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ENHANCED IN-DEVICE COEXISTENCE INTERFERENCE AVOIDANCE USING
PREDETERMINED DOWNLINK CHANNEL

Changho1 Koo, Zhijun Cai, and Youn Hyoung Heo
BACKGROUND
Field

[001] In general, communications systems and methods for operating same are
disclosed. In one aspect, methods, systems and devices are disclosed for managing

coexistence interference between different radio technologies deployed 1n adjacent bands.

Description of the Related Art

[002] The growing market of smart connected devices requires that the same device
supports multiple radio technologies on the in-device platform. However, some
configurations may cause severe performance degradation due to mutual in-device
coexistence (IDC) interference. For example, with devices that support both Long Term
Evolution (LTE) and Industrial, Science and Medical (ISM) technologies (such as Bluetooth
and/or WLAN) and/or Global Navigation Satellite System (GNSS) technologies, there are
use cases for concurrent operation of these radios. Coexistence 1ssues may arise between
ISM and/or GNSS technologies and LTE deployed 1n adjacent bands. As shown m Table 1
below, coexistence interference may arise where ISM transmission creates interference to the
LTE recerver, and may also arise where LTE transmission creates interference to the ISM

recelver.

[003] Table 1: Interference of the LTE and ISM components on the in-device

configuration
LTE TDD (2.3 — 2.4GHz, Band 40) ISM Coexistence
LTE UL (2.5 -2.6GHz, Band 7) (2.4 — 2.4835GHz)
Rx Tx LTE : Interfered
ISM : Normal
Tx Rx LTE : Normal

ISM : Interfered

[004] Similar coexistence 1ssues may occur with devices that include both LTE and
GNSS components. As shown 1n Table 2 below, when LTE and GNSS components are
working on the same device, there may be interference due to adjacent frequency band
operation or harmonic frequencies which cannot be avoided by the allocation of a guard band

at the sub-harmonic frequency.
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[005] Table 2: Interterence of the LTE and GNSS component configuration on in-

device

LTE GNSS Coexistence
(777 — 787MHz/ 746 - 756 MHz, Band 13) (1575.42MHz)
(788 — 798MHz/758 — 768MHz, Band 14)

Tx Rx LTE : Normal
GNSS : Interfered

[006] As will be appreciated, there are challenges to using current state-of-the-art
filter technology to address coexistence interference since filters do not provide sufficient
rejection on the adjacent channel interterence. These challenges are particularly acute in the
case of these components configured 1n a single device where the interference occurs when
the LTE component 1s transmitting on the specified bands. Accordingly, a need exists for
improved method, system and device for managing coexistence interference between
different radio technologies. Further limitations and disadvantages of conventional processes
and technologies will become apparent to one of skill in the art after reviewing the remainder
of the present application with reference to the drawings and detailed description which
follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[007] Reterence 1s now made to the following drawings, in which:

[008] Figure 1 1s a signal flow diagram 1llustrating how existing radio resource
management signaling procedures may be used to address coexistence interference;

[009] Figure 2 1s a signal flow diagram illustrating a radio resource control signaling
call flow 1n accordance with selected embodiments;

[010] Figure 3 1llustrates an example spectrum band allocation of LTE and non-LTE
components used in which a non-interfering downlink signaling channel may be allocated;

[011] Figure 4 1s a signal call flow diagram illustrating the sequential movement of a
UE from a first channel through a non-interfering downlink signaling channel to a second
channel 1in accordance with selected embodiments;

[012] Figure 5 1s a signal call flow diagram illustrating the whole movement of a UE
from a first channel through a non-interfering downlink signaling channel to a second
channel 1n accordance with alternate embodiments;

[013] Figure 6 1llustrates an example computer system that may be suitable for

implementing the in-device coexistence interference at a user device or network node;
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[014] Figure 7 1s a diagram of a software environment that may be implemented on a
user agent and/or network node operable for some of the various embodiments of the
disclosure; and

[015] Figure 8 1s a schematic block diagram illustrating exemplary components of a
mobile wireless communications device which may be used with selected embodiments.

DETAILED DESCRIPTION

[016] A method, system and device are provided for avoiding in-device coexistence
(IDC) interference between different radio technologies deployed on the same device. In
selected embodiments, a method and apparatus are provided for allocating a non-interfering
downlink signaling channel for downlink reception of interference avoidance istructions at
the UE device. In operation, a user equipment device detects IDC interference between a
first radio component (e.g., LTE component) and a second radio component (e.g., ISM
component), such as can occur when a non-LTE component 1s enabled to create potential
interference with reception of downlink signals by the LTE component. The user equipment
device then sends an IDC indication message to the radio network to get an appropriate
solution, but instead of waiting at the current frequency to receive the IDC response from the
rad1o network, the user equipment device moves to a non-intertering downlink signaling
channel for downlink reception of interference avoidance instructions. The non-interfering
downlink signaling channel 1s allocated as a carrier frequency that 1s safely remote from the
ISM band for use 1n IDC operation to avoid potential downlink interference.

[017] Various illustrative embodiments will now be described in detail with
reference to the accompanying figures. While various details are set forth in the following
description, 1t will be appreciated that the embodiments may be practiced without these
specific details, and that numerous implementation-specific decisions may be made to
achieve the device designer’s specific goals, such as compliance with process technology or
design-related constraints, which will vary from one implementation to another. While such a
development effort might be complex and time-consuming, it would nevertheless be a routine
undertaking for those of ordinary skill in the art having the benefit of this disclosure. For
example, selected aspects are shown 1n block diagram and flow chart form, rather than in
detail, in order to avoid limiting or obscuring the present disclosure. In addition, some
portions of the detailed descriptions provided herein are presented in terms of algorithms or

operations on data within a computer memory. Such descriptions and representations are
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used by those skilled 1n the art to describe and convey the substance of their work to others
skilled 1n the art. Various illustrative embodiments will now be described in detail below
with reference to the figures.

[018] Ongoing 3GPP discussions have addressed the technical challenges associated
with addressing interference caused by concurrent operation of multiple radio technologies.
The difficulties here may be understood with reference to the example of a single device
which supports LTE technology with ISM (e.g., Bluetooth and/or WLAN) and/or GNSS
technologies which can interfere with one another, such as when the ISM transmitter
interferes with the LTE recetver, or when the LTE transmitter causes interference with the
ISM and GNSS receiver operations. For example and as reported at the 3GPP report R4-
102268 entitled “LS on in-device coexistence interterence,” the Bluetooth (BT) component
error rate 18 unacceptable when an LTE component 18 active 1n some channels of Band 7 or
even Band 40 for some BT component channel conditions. Thus, even though there 1s no
degradation to the LTE component, simultancous operation with the BT component can
result 1n unacceptable disruption in voice services terminating in a BT headset. A similar
1ssue exists when LTE transmissions interfere with GNSS components. Currently, there 18 no
RRM (Radio Resource Management) mechanism for addressing this 1ssue since LTE by itself
does not experience any degradation. There are also interference scenarios for the LTE
components caused by the non-LTE components. For example and as reported 1n the 3GPP
report R4-102268, the LTE downlink (DL) error rate can be very high (44-55% on PDSCH)
when the BT component 1s active and LTE 1s deployed 1n Band 40.

[019] There have been attempts to address the coexistence interference problems
using existing radio resource management (RRM) mechanisms and signaling procedures,
such as RSRQ (Reference Signal Receirved Quality) measurement, inter-frequency/inter-RAT
handover, cell (re)selection, RLF (Radio Link Failure) monitoring and connection
(re)establishment. The main 1ssues and discussions are on 1) how to 1dentify the imn-device
coexistence interference 2) how to notity the network of in-device coexistence interferences
3) what kind of signaling, operation and procedures are necessary to avoid in-device
coexistence interference and 4) how to choose the best way, Frequency Division
Multiplexing (FDM) or Time Division Multiplexing (TDM), to avoid in-device coexistence
interferences, etc. However, existing procedures require further evaluation to determine 1f

they could handle the coexistence interference and guarantee the required quality of service
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(Qo0S). For example, a normal LTE handover procedure using RRC (Radio Resource
Control) message exchange 1s not guaranteed to succeed when there 1s LTE DL interference
since high DL error rates can lead to a DL Radio Link Failure (RLF), which 1n turn can cause
unacceptable problems when the UE attempts to re-establish the connection by accessing
another frequency.

[020] One such problem with using existing RRM mechanism 1s the QoS
degradation caused by delay in recovering from RLF which 1s supposed to be used only in
extreme scenar10os and 1s not designed for maintaining QoS guarantee of an on-going
connection. In particular and as illustrated with reference to the signal flow diagram 100
shown Figure 1, the time to declare RLF can be quite large, depending on the network
settings of the RLF timer T310. Once the UE 10 has declared DL RLF upon detecting
interference from another device radio component (e.g., ISM), the UE performs an initial
search during a first measurement interval 16 before sending the Out-of-Synch Indication
(signal flow 1.1), shown 1n this example as requiring 200 ms. Then, the UE must access a
different channel which leads to additional delay at the source eNB 12 associated with the
counter delay 18 from the RLF timer T310 (e.g., 1000 ms), frequency scanning delay 20
(c.g., 40 ms x k, where k 18 the number of frequencies), and RRC reconnection time 22 (e.g.,
at least 200 ms) until such time as RRC connection 18 established via signal flow 1.2 to cell
14 at the same or different eNB. In this example, RLF recovery can take at least 1.56sec (=
200ms + 1000ms+40ms*k+200ms, when k=4) to determine and recover from radio link
failure.

[021] A number of contributions, proposals and 1ssues have been proposed to
resolve the in-device coexistence problem, but final conclusions have not been reached. For
example and as disclosed at 3GPP TR36.816 v1.0.0.1: entitled “Study on signalling and
procedure for interference avoidance for in-device coexistence” (Release 10), three different
operation modes (“Uncoordinated,” “Coordinated within UE only” and” Coordinated within
UE and Network™) and basic solutions (FDM and TDM) are proposed. In the
“Uncoordinated” mode, different components within the same UE operate independently
without any internal coordination between different components (LTE, ISM and GNSS). In
the “Coordinated within UE only mode,” there 1s an internal coordination between the
different components within the same UE, which means that at least the activities of one

radio 1s known by other component’s radio, however the eNB 1s not aware of the coexistence
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1ssue possibly experienced by the UE and 1s therefore not involved 1n the coordination. In the
“Coordinated within UE and with Network mode,” different components within the UE are
aware of possible coexistence problems and the UE can mform the eNB about such
information and problems, so 1t 1s then mainly up to the network to decide how to avoid
coexistence interference. As proposed, FDM has two different possible solutions, 1) moving
LTE signal away from ISM frequency band and 2) moving ISM signal away from LTE
frequency band. Based on these potential solutions and modes, some proposals and decisions
have been made as a baseline for the 1nitial discussion and study, but only concept and
problem in principle have been introduced and captured, and more detail solutions and
proposals will be submitted and presented in the future meetings.

[022] FDM Solutions

[023] With FDM solutions, the UE informs the E-UTRAN when

transmission/reception of LTE or other radio signal would benefit or no longer benefit from
LTE not using certain carriers or frequency resources. With this approach, UE judgment 1s
taken as a baseline approach for the FDM solution, 1.¢., the UE will indicate which
frequencies are (not) useable due to in-device coexistence. The indication can be sent by the
UE whenever 1t has a problem in ISM DL reception 1t cannot solve by itself. The indication
can also be sent by the UE whenever 1t has a problem in LTE DL reception 1t cannot solve by
itself, and the eNB did not take action yet based on RRM measurements. When LTE UL
transmission interferes with ISM/GNSS DL reception, LTE measurements cannot be used to
detect the problem and the details of the trigger(s) for the UE to report the problem will
probably not be specified in 3GPP. When ISM UL transmission interferes with LTE DL
reception, it needs to be determined whether more detailed LTE DL measurement or trigger
needs to be specified (e.g., with respect to when to take the measurement 1n relation to ISM
transmissions).

[024] The 1ndication from the UE that a problem occurs can be classified as either
reactive (meaning that a problem 1s reported only when 1t 1s detected), or proactive (meaning
that potential problems are reported). Reactive indications are supported as the baseline and
it 15 still be determined whether proactive indications, which are not based on LTE DL
measurements, should be allowed. Proactive refers to the case that the UE reports that a
frequency (serving frequency or candidate frequency) may sutfer from unacceptable high

interference 1f the ISM transmitter increases its activity. Proactive indications could be sent
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in the following two cases: 1) the UE asks the network not to hand itself over to certain of
non-serving frequencies that may experience coexistence issues (e.g., due to increase of ISM
traffic), or 2) the UE asks the network to change current serving frequency because
coexistence problems may become serious due to increased ISM traffic.

[025] In response to the UE’s indication message to the eNB that there 18
interference from non-LTE components, the eNB sends a response message with any
solution, FDM or TDM, to restore communication with the eNB. However, the response
message may not be received correctly 1f DL reception of LTE component 1s severely
interfered by UL transmission of non-L'TE components.

[026] The standards groups have not yet determined how to prevent interference
with the response messages. To address this scenari0, selected embodiments propose the
allocation of a non-interfering downlink signaling channel which can avoid interference,
though 1t will be appreciated that the proposal also applies to TDM solutions as described
below.

[027] TDM Solutions

[028] With TDM solutions, 1t 1s assumed that SCO, eSCO, A2DP and ACL

protocols are supported by in-device BT radio when analyzing the TDM solutions for LTE-
BT coexistence. In addition, beacon, power saving and DCF protocols are assumed to be
supported by in-device WiF1 radio when analyzing the TDM solutions for LTE-WiF1
coexistence. For TDM solutions without UE suggested patterns, the UE signals the necessary
information (e.g., interferer type, mode and possibly the appropriate offset) in subframes to
the eNB. Based on such information, the TDM patterns (1.¢., scheduling and unscheduled
periods) are configured by the eNB. For TDM solution with UE suggested patterns, the UE
suggests the patterns to the eNB, and the eNB must then decide the final TDM patterns. In
3GPP TR36.816 v1.0.0.1, there are two proposed TDM solutions — a Discontinuous
Reception (DRX) based solution and H-ARQ process reservation based solution.

[029] In the DRX-based solution, the UE provides the eNB with a desired TDM
pattern. For example, the parameters related to the TDM pattern can consist of (1) the
periodicity of the TDM pattern, and (2) the scheduled period (or unscheduled period). It 1s up
to the eNB to decide and signal the final DRX configuration to the UE based on UE
suggested TDM pattern and other possible criteria (e.g., tratfic type). The timing pattern

consists of On-time interval for LTE component and Off-time interval for non-LTE
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component. Thus, during On-time interval the LTE component transmits and receives the
signal with the eNB whereas non-LTE component transmits and receives the signals with 1ts
base station (e.g., Access Point for WiF1 and Master node for BT) during Off-time interval.
In case of data transmission, the instance of On/Off time interval are quickly varied and
allocated due to the data transmission characteristics (e.g. Data Burstiness). However current
operations cannot support this quick timing interval transition because the On-time and Oft-
time 1ntervals are coarsely allocated by the eNB. In addition, during the On-time 1nterval for
the LTE component, it needs to allow for the non-LTE component to transmit and receive the
data 1f the LTE component does not occupy the On-time interval instantancously.

[030] In H-ARQ process reservation-based solution, a number of LTE HARQ
processes or subframes are reserved for LTE operation, and the remaining subframes are used
to accommodate non-LTE components (e.g., ISM and/or GNSS tratfic). For example, for
LTE TDD UL/DL Configuration 1, subframe #1, #2, #6 and #7 are reserved for LTE usage,
and other subframes may be used for non-LTE components. The UE may not be required to
receive PDCCH/PDSCH and/or transmit PUSCH/PUCCH 1n those subframes, depending on
coexistence scenar10s. It 18 up to the eNB to decide and signal the final time pattern to the
UE based on some assistance information reported by the UE. With respect to the assistance

information, the UE can indicate either:

. Time offset between BT and LTE + BT configuration, or
. In-device coexistence interference pattern(s), or
. HARQ process reservation based pattern(s)

[031] Since the reserved subframes can be restricted by the eNB, the eNB can
restrict DL allocation/UL grants inside this time pattern. However, any restrictions set by the
e¢NB must still be signaled to the UE 1n a response message, and the standards groups have
not yet determined how to prevent interference with the response messages. To address this
scenario, selected embodiments propose the allocation of a non-interfering downlink
signaling channel which can avoid interference.

[032] In selected embodiments, the disclosed signaling procedures provide a
coexistence operation mode by defining new RRC signaling messages which are exchanged
between the network and the mobile device for establishing and allocating a non-interfering
downlink signaling channel that may be used by the UE device to receive interference

solution instructions from the eNB device to enable coexistence operation between LTE and
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non-LTE components (¢.g., ISM and GNSS). Alternatively, new information elements are
defined which may be inserted in existing RRC messages to establish and allocate a non-
interfering downlink signaling channel for receiving downlink instructions from the eNB
device. Thus, there 1s no limitation or restriction to any particular application or messaging
scheme since the functionality of the proposed messages (e.g., CoExist-REQ and CoEXxist-
RES) could be adopted as information elements (IE) 1n other new or existing RRC messages
(e.g., RRCConnectionReconfiguration, UEInformationRequest, RRCConnectionRequest,
RRCConnectionReconfigurationComplete, RRCConnectionReestablishmentRequest, or
RRCConnectionReestablishmentComplete messages). Of course, the specific names used
here are for 1llustration only, and other names may be used to achieve the described function
or outcome from the processing of the message.

[033]  To illustrate the role of the non-interfering downlink signaling channel,
reference 1s now made to Figure 2 which depicts a radio resource control signaling call flow
200 1n accordance with selected embodiments wherein LTE and non-LTE components
installed on a single UE device platform exchange coexistence signaling messages to separate
the LTE and non-LTE signaling in time, thereby avoiding coexistence interference. On this
shared platform, the LTE component on the UE 201 can know the instance when the non-
LTE component 1s enabled, or can otherwise detect when an internal request to switch to non-
LTE component 1s 1nitiated. In response, the UE 201 can request coexistence mode operation
by sending an indication message 1n an uplink transmission to the eNB 202 that in-device
coexistence interference has been detected. The indication message from the UE 201 can be
a simple message indicating that IDC interference has been detected, or can be a specific
uplink request message (e.g., COEXIST-REQ message 2.1) to the eNB 202 with proposed
coexistence parameters. As an example, the proposed coexistence parameters may propose a
Start Time Offset, Keeping Time, On-interval, Off-interval, Possible Link, and an Action
field set to “1.” If the LTE component at the UE 201 1s coexisting with ISM components, the
Possible Link parameter can be set to “Nothing” 1n order to ensure no coexistence
interference 1ssues. On the other hand, if the LTE component at the UE 2011s coexisting with
a GNSS component, the Possible Link parameter can be set to “DL” so that the LTE
component can receive messages in the DL while the GNSS component receiver 1s enabled.

As will be appreciated, the LTE component at the UE 201sends the request message to the
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eNB 202, so the LTE component must either be “on” or at least activated 1n an “On-interval”
during coexistence mode.

[034] The eNB 202 responds by sending a response message at signal flow 2.2 (e.g.,
CoEXIST-RSP) 1n a downlink transmission to the UE 201. In general terms, the response
message 2.2 may specity the chosen solution (e.g., FDM or TDM) from the eNB 202 to
restore communication with the eNB 1n a coexistence mode of operation. In other
embodiments, the response message 2.2 may include signal control parameters defining a
coexistence mode of operation with a start time, end time, and alternating intervals of
operation for the LTE and non-LTE components.

[035] On reception, the eNB 202 sends a response message (CoExist-RSP message
2.2) back to the UE 2011n response to the request message CoExist-RE(Q. This response
message accepts or modifies the proposed coexistence parameters from the UE’s request
message by returning a set of (counter-proposed) coexistence parameters defining a
coexistence mode of operation with a start time, end time, and alternating intervals of
operation for the LTE and non-LTE components. For example, the CoExist-RSP message
may specity a Start Time Offset, Keeping Time, On-interval, Off-interval, Possible Link, and
Action field set to “1.” The response message 2.2 may configure the coexistence parameters
as absolute or delta configuration values. With an absolute value configuration, the eNB 202
sends all related coexistence parameters 1n the response message 2.2, but with a delta value
configuration, the eNB 202 only sends the coexistence parameters 1n the response message
2.2 that are different from the request message 2.1.

[036] Based on the coexistence parameters 1n the response message received by the
UE 201, the LTE component may enter into a coexistence operation mode, beginning at the
Start Time Offset 210 and continuing until expiration at the Keeping Time 218, with
alternating On-intervals 212, 216 (during which the LTE component 1s enabled) and Off-
intervals 214 (during which the non-LTE component 1s enabled).

[037] During the coexistence mode, the LTE component at the UE 201 may
optionally send an update message 2.3 to the eNB 202 to request that the duration of the
coexistence operation mode be extended or terminated. In selected embodiments, the update
message 2.3 18 a separate message (e.g., CoExistDeact-RE(Q message) recerved at the eNB
202 which seeks to deactivate or extend the coexistence operation mode, such as by

terminating or extending the Keeping Time. In other embodiments, the update message uses
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the first request message (CoExist-REQ message) which has the Action field set to “0.” In
either case, the update message 2.3 may include update parameters, such as Start Time Offset
and an Action field reset to “0,” where the updated Start Time Offset value specifies the new
end point or Keeping Time value for the coexistence operation mode.

[038] The eNB 202 responds to the update message 2.3 by sending an update
response 2.4 during an available On-interval. In selected embodiments, the update response
2.4 1s a separate message (e.g., CoExistDeact-RSP message), while 1n other embodiments, the
update message uses the first response message (CoExist-RSP message) which has the Action
field reset to “0.” With the update response message 2.4, the coexistence operation mode
may be deactivated or extended depending on the ¢eNB status, such as by terminating or
extending the Keeping Time. And while the update response 2.4 1s shown as being sent in
response to the update message 2.3, the update response 2.4 may be sent in unsolicited
manner without receiving an update message. For example, the update message 2.4 can be
sent without solicitation 1f the eNB 202 determines that the coexistence operation mode
requires extension or early termination. Once the Keeping Time 218 expires, the LTE
component 1n the UE 201 and the eNB 202 may return to normal mode where the LTE
component 1s enabled and the non-LTE component 1s disabled and turned-oft.

[039] Regardless of which specific coexistence mode of operation 1s specified, the
eNB 202 conveys coexistence mode instructions to the UE 201 1n one or more downlink
instructions (e.g., COEXIST-RSP response message 2.2 or 2.4). However, the reception of
coexistence mode instructions at the UE 201 may be impaired or prevented 1f DL reception of
LTE component 1s interfered by the UL transmission of non-LTE components. To illustrate
how this problem can arise, reference 1s now made to Figure which 3 illustrates an example
spectrum band allocation 300 of LTE and non-LTE components used 1n which a non-
interfering downlink signaling channel may be allocated to avoid interference. As will be
appreciated by those skilled 1n the art, RF filter-based solutions typically suggest at least
20MHz band separation between LTE and non-LTE components. With this frequency
separation, the LTE Band 7 307 may not induce the interference to BT channels 3035 1f the
separation from the 20MHz guard band 308 1s enough for the 1solation between two bands.
However, the LTE Band 40 302 and non-LTE component in the ISM band 304 may
experience the interference together due to adjacent band effect if there 1s not enough RF

filtering. For example, a non-LTE component, such as an ISM component (BT and WiF1),
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can interfere with an LTE component in Band 40, meaning that DL signaling from the eNB 18
not guaranteed to be safely and correctly received by the UE when the non-LTE component
1s enabled. In the spectrum allocation 300, this 1s seen where a BT component operating on
Channel #1 (2402-2403MHz) in BT band 305 will experience interference with LTE Band 40
302 operating on 2382-2400MHz. Likewise, 1f the WiF1 component in WIFI band 306 1s
working on the Channel #1 (2401-2423MHz), 2381-2400MHz of LTE Band 40 in LTE band
302 may be interfered. Also, if the WiF1 component in WIFI band 306 1s working on the
Channel #14 (2473-2495MHz), 2500-2515MHz of LTE Band 7 in LTE band 307 may give
interference. As a result, there are a number of known interferable bands 303 assuming the
in-device coexistence operation and band allocation 1n use, meaning that the UE can be aware
of the specific frequency which can be interferable when the non-L'TE components are
cnabled. It will also be appreciated that GNSS systems can also experience interference from
the LTE component because GNSS systems generally operate at around 1575.42MHz which
overlaps with 2nd harmonic frequency of LTE Band 13/14, 1554-1574MHz/1576-1596MHz
of LTE Band 13 UL (777-787MHz) and Band 14 UL (788-798MHz) when an LTE
component transmits while 1n the GNSS 1s 1n the reception status.

[040]  With the 1llustrated spectrum band allocation 300, 1t can be seen that the UE
may be able to successfully send an indication or request message 1n an uplink transmission
310 without mterference from the ISM band 304, but 1f a response message with coexistence
mode mstructions 1s sent in a downlink transmission 311 which 1s subject to interference
from the ISM band 304, the downlink signal 311 from the eNB may fail. To provide safe and
correct DL reception from the eNB 202, a non-interfering downlink signaling channel (a.k.a.,
Evacuating Channel) 1s allocated (e.g., downlink channel 313) for use 1n enabling safe
downlink transmission and reception of IDC-related signals when IDC interference occurs.
By reserving and allocating the non-interfering downlink signaling channel 1n a portion of the
spectrum that 1s sufficiently removed from the ISM band 304, coexistence mode instructions
may be safely received at the UE over a downlink transmission using the allocated non-
interfering downlink signaling channel. For example, a safe band 301 shown 1n the example
spectrum band allocation 300 1s a suitable location for allocating a non-interfering downlink
signaling channel 313. With this arrangement, the LTE component on the in-device
coexistence platform may not be required to convey to the eNB any specific operating

frequency band and available channel information for the non-LTE component since the
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downlink signaling channel in the safe band 301 1s known beforchand and established with
RRC signaling during the call setup procedures.

[041] In the safe band 301, the downlink signaling channel (e.g., 313) may be used
to protect the eNB’s response message from the undesirable interference. In selected
embodiments, the downlink signaling channel 1s set as a system parameter which takes into
account the different radio technologies installed on the UE and their associated interference
bands 303. In other embodiments, the eNB receives the operating frequency range for the
LTE component and non-LTE component on the UE along with the associated interfercable
frequency band (e.g., 303) based on the performance of the RF filter installed in the UE, and
uses this information to determine the safe band range (e.g., 301) while another component 1s
running. In this safe band 301, the eNB can set the frequency boundary and allocate the
downlink signaling channel 313. As show 1n Figure 3, the downlink signaling channel (e.g.,
313) should be located far away from the interferable zone 303 to protect or minimize the
interference. In addition, the downlink signaling channel may be part of a shared resource so
long as there 1s capacity to send the appropriate message to affected UE within a short period
of time.

[042]  As described herein, the downlink signaling channel (a.k.a., Evacuating
Channel) may be a pre-determined specific carrier frequency for IDC operation. In selected
embodiments, the eNB allocates the downlink signaling channel only to IDC UEs (e.g., UEs
having both LTE and non-LTE components on a shared platform), though 1n other
embodiments, the downlink signaling channel may be allocated to both IDC UEs and normal
UEs. For eNBs which have sufficient frequency resources 1n a cell (e.g., more than a
threshold number of frequency resources), the downlink signaling channel may be reserved
and allocated to IDC UEs. However, if the frequency resources 1n a cell are exhausted (e.g.,
below a threshold number of frequency resources), the downlink signaling channel could be
allocated to normal UEs which are not equipped with non-LTE components (e.g. BT, WiF1
and GNSS etc.).

[043] In allocating the downlink signaling channel, the eNB should prevent the UE
from camping on the downlink signaling channel or otherwise using 1t for normal operation,
thereby keeping the downlink signaling channel clear for reception of response messages and
interference solution instructions. Of course, 1f the eNB has alternative frequency resources

to send response messages to the IDC UEs, the eNB may allocate the downlink signaling
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channel to a normal UE. As a result, a normal UE can camp on the downlink signaling
channel when there are no IDC UEs (or only a small number of IDC UEs) 1n a cell or when
the eNB allocates the downlink signaling channel to the normal UE.

[044]  Once the UE receives the response message at the downlink signaling channel,
the recerved interference solution instructions will guide the operation of the UE. In some
embodiments, the interference solution structions recerved at the downlink signaling
channel will cause the UE to move to another frequency or channel after taking any solution
(FDM or TDM) on the downlink signaling channel. In other embodiments, the UE may
return to the previous frequency which was interfered by non-LTE component after taking
TDM solution on the downlink signaling channel. In still further embodiments, the UE may
stay on the downlink signaling channel if the downlink signaling channel 1s not highly
loaded.

[045] To 1illustrate the operation of the process for using a downlink signaling
channel, reference 1s made to Figure 4 which depicts the call flow diagram 400 1llustrating
the sequential movement of the UE 401 and eNB 402 from a first channel {(y) through a non-
interfering downlink signaling channel {(x) to a second channel {(z) 1n accordance with
selected embodiments. As depicted, the UE 401 which 1s equipped with LTE and non-LTE
components 1n the same platform receives a notification message 404 from the eNB 402
which specifies the downlink signaling channel {(x). As will be appreciated, the notification
message 404 and downlink signaling channel can be permanently set as a system parameter
such that the downlink signaling channel 1s predetermined as a permanent frequency band for
the IDC UE. Alternatively, the notification message 404 and downlink signaling channel can
be flexibly set with one or more RRC signaling messages or broadcast messages such as
SIBs. This flexibility allows the downlink signaling channel to be set according to cell
loading or frequency usage so that a downlink signaling channel can be temporarily reserved
for the IDC UESs 1n a cell, but otherwise not reserved 1f there are no IDC UESs 1n a cell.

[046] In selected embodiments, the notification message(s) 404 sent by the eNB 402
should reflect an allocation whereby the non-intertering downlink signaling channel (x) 18
available for all IDC UEs 1n a cell. Of course, 1f there are no IDC UES 1n a cell or 1f the non-
interfering downlink signaling channel {(x) 1s rarely used, the eNB 402 may allocate the non-
interfering downlink signaling channel {(x) to normal UEs. In situations where the non-

interfering downlink signaling channel {(x) overloaded and there 1s no available resource for
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an IDC UE 401, the eNB 402 may selectively accept a request from the IDC UE 401 based
on 1ts priority (e.g. grade of UE) or QoS requirements.

[047] Once in-device coexistence interference occurs (step 406), the UE 401 sends
an IDC 1ndication message 408 (e.g., RRC signaling message) to the eNB 402 indicating that
there 1s 1in-device coexistence interference. At this point, the UE 401 1s operating at a first or
original frequency f(y) when IDC imterference from non-LTE components 18 detected or
scheduled, and 1s requesting that a new frequency 1(z) be allocated at the downlink signaling
channel {(x). At this point, the UE 401 may be configured to measure and report information
about frequencies that are available or unavailable for use with the UE 401 so that the eNB
402 has an accurate understanding of the conditions at the UE 401. For example, the UE 401
may report which frequencies are available and/or not available for use by the UE 401 based
on detected interterence conditions. With this information, the eNB 402 1s able to make more
intelligent allocation decisions by eliminating the UE’s unavailable frequencies as well as any
of the UE’s available frequencies that cannot be used due to overload or any other scheduling
problem at the eNB 402. From point of UE, therefore, any possible or impossible frequencies
may be reported to the eNB 402 1n with the IDC indication message 408 to allow more
flexible and intelligent channel allocations.

(048] Subsequently at step 410, the UE 401 changes the working frequency channel,
f(y), to the downlink signaling channel 1(x) to receive a response message from the eNB 402
which will include mterterence solution instructions (e.g., FDM or TDM) and possibly also a
new frequency f(z). Since the downlink signaling channel f(x) was previously established or
allocated (e.g., via notification message 404), the UE 1s programmed to receive the response
message 412 at the downlink signaling channel f(x) which will specify a second or new
frequency 1(z).

[049]  Once the UE 401 recerves the IDC indication response message 412 from the
¢NB 402, the UE 401 sends an ACK message 414 to the eNB 402 to confirm the resource
allocation (FDM/TDM and new frequency f(z)). In this case, ACK message could be
HARQ-ACK message or L3 RRC message. After acknowledging receipt of the response
message 412 (with ACK message 414), the UE 401 and eNB 402 can resume normal
operation using the FDM or TDM solution at {(z) at step 416.

[050] By using the downlink signaling channel {(x) to convey a allocated frequency
f(z) for communications between the UE 401 and eNB 402, the eNB 402 prevents the UE
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401 from occupying the downlink signaling channel f(x). In selected embodiments, the
allocated frequency f(z) may be a new frequency so that the UE 410 moves to another,
different frequency or channel after taking any solution (FDM or TDM) from the response
message 412 on the downlink signaling channel f(x). Alternatively, the allocated frequency
f(z) may be the previous IDC interfered frequency (y) so that the UE 401 moves back to the
previous frequency which was interfered by non-LTE component after taking TDM solution
from the response message 412 on the downlink signaling channel f(x). Alternatively, the
allocated frequency f(z) may be the downlink signaling channel £(x) so that the UE 401 stays
on the downlink signaling channel 1f it 1s not highly loaded.

[051] As shown 1n Figure 4, the UE 401 may be programmed to receive the response
message 412 within a certain transition time 409 at the downlink signaling channel 1(x) which
will specity a second or new frequency 1(z). In selected embodiments, the transition time 409
for moving time from the interfered channel 1(y) to the downlink signaling channel {(x)
defines a maximum or time-out value for determining 1f the UE 401 receives a timely
indication response message 412, If the UE 401 does not receive the IDC response message
412 from the eNB 402 before expiration of the transition time 409, the UE 401 may be
configured to assume that the IDC 1ndication message 408 was not correctly received over
the downlink signaling channel f(x) by the eNB. In this case, the UE 401 may be configured
to return back to the original frequency 1(y) to re-send the IDC indication message 408, and
the process repeats. Alternatively, the UE 401 may instead send the IDC indication message
one or more times over the downlink signaling channel f(x) instead of going back to the
original frequency (y).

[052]  As an alternative to having the UE 401 move directly to the downlink
signaling channel {(x) after detecting in-device coexistence interference, the UE 401 may
instead be configured to wait for a predetermined time period before moving to the downlink
signaling channel f(x). In selected embodiments, the UE 401 moves to the downlink
signaling channel 1(x) 1f the IDC response message 412 18 not received before expiration of a
timer which 1s initiated when the UE sends the first IDC indication 408, where the timer
value may be defined as a system parameter or otherwise configured 1n the notification
message 404. Alternatively, the UE 401 may be configured to move to the downlink
signaling channel f(x) 1f a threshold number of IDC indication message transmissions 408 are

sent without recerving an IDC response message 412, where the threshold may be defined as
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a system parameter or otherwise configured 1n the notification message 404. After the UE
401 moves to downlink signaling channel {(x), the UE 401 can send another IDC indication
message or otherwise confirm that 1t has moved to the downlink signaling channel f(x). In
response, the eNB 402 can allocate a new frequency, 1(z), with FDM or TDM solution using
an IDC response message, or can let the UE 401 stay at the downlink signaling channel {(x)
by allowing normal data service to be resumed without sending an IDC response message.

[053] To recover from errors that can arise when the UE 401 moves 1n sequence
from one channel (y) to another f(z) via the downlink signaling channel f(x), there are error
recovery schemes proposed for both the UE 401 and the eNB 402.

[054] At the UE 401, the IDC indication message 408 may be sent several times to
the eNB 402 at the original frequency f(y). If the UE 401 does not receive a response
message 412 at the downlink signaling channel f(x) which contains interference avoidance
instructions (¢.g., FDM/TDM and a new frequency {(z)) within a predetermined transition
time 409, the UE 401 may be configured to go back to the original frequency 1(y) to re-send
the IDC indication message 408 to the eNB 402. At this time, the UE 401 may send the IDC
indication message 408 one or more times at the original frequency f(y), and then return to
the downlink signaling channel f(x) for DL reception (e.g. IDC indication response message)
from the eNB 402. Alternatively, the UE 401 may send the IDC indication message 408 one
or more times at the downlink signaling channel f(x) instead of going back to the original
frequency f(y). Alternatively, the UE 401 may declare a radio link failure (RLF) situation
and try to reselect the cell.

[055] At the eNB 402, error recovery may be supported by configuring the eNB 402
to return back to the original frequency {(y) to wait for an IDC 1ndication message 408 1f the
eNB 402 does not receive an ACK message 414 from the UE 401 at the downlink signaling
channel 1(x) within a specified time. If the eNB 402 receives the IDC indication message at
the original frequency {(y), it may follow the normal procedures shown 1n Figure 4. But if no
IDC indication message 1s received, the eNB 402 may not attempt to distribute interterence
solution instructions.

[056] To illustrate another example operation of the process for using a downlink
signaling channel, reference 1s made to Figure 5 which depicts the call flow diagram 500
1llustrating the whole movement of the UE 501 and eNB 501 from a first channel {(y) through

a non-interfering downlink signaling channel 1(x) to a second channel {(z) 1n accordance with
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selected embodiments. As depicted, the UE 501 1s equipped with LTE and non-LTE
components in the same platform and receives a notification message 504 from the eNB 502
which specifies the downlink signaling channel {(x) 1n a notification message 504, either as a
permanent system parameter or via one or more RRC signaling messages or broadcast
messages which allow the downlink signaling channel to be flexibly set according to cell
loading or frequency usage. Again, the non-interfering downlink signaling channel f(x) may
be allocated so that 1s available for all IDC UEs 1n a cell, or may be allocated to normal UEs
1f there are no IDC UEs 1n a cell or 1f the non-interfering downlink signaling channel £(x) 18
rarely used, or may be selectively allocated to an IDC UE 401 based on its priority (e.g. grade
of UE) or QoS requirements 1n cases where the non-interfering downlink signaling channel
f(x) overloaded.

[057] At step 506, the UE 501 detects the existence of in-device coexistence
interference at the first or original frequency {(y) and at step 508, the UE 501 changes the
working frequency channel, f(y), to the downlink signaling channel f(x) to receive a response
message from the eNB 502 which may include interference solution instructions (e.g., FDM
or TDM) and possibly also a new frequency {(z). Since the downlink signaling channel {(x)
was previously established or allocated (e.g., via notification message 504), the UE may be
programmed to move to the downlink signaling channel f(x) which for reception of an
indication response message 512 which may specify a second or new frequency {(z).

[058] At step 510, the UE 501 sends an IDC indication message 510 (e.g., RRC
signaling message) to the eNB 502 indicating that there 1s in-device coexistence interference,
thus reversing the sequence of steps 406, 408 shown 1n Figure 4. After the channel change,
the UE 501 1s operating at the downlink signaling channel f(x), and 1s requesting that a new
frequency 1(z) be allocated at the downlink signaling channel f(x). At this point, the UE 501
may be configured to measure and report information about frequencies that are available or
unavailable for use with the UE 501 so that the eNB 502 has an accurate understanding of the
conditions at the UE 501 and can make more intelligent allocation decisions by eliminating
the UE’s unavailable frequencies as well as any of the UE’s available frequencies that cannot
be used due to overload or any other scheduling problem.

[059]  After moving to the downlink signaling channel f(x), the UE 5011 may send a
scheduling request message (not shown) to the eNB 502 on the signaling channel {(x). Upon

recerving a UL grant message (not shown) from the eNB 502 on the signaling channel 1(x),
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the UE 501 transmits the IDC indication message 510 to the eNB 502 at the signaling channel
f(x). In view of this possibility, the eNB 502 should monitor the signaling channel f(x) to
check for UL signals from the UE 501. Sending of scheduling request message and receiving
of UL grant message could be done before sending the IDC indication message 510.

[060] Once the UE 501 recerves the IDC indication response message 512 from the
eNB 512, the UE 501 sends an ACK message 514, such as a HARQ-ACK message or L3
RRC message, to confirm the resource allocation (FDM/TDM and new frequency {(z)).
Thereafter, the UE 501 and eNB 501 can resume normal operation using the FDM or TDM
solution at f(z) at step 516.

[061] In the example shown 1n Figure 5, the eNB 502 may have load information
about the other UEs 1n 1ts cell and the associated frequency channels used by same. With this
information, the eNB 502 can allocate the data and downlink signaling channel(s) to avoid
the need for multiple channel changes by the UEs 501. For example, the eNB 502 could use
the notification messages 504 to direct the IDC UE 501 to an alternative downlink signaling
channel 1(z) 1f the primary downlink signaling channel 1(x) 1s already crowded. In addition or
in the alternative, the eNB 502 could change the notification messages 504 so that, for new
UEs, the primary downlink signaling channel {(x) 1s changed to a new primary downlink
signaling channel £(z) when the eNB 502 determines that the primary downlink signaling
channel {(x) 1s overcrowded. In this way, new IDC UEs that have not been allocated to
channel f(x) will go to channel {(z), while the old IDC UEs continue to operate with the
channel f(x). If for any reason there 1s a requirement that every IDC UE must discontinue use
of the primary downlink signaling channel f(x), the eNB 502 can send out an appropriate
announcement or broadcast message.

[062] To recover from errors that can arise when the UE 501 moves wholly from
one¢ channel {(y) to another 1(z) via the downlink signaling channel f(x), there are error
recovery schemes proposed for both the UE 501 and the eNB 502.

[063] At the UE 501, the UE 501 may be configured to send the IDC 1ndication
message 510 several times to the eNB 502 at the downlink signaling channel f(x). If the UE
501 does not receive a response message 512 at the downlink signaling channel {(x) which
contains interference avoidance instructions (e.g., FDM/TDM and a new frequency 1(z))

within a specified time, the UE 501 may be configured to re-send the IDC indication message
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510 one or more times on the downlink signaling channel {(x). Alternatively, the UE 501
may declare a radio link failure (RLF) situation and try to reselect the cell.

[064] At the eNB 502, error recovery 1s supported by configuring the eNB 502 to
monitor the downlink signaling channel {(x) 1f the eNB 402 does not receive an ACK
message 514 from the UE 501 at the downlink signaling channel f(x) within a specified time.
Alternatively, the eNB 502 may re-send an IDC 1ndication response message 512 with
resources allocation (FDM/TDM and new frequency) and then wait the ACK message 514
again.

[065] An EC indication message could be newly created to indicate the downlink
signaling channel information (a.k.a., Evacuating Channel) to the in-device coexistence
device. But existing RRC message or MAC CE method could be used for this purpose if the
same information elements are added on the message. Attached at the Appendix 1s an
example message structure including proposed changes to the existing
RRCConnectionReconfiguration message in TS36.331 for allocating non-interfering
downlink signaling channel, though other existing messages could also be used with similar
logic modifications.

[066] By now it should be appreciated that there 1s disclosed herein methods for use
in a radio access network (eNB) by user equipment (UE) having a first radio technology
component (¢.g., an LTE component) and a second radio technology component (¢.g., a
GNSS or ISM) on a single platform. In addition, computer program products are disclosed
that include a non-transitory computer readable storage medium having computer readable
program code embodied therein with instructions which may be adapted to be executed to
implement a method for operating user equipment (UE) and/or a radio access network (eNB)
1n a coexistence mode, substantially as described hereinabove. In disclosed systems,
methods, and computer program products, a frequency allocation scheme 1s provided for
recerving response message from the radio access network over an allocated downlink
signaling channel for the in-device coexistence system in both sequential moving and whole
moving embodiments. The downlink signaling channel 1s allocated to provide safe UL
transmission and DL reception at the user equipment when IDC interference occurs by being
positioned far from the potentially mtertering frequency range (e.g., ISM band) and safe from
IDC interference. Whether set as a system parameter or flexibly set with RRC signaling

messages, the downlink signaling channel 1s the channel for conveying interference solutions
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from the radio network once the user equipment detects and/or signals the existence of IDC
interference. The downlink signaling channel may also be used with various error recovery
schemes to provide for more robust exchange of IDC 1ndication and response messages.

[067] The user devices and network elements described herein may include any
ogeneral or special purpose computer with sufficient processing power, memory resources,
and network throughput capability to handle the necessary workload placed upon 1t. Figure 6
1llustrates an example computer system 600 that may be suitable for implementing one or
more embodiments disclosed herein. The computer system 600 includes a processor 604
(which may be referred to as a central processor unit or CPU) that 1s in communication with
input/output (I/O) devices 602, network connectivity devices 606, an optional secondary
storage 608, random access memory (RAM) 610, and read only memory (ROM) 612. The
processor may be implemented as one or more CPU chips.

[068] The secondary storage 608 1s optionally included, and typically includes one
or more disk drives or tape drives used for non-volatile storage of data and/or for over-flow
data storage device if RAM 610 1s not large enough to hold all working data. Secondary
storage 608 may be used to store programs which are loaded into RAM 610 when such
programs are selected for execution. The ROM 612 1s used to store instructions and perhaps
data which are read during program execution. ROM 612 1s a non-volatile memory device
which typically has a small memory capacity relative to the larger memory capacity of
secondary storage. The RAM 610 1s used to store volatile data and perhaps to store
instructions. Access to both ROM 612 and RAM 610 1s typically faster than to secondary
storage 603.

[069] 1/O devices 602 may include on or more printers, video monitors, liquid
crystal displays (LCDs), touch screen displays, keyboards, keypads, switches, dials, mice,
track balls, voice recognizers, card readers, paper tape readers, or other well-known 1nput
devices.

[070] The network connectivity devices 606 may take the form of modems, modem
banks, ethernet cards, universal serial bus (USB) interface cards, serial interfaces, token ring
cards, fiber distributed data intertace (FDDI) cards, wireless local area network (WLAN)
cards, radio transceiver cards such as code division multiple access (CDMA) and/or global
system for mobile communications (GSM) radio transceiver cards, and other well-known

network devices. These network connectivity 606 devices may enable the processor 604 to
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communicate with an Internet or one or more intranets. With such a network connection, it 1s
contemplated that the processor 604 might receive information from the network, or might
output information to the network 1n the course of pertorming the above-described method
steps. Such information, which 1s often represented as a sequence of instructions to be
executed using processor 604, may be received from and outputted to the network, for
example, 1n the form of a computer data signal embodied 1n a carrier wave or a non-transitory
computer readable storage medium, such as RAM, ROM or other memory storage devices.

[071]  Such information, which may include data or istructions to be executed using
processor 604 for example, may be received from and outputted to the network, for example,
in the form of a computer data baseband signal or signal embodied in a carrier wave. The
baseband signal or signal embodied 1n the carrier wave generated by the network connectivity
606 devices may propagate 1n or on the surface of electrical conductors, 1n coaxial cables, 1n
waveguides, 1n optical media, for example optical fiber, or 1n the air or free space. The
information contained in the baseband signal or signal embedded 1n the carrier wave may be
ordered according to different sequences, as may be desirable for either processing or
generating the information or transmitting or recerving the information. The baseband signal
or signal embedded 1n the carrier wave, or other types of signals currently used or hereafter
developed, referred to herein as the transmission medium, may be generated according to
several methods well known to one skilled 1n the art.

[072] The processor 604 executes mstructions, codes, computer programs, SCripts
which 1t accesses from hard disk, floppy disk, optical disk (these various disk-based systems
may all be considered secondary storage 608), ROM 612, RAM 610, or the network
connectivity devices 606. While only one processor 604 1s shown, multiple processors may
be present. Thus, while instructions may be discussed as executed by a processor, the
instructions may be executed simultaneously, serially, or otherwise executed by one or
multiple processors. In addition or 1n the alternative, any required processing functionality
may be executed by a cryptographic engine or other hardware accelerator circuit (not shown).

[073] Figure 7 18 a diagram of a software environment 700 that may be implemented
on a communication device and/or network node operable for some of the various
embodiments of the disclosure. As illustrated, one or more processing resources at the
communication device or network node execute operating system drivers 704 that provide a

platform from which the rest of the software operates. The operating system drivers 704
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provide drivers for the device hardware with standardized interfaces that are accessible to
application software. The operating system drivers 704 include application management
services ("AMS") 706 that transfer control between applications running on the device. In
UE 1nstances, the software environment 702 includes a web browser application 708, a media
player application 710, and Java applets 712 are provided as device applications. The web
browser application 708 configures the UE device to operate as a web browser, allowing a
user to enter information ito forms and select links to retrieve and view web pages. The
media player application 710 configures the UE to retrieve and play audio or audiovisual
media. The Java applets 712 configure the UE device to provide games, utilities, and other
functionality. Finally, the component 714 may provide the in-device coexistence interference
management functionality described herein.

[074] Reterring now to Figure 8, there 18 shown a schematic block diagram
1llustrating exemplary components of a mobile wireless communications device 101 which
may be used with selected embodiments. The wireless device 101 1s shown with specific
components for implementing features described above. It 18 to be understood that the
wireless device 101 1s shown with very specific details for exemplary purposes only.

[075] A processing device (e.g., microprocessor 128) 1s shown schematically as
coupled between a keyboard 114 and a display 126. The microprocessor 128 controls
operation of the display 126, as well as overall operation of the wireless device 101, 1n
response to actuation of keys on the keyboard 114 by a user.

[076] The wireless device 101 has a housing that may be elongated vertically, or
may take on other sizes and shapes (including clamshell housing structures). The keyboard
114 may include a mode selection key, or other hardware or software for switching between
text entry and telephony entry.

[077] In addition to the microprocessor 128, other parts of the wireless device 101
arc shown schematically. These include a communications subsystem 170; a short-range
communications subsystem 102; the keyboard 114 and the display 126, along with other
input/output devices including a set of LEDs 104, a set of auxihiary I/O devices 106, a serial
port 108, a speaker 111 and a microphone 112; as well as memory devices including a flash
memory 116 and a Random Access Memory (RAM) 118; and various other device
subsystems 120. The wireless device 101 may have a battery 121 to power the active

elements of the wireless device 101. The wireless device 101 1s 1n some embodiments a two-
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way radio frequency (RF) communication device having voice and data communication
capabilitics. In addition, the wireless device 101 1n some embodiments has the capability to
communicate with other computer systems via the Internet.

[078] Operating system software executed by the microprocessor 128 18 1n some
embodiments stored 1n a persistent store, such as the flash memory 116, but may be stored 1n
other types of memory devices, such as a read only memory (ROM) or similar storage
clement. In addition, system software, specific device applications, or parts thereof, may be
temporarily loaded into a volatile store, such as the RAM 118. Communication signals
received by the wireless device 101 may also be stored to the RAM 118.

[079] The microprocessor 128, 1n addition to 1ts operating system functions, enables
execution of software applications on the wireless device 101. A predetermined set of
software applications that control basic device operations, such as a voice communications
module 130A and a data communications module 130B, may be installed on the wireless
device 101 during manufacture. In addition, a personal information manager (PIM)
application module 130C may also be installed on the wireless device 101 during
manufacture. The PIM application 1s in some embodiments capable of organizing and
managing data items, such as e-mail, calendar events, voice mails, appointments, and task
items. The PIM application 1s also in some embodiments capable of sending and receiving
data 1tems via a wireless network 110. In some embodiments, the data items managed by the
PIM application are seamlessly integrated, synchronized and updated via the wireless
network 110 with the device user’s corresponding data items stored or associated with a host
computer system. As well, additional software modules, 1llustrated as another software
module 130N, may be installed during manufacture.

[080] Communication functions, including data and voice communications, are
performed through the communication subsystem 170, and possibly through the short-range
communications subsystem 102. The communication subsystem 170 includes a receiver 150,
a transmitter 152 and one or more antennas, 1llustrated as a recerve antenna 154 and a
transmit antenna 156. In addition, the communication subsystem 170 mcludes a processing
module, such as a digital signal processor (DSP) 158, and local oscillators (LOs) 160. In
some embodiments, the communication subsystem 170 includes a separate antenna
arrangement (similar to the antennas 154 and 156) and RF processing chip/block (similar to

the Receiver 150, LOs 160 and Transmitter 152) for each RAT, although a common baseband
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signal processor (stmilar to DSP 158) may be used for baseband processing for multiple
RATs. The specific design and implementation of the communication subsystem 170 1s
dependent upon the communication network 1n which the wireless device 101 1s intended to
operate. For example, the communication subsystem 170 of the wireless device 101 may be
designed to operate with the Mobitex™, DataTAC™ or General Packet Radio Service
(GPRS) mobile data communication networks and also designed to operate with any of a
variety of voice communication networks, such as Advanced Mobile Phone Service (AMPS),
Time Division Multiple Access (TDMA), Code Division Multiple Access (CDMA), Personal
Communications Service (PCS), Global System for Mobile Communications (GSM), etc.
Examples of CDMA include 1X and 1x EV-DO. The communication subsystem 170 may
also be designed to operate with an 802.11 Wi-Fi network, and/or an 802.16 WIMAX
network. Other types of data and voice networks, both separate and integrated, may also be
utilized with the wireless device 101.

[081] Network access may vary depending upon the type of communication system.
For example, in the Mobitex™ and DataT AC™ networks, wireless devices are registered on
the network using a unique Personal Identification Number (PIN) associated with each
device. In GPRS networks, however, network access 1s typically associated with a subscriber
or user of a device. A GPRS device theretfore typically has a subscriber identity module,
commonly referred to as a Subscriber Identity Module (SIM) card, in order to operate on a
GPRS network.

[082] When network registration or activation procedures have been completed, the
wireless device 101 may send and receirve communication signals over the communication
network 113. Signals recerved from the communication network 113 by the receive antenna
154 are routed to the receiver 150, which provides for signal amplification, frequency down
conversion, filtering, channel selection, etc., and may also provide analog to digital
conversion. Analog-to-digital conversion of the recerved signal allows the DSP 158 to
perform more complex communication functions, such as demodulation and decoding. In a
similar manner, signals to be transmitted to the network 113 are processed (e.g., modulated
and encoded) by the DSP 158 and are then provided to the transmitter 152 for digital to
analog conversion, frequency up conversion, filtering, amplification and transmission to the

communication network 113 (or networks) via the transmit antenna 156.
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[083] In addition to processing communication signals, the DSP 158 provides for
control of the receiver 150 and the transmitter 152. For example, gains applied to
communication signals in the recerver 150 and the transmitter 152 may be adaptively
controlled through automatic gain control algorithms implemented in the DSP 158.

[084] In a data communication mode, a received signal, such as a text message or
web page download, 1s processed by the communication subsystem 170 and 1s input to the
microprocessor 128. The receirved signal 1s then further processed by the microprocessor 128
for an output to the display 126, or alternatively to some other auxihiary I/O devices 106. A
device user may also compose data items, such as e-mail messages, using the keyboard 114
and/or some other auxihiary I/O device 106, such as a touchpad, a rocker switch, a thumb-
wheel, or some other type of input device. The composed data items may then be transmitted
over the communication network 113 via the communication subsystem 170.

[085] In a voice communication mode, overall operation of the device 1s
substantially stmilar to the data communication mode, except that received signals are output
to a speaker 111, and signals for transmission are generated by a microphone 112.
Alternative voice or audio I/O subsystems, such as a voice message recording subsystem,
may also be implemented on the wireless device 101. In addition, the display 126 may also
be utilized 1n voice communication mode, for example, to display the 1dentity of a calling
party, the duration of a voice call, or other voice call related information.

[086] The short-range communications subsystem 102 enables communication
between the wireless device 101 and other proximate systems or devices, which need not
necessarily be similar devices. For example, the short range communications subsystem may
include an infrared device and associated circuits and components, or a Bluetooth™
communication module to provide for communication with similarly-enabled systems and
devices.

[087] By now 1t should be appreciated that there 1s disclosed herein methods for use
in user equipment (UE) devices comprising a first radio technology component (e.g., an LTE
component) and a second radio technology component (e.g., a GNSS or ISM component) on
a single platform. In disclosed systems and methodologies, the UE may detect in-device
coexistence interference at a radio component at a first channel frequency. At the radio
component, the IDC interference can be detected by receiving an internal message that a

second radio component 18 or will be enabled, or by receiving an internal message 1dentifying
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a transmission frequency band being used by a second radio component, or by measuring in-
device coexistence interference from a second radio component. The UE device may then
send a coexistence iterference indication message to a radio access network. At this time,
the UE device may also identify one or more available (or unavailable) channel frequencies at
the user equipment device and including identifymg information for the available (or
unavailable) channel frequencies in the coexistence mterference indication message. The UE
device may then receive a response message at a downlink signaling channel frequency that
1s different from first channel frequency, where the response message includes one or more
control parameters for establishing a second channel frequency for the radio component. In
selected embodiments, the downlink signaling channel frequency 1s specified as a system
parameter which defines a frequency band which 1s not experiencing in-device coexistence
interference, but in other embodiments, an Radio Resource Control (RRC) message (e.g.,
RRCConnectionReconfiguration) sent by the radio network 1s used to define the downlink
signaling channel frequency as a non-interfering frequency band which 1s not interfered by a
second radio component. In other embodiments, the downlink signaling channel frequency 1s
displaced from an Industrial, Science and Medical (ISM) frequency band by at least a
predetermined interterence band. Using the control parameters, the UE device enables the
radio component to use the second channel frequency which may be different from or the
same as the downlink signaling channel frequency.

[088] In addition, there 1s disclosed methods for use in radio access network (eNB)
to avold mterference between first and second radio components located on a single platform
at a user equipment (UE). In disclosed methodologies, the eNB may receive a coexistence
interference indication message indicating the existence at a first radio component of 1n-
device coexistence interference at a first channel frequency caused by a second radio
component, and may subsequently send a response message at a downlink signaling channel
frequency that 1s different from first channel frequency, where the response message
comprises one or more control parameters for establishing a second channel frequency for the
first radio component. The eNB may also send a Radio Resource Control (RRC) message
(e.g., RRCConnectionReconfiguration message) which specifies the downlink signaling
channel frequency to the UE. As an error recovery operation, the eNB may return to the first

channel frequency to receive a second coexistence interference indication message i1f an
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acknowledge (ACK) message to the response message 1s not recerved within a predetermined
time period.

[089] In another form there 1s disclosed computer program products implemented as
a non-transitory computer readable storage medium having computer readable program code
embodied therein that may be adapted to be executed to implement a method for operating
user equipment (UE) 1n a coexistence mode. As disclosed, the computer program products
may include instructions for detecting at the first radio component in-device coexistence
interference from the second radio component at a first channel frequency, and then sending a
coexistence interference indication message to a radio access network. In addition, the
computer program products may include instructions for receiving a response message at a
downlink signaling channel frequency that 1s different from first channel frequency, where
the response message comprises one or more control parameters for establishing a second
channel frequency for the first radio component. The computer program products may also
include instructions for enabling the first radio component with the one or more control
parameters to use the second channel frequency without interference to/from the second radio
component.

[090] In yet another form, there 1s disclosed user equipment devices having a first
radio technology component (e.g., an LTE component) and a second radio technology
component (e.g., a GNSS or ISM component) and method for operating same. As disclosed,
the UE device may include processor control logic and/or circuitry configured to provide a
preferred frequency notification for the first radio component to avoid i-device coexistence
interference from the second radio component by detecting at the first radio component 1n-
device coexistence interference at a first channel frequency, and then sending a coexistence
interference indication message to a radio access network. The processor control logic and/or
circuitry then cause the UE device to recerve a response message at a downlink signaling
channel frequency that 1s different from first channel frequency, where the response message
comprises one or more control parameters for establishing a second channel frequency for the
first radio component.

[091] It should be understood that as used herein, terms such as coupled, connected,
clectrically connected, 1n signal communication, and the like may include direct connections

between components, indirect connections between components, or both, as would be
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apparent 1n the overall context of a particular embodiment. The term coupled 18 intended to
include, but not be limited to, a direct electrical connection.

[092] Numerous modifications and variations of the present application are possible
in light of the above teachings. It 1s therefore to be understood that within the scope of the
appended claims, the embodiments of the application may be practiced otherwise than as
specifically described herein.

[093] Although the described exemplary embodiments disclosed herein are
described with reference to a coexistence operation mode whereby different signaling
components are separated 1 time to avoid coexistence interference, the embodiments are not
necessarily limited to the example embodiments which illustrate inventive aspects that are
applicable to a wide variety of signaling schemes and applications. Thus, the particular
embodiments disclosed above are 1llustrative only and should not be taken as limitations, as
there may be modifications and practices in different but equivalent manners apparent to
those skilled 1n the art having the benefit of the teachings herein. Accordingly, the foregoing
description 1s not intended to limit the disclosure to the particular form set forth, but on the
contrary, 18 intended to cover such alternatives, modifications and equivalents as may be
included within the spirit and scope as defined by the appended claims so that those skilled 1n
the art should understand that they can make various changes, substitutions and alterations

without departing from the spirit and scope 1n its broadest form.
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WHAT IS CLAIMED IS:

1. A method for use in user equipment (UE) device, comprising:

detecting at a radio component in-device coexistence interference at a first channel
frequency;

sending a coexistence interference indication message to a radio access network; and

recerving a response message at a downlink signaling channel frequency that 1s
different from first channel frequency, where the response message comprises one or more

control parameters for establishing a second channel frequency for the radio component.

2. The method of claim 1 where the radio component comprises an LTE
component, and in-device coexistence information 1s caused by a second radio component
comprising a Global Navigation Satellite System (GNSS) component or a component

operating 1n an Industrial, Science and Medical (ISM) frequency band.

3. The method of claim 1, further comprising:
enabling the radio component to use the second channel frequency based on the one

or more control parameters.

4. The method of claim 1, where detecting in-device coexistence interference

comprises recerving an internal message that a second radio component 1s enabled.

5. The method of claim 1, where detecting in-device coexistence interference
comprises recerving an internal message 1dentifying a transmission frequency band being

used by a second radio component.

0. The method of claim 1, where detecting in-device coexistence interference
comprises measuring at the radio component in-device coexistence interference from a

second radio component.

7. The method of claim 1, where the downlink signaling channel frequency 1s
specified as a system parameter which defines a frequency band which 1s not experiencing 1n-

device coexistence interference.
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3. The method of claim 1, where the downlink signaling channel frequency 1s
specified 1n a Radio Resource Control (RRC) message sent by the radio access network or as

a system information block broadcast by the radio access network.

9. The method of claim 8, where the RRC message comprises at least one of an
RRCConnectionReconfiguration message, a UEInformationRequest message, an
RRCConnectionRequest message, an RRCConnectionReconfigurationComplete message, an
RRCConnectionReestablishmentRequest message, an
RR CConnectionReestablishmentComplete message and a new RRC message to specify the

downlink signaling channel frequency for the radio component.

10.  The method of claim 1, where the downlink signaling channel frequency 1s
displaced from an Industrial, Science and Medical (ISM) frequency band by at least a

predetermined interference band.

11.  The method of claim 1, further comprising identifying one or more
unavailable channel frequencies at the user equipment device and including 1dentifying
information for the one or more unavailable channel frequencies 1n the coexistence

interference indication message.

12.  The method of claim 1, further comprising 1identifying one or more available
channel frequencies at the user equipment device and including identifying information for
the one or more available channel frequencies 1n the coexistence interference indication

message.

13. The method of claim 1, where the second channel frequency for the radio

component 18 the downlink signaling channel frequency.

14.  The method of claim 1, where the coexistence interterence indication message
1s sent at the first channel frequency before changing to the downlink signaling channel

frequency to receive the response message.
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15. The method of claim 1, further comprising sending the coexistence

interference indication message a plurality of times.

16. The method of claim 1, further comprising resending the coexistence
interference indication message one or more times 1f a response message 1s not received at

the downlink signaling channel frequency within a predetermined transition time period.

17. The method of claim 1, further comprising sending the coexistence
interference mdication message one or more times at the downlink signaling channel
frequency 1f a response message 18 not recerved at the downlink signaling channel frequency

within a predetermined transition time period.

18.  The method of claim 1, further comprising changing to the downlink signaling

channel frequency before sending the coexistence interference indication message.

19.  The method of claim 1, further comprising declaring a radio link failure if a

response message 18 not received within a predetermined transition time period.

20. A method for use 1n radio access network (eNB) to avoid interference
between first and second radio components located on a single platform at a user equipment
(UE), comprising:

recerving a coexistence interference indication message indicating the existence at a
first radio component of in-device coexistence interference at a first channel frequency
caused by a second radio component;

sending a response message, using a downlink signaling channel frequency that 1s
different from the first channel frequency, where the response message comprises one or
more control parameters for establishing a second channel frequency for the first radio

component.

21. The method of claim 20, wherem sending a response message comprises
sending a Radio Resource Control (RRC) message or broadcasting a system information

block which specifies the downlink signaling channel frequency to the UE.
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22.  The method of claim 21, where the RRC message comprises at least one of an
RRCConnectionReconfiguration message, a UEInformationRequest message, an
RRCConnectionRequest message, an RRCConnectionReconfigurationComplete message, an
RRCConnectionReestablishmentRequest message, an
RRCConnectionReestablishmentComplete message and a new RRC message to specify the

downlink signaling channel frequency.

23.  The method of claim 20, further comprising:
returning to the first channel frequency to receive a second coexistence interference
indication message 1f an acknowledge (ACK) message to the response message 18 not

recerved within a predetermined time period.

24.  The method of claim 20, further comprising:
resending the response message 1f an acknowledge (ACK) message to the response

message 15 not received within a predetermined time period.

25. A computer program product comprising a non-transitory computer readable
storage medium having computer readable program code embodied therein, said computer
readable program code adapted to be executed to implement a method for operating user
equipment (UE) 1n a coexistence mode, comprising:

instructions for detecting at a first radio component in-device coexistence interference
from a second radio component at a first channel frequency;

instructions for sending a coexistence iterference indication message to a radio
access network:

instructions for receiving a response message at a downlink signaling channel
frequency that 1s different from first channel frequency, where the response message
comprises one or more control parameters for establishing a second channel frequency for the
first radio component; and

instructions for enabling the first radio component with the one or more control
parameters to use the second channel frequency without interference to/from the second radio

component.

26. A user equipment device, comprising:
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a first radio component and a second radio component on a shared platform; and

processor control logic and/or circuitry configured to provide a preferred frequency
notification for the first radio component to avoid in-device coexistence interference from the
second radio component by:

detecting at the first radio component in-device coexistence iterference at a first
channel frequency;

sending a coexistence interference indication message to a radio access network; and

receiving a response message at a downlink signaling channel frequency that 1s
different from the first channel frequency, where the response message comprises one or
more control parameters for establishing a second channel frequency for the first radio

component.
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