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On the Interference of Ultra Wide Band Systems on Point
to Point Links and Fixed Wireless Access Systems

Romeo Giuliano, Gianluca Guidoni, and Franco Mazzenga

Absgract: Ultra Wide Bandwidth (UWB) spread-spectrum tech-
nigues will play a key role in short range wireless connectivity
supporting high bit rates availability and low power consumption.
UWB can be used in the design of wireless local and personal area
networks providing advanced integrated multimedia services to no-
meddic users within hot-spot areas. Thus the assessment of the
possible interference caused by UWB devices on already existing
narrowband and wideband systems is fundamental to ensure non-
cenfllicting coexistence and, therefore, to guarantee acceptance of
UWB technology worldwide. In this paper, we study the coexis-
tenoe issues between an indoor UWB-based system (hot-spot) and
oumndoor point to point (PP) links and Fixed Wireless Access (FWA)
systems operating in the 3.5 — 5.0 GHz frequency range. We
cemsider a realistic UWB master/slave system architecture and we
show through computer simulation, that in all practical cases UWB
system can coexist with PP and FWA without causing any danger-
ous interference.

Index Terms: 4G communication systems, spread spectrum, ultra
wide band.

I. INTRODUCTION

The ultra wide bandwidth (UWB) technology is one viable
candidate for short-range indoor radio communication systems
supporting very high bit rates services and low power consump-
tion [1], [2]. It is widely recognized that UWB enables the
implementation of innovative wireless local and personal area
networks providing advanced multimedia services to nomadic
users over hot-spot areas. UWB signal bandwidth overlaps with
the bands of many narrowband services, thus the requirement
of guaranteeing existing systems from UWB emissions was ev-
ideat. To this aim the Federal Communications Commission
(FCC) in the United States restricted the UWB operating bands
in the 3.1 — 10.6 GHz frequency range and regulated UWB
power emission by defining frequency-power masks for each
specific UWB application/device [3]. In general the assessment
of mterference caused by UWB devices is of fundamental im-
portance to guarantee non-conflicting coexistence and to gain
acceptance of UWB technology worldwide. The existing nar-
rowband systems that could be impaired by UWB operating at
3.1 — 10.6 GHz are the fixed wireless access (FWA) systems
and the point-to-point (PP) links commonly deployed to build
flexible radio transport networks'. Some results on the coexis-
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Fixed point to point links are commonly deployed in the transport network
infrastructure of many cellular mobile networks operators.

tence of UWB with fixed systems have been already presented
in the literature and in regulatory forums [4]-[7]. The prelim-
inary results in [4] were based on many pessimistic assump-
tions thus leading to misleading conclusions on the impact of
UWB on fixed wireless systems. In particular the assessment of
UWB interference on FWA and PP was carried out considering
UWB terminals as uncontrolled electromagnetic radiators al-
ways transmitting at their maximum allowable power and, most
importantly, no realistic communication system architecture was
assumed for the UWB system. Many of the assumptions in [4]
were relaxed in [5]-[7] which lead to achieving different and
optimistic conclusions. In this paper, we analyze the coexis-
tence issues between an indoor UWB system (hot spot) and the
outdoor fixed wireless systems (FWA and PP). To render our re-
sults comparable with those presented in the current literature,
we keep many of the assumptions made in [4]. However, in
this paper we account for additional UWB system parameters
such as the system architecture (a master/slave UWB system),
the propagation models, and the UWB usage statistics such as
the UWB device activity factor. In particular we consider the
interference on fixed systems due to UWB upstream (i.e., slave
to master) transmissions. Analysis is carried out by consider-
ing very large UWB terminal densities and we demonstrate that
through proper selection of the UWB system features, UWB hot
spots can coexist with PP and FWA without causing any dan-
gerous interference in all practical operating conditions. The
importance of power control in the UWB terminals is also in-
vestigated.

The paper is organized as follows. In Section II, we sum-
marize the main characteristics of the considered fixed wireless
systems and, starting from the ITU recommendations, we as-
sess their interference requirements. In Section II1, we describe
the selected scenarios and we define the UWB system features
considered in the simulation. In Section IV, we detail the as-
sessment methodology introduced in this work. The derivation
of the UWB intra-system interference is illustrated in Section
V. Simulation results on the fixed systems due to UWB are
discussed in Section VI. In Section VII, we analyze the depen-
dence of UWB interference calculation on the channel model
parameters. In Section VIII, we analyze the beneficial effects
of UWB power control on the interference experienced by the
fixed systems. Finally conclusions are given in Section IX.

II. INTERFERENCE LIMITS REQUIREMENTS

To assess the UWB interference limits on the existing fixed
wireless systems, we refer to the ITU-R requirements in {8]
about the interference power I due to unwanted emissions from
sources other than fixed service or services sharing the same
band on primary bases. As indicated in [8], the total interfer-
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ence to a fixed service link can be partitioned as:

o 89% for the intra service interference;

¢ 10% for the co-primary services interference;

e 1% for the aggregation of the following interference
sources:
~ Emissions from radio services which share frequency al-

locations on a non-primary basis;

—~ unwanted emissions (i.e., out-of-band and spurious emis-
sions such as energy spread from radio systems, etc.) in
non-shared bands;

- unwanted radiations (e.g., industrial scientific medical
(ISM) applications).

The previous percentages apply to the performance objectives
[9], [10] and degradation allowance refers to the aggregation of
the whole secondary services transmitters and unwanted signals.
UWB systems are commonly classified as secondary services
and for this reason, this criterion is applied. ITU-R has defined
the following long and short term interference criteria in order
to ensure non-conflicting coexistence:

Long term criteria (20% of the time):

e For co-primary sharing a margin degradation of 0.5 dB,
equivalent to an /N = —10 dB with N the thermal noise
powet, lead to a performance degradation of 10%.

o For secondary service interference and unwanted emissions,
the performance degradation shall not exceed 1%. For these
services, it was concluded that /N = —20 dB is the right
choice since it provides a margin degradation well below 0.1
dB.

The previous values represent generic objectives and implic-
itly assume that interference signals have spectral characteris-
tics similar to white noise (i.e., flat spectrum). In this paper,
we assume the UWB spectrum as practically flat. This approx-
imation may not hold especially considering the time-hopping
based UWB signals having discrete spectral components {11].
In this paper, we consider average interference analysis. How-
ever, due to UWB pulsed characteristics, separate considera-
tions would be needed for both average and peak interference
objectives within the fixed service receiver bandwidth. Finally
it should be noted that the allocation of 99% of the interference
margin to intra-service and/or co-primary services (89%+10%)
might also be too pessimistic with today’s technology since in
more realistic conditions, higher margins than 1%, in particular
I/N much closer to 0 dB, could be tolerated by fixed links for
secondary services. Values of I/N of —10 dB have been pro-
posed in [6] and [7] as more realistic estimates of interference
margins necessary for today’s FWA and PP technologies.

Short term criteria ( 0.0001% of time):

Short-term criteria in [12] give allowance for a positive (in dB)

I/N ratio to happen for very short percentage of time (e.g., in

the order of 0.0001% of the time). Positive 7 /N ratio can be re-

lated to peak interference. This criterion will not be considered
in this paper.

A. Calculation of the Interference Limits

To assess the interference limits, the relevant characteristic is
the FWA or PP receiver noise power N4 defined as:
Nyg=-144+10 lOglO(RXBw) + Np

[dBW], (D)
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where EX gy is the 3 dB receiver bandwidth expressed in MHz
and Ny is the receiver noise figure. The value of N4 in (1) is
subsequently used to evaluate the limits on the allowed UWB
inter-system interference I4, accounting for the ITU I/N re-

quirements, i.e.,
Ja (i) ,
Ny N ITU

where (£) 7y = —20dB [9], [10]. In order to simply compare
the allowed interference power with the power spectral density
values indicated in the FCC masks, we assume that the UWB
has a flat power spectral density and bandwidth Wywp = 3
GHz.

In the following subsections, we summarize the main charac-
teristics of FWA, PP, and UWB systems used to setup the simu-

lator.

05

B. FWA System Characteristics

The FWA systems considered in this paper operate in the
3.5 — 4.2 GHz and 4.4 — 5.0 GHz bands. It includes two com-
municating devices: A FWA Central Station (CS) positioned on
the building roof and a FWA Terminal Station (TS) in front of
the building. When the FWA receiver operates at 3.5 GHz, we
assume Np 22 5 dB and RX gy = 50 MHz or as an alternative
RX pw = 14 MHz. Using (1), we obtain N 459 =2 —122 dBW
for 50 MHz at 3.5 GHz and N 4,4 & —127.5 dBW for 14 MHz
at 3.5 GHz. When the FWA systems operate in the 4.4 = 5.0
GHz band, we assume Ny 2 6 dB and RX gy = 50 MHz thus
obtaining N a50 & —121 dBW for 50 MHz.

To evaluate the UWB interference on the FWA, it is necessary
to account for the specific antenna radiation patterns envelopes
in both horizontal and vertical planes. The characteristics of the
antenna commonly deployed for the FWA-TS are indicated in
[13]. A sectorial antenna with sectors of 90° and a main lobe
gain of 16 dBi is considered. Its radiation pattern envelopes are
reported in [13] and have also been extrapolated and used in
[4]-{7] and for brevity are not repeated.

C. PP System Characteristics

To assess the UWB interference on the fixed PP link we con-
sider a representative system with the following receiver char-
acteristics. The PP system operates at frequency 4.0 GHz and
the PP receiver has a noise figure Ny = 6 dB and 3 dB band-
width of about 40 MHz [4]. Using (1), the noise figure of the
PP receiver is N4 = —122 dBW. The typical antenna charac-
teristics used in the evaluation of the UWB interference in the
PP receiver are indicated in [14]. A parabolic approximation for
the antenna main lobe is assumed with a gain of 43.6 dB and a
3 dB beam width of 1 degree.

Substituting the data of the FWA and PP receivers in (1) and
using (2), we obtain the maximum allowed power spectral den-
sity (PSD) interference levels indicated in Table 1.

D. UWB System Features

We consider an UWB system with devices located inside the
building and communicating in accordance to a master-slave
network architecture. We assumed that any UWB device has
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Fig. 1. Hot spot scenario for FWA - UWB system coexistence: a) Build-
ng (upper view), (b) building (side view).

Table 1. UWB aggregate interference requirements for non-conflicting
coexistence with fixed systems expressed in terms of the maximum
allowable UWB power spectral density.

Aggregate interference objectives
FWA TS (BW=14 MHz) < —159 dBW/MHz at I/N= —20 dB
FWATS BW=50MHz) < —159dBW/MHz at I/N=—20dB
PP (BW = 40 MHz) < —157 dBW/MHz at I/N= —20 dB

an omnidirectional antenna on the horizontal plane with gain of
0 dBi. The most important UWB parameters and channel mod-
els used for subsequent analysis are indicated in Table 2 and will
be further detailed in the following sections.

The number of possible scenarios that should be explored, ob-
tained from the combinations of several system features listed
in Table 2, is quite large. However, many of them may turn
out to be unrealistic. For example, it could be noted that using
100% activity factors contrasts the typical deployment scenar-
ios envisaged for UWB devices where it is estimated that the
aggregate percentage of time the single device transmits do not
exceed 10% [6], [7].

1. SELECTED SCENARIOS

In this paper, we consider a hot spot scenario where the UWB
system, located inside a commercial/industrial building, inter-
feres with fixed systems such as FWA or PP located outdoor.

A. FWA Interference Scenario

In this scenario, we assume that UWB system interferes with
a FWA system located in the proximity of the building. The
FWA-TS antenna is steered in order to optimally point to the
FWA transmitter. We assume the building is 10 floors high and
we neglect the inter-floor interference among the UWB devices.
The geometrical layout of the selected reference scenario is de-
picted in Fig. 1. The aggregate interference due to UWB hot
spot will be evaluated considering different values for the dis-
tance between the FWA-TS and the building (see Fig. 1).

B. PP Interference Scenario

We consider a sub-urban area where a PP link passes a nearby
building containing the UWB hot spot. We assume that in the
PP design phase the necessary clearance for the line of sight
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Fig. 2. Hot spot scenario for PP - UWB system coexistence: (a) PP

scenario (upper view), (b} PP scenario (side view).

Table 2. Main parameters of the considered UWB system.

Alternatives

Free Space, ITU-R P.1411-1, etc.
Free space, Dual slope models, etc.
Used for every UWB device

1%, 5%, 8%, 10% up to 100%

2, 25, 100 Mb/s

Parameter

Outdoor Propagation Model
Indoor Propagation Model
Power Control

Activity Factor

Bit Rates

propagation, which is greater than 2 times the radius of the first
Fresnel zone, has been ensured. The geometrical scheme for the
PP scenario is depicted in Fig. 2. The minimum PP path off-
set indicated as X jeqrance in Fig. 2 is defined as the clearance
of the first Fresnel ellipsoid radius and it can be calculated using
standard equations as indicated in [4]. Assuming 4.0 GHz as the
operation frequency of the PP system, we fix X jcarance = 50
m. The aggregate UWB interference on the PP receiver will be
evaluated as a function of the distance from the building (indi-
cated with d in Fig. 2).

IV. INTERFERENCE EVALUATION PROCEDURE

To assess the UWB system performance and to evaluate the
interference generated by the UWB hot spot on the FWA and
PP systems, we used the software simulator developed within
the IST ULTRAWAVES European project {15]. Only UWB up-
stream transmissions are considered, the UWB system area is
assumed to be rectangular and UWB masters (acting as network
access points) are positioned on a regular grid while slaves are
randomly located within each floor as shown in Fig. 3. The
UWB system simulator is snapshot-based. Its operation prin-
ciples are illustrated in the flowchart of Fig. 4. At the beginning
of each outer loop iteration a new scenario is generated. Sce-
nario generation consists of randomly placing the slaves in the
area according to a uniform spatial distribution. Each slave is
connected to the master with the lowest overall loss?. The in-
ner loop is used to simulate an iterative power control proce-
dure. In each inner iteration the power of each transmitter is in-
creased or decreased in accordance to the comparison result be-
tween the received power-to-interference ratio C/I, calculated
for each slave in the area, and the target C/1,i.e., (C/I)rarger-
The updating procedure is halted when the power transmitted by
each active UWB device is practically constant or the maximum

2Overall loss includes losses due to distance and also shadowing. The stan-
dard deviation of the shadowing was g = 4.3 dB. No shadowing is considered
for outdoor propagation.
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Fig. 3. Grid of UWB master devices on each floor - dx and dy are the
horizontal and the vertical distances between two adjacent masters.

allowable transmission power has been reached®. At the end of
the inner loop all the relevant parameters such as the power level
transmitted by each user, and the number of terminals in outage
etc., are collected. The power transmitted by each UWB device
after reaching the system equilibrium, is subsequently used to
evaluate the interference on the FWA or PP systems.
The several parameters used for UWB upstream analysis are
now summarized.
o Source traffic model
Different traffic sources characterized by different bit rates
and activity factors have been considered in the analysis.
A typical mixed population of UWB devices is expected
to have many kinds of services characterized by different
bit-rates. Thus some results considering a combination of
source traffic models will be presented in the next sections.
o Path loss models: Indoor propagation
To study the dependence of the interference results on the
selected channel model, we consider two different models:
The simple free space and the dual slope models, i.e.,
— Free space propagation model

AfS(d) =ap+ay 10%10(‘1) [dB], 3
where d is expressed in m, aq is the path-loss at 1 m
equal to ag = 20log,((%F), and a1 = 20.

~ Dual slope propagation model

Adual (d)

0 de0,1]
—{ cology (d) d € [1,dprear] (4
1+ c2 10g10 d—m%;) d > dyreaks
where d is expressed in m and c; are constants. From
recent UWB channel measurements indicated in [16] we
can assume ¢g = 17 for line of sight (ILOS) propagation
and ¢y = 37 for non-LOS. In [16], we further observe
that channel measurements were collected up to a dis-
tance of 11 m. The path loss after 11 m is not indicated
in [16] while in [17] cc = 74 is assumed. However,

3The maximum UWB transmitting power considered in this paper is —6.2
dBm and can be easily calculated starting from the maximum allowable power

spectral density proposed by FCC (i.e., —41 dBn/MHz), assuming an UWB"~

signal bandwidth of 3 GHz and a flat UWB spectrum.
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this value is considered to be too large which perhaps
may be due to the particular propagation characteristics
of the environment where the measurements were origi-
nally collected.

To account for both indoor and outdoor propagation, the
overall propagation channel model used to evaluate the
UWB interference on fixed systems is the merge of two
channel models. In particular, to account for indoor prop-
agation, we use the free space or the dual slope model(s).
Outdoor propagation is always modeled using the free space
model.

o Other UWB system features

Call admission control (CAC) strategies allow the reduction
of interference in both UWB (intra-system interference) and
external narrow band systems, and therefore, enhancing the
performance of both. For example, a UWB slave transmitter
could be stopped when its power requirements are deemed to
be too large by the master. Assuming that masters are inter-
connected to form a network, when the number of masters in
the area increases, a slave can be simultaneously served by
more than one master. In this case, we could exploit diver-
sity to reduce the power to be transmitted by the slave thus
reducing interference. The beneficial effects of CAC strate-
gies and diversity were not considered in this paper and will
be the subject of future investigations where more complex
UWB network architectures and MAC protocols will be con-
sidered.

V. CALCULATION OF UWB INTRA-SYSTEM
INTERFERENCE

In this section, we describe in greater detail the procedure
and the assumptions used to evaluate the UWB intra-system in-
terference. This is a basic step in the simulated power control
procedure which is used to reach the UWB system equilibrium
condition.

The total interference I, ,, as measured in the n-th UWB
master receiver for the slave number m connected to it is:

I}Z’tﬁ) +Irsuwp +n,

&)

In,m =

where 7 is the thermal noise power* and Irg_yw 3 is the inter-
system interference due to fixed systems on the UWB receivers.

4 A noise figure of Nz = 5 dB was assumed.
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The Irs_.ywp could be accounted for by increasing the noise
figure in the UWB receiver but this effect is neglected in this
paper’

The term 1™ in (5) represents the UWB intra-system in-

Intra

terference caused by the UWB slave devices in the area. In the

upstream case 1.7 can be written as:
I = 32 PrLina(dn), ©)
k,k#£m

where Pr, is the power transmitted by the kth active slave de-
vice and L,q(dyx) is the indoor propagation loss accounting
for both distance between the nth master, n = 1,2, , Nyast
and the kth active slave, d,,;, and shadowing effects®.

The interference term I, ,,, is used to evaluate the carrier to
noise plus interference ratio of the slave number m connected to
the nth master, C(”’m)/I(m’").

The ratio C(™™) /10™) is compared with (C/I)rarger in
order to increase or decrease the mth slave transmission power.
The (C/I)rqrge used in the simulated power control procedure
was evaluated as:

NI NI
1 Target No Target

where PG = Wyw /Ry and Ry, is the source bit rate depend-
ing on the characteristics of the considered service. The UWB
reference (Ey/No)Targe: Was always set to 4 dB in each sce-
nario and for each bit rate.

A. Calculation of UWB Interference on FWA and PP Receivers

To assess the interference of UWB hot spot on the FWA and
PP systems, we evaluate the power of the UWB aggregate inter-
ference I;;wp_ s at the FWA and PP receivers and we com-
pare the results with the values in Table 1 assuming Wy g = 3
GHz. The Iyw 5. ps is evaluated as:

Iywp—rs = »_ Pr,, Lindout(dm), ®)

where P is the power transmitted by the mth UWB active
slave and L1,40u:(d) is the overall path loss between the mth
UWB device and the FWA-TS or PP receivers located at relative
distance d,,,. The overall path 10ss L;,40.:(d) in (8) accounts
for both indoor and outdoor propagation and it is obtained as a
combination of two propagation models.

VI. SIMULATIONS RESULTS

Simulation results were obtained considering different com-
binrations of the system features in Table 2. We considered vari-
able UWB device densities and a building floor with dimensions

5This assumption can be justified observing that in the FWA case the transmit-
ter s located above the building. Therefore, in this case, the FWA interference
on the UWB system is only due to secondary lobes of the FWA antenna and
can be considered as negligible. In the PP case, we can assume that the PP
transmitter is far so that the interference power received by the UWB devices is
practically negligible.

8The generic slave is always connected to the master seen with the lowest loss
LInd(dij) and i = 1,2,-++ , Nmast, J = 1,+++, Nsjave and Npgsr and
Ngiave are the number of masters and slaves in the area, respectively.
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Fig. 5. UWB aggregate interference (dBW/MHz) vs. FWA distance;
single service case; free space model (continuous lines) and dual
slope (dashed lines); 32 masters per floor; activity factor 5%; variable
number of UWB terminals per floor transmitting at 100 Mb/s.

120 x 60 m?. The vertical distance between floors is 3 m (see
also Figs. 1 and 2). Unless otherwise stated, the dual slope chan-
nel model in (4) with ¢g = 17 and ¢, = 40 is adopted in the
simulation.

Results on FWA and PP system are discussed separately in
the following two subsections.

A. FWA Results

A.1 Single Service Cases

We assume that UWB terminals transmit with the same bit
rate: 2 Mb/s, 25 Mb/s, or 100 Mb/s. The building penetration
loss is included by increasing the interference reference levels
in Table 1 by 10 up to 12 dB, i.e., considering 10 dB of build-
ing penetration loss the target aggregate interference is —149
dBW/MHz at I /N = —20 dB for FWA or —147 dBW/MHz at
I/N = —20 dB for PP.

In Fig. 5, we plot the aggregate UWB interference PSD level
as a function of the FWA-TS distance for different numbers of
UWRB terminals per floor. As expected the UWB interference
level increases with the number of users in the area therefore
the minimum safety distance of the FWA is influenced by the
(temporary) UWB system load. As shown in Fig. 5, the in-
terference level is always well below the limits in Table 1 in
all practical cases and even for very large UWB devices’ den-
sities such as 400 UWB terminals per floor corresponding to
about 560000 UWB terminals km?, each one transmitting at 100
Mb/s. A maximum density of 100 UWB users per floor (i.e.,
140000 UWB terminals km?) allows coexistence between FWA
and UWB independently of their relative distance. However, if
we include the building penetration loss, the upper limit on the
UWB devices density can be raised up to 400 UWB devices per
floor. Obviously, the reduction of the bit rate allows to further
increase the UWB devices density per floor, as also shown in
Fig. 6, where the interference reduction due to a decrease in the
bit rate for fixed UWB devices density is evidenced. In Fig. 7,
we plot the aggregate UWB interference as a function of the
number of available masters on the floor. It can be observed that
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Fig. 6. UWB aggregate interference (dBW/MHz) vs. FWA distance;
single service; variable bit rate; free space model (continuous lines)
and dual slope (dashed lines); UWB devices at 100 Mb/s; activity
factor 5%; 400 UWB devices/floor; 32 masters per floor.
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Fig. 7. UWB aggregate interference (dBW/MHz) vs. FWA distance;
variable number of masters in the area; free space model {continuous
lines) and dual slope (dashed lines); UWB devices at 100 Mb/s; 400
UWB devices/floor; activity factor 5%.

increasing the number of UWB masters in the area is a practical
mean to achieve a significant UWB interference reduction. In
fact the shortening of the average distance between the masters
and the served slaves allows to decrease the transmitting power
thus reducing both intra-system interference and the external in-
terference on FWA.

Having proved the compatibility between the UWB and the
FWA systems also for very large UWB terminals’ densities, we
now vary the terminals’ activity factors up to the maximum lev-
els foreseeable for a UWB system, i.e., 10%. In Fig. 8, we plot
the aggregate interference PSD level considering UWB trans-
mitters at 100 Mb/s with variable activity factor (AF). The re-
sults in Fig. 8 show the expected raise in the aggregate inter-
ference levels with the increase of activity passing from 1% to
5% and then to the maximum expected of 10%. From Fig. 8, it
can be further observed that even increasing the activity factor
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UWB devices at 100 Mb/s; free space model (continuous lines) and
dual slope (dashed lines); variable activity factors; 400 UWB de-
vices/floor and 32 masters per floor.

Table 3. Upstream: Traffic parameters for mixed bit rate simulation: 2,
25, and 100 Mb/s.

Population [percentage of the total]  Activity Factor Data-Rate
20% 5% 100 Mb/s
30% 8% 25 Mb/s
50% 10% 2 Mb/s

to 10%, in practice the effects of UWB on the FWA system are
not harmful. The increase of the number of masters in the area
can be still helpful to compensate for the larger interference due
to the increase of the activity factor.

A.2 Multi-Service Case

In this section, we consider a multi-rate scenario where UWB
terminals with different bit rate simultaneously operate in the
area. Users with three different bit rates, 2, 25, and 100 Mb/s,
were considered. The system scenario is maintained as in earlier
cases and the maximum device density is of 400 UWB terminals
per floor. Terminals are power controlled and are characterized
by decreasing activity factors in accordance to the bit rate. In
Fig. 9, we plot the aggregate interference density vs. FWA re-
ceiver distance from the building and consider different indoor
propagation models. The traffic parameters used to obtain the
results in Fig. 9 are summarized in Table 3. From Fig. 9, it
can be observed that, including building propagation loss, full
compatibility between UWB and FWA systems is practically
ensured independently of the channel behavior and for practi-
cal FWA distances from the building.

In Fig. 10, we plot the histogram on the UWB transmitted
power in the case of terminals operating at 2, 25, and 100 Mb/s.
From Fig. 10, it is further evidenced that no UWB users are
in outage and that due to power control action the UWB trans-
mitting power is always well below than the FCC limit of —41
dBm/MHz. As expected the average power transmitted by the
100 Mb/s terminals is larger than the 2 and 25 Mb/s users. This
is due to the lower coding gain available for the higher bit rate
services (see (7)).
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Fig. 9. UWB aggregate interference (dBW/MHz) vs. FWA distance;
UWB services 100 Mb/s (20%)+ 25 Mb/s (30%) + 2 Mb/s (50%), 200-
400 UWB devices/floor; free space (continuous line) and dual slope
(dashed line) indoor propagation model; 32 masters per floor.
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Fig. 10. Transmitted power histogram for power controlled devices op-
erating at 2, 25, and 100 Mb/s, 400 UWB devices/floor; indoor free
space channel model.

B. PP Results

In this section, we provide simulation results on the interfer-
ence on the PP system due to the UWB hot spot. We consider
the same UWB system features as for FWA but for brevity only
the results in the single service case are provided.

In Fig. 11, we plot the aggregate UWB interference spectral
density as a function of the PP distance for different number of
UWRB terminals per floor. As expected the UWB interference
level increases with the number of users in the area therefore
also the safety distance of the PP is strongly influenced by the
(temporary) UWB system load. The behavior of the curves in
Fig. 11 can be explained by looking at the scenario depicted in
Fig. 2. 1t can be observed that, for a fixed clearance X by vary-
ing the distance of the PP receiver from the UWB hot spot the
antenna gain under which the PP sees the hot spot increases up to
the maximum (43.6 dBi). This leads to an increase in the inter-
ference power as also indicated in Fig. 11. By further increasing

169

AF=5%., 100Mb/s
T

Aggregate interference [dBW/MHZ]

N —
g —— 100 uwb device/loor
7 e &~ 200 uwb devicefloor
o %/ N —&— 300 uwb device/floor
Fd —&— 400 uwb device/loor
/ —_—
/
/
~~t
170 . i e
a 4000 8000 12600

PP distance [m]

Fig. 11. UWB aggregate interference (dBW/MHz) vs. PP distance; sin-
gle service case; free space model (continuous lines) and dual slope
(dashed lines); 32 masters per floor, activity factor 5%, variable num-
ber of UWB terminals per floor at 100 Mb/s.
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Fig. 12. UWB aggregate interference (dBW/MHz) vs. PP distance; sin-
gle service case; free space model (continuous lines) and dual slope
(dashed lines); activity factor 5%; 32 masters per floor; 400 UWB ter-
minals per floor with different bit rates.

the PP-UWB distance, the attenuation due to propagation be-
comes dominant and interfering power starts to decrease. Thus,
to reduce the UWB inference, unlike the FWA, it should be more
convenient to locate the PP receiver in the close proximity of the
UWB hot spot.

In Fig. 12, we plot the aggregate UWB interference versus the
PP distance considering UWB terminals transmitting the same
bit rate: 2, 25, or 100 Mb/s. In Fig. 13, we analyze the depen-
dence of the UWB aggregate interference on the activity factors.
Results in Figs. 12 and 13 still show that PP and UWB hot spot
can practically coexist under all practical operating conditions
and also for large UWB system loads.

Finally in Fig. 14, we analyze the dependence of the aggre-
gate interference on the number of UWB masters per floor. Also
in this case UWB interference can be conveniently controlled by
varying the transmission rates but, most importantly, by increas-
ing the density of the masters in the floor area.



170

400 uwb device/floor @ 100Mb/s
i J—

—h— &
P —
o \Ar‘\é
& -
= 4 AR
%150 // i :?--iF-._::;
S / &~
g8 g G O memmn B, o
© 2T T e ¢
: | /- o
H
& ; .
2 Ve S
£ 7 - 7 ]
o 4 -
H 4 7
g0 S e
8 7 T e
o T T
. _
d " Activity Factor = 1%
el -~ Activity Factor = 5%
% & Activity Factor = 10%
/’ T
/
/
~f

-170
(]

L
8000 12000

PP distance [m]

Fig. 13. UWB aggregate interference (dBW/MHz) vs. PP distance; sin-
gle service case; free space model (continuous lines) and dual slope
(dashed lines); 32 masters per floor; variable activity factor; UWB
devices at 100 Mb/s.
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Fig. 14. UWB aggregate interference (dBW/MHz) vs. PP distance; sin-
gle service case; free space model (continuous lines) and dual slope
(dashed lines); variable number of masters per floor; activity factor
5%; UWB devices 100 Mb/s.

VII. THE EFFECTS OF CHANNEL MODEL
PARAMETERS ON THE UWB INTERFERENCE
CALCULATION

In this section, we analyze the influence of the channel model
parameters on the evaluation of the UWB aggregate interference
in the attempt to evidence the critical parameters mainly influ-
encing the results. To render simulation faster, we consider a
UWRB devices’ density with 100 devices per floor and only FWA
is considered even though the following considerations can be
easily extended to PP.

In Fig. 15, we plot the UWB aggregate interference spec-
tral density level as a function of the distance of the FWA-TS
from the building. We consider the dual slope channel model
for indoor propagation and we vary ¢» in (4). We assumed a
dpreqe = 11 m and 32 masters in the area. From Fig. 15, it
can be observed that interference is practically independent of
c2 in (4) and the only critical parameter is cq in (4) accounting
for LOS or non-LOS propagation conditions for master to slave
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Fig. 15. UWB aggregate interference (dBW/MHz) vs. FWA distance; sin-
gle service case at 100 Mb/s; dual slope channel models; 32 masters
per floor, activity factor 5% and 100 UWB devices/floor.
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Fig. 16. UWB aggregate interference (dBW/MHz) vs. FWA distance;
single service case at 100 Mb/s; dual slope channel model with vari-
able dpreqr; 32 masters per floor, activity factor 5% and 100 UWB
devices/floor.

distance lower than dp,eqk- As shown in Fig. 15, in the planning
of the UWB system, LOS conditions should be preferred in or-
der to reduce interference on other systems. Depending on the
environment characteristics, this requirement could be achieved
by increasing the density of the masters in the area.

In Fig. 16, we plot the aggregate interference vs. the FWA-
TS distance considering two dual slope channel models which
differ by dp,eqr. From Fig. 16, it can be observed that the chan-
nel model with dy,¢,, = 6 m leads to higher interference with
respect to the channel with dy,.qx = 11 m. This fact can be
explained by observing that for N,,,s;; = 32 the distance be-
tween two adjacent masters dx = dy = 15 m (see Fig. 3)
which is greater than 2dpreqr = 12 m. Therefore a small per-
centage of UWB terminals may experience a propagation chan-
nel characterized by large path loss exponents and thus they are
forced to transmit higher power. The increase in the number
of UWB masters in the area reverses this situation as shown in
Fig. 17 where the number of masters was increased to 128. For
the case in Fig. 17 the distance between two adjacent masters is
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Fig 17. UWB aggregate interference (dBW/MHz) vs. FWA distance;
single service case at 100 Mb/s; dual slope channel model with vari-
able dy,.qr; 128 masters per floor, activity factor 5% and 100 UWB
devices/floor.

reduced to 7.5 m which is comparable with dp,eqr, = 6 m. Thus
the percentage of UWB slaves experiencing a bad propagation
coadition (i.e., path loss exponent greater than 2) is drastically
reduced. Always assuming Np,.s; = 128 and considering a
reference master, when dp,c.,x = 11 m, the percentage of in-
terfering slaves experimenting favorable propagation conditions
towards the reference master is increased with respect to the case
of dpreair = 6 m. This may lead to an increase in the interfer-
ence as measured by the reference master receiver and slaves
are required to transmit larger power leading to an increase in
the interference on FWA as confirmed in Fig. 17. In the previ-
ous considerations, we implicitly assumed that each UWB slave
is always connected to a single master and we did not consider
diversity issues that are helpful to further reduce interference on
FWA.

VIII. ON THE IMPORTANCE OF POWER CONTROL
IN THE UWB SYSTEMS

In a typical CDMA system, power control is mainly used
to avoid near-far problems. As shown in this section in UWB
spread spectrum systems, power control is also a necessary
mean to ensure non-conflicting coexistence with other systems.
We now consider a scenario where only a (variable) percentage
of asers in each floor are power controlled while the others trans-
mit at the maximum FCC allowable power. We consider slaves
always transmitting at 100 Mb/s with activity factor of 5%. In
Fig. 18, we plot the aggregate interference on FWA as a function
of distance by considering upstream transmissions and by vary-
ing the percentage of power controlled terminals in the area. For
brevity only the FWA case is analyzed but similar considerations
stif apply for PP. From Fig. 18, it can be observed that power
control is effective in the reduction of the interference only when
the percentage of power controlled users is relatively large. In
the case of Fig. 18, it can be observed that when only the 20%
of slaves are power controlled the beneficial effects of power
control on the UWB interference on the FWA are negligible.

In Fig. 19, we plot the aggregate interference margin level
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Fig. 18. UWB aggregate interference (dBW/MHz) vs. FWA distance;
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of power controlled users; FWA receiver at 1000 m and slaves trans-
mitting at 100 Mb/s; free space indoor model; 400 UWB devices/floor
and 32 masters per floor.

above the limit of —149 dBW/MHz’ as a function of the per-
centage of power controlled users on the floor. The FWA re-
ceiver is assumed to be at 1000 m from the building and slaves
with different activity factors 1% and 5% are considered. It can
be observed that only a limited percentage of non power con-
trolled users can be admitted in the system without causing dan-
gerous interference provided their activity factors are below 1%.
Thus power control on UWB devices can be avoided only for
those services requiring very low activity factors such as those
signaling procedures requiring occasional use of the channel®.

"This value was obtained including building penetration loss of 10 dB in the
objective performance indicated in Table 1.

8 A significative example of these procedure is the access to the system for
the first time commonly implemented using random multiple access procedures
such as ALOHA or S-ALOHA.
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IX. CONCLUSIONS

The assessment of the potential interference caused by UWB
devices is a fundamental research topic to guarantee non-
conflicting coexistence between UWB devices and any other ex-
isting and future narrowband systems as well as to gain accep-
tance of UWB technology worldwide. Any study on this aspect
needs to go beyond simplistic models and should adopt realistic
scenario deployments. Similarly to many other wireless local
area network systems, UWB terminals will be in sleep mode for
the large percentage of time, will not run continuously and will
not emit constantly at the maximum allowed power. Further-
more, more accurate path-loss models need to be considered to
evaluate the effective aggregate interference that UWB systems
might cause to any other system such as FWA and PP. In this pa-
per, we analyzed through simulation the potential harmful inter-
ference of UWB on fixed wireless systems (FWA and PP) whose
band are completely overlapped with the band of the UWB sig-
nal operating between 3.1 ~ 10.6 GHz. A UWB master-slave
network architecture was considered and interference on FWA
and PP due to UWB upstream transmissions was considered.
The results presented in this paper show that considering few
simple features of the UWB system such as its system archi-
tecture, the activity factor, the power control, and more realistic
propagation models, there is no practical risk for the FWA and
PP operations even in the extreme densities proposed. The in-
crease of the distance between the UWB hot spot and the FWA
system leads to a reduction of the UWB interference. This is
not true for PP links for which, due to the high directivity of
the receiver antenna, it would be better to locate the PP in close
proximity of the hot spot. Further margins not even considered
in this paper still exist such as admission control techniques,
deep NLOS and multiple trough-wall indoor losses. The impor-
tance of the channel model parameters in the interference evalu-
ation and the importance of power control were also discussed.
The analysis procedure introduced in this paper can be easily
extended to other significative scenarios.
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