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Description

Field of the invention

[0001] The invention relates to muting data transmis-
sions for one or more stations and in particular scheduling
a pattern of muting data transmissions of one or more
stations.

Background of the invention

[0002] A communication system can be seen as a fa-
cility that enables communication sessions between two
or more entities such as fixed or mobile communication
devices, base stations, servers and/or other communi-
cation nodes. A communication system and compatible
communicating entities typically operate in accordance
with a given standard or specification which sets out what
the various entities associated with the system are per-
mitted to do and how that should be achieved. For ex-
ample, the standards, specifications and related proto-
cols can define the manner how communication devices
can access the communication system and how various
aspects of communication shall be implemented be-
tween communicating devices. A communication can be
carried on wired or wireless carriers. In a wireless com-
munication system at least a part of the communication
between at least two stations occurs over a wireless link.
[0003] Examples of wireless systems include public
land mobile networks (PLMN) such as cellular networks,
satellite based communication systems and different
wireless local networks, for example wireless local area
networks (WLAN). A wireless system can be divided into
cells, and hence these are often referred to as cellular
systems. A cell is provided by a base station. Cells can
have different shapes and sizes. A cell can also be di-
vided into sectors. Regardless of the shape and size of
the cell providing access for a user, and whether the ac-
cess is provided via a sector of a cell or a cell, such area
can be called radio service area or access area. Neigh-
bouring radio service areas typically overlap, and thus a
communication in an area can listen to more than one
base station.
[0004] A user can access the communication system
by means of an appropriate communication device. A
communication device of a user is often referred to as
user equipment (UE) or terminal. A communication de-
vice is provided with an appropriate signal receiving and
transmitting arrangement for enabling communications
with other parties. Typically a communication device is
used for enabling receiving and transmission of commu-
nications such as speech and data. In wireless systems
a communication device provides a transceiver station
that can communicate with another communication de-
vice such as e.g. a base station of an access network
and/or another user equipment. The communication de-
vice may access a carrier provided by a station, for ex-
ample a base station, and transmit and/or receive com-

munications on the carrier.
[0005] An example of communication systems at-
tempting to satisfy the increased demands for capacity
is an architecture that is being standardized by the 3rd
Generation Partnership Project (3GPP). This system is
often referred to as the long-term evolution (LTE) of the
Universal Mobile Telecommunications System (UMTS)
radio-access technology. The LTE aims to achieve var-
ious improvements, for example reduced latency, higher
user data rates, improved system capacity and coverage,
reduced cost for the operator and so on. A further devel-
opment of the LTE is often referred to as LTE-Advanced.
[0006] In some cases a Macro-eNB and the HeNB
share the entire bandwidth or a subcarrier. This means
that interference from HeNB having a closed subscriber
group can be an issue. A user equipment visiting a cell
of an HeNB and the visiting user equipment is not part
of the closed subscriber group can be prevented from
accessing the macro-eNB when close to the HeNB. Fur-
thermore wide area dead zones can be cause by the
downlink interference from the closed subscriber group
nodes such as the HeNB. This means t can be impossible
for the visiting user equipment to access the macro-eNB.
LG ELECTRONICS: "Comparison of Time-domain elClC
Solutions", 3GPP Draft; R1-104661 describes a method
for interference coordination between MeNB and HeNB.
In order to avoid interface between transmissions of data
from MeNB and HeNB to a UE, the HeNB configures
certain subframes as almost blank subframes.
[0007] Nokia Siemens Networks Et Al: "On Resource
Partitioning between Macro and HeNBs" describes two
resource partitioning schemes: (i) simple Rel-8/9 com-
pliant frequency domain and (ii) a more advanced time-
domain (TDM) eICIC scheme requiring additional stand-
ardization to be supported in Rel-10.
The present invention is defined by the appended inde-
pendent claims. Certain more specific aspects of the in-
vention are defined by the dependent claims.
It is noted that the above discussed issues are not limited
to any particular communication environment, but may
occur in any appropriate communication system where
muting of data transmissions may be provided.
Embodiments of the invention aim to address one or sev-
eral of the above issues. In accordance with an embod-
iment there is provided a method implemented in a con-
trolling apparatus, the method comprising: determining
that at least one first station and at least one second
station have a relative timing difference; determining a
muting schedule for the at least one first station for a
plurality of sub-frames, wherein the muting schedule
comprises at least two adjacent muted sub-frames; and
initiating sending an indication of the muting schedule to
the at least one first station and the at least one second
station wherein information on one or more channels is
transmitted from the at least one second station during
the at least two adjacent muted sub-frames.
[0008] Preferably the muting schedule comprises an
arrangement of muting sub-frames over a plurality of
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frames. More preferably the arrangement of muting sub-
frames is different between each frame of the plurality of
frames. Even more preferably the first station is muted
for at least one sub-frame of sub-frames in the same
relative position in each frame the muting schedule.
[0009] Preferably the muting schedule comprises an
arrangement of muting sub-frames repeated every 3 or
4 frames.
[0010] In accordance with an embodiment there is pro-
vided a method comprising: determining at least one first
station and at least one second station have a relative
timing difference; determining a muting schedule for the
at least one first station for a plurality of sub-frames,
wherein the muting schedule comprises at least two ad-
jacent muted sub-frames; and initiating sending an indi-
cation of the muting schedule to the at least one first
station and the at least one second station wherein in-
formation on one or more channels is transmitted from
the at least one second station during the at least two
adjacent muted sub-frames.
[0011] Preferably the muting schedule comprises an
arrangement of muting sub-frames over a plurality of
frames. More preferably the arrangement of muting sub-
frames is different between each frame of the plurality of
frames. Even more preferably the first station is muted
for at least one sub-frame of sub-frames in the same
relative position in each frame the muting schedule.
[0012] Preferably the muting schedule comprises an
arrangement of muting sub-frames repeated every 3 or
4 frames.
[0013] Preferably the muting schedule comprises at
least two unmuted sub-frames for the at least one first
station to transmit information on the one or more control
channels.
[0014] Preferably the at least one first station transmits
substantially no data during the one or more muted sub-
frames.
[0015] Preferably the information is sent on one or
more control channels and the information comprises
one or more of the following: information associated with
a primary broadcast channel, information associated with
a synchronisation channel, system information and pag-
ing information.
[0016] Preferably the method comprises modifying the
muting schedule by switching one or more of the sub-
frames between a muted stated and an unmuted state.
More preferably the switching is performed after the in-
dication of the muting schedule is sent to the at least one
first station and the at least one second station. The mod-
ifying of the muting schedule may be carried out after
determining the timing difference between the at least
one first station and the at least one second station.
[0017] Preferably the muting schedule comprises not
muting sub-frames during which the at least one first sta-
tion performs an uplink HARQ procedure.
[0018] Preferably the at least one first station and the
at least one second station operate on the same frequen-
cy carrier.

[0019] Preferably the determining when the first and
second stations are unsynchronised and determining the
muting schedule is based on information received from
the at least one first station.
[0020] Preferably the first station is a home enhanced
node B and the second station is a macro enhanced node
B.
[0021] Preferably the muting schedule is predeter-
mined and the predetermined muting schedule is stored
in the memory of the first and second stations.
[0022] Preferably the initiating sending the indication
comprises sending the indication to one or more mobile
communication devices.
[0023] Preferably there is one or more muted sub-
frames at one or both ends of consecutively muted sub-
frames of one or more frames of the muting pattern.
[0024] In accordance with yet another embodiment
there is provided a control apparatus comprising: a proc-
essor configured to determine at least one first station
and at least one second station have a relative timing
difference; determine a muting schedule for the at least
one first station for a plurality of sub-frames, wherein the
muting schedule comprises at least two adjacent muted
sub-frames; and initiate sending an indication of the mut-
ing schedule to the at least one first station and the at
least one second station wherein information on one or
more channels is transmitted from the at least one second
station during the at least two adjacent muted sub-
frames.
[0025] In accordance with yet another embodiment
there is provided a control apparatus comprising means
for determining at least one first station and at least one
second station have a relative timing difference; means
for determining a muting schedule for the at least one
first station for a plurality of sub-frames, wherein the mut-
ing schedule comprises at least two adjacent muted sub-
frames; and means for initiating sending an indication of
the muting schedule to the at least one first station and
the at least one second station wherein information on
one or more channels is transmitted from the at least one
second station during the at least two adjacent muted
sub-frames.
[0026] In accordance with yet another embodiment
there is provided a control apparatus comprising: at least
one processor and at least one memory including com-
puter program code, the at least one memory and the
computer program code configured to, with the at least
one processor, cause the apparatus at least to: deter-
mine at least one first station and at least one second
station have a relative timing difference; determine a mut-
ing schedule for the at least one first station for a plurality
of sub-frames, wherein the muting schedule comprises
at least two adjacent muted sub-frames; and initiate
sending an indication of the muting schedule to the at
least one first station and the at least one second station
wherein information on one or more channels is trans-
mitted from the at least one second station during the at
least two adjacent muted sub-frames.
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[0027] A computer program comprising program code
means adapted to perform the method may also be pro-
vided.
[0028] Various other aspects and further embodiments
are also described in the following detailed description
and in the attached claims.

Brief description of the drawings

[0029] The invention will now be described in further
detail, by way of example only, with reference to the fol-
lowing examples and accompanying drawings, in which:

Figure 1 shows a schematic diagram of a network
according to some embodiments;

Figure 2 shows a schematic diagram of a mobile
communication device according to some embodi-
ments;

Figure 3 shows a schematic diagram of a control
apparatus according to some embodiments;

Figure 4 shows a representation of downlink trans-
mission in sub-frames according to some embodi-
ments;

Figure 5 shows a flow diagram illustrating a method
according to some embodiments;

Figures 6 and 7 shows a table of muting schedules
determined for frame numbers according to some
embodiments; and

Figure 8 shows a schematic representation of a mut-
ing schedule and control information transmission
schedule according to some embodiments;

Figure 9 shows a muting schedule of a first station
with respect to information transmitted two second
stations having a relative timing difference according
to some embodiments;

Figure 10 shows another schematic representation
of a muting schedule and control information trans-
mission schedule according to some embodiments;

Figure 11 shows a further schematic representation
of a muting schedule and control information trans-
mission schedule according to some embodiments;

Figure 12 shows another muting schedule of a first
station with respect to information transmitted two
second stations having a relative timing difference
according to some embodiments; and

Figure 13 shows a further muting schedule of a first
station with respect to information transmitted two

second stations having a relative timing difference
according to some embodiments.

Detailed description

[0030] In the following certain exemplifying embodi-
ments are explained with reference to a wireless or mo-
bile communication system serving mobile communica-
tion devices. Before explaining in detail the exemplifying
embodiments, certain general principles of a wireless
communication system, access systems thereof, and
mobile communication devices are briefly explained with
reference to Figures 1 to 3 to assist in understanding the
technology underlying the described examples.
[0031] A mobile communication device or user equip-
ment 101, 102, 103, 104 is typically provided wireless
access via at least one base station or similar wireless
transmitter and/or receiver node of an access system. In
figure 1 three neighbouring and overlapping access sys-
tems or radio service areas 100, 110 and 120 are shown
being provided by base stations 105, 106, and 108.
[0032] However, it is noted that instead of three access
systems, any number of access systems can be provided
in a communication system. An access system can be
provided by a cell of a cellular system or another system
enabling a communication device to access a communi-
cation system. A base station site 105, 106, 108 can pro-
vide one or more cells. A base station can also provide
a plurality of sectors, for example three radio sectors,
each sector providing a cell or a subarea of a cell. All
sectors within a cell can be served by the same base
station. A radio link within a sector can be identified by a
single logical identification belonging to that sector. Thus
a base station can provide one or more radio service
areas. Each mobile communication device 101, 102, 103,
104, and base station 105, 106, and 108 may have one
or more radio channels open at the same time and may
send signals to and/or receive signals from more than
one source.
[0033] Base stations 105, 106, 108 are typically con-
trolled by at least one appropriate controller apparatus
109, 107 so as to enable operation thereof and manage-
ment of mobile communication devices 101, 102, 103,
104 in communication with the base stations 105, 106,
108. The control apparatus 107, 109 can be intercon-
nected with other control entities. The control apparatus
109 can typically provided with memory capacity 301 and
at least one data processor 302. The control apparatus
109 and functions may be distributed between a plurality
of control units. Although not shown in Figure 1 in some
embodiments, each base station 105, 106 and 108 can
comprise a control apparatus 109, 107.
[0034] The cell borders or edges are schematically
shown for illustration purposes only in Figure 1. It shall
be understood that the sizes and shapes of the cells or
other radio service areas may vary considerably from the
similarly sized omnidirectional shapes of Figure 1.
[0035] In particular, Figure 1 depicts two wide area
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base stations 105, 106, which can be macro-eNBs 105,
106. The macro-eNBs 105, 106 transmit and receive data
over the entire coverage of the cells 100 and 110 respec-
tively. Figure 1 also shows a smaller base stations or
access points which in some embodiments can be a
Home eNB 108. The coverage of the smaller base station
108 may generally be smaller than the coverage of the
wide area base stations 105, 106. The coverage provided
by the smaller node 108 overlap with the coverage pro-
vided by the macro-eNBs 105, 106. In some embodi-
ments, the smaller node can be a pico eNB which can
be used to extend coverage of the macro-eNBs 105, 106
outside the original cell coverage 100, 110 of the macro-
eNBs 105, 106. The pico eNB can also be used to provide
cell coverage in "gaps" or "shadows" where there is no
coverage within the existing cells 100, 110.
[0036] The home-eNB (HeNB) 108 can provide local
offload of capacity to some mobile communication de-
vices 103. The HeNB 108 can provide services to only
mobile communication devices 103 which are members
of a closed subscriber group (CSG). Alternatively the
HeNB 108 can provide services to any mobile commu-
nication devices which are within the local area of the
HeNB 108. In some embodiments an HeNB 108 can be
configured for open access or hybrid access. As shown,
the radio service areas can overlap. Thus signals trans-
mitted in an area can interfere with communications in
another area.
[0037] The communication devices 101, 102, 103, 104
can access the communication system based on various
access techniques, such as code division multiple access
(CDMA), or wideband CDMA (WCDMA). Other exam-
ples include time division multiple access (TDMA), fre-
quency division multiple access (FDMA) and various
schemes thereof such as the interleaved frequency divi-
sion multiple access (IFDMA), single carrier frequency
division multiple access (SC-FDMA) and orthogonal fre-
quency division multiple access (OFDMA), space divi-
sion multiple access (SDMA) and so on.
[0038] Some non-limiting examples of the recent de-
velopments in communication systems are the long-term
evolution (LTE) of the Universal Mobile Telecommunica-
tions System (UMTS) that is being standardized by the
3rd Generation Partnership Project (3GPP). As ex-
plained above, further development of the LTE is referred
to as LTE-Advanced. Non-limiting examples of appropri-
ate access nodes are a base station of a cellular system,
for example what is known as NodeB (NB) in the vocab-
ulary of the 3GPP specifications. The LTE employs a
mobile architecture known as the Evolved Universal Ter-
restrial Radio Access Network (E-UTRAN). Base sta-
tions of such systems are known as evolved Node Bs
(eNBs) and may provide E-UTRAN features such as user
plane Radio Link Control/Medium Access Control/Phys-
ical layer protocol (RLC/MAC/PHY) and control plane Ra-
dio Resource Control (RRC) protocol terminations to-
wards the user devices. Other examples of radio access
system include those provided by base stations of sys-

tems that are based on technologies such as wireless
local area network (WLAN) and/or WiMax (Worldwide
Interoperability for Microwave Access).
[0039] In some further non-limiting examples, the car-
rier aggregation can be used to increase performance.
In carrier aggregation a plurality of carriers are aggregat-
ed to increase bandwidth. Carrier aggregation comprises
aggregating a plurality of component carriers into a car-
rier that is referred to in this specification as aggregated
carrier. A feature of the LTE-Advanced is that it is capable
of providing carrier aggregation. In some embodiments
one or more of the base stations 105, 106, 108 can ag-
gregate two or more component carriers in order to sup-
port wider transmission bandwidths, such as up to
100MHz, and/or for spectrum aggregation. In some em-
bodiments a user equipment (UE) is configured to ag-
gregate a different number of component carriers origi-
nating from the same base station, for example a LTE
eNode B (eNB), and of possibly different bandwidths in
the uplink (UL) and the downlink (DL) component carrier
sets.
[0040] In Figure 1 the base stations 105, 106, 108 of
the access systems can be connected to a wider com-
munications network 113. A controller apparatus 107,
109 may be provided for coordinating the operation of
the access systems. A gateway function 112 may also
be provided to connect to another network via the network
113. The smaller base station 108 can also be connected
to the other network by a separate gateway function 111.
For example, the HeNB 108 can be connected via a
HeNB gateway 111. The base stations 105, 106, 108 can
be connected to each other by a communication link for
sending and receiving data. The communication link can
be any suitable means for sending and receiving data
between the base stations 105, 106 and 108 and in some
embodiments the communication link is an X2 link.
[0041] The other network may be any appropriate net-
work. A wider communication system may thus be pro-
vided by one or more interconnect networks and the el-
ements thereof, and one or more gateways may be pro-
vided for interconnecting various networks.
[0042] The mobile communication devices will now be
described in more detail in reference to Figure 2. Figure
2 shows a schematic, partially sectioned view of a com-
munication device 101 that a user can use for commu-
nication. Such a communication device is often referred
to as user equipment (UE) or terminal. An appropriate
mobile communication device may be provided by any
device capable of sending and receiving radio signals.
Non-limiting examples include a mobile station (MS) such
as a mobile phone or what is known as a ’smart phone’,
a portable computer provided with a wireless interface
card or other wireless interface facility, personal data as-
sistant (PDA) provided with wireless communication ca-
pabilities, or any combinations of these or the like. A mo-
bile communication device may provide, for example,
communication of data for carrying communications such
as voice, electronic mail (email), text message, multime-
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dia and so on. Users may thus be offered and provided
numerous services via their communication devices.
Non-limiting examples of these services include two-way
or multi-way calls, data communication or multimedia
services or simply an access to a data communications
network system, such as the Internet. User may also be
provided broadcast or multicast data. Non-limiting exam-
ples of the content include downloads, television and ra-
dio programs, videos, advertisements, various alerts and
other information.
[0043] The mobile device 101 may receive signals over
an air interface 207 via appropriate apparatus for receiv-
ing and may transmit signals via appropriate apparatus
for transmitting radio signals. In Figure 2 transceiver ap-
paratus is designated schematically by block 206. The
transceiver apparatus 206 may be provided for example
by means of a radio part and associated antenna ar-
rangement. The antenna arrangement may be arranged
internally or externally to the mobile device.
[0044] A wireless communication device can be pro-
vided with a Multiple Input / Multiple Output (MIMO) an-
tenna system. MIMO arrangements as such are known.
MIMO systems use multiple antennas at the transmitter
and receiver along with advanced digital signal process-
ing to improve link quality and capacity. Although not
shown in Figures 1 and 2, multiple antennas can be pro-
vided, for example at base stations and mobile stations,
and the transceiver apparatus 206 of Figure 2 can provide
a plurality of antenna ports. More data can be received
and/or sent where there are more antennae elements. A
station may comprise an array of multiple antennae. Ref-
erence signalling and muting patterns can be associated
with Tx antenna numbers or port numbers of MIMO ar-
rangements.
[0045] A mobile device is also typically provided with
at least one data processing entity 201, at least one mem-
ory 202 and other possible components 203 for use in
software and hardware aided execution of tasks it is de-
signed to perform, including control of access to and com-
munications with access systems and other communica-
tion devices. The data processing, storage and other rel-
evant control apparatus can be provided on an appropri-
ate circuit board and/or in chipsets. This feature is de-
noted by reference 204. Possible control functions in view
of configuring the mobile communication device for re-
ception and processing of information in association with
transmission patterns and for muting signals by means
of the data processing facility in accordance with certain
embodiments of the present invention will be described
later in this description.
[0046] The user may control the operation of the mobile
device by means of a suitable user interface such as key
pad 205, voice commands, touch sensitive screen or pad,
combinations thereof or the like. A display 208, a speaker
and a microphone can be also provided. Furthermore, a
mobile communication device may comprise appropriate
connectors (either wired or wireless) to other devices
and/or for connecting external accessories, for example

hands-free equipment, thereto.
[0047] Figure 3 shows an example of a control appa-
ratus 109 for a communication system, for example to
be coupled to and/or for controlling a station of an access
system. In some embodiments the base stations 105,
106, and 108 comprise a separate control apparatus 109.
In other embodiments the control apparatus can be an-
other network element. The control apparatus 109 can
be arranged to provide control of communications by mo-
bile communication devices that are in the service area
of the system. The control apparatus 109 can be config-
ured to provide control functions in association with gen-
eration and communication of transmission patterns and
other related information and for muting signals by means
of the data processing facility in accordance with certain
embodiments described below. For this purpose the con-
trol apparatus 109 comprises at least one memory 301,
at least one data processing unit 302, 303 and an in-
put/output interface 304. Via the interface the control ap-
paratus can be coupled to a receiver and a transmitter
of the base station. The control apparatus 109 can be
configured to execute an appropriate software code to
provide the control functions.
[0048] The required data processing apparatus and
functions of a base station apparatus, a mobile commu-
nication device and any other appropriate station may be
provided by means of one or more data processors. The
described functions at each end may be provided by sep-
arate processors or by an integrated processor. The data
processors may be of any type suitable to the local tech-
nical environment, and may include one or more of gen-
eral purpose computers, special purpose computers, mi-
croprocessors, digital signal processors (DSPs), appli-
cation specific integrated circuits (ASIC), gate level cir-
cuits and processors based on multi core processor ar-
chitecture, as non limiting examples. The data process-
ing may be distributed across several data processing
modules. A data processor may be provided by means
of, for example, at least one chip. Appropriate memory
capacity can also be provided in the relevant devices.
The memory or memories may be of any type suitable
to the local technical environment and may be imple-
mented using any suitable data storage technology, such
as semiconductor based memory devices, magnetic
memory devices and systems, optical memory devices
and systems, fixed memory and removable memory.
[0049] Some embodiments will now be discussed with
reference to Figure 4. Figure 4 discloses a representation
of the downlink transmission in sub-frames on the same
frequency carrier from a macro-eNB 105 and an HeNB
108.
[0050] One aspect of LTE-Advanced is that time do-
main multiplexing (TDM) enhanced inter-cell interference
coordination (eICIC) can be applied between network
nodes to reduce interference. In some scenarios eICIC
can be used for co-channel deployment of macro-eNBs
and CSG HeNBs and / or co-channel deployment of mac-
ro-eNBs and pico-eNBs.
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[0051] Some user equipment, such as mobile commu-
nication devices 101 are located within the macro cell
100 and receive and send data to and from the macro-
eNB 105. Mobile communication device 101 may not ex-
perience interference from other base stations 108 when
it is located sufficiently far from the other base stations
108. Similarly mobile communication devices 102 locat-
ed in wide area cell coverage 110 may also not experi-
ence interference from the other base stations 108. Some
mobile communication devices 103, 104 are located with-
in the macro cell 100 and the small area cell 120. One
or more of the mobile communication devices can expe-
rience interference impacts from data transmitted from
the smaller base stations 108 with data transmitted from
the macro-eNBs 105, 106.
[0052] Interference between the macro-eNB 105 and
the HeNB 108 will now be discussed. The macro-eNB
105 transmits in all sub-frames on a macro-eNB layer in
order to provide full cell coverage. In contrast, the HeNB
108 does not transmit data in all the sub-frames on the
HeNB layer. In some embodiments the macro-eNB 105
can be installed by an operator and can typically have
big outdoor antennas. The HeNB 108 can be smaller
base stations which may be installed by users. In some
circumstances not all user equipment can connect to the
HeNB 108 and some UE 104 close to the HeNB 108
experience too much interference when the HeNB 108
is transmitting all the time. In this way some sub-frames
on the HeNB layer are muted.
[0053] The timing of transmitting data of the HeNB 108
can be synchronised to the timing of transmitting data of
the macro-eNB 105 such that the data in sub-frames on
the macro-eNB layer and the HeNB layer are transmitted
at the same time from the macro-eNB 105 and the HeNB
108 respectively. This means that there are one or more
first time periods 401 wherein data in the sub-frames on
the macro-eNB layer and data in the sub-frames on the
HeNB layer are transmitted normally. This means that
the sub-frames of the macro-eNB layer and the HeNB
layer in the first time periods 401 comprise data trans-
mitted from both the macro-eNB 105 and the HeNB 108.
[0054] In one or more second time periods 402 the
HeNB layer comprises sub-frames which comprise no
data, substantially no data or a multimedia broadcast
over a single frequency network (MBSFN) frame. In the
second time period 402 the data in the sub-frames on
the macro-eNB layer is transmitted normally. In this way
the HeNB is "muted" and does not transmit data or trans-
mits substantially no data during some sub-frames in the
second time periods 402.
[0055] In TDM eICIC the macro-eNBs are aware in
which sub-frames no data is transmitted by the HeNBs.
Similarly macro-eNB signals or indicates to UEs 101,
102, 104 enabled to communicate with the macro-eNB
105 within the coverage of the macro-eNB 105, which
sub-frames comprise no data transmitted by the HeNBs.
In this way macro-eNB enabled UEs 101, 102, 104 know
during which sub-frames to receive data from the macro-

eNB.
[0056] During the first time period 401 when the data
in the sub-frames is normally transmitted on both the
macro-eNB layer and the HeNB layer, HeNB enabled UE
103 can be scheduled to receive data in sub-frames from
the HeNB layer. Alternatively or additionally some macro-
eNB enabled UEs, such as communication device 101,
do not experience excessive interference from HeNB 108
and can be scheduled to receive data from the macro-
eNB 105 during the sub-frames when the HeNB 108 is
not muted.
[0057] During the second time period 402 wherein the
HeNB 108 is muted during some sub-frames, macro-eNB
enabled UEs such as mobile communication devices
101, 102, 104 are scheduled to receive data transmitted
from the macro-eNB 105. The macro-eNB enabled UEs
101, 102, 104 may not be allowed to connect to a nearby
HeNB 108, for example when the HeNB 108 is configured
for communication devices of only a closed subscriber
group (CSG). This means that by scheduling the macro-
eNB enabled UE 101, 102, 104 to receive data during a
sub-frame in which the HeNB 108 is muted, the UEs 101,
102, 104 are not exposed to high interference from the
HeNB 108.
[0058] The interference and the processes to reduce
the interference between macro-eNB 106 and HeNB 108
is similar to that discussed between macro-eNB 105 and
HeNB 108.
[0059] Some embodiments will now be described in
reference to Figure 5. Figure 5 shows a flow diagram of
a method of some of the embodiments.
[0060] Information from at least one smaller node, e.g.
the HeNB 108 can be received in the control apparatus
109. The information can be received by any suitable
means for receiving the information. The control appa-
ratus in some embodiments is an HeNB gateway, an
HeNB management system or a centralised OAM man-
agement system or any other suitable controlling appa-
ratus. In some other embodiments, the apparatus is the
control apparatus 109 as shown in Figure 3 which is as-
sociated with the macro-eNB base station 105. In this
way, the controlling apparatus 109 can control schedul-
ing of the muting patterns to the other base stations via
the macro-eNB 105 within the coverage of the macro cell
100. In some other embodiments the information is re-
ceived at an apparatus in the core network (not shown).
Nevertheless for the purposes of brevity, the apparatus
performing the method as shown in Figure 5 is described
with reference to the control apparatus 109 as shown in
Figure 3. In some embodiments the information can be
measurements performed by the HeNB 108 and / or one
or more the UEs 101, 102, 103, 104.
[0061] Once the control apparatus 109 has received
the information from the HeNB 108, the processor 302
of the control apparatus 109 determines whether there
is a relative timing difference between the HeNB 108 and
the macro-eNB 105, 106 as shown in block 502 of Figure
5. That is, the control apparatus 109 determines whether
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the base stations 105, 106, 108 are unsynchronised. In
some embodiments, the processor 302 determines that
the base stations are unsynchronised if the relative timing
difference is over a threshold time difference. In other
words, the processor 302 determines if muting transmis-
sion of data in a single sub-frame for the HeNB 108 suf-
ficiently reduces interference when the macro-eNB 105
is also transmitting. For example, the processor 302 can
determine that there is a sufficient relative time difference
between the macro-eNB 105 and the HeNB 108 that a
sub-frame in the macro-eNB layer overlaps two adjacent
sub-frames in the HeNB layer. In this way transmission
in either of the adjacent sub-frames in the HeNB layer
which overlap with the sub-frame in the macro-eNB layer
would cause interference with transmission in the sub-
frame of the macro-eNB layer. In some embodiments the
control apparatus comprises any suitable means for de-
termining whether there is a relative timing difference be-
tween the HeNB 108 and the macro-eNB 105.
[0062] Once the processor 302 determines that there
is a relative timing difference between the base stations
105, 106 and 108, the processor 302 determines a muting
schedule for the HeNB 108 for one or more sub-frames
based on the information as shown in block 504.
[0063] In some embodiments the processor 109 deter-
mines the type of muting pattern which is to be scheduled
for the HeNB 108. In some embodiments there may be
a plurality of muting patterns which are selected based
on the determination by the processor 109. In some em-
bodiments the plurality of muting patterns can comprise
a light muting pattern comprising approximately of 2-10%
of sub-frames being muted, a medium muting pattern
comprising between approximately 10-30% of sub-
frames being muted and a heavy muting pattern com-
prising between approximately 30-90% of sub-frames
being muted. In other embodiments there can be other
muting patterns with other proportions of sub-frames be-
ing muted.
[0064] The processor 302 can determine the muting
pattern based on predetermined algorithms stored in
memory 301. For example, the muting pattern can de-
pend on the number of HeNBs 108 within the macro cell
100, the extent of the interference experienced one or
more HeNB 108, the location of the HeNB 108 within the
macro cell 100 and any other suitable information for de-
termining a muting pattern for reducing interference be-
tween the base stations 105, 106 and 108. In particular,
the processor 302 determines that the muting schedule
comprises at least two adjacent sub-frames in which the
HeNB 108 does not transmit data. One or more macro-
eNBs 105, 106 can transmit in a sub-frame overlapping
the at least two sub-frames and the information transmit-
ted by the macro-eNB 105 is protected from interference
from the HeNB 108. In some embodiments the control
apparatus comprises any suitable means for determining
the muting pattern.
The processor 302 then initiates sending an indication
of the muting schedule to the HeNB wherein information

is transmitted from the macro-eNBs 105, 106 during the
adjacent muted sub-frames as shown in step 506. In
some embodiments the processor 302 also sends the
indication of the muting schedule to the macro-eNBs 105,
106.
[0065] The muting schedule is transmitted from the
control apparatus 109 using the primary broadcast chan-
nel (PBCH). The muting pattern is signalled on the PBCH
using one or more bits to identify the HeNB 108 and the
muting pattern. The muting pattern in some embodiments
is predetermined and is stored in the memory of the con-
troller for the HeNB 108. In this way, the HeNB 108 se-
lects a stored muting pattern on the basis of a received
muting pattern indication. Similarly the processor 302 in-
itiates sending an indication of the muting schedule to
macro-eNB enabled user equipments 101, 102, 104. In
this way, the macro enabled user equipment 101, 102,
104 are also aware of the pattern of muting schedule for
the HeNB 108. The user equipments 101, 102, 104 can
receive data from the macro-eNBs 105, 106 during the
sub-frames which are scheduled to be muted at the HeNB
108. In some other embodiments the muting schedule
itself is transmitted to the base station, if bandwidth per-
mits. In some embodiments the control apparatus com-
prises any suitable means for initiating sending the indi-
cation of the muting pattern.
[0066] In some alternative embodiments, the muting
patterns are scheduled to the home base stations 108
and mobile communication devices 101, 102, 103, 104
by any other suitable means. For example, the HeNB
management system can also provide information with
respect to the scheduling of muting patterns. In some
embodiments the indication of the muting pattern is sent
over the air between the base stations. In other embod-
iments other means can be used for sending the indica-
tion of the muting pattern, for example the X2 between
base stations and/or S1 interfaces between the base sta-
tions and gateways.
[0067] The muting patterns which are scheduled for
the HeNB base stations 108 in the macro cell 100 can
provide protection of the macro cell control channels in
order to allow macro-eNB enabled user equipment 101,
102, 104 to maintain and establish connections whilst
being inside the coverage area of the HeNB 108. In some
embodiments, different muting patterns can provide dif-
ferent levels of protection of the macro control channels.
In this way, the muting patterns reduce or avoid interfer-
ence between transmissions of the HeNB 108 and the
macro-eNB 106. Furthermore, the presence of at least
two adjacent muted sub-frames in the muting pattern still
provides protection even if there is a relative timing dif-
ference between the HeNB 108 and the macro-eNB 105,
106.
[0068] In some embodiments the scheduled muting
patterns provide protection for the primary broadcast
channel (PBCH), system information (SI-1), and paging
information. Additionally or alternatively the scheduled
muting patterns can also provide protection for transport
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channels to allow for a single HARQ channel to operate
without interference from the HeNB 108.
[0069] The different muting patterns for scheduling
muted sub-frames at the HeNB will now be described
with reference to Figures 6 and 8. Figure 6 and 7 illustrate
a table of muting schedules determined for frame num-
bers according to some embodiments. Figure 8 shows a
schematic representation of a muting schedule and con-
trol information transmission schedule according to some
embodiments.
[0070] Figure 8 shows a grid of a plurality of frames
(numbered 0 to 3) and each frame is sub-divided into 10
sub-frames (0 to 9). Figure 8 illustrates a muting schedule
802 which repeats every three frames. The muting
schedule 802 comprises a first frame pattern 803, a sec-
ond frame pattern 804 and a third frame pattern 805. The
cross hatched boxes of the muting pattern 802 are the
sub-frames during which the HeNB is muted and cannot
transmit. In this way, the cross hatched sub-frames rep-
resent blank or muted sub-frames.
[0071] In some embodiments the muting pattern for
each frame of the three frames is different. In other em-
bodiments the muting pattern is the same for each frame.
In further embodiments the HeNB is muted at least once
for each sub-frame number over the three frames. In
some embodiments between the frame patterns of the
three frame muting pattern there can be a one ’muted
sub-frame’ overlap on one or both ends of consecutively
muted sub-frames. The one muted sub-frame overlap
can improve the detection performance of the protected
eNB channels. Since the muting schedule repeats every
three frames, the pattern for each frame is determine
according to whether the frame number (F) satisfies one
of the following conditions: 

where n=0, 1, 2, 3 ...
[0072] The determination of the which condition (1),
(2), (3) the frame number falls in is illustrated in Figure
6. Depending on whether the frame numbers satisfy the
conditions (1), (2), (3), the processor 302 determines
whether the frame number of the HeNB is muted accord-
ing to the first frame pattern 803, the second frame pat-
tern 804 or the third frame pattern 805. For example,
Figure 8 shows the first frame pattern applied to frame
number 0, the second frame pattern applied to frame
number 1, the third frame pattern applied to frame
number 2 and the first frame pattern applied to frame
number 3. The repetition of the muting pattern every three

frames can be seen since the patterns 803, 806 of frame
number 0 and 3 are the same.
[0073] Figure 8 illustrates system information or con-
trol information which is transmitted by the macro-eNB
105, 106 as shown by grid 801. The HeNB 108 can also
send system information according to the same sched-
ule. However, when the HeNB is muted, the HeNB will
not be able to transmit data during the sub-frames sched-
uled for transmitting the system information on the control
channels.
[0074] In this way grid 801 shows system information
which is broadcast by the macro-eNB 105, 106 or the
HeNB 108. Depending on the scheduling of the muting
pattern, some or all of the system information as shown
in grid 801 can be received by a user equipment 104
within the coverage of the HeNB 108.
[0075] Indeed, the muting schedule 802 mutes 50% of
the available sub-frames which the HeNB 108 can trans-
mit in. The HeNB 108 is able to transmit the information
associated with PSS/SSS in 3 out of 6 sub-frames during
the 3 frame repeating pattern. The HeNB 108 cannot
transmit the information associated with the PSS/SSS
during the other 3 sub-frames because the HeNB is mut-
ed. In this way the HeNB can transmit 50% of the infor-
mation associated with the PSS/SSS on the control chan-
nels.
[0076] The HeNB is able to transmit in two out of three
sub-frames or 66% of the transmit opportunities for trans-
mitting information associated with the PBCH and seven
out of twelve sub-frames or about 60% of the transmit
opportunities for transmitting information associated with
the PCH.
[0077] The first line 801a of grid 801 shows the trans-
mission schedule of information associated with the pri-
mary synchronisation channels and the secondary syn-
chronisation channels (PSS/SSS) which occurs every 5th

sub-frame. The second line 801b of grid 801 shows the
information sent on the physical broadcast channel
(PBCH) which is sent every 10th sub-frame. The third line
801c of grid 801 shows the system information (SI-1)
which is sent every 20th sub-frame. The fourth line 801d
of grid 801 shows paging information sent on the paging
channel (PCH) which is sent for two sub-frames every
5th sub-frame.
[0078] Figure 8 illustrates that the timing of the macro-
eNB 105, 106 and the timing of the other base stations
108 are synchronised or substantially synchronised such
that each sub-frame of the macro-eNB layer and the
HeNB layer start at the same time. As mentioned previ-
ously it is possible that the HeNB 108 and one or more
of the macro-eNBs 105, 106 have a relative time differ-
ence and are unsynchronised.
[0079] Figure 9 illustrates the scheduling of the muting
pattern 802 at the HeNB 108 compared with control in-
formation transmitted by a first wide area base station,
such as macro-eNB 105, and a second wide area base
station, such as macro-eNB 106. Both the macro-eNB
base stations 105, 106 have a relative time difference
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with the HeNB 108. The first macro-eNB 105 has a rel-
ative time difference with the HeNB 108 of about half a
subframe. The second macro-eNB 106 has a relative
time difference of about two and a half sub-frames.
[0080] The first macro-eNB 105 transmits the control
information as shown in the second grid 901 and the sec-
ond macro-eNB 106 transmits the control information as
shown in the fourth grid 902.
[0081] When the information associated with the
PBCH, PCH and the PSS/SSS is transmitted by the first
macro-eNB 105 in sub-frame number 0 of the macro-
eNB layer, as shown by references 901a, the data trans-
missions from the HeNB 108 are muted in the sub-frames
overlapping on the HeNB layer. This means that the in-
formation associated with the PBCH, PCH and the
PSS/SSS transmitted by the macro-eNB 105 in sub-
frames 0 are protected when the HeNB frame number is
0. Indeed, the transmissions from the macro-eNB 105 in
sub-frame 0 will be protected for every HeNB frame which
satisfies condition (1), F=3n, e.g. HeNB frame number
0, 3, 6...
[0082] The information associated with the PSS/SSS,
SI-1 and PCH is transmitted by the first macro-eNB 105
in sub-frame number 5, as shown by reference 901b and
is protected when the HeNB frame number satisfies the
condition F=3n, e.g. HeNB frame number 0, 3, 6...
[0083] In contrast, the information associated with the
PBCH, PCH, and the PSS/SSS transmitted in the sub-
frame 0 of macro-eNB layer, as shown by reference 901c,
overlap with an unmuted sub-frame 0 and muted sub-
frame 1 in HeNB frame 1 and is not protected.
[0084] The information associated with the PCH trans-
mitted in sub-frame 9 of the macro-eNB layer, as shown
by reference 901d, is also protected if the HeNB frame
number changes from 3n+2 to 3n. For example Figure 9
illustrates the HeNB frame number changing from 2 to
3. Furthermore, data transmitted associated with PCH in
sub-frame 4 of the macro-eNB layer is protected when
HeNB frame number satisfies the condition 3n+2, e.g.
HeNB frame number 2.
[0085] The muting pattern 802 has been duplicated for
the purpose of clarity when comparing with the data trans-
mitted from the second macro-eNB 106 in Figure 9. Both
muting patterns have same schedule of muted sub-
frames and the same timing.
[0086] Similarly the information associated with the
PBCH, PCH, SI-1 and the PSS/SSS is transmitted by the
second macro-eNB 106 in sub-frames numbers 0 and 5
of the macro-eNB layer. This is shown respectively by
references 902a, 902b in Figure 9. The data transmis-
sions on the macro-eNB layer are protected when the
HeNB frame number satisfies the condition 3n+1 e.g. the
HeNB frame number is 1. The data transmissions asso-
ciated with PCH in sub-frame 4 and 9 on the macro-eNB
layer are protected if the HeNB frame number satisfies
the condition 3n, e.g. the HeNB frame number is 0, 3 ...
[0087] In this way the scheduling of the muting pattern
as shown in Figure 9 means that all sub-frames on the

macro-eNB layer can be detected and decoded even if
some of the control channels collide during the 3 frame
repetition pattern.
[0088] Advantageously the muting pattern 802 as
shown in Figures 8 and 9 provide an equal distribution
of blank sub-frames per frame. This ensures an equal
per frame probability of detecting information transmitted
associated with the PSS/SSS and PBCH from the wide
area base stations for a wide area enabled UE in the
vicinity of the HeNB 108.
[0089] Figure 10 shows another schematic represen-
tation of a muting schedule and control information trans-
mission schedule according to some embodiments. Fig-
ure 10 shows a muting pattern 1001 with less HeNB con-
trol channel muting. The schedule for transmitting the
control information 801 is the same as shown in Figures
8 and 9.
[0090] In particular with respect to the muting pattern
802 shown in Figures 8 and 9, the first frame pattern of
the muting pattern 1001 comprises a further sub-frame
1002 during which the HeNB 108 is muted, but comprises
a sub-frame 1003 which is unmuted in the third frame
pattern. In some embodiments there can be any number
or variations of muting patterns suitable for muting the
HeNB 108 depending on the muting strategies.
[0091] The muting pattern 1001 as shown in Figure 10
provides similar protection to the control channels of the
macro-eNB layer, except that the extra unmuted sub-
frame 1003 allows for an additional opportunity for the
HeNB 108 to transmit the information associated with the
PSS/SSS during sub-frame number 5 in the 3 frame mut-
ing pattern on the HeNB layer. This means the muting
pattern 1001 of Figure 10 allows the information associ-
ated with the PSS/SSS to be transmitted with 66% higher
activity than the muting pattern as shown in Figure 9.
[0092] Figure 11 shows a further schematic represen-
tation of a muting schedule and control information trans-
mission schedule according to some embodiments. Grid
801 is the same transmission schedule for transmitting
control information as described in the embodiments as
shown in Figure 8.
[0093] The muting pattern 1101 is similar to the muting
patterns illustrated in Figures 8, 9 and 10 except that the
muting pattern repeats over four frames. Similar to pre-
vious figures, the sub-frames which are muted on the
HeNB layer are represented by cross hatching and sub-
frames during which the HeNB 108 is able to transmit on
the HeNB layer are not cross hatched.
[0094] Advantageously, providing a muting pattern
1101 which repeats every four frames means that the
repetition length is 40 time transmission intervals (TTI)
or 40ms. Since the frame length is 10 TTIs or 10ms and
the LTE UL HARQ cycle is 8 TTI or 8ms, the muting
pattern of 4 frames is the shortest length in which to ac-
commodate transmission opportunities for the HARQ
procedure.
[0095] In some embodiments the muting pattern for
each frame of the four frames is different. In further em-
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bodiments the HeNB is muted at least once for each sub-
frame number over the four frames. In some embodi-
ments between the frame patterns of the three frame
muting pattern there can be a one ’muted sub-frame’
overlap on one or both ends of consecutively muted sub-
frames. The one muted sub-frame overlap can improve
the detection performance of the protected eNB chan-
nels. Since the muting schedule repeats every four
frames, the pattern for each frame is determine according
to whether the frame number (F) satisfies one of the fol-
lowing conditions: 

where n=0, 1, 2, 3 ...
[0096] The determination of the which condition (1),
(2), (3), (4) the frame number falls in is illustrated in Figure
7. Depending on whether the frame numbers satisfy the
conditions (1), (2), (3), (4), the processor 302 determines
whether the frame number of the HeNB is muted accord-
ing to the first frame pattern 1102, the second frame pat-
tern 1103, the third frame pattern 1104 or the fourth frame
pattern 1105. For example, Figure 11 shows the first
frame pattern 1102 applied to frame number 0, the sec-
ond frame pattern 1103 applied to frame number 1, the
third frame pattern 1104 applied to frame number 2 and
the fourth frame pattern 1105 applied to frame number 3.
[0097] In addition to protecting downlink control chan-
nels, the muting pattern according to the embodiments
shown in Figure 11 improves the uplink hybrid automatic
repeat request (UL HARQ) performance. In some em-
bodiments the muting pattern 1101 provides transmis-
sion opportunities in some sub-frames to send informa-
tion associated with one or more HARQ channels. In
some embodiments the muting pattern 1101 provides
transmission opportunities to send information associat-
ed with three HARQ channels. Figure 11 shows the trans-
mission opportunities for sending information associated
with UL HARQ patterns 1, 2, 3 which are respectively
represented in Figure 11 in sub-frames annotated with
"1", "2", or "3".
[0098] Figure 12 illustrates the scheduling of the mut-
ing pattern 1101 at the HeNB 108 compared with control
information transmitted by a first macro-eNB 105, and a
second macro-eNB 106. Both the macro-eNB base sta-
tions 105, 106 have a relative time difference with the
HeNB 108. The first macro-eNB 105 has a relative time

difference with the HeNB 108 of about one and a quarter
subframes. The second macro-eNB 106 has a relative
time difference of about two and a quarter sub-frames.
[0099] The first macro-eNB 105 transmits the control
information as shown in the second grid 1201 and the
second macro-eNB 106 transmits the control information
as shown in the fourth grid 1202.
[0100] When the information associated with the
PBCH, PCH, and the PSS/SSS is transmitted by the first
macro-eNB 105 in sub-frame number 0 of the macro-
eNB layer, as shown by reference 1201a, the data is
protected when the HeNB frame satisfies the condition
4n+2, e.g. HeNB frame number 2 in Figure 12.
[0101] The information associated with the PCH and
PSS/SSS is transmitted by the first macro-eNB 105 in
sub-frame number 5 of the macro-eNB layer as shown
by reference 1201b and is protected when the HeNB
frame satisfies the condition 4n+3, e.g. HeNB frame
number 3 in Figure 12.
[0102] The information associated with the PCH is
transmitted by the first macro-eNB 105 in sub-frame
number 4 of the macro-eNB layer as shown by reference
1201c and is protected when the HeNB frame satisfies
the condition 4n+1, e.g. HeNB frame number 1 in Figure
12.
[0103] The information associated with the PCH is
transmitted by the first macro-eNB 105 in sub-frame
number 9 of the macro-eNB layer as shown by reference
1201d and is protected when the HeNB frame satisfies
the condition 4n+1, e.g. HeNB frame number 1 in Figure
12.
[0104] Similarly when the information associated with
the PBCH, PCH, and the PSS/SSS is transmitted by the
second macro-eNB 106 in sub-frame number 0 of the
macro-eNB layer, as shown by reference 1202a, the data
is protected when the HeNB frame satisfies the condition
4n+1, e.g. HeNB frame number 1 in Figure 12.
[0105] The information associated with the PCH and
PSS/SSS is transmitted by the second macro-eNB 106
in sub-frame number 5 of the macro-eNB layer as shown
by reference 1202b and is protected when the HeNB
frame satisfies the condition 4n+3, e.g. HeNB frame
number 3 in Figure 12.
[0106] The information associated with the PCH is
transmitted by the second macro-eNB 106 in sub-frame
number 4 of the macro-eNB layer as shown by reference
1202c and is protected when the HeNB frame satisfies
the condition 4n+3, e.g. HeNB frame number 3 in Figure
12.
[0107] The information associated with the PCH is
transmitted by the second macro-eNB 106 in sub-frame
number 9 of the macro-eNB layer as shown by reference
1202d and is protected when the HeNB frame satisfies
the condition 4n+1, e.g. HeNB frame number 1 in Figure
12.
[0108] Figure 13 illustrates the scheduling of the mut-
ing pattern 1303 at the HeNB 108 compared with control
information transmitted by a first macro-eNB 105, and a
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second macro-eNB 106. The muting pattern 1303 is iden-
tical to the muting pattern 1101 as shown in Figure 12
except that there are two sub-frames 1301, 1302 whose
muting state can be modified. That is, whether the sub-
frame is muted in the HeNB layer can be modified by the
processor 302. In some embodiments there are a plural-
ity of sub-frames whose muting state can be modified.
[0109] In some other embodiments all the sub-frames
comprises muting states which are modifiable.
[0110] In some embodiments the processor 302 re-
ceives information from one or more neighbouring base
stations 105, 106, 108. The information can comprise an
indication of the timing difference between each base
station. In some embodiments the timing difference of
the neighbouring stations are obtained from an automatic
generation neighbor list feature in LTE. In some embod-
iments the neighbor lists can be created via the utilization
of UE measurements. In this way the processor can de-
termine whether the sub-frames 1301, 1302 need to be
muted on the HeNB layer based on the received infor-
mation. For example, the relative timing of one or more
base stations with respect to the HeNB 108 may change.
Alternatively, the processor 302 can determine that a pro-
posed muting pattern is not entirely needed because a
UE can already receive data on, for example, the
PSS/SSS and PBCH channels. In this way the processor
302 can initiate sending an instruction to the base stations
to "trim" the muting pattern in order to remove superfluous
muted sub-frames from the muting pattern.
[0111] It is noted that whilst embodiments have been
described in relation to LTE-Advanced, similar principles
can be applied to any other communication system. Also,
instead of carriers provided by a base station a carrier
comprising component carriers may be provided by a
communication device such as a mobile user equipment.
For example, this may be the case in application where
no fixed equipment provided but a communication sys-
tem is provided by means of a plurality of user equipment,
for example in adhoc networks. Therefore, although cer-
tain embodiments were described above by way of ex-
ample with reference to certain exemplifying architec-
tures for wireless networks, technologies and standards,
embodiments may be applied to any other suitable forms
of communication systems than those illustrated and de-
scribed herein. In some other embodiments the afore-
mentioned embodiments can be adopted to other orthog-
onal frequency division multiple access (OFDMA) fre-
quency division duplex (FDD) based mobile communi-
cation system other than LTE.
[0112] It is also noted herein that while the above de-
scribes exemplifying embodiments of the invention, there
are several variations and modifications which may be
made to the disclosed solution without departing from
the scope of the present invention.
[0113] In general, the various embodiments may be
implemented in hardware or special purpose circuits,
software, logic or any combination thereof. Some aspects
of the invention may be implemented in hardware, while

other aspects may be implemented in firmware or soft-
ware which may be executed by a controller, microproc-
essor or other computing device, although the invention
is not limited thereto. While various aspects of the inven-
tion may be illustrated and described as block diagrams,
flow charts, or using some other pictorial representation,
it is well understood that these blocks, apparatus, sys-
tems, techniques or methods described herein may be
implemented in, as non-limiting examples, hardware,
software, firmware, special purpose circuits or logic, gen-
eral purpose hardware or controller or other computing
devices, or some combination thereof.
[0114] The embodiments of this invention may be im-
plemented by computer software executable by a data
processor of the mobile device, such as in the processor
entity, or by hardware, or by a combination of software
and hardware.
[0115] Further in this regard it should be noted that any
blocks of the logic flow as in the Figures may represent
program steps, or interconnected logic circuits, blocks
and functions, or a combination of program steps and
logic circuits, blocks and functions. The software may be
stored on such physical media as memory chips, or mem-
ory blocks implemented within the processor, magnetic
media such as hard disk or floppy disks, and optical me-
dia such as for example DVD and the data variants there-
of, CD.
[0116] The memory may be of any type suitable to the
local technical environment and may be implemented us-
ing any suitable data storage technology, such as sem-
iconductor-based memory devices, magnetic memory
devices and systems, optical memory devices and sys-
tems, fixed memory and removable memory.
[0117] The foregoing description has provided by way
of exemplary and non-limiting examples a full and inform-
ative description of the exemplary embodiment of this
invention. However, various modifications and adapta-
tions may become apparent to those skilled in the rele-
vant arts in view of the foregoing description, when read
in conjunction with the accompanying drawings and the
appended claims.

Claims

1. A method implemented in a controlling apparatus,
the method comprising:

determining that at least one first station (108)
and at least one second station (105) have a
relative timing difference;
determining a muting schedule for the at least
one first station (108) for a plurality of sub-
frames, wherein the muting schedule comprises
at least two adjacent muted sub-frames;
wherein the muting schedule comprises an ar-
rangement of muting sub-frames over a plurality
of frames; and

21 22 



EP 2 622 925 B1

14

5

10

15

20

25

30

35

40

45

50

55

initiating sending an indication of the muting
schedule to the at least one first station (108)
and the at least one second station (105) where-
in information on one or more channels is trans-
mitted from the at least one second station (105)
during the at least two adjacent muted sub-
frames.

2. A method according to claim 1 wherein the arrange-
ment of muting sub-frames is different between each
frame of the plurality of frames.

3. A method according to claims 1 or 2 wherein the first
station (108) is muted for at least one sub-frame of
sub-frames in the same relative position in each
frame of the muting schedule.

4. A method according to any of the preceding claims
wherein the muting schedule comprises an arrange-
ment of muting sub-frames repeated every 3 or 4
frames.

5. A method according to any of the preceding claims
wherein the muting schedule comprises at least two
unmuted sub-frames for the at least one first station
(108) to transmit information on the one or more con-
trol channels.

6. A method according to any of the preceding claims
wherein the information is sent on one or more con-
trol channels and the information comprises one or
more of the following: information associated with a
primary broadcast channel, information associated
with a synchronisation channel, system information
and paging information.

7. A method according to any of the preceding claims
wherein the method comprises modifying the muting
schedule by switching one or more of the sub-frames
between a muted stated and an unmuted state.

8. A method according to claim 7 wherein the switching
is performed after the indication of the muting sched-
ule is sent to the at least one first station (108) and
the at least one second station (105).

9. A method according to claims 7 or 8 wherein the
modifying the muting schedule is carried out after
determining the timing difference between the at
least one first station (108) and the at least one sec-
ond station (105).

10. A method according to any of the preceding claims
wherein the muting schedule comprises not muting
sub-frames during which the at least one first station
(108) performs an uplink HARQ procedure.

11. A method according to any of the preceding claims

wherein the at least one first station (108) and the at
least one second station (105) operate on the same
frequency carrier.

12. A method according to any of the preceding claims
wherein determining when the first (108) and second
(105) stations are unsynchronised and determining
the muting schedule is based on information re-
ceived from the at least one first station (108) .

13. A method according to any of the preceding claims
wherein the first station (108) is a home enhanced
node B and the second station (105) is a macro en-
hanced node B.

14. A method according to any of the preceding claims
wherein the initiating sending the indication compris-
es sending the indication to one or more mobile com-
munication devices.

15. A computer program comprises code means adapt-
ed to perform the steps according to any of claims 1
to 14 when the program is run on a processor (302).

16. An apparatus comprising means for performing the
method of claims 1 to 14.

17. An apparatus according to claim 16 wherein the
means comprise:

a processor (302);

memory including computer program code;
the memory and the computer program code config-
ured to, with the processor (302), cause the appa-
ratus to perform the method of claims 1 to 14.

Patentansprüche

1. Verfahren, das in einem Steuergerät umgesetzt
wird, wobei das Verfahren Folgendes umfasst:

Bestimmen, dass mindestens eine erste Station
(108) und mindestens eine zweite Station (105)
einen relativen Timingunterschied haben;
Bestimmen einer Stummschaltungsplanung für
die mindestens eine erste Station (108) für eine
Vielzahl von Unterrahmen, wobei die Stumm-
schaltungsplanung mindestens zwei benach-
barte stummgeschaltete Unterrahmen umfas-
sen;
wobei die Stummschaltungsplanung eine An-
ordnung von Stummschaltungsunterrahmen
über eine Vielzahl von Rahmen umfasst; und
Initiieren des Sendens einer Angabe der
Stummschaltungsplanung zu der mindestens
einen ersten Station (108) und der mindestens
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einen zweiten Station (105), wobei Informatio-
nen über einen oder mehrere Kanäle von der
mindestens einen zweiten Station (105) wäh-
rend der mindestens zwei benachbarten
stummgeschalteten Unterrahmen übertragen
werden.

2. Verfahren nach Anspruch 1, wobei die Anordnung
von Stummschaltungsunterrahmen zwischen jedem
Rahmen der Vielzahl von Rahmen unterschiedlich
ist.

3. Verfahren nach Anspruch 1 oder 2, wobei die erste
Station (108) während mindestens eines Subrah-
mens der Subrahmen in derselben relativen Position
in jedem Rahmen der Stummschaltungsplanung
stummgeschaltet wird.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Stummschaltungsplanung eine An-
ordnung von Stummschaltungsunterrahmen, die al-
le 3 oder 4 Rahmen wiederholt wird, umfasst.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Stummschaltungsplanung mindes-
tens zwei nicht stummgeschaltete Unterrahmen für
die mindestens eine erste Station (108) zum Über-
tragen von Informationen über den einen oder die
mehreren Steuerkanäle umfasst.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Informationen über einen oder meh-
rere Steuerkanäle gesendet werden und die Infor-
mationen Folgendes umfassen: Informationen in Zu-
sammenhang mit einem Hauptübertragungskanal
und/oder Informationen in Zusammenhang mit ei-
nem Synchronisationskanal und/oder Systeminfor-
mationen und/oder Paginginformationen.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Verfahren das Ändern der Stumm-
schaltungsplanung durch Umschalten eines oder
mehrerer der Unterrahmen zwischen einem stumm-
geschalteten Zustand und einem nicht stummge-
schalteten Zustand umfasst.

8. Verfahren nach Anspruch 7, wobei das Umschalten
ausgeführt wird, nachdem die Angabe der Stumm-
schaltungsplanung zu der mindestens einen ersten
Station (108) und der mindestens einen zweiten Sta-
tion (105) gesendet wird.

9. Verfahren nach Anspruch 7 oder 8, wobei das Än-
dern der Stummschaltungsplanung ausgeführt wird,
nachdem der Timingunterschied zwischen der min-
destens einen ersten Station (108) und der mindes-
tens einen zweiten Station (105) bestimmt wird.

10. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Stummschaltungsplanung nicht
stummschaltende Unterrahmen umfasst, während
welcher die mindestens eine erste Station (108) eine
Uplink-HARQ-Vorgehensweise ausführt.

11. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die mindestens eine erste Station (108)
und die mindestens eine zweite Station (105) auf
demselben Frequenzträger arbeiten.

12. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Bestimmen, wann die erste (108)
und die zweite (105) Station nicht synchronisiert
sind, und das Bestimmen der Stummschaltungspla-
nung auf Informationen, die von der mindestens ei-
nen ersten Station (108) empfangen werden, basie-
ren.

13. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die erste Station (108) ein erweiterter Hei-
matnetzknoten B ist, und die zweite Station (105) ein
erweiterter Makronetzknoten B ist.

14. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Initiieren des Sendens der Angabe
das Senden der Angabe zu einer oder mehreren mo-
bilen Kommunikationsvorrichtungen umfasst.

15. Computerprogramm, das Codemittel umfasst, die
angepasst sind, um die Schritte nach einem der An-
sprüche 1 bis 14 auszuführen, wenn das Programm
auf einem Prozessor (302) ausgeführt wird.

16. Gerät, das Mittel zum Ausführen des Verfahrens der
Ansprüche 1 bis 14 umfasst.

17. Gerät nach Anspruch 16, wobei die Mittel Folgendes
umfassen:

einen Prozessor (302);
Speicher, der Computerprogrammcode auf-
weist;
wobei der Speicher und der Computerpro-
grammcode konfiguriert sind, um mit dem Pro-
zessor (302) das Gerät zum Ausführen des Ver-
fahrens der Ansprüche 1 bis 14 zu veranlassen.

Revendications

1. Un procédé mis en oeuvre dans un appareil de com-
mande, le procédé comprenant :

la détermination qu’au moins une première sta-
tion (108) et au moins une deuxième station
(105) présentent une différence de synchroni-
sation relative,
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la détermination d’un échéancier de blocage
automatique de réception pour la au moins une
première station (108) pour une pluralité de
sous-trames, l’échéancier de blocage automa-
tique de réception contenant au moins deux
sous-trames bloquées en réception adjacentes,
dans lequel l’échéancier de blocage automati-
que de réception comprend un agencement de
sous-trames de blocage automatique de récep-
tion sur une pluralité de trames, et
le lancement de l’envoi d’une indication de
l’échéancier de blocage automatique de récep-
tion à la au moins une première station (108) et
à la au moins une deuxième station (105), des
informations relatives à un ou plusieurs canaux
étant transmises à partir de la au moins une
deuxième station (105) au cours des au moins
deux sous-trames bloquées en réception adja-
centes.

2. Un procédé selon la revendication 1 dans lequel
l’agencement de sous-trames de blocage automati-
que de réception est différent entre chaque trame
de la pluralité de trames.

3. Un procédé selon les revendications 1 ou 2 dans
lequel la première station (108) est bloquée en ré-
ception pour au moins une sous-trame des sous-
trames se trouvant dans la même position relative
dans chaque trame de l’échéancier de blocage auto-
matique de réception.

4. Un procédé selon l’une quelconque des revendica-
tions précédentes dans lequel l’échéancier de blo-
cage automatique de réception comprend un agen-
cement de sous-trames de blocage automatique de
réception répété toutes les 3 ou 4 trames.

5. Un procédé selon l’une quelconque des revendica-
tions précédentes dans lequel l’échéancier de blo-
cage automatique de réception comprend au moins
deux sous-trames non bloquées en réception pour
la au moins une première station (108) destinées à
la transmission d’informations relatives aux un ou
plusieurs canaux de commande.

6. Un procédé selon l’une quelconque des revendica-
tions précédentes dans lequel les informations sont
envoyées sur un ou plusieurs canaux de commande
et les informations comprennent un ou plusieurs ty-
pes d’informations parmi : des informations asso-
ciées à un canal de radiodiffusion primaire, des in-
formations associées à un canal de synchronisation,
des informations système et des informations de ra-
diomessagerie.

7. Un procédé selon l’une quelconque des revendica-
tions précédentes dans lequel le procédé comprend

la modification de l’échéancier de blocage automa-
tique de réception par la commutation d’une ou de
plusieurs des sous-trames entre un état bloqué en
réception et un état non bloqué en réception.

8. Un procédé selon la revendication 7 dans lequel la
commutation est exécutée après l’envoi de l’indica-
tion de l’échéancier de blocage automatique de ré-
ception à la au moins une première station (108) et
à la au moins une deuxième station (105).

9. Un procédé selon les revendications 7 ou 8 dans
lequel la modification de l’échéancier de blocage
automatique de réception est exécutée après la dé-
termination de la différence de synchronisation entre
la au moins une première station (108) et la au moins
une deuxième station (105).

10. Un procédé selon l’une quelconque des revendica-
tions précédentes dans lequel l’échéancier de blo-
cage automatique de réception comprend le non-
blocage automatique de réception de sous-trames,
période au cours de laquelle la au moins une pre-
mière station (108) exécute une procédure HARQ
en liaison montante.

11. Un procédé selon l’une quelconque des revendica-
tions précédentes dans lequel la au moins une pre-
mière station (108) et la au moins une deuxième sta-
tion (105) fonctionnent sur la même porteuse de fré-
quence.

12. Un procédé selon l’une quelconque des revendica-
tions précédentes dans lequel la détermination du
moment où les première (108) et deuxième (105)
stations sont non synchronisées et la détermination
de l’échéancier de blocage automatique de récep-
tion sont basées sur des informations reçues à partir
de la au moins une première station (108).

13. Un procédé selon l’une quelconque des revendica-
tions précédentes dans lequel la première station
(108) est un noeud B amélioré de rattachement et
la deuxième station (105) est un macro-noeud B
amélioré.

14. Un procédé selon l’une quelconque des revendica-
tions précédentes dans lequel le lancement de l’en-
voi de l’indication comprend l’envoi de l’indication à
un ou plusieurs dispositifs de communication mobi-
les.

15. Un programme informatique comprenant un moyen
de code adapté de façon à exécuter les étapes selon
l’une quelconque des revendications 1 à 14 lorsque
le programme est exécuté sur un processeur (302).

16. Un appareil comprenant un moyen d’exécution du
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procédé selon les revendications 1 à 14.

17. Un appareil selon la revendication 16 dans lequel le
moyen comprend :

un processeur (302),
une mémoire contenant du code de programme
informatique,
la mémoire et le code de programme informati-
que étant configurés de façon à, avec le proces-
seur (302), amener l’appareil à exécuter le pro-
cédé selon les revendications 1 à 14.
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