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Carrier management in heterogeneous network environments

Field of the invention

The present invention relates to carrier management in het-

erogeneous network environments

Background of the invention

In the development of radio communication systems, in par-
ticular cellular communication (like for example GSM
(Global System for Mobile Communication), GPRS (General
Packet Radio Service), HSPA (High Speed Packet Access),
UMTS (Universal Mobile Telecommunication System) or the
like), efforts are made for an evolution of the radio ac-
cess part thereof. In this regard, the evolution of radio
access networks (like for example the GSM EDGE radio access
network (GERAN) and the Universal Terrestrial Radio Access
Network (UTRAN) or the like) is currently addressed. Such
improved radio access networks are sometimes denoted as
evolved or advanced radio access networks (like for example
the Evolved Universal Terrestrial Radio Access Network (E-
UTRAN)) or as being part of a long-term evolution (LTE) or
LTE-Advanced, also generally referred to as International
Mobile Communications - Advanced (IMT-A). Although such de-
nominations primarily stem from 3GPP (Third Generation
Partnership Project) terminology, the usage thereof herein-
after does not limit the respective description to 3GPP
technology, but generally refers to any kind of radio ac-
cess evolution irrespective of the underlying system archi-

tecture.
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In the following, for the sake of intelligibility, LTE
(Long-Term Evolution according to 3GPP terminology) or LTE-
Advanced is taken as a non-limiting example for a radio ac-
cess network of cellular type being applicable in the con-
text of the present invention and its embodiments. However,
it is to be noted that any kind of radio access network of
cellular type, such as HSPA and/or UMTS, may likewise be
applicable, as long as it exhibits comparable features and

characteristics as described hereinafter.

In the development of cellular systems in general, and ac-
cess networks in particular, heterogeneous network environ-
ments comprising a combination of macrocells and microcells
(also referred to as picocells or femtocells) are proposed
as one concept. Thereby, the macrocells typically provide
for a large coverage, while the microcells (having low
transmit power) typically provide for additional capacity
in areas with a high user deployment. In the context of LTE
or LTE-Advanced, the macrocells are deployed by base sta-
tions denoted as eNBs, while microcells are deployed by
home base stations denoted as HeNBs. Such heterogeneous
network environment may be considered to be composed of two
network layers, i.e. a microcell network layer and an over-

lay macrocell network layer.

In a specific case, the microcells may be C3G or hybrid
cells, i.e. cells of a closed subscriber group (CSG) or of
a closed subscriber group (CSG) and other subscribers,
which represent permitted cells for subscribers being mem-
bers of the particular closed subscriber group (CSG) and
non-permitted cells for subscribers being no members of the

particular closed subscriber group (CSG). In this case,
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CSG/hybrid microcells are said to be operated in restricted

or closed access mode.

Figure 1 shows a schematic diagram of a deployment scenario
of a heterogeneous network environment comprising a combi-
nation of macrocells and microcells. In Figure 1, macro-
cells are illustrated by hexagonal blocks, while microcells
are illustrated by rectangular blocks. In the dashed cir-
cle, an enlarged view of a microcell including a microcell

base station and a user equipment is illustrated.

In the present and the near future, it is foreseen that de-
ployment of microcells such as e.g. HeNBs within an overlay
network layer of macrocells such as e.g. eNBs will be high
or even very high. That is, there will be a high or even
very high number of microcells as compared with the number

of macrocells.

In the present and the near future, it is also foreseen
that both network layers, i.e. macrocells and microcells,
operate in the same carrier freguency band. That is, cells
with restricted access mode (e.g. CSG HeNBs) may use the
same carrier frequency/frequencies as macrocells, which may

be referred to as co-channel deployment.

For the further description, a dense deployment scenario

with CSG/hybrid microcells utilizing co-channel deployment
is assumed as a non-limiting example for a heterogeneous

network environment. Although the aspects explained below
are specifically relevant in such an exemplary network en-
vironment, they are also valid and relevant in other net-
work environments such as e.g. a deployment scenario with
lower density of microcells in un-/restricted access mode

utilizing co-channel deployment.
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In case of heterogeneous networks including microcells with
restricted access mode (e.g. CSG HeNBs) operating on the
same carrier frequency as macrocells, a desired coverage
and/or quality of service cannot be guaranteed for all us-
ers in all locations. Due to issues in radio conditions,
when a macrocell user (also referred to as macro user),
i.e. a user equipment UE being served by a macrocell (or a
macrocell base station), encounters a non-permitted
CSG/hybrid HeNB, it may observe a coverage hole and/or a
reduced quality of service, which may be caused by high in-
terference between the serving macrocell and the microcell
in the UE’s proximity. Due to this, it may happen espe-
cially for dense HeNB deployments that a significant part
of a macrocell area may be inaccessible or only accessible
with unsatisfying quality of service (QoS) for macrocell

users.

Figure 2 shows a graph illustrating simulation results for
a dense co-channel deployment according to conventional

carrier management mechanisms.

In Figure 2, a cumulative distribution function (cdf) is
plotted against an effective signal to interference-plus-
noise ratio (SINR) in decibel (dB) for a macrocell user in
a dense co-channel deployment according to conventional
carrier management mechanisms. The solid reference curve
represents a case of a network environment only comprising
macrocells, i.e. no HeNBs being deployed. The dashed simu-
lation curve represents a case of a dense HeNB co-channel
deployment without HeNB power control (PC). The dotted
simulation curve represents a case of a dense HeNB co-

channel deployment with HeNRBR power control (PC).
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As may be observed from Figure 2, the operation of both
network layers in the same carrier frequency band may not
always be possible in dense HeNB deployments, which is
mainly due to outage (i.e. a coverage hole or reduced QoS)
caused by (CSG/hybrid) microcells for macrocell users in

the downlink.

A conceivable approach in view of the above-outlined prob-
lems may be to secure at least one carrier to be not used
by microcells such as restricted access cells. Such a car-
rier, which may be referred to as “escape carrier” (EC),
may be used as an escape for macrocell UEs suffering from
lack of coverage and/or reduced quality of service due to a
high interference between the serving macrocell and the mi-
crocell(s) in the UEs’ proximity. The disadvantage of such
a static allocation of a carrier as an escape carrier is
that, for an operator having a limited number of carriers
available, reserving an escape carrier in advance might be
very expensive in terms of radio capacity usage, while not

always being necessary.

Another conceivable approach in view of the above-outlined
problems may be that an escape carrier may under certain
conditions also be used by microcells (for example, when
the HeNB is close to the eNB, or when there is only a low
density of HeNBs). While such approach may be less restric-
tive in terms of radio capacity usage, the applicability
thereof is restricted to only a part of HeNB locations, and
it may be non-optimal in case of high density deployments,

egpecially in dense urban areas.

Accordingly, there is a demand for mechanisms for carrier
management in heterogeneous network environments, espe-

cially in heterogeneous network environments with a combi-



10

15

20

25

30

WO 2011/134531 PCT/EP2010/055922

_6_
nation of macrocells and a high density of microcells using

the same carrier fregquency band.

Summary of embodiments of the invention

The present invention and its embodiments aim at solving

the above problems.

The present invention and its embodiments are made to pro-
vide for mechanisms for carrier management in heterogeneous
network environments, especially in heterogeneous network
environments with a combination of macrocells and a high
density of microcells using the same carrier freguency
band.

According to an exemplary first aspect of the present in-
vention, there is provided a method comprising determining
a triggering condition for carrier reconfiguration between
a macrocell and at least one microcell using the same car-
rier frequency band according to radio conditions of a mac-
rocell user, reconfiguring at least one carrier in terms of
usability by the at least one microcell, and signaling car-
rier reconfiguration information from the macrocell to the

at least one microcell.

According to further developments or modifications thereof,
one or more of the following applies:

- the method further comprises detecting an amount of
traffic in the macrocell, and/or detecting a level of in-
terference between the macrocell and the at least one mi-
crocell, wherein the triggering condition is determined ac-
cording to the detected amount of traffic and/or level of

interference,
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- the triggering condition is determined to be satisfied
when satisfaction of requirements on macrocell coverage
and/or quality of service of the macrocell user changes in-
stantaneously and/or for a predefined time period,

- the reconfiguring comprises changing a mode of at least
one carrier between a protected carrier mode, in which the
respective carrier is usable by the macrocell and the at
least one microcell, and an escape carrier mode, in which
the regpective carrier is usable by the macrocell only, ac-
cording to the radio conditions,

- the reconfiguring comprises reserving and/or allocating
a number of carriers for use by the macrocell by changing
the mode of the number of carriers from the protected car-
rier mode to the escape carrier mode, and allowing a re-
maining number of carriers for use by the at least one mi-
crocell and/or releasing the remaining number of carriers
from use by the macrocell by changing the mode of the re-
maining number of carriers from the escape carrier mode to
the protected carrier mode,

- the carrier reconfiguration information comprises an
indication of the mode of the at least one carrier, or an
indication of the mode of the at least one carrier and a
condition for usability of the at least one carrier by the
at least one microcell,

- the condition for usability by the at least one micro-
cell comprises a threshold of a downlink transmit power of
the at least one microcell and/or a threshold of a refer-
ence signal received power of the macrocell at the at least
one microcell,

- the signaling comprises at least one of transmitting a
dedicated signaling message including the carrier recon-
figuration information towards the at least one macrocell,
broadcasting a macrocell broadcast message including the

carrier reconfiguration information as system information
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towards the at least one macrocell, and communicating the
carrier reconfiguration information directly to the at
least one microcell,

- the at least one carrier comprises superordinate and/or
subordinate component carriers of the microcell,

- the at least one microcell is a cell of a closed sub-
scriber group or a hybrid cell of a closed subscriber group
and other subscribers, and the macrocell user is no member
of the closed subscriber group,

- the method is operable at a macrocell base station,
and/or

- the macrocell comprises a base station, eNB, and the
microcell comprises a home base station, HeNB, in accor-
dance with an LTE or LTE-Advanced radio access system, or
the macrocell comprises an access node and the microcell
comprises a femto access node in accordance with a HSPA or

UMTS radio access system.

According to an exemplary second aspect of the present in-
vention, there is provided a method comprising receiving
carrier reconfiguration information for at least one car-
rier from a macrocell at a microcell, the macrocell and the
microcell using the same carrier frequency band, and ad-

justing use of the at least one carrier by the microcell.

According to further developments or modifications thereof,
one or more of the following applies:

- the carrier reconfiguration information comprises an
indication of a mode of the at least one carrier, or an in-
dication of a mode of the at least one carrier and a condi-
tion for usability of the at least one carrier by the mi-
crocell, wherein the indicated mode is one of a protected
carrier mode, in which the respective carrier is usable by

the macrocell and the microcell, and an escape carrier
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mode, in which the respective carrier is usable by the mac-
rocell only,

- the condition for usability by the microcell comprises
a threshold of a downlink transmit power of the microcell
and/or a threshold of a reference signal received power of
the macrocell at the microcell,

- the adjusting comprises releasing and/or inhibiting al-
locating the at least one carrier from use by the micro-
cell, when the indicated mode thereof is the escape carrier
mode, or when the indicated mode thereof is the escape car-
rier mode and the condition for usability by the microcell
is not satisfied, and/or allocating and/or inhibiting re-
leasing the at least one carrier for use by the microcell
when the indicated mode thereof is the protected carrier
mode, or when the indicated mode thereof is the escape car-
rier mode and the condition for usability by the microcell
is satisfied,

- the receiving comprises at least one of receiving a
dedicated signaling message including the carrier recon-
figuration information, receiving a macrocell broadcast
message including the carrier reconfiguration information
as system information, and receiving direct communication
of the carrier reconfiguration information from the macro-
cell,

- the method further comprises delaying a start of the
adjusting after receiving the carrier reconfiguration in-
formation by a random time selected from a predefined
range, and/or periodically checking receipt of further car-
rier reconfiguration information,

- the at least one carrier comprises superordinate and/or
subordinate component carriers of the microcell,

- the microcell is a cell of a closed subscriber group or
a hybrid cell of a closed subscriber group and other sub-

scribers,
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- the method is operable at a microcell base station,
and/or

- the macrocell comprises a base station, eNB, and the
microcell comprises a home base station, HeNB, in accor-
dance with an LTE or LTE-Advanced radio access system, or
the macrocell comprises an access node and the microcell
comprises a femto access node in accordance with a HSPA or

UMTS radio access system.

According to an exemplary third aspect of the present in-
vention, there is provided an apparatus comprising a proc-
essor configured to determine a triggering condition for
carrier reconfiguration between a macrocell and at least
one microcell using the same carrier frequency band accord-
ing to radio conditions of a macrocell user, and reconfig-
ure at least one carrier in terms of usability by the at
least one microcell, and a transmitter configured to signal
carrier reconfiguration information from the macrocell to

the at least one microcell.

According to further developments or modifications thereof,
one or more of the following applies:

- the apparatus further comprises a detector configured
to detect an amount of traffic in the macrocell, and/or de-
tect a level of interference between the macrocell and the
at least one microcell, wherein the processor is configured
to determine the triggering condition according to the de-
tected amount of traffic and/or level of interference,

- the processor is configured to determine the triggering
condition to be satisfied when satisfaction of requirements
on macrocell coverage and/or quality of service of the mac-
rocell user changes instantaneously and/or for a predefined

time period,
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- the processor, for reconfiguring, is configured to
change a mode of at least one carrier between a protected
carrier mode, in which the respective carrier is usable by
the macrocell and the at least one microcell, and an escape
carrier mode, in which the respective carrier is usable by
the macrocell only, according to the radio conditions,

- the processor, for reconfiguring, is configured to re-
serve and/or allocate a number of carriers for use by the
macrocell by changing the mode of the number of carriers
from the protected carrier mode to the escape carrier mode,
and allow a remaining number of carriers for use by the at
least one microcell and/or release the remaining number of
carriers from use by the macrocell by changing the mode of
the remaining number of carriers from the escape carrier
mode to the protected carrier mode,

- the carrier reconfiguration information comprising an
indication of the mode of the at least one carrier, or an
indication of the mode of the at least one carrier and a
condition for usability of the at least one carrier by the
at least one microcell,

- the condition for usability by the at least one micro-
cell comprises a threshold of a downlink transmit power of
the at least one microcell and/or a threshold of a refer-
ence signal received power of the macrocell at the at least
one microcell,

- the transmitter is configured to transmit a dedicated
signaling message including the carrier reconfiguration in-
formation towards the at least one macrocell, and/or broad-
cast a macrocell broadcast message including the carrier
reconfiguration information as system information towards
the at least one macrocell, and/or communicate the carrier
reconfiguration information directly to the at least one

microcell,



10

15

20

25

30

WO 2011/134531 PCT/EP2010/055922

_12_

- the at least one carrier comprises superordinate and/or
subordinate component carriers of the microcell,

- the at least one microcell is a cell of a closed sub-
scriber group or a hybrid cell of a closed subscriber group
and other subscribers, and the macrocell user is no member
of the closed subscriber group,

- the apparatus is operable as or at a macrocell base
station, and/or

- the macrocell comprises a base station, eNB, and the
microcell comprises a home base station, HeNB, in accor-
dance with an LTE or LTE-Advanced radio access system, or
the macrocell comprises an access node and the microcell
comprises a femto access node in accordance with a HSPA or

UMTS radio access system.

According to an exemplary fourth aspect of the present in-
vention, there is provided an apparatus comprising a re-
ceiver configured to receive carrier reconfiguration infor-
mation for at least one carrier from a macrocell at a mi-
crocell, the macrocell and the microcell using the same
carrier frequency band, and a processor configured to ad-

just use of the at least one carrier by the microcell.

According to further developments or modifications thereof,
one or more of the following applies:

- the carrier reconfiguration information comprises an
indication of a mode of the at least one carrier, or an in-
dication of a mode of the at least one carrier and a condi-
tion for usability of the at least one carrier by the mi-
crocell, wherein the indicated mode is one of a protected
carrier mode, in which the respective carrier is usable by
the macrocell and the microcell, and an escape carrier
mode, in which the respective carrier is usable by the mac-

rocell only,
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- the condition for usability by the microcell comprises
a threshold of a downlink transmit power of the microcell
and/or a threshold of a reference signal received power of
the macrocell at the microcell,

- the processor, for adjusting, is configured to release
and/or inhibit allocation of the at least one carrier from
use by the microcell, when the indicated mode thereof is
the escape carrier mode, or when the indicated mode thereof
is the escape carrier mode and the condition for usability
by the microcell is not satisfied, and/or allocate and/or
inhibit release of the at least one carrier for use by the
microcell when the indicated mode thereof is the protected
carrier mode, or when the indicated mode thereof is the es-
cape carrier mode and the condition for usability by the
microcell is satisfied,

- the receiver is configured to receive a dedicated sig-
naling message including the carrier reconfiguration infor-
mation, and/or receive a macrocell broadcast message in-
cluding the carrier reconfiguration information as system
information, and/or receive direct communication of the
carrier reconfiguration information from the macrocell,

- the processor is configured to delay a start of the ad-
justing after receiving the carrier reconfiguration infor-
mation by a random time selected from a predefined range,
and/or periodically check receipt of further carrier recon-
figuration information,

- the at least one carrier comprises superordinate and/or
subordinate component carriers of the microcell,

- the microcell is a cell of a closed subscriber group or
a hybrid cell of a closed subscriber group and other sub-
scribers,

- the apparatus is operable as or at a microcell base

station, and/or
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- the macrocell comprises a base station, eNB, and the
microcell comprises a home base station, HeNB, in accor-
dance with an LTE or LTE-Advanced radio access system, or
the macrocell comprises an access node and the microcell
comprises a femto access node in accordance with a HSPA or

UMTS radio access system.

According to an exemplary fifth aspect of the present in-
vention, there is provided a computer program product in-
cluding a program comprising software code portions being
arranged, when run on a processor of an apparatus (such as
e.g. according to the above third aspect and/or develop-

ments or modifications thereof), to perform the method ac-
cording to the above first aspect and/or developments or

modifications thereof.

According to an exemplary sixth aspect of the present in-
vention, there is provided a computer program product in-
cluding a program comprising software code portions being
arranged, when run on a processor of an apparatus (such as
e.g. according to the above fourth aspect and/or develop-
ments or modifications thereof), to perform the method ac-
cording to the above second aspect and/or developments or

modifications thereof.

According to further developments or modifications thereof,
the computer program product according to the fifth or
sixth aspect comprises a computer-readable medium on which
the software code portions are stored, and/or the program

is directly loadable into a memory of the processor.

By way of exemplary embodiments of the present invention,
there are provided mechanisms for carrier management in

heterogeneous network environments, especially in heteroge-
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neous network environments with a combination of macrocells
and a high density of microcells using the same carrier

frequency band.

By way of exemplary embodiments of the present invention,
there are provided mechanisms for dynamic and/or flexible
frequency carrier reconfiguration for microcells in re-
stricted or closed access mode, such as for example

CSG/hybrid HeNBs.

By way of exemplary embodiments of the present invention,
the provided mechanisms are applicable to any kind of het-
erogeneous network environments comprising a combination of
macrocells and microcells, for example in LTE/LTE-Advanced,

HSPA, and/or UMTS network systems.

Brief description of the drawings

In the following, the present invention will be described
in greater detail by way of non-limiting examples with ref-

erence to the accompanying drawings, in which

Figure 1 shows an exemplary illustration of a deployment
scenario of a heterogeneous network environment comprising

a combination of macrocells and microcells,

Figure 2 shows a graph illustrating simulation results for
a dense co-channel deployment according to conventional

carrier management mechanisms,

Figure 3 shows another exemplary illustration of a deploy-
ment scenario of a heterogeneous network environment com-

prising a combination of macrocells and microcells,
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Figure 4 shows a flowchart of methods according to exem-

plary embodiments of the present invention,

Figure 5 shows a schematic diagram of an example of an ini-
tial carrier configuration (Figure 5(a)) and a reconfigured
carrier configuration (Figure 5(b)) according to exemplary

embodiments of the present invention,
Figure 6 shows a graph illustrating simulation results for
a dense co-channel deployment according to exemplary em-

bodiments of the present invention, and

Figure 7 shows a block diagram of apparatuses according to

exemplary embodiments of the present invention.

Detailed description of embodiments of the present inven-

tion

The present invention is described herein with reference to
particular non-limiting examples and to what are presently
considered to be conceivable embodiments of the present in-
vention. A person skilled in the art will appreciate that

the invention is by no means limited to these examples, and

may be more broadly applied.

In particular, the present invention and its embodiments
are mainly described in relation to 3GPP specifications be-
ing used as non-limiting examples for certain exemplary
network configurations and deployments. In particular, an
LTE/LTE-A (E-UTRAN) radio access network is used as a non-
limiting example for the applicability of thus described
exemplary embodiments. Further, a heterogeneous network en-
vironment comprising a combination of macrocells being rep-

resented by eNB nodes and microcells being represented by
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HeNB nodes or, particularly, by CSG/hybrid microcells is
used as a non-limiting example for the applicability of
thus described exemplary embodiments. As such, the descrip-
tion of exemplary embodiments given herein specifically re-
fers to terminology which is directly related thereto. Such
terminology is only used in the context of the presented
non-limiting examples, and does naturally not limit the in-
vention in any way. Rather, any other network configuration
or system deployment comprising macrocells and microcells,
etc. may also be utilized as long as compliant with the

features described herein.

Embodiments of the present invention may be equally applied
to any heterogeneous network environments comprising a com-
bination of macrocells and microcells, irrespective of the
underlying radio access system or technology. In LTE/LTE-
Advanced, embodiments of the present invention are applica-
ble to HeNB microcells, e.g. CGS/hybrid microcells, exem-
plarily employing a concept of superordinate and/or subor-
dinate component carriers. In HSPA/UMTS, embodiments of the
present invention are applicable to pico-/femtocells, e.g.
CGS/hybrid pico-/femtocells, exemplarily using a multi-
carrier/multi-band scheme employing a concept of superordi-

nate and/or subordinate component carriers.

A concept of superordinate and/or subordinate component
carriers, as mentioned above, may be any carrier selection
scheme for carrier selection using carrier aggregation. For
example, the concept of superordinate and/or subordinate
component carriers may relate to primary component carriers
(PCC) and secondary component carriers (SCC) as described
in the ACCS (autonomous component carrier selection)

scheme.
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The ACCS scheme is a concept, proposed for LTE or LTE-
Advanced networks, that uses carrier aggregation and de-
scribes a way in which operating frequencies (referred to
as component carriers in LTE or LTE-Advanced) are allocated
to different microcell base stations HeNBs over time. This
concept includes possible changes of secondary component
carriers (SCC) and (less frequent) changes of a primary
component carrier (PCC). When the ACCS scheme is applied to
heterogeneous network environments comprising a combination
of macrocells and microcells, the macrocells may still use
a plain frequency reuse one, while the microcells may use
ACCS in order to control interference among the macrocells

and microcells.

In this regard, it is noted that superordinate component
carriers, hereinafter exemplarily denoted as primary compo-
nent carriers, may also be referred to as base / main / ba-
sic / essential / dependable /private component carriers or
the like, and that subordinate component carriers, herein-
after exemplarily denoted as secondary component carriers,
may also be referred to as supplementary / side / extra /
volatile /fickle / public component carriers or the like.
As a non-limiting example, superordinate component carriers
may be primary or base component carriers as described in
the ACCS concept, and subordinate component carriers may be
secondary or supplementary component carriers as described

in the ACCS concept.

Hereinafter, various embodiments and implementations of the
present invention and its aspects or embodiments are de-
scribed using several alternatives. It is generally noted
that, according to certain needs and constraints, all of

the described alternatives may be provided alone or in any
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conceivable combination (also including combinations of in-

dividual features of the various alternatives).

In the following, exemplary embodiments of the present in-
vention are described with reference to methods, procedures

and functions.

Figure 3 shows another exemplary illustration of a deploy-
ment scenario of a heterogeneous network environment com-
prising a combination of macrocells and microcells. It is
to be noted that the illustrations of both Figures 1 and 3
are applicable for the same heterogeneous network environ-
ment (apart from the different number of macrocells and mi-

crocells in these figures).

In Figure 3, a deployment scenario of a heterogeneous net-
work environment in a E-UTRAN architecture is exemplarily
depicted. The eNBs of Figure 3 represent macrocell base
stations and the shaded areas around them represent macro-
cells, while the HeNBs of Figure 3 represent microcell base
stations and the shaded areas around them represent micro-
cells. The eNBs and HeNBs are connected to a core network
portion (not shown) via combined mobility management enti-
ties and serving gateways and/or HeNB gateways, respec-

tively.

In Figure 3, there is illustrated a situation in which a
user equipment UE served by a macrocell or eNB, i.e. a
macro (or macrocell) user, encounters a microcell or HeNB,
which may be a non-permitted CSG/hybrid microcell or HeNB
for the UE.

Accordingly, as an assumption for the further description,

the UE is assumed to approach a HeNB microcell, and a car-
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rier management between the eNB macrocell and the HeNB mi-
crocell is to be performed in view of the above-outlined
problems in such situations (e.g. lack of coverage and/or
reduced quality of service). In this regard, by way of ex-
ample, there is particularly considered a case in which ad-
ditional radio resources are to be provided for macrocell
users, while the case of resuming a previous resource dis-
tribution is not explained in detail but may be handled ac-

cordingly.

According to exemplary embodiments of the present inven-
tion, the following structure of a carrier configuration is

defined (as evident e.g. from Figures 5(a) and 5(b) below).

A first type of carriers (component carriers) is denoted as
“open” carriers. Such “open” carriers may be used by the
HeNB or HeNBRs (as well as by the eNB or eNBs) at all times.
That is, the HeNB or HeNBs may operate on such “open” car-
riers with respect to other mechanisms for carrier selec-
tion and/or aggregation (e.g. in the ACCS scheme pri-
mary/base component carriers may be allocated to such

“open” carriers).

A second type of carriers (component carriers) is denoted
as “forbidden” carriers. Such “forbidden” carriers must not
be used by the HeNB or HeNBs but may only be used by the
eNB or eNBs at all times. That is, the HeNB or HeNBs may
not operate on such “forbidden” carriers, and may possibly
not even be informed about them. Such “forbidden” carriers

are static escape carriers (EC) for the macrocell.

A third type of carriers (component carriers) is denoted as
“protected” carriers. Such “protected” carriers may be used

by the HeNB or HeNBs (as well as by the eNB or eNBs) de-
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pending on a specific re-/configuration thereof. That is,
the HeNB or HeNBs may operate on such “protected” carriers
only if allowed by the respective macrocell (e.g. in the
ACCS scheme secondary/supplementary component carriers may
be allocated to such “protected” carriers). Such “pro-
tected” carriers may be re-/configured by the macrocell as
semi-static (dynamic/flexible) escape carriers (EC) for the

macrocell.

Generally, carriers in the meaning of the present descrip-
tion may be superordinate component carriers and/or subor-
dinate component carriers of the microcell or microcells,
as explained above. Namely, for example, such superordinate
component carriers may be primary or base component carri-
ers as described in the ACCS concept (or any other carrier
selection procedure for carrier selection using carrier ag-
gregation), and such subordinate component carriers may be
secondary or supplementary component carriers as described
in the ACCS concept (or any other carrier selection proce-

dure for carrier selection using carrier aggregation).

In particular, the carrier management according to exem-
plary embodiments of the present invention is for example
applicable to LTE-Advanced (LTE-A) carrier aggregation (CA)
supporting dynamic secondary carrier allocation and re-
lease. Namely, triggers for mechanisms and mechanisms of
(CSG/hybrid) HeNB secondary carrier reconfiguration (allo-
cation and release) relating to radio conditions of macro-

cell users are described hereinafter.

Figure 4 shows a flowchart of methods according to exem-
plary embodiments of the present invention. In Figure 4,
the procedure on the left side illustrates a method execu-

table at a macrocell or macrocell base station, and the
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procedure on the right side illustrates a method executable
at a microcell or microcell base station. The macrocell
base station of Figure 4 may e.g. be represented by the eNB
of Figure 3, in the area of which the UE is located, and
the microcell base station of Figure 4 may e.g. be repre-
sented by the (CSG/hybrid) HeNB of Figure 3, to which the
UE approaches.

During an initial startup configuration phase, the macro-
cell eNB and the microcell HeNB(s) are informed about an
initial carrier configuration, such as for example that de-
picted in Figure 5(a). The HeNB(s) may e.g. be informed by
a home enhanced NodeB management system (HMS) or an opera-
tion and maintenance entity. According to this exemplary
initial carrier configuration, the “protected” carriers are
not configured in EC mode and may, thus, be used by the mi-
crocell HeNB(s) of the respective CSG as well as by the re-

spective macrocell eNB.

According to exemplary embodiments of the present inven-

tion, a method at the macrocell eNB may be as follows.

In a first operation according to Figure 4, the macrocell
eNB (or, in particular, a processor thereof) determines a
triggering condition for carrier reconfiguration between
the macrocell eNB and one or more microcell HeNBRs in the
proximity of which a relevant macrocell user (UE) is lo-
cated. A corresponding carrier reconfiguration may be trig-
gered on the basis of (radio) measurements performed by the
macrocell eNB and macrocell users in the macrocell. In this
regard, an amount of traffic in the macrocell and/or a
level of interference between the macrocell and the at
least one microcell (i.e. a level of activity of the re-

spective microcell) may be detected. Depending on the thus
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detected amount of traffic and/or level of interference, it
may be determined by the macrocell eNB whether or not a
predefined triggering condition is satisfied, which would
e.g. be the case when (radio) requirements of a macrocell
user (e.g. on macrocell coverage and/or quality of service)
are no longer satisfied, either instantaneously and/or for
a predefined time period. According to exemplary embodi-
ments of the present invention, the triggering condition is
such that time restrictions for avoiding too frequent re-

configurations are taken into consideration.

In a second operation according to Figure 4, the macrocell
eNB (or, in particular, a processor thereof) reconfigures
at least one carrier of the initial carrier configuration
by executing a carrier reconfiguration (in particular, a
reconfiguration of one or more “protected” carriers). A
corresponding carrier reconfiguration may include changing
a mode of at least one carrier between the protected car-
rier mode and the escape carrier mode according to the ra-
dio conditions. A triggering condition for reconfiguring a
“protected” carrier into the EC mode may include high
downlink load in the macrocell and/or common low signal
quality measured by macrocell users. That is, when the
triggering condition is satisfied because the macrocell
user experiences degraded radio services, the macrocell eNB
changes one or more “protected” carriers into the escape
carrier (EC) mode, in which an operation on such carriers
by the microcell HeNB is not allowed. Such a reconfigured
carrier configuration is exemplarily depicted in Figure
5(b), according to which the “protected” carriers are con-
figured in EC mode and may, thus, not be used by the micro-

cell HeNB(s) of the respective CSG.
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In a carrier reconfiguration of the second operation ac-
cording to Figure 4, the macrocell eNB may reserve a number
of carriers for use by the macrocell by changing the mode
of corresponding carriers into EC mode, and may accordingly
allocate such carriers in the EC mode for use by macrocell
users. Also, the macrocell eNB may allow a remaining number
of carriers for use by the at least one microcell by chang-
ing the mode of corresponding carriers from EC mode to the
non-EC mode, and may accordingly release such carriers in
non-EC mode from use by macrocell users. The number of car-
riers to be reserved may depend on detected radio condi-
tions, and may vary from 0 to N escape carriers, where N<K
and K is the number of all “protected” carriers available
for the operator. Accordingly, macrocell users may operate
on “protected” carriers corresgpondingly reconfigured into
EC mode in addition to “forbidden” carriers and “open” car-

riers.

In a third operation according to Figure 4, the macrocell
eNB (or, in particular, a transmitter thereof) signals car-
rier reconfiguration information to the at least one micro-
cell, i.e. each relevant (CSG/hybrid) HeNB. According to
exemplary embodiments of the present invention, the signal-
ing could be done by means of at least one of transmitting
a dedicated signaling message including the carrier recon-
figuration information towards the at least one macrocell,
broadcasting a macrocell broadcast message including the
carrier reconfiguration information as system information
towards the at least one macrocell, and communicating the
carrier reconfiguration information directly to the at

least one microcell.

In the first option, a dedicated signaling message is sent

from the macrocell eNB towards the MME (mobility management
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entity) which would then forward the dedicated signaling
message to the HMS, which then would order the relevant
HeNBs to adjust their use of carriers accordingly, e.g. to
abandon use of the carrier or carriers indicated as being

changed into the EC mode.

In detail, the macrocell eNB may send a signaling message
to the MME over an S1-MME interface, said signaling message
containing a command to change an operation mode of a car-
rier or carriers indicated in this particular message (i.e.
one/several of the N carriers reserved by the eNB). Addi-
tionally, this command may be accompanied by an identifier
of the macrocell eNB (e.g. physical cell identifier (PCI)
and/or cell global identity (CGI)) and/or a tracking area
code (TAC). This signaling message may then be forwarded
towards the HMS which stores measurements done by HeNBs in
the initial startup phase, i.e. macrocells that it is able
to “see” by means of PCI/CGI or TAC. Based on this informa-
tion, i.e. the PCI, CGI and TAC of a macrocell eNB, the HMS
shall be able to derive microcell HeNBs operating in the
vicinity of this macrocell eNB, since the combination of
PCI/CGI/TAC is unique and as such enables unambiguous eNB
cell identification. Once the relevant HeNBs may be identi-
fied, the signaling message sent from the source microcell
eNB may be forwarded to the target microcell HeNBs via a S1
interface (that is, the signaling message could be sent
from the MME, HMS or OAM system). After successful recep-
tion, the microcell HeNBs may change their operational mode
to adjust to the reconfigured carrier or carriers indicated

in the message.

In the second option, a macrocell broadcast message is
broadcast with a new field containing a flag visible to

HeNBs, the flag indicating the reconfigured carrier con-
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figuration, e.g. carrier or carriers indicated as being
changed into the EC mode as “escape carrier(s)”. That is,
the macrocell eNB may set a flag within system information
blocks (SIBs) for indicating to the target microcell HeNBs
the reconfigured configuration of the specific carrier or
carriers. Upon receipt thereof, the microcell HeNBs may ac-
quire and read the SIBs periodically in idle periods and/or

in time intervals indicated e.g. by the HMS or OAM system.

In the third option, any other signaling methods may be em-
ployed, such as e.g. direct radio communication between the
macrocell eNB and its neighboring microcells HeNBs (also

known as Over the Air Communication (OTAC)).

According to exemplary embodiments of the present inven-
tion, the thus signaled carrier reconfiguration information
may - instead of the previously assumed option of compris-
ing (only) an indication of the mode of the at least one
carrier being reconfigured - also comprise an indication of
the mode of the at least one carrier and a condition for
usability of the at least one carrier by the at least one
microcell. In this regard, an EC indication flag may be de-
fined as a set of bits relating to some predefined condi-
tion or conditions. Accordingly, only those microcell HeNRs
meeting those conditions would be allowed to operate at the
considered carrier or carriers. This way the macrocell eNR
may gradually decrease te density of (active) microcell
HeNBs at a given carrier up to the point when it would be a
full macrocell deployment only (see reference curves in
Figures 2 and 6). Conceivable conditions in this regard may
include e.g. a threshold of a downlink transmit power of
the at least one microcell and/or a threshold of a refer-
ence signal received power of the macrocell at the at least

one microcell.
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For example, in case of a condition relating to HeNB
downlink transmit power, a (CSG/hybrid) HeNB is allowed to
operate on the “protected” carrier(s) only if its transmit
power is below X dBm (X being selected from predefined wval-
ues by the bits in the EC indication flag). For example, in
case of a condition relating to eNB power measured by a
HeNB, a (CSG/hybrid) HeNB is allowed to operate on the
“protected” carrier(s) only if the reference signal re-
ceived power (RSRP) of the macrocell eNB at the HeNB loca-
tion is above X dBm (X being selected from predefined val-

ues by the bits in the EC indication flag).

According to exemplary embodiments of the present inven-
tion, a method at a microcell (CSG/hybrid) HeNB may be as

follows.

In a first operation according to Figure 4, the microcell
HeNB or HeNBs (or, in particular, a receiver thereof) re-
ceive/s the carrier reconfiguration information for at
least one carrier, as signaled from the macrocell eNB. The
thus received carrier reconfiguration information is as de-
scribed above. Accordingly, it may comprise an indication
of a mode of the at least one carrier, or an indication of
a mode of the at least one carrier and a condition for us-
ability of the at least one carrier by the microcell,
wherein the indicated mode is one of the protected carrier

mode and the escape carrier (EC) mode.

The carrier reconfiguration information may be received in

the same way as being signaled, i.e. by at least one of re-
ceiving a dedicated signaling message including the carrier
reconfiguration information, receiving a macrocell broad-

cast message including the carrier reconfiguration informa-
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tion as system information, and receiving direct communica-
tion of the carrier reconfiguration information from the
macrocell. For details in this regard, reference is made to

the above.

In a second operation according to Figure 4, the microcell
HeNB or HeNBs (or, in particular, a processor thereof) ad-
just/s use of the at least one carrier by the microcell ac-
cording to the received carrier reconfiguration informa-

tion.

In a carrier adjustment, i.e. an adjustment of its opera-
tion mode, the microcell HeNB may release the corresponding
carrier or carriers from use by the microcell and/or may
inhibit allocation thereof for use by the microcell, when
the indicated mode is the EC mode, or when the indicated
mode thereof is the EC mode and the condition for usability
by the microcell is not satisfied. Also, the microcell HeNB
may allocate the corresponding carrier or carriers for use
by the microcell and/or may inhibit a releasing thereof,
when the indicated mode thereof is the protected carrier
mode (non-EC mode), or when the indicated mode thereof is
the EC mode and the condition for usability by the micro-

cell is satisfied.

Stated in other terms, after having received the carrier
reconfiguration information by means of one of the three
described ways, any active HeNB operating on the indicated
carrier or carriers has to take actions aiming to adjusting
its operation accordingly, for example by abandoning carri-
ers being changed into EC mode. This includes e.g. recon-
figuration of radio settings of the HeNB, rescheduling (mi-
crocell) UEs being active on that carrier(s) to other

available carrier(s) (e.g. to the HeNRBR’s primary carrier)
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etc. Accordingly, microcell users may not operate on “pro-
tected” carriers correspondingly reconfigured into EC mode,
but only on “protected” carriers configured in non-EC mode,

in addition to “open” carriers.

To avoid collisions during reconfigurations or operational
adjustments of HeNBs (in particular, of many HeNBs at the
same time), each HeNB may start the reconfiguration or ad-
Jjustment procedure after a random time is passed, which may
be selected from a predefined range. Thereby, a potential
drawback may be avoided, namely that a change in the “pro-
tected” carrier configuration might lead to a mass recon-

figuration of many microcell HeNBs.

In the meantime, a HeNB is allowed to use the “protected”
carrier in EC mode until it completes radio parameter re-
configurations or operational adjustments (while the time,
in which this is allowed, depends on the predefined maximum
reconfiguration start delay mentioned above). In addition,
no new HeNBs are allowed to take advantage of the “pro-
tected” carrier in EC mode. That is, an initial configura-
tion of a HeNB newly participating in communications (due
to being switched on or becoming active) would look like

the one depicted in Figure 5(b).

After radio reconfiguration or operational adjustment in
view of recently received carrier reconfiguration informa-
tion, a microcell HeNBs shall resume its normal mode of op-
eration. However, any HeNB may periodically check (using
the same method which was used to convey the carrier recon-
figuration information to change the operating carrier,
i.e. periodic reading of broadcast information from the
overlaying macrocell, listening to OTAC messages and/or

network signaling) for any new messages which could make
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the “protected” carriers in EC mode accessible again (i.e.
EC mode being disabled). If such an indication is observed,
the microcell HeNBs may again allocate such carriers for

their use (i1f needed).

In view of the above, exemplary embodiments of the present
invention are based on carriers (component carriers) for
which usability or accessibility by a microcell (e.g.
(CSG/hybrid) HeNB) may be reconfigured during network op-
eration, which are denoted as “protected carriers” herein.
For such “protected carriers”, exemplary embodiments of the
present invention provide for a semi-static (dy-
namic/flexible) allocation as “escape carrier” (EC), i.e. a
re-/configuration in EC mode or not, which may be executed
upon a specific triggering condition indicating that basic
requirements of a macrocell user are not satisfied due to

current radio conditions.

Figure 6 shows a graph illustrating simulation results for
a dense co-channel deployment according to exemplary em-

bodiments of the present invention.

In Figure 6, a cumulative distribution function (cdf) is
plotted against an effective signal to interference-plus-
noise ratio (SINR) in decibel (dB) for a macrocell user in
a dense co-channel deployment according to exemplary em-
bodiments of the present invention. The underlying simula-
tion is based on the same scenarios and assumptions as that
underlying the simulation of Figure 2. The solid reference
curve represents a case of a network environment only com-

prising macrocells, i.e. no HeNBs being deployed.

The dashed simulation curves represent cases of a dense

HeNB co-channel deployment without HeNB power control (PC)
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, wherein the bandwidth of carriers/amount of resources be-
ing reserved for macrocell users (i.e. the sum of “forbid-

”

den” carriers and “protected” carriers in EC mode) is 10%,
30% and 50% of the total, respectively. The dotted simula-
tion curves represent cases of a dense HeNB co-channel de-
ployment with HeNB power control (PC), wherein the band-
width of carriers/amount of resources being reserved for
macrocell users (i.e. the sum of “forbidden” carriers and
“protected” carriers in EC mode) is 10%, 30% and 50% of the

total, regpectively.

As may be observed from Figure 6, carrier management ac-
cording to exemplary embodiments of the present invention
may improve performance of macrocell user communications in
heterogeneous network environments, partly even in a sig-
nificant way. Further, it may be observed that a different
performance may be achieved with different bandwidths of
carriers/amount of resources being reserved for macrocell
users. The number of escape carriers may beneficially be
changed to reflect an increase in macrocell user outages
(due to interference between the serving macrocell and one
or more microcells in the proximity of the relevant macro-

cell user).

As evident from the above, at least the following advan-
tages may be achieved by exemplary embodiments of the pre-

sent invention.

Generally, exemplary embodiments of the present invention
provide for a flexible carrier allocation or selection for
microcells (e.g. (CSG/hybrid) HeNBs) in heterogeneous net-

work environments with co-channel deployment.
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In particular, the thus proposed mechanisms are more flexi-
ble in time domain than those according to previously con-
ceived approaches, i.e. carriers for macrocell traffic are
reserved only if needed, and the network configuration is
autonomously adapting to varying radio conditions (i.e.
changing activity of (CSG/hybrid) HeNBs) and amount of
traffic in the macrocell (e.g. high load in rush hours, low

load during nights).

Further, the thus proposed mechanisms are capable of limit-
ing radio disturbances in all locations of a heterogeneous
network environment. Accordingly, an improved coverage and
quality of service may be ensured for macrocell users
served by the overlay macrocell network layer even when en-
countering one or more (non-permitted CSG/hybrid) micro-

cells.

Still further, the thus proposed mechanisms may improve
carrier aggregation and carrier/resource utilization in ad-
vanced radio access networks comprising a combination of

macrocells and microcells.

Also, each of the described methods to convey the carrier
reconfiguration information from the macrocell eNB towards

the microcell HeNB(s) has its specific advantages.

Network signaling is a very accurate technique, and does
not involve any changes to the radio interface. It also en-
ables good (or even perfect) timing of the carrier re-
configuration or operational adjustments at the microcell
HeNBs, since the HMS/MME is able to send the carrier recon-
figuration information in the signaling message to the
relevant HeNBs only once when this is really needed and

with different time intervals avoiding a carrier re-
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reconfiguration or operational adjustment of all (or a
large number of) microcells HeNBs within a given area at
the same time, which might have detrimental effects on net-

work and UE behavior.

Information distributed on macrocell broadcast does not in-
volve other network entities (e.g. HMS, MME) to convey the
carrier reconfiguration information towards the microcell
HeNBs. The proposed (EC indication) flag in one of the SIBs
shall be only of importance to relevant microcell HeNBs, so
there are no issues with backwards compatibility concerning

e.g. UEs.

Regarding OTAC, once this technique would be implemented
for the usage of the ACCS scheme, it would be fairly easy
to add an additional marker/flag for escape carrier (EC)
indication. This additionally has the advantage that no

changes to the SIBs or network signaling would be needed.

The above-described procedures and functions may be imple-
mented by respective functional elements, processors, oOr

the like, as described below.

While in the foregoing exemplary embodiments of the present
invention are described mainly with reference to methods,
procedures and functions, corresponding exemplary embodi-
ments of the present invention also cover respective appa-
ratuses, network nodes and systems, including both software

and/or hardware thereof.

Regspective exemplary embodiments of the present invention
are described below referring to Figure 7, while for the
sake of brevity reference is made to the detailed descrip-

tion of respective corresponding methods and operations ac-
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cording to Figures 4 and 5 on the basis of Figures 1 and 3,

respectively.

In Figure 7 below, the solid line blocks are basically con-
figured to perform respective operations as described
above. The entirety of solid line blocks are basically con-
figured to perform the methods and operations as described
above, regpectively. With respect to Figure 7, it is to be
noted that the individual blocks are meant to illustrate
respective functional blocks implementing a respective
function, process or procedure, respectively. Such func-
tional blocks are implementation-independent, i.e. may be
implemented by means of any kind of hardware or software,
respectively. The arrows interconnecting individual blocks
are meant to illustrate an operational coupling there-
between, which may be a physical and/or logical coupling,
which on the one hand is implementation-independent (e.qg.
wired or wireless) and on the other hand may also comprise
an arbitrary number of intermediary functional entities not
shown. The direction of arrow is meant to illustrate the
direction in which certain operations are performed and/or

the direction in which certain data 1s transferred.

Further, in Figure 7, only those functional blocks are il-
lustrated, which relate to any one of the above-described
methods, procedures and functions. A skilled person will
acknowledge the presence of any other conventional func-
tional blocks required for an operation of respective
structural arrangements, such as e.g. a power supply, a
central processing unit, respective memories or the like.
Among others, memories are provided for storing programs or
program instructions for controlling the individual func-

tional entities to operate as described herein.
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Figure 7 shows a block diagram of apparatuses according to
exemplary embodiments of the present invention. In view of
the above, the thus described apparatus on the left side
may represent a (part of a) macrocell base station such as
a eNB, as described above, and the thus described apparatus
on the right side may represent a (part of a) microcell
base station such as a (CSG/hybrid) HeNB, as described

above.

According to Figure 7, the left-handed apparatus according
to exemplary embodiments of the present invention is con-
figured to perform a procedure as described in conjunction
with the left side of Figure 4, and the right-handed appa-
ratus according to exemplary embodiments of the present in-
vention is configured to perform a procedure as described
in conjunction with the left side of Figure 4. Therefore,
while basic operations are described hereinafter, reference

is made to the above description for details thereof.

According to an exemplary embodiment depicted in Figure 7,
a thus depicted apparatus related to the macrocell com-
prises a processor and a transmitter, as well as, option-
ally, a detector. The processor may be specifically config-
ured to determine a triggering condition for carrier recon-
figuration between the macrocell and at least one microcell
according to radio conditions of a macrocell user, thus
representing means for determining a triggering condition
(or trigger) or comprising a determining functionality. The
processor may further be specifically configured to recon-
figure at least one carrier in terms of usability by the at
least one microcell, i.e. to perform reconfiguration of a
carrier configuration, thus representing means for recon-
figuring carriers or comprising a reconfiguring functional-

ity. The transmitter may be specifically configured to sig-
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nal carrier reconfiguration information from the macrocell
to or at least towards the at least one microcell, thus
representing means for signaling carrier reconfiguration

information.

The optional detector may be specifically configured to de-
tect an amount of traffic in the macrocell, and/or a level
of interference between the macrocell and the at least one
microcell, thus representing means for detecting radio con-
ditions of the macrocell. To this end, the detector may
comprise a measuring unit for performing measurements on
the radio level and/or to coordinate measurements on the
radio level with one or more macrocell users (UEs). The
processor may further be specifically configured to deter-
mine the triggering condition according to the amount of
traffic and/or level of interference detected by the detec-

tor.

The processor may further be gspecifically configured to
change a mode of at least one carrier, especially to change
the mode of a “protected” carrier to EC mode and vice
versa, thus representing means for changing carrier modes
(which could be included in the reconfiguring functional-

ity).

The processor may further be specifically configured to re-
serve and/or allocate a number of carriers (i.e. a certain
bandwidth of carriers/amount of radio resources) for use by
the macrocell, and allow a remaining number of carriers for
use by the at least one microcell and/or to release the re-
maining number of carriers from use by the macrocell, thus
representing means for carrier allocation and/or release
for macrocell and/or microcell (which could be included in

the reconfiguring functionality). Accordingly, the proces-
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sor may further be specifically configured to command mac-
rocell users (UEs) to use correspondingly allocated macro-
cell carriers, thus representing means for commanding mac-
rocell carrier usage (which could be included in the recon-

figuring functionality).

According to an exemplary embodiment depicted in Figure 7,
a thus depicted apparatus related to the microcell com-
prises a receiver and a processor. The receiver may be spe-
cifically configured to receive carrier reconfiguration in-
formation for at least one carrier from a macrocell or at
least from the direction of a macrocell, thus representing
means for receiving carrier reconfiguration information.
The processor may be specifically configured to adjust use
of the at least one carrier by the microcell, thus repre-
senting means for performing operational adjustments and/or
(radio/parameter) reconfigurations or comprising an adjust-

ing functionality.

The processor may further be specifically configured to re-
lease and/or inhibit allocation of the at least one carrier
from use by the microcell, and/or allocate and/or inhibit
release of the at least one carrier for use by the micro-
cell, thus representing means for carrier allocation ad/or
release for the microcell (which could be included in the
adjusting functionality). Accordingly, the processor may
further be specifically configured to command microcell us-
ers (UEs) to use correspondingly allocated microcell carri-
ers, thus representing means for commanding microcell car-
rier usage (which could be included in the adjusting func-

tionality) .

The processor may further be specifically configured to de-

lay a start of said adjustment/reconfiguration after re-
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ceipt of said carrier reconfiguration information by a ran-
dom time selected from a predefined range, thus represent-
ing means for delaying operation or comprising a delaying
functionality, and/or to periodically check receipt of fur-
ther carrier reconfiguration information, thus representing
means for checking receipt of carrier reconfiguration in-

formation or comprising a checking functionality.

The above-mentioned carrier reconfiguration information may
comprise either an indication of the mode of the at least
one carrier, or an indication of the mode of the at least
one carrier and a condition for usability of the at least
one carrier by the at least one microcell. The above-
mentioned carrier reconfiguration information may be trans-
ferred from the macrocell to the microcell in an arbitrary
manner, specifically for example by one of the three ways
described above, wherein the transmitter of the macrocell
base station and the receiver of the microcell base station

are specifically configured accordingly.

The above-mentioned carrier re-/configuration may be ap-
plied to superordinate and/or subordinate component carri-
ers (in particular, subordinate component carriers) of the
microcell or microcells, as explained above. Namely, for
example, such superordinate component carriers may be pri-
mary or base component carriers as described in the ACCS
concept (or any other carrier selection procedure for car-
rier selection using carrier aggregation), and such subor-
dinate component carriers may be secondary or supplementary
component carriers as described in the ACCS concept (or any
other carrier selection procedure for carrier selection us-

ing carrier aggregation).
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According to exemplarily embodiments of the present inven-
tion, a system may comprise any conceivable combination of
the thus depicted apparatuses (such as an eNB and one or
more HeNBs) and other network elements (such as MME, HeNB
GW, HMS/OAM entities), which are configured to cooperate as
described above. Additionally and/or alternatively, a sys-
tem may comprise any conceivable number of macrocell users
(UEs) linked with a macrocell base station and/or any con-
ceivable number of microcell users (UEs) linked with a mi-
crocell base station, wherein a user equipment (UE) may
change its status between being a macrocell UE and a micro-
cell UE by way of corresponding handovers between respec-

tive macrocell/microcell base station.

In general, it is to be noted that respective functional
blocks or elements according to above-described aspects can
be implemented by any known means, either in hardware
and/or software, respectively, if it is only adapted to
perform the described functions of the respective parts.
The mentioned method steps can be realized in individual
functional blocks or by individual devices, or one or more
of the method steps can be realized in a single functional

block or by a single device.

Generally, any method step is suitable to be implemented as
software or by hardware without changing the idea of the
present invention. Devices and means can be implemented as
individual devices, but this does not exclude that they are
implemented in a distributed fashion throughout the system,
as long as the functionality of the device is preserved.
Such and similar principles are to be considered as known

to a skilled person.
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Software in the sense of the present description comprises
software code as such comprising code means or portions or
a computer program or a computer program product for per-
forming the respective functions, as well as software (or a
computer program or a computer program product) embodied on
a tangible medium such as a computer-readable (storage) me-
dium having stored thereon a respective data structure or
code means/portions or embodied in a signal or in a chip,

potentially during processing thereof.

Generally, for the purpose of the present invention as de-
scribed herein above, it should be noted that

- method steps and functions likely to be implemented as
software code portions and being run using a processor at
one of the entities, a network element, or a terminal (as
examples of devices, apparatuses and/or modules thereof, or
as examples of entities including apparatuses and/or mod-
ules therefor), are software code independent and can be
specified using any known or future developed programming
language, such as e.g. Java, C++, C, and Assembler, as long
as the functionality defined by the method steps is pre-
served;

- generally, any method step is suitable to be implemented
as software or by hardware without changing the idea of the
invention in terms of the functionality implemented;

- method steps, functions, and/or devices, apparatuses,
units or means likely to be implemented as hardware compo-
nents at a terminal or network element, or any module(s)
thereof, are hardware independent and can be implemented
using any known or future developed hardware technology or
any hybrids of these, such as MOS (Metal Oxide Semiconduc-
tor), CMOS (Complementary MOS), BiMOS (Bipolar MQOS), BiCMOS
(Bipolar CMOS), ECL (Emitter Coupled Logic), TTL (Transis-

tor-Transistor Logic), etc., using for example ASIC (Appli-
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cation Specific IC (Integrated Circuit)) components, FPGA

(Field-programmable Gate Arrays) components, CPLD (Complex
Programmable Logic Device) components or DSP (Digital Sig-
nal Processor) components; in addition, any method steps
and/or devices, units or means likely to be implemented as
software components may for example be based on any secu-
rity architecture capable e.g. of authentication, authori-
zation, keying and/or traffic protection;

- devices, apparatuses, units or means can be implemented
as individual devices, apparatuses, units or means, but
this does not exclude that they are implemented in a dis-
tributed fashion throughout the system, as long as the
functionality of the device, apparatus, unit or means is
preserved,

- an apparatus may be represented by a semiconductor chip,
a chipset, or a (hardware) module comprising such chip or
chipset; this, however, does not exclude the possibility
that a functionality of an apparatus or module, instead of
being hardware implemented, be implemented as software in a

(software) module such as a computer program or a computer
program product comprising executable software code por-
tions for execution/being run on a processor;

- a device may be regarded as an apparatus or as an assem-
bly of more than one apparatus, whether functionally in co-
operation with each other or functionally independently of

each other but in a same device housing, for example.

The present invention also covers any conceivable combina-
tion of method steps and operations described above, and
any conceivable combination of nodes, apparatuses, modules
or elements described above, as long as the above-described
concepts of methodology and structural arrangement are ap-

plicable.
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There are provided measures for carrier management in het-
erogeneous networks, said measures exemplarily comprising
determining a triggering condition for carrier reconfigura-
tion between a macrocell and at least one microcell using
the same carrier frequency band according to radio condi-
tions of a macrocell user, reconfiguring at least one car-
rier in terms of usability by the at least one microcell,
and signaling carrier reconfiguration information from the
macrocell to the at least one microcell. Said measures may
exemplarily be applied for mobility procedures in LTE, LTE-

Advanced, HSPA and/or UMTS radio access systems.

Even though the invention is described above with reference
to the examples according to the accompanying drawings, it
is to be understood that the invention is not restricted
thereto. Rather, it is apparent to those skilled in the art
that the present invention can be modified in many ways
without departing from the scope of the inventive idea as

disclosed herein.
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Claims

1. A method comprising

determining a triggering condition for carrier recon-
figuration between a macrocell and at least one microcell us-
ing the same carrier frequency band according to radio condi-
tions of a macrocell user,

reconfiguring at least one carrier in terms of usability
by the at least one microcell, and

signaling carrier reconfiguration information from the

macrocell to the at least one microcell.

2. The method according to claim 1, further comprising
detecting an amount of traffic in the macrocell, and/or
detecting a level of interference between the macrocell

and the at least one microcell, wherein
the triggering condition is determined according to the

detected amount of traffic and/or level of interference.

3. The method according to claim 1 or 2, wherein the trigger-
ing condition is determined to be satisfied when satisfaction
of requirements on macrocell coverage and/or quality of ser-

vice of the macrocell user changes instantaneously and/or for

a predefined time period.

4., The method according to any one of claims 1 to 3, said re-
configuring comprising

changing a mode of at least one carrier between a pro-
tected carrier mode, in which the respective carrier is us-
able by the macrocell and the at least one microcell, and an
escape carrier mode, in which the respective carrier is us-
able by the macrocell only, according to the radio condi-

tions.
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5. The method according to claim 4, said reconfiguring com-
prising

reserving and/or allocating a number of carriers for use
by the macrocell by changing the mode of the number of carri-
ers from the protected carrier mode to the escape carrier
mode, and

allowing a remaining number of carriers for use by the
at least one microcell and/or releasing the remaining number
of carriers from use by the macrocell by changing the mode of
the remaining number of carriers from the escape carrier mode

to the protected carrier mode.

6. The method according to claim 4 or 5, the carrier recon-
figuration information comprising

an indication of the mode of the at least one carrier,
or

an indication of the mode of the at least one carrier
and a condition for usability of the at least one carrier by

the at least one microcell.

7. The method according to claim 6, wherein the condition for
usability by the at least one microcell comprises a threshold
of a downlink transmit power of the at least one microcell
and/or a threshold of a reference signal received power of

the macrocell at the at least one microcell.

8. The method according to any one of claims 1 to 7, said
signaling comprising at least one of

transmitting a dedicated signaling message including the
carrier reconfiguration information towards the at least one
macrocell,

broadcasting a macrocell broadcast message including the
carrier reconfiguration information as system information to-
wards the at least one macrocell, and

communicating the carrier reconfiguration information

directly to the at least one microcell.
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9. The method according to any one of claims 1 to 8, wherein
the at least one carrier comprises superordinate and/or sub-

ordinate component carriers of the microcell.

10. The method according to any one of claims 1 to 9, wherein
the at least one microcell is a cell of a closed subscriber
group or a hybrid cell of a closed subscriber group and other
subscribers, and said macrocell user is no member of said

closed subscriber group.

11. The method according to any one of claims 1 to 10,
wherein

the method is operable at a macrocell base station,
and/or

said macrocell comprises a base station, eNB, and said
microcell comprises a home base station, HeNB, in accordance
with an LTE or LTE-Advanced radio access system, or said mac-
rocell comprises an access node and said microcell comprises
a femto access node in accordance with a HSPA or UMTS radio

access system.

12. A method comprising

receiving carrier reconfiguration information for at
least one carrier from a macrocell at a microcell, said mac-
rocell and said microcell using the same carrier frequency
band, and

adjusting use of the at least one carrier by the micro-
cell.

13. The method according to claim 12, the carrier reconfigu-
ration information comprising
an indication of a mode of the at least one carrier, or
an indication of a mode of the at least one carrier and
a condition for usability of the at least one carrier by the

microcell, wherein
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the indicated mode is one of a protected carrier mode,
in which the respective carrier is usable by the macrocell
and the microcell, and an escape carrier mode, in which the

respective carrier is usable by the macrocell only.

14. The method according to claim 13, wherein the condition
for usability by the microcell comprises a threshold of a

downlink transmit power of the microcell and/or a threshold
of a reference signal received power of the macrocell at the

microcell.

15. The method according to claim 13 or 14, said adjusting
comprising

releasing and/or inhibiting allocating the at least one
carrier from use by the microcell, when the indicated mode
thereof is the escape carrier mode, or when the indicated
mode thereof is the escape carrier mode and the condition for
usability by the microcell is not satisfied, and/or

allocating and/or inhibiting releasing the at least one
carrier for use by the microcell when the indicated mode
thereof is the protected carrier mode, or when the indicated
mode thereof is the escape carrier mode and the condition for

usability by the microcell is satisfied.

16. The method according to any one of claims 12 to 15, said
receiving comprising at least one of

receiving a dedicated signaling message including the
carrier reconfiguration information,

receiving a macrocell broadcast message including the
carrier reconfiguration information as system information,
and

receiving direct communication of the carrier reconfigu-

ration information from the macrocell.

17. The method according to any one of claims 12 to 16, fur-

ther comprising
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delaying a start of said adjusting after receiving said
carrier reconfiguration information by a random time selected
from a predefined range, and/or

periodically checking receipt of further carrier recon-

figuration information.

18. The method according to any one of claims 12 to 17,
wherein the at least one carrier comprises superordinate

and/or subordinate component carriers of the microcell.

19. The method according to any one of claims 12 to 18,
wherein the microcell is a cell of a closed subscriber group
or a hybrid cell of a closed subscriber group and other sub-

scribers.

20. The method according to any one of claims 12 to 19,
wherein

the method is operable at a microcell base station,
and/or

said macrocell comprises a base station, eNB, and said
microcell comprises a home base station, HeNB, in accordance
with an LTE or LTE-Advanced radio access system, or said mac-
rocell comprises an access node and said microcell comprises
a femto access node in accordance with a HSPA or UMTS radio

access system.

21. An apparatus comprising
a processor configured to

determine a triggering condition for carrier reconfigu-
ration between a macrocell and at least one microcell using
the same carrier frequency band according to radio conditions
of a macrocell user, and

reconfigure at least one carrier in terms of usability
by the at least one microcell, and

a transmitter configured to
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signal carrier reconfiguration information from the mac-

rocell to the at least one microcell.

22. The apparatus according to claim 21, further comprising
a detector configured to
detect an amount of traffic in the macrocell, and/or
detect a level of interference between the macrocell and
the at least one microcell, wherein
the processor is configured to determine the triggering
condition according to the detected amount of traffic and/or

level of interference.

23. The apparatus according to claim 21 or 22, wherein the
processor is configured to determine the triggering condition
to be satisfied when satisfaction of requirements on macro-
cell coverage and/or quality of service of the macrocell user

changes instantaneously and/or for a predefined time period.

24, The apparatus according to any one of claims 21 to 23,
wherein the processor, for reconfiguring, is configured to
change a mode of at least one carrier between a pro-
tected carrier mode, in which the respective carrier is us-
able by the macrocell and the at least one microcell, and an
escape carrier mode, in which the respective carrier is us-
able by the macrocell only, according to the radio condi-

tions.

25. The apparatus according to claim 24, wherein the proces-
sor, for reconfiguring, is configured to

reserve and/or allocate a number of carriers for use by
the macrocell by changing the mode of the number of carriers
from the protected carrier mode to the escape carrier mode,
and

allow a remaining number of carriers for use by the at
least one microcell and/or release the remaining number of

carriers from use by the macrocell by changing the mode of
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the remaining number of carriers from the escape carrier mode

to the protected carrier mode.

26. The apparatus according to claim 24 or 25, the carrier
reconfiguration information comprising

an indication of the mode of the at least one carrier,
or

an indication of the mode of the at least one carrier
and a condition for usability of the at least one carrier by

the at least one microcell.

27. The apparatus according to claim 26, wherein the condi-
tion for usability by the at least one microcell comprises a
threshold of a downlink transmit power of the at least one
microcell and/or a threshold of a reference signal received

power of the macrocell at the at least one microcell.

28. The apparatus according to any one of claims 21 to 27,
the transmitter is configured to

transmit a dedicated signaling message including the
carrier reconfiguration information towards the at least one
macrocell, and/or

broadcast a macrocell broadcast message including the
carrier reconfiguration information as system information to-
wards the at least one macrocell, and/or

communicate the carrier reconfiguration information di-

rectly to the at least one microcell.

29. The apparatus according to any one of claims 21 to 28,
wherein the at least one carrier comprises superordinate

and/or subordinate component carriers of the microcell.

30. The apparatus according to any one of claims 21 to 29,
wherein the at least one microcell is a cell of a closed sub-

scriber group or a hybrid cell of a closed subscriber group
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and other subscribers, and said macrocell user is no member

of said closed subscriber group.

31. The apparatus according to any one of claims 21 to 30,
wherein

the apparatus is operable as or at a macrocell base sta-
tion, and/or

said macrocell comprises a base station, eNB, and said
microcell comprises a home base station, HeNB, in accordance
with an LTE or LTE-Advanced radio access system, or said mac-
rocell comprises an access node and said microcell comprises
a femto access node in accordance with a HSPA or UMTS radio

access system.

32. An apparatus comprising

a receiver configured to receive carrier reconfiguration
information for at least one carrier from a macrocell at a
microcell, said macrocell and said microcell using the same
carrier frequency band, and

a processor configured to adjust use of the at least one

carrier by the microcell.

33. The apparatus according to claim 32, the carrier recon-
figuration information comprising

an indication of a mode of the at least one carrier, or

an indication of a mode of the at least one carrier and
a condition for usability of the at least one carrier by the
microcell, wherein

the indicated mode is one of a protected carrier mode,
in which the respective carrier is usable by the macrocell
and the microcell, and an escape carrier mode, in which the

respective carrier is usable by the macrocell only.

34. The apparatus according to claim 33, wherein the condi-
tion for usability by the microcell comprises a threshold of

a downlink transmit power of the microcell and/or a threshold
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of a reference signal received power of the macrocell at the

microcell.

35. The apparatus according to claim 33 or 34, wherein the
processor, for adjusting, is configured to

release and/or inhibit allocation of the at least one
carrier from use by the microcell, when the indicated mode
thereof is the escape carrier mode, or when the indicated
mode thereof is the escape carrier mode and the condition for
usability by the microcell is not satisfied, and/or

allocate and/or inhibit release of the at least one car-
rier for use by the microcell when the indicated mode thereof
is the protected carrier mode, or when the indicated mode
thereof is the escape carrier mode and the condition for us-

ability by the microcell is satisfied.

36. The apparatus according to any one of claims 32 to 35,
wherein the receiver is configured to

receive a dedicated signaling message including the car-
rier reconfiguration information, and/or

receive a macrocell broadcast message including the car-
rier reconfiguration information as system information,
and/or

receive direct communication of the carrier reconfigura-

tion information from the macrocell.

37. The apparatus according to any one of claims 32 to 36,
wherein the processor is configured to

delay a start of said adjusting after receiving said
carrier reconfiguration information by a random time selected
from a predefined range, and/or

periodically check receipt of further carrier reconfigu-

ration information.
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38. The apparatus according to any one of claims 32 to 37,
wherein the at least one carrier comprises superordinate

and/or subordinate component carriers of the microcell.

39. The apparatus according to any one of claims 32 to 38,
wherein the microcell is a cell of a closed subscriber group
or a hybrid cell of a closed subscriber group and other sub-

scribers.

40. The apparatus according to any one of claims 32 to 39,
wherein

the apparatus is operable as or at a microcell base sta-
tion, and/or

said macrocell comprises a base station, eNB, and said
microcell comprises a home base station, HeNB, in accordance
with an LTE or LTE-Advanced radio access system, or said mac-
rocell comprises an access node and said microcell comprises
a femto access node in accordance with a HSPA or UMTS radio

access system.

41. A computer program product including a program comprising
software code portions being arranged, when run on a proces-
sor of an apparatus, to perform the method according to any

one of claims 1 to 11.

42. A computer program product including a program comprising
software code portions being arranged, when run on a proces-
sor of an apparatus, to perform the method according to any

one of claims 12 to 20.

43. The computer program product according to claim 41 or 42,
wherein the computer program product comprises a computer-
readable medium on which the software code portions are
stored, and/or wherein the program is directly loadable into

a memory of the processor.
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