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Spectrum Sharing for LTE-A and DTT:
Field Trials of an Indoor LTE-A Femtocell in
DVB-T2 service area

G. Martinez-Pinzén, N. Cardona, C. Garcia-Pardo, A. Fornes-Leal and J. Ribadeneira-Ramirez

Abstract— In the near future, many applications such as
environmental sensors, smart objects, health sensors and
personal devices will be connected to mobile networks requiring
additional spectrum. Studies have been made to demonstrate a
low occupancy time and locations on the DTT band. This
available or unused spectrum have been called “TV-White-
Spaces”. In the 2015 World Radiocommunication Conference,
the ITU decided to re-allocate the 700 MHz band (694-790 MHz)
for IMT services and also emplaced the discussion of the future
use of the DTT band (470-694 MHz) to 2025, for which studies
have been requested.

In this paper we study a particular case which goes a step
beyond the previous ones, as it aims at sharing the same
frequency band in the same area between Long Term Evolution -
Advance (LTE-A) and Digital Video Broadcasting — Terrestrial
Second generation (DVB-T2) technologies. Those geographical
areas that are not covered because the useful DTT signal is
obstructed by the environment or it has a limited coverage by the
network design can be called “micro-TVWS” (uTVWS). We
assume that a DVB-T2 transmitter provides coverage for fixed
rooftop reception as a primary service, to a building in which a
LTE-A femtocell is installed indoors for local coverage, as a
secondary service. The results have been obtained by laboratory
emulation and validated through field measurements using
professional equipment. Our results provide the technical
restrictions of the LTE-A Femtocell, mainly on the maximum
allowable Effective Isotropic Radiated Power (EIRP) that could
transmit on the DTT band in terms of carrier separation, from
co-channel to adjacent band. These results meet the need of
spectrum for IMT-Advanced technologies, so spectrum sharing is
proposed in this paper as a new solution to make an efficient use
of this resource.

Index Terms— DVB-T2, LTE-A Femtocell, White Space,
Spectrum Sharing, Digital Terrestrial Television, IMT-Advance
Technologies.

I. INTRODUCTION

he increasing demand of applications and scenarios that
converge on the massive use of mobile communications
has led to a need for additional spectrum allocation. New
applications such as environmental sensors, smart objects,
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health sensors and personal devices will be connected through
mobile devices, so an exponential increase in data traffic
accessing mobile radio links is expected. The majority of
reports published on actual mobile traffic profiles claim that
about 50% of voice calls and 70% of the data traffic is
generated in indoor scenarios [1]. Cisco Visual Networking
Index (VNI) considered that global mobile data traffic will be
multiplied by 10 in the next five years, reaching 30.6 Exabytes
per month in 2020 (3.7 Exabytes in 2015), representing an
annual increase rate of 53 percent from 2015 to 2020 [2].
Furthermore, The International Telecommunication Union
(ITU), in its report ITU-R M.2290, estimated that 1960 MHz
radio spectrum will be necessary by 2020 to allow the
appropriate development of technologies International Mobile
Telecommunications (IMT) 2000 and Advanced [3].

Since radio spectrum is a natural, scarce and highly
demanded resource for the use of wide range wireless
technologies, governments and international organizations are
considering new and more flexible solutions to make a more
efficient use of it. The ITU decided to re-allocate the upper
part of the Digital Terrestrial Television (DTT) band (from
790 to 862) for IMT technologies in the so called Digital
Dividend (DD1) and announced their intentions to allocate
more spectrum for mobile broadband use (700 MHz band) [4].
For this purpose, many coexistence studies evaluating the
interference of LTE signals into DTT services have been
driven. To quantify the interference problem, protection ratios
were calculated for several LTE configurations, located in the
lower part of the assigned band, for both downlink and uplink
cases. In [5] protection ratio measurements for DVB-T2
interfered by LTE for both downlink and uplink, and link
budget analysis were presented. In [6] and [7] protection ratio
measurements for LTE interfering to DVB-T and DVB-T2
were made. In [8] and [9], possible solutions are proposed to
mitigate interference problems between DTT and LTE in
adjacent channel, such as increasing the guard band or use low
pass filters. After considering several coexistence scenarios
and using the measured protection ratios, some planning
studies were performed [10]. In [11], the coexistence between
an indoor LTE femtocell and a DVB-T2 Lite in the 800 band
is proposed. In this study, a linear model to evaluate the
impact of coexistence on performance of both systems is
suggested. Lamy's report recommended to re-allocate the 700
MHz band for IMT technologies around 2020[12]. In addition,
it proposed the ratification of the 470-694 MHz frequency
band for DTT as a primary service, with the possibility of
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using this band for additional downlink broadband services
(always accomplishing the quality of the primary service).

The Electronic Communications Committee (ECC)
considers four classes of long-term scenarios for the 470-694
MHz band [13]: Primary usage of the band by existing and
future Digital Video Broadcasting (DVB); Hybrid usage of the
band by DVB and/or downlink LTE terrestrial networks (LTE
SDL/eMBMS); Hybrid usage of the band by DVB and/or LTE
including uplink; Future communication technologies.
Therefore, in the 2015 World Radiocommunication Congress
(WRC-15), the ITU decided to re-allocate the 700 MHz band
(694-790 MHz) for IMT services and also emplaced the
discussion of the future use of the DTT band (470-694 MHz)
to 2025, for which studies have been requested [14].

Furthermore, other studies have been made to optimize the
use of the spectrum in the UHF band. In this way, some
studies have been conducted to demonstrate a low occupancy
time and location on the DTT band. A study carried out in 11
countries in Europe in the 470-790 MHz band concluded that
approximately 56% of the TV channels are unused, when
averaged over a whole geographic area [15]. These available
or unused spectrum have been called "TV-White-Spaces"
(TVWS) and could be used by low power devices from not
licensed users, transmitting on the same or adjacent frequency.
But TVWS are considered in two dimensions (time and
location), and these studies have been limited to identify
surface areas where a certain TV channel is unused.

In this paper we go a step beyond coexistence, since the aim
is to exploit the unused radio spectrum in those geographical
zones that are not covered because the useful signal is
obstructed by the environment or it has a limited coverage by
the network design. Those areas can be called “micro-TVWS”
(UTVWS). The most representative cases of our definition of
MTVWS are those indoor environments in areas where DTT
received power is below the required sensitivity because a TV
channel is broadcasted to rooftop reception. The proposed
scenario considers a DTT network offering fixed rooftop
reception as a primary service, and a LTE-A femtocell giving
coverage within the interior of a home or office as a secondary
service. We have considered a FDD system (Frequency
Division-Duplexing system) for the LTE-A service in which
downlink is provided in a TV-white-space, whereas uplink
would be supplied in an upper band (e.g., 700 MHz band).
Thus, the LTE-A femtocell can use a pTVWS inside the DTT
band. The advantage of this scenario is that the path loss from
the femtocell to the DTT antenna are considered as a gain to
determine the Maximum Equivalent Isotropic Radiated Power
(EIRP) that could transmit the LTE-A femtocell. We have
chosen for our studies the DVB-T2 standard. DVB-T2 is the
current state-of-the art DTT system and the most adopted and
deployed in the world. The main objective of this work is to
establish the maximum allowable EIRP for a LTE-A
Femtocell that could transmit on the same band as the DTT, in
terms of the carrier separation, going from co-channel to
adjacent band. To achieve this goal, we have performed
measurements in laboratory conditions and we have validated
these measurements with field trials, using professional

equipment. These result meet the need of spectrum for IMT-
Advanced technologies, so spectrum sharing is proposed in
this paper as a new solution to make an efficient use of this
resource. Also, it can be interesting for the ITU such as a
possible application to discuss the future use of the DTT band,
for regulatory entities, mobile operators and broadcasters.

The rest of the paper is structured as follows: In Section II,
the proposed scenarios and the use cases are presented. In
section Ill, the methodology of laboratory and field
measurements carried out to find the maximum EIRP
transmitted by a LTE-A Femtocell is explained. In Section IV,
the results to establish the maximum allowable EIRP for a
LTE-A Femtocell that could transmit on the same band as the
DTT are presented. Finally, conclusions and future work are
outlined in Section V.

Il. DTT & LTE-ASCENARIOS

The scenarios under analysis considers a DVB-T2 network
offering fixed rooftop reception as a primary service, and a
LTE-A femtocell giving coverage within the interior of a
home or office as a secondary service. The DVB-T2 signal is
interfered by a LTE-A DL signal (Downlink from femtocell to
LTE-A users). The LTE-A femtocell uses a uTVWS inside the
DTT band. Assuming that the path loss are the lowest possible
between the path from the femtocell to the receiving antenna
DTT, three different configurations or scenarios have been
considered as the worst cases as depicted in Fig. 1.
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Fig 1 Evaluated scenarios for spectrum sharing between DTT and LTE-A in
the DTT band. a) Scenario 1, b) Scenario 2 and ¢) Scenario 3.
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Scenario 1: A femtocell is located on the top floor of the
building and a DVB-T2 antenna is situated on the rooftop
the same building (See Fig. 1a).

Scenario 2: A femtocell is located on the top floor of the
building and a DVB-T2 antenna is situated on the rooftop
of another building. The two buildings are one next to the
other, with line-of-sight (LoS) between the antennas and
glass in the middle of the path (See Fig. 1b).

Scenario 3: It's the same configuration that scenario two,
but in this scenario the femtocell and the receiving
antenna are located at the same height (See Fig. 1c).

For the proposed scenarios the use of existing uTVWS in
indoor is evaluated, considering the two most restrictive cases:

Case A: Co-channel and adjacency channel: The LTE-A
femtocell can use a co-channel or an adjacent channel to
the DVB-T2 channel. The femtocell transmitting
restrictions are evaluated in order to determine the
minimum frequency spacing between central carriers
from LTE-A to a DTT channel, as shown in Fig.2. We
have considered that the DVB-T2 signal uses DTT
channel 48 (686 — 694 MHz) and the LTE-A DL signal
transmits in co-channel or adjacency in channel 49
(694 — 702 MHz). The LTE-A central carrier is moved
from co-channel to adjacent channel with respect to the
DVB-T2 central carrier in steps of 0.5 MHz to evaluate
the restrictions mentioned above as shown in section 4.
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Fig 2. Case A: LTE-A Femtocell (10 MHz bandwidth) uses a pTVWS located
co-channel or adjacent channel to the DVB-T2 channel.

Case B: Double Adjacency: The LTE-A femtocell central
carrier is set between two DVB-T2 channels. Fig. 3 shows
the initial configuration, in which the DVB-T2 signals are
occupying the 48 (686 — 694 MHz) and 50 (702 - 710
MHz) channels and the LTE-A DL signal is using channel
49 (694 — 702 MHz). In this case, the LTE-A central
carrier is moved between two DVB-T2 channels in steps
of 0.5 MHz.
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Fig 3. Case B: LTE-A Femtocell (10 MHz bandwidth) transmitted in a
UTVWS located between two DVB-T2 channels.

I1l. METHODOLOGY

The results have been obtained by laboratory emulation and
validated through field measurements using professional
equipment. To determine the maximum allowable EIRP for
LTE-A femtocell we carried out the following four steps:

1. Measure the protection ratios between DVB-T2 and
LTE-A (Downlink) systems. The Protection Ratio is
defined as the minimum required value of the
difference between the useful (DVB-T2) and the
interfering (LTE-A) signal levels, expressed in dB, at
the receiver input to accomplish with a specific
quality requirement.

2. Determine the maximum allowable interference
power of the femtocell at the DTT receiver
(PLTE=4y, for the considered scenarios, using the
protection ratios obtained in the previous step:

PITETA = Poi7 — PR (1)
where PR is the protection ratio obtained in the
previous step and P2YE is the sensitivity (minimum

required received power) of the DVB-T2 receiver.

This parameter depends on the DVB transmission

mode used.

3. Calculate the path loss between an indoor LTE-A
femtocell and the DVB-T2 receiving antenna
(PL;3,), this parameter depends on the scenarios
under study and can be computed as:

PLyo =FSL+ ¥ n;* l; — G, 2

where FSL is the free space loss, which is calculated
using the propagation model UIT-R 525-2 [16], n; is
the number of obstacles that are crossed by the direct
path between the femtocell and the DVB-T2 antenna,
and [;is the attenuation caused by the obstacle.



This parameter depends on the type of the obstacle
(wall, ceiling, windows, floor, and furniture) and the
frequency. Typical attenuation values of these kind of
obstacles can be found in [17]. G, is the receiving
antenna gain. This parameter is based on the antenna
directivity and the angular antenna discrimination,
which is associated with the vertical radiation pattern
of the DTT antenna.

4, The maximum EIRP that could transmit an indoor
LTE-A femtocell (EIRPLTE=4), can be obtained such
as:

EIRPLTE-A4 = pLTE-A 4 pL... 3)

where P,LTE=4 s the interfering allowable power of
the femtocell and PL;,, is the indoor to outdoor path
loss, which can be considered as a gain to determine
the maximum EIRP for a LTE-A femtocell.

A. Protections Ratio Measurements Setup

The measurement of protection ratios have been carried out
in laboratory conditions using the subjective failure point
method specified in the Recommendation ITU-BT 2215 [18],
as shown in Fig. 4. The DTT power was set to 60 dBm and the
interfering signal (LTE-A) was increased in 0.1 dB steps,
waiting 20 seconds in each step to detect possible errors in a
real video. If an error is detected, the previous interfering
power is taken as the maximum allowed [19]. As a function of
DVB-T2 and LTE-A carrier separation, the protection ratios
are measured by varying the central frequency of the LTE-A
signal from co-channel to adjacent channel (case A) and
between two DVB-T2 channels (case B ) in steps of 0.5 MHz.

For DVB-T2, a signal generator with channel emulator
(R&S SMU 200) has been used. A Rice channel model for
DVB-T2 has been considered, which is equivalent to assume
line-of-sight between the DTT transmitters to the rooftop
receiver (DVB-T2 link). The LTE-A signal has been generated
using a second signal generator (Aeroflex SGD-6).
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Fig 4. Experimental laboratory set-up to measure interference protection ratios
between DTT and LTE-A signals.

TABLE. |
DTT AND LTE-A REFERENCE SIGNAL PARAMETERS
DTT
Parameter Fixed Rx
Standard DVB-T2
Modulation 256-QAM
Code Rate 2/3
FFT 32K Extended
Guard Interval 1/128 (28 ps)
Pilot Pattern PP7
CNR (RICE) 20dB
Bandwidth 8 MHz
LTE
Parameter Downlink Value
Standard LTE-A
Multiplex OFDM
Duplexing FDD
Modulation QPSK
FFT 512,1024
Guard Interval (4.7 ps first s’;l/(r;rtr)rl)a:! 5.2 ps next)
Traffic loading IDLE / 100%
Bandwidth 5/10 MHz

Table | presents the configuration parameters employed for
DVB-T2 and LTE-A. The DVB-T2 mode is the one used in
the United Kingdom broadcast networks. We have assumed a
bandwidth of 8 MHz for the DVB-T2 signal (Europe). For the
LTE-A-DL signal (Downlink from femtocell to LTE-A users)
we considered different bandwidths and traffic loads, in order
to evaluate the worst case in the scenarios under analysis. We
have set a bandwidth of 5 and 10 MHz and different traffic
loads (idle and fully load). A set of 5 different DTT receivers,
including TV screens and set top boxes, were used to evaluate
the quality of video reception. The modulation does not
change significantly the shape of the LTE-A signal spectrum
and therefore does not influence the results. For this case we
assumed QPSK, the same that is chosen in ITU studies [19].

B. Field Trials Setup

The field trials configuration is shown in Fig. 5. They were
carried out at the Universitat Politécnica de Valencia (UPV),
Spain. The DTT antenna was located about 500 m far from the
DVB-T2 transmitter. A LTE-A femtocell was placed at
different indoor locations.

Fig 5. Location of the scenarios under analysis in field measurements.



The transmitter used for generating the DVB-T2 signal is a
Multi-standard modulator DekTec DTA-115 Multi-Standard
VHF/UHF. The transmitter output was connected to
amplification and supply stages and distributed to two sector
panel antennas. These antennas have 11 dBi gain each and
their radiation patterns have 28° and 62° beamwidths in the
horizontal and vertical planes respectively.

The LTE-A signals of the femtocell have been generated
with the same equipment used in the laboratory. The LTE-A
femtocell was connected to an omnidirectional antenna. This
antenna has 2 dBi gain in the DTT band. Finally, the DTT
receiving antenna was connected on one side to a DTT
receiver and on the other side to a Spectrum Analyzer (Anritsu
Spectrum Master MS2720T). This spectrum analyser is
employed to provide power spectrum measurements.

The field measurements have been performed taking into
account the next steps: first of all, the quality of the video
reception for DVB-T2 in the absence of the LTE-A signal
emission is measured. Secondly, the received signal power
from the LTE-A femtocell in the absence of DVB-T2 signal is
measured. Thirdly, the indoor to outdoor path loss between the
LTE-A femtocell and the DTT antenna is measured. Fourthly,
the LTE-A femtocell was configured to emit with different
parameters of bandwidth, frequency, power and traffic loads.
Finally, the DVB-T2 and LTE-A signals are transmitted
simultaneously to measure the protection ratios and the
maximum EIRP of the LTE-A femtocell.

IV. RESULTS

A. Laboratory Measurements
1) Protection Ratio Measurements

The protection ratios are computed as a function of the
separation between the DVB-T2 and the LTE-A central
carriers, varying from co-channel to non-overlapping in steps
of 0.5 MHz. In addition, the overlapping that suffers the DVB-
T2 channel is also presented. The overlapping is defined as the
quantity of undesired spectrum (LTE-A signal) that interferes
the useful spectrum (DVB-T2 signal), and it is calculated as
the percentage of bandwidth of the interfering spectrum that is
over the total bandwidth of useful spectrum.

a) Effect of LTE-A traffic load

Fig. 6 shows the protection ratios for a DVB-T2 useful
signal interfered by a 5 MHz LTE-A signal, for two different
traffic loads (100% and Idle).

As can be observed, the protection ratios are more
restrictive for the LTE-A signal at 100% load, as could be
expected for this OFDM system [5]. Concerning on the carrier
separation, the protection ratios are very restrictive for co-
channel, since all the LTE-A spectrum falls into the DVB-T2
channel, but have a significant improvement when the LTE
central carrier is between 1 and 3 MHz (Overlapping between
0 and 20 %) regarding to the DVB-T2 channel edge, meaning
that some overlap, or at least no guard band, could be set
under certain circumstances.
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Fig 6. Protection ratios for fixed DTT reception, interfered by LTE-A-DL
with a bandwidth of 5 MHz, for different traffic loads.

b) Effect of the LTE-A bandwidth

1) Case A: Co-channel and adjacency channel

Fig. 7 illustrates the protection ratio measurements for the
same DVB-T2 signal interfered by a fully loaded LTE-A DL
channel (worst case), for two different bandwidths: 5 MHz
and 10 MHz.

As in the previous case, the measurements are performed
from co-channel to first adjacent channel (no spectrum overlap
between the two systems). Results show how much the
protection ratios for LTE 10 MHz are more restrictive to those
for 5 MHz, due to the different out-of-band fall for each
LTE-A channelization, and mainly due to the difference in the
overlapped bandwidth with respect to a DVB-T2 channel [5].
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Fig 7. Protection ratios for fixed DTT reception, interfered by LTE-A-DL, for
different LTE-A bandwidth.

(2) Case B: Double Adjacency

Fig. 8 shows the protection ratio measurements for a fully
load LTE-A signal interfering between two DVB-T2 channels,
for two different bandwidths: 5 MHz and 10 MHz. Also, the
overlapping that suffers the two DVB-T2 channels with
respect to the LTE-A central carrier is represented.
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Fig 8. Protection ratios for two DVB-T2 channels, interfered by LTE-A-DL,
for different LTE-A bandwidth.

In this case, protection ratios are also more restrictive for
the 10 MHz since LTE-A channel uses a pTVWS with lower
bandwidth (UTVWS of 8 MHz bandwidth). Thus, the LTE
signal is always overlapped between the two DVB-T2
channels. On the contrary, the 5 MHz LTE-A channel has up
to 1.5 MHz of guard band with respect to the two DVB-T2
useful channels. Hence, the results of case study B are more
interfering than those from case study A.

B. Field Trials

The three scenarios proposed in Section Il have been
evaluated by field measurements and were compared with
laboratory measurements. Before the measurement process, it
is necessary to find the location of the LTE-A femtocell that
determined the lowest path loss from the femtocell to the DTT
receiving antenna (work cases). The femtocell was always
placed at 90 centimetres of height above the ground of the top
floor.

Protection ratios, path losses and received power were
measured employing a spectrum analyser at the receiver input,
so both the directivity and the angular discrimination of the
vertical radiation pattern of the DTT antenna are included in
the measurements. The power levels for each frequency bin
are obtained through the average detection principle.

1) Path loss

Taking into account a null angular discrimination antenna
(worst case), path loss from the femtocell to the DTT
receiving antenna were measured. Table 1l shows the indoor to
outdoor path losses obtained for each of the three scenarios.

TABLE. Il
PATH LOSS BETWEEN FEMTOCELL AND
DTT RECEIVING ANTENNA FOR THE SCENARIOS.

Scenario 1 Scenario 2 Scenario 3

Path Loss

(dB) 62 54 47

The most restrictive path loss is 47 dB in the scenario 3
(worst case), in this case, both the femtocell and the receiving
antenna are located at the same height, with line-of-sight
between the antennas and glass in the middle of the path. In
scenario 2 results are very similar, we can observe 7 dB extra
losses compared to scenario 3, because the larger path length
of the interfering signal. This implies that the femtocell of the
scenario 2 could transmit up to 7 dBm more than in the worst
scenario (scenario 3). Scenario 1 is the less critical mainly
because of there is no line-of sight between the antennas and
the kind of obstacle that LTE-A signal has to go through.

The results are compared with a campaign of measurements
proposed by British Broadcasting Corporation (BBC) [20].
The BBC evaluated the path loss between White Space device
and DTT antenna, considering the same three scenarios.
However, there are some differences to keep in mind between
the measurements performed in our work and those driven by
BBC. While our study was carried out in an area with high
density of buildings, their measurements were performed in a
private house of a region with lower density of constructions.
In addition, the distance between the antennas (DTT and LTE
femtocell) as well as the height between them are slightly
different between both studies. In our case, path loss is
between 2 and 4 dB higher than those provided by BBC, being
the scenario 2 which presents greater difference. Also, it
should be pointed out that our results are a bit different due the
slightly differences in the scenarios setup, and other factors
that affect the path loss, such as the environment type,
weather, etc. However, the results are consistent with those
presented by BBC.

2) Maximum allowable EIRP for the indoor LTE-A Femtocell

The useful DTT received power was set to the minimum
required received power, P2YE | for 95% of location probability
for the DVB-T2 reference mode (-73 dBm) [21]. This
represent the worst case (i.e. with the DTT receiver antenna
located at the edge coverage of DVB-T2 transmitter). Then,
considering the protection ratio as well as the path loss
obtained above, the maximum femtocell EIRP allowed was

measured.

a) Case A: Co-channel and adjacency channel.

1) LTE-A 5 MHz bandwidth

Fig. 9 shows the maximum EIRP that could transmit the
indoor LTE-A femtocell for the three proposed scenarios
obtained in field trials, for the fully load traffic (worst case)
and in terms of the overlapping from the LTE channel to the
DTT channel. Furthermore, the maximum femtocell EIRP
allowed in the scenario 3 (worst case) is compared with that
obtained in laboratory. Maximum EIRP in the scenario 3 is
between 0.3 and 4 dB more restrictive that laboratory
measurements, due mainly to the channel fading, which
affects the signals in a real transmission scenario.
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Fig 9. Comparison between laboratory and field measurements, for a 5 MHz
LTE-A channel in the case A.

In the other two scenarios the difference between field trials
and laboratory measurements was similar or smaller that for
the scenario 3. it should be noted that results indicate that it is
not feasible to allocate the LTE-A carrier within the DVB-T2
channel, due to the low power (between -46 and -34 dBm,
scenario 3 ) and (between -31 and -19dBm, scenario 1) that
could transmit the femtocell without interfering the DVB-T2
signal. Thus, the co-channel approach can be disregarded.
EIRP typical value that could be transmit an indoor LTE
Small cell is 21 dBm in licenced bands [22].

The maximum EIRP that could transmit the femtocell in the
adjacent channel without band guard (overlapping 0%) is 11
dBm in the most restrictive case (scenario 3). In the case of the
scenario 1 and 2 the maximum allowed EIRP is 27 dBm and
18 dBm, respectively.

Moreover, if the LTE-A signal transmit with about 20%
overlapping over the DVB-T2 channel, it is possible to
transmit up to -22 dBm (scenario 3) or -6dBm (scenario 1)
between the channels of both technologies. Therefore,
overlapping 20% into the DTT signal, the femtocell could
transmit, but with a PIRE reduction of 33 dB compared to
transmit in adjacent channel without guard band.

) LTE-A 10 Hz bandwidth

In Fig. 10 could be observe similar results for a 10 MHz
LTE-A channel compared to those obtained for 5 MHz
bandwidth. Like in the 5 MHz case, a co-channel transmission
between a LTE femtocell and a DVB-T2 signal is not feasible
because of the low PIRE allowed for the femtocell in all
scenarios.

For adjacent channel transmissions, the femtocell could
transmit up to 11 dBm (scenario3) and 26 dBm (scenario 1)
with an offset of 9 MHz (without guard band) between DVB-
T2 and LTE-A central carriers. In this case, for an overlapping
of 20% the femtocell could transmit up to -21 dBm and
-5 dBm for the scenario 3 and 1, respectively. It should be
noted that for the same overlapping the allowed EIRP of the
femtocell does not depend on the LTE-A signal bandwidth.
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Fig 10. Comparison between laboratory and field measurements, for a 10
MHz LTE-A channel in the case A.

b) Case B: Double Adjacency.

1) LTE-A 5 MHz bandwidth

Fig. 11 shows that the maximum allowable EIRP that a
femtocell could transmit is 11 dBm for the most restrictive
case (scenario 3) and 27 dBm for the best case (Scenario 1).
Thus, results demonstrate that transmitting a 5 MHz LTE-A
channel using a micro-TV-White-Space between two DVB-T2
channels is feasible.

EIRP typical value is 21 dBm in the 3400 MHz band for an
indoor LTE-Small Cell, it could be find in the
recommendations [22][23] .The same EIRP was considered by
Small Cell Forum in the 1900 MHz and 2600 MHz bands
[24]. Comparing this value with those obtained in this paper,
for the worst case (scenario 3) the maximum allowed EIRP is
10 dBm lower. However, the DTT band offers great
propagation conditions. The difference in path loss are
between 10 to 15 dB compared to the 1900 MHz and 3400
MHz band. Therefore, the lower path losses could balance
those 10 dB degradation in the EIRP.
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Fig 11. Comparison between laboratory and field measurements, for a 5 MHz
LTE-A channel in the case B.
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Fig. 12 shows the maximum EIRP that could transmit a
femtocell when its central carrier is between two DVB-T2
channels for the proposed scenarios. One can observe that a
femtocell using a pTVWS of 8 MHz between two DVB-T2
channels, could transmit a 10MHz LTE-A signal when the
power is limited to -19 dBm (scenario 3) or -7 dBm
(Scenario 1) without causing interference to the roof-top
DVB-T2 receiver. Therefore, this study case is not feasible
due to the very constrained power conditions of the femtocell.
Nevertheless, this case could be possible if the LTE-A signal
is between two consecutive no occupied DTT channels.

3) Capacity Analysis

To estimate how much capacity improvement a sharing
spectrum femtocell could provide to an existing network, we
compare it with the current small cells operating in licensed
bands. While the typical EIRP values allocated for the
standard femtocells have an average of 21dBm, the maximum
power that an indoor LTE-A femtocell in a sharing scenario
could transmit is 11 dBm, 18 dBm and 27 dBm in the
scenarios 3, 2 and 1, respectively, as described in section IV.
For the worst case (scenario 3), there is a power reduction of
10 dB compared to the licensed band femtocells, which
obviously will provide a capacity below the maximum
boundary.

Fig. 13 compares the maximum capacity available in
coherent systems for different configurations: SISO, 2x2
MIMO and 4x4 MIMO, to the capacity that could be offered
with a sharing-spectrum femtocell that is constrained to EIRP
of 10 dB below the standard cells. The capacity has been
calculated for Gaussian MIMO channels, with the Shannon
capacity for SISO channels as reference [25]. As can be seen
in Fig. 13, the capacity of a sharing-spectrum femtocell with
10dB power reduction is in the order of 50% of the maximum,
meaning that the use of such white spaces or channels adjacent
to DTT transmissions, provide still a significant contribution
to the total Network capacity.
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Fig 13. Capacity of the LTE-A femtocell respect to the theoretical maximum
capacity.

In a study carried out by the Small Cell Forum, the peak
rate for indoor scenarios through simulations was analysed. In
this study a spectral efficiency of 6 bps/Hz for the downlink
with MIMO 2x2 configuration was obtained [24]. The
recommendation ITU-R 2134 define a peak spectral efficiency
of 15 bps/Hz for LTE advance downlink with MIMO 4x4
configurations [26]. These results are in line with the
maximum capacity shown in Fig. 13, where the capacity
values obtained for high SNRs with a power reduction of 10
dB are 2 bps/Hz, 4 bps/Hz and 8 bps/Hz, approximately.
Therefore, the downlink throughput that could be obtained for
high SNRs with such power reduction could reach 36 Mbps
for a 5MHz channel with 4x4 MIMO configuration.

It is worth noting that in this paper we have measured the
LTE Downlink carrier as the interferer to the DTT receiver,
which is valid for the FDD mode, but also for carrier
aggregation case to reinforce the downlink capacity.

V. CONCLUSIONS

The use of white spaces in the DTT band for spectrum
sharing between Mobile and Broadcast technologies is
currently one of the hot topics to satisfy the spectrum demand
required by the IMT-Advanced technologies, and it is also an
efficient alternative to manage radio spectrum.

In this paper we have demonstrated, based on measurements
in real scenarios, the feasibility of using TV-White-Spaces in
the DTT band for spectrum sharing between indoor LTE-A
femtocells and DVB-T2 networks with fixed rooftop
reception. The paper specifically analyses the case of indoor
LTE-A femtocells in coexistence with DVB-T2 transmissions,
from the allocation of adjacent frequencies in the same band
(white spaces) to the 100% overlapping case (co-channel).
This scenario has been called micro-TV-White-Space
(UTVWS), in the sense that takes advantage of small areas
where the DVB-T2 signal is weak and not used, mainly
indoors. Therefore, this proposal can be considered as a
possible solution to satisfy some of the spectrum demand
required by the IMT-Advanced technologies, being spectrum
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sharing an efficient option for allocation, upon the conditions
and parameters established with this analysis.

The results provided are based on the comparison between
emulated and measured scenarios. The emulation of the
scenarios in laboratory is supported by the generation of
synthetic signals, hardware emulation of radio channels and
use of commercial receivers to evaluate the quality of the
decoded signals and so the limits of mutual interference.
These emulations have been afterwards validated through a
large number of field measurements using professional
equipment. All results correspond to the most restrictive cases,
which considers a full load in the LTE-A in Downlink,
minimum DTT required received power, and the lowest
propagation losses between the femtocell to the receiving
antenna for the proposed scenarios. Three different scenarios
were analysed keeping these restrictions.

Protection ratios obtained through field measurements are
within a range from 0.3 to 4 dB greater than those measured
under laboratory conditions, probably caused by additional
signal fading inherent to the path conditions. Therefore, the
maximum allowable EIRP for the coexisting LTE-A femtocell
can be calculated from the protection ratios obtained in
laboratory plus a correction factor, channel dependent, which
could be obtained by channel estimation. Such functionality
can be implemented in cognitive femtocells or, in the worst
case, an additional protection ratio of 4dB could be used.

The main outcome of this study case is finding the
appropriate EIRP restrictions for a LTE-A femtocell to operate
in frequencies adjacent, or even partially overlapped, to a
DVB-T2 channel.

Our results indicate that is feasible to allocate LTE-A
carriers in adjacency to a DVB-T2 channel under certain
constrains. The results fix the power limit for an indoor LTE-
A femtocell in +11 dBm, +18 dBm and + 27dBm, for the
analysed scenarios 3, 2 and 1, respectively. These values apply
to a 5 MHz and 10 MHz bandwidth LTE-A signals for
adjacent channel without guard band. In the most restrictive
case (scenario 3) there is a power reduction of 10 dB
compared to the EIRP values of a typical indoor LTE small
cell in licensed bands. The impact of this power limitation on
the achievable capacity could be approximately the 50% of the
maximum capacity of current LTE-A MIMO cells, reaching
values of about 8bps/Hz and downlink throughputs of 36Mbps
in MIMO 4x4 configurations and 5MHz bandwidth.

Moreover, if the LTE-A carrier is allocated with about 20%
overlapping over the DVB-T2 channel, the femtocell still
could transmit with an EIRP reduction of 33 dB. The co-
channel case is disregarded in any scenario, as from the results
obtained it would restrict the femtocells EIRP to -46dBm,
which would lead to very scarce coverage or extremely low
efficiency.

The case of an indoor LTE-A femtocell using a white space
between two DVB-T2 adjacent channels is possible for a 5
MHz LTE signal, with the same results presented for adjacent
channel without band guard. For the LTE-A 10 MHz
bandwidth is not feasible due to the very constrained power
conditions of the femtocell (EIRP restricted to -19 dBm).

Nevertheless, this case could be possible if the LTE-A signal
is between two consecutive non occupied DTT channels.

The analysis and measurements performed in this paper are
for LTE Downlink carrier as interfererto a DTT receiver,
which are valid for the FDD mode, but also for carrier
aggregation (LTE-A CA) to reinforce the downlink capacity.
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