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Description

Field of the Disclosure

[0001] The present disclosure relates to a cellular com-
munication network and more particularly relates to effi-
cient spectrum utilization when applying almost blank
subframes in a downlink from an access node (e.g., a
macro node or a Closed Subscriber Group (CSG) femto
node) in a heterogeneous cellular communication net-
work.

Background

[0002] The deployment of heterogeneous cellular
communication networks, which are referred to herein
as Heterogeneous Networks (HetNets), is largely seen
as one of the most cost efficient solutions to meeting the
constantly increasing demand for higher data rates in the
coming generations of cellular systems. Such deploy-
ments include several Low Power Nodes (LPNs) of di-
verse nature (e.g., micro, pico, and femto eNode Bs in
the case of 3GPP Long Term Evolution (LTE)). These
LPNs transform conventional homogeneous cellular
communication network architecture into a fragmented
multi-layered architecture.
[0003] HetNets are resistant to strains on signal power
normally resulting from increasing distance from the
transmitting point and are well known to defy the inverse
square law of distance by moving base stations (BSs)
(i.e., macro nodes and the LPNs) closer to user equip-
ment devices (UEs) and providing similar Quality-of-
Service (QoS) throughout the cell area. Thus, HetNet
deployments possess an inherent capability to address
the limitations implied by channel capacity and provide
a uniform user experience throughout the cell area irre-
spective of user location. The potential of HetNets to bring
gains in coverage and capacity are widely acknowl-
edged. The major advantages or benefits can be sum-
marized as:

• Moving the BSs closer to the UEs results in better
radio link conditions which in turn leads to higher
data rates for UEs connected to LPNs.

• LPN cells provide access to the UEs previously han-
dled by the macro layer, thus reducing the load from
the macro cell (called macro offloading) which results
in higher availability of resources and thus higher
data rates for the users connected to macro nodes.

• In general, HetNet deployments provide uniform da-
ta rates within a given area.

[0004] However, even though there are significant ad-
vantages brought by HetNet architectures, there are a
number of concerns to be addressed. For instance, the
high number of parameters associated with LPNs, e.g.,
restrictions on transmission power, access rights, and
backhaul capacities, has a direct impact on system per-

formance and makes the selection of LPN type and sup-
ported features a highly complicated task. The decision
depends mainly on the goal to be achieved with the ad-
dition of LPNs (e.g., capacity vs. data rate improvement,
or both).
[0005] The co-existence of cells with different power
levels in HetNets has several implications on system ac-
cess and mobility procedures. In a macro-only deploy-
ment, the cell selection process for the UEs is generally
based on the Reference Signal Received Power (RSRP),
otherwise known as Received Signal Strength (RSS).
This means that the UEs get attached to the cell from
which they attain strongest RSS. However, employing
this access procedure to HetNets can intensify the inter-
ference scenarios in the uplink and can further lead to
load imbalance situations where most of the UEs get con-
nected to macro cells while LPN cells are underutilized.
In LTE, the power difference between the macro and fem-
to cells is about 23 decibel-milliwatts (dBm). This means
that UEs that have a lower path loss to the LPN cell still
receive high RSRP from the macro node and therefore
are connected to the macro node rather than the LPN.
This causes high interference in the uplink, which results
in an uneven distribution of UEs in the macro and LPN
cell layer.
[0006] The aforementioned load imbalance issue has
been a topic of several researches. One proposed solu-
tion is a concept of "Range Extension" which provides a
simulated expansion in the range of the LPN when mak-
ing a decision on UE association with the LPN. This
means that whenever a UE is associating to a LPN, an
artificial offset threshold is to be added to the actual
RSRP value to be used for the cell association decision.
In contrast, in the case of macro node, the association
decisions are based on the actual received signal
strength in most of the cases. The concept of Range Ex-
tension (RE) enables an optimal association of users
throughout the coverage area, which leads to enhanced
system performance and load reduction from the macro
cell at the same time.
[0007] The drawback of range extension is that UEs
located in the extended range of small cells and connect-
ed to LPNs might experience difficulties in correctly re-
ceiving downlink control information transmitted by the
downlink. Specifically, for LTE, UEs located in the ex-
tended range of LPNs and connected to LPNs may ex-
perience difficulty in correctly receiving downlink control
information in the Physical Downlink Control Channel
(PDCCH) since those UEs are experiencing negative
downlink geometry. To minimize the effect of high inter-
ference onto the PDCCH transmitted by the LPN, Almost
Blank Subframes (ABSs) are used. During ABSs at the
macro node, there is no data transmission from the macro
node, which provides the advantage of low interference
to LPN cells.
[0008] During an ABS at the macro node, the trans-
mission from the macro node does not contain data or
control information, but mainly Common, or Cell-Specific,
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Reference Signal (CRS). This means that the corre-
sponding uplink subframe (i.e., for LTE, the uplink sub-
frame that occurs 4 Transmit Time Intervals (TTIs) later)
in the macro node will have no data transmission either
because no Downlink Control Information (DCI) (or con-
trol information in general) was transmitted in downlink
during the ABS. As a result, resources are not fully utilized
leading to a decrease in capacity and spectral efficiency.
[0009] Document "Further consideration on eICIC
ASS pattern", 3GPP draft R4-110260, Samsung, may be
construed to disclose two additional ABSF patterns
based on semi-persistent service HARQ timing. Specif-
ically, an ABSF pattern for FDD without MBSFN and an
ABSF pattern for TDD configuration are proposed.
[0010] Document "Considerations for interactions be-
tween FD and TD ICIC", 3GPP draft R3-110043, New
Postcom, may be construed to disclose a technique per-
taining to simultaneous use of frequency-domain and
time-domain inter-cell interference coordination tech-
niques in heterogeneous networks. It is held that a pico-
cell is not required to provide two RNTP thresholds. It is
proposed that a macro-cell shall assume that the RNTP
received from pico-cells is applicable to non-ABSs only.
Further, it is argued that a pico-cell is not required to
provide two sets of high interference indication (HII).
Therefore, the macro-cell shall consider the HII received
from the pico-cells as valid only in the UL non-ABSs.
[0011] Document "Considerations on Coexistence of
Frequency and Time Domain ICIC", 3GPP draft
R1-110889, LG Electronics, may be construed to dis-
close a technique pertaining also to simultaneous use of
FD and TD ICIC techniques. Therein, the case of sending
both Rel-8/9 and Rel-10 ICIC messages to a neighboring
cell is considered. It has been observed that in a DL sub-
frame which is configured as ABS, the recipient cell can
assume that low transmission power is promised in all
the PRBs by the sender cell irrespective of the received
RNTP message. According to a further observation, in a
UL subframe whose UL grant is to be transmitted in a DL
subframe configured as ABS, the recipient cell can as-
sume that low interference is promised in all the PRBs
by the sender cell irrespective of the received UL HII mes-
sage. It can also assume that high interference to the
sender cell is allowed in all the PRBs irrespective of the
received UL 101 message.
[0012] Document "Remaining issues on CSI-RS",
3GPP draft R1-105957, ZTE, may be construed to dis-
close a technique pertaining to an issue on CSI-RS still
remaining after previous RAN meetings. Specifically,
CSI-RS configuration, muting and scrambling sequence
issues are addressed and several proposals are made.
It is inter alia proposed that UE uses only CSI-RS in trans-
mission mode-9 for CSI measurement when CSI-RS is
configured. When the UE uses only 1 CSI-RS port for
channel estimation for all CSI feedback modes and an-
tenna port 7 for demodulation, DCI format 2C is used in
transmission mode 9. Only DCI Format IA and DCI For-
mat 2C are supported in transmission mode 9 for any

number of CSI-RS ports. DCI Format 1A is a fall-back
mode for transmission mode 9 using TxD. There is no
need to support multiple of 4msec for CSI-RS duty cycle
in HetNet operation for FDD; CSI-RS is allowed in almost-
blank-subframe. Each configured CSI-RS reuse pattern
is transmitted in its entirety. UE shall assume that the
specific CSI-RS configuration is not allowed if any CSI-
RS ports in that configuration collide with PSS/SSSIP-
BCH; UE can assume no more mandatory operations
beyond R8/9 regarding to CSI -RS in reception of pag-
ing/SIB. Muted REs can be located in subframes without
CSI-RS, and in this case the CSI-RS duty cycle is an
integer multiple of the muting duty cycle. Muting config-
uration is independent from CSI-RS configuration. Mut-
ing can be configured in a cell without CSI-RS. CSI-RS
scrambling sequence should be defined per symbol ba-
sis. A specific initialization for initializing the pseudo-ran-
dom sequence generator at the start of each OFDM sym-
bol is proposed.
[0013] Document "Downlink control signaling en-
hancements", 3GPP draft R1-112986, New Postcom,
may be construed to disclose a technique pertaining to
a number of scenarios for CA and DL MIMO, respectively,
and discusses the potential benefits that may be
achieved through downlink control signaling enhance-
ments. It is recommended that cross carrier PDCCH bun-
dling, cross-subframe PDCCH bundling and the URS-
based E-PDCCH should be supported in Rel-11.
[0014] Document "Blank Subframes for LTE", 3GPP
draft R1-093340, Alcatel-Lucent, may be construed to
disclose a technique pertaining to the issue of subframe
blanking being backward compatibility. It has been
deemed too late to introduce blank subframes in a back-
ward compatible way for Rel-8 terminals, which leaves
three possibilities: 1. Do not introduce blank subframes;
2. Introduce blank subframes only on non-backward-
compatible component carriers (i.e. probably Rel-10 on-
wards); and 3. Introduce blank subframes in a controlled
way for any carrier, so as to limit the impact on Rel-8
terminals. The greatest flexibility for forward compatibility
would be achieved by the introduction of signalling to
support the presence of completely blank subframes in
Rel-9. However, in order to limit the impact on Rel-8 ter-
minals as far as possible, almost-blank subframes could
be introduced with certain restrictions, including the con-
tinued provision of CRS, and not where blank subframes
would impact paging, synchronisation and system infor-
mation transmission.
[0015] Document 3GPP TS 36.423, V10.3.0 published
on 26 September 2011, may be construed to disclose
radio network layer signalling procedures of the control
plane between eNBs in E-UTRAN. X2AP supports the
functions of X2 interface by signalling procedures defined
in that document.
[0016] Document 3GPP TS 36.331, V10.3.0 published
on 30 September 2011, may be construed to disclose
the Radio Resource Control protocol for the radio inter-
face between UE and E-UTRAN as well as for the radio
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interface between RN and E-UTRAN. The scope of that
document also includes the radio related information
transported in a transparent container between source
eNB and target eNB upon inter eNB handover, and the
radio related information transported in a transparent
container between a source or target eNB and another
system upon inter RAT handover.
[0017] Document 3GPP TS 36.300, V10.5.0 published
on 28 September 2011, may be construed to disclose an
overview and overall description of the E-UTRAN radio
interface protocol architecture.

Summary

[0018] According to the disclosure, there are provided
an macro node, a method and a computer-readable me-
dium according to the independent claims.

Brief Description of the Drawing Figures

[0019] The accompanying drawing figures incorporat-
ed in and forming a part of this specification illustrate
several aspects of the disclosure, and together with the
description serve to explain the principles of the disclo-
sure.

Figure 1 illustrates a heterogeneous cellular com-
munication network (HetNet) including a macro node
and a Low Power Node (LPN) according to one em-
bodiment of the present disclosure;
Figure 2 illustrates exemplary Almost Blank Sub-
frames (ABSs) applied to a downlink from the macro
node of Figure 1;
Figure 3 illustrates an exemplary downlink from the
macro node including ABSs and an exemplary uplink
to the macro node where the uplink includes sub-
frames in which no transmissions are normally
scheduled as a result of the ABSs in the downlink
from the macro node;
Figure 4 illustrates the operation of the macro node
of Figure 1 to provide efficient spectrum utilization
when applying ABSs in the downlink by time-aligning
scheduling instants for one or more user equipment
devices (UEs) for which transmissions are sched-
uled according to a scheduling scheme that does not
require control information for every subframe ac-
cording to one embodiment of the present disclo-
sure;
Figure 5 illustrates the operation of the macro node
of Figure 1 to provide efficient spectrum utilization
for the uplink when applying ABSs in the downlink
according to one embodiment of the present disclo-
sure;
Figure 6 graphically illustrates time alignment of
Transmit Time Interval (TTI) bundles for one or more
UEs and subframes in the uplink that correspond to
ABSs in the downlink according to the embodiment
of the process of Figure 5;

Figure 7 graphically illustrates time alignment of
semi-persistent or persistent scheduling instants of
one or more UEs and subframes in the uplink that
correspond to ABSs in the downlink according to one
comparative example of the process of Figure 5;
Figure 8 illustrates the operation of the macro node
of Figure 1 to provide efficient spectrum utilization
for the downlink when applying ABSs in the downlink
according to one comparative example;
Figure 9 graphically illustrates a comparative exam-
ple of time alignment of semi-persistent or persistent
scheduling instants of one or more UEs and sub-
frames in the downlink that correspond to ABSs in
the downlink according to the process of Figure 8;
Figure 10 illustrates a HetNet including a macro node
and a Closed Subscriber Group (CSG) femto node
according to another embodiment of the present dis-
closure;
Figure 11 illustrates a HetNet including a macro
node, a CSG femto node, and a pico node according
to another embodiment of the present disclosure;
Figure 12 illustrates a HetNet that provides uplink
interference cancellation according to one embodi-
ment of the present disclosure;
Figure 13 illustrates a HetNet that provides downlink
interference cancellation according to one embodi-
ment of the present disclosure;
Figure 14 is a block diagram of a macro node ac-
cording to one embodiment of the present disclo-
sure;
Figure 15 is a block diagram of a femto node accord-
ing to one embodiment of the present disclosure; and
Figure 16 is a block diagram of a user equipment
device according to one embodiment of the present
disclosure.

Detailed Description

[0020] The embodiments set forth below represent the
necessary information to enable those skilled in the art
to practice the embodiments and illustrate the best mode
of practicing the embodiments. Upon reading the follow-
ing description in light of the accompanying drawing fig-
ures, those skilled in the art will understand the concepts
of the disclosure and will recognize applications of these
concepts not particularly addressed herein. It should be
understood that these concepts and applications fall with-
in the scope of the disclosure and the accompanying
claims.
[0021] The present disclosure relates to systems and
methods that provide efficient utilization of spectrum in
a heterogeneous cellular communication network (Het-
Net) that applies almost blank subframes (ABSs). Figure
1 illustrates a heterogeneous cellular communication
network 10 (hereinafter HetNet 10) according to one em-
bodiment of the present disclosure. The discussion below
focuses on embodiments where the HetNet 10 operates
according to a Long Term Evolution (LTE) standard.
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Note, however, that the concepts discussed herein are
applicable to any type of HetNet 10 that uses ABSs.
[0022] As illustrated, the HetNet 10 includes a macro
node 12 and a Low Power Node (LPN) 14. The macro
node 12 is a base station (e.g., macro eNode B) that
serves a corresponding macro cell 16. The LPN 14 is
also a base station but transmits at a substantially lower
power level than the macro node 12. In addition, the LPN
14 may have other characteristics that are different than
those of the macro node 12 (e.g., a different number of
antennas). The LPN 14 may be, for example, a micro,
pico, or femto eNode B. The LPN 14 serves a correspond-
ing Low Power (LP) cell 18. In addition, the LPN 14 serves
an expansion region 20 that surrounds the LP cell 18.
The expansion region 20 is a region in which a path loss
to the LPN 14 is less than a path loss to the macro node
12 but where a received strength of signal from the macro
node 12 is greater than a received strength of signal from
the LPN 14. In the illustrated example, a user equipment
device (UE) 22 is located in the macro cell 16 and is
served by the macro node 12, and a UE 24 is located in
the expansion region 20 and is served by the LPN 14.
Preferably, transmissions to and from the macro node
12 are synchronized with transmissions to and from the
LPN 14.
[0023] As discussed below in detail, the macro node
12 applies ABSs in a downlink from the macro node 12.
In general, ABSs do not include control information. In
one particular embodiment, ABSs do not include control
information and also do not include data. However, in
another embodiment, ABSs may be either normal power
ABSs that do not include control information and do not
include data or low power ABSs that do not include con-
trol information but do include data. Low power ABSs are
transmitted at a low transmit power to reduce interfer-
ence. The ABSs provide an advantage in that interfer-
ence particularly for UEs, such as the UE 24, located in
the expansion region 20 is reduced. Reduced interfer-
ence improves the ability of UEs, such as the UE 24,
located in the expansion region 20 to successfully receive
a Physical Downlink Control Channel (PDCCH) from the
LPN 14.
[0024] Figure 2 illustrates exemplary ABSs in the
downlink from the macro node 12. In this example, no
data and no control information is transmitted in the AB-
Ss. For instance, for LTE, the ABSs do not include any
data transmitted on the Physical Downlink Shared Chan-
nel (PDSCH)) or control information transmitted on the
Downlink Control Information (DCI) channel. As a result,
interference to the UEs, such as the UE 24, located in
the expansion region 20 is substantially reduced during
the ABSs in the downlink from the macro node 12. How-
ever, the use of ABSs in downlink from the macro node
12 normally results in spectral inefficiency and reduced
capacity in both uplink to the macro node 12 and, in some
implementations, the downlink itself.
[0025] More specifically, Figure 3 illustrates an exem-
plary downlink (DL) transmission pattern at the macro

node 12 including ABSs and a corresponding exemplary
uplink (UL) at the macro node 12. ABSs do not include
control information and also do not include data. As illus-
trated, downlink includes a number of ABSs arranged
according to an ABS pattern. Note that the illustrated
ABS pattern is exemplary. Any desired ABS pattern may
be used. Because ABSs in the downlink do not contain
any control information (i.e., for LTE, the ABSs do not
contain the DCI, which includes the PDCCH, the Physical
Hybrid-ARQ Indicator Channel (PHICH), and the Physi-
cal Control Format Indicator Channel (PCFICH)), ABSs
do not contain control information to schedule transmis-
sions in corresponding subframes of the uplink. As a re-
sult, no transmissions are scheduled for the correspond-
ing subframes of the uplink. As illustrated, for LTE, the
corresponding subframes in the uplink are subframes
that occur four Transmit Time Intervals (TTIs) after the
ABSs.
[0026] As illustrated in Figures 2 and 3, normally when
using ABSs in downlink, there is spectral inefficiency due
to ABSs themselves in the downlink and subframes in
the uplink for which no transmissions are scheduled as
a result of the ABSs in the downlink. Figure 4 is a flow
chart that illustrates the operation of the macro node 12
of Figure 1 according to one embodiment of the present
disclosure. In general, when using ABSs in the downlink,
the macro node 12 operates to fill at least some of the
corresponding subframes in the downlink/uplink that
would normally contain no transmissions due to the lack
of control information in ABSs with transmissions sched-
uled according to scheduling schemes that do not require
control information for every subframe of the transmis-
sions.
[0027] As illustrated, the macro node 12 applies ABSs
to the downlink (step 100). The ABSs are arranged in the
downlink according to a desired ABS pattern. The ABS
pattern may be a predefined or predetermined ABS pat-
tern. Alternatively, the macro node 12 may adjust the
ABS pattern as discussed below. In addition, the macro
node 12 identifies one or more UEs for which transmis-
sions are to be scheduled using a scheduling scheme
that does not require control information for every sub-
frame (step 102). Note that the ordering of steps 100 and
102 may be reversed. The scheduling scheme is TTI bun-
dling. For TTI bundling, a single transmission grant to a
UE is a grant for the entire TTI bundle, which for LTE is
four consecutive TTIs, which is equivalent to four con-
secutive subframes. Thus, as discussed above, TTI bun-
dling is used to schedule a TTI bundle that overlaps sub-
frames that correspond to ABSs in the downlink. In a
comparative example, the scheduling scheme is a semi-
persistent or persistent scheduling scheme where a sin-
gle transmission grant to a UE is a grant for transmissions
spanning one or more subframes at a defined periodicity.
Note that TTI bundling, and in a comparative example,
semi-persistent scheduling (SPS) and persistent sched-
uling (PS), are suitable scheduling schemes that can be
used for LTE. However, these types of scheduling
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schemes and potentially other suitable scheduling
schemes may be used if the HetNet 10 operates accord-
ing to another standard.
[0028] Lastly, the macro node 12 time-aligns schedul-
ing instants for the one or more UEs identified in step
102 with subframes that correspond to at least some of
the ABSs in the downlink from the macro node 12 (step
104). More specifically, for TTI bundling, the TTI bundles
for the UE(s) are time-aligned with the subframes in the
uplink/downlink that correspond to ABS(s) in the down-
link. Likewise, in a comparative example for SPS or PS,
the periodic scheduling instants for the UE(s) are time-
aligned with subframes in the uplink/downlink that corre-
spond to ABSs in the downlink from the macro node 12.
In one embodiment, time-alignment is performed by
scheduling the transmissions for the one or more UEs to
be time-aligned with ABSs in a predefined or predeter-
mined ABS pattern.
[0029] Figure 5 is a flow chart that illustrates the oper-
ation of the macro node 12 of Figure 1 to provide efficient
spectrum utilization for the uplink when applying ABSs
in the downlink according to the embodiment of the
present disclosure. In general, when using ABSs in the
downlink, the macro node 12 operates to fill at least some
of the corresponding subframes in the uplink that would
normally contain no transmissions due to the lack of con-
trol information in the ABSs with transmissions (i.e.,
scheduling instants) scheduled according to scheduling
schemes that do not require control information for every
subframe of the transmissions.
[0030] As illustrated, the macro node 12 applies ABSs
to the downlink (step 200). The ABSs are arranged in the
downlink according to a desired ABS pattern. The ABS
pattern may be a predefined or predetermined ABS pat-
tern. Alternatively, the macro node 12 may adjust the
ABS pattern as discussed below. In addition, the macro
node 12 identifies one or more UEs for which uplink trans-
missions are to be scheduled using a scheduling scheme
that does not require control information for every sub-
frame (step 202). In other words, the scheduling scheme
is any type of scheduling scheme that does not require
that all subframes of the downlink include control infor-
mation to schedule transmissions for corresponding sub-
frames in the uplink. Note that the ordering of steps 200
and 202 may be reversed.
[0031] More specifically, in the embodiment, the
scheduling scheme is TTI bundling. For TTI bundling, a
single transmission grant to a UE is a grant for the entire
TTI bundle, which for LTE is four consecutive TTIs (i.e.,
four consecutive subframes). Thus, TTI bundling is used
to schedule a TTI bundle in the uplink that overlaps sub-
frames that correspond to ABSs in the downlink. In a
comparative example, the scheduling scheme is a semi-
persistent or persistent scheduling scheme where a sin-
gle transmission grant to a UE for the uplink is a grant
for transmissions spanning one or more subframes in the
uplink at a defined periodicity. Note that TTI bundling,
and, in a comparative example, SPS and PS, are suitable

scheduling schemes that can be used for LTE. However,
these types of scheduling schemes and potentially other
suitable scheduling schemes may be used if the HetNet
10 operates according to another standard.
[0032] Lastly, the macro node 12 time-aligns schedul-
ing instants in the uplink for the one or more UEs identified
in step 102 with subframes in the uplink that correspond
to at least some of the ABSs in the downlink from the
macro node 12 (step 204). The subframes in the uplink
that correspond to the ABSs in the downlink are sub-
frames in the uplink that occur in the uplink a predefined
amount of time after the corresponding ABSs in the down-
link. For LTE, the corresponding subframes in the uplink
are subframes that occur in the uplink four TTIs, or four
subframes, after the ABSs in the downlink. More specif-
ically, for TTI bundling, the TTI bundles for the UE(s) in
the uplink are time-aligned with the subframes in the up-
link that correspond to ABS(s) in the downlink. Note that
when using TTI bundling, the macro node 12 may identify
the UEs that are to use TTI bundling and then schedule
transmissions (i.e., scheduling instants) for those UEs
using a desired weighting or prioritization scheme. The
weighting or prioritization scheme may consider, for ex-
ample, the type of data to be transmitted. For SPS or PS
in a comparative example, the periodic scheduling in-
stants for the UE(s) are time-aligned with subframes in
the uplink that correspond to ABSs in the downlink from
the macro node 12. In one embodiment, the ABS pattern
is predetermined, and time-alignment is performed by
aligning the scheduling instants with subframes in the
uplink that correspond to at least some of the ABSs in
the predetermined ABS pattern. In another embodiment,
the ABS pattern is adjustable, and time-alignment is per-
formed by adjusting the ABS pattern to achieve time-
alignment of the scheduling instants with subframes in
the uplink that correspond to at least some of the ABSs
in the downlink.
[0033] Figure 6 graphically illustrates time alignment
of TTI bundles for one or more UEs and subframes in
the uplink to the macro node 12 that correspond to ABSs
in the downlink from the macro node 12 according to the
embodiment of the process of Figure 5. As illustrated,
the downlink (DL) from the macro node 12 includes a
series of subframes including a first subframe that in-
cludes a normal transmission along with control informa-
tion (e.g., DCI) that schedules a TTI bundle in the uplink
(UL). The first subframe in the downlink is followed by
three ABSs. Specifically, subframe 0 of the downlink is
a normal transmission that includes the control informa-
tion that schedules the TTI bundle in the uplink. Sub-
frames 1, 2, and 3 of the downlink are ABSs. As a result
of the control information, a TTI bundle (i.e., for LTE, four
consecutive subframes transmitting the same data) is
transmitted in the uplink starting at subframe 4 and con-
tinuing through subframe 7 of the uplink.
[0034] Normally, the ABSs in subframes 1, 2, and 3 of
the downlink would result in no transmissions being
scheduled for subframes 5, 6, and 7 of the uplink. How-
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ever, by scheduling the TTI bundle appropriately, the TTI
bundle overlaps subframes 5, 6, and 7 of the uplink. In
other words, by scheduling the TTI bundle appropriately,
subframes in the uplink that would have been unused as
a result of the ABSs in the downlink are now used for
transmission of the TTI bundle. In this manner, the macro
node 12 provides efficient spectrum utilization in the up-
link to the macro node 12 when using ABSs in the down-
link from the macro node 12.
[0035] Figure 7 graphically illustrates time alignment
of semi-persistent or persistent scheduling instants of
one or more UEs and subframes in the uplink to the macro
node 12 that correspond to ABSs in the downlink from
the macro node 12 according to a comparative example
of the process of Figure 5. As illustrated, the downlink
(DL) from the macro node 12 includes a series of ABSs.
Specifically, subframes 0, 1, and 2 of the downlink are
ABSs. Normally, the ABSs in subframes 0, 1, and 2 of
the downlink would result in no transmissions being
scheduled for subframes 4, 5, and 6 of the uplink (UL).
However, semi-persistent or persistent transmissions
scheduled according to a semi-persistent or persistent
scheduling scheme are time-aligned with subframes 4,
5, and 6 of the uplink. In other words, using transmission
instants of UEs scheduled using semi-persistent or per-
sistent scheduling, subframes in the uplink that would
have been unused as a result of the ABSs in the downlink
are now used for the transmission instants of the UEs.
In this manner, the macro node 12 provides efficient
spectrum utilization in the uplink to the macro node 12
when using ABSs in the downlink from the macro node
12.
[0036] Figure 8 is a flow chart that illustrates the oper-
ation of the macro node 12 of Figure 1 to provide efficient
spectrum utilization for the downlink when applying ABSs
in the downlink according to a comparative example of
the present disclosure. As discussed above, the ABSs
do not include control information. In addition, for this
comparative example, the ABSs preferably do not in-
clude data. In general, when using ABSs in the downlink,
the macro node 12 operates to fill at least some of the
ABSs in the downlink with data transmissions (i.e.,
scheduling instants) scheduled according to scheduling
schemes that do not require control information for every
subframe of the transmissions.
[0037] As illustrated, the macro node 12 applies ABSs
to the downlink (step 300). The ABSs are arranged in the
downlink according to a desired ABS pattern. Again, the
ABS pattern may be a predefined or predetermined ABS
pattern. Alternatively, the macro node 12 may adjust the
ABS pattern as discussed below. In addition, the macro
node 12 identifies one or more UEs that are determined
to be non-interfering with any neighboring LPNs such as
the LPN 14 (step 302). For instance, the UEs that are
determined to be non-interfering may be UEs that are
located near the macro node 12 as determined by, for
example, received strength of signal (e.g., have a re-
ceived strength of signal for the downlink from the macro

node 12 that is greater than a predefined threshold). As
another example, the UEs that are determined to be non-
interfering may be UEs that are located far from the LPN
14 as determined by, for example, received strength of
signal (e.g., have a received strength of signal for the
downlink from the LPN 14 that is less than a predefined
threshold).
[0038] From among the non-interfering UEs identified
in step 302, the macro node 12 identifies one or more
UEs for which downlink transmissions are to be sched-
uled using a scheduling scheme that does not require
control information for every subframe (step 304). In a
comparative example, the scheduling scheme is SPS,
PS, or a similar scheduling scheme. Note that LTE does
not currently provide TTI bundling for the downlink. How-
ever, if the HetNet 10 were to operate according to a
standard that did provide TTI bundling in the downlink,
then the scheduling scheme may also be TTI bundling.
Note that the ordering of steps 300, 302, and 304 may
be altered (e.g., steps 302 and 304 may be performed
before step 300).
[0039] Next, the macro node 12 time-aligns scheduling
instants for the one or more UEs identified in step 304
with at least some of the ABSs in the downlink from the
macro node 12 (step 306). More specifically, in a com-
parative example for SPS or PS, the periodic scheduling
instants for the UE(s) are time-aligned with at least some
of the ABSs in the downlink from the macro node 12.
Lastly, the macro node 12 reduces a transmit power level
for downlink transmission during transmission of the
scheduling instants of the UEs that are time-aligned with
the ABSs in the downlink (step 308). Notably, when re-
ducing the transmission power, the macro node 12 pref-
erably notifies the UEs of the reduced transmission pow-
er. This notification may be provided via, for example,
Radio Resource Control (RRC) signaling. As another ex-
ample, the UEs may have predefined transmit modes
that operate at different power levels, where the macro
node 12 may notify the UEs of the transmission power
level via UE-specific reference signals.
[0040] Figure 9 graphically illustrates a comparative
example of time alignment of semi-persistent or persist-
ent scheduling instants of one or more UEs and ABSs in
the downlink from the macro node 12 according to a com-
parative example of the process of Figure 8. As illustrat-
ed, the downlink (DL) from the macro node 12 includes
ABSs. Specifically, in this example, subframes 0 and 4
of the downlink are ABSs, which normally do not contain
data and do not include control information. However,
semi-persistent or persistent transmissions scheduled
according to a semi-persistent or persistent scheduling
scheme are time-aligned with subframes 3 through 6 of
the downlink such that data is transmitted during the ABS
of subframe 4. In other words, using transmission in-
stants of UEs scheduled using semi-persistent or per-
sistent scheduling, subframe 4 in the downlink that would
have been unused as a result of being an ABS is now
used for the transmission instants of the UEs. In this man-
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ner, the macro node 12 provides efficient spectrum utili-
zation in the downlink from the macro node 12 when using
ABSs in the downlink from the macro node 12.
[0041] Figure 10 illustrates a HetNet 26 according to
the embodiment of the present disclosure. In this embod-
iment, the HetNet 26 includes a macro node 28 that
serves a corresponding macro cell 30 and a Closed Sub-
scriber Group (CSG) femto node 32 (hereinafter femto
node 32) that serves subscribers in a corresponding CSG
femto cell 34 (hereinafter femto cell 34). In the illustrated
example, a UE 36 is a subscriber of the femto node 32
and, as such, the UE 36 is served by the femto node 32.
However, UE 38 is not a subscriber of the femto node 32
and, as such, the UE 38 is served by the macro node 28.
Therefore, the macro node 28 operates to serve UEs in
the femto cell 34 that are not subscribers of the femto
node 32 as well as UEs, such as the UE 40, that are
otherwise located in the macro cell 30. Preferably, trans-
missions to and from the macro node 28 are synchro-
nized with transmissions to and from the femto node 32.
[0042] In this embodiment, the femto node 32 applies
ABSs in the downlink from the femto node 32 to the sub-
scribers of the femto node 32 located in the femto cell
34. In one embodiment, the femto node 32 uses the proc-
ess described above with respect to Figures 4 through 6
to time-align scheduling instants scheduled according to
a scheduling scheme that does not require control infor-
mation for each subframe and subframes in the uplink to
the femto node 32 that correspond to ABSs in the down-
link from the femto node 32. As discussed above, the
scheduling scheme is TTI bundling, or in a comparative
example, SPS and PS, or the like. As such, subframes
in the uplink to the femto node 32 for which no transmis-
sions would have been scheduled as a result of the ABSs
in the downlink from the femto node 32 are used, thereby
improving the spectral efficiency of the femto node 32.
In addition or alternatively, the femto node 32 may use
the process described above with respect to Figures 8
and 9 to time-align scheduling instants for the downlink
scheduled according to a scheduling scheme that does
not require control information for each subframe and at
least some of the ABSs in the downlink from the femto
node 32. As discussed above, the scheduling scheme is
TTI bundling, or in a comparative example, SPS and PS,
or the like. As such, at least some of the ABSs in the
downlink that would have otherwise included no data are
used, thereby improving the spectral efficiency of the
femto node 32.
[0043] Figure 11 illustrates a HetNet 42 according to
the embodiment of the present disclosure. In this embod-
iment, the HetNet 42 includes a macro node 44 that
serves a corresponding macro cell 46, a CSG femto node
48 (hereinafter femto node 48) that serves subscribers
in a corresponding CSG femto cell 50 (hereinafter femto
cell 50), and a pico node 52 that serves a corresponding
pico cell 54 and expansion region 56. In the illustrated
example, a UE 58 is a subscriber of the femto node 48
and, as such, the UE 58 is served by the femto node 48.

However, UE 60 is not a subscriber of the femto node 48
and, as such, the UE 60 is served by the macro node 44.
UE 62 is located in the pico cell 54 and is therefore served
by the pico node 52. The macro node 44 operates to
serve UEs in the femto cell 50 that are not subscribers
of the femto node 48 as well as UEs, such as UE 64, that
are otherwise located in the macro cell 46 but outside of
the pico cell 54 and the expansion region 56 of the pico
node 52. Preferably, transmissions to and from the macro
node 44 are synchronized with transmissions to and from
the femto node 48 and transmissions to and from the
pico node 52.
[0044] In this embodiment, the femto node 48 applies
ABSs in the downlink from the femto node 48 to the sub-
scribers of the femto node 48 located in the femto cell
50. In one embodiment, the femto node 48 uses the proc-
ess described above with respect to Figures 4 through 6
to time-align scheduling instants scheduled according to
a scheduling scheme that does not require control infor-
mation for each subframe and subframes in the uplink to
the femto node 48 that correspond to ABSs in the down-
link from the femto node 48. As discussed above, the
scheduling scheme is TTI bundling, or in a comparative
example SPS and PS, or the like. As such, subframes in
the uplink to the femto node 48 for which no transmissions
would have been scheduled as a result of the ABSs in
the downlink from the femto node 48 are used, thereby
improving the spectral efficiency of the femto node 48.
In addition or alternatively, the femto node 48 may use
the process described above with respect to Figures 8
and 9 to time-align scheduling instants for the downlink
scheduled according to a scheduling scheme that does
not require control information for each subframe and at
least some of the ABSs in the downlink from the femto
node 48. As discussed above, the scheduling scheme is
TTI bundling, or in a comparative example SPS and PS,
or the like. As such, at least some of the ABSs in the
downlink that would have otherwise included no data are
used, thereby improving the spectral efficiency of the
femto node 48.
[0045] Figure 12 illustrates a HetNet that provides up-
link interference cancellation according to the embodi-
ment of the present disclosure. As illustrated, the HetNet
includes a macro node serving a corresponding macro
cell, a LPN serving a LPN cell, and UEs, namely, UE1
and UE2. The macro node sends PDCCH information to
UE2 to schedule a transmission for UE2 in the uplink to
the macro node (step 400). Preferably, the PDCCH
schedules a TTI bundle for UE2 in the uplink to the macro
node. However, other types of scheduling such as, in a
comparative example, SPS or PS may be used. In addi-
tion, the macro node sends the PDCCH information for
UE2 to the LPN via an inter-node communication inter-
face (e.g., an X2 interface or other backhaul network in-
terface) (step 402). Thereafter, UE2 sends a transmis-
sion using the scheduled resources of the uplink to the
macro node (step 404). Again, preferably, the transmis-
sion is a TTI bundle using the scheduled resources of

13 14 



EP 2 786 630 B1

10

5

10

15

20

25

30

35

40

45

50

55

the uplink to the macro node. At that same time, UE1
transmits data to the LPN using the same resources of
the uplink to the LPN (step 406).
[0046] In order to cancel interference for the transmis-
sion from UE1 to the LPN, the LPN stores the uplink
transmission from UE1 (step 408). In addition, the LPN
receives the transmission from UE2 in the uplink to the
macro node and processes the transmission to train one
or more parameters for interference cancellation for can-
celing the interference caused in the uplink transmission
from UE1 (step 410). More specifically, the transmission
from UE2 is a TTI bundle. The TTI bundle includes four
transmissions of the same data, but the four transmis-
sions are coded differently (i.e., Incremental Redundan-
cy, in order to obtain coding gains). If the LPN is able to
decode the first transmission of the TTI bundle correctly,
the LPN can then train the parameters for the interference
cancellation using the remaining transmissions in the TTI
bundle, which use the same physical resource blocks but
using different known coding. Note, however, this same
process may be used even if the LPN needs the first two
or even three of the transmissions to successfully decode
the data, where the remaining transmissions after the
successful decode are used to train the parameters for
interference cancellation. A similar process may be used
to train the interference cancellation using SPS or PS
according to comparative example. Lastly, the LPN per-
forms interference cancellation for the stored uplink
transmission from UE1 using the parameters determined
in step 410 (step 412). In this manner, interference can-
cellation is performed to remove, or at least substantially
remove, the interference in the uplink transmission from
UE1 to the LPN caused by the uplink transmission from
UE2 to the macro node.
[0047] Figure 13 illustrates a HetNet that provides
downlink interference cancellation according to the em-
bodiment of the present disclosure. As illustrated, the
HetNet includes a macro node serving a corresponding
macro cell, a LPN serving a LPN cell, and UEs, namely,
UE1 and UE2. The macro node sends PDCCH informa-
tion to UE2 to a repetitive downlink transmission (e.g., a
TTI bundle or an ARQ retransmission) for UE2 in the
downlink to the macro node (step 500). In addition, the
macro node sends the PDCCH information for UE2 to
the LPN via an inter-node communication interface (e.g.,
an X2 interface or other backhaul network interface) (step
502). The LPN then sends the PDCCH information for
UE2 to UE1 via, for example, RRC signaling (step 504).
Thereafter, the macro node transmits to UE1 using the
scheduled resources of the downlink from the macro
node (step 506). At that same time, the LPN transmits
data to UE1 using the same resources of the downlink
from the LPN (step 508).
[0048] In order to cancel interference for the downlink
transmission from the LPN to UE1, UE1 stores the down-
link transmission from the LPN (step 510). In addition,
UE1 receives the downlink transmission from the macro
node to UE2 using the PDCCH information received from

the LPN and processes the downlink transmission to train
one or more parameters for interference cancellation
(step 512). Here, the interference cancellation is to can-
cel interference in the downlink transmission to UE1 re-
sulting from the downlink transmission to UE2. Lastly,
UE1 performs interference cancellation for the stored
downlink transmission from the LPN using the parame-
ters determined in step 512 (step 514). In this manner,
interference cancellation is performed to remove, or at
least substantially remove, the interference in the down-
link transmission from the LPN to UE1 caused by the
downlink transmission from the macro node to UE2.
[0049] Figure 14 is a block diagram of a macro node
66 according to one embodiment of the present disclo-
sure. The macro node 66 may be the macro node 12 of
Figure 1, the macro node 28 of Figure 10, or the macro
node 44 of Figure 11. The macro node 66 includes a
transceiver subsystem 68, an inter-node communication
interface 70, and a processing subsystem 72. The trans-
ceiver subsystem 68 generally includes analog and, in
some embodiments, digital components for sending and
receiving communications to and from UEs within the
macro cell of the macro node 66. The inter-node com-
munication interface 70 generally includes analog and,
in some embodiments, digital components for sending
and receiving communications to and from other nodes
(i.e., other macro nodes and, in some embodiments,
neighboring pico nodes and/or neighboring femto
nodes). From a communications protocol view, the trans-
ceiver subsystem 68 and the inter-node communication
interface 70 implement at least part of Layer 1 (i.e., the
Physical or "PHY" Layer). The processing subsystem 72
generally implements any remaining portion of Layer 1
as well as functions for higher layers in the wireless com-
munications protocol (e.g., Layer 2 (data link layer), Layer
3 (network layer), etc.). Of course, the detailed operation
for each of the functional protocol layers, and thus the
transceiver subsystem 68, the inter-node communication
interface 70, and the processing subsystem 72, will vary
depending on both the particular implementation as well
as the standard or standards supported by the macro
node 66. In some embodiments, the processing subsys-
tem 72 generally operates to time-align scheduling in-
stants with subframes in the uplink that correspond to
ABSs in the downlink and/or time-align scheduling in-
stants in the downlink with ABSs in the downlink, as de-
scribed above.
[0050] Those skilled in the art will appreciate that the
block diagram of the macro node 66 necessarily omits
numerous features that are not necessary to a complete
understanding of this disclosure. For instance, although
all of the details of the processing subsystem 72 are not
illustrated, those skilled in the art will recognize that the
processing subsystem 72 comprises one or several gen-
eral-purpose or special-purpose microprocessors or oth-
er microcontrollers programmed with suitable software
and/or firmware to carry out some or all of the functionality
of the macro node 66 described herein. In addition or
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alternatively, the processing subsystem 72 may com-
prise various digital hardware blocks (e.g., one or more
Application Specific Integrated Circuits (ASICs), one or
more off-the-shelf digital and analog hardware compo-
nents, or a combination thereof) configured to carry out
some or all of the functionality of the macro node 66 de-
scribed herein.
[0051] Figure 15 is a block diagram of a femto node
74 according to one embodiment of the present disclo-
sure. The femto node 74 may be the femto node 32 of
Figure 10 or the femto node 48 of Figure 11. The femto
node 74 includes a transceiver subsystem 76, an inter-
node communication interface 78, and a processing sub-
system 80. The transceiver subsystem 76 generally in-
cludes analog and, in some embodiments, digital com-
ponents for sending and receiving communications to
and from subscribers within the femto cell of the femto
node 74. The inter-node communication interface 78
generally includes analog and, in some embodiments,
digital components for sending and receiving communi-
cations to and from other nodes (i.e., macro nodes and,
in some embodiments, neighboring pico nodes and/or
neighboring femto nodes). From a communications pro-
tocol view, the transceiver subsystem 76 and the inter-
node communication interface 78 implement at least part
of Layer 1 (i.e., the Physical or "PHY" Layer). The
processing subsystem 80 generally implements any re-
maining portion of Layer 1 as well as functions for higher
layers in the wireless communications protocol (e.g., Lay-
er 2 (data link layer), Layer 3 (network layer), etc.). Of
course, the detailed operation for each of the functional
protocol layers, and thus the transceiver subsystem 76,
the inter-node communication interface 78, and the
processing subsystem 80, will vary depending on both
the particular implementation as well as the standard or
standards supported by the femto node 74. In some em-
bodiments, the processing subsystem 80 generally op-
erates to time-align scheduling instants with subframes
in the uplink that correspond to ABSs in the downlink
and/or time-align scheduling instants in the downlink with
ABSs in the downlink, as described above.
[0052] Those skilled in the art will appreciate that the
block diagram of the femto node 74 necessarily omits
numerous features that are not necessary to a complete
understanding of this disclosure. For instance, although
all of the details of the processing subsystem 80 are not
illustrated, those skilled in the art will recognize that the
processing subsystem 80 comprises one or several gen-
eral-purpose or special-purpose microprocessors or oth-
er microcontrollers programmed with suitable software
and/or firmware to carry out some or all of the functionality
of the femto node 74 described herein. In addition or al-
ternatively, the processing subsystem 80 may comprise
various digital hardware blocks (e.g., one or more ASICs,
one or more off-the-shelf digital and analog hardware
components, or a combination thereof) configured to car-
ry out some or all of the functionality of the femto node
74 described herein.

[0053] Figure 16 is a block diagram of a UE 82 accord-
ing to one embodiment of the present disclosure. The
UE 82 may be any one of the UEs of Figures 1, 10, and
11. The UE 82 includes a transceiver subsystem 84 and
a processing subsystem 86. The transceiver subsystem
84 generally includes analog and, in some embodiments,
digital components for sending and receiving communi-
cations to and from a macro node, a femto node, or a
pico node. From a communications protocol view, the
transceiver subsystem 84 implements at least part of
Layer 1 (i.e., the Physical or "PHY" Layer). The process-
ing subsystem 86 generally implements any remaining
portion of Layer 1 as well as functions for higher layers
in the wireless communications protocol (e.g., Layer 2
(data link layer), Layer 3 (network layer), etc.). Of course,
the detailed operation for each of the functional protocol
layers, and thus the transceiver subsystem 84 and the
processing subsystem 86, will vary depending on both
the particular implementation as well as the standard or
standards supported by the UE 82.
[0054] Those skilled in the art will appreciate that the
block diagram of the UE 82 necessarily omits numerous
features that are not necessary to a complete under-
standing of this disclosure. For instance, although all of
the details of the processing subsystem 86 are not illus-
trated, those skilled in the art will recognize that the
processing subsystem 86 comprises one or several gen-
eral-purpose or special-purpose microprocessors or oth-
er microcontrollers programmed with suitable software
and/or firmware to carry out some or all of the functionality
of the UE 82 described herein. In addition or alternatively,
the processing subsystem 80 may comprise various dig-
ital hardware blocks (e.g., one or more ASICs, one or
more off-the-shelf digital and analog hardware compo-
nents, or a combination thereof) configured to carry out
some or all of the functionality of the UE 82 described
herein.
[0055] The following acronyms are used throughout
this disclosure.

• ABS Almost Blank Subframe
• ARQ Automatic Repeat Request
• ASIC Application Specific Integrated Circuit
• BS Base Station
• CRS Common, or Cell-Specific, Reference Sig-

nal
• CSG Closed Subscriber Group
• dBm Decibel-Milliwatt
• DCI Downlink Control Information
• DL Downlink
• HetNet Heterogeneous Network
• LP Low Power
• LPN Low Power Node
• LTE Long Term Evolution
• PCFICH Physical Control Format Indicator Channel
• PDCCH Physical Downlink Control Channel
• PDSCH Physical Downlink Shared Channel
• PHICH Physical Hybrid-ARQ Indicator Channel
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• PS Persistent Scheduling
• QoS Quality-of-Service
• RE Range Extension
• RRC Radio Resource Control
• RSRP Reference Signal Received Power
• RSS Received Signal Strength
• SPS Semi-Persistent Scheduling
• TTI Transmit Time Interval
• UE User Equipment Device
• UL Uplink

Claims

1. A method of operation of a macro node (12, 32, 48,
66, 74) in a cellular communication network (10, 26,
42), comprising:

applying (100, 200, 300) almost blank sub-
frames, ABSs, in a downlink, DL, from the macro
node (12, 32, 48, 66, 74); and
identifying (102, 202, 302) one or more user
equipment, UE, devices (22, 36, 58, 82) for
which transmissions are to be scheduled in an
uplink, UL, to the macro node using a scheduling
scheme that does not require control information
for every subframe, wherein the scheduling
scheme is transmit time interval, TTI, bundling;
and
time-aligning (104, 204, 306) a TTI bundle of the
one or more UE devices (22, 36, 58, 82) for the
UL with subframes in the UL that occur 4 TTIs
after the ABSs in the DL, wherein:

- the DL from the macro node (12) includes
a series of subframes 0 to 3 including the
subframe 0 that includes a normal transmis-
sion along with control information that
schedules the TTI bundle in the uplink UL,
- the subframe 0 in the DL is followed by the
three subframes 1, 2 and 3 being ABSs,
wherein the ABSs in the DL do not contain
control information for the subframes in the
UL occurring 4 TTIs after the ABSs in the
DL, and
- the TTI bundle having four consecutive
subframes transmitting the same data is
transmitted in the UL starting at subframe 4
and continuing through subframe 7 of the
UL.

2. A macro node (12, 32, 48, 66, 74) in a cellular com-
munication network (10, 26, 42), comprising:

a transceiver subsystem (68, 76) adapted to pro-
vide a downlink, DL, and an uplink, UL, to user
equipment, UE, devices (22, 36, 58, 82) served
by the macro node (12, 32, 48, 66, 74); and

a processing subsystem (72, 80) associated
with the transceiver subsystem (68, 76) and
adapted to:

apply (100, 200, 300) almost blank sub-
frames, ABSs, in the DL from the macro
node (12, 32, 48, 66, 74);
identify (102, 202, 302) one or more UE de-
vices (22, 36, 58, 82) for which transmis-
sions are to be scheduled in an UL to the
macro node using a scheduling scheme that
does not require control information for eve-
ry subframe, wherein the scheduling
scheme is transmit time interval, TTI, bun-
dling; and
time-align (104, 204, 306) a TTI bundle of
the one or more UE devices (22, 36, 58, 82)
in the UL with subframes in the UL that occur
4 TTIs after the ABSs in the DL, wherein:

- the DL from the macro node (12) in-
cludes a series of subframes 0 to 3 in-
cluding the subframe 0 that includes a
normal transmission along with control
information that schedules the TTI bun-
dle in the uplink UL,
- the subframe 0 in the DL is followed
by the three subframes 1, 2 and 3 being
ABSs, wherein the ABSs in the DL do
not contain control information for the
subframes in the UL occurring 4 TTIs
after the ABSs in the DL, and
- the TTI bundle having four consecu-
tive subframes transmitting the same
data is transmitted in the UL starting at
subframe 4 and continuing through
subframe 7 of the UL.

3. A computer-readable medium (72) comprising code
portions which, when executed on a processor, con-
figure the processor to perform all steps of a method
according to claim 1.

Patentansprüche

1. Verfahren für einen Betrieb eines Makroknotens (12,
32, 48, 66, 74) in einem Zellkommunikationsnetz-
werk (10, 26, 42), umfassend:

Anwenden (100, 200, 300) von nahezu leeren
Subframes, ABSs, in einem Downlink, DL, von
dem Makroknoten (12, 32, 48, 66, 74); und
Identifizieren (102, 202, 302) einer oder mehr
Anwenderausrüstungs-, UE, Vorrichtungen (22,
36, 58, 82), für die Übertragungen in einem
Uplink, UL, zu dem Makroknoten unter Verwen-
dung eines Planungsschemas einzuplanen
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sind, das keine Steuerungsinformationen für je-
des Subframe benötigt, wobei das Planungs-
schema Übertragungszeitintervall-, TTI, Bünde-
lung ist; und
Zeitausrichten (104, 204, 306) eines TTI-Bün-
dels der einen oder mehr UE-Vorrichtungen (22,
36, 58, 82) für den UL mit Subframes in dem UL,
die 4 TTIs nach den ABSs in dem DL auftreten,
wobei:

- der DL von dem Makroknoten (12) eine
Reihe von Subframes 0 bis 3 beinhaltet, die
das Subframe 0 beinhaltet, das eine norma-
le Übertragung beinhaltet, gemeinsam mit
Steuerungsinformationen, die das TTI-Bün-
del in dem Uplink UL einplanen,
- das Subframe 0 in dem DL von den drei
Subframes 1, 2 und 3 gefolgt wird, die ABSs
sind, wobei die ABSs in dem DL keine Steu-
erungsinformationen für die Subframes in
dem UL enthalten, der 4 TTIs nach den
ABSs in dem DL auftritt, und
- das TTI-Bündel, das vier aufeinanderfol-
gende Subframes aufweist, die dieselben
Daten übertragen, in dem UL übertragen
wird, der bei Subframe 4 startet und sich bis
Subframe 7 des UL fortsetzt.

2. Makroknoten (12, 32, 48, 66, 74) in einem Zellkom-
munikationsnetzwerk (10, 26, 42), umfassend:

ein Sendeempfängersubsystem (68, 76), das
angepasst ist einen Downlink, DL, und einen
Uplink, UL, an Anwenderausrüstungs-, UE, Vor-
richtungen (22, 36, 58, 82) bereitzustellen, die
von dem Makroknoten (12, 32, 48, 66, 74) be-
dient werden; und
ein Verarbeitungssubsystem (72, 80), das dem
Sendeempfängersubsystem (68, 76) zugehörig
ist und angepasst ist zum:

Anwenden (100, 200, 300) von nahezu lee-
ren Subframes, ABSs, in dem DL vom Ma-
kroknoten (12, 32, 48, 66, 74);
Identifizieren (102, 202, 302) einer oder
mehr UE-Vorrichtungen (22, 36, 58, 82), für
die Übertragungen in einem UL zu dem Ma-
kroknoten unter Verwendung eines Pla-
nungsschemas einzuplanen sind, das kei-
ne Steuerungsinformationen für jedes Sub-
frame benötigt, wobei das Planungssche-
ma Übertragungszeitintervall-, TTI, Bünde-
lung ist; und
Zeitausrichten (104, 204, 306) eines TTI-
Bündels der einen oder mehr UE-Vorrich-
tungen (22, 36, 58, 82) in dem UL mit Sub-
frames in dem UL, die 4 TTIs nach den
ABSs in dem DL auftreten, wobei:

- der DL von dem Makroknoten (12) ei-
ne Reihe von Subframes 0 bis 3 bein-
haltet, die das Subframe 0 beinhaltet,
das eine normale Übertragung beinhal-
tet, gemeinsam mit Steuerungsinfor-
mationen, die das TTI-Bündel in dem
Uplink UL einplanen,
- das Subframe 0 in dem DL von den
drei Subframes 1, 2 und 3 gefolgt wird,
die ABSs sind, wobei die ABSs in dem
DL keine Steuerungsinformationen für
die Subframes in dem UL enthalten, der
4 TTIs nach den ABSs in dem DL auf-
tritt, und
- das TTI-Bündel, das vier aufeinander-
folgende Subframes aufweist, die die-
selben Daten übertragen, in dem UL
übertragen wird, der bei Subframe 4
startet und sich bis Subframe 7 des UL
fortsetzt.

3. Computerlesbares Medium (72), das Codeabschnit-
te umfasst, die, wenn auf einem Prozessor ausge-
führt, den Prozessor konfigurieren, alle Schritte ei-
nes Verfahrens nach Anspruch 1 durchzuführen.

Revendications

1. Procédé de fonctionnement d’un macro nœud (12,
32, 48, 66, 74) dans un réseau de communication
cellulaire (10, 26, 42), comprenant :

l’application (100, 200, 300) de sous-trames
presque vides, ABS, dans une liaison descen-
dante, DL, depuis le macro nœud (12, 32, 48,
66, 74) ; et
l’identification (102, 202, 302) d’un ou plusieurs
dispositifs d’équipement d’utilisateur, UE, (22,
36, 58, 82) pour lesquels des transmissions doi-
vent être programmées dans une liaison mon-
tante, UL, à destination du macro nœud en uti-
lisant un schéma de programmation qui ne né-
cessite pas d’informations de commande pour
chaque sous-trame, dans lequel le schéma de
programmation est un regroupement d’interval-
les de temps de transmission, TTI ; et
l’alignement dans le temps (104, 204, 306) d’un
groupe de TTI des un ou plusieurs dispositifs
UE (22, 36, 58, 82) pour l’UL avec des sous-
trames dans l’UL qui surviennent 4 TTI après
les ABS dans la DL, dans lequel :

- la DL depuis le macro nœud (12) inclut
une série de sous-trames 0 à 3 incluant la
sous-trame 0 qui inclut une transmission
normale avec des informations de comman-
de qui programment le groupe de TTI dans
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la liaison montante, UL,
- la sous-trame 0 dans la DL est suivie des
trois sous-trames 1, 2 et 3 qui sont des ABS,
dans lequel les ABS dans la DL ne contien-
nent pas d’informations de commande pour
les sous-trames dans l’UL survenant 4 TTI
après les ABS dans la DL, et
- le groupe de TTI ayant quatre sous-trames
consécutives transmettant les mêmes don-
nées est transmis dans l’UL en commen-
çant à une sous-trame 4 et en continuant
jusqu’à une sous-trame 7 de l’UL.

2. Macro nœud (12, 32, 48, 66, 74) dans un réseau de
communication cellulaire (10, 26, 42), comprenant :

un sous-système émetteur-récepteur (68, 76)
apte à la fourniture d’une liaison descendante,
DL, et d’une liaison montante, UL, à des dispo-
sitifs d’équipement d’utilisateur, UE, (22, 36, 58,
82) desservis par le macro nœud (12, 32, 48,
66, 74) ; et
un sous-système de traitement (72, 80) associé
au sous-système émetteur-récepteur (68, 76) et
apte à :

l’application (100, 200, 300) de sous-trames
presque vides, ABS, dans la DL depuis le
macro nœud (12, 32, 48, 66, 74) ;
l’identification (102, 202, 302) d’un ou plu-
sieurs dispositifs UE (22, 36, 58, 82) pour
lesquels des transmissions doivent être
programmées dans une UL à destination du
macro nœud en utilisant un schéma de pro-
grammation qui ne nécessite pas d’informa-
tions de commande pour chaque sous-tra-
me, dans lequel le schéma de programma-
tion est un regroupement d’intervalles de
temps de transmission, TTI ; et
l’alignement dans le temps (104, 204, 306)
d’un groupe de TTI des un ou plusieurs dis-
positifs UE (22, 36, 58, 82) pour l’UL avec
des sous-trames dans l’UL qui surviennent
4 TTI après les ABS dans la DL, dans
lequel :

- la DL depuis le macro nœud (12) inclut
une série de sous-trames 0 à 3 incluant
la sous-trame 0 qui inclut une transmis-
sion normale avec des informations de
commande qui programment le groupe
de TTI dans la liaison montante, UL,
- la sous-trame 0 dans la DL est suivie
des trois sous-trames 1, 2 et 3 qui sont
des ABS, dans lequel les ABS dans la
DL ne contiennent pas d’informations
de commande pour les sous-trames
dans l’UL survenant 4 TTI après les

ABS dans la DL, et
- le groupe de TTI ayant quatre sous-
trames consécutives transmettant les
mêmes données est transmis dans l’UL
en commençant à une sous-trame 4 et
en continuant jusqu’à une sous-trame
7 de l’UL.

3. Support lisible par ordinateur (72) comprenant des
portions de code qui, lorsqu’elles sont exécutées sur
un processeur, configurent le processeur pour effec-
tuer toutes les étapes d’un procédé selon la reven-
dication 1.
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