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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 

5 

TECHNICAL FIELD 

Embodiments herein relate to a method in a network node and a network 

node for enabling configuration of at least 1wo patterns for a cell. Furthermore, 

embodiments llerein relate to a method in a user equipment and a user equipn1ent 

for configuring measurements. 

'10 BACKGROUND 

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

radio base stations (home ef\JodeBs), 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 

·15 to as a hetemgeneous network. The regular base stations are often referred to as a 

macro layer and the low-power nodes are often referred to as a pico layer, A purpose 

of ernploying !ow-pov;er nodes is to enhance peiiormance of the macro layer in terms 

of network coverage, capacity and service experience of individual users. 

At the same time as interest for low.,power nodes has grown, it has been 

20 realized that there is a need for enhanced interference management technlques to 

address the arising interference issues caused by, for example, a significant transmit 

power variation among clifferent cells. Cell association techniques are also needed 

for more uniform neiworks, 

In tl1e Third Generation Partnership Project (3GPP), heterogeneous network 

25 deployments have been defined as deployments where low-power nodes of different 

transmit powers are placed throughout a macro-cell layout, implying non-uniform 

traffic distribution. Such deployments are, for example, effective for capacity 

extension in certain areas. These areas may include so--calleci traffic flotspots. Le, 

small geographical areas with higher user density and/or higller traffic intensity. 

30 Installation of low-power nodes, such as pico nodes, in these areas can enhance 

performance. Heterogeneous deployments rnay also be viewed as a ,Nay of 

cJensi"fying, or concentrating., networks to adopt for the traffic needs and the 

environment. However, heterogeneous deployments also bring challenges for which 

the network has to be prepared in order to ensure efficient networ1{ operation and 
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superior user experience, Therefore, different interference management techniques, 

or interference rnanagernent procedures, have been proposed, 

One example of such interference managernent procedure relates to 

interference management for heterogeneous deployments. To ensure rellable and 

5 high~bitrate transrnissions as well as robust control channel performance, maintaining 

a good signal quality ls a must in wireless networks. The signal quality is determined 

by the received signal strength and its relation to the total inteiierence 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 

10 efficient radio resource utilization, the network plan has to be complemented by semi­

static and dynamic radio resource managernent mechanisms. These mechanisrns 

are intended to facilitate interference rnanag19ment and deploy more advanced 

antenna tecl1nologies and algorithms. 

One way to handle interference is to utilize more advanced transceiver 

15 technologies, e.g, by implementing interference cancellation mechanisms in 

terminals, or user equipments (UEs). Another way, which can be complementary to 

the f orrner, is to design efficient interference coordination algorithms, such as inter­

cel! interference coordination (ICIC) and transmission schemes in t11e network, 

Inter-cell interference coordination (ICIC) rnethods for coordinating data 

20 transmissions between cells have been specified ln Long Tem1 Evolution (LTE) 

release 8, In LTE release 8, the exchange of ICIC information between cells in L TE is 

carried out via an X2 interface by means of the X2--App!ication Protocol (X2-AP 

protocol). The X2 interface and the X2~AP are known from 3GPP terrninology. Based 

on this information, the network can dynarnica!ly coordinate data transmissions in 

25 different cells in the time-frequency domain and also by rneans of power control so 

that the negative impact of inter-cell interference is minimized, Wit11 such 

coordination, base stati.ons may optimize tl1eir resource allocation by cells either 

autonomously or via another netvvorl<. node ensurir1g centralized or semi--centralfzed 

resource coordination in the network, Wit11 tl1e current 3GPP specification, such 

30 coordination is typically transparent to user equipments, 

Two examples of coordinating fnterterence on data channels are illustrated in 

Figure 'la and Figure 1b. In Figures ·1 a-e, subcarriers,. i.t:i. different frequencies, are 

veiiicafly arranged along a vertical axis and time is expressed along the horizontal 

direction, Exemplifying data channels are denoted D1, 02, D3 and 04. In the 

35 example of Figure 1a, clata transmissions, such as 01, D2, 03 and 04, in two cells 

are separated in frequency, i.e. tile noydata regions O'l, 04 do not overlap in the 

vertical direction. The two cells, such as the pico and the macro, belong to different 
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layers, i.e. rnacro and pico layers, By contrast, in the exarnple of Figure 1 b1 low­

interference subframes are created at some time instances, sucl1 as at a center 

subfrarne of the U1ree subframes shown for the macro, for data transmissions in pico 

cel!s by suppressing rnacro-cell transrnisslons in these tirne instances. This may, for 

5 exarnple: enhance perforn·iance of user equiprrlents -vvhich woufd othen,vise 

experience strong inte1ierence from macro ceUs. For example, this applies to user 

equipments which are closely located to macro cells, or rnacro radio base stations. 

Such coordination mechanisrns are possible already wHl1 the current specification. 

Unlike for data transmission, current specifications limit IClC possliJi!ities for 

"10 control channels. For instance, the mechanisms illustrated in Figure 1 a-bare not 

possible for control channels and are not possible for reference signals measured for 

mobility. 

Figures 1 c~e illustrate tf1ree approaches ( 1 ), (2), (3) of enhanced I CIC to 

liandle the interference on control channels. 

'15 (1) as in Figure 1c illustrates use of low-interference subframes in time. 

In Figure 1 c, the vertical stripes indicate reduced interference to the control 

channels in the control region. 

(2) as in Figure 1 d illustrates use of time shifts. It is noted that (2) has some 

limitations for Time Division Duplex (TDD) and is not possible with syncl1ronous 

20 network deployments. Moreover, (2) is not efficient at t1igh traffic loads. From the 

legacy terminal point of view, Cell-Specific Reference Signals (CRS) still need to be 

transmitted in all subframes, so there w!II still be inter-cell interference from CRS. 

(3) as in Figure 'I e illLJstrates use of in-band control channel in combination 

with frequency re-use. In Figure ·1e, the grids indicate reduced inteiierence to the 

~"!5 enhanced control channels in t11e data region, 

( 1) and (3) require standardization changes whHst (2) is possible with the 

current standard. 

Interference coordinatlon techniques. as illustrated in Flg ures 1 a-e, reduce 

30 the interference from a strong interferr-~r, e.g. a macro cell, during otherNce!l, e.g. pico, 

transmissions. In doing so, the techniques assume U1at second cells, such as pico 

cells, are aware about the time-frequency resources with low-interference conditions 

and thus can prioritize scheduling of transmissions in those subframes for users 

which potentially may strongly suffer from the interference caused by tile strong 

35 interferers, 
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As mentioned above, the pf.)ssibilities to efficiently rnitigate inter-cell 

interference to and from control channels are limited with the current standard. 

However, even less flexibility exists for dealing with interference to/from physical 

signals whicf1 typically have a pre-defined static resf.)urce aHocation in the tirne-

5 frequency space. In the following, some known techniques for inte1ierence 

cancelation are described, 

In signal cancellation techniques, the channel is measured and used to 

restore the signal from a limited number of strongest interferers. This tecl1nique 

impacts receiver implementation and its complexity, Furthermore, in practice, 

1 O channel estimation puts a limit on how much signal energy can be subtracted. 

In syn1bol-leve! time shifting tecl1niques, there is no impact on the standard, 

but it is not relevant for TDD net1Norks or networks providing the MBMS service. This 

technique is applicable when a macro base station and a home base station are 

time-synchronized, This approach uses tirne shifting of transmission from the home 

'15 base station relative to downlink frame tlmlng of rnacm base station and uses power 

reduction, or muting, by the horne base station anti/or the rnacro base station, on the 

portion of a symbol(s) that overlap the control regron of the macro or home base 

station. 

A further technique coropletely mutes a signal in a subfran1e. In this 

20 technique, CRS are not transmitted at al! in some subframes for energy efficiency 

reasons. This technique was proposed earlier ln 3GPP. The technique is not 

backward compatible to Release 8 and/or 9 user equipments, which expect CRS to 

be transmitted at least on antenna port 0, 

Given a very lirnited set of possibilities for interference cancelation listed 

25 above, there is a strong need for sirnple but yet efficient new techniques to resolve 

the CRS interference issue, A similar issue exists, for example, for synchronization 

and broadcast channels, where time shifts may be utilized to address the issue. 

The need for ent1anced !CIC techniques is particularly crucial when the cell 

assignment rule diverges frorn the Reference Signal Received Power (RSRP) based 

30 approach, e.g. towards a pathloss- or a 'path gain'-basecl approach. This is 

sometimes also referred to as tf1e CfJ!l range expansion when adopted for cells with a 

transmit power lower than neighbor cells. An idea of the cell range expansion is 

illustrated in Figure 2, where the cell rang.e expansion of a pico cell is irnplemented 

by rneans of a delta-par.a meter, aka bias or eel! selection offset Tf1e cell range 

35 expansion approacf1 is also known as biased cell selection. 
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As discussed al::iove, different intetierence coordination tect1niques, also 

referred to as enhanced ICIG {elCIC), have been discussed in the context of 

heterogeneous network deployments. 

Now returning to the X2 interface, inforrnation to be signaled between radio 

5 base stations and from radio base stations, such as eNodeB, to a user equipment 

(UE) is described. It has been proposed that the signaling shall comprise the 

following: 

.-. one bitmap pattern to indicate an Afmost Blank Subframe (ABS) pattern of Macro 

cell to Pico cell,. 

10 (< a second bitmap to indicate a subset of ti1e subframes indicated by the first 

bitmap, whlcll are recommended to the receiving node for configuration of 

restricted Radio Link Monitoring (RLM) and/or Radio Resource Management 

(RRM) measurements, and 

~ the pattern length and periocilclty: Frequency Division Duplex (FOO) - 40rns; TDD 

15 - 20rns for downlink and/or uplink (DI.JUL) configuration 1~5, 70 ms for DUUL 

configuration 0, 60ms for DL/UL configuration 6. 

His also proposed that the requested Radio Resource Control (RRC) 

signaling comprises RRC signaling for resource specific RLM/RRM measurements 

20 and Channel State Information (CSI) rneasurernents, where the resources that can 

be used for rneasurernents are indicated by patterns, such as an ABS pattern or a 

pattern for RRNl/RLM. A definition of ABS subframes is described in the following. 

For an ABS subframe, user equipments may assume the following: 

& All ABS subfrarnes carry CRS; 

25 & If Primary Synd1ronizatlon Signal (PSS), Secondary Synchronization Signal 

(SSS), Physical Broadcast Channel (PBCH), System Information Block 1 

(SIB1). Paging and/or Positioning Reference Signals (PRS) coincide with an 

ABS, they are transmitted in the ABS (with associated PDCCH when 

S!B1/Paging is transrnitted); 

30 $ Needed for legacy support; 

~ CSI reference signals (CS!-RS) transmission on ABS is not determined yet; 

$ No other signals are transmitted in ;\8Ss; 

$ If ABS coincides with Multicast Broaclcast Single Frequency Network (MBSFN) 

subfratrie not carrying any signal in data region, CRS is not present ln data 

35 region; 

~ NlBSFN subframe carrylng signal in data region shall not be configured as ABS. 
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According to the current state of the art, a measurement pattern per cell is to be 

decided. The rneasurement pattern is determined by a bitmap which is signaled to the 

user equipment, and it does not have to be the same as the transrnlssion pattern. 

In a scenario, where load varies significantly among cells, it is expected that 

different ABS patterns are configured in different cells. When determining U;e 

measurement pattern, the different ABS patterns will need to be taken into account. 

Thus, on!y a small set of resources may be available for rneasurernents. As a result, 

rneasurement quality may degrade and rneasurernent tin1e may increase. 

Moreover, according to the cun-ent state of the art, a transrnission pattem, or a 

ABS pattern, 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 limltation 

on the network performance, ln particular in temrn what measurement pattern can be 

used. 

SUMMARY 

/\n object with ernbodiments herein is to improve performance of a radio 

comrnunication system, such as a radio communication system based on LTE. 

20 

According 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 patterns or measurement patterns. The network node obtains the at 

least two patterns. Each of the at least two patterns ls associated with a respective 

25 restricted area such that each pattern ls used when a user equipment servecl by the 

cell is located in the respective restricted area. Each respective restricted area is 

sma!ier than an entire area of the cell. 

According to another aspect, the object is achieved by a network node for 

30 enabling configuration of at least two patterns for a cell. The patterns are 

transrnisslon patterns or measurement patterns. The network node comprises a 

processing circuit configured to obtain U1e at least two patt1c~rns. Each of the at least 

two patterns is associated with a respective restricted area such that each pattern is 

used when a user equipment served by the cell is located in the respective restricted 

3t1 area, Each 1-espective restricted area is sm2i!ler than an entire area of the cell. 
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According to a further aspect, tl1e object is achieved by a rnethod in a user 

equlpment for configuring measurements_ The user equipment is served by a cell of 

a radio base station, The user equipment receives at !east two measurement 

patterns from the radio base station_ Each measurement pattern is associated with a 

5 respective restricted area sucl1 that each measurement pattern 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 ce!L Furthermore, U1e user equipment 

obtains information about the respective restricted area, thereby configuring 

measurernents, 

According to yet another aspect, the object is achieved by a user equipment 

for configuring measurements. The user equipment is configured to be served by a 

cell of a radio base station, The user equipment cornprises a receiver configured to 

receive at least two measurement patterns from the radlo base station. Each 

15 measurement pattern is associated with a respective restricted area such that each 

measurement pattern is used when the user equlprnent is located in the respective 

restricted area. Each respective restricted area is srna!ler than an entire area of the 

cell. The user equipment further comprises a processing circuit configured to obtain 

information about the respective restricted area. In this rnanner, tl1e user equipment 

20 is configured for configuring rneasurements. 

Thanks to that at least two patterns can be configured for at least two 

respective restricted areas, a first pattern is usable for a first restrictt~d area and a 

second pattern is usable for a second restricted area, 

25 Wl1en the patterns are transmission patterns, the first pattern allows for 

30 

transmission in a larger number of frames than a number of frames allowed for 

transmission as defined by the second pattern. A larger number of frames provides a 

larger number of transmission occasions. This means that it is easier to find a frame 

for performing transmission when the nurnber of frames for transmission is larger, 

When the patterns are measurement patterns, the first pattern allows for 

measurement in a larger number of frames than a number of frames allowed for 

measurernent as defined by the second pattern, A larger nurnber of frames provides 

a larger nurnber of measurement occasions, This means that it is easier to find a 

frame for petiorming the rneasurement vvflen the number of frames for 

35 rneasun::ments ls larger. 

Therefore, performance of the radio cornrr1unication system, when using tl1e 

second pattern, may be improved as compared to when using the first pattern. 
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An advantagt::.:; of r-.irnbodirnents herein is that they provide, for example, !ess 

strict measurement configuration for user equipments. This makes it more adaptive 

to the environment, interference and load conditions within a eel!, or different user 

5 equipment groups. The l:lmbodiments further provide more flexible configuration for 

macro cells. This permits different patterns in different cells, wl1ich in turn significantly 

enhances macro cell performance cornpared to the case when the same 

measurement pattern is used over one cell, a set of neighboring cells, or all cells in a 

tracking area or the entire network. 

10 

"15 

20 

A further advantage of embodiments herein is that they provide radio base 

stations that are aware of the pattern conf1guration in neigr1boring celts and/or nodes. 

Further, embodiments enable communicating patterns with either a pre-defined or a 

signaled descrlption of at least one of the restricted area where the pattern applies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various aspects of ernbodirnenls disclosed herein, including particular 

features and advantages thereof, will be readily understood from the following 

detailed description and the accompanying drawings, ln wliich: 

Figure 1 a-e show schematic IClC schemes, 

Figure 2 shows a schernatic overview illustrating cell range expansion, 

25 Figure 3 shows a schernatic overview of an exemplifying radio commtmlcation 

system in which exemplifying methods accon.--Jing embodiments herein rnay be 

implemented, 

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

30 exemplifying methods perforn1ed in tr1e radio communication systern according to 

Figure 3, 

Figure 5 shows a schematic overview of an exemplifying radio communication 

system in which exemplifying methods according embodiments herein may be 
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Figure 6a and 6b show schematic, cornbined signaling schemes and 

flm,vcharts of exemplifying metl1ods pe1ionned in the radio communication system 

according to Figure 5, 

5 Figure 7 shows a schematic flowcl1art of the methods of Figure 4 when seen 

10 

from the net\ivork node, 

Figure 8 shows a schematic block diagram of an exemplifying network node 

configured to perform the n1ethotis illustrated in Figure?, 

Figure 9 shows a schernatic flowchart of the methods of Figure 4 when seen 

from the user t=:;quiprnent, and 

Figure 10 shows a schen,atic block diagram of an exemplifying user 

·15 equipment configured to peiiorm the methods illustrated in Figure 9. 

DETAILED DESCRIPTION 

Throughout the fol.lowing description sirnilar reference numerals have been 

used to denote similar elernents, networl\ nodes, pa1is, items or features, when 

20 applicable. In the Figures, features that appear in some ernbodiments are indicated 

by dashed lines. 

Figure 3 shows an exemplifying radio communication system 100, 1N!1id1 in 

tt1is example is an L TE system. In other examples, the radio communication system 

25 may be based on Global Sy·stern for Mobile comrmmicatlon (GSf\'1), Universal Mobile 

Telecommunications System (UMTS), Code Division Multiple Access (CDMA) or the 

like. 

The radio communication system 100 comprises a net\ilfork node 140. The 

30 network node 140 may be a radio base station, a coordinating node, an Operations & 

Maintenance (O&M) system or Hie like. In embodiments, where the network node 

140 is a radio base station, it may be a macro eNodeB. pico eNodeB, micro eNodeB. 

horne eNodeB, relay node, or the like. 

35 T'he radio comn1unication systen1 100 comprises cells; such as a c.eu C-0 in 

Figure 3. The cell CO is opt~rated by a radio base station. such as the network node 
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140. Thus, the radio communication system 100 may depict a classical deployment, 

i.e. there are no pico radio base stations or the like. Embodiments herein may also 

be irnplemented in a macro/pico deployrnent, also referred to as a heterogeneous 

deployment. which is described below and sl1own in Figure 5. 

5 At least two patterns may be configured for the cell CO. The at least tvvo 

patterns are transmisslon patterns or rneasurement patterns. The patterns indicate 

subframes available for transmission or measurement. A subframe is known from 

3GPP terminology and has typically a duration of 1 ms. Tl1us, the at least tv10 

patterns may be related to transmission povver or transmission activity in the cell CO. 

10 The at least two patterns rnay comprise a first pattern and a second pattern, 

respectively. The first and the second patterns are associated with at least one of the 

following cllaracteristics: bandwidth, transmit power levels, power reduction, and 

subfrarne properties. A first value of the at least one characteristic associated with 

the first pattern fs different from a second value of the same characteristlc associated 

·15 witti the second pattern. 

20 

When the patterns are rneasurernent patterns, the at least two measurement 

patterns may be different from each other. The first pattern may be intended for 

rneasurements with measurement gaps and the second pattern rnay be intended for 

measurements without measurement gaps. 

In order to enai)le increased flexibility for configuration of patterns, the cell CO 

cornpr\ses a first area A 1 anti a second area A2, In this manner, different patterns 

may be configured for, or associated with, different mspective areas as described in 

more detail below. For each area A'l, .A.2, there will be assigned a respective pattern, 

25 The cell CO has an entire eel! area AO. Each of t11e first and second areas A 1, 1\2 is 

smaller than the entire cell area AO, The radio conditions in the first and second 

areas A 1, A2 rnay differ for different reasons, such as buildings, background noise 

etc. 

The first area may, e,g., be equal to the entire cell area AO, In such case, a 

30 pattern for the second area override pattern configuration for the entire eel!, i.e. the 

first area. This may improve backward compatibility, 

A user equipment 130 is located \l\liU1in tl1e cell CO. The user equipment 130 ls 

in some figures is referred to as UE 130, The user equipment 130 may be a mobile 

35 phone, a cellular phone, a Personai Digital Assistant (PDA) equipped with radio 

communication capabilities, a smartphone, a tablet PC, a tablet device, a laptop 

equipped with an internal or extsrnal mobile broadband modem, a poriable electronic 
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radio communication device or the like. Tile user equipment 130 rnay be served by 

one or rnore additional u~lls (not shown). 

When the network node 110 is a coordinating node or a O&M system, the user 

5 equipment 130 is configured to communicate, as illustrated by an arrow P1, wlth the 

neNvork node 1 ·10 via a radio base station (not shown) over a radio link when the 

user equipment 130 is present in the cell CO served by the radio base station. 

When the nt~twork node 110 is a radio !Jase statfon, the user equipment ·130 is 

<.~cmfigured to comrnw1icate, as illustrated by the arrow P'l, with the radio base station 

1 O over a radio link when tf1e user equipment 130 is present in the cell CO served by the 

radio !Jase station. 

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

·15 exemplifying methods performed in the radio cornrnunicatfon system according to 

Figure 3. The network node 140 performs a rnethod for enabling configuration of the 

at least tvvo patterns for the cell CO. The user equipment -U0 perforrns a method for 

configuring measurements. 

The following actions may be performed. Notably., in some embodiments of 

;w the method the order of tile actions may differ from what is indicated below. 

Action 401 

In some embodiments, the network node '140 obtains inforrnation about the 

respective restricted area, such as Hie first and second areas A ·J, A2. As a result, the 

25 network node 140 is informed about the respective restricted area. 

The information about the respective restrictr:id area may be obtained in one 

or more of the following manners reading pre-defined information about the 

respective restricted area, generating the inforrnation about the respective restricted 

area and receiving from another node, The other node may IJe tl1e coordinating 

30 node, the pico or macro radio base statlon or Operations & Maintenance (O&M) 

system.. These and other examples will be elaborated below in List 2. 

35 

As an example, the network node 140 obtains the information about the 

respective restricted area by generating the respective restricted area based on a 

detected overlap in coverage area of two neighboring radio base stations. 

The information about the respective restricted area will be used in the next 

action, and may relate to at least one of: 

Certain geographical area or direction; 
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An area associated with certain signal strength/quality and user 

equipment requirernents (UE requirements); 

An area with certain performance characteristics; and 

An area defined by user equipment capabilities or user equipment location 

(UE capabilities or UE location) 

These and other examples will be elaborated below in List 'l . 

The information about the respective restricted area may be used for 

interference management, positioning, minirnizing drive tests, or SON. 

Action 402 

ln order to allow the network node ·140 to ern.;ible configuration of the at !east 

15 h·vo patterns in the cell CO, the network node 140 obtains the at least two patterns, 

The obtaining may be performed by generating the at least two patterns or 

receiving the at least hvo patterns from another network node. 

Each pattern is associated with information about a rnspedive restricted area 

A 1, A2 such t11at each pattern is used when the user equipment 130 is located in the 

20 respective restricted area. Each respective restricted area A 1, A2 is smaller than an 

entire area of the cell CO. 

As mentioned above, the at least two patiems comprise the first pattern and 

the second pattern according to some embodirnents. In these ernbodiments, the 

obtaining may be performed by generating the first pattern and receiving the second 

25 pattern. ln this manner, further flexibility for obtaining the at !east two patterns is 

achieved. 

Action 403 

In some embodiments, the network node '140 further transmits the at least 

30 two patterns to a further network node or a user equipment 130. The further node 

may be a radio base station, servinfJ or not serving the user equipment, or a core 

networh: node, such as tt·1e coordinating node. Thereby, the further network node or 

the user equiprnent may use said at least two patterns for t.ransmission, for 

measurements or for coordinating purposes. 

35 When the network node 140 is a radio base station, the fu1iher network node 

may be the coordinating node. Thereby, the network node 140 provides information 

about patterns to the coordinating node, \Nl1ich may use this information to geni~rate 

12 
Petitioners' Exhibit 1007, p. 14 

AT&T et al v. Innovative Sonic & Celerity 
IPR2024-01145



WO 2012/064265 PCT/SE2011/051333 

further patterns to be applied in other cells. Tt1e coordinating node may also generate 

a new pattern, vvhich is to replace one of the at least two patterns. The coordinating 

node rnay of course also replace all of tl1e at least two patterns. 

Alternatively or additionally, when the networl~ node 140 is a radio base 

5 station, the further network node rnay be another radio base station, Thereby, the 

network node ·140 provides inforrnatlon about patterns to the other radio base station, 

whlch n,ay use this inforrnation as a transrnission pattern. Typically, network node 

140 t1as generated different patterns to be used by itself and tile other radio base 

station. 

10 When the fllrther network node ls tile user equiprnent 130, the transmitting 

may be pe1iormed vi.a broadcast, rnulticast or dedicated transmission, In some 

examples, only one pattern is transmltted via dedicated transmisslon in response to a 

request for configuration of patterns as explained in conjunction with Figure 6b. !n 

this manner, broadcast and multicast transmission is off-loaded, since the patterns is 

15 transmitted uslng dedlcated transrriission instead of broadcast or multicast. Typically, 

the patterns transmitted to tbe user equipment 1<10 are rneasurernent patterns. 

The information about the respective restricted area may also be transmitted 

to another network node or a user equipment ·130 in this action. 

20 Action 405 

In some embodiments, the network node "140 further decides applicability of 

the at least two patterns based on the information about the respective restricted 

area. As a result, the network node 140 determines which of the at least two patterns 

shall be applled when the user equipment ·130 is located fn tile respective restricted 

25 area, TypicaUy, the at least two patterns are transmission patterns in these 

embodiments. 

The netvvork node 140 may further decide applicability of the at least two 

patterns based on available measurements relating to the user equipment such as 

position, current pre•coding, bandwidth used, etc. Thus, facilitating determination of 

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

Action 404 

In order to inform the user equiprr1ent 130 about which measurement patterns 

may be applied for different respective restricted areas, the network node ·140 sends 

35 at !east two measurement patterns to tile user equiprnent 130. They may be sent via 

the radio i,ase station. ,A.s mentioned, each measurement pattern is associated with a 
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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 patterns may indicate when the user 

equipment 130 is to perform measurements in each respective restr1cted area. As an 

5 example, the measurements are perforn1ed tovvards the serving radio base station or 

a neigf1boring radio base station. 

At least one of the at least two measurement patterns and the information 

about the respective restricted area may be received by U1e user equipment 130 via 

broadcast, multicast or dedicated signaling from the network node 140, such as a 

·10 radio base station serving the user equipn--ient 130. 

Action 406 

In order for the user equipment ·J 30 to be aware of the respective restricted 

areas, the user equipment 130 obtains information about the respective restricted 

15 area, !n this manner, measurements using different measurement patterns for 

different areas are configured. Expn.iJSS8d dlfferently, the measurements are 

configured witl-1 different measurement patierns for different portions of the cell CO. 

Similarly to above, now for tile user equipment ·130, the information about tile 

respective restricted area may be obtained by at least one of reading pre~defined 

20 information about the respective restricted area, generating the information about the 

respective restricted area and receiving from tl,e network nocle 140. The network 

node ·140 may be a radio base station, serving or non-serving, or anoH1er node. 

Similarly to above, now for the user equipment 130, the information about the 

respective restricted area rnay relate to at !east one of: 

25 Certain geographical area or direction; 

Antenna configuration; 

30 

An area with ce1iain radio environment characteristics; 

An area defined by a certain user equiprnent betiavior; 

An area associated with certain signal strength/quality and user 

equipment requirernents; 

An area with certain performance characteristics; and 

An area defined by user equiprnent capabilities or user equipment 

location, 

Similarly to above, now for the user equiprnent ·130, the information about the 

35 respective restricted area may be used for interference managernent, positioning, 

rninimizing drive tests, or SOf\L 
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Action 401 

In sorne ernbodirnents, t.he user equipment i 30 fu1iher decides applicability of 

the at least two rneaslirement patterns based on the information about the respective; 

restricted area. 

In t!iis rnanner, the user equiprnent 130 deterrnines which of the at least two 

measurement patterns shall used when the user equlprnent 130 is located in the 

respective restricted area. Typically, the at least two patterns are measurement 

patterns in these embodiments. 

The deciding may further be IJased on at least one of user equipment 

10 capability (UE capability) and available measurements relating to the user equipment 

15 

i 30. Thus, facilitating determination of in which respective restricted area the user 

equipment is located in. 

At conception of the embodiments hereln, the following has been observed 

when studying a macro/pico cell deployment and signaling of rneasurernent patterns 

and ABS patterns within such deployment An ABS pattern is an exarnple of a 

transmission pattern. 

Firstly, observing measurement patterns. According to the current state of the 

20 art, a single measurement pattern per cell, such as serving cell, is to be decided. 

Even though the signal quality typically significantly varles over the cefl area, using a 

single measurement pattern per cell may work in practice 1,,vhen a!I potentially strong 

interterers, e.g, macro cells, use the same ABS pattern. However, load typicatly 

varies significantly among cells and the ABS patterns shall be load-dependent to 

25 optimize network performance. With this, it is expected that different ABS patterns 

are configured in different cells, whicf1 may make it difficult or even irnpossible to 

decide the same measurement pattern over the entire cell subject to strong 

interference from different ceUs in different parts of the cell. 

Configuring the most pessimistic rneasurement pattern for all user 

30 equipments, Le. indicating the resources the user equipment can use for 

measurernents when the user equipn-ient is located in any part of tt,e cell, may result 

in a small set of resources available for rneasurernents. The small set of resources 

available for measurements increases user equipment cornp!exity, reduces the 

measurement quality, and increases the measurement tirne. 

35 This wl!I lead to much more relaxed requirements for user equipments, being 

configured with the most pessimistic measurement pattern, compared to the legacy 

user equipir1ents. That is to say, less stringent requirernents for measurements by 
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user equiprnents, being configured wftl1 the most pessimistic measurement pattern, 

needs to be allowed. This is, l1owever, not desired, because less stringent 

requirements reduce performance, for example in terms of response time, for these 

user equipments. The consequence is bad overall performance in t1eterogeneous 

5 networks due to overly restricted and inflexible measurement occasion configuration, 

such as the mentioned small set of resourt:es available for measurernents. 

In dassical network deployments, e,g. without low-power nodes such as pico 

base statlons or home radio base stations (home eNodeBs), the relaxed user 

equiprnent requirements for rneasurernents also has tb.~ const~quence of bad overall 

10 performance, A reason ls that also in the classical network deployrnent, the relaxed, 

or ratl1er less stringent, user equipment requirements for measurements implies 

reducecl petiormance, for example in terms of response time, for these user 

equipments, 

Secondly, when observing ABS patterns, it has been realized that another 

15 issue is that according to the state of tf1e a1i only a single ABS pattern is signaled, 

However, with advanced antennas capable of dynamic antenna configuration 

techniques such as beam forming, transmit/receive diversity, distributed antenna 

systems, and multi-point transmitting/ receiving techniques, etc., associating a single 

ABS pattern with a cell will put a strong limitation on the network perior-mance, For 

20 exarnple, afthough a cell is transmitting at some time instance, the power emission 

and thus the potential interference to other cel!s can be significantly suppressed in 

selected directions in this tirne instance and the directions may significantly vary with 

time. It is here\n discussed how the transmit/receive directions can be associated 

with ABS patterns, 

25 It ls likely that a singk~ measurement pattern will not be enough for intra~ 

frequency and inter-frequency measurements. Also, a single measurement pattern 

will hardly be used for both the serving cell and neighbor cell measurements, at least 

wlthout some rules on when and what n1e.:1surements are to be performed with the 

measurernent pattern provided to the user r~quiprnent. 

30 Therefore, ernbodlments hereln describe use of at least i:'No patterns; such as 

transmisslon patterns or measurement patterns, for a celL Each of the at least two 

patterns is associated "<Nith a respective restr"icted area which is smaller than an 

entire area of a cell as will be explained in more detail wlth reference to for example 

Figure 3 and Figure 5, 

3fi As discussed in tl1e bael<ground section of the pres·er1t disclosurei different 

interference coordination techniques, also referred to as enhanced ICIC (elCIC), 

have been discussed in the context of heterogeneous network deployments. To 
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ensure robust perforrnance for data and/or control channels, and to ensure 

consistent user equipment measurements such as mobHity rneasurernents, 

positioning measurements, a11d channel estimation in the presence of time~frequency 

radio resources with different interfo.~rt~nce conditions, the user equiprnent needs 

5 information that enables it to deduce the resources used for those measurements. 

Tl1is not only faci.litates the user equipment measurements but lt also h:eeps the user 

equipment pe,iormance at an acceptable level. In the current standard specification, 

as provided by the 3GPP, acquiring such information by the user equipment is not 

possib!e. It may have been proposed to signal a pattern to the user equipment whict1 

10 pattern lndlc-ates subframes available for user equipment measurements. 

Ernbodirnents, related to the above mentioned heterogeneous deployment, 

vvili now be explained \ivith reference to Figure 5, whlcii shows a radio 

15 communication systern 100, which in this exan1ple is a heterogeneous radio 

communication system based on LTE. In other exarnples, tl1e heterogeneous radio 

comrmmicahon system may be baseci on Global System for Mobile communication 

(GSM), Universal Mobile Telecomrnunications System (UMTS), Code Division 

Multiple Access (CDMA) or the like. 

20 

The radio communlcatlon system ·100 corn prises a rnacro radio base station 

'110 and a pico radio base station 120. Typicafly, transmission power of the macro 

radio base station 11 0 is greater than transmission power of the pico radio base 

station ·i 20. The network node ·140, shown in Figure 3, may be exemplffied by the 

25 macro or pico radio l:iase station 110, 120 as described in Figure 6a and 61J. 

30 

Furthermore, the n:1dio communication system ·t 00 comprises ceHs, such as a firsl 

t~ell C1 and a second cell G2. In each cell C•i, C2, there may be configured one or 

rnore patterns as described with reference t{.), for example, Figtffes 6a and 6b. 

The macro radio base station ·110 operates the first cell c-1 having a first 

entire area A5. The first entire area ,A,5 may be divided into a first area A-3 and a 

second area A4. As mentioned above, this enables lncreasecl flexibility for 

configuration of patterns. The first area 1-\3 and/or the second area A4 are smaller 

than the first entire area A5. 

The pico radio base station ·120 operates the second cell C2 having a second 

entire area A6. The second entire cell A6 may be divided into a third area A7 and a 
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fourth area A8. Again, this enables increased flexibility for configuration of patterns. 

The tt·1ird area A 7 and/or the fourth area A8 are smaller than the second entire area 

A6, 

The shapes of the areas A3-A8, shown in Figure 5, are purely schematlc and 

5 n1any other shapes are conceivable. M·oreover= one ()f rnore of the areas /-\3-/\8 rnay 

be overlapping. 

In Figure 5, a user equipment 130 is served by the pico radio base station 

120. The user equipment is in this exarnp!e located in the fourth area A8 of tl1e pico 

'iO radio base station 120, For example, the user equiprnent 130 may be a mobile 

15 

phone, a cellular phone, a Personal Digital Assistant (PDA) equipped with radio 

cornmur\ication capabilities, a smartphone, a tablet PC, a tablet device, a laptop 

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

radio communication device or the like. 

in Figure 6a, a combined signaling sclleme and flowchart of an exemplifying 

method performed in the radio cornrnunication system 100 according to Figure 5 is 

shown. Here, the macro radio base station 110 is an example of tile network node 

20 ·140 in Figure 3, anci a first and a second ABS pattern are examples of the at least 

t·wo patterns. 

25 

In H,is exarnp!e, the following actions are performed. 

Action 601 

tn order for the macro base station 11 O to be aware of Hie first and second 

areas A3, A4, the macro radio base station 1 ·i O obtains information about the first 

and second areas A3, A4. Here, the first and second areas A3, A4 are examples of 

the respective restricted areas. 

The obtaining may be pelionnecl by reading the information from a memory, 

30 i.e. the inforrnation is pre-defined. The memory is cornprised in the macro base 

station ·J '10. This and other examples will be elaborated below in list 2. 

35 

This action is perforrneci in a similar manner as action 401. 

Action 602 

The macro radio base station ·1 ·10 generates ihe first and second ABS 

patterns for the first and second areas A3, f\4, respectively. The first and second 
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ABS patterns will be used when the user equipment 130 is located in tile first and 

second areas, respectively, as described in action 604. 

With reference to the example of Figure 5, the first ABS pattern, being 

associated with the first area A3, comprises fewer almost blank subframes than a 

5 number of almost blank subfrarnes comprised ln the second ABS pattem, being 

assoclatecl with t11e second area A4. The second ABS pattern is more restrictive, i.e. 

comprises a greater number of aimost blank subframes, than tl1e first ABS pattern in 

order to reduce interference towards the user equipment 120, located in t11e second 

area /\4, 

rn This action is perfonned in a sirni!ar manner as action 402. 

Action 603 

The macro radio base station 110 sends at least one of the first and second 

ABS patterns to tl1e pico radio base station 120. Typically, the second ABS pattern is 

15 sent to the pico radio base station ·120; sinct:.: tile pico radio base station 120 is 

located in the second area A4. In t11is manner, the pico radio base station 120 rnay 

determine its own ABS pattern while taking the second ABS pattern into account. 

Alternatively, the macro radio base station 110 generates and sends a further ABS 

pattern to be used by t11e pico radio base station -120. The furtf1er ABS pattern is 

20 generated while at least the second ABS pattern is taken into account 

Moreover, the rnac:ro radio bast~ station ·1-10 sends information about the 

second area, when the second ABS pattern is sent to the pico radlo base station 120. 

in addition, the macro radio base station 110 may send information about the first 

area corresponding to the first ABS pattern. Tile pfco radio base station 120 may use 

25 the information about the first and second areas to determine in which of the fast and 

second areas it is located. In this manner, determination, by the pico radio base 

station 120, of its own ABS pattern is facilitated. 

30 

This action fs similar to action 403 \tvhen the further node is a radio base 

station. 

Action 604 

The macro radio base station '1 ·10 decides applicability of tile at feast two 

patterns, such as the first and second ABS patterns, based on the information about 

tl1e first ancl second areas A3, l\4. As an example, the rnacrn radio bast'-1 station ·1·10 

35 is capable of bearnforrning. Then the macro base station 110 appfies the first ABS 

pattern when a main transmission beam is in a first direction from the macro radio 

base station 110. The first din:.";ctlon may be in any direction witl1in the first area A3. 
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Furthermore. the macro base station -1 ·1 O applies the second ABS pattern when the 

main transmission beam is in a second direction from t11e macro radio base station 

110. The second direction may be in any direction within trie second area A4. Fwiher 

examples art:; given below in Ust ·t, This action is pe1ionned in a similar manner as 

5 clction 405. 

Figure 6b Hlustrates a combim:.id signaling scheme and flowchart of another 

exemplifying method performed in the radio communication system 100 according to 

'10 Figure 5. Here, the pico radio base station 120 is an example of the network node 

140 shown in Figure 3. 

Action 611 

The macro radio base station 110 generates a transmission (Tx) pattern, 

·15 wl1ich pattern will be sent to the pico radio base station 120 in action 612 below, This 

action is performed in a similar manner as action 402. 

Action 612 

The macro radio base station 110 sends the transrnission pattern to the pico 

20 radio base station 120. This action is performed in a similar manner as action 403. 

Action 613 

In sorne embodiments, the user (-,)quipment '130 sends a request for 

configuration of measurernent pattern, e.g. to the pico radio base station ·120. In this 

25 rnanner, the pico radio base station 120 may generate and sand only the requested 

measurement pattern when the request also cornprises information about in which 

area, such as the fourth area AS, the user equipment 130 is focated in. 

30 

Action 614 

The pico radio base station 120 generates at least a first and a second 

measurernent (Mx} pattern while taking the transmission pattern into account This 

transrniss[on pattern may be configured for t11e first and second areas A3, A4, or for 

only the second area J\4. Here, the first anli second measurement patterns are 

examples of the at least two measurement pattEc.~rns .. 

35 The transmission pal1em is taken into account in that tf1e first and second 

measurement pattems are associated with the third and fourth area A 7, AB, 

respectively. See Figure 5 for U-1e third and fourth area Al, 1\8. ln this example, the 
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first rneasurement pattern is less restricted as cornpared to the second measurement 

pattern, since the third area A7 does not overlap with the second area A4. 

Consequently, the first rneasurement pattern of the third area A7 need not be 

adjusted to fit with alrnost blank subfrarnes of tile transmission pattern of the macro 

5 base station ·1 rn. That is to say, the first rneasurement pattern is not designed to 

avoid interference from the rr1eKro radio base station 110, because as given by the 

first, second, third and fourth areas A3, /.\4, A7, /1.8 it is not expected tl1at 

transmission from the macro radio base station 110 will severely affect 

measurements performed by the user equipment ·130, when it is located in the third 

10 area A7, 

Generally, it may be desired to generate the first and second measurement 

patterns such that transmission from the macro radio base station ·1 ·10, indicated by 

the transmission pattern, is avoided. Thereby, interference from the rnacro radio base 

station ·1 ·1 0 towards tile user equipment 130, when performing measurements, is 

15 reduced. 

This action is performed in a slmHar manner as action 402. 

Action 615 

In some embodirnents, the pico radio base station 120 sencls one of the first 

20 and second measurement patterns to the user equiprnent ·130. Typically, this action 

is peiiorrned in response to the reception of the request for configuration of 

measurement patterns as exemplified in action 613. Thanks to U1e reception of the 

request, multicast or broadcast transmission may be avoided as mentioned above, 

This action is performed in a sirnilar manner as action 404. 

25 

Action 616 

In some embodiments, the pico radio base station 120 broadcasts, or sends 

in the fom1 of broadcast or n1ulticast transmission, the first and second rr1easurement 

patterns. Typically, broadcasting of measurement patterns is performed when no 

~10 request for configuration of measurement patterns is received by the pico radio base 

station ·120. 

35 

When a request is received by the pico radio base station -120, the first and/or 

second rneasurement pattern may be sent using dedlcated transmission. Hence. 

multicast and broadcast transrnis~:;ions are offloaded. 

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

Action 617 
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The user equipment ·130 decides applicability of the first and second 

n-1easurement pattern based on information about the third a.ncl fourth area A 7, A8. 

The information about the third and fourth area A7, A8 may be pre-defined, but other 

exarnp!es are also given below. When the user equipment 130 decides which of the 

5 first and second measurement patterns shall be applied, it may cletennine in whicl1 of 

the third and fourtt1 areas A7, A8 it ls located. This may be performed determined by 

use of available rneasurements for positioning purposes. This action is performed in 

'IO 

a similar manner as action -407. 

It shall be noted that a coordinatlng node for coordination of the at least tv-10 

patterns may in some examples generate the at !east two patterns, Next, the patterns 

ancl information about their respectiv~:: restricted areas are sent to, for example, the 

macro and/or pico radio base station, 

Now returning to the ex:arnp!es of Figures 3 and 4, the methods will be 

described again, but when seen from the network node 140 and the user equipnwmt 

·J 30, respectively. Furthermore, configuration of the network node and the user 

equipment, being configured to for perfom1 tfie methods in Figure 4, will be described 

20 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 cell C1. As 

mentioned above, the patterns are transmission patterns or measurement patterns. 

25 The network node 140 may be a radio base station and the cell C1 is operated by the 

radio base station. The netvvork node 140 may be a coordinating node. 

The method cornprlses the following actions, which may be performed in any 

suitable order. 

30 Action 701 

ln some embodiments, tile network node -140 obtains the information about 

the respective restricted area, such as the first and second areas Ai, A2. As 

mentioned above, the information about the respective restricted area may be 

obtained by at least one of reading pre-defined lnforrnation about the respective 

35 restricted area, generating the information about the respective restricted area and 

receiving frorn a further node. The further node may IJe a pico/tnacro radio base 
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station, a coordinating node or O&M systern, These and other examples will be 

elaborated below in List 2. 

As mentioned above, the information about the respective restricted area may 

relate to at least one of: 

5 Certain geographical area or direction; 

'10 

15 

Antenna configLiration; 

An area witl1 certain radio t'mvironrnent characteristics; 

,t\n area defined by a certain user equipment bel1avior; 

An area associated with certain signal strengt11/quality and user 

equipment requirernents; 

An area with certain peiiormance characteristics; and 

An area defined by user equipment capabilities or user equipment 

location, These and other examples will be elaborated below in List -1, 

This action is pr~rforrned in a similar manner as action 40t 

Action 702 

The network node "140 obtains tf1e at least two patterns. As mentioned above, 

each of the at least two patterns is associated with information about the respective 

restrlcted area A 1, A2 such that each pattern is used when the user equipment i 30 

20 servl;¼d by the cell c ·1 is located in the respective restricted area, Each respective 

restricted area .A1, A2 is smaller than an entire area of the cell C1. 

The at least two patterns may comprise a first pattern and a second pattern, 

the first and the second patterns are associated with at !east one of the fol!owrng 

characteristics: bandwidth, transmit power levels, power reduction, and subfrarne 

25 propeiiies. A first value of the at !east one characteristic associated with the first 

pattern is different from a second value of the same characteristic associated with the 

second pattern. The subframe properties may relate to MBSFN/non-MBSFN 

subframes, 

The obtaining may be performed by generating the at least tvvo patterns or 

30 receiving the at least two patterns from another network node. The at least two 

patterns rnay comprise at least t\l\/o transmission patterns related to transmission 

power or transrnission activity in the cell C1, As an example, the transmission power 

rnay be decreased or increased, Alternatively or additionally, the at !east lwo patterns 

may comprise at least two measurement patterns. 

35 As mentioned above, the at least two measurernent patterns may be different 

from each other. Tr.e first rneasurernent pattern of the at least two rneasurement 

patters is intended for rneasuren1ents with measurement gaps and the second 
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measurement pattern of the at feast two measurement patterns is intended for 

measurements without measurement gaps, 

This action is perforrned in a similar rnanner as action 402. 

5 Action 703 

In some ernbodiments, the netvvorl< node 140 transmits the at least t\,vo 

patterns to a further network node or a user equipment 130, The further netvvork 

node may be the pico/macro radio base station or a core network node, such as the 

coordinating node. The transmitting may be performed as broadcast, multicast or 

'l 0 dedicated transmission. The network node '140 may further transmit the information 

about the respective restricted area. This action is performed ln a similar manner as 

action 403. 

·15 

Action 704 

The natwork node 140 may further transmit the at least two measurement 

patterns. This action is pEirformed in a similar manner as action 404. 

Action 705 

In some embodiments, the network node 140 decides applicability of the at 

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

action is pertormed in a sirnilar manner as action 405. 

Figure 8 shows a schematic block diagram of the exemplifying networh, node 

25 140, which is configured to perform the method illustrated in Flgure7. The network 

node ·140 is eonflgured to enable configuration of at least t\vo paUerns for the cl=;!! C·L 

As rnentioned above, the patterns are transmission patterns or measurement 

patterns. The network node 140 may be a radio base station, such as the rnacro or 

plea radio base station 1 ·10, 120 and tile cell G1 ls operated by tile radio base 

30 station. The network node ·140 may in other examples be a coordinating node, such 

as an O&M, 

The network node 140 comprlses a processing circuit 810 configured to 

obtain the at feast two patterns, Eacl1 of the at least two patterns is associated with a 

35 respective restrlcted area A1, A2 suc!i that each pattern is used when the user 

equiprnent '130 ser.ied by the cell C1 is located in the respective restricted area. 

Each respective restricted area A 1, A2 is smaller than an entire area of the cell C 1. 
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The processfng circuit 810 rnay further be configured to generate the at !east 

two patterns or receive the at least two patterns from another network noclt:;. 

The at least two patterns may comprise a first pattern and a second pattern, 

the first and the second patterns are associated with at least one of tht'} fo!iowing 

5 characteristics: bandwidth, transrnit power levels, power reduction, and subfrarne 

properties. A first value of the at !east om:i characteristic associated with the first 

pattern is different from a second value of the same characteristic associated wiU1 the 

second pattern. 

The at least two patterns rnay comprise at !east two transmission patterns 

10 re1atecl to transrnission power or transmission activity in the cell C 1. Alternatively or 

aclditlonal!y, the at least two patterns rnay cornprlse at least two rneasurernent 

pattr:)rm;. 

As mentioned above, the at least two rneasurernent patterns may be different. 

A first measurement pattern of the:J at least two n1E.'}asurernent patters may be 

15 intended for measurements witf1 measurement gaps and a second rneasurernent 

pattern of the at least two measurement patterns may be intended for measLirernents 

without measurement gaps. 

The~ processing circuit H'l 0 rnay further be configured to obtain the information 

about the respective restricted area by at least one of reading pre-defined information 

20 about the respective restricted area, generating the information about the respective 

restricted area and receiving from another node. 

25 

:30 

The information aboLtt the respective restricted area may relate to at least one 

of: 

Certain geographical area or direction: 

Antenna configuration; 

An area with certain radio environment characteristics; 

- An area defined by a certain user equipment behavior; 

An area associated with certain signal strength/quality ancl user 

equipment requirements; 

- ;l\n area with certain performance characteristics; and 

An area defined by user equipment capabilities or user equipment 

location. 

In some ernbodiments, the processing circuit 810 further is configured to 

decide applicability of the at least two patterns based on the inforrnation about the 

35 respective restricted area. 

The information about the respective restricted area may be used for 

interference management, positioning, rninlrnlzing drive tests, or SON. 
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The processing circuit a·10 may be a processing unit. a processor, an 

application specific integrated circuit (ASIC). a field-.pmgran1mable gate array (FPGA) 

or the like. As an example, a processor, an ASIC, an FPGA or the like may cornprise 

one or more processor kernels. 

Tl1e networl< node 140 further comprises a transrnitter 820, which in some 

embodiments is configured to transmit the at least two pattems to anot11er network 

node or the user equipment 130. 

The transmltter 8.20 further may be configured to transmit via broadcast 

·10 transmission, multicast transmission or dedicated transrnisskm. Wtien the transmitter 

820 is configured to transmit via dedicated transmission, the transmission is 

dedicated to the user equipment 1 :30, 

15 

20 

The transmitter 8.20 further rnay be configured to transmit information about 

the respective restricted area. 

The network node 140 further comprises a receiver 830, which in some 

embodiments is configured to receive rneasurernent reports from the user equipment 

130. The receiver 830 may be configured to receive a request for measurement 

configuration from the user equipment ·130. 

The network node 140 further comprises a memory 840 for storing software 

to be executed by, for example, the processing circuit. The software rnay comprise 

instructions to enable the processing circuit to perform the method in the network 

node ·140 as described above in conjunction with Figure 7. The memory 840 may be 

25 a hard disk, a magnetic storage mediuffi, a po1iable corYiputer diskette or disc, flash 

memory, random access rnemory (RAM) or the like. Furthermore, the memory may 

be an internal register· memory of a processor. 

30 Figure 9 sl1ows a schernatic flowchart of the method in the user equipment 

"130, as shown in Figure 4, for configuring measurements. The user equipment 130 is 

served by a cell C·t of a radio base station. The method cornprises the following 

actions, which may be perforn1ecl in any suitable order. 

35 Action 901 
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The user equipment 130 may receive the at least tvvo patterns. This action is 

performed in a similar manner as action 403. 

Action 902 

The user equipment ·130 receives at least two measurement patterns from the 

radio base station. Each rm:_;asurement pattern is associated with a respective 

restricted area such that each measurement pal1ern 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 mentioned above, at least one of t11e at least two measurement patterns 

and the information about the respective restricted area may be received as 

broadcast, multicast or dedicated transmission. 

The at !east two measurement patterns may comprise a first pattern and a 

second pattern. The first and tile second patterns may be assoda.ted with at least 

15 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 frorn a second value of the same 

characteristic associated wftl1 the second pattern. 

This action is performed in a similar rnanner as action 404. 

20 

Action 903 

The user equiprrient 130 obtains information about the respective restricted 

area, thereby configuring measurements. 

As mentioned above, the user equipment 130 rnay obtain the information 

25 about the respective restricted area by at least one of reading pre-defined information 

about the respective restricted area, generating the information about the respective 

restri.cted area and receiving from anot1-1er node, 

30 

The information about the respective restrlcted area may relate to at least one 

Certain geographical area or direction; 

Antenna configuration; 

An area wlU-i certain radio environment characteristics; 

An area defined by a certain user equipment be11avior; 

An arna associated with certain signal strengtl1/quality and user 

equipment requirements; 

An area with certain performance characteristics; and 
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An area defined by user equipment capabilities or user equipment 

location. 

The at least tvvo measurement patterns may be indicating when t11e user 

equipment ·130 is to perform measurements in each respective restricted area. 

This action is performed in a similar manner as action 406. 

Action 904 

In some ernbodiments, the user equipment 130 decides applicability of the at 

!east two measurement patterns based on the information about the respective 

i O restricted area. 

15 

The deciding may furt.l1er be based on ::1t least one of: user equipment 

capability and available measurements relating to the user equipment ·130. 

This action is perforrned in a similar manner as action 407. 

Figure 10 shows a schenmtic block diagram of an exemplifying user 

equiprnent ·130 configured to perform the n1ethod illustrated in Figure 9. The user 

equipment ·130 is configured to configure rneasureryients, Expressed differently, the 

user equipment is configured to set up measurement patterns to be used when the 

20 user equiprnent is located in different restricted areas of a cell. The user equiprnent 

130 is also configured to be served l:iy the cell C 1 of t11e radio base station. 

The user equipment 130 comprises a receiver 1010 configured to receive at 

least two measurement patterns from the radio base station. As mentioned above, 

25 eacl1 measurement pattern ls associated with a respective restricted area sucl1 that 

each rneasurement 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. 

The measurement patterns may be indicating when the user equipment 130 

30 is to perform rneasurernents in each respective restricted area. 

As rnentioned above, the at least two measurement patterns rnay comprlse a 

first pattern and a second pattern. The first and the second patterns may be 

associated with at least one of the following characteristics: 1:landwidU1, transmit 

power levels, power reduction, or subfrair1e properties. A first value of Hie at least 

35 one cl1aracteristic associak.,d witl1 the first pattern is different from a second value of 

the sarne characteristk~ associated with the second pattern. 
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ln some embodin1ents, the receiver ·1010 further is configured to receive via 

broadcast, mult1cast or dedicated transmission at least one of: the at least two 

measure1Y1ent patterns and ti1e information about the respective restricted area. 

The information about the respectiw'; restrictecl area may relate to at least one 

of. 

Certain geograpllical area or direction; 

Antenna configuration; 

An area with certain radio environment characteristics: 

An area definet:I by a certain user equipment behavior; 

An area associated with certain signal strengtll/quality and user 

equipment requirements; 

An area with certain periormance ct1aracteristics; and 

An area defined tJy user equiprnent capabilities Of user equipment 

location. 

Furthermom, the:: user equipment 130 comprises a pn:.H:.~essing circuit 1020 

configured to obtain information about the respective restricted area, whereby the 

user equipment 130 is configured for configuring measurements. The processing 

circuit ·1020 may furtt·1er be configured to obtain the information about the respective 

20 restricted area by at least one of reading pre-defined information about the respective 

restricted area, generating the inforrnation about the respective restricted area and 

receiving from the radio base station or another node. 

T!1e processing circuit i 020 may further be configured to decide applicability 

of tf1e at least hNo measuren1ent patterns based on the information about the 

25 respective restricted area. 

The processing circuit 1020 may further be confi£tured to decide the 

applicability of the at least two patterns based on at !east one of: user equipment 

capability and available measurements relating to the user equipment 130. 

The processing circuit ·1020 rnay be a processing unit;. a processor, an 

30 application specific integrated circuit (ASlC), a field-programmable gate array (FPGA) 

m the like. As an example, a processor, an ASIC, an FPGA of the m .. e may comprise 

one or rnore processor kernels ... 

Tl,e user equipment 130 fwiher cornprises a transmitter 1030, whid1 in 

35 some embodiments is configured to transmit reports peliaining to the measurements 

performed according to the configured measurement pattern or measurement 
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patterns. The transmitter -1030 may be configured to send a request for configuring 

measurements. 

The user equipment ·130 furtht~r comprises a memory 1040 for storing 

5 software to be executed by, for example, the processing circuit. The software may 

cornprise instructions to enable the processlnfJ circuit to perform the method in the 

user equiprnent 130 as descdbed above in conjunction vvith Figure 9. Tt1e memory 

1040 may be a hard disk, a magnetic storage rnediun1, a portable computer diskette 

or cHsc, flasf1 memory, randorn access mernory (RAM) or the like. Furthermore, the 

-10 memory may be an internal register memory of a processor. 

Generally, the present ciisdosure relates to methods and arrangements in 

wireless telecomrnunication systems, and particularly the present disclosure reiates 

to rm~thods and arrangements that use patterns defining the transmission activity of 

15 at least some transmission dt=.:vices where receiving nodes may also use certain 

patterns for their measurements. 

Embodirnents herein relate to methods and arrangements that enable 

transmission activity and measurement patte.rns to be applicable to restricted areas 

20 that are smaller than the entire planned cell coverage area. !n the following, these 

pattm-ns are referred to as /\BS patterns with restricted applicability and 

measurement patterns with restricted app!icabllity. 

Certain embodlrnents herein define the scope of the restricted applicability for 

25 ABS and transmission patterns, and associate the area with the patterns. The 

embodiments also include node functionality associated with defining or 

communicating the restricted areas. Further, the embodirnents inclucie one or more 

signaling circuits confifJUred to provide patterns with restricted applicability. Finally, 

the embodiments include pre-clefined rules that associate a pattern with a restricted 

30 area and/or a cell. 

finally, one or more en1bodiments permit the restricted area information to be 

used for other purposes, including SON, positioning, minimizing drive tests, etc. 

35 Tile following terms and generalizations are used throughout the present 

disclosure: 
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NE.=:tworltl.YJ2!J.,: Examples of network types are heterogeneous. macro/pico, 

traditional and classical network deployments. The methods and arrangements 

disdosed herein have been primarily designed for heterogeneous deployments, but 

are not lirnited to them. The methods and arrangements are also not limited to any 

5 3GPP definition of heterogeneous network deployments. For example, the methods 

and arrangen1ents could be well adopted for traditional macro deployrnents. also 

referred to as classical deployments herein, and/or networks operattng more than 

one radio access technology (RAT). Although the methods and arrangements are 

prirnariiy designt=;d for cellular networks with a transmitting node that transmits in tt1e 

1 O downlink (DL), the methods and arrangements genera Hy apply to any network where 

different nodes use different transmit power and are capable of configuring their 

transmission patterns_ Such a network can also be an ad hoc network or a network 

deploying device~to-device communication or a wireless networ!~ with node coverage 

defined based on the received signal power. 

15 l\ transmittinq node: A transrnltttng node is typically referred to herein as an 

eNodeB herein. However, a transmitting node may generally comprise any radio 

network node capable of transmitting radio signals, e.g. macro eNodeB, pico, eNodeB, 

micro eNodeB, llorne eNodeB, relay nodes. etc_ 

A recHivinq JK!S.!.r.: A receiving n<)de is typically referred to herein as a user 

20 equipment. However, a receiving node may generally comprise any radio device 

capable of receiving radio signals, e.g. user equipments, PDAs, laptops, relays, etc. 

A tran§mission aG.tik'.LUU2.Q.tLftllE A transmission activity pattern is typically 

referred to herein as an Almost Blank Subframe (ABS) pattern. In general, however, a 

transmission activity patiem is a configuration of a transmission activity scheduled for a 

node over a certain period of tlme. An ABS refers to one or more time instances with the 

ABS pattern 1,,vhere the transmission activity is lower than in non-ABS subframes .. Here, 

"lower' means either a transmission at a reduced power level or no transmission at all 

fer ceitain channels/signals or all transmissions. Although focusing on reduced 

transmission activity, herein may also be used for indicating increased transrnission 

30 activity, e.g. for the purpose of indicating potentially high interference from the 

corresponding node. An ABS pattern may or rnay not include other patterns, e.g. 

tvlBSFN subframes configured as ABS, and may or may not be a part of an ABS 

pattern, as decided by the network or according to a pre-defined 1Jel1avior of network 

nodes. An /\BS pattern may be defined per frequency carrier, and hence multiple 

35 patterns can then be designed for multiple carriers, or the same ABS pattern may also 
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be used for rnore than one c12!1 or carrier associated with the same eNodeB. ABS may 

also be configured ow:.;r a certain pari of the system bandwidth. E.g. six resource blocks 

centered at the DC carrier or any banclwidU1 centered at the carrier bandwidth center in 

a multi-carrier system. In another embodiment the power reduction, e.g. compared to 

5 non--ABS subframes in the sarne pattern or compared to the maximum absolute power 

level of the cell. applied in ABS, e.g. the total transmit power reduction for all 

signals/channels or for specific reference signals or control cr1anne!s or control region or 

data region, is signaled together with ABS. The ABS patterns and such additional 

inforrnation. e.g. the bandwidth, frequency, power reduction in ABS, may be signaled, 

'lO e.g., 

& from the transmitting nodt'J to a receiving node, e.g. over RRC, where the user 

equipment rnay be allowed to decide whetl1er to account for the ABS, e.g. as 

described for multicast/broadcast, and the associated information, or 

~ from the transmitting node to n1ore than one receiving node by means of 

15 multicast or broadcast signaling, where the group of receiving node is decided 

e.g. 

20 

2£5 

o By the network, which is e.g. using a multicast channel received by the 

target group, 

o By U1e user equipment e.g. 

"' ABS and the assoclated information apply for user equipments in 

the expanded part of the cell, Le. for user equipments using 

biased cell association. Such user equipment behavior may be 

pm-defined, 

" when the difference between the received signal power level or 

the received signal quality level of tile interfering cell and that of 

the servlng cell exceeds a certain threshold. 

'$ betwt=mn two transmitting nodes, e,g .. over X2 or via O&M system. 

A measurement pattern is a pattern indicating tor a user equipment when 

measurements are to be taken. A rneasurernent type may be associated with a 

30 measurement pattern, e.g. 'RRM', 'RLM', 'RLF', 'CS!', etc, which may be signaled 

togetf1er with the pattern or may be pre--deflned. RLF stands for Radio Unk Failure. The 
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measurements are typically performed on the serving cell, so the measurement is 

expected to be associated v,,,rith the serving cell. The measurement pattern for the 

serving cell may or may not be applicable for measuring neighbor cells, and thus a set 

of measurement patterns may be provided in association with a set of cells. The 

5 signaling means of a measurement pattern and the user equipment bef1avior may be 

the same as for an ABS pattern. However, the user equipment shal! be able to 

understand that if an ABS pattern for some cell 1 indicates time instances when the cell 

does not transmit, then these instances sf1ail be excluded frorn rneasurement occasions 

for this cell; on the other hand, they shall be considered as potential measurement 

10 occasions for measurements on anoti1er cell, cell 2, for which cell 1 ls a strong 

interferer. In the same way, a measurement pattern si1all be explicitly associated with a 

cell, e.g. it may be good for tTieasLir-ing the serving cell, but may be not very good for 

measuring neighbor cells. The association can e.g. be explicit signalfng of the cell ID 

together with the pattern or pre-defined (e.g. always for the serving cell or for cells on 

·15 the san1e nodes layer as the serving cell, where a layer may be related to a power class 

such as pico, rnicro, macro BS, and/or for cells on the same frequency). A 

measurement pattern may also be signaled with associated information sud-i as 

bandwidtl1 and frequency. For the sarr1e user equipment, different r-u!es may also exist 

for defining and applying patterns for rneasuring with and without gaps (e.g. intra--

20 frequency vs inter-frequency, on the otl1er cor-r1ponent carrit:ir(s) wf1ich are activated vs 

deactivated, intra-RAT vs inter-RAT), Alternatively, different patterns may be explicitly 

signaled to the user equipment for measurements with and without measurement gaps .. 

The disclosed aspects of pattern association wit11 cells and patterns for measurernent 

with/without gaps are also contemplated herein, and they may or may not combine with 

25 the restricted area embodiments, i.e. restrlclecl applicability is now related to 

measurement types and cells. 

As contemplated herein, patterns cu-e designed with restricted applicability 

and their relation to patterns: An ABS pattern or a rneasurement pattern is associated 

1,,vith some specific area. 

30 A restricted area is an area smaller· than tile entire planned cell coverage area or 

the area associated with a subset of user equipments (e.g. related to the user 

equipment capability). The restricted areas may also geograpf·1ica!ly overlap. 

The entire planned coverage area is typically defined, but not limited to this 

definition, assuming eel! association based on received signal strength. That is, the cell 

35 planned coverage area is the area wbere the received signal strength of tile cell is the 
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maximum among au detectable neighbor cells, assuming the default transmit power 

configuration (typically maximurn), the default transmit antenna configuration, and a 

typical receiver configuration, e.g. a user equipment with an omni~directional antenna. 

Some biased cell selection wit11 a given bias for a given set of cells, e.g. a bias of 10 dB 

!3 for pico cells, to expand the coverage of pico ceHs, can also be assumed when defining 

the planned coverage area of a cell. In general, any default network configuration may 

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

Different patterns or different types of pattt~rns may also be associated with 

different restricted areas. For example, pattern ·1 with better interference conditions for 

10 user equipment mt=;asutT:)rn~~nts may be associated with one restricted area, and pattern 

2 with worse interference conditions in average rnay be associated with another 

restricted area, e.g, where CRE is not applied. These different patterns or pattern types 

can also be used by legacy (certain release) user equipments or user equipments wiU1 

a minimum capability. Pattern 1 can bt=;; a pattern composed of MBSFN subframes and 

·15 pattern 2 can be composed of non .. MBSFN /\BS subframes or a 1T1ix of blank subfrarnes 

witt1 different properties. 

Different ernbodiments related to the definition of the restricted area and the 

nodes involved are furtl1er described in this section. 

Restricted area: Tt1e restricted .:-1rea may relate, e.g., to any one or more aspect 

20 or their cmnbination of the below: 

30 

Ust ·l: 

- certain geographical area, e.g, based on the 

$; location information of the user equipment, 

* timing positioning measurements (tin1ing advance, RSTD, ToA, etc.) which 

are generai!y related to the distance, 

* direction of the user equipment location (UE location). For example, Angle of 

arrival measurement (AoA measurement) or any direction of arrival 

information, 

~ proximity information, e,g. close to a certain type of radio nodes such as 

horne eNodeBs, pico cells, Closed Subscriber Group ceHs (CSG cells), etc .. 
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~ antenna configuration, e.g. 

~ main (transmittin~:J) bearn direction of the antenna system ln a cell of an 

eNodeB, or 

<$ rnain (receiving) bearn directlon of the antenna system of the user 

<$ preceding inforrnation for the transrnilting antenna system of eNodeB, 

,:, precoding information obtained by tf·n:i rt~ceiving node, 

Here, the direction may IJe configLired/!rnown (e.g. at the eNodeB: 

tilt/azimuth antenna configuration, codebool<; index. precoding rnatrix, etc,) or lt 

rnay be estimated. E.g. the direction of the strongest inteiierer estimated by the 

user equiprnent; precoding matrix or precocling matrix indicator estimated by the 

user equiprnent and also feed t.iacl,, to the network. The direction may also be 

absolute, ~~-9- latitude, longitude, or relative, e,g. witl1 respect to tt1e rnain beam, 

or may be represented by a precoding matrix or an index pointing to a pre, 

defined precoding configuration .. 

, an area wiU-1 certain radio environment characteristics. e.g. 

o indoor environrnent which rnay be explicitly indicated e.g. by the user 

equipment or found out by the netvvork e.g. based on the available statistics 

and/or obtained UE measurnrnents, 

o enviromnent identified as "difficult" e.g. bast'.;d on 

., the user equipment measurements from tl·1e serving cell, 

such as measurement failure report statistics, high error rate, 

high delay spread, low Signal-to.-lnterference-and~Noise­

Ratio (SINR), etc., 

>'I cornbination of the user equipment measurements frorr1 

multiple calls (example: RSRP from cell 'l, RSRP from cell 2 

and RSRP from cell 3), 

» measurerm.:;nts collected frorn multiple user equipments 

wt,ere the measurements may also be associated with RF 

fingerprlntin~J and Adaptive Enhanced Cell ID (l\ECID) maps, 
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~ number of strong interferers (e.g. signal strength above a 

certain threshold), 

~ relation betvveen the received signal power levels among 

neighbor cells (e.g. the difference between tl1e interferer and 

5 the server is above a certain threshold). 

-10 

~ an area defined by a certain user equipment behavior, e.g. 

o biased cell selection, where a user equipment rnay be associated with a ceH 

weaker than an interfering neighbor cell and it may be so that not all user 

equipments may apply the biased cell selection or not up to the maximum 

allowed range e.g. defined by the maxirnurn absolute offset of 24 dB; tl1e 

decision may be based on ttw; user equipment capability defined by the user 

equipment release, interference suppression capability, user equipment 

catf.:gory, etc. 

"' an area associated with certain signal strength/quality and user equipment 

15 requirements which rnay be associated with certain pattern properties sucl1 as pattern 

blanking rate and pattern blanking density: 

20 

25 

- an area with certain performance characteristics, e.g. 

o an area where many radio link failuH~ occur, 

o an area with many dropped calls, 

o handover areas, 

o areas where relatively strong (e.g. corripared to some thresf1old(s)) signals 

are reeeived frorn cells associated with a certain base station power class 

(e.g. plco and macro), 

o areas \>vhere relatively strong (e.g. compared to some thresho!d(s)) signals 

are received from at least some given number of cells 1.vhich where the 

number of cells may be further detailed by BS power class (e.,g. >=2 

detectable and re!atlvely strong/close macro cells in the area vvhere a user 

equipment is served by a pico cell). 

•· an area defined by UE capabilities, e.g. where restricted areas may overlap and each 

30 restricted area is associated wiU1 a subset of user equiprnents. 
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In one ernbodlment, the reslri.::ted area information as described above is used 

for interference management in heterogeneous network environments, 

In another embodiment, this information is used for positioning and other 

purposes such as minimizing drive tests, netvvork and user equiprnent testing purpose, 

5 S0~4. etc. Usi:ng of the inforn1ation may con1prise usjng it for grouping user equipments 

according to the corresponding restricted area crfteria, which for positioning may be 

exploited e,g. for building up the assistance data, configuring muting of signals used for 

positioning measurements or in t11e positioning rnethod selection logic. Using for 

minirnizing drive tests may comprise selecting the user equipments that report 

10 measurements far this purpose or as a triggerlng condition for reporting rneasurememts 

for this purpose when e,g. being located or entering the corresponding restricted area. 

The restricted area rnay be obtained, by the user equiprnent or the network 

node as given by tile context, in one or more of the following manners: 

List 2: 

15 - Pre-defined, e,g. according to core or performance requirements or specified behavior 

20 

Example ·;: a measurement pattern is associated with the expanded cell area 

(e.g, for which the cell selection bias, or offset, larger than a predefined 

threshold e.g. ·10 dB); furthermore, a certain number of blank subframes in the 

pattern may also IJe associated with a certain value of the threshold e.g. 

according to tt1e requirements appllcability condition. 

Exarnple 2: the minimum SINR at which the user equipment rnay not need to 

use the pattern and falling below which triggers the usage of the pattern. 

- Decided soie!y by the user equiprnent based e.g. on the user equipment capabi!lty 

and/or the available n1easurements, i.e. a user equipment decides 1,vhether tl1e area is 

25 critical and eitt1er requests pattern configuration or the network sends the patterns to all 

user equipments, but the user equipments decide whether, when and how to appiy the 

patterns. The decision criteria may be the level of the currently experienced signal 

qual.ity, the detected set of neighbors, etc. and may be implementation-dependent. 

- Configured by eNodeB (where in genera! either the configured condition is slgna1ed to 

30 the user equipment, in order to assist the user equipment, or used solely by the eNodeB 

to decide to which user equipments a pattern needs to be signaled e.g. via RRC 

prot1xol} 
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Exampk-: 1: the rninirnurn SINR defined by eNode8 at which the user equipment 

may not need to use U1e pattern and fal!inrJ below which triggers t11e usage of 

the pattern; the pattern may be signaled to user equipments which report bad 

SIN Rs or the SI NR level may be signaled to the user equiprnent together with 

the pattern to fac.ilitate the user equipment decision. 

Example 2: A pattern is n=;levr.mt for user equiprnent ln the proximity of a home 

eNodeB operating a CSG cell not selectable by the user equiprnent. Thus 

experit'mcing 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 

eNodeB to the user equipment together with a condition defining the proximity 

(e.g. a threshold for the received signal or the SlNF\); 

Example 3: location \!Vithin a certain area where pattern shall be used and the 

area is defined by eNodeB; the location may be signaled together with the 

pattern or the eNodeB may signal to the user equipments that are estimated to 

be v>1itl1in the defined area, 

Example 4: user equiprrients within a certain sector angle defined by eNodeB 

centered at the main beam direction of a pico cell do not need to use pattern, 

wf11cl1 may be the user equiprnent dedsion on whether to use/not use patterns 

or the eNodeB decision on whether transmit/not transmit pattern. 

Example 5: user equipments 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 quality measurement statistics). 

"prohibited" directions may IJe signaled to the user equipment 

together with a pattern, where the "prohibited" directions rnay be 

represented by one or more preceding matrices or indexes 

pointing to pre-defined rnatrices; 

Alternatively, the pat!ern(s) may be sent to user equiprnents for 

which the mporled PMI indicates that the UE is close to the 

"prohibited" diredion(s) and not sent to other user equipments. 
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~· Configured by a rnaster eNodeB, e.g. a macro eNodeB, and signaled to a set of 

associated cells, e.g. pico cells in tt1e coverage area of the macro cell in question, e.g. 

over the X2 interface. 

- Configured by a coordinating network node wl,ich con1municates dynarnicaHy with a 

5 set of eNodeBs. 

- Configured semi-statically by O&M and signaled over an eNodeB/O&M interface to the 

eNodeB, 

It shall also be understood that a node, such as the network node, involved in 

cleciding the patterns will typically have the abHity of doing one or more of the following: 

10 o acquire the information about the restricted area, wliere acqulrlng means e.g. 

receiving tile information from other nodes or generating locally based on other 

available infonYiation or based on other information received from other nodes, 

o generate a pattern associated with at least one restricted area, 

o generate a combined pattern for two or more restricted areas, 

i 5 o communicate to other nodes, such as user equipment or network nodes, a 

20 

pattern associated witl, tf1e restricted area information, 

o receive a pattern associated with at least one restricted area, 

o decide the applicability of a palt.t'Jrn given by the available restricted area 

!nfonriation, e.g. available locally frorn measurernents or other sources or 

receiw;d from otl1er nodes and/or received together with the pattern, 

o associate the measurement pattern with a cell based on the restricted area 

inforrnation, 

o update the pattern at an event clssociateti with changing the restricted area (e.g, 

chan9ing antenna configuration or user equipment moving to another location). 

2.5 Signaling for communicating patterns \-\11th restricted applicability may involve: 

c X2AP (a protocol over the X2 interface); 

39 
Petitioners' Exhibit 1007, p. 41 

AT&T et al v. Innovative Sonic & Celerity 
IPR2024-01145



WO 2012/064265 PCT/SE2011/051333 

c RRC (a protocol over the Uu interface), which may be dedicated or cell-specific 

or area-specific signaling with the associated restricted area information (pre­

defined or signaled, as described above); 

o Signaling over tl,e intertace between eNodeB and O&M or the coordinating 

network node; 

o S1AP (a protocol over the X2 interface}: in case it is considered beneficial to 

carrnnunicate this information between eNBs vvhich do not have a X2 interface 

available, it could also be signaled as part or the SON information transl'er 

already available on S1 interface or rnay be a new signaling over this inte1iace. 

In the :X:2 signaling example, several patterns witf1 restricted applicabiiity could 

be signaled for each cell served by the rnacro and/or pico eNB using the LOAD 

Indication procedure- In paiiicular, the nmcro eNB could send tl1e LOAD 

INFORMATION message to the pico eNB, where such message may contain a new 

information element, for example called ABS .Patterns with Restrictod ApplicaMity lE. 

15 Thls new IE could contain the patterns 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 change the validity of 

this disclosed met.hod. 

20 Even though embodirm=mts of the various aspects have been described, rnany 

different alterations, moclifications and the lll<.e thereof will become apparent for those 

skilled in thF.: art. Tl1e described ernbodiments are therefore not intended to flmit the 

scope of the present disclosure. 
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CLAIMS 

·1. A method in a network node ("I 10, 120, ·t 40) for enabling configuration oi' at least 

two patterns for a cell (C 1 )., which patterns are transmission patterns or 

5 measurement patterns, wherein the rnethod comprises: 

obtaining (402, 702) the at least two patterns. wherein each pattern is 

associated with information about a respective restricted area (A 1 , A2) such that 

each pattern is used when a user equipment (130) served by tl,e cell (C1) rs 

located in the respective restricted area, wherein ead1 respective restricted area 

10 (A 1, A2) is smalier than an entire area of the cell (C1 ). 

2, The method according to claim ·1, wherein the net\-vork node ('110, 120) is a radio 

base station and the cell (C 1) is operated by the radio base station. 

15 3. The method according to claim 1, wherein the network node ( ·140) is a 

coordinating node. 

4. The method according to any one of c!alms l-3, wherein the at !east two patterns 

cornprise a first pattern and a second pattern, wherein the first and the second 

20 patterns are associated with at least one of the following characteristics: 

bandwidth, transmit power levels, power reduction, and subfrarne properties, and 

wherein a fast value of the at least one cl1aracteristic associated with the first 

pattern is different from a second value of the same characteristic associated with 

the second pattern. 

25 

5. The rnethod according to any one of dairns 1-4, \<Vtlerein the at least two patterns 

comprise at least two measurement patterns. 

6. The method according to claim 5, wherein the at !east two measurement patterns 

30 are different, wherein a first measurerrient pattern of the at least two 

measurement patters is intended for measurements witl1 measurement gaps and 

a second rneasurernent pattern of tile at !east two measurement patterns is 

intended for measuretnents witf1out measurement gaps. 

35 7. The method according to any one of claims 1--6, fuiiher comprising: 

transmitting (403, 703) the at least two patterns to another network node 

or a user equipment (BO). 
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8, The method according to c!airn 7, wherein the kansmitting (403} comprises 

transmitting via broadcast transmission or multicast transmission. 

5 9, The n1eth.od according to ciairn 7 or 8: wherein transmitting (403) further 

comprises transmitting the information about the respective restricted area, 

'l 0. The rnethod according to claim 9, whert~in the information about the respectfve 

restricted area relates to at least one of: 

10 certain geographical area or direction; 

antenna configuration; 

'15 

an area with certain radio environment characteristics; 

an area defined by a certain user equipment behavior; 

an area associated with ce1iain slfJnai strength/quality and ust'-lr equipment 

requirements; 

an area with certain pe,iormance characteristics; and 

an area defined by user equipment capabilities or user equipment location. 

·11. The method according to claim 10, wherein the information about the respective 

20 restricted area ls used for inteiierence managenV.:.!nt, positioning, minimizing drive 

tests, or SON. 

30 

·12. The method accc,m..iing to claim 10 or -11, w11ereln the information about the 

respective restricted area is obtained by at least one of: 

reading pre~defined information about the respective restricted area; 

generating the inforrnation about the respective restricted area; 

receiving frorn another node. 

13. The method according to any one of clairns 1-·12, fu1iher comprising: 

deciding (405, 705) applicability of the at feast two patterns based on t11e 

information about the respective restricted area, 

14. A network node ('110, ·120, i 40) for enabling configuration of at least two patterns 

for a cell (C1), which patterns are transmission patterns or measurement 

35 patterns. wherein the netvvorh: node ('110) corn prises: 

a processing circuit (810) configured to obtain the at !east two patterns, 

wherein each of the at least two patterns is associated with a respective restricted 
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area (A 1, A2) such that each pattern is used when a user equipment (130) served 

by the cell (Ci) is located in the respective resiricted area, wherein each 

respective restricted area (A ·1, A2) is smaller than an entire area of the cell (C ·1 ), 

5 15. The network node ('110, ·120, '!40) according to claim 14. wherein the network 

node (110, 120) is a radio base station and the cell (C'1) is operated by the radio 

base station. 

1B. The network node (110, ·120. '!40) according to claim 14, wherein the network 

·10 node (140) is a coordina.tinfl node. 

17. The network node ( 1 rn, ·120, '1-40) according to any one of claims 14-'l 6, wherein 

the at least two patterns comprise a first pattern and a second pattern, wherein 

the first and the second patterns are associated with at least one of th,~ following 

15 characteristics: bandwidth, transmit power levels, power reduction, and subframe 

properties, and wherein a first value of the at least one characteristic associated 

with the first pattern is different from a second value of t11e sarne characteristic 

associated with the second pattern. 

20 '18. The network node (110. 120, ·140) according to any one of claims 14-"17, wherein 

tl1e processing circuit (810) further is configured to genei-ate the at least two 

patterns or receive the at least tvvo patterns from another network node. 

19. The network node (i "10, ·120, '140) according to claim ·rn, wr1erein the at least two 

25 rneasurement patterns are different, wherein a first measurement pattern of the at 

least two measurement patters is intended for measurements with 1T1easurement 

gaps and a second rneasurement pattern of the at least two measurement 

patterns is intended for measurements without rr1easurement gaps. 

30 20. Tt1e network node {110, 120, 140) according to any one of dairns ·t4-rn, further 

comprising a transmitter (820) configured to transmit the at least two patterns to 

another network node or a user equipment ("130). 

21. The netvvork node (1 '10, 120, ·f 40) according to clairn 20, wherein the transmitter 

3£:i (820) further is configured to transmit via broadcast transmission or mufticast 

transmission. 
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22. The network node (110, 120, 140) according to claim 20 or 2'l, wherein the 

transmitter (820) transmittinfJ (403) furH1t':lr comprises transmitting information 

about the respective restricted area. 

5 23. The network node {"110, ·120, 140) according to claim 22, wherein the information 

10 

15 

about the respective restricted area re!atf~s to at feast one of: 

certain geographical area or direction; 

antenna configuration; 

an area with certain radio environment characteristics: 

an area defined by a certain user equipment behavior; 

an area associated with certain signal strength/quality and user equipment 

requirements; 

an area with certain performance characteristics: and 

an area defined by user equipment capabilities or user equipment location. 

24. The network node (110, ·120, ·140) according to claim 23, wherein the information 

about the respective restricted area is used for interference management, 

positioning, minimizing drive tests, or SON. 

20 25. The network node (110, ·120, ·140) according to claim 23 or 27, wh(~rein the 

25 

processing circuit (810) further is configured to obtain the information about the 

respective restricted area by at least one of: 

reading pre-defined information about the respective restricted area; 

generating the information about the respective restricted area; 

receiving from another node. 

26. The network node (1'10, 120, ·t40) accordlng to any one of claims 14-25, wf1erein 

the processing circuit (H 10) further is Gonfigured ta decide applicability of the at 

least two patterns based on the information about tt·1e respective restricted area. 

30 

27. A method in a user equipn1ent ( 1 :30) for configuring measurernents, wherein the 

user equipment (130) is served by a cell (G·l) of a radio base station, wherein the 

method comprises: 

receiving (404, 902) at least two rneasurement patterns from the radio 

35 base station, wherein each measurement pattern is associated with a respective 

restricted area sud'1 that each rneasurnrnent pattern is used when the user 
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equipment ('130) is located in the respective restricted area, wherein each 

respective restricted area is smaller than an entire area of the cell; and 

obtaining (406, 903) information aboutthe respective restricted area, 

thereby configuring measurements, 

28, The rnethod according to claim 27, wherein the at least two rr,easurement 

patterns comprise a first pattern and a second pattern, wherein the first and the 

second patterns are associated with at least one of the following characteristics: 

bandwidth, transn1it povver levels, power reduction, or subframe prope1iies, and 

10 wt1erein a first value of tl7e at least one characteristic associated with the first 

pattern is different from a second value of the same characteristic associated with 

tf1e second pattern. 

29. The method according to clairn 27 or 28, wherein receiving (404) of u-ie at least 

·j 5 two measurement patterns further comprises receiving via broadcast or multicast 

at least one of: the at least two measurement pattt~rns and the information about 

Hie respective restricted area. 

30. The rnethod according to any one of claims 27~29, wherein the information about 

20 the respective restrlcted area is used for interierence management, posltionlng, 

rninimizing drive tests, or SON. 

25 

30 

31, The rnethod according to any one of c!ain-1s 27--30, wherein the information abollt 

the respective restricted area relates to at !east one of: 

certain fJeographical area or direction: 

antenna configuration; 

an area with certain radio environment characteristics; 

an area defined by a certain user equiprnent behavior; 

an area associated with certain signal strength/quality and user equipment 

requirements; 

an area with certain perfrmnance characteristics; and 

an area defined by user equipment capabilifa~s or user equipment location. 

32. The method according to any one of claims 27'"31. vvherein t11e at least two 

35 rneasuren1ent patterns are indicatlng when the user equipment (130) is to 

perform measurements in each respective restricted area. 
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~-33. The method according to dairns ~n--32, wherein the information about the 

respective restricted area is obtained by at least one of: 

reading pre-define-Kl information about the respective restricted area; 

gc-men3ting the information about the respective restricted area; 

receiving the information about the respective restricted area from the 

mdio base station or anoti1er node, 

34, Ti1e method according to any one of claims 27-33, further comprising: 

clecfding (407, 90.eJ) applicability of tr1e at !east two measurement patterns 

10 based on the information atlOUt the respective restricted area. 

35. Ti1e method according to any one of claims 27 -34, wherein the deciding (407} 

further is based on at least one of: user equiprnent capability and available 

measurements t·elating to the user equipment (130). 

36. A user equipment ( 130) tor configuring measurenients, wherein the user 

equiprn0nt ("130) ls configured to be served by a eel! (C·1) of a radio base station, 

wherein the user equipment (130) comprises: 

a receiver (10l0) configured to receive at least two measurement patterns 

20 frorn the radio base station, wherein ea.di rneasurement pattern is associated 

with a respective restricted area such that each measurement pattern is used 

when the user equipment (130) is located in the respective restricted area, 

wherein each respective restricted area is smaller than an entire area of the cell, 

and 

25 a processing circuit ( ·J 020) configured to obtain information about the 

respective restricted area, whereby the user equipment ('130) is configured for 

configuring measurements. 

37. The user equipnwmt ( '130) according to claim 36, wherein the at least two 

30 measurement patterns comprise a first pattern and a second pattern, wherein the 

first and the second pat.tern$ are associated with at !east one of the following 

characteristics: bandwidth. transmit power levels, power reduetion, or subframe 

properties, and wherein a first value of the at least one characteristic associated 

w·ith the first pattern is different from a second value of the same characteristic 

3!3 associated with U-,E.~ second pattern. 
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38. The user equipment (130) according to claim 36 or 37, wherein the receiver 

( 1O10) fllrther is configured to receive via broadcast or multicast at least one of: 

the at least two measurement patterns and tl7e information about tt1e respective 

restricted area. 

39. The user equipment (130} according to any one of claims 36-3B, wherein the 

information about tile respective restricted area is used for interference 

rnanagement, positioning, minimizing drive tests, or SON. 

·10 40. The user equipment (130) according to any one of claims 36<~9. wherein the 

15 

20 

information about the respective restricted area relates to at least one of: 

certain geographical area or direction; 

antenna configuration; 

an area with certain radio environment cliaracteristlcs; 

an area defined by a certain user equipment behavior; 

an area associated wiH1 certain signal strength!quality and user equipment 

requirements; 

an area with certain performance characteristics; and 

an area defined by user equipment capabilities or user equipment location. 

41. The user equlprnent ( '130) according to any one of claims 36-40, wherein the 

measurernent patterns are indicating when the user equipment ('!30) is to 

periorm measurements in each respective restricted area. 

25 42. The user equlprnent ( ·J 30) acGOrding t(i dairns 36·4 ·1, wherein the processing 

30 

circuit ('l 020) further is configured to obtain the information about the respective 

restricted area by at least one of: 

reading pre-defined information about the respective restricted area; 

generating the information abolit the respective restricted area; 

receiving the infom1atlon about the respectlve restricted area from the 

radio base station or another node. 

43. The user equlprnent ('130) according to any one of claims 36-42, wherein the 

processing circuit ( ·1020) furtht~r is configured to decide applicability of the at least 

35 two measurement patterns based on the- information about the respective 

restricted area, 
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44. The user equlprrient ('t 30) according to any one of clairns 36~43, 1Nl-1erein the 

processing circuit (1020) further is configured to decide the applicability of the at 

least two patterns based on at !east one of: user equipment capability and 

available rneasurements relating to the user equipment (130), 
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