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Abstract—Secondary spectrum access emerges as a meanss allowing secondary users to share the spectrum allo¢ated
to increase spectrum utlllz_atlc_m significantly in a near fuure. primary (legacy) users provided that the secondary users do
However, the technical availability and the economic valuef the not cause harmful interference to the primary users

secondary access have not been fully investigated. Partieuly, h h b tensi tudi th d

the impact of the secondary access on the real-life primaryys- ere have ee_n extensive s u_ IeS on the seconaary spec-
tems remains mostly unaddressed. Among the primary systems trum access. Achievable rate region for secondary users was
of interest are aeronautical communication systems operatg in  analyzed in [6], [7]. In [8], the impact of spectrum sharing
the radio frequencies under 6 GHz. In this paper, we present techniques was evaluated. Temporal aspect of the secondary
an overview of various aeronautical communication systemsas  4.cess was studied in [9]-[11]. Compared to the abundance

the potential primary users. We describe the purposes, char - .
acteristics, and operational facts of not only existing butalso of theoretical work, little research has been done to assess

future aeronautical systems. We also discuss the opportuties the praCticaI ava”ab”lty and real-life benefit of the Sﬂdary
and challenges of secondary access to aeronautical spectru access as pointed out in European FP7 project QUASAR [12].

and suggest a secondary use case suitable for the aeronaatic Moreover, most of the practical assessment efforts have bee
spectrum. focused on TV white spaces in 470-790 MHz. For example,
Index Terms—Secondary spectrum access, aeronautical Com_quantification of the usable TV spectrum in the. UK anq t.he
munication systems, distance measuring equipment (DME), L USA was addressed in [13] and [14], respectively. Similar
band digital aeronautical communication system (L-DACS)mi- results are presented for five European countries in [15].
crowave landing system (MLS), airport surface communicatns |n [16], opportunity of indoor usage was studied considgrin
adjacent channel interference to TV receivers. Internatio
frequency allocation chart indicates that substantial amof
. INTRODUCTION useful spectrum is allocated to various systems such ass;ada
Spectrum Scarcity has become one of the major issuessiiellites, maritime navigation, and aeronautical comigain
wireless and mobile networks with the dramatic increase #®ns [17]. Thus, it is needed to investigate the secondary
the demand for mobile broadband services. It is an irony thgcess to these spectrum bands in order to fully understand
most of the spectrum resource is under-utilized according the technical requirements and economic value of secondary
the results of measurement campaigns [1], [2]. It suggbsts tSpPectrum access.
the spectrum scarcity comes from the inefficient utilizatio In this paper, we present an overview of aeronautical
of the spectrum. It is widely accepted that the discrepanépmmunication systems as potential primary systems. The
between the apparent spectrum shortage and the actualissagjective of this paper is to describe the purposes, charac-
mainly due to the current regime of static spectrum regorati teristics, and operational facts of the aeronautical syste
and licensing that prohibits the flexible use of spectrunis Thin order to assist future studies on the secondary access in
brought a new paradigm of dynamic spectrum access (DSAgronautical spectrum. We neither advocate nor oppose the
which includes various implementation approaches. Taxgno idea of secondary access to aeronautical spectrum because
of DSA can be found in [3]. its technical feasibility and economic worth has not been
Secondary spectrum access (or opportunistic spectrum Eestigated enough. It is important to perform extensive a
cess) is considered to be the most feasible approach Ugbiased studies in order to make proper regulatory dewssio
realizing the DSA because it is the most compatible with th&e believe that the overview of candidate primary systems is
current spectrum allocation and existing radio systems THe first step of the investigation.
secondary access is envisioned by the concept of cognitivéVe consider not only existing systems but also planned

radio [4], [S]*. The basic idea of the secondary spectrum accdgéure systems in the overview. Particular attention wallgaid
to the two frequency bands: 960-1215 MHz and 5030-5150
1The term cognitive radio is often abused as the synonym abrelery MHz. In 960-1215 MHz, we review two systems: distance
spectrum access. Cognitive radio denotes a capability @fda mode that measuring equipment (DI\/IE) which has been in use for more
it recognizes changes in environment and adapts itself ¢onthwhereas o . L.
secondary spectrum access is a spectrum management rdgimean be than 50 years and L-band digital aeronautical communisatio

implemented by technologies such as cognitive radio. system (L-DACS) which is planned to be in place around



the year 2020. We also introduce two systems in 5030- LN
5150 MHz band: microwave landing system (MLS) which
was developed in the year 1978 and future airport surface
communication systems that are currently under discussion
Moreover, we discuss the opportunities and challenges of
secondary access to aeronautical spectrum, and then sugges
a secondary use scenario that is thought to be suitable dor th
use of aeronautical spectrum.

The rest of the paper is organized as follows: In Section
a general description of the secondary access to aeroahutic
spectrum is depicted. Selected aeronautical systems in 960
1215 MHz and 5030-5150 MHz are presented in Il and IV, [ central

respectively. Concluding remarks are provided in Section V interfterﬁnce
controller

Il. GENERAL DESCRIPTION OFSECONDARY ACCESS
TO AERONAUTICAL SPECTRUM

A. Spectrum allocation to aeronautical systems

Large portion of useful spectrum is allocated primarily
to aeronautical usage. Examples of spectrum bands, primaeyver, indoor, and central interference control. Low traits
purposes, and current and future systems are summarizedamer is desirable due to the high interference susceiptibil
Table |. Detailed descriptions of the systems can be foupgimary systems to interference. Indoor usage is encodrage
in [18]-[24]. The frequency band 108-137 MHz is consideregeveral reasons. First, low power transmission is usuakyjul
too low for mobile broadband services. 2700-2900 MHz # indoor environments where short range communications
mainly occupied by ground-based air traffic control radargrevail. Second, it will give more protection to primary sys
This spectrum is also is shared by meteorological radars oteans by means of wall penetration loss. Finally, it is expéct
basis of equal priority. Thus, it can be categorized intcaradthat most of the traffic will be generated indoors in a near
spectrum rather than aeronautical band. We focus on 968-12ature [25]. Indoor secondary use of aeronautical spectrum

Fig. 1: Orthogonality between primary and secondary system
in spatial domain

MHz and 5030-5150 MHz in this overview. will help relieve congestion of macro cellular spectrumeTh
N . . indoor networks should be controlled in a centralized manne
B. Opportunities and challenges in aeronautical spectrum in order to ensure the reliable protection to the primarysise

Aeronautical spectrum has distinct merits as well as strongFrom the above reasoning, we propose indoor femtocells
disadvantages as a potential primary frequency band. Armagonnected to a central interference controller as the skagn
advantage is the global coordination that it has achievied.system of further discussion. This model benefits from an
a secondary service in aeronautical spectrum is feasiblearthogonality between the primary and secondary systems
an area, it will also be feasible in the rest of the worlih spatial domain. The concept of spatial orthogonality is
because the frequency usage and system characteristicdludtrated in Fig. 1. Aeronautical systems typically haae
aeronautical equipments are well coordinated worldwides T link between a ground station near airport and an airplane
gives an opportunity of achieving economy of scale for theith large transmission range and high transmit powers. On
secondary system manufacturers and service providers. e contrary, secondary communication is performed over
the other hand, aeronautical systems have stringent pimiecdistances around 10 m with the isolation provided by walls.
requirements because they perform safety-of-life opamati It is expected this contrast between primary and secondary
This makes the control of interference from the secondasystems usage can be exploited to achieve efficient spectrum
system difficult task. Discussions from regulatory pergipec sharing.
will be even more difficult. Reliable and sufficient protecti

of primary users is a key challenge to realize the secondary I1l. A ERONAUTICAL COMMUNICATION SYSTEMS IN

access to aeronautical spectrum. Thorough technical tinves 960-1215 Mk

gations should precede regulatory discussions. The frequency band of 960-1215 MHz has been in active
use for several decades. Several aeronautical systemistcoex

C. Secondary system model in this spectrum as described in [26]. In some countries, the

It should be emphasized that the availability of secondaband is also used by military systems. However, we consider
spectrum access hugely depends on the features of the sadl systems only in this study. Current spectrum allocati
ondary system such as transmit power, link distance, atalcivil aeronautical systems is depicted in Fig. 2. The &gur
interference control scheme. Thus, it is important to ad&si shows this frequency is mostly occupied by the DME system.
the most suitable secondary system in the investigation Wpper part of the spectrum (1164-1215 MHz) is planned to
secondary access. We identify three elements that are theelole shared by the European radio navigation satellite system
for a potential secondary system in aeronautical spectiaun: (RNSS) Galileo. Due to the ubiquitous locations of RNSS



TABLE I: Aeronautical systems and frequency allocation

Frequency | Purposes | Systems

108 — 137 MHz mid-range navigation, landing aid VOR, ILS

960 — 1215 MHz navigation aid, collision avoidance, data link DME, SSR, UAT, L-DACS
2700 — 2900 MHz | air traffic control ATC ground radar

5030 — 5150 MHz | precision landing aid, airport surface communicatipriMLS, Airport WLAN

receivers and their low receiver sensitivity, this spetiris TABLE II: Protection threshold of DME
considered to be infeasible for the secondary access. t$aive Parameter [ Value
access transceiver (UAT) and secondary surveillance radar
(SSR) account for less than 25 MHz bandwidth. Secondary
spectrum sharing with UAT and SSR is not interesting from
the business perspective because the bandwidth is not lkenoug
for broadband services. Thus, spectrum of research intisres
that allocated soly to the DME system, which is about 180

Receiver sensitivity of airborne interrogatgr -83 dBm/MHz

Receiver sensitivity of ground transpondef -91 dBm/MHz
Minimum required CIR 16 dB

Safety margin 6 dB
Apportionment of secondary interference | 6 dB

MHz out of 252 MHz in the frequency band. Although not - for airbomne interrogator 111 dBm/MHz
shown in Fig. 2, this spectrum is also planned to be used by _ At for ground transponder ~119 dBm/MHz
L-DACS which is a future data link system. In this section,
we introduce the DME and the L-DACS more in detalil.

B. L-DACS

A. DME

DME is a type of secondary radar for measuring the distanceHigh speed air-to-air and air-to-ground data link that sup-
between an airborne equipment (interrogator) and a group@rts continental airspace environment is one of key requir
station (transponder). It has been used as the navigatitsn dnents for future aeronautical communications infrastrrect
of aircrafts for several decades. The airborne equipmentsse (FCI). European organisation for the safety of air naviga-
an interrogation signal to the ground. Then, the transpond@®n (Eurocontrol) and federal aviation administratiom¥y
responds on a frequency &f63 MHz from the interrogation jointly evaluated various candidate technologies for natad
frequency after a delay of 50 micro seconds)( The air- link in L-band, and identified two most promising options,
borne interrogator can determine the slant distance betwéimely L-DACS1 [20] and L-DACS2 [21].
the transponder and itself based on the round trip delay ofL.-DACS1 has a FDD configuration employing OFDM tech-
the signal. The interrogator and the transponder burstt shaique. It is intended to operate in 960-1164 MHz frequencies
Gaussian pulses with the duration of 3:6. Their transmit It has a channel bandwidth of 500 kHz which is deployed
powers reach up to 300 W for the interrogator and up to 2 kwith inlay between two DME channels in order to prevent
for the transponder [19]. The operation of DME is depicteifiterference to the DME. Its traget data rate is 480 kbps. L-
in [18], [19]. DACS2 employs GMSK modulation scheme and operates in a

The channel bandwidth of DME is 1 MHz. This means thatDD mode. It utilizes 960-975 MHz band which is not actively
there are 252 channels in total because the frequency based by DME equipments. It is to offer 270 kbps per channel
allocated for DME operation is 962-1213 MHz as shown idata rate with 200 kHz channelization. Both specifications
Fig. 2. Interrogators and transponders are allotted 126radla adopt frequency reuse scheme similar to conventionallaeellu
each. A 1 MHz channel is allocated to each transpondsystems. Cell radius has a range between 40 nautical miles
A ground transponder can serve up to around 100 airplar{@® km) and 200 nautical miles (370 km) with the expected
simultaneously. If it receives too many interrogationsg thfrequency reuse factor of 7 or 12. Comparison of two spec-
transponder decreases its sensitivity so that the weakestifications are summarized on page 15 of [29]. The technical
terrogations get disregarded. Theoretically, the compatinin  details of the L-DACS system has not been fixed yet. It is
range of DME system can reach 250 nautical miles. expected that one of the candidates will be selected and be

Interference tolerance of the airborne interrogator iscspedeployed around the year 2020.
ified as -99 dBm/MHz [26]. It is obtained from the carrier
to interference ratio (CIR) threshold of 16 dB under the |v. AERONAUTICAL COMMUNICATION SYSTEMS IN
receiver sensitivity of -83 dBm [27]. Receiver sensitivity 5030-5150 MK
the transponder is known to be about 8 dB better (lower)
than that of the interrogator. In [28], the requirements of According to the international spectrum regulation, 5030-
secondary access to DME spectrum was investigated. To 8450 MHz is primarily allocated to the MLS for precision
best knowledge, it is the first work addressing the secondapgproach and landing. Communications on the airport serfac
spectrum access issues in 960-1215 MHz band. The DNEalso under discussion in this frequency band. These two
protection threshold used in [28] appears in Table II. systems are described in detail in this section.
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Fig. 2: Frequency allocation to civil aeronautical systeam860-1215 MHz

A. MLS primary and secondary systems. Since the specificationeof th

For landing aids of aircrafts, instrumental landing systeﬁwface comn_wm_catlon system .has not been fixed, a higher
(ILS) operating in 108-112 MHz band has been used sinl?é’el of coordmatl_on between primary and secondary system
1940's. The MLS was introduced in 1978 to overcome prol?—"Jm also be considered.
lems and limitations of ILS. It was planned to replace ILS
in a long term basis. The reference [18], [22] contains more V. CONCLUDING REMARKS
information of the MLS.

The basic principle of MLS is the scanning of time- We presented an overview of existing and future aero-
reference beams. Two directional sweeping beams are uséditical communication systems as a potential candiddtes o
for azimuth and elevation guidance. In horizonal domaie, thPrimary systems for secondary spectrum access. In 960-1215
time-referenced azimuth beam sweeps from left to rightédal MHz spectrum, two aeronautical systems were presented:
TO) and from right to left (called FRO) after a certain paus®ME for navigation aid that has been used for more than
An aircraft receiver detects pulses and determines itzboal 50 years and L-DACS which is a future data link system
location based on the time difference between the 'TO’ arianned to be deployed in 2020. Another spectrum of interest
'FRO’ pulses. The same principle applies to determine theas 5030-5150 MHz band where a part of spectrum (5030-
elevation level. The spectrum for MLS spans from 5030 090 MHz) is used for MLS, precision landing aid, and the
5090 MHz. It is divided into 200 channels with 300kHz oPther part (5091-5150 MHz) is planned to be used for M-
channel bandwidth. The in-band interference susceyyimi WIMAX based airport surface communications. We described
MLS receiver is considered to be130 dBm/150 kHz [30]. the purposes, characteristics, and operational facts eseth
Although the MLS was introduced in 1978, it has not gainegystems.

a worldwide usage for commercial aircrafts. For example, Feasibility of secondary access to aeronautical spectrum
the USA decided not to continue the operation of MLS iremains mostly unaddressed. Aeronautical spectrum atoun
favor of satellite-based navigation systems [31]. Thaeefan for large chunks of interesting radio frequencies whichehav
investigation of the current spectrum usage as well as dutiachieved a good global coordination. On the other handnit ca
plan for 5030-5090 MHz is needed in some countries for mon®t be overestimated that aeronautical communicatiorByst

reliable study on the secondary spectrum access. perform operations regarding safety-of-life. These systare
also highly susceptible to interference in general. Thus, i
B. Airport surface communications is challenging to provide reliable protection to aeronzalti

The frequency spectrum of 5091-5150 MHz is called MLEystems from aggregate _interference generated by multiple
extension band, and is currently unused for the aeronaggcondary transmitters. It is too early to conclude whetther

cal purpose. This spectrum is expected to be occupied g§condary access to aeronautical spectrum is viable diwe to t
{ack of study. It is important to have thorough investigatio

high speed communication systems at the airport surfac€: ; L
Eurocontrol and FAA jointly considered the use of Mobil@" the technical feasibility of secondary spectrum access a

WIMAX technology based on IEEE 802.16e standard tdhe quanti.fication of _availability in ea_ch frequency s_pam_rin
the airport surface communication. The considered systéficdraphical areas in order to provide an appropriate itgut
profile can be found in [23]. From the technical point oPolicy and regulatory discussions. In this regard, the veer

view, 5091-5150 MHz looks promising for the secondar?resemed in this paper and references herein will be a lusefu

spectrum access because the locations of primary users $if&ting point of the further research.

limited to the airport surface. In contrast to other aerdical

systems employing short pulses or narrow band signals, the ACKNOWLEDGMENT

airport surface communication system will adopt wide band
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