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METHODS AND NETWORK NODES FOR CONFIGURING ALMOST BLANK SUBFRAME TRANSMISSION
PATTERNS AND CORRESPONDING MEASUREMENT PATTERNS FOR REDUCING INTERCELL
INTERFERENCE IN AN HETEROGENEOUS CELLULAR RADIO COMMUNICATION SYSTEM

TECHNICAL FIELD

5 Embodiments hersin relate {0 a method in a network node and a network
nade for enabling configuration of at least two pattems for a call. Furthermore,
embodiments herein relate to a method in a user equipment and a user eguipment

for configuring measuraments,

10 BACKGROQUND

The interest in deploying low-power nodes, such as pico base stations, home

radio base stations (home eNodeBs), relays, remote radio heads and the like, in a
network has constantly increased over the last few years. When a network employs
low-power nodes in addition to regular base stations, the network is usually referred

18 {o as a heterogeneous network. The regudar base stations are ofien referred to as a
macro layer and the low-power nodes are often referred 1o as a pico layer. A purpose
of emploving low-power nodes is {o enhiance performance of the macro layer in terms
of nefwork coverage, capacity and service sxparience of individual users.

At the samie time as intersst for low-power nodes has grown, it has been

2
o2

realized that there is a nesd for enhanced interference management technigues to
address the arising interference lssues caussd by, for example, a significant transmit
powsr variation among different calls. Cell association technigues are also needed
for maore uniform networks,
I the Third Generation Parinership Project (3GRP), heterogeneous network
25 deployments have been defined as deployments whare low-power nades of different
transmit powsrs are placed throughout a macrn-cell layout, implying non-uniform
traffic distribution. Such deployments are, for example, effective for capacily
extension v certain areas. These areas may include so-called traffic hotspots, i.e.
small geographical areas with higher user density and/or higher traffic intensity.
30 installation of low-power nodes, such as pico nodes, in these areas can enhance
performance. Heterogeneous deployments may alse be viewead as a way of
densifying, or concentrating, rietworks {o adopt for the traffic needs and the
environment. However, heterogensous deployments also bring challenges for which
the network has to be preparad in order (o ensure efficient netwark operation and
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superior user expetience. Therefore, different interference management techniques,
or interference management procedures, have bean proposed.

One example of such interference management procedure relates {o
interference management for heteragensous deployments. To ensure reliable and
high-bitrate transmissions as well as robust control channel performance, maintaining
a good signal quality is a must in wireless networks. The signal guality is determined
by the received signal strength and its relation to the {otal interference and noise
received by the receiver. A good network plan, e.g. good cell planning, is a
prerequisite for successful network operation, but the cell planning is static. For more
efficient radio resource utilization, the network plan has to be complemented by semi-
static and dynamic radio rescurce management mechanisms, These mechanisms
are intended to facilitate interference management and deploy more advanced
antenna technologies and algorithims,

One way to handle imterference is to ulilize more advanced transceiver
technologies, .4, by implemsniing interference cancellation mechanisms in
terminals, or user equipments (UEs). Another way, which can be complementary to
the fonmer, is to design sfficierd interference coardination algorithms, such as inter-
cell interference coordination {ICIC) and fransmission schemes in the network.

Inter-gall interference coardination (CIC) meathods for coordinating data
transmissions between ceils have been specified in Long Term Evolution (LTE})
relegse 8 In LTE release 8, the exchange of ICIC information between cells in LTk is
carried out via an X2 interface by means of the X2-Application Protocol (X2-AP
orotocol). The X2 inferface and the X2-AP are known from 3GPP terminology. Based
on this information, the network can dynamically coordinate data fransmissions in
different calls in the time-frequency domain and alse by means of power control so
that the negative impact of inter-cell interference is minimized. With such
coardination, base stations may optimize their rescurce allocation by cells either
autonomously or via ancther network node ensuring centralized or semi~centralized
rasource coordination in the network, With the current 3GFPF specification, such
coordination is typically transpavent to user equipmanis.

Two examples of coordinating interference on data channels are illustrated in
Figure 1z and Figure 1b. In Figures 1a-e, subcarriers, e different frequencies, are
verically arranged along & vertical axis and tims is expressed along the horizontal
diraction. Exemplifying data channels are denoted D1, D2, B3 and D4, inthe
sxample of Figure 1a, data transmissions, such as 01, D2, I3 and 04, in two cells
are separated in-fregquency, Le. the no-data regions D1, D4 do net overtap in the
vertical direction. The two cells, such as the pico and the macro, belong to different
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lavers, Le. macro and pico layers, By contrast, in the example of Figure 1b, low-
interference subframes are created at some ime instances, such as at a center
subframe of the three subframes shown for the macro, for data transmissions iy pico
cells by suppressing macro-cell transmissions i these time instances. This may, for
axample, enhance performance of user eguipments which would otherwise
experience strong interference from magcre cells. For example, this applies to user
aquipmants which are closely located {o macro cells, or macro radio hase stations.
Such ceordination mechanisms are possibie already with the current specification.

Unlike for dafa transmission, current specifications limit ICIC possibilities for
control channels. For instance, the mechanisms Hustrated in Figure 1a-b are not
possible for control channels and are not possible for reference signals measured for
mobility.

Figures 1c-e illustrate three approaches (1), (2}, {3) of enhanced [CIC to
handle the inferference on control channeals.

(1) as in Figure 1o illustrates use of low-interference subframes in fime.

In Figure 1c, the vertical stripes indicate reduced interference to the control
channels in the control region.

(2} as in Figure 1d illustrates uss of time shifis. it is noted that (2) has some
imitations for Time Division Duplex {TDD) ard is not possibls with synchronous
network deployments. Moreover, (2) is not efficient at high traffic loads. From the
legacy terminal point of view, Cell-Specific Reference Signals (CRS) still need {o be
transmitted it all subframes, so there will still be inter-cell interference from CRE.

{3) as in Figure 1e illusirates use of in-band control channel in combinstion
with frequency re-use. In Figure e, the grids indicate reduced interference o the
enhanced conlrol channels in the data region.

(1) and (3) require standardization changes whilst (2) is possible with the
current standard.

Interference coordingtion techniques, as llustrated in Figures ta-g, reduce
the interference from a strong interferer, e.g. a macro cell, during cther-cell, e.g. pico,
tranamissions. in doing so, the Bchniques assume that second cells, such as pico
cells, are aware abouf the ime-requency resources with Jow-interference conditions
and thus can prioritize scheduling of fransmissions i those subframas for users
which potentially may strongly suffer from the interference caused by the strong
interfersrs.
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As mentioned above, the possibilities {o efficiently mitigate inter-celi
interference to and from control channels are limited with the current standard.
Mowever, even less flexibility exists for dealing with interference to/ffrom physical
signals which typically have a pre~defined static resoures allocation in the time-
frequancy space. In the following, some known techrigques for interference
cancelation are desoribed.

in signal cancellation technigques, the channel is measured and used to
restare the signal from a imited number of strongest interferers. This technigue
impacts receiver implementation and its complexity, Furthermore, in practice,
channel estimation puts a limit on how much signal energy can be subtracted,

in symbol-level ime shifting techniques, there is no impact on the standard,
but it is not relevant for TDD networks or networks providing the MBMS service. This
techniqus is applicable when a macro base station and a home base station are
time-gynchronized. This approach uses time shifting of transmission from the home
base station relalive 1o downlink frame timing of macro base station and uses power
reduction, or muting, by the homs base stationy and/or the macro base station, on the
portion of a symbol{s) that overlap the contral region of the macro or home base
station.

A fugther technique compdetely mutes a signal in a subframe. inthis
technigue, GRS are not transmifted at all in some subframes for energy efficiency
reasons. This technigue was proposed earlier in 3GPP. The technigus is not
backward compatible to Release 8 and/or 8 user equipments, which expect CRS to
be transmitted af least on antennag port 0,

Given a very imited set of possibilities for interference cancelation listed
above, there is a strong need for simple but yet efficient new technigues to resolve
the CRS interference issue. A similar issusg exists, for example, for synchronization
and broadeast channels, where time ahifts may be ulilized to address the issue.

The neead for enhanced ICIC techniques is padicularly crucial when the celt
assignment rule diverges from the Reference Signal Received Power (RERP} based
approach, a.g. towards a pathloss or a 'path gain’-based approach. This is
sometimes also referred to as the cell range sxpansion when adopted for cells with &
transmit power lower than neighbor cells. An idea of the cell range sxpansion is
illustrated in Figure 2, where the call range expansion of a pico cell is implementsd
by means of a delta-parameter, aka bias or cell selection offset. The cell range

expansion approach iz also known as biasad oell selection.
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As discussed above, different interference coordination techniques, also
referrad to as snhanced I1CIC {elCIC), have been discussed in the context of
heterogeneocus network deployments.

Mow returning to the X2 interface, information to be signaled between radio
base stations and from radio base siations, such as eNodeB, 1o a user eguipment
{UE) is described. It has been proposed that the signaling shall comprise the
following:

s an2 bitmap pattern to indicate an Almaost Blank Subframe (ABS) pattern of Macro
celt to Pico qell,

= asecond bitmap o indicate a subset of the subsframes indicated by the first
bitmap, which are recommaeanded to the receiving node for configuration of
restricted Radio Link Monitoring (RUM) and/or Radio Resource Managemerit
(REM) measurements, and

¢ the pattern fength and periodicity: Frequency Division Duplex (FDD) ~ 40ms; TDD
~ 20ms for downlink and/or uplink {DL/UL) configuration 1~5, 70 ms for DL/UL
configuration 0, 60ms for BLAUL configuration 6.

i is also proposed that the requestsd Radio Resource Control {(RRC)
signaling comprises RRC signaling for resource specific RLM/RRM measuremants
and Channe! State Information (CS1) measurements, where the resources that can
be used for measurements ars indicated by patterns, such as an ABS pattem or a
pattern for RRM/RLM. A definition of ABS subframes is described in the following.
For an ABS subframe, user equipments may assume the following:

»  AlFABS subframes cany ORE;

s if Primary Synchronization Signal (PSS8), Secondary Synchronization Signad
{885}, Physical Broadeast Channel (PBUH), Systers Information Block 1
{S181), Paging andfor Positioning Reference Signals (PRE)} coincide with an
ABS, they are transmitted in the ABS (with asscciated FODCCH when
SiB1/FPaging Is transmitled);

s Needed for legacy support;

¢ (8l reference signals (CSERS) transmission on ABS is not determinad yet;

s No other signals are transmitted in ABSs;

s T ABS coincides with Multicast Broadeast Single Frequeancy Netwark (MBSFN)
subframe not carrying any signal in data region, CRE is not present in data
reqicn;

» MBSFN subframe carrying signal in dala region shall not be configured as ABS.
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According to the current state of the art, a measurament pattern par cell is to be
decided. The measurement pattern is determined by a bitmap which is signaled to the
user equipment, and it does not have {o be the same as the transmission pattern.

In a scenario, where load varies significantly amuong cells, it is expected that
different ABS patterns are configurad in different cells. Whan determining the
measurament pattern, the different ABS patterns will need to be taken into ascount,
Thus, only a small set of resources may be available for measuraments. As a result,
measurement quality may degrade and measurement time may increase.

Moreover, according to the cument state of the arl, a ransmission pattem, or &
ABS patfiern, may be signaled to a neighbor radio node. The transmission pattern is
determined by another bitmap.

With reference to the above mentioned scenario, the ABS pattern puts limitation
on the network performance, in particular in lanms what measurement pattern can be

used.

SUMMARY

An object with embodimerts herein is to improve performance of a radio
communication system, such as a radio communication system based on LTE.

Accerding to an aspect, the object is achieved by a method in a network node
for enabling configuration of at least two patterns for a cell. The patterns are
transmission palterns or measuwrement patterns. The network node obtains the at
izast two palterns. Each of the af least two pattems is associated with a respective
restricted area such that each pattern is used when a user equipmsent served by the
cell is located in the respective restricted area. Each respective rastricled arsa is

smaller than an entire area of the cell,

Acpording to another aspsct, the object is achievad by a nstwork node for
enabiing configuration of at least two patterns for a cell. The patterns are
transmission patterns or measurement patiemns. The network node comprises a
processing circuit configured to obtain the at least two patterns. Each of the at least
o patterns is sasociated with a respective restricted area such that each paftern is
used when a user equipment servad by the cell is located in the respective restricted

araa. Each respective restricted area is smaller than an entire area of the call,
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According to a further aspect, the olject is achieved by a mathod in a user
egquipment for configuring measursments. The user equipmert is served by a cell of
a radin basse station, The user equipment raceives at lsast two measurament
patterns from the radio base station. Each measurement pattern is associated with a
respective restricted area such that sach measurement patiern is used when the
user equipment is located in the respective restricted area. Each respective restricted
area is smaller than an entire area of the call, Furthermaore, the user equipment
obtains information about the respective restricted area, thereby configuring
meaasuramenis.

According {o yel another aspect, the object is achieved by a user equipment
for configuring measurements. The user eguipment is configured to be served by 3
cell of a radio base siation. The userequipment comprises a receiver configured to
receive at least two measurament patterns from the radio base station. Each
measurement patler is associated with a respective restricted area such that each
measurament pattern is used when the user sguipment is located in the respective
restricted area. Each respective restricted area is sraalier than an entire ares of the
cell. The user equipment further comprises a processing circuit configured to obtain
information about the respective restricled area. In this manner, the user equipment

is configured for configuring mgasurements.

Thanks to that at least two patterns can be configured for at least two
respective restricted areas, a first paltern is usable for a first restricted area and a
second pattem is usable for a second restricted area,

When the patiemns are transmission paltsrns, the first pattem allows Tor
transmission in & larger number of frames than a number of frames allowed for
fransmission ay defined by the sscond pattern. A larger number of frames provides a
larger number of ransmission occasions. This means that it is easier (o find a frame
for performing transmission when the number of frammes for tranamission is larger.

When the patterns are measurement patterns, the first pattern allows fer
measurement in a larger number of frames than a number of frames allowed for
measurament as defined by the second pattarn. A larger number of frames provides
& larger numbar of measursment aceasions. This means that it is easier tofind a
frame for performing the measurement whan the number of frames for
measuraments is larger.

Therefore, performance of the radio communication system, when using the

sacond patiemn, may be improved as compared to when using the first pattern.
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An advantage of erbodiments hergin is that they provide, Tor example, less
strict measurement configuration for user equipments. This makes it more adaptive

to the environment, interference and load conditions within a cell, or different ussr

(%31

equipment groups. The embodiments further provide more flexible configuration for
macro oells. This permits different patterns in different cells, which in turn significantly
enhances macro cell performance comparsd {0 the case when the same
measyrement patterr is used over one cell, 8 st of neighboring cells, or all cells n a
tracking area or the entire network.
10

A further advantage of embodiments herein is that they provide radio base
stations that are aware of the pattern configuration in neighboring cells andior nodes.
Further, embodiments enable communicating patterns with either a pre-defined ora
signaled description of at least ong of the rastricted area where the patlern applies.

BRIEF DESCRIPTION OF THE DRAWINGS
The various aspects of embodiments disclosed herein, including particular
features and advaniagss thereof, will be readily undersicod from the following
detailed description and the accompanying drawings, in which:
20
Figure 1a-¢ show schematic ICIC schamaes,

Figure 2 shows a schematic overview Hlustrating cell rangs expansion,

]
4

Figure 3 shows a schematic overview of an exsmplifying radio communication
systern in which exemplifying methods according embodiments herein may be

implemented,

Figure 4 shows a schematic, combined signaling scheme and flowchart of

0%
=

examplifying methods performed in the radio communication system according to
Figure 3,

Figure 5 shows a schematic overview of an sxasmplifying radio communication

syatem in which exemplifying methods sccording embodiments herein may be

[ ]
(951

implamentsd,
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Figurs Ga and 8b show schematic, combined signaling schemes and
flowcharts of exemplifying methods performed in the radio communication system
according to Figure 5,

Figure 7 shows a schematic flowchart of the methods of Figure 4 when seen

from the network node,

Figure 8 shows a schematic block diagram of an exemplifying netwark node
canfigured to perform the methods illustrated in Figure?,

Figure 8 shows a schematic flowchart of the methods of Figure 4 when seen
from the User sguipment, and

Figure 10 shows a schematic block diagram of an exemplifying user

aquipment configured {o perform the methods ilfustrated in Figure 8.

DETAILED DESCRIPTION

Throughout the following description similar reference numerals have been
used to dencte similar elemeants, network nodes, parts, items or features, when
applicable, In the Figures, features thatl appesar in some ambodiments are indicated
by dashed linss.

Figure 3 shows an exemplifying radio communication system 100, which in
this example is an LTE system. In other examples, the radio communication system
may be bassd on Global System for Mobile communication {GSM), Universal Mobile
Telecommunications System (UMTS), Gode Division Multiple Access (COMA) or the
like.

The radio communication system 100 comprises a network node 140 The
network nods 140 may be a radio base station, a coordinating node, an Operations &
Maintenance (O&M) system or the like. In embodiments, where the network node
140 is a radio base station, | may be a macro eNodeB, pice eNodeB, micro eNodeB,
home eNadeB, relay node, or the like.

The radio communication system 100 comprises cells, such as a cell CO in

Figure 3. The cell CO is operated by a radio base station, such as the network node

Petitioners’ Exhibit 1007, p. 11
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14Q. Thus, the radic communication system 100 may depict a classical deployment,
i.e. there are no pico radio base stations or the like. Embodiments hergin may also
be implemented in @ macro/pice deployment, also referred to a3 a heterogensous
deployment, which is described below and shown in Figurs 5.

Al lzast two patterns may be configured for the cell CO. The at lzast two
patiams are transmission patterns or measurament pattems. The pattems indicate
subframes available for transmission or measurement. A subframe is known from
3GPP terminology and has typically a duration of 1 ms. Thus, the at least two
patterns may be related to transmission power or fransmission aclivity in the cell GO,

The at least two patterns may comprise a first pattern and a second patiern,
raspactively. The first and the sacond patterns are associatad with at least one of the
following characteristics: bandwidth, transmit power levels, power reduction, and
subframe properties. A first value of the at least one characteristic associated with
thee first pattern is different from a second value of the same characteristic associated
with the second pattern.

Whan the patterns arg measurament patiems, the at least two measurament
patterns may be different from aach other. The first pattern may be intended for
measurements with measuremert gaps and the second pattern may be intended for
measyurements withowd measurament gaps.

In order to enable increased flexibility for configuration of patterns, the cell CO
comprises a firet area A1 and & second area &2, In this manner, different patiems
may be configured for, or associated with, different respective areas as described in
more detail below. For sach area A1, A2, there will be assigned a respective patiarn,
The cell GO has an entire cell area AQ. Each of the first and second areas A1, Al s
smaller than the entire cell area AD. The radio conditions in the first and second
areas AT, A2 may differ for different reasons, such as buildings, background noise
ate.

The first area may, 2.¢.. be squal o the entire cell arsa AD. In such case, a
pattern for the second area override pattern configuration for the entire cell, i.e. the

first area. This may improve backward compatibility.

A user equipment 138 is located within the cedl TO. The user equipment 130 1
in some figures is referred to as UE 130, The user equipment 130 may be a mabile
phone, a celiular phone, a Personal Digital Assistant {PDA) equipped with radio
communication capabilities, a smariphone, a tablet PC, a tablet device, a laptop

equipped with an internal or external mobile broadband modem, a portabls electronic

10
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radio communication device or the like. The user equipment 130 may be served by
one or more additional cells (hot shown).

When the network node 110 is a coordinaling node or & Q&M system, the user
equipment 130 is configured to communicate, as illustrated by an arrow P1, with the
network node 110 via a radio base statiors {not shown) over a radio link when the
user equipment 130 is pressnt in the cell CO served by the radio base station.

When the nelwork node 110 is a radio base station, the user eguipment 130 is
oconfigured to communicate, as Hlustrated by the arrow P1, with the radio base station
over a radio tink when the user squipment 130 is present in the cell C0 served by the
radic base station,

Figure 4 shows a schematic, combinad signaling scheme and flowehart of
exemplifying methods performed in the radio communication system according to
Figurs 3. The netwoark node 140 performs a method for enabling sonfiguration of the
at least two patterns for the cell CO. The user equipment 130 performs a method for
configuring measurements.

The following aclions may be performed. Notably, in some embodiments of
the methed the order of the actions may differ from what is indicated below.

Action 401

In some embodimends, the network node 140 obtains information about the
respective restricted area, such as the first and second areas Al A2, As a resull, the
nafwork node 140 is informed about the respective restricted area.

The information about the respective restricted area may be obtained in one
or more of the following manners reading pre-defined information about the
respactive restricted area, generating the information about the respactive restricted
area and receiving from another node. The other node may be the coordinating
nade, the pice or macro radio base stafion or Operations & Maintenance {O&M)
system. These and other examples will be elaborated below in List 2.

As an exampile, the network nods 140 oblains the information about the
respaclive restricted area by generating the respective restricted area based on a
detected overlap in coverage ares of two neighboring radio hase stations.

The information about the respeclive restricted area will be used in the next
action, and may relate to at least one of:

- Certain gevgraphical area or dirsction;
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~  Antenna configuration;

- Anares with certain radio environment characteristics;
An arga defined by a certain user squipment behavior;

- An area associated with certain signal strength/guality and user
eguipment requirements (UE requirements);

- A areg with certain performancs characteristios; and

- An area defined by usar eguipment capabilities or user equipmeant location
(UE capabiliies or UE location).

These and other examples will be elaborated below in List 1.

The information about the respective restricted area may be used for

interference management, positioning, minimizing drive {ests, or SON.

Action 402

In order to allow the network node 140 to enable configuration of the at least
two patterns in the cell CO, the network node 140 obtains the al least two palterns.,

The oblaining may be performed by generating the at least two patterns or
receiving the at least two patterns from another network node.

Each pattern is associated with information about a respective resiricled area
A1, AZ such that each patiern is used when the user sguipment 130 is located in the
respective restricted area. Each respective rastricted area A1, A2 is smaler than an
entive area of the cell CO.

As mentionad above, the al least two patterns comprise the first pattern and
the second pattern according to some embodiments. In these embuodiments, the
ebtaining may be performed by generating the first pattern and receiving the second
pattern. In this manner, further flekibility for obtaining the at least two patterns is

achisved,

Action 403

in some embodiments, the network node 140 further transmits the af east
two patterns (o a further network node or a user equipment 130, The further nods
may ba g radio base station, serving or not serving the user sguipment, or a core
netwark node, such as the coordinating node. Thereby, the further network node or
the user eguipment may use said at least two patterns for transmission, for
measurements or for coordinating purpases.

When the network node 140 is a radio base siation, the further network node
may be the coordinating node. Thereby, the network node 140 provides information
about palterns to the coordinating node, which may use this iInformation to generate
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further patterns to be applied in other cells. The coordinating node may also generate
a new pattern, which is to replace one of the al least tweo patterns. The coordinating
node may of course also raplace all of the at least two pattemns.
Alternatively or additionally, when the netwark node 140 is a radio base

& station, the further network node may be another radio base station, Thershy, the
network node 140 provides information about patterns to the other radic base station,
which may use this information as & transmission patiern. Typically, network node
140 has generatad different patterns {o be used by itself and the other radio base
station.

10 When the further network node is the user equipment 130, the transmitting
may be pearformed via broadeast, mulficast or dedicated fransmission. In some
examplas, only one patlem is transmitted via dedicated transmission in vesponss to a
raquest for configuration of patterns as explained in conjunction with Figure 8b. In
this manner, broadeast and multicast transmission is off-loaded, singe the patterns is

15 transmitted using dedicated transmission instead of broadeast or multicast: Typically,
the patterns transmitted o the user equipment 130 arg measuremeant patterns.

The information abow the respective restricted area may also be transmiited
to anather network node o 3 user equipmant 130 in this action.

20 Action 485
In some embodiments, the network node 140 further decides applicability of
the at least fwo patlerns based on the information about the respective restricted
area. As a resull, the network node 140 dedermings which of the at least two patlerns
shall be applisd whan the user equipment 130 is localad i the respective restricted

D
L

area. Typicaily, the al least fwo patterns are transmission patterns in these
embadiments.

The network node 140 may further decide applicability of the at least two
patierns based on available measurements relating 10 the user equipment, such as
pasition, current pre-coding, bandwidih used, sie. Thus, facilitating determination of

30 in which respective restricled area the user equipment is located in.

Action 404
In order to inform the user squipment 130 about which measurement patlems
may ba applied for different respeciive restricted areas, the network node 140 sends
35 at lsast two measurement patterns {o the user equipmant 130, They may be sent via
the radio base station. As mentioned, each measurement pattern 5 associated with &
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respective restricted area and each respective restricted area is smaller than an
entire area of the cell,

The at least two measurement patierms may indicate when the user
equiprment 130 is to perform measurements in sach respective restricted area. As an
example, the measurements are performed towards the serving radio base station or
a neighboring radio base station.

Al least one of the at least two measurement patterns and the information
about the respective restricted arsa may be received by the user equipment 130 via
broadeast, mullicast or dedicated signaling from the network node 140, such as a

radio base station serving the user equipment 130,

Action 4086
It arder for the user equipment 130 to be aware of the respeclive restricted
areas, the user equipment 130 obtains infonmation about the respective restricted
area, In this manner, measuramenis using different measurement patterns for
different areas are configured. Expressad differently, the measurements are
corfigured with different measurement patterns for different portions of the cell GO.
Similarly to above, now for the user equipment 130, the information about the
respactive restricted area may be obtained by at least one of reading pre-defined
information about the respective restricted area, generating the information aboud the
respective restricted area and receiving from the network node 140, The netwaork
riodde 140 may be a radio bass station, serving or non-serving, of anothar node.
Sirnilarly to above, now for the user squipment 130, the information about the
respective restricted area may relate {o at least one oft
Certain geographical area or dirgction;
- Antenna configuration;
- Anarea with cerlain radio erwironiment characteristics;
- An area defined by a cerain user syuipment behavior;
~ An area associated with certain signal strength/quality and user
sodipment requirenients,
- An area with certain performance characteristics; and
- An area defined by user syuipment capabilities or user equipmernt
location.
Similarly to above, now for the user eguipment 130, the information about the
respective restricted area may be used for interference managemeani, positioning,
minimizing drive tests, or SOM,
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Action 487

In some embodiments, the user equipment 130 further decides applicability of
the at least two measurement pattems based on the information about the respective
rastricted arsa.

3]

Iy this manner, the user equipment 130 determines which of the at lsast two
measurement patterns shall used when the user equipment 130 is located in the
respective restricted arsa. Typically, the at least two patterns are measurement
patierns in thess embodiments,

The deciding may further be based on at lzast one of user equipment
10 capability (UE capability) and available msasurements relating to the user equipment
130, Thus, facilitating determination of in which respective restricted areg the user
aquipment is located in,

15 At conception of the embodiments herein, the following has been observed
wher studying a macro/pics cell deployment and signaling of measurement patfermns
and ABS patierns within such deployment. An ABS pattern is an example of a
transmission pattem.
Firstly, observing measurament patterns. According to the current state of the
20 art, a single measurement pattern per cell, such as serving cell, is to be decided.
Evan though the signal quality typically significantly varies over the cell area, using a
single measurameant pattern per cell may work in practice when all potentially strong
inferfarars, &.g. macro cells, use the sams ABS pattern. However, load typically
varies significantly amang cells and the ABS patlerns shall be load-dependent to
25 optimize network parformances. With this, if is expected that different ABS patlerns
are configured in different cells, which may make it difficull or even impossible {o
decide the same measurement patiern over the entire cell subject to strong
interferance from different cells in different paris of the cell.
Configuring the most pessimistic measurement pattem for all user
30 eguipments, {2, indicating the resources the user sguipment can use for
measurements when the user equipment is located in any part of the cell, may result
i & small set of resources available for measursments. The small set of resources
available for measurements increases user equipmerst complexity, reduces the

measurement quality, and increases the measurement time.

3
5

This will lead to much move relaxed requirements for user equipments, being
contigured with the most pessimistic measurement pattern, compared to the lagacy

user equipments. That is {o say, less stringent requirements for measurements by
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user aquipments, being configurad with the most pessimistic measurement pattern,
neads to be gllowed. This is, howaever, not desited, because less siringent
reguirements reduce performances, for example in terms of response time, for these
user squipmenis. The consequance (s had overall performance in heterogeneous
networks due to overly restricted and inflexible measurement cccasion configuration,
suich as the mentioned small st of rescurces available for measwrements.

In classical network deployments, e.g. without low-power nodes such as pico
base stations or home radio base stations (home eNodeBs), the relaxed user
agguipment requirements for measuraments alse has the conssguence of had overall
performanca. A reasan is that also in the classical netwaork deployment, the relaxed,
or rather less stringant, user equipment requirements for measurements impliss
reducad performance, for example in terms of response tims, for these user
gquipments.

Secondly, when observing ABS patterns, it has been realized that another
issue is that according to the state of the art only a single ABS pattern is signaled.
Howeaver, with advanced antennas capable of dynamic antenna configuration
technigues such as beam forming, ransmitfreceive diversity, distributed anterna
systems, and multi-point transmitting/ receiving techniques, etc,, associating a single
ABS pattern with a celt will put a strong limitation on the network performance. For
aexample, although a cell is fransmitting at some time instance, the power emission
and thus the potential interference to other cells can be significantly suppressed in
selectsd directions in this time instance and the directions may significantly vary with
fima. it is herein discussed how the ransmitfreceive directions can be associated
with ABS patterns,

It is likely that a single measursment patiern will not be enough for infra-
frequency and inter-frequency measurements. Also, a single measurement pattern
will hardly be used for both the serving cell and neighbor cell measuraments, at lsast
without soms rules on when and what measurements are to be performetd with the
measurament patlern provided to the ussr equipment.

Therefora, embodiments herein describe use of at least two patterns, such as
transmission patiams or measurement patiemns, for a cell, Each of the at least two
patterns is associated with a respective restricted arga which is smaller than an
entire area of a cell as will be explained in more detail with reference to for example
Figure 3 and Figure 5.

Asg discussed in the background section of the present disclosure, different
interference covrdination techniques, also referred tu as enhanced ICIC (elITIC),
have been discussad in the context of heterogensous network deployments, To
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ensure robust performance for data and/or control channels, and {o ensure
consistent usar equipment measurements such as mohility measursments,
positioning measurements, and channel estimation in the presence of time-frequency
radio resources with different interference conditions, the user eguipment needs
information that enables it to deduce the resources ussd for those measurements.
This not only facilitates the user equipment measurements but it also keeps the user
equipment performance at an acceptable level. In the current standard specification,
as provided by the 3GPP, acquiring such information by the user squipment is not
possible. it may have been proposed to signal a pattern {o the user equipmaeant, which

pattern indicates subframes available for user equipment measuresments.

Embodiments, related to the above mantioned heterogensous deployment,
will now be explained with reference to Figure 5, which shows 3 radio
communication system 100, which in this example is & helerogeneous radio
commiunication system based on LTE. In othsr examples, the heterogeneosus radio
sommunication system may be based on Global System for Mobile communication
{GSM), Universal Muobile Telecornmunications System (UMTS), Code Division
Multiple Access (CDMA) or the tike.

The radio communication system 100 comprizses a macro radio base station
110 and a pivo radio base station 120, Typically, transmission power of the macro
radio base station 110 is greates than transmission power of the pice radio base
station 120. The network node 140, shown in Figure 3, may be exemplified by the
macre oF pico radio bass station 110, 120 as described i Figure 5a and 6.
Furthermore, the radio communication system 100 comprises cealls, such as a first
il C1 and a second cell S2. In each cell C1, C2, there may be configured one or

more patterns as described with reference {o, for example, Figures Ga and 8h.

The macro radin basse station 110 operates the first cell C1 having a first
egntire area A5, The first entire area AL may be divided info a first arsa A3 and a
sscond areg Ad. As mentioned above, this enables increased flexibility for
configuration of pattems. The first area A3 and/or the second area A4 are smaller
than the first entire area AS.

The pico radio base station 120 operates the second cell C2 having a second
entire area AB. The sacond entire cell AB may be divided into a third area AT and &
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fourth area A8, Again, this enables increased flaxibility for configuration of patterns.
The third area A7 and/or the fourth area A8 are smaller than the second entire area
AB.

The shapes of the areas AJ-A8, shown in Figure 5, are pursly schematic and
many other shapes are conceivable. Moreaver, one or more of the areas A3-A8 may
ke overlapping.

in Figure §, a user squipment 134 is served by the pico radio base station
120. The user equipment is in this example located in the fourth area A8 of the pico
radio base station 120. For exampls, the user equipmeant 130 may be a mobile
phone, a celiular phone, a Personal Digital Assistant (PDA) equipped with radio
communication capahilities, a smartphone, a tablet PC, a tablet device, a laptop
enuipped with an infernal or external mobile broadband modem, a portable slectronic

radio communication device or the liks.

in Figure 6a, & combined signaling scheme and flowchart of an exemplifying
method performed in the radio communication systerm 100 according to Figura 5 is
shown. Here, the macro radio base station 110 is an exampie of the network node
140 in Figure 3, and = first and a second ABS pattern are examples of the at lsast
two patterns.

In this example, the following actions are performed.

Agtion 801

in order for the macro hase station 110 o be aware of the first and second
areas A3, A4, the macro radio base station 110 obtaing information about the first
and second areas A3, Ad. Mere, the first and second areas A3, A4 arg examples of
the respective restricted arsas.

The abtaining may be performed by reading the information from a memory,
i.2. the information is pre-defined. The memary is comprised in the macro base
station T10. This and other examples will he elaborated below in st 2,

This sction is performsd in a similar manner as action 401,

Action 802
The macro radio base station 110 generates the first and second ABS
patierns for the first and second areas A3, A4, respectively. The first and second
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ABS patierns will be used when the user eguipment 130 is located i the first and
second areas, respectively, as described in action 604,

With reference {o the sxample of Figure 5, the first ABS pattern, being
assoctated with the first area A3, comprises fewer almost blank subframes than a
number of almost idank subframes comprised in the sscond ABS pattern, being
associated with the sscond arga A4, The second ABS pattermn is mors restrictive, i e.
comprises g greater number of almoest blank suliframes, than the first ABS patiern in
order to reduce interference towards the user squipment 120, losated in the second
areg Ad,

This action is performed in a similar manner as action 402,

Action 803

The macro radio base station 110 sends at least one of the first and second
ABS patterns to the pico radio base station 120. Typically, the second ABS patiemn is
sent to the pico radio base station 120, since the pico radio base station 120 is
located in the second area A4, In this marner, the pice radip base station 120 may
determing its own ABS pattern while taking the second ARS pattem into account.
Alternatively, the maoro radio base station 110 generales and sends a further ABS
pattern to be used by the pico radio base siation 120. The further ABS patlern is
generated while at least the second ABS pattem is taken into account.

Moresover, the macoro radie base station 110 sends information about the
sacand area, wher the second ABS pattern is sent {o the pico radio base station 120
I addition, the macro radio base slation 110 may send information about the first
area corresponding to the first ABS pattern. The pico radio base station 120 may use
the information abeut the first and second areas to determine in which of the first and
second areas it is located. In this manner, determination, by the pico radio bass
station 120, of s own ABS patiern is Tacilitated.

This action is similar to action 403 when the further node is a radio bass
atation.

Action 604

The macro radio base station 110 decides applicability of the at least two
pattemns, such as the first and second ABS patterns, based on the information about
the first and second areas A3, A4, As an example, the macre radio base station 110
is capable of beamforming. Then the macro base station 110 applies the first ABS
pattern when a main transmission beam is in a first dirsction from the macro radio

base station 110, The first direction may be in any direction within the first area A3,
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Furtharmore, the macre base station 110 applies the second ABS pattern when the
main transmission bearm is in a second direction fram the macre radio base station
110. The second direction may be in any direction within the second area Ad. Further
examples arg given below in List 1. This action is performed in a similar manner as
action 405,

Figure 8b illustrates a combingd signaling scheme and flowchart of another
examplifying method performed in the radio communication system 100 according to
Figure 5. Hera, the pico radio base station 120 is an example of the network node
140 shown in Figure 3.

Action 811
The macro radio base station 110 generates a transmission (Tx) patiern,
which pattern will be sent to the pico radio base station 120 in action 5§12 below, This

action is performed in a similar manner as action 402

Action 612
The macro radio base station 110 sends the transmission pattern to the pico

racdio base station 120, Thig action is performad in a similar manner as action 403.

Action 813

I some embodimernts, the user eguipment 130 sends a request for
configuration of measurement pattern, e.g. to the pice radio base station 120. In this
manner, the pico radio base station 120 may generate and send only the requestad
measurement pattern when the request also comprises information about in which

ared, such as the fourth area A8, the user aquipment 130 is located in

Action 814

The pico radio base station 120 generates al least & first and a second
measurement (Mx) pattern while taking the transmission patiern into account. This
transmission patiern may be configured for the first and second arsas A3, A4, or for
only the second area A4, Herg, the first and second measurement patterns are
examples of the at least two measurement patierns.

The tranamission pattarn is taken info accourt in that the first and second
measurement patferns are associated with the third and fourth area A7, AB,
respactively. See Figurs 5 for the third and fourth area A7, AB. In this example, the
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first measuremeant pattern is less restricted as compared to the second measurement
pattern, since the third area AY does not overlap with the sscond area A4,
Consequently, the first measurement pattern of the third arsa A7 need not be
adjusted to it with almost blank subframes of the transmission pattermn of the macro
base station 110, That is {o say, the first measuremernt pattern is not designed to
avoid interference from the macro radio base station 110, becauss as given by the
first, second, third and fourth arsas A3, A4, A7, A8 i is not expeciad that
transmission from the macro radio base station 110 will seversly affect
measurements performed by the user equipment 130, when i is located in the third
area A7,

Generally, i may be desired to gansrate the first and second measurement
patierns such that transmission from the macro radio base station 110, indicated by
the fransmission pattemn, is avoided. Thersby, interference from the macro radio base
station 110 towards the user equipment 130, when performing measurements, is
reducetd.

This action is performad in a similar manner as action 402.

Agtion 815

In some embodiments, the pico radio bass station 120 sends one of the first
and second measurement pattems to the user sguipment 130, Typically, this action
is performed in response to the reception of the reguest for configuration of
measurement patierns as exemplified in action 813, Thanks to the reception of the
requast, muiticast or broadeast transmission may be aveoided as mentioned above.

This action is performed in a similar manner 88 action 404,

Action 818

It some embodiments, the pico radio base station 120 troadeasts, or sends
in the form of broadcast or multicast ransmission, the first and second measurament
patierms. Typically, broadeasting of measurement paiterns s performed when no
request for configuration of megsuremant patlerns is received by the pico radio base
station 120,

When a requeast is received by the pico radio base station 120, the first and/or
sacond measurement paltern may be sent using dedicated transmission. Henoe,
multicast and broadeast transmissions are offloaded.

This action is performed in a similar manner as action 404,

Action §17
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The user aquipment 130 decides applicability of the first and sscond
measuremeant pattern based on information about the third and fourth area A7, A8,
The information about the third and fourth area A7, A8 may be pre-defined, but other
examples are alzo given below. When the user equipment 130 decides which of the
first and second measurement patterns shall be applied. i may dstermineg in which of
the third and fourth areas A7, A8 itis located. This may be performad determined by
use of available measurements for positioning purposes. This action is performed in

a similar manner as action 407,

it shall he noted that a coordinating node for coordination of the at least wo
pattarns may in some examples generate the at least two patterns. Nexd, the patterns
and infarmation about their respective restricted areas are sent to, for example, the

macro andfor pico radiv base station.

Now rafuming to the examples of Figures 3 and 4, the methods will be
described again, but when seen from the network node 140 and the user equipmsnt
13Q, respectivaly. Furthermare, configuration of the nebwork node and the user
sguipment, being configured (o for perform the methods in Figure 4, will be desoribed
in Figure 8§ and Figure 10.

Figure 7 shows a flowchart of the method in the network node 140, as shown
in Figure 4, for enabling configuration of at least two patterns for the call C1. As
meantioned above, the patterns are transmission patterns or measurament patierns.
The network node 140 may be a radio base station ard the call C1 is operatad by the
radio base station. The network node 140 may be g coordinating node.

The meathod comprises the following actions, which may be performed in any

suilable order.

Action 701

in soma embadiments, the netwark node 140 obtaing the information abowt
the respective restrictad arga, such as the first and sscond areas A1, AZ. As
mentioned above, the infformation about the respective restricted area may be
obtained by at least one of reading pre-dedined information about the respective
restricted area, generating the information about the respeclive restricted area and
receiving from a further node. The further node may be a pico/macro radio base
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station, a coordinating node or Q&M systeny. These and other examples will be
elaborated below in List 2.

As mentioned above, the information about the respective restricted area may
ralate to 8l lsast one oft

Tt
$

Cerlain geographical area or dirsction;
- Antsnna configuration;
An area with certain radio snvironment charactaristios;
~ An area defined by a certain user squipment behavior,
- An area associated with certain signal strength/quality and user
10 aquipment requirements;
An area with certain parformance characteristics; and
- An area defined by user equipment capabiliies or user equipment
focation. These and other examples will be elaborated below in List 1.

Thiz action is perforraed in a similar manner as action 401,

Action 702

The network node 140 obtains the at least two patterns. As mentioned above,
each of the at least two patlerns is associated with information about the respective
resiricted area A1, A2 such that each pattern is used when the user equipment 130

20 sarved by the cell C1 is located in the respective restricled area. Each respeciive

restricted area A1, AZ iz smaller than an entire area of the cell 1.

The at least two patterna may comprise a first paltern and a second pattern,
the first and the second patterns are associated with at least one of the following

characierigtics: bandwidth, transmit powsr levels, power reduction, and subframe

o
iR

properties, A first value of the at lesast ane characteristic associated with the first
pattern is different from a second value of the same characteristic associated witls the
second pattern. The subframe properties may relate to MBSFN/non-MBSFN
subframes,

The obtaining may be performed by generafing the at least two patterns or
30 recsiving the at least two patterns from another netwark node, The at least two
paiterns may comprise at least two transmission pattemns related to transmission
power or transmission activity in the cell C1. As an example, the fransmission power
may be decreased or increased. Allernatively or additionally, the at least two patterns
may comprise at least two measurement patterns.

£30
o

As mentioned above, the at least twe measurameant patiems may be differant
from gach other. The first measurement patier of the at least two measurament

patters is intended for measuwrements with niwasurement gaps and the second
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rmeasurement pattern of the at least two measurement patierns is intended for
measurements without measurement gaps.

This awction is performead in a similar manner as action 402,

Action 703
in some embodiments, the network node 140 transmits the at least two

patterns to a further nefwork node or a user equipment 130. The further network
node may be the pico/macre radio base station or a core network node, such as the
coordinating node. The ransmitling may be performed as broadeast, multicast or
dedicated transmission. The network node 140 may further transmit the information
abouwt the respective restricted area. This action is periormed in a similar manner as
action 403.

Agtion 704
The network node 140 may further fransmit the at least two measurement

patterns. This action is performed in a similar manner as action 404,

Action 705
In some embodiments, the network node 140 decides applicability of the st
least two pattermns based on the information about the respective restricted area. This

action is performed in a similar manner as action 405,

Figure 8 shows a schematic block diagram of the exemplifying network node
140, which is configured o perform the method iflustrated in FigureT. The network
node 140 is configured to enable configuration of at least two patterns for the cell C1.
As msntioned above, the patterns are transmission patferns or measuremsid
patterns. The network node 140 may be a radio base station, such as the macro or
pico radio basse station 110, 120 and the cell ©1 s operated by the radio base
station. The network node 1440 may in other examples be a coordinating node, such
as an D&M,

The network node 140 comprises a processing circuit 810 configured to
obtain the at feast two patterns. Each of the at least two patterns is associated with a
respective rostricted arsa A1, A2 such that each patiem is used whan the user
gauipment 130 served by the cell C1 is located in the respeclive restricled area.

Each respective restricted area A1, A2 is smaller than an entire area of the cell G1.
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The processing circuit 810 may further be configured to generate the at lsast
two patterns or receiva the at least two patterns from another network node.

The at least two patterns may comprise a first pattern and a second patfem,
the first and the second patlerns are associated with at least one of the following
characteristics: bandwidth, transmit power levels, power reduction, and subframe
praperiies. A first value of the af least ong characteristic associated with the first
pattern is different from a second value of the same characteristic associated with the
second patter.

The at least two patterns may comprise af least two transmission pattems
related {o transmission power or fransimission activity in the cell C1. Alernatively or
additionally, the at least two patterns may compriise at least bvo measurement
patterms.

As menfioned above, the al least two measurement patterns may be different,
A first measurement pattern of the at least two measuremant palters may be
infended for measurements with measurement gaps and a sscond measurement
paitern of the at least two measurament palterns may be intended for measuremeants
without measurament gaps.

The processing circult 810 may further be configured fo obiain the information
about the respective restricted area by at teast one of reading pre-defined information
about the respective restricvied area, generating the information about the respective
restricted area and receiving from anocther node.

The information abowt the respective restricted area may relate to al least one
of:

- Certain geographical area or direction;

Antenna configuration;

- An area with certain radio environment characteristics;

- Anarea defined by a certain ussr equipment behavior;

- An area associated with certain signal strength/guality and user

gguipment requirements;

- An grea with certain performance characteristics; and

- An grea defined by user equipment capabilities or user squipment

location.

in some embodiments, the processing circuit 810 further s configured to
decide applicability of the at least two patterns based on the information about the
respactive restricted area.

The information about the respective resiricted area may be used for

interference management, positioning, minimizing drive tests, or SON.
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The processing circuil 810 may be a processing unit, a processor, an
application spacific integrated cirouit (ASIC), a fisld-programmable gate array (FPGA)
or the like. As an example, & processor, an ASIC, an FPGA or the like may comprise
ONg& or more processor kermels.

The network nade 140 further comprises a transmitter 820, which in some
embodiments is configured to transmit the at least two patierns to another network
node or the user equipment 130.

The transmitter 820 further may be configured {o transmit via broadcast
transmission, mugticast transmission or dedicated transmission. When the transmitter
820 is configured to transmit via dedicated transmission, the transmission is
dedicated to the user squipment 130,

The transmitter 820 further may be configured {o transmit information about

the-respective restricted area.

The network node 140 further comprises a receiver 830, which in some
embodiments is configurad 1o receive measurement reports from the user equipment
130. Tha receiver 830 may be configured {o receive a request for measuremeant

configuration from the user squipnient 130

The network node 140 further comprises a memory 8448 for storing software
to be executed by, for example, the processing circuit. The software may cemprise
instructions to enable the processing circult to perform the method in the network
node 140 as dascribed above in conjunction with Figure 7. The memory 840 may be
a hard disk, a magnatic storage medium, a portable computer diskette or dise, flash
memory, random access memory (RAM) or the like. Furthermore, the memory may

be an internal register memory of a processor.

Figure 8 shows a schematic flowchart of the msthod in the user equipment
130, as shown in Figurs 4, for configuring measurements. The user squipment 130 is
sorvad by a cell C1 of a radio base station. The method comprises the following

actions, which may be performed in any suitable order.

Action 301

26

Petitioners’ Exhibit 1007, p. 28
AT&T et al v. Innovative Sonic & Celerity
IPR2024-01145



(9]

1

20

e

St

WO 2012/064265 PCT/SE2011/051333

The user equiptment 130 may receive the at least two patterns. This action is
performed in & similar manner as action 403,

Action 902

The user equipment 130 receives at feast two measurement patierns from the
radic base station. Each measurement pattern is associated with a respective
resiricted area such that sach measurement pattern is used when the user
equipment 130 is located in the respective restricted area. As mentioned above, each
respective restricted area is smaller than an entire area of the cell.

As mantioned above, af least one of the st least two measurameant paitems
and the information about the respective restricted area may be received as
broadeast, multicast or dedicated transmission,

The at least two measurement patterns may comprise a first pattern and a
sacond pattern. The first and the second patterns may be associated with af least
one of the following characteristics; bandwidth, transmit power levels, power
reduction, or subframe properties A first value of the at least one characteristic
associated with the first pattern is different from a second value of the same
characteristic assaciated with the second pattern.

This action is performed in & similar manner as action 404,

Action 903

The ussr equipment 130 obtains information about the respective restricted
area, thereby configuring measuremeants.

As mantioned above, the user equipment 130 may obtain the information
ghout the respactive restricied area by at least one of reading pre-defined information
about the respective restricted area, generating the information about the respeclive
rastricted area and receiving from another node.

The information about the respective restricted area may ralate to at least ons
of:

- Cetain geographical area or direction;

- Antenna configuration;

-~ An area with certain radio savironment characteristics;

~  An ares defined by a certain user equipment behayvior,

- An area associated with certain signal strength/quality and user

equipment reguirements;

- An ared with certain performancs characteristics; and

27

Petitioners’ Exhibit 1007, p. 29
AT&T et al v. Innovative Sonic & Celerity
IPR2024-01145



18

]
5

34

WO 2012/064265 PCT/SE2011/051333

- An areg defined by user equipment capabilities or user sgquipment
location.
The at least two measwament pattsrms may be indicating when the user
gguipment 130 is to perform measuremenis in each respective restricterd area.
This action g performed in a similar manner as action 408.

Action 804

In some embodiments, the user equipment 130 decides applicability of the at
least two measurement patterns based on the information about the raspactive
restricted area.

The deciding may further be based o at least one of user sguipment
capabiity and available measursments relating to the user squipment 130,

This action is performed in a similar manner as action 407,

Figure 10 shows a schematic block diagram of an exemplifying user
eqguipment 130 configured to perform the method illustrated in Figure 9. The ussr
syuipment 130 s configured o configurs meastremerts. Expressed differently, the
user equipment is configured to set up measuwrement patterns to be used when the
user equipmant is logated in different restricted areas of a cell. The user equipment
130 is alse configured to be served by the cell T1 of the radio base station.

The user equipment 130 comprises a receiver 1010 configured to receive at
lgast two measurement patterns from the radio base station. As mentioned above,
aach measurement patlery is associated with a respective restricted area such that
gach measurement pattern is used whan the user eguipment {130} is located in the
respective restricted area. As mentionsd above, sach respective restricted area is
smaller than an entire area of the cell.

The measurament patierns may be indicating when the user squipment 130
fs to perforny measurements in wach raspective restrictad area,

As mentioned above, the at least two measurement patterns may comprise a
first paltern and a second paltern. The first and the second patterns may be
associated with at least one of the following characteristics: bandwidth, fransmit
power levels, power reduction, or subframe properties. A first value of the at least
one characteristic associated with the first pattern is different from a second value of

the same characteristic associated with the second patterm.
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In some embodiments, the receiver 1010 further is configured 1o receive via
broadeast, muiticast or dedicated transmission at least ane of: the at least two
measurement patterns and the information about the respective restricted area.

The information about the respective restricted area may relate to at lsast one
of:

- Certain geographical area or direction;

- Antenna configuration;

- An arsa with certain radin environment characteristics;

- A area defined by a certain user equipment behavior;

- An area associated with certamn signal strength/quality and user

equipment requirements;

- An area with certain performance characteristics; and

- Anarea defined by user equipment capabilities or user equipmesnt

josation.

Furthermore, the user equipment 130 comprises & processing circuit 1820
configured to obtain information about the respective rastricted area, whereby the
user equipment 130 is configured for configuring measurements. The processing
cireuit 1020 may furtthear be configured to obtain the information about the raspactive
restricted area by at least one of reading pre-defined information about the respactive
resirictad area, generating the information about the respective rastricted area and
receiving from the radio base siation or another node.

The processing circuit 1020 may further be configured fo decide applicability
of the at least two measurement patterns based on the information about the
raspective restricted area.

The processing circuit 1020 may further be configurad {¢ decide the
applicability of the at least two patterns based on at lsast one of: user eguipment
capability and available measurements relating to the user squipment 130

The processing circuit 1020 may be a processing unil, a processor, an
application specific infegrated cireuit (ASIC), a fisld-programmable gate array (FPGA)
ar the like. As an example, a processor, an ASIC, an FPGA or the like may comprise

ORg Qr More Processor karnels.

The user equipment 130 further comprises a transmitter 1030, which in
some embodiments is configured {o transmilt reports pertaining 1o the measuremsnts
performead according to the configured measurement pattern or measurement
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patterns. The transmitter 1030 may be configured {o send a request for configuring

meaasurements.

The user squipment 130 further comprises a memary 1040 for storing
software to be executed by, for example, the processing circult. The software may
comprise instructions {o enable the processing clreuit to perform the method in the
user equipment 130 as desoribed above in conjunction with Figure 8. The memory
1040 may be a hard disk, a magnetic storage medium, a portable computer disketie
or disc, flash memory, randony access memony (RAM) or the like. Furthermore, the

mamory may be an internal register memory of a processor.

Generally, the present disclosure relates to methods and arrangements in
wireless telecommunication systems, and particularly the present disclosure relates
fo methods and arrangements that use patterns defining the transmission activity of
al lzast some transmission devices where recsiving nodes may also use cartain

patterns for their measurements.

Embodiments herein relate to methods and arrangsmeants that enable
transmission activity and measurement patierns 1o be applicable to restricted areas
that are smaller than the entire plannad cell coverags arsa. In the followirg, thase
patterns are referred to as ABS patierns with restricted applicability and

measurement patterns withs restricted applicability.

Certain embodiments herein defineg the scope of the restricted applicability for
ABS and transmission patlerns, and associate the area with the patterns, The
embodiments also include node functionality associated with defining or
communicating the restrictad areas. Further, the embodiments include ons or more
signaling circuits configured to provide patlerns with restricted applicahility. Finally,
the embodiments include pre-dafined rules that associate a patlern with a restricted
area and/or a cell.

Finally, one of more embodiments permit the rastricted area information (o be

used for other purposes, including SON, pasitioning, minimizing drive tests, ete.

The following terms and generalizations are used throughout the present
disclosure:
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Network type: Examples of network types are heterogensous, macro/picn,
tradittonal and classical network deploymernits. The methods and arrangements
disclosad hersin have been primarily designed for helerogeneous deployments, but
arg not imited to them. The methods and arrangements are also not §mited o any
SGPP definition of heterogeneous network deployments, For example, the methods
and arrangements could be well adopted for traditional macro deployments, alse
referred to as classical deployments hersin, and/or networks operating more than
one radio access technology {RAT). Althcugh the misthods and arrangements are
primarily designed for cellular networks with a transmitting node that transmits in the
downlink (DL}, the methods and arrangements generally apply to any network where
different nodes use different transmit power and are capable of configuring their
transmission patterns. Such a network can alzo be ar ad hoo network or a network
deploying device-to-device communication ar a wireless network with node coverage

defined based on the received signal power.

A fransmitting node: A transmitting neds is typically referred to hersin as an

eMNodeB herein. However, a transmitling node may gensrally comprise any radio
network node capable of transmitting radic signals, e.g. macro-eModaB, pico, eNodeB,
rnicro eNodeB, home eNodeB, relay nodes, sic.

A receiving node: A recaiving node s typloally referred fo herein as a user

gruipment. Howaver, a receiving nods may generally comprise any radio device

capable of receiving radio signals, e.g. user equipments, PDAs, laplops, relays, sic.

Adransmissfon activity patterny, A ransmission activity pattem is typically

referrad o harain as an Almost Blank Subframe (ABS) paltem; In general, however, a
tranamission aclivity pattern is a configuration of a transmission activity scheduled for a
node ovar & certain period of ime. An ABS refers 1o one or more time instances with the
ABS pattern where the transmission activity is lower than in non-ABS subframes. Hers,
"lower” means either & tranamission at a reduced powsr level or no transmizsion at all
for certain channels/signals or all ransmissions. Although focusing on reduced
transrrission activity, herain may also be used for indicaling incregsed ransoission
activity, e.g. for the purpose of indicating potentially high interference from the
corgsponding node. An ABS pattern may or may not include other patterms, e.¢.
MBSFN subframes configured as ABS, and may or may not be a part of an ABS
pattern, as decided by the network or according {o & pre-defined hehavior of network
nodas. An ABS patiern may be defined per frequency carrier, and hence muitiple
patterns can then be designed for mulliple carriers, or the same ABS pattem may also
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be used for more than ong call or carrier associatad with the same eNodeB. ABS may
also be configured over a certain part of the system bandwidth, E.g. six rescurce blocks
centerad at the DU carrier or any bandwidih centered at the carrier bandwidth center in

a multi-cartier systerm. In another embadiment the power reduction, &.g9. comparsad to

(61

non-ABS subframes in the same pattern or compared to the maximum absoclute power
tevel of the cell, applied in ABE, 8.9. the total ransmit power reduction for all
signatsichannels or for specific reference signals or control channsis or control region or
data ragion, is signaled together with ABS. The ABS palterns and such addiional
information, e.g. the bandwidth, frequency, power reduction in ABS, may be sighaled,
10 ey,

o from the fransmitting nods {o a recsiving node, e.g. over RRC, where the user
aquipmant may be allowed to decide whether to account for the ABE, e.g. as

described for multicast/broadceast, and the associated information, oy

s from the transmitiing node © more than one recalving node by means of
15 multicast or broadeast signaling, where the group of receiving node is decidad
2.¢.

o By the network, which is e.g. using & multicast channel receivad by the

farget group,
a By the user equipment e.g.

20 s ABS and the associated information apply for user squipmeanis in
the expanded part of the cell, Le. for user egquipments using
Hased cell association. Such user equipmeant behavior may be

pra-defined,

s when the difference between the received signal power level or
25 the received signal quality level of the interfering cell and that of
the serving cell sxcssds a certain threshold.

¢ betwsen two transmitling nodes, e.g. over X2 or via O&M system.

A measuremert paltarm is a pattarn indicating for a user equipment when

msasuraments are to be taken. A measurement type may be assoctatsd with
30 measurement patiemn, e.g. ‘RRA, ‘RLM, ‘RLF,'CST, etc, which may be signaled
together with the pattern or may be pre-defined. RLF stands Tor Radio Link Fallure. The
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measurements are typically perfommed on the serving celi, so the measwrement is
expected to ba associated with the serving cell. The measurement pattern for the
serving cell may or may rwot be applicable for measuring neighbor cells, and thus a set
of meastrement patterns may be provided in association with a set of cells. The
sigraling means of a measuwremant pattern and the user squipment behavior may be
the same as for an ABS pattemn. However, the user equipment shall be able {o
understand that if an ABS patfern for some cell 1 indicates lime instances whan the cell
doss not transmit, then these instances shall be excluded from measurement occasions
for this cell; un the other hand, they shall be considered as potential measurement
accasions for measurements on another cell, cell 2, for which cell 1 is a strong
interferer. In the same way, a measurement patiern shall be explicitly associated with a
cell, e.g. it may be good for measuring the serving cell, but may be notf very good for
measuring heighbior cells, The association can e.q. be explicit signaling of the cell 1D
togather with the pattern or pre-defined (e.g. always for the sewving cell or for cells on
the same nodes layer as the serving cell, where a layer may be related to a power class
sush as pico, micro, macro BS, and/or for cells on the same frequenay). A
measurament patiern may also be signaled with associated information such as
handwidth and frequency. For the same user equipment, different rides may also exist
for defining and applying patterns for measuring with and without gaps (e.g. intra-
frequency va inler-frequency, on the other component camiar(s) which are activated vs
deactivated, intra-RAT vs inter-RAT), Alternatively, differant patterns may be explicitly
signaled to the user equipment Tor measuremants with and without measurement gaps.
The disclosed aspects of pattern association with cells and patterns for maasurement
withfwithout gaps are also contamplated herein, and they may or may not combine with
the restricted area smbodiments, i.e. restricted applicabiity is now related to
measurement types and cells.

As contemplated hersin, patterns are designed with restricted applicability
and their refation to patterns: An ABS pattern or a measurement pattern is associated
with same specific area.

Arestricted ares is an area smaller than the entire planned cell coverage arsa or
the area associated with a subset of user sguipments (e.q. related to the user

equipmant capability). The restricted areas may also geographically overlap.

The entire planmed coverage area is typically defined, bud not lirited to this
defintion, assuming celf association based on recsived signal strength. That is, the cell

plarned coverage area is the area where the received signal strength of the call is the
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raximuim among all detectable neighbor celis, assuming the defadlt fransmit power
configuration {typically maximumy), the default transmit antenna confiquration, and a
typical receiver configuration, .g. a user squipment with an omni-directional antenna.
Some biased cell selection with & given bias for a given set of cells, &.g. a bias of 10 dB
for pico cefls, to expand the coverage of pico cells, can alse be assumed whan defining
the planned coverage area of a cell. I general, any default network configuration may

be assumed when referring to the planned coverage area of a cell.

Differant patterns or different typss of patierns may also be associated with
different restricted areas. For example, pattern 1 with better interferencs conditions for
user sguipment measurgments may be associated with one restricled area, and pattern
2 with worse interfersnce conditions in average may be associated with another
restricted area, e.g. where CRE is not applied. Thess different pattems or pattern types
cars also be usad by legacy {certain release) user equipments or user equipments with
a minimum capability. Pattern 1 can be a pattern composed of MBSFN subframes and
pattern 2 can be composed of non-MBSFN ABS subframes or a mix of blank subframes

with different proparties.

Different embodiments related to the definition of the restricted ares and the

nodes involved are further described in this section,

Restricted area: The restricted area may relale, 2.¢., 10 any one or mare aspact

ar their combination of the below;

List 1:

- cerfain geographical area, s.¢. based on the
¢ Jocation information of the user equipment,

¢ fiming positioning measurements {iming advance, RETD, ToA, sic.) which
are generally refated to the distance,

s qirection of the user squipment location (UE location). For exampte, Angle of
arrival measurement (AoA measurement) or any direction of arrival

information,

s proximity information, e.g. close o a certain type of radio nodes such as

home eMNodeBs, pice calls, Closad Subscriber Group cells (CSG cells), sfc..
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- antenna configuration, e.g.

s main {fransmitting) beam direction of the anfenna system in a celf of an
eNodeB, or

s« main {receiving) beam direction of the antenna system of the user
squipment,

+ precoding information for the transmitting antenna system of eMNadeB,
= precoding information obtained by ths receiving node,

Here, the direction may be configureddknown {&.g. at the eNodeB:
tilt‘azimuth antenna configuration, codebook index, precoding matrix, eie.) or it
may be sstimated. E g. the direction of the strongest interferer estimated by the
user equipment; precoding matrix or precoding matrix indicator estimated by the
user equipment and also feed back o the network. The direction may alsc be
absolute, &.g. latitude, longitude, or relative, e.q. with respect to the main beam,
or may be representad by a precoding matrix or an index pointing to a pre-

definad precoding configuration.
~ an area with cerain radio environment characteristics, e.g.

o indoor environment which may be explicitly indicated e.g. by the user
equipment or found out by the nebwork e.g. based on the available statistics

and/or obtained UE measuremaents,
o environment identified as "difficult’ e.g. bassd on

s the user egquipment measurements from the serving cell,
such as measuramant failure report statistics, high emror rate,
high delay spread, low Signal-to-interference-and-Noise-~
Ratio (SINR), &ie.,

= combination of the user eguipment measurements from
midtiple colls (example: RSRP from call 1, RSRP from cell 2
and RERP from call 3),

= measursmernts collected fram multiple user equipments
where the measurements may also be associated with RF
fingsrprinting and Adaptive Enhanced Csll 1D (AECHD) maps,

35

Petitioners’ Exhibit 1007, p. 37
AT&T et al v. Innovative Sonic & Celerity
IPR2024-01145



10

15

ey

£
(1

30

WO 2012/064265 PCT/SE2011/051333

s pumber of strong interferars {e.g. signal strength above g

carlain threshold,

s relation between the received signal power levels among
neighbor celis (e.g. the difference between the interferer ant
the server is above a certain threshold).

- apy area defined by & certain user squipment behavior, 8.9

biased cell selection, where a user equipment may be associated with a celt
weaker than an interfering neighbor cell and it may be so that not all user
equipments may apply the biased cell selection or not wp to the maximum
allowed range e.g. defined by the maximunt absolute offset of 24 dB; the
decision may be basad on the user equipment capability defined by the user
sauipment release, interferance supprassion capability, user equipment

catagory, sfe.

- anh arga assooiated with certain signal strength/guality and user eguipment

requirements which may be associated with cerlain pattern properties such as pattsm

blanking rate and patiem blanking density;

- an area with certaln performance characlaristios, e.g.

&

an area where many radio link failure aceur,
an area with many dropped calls,
handover areas,

areas where relatively strong {e.g. campared to some threshold(s)} signals
are reesived from cells assogiated with a certain base station power class

{&.g. pico and macro),

areas where relatively strong (e.g. compared to some threshold(s)) signals
are received from at least some given number of calls which where the
number of cells may be further detailed by BS power class {e.g. >=2
defectable and radatively strong/dase macro cells in the area where & user

squipmert is served by & pico el

- an area defined by UE capabilities, e.q. where restricted arsas may overlap and gach

restricted area i3 associated with & subset of user equipments.
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in ane smibodiment, the restricted area information as described above is used

for interference management in heterogensous network environments,

in another embodiment, this information is used for positioning and other
purposes such as minimizing drive tests, network and user equipment testing purpose,
SON, ete. Using of the information may comprise using # for grouping user equipments
according to the corrssponding restricted area criteria, which for positioning may be
explatted e.g. for building up the assistance data, configuring muting of signals used for
positioning measurements or in the positioning methoed selection logic. Using for
minintizing drive tests may comprise selecting the user squipments that report
measuremeants for this purpose of as a triggering condition for reporting measuremsnts

for this purpose when e.9. being located or entering the corresponding restricled area.

The restricted area may be obtained, by the user equipment or the network

nade as given by the context, i one or mora of the foliowing marners,

List &

- Pre-defined, e.¢. according to core or performance requiremeants o specified behavior

Example 1. a measuremant pattern is associated with the expanded cell area
{e.g. for which the cell selection bias, or offsed, larger than a predefined
threshold e.g. 10 dB); furthermore, a certain number of blank subframes i the
pattern may also be associated with a certain value of the threshold e.g.
according 1o the requirsmeants applicability condition.

Exampie 2: the minimum SINR at which the user equipment may not need to
use the pattern and falling below which triggers the usage of the pattem.

- Dipcided sciely by the user equipment basad e.g. on the user equipment capability
andfor the avallable measurements, L.e. a user equipment decides whether the area is
critical and sither reguests patlern configuration or the nelwork sends the patlerns {o all
user equipments, but the user equipments deciide whether, when and how o apply the
pattermns. The decision criteria may be the level of the currently experiencad signal

quality, the detected set of neighbors, atc. and may be implementation-dependent.

~ Configured by eNadeB (where in general either the configursd condition is sighalsd fo
the user equipgnent, in order to assist the user equipmeant, or usad solely by the eNodeB
to decide to which user equipments a pattem needs {o be signaled 2.9. via RRC

protocol)
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Examgple 1; the minimun SINR defined by eNodeB at which the user squipment
may not need {o use the patlern and falling below which triggers the usage of
the patiern; the pattern may be signaled 1o ussy souipments which report bad
SINRs or the BINR level may be signaled to the user equipment together with

the pattern to facilitate the user sgquiprnent decision.

Exampie 2 A pattern is relevant for tser equipment in the proximity of a home
eModeB opsrating a C8G cell not selectable by the user equipment. Thus
axpetigncing strong interference from the home eNodeB, but not able to reselect
it being not a part of the CSG. A list of such CSG cells may be defined by the
eMadeB to the user equipment together with a condition defining the proximity
(e.g. a thrashold for the received signal or the BINR),

Example 3: location within a cerfain area where pattern shall be ussd and the
area is defined by eNodeB; the localion may be signaled together with the
pattern or the eNodaB may signal to the user equipments that are estimated to
be within the defined area.

Example 4 user suuipments within & certain sector angle defined by eNodel
centered at the main beam direction of a pico cell do not need to use patlem,
which may be the user eguipment decision on whether to use/not use patterns

or the ¢ModeB decision on whether ransmit/not transmit pattarm.

Example & user sguipments not measuring in the direction(s) defined by
eNodeB, may not use patterns (the “prohibited” directions may be decided by
the eNodeB e.g. based on collecting PMI measurements from multiple user

equipments and the associated signal guality measurement statistics).

“prohibited” dirsclions may be signaled to the user equipment
tngether with & pattem, where the "prohibited” directions may be
represented by ong or more precoding malrices or indexes
pointing to pre-defined matrices;

Alterniatively, the pattern{s} may be sent to user equipments for
which the reporied P! indicates that the UE is close ta the

"prohibited” direction{s) and not sant {o other user eguipmeants.
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- Configurad by & master eNodeB, .4, a macro eNodeB, and signaled to a set of
associated cells, e.g. pico cells in the coverage area of the macro cell in question, e.g.

over the X2 interface,

- Gonfigured by a coordinating nstwork node which communicates dynamically with a
5  gefof eMNodeRs,

- Configured semi-statically by O8M and signaled over an eNodeB/Q&M interface to the
eNadel,

It shall glso be understeod that a node, such as the network node, involvad in

deciding the patterns will typically have the ability of doing nne or more of the following:

10 o acquire the information about the restrictad area, wherg acquining msans e.g.
receiving the information from other nodes or generating locally based on other

available information or based on other information received from other nodaes,
o generate a patiern assockated with at least one restricted ares,
o generate a combined pattern for two or more resincted areas,

15 o communicate to other nodes, such as user eguipment or network nodes, a

pattern associated with the restricted ares information,
o receive a pattern aseociated with at least one restricted area,

o decide the applicability of a pattsrn given by the available restricted area
information, &.9. available locally from measuraments or other sources of

20 received from other nodes andfor recsived fogether with the pattem,

oo associate the measurament patterny with a cell based on the rastiicted area

[

information,

o update the pattern at an event associated with changing the restricted area {e.g.

changing antenna configuration or ussr equipment moving fo another location),
25 Signsling for commurnicating patterns with restricted applicabiity may involve:

o X2AP (a protocol over the X2 interface);
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RRT {a protocol over the Uu interface), which may be dedicated or cell-specific

[

or area-spacific signaling with the assodated restricted area information {pre-

defined or signaled, as described above);

5]

Signaling over the interface between eNodeB and &M or the coordinating
5 network node;

o B1AP {a protoco] aver the X2 inferface): in case it is considered bensficial to
sormmunicate this information between eNBs which do not have a X2 interface
available, it coldd also be signaled as part of the SON information transfer

already avatable on 81 interface or may be a new signaling over this interface.

1Q in the X2 signaling example, several pattermns with restricted applicability could
be signaled for each cell served by the macro and/or pice eNB using the LOAD
Indication procsdure-~ In particular, the macro eNB could send the LOAD
INFORMATION message to the pico eNB, where such message may contain a new
information element, for example called ABS Falterns with Restricted Applicability 1E.

16 This new [E could contain the patlems and the restriction information for each of them.

The restriction information may be a description of the restricted areas defined above.

Alternative codings may be possible which would not changs the validity of
this disclosed method.

20 Ever though embodiments of the various aspects have been described, many
different alterations, modifications and the like thereof will become apparsnt for those
skilled in the art. The described embodiments are therefore not intended o imit the

scope of the present disclosure.
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CLAIMS

P

(V%]

~4

A method in a network node (110, 120, 140) for enabling configuration of at least
two patterns for a cell (1), which patterns are transmission patterns or
measurement patterns, wherein the msthod comprises:

obtaining (402, 702) the at least two patterns, wherein sach pattern is
associated with information about a respective restricted area (A1, A2) such that
each paltern is used when a user equipment (130} served by the cell {T1) is
located in the respective restricted area, wherein sach respective restricted area

(A1, AZ) is smaller than an entire area of the cell (C1).

The method according to claim 1, wherein the nebwork node (110, 120} is a radio

hase stafion and the cell (T1) is operated by the radio base station.

The method according to claim 1, wherein the network node {140} is a
coardinating nods.

The method according to any one of claims 1-3, wherein the at least two pattemns
comprise a first pattern and a second pattern, whersin the firgt and the second
patterns are associated with at least one of the following characteristivs:
bandwidih, transmit power levels, powsr reduction, and subframe properties, and
wherein a first value of the at least one characteristic assoctated with the first
patter is differant from a saecond value of the same characteristic associated with

the second pattern.

The method according ta any one of claims 1-4, wharein the at least two patterns
somprise at least two measurement patterns.

The method according to claim 5, wherein the at least two measurement patierns
ars different, wherein a first measurement pattern of the at least two
measurement patters is intended for measurements with measurement gaps and
a second measurement pattern of the at least two measurement patterns is

intended for measuremeants without measurement gaps.

The method according to any oneg of claims 1-8, further comprising:
transmitting (403, 703) the at least two patterns to another network node
or & user sguipment (130).
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2

8. The mathod according to olaim 7, wherein the transmitting {403} comprises

transmitling via broadcast transmission or multicast fransmission.

5 8 The method according to olaim 7 or 8, wherein transmitting {403) further

comprises transmitting the information about the respective restricted area.

10. The methad according to claim @, whersin the information about the respective

restricted area relates to at least one of
10 ~ certain geographical area or direction;

- antenna configuration;

- an araa with certain radio environmeant characteristics;

- an area defined by a certain user squipment behavior;

~  an area associated with certain signal strength/quality and user equiprasnt
18 reguirements:

- an area with certain performance characteristics; ar

- an area defined by user equipment capabilifies or user equipment tocation.

11. The method according to claim 10, wherein the information about the respective
20 restricled area iz used for interference management, positioning, minimizing drive
tests, or SON,

12. The method according to olaim 10 or 11, wharein the information about the

respective restiicled area is obtainad by at lsast one of:

3
n

reading pre~defined information about the respective restricled areas,;
generating the information about the respective restricted area;

recelving from anocther node.

13. The method according to any one of claims 1-12, further comprising:

L3
<

daciding (4058, 708) applicability of the at least two patierns based on the

information about the respective restricted area,

14, A network node {110, 120, 140) for enabling configuration of at least two patlems
for & cell {G1), which patterns are fransmission patterns or measurement
35 patterns. whergin the network nodg {(110) comprisas:
a processing circuit {810) configured {o obtain the at least two patterns,

wharein gach of the at least two patiemns is associated with a respective restricted
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20,

area (A1, AZ) such that sach pattern js used when a user equipment {130) served
by the cell {C1} is located in the respective restricied area, wherein each
reapeciive restricled area (A1, A2) is smaller than an entire area of the cell {C1}.

. The network node {110, 120, 140) according to claim 14, wherain the network

node (110, 120) is a radio base station and the cell (C1) is operated by the radio

hage station,

. The network node (110, 120, 140) according to claim 14, wherain the network

node (140} is a coordinating nods.

. The network nade (110, 120, 140) according to any one of claims 14-18, wherein

the at least two patlerns comprise a first pattern and a second pattern, wherein
the first and the second patiemns are associated with at least one of the following
characteristics: bandwidth, fransmit power lsvels, powser reduction, and subframe
propetiies, and wherein a first value of the at least one characteristic associated
with the first pattern is different from a second value of the same characteristic

associated with the second pattern.

. The network nads {110, 120, 140) according to any one of claims 14-17, wherein

the processing circuit (810} further Is configured to generate the at least two

patterns or receive the at least two patierns from ancther network node.

. The network node (110, 130, 140) according to claim 18, wherein the at least two

picasuremant patterns are differend, wherein a first measurement pattern of the at
feast two measursment patters is intended for measurements with measursmeant
gaps and a8 second measurement pattern of the at least two measurement

patterns is intended for measuwements without measurement gaps.

The network node (110, 130, 140) according to any one of claims 14-19, further
comprising a transmitter {(820) configured to transmit the at least two patterns to
another network node or a user equipment (130}

. The network node (110, 120, 140) according to claim 20, wherein the transmitter

{8207 further is configured to transmit vis broadeast transmission or multicast
{frangrnission.
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23, The network node (110, 120, 140) according to claim 20 or 21, wherein the

24.

2

2
~nf

5.

transmitter (820} transmitting (403} furthsr comprises transmiting information

about the respective restricted area.

. The netwark node (110, 120, 140) according to claim 22, wherein the information

about the respective restricted area relates to at feast ane of;

- certain geographical area or dirgction;

- antenna configuration;

- an area with certain radio environment characteristics;

~ an arga defined by a certain user equipment behavior;

- an arza associated with carfain sighal strength/quality and user equipment
requirements;

= an area with cerdain performance characteristics; and

~ an area defined by user squipment capabilities or user equipment location,

The network node (110, 120, 140) according to claim 23, wherein the information
ahout the respective restricled area iz usad for interference management,
positioning, minimizing drive tests, or SON.

The network nade {110, 120, 140) according to claim 23 or 27, wherein the
progessing circult (810) further is configured to obtain the information about the
respective restricted area by at least one of:
reading pre-defined information aboud the respective restricted avea;
generaling the information about the respective restriclad area;

receiving from another node.

. The network node (110, 120, 140) according to any one of claims 14-25, wherein

the processing circuit (8107 further is configured to decide applicability of the at

least two patterns based on the information about the respective restricted area.

A method in & user equipment {130} for configuring measuraments, wherein the

usar equipmeant (130) is served by a cell (C1) of a radio base station, wherein the
method comprisss:
receiving (404, 902) at least two measurement patterns from the radio

restricted area such that gach measurement pattern is used when the user
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30.

31.

equipment {130} is located i the respective restricted area, wherein each
respective restricted area is smaller than an entire area of the cell; and

obitaining (406, 803} information about the respective rastricted area,
thereby configuring measursments.

. The method according to claim 27, wherein the at least two measurement

patterns comprise a first pattern and a second pattermn, wherein the first and the
second palterns are associated with at least one of the following characteristios:
bandwidth, transmit power levels, power reduction, or subframe properties, and
wherein a first value of the at lzast one characteristic associated with the first
pattern is different from a second value of the sams characteristic asscciated with

the second pattem.

. The method according to claim 27 or 28, wharein recelving (404} of the at lzast

two measurament patterns further comprises receiving via broadeast or mudticast
at least ong of, the at least two measurement pafterns and the information about

the respective restricted ares.

The method according to any one of claims 27-28, wherein the information about
the respeciive restricted area is used for interference management, positioning,
minimizing drive ests, or SON.

The method according to any one of claims 27-30, whersin the information about

the respective restricted area relates to at least one of

- certain geographical ares or direction;

~ antenna configuration;

~an arga with certain radio environment characteristics;

- an arsa defined by a certain user equipmernt behawvior,;

- an area associated with certain signal strength/guality and user eguipment
requirements;

- an arsa with certain performance characleristics; and

- an area defined by user equipment capabilies or user eguipment location.

. The msthod according to any one of claims 27-31, wherein the at least two

measwrement palterns are indicating whan the user equipment (130) is to

perform measurements in sach respective restricted area.
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33

34,

oy

The method according to claims 27-32, wherein the information about the
respactive restricted area is obtained by at least one of:
reading pre-defined informalion about the respective restricted area;
generating the information about the respective restricted area,
recsiving the information about the respective restricted area from the

ractio base station or another node,

The method according {o any one of claims 27-33, further comprising:
deciding (407, 904} applicability of the at feast two measurement patterns

basad on the information about the respective restricted arsa.

. The method according to any one of claims 237-34, wherain the deciding (407
g

further is based on af least ohe of: user squipment capabilify and available

measuraments relating to the user equipmeant (130).

38. A user egquipment {130} for configuring measuremeants, wherein the user

03
4

squipiisnt {130) s configured to be served by a cafl (C1) of & radio base station,
wharain the user squipment (130) comprises:

a receiver (1010) configured {o receive al least fwo measurement patterng
from the radio base station, wherein sach measurement pattern is associated
with a respective restricied area such that each measurament pattern is used
wher the user equipment (130} is located in the respactive resiricted area,
wherein sach respactive restricted area is smaller than an entire area of the oell,
and

& processing circuit {1020) configured to obtain information about the
respective restricted area, whereby the user equipment {130) is configursd for

configuring measuraments.

7. The user squipment (130} according to claim 38, wherein the at least two

measurement patterns comprise a first pattern and a second pattern, wherein the
first and the second patterns are associated with at least ong of the following
characteristics: bandwidth, ransmit power levels, power reduciion, or subframe
properties, and wherein a first value of the at least one characteristic assoclated
with the first pattem iz different from a second value of the same characteristic

associated with the second patterm.
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38,

40.

42

43.

The user equipment (130} accarding to claim 38 or 37, wherain the receiver
{1010} further is configured to receive via broadcast or multicast at least one of;
the at least two measyremeant palterns and the information about the respective

restricted area,

. The user equipment {130} according to any one of claims 36-38, whersin the

infarmation about the respective restricted area is used for interference

management, positioning, minimizing drive tests, or 3ON.

The user equipmeant (130) according to any one of claims 36-38, wheremn the

infarmation about the respective restricted area relates 1o at least one of:
cenain geographical area or direction;

- anterna configuration;

~ an area with cerfain radio snviromment characteristics;

~  an arsa defined by a certain user equipment behavior,

- an area assaciated with certain signal strengthéquality and user sauipment
requiremeants;

~ an arga with certain performance characieristics; and

- an area defined by ussr equipment capabiliies or user equipment incation.

41. The user sguipment (1230} according o any one of claims 38-40, wherein the

measuremeant patterns are indicating when the user squipment (130) is to
parform measuraments in sach respective restricted area.

The user sguipment (130) according o claims 36-41, wherein the processing
cireudt {1020) further is configured to obtain the information about the respective
rastricted area by at lsast one of!
reading pra-defined information about the respective restricted area;
generating the information about the respective restricted area;
receiving the information about the respective restricted arga from the
radio base station or another node,

The user sguipmeant (130} according to any one of claims 38-42, wherein the
processing creuit (1020) further is configured to decide applicability of the at least
fwo measurement patterns based on the information about the respective
rastricted area.
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44. The user equipment {130} according to any ong of claimns 38-43, wherein the
processing circuit {1020} further is configurad to decide the applicability of the at
least twe patterns based on at least one oft user equipment capability and

available measuremeants relaling to the user equipment (130),
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