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The present invention relates to method and system for handling in-device coexistence Interference in the user equipment. The
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(57) Abrege(suite)/Abstract(continued):
of Long Term Evolution (LTE) radio technology and at least one frequency of non-LTE radio technologies, determining at least one

of the one or more LTE carrier frequencies for which a measurement object is configured, and transmitting interference information
assoclated with the at least one LTE carrier frequency affected by the In-device coexistence Interference. The Interference
Information Includes a measurement object identifier of the at least one carrier LTE frequency, Direction of Interference (DOI), and
time domain multiplexing assistance information. The method further includes recelving a configured solution from the network

entity which help mitigate the in-device co-existence interference at the user equipment.
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(57) Abstract: The present invention relates to method and system for handling m-device coexistence mterference in the user equip -
ment. The method mcludes the steps of detecting in-device coexistence interference between one or more of a plurality of carrier fre -
quencies of Long Term Evolution (LTE) radio technology and at least one frequency of non-LTE radio technologies, determining at
least one of the one or more LTE carrier frequencies for which a measurement object 1s contigured, and transmitting interference in -
formation associated with the at least one LTE carrier frequency affected by the in-device coexistence iterference. The interference
mformation includes a measurement object identitfier of the at least one carrier LTE frequency, Direction of Interterence (DOI), and
time domain multiplexing assistance information. The method further mncludes receiving a contigured solution from the network en-
tity which help mitigate the in-device co-existence interference at the user equipment.




1

CA 02858314 2014-06-05

WO 2013/085256 PCT/KR2012/010437

Description
Title of Invention: METHOD AND SYSTEM FOR HANDLING IN-
DEVICE CO-EXISTENCE INTERFERENCE IN USER
EQUIPMENT

Technical Field

[ 1] The present invention relates to a method and system of mitigating in-device co-
existence interterence within user equipment operating in a wireless network system.
More specifically, the present invention provides solution tor in-device coexistence 1n-

terference 1n the user equipment operating multiple radios simultaneously.

Background Art

2] Providing multiple services through the user equipment using multiple radio tech-
nologies 1s one of the advantages of modern communication systems. For example, the
user equipment may support multiple communication technologies such as Long Term
Evolution (LTE) radio, Industrial Scientific and Medical (ISM) radio and Global
Navigation and Satellite System (GNSS) receiver. LTE 1s a fourth generation commu-
nication technology tor high speed and etficient data transter between the user
equipment and other entities 1n a network. ISM radios include technologies such as
WiF1 Bluetooth, etc. operating in the ISM band. GNSS 1ncludes technologies such as
Global Positioning Services (GPS) used for geographical location identification. The
user equipment allows simultaneous operation of such technologies in their respective

frequency bands tor ditfterent services.
Disclosure of Invention
Technical Problem

|3] One of the challenges ot such multiple radio technologies co-existing and operating
simultaneously within the same user equipment 1s interterence in reception within
frequency band of one radio by transmission of another radio within adjacent
frequency band. This interference problem due to simultaneously transmission/
reception of multiple radios in the user equipment 1s referred as in-device coexistence

(IDC) interterence problem.

Solution to Problem

4] The present invention 1s provided a method ot handling in-device co-existence 1in-
terference 1n a user equipment. The method comprises detecting in-device co-existence
interterence between one or more of a plurality of carrier tfrequencies of Long Term
Evolution (LTE) radio technology and at least one frequency of non-LTE radio tech-

nologies; determining at least one of the one or more L'TE carrier tfrequencies tor
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[S]

[6]

[ 7]

5]

9]

[10]

[11]

[12]

[13]

[14]

which a measurement object 1s configured; and indicating to a network entity that the
at least one LTE carrier frequency 1s attected by the in-device co-existence 1n-

terference.
The present invention 1s provided a user equipmentn apparatus ot handling in-device

co-existence interterence. The apparatus comprises comprising: a LTE module; a non-
LTE module; and a coordinator communicatively coupled to the LTE module and the
non-L'TE module, wherein the coordinator 1s configured for: detecting in-device co-
existence interterence between one or more of a plurality ot carrier frequencies as-
sociated with the LTE module and at least one trequency associated with the non-LTE
module; determining at least one of the one or more LTE carrier frequencies for which
a measurement object 1s configured; and indicating to a network entity that the at least

one LTE carrier frequency is attected by the in-device co-existence interterence.

Brief Description of Drawings

Figure 1 1llustrates a block diagram ot a wireless communication system for handling
in-device co-existence interference between a Long Term Evolution (LTE) module and
a non-LTE Module in user equipment, according to one embodiment.

Figure 2 1s a process tlowchart illustrating an exemplary method ot handling 1n-
device co-existence interference in user equipment, according to one embodiment.

Figure 3 1s a schematic representation depicting interference scenarios of ditterent
frequencies 1n the user equipment when LTE and non-LTE operations are carried out
simultaneously.

Figure 4 1s a schematic representation illustrating one of trigger criterions configured
to determine presence of in-device co-existence interterence in the user equipment,
according to one embodiment.

Figure 5 1s a schematic representation illustrating another trigger criterion configured
to determine presence of in-device co-existence interterence in user equipment,
according to one embodiment.

Figure 6a 1s a flow diagram illustrating a detailed method of reporting in-device co-
existence interterence in the user equipment, according to one embodiment.

Figure 6b 1s a tlow diagram 1llustrating a method of configuring Frequency Division
Multiplexing (FDM) solution tor mitigating the in-device co-existence interference in
user equipment, according to one embodiment.

Figure 6c¢ 1s a tflow diagram illustrating another method of contiguring a Time
Division Multiplexing (TDM) solution for mitigating in-device co-existence 1n-
terference 1n user equipment, according to one embodiment.

Figure 6d 1s a tlow diagram illustrating a method of reporting the in-device co-

existence interterence in the user equipment, according to another embodiment.
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Figure 6e 1s a tlow diagram 1llustrating a method of reporting change of status the 1n-
device co-existence interference in the user equipment, according to yet another em-

bodiment.
Figure 7a 1s a tflow diagram illustrating a method of configuring a solution for

mitigating the in-device co-existence interterence in the user equipment, according to
one embodiment.

Figure 7b 1s a tlow diagram 1illustrating a method of configuring a solution for
mitigating the in-device co-existence interterence in the user equipment, according to
another embodiment.

Figure 7c 1s a tflow diagram illustrating a method of configuring a solution for
mitigating the in-device co-existence interterence in the user equipment, according to
yet another embodiment.

Figure 7d 1s a tlow diagram 1llustrating a method of configuring a solution for
mitigating the in-device co-existence interterence in the user equipment, according to
turther another embodiment.

Figure 7e 1s a tlow diagram illustrating a method of configuring a solution for
mitigating the in-device co-existence interterence in the user equipment, according to
yet a further embodiment.

Figure 71 1s a tlow diagram illustrating a method of configuring a solution for

mitigating the in-device co-existence interterence in the user equipment, according to

still another embodiment.

Figure 8a 1s a flow diagram illustrating behavior of user equipment upon handover ot
a wireless connection from a source network entity to a target network entity,
according to turther another embodiment.

Figure 8b 1s a tlow diagram illustrating another behavior ot user equipment upon
handover ot a wireless connection from the source network entity to the target network
entity, according to turther another embodiment.

Figure 8c 1s a flow diagram illustrating yet another behavior of user equipment upon
handover ot a wireless connection from the source network entity to the target network
entity, according to further another embodiment.

Figure 9 1s a block diagram illustrating user equipment, in accordance with an em-
bodiment of the present invention.

Figure 10 1s a block diagram of a network entity in accordance with an embodiment
of the present invention.

The drawings described herein are for illustration purposes only and are not intended

to limit the scope ot the present disclosure in any way.

Mode for the Invention
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The present invention provides a method and system tor handling in-device co-
existence interterence in user equipment. In the tollowing detailed description of the
embodiments of the invention, reference 1s made to the accompanying drawings that
form a part hereof, and 1in which are shown by way of 1llustration specific em-
bodiments 1in which the invention may be practiced. These embodiments are described
in sutficient detail to enable those skilled in the art to practice the invention, and it 1s to
be understood that other embodiments may be utilized and that changes may be made
without departing from the scope of the present invention. The tollowing detailed de-
scription 1s, theretore, not to be taken 1n a limiting sense, and the scope of the present
invention 1s defined only by the appended claims.

In the document, the terms radio tfrequency interterence’ and 'in-device co-existence
interference’ and 'interference’ are used interchangeably throughout the document.

Figure 1 1llustrates a block diagram ot a wireless operating environment 100, where
each frequency band is dedicated for a corresponding wireless service, according to
one embodiment. The wireless operating environment 100 includes a network entity
104 (e.g., evolved node B (eNB)) and a user equipment (UE) 102 connected via a
wireless air intertace 106 based on the Long Term Evolution (LTE) technology. The
UE 102 includes a LTE module 108, a non-LTE module 112, and a coordinator 110.
The non-LTE module 112 may be either used for providing short range wireless
services such as WiF1 or Bluetooth within the Industrial Scientific and Medical (ISM)
frequency band. Alternatively, the non-LTE module may be used tor providing geo-
graphical location identification and positioning services using Global Navigation
Satellite System (GNSS) receiver. The LTE module 108 operates on a LTE carrier
frequency while the non-LTE module 112 operates on a non-LTE trequency (e.g., ISM
band).

According to one embodiment, the coordinator 110 1s contigured for handling 1n-
device co-existence interterence between LTE carrier frequencies associated with mea-
surement objects and non-LTE carrier frequency by pertorming the steps illustrated in
Figure 2.

Figure 2 1s a process tlowchart 200 illustrating an exemplary method of handling 1n-
device coexistence interference in user equipment, according to one embodiment.
Consider that, the LTE module 108 1s configured tfor performing measurements on one
or more measurement objects which represent L'TE carrier frequencies among serving
or non-serving frequencies and the non-L'TE module 112 1s contigured for operating on
a non-LTE frequency. An in-device coexistence interference may occur when both the
LTE module 108 and the non-LTE module 112 simultaneously operate on their re-
spective frequencies. The process of handling in-device co-existence interterence

between carrier trequencies corresponding to measurement objects and non-LTE tre-
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quencies 1s described in following steps 202-214.

At step 201, the network entity 104 configures the user equipment 102 for reporting
the 1in-device coexistence interference between carrier trequencies corresponding to
measurement objects and non-LTE frequencies. In one embodiment, the user
equipment 102 1s configured for reporting occurrence of in-device co-existence 1n-
terference anytime during the connected mode ot operation. In another embodiment,
the user equipment 102 1s configured for reporting occurrence of in-device co-
existence interference upon transitioning from idle mode to connected mode ot
operation. In yet another embodiment, the user equipment 102 1s contigured tor
reporting in-device co-existence interterence after completion of successtul handover
of the wireless connection from a source base station to a target base station. At step
202, the user equipment 102 detects occurrence of in-device co-existence interterence
between one or some of L'TE carrier tfrequencies and a non-LTE frequency during si-
multaneous operation of the user equipment 102. The conditions for determining
presence of in-device co-existence interference in the user equipment 102 are 1l-
lustrated 1n Figures 4 and 3.

At step 204, the user equipment 102 determines one or more L'TE carrier trequencies
among the carrier frequencies tor which measurement object 1s configured suffering
from the in-device coexistence interterence. At step 206, the user equipment 102 de-
termines direction of in-device coexistence interference between the determined LTE
carrier trequencies and the non-LTE frequency. In some embodiments, the user
equipment 102 1dentifies a victim and an aggressor ot the in-device co-existence 1n-
terference. In these embodiments, the UE 102 sets a value 1n interference information
to indicate direction of in-device co-existence interference to the network entity 104.
The value may be 'EUTRA', 'other’ and 'both'. For example, the value ' EUTRA'
indicates that the victim of in-device co-existence interference are L'TE carrier tre-
quencies, the value 'other’ indicates that the victim of the in-device co-existence 1n-
terference 1s the non-LTE frequency and the value 'both’ indicates that both the LTE
carrier frequency and the non-LTE frequency are victims of the in-device co-existence
interterence. Based on the value set, the network entity 104 ascertains the direction of
in-device co-existence interterence.

It 1s appreciated that the technique of identifying in-device co-existence interference
1s well known to the person skilled in the art. At step 208, the user equipment 102 de-
termines whether the in-device co-existence interference between any of the de-
termined L'TE carrier frequencies and the non-LTE frequency can be mitigated by
itself.

It the in-device co-existence interterence cannot be mitigated, at step 210, the user

equipment 102 reports interference problem to the network entity 104. The in-device
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co-existence interference indication to the network entity 104 includes information as-
sociated with the LTE carrier trequencies. For example, the user equipment 102 may
report a measurement object identitier of the at least one carrier frequency, the
direction of interference (DOI), use case scenari1o 1n which the 1in-device co-existence
interference 1s happening like, BT (VOIP), BT (Multimedia Service), WikF1 router,
WiF1 offload, GNSS and time domain multiplexing assistance information. The time
domain multiplexing (TDM) assistance information may include Hybrid Automatic
Repeat Request (HARQ) bit map pattern or Discontinuous Reception (DRX) pa-
rameters.

In a Wi-F1 oftload case (Wi-F1 Beacon Reception), a one gap pattern and associated
information 1s also sent specifically for beacon reception as part of TDM assistance
data. The gap pattern for WiFi can be handled by providing LTE SFN number, where
the latest beacon occurred (at the time of sending the indication), Beacon periodicity,
and guard period around expected beacon reception to the network entity 104. This 1n-
formation 1s required as beacon transmission by an access point can be delayed for few
milliseconds due to the reason that the medium was not tree. Upon reception of this 1n-
formation, the network entity 104 can try not to schedule LTE uplink data in those
subframes which correspond to expected beacon reception time and guard period
around 1t. This will ensure that the UE 102 can receive the beacon without any issue.

The UE 102 keeps using the above gap pattern for Wik1 beacon handling. However,
it 1s possible that, because of some time drift caused by clock misalignment or other
factors, over a period ot time beacon reception expected time might fall outside the ne-
gotiated beacon reception gap pattern. Whenever the UE 102 experiences such
situation then that situation can be used as trigger criterion to send indication
informing in-device co-existence interference to the network entity 104. The indication
can contain FDM assistance data and /or TDM assistance data for normal WiF1 data
operation and/or beacon handling related parameter for gap pattern and specially LTE
SEN (Super Frame Number), where the last beacon reception was received by the
WiFi. However, in the portable router case (Wi-F1 Beacon transmission), there 1s no
need for any special gap pattern. As the UE 102 acts as an access point, the UE 102
can delay the beacon transmission to closest LTE uplink or 1t at all the UE 102 has to
perform the beacon transmission which 1s falling in LTE DL then also the UE 102 will
transmit the beacon assuming that beacon transmission duration 1s of the few mi-
crosecond order which may corresponds to one or two LTE OFDM symbol. So even it
one or two OFDM symbols are corrupted, channel coding and HARQ procedure will
help 1n recovering the data.

In some embodiments, the user equipment 102 sets a prohibit timer after reporting

the interference information associated with the LTE carrier frequencies to the network
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entity 104. In these embodiments, the user equipment 102 deters re-transmission of the
same or different interference information associated with the LTE carrier frequencies
to the network entity 104 till the expiry of the prohibit timer. For example, if the user
equipment 102 has transmitted the interference information to the network entity 104
and has received no response trom the network entity 104, the user equipment 102
waits till the expiry of the prohibit timer for the response from the network entity 104
and re-transmits the same or ditterent interference information to the network entity
104 upon expiry of the prohibit timer.

At step 212, the network entity 104 determines a solution for mitigating the in-device
co-existence interference associated with the L'TE carrier frequencies based on the 1n-
terference information. At step 214, the network entity 104 contigures the determined
solution to mitigate the in-device co-existence interference to the user equipment 102,
In some embodiments, the network entity 104 contigures measurement restriction
pattern(s) tor radio link monitoring (RLM) measurements, radio resource management
(RRM) measurements for mobility and channel state information (CSI) measurements.
In other embodiments, the user equipment 102 derives the measurement pattern(s) by
itselt for restricting the above said measurements so that they are free from in-device
interterence and are further used tor subsequent RLF and handover procedure re-
spectively.

Based on the solution, 1n one embodiment, the user equipment 102 performs mea-
surements on the configured measurement objects during the L'TE active time such that
the measurements are pertormed without the in-device co-existence interference. In
another embodiment, the user equipment 102 performs measurements on the
configured measurement objects during the LTE inactive time such that the mea-
surements are pertormed without the in-device co-existence interference. In yet
another embodiment, the user equipment 102 performs transmission and reception on
the non-LTE frequencies during the LTE 1nactive time. In this embodiment, the user
equipment 102 denies transmission on the non-LTE frequency when the measurements
are performed on LTE frequencies associated with the contigured measurement objects
during the LTE 1nactive time.

Alternatively, the network entity 104 may send a reject message 1n response to the 1n-
dication sent by the UE 102 that the L'TE carrier frequencies associated with the mea-
surement objects are attfected by the in-device co-existence interference.

Figure 3 1s a schematic representation 300 depicting interference scenarios ot
different frequencies in the user equipment 102 when L'TE and non-LTE operations are
carried out simultaneously. Based on the intertference scenario, the user equipment 102
can determine the direction of interterence (DOI). Consider that, the LTE module 108

and the non-L'TE module 112 simultaneously transmits and receives over a LTE carrier
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frequency 310 corresponding to a measurement object and non-LTE carrier frequency
306, respectively. It can be seen that, the trequency separation between the LTE carrier
frequency 310 and the non-LTE frequency 306 1s around 86.5 MHz. Since the
frequency separation 1s more than 50 MHz, during simultaneous operation ot the LTE
module 108 on the LTE carrier frequency 310 and the non L'TE module 112 on the non
LTE frequency 306, the LTE frequency 310 and the non-LTE trequency 306 do not
intertere with each other.

[44] However, 1t the operation of the LTE module 108 1s contigured with a measurement
object on the L'TE carrier frequency 304, the simultaneous operation of the LTE
module 108 on the LTE carrier trequency 304 and the non-L'TE module 112 on the
non-LTE frequency 306 results in interterence between the L'TE carrier tfrequency 304
and the non-LTE carrier tfrequency 306. In this case, the LTE frequency 304 and the
non-LTE frequency 306 are both victims of the in-device co-existence interference.
The non-L'TE module 112 operating on the non-LTE frequency 306 gets intertered
with the transmission of LTE module 108 on the LTE carrier trequency 308, thereby
leading to the in-device co-existence interterence scenario where the non-LTE
frequency 306 1s victim of the in-device co-existence interterence. Theretore, the user
equipment 102 determines the direction of in-device coexistence interterence based on
the interference scenario and identities a victim ot in-device coexistence interterence.
For example, the UE 102 may indicate the direction of interference to the network
entity 104 by setting a value 1n the interterence information. The value comprises
EUTRA, 'other’, and 'both’; where the value ' EUTRA" implies the victim of in-device
coexistence interterence 1s the LTE radio technology, the value ‘other’ implies the
victim of 1n-device coexistence interterence 1s non-L'TE radio technology, and the
value 'both’ implies the LTE radio technology and non-LTE radio technology are
victims of the in-device coexistence interterence. Accordingly, the network entity 104
ascertains the direction of interference based on the value set in the interterence 1n-
formation.

[435] Figure 4 1s a schematic representation 400 illustrating one of the conditions to
determine presence of in-device coexistence interterence in the user equipment 102,
according to one embodiment. Particularly, Figure 4 1illustrates a graph where blocks
402 denote collisions between an ISM operation and an LTE operation 1n a detined
time span or window. For example, the window can be a moving window over which
the criterion 1s to be satistied. The criterion includes a threshold number of collisions
within a time window 406. When the criterion 1s satisfied, the instance can be treated
as one trigger tor reporting in-device coexistence interterence to the network entity
104. In an embodiment, the time window 406 1s determined during a negotiation

between the network entity 104 and the user equipment 102. For instance, as shown 1n
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Figure 4, the number of collisions 1s shown as six. However, any number of collisions
can be assigned as a threshold value. On the basis ot these reports from the user
equipment 102, the network entity 104 can observe implementation dependent time
interval to determine whether the in-device co-existence interference is severe or not
for the LTE module 108 or the non-LTE module 112 to operate simultaneously.

In another embodiment, other conditions to determine presence of interterence are
provided. The other conditions include one of number of Cyclic Redundancy Check
(CRC) errors, De-sensing of receiver, LTE Tx De-sensing the ISM reception, and ISM
transmission De-sensing the LTE reception. For example, De-sensing trigger criterion
can be evaluated by defining a threshold tor De-sense, measuring the number of such
De-sensing happening over a time window and providing working conditions of the
LTE module 108 and the non-LTE module 112 to the network entity 104. It there are
more than a fixed number of De-sensing in a window, then the trigger condition is said
to be satistied.

The working conditions may include non-LTE operating frequency and/or closest
frequency towards the LTE operation, LTE operating frequency, LTE transmission and
reception power information, non-LTE transmission and reception power information,
radio frequency filter mask details and the use case scenario in which the in-device co-
existence interference 1s detected like BT (VOIP), BT (Multimedia Service), Wikl
router, WiF1 offload, GNSS. In an embodiment, based on such information and
working conditions, the network entity 104 can decide it an in-device coexistence
solution 1s to be provided to the UE 102 when the UE 102 indicates that the LTE
carrier frequency associated with the measurement object 1s affected. Further, such 1n-
formation and working conditions can be integrated into the measurement reports for
serving cell (e.g., the network entity 104) and neighbouring cells (e.g., prospective
network entities 104) or using a new report.

Figure 5 1s a schematic representation illustrating another condition to determine
presence of in-device coexistence interterence in the UE 102, according to one em-
bodiment. The condition for determining presence of the in-device coexistence 1n-
terference 1s based on variation in a Received Signal Strength Indicator (RSSI). The
RSSI includes the received power (in watts) observed in Orthogonal Frequency
Domain Multiplex (OFDM) symbols 1n the measurement bandwidth. The OFDM
symbols are denoted using reference numerals 512 in Figure 5. The RSSI fluctuations
are denoted as 506 and the RSSI threshold 1s denoted as 504 1n Figure 5. Furthermore,
the RSSI fluctuations 506 in an OFDM symbol exceeding the RSSI threshold 504 is
denoted as 502 in Figure 3.

The measurement bandwidth 1s determined by the UE 102 based on the attected part

of the bandwidth or spanning the whole of the operating band. Further, the measured
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bandwidth 1s determined in 'N' number of resource blocks, blocks ot radio trequency
spectrum 1n a limited or unlimited time. The limited time 1s also called as slots 508.
The RSSI measurement in the measurement bandwidth include 1in-device coexistence
interterence, interterence from co-channel serving and non-serving cells, adjacent
channel interterence, thermal noise, etc. In a time window 510 comprising several slots
508, the RSSI 1s measured in all OFDM symbols and when the RSSI fluctuation 1s
above the RSSI threshold 504, then the corresponding symbol's RSSI 1s said to be
affected by in-device coexistence interterence denoted as 502 1n Figure 5.

Further, Figure 5 denotes the etfect ot in-device radio trequency interterence in the
UE 102. The atfected symbols 502 indicate presence of the in-device co-existence 1in-
terterence over the time-slots S08 while monitoring OFDM symbols. Further, the UE
102 and the network entity 104 may have a preset threshold RSSI 504. The fluc-
tuations in RSSI are denoted using reference numeral 506. A sample time window 510
1s provided to determine the presence of the in-device co-existence interference in the
present embodiment. Hence, whenever RSSI fluctuates beyond the RSSI threshold 504
such OFDM symbols 502 are said to be atfected by in-device coexistence interference.
When the number of OFDM symbols attected by the in-device coexistence 1n-
terference crosses a threshold count, then the user equipment 102 reports in-device co-
existence interterence indication to the network entity 104.

Figure 6a 1s a tlow diagram 600a 1llustrating a detailed method ot reporting in-device
coexistence interference, according to one embodiment. At step 602, the UE 102 and
the network entity 104 exchange capability of mitigating in-device co-existence 1n-
terference. At step 604, the network entity 104 configures criterions or conditions for
detecting detection of in-device co-existence interference at the UE 102. At step 606,
the UE 102 detects start of operation of a non-LTE band 306. For example, the non-
LTE band 306 can be an ISM band 306. At step 608, the UE 102 determines the non-
LTE band 306 1s causing interference with the LTE band such as 304 shown in Figure
3 or vice versa. Thereafter, the UE 102 reports the interference information to the
network entity 104, in step 610. At step 611, the network entity 104 contigures the UE
with either a TDM solution or a FDM solution for mitigating the in-device co-
existence interterence, as will be illustrated 1in Figures 6b and 6c.

Figure 6b 1s a flow diagram 600b illustrating a method of configuring a Frequency
Division Multiplexing (FDM) solution for mitigating the in-device co-existence 1in-
terference in the UE 102, according to one embodiment. The flow diagram 600b 1l-
lustrates one of the solutions that can be provided by the network entity 104 to the UE
102. More specifically, the tlow diagram 600Db 1llustrates a method for configuring a
Frequency Division Multiplex (FDM) type solution. For example, if a LTE carrier

frequency associated with a measurement object 1s aftected by the in-device co-
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existence interterence, the FDM solution may shift the L'TE carrier frequency to a new
frequency range which can provide the same service without the in-device co-existence
interference.

The steps 602 to 608 are same as explained in Figure 6a. At step 610, the UE 102
reports the in-device co-existence interference information to the network entity 104.
The network entity 104, on receiving the information on the in-device co-existence 1n-
terference, determines the type of solution to be provided tor mitigating the in-device
co-existence interference, at step 612. At step 614, the network entity 104 transmits
measurement re-contiguration to the UE 102. For example, the measurement re-
configuration can be one or more frequencies not atfected by the in-device co-
existence interference that would provide the same service as the LTE carrier
frequency that is atfected by the in-device co-existence interterence. In another
example, the measurement re-configuration includes one or more measurement
objects, each measurement object represents a LTE carrier frequency.

The network entity 104 configuring one or more frequencies to shift the LTE carrier
frequency atfected by the in-device co-existence interterence 1s reterred to as
Frequency Division Multiplexing (FDM) type solution. The UE 102, at step 616,
applies the measurement re-configuration provided by the network entity 104.
Thereatter, atter pertorming measurements on one or more frequencies according to
measurement objects, at step 618, the UE 120 reports measurements for the corre-
sponding measurement objects to assist the network entity 104 to determine whether to
pertform the handover to reported frequency not atfected by the in-device coexistence
interference.

Figure 6¢ 1s a flow diagram 600c 1llustrating a method of configuring a Time
Division Multiplexing (TDM) solution for mitigating in-device co-existence in-
terference in the UE 102, according to another embodiment. The tflow diagram 600c
starts at the step 610. The steps 602, 604, 606, and 603 are same as explained in Figure
ba. At step 612, the network entity 104 determines a TDM solution for mitigating the
in-device co-existence interterence reported by the UE 102. In determining the TDM
solution, the network entity 104 determines a set of parameters based on the 1n-
formation associated with the in-device co-existence interference. The set of pa-
rameters may be called as TDM parameters. For example, the TDM parameters may
include a set ot Discontinuous Reception (DRX) parameters, Hybrid Automatic Repeat
Request (HARQ) bitmap reservation to restrict the number of LTE HARQ processes,
and interference avoidance bitmaps it the transmission and reception collision
avoidance 1s the purpose. At step 620, the network entity 104 recontigures the UE 102
with the TDM parameters. At step 622, the user equipment 102 applies the re-

configured TDM parameters.
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Figure 6d 1s a tlow diagram 600d illustrating a method of reporting the in-device co-
existence interterence in the UE 102, according to another embodiment. The tlow
diagram 600d starts with the step 602. At step 602, the UE 102 and the network entity
104 exchange in-device co-existence interterence capability information for mitigating
the 1in-device co-existence interterence. At step 604, the network entity 104 contigures
interterence triggering criterions. At step 606, the UE 102 detects the start of operation
of the non-LTE band. At step 608, the UE 102 determines that the non-LTE band 1s
causing in-device co-existence interterence with the LTE band or vice versa. At step
610, the UE 102 reports the in-device co-existence interterence information to the
network entity 104.

At step 624, the network entity 104 can pertorm one of the two options under certain
conditions. A first option may be to accept the interference information associated with
the in-device co-existence interference and provide a solution as described in Figure 6b
or Figure 6c. In certain situation, the network entity 104 may neglect the interterence
information associated with the in-device co-existence interference. This may happen
due to various conditions such as the network entity 104 1s already occupied with such
requests and reports that 1t could not accommodate and so on. Therefore, the network
entity 104 rejects the indication sent by the UE 102 and sends a reject message without
any solution, at step 626.

Figure 6e 1s a flow diagram 600e 1llustrating a method of reporting change of status
of the in-device co-existence interference, according to yet another embodiment. It can
be noted that, the steps 602 to 608 are same explained in Figures 6a to 6d. At step 610,
in the present embodiment, the UE 102 reports the in-device co-existence interterence
to the network entity 104 for providing a suitable solution. In an exemplary em-
bodiment, the network entity 104, at step 627, configures the UE with a TDM solution
or a FDM solution. At step 628, the UE 102 detects change in status of the in-device
co-existence interference. The change 1n status may include an indication that the 1n-
device co-existence interference problem 1s over in the UE 102 or a change in the 1n-
terference information provided by the UE 102. At step 630, the UE 102 reports the
change in status of the in-device co-existence interterence to the network entity 104.
When the in-device co-existence interference information is changed, the UE 102
sends the updated in-device co-existence interterence information to the network entity
104.

Figure 7a 1s a flow diagram 700 illustrating a method ot configuring a solution for
mitigating the in-device co-existence interterence in the UE 102, according to one em-
bodiment. At step 702, the network entity 104 transmits capability support for both
TDM solution and FDM solution to the UE 102. At step 704, the UE 102 transmits ca-
pability support tor both TDM solution and FDM solution. At step 706, the network
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entity 104 configures the UE 102 for reporting the in-device co-existence interterence.

At step 708, the UE detects start of operation of a non-LTE band. At step 710, the
UE 102 determines that the non-LTE band 1s causing interterence to the LTE band or
vice versa. At step 712, the UE 102 reports in-device co-existence interference with a
choice of solution. At step 714, the network entity 104 ascertains the interference in-
formation and determines the choice indicated by the UE 102.

In an embodiment, the interference information specitically includes a measurement
object identitier of the at least one carrier frequency, the Direction of Interterence
(DOI), and time domain multiplexing assistance information including Hybrid
Automatic Repeat Request (HARQ) bit map pattern, and Discontinuous Reception
(DRX) parameters.

In an embodiment, the network entity 104 and the UE 102 applies reconftigured Time
Division Multiplex (TDM) parameters to the UE 102 to mitigate the in-device co-
existence interference, at step 716 1t the UE preferred choice 1s TDM solution. In
another embodiment, the network entity 104 and the UE 102 applies measurement re-
configuration (FDM solution) to mitigate the in-device co-existence interterence, at
step 718 1t the UE preterred choice 1s FDM solution. Both, FDM and TDM solutions
are discussed 1n detail 1n Figures 6b and 6c.

Figure 7b 1s a tlow diagram 700b illustrating a method of configuring a solution for
mitigating the in-device co-existence interterence in the UE 102, according to another
embodiment. The flow diagram 700b 1llustrates an exemplary embodiment where the
UE 102 supports only FDM solution to be provided by the network entity 104. At step
702, the network entity 104 transmits capability support tor only FDM solution to the
UE 102. At step 724, the UE 102 transmits interterence information related to FDM
solution to the network entity 104. The reason behind the transmission of the FDM
related information 1s the network entity 104 1s capable of supporting only FDM
solution to mitigate the in-device co-existence interterence. At step 726, the network
entity 104 contigures the UE 102 with the determined FDM solution to mitigate the 1n-
device co-existence interterence. For example, one of the FDM solutions that the
network entity 104 can provide to the UE 102 1s shifting the LTE carrier frequency that
1s atfected by the in-device co-existence interterence to another range ot frequency to
prevent interference.

Figure 7c 1s a tlow diagram 700c 1llustrating a method of configuring a solution for
mitigating the in-device co-existence interference in the UE 102, according to yet
another embodiment. At step 702, the network entity 104 transmits capability support
for only TDM solution to the UE 102. At step 724, the UE 102 transmits interference
information related to TDM solution to the network entity 104. The reason tor

transmitting TDM related information to the network entity 104 1s that the network
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entity 104 supports only TDM solution to mitigate the in-device co-existence 1in-
terference. At step 726, the network entity 104 configures the UE 102 with the de-
termined TDM solution to mitigate the in-device co-existence interterence. For
example, the TDM solution determined by the network entity 104 can be newly
configured Discontinuous Reception (DRX) parameters of the UE 102.

Figure 7d 1s a tlow diagram 700d illustrating a method of configuring a solution for
mitigating the in-device co-existence interterence in the UE 102, according to further
another embodiment. At step 702, the network entity 104 transmits capability support
for both TDM solution and FDM solution to the UE 102. At step 704, the UE 102
transmits capability support for both TDM solution and FDM solution. At step 728, the
network entity 104 contigures the UE 102 to restrict in-device co-existence 1n-
terference to a type of solution (e.g., FDM solution). It can be noted that, the network
entity 104 does not consider the UE choice while configuring the solution. At step 730,
the UE 102 transmits the interference information related to FDM solution tor
mitigating the in-device co-existence interterence to the network entity 104. At step
736, the network entity 104 configures the UE 102 with the FDM solution to mitigate
the in-device co-existence interference.

Figure 7e 1s a tlow diagram 700e 1llustrating a method of configuring a solution for
mitigating the in-device co-existence interterence in the UE 102, according to yet a

further embodiment. At step 702, the network entity 104 transmits capability support
for both TDM solution and FDM solution to the UE 102. At step 704, the UE 102

transmits capability support for both TDM solution and FDM solution. At step 728, the
network entity 104 contigures the UE 102 to restrict in-device co-existence 1n-
terference to a type of solution (e.g., TDM solution). It can be noted that the network
entity 104 does not consider the UE choice while configuring the solution. At step 734,
the UE 102 transmits the interference information related to TDM solution for
mitigating the in-device co-existence intertference to the network entity 104. At step
736, the network entity 104 configures the UE 102 with the TDM solution to mitigate
the in-device co-existence interference.

Figure 71 1s a tlow diagram 7001 illustrating a method of configuring a solution for
mitigating the in-device coexistence interference in the UE 102, according to still
another embodiment. At step 702, the network entity 104 transmits capability support
for both TDM solution and FDM solution to the UE 102. At step 704, the UE 102
transmits capability support for both TDM solution and FDM solution and indicates a
choice of the solution. . At step 738, the network entity 104 configures the UE 102 for
reporting the in-device co-existence interference considering the choice ot solution that
the UE 102 has indicated. At step 740, the UE 102 reports the in-device co-existence

interterence information to the network entity 104. At step 742, the network entity 104
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configures the UE with a solution for mitigating in-device co-existence interterence
based on UE indicated choice.

Figure 8a 1s a flow diagram 800a 1llustrating behavior ot the user equipment 102
upon handover of a wireless connection from a source network entity to a target
network entity, according to one embodiment. At step 802, the network entity 104
(hereinatter referred to as source network entity) sends a handover command for
performing handover of wireless connection to another network entity (hereinatter
referred to as target network entity). At step 804, the user equipment 102 sends a
response to the handover command to the target network entity 104.

At step 806, the user equipment 102 evaluates whether the target network entity
supports in-device co-existence interterence mitigation and supports the currently
configured solution. It can be noted that, the support for in-device co-existence 1n-
terterence mitigation and the solutions supported by the target network can be derived
either from the handover command or System Information Blocks (SIBs) associated
with the target cells. Also, when the handover ot the ongoing wireless connection
occurs, the UE 102 evaluates existence of the in-device co-existence interference. The
evaluation may also be triggered based on the parameters for in-device interference in-
dication trigger criterion as provided by the source network entity, the target network
entity, UE implementation, Standard defined, criterion related to in-device interterence
1s over, and/or capabilities ditfference between UE and network entity which may ditfer
in in-device co-existence interterence mitigation support and the solutions supported.
Alternatively, the evaluation for in-device co-existence interterence may also be
triggered based on the parameters in the handover command. For example, the
handover command may include information which may request UE to restart the in-
device co-existence interterence negotiation procedure. With this information, the
target network entity will get a better picture of the current status ot the in-device co-
existence interterence.

It the target network entity supports in-device co-existence interterence but does not
support currently active solution, at step 308, the UE 102 stops using the currently
active solution. At step 810, the UE 102 reports the presence of in-device co-existence
interterence to the target network entity so that the target network entity provides the
supported solution for resolving the in-device co-existence interterence.

Figure 8b 1s a tlow diagram 800b illustrating another behavior ot the user equipment
102 upon handover ot a wireless connection from the source network entity to the
target network entity, according to one embodiment. If the target network entity
supports in-device co-existence interterence and the currently active solution, at step
312, the UE 102 continues using the currently active solution.

Figure 8c 1s a flow diagram 80c 1llustrating yet another behavior of the user
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equipment 102 upon handover ot a wireless connection from the source network entity
to the target network entity, according to one embodiment. If the target network entity
does not support in-device co-existence interterence and the currently active solution,
at step 814, the UE 102 stops using the currently active solution.

Figure 9 1s a block diagram illustrating an exemplary User Equipment (UE) 102, 1n
accordance with an embodiment of the present invention. The UE 102 in accordance
with the present embodiment includes the L'TE module 108, the coordinator 110, the
non-LTE module 112, a communication intertace 904, a bus 906, a memory 908, and a
Read Only Memory (ROM) 910.

The coordinator 110, as used herein, means any type of computational circuit, such
as, but not limited to, a microprocessor, a microcontroller, a complex instruction set
computing microprocessor, a reduced instruction set computing miCroprocessor, a very
long instruction word microprocessor, an explicitly parallel instruction computing mi-
croprocessor, a graphics processor, a digital signal processor, or any other type ot
processing circuit. The coordinator 110 may also include embedded controllers, such
as generic or programmable logic devices or arrays, application specitic integrated
circuits, single-chip computers, smart cards, and the like.

The memory 908 and the ROM 910 may be volatile memory and non-volatile
memory. The memory 908 includes an interference management support module 912
configured tor handling in-device co-existence interference between L'TE carrier
frequency corresponding to measurement objects and non-LTE trequency in the UE
102. Further, the interference management support module 912 1s contigured to
pertorm all the steps performed by the UE 102 from Figures 2, and 6a to 8c. A variety
of computer-readable storage media may be stored in and accessed trom the memory
elements. Memory elements may include any suitable memory device(s) tor storing
data and machine-readable instructions, such as read only memory, random access
memory, erasable programmable read only memory, electrically erasable pro-
grammable read only memory, hard drive, removable media drive for handling
compact disks, digital video disks, diskettes, magnetic tape cartridges, memory cards,
Memory Sticks™, and the like. The interference management support module 912 may
be stored in the form of machine-readable instructions on any of the above-mentioned
storage media. The machine-readable instructions stored on the above mentioned
storage media, when executed by the coordinator 110; cause the coordinator 110 of the
UE 102 to perform one or more steps of Figures 2, and 6a to 8c.

The bus 906 acts as interconnect between various components of the network entity
104. The components such as the communication interface 904 1s well known to the
person skilled 1n the art and hence the explanation is thereot not provided.

Figure 10 1s a block diagram of an exemplary network entity 104 in accordance with
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an embodiment of the present invention. In Figure 10, the network entity 104 includes
a processor 1002, a bus 1006, a communication interface 1004, a memory 1008, a read
only memory (ROM) 1010, a transmitter 1012, and a receiver 1014.

The processor 1002, as used herein, means any type of computational circuit, or a
server or a base station. It may be also embodiment 1in devices such as, but not limited
to, a microprocessor, a microcontroller, a complex instruction set computing micro-
processor, a reduced instruction set computing microprocessor, a very long instruction
word microprocessor, an explicitly parallel instruction computing microprocessor, a
graphics processor, a digital signal processor, or any other type of processing circuit.
The processor 1002 may also include embedded controllers, such as generic or pro-
grammable logic devices or arrays, application specific integrated circuits, single-chip
computers, smart cards, and the like.

The memory 1008 and the ROM 1010 may be volatile memory and non-volatile
memory. The memory 1008 includes an interterence management module 1016
configured tfor mitigating the in-device coexsitence interference present in the UE 102.
Further, the interterence management module 1016 1s configured to pertform all the
steps pertormed by the network entity 104 1n the Figures 2 and 6a to 8c. A variety of
computer-readable storage media may be stored 1n and accessed from the memory
elements. Memory elements may include any suitable memory device(s) tor storing
data and machine-readable instructions, such as read only memory, random access
memory, erasable programmable read only memory, electrically erasable pro-
grammable read only memory, hard drive, removable media drive for handling
compact disks, digital video disks, diskettes, magnetic tape cartridges, memory cards,
Memory Sticks™, and the like. The interference management module 1016 may also
be stored in the form of machine-readable instructions on any of the above-mentioned
storage media. The machine-readable instructions stored on the above mentioned
storage media, when executed by the processor 1002; cause the processor 1002 to
perform one or more steps of Figures 2, and 6a to 3c.

The machine-readable instructions may also be stored on a computer program, which
when executed by the processor 1002, cause the processor 1002 to mitigate the 1n-
device co-existence interterence present in the UE 102, according to the teachings and
herein described embodiments of the present subject matter. In one embodiment, the
computer program may be included on a compact disk-read only memory (CD-ROM)
and loaded trom the CD-ROM to a hard drive in the non-volatile memory.

The bus 1006 acts as an interconnect between various components of the network
entity 104. The components such as the transmitter 1012 and the receiver 1014, the
communication interface 1004, are well known to the person skilled in the art and

hence the explanation 1s thereot not provided.
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[82] The present embodiments have been described with reterence to specitic example
embodiments, it will be evident that various modifications and changes may be made
to these embodiments without departing from the broader spirit and scope of the
various embodiments. Furthermore, the various devices, modules, and the like
described herein may be enabled and operated using hardware circuitry, for example,
complementary metal oxide semiconductor based logic circuitry, firmware, software
and/or any combination of hardware, firmware, and/or sotftware embodied in a
machine readable medium. For example, the various electrical structure and methods
may be embodied using transistors, logic gates, and electrical circuits, such as ap-

plication specific integrated circuit.
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Claims

A method of handling in-device co-existence interference in a user
equipment, the method comprising:

detecting in-device co-existence interference between one or more of a
plurality of carrier trequencies ot Long Term Evolution (LTE) radio
technology and at least one frequency ot non-LTE radio technologies;
determining at least one of the one or more LTE carrier frequencies for
which a measurement object 1s configured; and

indicating to a network entity that the at least one LTE carrier
frequency 1s attected by the in-device co-existence interference.

The method according to claim 1, turther comprising:

exchanging capability information indicating capability to mitigate the
In-device co-existence interference; and

receiving a measurement configuration from the network entity.

The method according to claim 2, wherein the measurement con-
figuration indicates one or more measurement objects, each mea-
surement object represents a L'TE carrier frequency.

The method according to claim 1, turther comprising:

receiving a configured solution to mitigate the in-device coexistence 1n-
terterence associated with the at least one LTE carrier frequency trom
the network entity.

The method according to claim 1, wherein determining the at least one
of the one or more carrier frequencies which corresponds to the mea-
surement object comprises:

determining at least one LTE carrier trequency corresponding to the
measurement object for which the in-device co-existence interterence
cannot be mitigated at the user equipment.

The method according to claim 1, turther comprising:

determining direction of in-device coexistence interterence between the
at least one LTE carrier frequency corresponding to the measurement
object and the at least one non-L'TE carrier trequency.

The method according to claim 6, wherein in determining the direction
of in-device coexistence interference, the step comprises:

identifying a victim and aggressor of the in-device coexistence 1in-
terterence from the at least one LTE carrier trequency and the non-LTE
carrier frequency.

The method according to claim 7, wherein indicating to the network
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entity that the at least one L'TE carrier frequency 1s attected by the in-
device coexistence interference comprises:

transmitting interterence information associated with the at least one
LTE carrier frequency to the network entity.

The method according to claim 8, wherein the interference information
comprises a measurement object identiftier ot the at least one carrier
LTE frequency, the Direction ot Interference (DOI), and time domain
multiplexing assistance information.

The method according to claim 9, wherein the time domain mul-
tiplexing assistance information comprises a Hybrid Automatic Repeat
Request (HARQ) bit map pattern, and Discontinuous Reception (DRX)
parameters.

The method according to claim 8, wherein transmitting interference 1in-
formation associated with the at least one L'TE carrier frequency to the
network entity comprises:

setting a value indicating the direction of in-device co-existence in-
terterence 1n the interterence information so that the network entity as-
certains the direction of the in-device co-existence interference based
on the value set 1n the interference information; and

transmitting the interference information associated with the at least
one L'TE carrier frequency to the network entity.

The method according to claim 11, wherein the value comprises
'EUTRA', 'other’ and both’, where the value 'EUTRA' indicates that the
victim of in-device co-existence interterence 1s the at least one LTE
carrier frequency, the value 'other' indicates that the victim of the 1n-
device co-existence interference 1s the non-LTE frequency and the
value 'both’ indicates that both the at least one LTE carrier trequency
and the non-LTE frequency are victims of the in-device co-existence
interterence.

The method according to claim 8, wherein transmitting the interference
information associated with the at least one L'TE carrier frequency to
the network entity.

setting a prohibit timer after transmitting the interference information
associated with the at least one LTE carrier tfrequency to the network
entity; and

deferring re-transmission of the interference information associated
with the at least one LTE carrier frequency to the network entity till the

expiry of the prohibit timer.
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The method according to claim 1, turther comprising:

detecting a change 1n interference information associated with the at
least one L'TE carrier frequency previously transmitted to the network
entity; and

transmitting updated interference information associated with the at
least one LTE carrier frequency to the network entity.

The method according to claim 1, turther comprising:

detecting that the in-device coexistence interterence associated with the
at least one LTE carrier trequency does not exist anymore; and
indicating extinction of the in-device coexistence interference as-
sociated with the at least one LTE carrier frequency to the network
entity.

The method according to claim 1, turther comprising:

detecting a change 1n configuration of least one L'TE carrier frequency
corresponding to the measurement object aftected by the in-device co-
existence interference; and

indicating to the network entity that at least one L'TE carrier trequency
corresponding to that measurement object 1s affected by the in-device
co-existence interterence.

The method according to claim 1, tfurther comprising:

receiving a reject message in response to the indication that the at least
one LTE carrier tfrequency 1s attected by the in-device co-existence in-
terterence from the network entity.

The method according to claim 1, wherein detecting the in-device co-
existence interference between the one or more of the plurality ot LTE
carrier frequencies and the at least one non-LTE frequency comprises:
detecting in-device co-existence interference between the one or more
of the plurality of LTE carrier frequencies and the at least one non-LTE
frequency upon transistioning from idle mode to connected mode of
operation.

The method according to claim 1, wherein detecting the in-device co-
existence interference between the one or more ot the plurality of LTE
carrier frequencies and the at least one non-LTE frequency comprises:
detecting in-device co-existence interterence between the one or more
of the plurality of LTE carrier frequencies and the at least one non-LTE
frequency after completion of successtul handover ot the wireless
connection from a source base station to a target base station.

The method according to claim 1, turther comprising:
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pertorming radio link monitoring measurements, radio resource
management measurements and channel state information mea-
surements on the configured measurement objects respresenting LTE
carrier frequencies selected from the plurality of carrier frequencies
during LTE active time such that measurements are performed without
in-device coexistence interterence.

The method according to claim 1, turther comprising:

pertorming radio link monitoring measurements, radio resource
management measurements and channel state information mea-
surements on the contigured measurement objects respresenting L'TE
carrier frequencies selected from the plurality of carrier frequencies
during LTE 1nactive time such that measurements are pertormed
without in-device coexistence interference.

The method according to claim 21, wherein pertorming the mea-
surements during the LTE 1nactive time comprises:

denying transmission and reception on the at least one non-LTE
frequency when the measurements are performed on the contigured
measurement objects representing L'TE carrier trequencies selected
from the plurality ot carrier trequencies during the LTE 1nactive time.
An apparatus comprising:

a L' TE module;

a non-LTE module; and

a coordinator communicatively coupled to the LTE module and the
non-L'TE module, wherein the coordinator 1s contigured for:

detecting in-device co-existence interference between one or more of a
plurality of carrier frequencies associated with the LTE module and at
least one frequency associated with the non-LTE module;

determining at least one of the one or more LTE carrier frequencies for
which a measurement object 1s configured; and

indicating to a network entity that the at least one LTE carrier
frequency 1s atfected by the in-device co-existence interterence.

The apparatus according to claim 23, wherein the coordinator 1s
configured for:

receiving a configured solution to mitigate the in-device coexistence 1n-
terterence associated with the at least one LTE carrier frequency from
the network entity.

The apparatus according to claim 23, wherein the coordinator 1s

contigured for:
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determining direction of in-device coexistence interterence between the
at least one LTE carrier frequency corresponding to the measurement
object and the at least one non-L'TE carrier trequency.

The apparatus according to claim 25, wherein in determining the
direction of in-device coexistence interference, the coordinator 1s
configured for:

identifying a victim and aggressor of the in-device coexistence 1in-
terterence from the at least one LTE carrier frequency and the non-LTE
carrier frequency.

The apparatus according to claim 26, wherein in indicating to the
network entity that the at least one L'TE carrier trequency 1s atfected by
the 1in-device coexistence interference, the coordinator 1s contigured
for:

transmitting interterence information associated with the at least one
LTE carrier trequency to the network entity via the LTE module.

The apparatus according to claim 27, wherein in transmitting 1in-
terference information associated with the at least one LTE carrier
frequency to the network entity, the coordinator 1s contigured tor:
setting a value indicating the direction of 1in-device co-existence 1n-
terterence 1n the interterence information so that the network entity as-
certains the direction of the in-device co-existence interference based
on the value set 1n the interference information; and

transmitting the interterence information associated with the at least
one LTE carrier trequency to the network entity.

The apparatus according to claim 28, wherein transmitting the 1n-
terterence information associated with the at least one L'TE carrier
frequency to the network entity.

setting a prohibit timer after transmitting the interference information
associated with the at least one L'TE carrier trequency to the network
entity; and

deferring re-transmission of the interterence information associated
with the at least one LTE carrier trequency to the network entity till the
expiry of the prohibit timer.

The apparatus according to claim 23, wherein the coordinator 1s
configured for:

detecting a change 1n interference information associated with the at
least one LTE carrier frequency previously transmitted to the network

entity; and
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transmitting updated interference information associated with the at
least one LTE carrier frequency to the network entity.

The apparatus according to claim 23, wherein the coordinator 1s
configured for:

detecting that the in-device coexistence interterence associated with the
at least one LTE carrier trequency does not exist anymore; and
indicating extinction of the in-device coexistence interference as-
sociated with the at least one LTE carrier trequency to the network
entity.

The apparatus according to claim 23, wherein the coordinator is
configured for:

detecting a change 1n configuration of least one L'TE carrier frequency
corresponding to the measurement object aftected by the in-device co-
existence interference; and

indicating to the network entity that at least one L'TE carrier trequency
corresponding to that measurement object 1s affected by the in-device
co-existence interterence.

The apparatus according to claim 23, wherein the coordinator is
contigured for receiving a reject message 1n response to the indication
that the at least one LTE carrier frequency is atfected by the in-device
co-existence interterence from the network entity.

The apparatus according to claim 23, wherein in detecting the in-device
co-existence interterence between the one or more of the plurality ot
LTE carrier frequencies and the at least one non-LTE frequency, the
coordinator 1s configured for:

detecting in-device co-existence interterence between the one or more
of the plurality of LTE carrier frequencies and the at least one non-LTE
frequency upon transistioning from idle mode to connected mode of
operation.

The apparatus according to claim 23, wherein in detecting the in-device
co-existence interterence between the one or more of the plurality ot
LTE carrier frequencies and the at least one non-LTE frequency, the
coordinator 1s configured for:

detecting in-device co-existence interterence between the one or more
of the plurality of LTE carrier frequencies and the at least one non-LTE
frequency after completion of successtul handover ot the wireless
connection from a source base station to a target base station.

The apparatus according to claim 23, wherein the coordinator 1s
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configured tor performing radio link monitoring measurements, radio
resource management measurements and channel state information
measurements on the contigured measurement objects respresenting
LTE carrier frequencies selected trom the plurality of carrier fre-
quencies during LTE active time such that measurements are pertormed
without in-device coexistence interterence.

The apparatus according to claim 23, wherein the coordinator 1s
contigured for pertorming radio link monitoring measurements, radio
resource management measurements and channel state information
measurements on the configured measurement objects respresenting
LTE carrier frequencies selected trom the plurality of carrier fre-
quencies during LTE 1nactive time such that measurements are
pertormed without in-device coexistence interference.

A system comprising:

a network entity; and

a user equipment communicatively coupled to the user equipment,
wherein the user equipment configured for:

detecting 1in-device co-existence interference between one or more of a
plurality of carrier frequencies associated with a Long Term Evolution
(LTE) radio technology and at least one frequency associated with non-
LTE radio technology;

determining at least one of the one or more LTE carrier frequencies for
which a measurement object 1s configured; and

transmitting interterence information associated with the at least one
LTE carrier frequency to a network entity.

The system according to claim 38, wherein the interterence information
comprises a measurement object identifier ot the at least one carrier
LTE frequency, the Direction ot Interference (DOI), and time domain
multiplexing assistance information.

The system according to claim 38, wherein the network entity 1s
contigured for providing a configured solution to mitigate the in-device
coexistence interterence associated with the at least one L'TE carrier
frequency to the user equipment.

The system according to claim 38, wherein the network entity 1s
configured tor sending a reject message 1n response to the indication
that the at least one LTE carrier frequency 1s atfected by the in-device
co-existence interterence from the network entity.

The system according to claim 38, wherein the user equipoment is
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configured tor determining direction of in-device coexistence 1n-
terterence between the at least one LTE carrier frequency corre-
sponding to the measurement object and the at least one non-LTE
carrier frequency.

The system according to claim 42, wherein in determining the direction
of in-device coexistence interference, the user equipment 1s contigured
for:

identifying a victim and aggressor of the in-device coexistence 1in-
terterence from the at least one LTE carrier trequency and the non-LTE
carrier frequency; and

setting a value indicating the direction of 1in-device co-existence 1n-
terterence in the interterence information.

The system according to claim 43, wherein 1n setting the value 1n-
dicating the direction of in-device co-existence interference in 1in-
terterence information, the network entity 1s contigured for ascertaining
the direction of the in-device co-existence interference based on the
value set 1n the interterence information.

The system according to claim 44, wherein the value comprises
'EUTRA', 'other’ and both’, where the value 'EUTRA' indicates that the
victim of in-device co-existence interterence 1s the at least one LTE
carrier frequency, the value 'other' indicates that the victim of the 1n-
device co-existence interference 1s the non-LTE frequency and the
value 'both’ indicates that both the at least one LTE carrier trequency
and the non-LTE frequency are victims of the in-device co-existence
interterence.

The system according to claim 38, wherein the user equipment 1s
configured for:

detecting a change 1n interference information associated with the at
least one L'TE carrier frequency previously transmitted to the network
entity; and

transmitting updated interference information associated with the at
least one LTE carrier frequency to the network entity.

The system according to claim 38, wherein the user equipment 1s
contigured for:

detecting that the in-device coexistence interterence associated with the
at least one LTE carrier trequency does not exist anymore; and
indicating extinction of the in-device coexistence interference as-

sociated with the at least one L'TE carrier frequency to the network
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entity.

The system according to claim 38, wherein the user equipment 1s
configured for:

detecting a change 1n configuration of least one L'TE carrier frequency
corresponding to the measurement object aftected by the in-device co-
existence interference; and

indicating to the network entity that at least one L'TE carrier trequency
corresponding to that measurement object 1s affected by the in-device
co-existence interterence.

The system according to claim 38, wherein the user equipment 1s
configured for:

pertorming radio link monitoring measurements, radio resource
management measurements and channel state information mea-
surements on the contigured measurement objects respresenting L'TE
carrier frequencies selected from the plurality of carrier frequencies
during LTE active time such that measurements are pertormed without
in-device coexistence interference.

The system according to claim 38, wherein the user equipment 1s
configured for:

pertorming radio link monitoring measurements, radio resource
management measurements and channel state information mea-
surements on the configured measurement objects respresenting LTE
carrier tfrequencies selected from the plurality of carrier frequencies
during LTE 1nactive time such that measurements are performed

without in-device coexistence interference.
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