and laser bias current, will determine the levels of distortion at the laser output and are
included in the analysis through the distortion coefficients D. Once the system parameters are specified
the distortion coefficients are determined and from these the optimum modulation depth for the desired
CNR follows from equation (16).

Depending whether the system uses a PIN or an APD, the receiver sensitivity lpinarp) times the
photodetector responsivity Ry) isreadily obtained from equation (20) or (21), respectively.

In cases where either only second or third-order intermodulation effects are significant considerable
simplification of the previous equationsis possible.
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If only second-order distortion is significant the optimum modulation depth (equation (15)) may be
reduced to:

m,, = 2CNR(D,N +D,) ** (23)
Similarly, for third-order distortion effects:
-14
m,, = 3CNR(D,,,N*+D,,N) (24)

Note that, in accordance with the previous definition for the distortion coefficients, these equations are
bias and frequency dependent: as the frequency subcarrier alocation gets closer to the resonance
frequency the distortion coefficients reach maxima that forces myy to correspondingly lower values.

Clipping distortion implications

RIN and intermodulation distortion establish a limit to the maximum obtainable optical modulation
depth or carrier-to-noise ratio.

It has been shown that clipping effects determine a fundamental limit to the total modulation depth
[12,13]. Thus, even if the distortion coefficients are all zero a maximum CNR still exists. This limit
imposed by clipping distortion will be determined based on the model by Saleh, which has been revised
in Reference [14] and shown to agree with simulation results to within 2 dB for values of the effective

modulation depth, /m=rm/N/2, greater than 0.25. In Saleh® analysis, the nonlinear distortion is

calculated by approximating the sum of multiple randomly phased subcarriers as a Gaussian probability
density of the amplitude. The total nonlinear distortion is then assumed to be proportional to the power
in the Gaussian tail that falls below zero and to be distributed uniformly over al channels. The total
mean-square value of the clipped portion of I(t) isthen[12],[14]:

1 m
<|c2Iip>:T2p1+6,ﬁe]/2”; (25)

Additionally, a calculation by Mazo [16] indicated that over a wide range of mmost of the distortion is
thrown out of the transmission band. Thus, the carrier to clipping distortion noise ratio, CCR, becomes:

CCRi=L |21 _qier (26)
0 1+6n7

where L represents the fraction of the clipping distortion power which falls in the transmission band,
which for the US-CATYV plan (50--500\,MHz) takesthe value L =1/2 [16].
Rewriting (12) to include clipping noise we obtain:

CNR' = ,ﬁflz\lgz t % 1+'Zf,ﬁ 27 + iy, + 207D, @7
where K includes dl the other noise contributions:
K:<If>B+g2I2RIN><B+2eBIgz*X (28)
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The CNR at optimum mand APD gain, /73, and gt respectively, now becomes:

e Y2rdy ant + 11”sz + 18”Zpt
2

V2p (1+6n7,)

and go, remains unchanged. The relation between the photocurrent | and 773, is determined from the
solution of the following equation

CNR () =L +12n,D,,, +4nf, Dy, (29)

<|f>(1+ 2/x)BN + g2 I’RIN>BXN = 71§, 92,17

-1/2nf, (30)
e ngpt + 9”Zpt + 6”2pt +
8m D, +2n D
/ 2 (1 + 6 ?pt )2 /72[)[ 111 ,épt 11

L

It may be advantageous to accept some distortion than constraining the total modulation depth to 100%
[17] . An adequate measure of the total effective modulation depth is the r.m.s modulation defined as

My =MVN [17] .

L atency

The system latency T, is given by the maximum time required by any signal received to propagate by
the compl ete topology, i.e. to reach the most far-end IUT.

The latency calculation, it is considered the time delay between the IUT i-node and the k-node. We can
calculate the accumulated time delay by:

To =Ty mx t Ty vesm T T+ T4 oome T Ta 1 (31)
, Where

Tdin and T, X stand for the delay (phase response) of the RX and TX antenna respectively,
T, vese. Stand for VCSEL the group velocity delay,

T, _oeMe stand for OCMC the group velocity delay and

Tp stand for the propagation time aong the fibre path.

Ter, and T, stands for group velocity delay of the IUT front-end amplifier.

eTx

A hard limit for the latency of the devices involved in the P2P link is reported in D2.1, Section 5. The
WISAIR chips used in UROOF can deal up to a few ms latency, as reported by the manufacturer. The
sum given by Equation (31) must be then under this upper limit.

The exact total latency will be reported after OCMC/E-EAT design and manufacturing, as this value is
derived from the device phase response, to be donein Tasks T3.4 and T3.5 (to start in M10).
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Electrical/Optical conversion gain

Let us calculate now the theoretical electrical/ optical conversion gain. We evaluate this parameter from
ahigh-level system point of view. This model will be also adequate for an E-EAT implementation.

Figure 35. System-level generic electrical/optical converter (VCSEL/E-EAT) model.

The electrical power is converted to optical power viathe VCSEL efficiency X [W/ A]

_ P
After conversion, we have: P, = xI =x,|-2¢
R

Expressed in dB:

/P X 1
P _[dBw] =10log(xI ) =10lo —2¢ =10log —— +=10log(P
opt[ W] g(X) g X R g \/ﬁ 2 g( de)

X

R

Px[dBw] =10log +% P, [dBw] (32)

The Y2 factor is not a problem, asin the OCM C happens the opposite effect, and it will compensated.
Section 5 of D2.1, Table 4, reports actual data we can expect for the VCSEL efficiency:

Table 28. Comparison of 100% conversion efficiency for VCSEL at UROOF wavel engths

Wavelength [nm] 100% Conversion Actua conversion glaser[dB]
efficiency [W/A] efficiency [W/A]
850 1.46 0.3 -13.7
1310 0.947 0.28 -10.58
1550 0.8 0.1 -18.061

From the efficiency values above, the expected electrical/optical conversion loss can be calculates as:
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850 nm: By example, for x =0.3 the |P,,[dBw] =- 15.23+% P, [dBw]

1310 nm: By example, for x =0.28 the  |P,,[dBw] =- 15.53+% P, [dBw]

1
1550 nm: By example, for x =0.1the |P,,[dBw] =-20 +§ P,.[dBw]

Optical/Electrical conversion gain

The same analisys can be applied to calculate the optical to electrical conversion gain:

Por [W]

Figure 36. System-level generic photoreceiber (APD/PIN/OCMC) model.

The electrical power is converted to optical power viathe OCMC efficiency /1 [ Al W]

opt opt

| =hPas | :‘/E® | =hp, = [T @ P, = RA’P,’> that expressed in dB:
R R

P..[dBw] =10log(RA*R,,?) =10log(RA?) +2:40l0g(P,, )

opt

P,[dBw] =10log(RA?) +2>P,,[dBw]

(33)

This confirms that the ¥ factor in equation (32) is not a problem, because in the OCMC there is a 2

factor that compensatesiit.

Section 5 of D2.1, Table 5, reports actual datawe can expect for photodiode efficiency [DSC-R402HR].

Table 29. Comparison of 100% conversion efficiency for receiver at UROOF wavelengths
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Wavelength [nm] 100% Conversion Actua conversion gPIN[dB]
efficiency [A/W] efficiency [A/W]
850 0.685 0.25 -8.75
1310 1.055 0.8 -2.403
1550 1.249 0.8 -3.869

850 nm: By example, for /7 =0.25 the

P, [dBW] = 7.96+% P, [dBwW]

1310 nm and 1550 nm: By example, for /7 = 0.8 the

P[dBw] =18 +% P, [dBw]

Star architecture

The Star architecture introduced in Section 3.41.1 can be depicted as a combination of P2P links as
shown in Figure 37.

IUTRx

CNRyrm, ‘ Gy G,.
Fele Fe/e
k- Node
I:’IUT'I'X
CNRym

Figure 37. P2P links between i-Node and k-Node in a star aschitecture.

In this architecture, the communication from i-IUT to the k-IUT requires the communication though two
P2P links, plus free space propagation L .
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The power budget in this configuration is given by:

M[dB] = 2C;e/e - LFs (34)

IUTRX

, Where L., arethe free-space losses in the connection shown in Figure 37.
These can be calculated as in equation (4) giving:

Burm [dB] = 2G,,, - 20log L =21.98+ 2G,,, - 20log L (35)
r

Rurrs 4pr

where r isthe distance the signal travelsin free-space propagation.

The worst-case CNR for the i-k connection in this architecture is then given by:

CNR! = 2CNR, + CNR L (36)

WhereCNR_q is the equivalent noise figure that is given in this case by the free-space losses L.

2
1:2+1:2+1—2+ﬂ (37)
CNR, CNR, CNRy CONR, L. CONR, /

CNR!=2CNRL+ 0 (38)

CN
CNR, = R‘ﬁz — (39)
2+CNR,, %

Ring architecture

The Ring+UWB Controller architecture introduced in Section 3.41 can be seen like a combination of
P2P links as depicted in Figure 38.
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Figure 38. P2P links in ring architecture with UWB controller.

In this configuration, the communication from the i-lUT to the k-IUT requires the communication
through (i-k) P2P links, plus the pass-through losses L, inside the IUT, which can be estimated in 3

dB.

The power budget, for the less favourable case i.e communication to the most far-end node (set of N
nodes), is given by:

P
U = (N - 1) G,y - (N - 2) Ly (40)

I:>IUTR><

The CNR degradation, worst case, isthen given by:

CNR;' =(N- 1)CNR;, +(N - 2)CNR;, (41)
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WhereCNR_4 is the equivalent noise figure that in this case is the forward or pass-through lossesL ,, .

1 _(N-2) (N-2)_(N-1) (N-2) (42)

CNR, CNR,, CNR,, CNR,, L g

CNR,, 43)

N- 2)

CNR, =
(N-9+ong, (Y

fwd

Bus architecture

In this configuration, the communication from the i-lUT to the k-IUT requires the communication
through (i-k) P2P links, plus the pass-through losses L, inside the IUT, which can be estimated in 3

dB.

F)|U1TX
L Ly CNR
Oy Ly
i - Node O G'e/e O C Ge/e C C Ge/e :
‘ I:ele Fele I:e/e
k- Node
PIUTRX
CNRIUTRX

Figure 39. P2P link between i-node and k-node in a bus architecture.

The power budget, for the less favourable case i.e communication to the most far-end node (set of N
nodes), is given by:

P
U = (N-1)G,, - (N- 2)Lyq (44)

I:)IUTF«’X
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The CNR degradation, worst case, is then given by:

CNR," =(N- 1)CNR, +(N - 2)CNRy, (45)

As theCNR_¢is given again by the forward or pass-through lossesL ,, we reach the same result that in
the ring architecture(43).

Star/Bus architecture

The star/bus architecture is very different from the previously studied in this section. The
OCMC/VCSEL IUT must include a circulator in order to prevent signal loops in a shared media (fibre)
configuration. This modified IUT (IUT+circulator) can not be analysed from the point of view of a
combination of isolated links. The whole star/bus architecture must be analysed. This architecture
consistsin N nodes not necessarily evenly spaced. The modified IUT structure is depicted in Figure 40.

Figure 40. IUT structure including circulator.

In the implementation shown in this figure the optical/RF conversion is done by an Optically Controlled
Microwave converter (OCMC) as descried in DoW, page 41. The RF/Optica conversion is done by a
specific Vertical Cavity Surface Emission Laser (VCSEL). These devices can be substituted by an
Improved Electro-Absorption Transceiver (EAT) device, as described in DoW, page 44. The following
study can be applied in both approaches with the parameter conversion described at the beginning of the
section.

The study in this section can be directly applied to an EAT-based IUT substituting the device
parameters. The connection topology is star-bus and was show in Figure 29. This connection topology
gives seamless connectivity between the different IUTSs.
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B

Figure 41. Star/bus connection with fibre splices.

In this case it is necessary to a more detailed analysis: Let us consider a point-to-point link employing a
shared fibre as communication media as depicted in Figure 41. This link, considering the signd
propagation between VCSEL to OCMC differs in: (i) Additional losses due to the circulator. (ii) a
number of fibre splices add additional attenuation.

Power budget

Let us now evaluate the power budget considering the transmission path between an IUT node (node k)
and another IUT node (node i). This path is shown in Figure 42. Our target is to evaluate the RF power

delivered to the TX antennain the k-node ( B, shown in the Figure 42), from the RF power received

by the RX antennain node-i,( B, ;). The RX and TX power reference points are indicated in Figure 42.

There are specified at the input/output of the electrical/optical (VCSEL/OCMC) conversion devices. The
TX/RX antenna and the associated waveguide will be considered when required.

The received power isthen given by:
PI'X K= PRXi +GFeRx +G\/CSE|_ +GOCMC +GFeTx - ZXLC - (|k' i|' 1))4_Sp - |k' i|d *a [dB] (46)

inlinear:

p = Pax i *Frere “Aveser *oeme *Frer [linear] 47)
TX i 2|C>(|k_||_1))4_sp|k—l|d>ﬁ
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Figure 42. Parametersin IUT for power budget

Where:

Cren [dB] and Greny [dB] are the IUT front-end amplifier gain included in before VCSEL and after
the OCMC conversion respectively,

Goene [dB] and G, [dB] arethe OCMC and VCSEL conversion gain (optical power / RF power
and RF power / RF power respectively),

L. [dB] standsfor theport 1 2 circulator insertion losses,
L, [dB], Isp[linear] stands for the splice losses,
(|k - i| +1) isthe number of splices between nodesk and i,

d [km] stands for the length of the SSMF fibre,
[dB/km] stands for the SSMF fibre attenuation at the operation wavel ength.
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The worst-case noise contribution corresponds to the maximum distance situation between nodes, i.e.
the node k is located at one side of the system (k=0) and the node i is at the other sidei=N-1.

In the worst case there will be N-2 splices and N-1 pieces of fibre between TX and RX node.

PTXk = PRXi"'GFaRx"'G\/CSEL +Gocw|c +GFeTx' 2>4-c - (N' 2))4_Sp- (N' 1)d>ﬁ [dB] (48)

p = Pax i *Frere “Aveser *ocme *Grer [linear] (49)
TX i 2,4N- 2)x4_(N-Dd>a

z
Q.
8

We will evaluate now the in-band noise for a given UROOF architecture. This evaluation considers the
thermal noise contribution. Other noise contributions, as semiconductor flick noise, are supported as
long they can be modelled in the device noise figure. Other degradation as non-linearity effects are
calculated in the carrier-to-interference (CIR) ratio in the next subsection.

Overall performance

O ele splice O
|:e/ e
I:)IUTRX I:)IU'I'I'X
CN RI UTRx CN RI UTTx

Figure 43. P2P link worst case considered for Power Budget calculation.
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The power budget, for the less favourable case i.e communication to the most far-end node (set of N
nodes), is given by:

Rum 2 oG, - 21, - (N- 2)L,, (50)
IUTRx
The CNR degradation, worst case, isthen given by:
CNR,' =2CNR, +(N - 2)CNR. (51)

Comparison

The different architectures proposed aong this section can be compared in terms of power budget
efficiency and carrier-to- noise ratio (CNR) over the number of nodes and the node distance. Figures 44
and 45 show the power budget and the worst-case (node 1 to node N communication) CNR vs. number
of nodes and node-to-node distance (d). Comparing both figures, it is clear that the Ring/Bus
architecture shows better performance.

Figure 44. Ring and Bus MA architectures
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Figure 45. Sar MA architectures

The double fibre bus architecture is considered the considered the most interesting and economic
implementation because:

A w0 DN PR

Does not need external control elements
Power-efficient: No free-space links (high attenuation) are required
Flexible: Provides complete connectivity without restrictions like 1 node per room

Cheap: Does not require optical (or electrical) circulators
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4 Conclusions

In this deliverable have been identified the most promising application scenarios for UROOF
technology. The scenarios are studied from the technical point of view in this deliverable. Tecno-
economic aspects of these scenarios will be reported in M30 (shifted contribution to D6.2).

Market status and regulations in force have been studied and reported in order to identify the key
limiting parameters of UWB from the point of view of fibre distribution. The market survey done enable
UROOF consortium to evaluate the progression of UWB technology and to focus the project
accordingly with the social penetration of UWB.

Suitable multiple-access (MA) architectures (several users accessing the UROOF fibre network) have
been proposed and analysed in this deliverable. All the architectures proposed are capable of
bidirectional communication and are suitable for the scenarios identified. The power budget and carrier-
to-noise degradation have been derived for Star, Ring, Star/Bus and Bus MA.

The best-performing and most economical architecture has been identified to be the Bus architecture
implemented with two fibers, one per propagation direction.

From the analysis reported in this Deliverable, the case scenario #1 (Range extension of wireless PAN)
was sel ected as the UROOF validation platform based on double fibre BUS architecture.
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