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is reduced, as compared to when all interference from the reference signal
hits one single resource element when no time offset is used.
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METHOD AND NETWORK NODE FOR REDUCING INTERFERENCE IN A
WIRELESS NETWORK

Technical field

The present disclosure relates generally to a method and a network node serving
a first cell in a wireless network, for reducing interference in a second cell caused

by transmission of reference signals in the first cell.

Background

In a wireless network comprising a plurality of network nodes, it is desirable to
utilize available radio resources as efficiently as possible so as to achieve high
capacity and adequate performance in communication with wireless devices. The
term “wireless network” is used in this description to denote any network
comprising network nodes such as base stations, access points, eNodeBs or the
like which are capable of radio communication with wireless devices, e.g. by
transmitting scheduling blocks carrying reference signals and typically also various
data and control information. The nodes in the network that performs such radio
communication with wireless devices are also generally denoted “network nodes”
herein. Further, the term “wireless device” denotes any communication equipment
that is capable of radio communication with network nodes in a wireless network.
Some non-limiting examples of wireless devices that may be involved in the
procedures described herein include mobile phones, smartphones, tablets, laptop
computers and Machine-to-Machine, M2M, devices. Throughout this description,

the term “User Equipment”, UE, may be used instead of wireless device.

In order to support coherent downlink reception as well as to evaluate whether a
connection to a network node is suitable for communication and if so to configure
various parameters for the communication, the wireless devices are requested to
perform measurements on predefined reference signals which are regularly
transmitted from the network node. In a wireless network operating according to
Long Term Evolution, LTE, signals are transmitted by the network nodes using
Orthogonal Frequency-Division Multiplexing, OFDM, which is a method of

encoding digital data on multiple carrier frequencies. In this description the
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reference signals will be referred to as “Cell-specific Reference Signals”, CRSes,

which term is commonly used in LTE.

In downlink transmission according to LTE, the smallest schedulable resource is
referred to as a “scheduling block” which is illustrated in Fig. 1. A downlink
transmission may comprise multiple scheduling blocks which can be “stacked”
the frequency domain to fill the available system bandwidth or any part thereof. A
scheduling block 100 may typically extend over 180 kHz during 1 millisecond,
ms. This resource 100 is further divided into 12 subcarriers in the frequency
domain. In the time domain this resource is divided into 14 OFDM symbols as
shown in Fig. 1 when a normal cyclic prefix is used, or 12 OFDM symbols when
an extended cyclic prefix is used. The cyclic prefix is used in OFDM to maintain
orthogonality between subcarriers when the signal is distorted by multipath
propagation. The scheduling block 100 in Fig. 1 is shown as a “resource grid”
divided into 12 elements in the frequency domain representing the subcarriers

and 14 elements in the time domain representing the OFDM symbols.

The smallest resource in LTE is comprised of one Resource Element, RE, 100A
which corresponds to one subcarrier 100B during one OFDM symbol 100C. The
scheduling block 100 is thus comprised of 12 x 14 REs. The first 1 to 3 OFDM
symbols in this example compose the control region where mainly the Physical
Downlink Control Channel, PDCCH, is multiplexed. The rest of the OFDM
symbols in the transport block 100 compose the data region, where mainly the
Physical Downlink Shared Channel, PDSCH, is multiplexed.

Some resource elements in the time/frequency grid are used for transmitting
CRSes which are indicated in Fig. 1 as striped resource elements, while the
resource elements used for data and control are non-striped. A predetermined
sequence of CRSes is transmitted in predefined RE positions known to the
wireless devices. The CRSes can be used by wireless devices for
synchronization, channel estimation, determination of a Channel Quality
Indicator, CQI, a Rank Indicator, Rl and a Precoding Matrix Indicator, PMI, as
well as for mobility measurements such as the Reference Signal Received
Power, RSRP, etc.
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Since CRSes are used also for cell measurements by wireless devices in idle
mode which are more or less unknown to the network, the CRSes have to be
transmitted even if there are no wireless devices attached to the cell. Note that
this description has been simplified to involve only one antenna. If more antenna
ports are used (e.g. 2 or 4), the resource grid of one antenna will contain unused

REs in positions that are used for a CRS on the other antenna.

However, when a scheduling_block is transmitted in two cells at the same time, the
CRSes in the two cells will coincide and may therefore also interfere with each
other, which is illustrated in Fig. 2. In this figure, CRSes are transmitted in the
predefined REs by a network node 100 of a first cell 100A and also by a network
node 102 of a second cell 102A. When wireless devices 104 present in the first
cell 100A try to measure the CRSes from the network node 100, they will also
receive interfering CRSes from the network node 102. Similarly when wireless
devices 106 present in the second cell 102A try to measure the CRSes from the
network node 102, they will also receive interfering CRSes from the network node

102. The interfering CRSes are indicated by dashed arrows.

As a result, the CRS measurements in either cell will be too “pessimistic” due to
the interference of CRSes from the other cell, and if the CRS measurements are
used for channel estimation or the like the channel may be under-estimated since
the above harmful interference from CRSes that made the CRS measurements
pessimistic will not occur when data is transmitted. The capacity of the network
may therefore not be fully utilized due to such pessimistic and misleading CRS
measurements. This under-estimation of the channel can be avoided by not
transmitting the CRSes in the same REs in the two cells, but then the CRSes in

one cell may instead interfere with data transmissions in the other cell.

Summary

It is an object of embodiments described herein to address at least some of the
problems and issues outlined above. It is possible to achieve this object and
others by using a method and a network node as defined in the attached

independent claims.
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According to one aspect, a method is performed by a network node serving a first
cell in a wireless network, for reducing interference in a second cell caused by
transmission of reference signals in the first cell. In this method the network node
transmits in the first cell a scheduling block where a number of said reference
signals are located in predefined resource element positions in the scheduling
block, using a time offset relative transmission of a scheduling block in the second

cell.

According to another aspect, a network node is arranged to serve a first cell in a
wireless network, and to reduce interference in a second cell caused by
transmission of reference signals in the first cell. The network node is configured
to transmit in the first cell a scheduling block where a number of said reference
signals are located in predefined resource element positions in the scheduling
block, using a time offset relative transmission of a scheduling block in the second

cell.

When the above method and network node are employed, it is an advantage that
the impact of interference from each reference signal in the scheduling block
transmitted in the first cell will be distributed over several resource elements in the
scheduling block transmitted in the second cell, so that the interference hitting
each individual resource elements is reduced. Thereby, the interference from a
reference signal in the first cell will hit multiple resource elements in the second
cell instead of hitting just one resource element, so that the highest interference
power in one resource element is reduced and the wanted signal therein can be

detected and decoded more successfully due to the lower interference.

The above method and network node may be configured and implemented
according to different optional embodiments to accomplish further features and

benefits, to be described below.

A computer program is also provided comprising instructions which, when
executed on at least one processor in the network node, cause the at least one
processor to carry out the method described above. A carrier is also provided

which contains the above computer program, wherein the carrier is one of an
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electronic signal, optical signal, radio signal, or a computer readable storage

medium.

Brief description of drawings

The solution will now be described in more detail by means of exemplary

embodiments and with reference to the accompanying drawings, in which:

Fig. 1 illustrates a regular downlink scheduling block with resource elements used

for reference signals in predefined positions, according to the prior art.

Fig. 2 is a communication scenario illustrating how transmission of CRSes

simultaneously in two cells may cause interference, according to the prior art.

Fig. 3 illustrates how CRSes transmitted in one cell may interfere with data and
control signals transmitted in another cell when shifted CRSes are used, according

to the prior art.

Fig. 4 is a diagram illustrating measurements of how reception performance in one
cell are impacted by different levels of interference caused by CRSes transmitted

in another cell.

Fig. 5is a flow chart illustrating a procedure in a network node, according to some

possible embodiments.

Fig. 6 illustrates how the interference caused by transmission of CRSes in a first
cell can be reduced in a second cell by using a time offset, according to further

possible embodiments.

Fig. 7 is a communication scenario where the solution is used, according to further

possible embodiments.

Fig. 8 is a block diagram illustrating a network node in more detail, according to

further possible embodiments.

Fig. 9 is a diagram illustrating measurements of reception performance in one cell

when using different time offsets and shifted CRSes in another cell.
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Fig. 10 is a diagram illustrating measurements of peak interference power in two

adjacent OFDM symbols for different time offsets.

Fig. 11 is a diagram illustrating power leakage from a transmission when no time

offset and when time offsets of 1/3 and 1/2 OFDM symbol are applied.

Detailed description

Briefly described, a solution is provided to reduce the impact of interference from
transmission of reference signals, such as CRSes, in a scheduling block by
applying a time offset in one cell relative another neighboring cell so that the
scheduling blocks will not be transmitted at the same time in the two cells but with
a time difference corresponding to the time offset. Thereby, the interference from a
transmitted CRS will not hit a single RE in either cell but it will be distributed, or
“spread out”, over two or more REs which reduces the impact on each RE in the
opposite cell. The time offset may be a fraction of the duration of an OFDM
symbol. In this description, the term “neighboring cells” is used to indicate that the
cells are located close enough to cause interference across the cells. Hence, the

neighboring cells may or may not border one another.

One possible way of avoiding the above-described interference between CRS
transmissions in two cells is to shift the CRSes one or two REs only in the
frequency domain in one of the cells, which is illustrated in Fig. 3 depicting a
scheduling block 300 transmitted in a serving cell and a scheduling block 302
transmitted in a neighbor cell. In this example, the scheduling block 300 is
transmitted in the serving cell with CRSes positioned as shown in Fig. 1, and at
the same time the scheduling block 302 is transmitted in the neighbor cell with all
CRSes shifted one RE in the frequency domain. Fig. 3 thus illustrates what
happens if the above time offset of the embodiments herein is not applied at
shifted CRSes.

As indicated above, transmission of such shifted CRSes may instead cause
interference by hitting REs used in another cell for data or control, e.g. as

indicated by dashed arrows. An example RE that is hit by such interference is
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denoted 304. It should be noted that such interference may also occur in the

opposite direction when shifted CRSes are applied in one of the cells .

In conclusion, the above-described CRS interference from one cell to another cell
when shifted CRSes are not applied in any of the cells, may lead to under-utilized
radio resources and low throughput due to the pessimistic and misleading CRS
measurements. On the other hand, shifted CRSes provides more accurate
channel quality estimation, but the CRS transmissions cause interference on
data resource elements instead in the opposite cell. Some further negative

effects of the CRS interference may be as follows.

A scheduling block may include one or more so-called “turbo blocks” which are
used to carry bits configured for turbo coding which is well known in this field.
Typically, the bits in multiple turbo blocks transmitted in several successive
scheduling blocks are used in combination for error correction or the like. Fig. 3
further illustrates that one such turbo block 300A transmitted in the serving cell is
hit by interference from the CRSes transmitted in the neighbor cell, while another
turbo block 300B in the serving cell is not hit by such interference. As a result, the
turbo coding across the multiple turbo blocks will be corrupted in total even if only

one (or a few) turbo block in the sequence is hit by CRS interference.

In other words, since one transport block typically contains more than one turbo
block and LTE maps out REs sequentially for each turbo block, sometimes only a
few turbo blocks are hit by CRS interference, whereas other turbo blocks are
clean. And since a process referred to as Hybrid Automatic Repeat Request,
HARQ, performs retransmissions based on a Cyclic Redundancy Check, CRC, of
the turbo blocks, the performance is determined by the worst, i.e. most

interfered, turbo block. This means that a transmission where all code blocks are
received with CRC OK except for one that is hit by CRS interference, will have to
be retransmitted which will therefore consume scarce transmission or radio

resources.

The effects of the CRS interference in terms of reception performance can be

seen in Fig. 4 where the Block Error Rate, BLER is depicted versus the Signal to
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Noise Ratio, SNR, using 256QAM and the Modulation and Coding Scheme MCS
27, for a few different levels {-10, -15, -20, -100} dB of interfering CRSes. Even
with CRS interference that is 15 dB weaker than the serving cell signals the
BLER saturates around 30%, which is well above the typical BLER target of
10%.

It was mentioned above that the impact of interference from transmission of
reference signals in a scheduling block can be reduced, according to the
embodiments herein, by applying a time offset in one cell relative the other cell so
that the reference signals will not completely coincide with single REs in the other
cell. Thereby, the impact of interference from a reference signal in a scheduling
block transmitted in one cell will be distributed over several resource elements in
the scheduling block transmitted in the opposite cell so that the impact of
interference in each resource element is reduced, as compared to when all
interference from the reference signal hits one single resource element when no
time offset is used. This will be described in more detail below, e.g. with reference

to Fig. 6 which corresponds to Fig. 3 but with the time offset applied.

The solution and some possible embodiments will now be described in terms of
functionality in a network node when serving a first cell in a wireless network. The
network node is operative to reduce interference in a second cell caused by
transmission of reference signals in the first cell. Although the term “network node”
is used throughout this description, other alternative terms that could also be used
may include base station, eNodeB, access point, radio node, radio network node,

and so forth.

An example will now be described, with reference to the flow chart in Fig. 5, of
how the solution may be employed in terms of actions which may be performed in
a network node serving a first cell in a wireless network, for reducing interference
in a second cell caused by transmission of reference signals in the first cell. A first
optional action 500 illustrates that the network node in this procedure may
determine a time offset for transmission of a scheduling block which contains
reference signals located in predefined resource element positions. Some

examples of how the time offset may be determined in practice will be described
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later below. In a next optional action 502, the network node may signal the time
offset to one or more wireless devices, e.g. by including the time offset in network
assistance information. This information about the time offset can then be utilized

by the wireless devices to support Interference cancellation, IC.

A final action 504 illustrates that the network node transmits in the first cell a
scheduling block where a number of said reference signals are located in
predefined resource element positions in the scheduling block, using a time offset
relative transmission of a scheduling block in the second cell. Thereby, it is an
advantage that the impact of interference from each reference signal in the
scheduling block transmitted in the first cell will be distributed over several
resource elements in the scheduling block transmitted in the second cell, so that
the interference hitting each individual resource elements is reduced, as explained
above. Even though the interference from a reference signal in the first cell will hit
multiple resource elements in the second cell instead of one, the wanted signal in
each resource element can be detected and decoded more successfully due to the

lower peak interference.

This reduced impact of interference is illustrated in Fig. 6 where a scheduling
block 600 is transmitted in the second cell, corresponding to the above-mentioned
serving cell, and a scheduling block 602 is transmitted in the first cell,
corresponding to the above-mentioned neighbour cell, with a time offset 604
relative the scheduling block 600 in the second cell. The reference signals are
represented by CRSes in Fig. 6 for short, although it should be understood that
other types of reference signals could also be used in the manner described
herein and the solution is thus not limited in this respect. The network node that
performs the actions in Fig. 5 corresponds to the network node that transmits the
scheduling block 602 in Fig. 6 with the time offset 604 applied, in this case a slight
delay relative the scheduling block 600 which is less than one OFDM symbol in

time domain.

In the example of Fig. 6, the above-described CRS shift is also applied in the first
cell by shifting the CRSes in the scheduling block 602 one RE in the frequency
domain relative the corresponding CRSes in the scheduling block 600. Fig. 6
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illustrates that an example CRS 606 transmitted in the first cell causes interference
608 in the second cell which is distributed, i.e. spread out, over several REs in the
second cell both in the time domain and in the frequency domain, in this case
roughly six REs, as a result of the applied time offset 604. If the inventive time
offset 604 is applied but no CRS shift is applied, the CRS interference would still
be distributed over roughly four REs, not shown, thus reducing the peak

interference that hits one RE.

Some optional embodiments that may be employed in the above procedure of Fig.
5 will now be described. In one example embodiment, the time offset used when
transmitting the scheduling block in action 504 may be a fraction of the duration of
an OFDM symbol, as also mentioned above. This will provide a distribution of the
interference power hitting the opposite cell over multiple REs, as illustrated in Fig.
6. In this case, the time offset may, in further example embodiments, be any of
1/2, 1/3 and 2/3 of the duration of an OFDM symbol. In another example
embodiment, the time offset may be larger than the duration of a cyclic prefix. The
cyclic prefix is used in OFDM, as mentioned above, and acts as a buffer region or
guard interval to protect the OFDM signals from inter-symbol interference. The

cyclic prefix duration is 0.0047 ms.

Some examples of how the time offset could be determined as of action 500, will
now be described. In one example embodiment, the time offset may in a first
alternative be determined such that different time offsets are assigned to cells
which are expected to interfere with each other by transmission of reference
signals. It may be assumed that the interference between transmissions in two
cells can be more or less predicted, e.g. based on knowledge about propagation
conditions in the two cells. For example, a time offset that provides distribution of
the interference over as many REs as possible in the opposite cell may be chosen

when the expected interference is high, and vice versa.

In another example embodiment, the time offset may in a second alternative be
determined based on a Physical Cell Identity, PCI, of the first cell. In this
alternative, another example embodiment, may be that the time offset denoted

“offset” is determined in more detail as:
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offset = (PCI mod N) * Tsymb / N

where N is the total number of time offsets used in the wireless network, and Tsymb

is the duration of an OFDM symbol.

In another example embodiment, the time offset may in a second alternative be
determined based on statistics of so-called “mobility measurements” performed by
wireless devices on the reference signals. Wireless devices are thus configured to
perform measurements of reference signals transmitted both in their serving cell
and in neighbour cells, to be used as a basis for handover decisions. Such mobility
measurements can be obtained from measurement reports from the wireless
devices which typically indicate how well signals transmitted in one cell can be
heard in another cell. For example, a time offset that provides distribution of the
interference over as many REs as possible in the opposite cell may be chosen
when the mobility measurements indicate that signals from one cell can be heard

well in a neighbour cell, and vice versa.

In another example embodiment, the reference signals may be Cell-specific
Reference Signals, CRSes, which has been used as an example reference signal
throughout this description. It was mentioned above that the network node may
signal the time offset to one or more wireless devices, as shown by the optional
action 502. In another example embodiment, the time offset may be included in
network assistance information, such as in a CRS-Assistancelnfo-r11 message,
signalled to a wireless device. Thereby, the wireless device is able to use the time
offset to assist the procedure of IC which is usually performed in wireless devices
for improved signal detection, which is however beyond the scope of this
disclosure. In another example embodiment, the wireless network may be a Long
Term Evolution, LTE, network and Orthogonal Frequency Division Multiplexing,

OFDM, may be used, although the solution is not strictly limited thereto.

Fig. 7 illustrates a communication scenario where the above-described
embodiments can be used involving a network node 700 serving a first cell, which
node is configured to perform the actions in Fig. 5. A first action 7:1 illustrates that

the network node 700 obtains the above-described time offset relative
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transmissions in a second cell, which may have been determined according to any
of the above alternatives. The determination of the time offset may be performed
by the network node 700 itself or by another node or entity, not shown, from which
the network node 700 can obtain the time offset. Action 7:1 thus corresponds to
action 500.

In a next action 7:2, the network node 700 signals the time offset to one or more
wireless devices 702, which corresponds to action 502. A final action 7:3
illustrates that the network node 700 transmits a scheduling block using the

obtained time offset, which corresponds to action 504.

The block diagram in Fig. 8 illustrates a detailed but non-limiting example of how a
first network node 800 may be structured to bring about the above-described
solution and embodiments thereof. The first network node 800 may be configured
to operate according to any of the examples and embodiments of employing the
solution as described above, where appropriate, and as follows. The first network
node 800 is shown to comprise a processor P and a memory M, said memory
comprising instructions executable by said processor P whereby the first network
node 800 is operable as described herein. The first network node 800 also
comprises a communication circuit C with suitable equipment for receiving and

transmitting signals in the manner described herein.

The communication circuit C is configured for communication with wireless
devices and other network nodes using suitable protocols depending on the
implementation. This communication may be performed in a conventional manner
over a communication network employing radio links for wireless communication,
which is not necessary to describe here as such in any detail. The solution and
embodiments herein are thus not limited to using any specific types of networks,

technology or protocols for radio communication.

The first network node 800 is operable in a wireless network and comprises
means configured or arranged to perform at least some of the actions 500-504 and

71 =73 inFigs 5 and 7, respectively. The first network node 800 is arranged to
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serve a first cell in the wireless network, and to reduce interference in a second

cell caused by transmission of reference signals in the first cell.

The first network node 800 may be configured to determine or otherwise obtain a
time offset for transmission of a scheduling block which contains reference signals
located in predefined resource element positions. This operation may be
performed by an obtaining unit 800A in the first network node 800, e.g. in the
manner described for action 500 above. As indicated above, the network node 700

may itself determine the time offset or obtain it from another node or entity.

The first network node 800 may also be configured to signal the time offset to one
or more wireless devices, e.g. by including the time offset in signalled network
assistance information. This operation may be performed by a signalling unit

800B in the first network node 800, e.g. as described for action 502 above.

The first network node 800 is configured to transmit in the first cell a scheduling
block where a number of said reference signals are located in predefined resource
element positions in the scheduling block, using a time offset relative transmission
of a scheduling block in the second cell. This operation may be performed by a
transmitting unit 800C in the first network node 800, e.g. as described above for
action 504.

It should be noted that Fig. 8 illustrates various functional units in the first network
node 800, and the skilled person is able to implement these functional units in
practice using suitable software and hardware. Thus, the solution is generally not
limited to the shown structures of the first network node 800, and the functional
units 800A-C therein may be configured to operate according to any of the

features and embodiments described in this disclosure, where appropriate.

The functional units 800A-C described above can be implemented in the first
network node 800 by means of suitable hardware and program modules of a
computer program comprising code means which, when run by the processor P
causes the first network node 800 to perform at least some of the above-described

actions and procedures. The processor P may comprise a single Central
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Processing Unit (CPU), or could comprise two or more processing units. For
example, the processor P may include a general purpose microprocessor, an
instruction set processor and/or related chips sets and/or a special purpose
microprocessor such as an Application Specific Integrated Circuit (ASIC). The

processor P may also comprise a storage for caching purposes.

Each computer program may be carried by a computer program product in the first
network node 800 in the form of a memory having a computer readable medium
and being connected to the processor P. The computer program product or
memory in the first network node 800 may thus comprise a computer readable
medium on which the computer program is stored e.g. in the form of computer
program modules or the like. For example, the memory may be a flash memory, a
Random-Access Memory (RAM), a Read-Only Memory (ROM), an Electrically
Erasable Programmable ROM (EEPROM) or hard drive storage (HDD), and the
program modules could in alternative embodiments be distributed on different
computer program products in the form of memories within the first network node
800.

The solution described herein may be implemented in the first network node 800
by means of a computer program storage product 802 comprising a computer
program 804 with computer readable instructions which, when executed on the
first network node 800, cause the first network node 800 to carry out the actions

according to any of the above embodiments, where appropriate.

By introducing a time offset between the downlinks of different cells that is a
fraction of an OFDM symbol, the peak interference power can thus be reduced.
Fig. 9 illustrates how the reception performance in terms of BLER for shifted
CRSes and MCS 26 can be improved by using different time offsets as described
herein. Offset 2192 corresponds to 1 OFDM symbol. It can be seen that with an
interfering signal that is 3 dB weaker than a serving signal, the SNR required to
reach 10% BLER can be reduced by roughly 1.5 - 2 dB.

When the CRS interference is spread out over several resource elements by

using a time offset as described herein, the difference between the CRSes and
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the data carrying resource elements will be reduced. This means that the
decoder is able to use a better estimate of the quality of each resource element,

and this improvement will contribute to a better decoding performance.

This is illustrated in Fig. 10 where the peak interference power in two adjacent
OFDM symbols 4 and 5 of a victim cell, caused by transmission in an interfering
cell, is plotted versus the time offset used in either cell. Here, a time offset equal
to 137 corresponds to one OFDM symbol. It can be seen that a time offset equal
to 68.5 corresponding to 1/2 OFDM symbol will spread out the interference
power equally over the OFDM symbols 4 and 5. However, a time offset of 1/2
OFDM symbol would only provide 2 different time shifts. A more practical time
shift would be to use multiples of 1/3 OFDM symbol, i.e. time offset = 45.6, and
according to the figure this would still provide a reduction in peak interference

power by ~3 dB.
Scenarios where the most gain of using the time offset can be expected include:

A) Shifted CRSes, as illustrated in Fig. 6. There will also be positive effects
for non-shifted CRSes, but the gain will then be in terms of better CQIl and RI

reporting which has not been quantized.

B) Low Physical Resource Block, PRB, utilization in neighbour cells. As the
PRB utilization in neighbour cells increase, the interference term will be
dominated by PDSCH interference and the gain of using the time offset will

decrease.

Finally, Fig. 11 illustrates how the power “leakage” of a transmission on a
frequency denoted “0” “leaks” between subcarriers within an OFDM symbol when
no time offset is applied and when time offsets of 1/3 and 1/2 OFDM symbol,
respectively, are applied. With no time offset applied, no power leaks into adjacent
subcarriers which can be seen by the sharp dips is the received power at
frequencies +/- 15000Hz (the subcarrier spacing). When the offset changes to %

symbol, it can be expected that half the power (equal to 3dB) is shifted to an
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adjacent OFDM symbol. The remaining power is distributed within the OFDM
symbol so that half the remaining power stays within the transmitted subcarrier,
and the rest leaks out to other subcarriers. This can be seen from the fact that the
power on the “0” HZ subcarrier has dropped 6dB, i.e. down to 4 of the original
power, and that the power at +/- 15000KHz does not drop to O, but to
approximately -10dB which corresponds to 10% of the original transmitted power.
It can thus be seen in this figure that the peak power that hits a resource element
at frequency 0 can be considerably reduced by applying the above-described time

offset.

While the solution has been described with reference to specific exemplifying
embodiments, the description is generally only intended to illustrate the inventive
concept and should not be taken as limiting the scope of the solution. For

” 13 ” 13

example, the terms “cell’, “network node”, “reference signals”, “scheduling block”,

P
‘resource element “, “time offset”, “OFDM symbol”, “shifted CRSes”, “cyclic prefix”
and “mobility measurements” have been used throughout this disclosure, although
any other corresponding entities, functions, and/or parameters could also be used
having the features and characteristics described here. The solution is defined by

the appended claims.
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CLAIMS

1. A method performed by a network node (700) serving a first cell in a
wireless network, for reducing interference in a second cell caused by

transmission of reference signals in the first cell, the method comprising:

- transmitting (504, 7:3) in the first cell a scheduling block where a number of said
reference signals are located in predefined resource element positions in the
scheduling block, using a time offset relative transmission of a scheduling block in

the second cell.

2. A method according to claim 1, wherein the time offset is a fraction of the

duration of an OFDM symbol.

3. A method according to claim 2, wherein the time offset is any of 1/2, 1/3
and 2/3 of the duration of an OFDM symbol.

4. A method according to claim 2, wherein the time offset is larger than the

duration of a cyclic prefix.

. A method according to any of claims 1-4, wherein the time offset is
determined (500, 7:1) such that different time offsets are assigned to cells which

are expected to interfere with each other by transmission of reference signals.

6. A method according to any of claims 1-4, wherein the time offset is
determined (500, 7:1) based on a Physical Cell Identity, PCI, of the first cell.

7. A method according to claim 6, wherein the time offset is determined as:
offset = (PCI mod N) * Tsymb / N

where N is the total number of time offsets used in the wireless network, and Tsymb

is the duration of an OFDM symbol.

8. A method according to any of claims 1-4, wherein the time offset is
determined (500, 7:1) based on statistics of mobility measurements performed by

wireless devices on the reference signals.
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9. A method according to any of claims 1-8, wherein the reference signals

are Cell-specific Reference Signals, CRSes.

10. A method according to any of claims 1-9, wherein the time offset is
included in network assistance information, such as in a CRS-Assistancelnfo-r11

message, signalled (502, 7:2) to a wireless device.

11. A method according to any of claims 1-10, wherein the wireless network

is a Long Term Evolution, LTE, network.

12. A network node (900) arranged to serve a first cell in a wireless network,
and to reduce interference in a second cell caused by transmission of reference

signals in the first cell, wherein the network node (900) is configured to:

- transmit in the first cell a scheduling block where a number of said reference
signals are located in predefined resource element positions in the scheduling
block, using a time offset relative transmission of a scheduling block in the second

cell.

13. A network node (900) according to claim 12, wherein the time offset is a

fraction of the duration of an OFDM symbol.

14. A network node (900) according to claim 13, wherein the time offset is
any of 1/2, 1/3 and 2/3 of the duration of an OFDM symbol.

15. A network node (900) according to claim 13, wherein the time offset is

larger than the duration of a cyclic prefix.

16. A network node (900) according to any of claims 12-15, wherein the
network node (900) is configured to determine the time offset such that different
time offsets are assigned to cells which are expected to interfere with each other

by transmission of reference signals.

17. A network node (900) according to any of claims 12-15, wherein the
network node (900) is configured to determine the time offset based on a Physical
Cell Identity, PCI, of the first cell.
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18. A network node (900) according to claim 17, wherein the network node

(900) is configured to determine the time offset as:
offset = (PCI mod N) * Tsymb / N

where N is the total number of time offsets used in the wireless network, and Tsymb

is the duration of an OFDM symbol.

19. A network node (900) according to any of claims 12-15, wherein the
network node (900) is configured to determine the time offset based on statistics of

mobility measurements performed by wireless devices on the reference signals.

20. A network node (900) according to any of claims 12-19, wherein the

reference signals are Cell-specific Reference Signals, CRSes.

21. A network node (900) according to any of claims 12-20, wherein the
network node (900) is configured to include the time offset in network assistance
information, such as in a CRS-Assistancelnfo-r11 message, signalled to a wireless

device.

22. A network node (900) according to any of claims 12-21, wherein the

wireless network is a Long Term Evolution, LTE, network.

23. A computer program comprising instructions which, when executed on
at least one processor, cause the at least one processor to carry out the method

according to any one of claims 1-11.

24. A carrier containing the computer program of claim 23, wherein the
carrier is one of an electronic signal, optical signal, radio signal, or computer

readable storage medium.
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