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WAITING TIME PARAMETER FOR IN-DEVICE COEXISTENCE INTERFERENCE
SOLUTION

BACKGROUND

[0001] A user equipment (UE) can include multiple wireless interfaces (e.g. wireless
interfaces capable of performing radio frequency (RF) communications). The presence of
multiple wireless interfaces allows the UE to communicate content using any of several
different communications links. Examples of wireless interfaces that may be present in a UE
include a wireless interface to communicate in a Long Term Evolution (LTE) frequency
band, a wireless interface to communicate in an Industrial Scientific Medical (ISM)
frequency band, or a wireless interface to communicate in a Global Navigation Satellite

System (GNSS) frequency band.

SUMMARY

[0002] In general, according to some implementations, a user equipment receives, from a
wireless access network node, a waiting time parameter indicating an amount of waiting time
relating to provision, by the wireless access network node, of a solution for in-device

coexistence (IDC) interference at the user equipment.

[0003] In general, according to further implementations, a user equipment includes a
communication interface configured to communicate wirelessly with a wireless access
network node, and at least one processor configured to receive, from the wireless access
network node, a waiting time parameter indicating an amount of waiting time relating to
provision, by the wireless access network node, of a solution for in-device coexistence (IDC)

interference at the user equipment.

[0004] In general, according to further implementations, a wireless access network node
includes a communication interface configured to communicate wirelessly with a user
equipment, and at least one processor configured to send a waiting time parameter to the user
equipment, the waiting time parameter indicating an amount of waiting time relating to
provision, by the wireless access network node, of a solution for in-device coexistence (IDC)

interference at the user equipment.
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[0005] In general, according to yet further implementations, a waiting timer in a user
equipment is started, where the waiting timer is configured to count a duration relating to an
amount of time for a wireless access network node to provision a solution for in-device
coexistence (IDC) interference at the user equipment, where the amount of time is specified

according to a wireless standard.

[0006]  Other or alternative implementations will become apparent from the following

description, from the drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Some embodiments are described with respect to the following figures.

[0008]  Fig. 11is a schematic diagram of various phases of an example operation in

response to detection of in-device coexistence (IDC) interference.

[0009]  Fig. 2 is a message flow diagram of a process relating to setting a waiting time

parameter for IDC interference management, in accordance with some implementations.

[0010]  Figs. 3 and 4 are schematic diagrams of tasks of a user equipment and a wireless

access network node for IDC interference management, according to some examples.

[0011]  Figs. 5 and 6 are flow diagrams of processes of a user equipment for IDC

interference management, in accordance with some implementations.

[0012]  Fig. 7 is a block diagram of an example arrangement that includes a user

equipment and wireless access network nodes, in accordance with some implementations.

[0013]  Fig. 8 is a block diagram of an example system that incorporates some

implementations.

DETAILED DESCRIPTION

[0014]  The presence of multiple types of wireless interfaces (that are capable of
performing wireless communications according to different wireless technologies) in a user
equipment (UE) can result in interference between the different wireless interfaces. In some
implementations, the different wireless interfaces may operate concurrently in adjacent or

overlapping radio frequency (RF) bands. In the ensuing discussion, a wireless interface that
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communicates in an RF band is also referred to as a radio interface. Note that although
reference is made to radio interfaces in the ensuing discussion, it is noted that techniques or
mechanisms can also be applied to other types of wireless interfaces, such as interfaces that
communicate at frequencies outside the RF bands, interfaces that communicate optically (e.g.

infrared interfaces), interfaces that communicate using acoustic signaling, and so forth.

[0015]  If multiple radio interfaces in a UE are able to operate concurrently in adjacent or
overlapping frequency bands, then signal transmission in a first frequency band by one radio
interface in the UE can interfere with signal reception in a second frequency band by another
radio interface in the same UE, particularly where the radio interfaces are in relatively close
proximity to each other in the UE. Such interference can be referred to as in-device
coexistence (IDC) interference. In some examples, IDC interference can occur between a
radio interface operating according to the Long Term Evolution (LTE) technology and
another radio interface operating according to the Industrial, Scientific and Medical (ISM)

technology.

[0016] The LTE technology is defined by LTE standards provided by the Third
Generation Partnership Project (3GPP). The LTE standards include the initial LTE standards
or the LTE-Advanced standards. The LTE standards are also referred to as the Evolved
Universal Terrestrial Radio Access (EUTRA) standards.

[0017]  The frequency band for the ISM technology is reserved for use of certain types of
communications, such as Bluetooth communications, WiFi communications, and so forth.

The ISM technology is defined by the International Telecommunication Union (ITU).

[0018] IDC interference can also exist between an LTE radio interface and another radio
interface that performs Global Navigation Satellite Systems (GNSS) communications. An
example of a radio interface that performs GNSS communications is a radio interface in a

Global Positioning System (GPS) receiver.

[0019]  Although reference is made to IDC interference between specific example radio
interfaces, it is noted that techniques or mechanisms according to some implementations are

applicable to address IDC interference between other types of wireless technologies.
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[0020]  Inresponse to detection of IDC interference in a UE that satisfies a triggering
condition, the UE can send an IDC indication to a corresponding wireless access network
node. In the context of LTE, the wireless access network node can be an enhanced Node B
(eNB). Generally, an “IDC indication” includes any information that relates to IDC
interference, which can be provided in any of various possible messages that can be sent from

a UE to the corresponding wireless access network node.

[0021]  In some implementations, the triggering condition for triggering transmission of an
IDC indication can include a specification of an IDC interference threshold. An IDC
interference threshold can refer to a threshold that is used for mitigating (reducing or
removing) IDC interference. If IDC interference exceeds the IDC interference threshold,
then an IDC indication may be triggered for transmission from the UE to the wireless access

network node.

[0022] A wireless access network node can send an IDC solution to the UE in response to
an IDC indication from the UE that indicates presence of IDC interference. The IDC solution
causes the UE to modify its wireless communication behavior to remove or reduce the IDC

interference.

[0023]  Fig. 1 shows an example of several phases that may be involved in an IDC
interference-related operation. Phase 1 is started when the UE detects (at 102) IDC
interference (that exceeds the IDC interference threshold). In response to this detection, the
UE initiates (at 104) the sending of an IDC indication to a wireless access network node
serving the UE, which starts phase 2. After sending the IDC indication, the UE waits for an
IDC solution from the wireless access network node. If the wireless access network node
sends (at 106) an IDC solution in response to the IDC indication, then phase 3 is started as

depicted in Fig. 1. The UE applies the IDC solution in phase 3.

[0024]  In some cases, the wireless access network node (e.g. eNB) may only have the
authority to make a decision regarding what IDC solution is to be allocated to the UE based
on the IDC indication from the UE; the wireless access network node may not be able to
indicate that no IDC solution will be offered. It may be possible that the wireless access
network node does not accept the IDC request from the UE due to various issues, such as

issues relating to scheduling, load balancing, inadequate available resource, interference
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coordination, and so forth. Accordingly, if the wireless access network node does not
indicate that there is no available IDC solution for the UE, the UE may spend a relatively

long period of time waiting for the IDC solution.

[0025] Waiting an excessive amount of time to receive an IDC solution may result in a
degraded quality-of-service (QoS) level to a first wireless interface (e.g. an ISM interface or
GNSS interface) because the UE has to perform autonomous denial while waiting for an IDC
solution from the wireless access network node to be received by a second wireless interface
(e.g. LTE interface). Autonomous denial involves the UE ignoring uplink transmissions at
the first wireless interface while the UE is waiting for receipt of the IDC solution (sent in a
downlink transmission) at the second wireless interface. Performing autonomous denial and
continually monitoring for downlink signaling pertaining to the IDC solution (during phase 2
in Fig. 1) may also be wasteful of power at the UE. Also, if the IDC solution was never

received, then the UE would have just wasted the time spent waiting for the IDC solution.

[0026] In some cases, the UE may be configured with an implementation-specific waiting
timer, which is pre-configured at the UE according to manufacturer settings. The
implementation-specific waiting timer can be started when the UE initiates (at 104) the
sending of the IDC indication. If the implementation-specific waiting timer expires before
the UE receives an IDC solution, then the UE may declare a radio link failure (RLF) and start
RLF-related operations, such as be selecting or reselecting another cell. However, since the
implementation-specific waiting timer is configured at the UE and not by the network,
different UEs may employ different implementation-specific waiting timer values, while
other UEs may not include implementation-specific waiting timers at all. This can lead to

vague and unpredictable behavior at UEs in response to IDC interference.

[0027] In some cases, a UE may include a prohibit mechanism that has a prohibit timer.
The prohibit timer can be used to define a minimum time interval between successive
transmissions of IDC indications by the UE. The UE may include the prohibit mechanism in
addition to the implementation-specific waiting timer; alternatively, the UE may include the
prohibit mechanism but not an implementation-specific waiting timer. In other cases, the UE

may not include a prohibit mechanism.



WO 2014/113235 PCT/US2014/010467

6

[0028]  The presence of the prohibit timer in the UE may pose additional issues. If the
prohibit timer time duration is set relatively high (which results in a longer time interval
between transmissions of IDC indications), that may force the UE to wait the length of time
specified by the prohibit timer before the UE can send another IDC indication. Thus, if the
time duration of the prohibit timer time is longer than the time duration of the
implementation-specific waiting timer, then the UE may have to wait an even longer period
of time for an IDC solution after the implementation-specific waiting timer has expired, since
the UE would not be able to re-transmit an IDC indication until expiration of the prohibit

timer.

[0029]  On the other hand, it may not be desirable to set the time duration of the prohibit
timer too short, since that may result in excessive transmissions of IDC indications, which

increases network signaling overhead.

[0030]  The issue is exacerbated further since implementation of a prohibit mechanism
may be left to the UE manufacturers. As a result, inconsistent behavior may result due to
different implementations of prohibit mechanisms at different UEs. Since both prohibit
mechanisms and implementation-specific waiting timers are left to implementation choices
made by UE manufacturers, a network would be unable to control the behavior of UEs in

responding to presence of IDC interference.

[0031] In accordance with some implementations, an extended waiting timer that can be
allocated by a wireless access network node is provided. The extended waiting timer can be
represented by a waiting time parameter that can be sent from the wireless access network
node to the UE. The waiting time parameter indicates an amount of time relating to
provision, by the wireless access network node, of an IDC solution for IDC interference at
the UE. The waiting time parameter can indicate an amount of time that the wireless access

network node may take to possibly provide an IDC solution.

[0032]  Fig. 2 is a message flow diagram of a process according to some implementations.
The UE can send (at 202), to the wireless access network node, a suggested value for the
waiting time parameter that represents the extended waiting timer. The suggested value for

the waiting time parameter can be based on one or more of the following factors: loading at
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the UE, traffic condition at the UE (e.g. type of traffic, such as voice traffic, data traffic, etc.),

interference status at the UE (e.g. severity level of IDC interference), and so forth.

[0033] Inresponse to the suggested value for the waiting time parameter, the wircless
access network node sends (at 204) a network-set value for the waiting time parameter. The
network-set value for the waiting time parameter can be different from or the same as the
suggested value for the waiting time parameter provided by the UE. In some examples, the
wireless access network node can generate the network-set value for the waiting time

parameter based on the suggested value received from the UE.

[0034]  In other implementations, the UE may not send a suggested value for the waiting
time parameter. In such implementations, the wireless access network node may send (at
204) the network-set value for the waiting time parameter in response to other events, such as
in response to an IDC indication from the UE, or whenever some predetermined message is
to be sent by the wireless access network node. More generally, the wireless access network
node can send the network-set value for the waiting time parameter either in response to a
request or other information from the UE, or in an un-solicited manner (i.e. the wireless
access network node sends the network-set value for the waiting time parameter without

prompting from the UE).

[0035]  The network-set value for the waiting time parameter can be applied (at 206) by

the UE, either immediately upon receipt or after some activation duration.

[0036] The extended waiting timer can represent either (1) the longest time duration that
the wireless access network node would take to allocate an IDC solution in response to an
IDC indication, or (2) the shortest time duration that the wireless access network node would

take to allocate an IDC solution in response to an IDC indication.

[0037]  With alternative (1) above, the extended waiting timer represents the maximum
time duration that the UE would have to suffer IDC interference while waiting for an IDC
solution from the wireless access network node. Fig. 3 is a schematic diagram of an example
operation using the extended waiting timer according to alternative (1). Upon detecting IDC
interference that exceeds the IDC interference threshold, the UE sends (at 302) an IDC

indication to the wireless access network node. In response to the IDC indication, the
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wireless access network node sends (at 304), to the UE, the network-set value for the waiting

time parameter that represents the extended waiting timer.

[0038]  The time duration to be counted by the extended waiting timer is represented as
306 in Fig. 3. During the time duration 306, the UE waits for the IDC solution from the
wireless access network node, and the UE may perform autonomous denial. For example, if
the UE is waiting for downlink signaling that includes the IDC solution at the LTE interface,
the UE may perform autonomous denial at the ISM or GNSS interface to ignore uplink
transmissions at the ISM or GNSS interface. Fig. 3 shows that the IDC solution is sent (at
308) by the wireless access network node to the UE prior to expiration of the time duration

306 of the extended waiting timer.

[0039]  With alternative (2) above, the extended waiting timer would indicate an initial
time duration (minimum time duration) that the UE is expected to experience IDC
interference while waiting for an IDC solution from the wireless access network node. Fig. 4
is a schematic diagram of an example operation using the extended waiting timer according
to alternative (2). Upon detecting IDC interference that exceeds the IDC interference
threshold, the UE sends (at 402) an IDC indication to the wireless access network node. In
response to the IDC indication, the wireless access network node sends (at 404), to the UE,
the network-set value for the waiting time parameter that represents the extended waiting
timer. The time duration over which the extended waiting timer is to count is represented as
406 in Fig. 4. During the time duration 406, the UE does not perform autonomous denial,
since it is not expected that the wireless access network node would send an IDC solution

prior to expiration of the extended waiting timer according to alternative (2).

[0040] However, after expiration of the extended waiting timer (after the end of the time
duration 406), another waiting duration 408 (that is immediately after the time duration 406)
is depicted in Fig. 4. The waiting duration 408 is the duration immediately after expiration
the extended waiting timer and prior to receipt (at 410) of an IDC solution from the wireless
access network node. During the waiting duration 408, the UE waits for the IDC solution

from the wireless access network node, and the UE may perform autonomous denial.
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[0041]  The suggested value for the waiting time parameter that can be sent (at 202) in Fig.

2 can be in any of the following messages:

e A new uplink Radio Resource Control (RRC) message sent from the UE to
the wireless access network node. An RRC message is a message sent by
an RRC layer in a wireless node such as a UE or wireless access network
node. A new RRC message is an RRC message that is not defined in
current wireless standards, such as the 3GPP Technical Specification (TS)
TS 36.331. However, the new RRC message may be incorporated into a

later version of the wireless standard.

e A new information element in an existing uplink RRC message (e.g. IDC
indication message). A new information element in the existing RRC
message is an information element not defined in current wireless
standards, although it may be incorporated into a later version of the

wireless standard.

e A physical level signal on a Physical Uplink Control Channel (PUCCH),
where the physical level signal is a signal of a physical layer without

information from a higher protocol layer.

e A new uplink Medium Access Control (MAC) control element. A new
uplink MAC control element is a MAC control element that is not defined

in current wireless standards.

e A reservation field of an existing MAC control element. A reservation
field is a field in the existing MAC control element that is reserved for

other purposes.

[0042]  The wireless access network node can set the value for the waiting time parameter

(to be sent at 204 in Fig. 2) using one of several techniques.

[0043]  In a first technique, the waiting time parameter is configurable, and can be set by
the wireless access network node based on one or more of the following conditions at the

wireless access network node: resource scheduling status, load balancing status, and so forth.



WO 2014/113235 PCT/US2014/010467

10

The value of the waiting time parameter for different UEs can be set to be different by the
wireless access network node. For example, the value of the waiting time parameter for a
first UE may be set by the wireless access network node to be different from the value of the

waiting time parameter for a second UE.

[0044]  In a second alternative technique, the value of the waiting time parameter may be
fixed. In some examples, the fixed value of the waiting time parameter may be sent in a
message by the wireless access network node to the UE. In one example, the message can be
a dedicated RRC message sent from the wireless access network node to the UE during an
initial connection stage (e.g. RRC connection establishment stage). In another example, the
message can be a broadcast message (sent to multiple UEs) that is sent in a broadcast

channel.

[0045]  As another alternative, the fixed value does not have to be signaled from the
wireless access network node to the UE. Instead, the fixed value of the waiting time
parameter that represents the extended waiting timer can be included in a system parameter
defined by a standard, such as an LTE standard. UEs that operate according to this standard
would use the fixed value for the extended waiting timer defined by the standard. In this
way, even though the network does not signal the value for the extended waiting timer to
UEs, the UEs would nevertheless use a value that is known to the network (instead of values
of implementation-specific timers that may vary between UE manufacturers and may not be

known to the network).

[0046] In some implementations, if the wireless access network node decided that it does
not plan to allocate any IDC solution to the UE in response to an IDC indication, the wireless
access network node can send (at 204 in Fig. 2) a value of zero (or some other pre-specified
value) for the waiting time parameter. A value of zero, or some other pre-specified value,

represents an IDC request rejection message to the UE.
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[0047] Inimplementations where the wireless access network node sends a network-set
value for the waiting time parameter to the UE, this waiting time parameter can be included

in any of the following messages:
e A new downlink RRC message.

e A new information element of an existing downlink RRC message (e.g.

RRCConnectionReconfiguration message).
e A new MAC control element.
e A reservation field of an existing MAC control element.

[0048] In some implementations, after the wireless access network node has sent (at 204
in Fig. 2) the network-set value for the waiting time parameter, the wireless access network
node can update the value for the waiting time parameter if the wireless access network node
is unable to allocate an IDC solution within the time duration indicated by the value for the
waiting time parameter for any reason, such as due to scheduling issue, load balancing issue,
and so forth. The updated value for the waiting time parameter can be sent by the wireless
access network node to the UE prior to expiration of the extended waiting timer at the UE

based on the previously set value for the waiting time parameter.

[0049]  The updated value for the waiting time parameter can be sent using any of the

following messages:

A new downlink RRC message.

A new information element of existing RRC message.

A new MAC control element.

e A reservation field of an existing MAC control element.

[0050]  The updated value may be applied immediately by the UE upon receipt or after

some activation duration.
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[0051]  Figs. 5 and 6 are flow diagrams of UE processes illustrating UE behavior
associated with the extended waiting timer according to some implementations. Fig. 5 relates
to alternative (1) where the extended waiting timer represents the longest time duration that
the wireless access network node would take to allocate an IDC solution in response to an
IDC indication. Fig. 6 relates to alternative (2) where the extended waiting timer represents
the shortest time duration that the wireless access network node would take to allocate an

IDC solution in response to an IDC indication.

[0052] InFig. 5, the UE receives (at 502) the network-set value for the waiting time
parameter. The UE then applies the network-set value and starts (at 504) the extended
waiting timer in the UE. The extended waiting timer can be an incrementing timer or a
decrementing timer. If an incrementing timer, the extended waiting timer starts from an
initial value (e.g. zero) and counts up to the network-set value for the waiting time parameter.
If a decrementing timer, the extended waiting timer starts from the network-set value and

decrements down to an expiration value (e.g. zero).

[0053]  With alternative (1), the wireless access network node should allocate an IDC
solution prior to expiration of the extended waiting timer. While the extended waiting timer
is counting and prior to expiration of the extended waiting timer, the UE performs (at 506)
autonomous denial (since the wireless access network node may allocate an IDC solution
during the duration counted by the extended waiting timer). The time duration of the

extended waiting timer is depicted as 306 in Fig. 3.

[0054]  The UE next determines (at 508) if an IDC solution has been received from the
wireless access network node. If so, the UE applies (at 510) the IDC solution. On the other
hand, if the IDC solution has not been received, the UE determines (at 512) if the extended
waiting timer has expired. If not, the process returns to task 506. However, if the extended
waiting timer has expired, then the UE performs (at 514) a remedial action due to failure to
receive the IDC solution. The UE can declare a radio link failure (RLF) and perform an
RLF-related operation, which can include cell reselection. Alternatively, the UE can send

another IDC indication to the wireless access network node.

[0055] Inimplementations where the UE declares RLF, the RLF can be declared after

expiration of an RLF timer (e.g. T310 timer as set by a wireless access node). In some
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implementations, the duration of the extended waiting timer can be included in the duration
of the RLF timer. In this case, the RLF timer can be started at the same time as the extended
waiting timer. Assuming that the RLF timer has a longer duration than the extended waiting
timer, the RLF timer continues to count after expiration of the extended waiting timer. Once
the RLF timer expires, the RLF can be declared by the UE. In a specific example, it is
assumed that the RLF timer duration is 1 second (sec), and the extended waiting timer
duration is 400 milliseconds (ms). After expiration of the extended waiting timer (400 ms
has elapsed), the RLF timer would continue to count another 600 ms (for a total of 1 sec)

before expiration.

[0056] In alternative implementations, the duration of the extended waiting timer is not
included in the duration of the RLF timer. In this case, the RLF timer can be started after
expiration of the extended waiting timer. In the specific example discussed above, it is
assumed that the RLF timer duration is 1 second (sec), and the extended waiting timer
duration is 400 milliseconds (ms). After expiration of the extended waiting timer (i.e. 400 ms
has elapsed), the RLF timer would then start and count another 1 sec before expiration, at
which point the UE can declare an RLF. In these alternative implementations, the UE would

wait 1.4 sec before declaring an RLF, rather than just 1 sec as in the above implementations.

[0057] The wireless access network node can indicate to the UE whether or not the
duration of the extended waiting timer is to be included in the duration of the RLF timer. If
the duration of the extended waiting timer is to be included in the duration of the RLF timer,
then the extended waiting timer and the RLF timer are to run concurrently. However, if the
duration of the extended waiting timer is not to be included in the duration of the RLF timer,

then the RLF timer starts running after expiration of the extended waiting timer.

[0058] In Fig. 6, the UE receives (at 602) the network-set value for the waiting time
parameter. The UE then applies the network-set value and starts (at 604) the extended

waiting timer in the UE.

[0059]  With alternative (2), the wireless access network node would not allocate an IDC
solution prior to expiration of the extended waiting timer. Thus, while the extended waiting
timer is counting and prior to expiration of the extended waiting timer, the UE may decide (at

606) whether or not to perform autonomous denial. Not performing autonomous denial prior
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to expiration of the extended waiting timer is allowable since the wireless access network
node is not expected to send an IDC solution prior to expiration of the extended waiting

timer. The time duration of the extended waiting timer is depicted as 406 in Fig. 4.

[0060]  Even though the UE does not have to perform autonomous denial, the UE may
nevertheless perform autonomous denial during duration 406 (Fig. 4) to maintain a target

wireless link quality.

[0061]  The UE next determines (at 608) if the extended waiting timer has expired. If not,
the process returns to task 606. If the extended waiting timer has expired, the UE can start (at
610) a second waiting timer. The second waiting timer, started in response to expiration of

the extended waiting timer, can count at least part of the duration 408 depicted in Fig. 4.

[0062]  In a first example, the second waiting timer can be an implementation-specific
timer at the UE (different from the extended waiting timer). In a second example, the second
waiting timer can be the same as the extended waiting timer, except that the extended waiting
timer is restarted after expiration. The restarted extended waiting timer is the second waiting
timer. The restarted extended waiting timer can use the same network-set value for the
waiting time parameter received from the wireless access network node. The extended
waiting timer can be restarted N number of times (where N > 1) to count the duration to wait
for the IDC solution, where N can be configured by the wireless access network node or can
be requested by the UE. The total duration of the extended waiting timer restarted N times

can be considered the duration of the second waiting timer.

[0063]  In a third example, the second waiting timer can be a second extended waiting

timer, which can use another value of the waiting time parameter.

[0064]  During the duration counted by the second waiting timer, the UE performs (at 612)
autonomous denial. The UE determines (at 614) if an IDC solution has been received from
the wireless access network node. If so, the UE applies (at 616) the IDC solution. On the
other hand, if the IDC solution has not been received, the UE determines (at 618) if the
second waiting timer has expired. If not, the process returns to task 612. However, if the
second waiting timer has expired, then the UE performs (at 620) a remedial action due to

failure to receive the IDC solution. The UE can declare an RLF and perform an RLF-related
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operation, which can include cell reselection. Alternatively, the UE can send another IDC

indication to the wireless access network node.

[0065] RLF can be declared after expiration of an RLF timer, whose duration can include
or not include the duration of the extended waiting timer and the second waiting timer,

similar to that described in connection with Fig. 5.

[0066]  Several different types of IDC solutions can be provided by the wireless access
network node. For example, the IDC solution can include a Frequency Division Multiplexing
(FDM) solution or a Time Division Multiplexing (TDM) solution. As other examples, the

IDC solutions can further include a power control solution.

[0067]  An FDM solution generally involves modifying the communication frequency of a
particular radio interface in the UE to cause frequency separation between transmissions at a
first radio interface and receptions at a second radio interface. Modifying the communication
frequency of the particular radio interface can be accomplished by performing handover of a
communications session of the particular radio interface from a first radio carrier (at a first

frequency) to a second radio carrier (at a second, different frequency).

[0068]  In some examples, to implement the FDM solution, the UE can inform the wireless
access network node when transmission/reception of LTE or other radio signals would
benefit or no longer benefit from the LTE radio interface of the UE not using certain carriers
or frequency resources. With this approach, the UE indicates which frequency or frequencies
are (or are not) useable due to IDC interference. The indication of which frequency or
frequencies are (or are not) useable can be communicated in an IDC indication sent by the
UE. The IDC indication sent by the UE to the wireless access network node can also include
various frequency measurement information that can also be used by the wireless access

network node to decide on the FDM solution to use.

[0069] A TDM solution generally involves modifying a time pattern associated with
communication of a particular radio interface in the UE to cause time separation between
transmissions at a first radio interface and receptions at a second radio interface. There can

be several types of TDM solutions, including, as examples, the following: a TDM-DRX
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(Discontinuous Reception) solution, a TDM-HARQ (Hybrid Automatic Repeat Request)

solution, and a TDM-gap solution.

[0070]  With a TDM solution, the UE can send information regarding the IDC interference
in an IDC indication, where the information can include the following example information:
interferer type, mode, and appropriate offset in subframes. Based on the information, the
wireless access network node can configure a TDM pattern for the TDM solution, where the
TDM pattern specifies scheduling and unscheduled periods for communication of the UE. In
some examples, the UE can suggest a TDM pattern in the IDC indication. In response to the
suggested TDM pattern from the UE, the wireless access network node can decide on the

final TDM pattern to use.

[0071] With a TDM-DRX solution, the UE can provide the wireless access network node
with a desired TDM pattern. For example, the parameters related to the TDM pattern can
include the following: (1) the periodicity of the TDM pattern, and (2) the scheduling period
(or unscheduled period). It is up to the wireless access network node to decide and signal the
final DRX configuration to the UE based on the UE suggested TDM pattern and other
possible criteria (e.g. traffic type). The scheduling period corresponds to the active time of

DRX operation, while unscheduled period corresponds to the inactive time.

[0072] With a TDM-HARQ solution, a number of LTE HARQ processes are reserved for
LTE operation, and the remaining subframes are used to accommodate non-LTE (e.g. ISM or

GNSS) traffic.

[0073]  With the TDM-gap solution, the “gap” refers to a period during which the UE can
perform measurements to obtain frequency measurement information (discussed further
below) relating to the LTE radio interface in the UE. During each such gap, no uplink or
downlink transmissions are scheduled. During the gap, the non-LTE radio interface can

transmit and receive data.

[0074] A power control solution can be used to reduce power transmission at the UE to
mitigate IDC interference. In some examples, the UE can report to the wireless access

network node that power reduction is desired. In response, the wireless access network node
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can adjust the UE transmission power at one or more of the radio interfaces in the wireless

access network node.

[0075]  Although various IDC solutions are described above, it is noted that other IDC

solutions can be used in other implementations.

[0076]  Fig. 7 is a block diagram of an example arrangement that includes a UE 700, which
can be a mobile telephone, a smartphone, a personal digital assistant (PDA), a tablet
computer, a notebook computer, or any other type of electronic device that is capable of
performing wireless communications. In the example of Fig. 7, the UE 700 can include two
different types of radio interfaces 702 and 704 that operate according to corresponding
different wireless technologies. Although just two radio interfaces 702, 704 are depicted in
Fig. 7, it is noted that in alternative examples, there can be more than two different types of

radio interfaces in the UE 700.

[0077]  The radio interface 702 is able to wirelessly communicate with a wireless access
network node 722 in a wireless access network 724, and the radio interface 704 is able to
wirelessly communicate with another wireless access network node 726 in a wireless access
network 728. Each radio interface 702 or 704 can be a radio transceiver that includes a

transmitter to transmit RF signals, and a receiver to receive RF signals.

[0078]  The radio interfaces 702 and 704 are part of respective protocol stacks 710 and
712. The first and second protocol stacks 710 and 712 form a communication subsystem of

the UE 700, to allow the UE 700 to communicate with various external entities.

[0079]  The first protocol stack 710 can include protocol layers for a first wireless
technology, while the second protocol stack 712 can include protocol layers for a second,
different wireless technology. As examples, the first protocol stack 710 can operate
according to the LTE technology, while the second protocol stack 712 can operate according

to the ISM or GNSS technology.

[0080] In the foregoing example that includes an LTE protocol stack 710, the wireless
access network node 722 can be an evolved node B (eNB) according to the LTE technology.

An eNB can include functionalities of a base station and a radio network controller.
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[0081]  If the second protocol stack 712 operates according to the ISM technology, then
the wireless access network node 726 in the wireless access network 728 can be a WiFi
wireless access point, a Bluetooth master device, or some other type of wireless access point
or base station. On the other hand, if the second protocol stack 712 operates according to the

GNSS technology, then the wireless access network node 726 can be a satellite.

[0082] In the ensuing discussion, it is assumed that the first protocol stack 710 is an LTE
protocol stack, and the wireless access network node 722 is an eNB. However, it is noted
that techniques or mechanisms according to some implementations can be applied to other

wireless technologies.

[0083] The LTE protocol stack 710 includes a physical layer 706 (that includes the radio
interface 702) and higher layers 714 that include a medium access control (MAC) layer and
upper layers. The physical layer 706 can be considered the lowest layer in the first protocol
stack 710. The second protocol stack 712 includes a physical layer 708 (that includes the
radio interface 704) and higher layers 716 that include a MAC layer and upper layers.

[0084] In accordance with some implementations, the radio interface 702, or another
component in the physical layer 706, can derive the various feedback parameters relating to
setting of an IDC interference threshold discussed above. These feedback parameters can be
provided by the physical layer 706 to an upper layer 714 for transmission to the wireless
access network node 722. In further implementations, the feedback parameters relating to

setting of an IDC interference threshold can also be computed by the physical layer 706.

[0085]  Generally, a MAC layer can provide addressing and channel access control
mechanisms to allow the UE 700 to communicate over a shared medium, in this case a shared
wireless medium. In some implementations, the upper layers of the LTE protocol stack 710
can include a Radio Resource Control (RRC) layer, as described in 3GPP Technical
Specification (TS) TS 36.331. The upper layers can further include other protocol layers.
The RRC protocol can define functionality associated with assignment, configuration, and
release of radio resources between the UE 700 and the wireless access network node.
Although reference is made to an RRC layer in the discussed examples, it is noted that in

other examples, the upper layers can include alternative upper layers.
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[0086]  The upper layers that are included in the second protocol stack 712 depend on the

wireless technology implemented by the second protocol stack 712.

[0087]  As depicted in Fig. 7, the physical layer 706 further includes an interference
detector 718. The interference detector 718 is able to detect IDC interference, such as IDC
interference at a receiver of the radio interface 702 caused by transmission by a transmitter in
the radio interface 704. In some examples, the interference detector 718 may also be able to
detect IDC interference at a receiver of the radio interface 704 caused by transmission by a
transmitter of the radio interface 702. In yet further examples, another interference detector
(not shown) may also be provided in the physical layer 708 of the second protocol stack 712
to detect IDC interference at the receiver of the radio interface 704 caused by transmission by

the transmitter of the radio interface 702.

[0088]  Various techniques can be used for detecting IDC interference in a UE. Examples
of several techniques are described in U.S. Application No. 13/069,751, entitled “Method and
Apparatus for Interference Identification on Configuration of LTE and BT,” filed March 23,
2011.

[0089] In some examples, detection of IDC interference can be based on measurements at
a radio receiver in the presence of transmissions from a radio transmitter. In alternative
implementations, rather than performing detection of IDC interference based on
measurements, IDC interference detection by the interference detector 718 can instead be

based on internal coordination between the radio interfaces of the UE 700.

[0090]  Upon detecting IDC interference and determining that the IDC interference
satisfies one or more specified criteria, the interference detector 718 can activate an
interference notification 719 that is provided to an interference indication control module
720. The interference indication control module 720 can be provided in one of the higher
layers 714. In alternative examples, the interference indication control module 720 can also

be provided in the physical layer 706.

[0091] The interference indication control module 720 can respond to the interference
notification 719 from the interference detector 718 by generating an IDC indication 721 that

is to be transmitted from the UE 700 to a corresponding wireless access network node.
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[0092] In this discussion, although reference is made to the LTE protocol stack 710
sending an IDC indication to the wireless access network node, it is noted that in other
implementations, the second protocol stack 712 can also include a mechanism to detect IDC
interference and to send an IDC indication to the corresponding wireless access network node
726. Moreover, although reference is made to specific indications, messages, and procedures
that may be according to the LTE technology, it is noted that in alternative implementations,
techniques or mechanisms as discussed can be applied also to other technologies for handling

of IDC interference between radio interfaces of a UE.

[0093]  Fig. 8 illustrates an example system 800, which can either be the UE 700 or a
wireless access network node, such as 722 or 726 in Fig. 7. The system 800 can include a
processor (or multiple processors) 802. A processor can include a microprocessor,
microcontroller, processor module or subsystem, programmable integrated circuit,

programmable gate array, or another control or computing device.

[0094] The system 800 can include a communication subsystem 804 to communicate over a
wireless link. The system 800 can also include various storage media, including a random
access memory (RAM) 806 (e.g. dynamic RAM or static RAM), read-only memory (ROM)
808 (e.g. erasable and programmable read-only memory (EPROM), electrically erasable and
programmable read-only memory (EEPROM), or flash memory), and secondary storage 810
(e.g. magnetic or optical disk-based storage), and so forth. The various components can

communicate with each other over one or more buses 812.

[0095] Machine-readable instructions 814 in the system 800 are executable on the
processor(s) 802 to perform various tasks discussed above, either in the UE 800 or in a
wireless access network node. The machine-readable instructions 814 can be stored in any of

the various storage media of the system 800.

[0096] In the foregoing description, numerous details are set forth to provide an
understanding of the subject disclosed herein. However, implementations may be practiced
without some or all of these details. Other implementations may include modifications and
variations from the details discussed above. It is intended that the appended claims cover

such modifications and variations.
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What is claimed is:

1. A method comprising:

receiving, by a user equipment from a wireless access network node, a waiting time
parameter indicating an amount of waiting time relating to provision, by the wireless access
network node, of a solution for in-device coexistence (IDC) interference at the user

equipment.

2. The method of claim 1, wherein the waiting time indicated by the waiting time
parameter is a longest waiting time that the wireless access network node would take to

provide the solution for the IDC interference.

3. The method of claim 1, wherein the waiting time indicated by the waiting time
parameter is a shortest waiting time that the wireless access network node would take to

provide the solution for the IDC interference.

4. The method of claim 1, further comprising:

performing, by the user equipment, autonomous denial during a time duration
between receipt of the waiting time parameter and expiration of the waiting time, the
autonomous denial including the user equipment ignoring uplink transmission from a first
wireless interface to enable the user equipment to receive the solution for the IDC

interference in downlink signaling at a second wireless interface.

5. The method of claim 1, further comprising:
performing uplink transmission at a first wireless interface and downlink reception at
a second wireless interface during a time duration between receipt of the waiting time

parameter and expiration of the waiting time.

6. The method of claim 1, further comprising:
sending, by the user equipment, an IDC indication to the wireless access network

node, the IDC indication indicating presence of the IDC interference.
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7. The method of claim 1, further comprising:
sending, by the user equipment to the wireless access network node, a suggestion of a

waiting time for the waiting time parameter.

8. The method of claim 7, wherein the suggestion is sent in one selected from among a
new uplink radio resource control (RRC) message, a new information element of an existing
uplink RRC message, a physical level signature on a physical uplink control channel
(PUCCH), a new uplink medium access control (MAC) control element, and a reservation

field of an existing uplink MAC control element.

9. The method of claim 7, wherein the suggestion is sent in a new information element

of an IDC indication message.

10.  The method of claim 1, wherein receiving the waiting time parameter comprises
receiving the waiting time parameter in one selected from among a new uplink radio resource
control (RRC) message, a new information element of an existing uplink RRC message, a
new uplink medium access control (MAC) control element, and a reservation field of an

existing uplink MAC control element.

11.  The method of claim 1, wherein the waiting time parameter is a configurable

parameter based on at least one condition at the wireless access network node.

12.  The method of claim 1, wherein the waiting time parameter is a fixed parameter.

13. The method of claim 1, further comprising:

receiving, by the user equipment from the wireless access network node, another
instance of the waiting time parameter set to a specified value, wherein the specified value
indicates that the wireless access network node has rejected providing a solution for IDC

interference.
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14.  The method of claim 1, further comprising receiving, by the user equipment, an

update of a value for the waiting time parameter.

15. A user equipment comprising:
a communication interface configured to communicate wirelessly with a wireless
access network node; and
at least one processor configured to:
receive, from the wireless access network node, a waiting time parameter
indicating an amount of waiting time relating to provision, by the wireless access network

node, of a solution for in-device coexistence (IDC) interference at the user equipment.

16.  The user equipment of claim 15, wherein the at least one processor is configured to

start a waiting timer based on a value of the waiting time parameter.

17.  The user equipment of claim 16, wherein upon expiration of the waiting timer without
receiving the solution for the IDC interference, the at least one processor is configured to

perform a remedial action.

18. The user equipment of claim 17, wherein the remedial action includes declaring a

radio link failure and performing an operation relating to the radio link failure.

19.  The user equipment of claim 18, wherein the at least one processor is configured to

declare the radio link failure upon expiration of a radio link failure timer.

20.  The user equipment of claim 19, wherein the at least one processor is configured to
receive, from the wireless access network node, information relating to whether or not a

duration of the waiting timer is included in a duration of the radio link failure timer.

21.  The user equipment of claim 17, wherein the remedial action includes sending an IDC

indication to the wireless access network node.
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22.  The user equipment of claim 16, wherein the waiting timer is a first waiting timer, and
wherein the at least one processor is configured to:

start a second waiting timer upon expiration of the first waiting timer, and

wait for the solution to the IDC interference during a duration of the second waiting

timer.

23.  The user equipment of claim 22, the second waiting timer is one selected from among
an implementation-specific timer, a restarted instance of the first waiting timer, and another

first waiting timer.

24. A wireless access network node comprising:
a communication interface configured to communicate wirelessly with a user
equipment; and
at least one processor configured to:
send a waiting time parameter to the user equipment, the waiting time
parameter indicating an amount of waiting time relating to provision, by the wireless access
network node, of a solution for in-device coexistence (IDC) interference at the user

equipment.

25.  The wireless access network node of claim 24, wherein the at least one processor is
configured to further:
receive, from the user equipment, a suggested value for the waiting time parameter,
wherein the amount of waiting time indicated by the waiting time parameter sent to

the user equipment is identical to or different from the suggested value.

26. A method comprising:

starting a waiting timer in a user equipment, wherein the waiting timer is configured
to count a duration relating to an amount of time for a wireless access network node to
provision a solution for in-device coexistence (IDC) interference at the user equipment,

wherein the amount of time is specified according to a wireless standard.
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