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(57) Abstract: A base station (BS) circuitry, configured to
adapt operation of a user equipment (UE) between a stand-
alone operation mode and a mobile network operator (MNO)
assisted operation mode, includes: a first interface connect-
able to an MNO network; a second interface connectable to
the UE; and a BS controller, configured to : transmit a first
register message via the first interface to the MNO network,
wherein the first register message indicates a request to oper-
ate the UE in at least one licensed frequency band of the
MNO network, and signal a hand-over via the second inter-
face to the UE, wherein the hand-over indicates a transition
from operating the UE in at least one frequency band of the
stand-alone operation mode to operating the UE in the at
least one licensed frequency band of the MNO assisted oper-
ation mode.
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APPARATUSES AND METHOD FOR ADAPTING OPERATION OF A USER
EQUIPMENT BETWEEN STAND-ALONE AND NETWORK ASSISTED
OPERATION

FIELD
[0001] The disclosure relates to a base station (BS)
circuitry for adapting operation of a user eguipment (UE)
between a stand-alone operation mode and a mobile network
operator (MNO) assisted operation mcede and a UE controlled by
such BS circuitry. In particular, the disclosure relates to
dynamic combination of stand-alone licensed assisted access
(LARAY and dedicated LAAR and advanced coexistence mechanlsms

for unlicensed bands.

BACKGROUND
[0002] While 3GPP LAA (Licensed Assisted Access) allows
operators to combine dedicated licensed and unlicensed {(in
particular 5GHz I3M) bands, this 3GPP LAA approach only
allows the joint coperation of these Z bands, As can be
seen from Fig. 1, a dedicated licensed spectrum 118, e.g.
according to LTE, is provided by a base station 120 to a
user with user eguipment 140 and an unlicensed spectrum
112, e.g. according to WiFi, is provided by a small cell
110 to the user equipment 140. Both spectra 112, 118 are
combined via link aggregation 130. Contrel 114 and data
116 messages are exchanged between the base station 120
and the small cell 110. Currently, multiple LAA Stand-
Alone approaches are defined, typically using the 5 GHz
I8M band {or any other suitable unlicensed band or shared
bands such as the 3.5 GHz US band) only — without
combination with a dedicated licensed band. This makes LTE
available for operator-independent users, such as private

users depleoying a private home network.
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[C003] It may thus be desirable to provide a new technique
for efficiently using radio resources including licensed

and unlicensed freguency bands.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] The accompanying drawings are included to provide a
further understanding of aspects and are incorporated in and
constitute a part of this specification. The drawings
illustrate aspects and together with the description serve to
explain principles of aspects. Other aspects and many of the
intended advantages of aspects will be readily appreciated as
they become better understood by reference to the following
detailled description. Like reference numerals designate

corresponding similar parts.

[0005] Fig. 1 is a schematic diagram of a joint operation of
dedicated licensed and unlicensed freguency bands

according to 3GPP LAA.

[0006] Fig. 2 is a schematic diagram illustrating a type 1
LTE frame structure to be used for LTE FDD (frequency

division duplex) mode systems.

[0007] Fig. 3 is schematic diagram illustrating a type 2 LTE
frame structure to be used for LTE TDD {time division dupléx}

mode systems.

[0008] Fig. 4 18 a schematic diagram of a mobile
communication system 400 including a mobile network operator
(MNO) network 410, a base station (BS) circuitry 420 and a

user eguipment {UE) 430.
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[0009] Fig. 5 is a schematic diagram 500 illustrating
different operations modes that a base station circuitry 420

can use for adapting a user equipment 430.

[0010] Fig. 6 is a schematic diagram illustrating a message
sequence between a BS circuitry 420, a MNO network 410 and a
UE 430 for switching an operation mode of the UE from stand-

alone LAA to MNO assisted operation.

[0011Y Fig. 7 is a schematic diagram illustrating a message
segquence between a BS cilrcuitry 420, a MNO netwerk 410 and a
UE 430 for switching an operation mode of the UE from MNO

assisted operation to stand-alone LAA.

[0012] Fig. 8 is a schematic diagram illustrating a license
shared access (LSA) communication system 800 including an LSA

controller 813 for adapting spectrum usage.

[0013] Fig. 9 ig a schematic diagram illustrating a spectrum
access system (SAS) 900 with two central SAS coordinators
931, 932 for coordinating spectrum use between incumbents, PA
{priority access) users and GAA (general authorized access)
users according to FCC (Federal Communications Commission)

standardization.

[0014] Fig. 10 is & schematic diagram illustrating a first
state 1000 of an efficient resource access mechanism in an
LAA communication system including a central coordination
entity 1005, two base station (BS) circuitries 1001, 100Z and
a small cell 1103.
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[0015] Fig. 11 is a schematic diagram illustrating a second
state 1100 of the efficilent resource access mechanism in the

LAA communication system deplcted in Fig. 10.

[0016] Fig. 12 is a schematic diagram illustrating a third
state 1200 of the efficient rescurce mechanism in the LAA

communication system deplicted in Fig. 10.

[0017] Figs. 13a, 13b, 13c and 13d are schematic diagrams
illustrating transmissions 1300a, 1300b, 1300c¢c and 1300d in
which silence periods are filled up with dummy data according
to a method for scheduling coordinated access to a radio

resource.

DETAILED DESCRIPTION

[0018] In the context of this disclosure, “stand-alone”
means that the LAA svystem <an be used in an unlicensed or
license-by~-rule band or shared band (or any band other
than exclusively licensed band) alone without reguiring a
second frequency carrier (being operated Jjointly,
seguentially in time or simultanecously in time). Such a
second frequency carrier typically relates to a dedicated
licensed freguency band, such as an LTE dedicated licensed
frequency band. Also note that the stand-zlone system
typically relates to LAA but the apprecach 1s generic and
can be applied to any communication protocol (possibly
after suitable modifications, including mechanisms for
protection of an incumbent system for example). Also note
that the stand-alone system may be part of a hierarchy,
for example in the case of LAA in 3.5 GHz shared spectrum,

the highest pricrity is typically given to the incumbent,
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the second highest pricrity to a PAL User {(Pricrity Access
License User) - if available in the target band - and the
third highest pricrity to a GAA User {(General Authorized
Access user) which is typically governed under the
license-by-rule framework of the FCC (in other regions
similar or slightly different schemes may exist which
allow quasi-unlicensed operation while protecting a higher

priority user).

[0012] It is understood that the basic principles are
applicable to any suitable freguency band and any suitable
radio access technology. In particular, 1t is suitable for
systems operating in unlicensed bands (such as 2.4 GHz ISM
band and 5 GHz ISM bands), license-by-rule bands (such as 3.5
GHz GAA operation in the US under FCC's license-by-rule
framework), shared bands (such as TVWS bands, e.g. in Europe
from 470-790 MHz, where systems as ag IEEEECZ.1laf may
operate] and any cther type cof bands. The proposed schemes
are in particular optimized for TDD operation, however, they
may be adapted to any other type of operation, including FDD.
Alternatively, non-TDD systems, such as FDD systems ox
others, may be adapted in order to operate under the
conditions detailed in this disclosure; this may for example
be achieved by adding a {optional or non-optiocnal) TDD mode
or any other suitable mode to the currently existing stand.
Then, the approach detailed in this disclosure can be applied
o any communication system and in particular to the
following systems: Infrastructure eguipment or moblle devices
or any other equipment operating according to certain 3GPP
(Third Generation Partnership Project) specifications,
notakly Long Term Evolution (LTE) and Long Term Evolution-
Advanced (LTE-A), a 5th Generation (5G) communication

systems, a Global System for Mcbile Communications (GSM)
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radio communication technology, a General Packet Radic
Service (GPRS) radio communication technology, an Enhanced
Data Rates for GSM Evolution (EDGE) radio communication
technology, and/or a Third Generation Partnership Project
(3GPP) radio communication technology {(e.g. UMTS (Universal
Mobile Telecommunications System), FOMA (Freedom of
Multimedia Access), 3GPP LTE (Long Term Evolution), 3GPP LTE
Advanced (Long Term Evolution Advanced)), CDMAZ000 (Code
division multiple access 2000}, CDPD {(Cellular Digital Packet
Data), Mobitex, 3G {(Third Generation), C8D (Circuit Switched
Data), HSCSD (High-Speed Circuit-Switched Data), UMTS (3G)
(Universal Mcobile Telecommunications System (Third
Generaticn)), W-CDMA (UMTS) (Wideband Code Division Multiple
Access (Universal Mobile Telecommunications System)), HSPA
{High Speed Packet Access), HSDEA (High-Speed Downlink Packet
Acocess), HEUPA (High-Speed Uplink Packet Access), HSPA+ (High
Speed Packet Access Plus), UMTS-TDD (Universal Mobile
Telecommunications System -~ Time-Division Duplex), TD-CDMA
{Time Division -~ Code Division Multiple Access), TD-CDMA
{Time Division = Synchronous Code Division Multiple Access),
3CGPP ERel. 8 (Pre-4G}) (3rd Generation Partnership Project
Release B (Pre-4th Generation)), 3GPFP Rel. 9 (3rd Generation
Partnership Project Release 9}, 3GPP Rel. 10 (3rd Generation
Partnership Proiject Release 10) , 3GPP Rel. 11 {(3rd
Generation Partnership Project Release 11), 3GPEP Rel. 12 (3xd
Generation Partnership Project Release 12), 3GPP Rel. 13 (3rd
Generation Partnership Project Release 12), 3GPP Rel. 14 {(3rd
Generation Partnership Project Release 12), 3GPP LTE Extra,
LTE Licensed-Assisted Access (LAA}, UTRA {UMTS Terrestrial
Radio Access), E-UTRA (Evolved UMTE Terrestrial Radio
Access), LTE Advanced (4G) (Long Term Evolution Advanced (4th
Generation)), cdmaOne (2G), CDMAZ000 {(3G) {(Code division
multiple access 2000 (Third generation)), EV-DO (Evolution-
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Data Optimized or BEvolution-Data Only), AMPS (1G) (Advanced
Mobile Phone System (lst Generation)), TACS/ETACS (Total
Access Communication System/Extended Total Access
Communication System), D-AMPS (Z2G) (Digital AMPS (Z2nd
Generation)}, PTT (Push-to-talk), MTS (Moblile Telephone
System), IMTS (Improved Mobile Telephone System), AMTS
(Advanced Mobile Telephone System), OLT (Norwegian for
Offentlig Landmobil Telefoni, Public Land Mobile Telephony),
MTD (Swedish abbreviation for Mobiltelefonisystem D, or
Mobile telephony system D), Autotel/PALM (Public Automated
Land Mobile), ARP (Finnish for Autcoradiopuhelin, ,car radio
phone™), NMT (Nordic Mcobile Telephony), Hicap (High capacity
version of NTT (Nippon Telegraph and Telephone)), CDPD
(Cellular Digital Packet Data), Mobitex, DataTAC, 1DEN
{(Integrated Digital Enhanced Network), PDC {(Personal Digital
Cellular), CSD {(Circuit Switched Data), PHS (Perscrial Handy-
phone System), WiDEN (Wideband Integrated Digital Enhanced
Network), iBurst, Unlicensed Mobille Access (UMA, also
referred to as also referred to as 3GPP Generic Access
Network, or GAN standard)), Wireless Gigabit Alliance {(WiGig]
standard, mmWave standards in general (wireless systems
operating at 10-90 GHz and above such as WiGig, IEEE
80Z2.11lad, IEEE 8(02Z.llay, etc.), etc. Note in particular that
the proposed scheme may be applied to so called cmWave {3-30
GHz) and mmWave (30-300 GHz) band systems and at frequencies

beyond those.

[0020] In the following detailed description, reference is
made to the accompanying drawings, which form a part thereof,
and in which is shown by way of illustration specific aspects
in which the invention may be practiced. It is understood
that other aspects may be utilized and structural or logical

chariges may be made without departing from the scope of the
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present invention. The following detailed description,
therefore, is not to be taken in a limiting sense. The

following terms, abbreviations and notations will be used

herein.

CES: Cell specific Reference 3Signal,

PRB: Physical Resource Block,

3GPP: 3rd Generation Partnership Project,

LTE: Long Term Evolutiocrn,

LTE-A: LTE Advanced, Release 10 and higher versions of
3GPP LTE,

MNG; Mobile Network UOperator,

BRS: Base station, eNodeRB,

FCC: Federal Communications Commission,

SAS: Spectrum Access Systemn,

PA: Priority Access,

GABA: General Authorized Access,

PAL: Pricority Access Licenses,

ASA: Authorized Shared Access,

C55: Cloud Spectrum Services,

RE: Radio Frequency,

UE: User Egquipment,

SINE: signal-to-interference and noise ratio,

RE: Resource Element,

RB: resource block, e.g., a rescurce block in frequency
direction times slot in time direction,

oFbM: Orthogonal Frequency Division Multiplex,

NodeRB: base station,

IRC: Interference Rejection Combining,

elCIC: enhanced Inter-Cell Interference Coordination,

MIMO: Multiple Input Multiple Cutput,

TDD: Time Division Duplex,

FDD: Frequency Division Duplex,
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[0021] The methods and devices described herein may be based
on resource blocks, in particular resource blocks received
from radio cells, and clusters. It is understood that
comments made in connection with a described method may also
hold true for a corresponding device configured to perform
the method and vice versa. For example, if a specific method
step is described, a corresponding device may include a unit
to perform the described method step, even if such a unit is
not explicitly described or illustrated in the figures.
Further, it 1is understood that the features of the various
exemplary aspects described herein may be combined with each

other, unless specifically noted otherwise,

[0022] The methods and devices described herein may be
implemented in wireless communication networks, in particular
communication networks based on mobile communication
standards such as LTE, in particular LTE-A and/or CFDM. The
methods and devices described below may further be
implemented in a base station (NodeB, eNodeB) or a mobile
device (or mobile station or User Eguipment (UE)). The
described devices may include integrated circuits and/or
passives and may be manufactured according to various
technologies. For example, the circuits may be designed as
logic integrated circuits, analog integrated circuits, mixed
signal integrated circuits, optical circuits, memory circuits

and/or integrated passives.

[0023] The methods and devices described herein may be
configured to transmit and/or receive radio signals. Radio
signals may be or may include radioc frequency signals

radiated by a radio transmitting device (or radio transmitter
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or sender) with a radio frequency lying in a range of about 3
Hz to 300 GHz. The freguency range may correspond to
frequencies of alternating current electrical signals used to

produce and detect radio waves.

[0024] The methods and devices described herein after may be
designed in accordance to mobile communication standards such
as e.qg. the Long Term Evolution (LTE) standard or the
advanced version LTE-A thereof. LTE (Long Term Evolution),
marketed as 4G, 5G LTE and beyond, is a standard for wireless
communication of high-speed data for moblle phones and data
terminals. The methods and devices described hereinafter may
be applied in OFDM systems. COFDM is a scheme for encoding
digital data on multiple carrier freguencies. A large number
of closely spaced orthogonal subk-carrier signals may be used
to carry data. Due to the orthogonality of the sub-carriers

crosstalk between sub-carriers may be suppressed.

[0028] The methods and devices described hereinafter may be
applied in SAS systems. The FCC (Federal Communications
Commissicon) released a Report and Order outlining the rules
for operating wireless devices in the 3.5GHz band that
spans from 3550 - 3700 MHz. FCC released this spectrum for
sharing with the incumbents, which means that the
incumbents get priority in that band and it can be used by
brecadband devices when {(and where) incumbents are not
using the spectrum. The incumbents in this band include
DoD radars. There are two additional tiers of spectrum
users in addition to the incumbents namely the Priority
Access (PA} and General Authorized Access (GAA). The
Priority Access Licenses (PAL) users get protection from

GAA users which is similar to unlicensed spectrum.
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[0026] The FCC alsc mandates a Spectrum Access System

(SAS) that will coordinate the spectrum use between the
incumbents, PA and GAA. The SAS is central to this band,
and no tier 2 or tier 3 device can operate unless 1t 1is in
constant communication with the SAS and receives
information of when and where to use the 3.5GHz channels.
The SAS has to be approved by the FCC before it can be
deployed. Since the SAS is the central coordinator for
this spectrum, it needs to have a lot of information about
the network and devices. In fact, FCC mandates most of
this information to be contained in the SAS., FCC’s Report
and Order outlines a sample system with SAS{s) as shown in
Figure 9. If there are multiple SASs, they are supposed to
be synchronized with each other. However, the FCC does not
specify details of how the SAS have to be implemented and

what information has to be synchronized.

[0027] The methods and devices described hereinafter may be
applied in LSA (Licensed Shared Access) systems, ABA
(Buthorized Shared Access) systems and C55 (Cloud Spectrum
Services) systems. The LSA (Licensed Shared Access) concept,
e.g. as shown in Fig. 8B, was recently developed by REPG
(Radio Spectrum Policy Group) on a European level. The
objective 1s to propose a new way for answering to the
operators’ needs for more spectrum. It 1s expected that no
more dedicated spectrum will be available for cellular
operators for mobile communications in the future. LSA thus
proposes mechanisms for introducing shared spectrum based
solutions, i.e. mobile cellular operators will have access to
additional licensed spectrum from other licensees (like
public safety, government. etc.) which they normally would
not get access to. LSA is based on a similar solution as ASA

{Authorized Shared Access). ASA, however, is limited to IMT
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spectrum while LSA is also addressing non-IMT bands. Both

exist on a rather conceptual level for the time being.

[0028B] A related technology is C85 (Cloud Spectrum Services)
which addresses the same framework as LSA and ASA, but
introduces more detailed implementation solutions. On a
regulatory level, there is massive interest for LSA/ASA/CSS,
in particular in Europse. CEPT WG FM has agreed to launch a
corresponding project team. ETSI RRS has finalized the set-up
of a so-called BSRDoc (System Reference Document) which
targets in particular the 2.3-2Z.4 GHz Band which is expected
to be one of the most straightforward candidates for shared
spectrum usage. This is also acknowledged by CEPT WG FM. CEPT
has taken the inputs into account in its CEPT WG FM project
teams PTHZ and PTHE3. While current activities focus on the
2.3-2.4 GHz band in Eurcpe, it should be noted that the usage
of the LSA concept is not limited to any specific freguency
band. In fact, 1t i1s expected that the 2.3-2.4 GHz represents
a first exercise and in the future LSA usage will be extended

to other bands.

[00298] The methods and devices described hereinafter may be
applied in WiFi and Bluetcoth systems or any near field
communication (NFC) technology. WiFi is a local area wireless
computer networking technology that allows electronic devices
to connect to the network, mainly using the 2.4 gigahertz (12
cm) UHF and 5 gigahertz (6 cm) SHF ISM radic bands. The Wi-Fi
Alliance defines Wi-Fi as any "wireless local area network”
(WLAN} product based on the IEEE 802.11 standards. However,
the term "Wi~-Fi" 1is used in general English as a synonym for
WLAN since most modern WLANs are based on these standards.
Many devices can use WiFi, e.g. personal computers, video-

game consocles, smartphones, digital cameras, tablet computers
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and digital audio players. These can connect to a network
resource such as the Internet via a wireless network access
polnt., Such an access point {(or hotspot) has a range of about

20 meters indoors and a greater range outdoors.

[0030] Bluetocoth is a wireless technology standard for
exchanging data over short distances (using short-wavelength
UHF radio waves in the ISM band from 2.4 to 2.485 GHz) from
fixed and mobile devices, and building personal area networks
{PANs) . It can connect several devices, covercoming problems

of synchronization.

[0031] The methods and devices described hereinafter may be
applied in LTE FDD mode systems, e.g. LTE mode systems having
a type 1 LTE frame structure as shown in Fig. 2. The type 1
LTE frame 200 includes 10 sub-frames 204 each having two
slots 206. A basic type 1 LTE frame has an overall length of

10 milliseconds.

[0032] The methods and devices described hereinafter may be
applied in LTE TDD mode systems, e.g. LTE mode systems having
a type 2 LTE frame structure as shown in Fig. 3. The type 2
LTE frame 300 has an overall length 202 of 10 milliseconds.
The 10 ms frame 300 comprises two half frames 208, each &5 ms
long. The LTE half-frames 208 are further split into five
subframeg 204, each 1 millisecond long 206. The subframes 204
may be divided into standard subirames 302 and special
subframes. The special subframes consist of three fields:
DwPTS - Downlink Pilot Time Slot 304; GP - Guard Period 306;
and UpPTS = Uplink Pilot Time Stot 308. These three fields
are individually configurable in terms of length, although

the total length of all three together must be lms.
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[0033] One of the advantages of using LTE TDD is that to
apply a dynamically changing of the up and downlink balance
and characteristics to meet the load conditions. In order to
achieve this in an ordered fashion, a number of standard
configurations have been set within the LTE standards. A
total of seven up / downlink configurations have been set,
and these use either 5 ms or 10 ms switch periodicities. In
the case of the 5ms switch point periocdicity, a special
subframe exists in both half frames. In the case of the 10 ms
pericodicity, the special subframe exists in the first hall
frame only. The subframes 0 and 5 as well as DwPTS are always
reserved for the downlink. UpPTS and the subframe immediately
following the special subframe are always reserved for the

uplink transmission.

[0034] The methods and devices described hereinafter may be
applied in MIMO systems. Multiple-input multiple-cutput

(MIMO) wireless communication systems employ multiple
antennas at the transmitter and at the recelver to increase
system capacity and to achieve better guality of service. In
spatial multiplexing mode, MIMO systems may reach higher peak
data ratesg without increasing the bandwidth of the system by
Transmitting multiple data streams in parallel in the same

frequency band.

[0035] Fig. 4 is a schematic diagram of a mobile
communication svstem 400 including a mobile network operator
{MNO) network 410, a base station (BS) circuitry 420 and a

user egquipment (UE) 430.

{0036] The BS circuitry 420 is configured to adapt operation
of a UE 430 between a stand-alone operation mode and a mobile

network operator (MNO) assisted operation mode. The BS
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circuitry 420 includes a first interface 421 connectable 412
to the MNO network 410, a second interface 425 connectable
422 to the UE 430; and & BS controller 423. The BSS
controller 423 is configured to transmit a first register
message, e.¢. a register message Za as described below with
respect to Fig. 6, via the first interface 421 to the MNO
network 410. The first register message indicates a request
to operate the UE 430 in at least one licensed fregquency band
of the MNO network 410. The BS controller 423 1s further
configured to signal a hand-over, e.g. a hand-over message 3cC
as described below with respect to Fig. 6, via the second
interface 425 to the UE 430. The hand-over indicates a
transition from operating the UE 430 in at least one
unlicensed freguency band of the stand-alone operation mode
to operating the UE 430 in the at least one licensed

freguency band of the MNO assisted operation mode.

[0037] The request to operate the UE 430 in an MNO assisted
operation mode may be autonomously generated by the base
station circuitry 420 or may be received from the MNO network
410, e.g. by the message 3a as described below with respect
to Fig. 6. Alternatively, the request to operate the UE 430
in an MNO assisted operation mode may be decided by the UE
430 and signaled to the BS cilrcuitry 420, e.g. by the message
3b as described below with respect to Fig. 6.

[0038] The BS controller 423 may transmit information via the
second interface 425 to the UE 430 which indicates a list of
available links for connecting the UE 430, e.g. by the
message 2b as described below with respect to Fig. 6. The
list of available links may include for example: a link
through the MNO network 410 based on licensed access

technology, a link through an MNO-independent network based
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on WiFi, a link through the MNO-independent network based on
Bluetooth, a link through the MNO-independent network based
on stand-alone license-assisted access {(LAR), and a link
through the MNO-independent network based on ancther access

technology.

[0032] The BS controller 423 may adapt an access technology
for accessing the UE 430 based on 3GPP long term eveclution
(LTEY 1in a dedicated licensed band, for example corresponding
to LTE licensed 501 as described below with respect to Fig.
5. The BS contreller 420 may adapt an access technology for
accessing the UE 430 based on 3GPP LAA in a combination of a
dedicated licensed band and an unlicensed band, for example
corresponding to LTE LAA licensed/unlicensed 503 as described
below with respect to Fig. 5. The BS controller 423 may adapt
an access technology for accessing the UE 430 based on stand-
alene LTE LAA in an unlicensed band, for example
corresponding to stand-alone LTE LAA 504, e.g. LTE being
operated on an unlicensed, license-by-rule or shared basis as
described below with respect to Fig. 5. The BS controller 423
may adapt an access technology for accessing the UE 430 based
on Spectrum Access System (SAS) in a dedicated licensed band
for incumbent usage, for example corresponding to the SAS
system described below with respect to Fig. 9. The BS
controller 423 may adapt an access technology for accessing
the UE 430 based on SAS LAA in a combination of a dedicated
licensed band for incumbent usage and an unlicensed band, for
example corresponding to the SAS system described below with

respect to Fig. 9.

[6040] The BS controller 423 may adapt an accgess technology
for accessing the UE 430 based on LSA LAA in a combination of

a dedicated licensed band for incumbent usage and an
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unlicensed band, for example corresponding to the LSA system
described below with respect to Fig. 8. The BS controller 423
may adapt an access technology for accessing the UE 430 based
on LSA LAA, ASA LAR, and/or CSS LAA, for example in a
combination of a dedicated licensed band for incumbent usage
and an unlicensed band. The BS controller 423 may adapt an
access technology for accessing the UE 430 based on any

combination of LTE, S5SAS, LSA, ASA and C8S LAA,

[0041] The BS controller 423 may terminate the operation of
the UE 430 in the stand-alone operation mode if the MNO
network 410 provides at least cne unlicensed freguency band
for operating the UE, e.g. when a request Ifor termination of
MMO-independent stand-alone LAR is received from the MNO
network 410, e.g. as illustrated by the message 6a in Fig. 6.
The BS controller 423 may initiate the operation of the UE
430 in the stand~alone operation mode 1f the MNO network 410
stops providing the at least one unlicensed freguency band or
stopg operation in unlicensed band, e.g. as illustrated by

the message 1 in Fig. 7.

[0042] The UE 430 ig operable in a stand-alone operation mode
and a mobile network operator (MNO) assisted operation mode.
The UE 430 includes an interface 435 connectable 422 to the
BS cilrcuitry 420 and a UE controller 433, The UE 430 is
configured to receive a hand-over signal from the base
station circuitry 420, e.g. a hand-over message 3C as
described below with respect to Fig. . The hand-over signal
indicates a transition from an operation of the UE 410 in at
least one unlicensed frequency band of the stand-alone
operation mode to an operation of the UE 410 in at least one
licensed frequency band of the MNO assisted operation mode.

The UE controller 433 is configured to initiate a transition
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from operating the UE 430 in the stand-alone operation mode
to operating the UE 430 in the MNO assisted operation mode

based on the hand-over signal.

[0043] The UE controller 433 may ilnitiate a transition from
operating the UE 430 in the MNO assisted operaticon mode to
operating the UE 430 in the stand-alone operation mode based
on a signal from the base station cilrcuitry 420 indicating a
termination of the MNC assisted operation mode, e.g. a
message 1 indicating a stop of operation in unlicensed bands
as illustrated in Fig. 7. The UE controller 433 may detect an
MNO-independent network for operating the UE 430 in ths
stand-alone operation mode after reception of the signal
indicating the termination of the MNO assisted operation mode

and may connect the UE 430 to the MNO-independent network.

[0044] The mcbile communication system 400 described above
allows to dynamically switch between 3GPP LAA (joint
operation of dedicated licensed & unlicensed bands based
on LTE) and Stand-alone LAA (LTE only used in unlicensed
band{s) without additional dedicated licensed carrier), in
particular a dynamic switch between a) Jjoint operation of
dedicated licensed LTE and LTE in unlicensed bands (3GPP
LTE} and b) LTE in unlicensed bands only (stand-alone
LAA). The mobile communication system 400 further allows to
efficiently manage coexistence between legacy unlicensed
systems, 1in particular WiFi in 5GHz, and Stand-alone LAA,
i.e. to optimize resource efficiency in unlicensed band
through centralized allocation strategy of LTE access

(coexistence with other ISM systems such as WiFi).

[0045] The mebile communication system 400 described above

allows dynamic addition/removal of (operator independent)
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stand-alone LAA in addition to 3GPP LTE (dedicated
licensed band), 3GPP LAA (dedicated licensed band plus
unlicensed band usage), WiFi, etc. The mobile communication
system 400 described above introduces a novel resource
management schems using a centralized resource allocation
for stand-alone LAA while contention based access is still
maintained for coexistence with WiFi (and any otherx

contention based access system).

[0046] In one implementation of the BS circuitry of the
mobile communication system 400, the hand-over indicates a
transition from cperating the UE 430 in at least one
frequency band of the stand-alone operaticn mode to operating
the UE 430 in the at least one licensed frequency band of the
MNO assisted operation mode. The at least cone freguency band
of the stand-alcone operation mode may be one of an unlicensed
freguency band as described above, a license-by-rule
freguency band, & shared frequency band, a TV White Space
(TVW3) frequency band or any other suitable type of
frequency. TV White Spaces (TVWS) are frequenciles made
availlable for unlicensed use at leocations where the spectrum
is not being used by licensed services, such as television
broadcasting. This spectrum may be located in the VHF and UHF
bands. The BS controller may be configured to signal an
inverse hand-over via the second interface to the UE, wherein
the inverse hand-over indicates a retransitiorn from cperating
the UE in the at least one licensed frequency band of the MND
assisted operation mode to operating the UE in the stand-

alcone operation mode.

[0047] In one implementation of the UE of the mobile
communication system 400, the hand-over signal indicates a

transition from an opesration of the UE in at least one
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freqguency band of the stand-alcone operation mode to an
operation of the UE in at least cone licensed frequency band
of the MNO assisted operation mode. The at least one
frequency band of the stand-alone operation mode may be one
of an unlicensed frequency band, a license-by-rule freguency
band, a shared frequency band, a TV White Space (TVWS)
frequency band or any other sulitable type of freguency. The
UE controller may be configured to initiate a retransition
from operating the UE in the at least one licensed frequency
band of the MHNO assisted operation mode to operating the UE
in the stand-alone operation mode when receliving an inverse

hand-over signal from the BS circultry via the interface.

[0048] In one implementation of the UE of the mobille
communication system 400, the UE is operable in a stand-
alone operation mode and a mobile network operator (MNO)
assisted coperation mode and the UE includes: an interface
connectable to a base station (BS) circuitry, in particular a
base station circuitry as described above; and a UE
controller, configured to initiate a transition from
operating the UE in at least one frequency band of the stand-
alone operation mode to an operation of the UE in at least
one licensed frequency band of the MNO assisted operation
mode, wherein the UE controller 1s configured to connect the
interface to the BS circuitry when operating the UE in the at
least one licensed frequency band of the MNO assisted
operation mode. The at least cne frequency band of the stand-
alone operation mode may be one of an unlicensed freguency
band, a license-by-rule freguency band, a shared frequency
band, & TV White Space (TVWS) freguency band or any other
sultable type of freguency. The UE controller may be
configured to initiate a retransition from operating the UE

in the at least one licensed frequency band of the MNO
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assisted operation mode to operating the UE in the stand-

alone coperation mode.

[0049] Fig. 5 is & schematic diagram 500 illustrating
different operations modes that a base station circuitry 420

can use for adapting a user equipment 430.

[0050] The BS 420, in particular the BE controller 423 may
adapt an access technology for accessing the UE 430 based on
3GPP long term evoluticon (LTE) in a dedicated licensed band
501 or based on 3GPP LAA in a combination of a dedicated
licensed band and an unlicensed band 503 or based on stand-
alone LTE LAA in an unlicensed band 504 or based on a near
field communication LAA such as WiFi or Bluetooth 502 or
based on a Spectrum Access Svystem (SAS) in a dedicated
licensed band for incumbent usage. The BS 420 may further
adapt the access technology based on SAS LAA, LSA LAA, ASA
LAA or CS3 LAA or any combination thereof,

[0051] Fig. 6 is a schematic diagram illustrating a message
sequence between a BS circuitry 420, a MNO network 410 and a
UE 430 for switching an operation mode of the UE from stand-
alone LAA to MNO assisted operation, e.g. according to a

dynamic Switch between 3GPP LAA and stand-alone LAA.

[0052] A stand-alone LAR mode, such as LTE being cperated on
an unlicensed, license-by-rule or shared basis, etc. does not
require MNO suppcrt (although it can alsoc be provided by an
MNO, this represents a special case. Typically, a given Small
Cell would prefer to only operate one system in a given
unlicensed band (such as 5GHz I3M band which is the target
for LAA and stand-alone LAA) - it does not make sense to

operate two systems in an unlicensed band in parallel which
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compete against each other through an (inefficient)

contention based protocol.

[0053] In case that a given Small Cell, in Figure 6 dencted
as base station (BS), intends to initiate an MNO driven
operator, in Figure 6 denoted as mobile network operator
(MNO), for example upon request by a given coperator, the

following steps may be performed:

[0054] The target Small Cell / BS is assumed to initially
operate stand=-alcone LAA (la). User Devices, also denoted as
user equipments {UEs) 340 are connected (1lb) to the target
Small Cell / BS 420 through stand-alone LAA. There may be a
decision or request by a concerned MNO 410 tfo apply a MNO
driven 3GPP operation {(3a). The target Small Cell / BS 420
registers (Za) to the MNO network 410 and starts providing
the service to User Devices 430. Depending on the decision of
the Small Cell / BS 420 or decision imposed by the concerned
MMCG 410, the User Devices 430 attached to the target Small
Cell / BS 420 are immediately hand-off’ed (3c) to the MNO
3GPP bands and regilstered (3d) to the 3GPP MNO network or
they are allowed to maintain the stand-alone connection
(i.e., they are not registered to the MNO network 410).
Opticonally, the target Small Cell / BS 420 can provide the
list of available links (2b), i.e., link through MNO network
410, independent network based on Wi¥Fi or stand-alone LAA or
any other {(typically contention based) access technology, to
the various User Devices 430. Then, the target user devices
430 may perform a decision on their own whether they prefer
to be connected to the MNO network 410, for example dedicated
licensed, LAA or stand-alone LAA, or to an MNO-independent

stand-alone LAA mode.
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[0055] The MNO 410 may request configuration information (4a]
from the target Small Cell / BS 420. This information may be
provided by the target Small Cell / BS 420. The MNO 410 may
choose to operate 3GPP LTE in a dedicated licensed band, to
use 3GPP LAA by combining operation in a dedicated licensed
band and an unlicensed band or the MNO 410 may chocse to
employ a stand-alone LAA mode only. The MNO 410 provides the
request for reconfiguration (5a) to the target Small Cell /
BS 420 and enforces a corresponding reconfiguration (5b).
Opticnally, the decision for the best configuration can be
taken locally by the concerned Small Cell / BS 420.

In case that the MNO 410 decides to opesrate at least partly
in the unlicensed band, either through LAA or stand-alone
LAA, then the target Small Cell / BS 420 may consider whether
it still makes sense to operate a stand-alone LAA mode
independent of any MNO 410. Also, the target Small Cell / BS
420 mayv be forced by the concerned MNC 410 to terminate any
MNO-independent stand-alone LAA connection (6a). In
particular if the MNO LAA would access the same freguency
band as the stand-alone LABA, it would make sense to terminate
the stand-alone LAR - operating both systems independently
would lead to an inefficient usage of the spectrum resource
due to an inefficient contention based access protocol
between two {probably not collaborating) systems. Before
terminating the stand-alone (MNO-independent) operation of
LARA, the target Small Cell / BS 420 may enforce a Handover
(H/0} (6b) in to the MNO-driven 3GPP configuration {dedicated

licensed spectrum only, LAA or stand-alone LARA}.

[0056] Fig. 7 is a schematic diagram illustrating a message
sequence between a BS circuitry 420, a MNO network 410 and a
UE 430 for switching an operation mode of the UE from MNO

assisted operation to stand-alone LAA.
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[0057] In case that the MNO driven operator, in Figure 7
denoted as mobile network operator [MNO) 410, stops coperation
in the licensed band, the Small Cell, in Figure 7 denoted as
base station (BS} 420 may be informed and the following steps

may be performed:

[0058] As soon as the MNO 410 stops its operation within the
unlicensed band (1), e.g., by stopping its dedicated licensed
/ LAA service or by switching from LAA to dedicated licensed
spectrum only or by terminating its stand-alone LAA service,
the target Small Cell / BS 420 may provide an MNO-independent
provision of stand-alone LAA. This can be provided as an
alternative access mechanism even 1if the MNO 410 still
maintains other services, such as a dedicated licensed band
operation only for example. As soon as the stand-alone LAA
service is operational, the next steps may be as follows: The
target Small Cell / BS 420 enforces a H/O (3a) or the set-up
(3b) of an (e.g. additional) connection to the stand-alone
LAA service. The target Small Cell / BS 420 may provide
information {(2a) to the User Devices 430 on the availlability
of a stand-alone LAA service and it is up to the User Devices
430 to request access to it (Z2b) or to initiate directly the
connection set-up procedure. The target Small Cell / BS may
be configured to not provide any information on the newly
available stand-alone LAA service to the User Devices 430 and
the User Devices 430 may need to independently detect (4a)
the presence cof the stand-alone {(MNO-independent) LAA mode.
The User Devices 430 may choose to initiate / request a
connection (4b) - and optionally a termination of an ongoing

3GPE connection (4c¢).
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[00B9] Fig. B8 is a schematic diagram illustrating a license
shared access (LSA) communication system 800 including an LSA
controller B13 for adapting spectrum usage. The licenss
shared access (LSA) communication system 800 includes a LSA
repository 811, an LSA controller 813, an CA&M entity, an
exemplary number of three incumbents 801, B0Z, 803 and a
public mobile communication system having an exemplary number
of two base stations BS1l, BSZ and one exemplary user
eguipment UE connected to base station BS1. The public mobile
communication system provides a licensed spectrum 821 and an

LSA spectrum 8ZZ.

[0060] The LSA repository 8ll may store information on LSA
spectrum availability over time, space and frequency. The LSA
controller 813 may be used for controlling access to the LSA
system. The OA&M entity 815 may be used for maintaining

operation of the LSA system.

[0081] Each of the two base stations BS1l, BS2 mavy include a
BS circuitry 420 as described above with respect to Figures 4
to 7. For adapting operation of the UE between stand-alone
operation mode and a mobile network operator (MNO) assisted
operation mode, in this LSA system 800 also referred to as
LEA coperator assisted cperation mode. In the LSA system BOO
depicted in Fig. 8, the LSA Controller 813 may include the
functionality of the MNO network 410 as described above with
respect to Figures 4 to 7. The UE may correspond to the UE

430 as described above with respect to Figures 4 to 7.

[0062] Fig. 9 is a schematic diagram illustrating a spectrum
access system {5AS) 200 with two central SAS coordinators
931, 932 for coordinating spectrum use between incumbents, PA

{priority access) users and GAR (general authorized access)



WO 2017/157559 56 PCT/EP2017/051885

users according to FCC (Federal Communications Commission)

standardization.

[0063] The SAS communication system 900 includes an exemplary
number of two SAS entities 931, 932, FCC databases %41 and an
ESC (Environmental Sensing Capability) entity 942 which are
coupled between each cother. An exemplary number of four CBSD
{citizens broadband radio service devices) entities 911, 912,
913, 914 are coupled with the SAS1 entity 931, where CBSDI,
CBSDZ2 and CBSD3 are coupled via a proxy network manager 921.
The CBSD devices may be coupled to users 901, 902, 903, 904.
In the example of Fig. 9 the CBSD1l device is connected to a
first user 901 and a second user 9202 while CBSD4 device 1is

connected to a third user 903,

[0064] The SAS entities 931, 832 have the followling
functionality: Enact and enforce all pclicies and procedures
developed by the SAS Administrator; Determine and provide to
CBSDs the permissible channels or frequencies at their
location; Determine and provide to CBSDs the maximum
permissible transmission power level at their location;
Retain information on, and enforce, Exclusion Zones and
Protection Zones; Communicate with the ESC to obtain
information about federal Incumbent User transmissions and
instruct CBSDs to move to another frequency range or cease
transmissions; Ensure that CBSDs operate in geographic areas
and within the maximum power levels reguired to protect
federal Incumbent Users from harmful interference; Register
and authenticate the identification informaticn and location
of the CBSDs; Ensure that CBSDs protect non-federal incumbent
users from harmful interference; Protect Priocrity Accessed
Licensees from interference caused by other PALs and from GAA

users; Facilitate Cocordination between GAAR users operating
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Category B CBSDs; Resolve conflicting uses of the band while
maintaining a stable radio frequency environment; Ensure
secure and reliable transmission of information between the

SASs and the GBSDs.

[00&8B] Each of the CRSD entities 911, 912, 913, 914 may
include a BS circultry 420 as described above with respect to
Figures 4 to 7 for adapting operation of the UE (user in this
system) between stand-alone operation mode and a mobile
network operator (MNO) assisted operation mode, in this SAS
system 900 also referred to as SAS operator assisted
operaticn mode. In the SAS system 900 depicted in Fig. 9, the
proxy network manager 921 or the SAS entity 831, 93Z may
include the functionality of the MNO network 410 as described
above with respect to Figures 4 to 7. The users 901, 202, 903
may correspond to the UE 430 as described above with respect

to Figures 4 to 7.

[006€6] Figures 10, 11 and 12 illustrate an efficient resource
access mechanism by combination of centralized LTE resource
access, e.g. stand-alone LAA) with contention based access,

e.g. WiFi, Bluetooth, etc.

[0067] Traditionally, coexistence between all systems in
the target band of 3GPP LTE LAA, stand-alone LAA (such as
LTE being operated on an unlicensed, license-by-rule or
shared basis, etc.), WiFi, etc. are based on the CMSA/CA

protocol. The basic principles are as follows:

[0068] Carrier Sense: before a transmission i1s executed,
the concerned device first listens to the rescurce (i.e.,
the target frequency band) in order to find out whether

another device in on the air.
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[0068] Collision Avoidance: In case that another device is
detected, wait for a pre-defined periocd of time prior to
another listening operatiocon. This step may lead to a high
lewel of inefficiency, since long waiting times may be
enforced while the channel is empty in the immediate

future

[0070] Reguest to Send/Clear to Send (RTS/CTS): in order
to reduce the hidden node problem, first a “Regquest to
Send” ig transmitted and only when a “Clear to Send” is
received, the actual transmission is started. Note that
this protecol is not always implemented, in particular for

small packets {(the overhead for RTS/CTS is guite large).

The disclosed efficient resource access mechanism as
described below with respect to Figures 10, 11, 12

guarantees collision-free transmissions without RTS/CTS.

[0071] Transmission: in case that the rescurce [(i.e.,
target fregquency band) 1s identified to be unoccupied (for
example through the reception of the CTS message), then
the actual data transmission is initiated. The
transmitting device waits for an acknowledgement packet
indicating that the packet was received and decoded
without error. In case that the correct recepticon cannot
be identified, some error event 1is assumed to have
happened (hidden node based interference, etc.), forcing
the device to apply a period of binary exponential

backoff before the re-transmission can be initiated again.

[0072] The disclosed efficient resource access mechanism as

described below with respect to Figures 10, 11, 12



WO 2017/157559 g PCT/EP2017/051885

guarantees that no interference occurs and thus no

(inefficient} increase of the walting time is required.

[0073] Therse is coordination between 3GPP LAA BRase
Stations / Small Cells or stand-alone LAA Base Stations /
Small Cells., This is the typical approach for LTE, where
Base Stations / Small Cells are connected through the
Backbone network. In case of a full stand-alone scolution,
several implementations for coordination between Small

Cells / BS are presented in the following:

[0074] There is a centralized service that can be accessed
through internet for coordination. For example, the
concerned LAA stand-alone Small Cells / BS are contacting
the centralized service {(through the cabled network
access, dedicated licensed LTE, etc.) and provide
parameters such as thelir geographic lcocation,
parameterization (bandwidth, carrier freguency, etc.). The
centralized service determines the neighbouring Small
Cells / BS and provides the corresponding triggers as

indicated in the sequel.

[0075] One of the stand-alone LAA Small Cell / BS may be
declared to be the coordinating entity. This can be
achieved through negotiation by concerned Small Cells / BS
with a centralized service that can be accessed through
internet for coordination or similar. The designated Small
Cell / BS provides the ccorregponding triggers as indicated

in the seguel.

[0076] The coordinating entity (in a hierarchical
approach, this entity is higher in the hilerarchy compared

+o {other) Base Stations / Small Cells) will allocate
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resources for stand-alone LAA (LTE being operated on an
unlicensed, license-by-rule or shared basis or similar} in
such a way that one transmission is following right after
the previocus cne. I.e., Small Cells need to exactly
schedule the transmission following the triggers of the
coordinating entity. Alsc User Devices will need to
exactly schedule their transmissions following the
triggers 1008, These triggers can schedule the
transmissions ahead of time such that the entities (Small
Cells / BS / UEs) have enough time to do the required
(signal) processing and they will be ready immediately
when their slot is available. Due to the concatenated
transmigsions, the contention based WiFi protocol will
always detect that the channel is occupied and will not
transmit. In case that a RTS seguence of WiFi 1s received,
no answer is sent in order to be sure that there will be

no transmission initiated by WiFi.

[0077] When Wi¥F1i access should be permitted, the central
control entity may enforce a pause sequence after a given
stand~alone LAA transmission. During this empty period,
the WiFi nodes {or other contention based access
protocols) detect the availability of the medium. Then,

they can start their transmissions.

[0078] The transition from the transmissions of WiFi nodes
{or other contention based access protocols) is then taken
over again after a predetermined period of time and when
the WiFi transmissions are terminated. This can typically
be achieved through application of a contention based
protocol similar to the one of WiFi {or other contention

based access protocols). Once, the channel access 1s
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achieved a similar method as the one detailed above is

applied.

[0079] The basic principles are illustrated in Figures 10,
11, 1z.

[0080] A base station circuitry, e.g. implemented in cone of
the base stations 1001, 1002 includes a first interface, e.qg.
a first interface 421 as described above with respect to
Figures 4 to 7, a second interface, e.g. a second interface
425 as described above with respect to Figures 4 to 7, and a
BS controller, e.g. a BS controller 423 as described above

with respect to Figures 4 to 7.

[0081] The first interface 421 is connectable to a network
and configured to receive a trigger signal 1006 from a
central coordination entity 1005. The trigger signal 1006
indicates a coordinated access of at least one base station
circuitry, e.g. base station circuitries 420 as described
above with respect to Figures 4 teo 7, to a common radio

resogurce 1020.

[0082] The second interface 425 is connectable to a user
equipment (UE), e.g. a UE 430 as described above with respect
to Figures 4 to 7, configured to access the common radio
resource 1020 for transmission of a data frame 1021 to or
from the UE 430. The BS controller 423 is configured to
schedule the transmission of the data frame 1021 according to
the trigger signal 1006 received from the central
coordination entity 1005. The first interface 421 may be
configured to receive a control signal from a central control

entity, wherein the control signal indicates an allocation of
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one of the at least one base station circultries 420 to be

the central coordination entity 1005.

[0083] The coordinated access may be such that the access to
the common radio resource 1020 is divided between the at
least one base station circuitries 420. The ccoordinated
access may be such that a transmission 1021 of a first base
station circuitry 420, 1001 of the at least one base station
circultries is scheduled adijacent to a transmission 1022 of =z
second base station circuitry 420, 1002 of the at least one

base station circuitries,.

[00B4] The BS controller 423 may be configured to schedule
the transmission of the data frame 1022 for an lmmediate
transmission adjacent to an availlable transmission slot

indicated by the trigger signal.

[0085] The coordinated access may include a silence period
1023 in which none of the at least one base station
circuitries 420, 1001, 1002 is allowed to access the radio
resource 1020. The coordinated access may be configured to
block a non-centralized base station circuitry 1003 from
accessing the radio rescurce 1020 in pericds other than the
silence period 1023. The coordinated access may be configured
to block a base station circuitry 1003 adapted to access the
radio resource 1020 by using a contention=based protocol, in
particular a WiFi radio cell or a Bluetcooth radio cell, from
accessing the radio rescurce 1020 in periocds other than the
silence period 1023. The trigger signal may be received from
a central coordination entity 1005 of a plurality of central
coordination entities which are configured to coordinate a

plurality of base station circuitries 423.
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[0088] Fig. 10 is & schematic diagram illustrating a first
state 1000 of an efficient rescurce access mechanism in an
LAA communication system including a central ceoordination
entity 1005, two base station (BS) circuitries 1001, 1002 and
a small cell 1103. The central coordination entity 1005
schedules a first transmission 1021 in advance that is

triggered 1008 by the first base station 1001.

[008B7] Fig. 11 is a schematic diagram illustrating & second
state 1100 of the efficient rescource access mechanism in the
LAA communication system depicted in Fig. 10. The central
coordination entity 1005 schedules 1106 a second transmission
1022 immediately after the first transmission 1021. The
second transmission 1022 is triggered 1108 by the second base

station 1002,

[0088] After the first transmission 1021, the second one
1022 follows immediately — this prevents WiFi 1003 (or any
other contention based protocol) to detect the presence of

the channel availability.

[00B9] Fig. 12 is a schematic diagram illustrating a third
state 1200 of the efficient resource mechanism in the LAA

communication system depicted in Fig. 10.

[0080] A pause seguence 1023 will allow to have an orderly
transition of the resource (i.e., the channel) to the WiFi
system 1003 (or any other contention based protocol) -

WiFi {or any other ¢ontenticon based protocol) will detect
the availability of the channel and take the rescurce 1024

as required.
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[0091] The “any other contention based protocol” may
include any WiFi1 flavor such as IEEE
B02.1lla/b/g/ac/af/etc. as well as Bluetooth and any other
system being operated in the target band. The term “stand-
alone LAA" represents any type of stand-alone LAA systen
including LTE being operated on an unlicensed, license-by-~

rule or shared basis, etc.

[0092] Thanks to the approach detailed above, the central
control entity 1005 is able to efficlently manage the
allocation of resources across the entire heterogenesous
landscape which is able to access the target freguency
band, in the 5GHz unlicensed (ISM) fregquency band. Of
course, this approach can be applied to any other suitable
band, such as bands being available for secondary usage
{e.g., TVWS bands in the frequency range of 470-790 MHz)
or Shared bands such as 2.3-2.4 GHz {Licensed Shared

Access in Europe).

[0083] Figures 13a, 13b, 13c and 13d illustrate an efficient
resource access mechanism for blocking other than LAA cells
from accessing a radio resource. Figs. 13a, 13k, 13c and 13d
are schematic diagrams illustrating transmissions 1300a,
1300b, 1300c¢, 1300d in which silence periods are filled up
with dummy data according to a method for scheduling

coordinated access to a radio resource.

[D094] Figure 13 illustrates the scenario when the UL
(Uplink) and/or DL (Downlink) part of the frame is
(partly) unused, for example because of a lack of data to
be transmitted. In particular for UL this is critical
since when the UL part is minimized, a quite long silence

period is added in the LTE (such as stand-alone LAA)
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transmission in crder to address propagation delays. This
silence period may be identified by WiFi systems (or any
other contention based protocol) and they may take back
the channel unintentionally {(i.e., the central control
entity actually targets to maintain the channel for stand-
alone LAA systems). In the following, a mechanism 1s
presented in which corresponding silence periods are
filled up by “dummy” transmissions, such as packets
containing random data. These dummy transmissicns may be
performed for UL and DL parts (and UL/DL pause intervals)
either by the concerned infrastructure {(i.e., Small Cells,

Base Stations) and/or selected/all User Devices.

[0095] This is a substantial paradigm shift - even Base
Stations may transmit in the UL portion (and UL/DL pause
intervals) and/or User Devices may transmit in the DL

portion (and UL/DL pause intervals).

[0086] The simultenecus transmissions of dummy signals by
both the infrastructure (i.e., Small Cells, Base Stations)
and selected/all User Devices may further alleviate the
hidden node problem (or other problems) making sure that
the WiFil {or any other contention based prctocol)
continues to detect the channel to be ccocupled. Instead of
dummy transmissions, any other type of {useful/unuseful)
transmission may occur, for example those periods may be
filled up with broadcast segquences, etc. The basic

principle is illustrated below.

[0097] If suitable, the stand-alone LAA system may
dynamically change the allocation sequence of UL and DL,
i.e. in some (selected) transmissions first UL and then DL

igs used and in the other transmissions first DL and then
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UL is used. The best allcocation strategy may be identified
such that, for example, the maximum system capacity is
reached, the probability is minimized that other
contention based access systems (such as WiFi) or any
other systems operating in (part of) the same band may
take the channel (or perform any other unintended action)
while the central control entity has it still allocated to
the stand-alone LAA (such as LTE being operated on an
unlicensed, license-by-rule or shared basis, etc.) or any

other suitable system.

[0098] In ancother implementation multiple central control
entities exist and coordinate stand-alone LAA systems. In
this case, the following two sub cases are considered:
There is a cooperation between the central control
entities, e.g. they are exchanging data through a backbone
(or any other cabled/over-the-air) link or there is even a
higher priority controller above those controllers {(i.e.,
higher in the hierarchy) coordinating the concerned
controller. Then, the two controllers are negotiating
access slots with respect to each other. Also, they are
negotiating access slots to be given to any other
contention based access system (such as WiFi, etc.). This
exchange of information may be triggered by one of the
central controllers, requesting the initiation of a
negotiation procedure. The target central controller
answers to the request acknowledging its availability for
negotiating a strategy for sharing the resource. Then, all
concerned central controllers may exchange data on their
expected needs for the rescurce occupancy and alsc the
needs of other unlicensed systems (such as WiFi, etc.) may
be determined (e.g. through estimation and/or observation

of their channel occupancy level in the past). Then, a
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decision may be taken by a suitable central controller and
communicated to all concerned central controllers. The

varicus concerned central controllers may perform resource
allocation in alignment to the agreed resource allocation

strategy.

[0088] In case that some or all central controllers do not
cooperate (e.g., they are deployved by competiting
stakeholders such as competiting Mobile Network Operators
(MNOs) ), each system managed by a central controller may
be considered to act as “anv other contention
based/unlicensed system”. The same access strateqgy as
applied for systems like WiFi may thus also be applisd to

other central controllers.

[0100] The resource access mechanism described above may be
implemented by a base station circuitry, e.g. a BS circuitry

420 as described above with respect to Figures 4 to 7.

[0101] Such a base station (BS) circuitry includes a first
interface, e.g. a first interface 421 as described above with
respect to Figures 4 to 7, a second interface, e.g. a second
interface 425 as described above with respect to Figures 4 to
7, and a BS controller, e.g. a BS controller 423 as described

above with respect to Figures 4 to 7.

[0102] The first interface 421 is connectable to a network
and configured to receive a trigger signal 1006 from a
central coordination entity 1005. The trigger signal 1006
indicates a coordinated access of at least one base station
circuitry, e.g. base station circuitries 420 as described
above with reéspect to Figures 4 to 7, to a common radio

resource 1020,
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[0103] The second interface 425 is connectable to a user
equipment (UE}, e.g. a UE 430 as described abeove with respect
to Figures 4 to 7, configured to access the common radio
resource 1020 for transmission of a data frame 1021 to or

from the UE 430,

[0104] The BS contreller 423 is configured to schedule the
transmission of the data frame 1021 according to the trigger
signal 1006 received from the central coordination entity
1005 and to f£ill up silence periods 1302, 1313, 1322, 1323,
1332, 1333 in the data frame 1300a, 1300b, 1300c, 1300d with

data indicating activity.

[0105] The BS ceontroller 423 may be configured to f£ill up
silence periods in both, a downlink portion and an uplink
portion of the data frame with data indicating activity. The
BS contreoller 4Z3 may be configured to fill up the silence
pericds by at least one of dummy data, random data, broadcast
sequences, useful data. The BS controller 423 may be
configured to transmit & signaling message to the UE for
signaling the UE to fill up the silence pericds with data
indicating activity. The common radio resource may include at
least one unlicensed fregquency band. The base station
clircultry 423 may be a stand-alone licensed assisted access
(LARA) radioc cell, for example according to LTE being opsrated

on an unlicensed, license-by-rule or shared basis.

[0106] The methods, systems and devices described herein may
be implemented as software in a Digital Signal Processor
(DSP), in a micro-controller or in any other side-processor
or as hardware circult on a chip or within an application

specific integrated circult (ASIC).
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[0107] Embodiments described in this disclosure can be
implemented in digital electronic circuitry, or in computer
hardware, firmware, software, or in combinations thereof,
2.g. in available hardware of mobile devices or in new
hardware dedicated for processing the methods described

herein.

[0108] The present disclosure also supports a computer
program product including computer executable ccde or
computer executable instructions that, when executed, causes
at least one computer to execute the performing and computing
blocks described herein, in particular the methods 600, 700
and 1300 as described above with respect to Figs. 6, 7 and
13. Buch a computer program product may include a readable
storage medium storing program code thereon for use by a
processor, the program code comprising instructions for
performing any of the methods 600, 700, 1300 as described

above.,

EXAMPLES

[{0108] The following examples pertain to further embodiments.
Example 1 1s a base station (B3] circultry, configured to
adapt operation of a user equipment (UE) between a stand-
alone operation mode and a moblle network operator (MNO)
assisted cperation mode, comprising: a first interface
connectable to an MNO network; a second interface connectable
to the UE; and a BS controller, configured to: transmit a
first register message via the first interface to the MNO
network, wherein the first register message indicates a
request to coperate the UE in at least one licensed freguency

band of the MNO network, and signal a hand-over via the
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second interface to the UE, wherein the hand-over indicates a
transition from operating the UE in at lesast one freguency

band of the stand-alcone operation mode to operating the UE in
the at least one licensed frequency band of the MNO assisted

operation mode,

[0110] In Example 2, the subject matter of Example 1 can
optionally include that the request to operate the UE in an
MNO assisted operation mode is autonomously generated by the

base station circultry or received from the MNO network.

[0111] In Example 3, the sublect matter of any one of
Examples 1-2 can optionally include that the BS controller is
further configured to transmit information via the second
interface to the UE, wherein the information indicates at
least one link for connecting the UE, the at least one link
comprises: a link through the MNO network based on licensed
access technology, a link through an MNO-independent network
based on WiFi, a link through the MNO-independent network
based on Bluetooth, a link through the MNO~independent
network based on stand-alone license-assisted access (LAA), a
link through the MNO-independent network based on another

access technology.

[0112] In Example 4, the subject matter of any cne of
Examples 1-3 can optionally include that the BS controller is
configured to adapt an access technology for accessing the UE
based on one of the following: 3GPP long term evolution (LTE)
in a dedicated licensed band, 3GPP LAA in & combination of a
dedicated licensed band and an unlicensed band, stand-alone
LAA in an unlicensed band, LTE being operated on one of an
unlicensed, license-by-rule or shared basis, any type of LTE

being operated in a shared band such as a Spectrum Access
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System (SAS) band in a dedicated licensed band for incumbent
usage, SAS LAA in a combination of a dedicated licensed band
for incumbent usage and an unlicensed band, a combination of

LTE and SAS,

[0113] In Example 5, the subject matter of any one of

Examples 1-4 can optionally include that the BS controller is
configured to terminate the operation of the UE in the stand-
alone operation mode if the MNO network provides at least one

unlicensed frequency band for operating the UE.

[0114] In Example %, the subiject matter of Example 5 can
optionally include that the BS controller is configured to
initiate the operation of the UE in the stand-alone operation
mode if the MNO network stops providing the at least one

unlicensed frequency band.

[0115] Example 7 is a user eguipment (UE)} operable in a
stand-alone operation mode and a mobile network operator
(MNO} assisted operation mode, the UE comprising: an
interface connectable to a base station (BS) circuitry, in
particular a base statlon cilrcultry according to cne of
Examples 1-6, configured to receive a hand-over signal from
the base station circuitry, the hand-over signal indicating a
transition from an operaticn of the UE in at least one
freguency band of the stand-alone operation mode to an
operation of the UE in at least one licensed fregquency band
of the MNO assisted operation mode; and a UE contreoller,
configured to initiate a transition from operating the UE in
the stand-alone operation mode to operating the UE in the MNO

asslsted operation mode based on the hand-over signal.
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[0116] In Example 8, the subject matter of Example 7 can
cptionally include that the UE controller is configured to
initiate a transition from operating the UE in the MNO
assisted operation mode to operating the UE in the stand-
alone operation mode based on a signal from the base station
circultry indicating a termination of the MNO assisted

operation mode.

[0117] In Example 9, the subject matter of Example 8 can
opticnally include that the UE contreller is configured to:
detect an MNO-independent network for operating the UE in the
stand-alone operation mode after reception of the signal
indicating the termination of the MNO assisted operation

mode; and connect the UE to the MNO-independent network,

[0118] Example 10 is a base station circuitry, comprising: a
first interface connectable to a network, configured to
receive a trigger signal from a central coordination entity,
wherein the trigger signal indicates a coordinated access of
at least onebase station circuitry to a common radio
resource; a second interface connectable to a user eguipment
{UE), configured to access the common radio rescurce for
transmission of a data frame to or from the UE; and a
controller, configured to: schedule the transmission of the
data frame according to the trigger signal received from the

central coordination entity.

[0119] In Example 11, the subject matter of Example 10 can
opticnally include that the first interface is configured to
receive a control signal from a central control entity,
wherein the control signal indicates an allocation of one of
the at least one base station circuitries to be the central

coordination entity.



WO 2017/157559 43 PCT/EP2017/051885

[0120] In Example 12, the subiject matter of any one of
Examples 10-11 can optionally include that the coordinated
access 1s such that the access to the common radilo resource

is divided between the at least one base statlon circuitries.

[0121] In Example 13, the subject matter of any one of
Examples 10=12 can opticnally include that the coordinated
access is such that a transmission of a first base station
circuitry of the at least one base station circuitries is
scheduled adjacent to a transmission of a second base station

circuitry of the at least one base station circuitries.

[0122] In Example 14, the subject matter of any cone of
Examples 10~13 can optionally include that the BS controller
is configured to schedule the transmission of the data frame
for an immediate transmission adjacent to an available

transmission slot indicated by the trigger signal.

[0123] In Example 15, the subject matter of any one of
Examples 10-14 can optionally include that the cocrdinated
access comprises a silence period in which none of the at
least one base station circuitries is allowed to access the

radic resource.

[0124] In Example 16, the subject matter of Example 15 can
optionally include that the coordinated access is configured
to block a non-centralized base station cilrcuitry from
accessing the radio rescurce in pericds other than the

silence period.

[012B] In Example 17, the subject matter of any one of

Examples 15-16 can optionally include that the coordinated
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access is configured te block a base station circuitry
adapted to access the radio resource by using a contention-
based protocel, in particular a WiFi radic cell or a
Bluetooth radic cell, from accessing the radio resource in

periods other than the silence period.

[01268] In Example 18, the sublect matter of any one of
Examples 10-17 can optionally include that the trigger signal
is recelved from a central coordination entity of a plurality
of central coordination entities which are configured to

coordinate a plurality of base station circuitries.

[0127] Example 19 is a base station (BS) circuitry,
comprising: a first interface connectabls to a network,
configured to receive a trigger signal from a central
coordination entity, wherein the trigger signal indicates a
coordinated access of at least one base station circuitry to
a common radio resource; a second interface connectable to a
user equipment (UE), configured to access the common radio
rescurce for transmission of a data frame to the UE; and a BS
controller, configured to: schedule the transmission of the
data frame according to the trigger signal received from the
central coordination entity and to f£ill up silence periocds in

the data frame with date indicating activity.

[0128] In Example 20, the subliect matter of Example 19 can
optionally include that the BS controller is configured to
£ill up silence periods in both, a downlink portion and an
uplink portion of the data frame with data indicating

activity.

[0128] In Example 21, the subject matter of any one of
Examples 18-20 can optionally include that the BS controller
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is configured to fill up the silence pericds by at least one

of dummy data, random data, broadcast sequences, useful data.

[0130] In Example 22, the subject matter of any one of
Examples 19-21 can optionally include that the BS controller
is configured to transmit a signaling message to the UE for
signaling the UE to fill up the silence periods with data

indicating activity.

[0131] In Example 23, the subject matter cof any one of
Examples 10-22 can optionally include that the common radio

resource comprises at least one unlicensed frequency band.

[0132] In Example 24, the subject matter of any one of
Examples 10-23 can optionally include that the base station
circuitry is one of a stand-alone licensed assisted access
(LARY radioc cell, in particular according to LTE being
operated on one of an unlicensed, license-by-rule or shared

basis,

[0133] Example 25 is a method for adapting operation of a
user equipment (UE) between a stand-alone operation mode and
a mobile network operator (MNO) assisted operation mode, the
method comprising: transmitting a first register message to a
MNO network, wherein the first register message indicates a
reguest to operate the UE in at least one licensed frequency
band of the MNO network, and signaling a hand-over to the UE,
wherein the hand-over indicates a transition from operating
the UE in at least one unlicensed frequency band of the
stand-alone operation mode to operating the UE in the at
least one licensed fregquency band of the MNO assisted

cperation mode.
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[0134] In Example 26, the subject matter of Exanmple 25 can
optionally include that the request to operate the UE in an
MNO assisted operation mode is autonomously generated by the

base station circuitry or recelived from the MNDO network.

[0135] In Example 27, the subject matter of Example 25 or 26
can opticnally include: transmitting information to the UE,
wherein the information indicates at least one link for
connecting the UE, the at least one link comprises: a link
through the MNO network based on licensed access technology,
a link through an MNO-independent network based on WiFi, a
link through the MNO-independent network based on Bluetooth,
a link through the MNO-independent network based on stand-
alone license-assisted access (LAA), a link through the MNO-

independent network based on another access technclogy.

[0136] In Example 28, the subiject matter of Example 25 can
optionally include: adapting an access technology for
accessing the UE based on one of the following: 3GPP long
term evolution (LTE} in a dedicated licensed band, 3GPP LAA
in a combination of a dedicated licensed band and an
unlicensed band, stand-alone LAA Iin an unlicensed band, LTE
being operated on oneé of an unlicensed, license-by-rule or
shared basis, Spectrum Access System (SAS) in a dedicated
licensed band for incumbent usage, SAS LAA in a combination
of a dedicated licensed band for incumbent usage and an

unlicensed band, a combination of LTE and 3SAS.

[0137] In Example 29, the subject matter of Example 25 can
optionally include: terminating the operation of the UE in
the stand-alone operation mode if the MNO network provides at

least one unlicensed freguency band for operating the UE.
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[0138] In Example 30, the subject matter of Example 29 can
optionally include: initiating the operation of the UE in the
stand-alone operation mode if the MNO network stops providing

the at least one unlicensed frequency band.

[0139] Example 31 is a method for operating a user egulpment
(UE} in a stand-alone cperation mode and a moblle network
operator (MNO) assisted operation mode, the method
comprising: receiving a hand-over signal from a base station
circuitry, the hand-over signal indicating a transition from
an operaticn of the UE in at least one unlicensed freguency
band of the stand-alone operation mode to an operation of the
UE in at least cne licensed freguency band of the MNO
assisted operation mode; and initiating a transition from
operating the UE in the stand-alone operation mode to
operating the UE in the MNO assisted coperation mode based on

the hand-over signal.

[0140] In Example 32, the subject matter of Example 31 can
optionally include: initiating a transition from operating
the UE in the MNO assisted operation mode to operating the UE
in the stand-alone operation mode based on a signal from the
base station circuitry indicating a termiration of the MNO

assisted operation mode.

[0141] In Example 33, the subject matter of Example 32 can
optionally include: detecting an MNO-independent network for
operating the UE in the stand-alcne operation mode after
reception of the signal indicating the termination of the MNO
assisted coperation mode; and connecting the UE to the MNO-

independent network.
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[0142] Example 34 is a method, comprising: receiving a
trigger signal from a central coordination entity, wherein
the trigger signal indicates a coordinated access of at least
onebase station circuitry to a common radic resource;
accessing the common radio resource for transmission of a
data frame to or from the UE; and scheduling the transmission
of the data frame according to the trigger signal received

from the central coordination entity.

[0143] In Example 35, the subject matter of Example 34 can
optionally include: receiving a control signal from a central
control entity, wherein the control signal indicates an
allocation of one of the at least one base station

circuitries to be the central coordination entity.

[0144] In Example 36, the subject matter of Example 34 can
optionally include that the coordinated access 1is such that
the access to the common radio resource is divided between

the at least one base station clrcuitries.

[0145] In Example 37, the subject matter of Example 34 can
opticnally include that the coordinated access is such that a
transmission of a first base station circuitry of the at
least one base station circuitries is scheduled adjacent to a
transmission of a second base station circuitry of the at

least one base station circuiltries.

[0146] In Example 38, the subject matter of Example 34 can
optionally include: scheduling the transmission of the data
frame for an immediate transmission adjacent to an available

transmission slot indicated by the trigger signal.
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[0147] In Example 39, the subject matter of Example 24 can
optionally include that the coordinated access comprises a
silence period in which none of the at least one base station

circuitries is allowed to access the radioc resource.

[0148] In Example 40, the subject matter of Example 39 can
optionally include that the coordinated access is configured
to block a non-centralized base station circuitry from
accessing the radio resource in periods other than the

silence period.

[0149] In Example 41, the subject matter of Example 39 can
optionally include that the coordinated access 1s configured
to block a base station circuitry adapted to access the radio
resource by using a contention-based protccol, in particular
& WiFi radio cell or a Bluetooth radio cell, from accessing

the radio resource in periods other than the silence period.

[0150] In Example 4Z, the subject matter of Example 34 can
optionally include that the trigger signal is received from a
central coordinaticon entity of a plurality of central
coordination entities which are configured to coordinate a

plurality of base station circuitries.

[0151] Example 43 is a method, comprising: receiving a
trigger signal from a central coordination entity, wherein
the trigger signal indicates & coordinated access of at least
one base station circuiltry to a common radic resource;
accessing the common radio rescurce for transmission of a
data frame to the UE; and scheduling the transmission of the
data frame according to the trigger signal received from the
central coordination entity and to fill up silence periods in

the data frame with data indicating activity.
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[0152] In Example 44, the subject matter of Example 43 can
optionally include: filling up silence periods in both, a
downlink portion and an uplink portion of the data frame with

data indicating activity.

[0153] In Example 45, the subject matter of Example 43 can
optionally include: filling up the silence periods by at
least one of dummy data, random data, broadcast seguences,

useful data.

[0154] In Example 46, the subject matter of Example 43 can
optionally include: transmitting a signaling message to the
UE for signaling the UE to fill up the silence periods with

data indicating activityv.

[0155] In Example 47, the subiject matter of Example 43 can
optionally include that the common radio resource comprises

at least one unlicensed freguency band.

[0156] In Example 48, the subject matter of Example 43 can
optionally include that the base station clrcuitry is one of
a stand-alone licensed assisted access (LBRA) radioc cell, in
particular according to LTE being operated on one of an

unliicensed, license-by-rule or shared basis.

[0187] Example 49 is a computer readable non—-transitory
medium on which computer instructions are stored which when
executed by a computer, cause the computer to perform the

method of one of Examples 25 to 48,

[0158] Example 50 is a device for adapting operation cf a

user eguipment (UE) between a stand-alone operation mode and
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a mobile network operator (MNO) assisted operation mode, the
device comprising: means for transmitting a first register
message to a MNO network, wherein the first register message
indicates a reguest to operate the UE in at least one
licensed freguency band of the MNO network, and means for
signaling a hand-over to the UE, wherein the hand-over
indicates a transition from operating the UE in at least cne
unlicensed frequency band of the stand-alone operation mode
to operating the UE in the at least one licensed freguency

band of the MNO assisted operation mode.

[0159] In Example 51, the subject matter of Example 50 can
opticnally include that the request to operate the UE in an
MNO assisted operation mode is autonomously generated by the

base station circultry or received from the MNO network.

[0160] Example 52 is a base station (BS) system, comprising:
a first subsystem connectable to a network, configured to
receive a trigger signal from a central coordination entity,
wherein the trigger signal indicates a coordinated access of
at least one base station circultry te a common radio
resource; a second subsystem connectable to a user equipment
{UE), configured to access the common radio resource for
transmission of a data frame to the UE; and a third
subsystem, configured to: schedule the transmission of the
data frame according to the trigger signal received from the
central coordination entity and to fill up silence periods in

the data frame with data indicating activity.

[0161] In Example 53, the subject matter of Example 52 can
optionally include that the third subsystem is configured to

fill up silence periocds in both, a downlink portion and an



WO 2017/157559 PCT/EP2017/051885
52

uplink portion of the data frame with data indicating

activity.

[0162] In Example 54, the subject matter of Example 1 can
optionally include that the at least one frequency band of
the stand-alone operation mode is one of an unlicensed
frequency band, a license-by-rule fregquency band, a shared
frequency band, a TV White Space (TVWS) freguency band c¢r any
other suitable tvpe of frequency.

[0163] In Example 55, the subject matter of any one of
Examples 1-2 can opticnally include that the BS controller is
configured to signal an inverse hand-over via the second
interface to the UE, wherein the inverse hand-over indicates
a retransition from ocperating the UE in the at least one
licensed freguency band of the MNC assisted operation mode to

operating the UE in the stand-alone operation mode.

[0164] In Example 56, the subject matter of Example 7 can
opticnally include that the at least one fregquency band of
the stand-alone operation mode is one of an unlicensed
frequency band, a license-by-rule frequency band, a shared
fregquency band, a TV White Space (TVWS) frequency band or any

other suitable type of frequency.

[0165] In Example 57, the subject matter of Example 7 or
Example 56 can optionally include that the UE controller is
configured to initiate a retransition from operating the UE
in the at least one licensed frequency band of the MNO
assisted operation mode to operating the UE in the stand-
alone operation mode when receiving an inverse hand-over

signal from the BS circuitry wvia the interface.
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[0l66] Example 58 1is a user eguipment (UE), operable in a
stand-alone operation mode and a mobile network operator
(MMNO) assisted operaticn mode, the UE comprising: an
interface connectable to a base station (BS) circuitry, in
particular a base station circuitry according to one of
Examples 1 to 6; and a UE controller, configured to initiate
a transition from operating the UE in at least one freguency
band cof the stand-alone operation mode to an operation of the
UE in at least one licensed frequency band of the MNC
assisted operation mode, wherein the UE controller is
configured to connect the interface to the BS circuitry when
operating the UE in the at least one licensed freguency band

of the MNC assisted operation mode.

[0167] In Example 59, the subject matter of Example 58 can
optionally include that the at least one frequency band of
the stand-alone operation mode is one of an unlicensed
frequency band, a license-by-rule frequency band, a shared
frequency band, a TV White Space (TVWS) frequency band cr any

other suitable type of freguency.

[0168] In Example 60, the sublject matter of Example 58 or
Example 59 can optionally include that the UE controller is
configured to dinitiate a retransition from operating the UE
in the at least cone licensed frequency band of the MNO
assisted operation mode to operating the UE in the stand-

alone operation mode.

[0168] In addition, while a particular feature or aspect of
the invention may have been disclosed with respect to only
one of several implementations, such feature or aspect may be
combined with one or more other features or aspects of the

other implementations as may be desired and advantagecous for
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any given or particular application. Furthermcre, to the
extent that the terms "include", "have", "with"™, or other
variants thereof are used in either the detailed description
or the claims, such terms are intended to be inclusive in a
manner similar to the term "comprise". Furthermore, it is
understood that aspects of the invention may be implemented
in discrete circuits, partially integrated circuits or fully
integrated circuits or programming means. Also, the terms
"exemplary", "for example” and Ve.g." are merely meant as an

example, rather than the best or optimal.

[0170] Although specific aspects have been illustrated and
described herein, it will be appreciated by those of ordinary
skill in the art that a variety of alternate and/or
equivalent implementations may be substituted for the
specific aspects shown and described without departing from
the scope of the present invention. This applicaticon is
intended to cover any adaptations or variations of the

specific aspects discussed herein.
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CLAIMS

1. E base station (BS) circuitry, configured to adapt
operation of a user equipment (UE) between a stand-alone
operation mode and a mobile network operator (MNO) assisted
operation mode, comprising:

a first interface connectable to an MNO network:

a second interface connectable to the UE; and

a BS controller, configured to:

transmit a first register message via the first
interface to the MNO network, wherein the first register
message indicates a request to operate the UE in at least one
licensed freguency band of the MNO network, and

signal a hand-over via the second interface to the UE,
wherein the hand-over indicates a transition from operating
the UE in at least one freguency band of the stand-alone
operation mode to operating the UE in the at least one

licensed fregquency band of the MNCO assisted operation mode.

2. The base station circuitry of claim 1,

wherein the at least one freguency band of the stand-
alone operation mode is one of an unlicensed frequency band,
a license-by=-rule freguency band, a shared frequency bkand, a
TV White Space (TVWS) frequency band or any other suitable
type of frequency band.

3. The base station circuitry of claim 1 or Z,

wherein the BS contreoller is configured to signal an
inverse hand-over via the second interface to the UE, wherein
the inverse hand-over indicates a retransition from operating
the UE in the at least one licensed fregquency band of the MNO
asslsted operation mode to operating the UE in the stand-

alone cperation mode.
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4, The base station circultry of claim 1 or 2,
wherein the request to operate the UE in an MNO assisted
operation mode is autonomously generated by the base station

circuitry or received from the MNO network.

5. The base station circuitry cof claim 1 oxr 2,

wherein the BS controller is further configured to
transmit information via the second interface to the UE,
wherein the information indicates at least one link for
connecting the UE, the at least one link comprises:

g link through the MNO network based on licensed access
technology,

a link through an MNO-independent network based on WiFi,

a link through the MNO-independent network based on
Bluetooth,

a link through the MNO-independent network based on
stand-alone license-assisted access (LAA),

a link through the MNO-independent network based on

another access technology.

6. The base station circuitry of claim 1 or 2,

wherein the BS contreller is configured to adapt an
access technology for accessing the UE based on one of the
following:

3GPP long term evolution (LTE) in a dedicated licensed
band,

3GPP LAA in a combination of a dedicated licensed band
and an unlicensed band,

stand-alone LAA in an unlicensed band,

LTE being operated on one of an unlicensed, license-by-

rule or shared basis, any type of LTE being operated in a
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shared band such as a Spectrum Access System (SAS) band in a
dedicated licensed band for incumbent usage,

SAS LAA in a combination of a dedicated licensed band
for incumbent usage and an unlicensed band,

a combination of LTE and SAS.

7. The base station circultry of claim 1 or 2,

wherein the BS controller is configured to terminate the
operation of the UE in the stand-alone operation mode if the
MNO network provides at least one unlicensed frequency band

for operating the UE.

8. The base station circuitry of claim 7,

wherein the BS controller is configured to initiate the
operation of the UE in the stand-alone operation mode 1f the
MNO network stops providing the at least one unlicensed

frequency band.

G, A user eqguipment (UE), operable in a stand-alone
operation mode and a mobile network operator (MNO) assisted
operation mode, the UE comprising:

an interface connectable to a base station (BS)
circuitry, in particular a base station circuitry according
to one of claims 1 to &, configured to receive a hand-over
gsignal from the base station circultry, the hand-over signal
indicating a transition from an operation of the UE in at
least one frequency band of the stand-alone operation mode to
an operation of the UE in at least one licensed frequency
band of the MNO assisted operation mode; and

a UE controller, configured to initiate a transition
from operating the UE in the stand-alone operation mode to
operating the UE in the MNO assisted operation mode based on

the hand-over signal.



WO 2017/157559 59 PCT/EP2017/051885

10. The UE of claim 9,

wherein the at least one frequency band of the stand-
alone operation mode is one of an unlicensed frequency band,
a license-by-rule frequency band, a shared freguency band, a
TV White Space {(TVWS) frequency band or any other suitable
type of frequency.

11. The UE of claim 9 or 10,

wherein the UE controller is configured to initiate a
retransition from operating the UE in the at least one
licensed frequency band of the MNO assisted operation mode to
operating the UE in the stand-alone operation mode when
receiving an inverse hand-over signal from the BS circuitry

via the interface.

12. The UE of claim 9 or 10,

wherein the UE controller is configured to initiate a
transition from operating the UE in the MNO assisted
operation mode to operating the UE in the stand-alone
operation mode based on a signal from the base station
circuitry indicating a termination of the MNO assisted

operation mode.

13. The UE of claim 12,

wherein the UE controller is configured to:

detect an MNO-independent network for operating the UE
in the stand-alone operation mode after recepticn of the
signal indicating the termination cof the MNO assisted
operation mode; and

connect the UE to the MNO-independent network.
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14. A user equipment (UE}, operable in a stand-alone
operation mode and a mcbile network operator (MNO) assisted
operation mode, the UE comprising:

an interface connectable to a base station (BS)
circuitry, in particular a base station circuitry according
to one of claims 1 to 6; and

a UE controller, configured to initiate a transition
from operating the UE in at least one fregquency band of the
stand-alone operation mode to an operation of the UE in at
least one licensed frequency band of the MNO assisted
operation mode, wherein the UE contreoller is configured to
connect the interface to the BS circuitry when operating the
UE in the at least one licensed fregquency band of the MNO

asslsted cperation mode.

15. The UE of claim 14,

wherein the at least one freguency band of the stand-
alone operation mode 1is one of an unlicensed freguency band,
a license-by-rule frequency band, a shared frequency band, a
TV White Space (TVWS) frequency band or any other suitable
type of frequency.

16, The UbB of claim 14 or 15,

wherein the UE controller is configured to initiate a
retransition from operating the UE in the at least one
licensed frequency band of the MNO assisted operation mode to

operating the UE in the stand-alone operation mode.

17. A base station circuitry, comprising:
a first interface connectable to a network, configured
to receive a trigger signal from a central coordination

entity, wherein the trigger signal indicates a coordinated
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access of a plurality of base station circuitries to a common
radio resource;

a second interface connectable to a user eguipment (UE),
configured to access the common radio resource for
transmission of a data frame to or from the UE; and

a controller, configured to:

schedule the transmission of the data frame according to
the trigger signal received from the central coordination

entity.

18. The base station circuitry of claim 17,

wherein the first interface is configured to receive a
control signal from a central control entity, wherein the
contrel signal indicates an allocation of one of the
plurality of base station circuitries to be the central

coordination entity.

19. The base station circuitry of claim 17 or 1B,
wherein the coordinated access is such that the access
to the common radioc resource is divided between the plurality

of base station cilrcuitries.

20. A base station (BS) circuitry, comprising:

a first interface connectable to a network, configured
to receive a trigger signal from a central coordination
entity, wherein the trigger signal indicates a coordinated
access of a plurality of base station circuitries to a common
radic resource;

a second interface connectable to a user equipment (UE),
configured to access the common radio resource for
transmission of a data frame to the UE; and

a BS5 controller, configured to:
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schedule the transmission of the data frame according to
the trigger signal received from the central cocrdination
entity and to f£ill up silence periods in the data frame with

data indicating activity.

21. The base station circuitry of claim 20,
wherein the BS contreller is configured to f£ill up
silence periods in both, a downlink portion and an uplink

portion of the data frame with data indicating activity.

22. The base station circuitry of claim 20 or 21,
wherein the BS controller is configured to f£ill up the
silence periods by at least one of dummy data, random data,

broadcast seguences, useful data.

23. A method for operating a user egulipment (UE} in a stand-
alone operation mode and & mobile network operator (MNO)
assisted operation mode, the method comprising:

receiving a hand-over signal from a base station
circuitry, the hand-over signal indicating a transition from
an operation of the UE in at least one unlicensed freguency
band of the stand-alone operation mode to an operation of the
UE in at least one licensed frequency band of the MNO
assisted operation mode; and

initiating a transition from operating the UE in the
stand-alone operation mode to operating the UE in the MNO

assisted operation mode based on the hand-over signal.

24. The method of claim 23, comprising:
initiating a transition from operating the UE in the MNO
assisted operation mode to operating the UE in the stand-

alone operation mode based on a signal from the base station
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circuitry indicating a termination of the MNO assisted

operation mode.

25. A computer readable non-transitory medium on which
computer instructions are stored which when executed by a

computer, cause the computer to perform the method of one of

claims 23 or 24.
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