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Abstract

This chapter studies the Licensed Shared Access (LSA) concept, which was initially devel-
oped to enable the use of the vacant spectrum resources in 2.3-2.4 GHz band for mobile
broadband (MBB) through long-term static licenses. The LSA system was developed to
guarantee LSA licensees a predictable quality of service (QoS) and exclusive access to shared
spectrum resources. This chapter describes the development and architecture of LSA for
2.3-2.4 GHz band and compares the LSA briefly to the Spectrum Access System (SAS)
concept developed in the USA. 5G and its new use cases require a more dynamic approach
to access shared spectrum resources than the LSA system developed for 2.3-2.4 GHz band
can provide. Thus, a concept called LSA evolution is currently under development. The
novel concepts introduced in LSA evolution include spectrum sensing, short-term license
periods, possibility to allocate spectrum locally, and support for co-primary sharing, which
can guarantee the quality of service (QoS) from spectrum perspective. The chapter also
describes a demonstration of LSA evolution system with spectrum user prioritization,
which was created for Programme Making and Special Events (PMSE) use case.

Keywords: spectrum sharing, Licensed Shared Access (LSA), LSA evolution, PMSE,
LTE, incumbents, 5G

1. Introduction

Demand for radio spectrum is constantly increasing as wireless services; especially, video
streaming and emerging Internet of Things (IoT) are being adopted at an accelerating pace.
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Mobile phones, laptops, and tablets are becoming more and more common, and the quality
of available content and services is also increasing. This has resulted in rapid increases in the
amount of traffic in mobile networks, and the increases are predicted to continue [1-3]. This
presents extreme challenges for mobile communication systems, as there is a lack of new spec-
trum resources to be allocated for the growing number of connected devices, services, and users.

The wireless communication technologies themselves are approaching the fundamental theo-
retical limits of bandwidth efficiency, but simultaneously the frequency bands are exclusively
licensed to different services which might not utilize all of their spectrum resources. Valuable
spectrum resources can be left unexploited at different frequencies if the license owner does
not use them at all times or at all locations. For example, several spectrum measurement
campaigns covering frequencies up to 3 GHz state that the spectrum utilization rate is on the
scale of 10-20% [4-6], and thus, most of the spectrum resources remain unused. It is necessary
to utilize the existing frequency resources more efficiently to satisfy the growing demand
for spectrum, but the current exclusive licensing methods do not allow this. Recent interna-
tional studies have concluded that spectrum sharing will play a major role in maximizing the
amount of available spectrum for wireless communication systems [7, 8].

The current exclusive spectrum licensing needs to be updated or replaced to enable spectrum
sharing. In spectrum sharing, the users who currently hold an exclusive license to use a fre-
quency band are called incumbents and are the primary users of the band. If the incumbents
are using their spectrum resources inefficiently, their spectrum resources could potentially
be shared with other users who could use the vacant spectrum resources at certain times
or at certain locations where the license holder does not have any transmissions. Spectrum
occupancy measurements have been proposed to find candidate frequency bands for spec-
trum sharing [4]. The vacant spectrum resources could be utilized through dynamic spectrum
access methods, such as opportunistic spectrum access (OSA) [9] or Licensed Shared Access
(LSA) [10]. In OSA, the shared spectrum user chooses the best available vacant transmission
channel in an opportunistic and dynamic manner as an unlicensed secondary user of the
spectrum, who does not need a license but does not have any guarantees on the amount and
quality of available spectrum and has no protection from any harmful interference.

Cognitive radio spectrum sharing can be divided into three different types: underlay, overlay,
and interweave. In underlay spectrum sharing, the cognitive users are allowed to operate if
the interference they cause to the incumbents is below a given level. In overlay spectrum shar-
ing, the cognitive user needs to know the incumbent signal. The cognitive user then adds its
own data to the incumbent data and transmits the combined signal. In interweave spectrum
sharing, the cognitive radios exploit spectral holes. The spectral holes are spectrum which is
not used to be the incumbent in time, frequency, or spatial dimension. In each of the cognitive
spectrum sharing types, accurate spectrum sensing data are of paramount importance both to
guarantee the protection of the incumbents and to maximize the capacity available for the cog-
nitive users. The currently standardized LSA belongs to interweave category, typically uses
static vertical long-term spectrum leasing, and does not include spectrum sensing capabilities.

In LSA, vacant spectrum resources can be leased to shared spectrum users, known as LSA
licensees, who are guaranteed an exclusive access to the leased spectrum resources and are
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protected from harmful interference. The incumbents are also protected from interference
and might receive economic benefits from leasing their underutilized spectrum resources.
The traffic load of the incumbent (licensed) users in LSA does not affect the performance of
the LSA licensees, as the LSA licensees’ transmissions are restricted so that they do not cause
harmful interference to the incumbents under any circumstances. The terminology and defini-
tions for shared spectrum access methods are diverse, but OSA and LSA could be considered
as the two main categories in frequency bands with existing incumbents. Regardless of the
used shared spectrum access method, it is essential to guarantee that the incumbents cur-
rently present in the band are protected from any harmful interference that could be induced
by the newly introduced shared spectrum users.

The future LSA evolution will enable spectrum sensing and thus more dynamic use of spec-
trum. The current control solutions for network coordination are insufficient for heteroge-
neous 5G networks, where the performance of dense deployments could be further enhanced
by advanced spectrum sharing [11]. 5G-PPP project called COHERENT considers the novel
methods for coordinated control and spectrum management for 5G heterogeneous networks
in LSA evolution.

Section 2 describes the development and architecture of LSA system for 2.3-2.4 GHz band.
Section 3 discusses the feasibility, current status, and evolution of LSA toward 5G and makes
a comparison to Spectrum Access System (SAS) concept developed in the USA. Section 4
describes an LSA evolution PMSE use case trial. Section 5 discusses the use of LSA evolution
in 5G networks, and Section 6 gives the concluding remarks.

2. Development and architecture of LSA for 2.3-2.4 GHz band

The development of LSA concept began in European regulation and standardization to create
a method for the mobile network operators (MNOs) to deploy their networks into bands allo-
cated for mobile broadband (MBB), which currently have incumbents operating in the band.
The concept allows spectrum sharing between an MNO and the incumbents with licensing
conditions and rules that benefit both stakeholders. Radio Spectrum Policy Group (RSPG)
proposed LSA concept [12] as an extension to an earlier proposal by an industry consor-
tium, called Authorized Shared Access (ASA) [13]. ASA is limited to the International Mobile
Telecommunications (IMT) use, while LSA can also be applied to other types of spectrum
sharing. The 2.3 GHz band was chosen as the first frequency band for which to develop the
operating conditions for LSA.

International Telecommunication Union Radiocommunication Sector (ITU-R) has glob-
ally allocated the 2.3-2.4 GHz band for mobile broadband (MBB) systems at the World
Radiocommunication Conference 2007 (WRC-07) [14]. However, the frequency band is cur-
rently used by different incumbents in European Conference of Postal and Telecommunications
Administrations (CEPT) countries [15]. The main users are PMSE applications, such as wireless
camera links [16]. They are typically used to transmit video and audio wirelessly from a camera
to an outside broadcasting (OB) van, and the typical users thus are the broadcasting companies.
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The spectrum occupancy of the 2.3 GHz band in a single location in Finland was studied using
several weeks of spectrum measurement data from Turku spectrum observatory in [17, 18].
The results showed that spectrum occupancy was very low and sporadic, and the detected
busy periods were only 3-9 seconds long. The wireless camera transmissions typically occupy
a bandwidth of 20 MHz, meaning a 20% occupancy per transmission over the whole 100 MHz
frequency band. The instantaneous channel occupancy values were between 0 and 30%, but
when the occupancy was filtered with a 5-minute moving average filter, the occupancy was
between 0 and 5%. The filtered values confirm that the periods when the spectrum is occu-
pied are very short in time. In addition to the signals interpreted as wireless cameras, only
a small number of higher power peaks, probably from narrowband amateur radio services,
was detected. The wireless camera transmissions are very low power and difficult to detect,
and the studies conducted with a professional level wireless camera in [18] demonstrate that
the spectrum observatories are able to detect the wireless cameras only from distances smaller
than 250 m. Thus, single-location spectrum occupancy measurements cannot be used to draw
strong conclusions on the spectrum occupancy trends over large geographical areas.

One reason why allocating the 2.3 GHz band for MBB in Europe is important is that the
frequency band is already in MBB use in other regions. Thus, the transmitter hardware
already exists and can be easily implemented in mobile receivers for European market. An
economic analysis [19] also indicates that the impact of making 2.3 GHz band available for
MBB in Europe could be worth 6.5-22 billion euros. However, the national administrations
are unwilling to move the current incumbents to other frequency bands. Such an operation
would result in expenses to the incumbents who would need to update their equipment, and
in addition, there is a lack of suitable unallocated frequency bands. As the utilization of the
2.3 GHz frequency band appears to be very low, an optimal solution would be to let the cur-
rent incumbents stay in the frequency band and to allow the MBB operation by exploiting the
vacant spectrum resources. Again, the protection of the current incumbents is essential. LSA
is needed in the 2.3 GHz band to provide exclusive shared spectrum access to the MBB and to
protect the current incumbents.

Working Group Frequency Management (WG FM) established Frequency Management 53
(FM53) —Reconfigurable Radio Systems (RRS) and LSA project team in September 2012.
The aim of FM53 was to provide generic guidelines to CEPT administrations for the imple-
mentation of the LSA. The European Commission (EC) requested an opinion from RSPG on
regulatory and economic aspects of LSA in November 2012 [20], and their final opinion from
November 2013 [21] defined that LSA is “a regulatory approach aiming to facilitate the intro-
duction of radiocommunication systems operated by a limited number of licensees under an
individual licensing regime in a frequency band already assigned or expected to be assigned
to one or more incumbent users. Under the LSA approach, the additional users are autho-
rized to use the spectrum (or part of the spectrum) in accordance with sharing rules included
in their rights of the use of spectrum, thereby allowing all the authorized users, including
incumbents, to provide a certain QoS.”

Thus, LSA gives the MNOs a predictable QoS through individual licensing and exclusive
shared access to the spectrum resources. The MNO accessing shared spectrum through
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Figure 1. LSA architecture (Adapted from [22]).

temporary leasing is called LSA licensee. The functionalities of LSA are enabled mainly by
two additional units on top of the existing mobile networks: the LSA Repository and the LSA
Controller. The LSA Repository is a database containing information on incumbent spectrum
utilization, while the task of the LSA Controller is to guarantee protection and interference-
free operation for both types of users by using the data from the LSA Repository. The LSA
Repository can be managed by the National Regulatory Authorities, the incumbents, or a
trusted third party.

The LSA Repository contains information on the spectrum availability for LSA licensees and
spectrum sharing rules. This information is communicated to the LSA Controller through a
secure and reliable communication path. Based on the information from the LSA Repository,
the LSA Controller controls the spectrum use of LSA licensee(s). There may be several LSA
Repositories from which the LSA Controller gets the information on spectrum availability
and also several LSA licensees’ networks.

Figure 1 illustrates the LSA architecture. Several incumbents provide information on their
spectrum utilization to the LSA Repository, which communicates it to the LSA Controller.
The LSA Controller provides this information to the MNO operations, administration, and
maintenance (OAM), which instructs that the relevant base stations of the MBB network can
use the spectrum resources which are not used by the incumbents in the band. These newly
available spectrum resources are taken into use to provide additional capacity through carrier
aggregation (CA). The underlying spectrum in other frequency bands (blue cells in the figure)
is exclusively licensed for MBB transmissions, while the orange cells can provide additional
capacity using the LSA spectrum resources in the 2.3 GHz band. On the right side of the figure,
the incumbent operation prevents the use of LSA spectrum, and only the underlying MBB
spectrum resources can be used. This is illustrated through the absence of orange LSA cells.
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LSA Spectrum Resource Availability Information (LSRAI) contains the information on
the LSA spectrum resource that may be used by the LSA licensee. LSRAI is generated in
the LSA Repository and sent to the LSA Controller over the LSA | interface using LSA,
protocol messages as defined in the ETSI technical specification [23]. The LSA Information
Exchange Function to maintain the LSRAI synchronization between LSA Controllers and
LSA Repositories and the LSA, protocol are described in detail in [23].

As defined in [23], LSRAI has the following characteristics:

¢ It contains one or more zones. A zone is an information object which describes a set of
operational conditions or restrictions to be applied by the LSA licensee.

* A zone has a zone type associated to it (e.g., restriction, protection, exclusion).

* A zone contains space, frequency, radio, and time parameters:
o Space parameters describing the geographical area to which the restriction applies.
o Frequency parameters describing the frequency range to which the restriction applies.

o Time parameters describing when the restriction applies.

O

Radio parameters describing the RF restrictions to be applied within the space/fre-
quency/time combination defined by the above parameters

* A zone has a zone ID and a zone configuration index associated to it.

3. The status of LSA and SAS

This section considers the feasibility, current status, and evolution of LSA and briefly com-
pares it to the US concept for licensed shared spectrum access; Spectrum Access System (SAS).
The work on LSA has been very active in regulation and standardization: CEPT Reports [24—
26], ECC harmonized conditions for the use of the 2.3 GHz band in [15, 27-29], and European
Telecommunications Standards Institute (ETSI) standardization in [22, 23, 30, 31] provide all
the measures needed for a National Regulatory Authorities in a CEPT country to create an
implementation of LSA. A regulatory evaluation in [32] concluded that LSA implementations
are feasible as they provide a simple spectrum sharing approach providing a high degree of
certainty for both the incumbent and the LSA licensee with low impact to the systems and
the concept has already been tested and approved. The use of LSA is a national matter, which
does not require modifications to the ITU-R Radio Regulations (RR) but needs to comply with
the current regulations.

A study on the feasibility of LSA from business perspective [33] concluded that LSA imple-
mentations could be profitable for MNOs in Finland if they have a reasonably good cus-
tomer base and well-defined network launch and management. Most importantly, the MNO
has to carefully investigate the techno-economics to see if there is a customer base large
enough to justify the investments in new spectrum and network resources. A Finnish LSA
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trial environment is operated in Ylivieska [34, 35], but no commercial deployments of LSA
in 2.3 GHz band are available yet. A service pilot with LSA radio licenses to commercial end
users operating with incumbent wireless cameras in the 2.3 GHz band was announced in the
Netherlands in May 2016 [36], and more pilots are expected in the near future. The LTE MNOs
are expected to make fairly static multiyear spectrum sharing contracts with the incumbents
to justify investments in building mobile network infrastructure for LSA operation [37]. LSA
could also provide mechanisms to mitigate intra-MNO-system interference [37].

A concept called SAS is in development in the USA. It is very similar to LSA, as both of them
include incumbent users and licensed shared users who have exclusive shared access to the
spectrum. The Licensed Shared Access in SAS is known as Priority Access License (PAL).
LSA excludes opportunistic access where no protection from incumbents is provided, but
SAS adds an additional third tier for unlicensed opportunistic spectrum access with General
Authorized Access (GAA), as shown in Figure 2. PAL users are protected from interference
from GAA tier, but not from the incumbents.

The SAS design ensures protection also for the incumbents who cannot provide a priori infor-
mation to a central database. This is a major difference to LSA, where this information has to
be communicated to a central database (LSA Repository) in order to protect the incumbents.
The incumbents operating in the Citizens Broadband Radio Service (CBRS) band include
military services whose information is too sensitive to be stored in a database. Instead, SAS
includes Environmental Sensing Capability (ESC) component which uses spectrum sensing to
provide the needed data for spectrum access decisions. As [38] states, spectrum sensing is not
a trivial matter, especially with the strict requirements in SAS. ESC will not be used in the first
phase of SAS deployment, which restricts the SAS operation in the zones with military incum-
bents near coastal areas until a suitable ESC technology is available. ESC technologies have

Level of Access

- SAS LSA
Rights
Incumbent Incumbent
Incumbent Access system system

Priority Access
Licenseee (PAL)

Licensed Access LSA Licensee

General
Opportunistic Access Authorized

k Access (GAA)

Figure 2. Overview of the level of access rights in different tiers of SAS and LSA sharing models.
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already been developed and demonstrated in SAS trials [39]. Unlike LSA, SAS standardiza-
tion is still in progress, but the industrial interest in CBRS Alliance [40] is strong and advances
are expected in the near future. The first commercial SAS deployments are expected during
2018 [41] in 3.55-3.7 GHz CBRS [42] band in the USA. Table 1 gives a brief comparison of the
key features of the LSA and SAS concepts. More detailed considerations and comparisons
from both technical and business perspectives are given in [43, 44].

LSA and SAS are currently defined for use only in the mentioned frequency bands with their
specific incumbents, but the basic operational principles are straightforward to adopt to other
sub-6 GHz frequency bands, where spectrum sharing is more relevant. Spectrum sharing is
less relevant in higher frequency ranges, such as mmWaves, where wireless communication is
not so much limited by interference, but the higher path losses. The ETSI LSA standardization
was done partly in liaison with the 3rd Generation Partnership Project (3GPP) [45], which has
studied how LSA could provide a global solution for a 3GPP MNO in [46]. LSA has also been
recognized as one of the future technology trends for IMT in the ITU-R Working Party 5D on
IMT systems [47].

5G and its new use cases require a more dynamic approach to access shared spectrum
resources than ETSI LSA for 2.3-2.4 GHz band can provide. Spectrum sensing techniques are
needed as the more dynamic access to spectrum cannot be achieved by using static a priori
information. The dominant problems in spectrum sensing are the removal of shadowing and
multipath fading. Methods to overcome these problems through cooperative mobile measure-
ments to create interference maps are discussed in [48], but the current technologies related
to spectrum sensing are still not able to guarantee protection from harmful interference [43].

LSA

SAS

Tiers

Database

Spectral efficiency

Use of spectrum

Software and
hardware

Complexity

Adaptability

Two tiers with individual access

Centralized geo-location database based on
static a priori information on the incumbents

Less efficient use of spectrum

Current version is a static framework for
long-term spectrum leasing in 2.3 GHz
band. Future LSA evolution will include
spectrum sensing to provide more dynamic
use of spectrum

Minimal additions to the existing 3GPP
network ecosystem.

Less complex

Initially focused on Europe but easily
adaptable to other regions

3-tier system; two tiers with individual access and
a third license-exempt tier

Centralized geolocation database with
information based on spectrum sensing
technologies

More efficient use of spectrum

GAA tier enables very flexible and dynamic
short-term use of spectrum with a very low entry
barrier, but the GAA spectrum access and quality
are less certain than with the exclusive LSA
licenses

Requires new near real-time sensing capabilities
and big data and spectrum analytics

Very complex due to the spectrum sensing
needed for the GAA tier

Initially specific to US federal use, additional
adaptability is needed for other regions

Table 1. Brief comparison of LSA and SAS concepts.
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A concept called LSA evolution is currently under development. The use of spectrum sensing
is considered to provide more dynamic version of LSA, which is needed for the novel 5G use
cases [49, 50]. The original LSA specification assumes that the spectrum is available for the
operator always when the incumbent does not use the spectrum. The spectrum is available
for the operator within the regulative area, like country borders, excluding the areas where
the incumbent uses the spectrum. From spectrum perspective, high QoS is achieved when the
incumbent does not use the spectrum.

The interest in private LTE and 5G networks has grown due to the increased number of IMT
frequency bands, higher frequency ranges, variety in spectrum assignments for 3GPP tech-
nologies, and revolution of wireless industrial communication [51]. The feasibility study [52]
addresses these issues and applies learning from the later developed SAS/CBRS system at the
same time. The study considers, for example, how to provide temporary spectrum access for
local high-quality wireless networks.

The new concepts for LSA evolution include short-term license periods, possibility to allocate
spectrum locally, and supporting co-primary sharing, which can guarantee the quality of
service from spectrum perspective [49, 53]. Most LTE use is static, when the spectrum assign-
ments are considered. Even if the user equipments (UEs) are mobile, the spectrum use is more
determined by the eNodeBs. They traditionally require masts, electricity, backhaul connectiv-
ity, and professional installers.

The temporary LTE or 5G spectrum access is most likely to be related to PMSE, Public
Protection and Disaster Relief (PPDR), or Test and Development (T&D) licenses. The current
mobile networks are wide area networks even if they are built for capacity. Most private LTE
and 5G networks are local. PMSE, PPDR, and T&D networks are both temporary and local
and thus can benefit most from LSA evolution.

4. LSA evolution systvem for 5G PMSE use case trial

This section presents a trial of LSA evolution system developed for 5G PMSE use case. The
trial focuses on utilizing LSA for sharing spectrum in 2.3-2.4 GHz band between wireless
cameras (PMSE) and mobile network operator (MNO) serving users. When the spectrum is
required by the incumbents, such as wireless video cameras during a sports event, the trans-
missions of the mobile network in this area need to be controlled to allow the operation of
the wireless cameras in the band. The mobile network base stations on this band can be shut
down or their transmission powers and potentially operating frequencies controlled.

The developed LSA evolution system allows to set priorities for different users of the spec-
trum, and thus it is possible, for example, to give the highest priority to the old/proprietary
PMSE systems which cannot communicate bidirectionally with the spectrum manager, which
includes the functionalities of LSA Controller and LSA Repository. The LTE/5G-based equip-
ment can be controlled (their transmission frequencies and power levels adjusted) so that no
interference is caused toward the old/proprietary PMSE equipment or other LTE/5G-based
equipment.
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The trial assumes that the broadcasters and other PMSE stakeholders may have a mixture
of proprietary and LTE/5G PMSE wireless technology in use in the future. This trial dem-
onstrates how broadcasters can gradually move from proprietary 2.3 GHz wireless camera
technology to 2.3 GHz LTE/5G PMSE. Both old and new equipment can be used simultane-
ously within the trial system. One major advantage of LTE/5G radio-based PMSE is that the
spectrum manager can directly control the equipment (e.g., change its operating frequency to
avoid interference). Another advantage of having an own PMSE LTE/5G system compared to
using commercial LTE/5G networks for the PMSE traffic is that the PMSE stakeholder is able
to fully control the use and thus the load of its own PMSE system.

The architecture of the trial setup shown in Figure 3 consists of PMSE equipment operating
occasionally on 2.3 GHz band and MNO LTE network operating on 700 and 2.3 GHz bands.
This represents a situation where MNO employs additional capacity on 2.3 GHz band using,
for example, supplemental downlink (SDL) concept. Proprietary PMSE equipment represents
an OFDM-based proprietary solution for wireless cameras operating on the band. PMSE LTE
in Figure 3 is a rapidly deployable LTE/5G network for PMSE purposes. Commercial base
stations and LTE terminals were used in the trial. The proprietary PMSE equipment was emu-
lated in the trial with a DVB-T/DVB-T2 transmission and Samsung S8 phones streaming video
served as LTE-based PMSE equipment.

Spectrum manager orchestrates the operation of the different systems on 2.3 GHz shared band.
PMSE system information is collected with a web-based reservation system, where the users
of the devices can make reservations for their intended use. The reservation system has been
piloted in the Netherlands in 2017-2018 [34]. The control of the PMSE devices also takes place
through the reservation system so that the user of the devices is informed about the required
spectrum use changes and the user has to deploy the configuration changes in their devices.

0 U @ [e

B28 B40 B40
((é)) Handover ((é)) ((é)) ((é))
MNO LTE1 MNO LTE2 Pmpp[\r/'lgéary PMSE LTE
700I\‘/II-IZ\/2.3'GH2 2 3Gtz }TGHZ
MNO evolved ‘ PMSE evolved

Packet Core

Spectrum
manager

Figure 3. Spectrum demonstration architecture.
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Both PMSE LTE and MNO LTE systems have a direct machine-to-machine (M2M) interface
between the radio equipment and the spectrum manager. The priority order considered in the
trial is as follows, from highest to lowest: PMSE, PMSE LTE, and MNO LTE. When the priority
user changes the configuration of the LTE network, a notification about the change is auto-
matically received in the spectrum manager. The spectrum manager processes the changed
spectrum situation and evaluates if the lower priority use may cause harmful interference to
the higher priority use. If there is a risk of interference, the spectrum manager evaluates which
changes would be required to accommodate the higher priority use and to maintain the best
possible service level also for the lower priority use.

On the high level, interference mitigation is implemented so that if there are frequency channels
available, the lower priority use is transferred to those channels. If there are no other channels
available, the power level of the secondary user is reduced or the transmission is denied. In this
demonstration, the higher priority user is able to select the frequency channel to be used. An
option for this could be that the higher priority user has the right to the spectrum resource in
the band, but the specific frequency channel is determined by the spectrum manager.

The main target of the performed trial is to demonstrate the LSA evolution functions devel-
oped to the spectrum manager to enable dynamic spectrum sharing between users with dif-
ferent levels of priority. The steps performed in the trial were:

1. MNO LTE1 (700 MHz) and MNO LTE2 (2.3 GHz) serving users (web surfing, video
streaming).

2. PMSE LTE (2.3 GHz) turns on as a rapidly deployable network for PMSE, and spectrum is
available for both MNO LTE2 and PMSE LTE.

3. PMSE user registers to the spectrum manager registration system, on the frequency cur-
rently in use for PMSE LTE.

4. MNO LTE2 limits its transmission power (if necessary) to follow interference limits, and
the users remain connected to at least B28 (700 MHz) base station.

5. PMSE LTE changes channel to give space to PMSE.

6. Proprietary PMSE equipment turns on.

Corresponding snapshots of the 2.3 GHz spectrum band are illustrated in Figure 4. First, the
lowest priority LTE service, such as SDL of MNO LTE2, operates in the band. Then, PMSE
using rapidly deployable LTE air interface (PMSE LTE) requests for spectrum. At the same
time, there is enough free spectrum for both to operate. Then, the proprietary PMSE equip-
ment requests for spectrum, and the spectrum manager allocates suitable frequencies and
power levels for all users. If necessary, MNO LTE2 adjusts the transmission power according
to regulated interference limits to allow for the operation of higher priority users. Also, PMSE
LTE that is controlled by the spectrum manager via M2M interface switches frequency (e.g.,
due to the limitations of proprietary PMSE equipment tuning range). Finally, all three net-
works operate on the shared spectrum without causing interference to each other.
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Step 1)
MNO
LTE2
Step 2)
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Figure 4. 2.3 GHz spectrum use corresponding to trial steps.

5. LSA evolution in 5G networks

A mobile service of a mobile network operator consists of different mobile network technolo-
gies, like GSM, WCDMA, LTE, and 5G. Each of the technologies, especially LTE, has several
frequency bands. The bands below 1 GHz are coverage bands, and the bands above 2 GHz are
capacity bands. The capacity bands are available only in densely populated areas.

Mobile phones primarily make the decision which technology and which band(s) they use.
The availability of the LSA secondary bands cannot be guaranteed at any time or location, but
the situation does not differ much from the availability of the capacity bands, when consider-
ing the availability of the bands from the mobile device perspective. At an arbitrary location
and time, only a part of the deployed technologies and frequency bands are available for a
specific mobile device. The generic secondary LSA spectrum use fits best to 5G enhanced
Mobile Broadband (eMBB).

The original LSA was developed to allow mobile as a secondary user on the bands, which
have other types of priority users. The recent development in ETSI RRS considers LSA for
local high-quality networks. The main issue to ensure a guarantee of quality is to have a shar-
ing agreement, where the LSA user is the primary user and is protected from interference.
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When the LSA users have a primary status and when they are protected from interference,
LSA can be used also for 5G Ultrareliable Low-Latency Communication (URLLC).

When the 5G massive Machine-Type Communication (mMTC) is deployed in coverage net-
works, LSA may not be the best solution, as the spectrum sharing in the coverage bands is not
as beneficial as in the capacity bands. On the other hand, many of the sub-GHz wide-area IoT
networks operate on license-exempt bands, which cannot guarantee quality of service either.

The LSA spectrum sharing does not change mobility or handovers in the mobile networks
compared to non-LSA mobile networks. The main issue in this respect is the graceful shut-
down. The sharing agreement may allow a reasonable delay, i.e., several minutes or more,
between the moment information that the primary user requiring interference protection
arrives and the moment when the interference protection has to be carried out in the LSA
system. In that case, the operations, administration, and maintenance (OAM) of the mobile
network can force the mobile to non-LSA bands before the LSA system deploys the interfer-
ence protection in the LSA band. The graceful shutdown is not a part of the LSA system but
rather a feature of the OAM.

6. Conclusion

This chapter has discussed why spectrum sharing is needed and introduced the LSA concept
developed to provide a predictable QoS and exclusive access to shared spectrum resources.
The first phase of LSA development and standardization created a somewhat static system
and rules for the use of LSA in the 2.3-2.4 GHz frequency band. This version of LSA is best
suited to facilitate access to sub-6 GHz frequency bands where the existing incumbents are
not efficiently using their spectral resources.

However, the novel use cases in 5G require a more dynamic access to the spectrum and novel
solutions for coordinated control and spectrum management. Spectrum sensing techniques
are needed to provide the more dynamic access to spectrum, as the current version of LSA
and its static spectrum allocations are insufficient for this. The spectrum sensing techniques
however still need to evolve to be able to guarantee protection from harmful interference.

The development of LSA evolution is underway, and the other new concepts needed for LSA
evolution include short-term license periods, possibility to allocate spectrum locally, and
support for co-primary sharing, which can guarantee the QoS from spectrum perspective.
The chapter also described a demonstration of LSA evolution system with spectrum user
prioritization, which was created for 5G PMSE use case.
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