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Abstract — The expected increase of the traffic volume in nimle
broadband networks and the upcoming spectrum scarty,
require an optimization of the usage of the spectm. One of the
solutions is Authorised/Licensed Shared Access (AGSA) Y a
new regulatory concept that allows license holderncumbents)
to share spectrum with other service providers, uner well-
defined conditions, unlocking additional bands whib are used
only partially in time and/or location. This paper shows the
benefits of ASA, considering different methods to mimize the
resources, by simulating an LTE network where a Molbe
Network Operator (MNO) is allowed to use the 2300 Mz band
as an ASA licensee.
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l. INTRODUCTION

Mobile and wireless communication networks will dee
cope with the tremendous increase in data traffiicipated
over the next decade. Spectrum can be looked uptimeareal
estate for Mobile Broadband (MBB) in addressings thi
challenge. Beyond the levers of increased
densification and enhanced spectral efficiency mmadio
spectrum is clearly needed for mobile networks wdfil f
capacity and coverage demands [1]. In Europe, al wf
around 600 MHz of spectrum is currently allocated\iBB,
and significantly more additional spectrum will leeded
towards 2020. Spectrum between 400 MHz and 6 GHess
suited for mobile applications as lower bands woudduire
antennas too large to be integrated into mobileicésy and
higher bands would limit cell sizes. This entiraga of good
spectrum, however, is already allocated to a numbler
different services and technologies, such as basidc
aeronautical, satellite, defence, public safety aoither
commercial and non-commercial services; many ofctwido
not utilise the spectrum intensively.
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it is required that sufficient control mechanismse b
implemented when applying spectrum sharing. Autteati
Shared Access (ASA), also known as Licensed Shacedss
(LSA) provides a solution for bands that cannotilgdse re-
farmed or totally vacated by their incumbent usbrg, where
actual spectrum usage is underutilized and infreg{® [3]

13].

Through this new access model a primary licensedrol
(incumbent) would grant spectrum access rights®ar more
other users which may then use the band underfepseivice
conditions. Conditions defining how the spectrunyrha used
would be subject to individual agreements, andedomission
from the National Regulatory Authority (NRA). TheRA
would be expected to issue licenses to one, oy liraited
number of mobile operators that would allow themute
specific bands as ASA licensees. Thereby orthogosade by
time or location should always be coordinated betwéhe
operators and the incumbent in order that a higlel lef
service performance and predictability can be sedli

network The ASA licensee should be responsible for compgan

with technical requirements obtained from the inbant such
as meeting certain interference thresholds. This lmast be
accomplished via an ASA Controller under the fuhtol of
the network operator.

In consideration of concrete ASA frequencies th@23
2400MHz band is especially attractive because arsady an
IMT band recommended by the ITU-R and is in ussdme
countries particularly in Asia Pacific regions.

The results presented in this paper are focuseteoA300-
2400MHz band as additional spectrum for LTE whicim de
made available also in certain European countti@siks to
ASA. However, there are different wireless systatfeved to
use this band: SAP/SAB video links, Telemetry, Unmed
Aircraft Systems (UAS) or Amateur services may bmg this

In some cases spectrum sharing may be, cost-wide a@pectrum band [4]. Since the characteristics of eystem are

time-wise, a very efficient mean to gain at leasttipl access
to additional spectrum resources for MBB use. Mobil
networks target to offer predictable quality ofvies; therefore

! The Radio Spectrum Policy Group (RSPG) and theofean
Commission largely adopted and generalized the emindut
renamed it to ‘Licensed Shared Access’ where ASfaised within
LSA
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different (user position, height, maximum interfece allowed,
etc), the requirements could be different dependingthe
incumbent. Considering different examples of incentb
spectrum users, this paper shows the benefitsing tise ASA
resources for an LTE system, including options fon
optimization of the ASA resources.



.  ASA SPECTRUMMANAGEMENT SIMULATION

The ASA functionality has been included in a dyrmami
system level simulator, which evaluates certaingRBLlch as
load or throughput, at individual cells and indivad users.
This section will describe the scenario and theharisms to
detect and clear the interference from the LTEesysto the
incumbent.

A. Smulation scenario

The scenario consists of 19 LTE sites (Fig. 1)hezdhem
with three sectors, where initially the MNO uses 800 MHz
frequency band. Additionally, the MNO is an ASA éitsee,
being allowed to use the 2300MHz band (ASA resa)rce
However, there is a Reservation Area (RA), i.eeparhere the
incumbent may use the spectrum occasionally. Whenthe
incumbent uses the spectrum at the RA, the MNOnveiéld to
evacuate the area to not interfere the incumbezttspm users.

3000
2000

1000 -

¥[m]

-1000 -

-2000 -

< Base Station
antenna orientation
Reservation Area

-3000 -

-4000 -3000 -2000 -1000 O 1000 2000 3000 4000

¥
Fig. 1. Simulation scenario

The simulation considers a significantly loadednsei:
initially, the simulation starts with 90 users cented per site,
transmitting packets of 5SMB on average and averageal
rate of 5s. Although Carrier Aggregation (CA) coblel used to
benefit from the additional carrier, it has notieensidered in
this case due to the uncertainty of how many CAabépUEs
may be in the network. Instead of CA, the MNO wille
Traffic Steering at Connection Setup to share t¢iagl lwith the
additional carrier, i.e., cells highly loaded stesers starting a
new connection to the other layer [5] [6].

B. Interference detection

The MNO should fulfil technical requirements obtn
from the incumbent such as meeting certain interiee
thresholds. However, the aim of the MNO is to pdevihe best
service to their customers. In order to maximize QAN
coverage in the ASA layer without interfering threambent,
the MNO will have to detect the limits where thespum can
be used.

The simulations are considering that the incumbisnt
interfered if the MNO exceeds the interferenceecigin (IC)

inside the RA, i.e. the maximum interference alldweThe
simulation is considering two methods to deteceriating
cells. After the detection, these cells will be tslown or
modified to clear the interference.

The first method, considers the measurements freensu
Similarly to the feature Minimization of Drive Te@¥IDT), the
measurement reports and location information from tsers
are collected. If the user is inside the RA, arelrtieasurement
report reveals that the Received Signal ReceivesvePo
(RSRP) is higher than the IC, the cell where ther us
connected will be detected as interfering.

In mathematical words, a cell i is denoted as faterg cell
if any user u located in the RA reports an RSRPatd® this
cell i above the IC:

)

RSRP(i,u) > P

Since MNO users may not be located at all locatighsre
the incumbent spectrum users are, and where the M€®
also interfere, a second method is considerediaddity. This
second method consists of a set of test paiptdistributed
inside the RA. The received sigifal (j, i) from each cell j is
estimated on each of these test points. If theivedesignal
from a cell is exceeding the IC on a test poingt tbell is
detected as interfering.

In mathematical words, a cell j is denoted as faterg cell
if any test point, violates the IC:

Ppy(j, %) > Pic (2)

In reality it is not obvious how to obtain the irfezence
levelsPr, (j, Xi). It will be difficult to extrapolate them from
MDT data. The most precise but also most expenspt@n
would be to install probes at the test points oretuip the
incumbent's  devices with measurement capabilities.
Alternatively we could try to approximate them hyjpagation
models which is simple but will suffer from inacaay.

In the simulation we use propagation models toutate
the levels, and for the sake of simplicity we assuimt the
levels are well known (genie approach). Note thae t
propagation models may differ from those usuallpkayed by
MNOs, as discussed later on. But the structuredsame:

Ppy (G, %) = Prx (D) — PLG, %) — AG, %) +SG %) (3)

wherePg, (j, k) is the received power from the cell j at the
test point k, PL is the path loss, which will degeon the
propagation model (3GPP or Free Spadd),k) are the
antenna directivity losses, due to elevation arst azimuth,
andS(j, k) is the shadowing.

Since the incumbent users may not be located reriysst
the ground level, two different layers of test psirare
considered: one at ground level, and a second baehaher
position.

Whenever any of the two mechanisms detects a patent
interference, some measures (described in secioaad E)
will be needed to clear the interference from theedks.



C. Antenna model

There is a different range of potentizdersat the 2300-
2400MHz band: Video Links, Telemetry, UnmanrAircraft
Systems, other Broadband WireleSystem, or Amateur
Service [4]. Each one ofhese users may have differ
locations: from ground floor, such a wireless cameto
thousands of meters, such an unmanraiectaft. Additionally,
each type of receptor may tolerate a different llegt
interference.

The location of the user of the incumbent spectmunst be
differentiated wlken estimating the received power. There
three aspects which will have to be consideredh pass,
shadowing and antenna pattern.

Depending on the location of the user or test pdie
propagation modetonsidered for the simulations is differ:
if the position is at ground level, t1B&PP propagation moc
is used [7] if the position is above the buildincthe free space
propagation model is used, and finally if thesition is above
the ground level, but not above the buildirgsnodel based ¢
the Okumura Hata model for urban aigase: [8].

In the case of users or test poibedow building heigt, the
shadowing component is added to the reaksignal, while in
the case of usersr test points above buildin; there will not
be a shadwming component, since there are no reflections 1
buildings, trees, cars, etc.

Fig. 2 shows a real antenna pattern dredantenna pattern
model used for the simulations.the receiver is at positior
below the top of the building, the antenna nulls smoothe:
out since inall angles it may get reflections from strongerels
of the diagram. In this case (0° to 1888pect to the anter),
the directivity losses are obtained using the ardepatterr
described in described in [9]:

. P\
Ap(p) = —min [12 <<P3d3> ,Am] (4)
@24 = 70 degrees A, = 25 dB
. 0 = 03a5\" ]
A,(0) = —min |12 (—29) 514,
/(6) mm[ (") ©)
0,45 = 10 degreesSLA, = 20 dB
A(p,0) = —min{—[Ay(¢) + Av(0)], A} (6)

whereg, 6 are the horizontal andertical angles from th
test points to the antenna, respectively, agg SLA, are the
maximum directivity loss in the vertical plane andrizontal
plane respectively.

While this model is well suited fahese positionsit may
not be applicable forest points in a large hei¢ (180° to 360°
respect to the antenna, in Fig. Ryr these scenari, the model
has been maodified: it consists oharmal distributionbased
on the mean and standard deviation observed ai pater!.

Real antenna pattern
Simulations pattern model

Fig. 2. Antenna mod¢

D. Interference clearance

Once the interference hasdmedetected, the MNO mt
clear it. The initial and simpleshtechanism is to shutdovthe
interfering cell However, this solution may not be the
efficient, especially from the point of view of tiNO, and
the impact to the users.

In order toreduce the number of cellsat need to be
shutdown, increasing theoverage and minimizit the impact
on the users, alternative mechars can be used to clear the
potential interference in the RA.

The mechanisms describirthis paper consist on reduci
the transmitted powefTx power of the interfering cells
located in the surrounding areas of RA, or modifying the
downtilt of the cell, moving the main beam outsidehe RA.

E. Border optimization mechanisms

This paper describefur different methods to clear t
interference fromthe RA: two of them are based on the
power reduction, and another two are based on thentilt
increase.

The question is, how much the Tx po should be reduced
or how much the cell shouleldown tiltec For each case, two
different methods have beeconsidered. The first one, w
consist on a pre-defined valder all interfering cells, and a
final revision ofthe interference after the modificat, shutting
down the cells where the modification is not sudiitt to clea
the interference. The end methocfinds out, independently
for each cell, how muchhe transmitte power should be
decreasedor the downtilt increased, to clear the inteniers
from the RA.

Combining the type of modification, * power or downtilt,
and how this modification is done (fix or adaptetigse are th
four methods:

- Fixed Power step Optimizati (FPO)

- Adapted Power step Optimizat (APO)

- Fixed Tilt step Optimizatio(FTO)
Adapted Tilt steDptimizatior (ATO)



. RESULTS

The simulations have considered three differenegypf
incumbent spectrum users (Fig. 2): wireless cam@yasund
level), cameras on buildings (25m) and video lifkeunted
on helicopters, 150m) [10].

Considering the scenario (Fig. 1) and the interfese
detection mechanisms described in the previousosedhe
following results show the number of cells shutdown
modified, the average user throughput, and theregeemaps.
For all cases, it has been considered an Inteder@niterion
of -95 dBm.

A. Wireless cameras

Depending on the border optimization
described, the number of MNO cells that allowedd¢oon is
different. In this scenario, 16 cells are not ifggng, being
allowed to use the ASA spectrum without any modifizn,
and 41 cells are detected as interfering. Theseei4 need to
be shutdown or modified.

Considering that the default value for the Tx powéall
cells is 46dBm, Fig. 3 shows the number of cellmgighe
ASA resources which allowed to be on when the Twepo
value is modified.
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Fig. 3. Txpower optimization for wireless camerdsmber of cells
on, modified and off

In the case of FPO, different Tx power values hbgen
used (from the default 46dBm up to 19dBm), which @pplied
to all cells, while in the case of the APO, differeells have
different Tx power depending on the interferencehe RA

(Fig. 4).
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Fig. 4. Histogram of the Tx power for APO (wirelesaneras)

When FPO Tx power is lower, the number of cellevadid
to be on is higher, and when higher FPO Tx powéduegare
used, more cells need to be shutdown since the dweip
reduction will not be enough to clear the interfm& On the
other hand, when the Tx power of the interferindiscés
adjusted (APO), just the three cells are shutdown.

Fig. 5 shows the number of cells that can remainvban
the downtilt is modified. In the case of FTO, diffat downtilt
values have been used, from the default 6° uptpvthile in
the case of ATO, the downtilt of each cell dependsits
interference to the RA. In this case, if the FT@vdtlt value is
higher, the number of cells that can remain orighdr. On the
other hand, when lower FTO downtilt values are usedre

mechanisnfells have to be shutdown since the downtilt is erdugh to

clear the interference.
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Fig. 5. Downtilt optimization for wireless camer&iimber of cells
on, modified and off

In the case of downtilt, there is a maximum attéionathat
can be achieved. In the case of ATO, it can berubdehat 21
cells out of the 41 interfering cells need to baitdbwn
independently of the downtilt.
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Fig. 6. Histogram of the downtilt for ATO (wirelesameras)

The number of shutdown cells, and the modificatiomshe
Tx power and downtilt have an impact on coverags. af
example, Fig. 7 shows the coverage increase wreeARO is
applied compared to the scenario without optimixati

Due to the coverage improvement, the average user

throughput is likely to improve. Fig. 8 presentscmparison
of the average user throughput, when the MNO isusitg the
ASA resources, when it is using the ASA resourcébout
and with the Reservation Area (as an upper bowrd) finally
without optimization and for the different types bbrder



optimization. It must be highlighted that theseutess also
depend on the size of the Reservation Area.
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Fig. 7. Coverage improvement map for APO (wirelesmsiera)

The best scenario for the MNO will be when the 2804z
frequency band is available at the whole networithaut a
Reservation Area where the incumbent uses the rspectn
this case, the average throughput increases amB@%o. On
the other hand, if the spectrum is not availabléhatRA, there
is still a considerable improvement (15%), even huuitt
optimization.

If the MNO uses a border optimization method, therage
user throughput increases. The predefined valu#s foo Tx
power and downtilt (FPO and FTO), are easier tdemgnt in
the network but the average throughput increasdess
significant. Adapting each cell independently aloselecting
the best value for each case, providing the bagh@ation.
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Fig. 8. Average user throughput comparison for leg® cameras
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In the case of the downtilt optimization, the agera
throughput is less significant, since the only vtayclear the
interference for many cells is the shutdown, duethe
limitation of the backward attenuation (at mostdE). On the
other hand, there is no such a fundamental liroitadin the Tx
power reduction, which is the optimization methoidhwthe
best average throughput increase (25% increadePoy).

B. Cameras on buildings

The cameras on the top of the buildings receivestgal
from the MNO base stations stronger than the wissetameras
located in the ground, due to the difference irgheiDue to
the higher signal strength, in this scenario, tié@Wwould not
be allowed to use the ASA spectrum at any of thee Istations
without optimization methods.

In the case of Tx power optimization, Fig. 7 shdhat the
Tx power should be reduced at least to 37 dBm énctise of
FPO, to be able to use the spectrum at some célowt
interfering the incumbent. In the case of APO, saifnihe cells
need to be use extremely low (from 37 dBm up t&thy
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Fig. 9. Txpower optimization for cameras on buignNumber of
cells on, modified and off

Although the Tx power reduction is considerableay. HiO
shows that there is still a significant gain in #neerage user
throughput (10%), similar for APO and FPO.
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Fig. 10. Average user throughput comparison forerasion
buildings

In this case, since the main lobe of the MNO ardeisn
likely to be already below the height of most of ttameras,
and the interference is exceeding more than théwizd
attenuation, increasing the downtilt does not being benefit.

C. Video links

The video Ilinks can be mounted in helicopters,
motorcycles, pedal cycles, cars, racing cars aradsbdn this
case, it has been considered that they are mouinted
helicopters, which will be the most extreme scemnalm this
case, the attenuation losses are even lower th#reicase of
cameras on the buildings. Therefore, in this paldicscenario
the MNO would not be allowed to use the ASA speutiat
any of the base stations without optimization médtho



If TX power optimization is used, Fig. 11 showsttte Tx
power should be reduced at least to 28 dBm indlse of FPO,
to be able to use the spectrum without interferitg
incumbent. In the case of APO, some of the celtsine use
extremely low Txpower (from 28 dBm up to O dBm).
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Fig. 11. Txpower optimization for video links: Nuebof cells on,
modified and off

Although the Tx power reduction is considerabley. Fi0O
also shows that there is still a significant gainthe average
user throughput (10%), similar for APO and FPO.
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Fig. 12. Average user throughput comparison foewoitinks

V. CONCLUSIONS

Authorised Shared Access (ASA) provides a solution
gain access to frequency bands underutilized. Usduitional
foreign spectrum can bring a lot of benefits to thebile
operator, even if it comes along with certain ratpdy and
operational restrictions.

If incumbent’s victim devices are on comparableatams
as the terminals of the mobile operator (e.g. gidilwor), it is
quite straight forward for the mobile operator pleit the
ASA spectrum as much as possible, whilst respectirg
incumbent’s restrictions at the same time by arniadyz
measurements of the own mobile terminals.

The more the locations of the potential victimdatiffrom
those of the mobile terminals, the more diffictibécomes for
the mobile operator to determine the extent of hA®A
spectrum can be used (i.e. which cells are allowextcess the
ASA spectrum at which power level and at which ante
tilts), and, consequently the more conservatively earefully
the spectrum usage must be controlled. If the fertence is
controlled through interference estimations, theistang

propagation models (e.g. antenna models) have to be
interference

challenged before applying them to ASA
situations. Alternatively, also tighter collabocati with the
incumbent and its equipment can be envisaged. Asxample
the incumbent may provide interference measurentantis
own equipment which can be exploited for enhancexbss
control.

Most challenging are scenarios with “close-to-fspace”
propagation (e.g. helicopter scenario). These smEna
challenge the current antenna designs. Howeverspbetrum
can be used with sufficiently small power, yieldingticeable
throughput increase. In our simulations we havaiged the
power of macro base station just for ease of shgdyhis
effect. In practice, however, it would obviously lmore
appropriate to deploy small cells with lower antnreights
and small power. Indoor usage of the spectrum miggt
particularly interesting since the walls will prdei additional
attenuation towards the victims.
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