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(57) Abstract: A method is disclosed of a first network node of a cellular
communication network comprising at least the first and a second network
node. The first network node is adapted to transmit a first, desired, signal
over a first frequency region using a first radio access technology, and the
second network node is adapted to transmit a second, interfering, signal over
a second frequency region using a second radio access technology. The first
radio access technology is a single radio frequency carrier radio access tech-
nology. The first frequency region is partitioned into two or more sub-regions
and the second frequency region is one of the sub-regions of the first fre-
quency region. The method comprises determining that a wireless communic -
ation device residing in a cell served by the first network node is interfered by
the second signal during signal reception over the first frequency region, and
sending a first configuration message to the wireless communication device,
wherein the first configuration message is adapted to cause the wireless com-
munication device to report separate channel quality indicator values for each
of the two or more sub-regions. The method also comprises receiving a chan-
nel quality indicator report indicative of the separate channel quality indicator
values, and scheduling transmission of the first signal to the wireless commu-
nication device in one or more of the two or more sub-regions based on the
received channel quality indicator report. Corresponding computer program
product, arrangements and network node are also disclosed.
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SCHEDULING FOR HETEROGENEOUS NETWORKS

Technical Field
The present invention relates generally to the field of scheduling in wireless
communication networks. More particularly, it relates to scheduling suitable for

heterogencous networks.

Background

In a typical deployment of a cellular wireless communication network there
may be a large variation of required spatial distribution of service coverage and
capacity.

Mobility is a basic feature of cellular networks and basic coverage of service is
required (almost) everywhere, which is typically achieved by application of a layer of
macro cells supported by wide area coverage base station sites.

Suburban and urban areas may require high data throughput and/or
accommodation of a large number of users (particularly so in densely populated areas,
busy office arcas, malls, sports arenas and the like) while rural areas may not. One
deployment solution to handle this diversity situation is to introduce one or more layers
(not necessarily contiguous) of low power, small coverage cells underlying the macro
cell layer. The underlying cells are typically termed micro, pico, or femto cells and
create, together with the macro cells, a heterogeneous network (hetnet).

Figure 1 schematically illustrates a hetnet deployment with two wide area
coverage base station sites 131, 132 serving respective macro cells 141, 142, and two
small area coverage nodes 111, 112 serving respective pico cells 121, 122. The
coverage areas of base stations and pico nodes typically correspond to an output power
used by the respective transmitter. Figure 1 also illustrates two wireless communication
devices (hereinafter also referred to as devices) 101 and 102. The wireless
communication device 101 is in the coverage area 141 of the base station 131 and also
in the coverage area 121 of the pico node 111. Similarly, the wireless communication
device 102 is in the coverage arca 141 of the base station 131, in the coverage arca 142

of the base station 132 and also in the coverage area 122 of the pico node 112.
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If the device 101 is receiving a desired signal from the pico node 111, a signal
transmitted from the base station 131 and occupying at least part of the frequency region
used to transmit the desired signal may be interfering with the reception of the desired
signal. Likewise, if the device 101 is receiving a desired signal from the base station
131, a signal transmitted from the pico node 111 and occupying at least part of the
frequency region used to transmit the desired signal may be interfering with the
reception of the desired signal.

If the device 102 is receiving a desired signal from the pico node 112, a signal
transmitted from the base station 131 (and even more so a signal transmitted from the
base station 132) and occupying at least part of the frequency region used to transmit
the desired signal may be interfering with the reception of the desired signal. Likewise,
if the device 102 is receiving a desired signal from the base station 132, a signal
transmitted from the pico node 112 and occupying at least part of the frequency region
used to transmit the desired signal may be interfering with the reception of the desired
signal.

In a typical hetnet deployment the underlying cells may utilize all — or at least a
large part of — the available spectrum resources of the cellular communication system to
achieve the requirements (e.g. high peak data rate, high user capacity, etc.), while the
macro cells may need to use only a smaller part of the available spectrum resources (e.g.
based on frequency reuse) to accommodate its commitments (e.g. coverage, mobility)
since the underlying layers offload the macro cells.

Figure 2 schematically illustrates a few example frequency scenarios that may
arise in a hetnet deployment.

Part (a) of Figure 2 illustrates a first situation, where a device (e.g. device 101
of Figure 1) is receiving a desired signal 214 transmitted from a network node (e.g. pico
node 111 of Figure 1) using carrier frequency f; and a large signal bandwidth (e.g. 10
MHz) resulting in the frequency region 210. The device also experiences an interfering
signal 215 transmitted from another network node (e.g. macro node 131 of Figure 1)
using carrier frequency f; and a smaller signal bandwidth (e.g. 5 MHz) resulting in the

frequency region 212 which is a sub-region of the frequency region 210. No interfering
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signal is present in the frequency region 211 which is also a sub-region of the frequency
region 210.

Part (b) of Figure 2 illustrates a second situation, where a device (e.g. device
102 of Figure 1) is receiving a desired signal 224 transmitted from a network node (e.g.
pico node 112 of Figure 1) using carrier frequency f, and a large signal bandwidth (e.g.
10 MHz) resulting in the frequency region 220. The device also experiences an
interfering signal 225 transmitted from another network node (e.g. macro node 131 of
Figure 1) using carrier frequency f; and a smaller signal bandwidth (e.g. 5 MHz)
resulting in the frequency region 222 which is a sub-region of the frequency region 220,
and an interfering signal 226 transmitted from yet another network node (e.g. macro
node 132 of Figure 1) using carrier frequency f, and the smaller signal bandwidth (e.g. 5
MHz) resulting in the frequency region 221 which is also a sub-region of the frequency
region 220.

Part (c) of Figure 2 illustrates a third situation, where a device is receiving a
desired signal 234 transmitted from a network node using carrier frequency f, and a
large signal bandwidth (e.g. 15 MHz) resulting in the frequency region 230. The device
also experiences an interfering signal 235 transmitted from another network node using
carrier frequency f; and a smaller signal bandwidth (e.g. 5 MHz) resulting in the
frequency region 233 which is a sub-region of the frequency region 230, and an
interfering signal 236 transmitted from yet another network node using carrier
frequency f; and the smaller signal bandwidth (e.g. 5 MHz) resulting in the frequency
region 231 which is also a sub-region of the frequency region 230. No interfering signal
is present in the frequency region 232 which is also a sub-region of the frequency region
230.

Thus, due to the use of these multiple layers using more or less overlapping
parts of the spectrum and depending on the position of the device, the interference
scenario of a device may be very different in different frequency regions of reception.
For example, some devices only experience other cell interference in one frequency
region of the receiving spectrum (compare with part (a) of Figure 2), some devices
experience other cell interference in all frequency regions of the receiving spectrum,

possibly with different power and/or different other characteristics for the respective
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frequency regions, (compare with part (b) of Figure 2), some devices experience other
cell interference in several — but not all — frequency regions of the receiving spectrum,
possibly with different power and/or different other characteristics for the respective
frequency regions, (compare with part (¢) of Figure 2) and some devices may not
experience any significant interference at all. This type of diversified interference within
the same (non-carrier aggregation) reception spectrum is different from typical prior art
situations where all pairs of cells heard by a device have completely aligned or
completely disjunct signal spectrums and needs to be addressed accordingly.

Situations similar to those illustrated in Figure 2 may also arise if one or more
of the macro cells has an available bandwidth similar to that of the pico nodes, but only
schedules part of it.

Similar situations may also arise if one or more of the macro cells have a larger
frequency range than the pico cells and the desired signal is transmitted in a macro cell
(see e.g. US2012/0003981A1).

The radio access technology used by the different network nodes (e.g. base
stations, pico nodes) to transmit desired and interfering signals may be the same radio
access technology for all involved network nodes or may differ between the involved
network nodes.

For example, network nodes of different layers of a heterogeneous network
deployment may use different radio access technology (e.g. UMTS LTE — Universal
Mobile Telecommunication Standard, Long Term Evolution — for the pico layer and
UMTS HSPA — Universal Mobile Telecommunication Standard, High Speed Packet
Access — for the macro layer or WLAN — Wireless Local Area Network, e.g. according
to IEEE 802.11 — for the pico layer and UMTS LTE for the macro layer).

Further, the different network nodes that create interference in different regions
of the receiving spectrum may use the same or different radio access technologies (even
if they are not from different layers of a heterogencous network deployment). For
example, one interfering macro node may use UMTS HSPA and another interfering
macro node may use UMTS LTE while the pico node may use UMTS LTE or WLAN,
or one interfering pico node may use UMTS HSPA and another interfering pico node

may use WLAN while an interfered macro node may use UMTS LTE.
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All such examples may experience the above-described situation with
diversified (varying, differing) interference within the receiving spectrum.
There is a need for scheduling approaches that perform well in situations with

diversified interference within the receiving spectrum.

Summary

It should be emphasized that the term “comprises/comprising” when used in
this specification is taken to specify the presence of stated features, integers, steps, or
components, but does not preclude the presence or addition of one or more other
features, integers, steps, components, or groups thereof.

The inventors have realized that application of traditional scheduling
approaches (based on ¢.g. load distribution) in situations with different interference
scenario in different frequency regions of reception may be inferior.

For example, traditional scheduling methods have no possibility to configure
remote devices to perform and/or report measurements in a frequency differentiated
manner that is suitable for situations with diversified interference within the receiving
spectrum.

Some prior art schedulers may perform frequency (and/or time) resource
allocation based on reported channel quality indicator values from remote devices. As is
well known, the channel quality indicator typically varies with a varying radio channel
and there is an inherent delay in the channel quality indicator reporting, which the
resource allocation based on channel quality indicator needs to take into account.
Hence, a less aggressive modulation and coding scheme is typically used in the resource
allocation than the reported channel quality indicator indicates as possible.

In situations as described above with diversified interference within the
receiving spectrum, the channel variation may differ substantially between different
frequency regions. For example, the channel quality indicator values may be changing
much faster in one frequency region (e.g. one with much interference from another cell)
than in another frequency region (e.g. one with little or no interference from other cells).

Thus, using one channel quality indicator value (and one outer loop link adaptation —
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OLLA — process) to characterize the entire frequency region of reception is typically not
optimal for such situations.

It is an object of some embodiments to obviate at least some of the above
disadvantages and to provide interference mitigation approaches that take into account
the possibility of diversified interference within the receiving spectrum. Preferably, this
is achieved at low complexity and/or low signaling overhead.

According to a first aspect, this is achieved by a method of a first network node
of a cellular communication network comprising at least the first network node and a
second network node. The first network node is adapted to transmit a first, desired,
signal over a first frequency region using a first radio access technology and the second
network node is adapted to transmit a second, interfering, signal over a second
frequency region using a second radio access technology, wherein the first radio access
technology is a single radio frequency carrier radio access technology.

The first frequency region is partitioned into two or more sub-regions and the
second frequency region is one of the sub-regions of the first frequency region.

The method comprises determining that a wireless communication device
residing in a cell served by the first network node is interfered by the second signal
during signal reception over the first frequency region, and sending a first configuration
message to the wireless communication device, wherein the first configuration message
is adapted to cause the wireless communication device to report separate channel quality
indicator values for each of the two or more sub-regions.

The method also comprises receiving a channel quality indicator report
indicative of the separate channel quality indicator values for each of the two or more
sub-regions from the wireless communication device, and scheduling transmission of
the first signal to the wireless communication device in one or more of the two or more
sub-regions based on the received channel quality indicator report.

The first frequency region is typically a continuous frequency region.

The channel quality indicator value may be a channel quality indication value
CQI value according to UMTS or a channel state indicator (CSI) value according to

UMTS LTE.
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In some embodiments, the cellular communication network may further
comprise a third network node adapted to transmit a third signal over a third frequency
region using a third radio access technology. The third frequency region (which may be
the same or different than the second frequency region) may be one of the sub-regions
of the first frequency region.

According to some embodiments, the cellular communication network may be
a heterogeneous network and the first and second network nodes may be comprised in
different layers of the heterogeneous network.

In some embodiments, the method may further comprise configuring (for the
wireless communication device) one link adaptation process for each of the two or more
sub-regions, wherein each of the link adaptation processes uses a respective one of the
separate channel quality indicator values. The link adaptation processes may be outer
loop link adaptation — OLLA — processes.

Determining that the wireless communication device is interfered by the
second signal may, according to some embodiments, comprise sending a second
configuration message to the wireless communication device (wherein the second
configuration message is adapted to cause the wireless communication device to
perform separate channel measurements for each of the two or more sub-regions),
receiving a channel measurement report indicative of the separate channel
measurements for each of the two or more sub-regions, and determining that the
wireless communication device is interfered by the second signal if a discrepancy
between a channel measurement for the second frequency region and a channel
measurement for another sub-region exceeds a discrepancy threshold.

Alternatively or additionally, determining that the wireless communication
device is interfered by the second signal may, according to some embodiments,
comprise receiving a geographical position indication of the wireless communication
device, and mapping the geographical position indication to an entry of an interference
database indicating that the wireless communication device is interfered by the second
signal.

Alternatively or additionally, determining that the wireless communication

device is interfered by the second signal may, according to some embodiments,
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comprise receiving a capability indication of the wireless communication device, and
determining that the wireless communication device is interfered by the second signal
based on the capability indication.

In some embodiments, scheduling transmission of the first signal to the
wireless communication device in one or more of the two or more sub-regions based on
the received channel quality indicator report may comprise computing a difference
between a channel quality indicator value metric for the second frequency region and a
channel quality indicator value metric for another sub-region, including the wireless
communication device in a first group of devices for scheduling only in the second
frequency region if the difference is above a first threshold, including the wireless
communication device in a second group of devices for avoiding scheduling in the
second frequency region if the difference is below a second threshold, and including the
wireless communication device in a third group of devices for scheduling in the first
frequency region if the difference is between the first and second thresholds.

In some embodiments, the first, second and third radio access technologies are
the same radio access technology. According to some of these embodiments, the first
radio access technology is a variable bandwidth radio access technology and the second
and third frequency regions are sub-regions of the first frequency region according to
the variable bandwidth radio access technology. For example, the partition of the first
frequency region into two or more sub-regions may be in accordance with the variable
bandwidth system of UMTS LTE (Universal Mobile Telecommunication Standard —
Long Term Evolution) of the Third Generation Partnership Project (3GPP).

A signal transmitted by a single radio frequency carrier radio access
technology may, for example, be defined as a signal which can (at least theoretically) be
down-converted to a baseband signal suitable for demodulation by mixing with a single
radio frequency carrier signal. Thus, the first radio access technology is a non-carrier
aggregation radio access technology.

A signal transmitted by a single radio frequency carrier radio access
technology may carry any suitable signal, for example, an orthogonal frequency
division multiplex (OFDM) signal comprising a number of OFDM sub-carriers or a

wideband code division multiplex (WCDMA) signal.
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A second aspect is a computer program product comprising a computer
readable medium, having thereon a computer program comprising program instructions,
the computer program being loadable into a data-processing unit and adapted to cause
execution of the method according to the first aspect when the computer program is run
by the data-processing unit.

A third aspect is an arrangement for a first network node of a cellular
communication network comprising at least the first network node and a second
network node. The first network node is adapted to transmit a first, desired, signal over
a first frequency region using a first radio access technology and the second network
node is adapted to transmit a second, interfering signal over a second frequency region
using a second radio access technology, wherein the first radio access technology is a
single radio frequency carrier radio access technology.

The first frequency region is partitioned into two or more sub-regions and the
second frequency region is one of the sub-regions of the first frequency region.

The arrangement comprises a determiner, a controller, and a scheduler.

The determiner is adapted to determine that a wireless communication device
residing in a cell served by the first network node is interfered by the second signal
during signal reception over the first frequency region.

The controller is adapted to cause a transmitter to (responsive to the determiner
determining that the wireless communication device is interfered by the second signal)
send a first configuration message to the wireless communication device, wherein the
first configuration message is adapted to cause the wireless communication device to
report separate channel quality indicator values for each of the two or more sub-regions.

The scheduler is adapted to schedule transmission of the first signal to the
wireless communication device in one or more of the two or more sub-regions based on
a received channel quality indicator report indicative of the separate channel quality
indicator values for each of the two or more sub-regions from the wircless
communication device.

In some embodiments, the arrangement may further comprise the transmitter

and a receiver adapted to receive the channel quality indicator report.
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The scheduler may, according to some embodiments, be further adapted to
(responsive to the determiner determining that the wireless communication device is
interfered by the second signal) configure, for the wireless communication device, one
link adaptation process for each of the two or more sub-regions, wherein each of the
link adaptation processes uses a respective one of the separate channel quality indicator
values.

A fourth aspect is an arrangement for a first network node of a cellular
communication network comprising at least the first network node and a second
network node. The first network node is adapted to transmit a first, desired, signal over
a first frequency region using a first radio access technology and the second network
node is adapted to transmit a second, interfering signal over a second frequency region
using a second radio access technology, wherein the first radio access technology is a
single radio frequency carrier radio access technology.

The first frequency region is partitioned into two or more sub-regions and the
second frequency region is one of the sub-regions of the first frequency region.

The arrangement comprises a control unit adapted to cause the first network
node to determine that a wireless communication device residing in a cell served by the
first network node is interfered by the second signal during signal reception over the
first frequency region, send a first configuration message to the wireless communication
device, wherein the first configuration message is adapted to cause the wireless
communication device to report separate channel quality indicator values for each of the
two or more sub-regions, receive a channel quality indicator report indicative of the
separate channel quality indicator values for each of the two or more sub-regions from
the wireless communication device, and schedule transmission of the first signal to the
wireless communication device in one or more of the two or more sub-regions based on
the received channel quality indicator report.

A fifth aspect is a network node comprising the arrangement according to any
of the third and fourth aspect.

In some embodiments, the third and fourth aspects may additionally have
features identical with or corresponding to any of the various features as explained

above for the first aspect.
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An advantage of some embodiments is that they provide scheduling approaches
that take into account the possibility of diversified interference within the receiving
spectrum.

Another advantage of some embodiments is that they provide improved
throughput and/or system capacity.

Yet another advantage of some embodiments is that they have low complexity
and/or low signaling overhead (e.g. compared to a brute-force approach where channel
quality indicators are reported per sub-carrier of an orthogonal frequency division

multiplex — OFDM - system).

Brief Description of the Drawings

Further objects, features and advantages will appear from the following
detailed description of embodiments, with reference being made to the accompanying
drawings, in which:

Fig. 1 is a schematic drawing illustrating an example heterogeneous network
scenario according to some embodiments;

Fig. 2 is a schematic drawing illustrating various example interference
situations of a heterogeneous network according to some embodiments;

Fig. 3 is a flowchart illustrating example method steps according to some
embodiments;

Fig. 4 is a block diagram illustrating an example arrangement according to
some embodiments; and

Fig. 5 is a schematic drawing illustrating an example computer program

product according to some embodiments.

Detailed Description

As a non-limiting example, it will be assumed in this description that the first,
second and third radio access technologies are the same radio access technology, and
that the radio access technology is a variable bandwidth radio access technology using a

single radio frequency carrier, and it is understood that this includes OFDM
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transmission. Furthermore, CQI is used as a non-limiting example channel quality
indicator.

In the following, embodiments will be described where example scheduling
approaches suitable for situations with of diversified interference within the receiving
spectrum is provided together with suitable configuration signaling and measurement
reporting related thereto. Some embodiments are particularly suitable for use in a
heterogencous network and in other situations where signaling from one or more
interfering cells appears in a sub-region of the frequency region of desired signal
reception.

In a typical example embodiment, a network node configures a wireless
communication device (hereinafter device) served by the network node to report
separate CQI values for each frequency region which is a sub-region of the frequency
region of desired signal reception and schedule communication with that device based
on the reported separate CQI values. For example, communication with the device may
be scheduled in sub-regions experiencing low interference (e.g. lower than other sub-
regions) or no interference. If the interference level is similar in all of the sub-regions,
communication with the device may be scheduled in all sub-regions.

The device may be correspondingly configured to perform measurements (e.g.
radio resource management — RRM — measurements, signal quality measurements for
CQI, signal-to-interference ratio — SIR — measurements, reference signal received power
— RSRP — measurements, reference signal received quality — RSRQ — measurements,
received signal strength indication — RSSI — measurements, etc.) per frequency sub-
region.

In some embodiments, the network node configures all devices served by it to
report separate CQI values (e.g. if it knows that the whole cell coverage area is at risk of
being interfered by another cell on a frequency sub-region of its communication
spectrum).

Alternatively or additionally, in some embodiments, the network node
configures a device to report separate CQI values if the device reports that it has
interference mitigation capabilities that comprise applying different interference

mitigation to different frequency sub-regions of the reception frequency region.
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Yet alternatively or additionally, in some embodiments, the network node
configures a device to report separate CQI values if an interference report (or channel
estimation report) from the device indicates that the device experiences different
interference in different frequency sub-regions of the reception frequency region.
Performance of related measurements by the device may be configured by the network
node.

Even yet alternatively or additionally, in some embodiments, the network node
configures a device to report separate CQI values if a geographical position of the
device indicates that the device is in a location where it may experience different
interference in different frequency sub-regions of the reception frequency region.

In addition to configuring the device to send separate CQI reports for separate
frequency sub-regions of the reception frequency region (and perform related
measurements) the network node may configure one outer loop link adaptation (OLLA)
process to be used per sub-region.

The outer loop link adaptation may, typically, be used to compensate for
possible errors between a channel quality corresponding to a reported CQI value and an
actual channel quality. Such errors may be detectable, for example, in terms of an
amount of erroneously decoded transmission blocks (e.g. presented as a percentage of
NACK messages reported in a corresponding HARQ process). CQI reporting may
typically be adapted to provide operation at a (first transmission) block error rate
(BLER) of approximately 10-30%, but the exact mapping between reported CQI values
and modulation and coding scheme use may vary (e.g. due to variations in the channel
and/or in the interference situation). Application of one OLLA process per sub-region
provides for adaption in view of such variations in the mapping due to different
interference scenarios in different sub-regions.

Figure 3 illustrate an example method according to some embodiments for
adaptive scheduling in situations with different interference situations in different
frequency sub-regions of a receiving spectrum.

The method may, for example, be performed by a wireless communication
network node of a cellular communication network using a variable bandwidth single

radio frequency carrier radio access technology.



10

15

20

25

30

WO 2015/110140 PCT/EP2014/051083

14

The method starts in step 310 where it is determined that the device is
differently interfered in different frequency sub-regions of the receiving spectrum.

One example implementation of step 310 is illustrated by way of sub-steps
311, 312, 313. In sub-step 311 the network node configures the device to perform
separate channel measurements per sub-region, for example, by sending a
corresponding configuration message to the device. A corresponding channel
measurement report indicative of the separate channel measurements is received from
the device in sub-step 312, and the network node determines (in sub-step 313) whether
or not the device is differently interfered in different frequency sub-regions. For
example, it may be determined that the device is differently interfered in different
frequency sub-regions (Y -path out from sub-step 313) if a discrepancy between the
channel measurements for the different sub-regions is detected (e.g. if a difference
between the channel measurements exceeds a discrepancy threshold). If it is determined
that the device is not differently interfered in different frequency sub-regions (N-path
out from sub-step 313, e.g. if the difference between the channel measurements does not
exceed the discrepancy threshold) the method returns to sub-step 312 and continues to
monitor the interference situation. Otherwise it continues to step 320.

In some embodiments, step 310 may be combined with or substituted by one or
more other approaches to determining that the device is interfered during signal
reception by another cell in a frequency sub-region of the reception frequency region.

For example, the network node may receive (e.g. either from the device itself)
a geographical position indication of the device and mapping the geographical position
indication to an entry of an interference database indicating that the device is interfered
differently in different sub-regions.

In some embodiments, the network node determines that all devices in a cell
served by the network node are interfered differently in different sub-regions (e.g. if that
entire cell is within a coverage area of another cell).

In some embodiments, the network node exchanges information (e.g. cell ID;
system bandwidth, transmission bandwidth, radio frequency carrier, etc.) with
neighboring nodes that enable it to determine whether or not a device is differently

interfered in different frequency sub-regions.
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In some embodiments, the network node receives a capability indication of the
wireless communication device and uses that capability to determine which devices may
be interfered differently in different sub-regions. For example, a device capable of
reporting separate CQI values for different sub-regions and/or capable of using different
interference mitigation approaches in different sub-regions typically employs a
reception region that may be differently interfered in different sub-regions. The network
node may use this as its only determination (e.g. if the entire cell suffer from
interference from a neighboring cell) or may combine it with e.g. geographical positions
and/or measurement reports as described above. Typically, the network node may only
configure devices capable of reporting separate CQI values for different sub-regions to
do so.

When it has been determined in step 310 that the device is (or is at risk of
being) interfered during signal reception by another cell in a frequency sub-region of the
reception frequency region, the method continues to step 320 where the network node
configures separate CQI values to be reported for each of the sub-regions by sending a
corresponding configuration message (not to be confused with that of sub-step 311) to
the device. The corresponding CQI report(s) are received in step 330. The CQI per sub-
region (as well as the measurements of sub-step 312) may be configured to be reported
periodically or a-periodically, and in some embodiments reporting may be circulating
over the involved sub-regions. The CQI per sub-region may complement or replace an
overall CQI value and/or a CQI value per sub-carrier set of an OFDM system.

In some embodiments, a separate OLLA process is also configured per
frequency sub-region in step 320 and the respective CQI values of the report(s) of step
330 may be used in the respective OLLA process. For example, one collective OLLA
process may be configured for sub-regions having similar interference levels (e.g.
determined by comparing difference between SIR values or other suitable metrics to a
threshold) and different OLLA processes may be configured for sub-regions having
(sufficiently) different interference levels.

Finally, in step 340, the network node uses the respective CQI values of the
report(s) of step 330 to schedule communication (e.g. transmission) with the device.

Typically, communication with the device may be scheduled in one or more frequency
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sub-regions with corresponding CQI value(s) that indicate low interference compared to
one or more other sub-regions.

One example implementation of step 340 is illustrated by sub-steps 341-346. In
sub-step 341, a difference between CQI values (or related metrics derived there from) of
two sub-regions is computed. For example, one term of the difference computation may
be the CQI value indicating highest interference among the sub-regions.

If the difference is larger than a first threshold, th_1 (Y-path out from sub-step
342), the device belongs to a first group (Group 1) as illustrated in sub-step 344 and is
scheduled in the sub-region that has the lowest interference among the sub-regions of
the difference computation.

If the difference is smaller than a second threshold, th 2, which is smaller than
the first threshold (Y-path out from sub-step 343), the device belongs to a second group
(Group 2) as illustrated in sub-step 345 and is scheduled in the sub-region that has the
lowest interference among the sub-regions of the difference computation (the other sub-
region compared to sub-step 344).

If the difference is between the first and second thresholds (N-paths out from
sub-steps 342 and 343), the device belongs to a third group (Group 3) as illustrated in
sub-step 346 and is scheduled in both sub-regions of the difference computation (or
none of them if a sub-region with lower interference is found in another difference
computation).

In some embodiments, communication with the devices of groups 1 and 2 may
be scheduled in both sub-regions but with different link adaptation settings.

The thresholds and the inequalities in sub-steps 342 and 343 may, of course, be
adapted based on the metric used.

Figure 4 schematically illustrate an example arrangement 400 according to
some embodiments for scheduling in situations with different interference situations in
different frequency sub-regions of a receiving spectrum. The example arrangement 400
may, for example be comprised in a wireless communication network node and/or may
be adapted to perform the method according to Figure 3.

The example arrangement 400 comprises a transceiver (TX/RX) 410, a

determiner (DET) 440, a controller (CNTR) 450, and a scheduler (430).
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The arrangement 400 may also comprise other processing units or components
(PROC) 420 for processing of received signals and signals intended for transmission
according to any suitable known of future implementations.

The transceiver 410 is adapted to transmit and received various signals to and
from a device residing in a cell served by the network node comprising the arrangement
400.

The determiner 440 is adapted to determine whether or not the device is
interfered differently in different sub-regions of a reception frequency region (compare
with step 310 of Figure 3 and the related text). Typically the determination may be
based on signals received by the transceiver 410.

The controller 450 is adapted to cause the transceiver 410 to send (based on
determinations of the determiner 440) a configuration message to the device to
configure the device to report separate CQI values for each sub-region (compare with
step 320 of Figure 3 and corresponding text). The transceiver 410 is adapted to receive
the corresponding CQI report(s) from the device (compare with step 330 of Figure 3
and corresponding text).

The scheduler 430 is adapted to schedule communication with the device in
one or more sub-regions based the received CQI (compare with step 340 of Figure 3 and
corresponding text). In some embodiments, the scheduler 430 may be adapted to
configure one OLLA process (OLLA 1, OLLA 2, OLLA N) 431, 432, 433 for each
sub-region of a device as has been explained above.

In some embodiments, the determiner 440 is adapted to determine whether or
not the device is differently interfered in different sub-regions based on a geographical
position indication of the device (e.g. received from the device by the transceiver 410).
In these embodiments, the determiner 440 may be adapted to map the geographical
position indication to an entry of an interference database (DB) 460, wherein the entries
of the database indicates whether or not the geographical position is one where different
interference in different sub-regions may be experienced. The database 460 may reside
in the network node (comprised in the arrangement 400 or not), elsewhere in the
communication network, in a cloud-based service (e.g. the Internet), or in any other

suitable location.
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The described embodiments and their equivalents may be realized in software
or hardware or a combination thereof. They may be performed by general-purpose
circuits associated with or integral to a communication device, such as digital signal
processors (DSP), central processing units (CPU), co-processor units, field-
programmable gate arrays (FPGA) or other programmable hardware, or by specialized
circuits such as for example application-specific integrated circuits (ASIC). All such
forms are contemplated to be within the scope of this disclosure.

Embodiments may appear within an electronic apparatus (such as a wireless
communication network node (e.g. macro, micro, pico, femto, etc.)) comprising
circuitry/logic or performing methods according to any of the embodiments. The
electronic apparatus may, for example, be an access node or a base station.

For example, a wireless communication network node may comprise an
arrangement according to Figure 4 and/or an arrangement comprising a control unit
adapted to cause the wireless communication network node to perform the method
according to Figure 3.

According to some embodiments, a computer program product comprises a
computer readable medium such as, for example, a diskette or a CD-ROM as illustrated
by the example CD-ROM 500 of Figure 5. The computer readable medium may have
stored thereon a computer program comprising program instructions. The computer
program may be loadable into a data-processing unit 530, which may, for example, be
comprised in a network node 510. When loaded into the data-processing unit, the
computer program may be stored in a memory 520 associated with or integral to the
data-processing unit 530. According to some embodiments, the computer program may,
when loaded into and run by the data-processing unit, cause the data-processing unit to
execute method steps according to, for example, the method shown in Figure 3.

Reference has been made herein to various embodiments. However, a person
skilled in the art would recognize numerous variations to the described embodiments
that would still fall within the scope of the claims. For example, the method
embodiments described herein describes example methods through method steps being
performed in a certain order. However, it is recognized that these sequences of events

may take place in another order without departing from the scope of the claims.
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Furthermore, some method steps may be performed in parallel even though they have
been described as being performed in sequence.

In the same manner, it should be noted that in the description of embodiments,
the partition of functional blocks into particular units is by no means limiting.
Contrarily, these partitions are merely examples. Functional blocks described herein as
one unit may be split into two or more units. In the same manner, functional blocks that
are described herein as being implemented as two or more units may be implemented as
a single unit without departing from the scope of the claims.

Hence, it should be understood that the details of the described embodiments
are merely for illustrative purpose and by no means limiting. Instead, all variations that

fall within the range of the claims are intended to be embraced therein.
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CLAIMS

1. A method of a first network node of a cellular communication network
comprising at least the first network node and a second network node, wherein the first
network node is adapted to transmit a first signal (214, 224, 234) over a first frequency
region (210, 220, 230) using a first radio access technology, the second network node is
adapted to transmit a second signal (215, 225, 235) over a second frequency region
(212, 222, 233) using a second radio access technology, the first radio access
technology is a single radio frequency carrier radio access technology, the first
frequency region is partitioned into two or more sub-regions, the second frequency
region is one of the sub-regions of the first frequency region, the first signal is a desired
signal and the second signal is an interfering signal, the method comprising:

determining (310) that a wireless communication device residing in a cell
served by the first network node is interfered by the second signal during signal
reception over the first frequency region;

sending (320) a first configuration message to the wireless communication
device, wherein the first configuration message is adapted to cause the wireless
communication device to report separate channel quality indicator values for each of the
two or more sub-regions;

receiving (330) a channel quality indicator report indicative of the separate
channel quality indicator values for each of the two or more sub-regions from the
wireless communication device; and

scheduling (340) transmission of the first signal to the wireless communication
device in one or more of the two or more sub-regions based on the received channel

quality indicator report.

2. The method of claim 1 wherein the cellular communication network is a
heterogeneous network and wherein the first and second network nodes are comprised

in different layers of the heterogeneous network.
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3. The method of any of claims 1 through 2 further comprising configuring
(320), for the wireless communication device, one link adaptation process for each of
the two or more sub-regions, wherein each of the link adaptation processes uses a

respective one of the separate channel quality indicator values.

4. The method of any of claims 1 through 3 wherein determining (310) that the
wireless communication device is interfered by the second signal comprises:

sending (311) a second configuration message to the wireless communication
device, wherein the second configuration message is adapted to cause the wireless
communication device to perform separate channel measurements for each of the two or
more sub-regions;

receiving (312) a channel measurement report indicative of the separate
channel measurements for each of the two or more sub-regions; and

determining (313) that the wireless communication device is interfered by the
second signal if a discrepancy between a channel measurement for the second frequency

region and a channel measurement for another sub-region exceeds a discrepancy

threshold.

5. The method of any of claims 1 through 4 wherein determining (310) that the
wireless communication device is interfered by the second signal comprises:

receiving a geographical position indication of the wireless communication
device; and

mapping the geographical position indication to an entry of an interference
database indicating that the wireless communication device is interfered by the second

signal.

6. The method of any of claims 1 through 5 wherein determining (310) that the
wireless communication device is interfered by the second signal comprises:

receiving a capability indication of the wireless communication device; and

determining that the wireless communication device is interfered by the second

signal based on the capability indication.
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7. The method of any of claims 1 through 6 wherein scheduling (340)
transmission of the first signal to the wireless communication device in one or more of
the two or more sub-regions based on the received channel quality indicator report
comprises:

computing (341) a difference between a channel quality indicator value metric
for the second frequency region and a channel quality indicator value metric for another
sub-region;

including (344) the wireless communication device in a first group of devices
for scheduling only in the second frequency region if the difference is above a first
threshold;

including (345) the wireless communication device in a second group of
devices for avoiding scheduling in the second frequency region if the difference is
below a second threshold; and

including (346) the wireless communication device in a third group of devices
for scheduling in the first frequency region if the difference is between the first and

second thresholds.

8. A computer program product comprising a computer readable medium
(500), having thereon a computer program comprising program instructions, the
computer program being loadable into a data-processing unit (530) and adapted to cause
execution of the method according to any of claims 1 through 7 when the computer

program is run by the data-processing unit.

9. An arrangement for a first network node of a cellular communication
network comprising at least the first network node and a second network node, wherein
the first network node is adapted to transmit a first signal (214, 224, 234) over a first
frequency region (210, 220, 230) using a first radio access technology, the second
network node is adapted to transmit a second signal (215, 225, 235) over a second
frequency region (212, 222, 233) using a second radio access technology, the first radio

access technology is a single radio frequency carrier radio access technology, the first
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frequency region is partitioned into two or more sub-regions, the second frequency
region is one of the sub-regions of the first frequency region, the first signal is a desired
signal and the second signal is an interfering signal, the arrangement comprising:

a determiner (440) adapted to determine that a wireless communication device
residing in a cell served by the first network node is interfered by the second signal
during signal reception over the first frequency region;

a controller (450) adapted to cause a transmitter (410) to, responsive to the
determiner determining that the wireless communication device is interfered by the
second signal, send a first configuration message to the wireless communication device,
wherein the first configuration message is adapted to cause the wireless communication
device to report separate channel quality indicator values for each of the two or more
sub-regions; and

a scheduler (430) adapted to schedule transmission of the first signal to the
wireless communication device in one or more of the two or more sub-regions based on
a received channel quality indicator report indicative of the separate channel quality
indicator values for each of the two or more sub-regions from the wircless

communication device.

10. The arrangement of claim 9 further comprising the transmitter (410) and a

receiver (410) adapted to receive the channel quality indicator report.

11. The arrangement of any of claims 9 through 10 wherein the scheduler (430)
is further adapted to, responsive to the determiner determining that the wireless
communication device is interfered by the second signal, configure, for the wireless
communication device, one link adaptation process (431, 432, 433) for each of the two
or more sub-regions, wherein each of the link adaptation processes uses a respective one

of the separate channel quality indicator values.

12. The arrangement of any of claims 9 through 11 wherein:
the controller (450) is further adapted to cause the transmitter (410) to send a

second configuration message to the wireless communication device, wherein the
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second configuration message is adapted to cause the wireless communication device to
perform separate channel measurements for each of the two or more sub-regions; and
the determiner (440) is adapted to determine that the wireless communication
device is interfered by the second signal if a discrepancy between a channel
measurement for the second frequency region and a channel measurement for another
sub-region exceeds a discrepancy threshold, wherein the channel measurement for the
second frequency region and the channel measurement for the another sub-region are
indicated by a received channel measurement report indicative of the separate channel

measurements for each of the two or more sub-regions.

13. The arrangement of any of claims 9 through 12 wherein the determiner
(440) is adapted to determine that the wireless communication device is interfered by
the second signal if a received geographical position indication of the wireless
communication device is mapped to an entry of an interference database (460)

indicating that the wireless communication device is interfered by the second signal.

14. The arrangement of any of claims 9 through 13 wherein the scheduler (430)
is adapted to schedule transmission of the first signal to the wireless communication
device in one or more of the two or more sub-regions based on the received channel
quality indicator report by:

computing a difference between a channel quality indicator value metric for the
second frequency region and a channel quality indicator value metric for another sub-
region;

including the wireless communication device in a first group of devices for
scheduling only in the second frequency region if the difference is above a first
threshold;

including the wireless communication device in a second group of devices for
avoiding scheduling in the second frequency region if the difference is below a second

threshold; and
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including the wireless communication device in a third group of devices for
scheduling in the first frequency region if the difference is between the first and second

thresholds.

15. An arrangement for a first network node of a cellular communication
network comprising at least the first network node and a second network node, wherein
the first network node is adapted to transmit a first signal (214, 224, 234) over a first
frequency region (210, 220, 230) using a first radio access technology, the second
network node is adapted to transmit a second signal (215, 225, 235) over a second
frequency region (212, 222, 233) using a second radio access technology, the first radio
access technology is a single radio frequency carrier radio access technology, the first
frequency region is partitioned into two or more sub-regions, the second frequency
region is one of the sub-regions of the first frequency region, the first signal is a desired
signal and the second signal is an interfering signal, the arrangement comprising a
control unit adapted to cause the first network node to:

determine that a wireless communication device residing in a cell served by the
first network node is interfered by the second signal during signal reception over the
first frequency region;

send a first configuration message to the wireless communication device,
wherein the first configuration message is adapted to cause the wireless communication
device to report separate channel quality indicator values for each of the two or more
sub-regions;

receive a channel quality indicator report indicative of the separate channel
quality indicator values for each of the two or more sub-regions from the wireless
communication device; and

schedule transmission of the first signal to the wireless communication device
in one or more of the two or more sub-regions based on the received channel quality

indicator report.
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16. The arrangement of claim 15 wherein the cellular communication network
is a heterogeneous network and wherein the first and second network nodes are

comprised in different layers of the heterogeneous network.

17. The arrangement of any of claims 15 through 16 wherein the control unit is
further adapted to configure, for the wireless communication device, one link adaptation
process for each of the two or more sub-regions, wherein each of the link adaptation

processes uses a respective one of the separate channel quality indicator values.

18. The arrangement of any of claims 15 through 17 wherein the control unit is
adapted to determine that the wireless communication device is interfered by the second
signal by:

sending a second configuration message to the wireless communication device,
wherein the second configuration message is adapted to cause the wireless
communication device to perform separate channel measurements for each of the two or
more sub-regions;

receiving a channel measurement report indicative of the separate channel
measurements for each of the two or more sub-regions; and

determining that the wireless communication device is interfered by the second
signal if a discrepancy between a channel measurement for the second frequency region

and a channel measurement for another sub-region exceeds a discrepancy threshold.

19. The arrangement of any of claims 15 through 18 wherein the control unit is
adapted to determine that the wireless communication device is interfered by the second
signal by:

receiving a geographical position indication of the wireless communication
device; and

mapping the geographical position indication to an entry of an interference
database indicating that the wireless communication device is interfered by the second

signal.
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20. The arrangement of any of claims 15 through 19 wherein the control unit is
adapted to determine that the wireless communication device is interfered by the second
signal by:

receiving an capability indication of the wireless communication device; and

determining that the wireless communication device is interfered by the second

signal based on the capability indication.

21. The arrangement of any of claims 15 through 20 wherein the control unit is
adapted to schedule transmission of the first signal to the wireless communication
device in one or more of the two or more sub-regions based on the received channel
quality indicator report by:

computing a difference between a channel quality indicator value metric for the
second frequency region and a channel quality indicator value metric for another sub-
region;

including the wireless communication device in a first group of devices for
scheduling only in the second frequency region if the difference is above a first
threshold;

including the wireless communication device in a second group of devices for
avoiding scheduling in the second frequency region if the difference is below a second
threshold; and

including the wireless communication device in a third group of devices for
scheduling in the first frequency region if the difference is between the first and second

thresholds.

22. A network node comprising the arrangement according to any of claims 9

through 21.
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