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COMMUNICATING IN-DEVICE COEXISTENCE INTERFERENCE ASSISTANCE
INFORMATION

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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Some embodiments are described with respect to the following figures.

[0003] Fig. 1is a message flow diagram of a process relating to in-device coexistence

(IDC) interference management, in accordance with some implementations.

[0004]  Fig. 2 is a graph illustrating signal to interference and noise ratio degradation as a

function of a ratio equal to IDC interference power divided by a desired signal power.
[0005]  Figs. 3-5 are timing diagrams illustrating different IDC interference patterns.

[0006]  Fig. 6 is a message flow diagram of a static threshold allocation technique, in

accordance with some implementations.

[0007]  Fig. 7 is a message flow diagram of a dynamic threshold allocation technique, in

accordance with some implementations.

[0008]  Fig. 8 is a block diagram of an example arrangement that includes a user

equipment and wireless access network nodes, in accordance with some implementations.
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[0009]  Fig. 9is a block diagram of an example system that incorporates some

implementations.

DETAILED DESCRIPTION

[0010]  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
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.

[0011]  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.

[0012] 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.

[0013]  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).
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[0014] 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.

[0015]  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.

[0016]  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.

[0017] 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.

[0018]  Setting an IDC interference threshold can be challenging. In some cases, a
wireless access network node (e.g. eNB) may not have sufficient information to decide what
value to use for the IDC interference threshold. Moreover, existing standards do not define
the types of information to report from the UE to the wireless access network node for

purposes of allocating an IDC interference threshold.

[0019] Feedback Parameters for IDC Interference Mitigation

[0020]  In accordance with some implementations, the UE is able to send certain feedback
parameters to a wireless access network node (e.g. eNB) to allow the wireless access network
node to use the feedback parameters for setting an IDC interference threshold to be provided

to the UE. The IDC interference threshold that can be set by the wireless access network
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node can be an exact threshold to be used by the UE, or alternatively, the IDC interference
threshold can be in the form of a threshold guideline (e.g. a range of thresholds between a
minimum threshold and a maximum threshold from which the UE can select, or alternatively,

a collection of multiple candidate thresholds).

[0021]  In some implementations, signal to interference and noise ratio (SINR)
measurement techniques can be used for deriving feedback parameters to be sent by the UE
to the wireless access network node for the purpose of setting the IDC interference threshold.
SINR refers to a value that is computed based on a ratio of signal power to interference

power and noise power.

[0022]  Fig. 1is a message flow diagram of a process according to some implementations.
In Fig. 1, a UE performs (at 102) various measurements relating to computation of SINR.
From the measurements, one or more parameters (discussed further below) can be derived (at
104) by the UE. Performing the measurements (102) and computing the parameter(s) (104)
can be triggered by the UE, or alternatively, by the wireless access network node sending a
request to the UE. The one or more parameters are sent (at 106) as feedback parameters to a
wireless access network node. Using the feedback parameter(s), the wireless access network
node can compute (at 108) an IDC interference threshold (either an exact threshold or a
threshold guideline). A threshold guideline can be a range of thresholds, or a collection of
multiple candidate thresholds. The computed IDC interference threshold is then transmitted

(at 110) from the wireless access network node to the UE.

[0023]  The UE can then set (at 112) the IDC interference threshold, based on the IDC
interference threshold provided by the wireless access network node, for use in triggering an
IDC indication that is to be sent to the wireless access network node. If the IDC interference
threshold sent (at 110) is an exact threshold, then the exact threshold can be used by the UE.
On the other hand, if the IDC interference threshold sent (at 110) is a threshold guideline,
then the UE can set an IDC interference threshold based on the threshold guideline, such as
by picking a threshold from a range, or picking a threshold from among a collection of

candidate thresholds.
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[0024]  Providing an exact threshold by the wireless access network node allows for
network control of the specific IDC interference threshold to be used by the UE, which can

be useful for cell load and scheduling control by the network.

[0025] In cases where the wireless access network node provides a threshold guideline
instead of an exact threshold, the direct control of the specific IDC interference threshold to
be used is performed at the UE. However, even in such scenario, the network can still

maintain some control over the IDC interference threshold to be used by the UE.

[0026]  Measurements (102 in Fig. 1) corresponding to two types of SINR computations
can be used in accordance with some implementations for deriving feedback parameters. A
first SINR computation pertains to SINR with IDC interference (at an LTE radio interface).

This is represented as SINR ¢ (or T) and is computed as follows:

(Eq. 1)

S]NR[DC — T — PDesz‘red ,
Z])[nterf,i + NT +PIDC

iel

where Ppireq 18 the power of a desired signal (e.g. reference signal) from a serving cell (the
cell serving a UE), Prpiers; 18 the power of the interference from an interfering cell ; after
performing receive filtering (receive filtering can refer to filtering of a signal received by a
UE by a filter, such as a demodulation filter or another type of filter), Ny is the power of the
additive noise after performing receive filtering, / is the set of the interfering cells that can
interfere with the serving cell, and Py is the power of interference signals due to IDC
interference on an LTE radio interface. A “desired signal” can refer to a signal that is
transmitted by a wireless access network node for receipt by the UE—the desired signal is

distinct from interference and noise signals.

[0027] In some examples, P,y can be determined based on measurements at a receiver of
a first a radio interface (e.g. LTE radio interface) in the presence of transmissions from a
transmitter of another radio interface (e.g. ISM or GNSS radio interface). In alternative

implementations, rather than determining P;p. based on measurements, Py can be
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determined based on internal coordination between the radio interfaces of the UE. There can
be various operation modes at the UE that can be used to perform IDC interference avoidance
or reduction. For example, according to 3GPP TR 36.816, the possible operation modes
include an uncoordinated mode, a coordinated within UE only mode, and a coordinated
within UE and with network mode. Internal coordination between radio interfaces is possible
in the coordinated within UE only mode and the coordinated within UE and with network
mode. In the uncoordinated mode, the different radio interfaces within the same UE operate
independently without any internal coordination with each other. However, in the
coordinated within UE only mode or coordinated within UE and with network mode, there
can be internal coordination between the different radio interfaces within the same UE, such
that at least the activities of one radio interface is known by the other radio interface. Such

coordination allows one radio interface to become aware of presence of IDC interference.

[0028]  Another SINR computation involves calculating an SINR without IDC
interference. This SINR value is represented as SINRy, ;pc (or X), and can be computed as

follows:

(Eq. 2)

SINRNO e — X — PDesz‘red .
Z ])[nterf,i + NT

iel

Note that the computation of SINRy, ;pc 1s similar to the computation of SINR;pc except that
Pipc s not considered in Eq. 2. The measurement of SINR y, ;pc 18 similar to the
measurement of a reference signal received quality (RSRQ) without IDC interference on a
given LTE subcarrier. RSRQ provides an indication of signal quality, and is based on a ratio
of reference signal received power (RSRP) to a carrier received signal strength indicator
(RSSI) (which represents received power). RSRP is an average power of a downlink
reference signal, such as a Common Reference Signal (CRS), across a frequency bandwidth.
More specifically, RSRP is the linear average over the power contributions of resource
elements that carry cells that are specific reference signals within the considered

measurement frequency bandwidth. RSRQ can be calculated as follows: N*RSRP/ (E-
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UTRA carrier RSSI), where N is the number of radio blocks (RBs) of the E-UTRA carrier
RSSI measurement bandwidth. The measurement of RSRQ can be used as an approximation

for SINRy, 1pc-

[0029]  To allow an understanding of why certain feedback parameters can be useful to the
wireless access network node in allocating an IDC interference threshold (exact threshold or
threshold guideline), reference is made to Fig. 2, which shows SINR degradation (vertical
axis of the graph) due to IDC interference. In the example graph of Fig. 2, the horizontal axis

represents the ratio of Ppc to Ppegired-

[0030] The various curves 202, 204, 206, 208, 210, 212, and 214 correspond to different
values of SINRy, ;pc. In the example of Fig. 2, curve 202 corresponds to the lowest
SINRy, ipc value (e.g. -6 dB), while curve 214 corresponds to the highest SINRy, ;pc value
(e.g. +6 dB). As can be seen in the example graph of Fig. 2, for a larger value of SINRy, 1pc
(such as represented by curve 214), the SINR degradation with IDC interference becomes
IDC-dominated as the value of Pipc increases. More specifically, the SINR degradation
becomes more dominated by IDC interference (with higher values of Pipc/Ppesirea) 28
SINRy, ipc Increases. Comparing curves 202 and 214, a larger Ppc/Ppesireq Value causes

much larger SINR degradation when SINR y, ;pc 18 larger (curve 214).

[0031]  Thus, depending upon the conditions associated with wireless communications
between a UE and a wireless access network node, different feedback parameters can be
reported from the UE to the wireless access network node. The following discusses some
example feedback parameters that can be reported from the UE to the wireless access
network node for the purpose of computing an IDC interference threshold at the wireless

access network node.

[0032]  In some implementations, if it is detected from the measurements (at 102 in Fig. 1)
that Pipc/Ppesirea 18 greater than some specified value, the UE can send an IDC indication
instead of sending just feedback parameter(s) (at 106) in Fig. 1. P;pc/Ppesirea bCIng greater
than the specified value can be an indication that the IDC interference is relatively large and

should be handled sooner rather than later.
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[0033] In accordance with some implementations, there are several different feedback
parameter solutions relating to reporting of feedback parameters from a UE to a wireless
access network node. A first feedback parameter solution can involve reporting feedback
parameters based on IDC interference power relative to a power of a desired signal. A
second feedback parameter solution can involve reporting feedback parameters based on IDC

interference power relative to interference power without IDC plus noise power.

[0034]  More specifically, the first feedback parameter solution is based on reporting a
feedback parameter that is based on the ratio of IDC interference power (P;pc) to the power
of the desired signal from a serving cell (Ppegireq)- Such ratio (4) can be computed as

follows:

e P, (Eq. 3)

P Desired

[0035]  Note that the ratio A4 corresponds to the horizontal axis of the graph of Fig. 2.
From Egs. 2 and 3 above, SINR;p (SINR with IDC interference) given above in Eq. 1 can be

expressed as follows:

T'=X"+4. (Eq. 4)
Eq. 4 can be rewritten as
Eq.5
r-_ X (Eq. 5)
1+ A4AX

[0036] Tin Eq. 5 represents SINR;p¢ (SINR with IDC interference).

[0037] In the first feedback parameter solution, several options can be used in reporting
feedback parameters based on A4 to the wireless access network node. In a first option, the
UE can report 4 as computed according to Eq. 3. For Eq. 3, the value of P, can be
determined based on measurement or internal coordination at the UE, while the value of
Ppesirea €an be derived based on a measurement of a downlink control signal sent by a

wireless access network node to the UE.
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[0038] The reporting of 4 can be performed with quantization, which refers to using a
dynamically variable number of bits for representing 4 based on the value of 4. In other
words, if 4 has a smaller value, then the number of bits used to represent 4 can be reduced.

This reduces the amount of messaging overhead involved in communicating A.

[0039] In a second option of the first feedback parameter solution, the UE can report a
differential feedback parameter, represented as R. The reporting of R can also be performed

with quantization. R can be defined as follows:

SINR , 1pc X (Eq. 6)

- IDC power | desired signal power - A’

which can be equivalently written in the dB domain as R, = X, — 4,,.

[0040] InEq. 6, Xis the value given in Eq. 2, and represents SINR without IDC
interference. However, since the actual value of X is not available at the wireless access
network node, a value can be fed back from the UE to the wireless access network node, from

which the wireless access network node can derive 4 based on R.

[0041]  Insome examples, such a value can be the difference between X and S;_;, where

§;_4 defines the lower end of a range specified as follows:

S <X<S (Eq. 7)

In the foregoing, S;_; is the lower end and S; is the upper end of an SINR range, and X'is a

value between the two values.

[0042]  The range end values S;_; and §; can be included in entry j of an MCS (modulation
and coding scheme) table. The MCS table has multiple entries corresponding to different
adaptive MCS schemes that can be used in wireless communications between a UE and a
wireless access network node. Example adaptive MCS schemes include Quadrature Phase
Shift Keying (QPSK), 16-Quadrature Amplitude Modulator (QAM), 64-QAM, and so forth.

In some cases, an MCS scheme can remain constant over several subframes.
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[0043]  Each of the entries of the MCS table has a respective pair of end values S;_; and §;
that define the respective SINR range. An instance of the MCS table is kept at each of the
UE and the wireless access network node. As a result, if provided an index (j) of the MCS
table corresponding to the MCS scheme that is used, the UE or wireless access network node

would be able to retrieve the corresponding SINR value range specified by S;_; and §;.

[0044]  Asnoted above, the difference between X and S;_; is fed back by the UE to the
wireless access network node. Since the wireless access network node is aware of the current
adaptive MCS scheme used, the wireless access network node can retrieve the corresponding
entry of the MCS table to obtain the value of §;_;. Using the retrieved value of S;_;, and the
fed back difference between X and S;_; that has been received from the UE, the wireless
access network node can compute X such that the wireless access network node can derive 4
from the differential feedback parameter R. The value of 4 can then be used for allocating an
IDC interference threshold by the wireless access network node, where this allocated IDC

interference threshold is sent to the UE.

[0045]  Alternatively, to reduce messaging overhead, the difference between X and S;_;1s
not sent from the UE to the wireless access network node. Rather, the wireless access
network node can use S;_; retrieved from entry j of the MCS table as an approximation of X,

which can be used to determine 4 based on the differential feedback parameter R of Eq. 6.

[0046]  Note that the value of Sj-1 may depend on the receive filter and the type of

receiver. Then, different UEs may have different Sj—1 values.

[0047]  In accordance with some implementations, a feedback reporting threshold f can
also be specified. If R < S, then the differential feedback parameter R is not fed back (at 106
in Fig. 1) to the wireless access network node. R < f is an indication that IDC interference
is large enough such that it may impact system performance. As a result, instead of feeding
back R, the UE can instead send an IDC indication. The feedback reporting threshold f may

be configurable.

[0048] More generally, if a feedback parameter, such as R or 4 above, has a value with a

predefined relationship (greater than or less than) with respect to a feedback reporting



WO 2014/078086 PCT/US2013/067667

11

threshold, then the feedback parameter is sent by the UE to the wireless access network node.
However, if the value of the feedback parameter does not have the predefined relationship
with respect to the feedback reporting threshold, then the UE sends an IDC indication instead

of the feedback parameter to the wireless access network node.

[0049] A third option of the first feedback parameter solution can report an IDC
interference threshold as the feedback parameter. Such threshold, represented as Py, can be

computed in one of two ways, as set forth below in Eqs. 8 and 9:

B, =SINR,,.—SINR,, ;> (Eq. 8)
1 (Eq.9)
Py, = SINRNO e~ Z

[0050] InEq. 8, SINR;pc can be computed by the UE using Eq. 5, whereas SINRy, ;pc can
be measured by the UE. In Eq. 9, SINRy, ;pc 18 measured, while 4 is computed according to

Eq. 3.

[0051]  The wireless access network node can use either of the threshold values (according
to Egs. 8 and 9) to derive an IDC interference threshold that can be sent back to the UE. As
noted above, the IDC interference threshold that can be provided back to the UE by the

wireless access network node can be an exact threshold or a threshold guideline.

[0052]  Alternatively, as noted above, a second feedback parameter solution for reporting
feedback parameters from the UE to the wireless access network node is based on a ratio of
IDC interference power relative to interference power without IDC. This ratio can be

expressed as follows:

P,. (Eq. 10)

Z])Interf,i +NT

iel

B

Because B = 4X, Eq. 10 can be rewritten as follows:

X (Eq. 11)

“1+8
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[0053]  Note that 7 represents the SINR with IDC interference (Eq. 1 above). As an
alternative, the parameter B in Eq. 10 can be calculated by taking the ratio of the denominator

of Eq. 1 to the denominator of Eq. 2 and subtracting unity.

[0054] The second feedback parameter solution can also include several options for
reporting feedback parameters based on B. In a first option, the UE can report B as calculated

according to the Eq. 10, with quantization.

[0055]  The value of B can be equivalently written in the dB domain as follows:

el

By = P]Dc,dB - {Z P]merf,i + NT:| .
dB (Eq. 12)

[0056]  In some examples, the UE can additionally feed back the value of Pipc to the

wireless access network node either directly or as a differential value.

[0057]  Alternatively, in a second option of the second feedback parameter solution, the
UE can report an IDC interference threshold, represented as Pry,, which can be calculated as

follows:
P, =SINR,,.—SINR,, pc (Eq. 13)

B>P,. (Eq. 14)

[0058]  According to Eq. 13, the threshold (Pyy,) is represented as the difference between
the SINR with IDC interference (SINR;pc) and the SINR without IDC (SINRy, 1pc)-

[0059]  Alternatively, instead of reporting the threshold as Py, according to Eq. 13, the
parameter B (Eq. 10) is reported if B = Pry,.

[0060] Inresponse to any of the feedback parameters discussed above that are sent by the

UE to the wireless access network node, the wireless access network node can allocate an
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IDC interference threshold (exact threshold or threshold guideline) that is sent to the UE,

which can then set its IDC interference threshold accordingly.

[0061]  Fig. 3 is a timing diagram that illustrates IDC interference at an LTE receiver due
to transmission of signals by a transmitter (e.g. a WiFi transmitter) in the same UE. The
vertical axis in the graph of Fig. 3 represents IDC interference at the LTE receiver, and the
horizontal axis represents time. Fig. 3 shows how an IDC interference threshold 300 can be
used for triggering an IDC indication in accordance with some implementations. The IDC

interference threshold 300 is represented by a dashed horizontal line.

[0062] A time-varying waveform 302 represents IDC interference caused by a
dynamically fluctuating traffic pattern of the WiFi transmitter. If the IDC interference at the
LTE receiver is detected to exceed the interference threshold 300, then an IDC indication can

be triggered.

[0063] A first block 304 of the waveform 302 represents the magnitude and duration of
IDC interference caused by first transmitted traffic from the WiFi transmitter, while a second
block 306 represents the magnitude and duration of IDC interference caused by second

transmitted traffic from the WiFi transmitter.

[0064] In the example of Fig. 3, the IDC interference represented by the block 304 causes
an IDC indication (308) to be transmitted by the UE, where the IDC indication indicates
presence of IDC interference at the UE. On the other hand, the IDC interference represented
by the block 306 has a magnitude that is less than the IDC interference threshold 300, which
leads to the UE not sending an IDC indication, or alternatively, an IDC indication that

indicates there is no IDC interference at the UE.

[0065] 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. In some examples, the wireless access network node can select one of several
IDC solutions to allocate to the UE in response to an IDC indication. As examples, the IDC

solutions can include a Frequency Division Multiplexing (FDM) solution or a Time Division
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Multiplexing (TDM) solution. As other examples, the IDC solutions can further include a

power control solution.

[0066]  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).

[0067]  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.

[0068] 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
(Discontinuous Reception) solution, a TDM-HARQ (Hybrid Automatic Repeat Request)

solution, and a TDM-gap solution.

[0069]  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
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suggested TDM pattern from the UE, the wireless access network node can decide on the

final TDM pattern to use.

[0070] 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.

[0071] 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.

[0072]  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.

[0073] A power control solution can be used to reduce power reduction 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
can adjust the UE transmission power at one or more of the radio interfaces in the wireless

access network node.

[0074]  Although various IDC solutions are described above, it is noted that other IDC

solutions can be used in other implementations.

[0075] Eq. 2 discussed above provides an example of how an SINR value without IDC
interference can be computed. However, the computation of an SINR value without IDC
interference can differ depending on which of the following antenna arrangements are used:
SIMO (single-input multiple-output), SFBC (space-frequency block code), and MIMO

(multiple-input multiple-output). The foregoing arrangements can be used with maximum
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ratio combining (MRC) or minimum mean-squared estimation (MMSE). MRC is a first
receiver type that provides a diversity combining technique in which signals from multiple

channels are combined. MMSE is another receiver type that provides for channel estimation.

[0076] For 2x2wireless channels, MRC for SIMO or SFBC, and MMSE for MIMO are

considered below. The computations can be extended to NxM wireless channels.

[0077] A wireless channel with two transmit and two receive antennas can be represented

as follows:

H:|:h11 h12:| (Eq.15)
hy hy

where h;; is the channel associated with the j** transmit and i*" receive antenna pair.

[0078] For SIMO and SFBC, the SINR for a subcarrier can be given by

2 (Fig. 16)
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[0079]  For MIMO with MMSE detector, the SINR of the i*"* layer at a subcarrier can be
given by:

2 2 (Eq. 17)
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where W;; is the i row and j** column of the MMSE matrix W = (HHH + NOI) H”,and

Ny 1s the additive white Gaussian noise. Note that other receiver types can be similarly

applied.

[0080] SINR Reporting For Different Traffic Patterns

[0081]  The pattern of traffic of a non-LTE radio interface that can interfere with the LTE
radio interface of a UE can cither be a uniform traffic pattern or a non-uniform traffic pattern.
The uniform or non-uniform traffic pattern can correspond to the traffic pattern of an ISM
radio interface, a GNSS interface, or any other interface that can cause IDC interference with

the LTE radio interface of the UE.

[0082]  Although reference is made to uniform or non-uniform traffic patterns that can
interfere with the LTE radio interface, note that a traffic pattern transmitted from the LTE
radio interface can also have uniform or non-uniform traffic patterns that can cause IDC
interference with another radio interface in the same UE, such as the ISM radio interface or

the GNSS radio interface.

[0083]  As shown in Fig. 4, when the interfering traffic (the traffic that causes IDC
interference with the LTE radio interface) can be considered uniform, the UE can send an
IDC indication at the start of any detected or predicted IDC interference without considering
traffic pattern variation. As depicted in Fig. 4, the IDC interference represented by block 400
(due to a uniform traffic pattern) has a magnitude that exceeds an IDC interference threshold
404. Consequently, an IDC indication can be sent at 402 at the start of the IDC interference
that is detected or predicted to exceed the IDC interference threshold 404.

[0084] A UE is able to predict that an interfering traffic pattern will be uniform since the

UE knows the data that is being sent by the interfering radio interface. Since the interference
is coming from a different radio interface within the same UE, the IDC interference level can
be characterized for subsequent use rather than having to measure the IDC interference level

at the time that data is being transmitted by the LTE radio interface.
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[0085]  In some implementations, during a time that the IDC interference level exceeds the
IDC interference threshold 404, the UE can repeatedly send an IDC indication on an
intermittent basis or on a regular basis (such as based on expiration of a timer in the UE). In
Fig. 4, the UE can send an IDC indication (to indicate interference is present) at the starting
point 402 of the IDC interference that exceeds the IDC interference threshold 404.
Additionally, the UE can send another IDC indication at the end (406) of the block 400, to
indicate that no further IDC interference will be present. In some examples, no other IDC
indication has to be sent at points between the beginning (402) and the end (406) of the block

400, which reduces messaging overhead.

[0086] In some examples, the IDC interference threshold used at the UE can be
represented as Py, and a comparison can be made between A (Eq. 3 above) and Pr,. If A4 is
greater than or equal to Py, then the UE sends the IDC indication (for indicating presence of

IDC interference) to the wireless access network node.

[0087] In some examples, the IDC interference threshold Pz, can be maintained constant

for the duration of the uniform interfering traffic pattern.

[0088] In alternative examples, the IDC interference threshold Py, can vary with the
adaptive MCS (modulation and coding scheme) used by the UE. For example, a first value of
Py, can be used if a first MCS scheme is used, a second, different value of Py is used if a
second, different MCS scheme is used, and so forth. Thus, as the adaptive MCS scheme
varies due to varying wireless channel conditions, the IDC interference threshold Pz, can

vary accordingly.

[0089]  In the foregoing discussion, it can be assumed that the SINRs with and without
IDC (as represented by SINR ;p¢ and SINR y, 1pc, respectively) are constant in the presence
of the uniform interference traffic pattern. However, in some cases, the SINR with IDC and
the SINR without IDC can vary (constructively or destructively) as a function of time, due to
time selectivity of wireless channels, even though the IDC interference is uniform. The
wireless channels used for communications between a UE and a wireless access network
node can be time varying during measurements pertaining to IDC interference. For example,
variation can be due to the value of desired signal power Pp,;roq and the value of the noise

power N, fluctuating due to the time selectivity of the wireless channels.
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[0090] In the presence of such fluctuation, IDC indications may be sent too frequently by
a UE, which can result in excessive messaging overhead, including excessive amounts of
higher layer signaling. To resolve this issue, the determination of whether IDC interference
exceeds an IDC interference threshold occurs in time intervals that exclude those time
durations due to time selectivity of wireless channels, which can be caused by motion of the

UE, for example.

[0091]  In further examples, a time averaging window approach can be used for computing
an average of SINRy, ;pc values. Due to time selectivity of wireless channels, SINRy, pc
may vary. The time averaging window approach defines a time window in which multiple
different SINRy, ;pc values can be averaged to obtain an average SINRy, ;pc value. For
enhanced accuracy, time periods due to time selectivity of wireless channels can be excluded
from the time averaging window for the purpose of determining the average SINRy, 1pc

value.

[0092]  The foregoing has discussed IDC interference caused by uniform traffic patterns.
Fig. 5 depicts an example of IDC interference caused by a non-uniform traffic pattern. For
the purpose of determining whether or not an IDC indication should be sent to indicate
presence of IDC interference in the presence of a non-uniform traffic pattern, various
parameters are used. Such parameters are used for the purpose of determining whether or not
a detected IDC interference exceeds the IDC interference threshold (504 in Fig. 5) for a

sufficiently long period of time.

[0093]  In some examples, the parameters used for triggering the sending of an IDC

indication are listed below (in other examples, other parameters can be used):

e reference time duration (D;p¢),
e a fraction of the reference time duration («),

e threshold (Pyy).

[0094]  Fig. 5 shows the reference time duration (D), which defines a time duration over
which an interference level is to be measured for comparison with the IDC interference
threshold 504, which is represented by Prj,. The parameter a can be a specified constant

value that is to be multiplied by D;p for defining a threshold time duration. If the IDC
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interference exceeds the IDC interference threshold 504 for an amount of time that is greater
than or equal to the threshold time duration, then an IDC indication is triggered, as discussed

further below.

[0095] The foregoing parameters can be configurable by the wireless access network
node and signaled to the UEs so that all UEs employ consistent triggering parameters for
triggering IDC indications. Alternatively, a particular UE can configure the parameters and
signal them to the wireless access network node for cases where the particular UE can better
predict the interference pattern because the particular UE is in control of sending the
interfering signal. In any case, these parameters can be agreed to in advance between the UE

and the wireless access network node.

[0096] Based on the above parameters, the UE measures the time duration out of the
reference time duration (D;p) when the IDC interference exceeds the IDC interference
threshold (A > Pr,,), where A is computed according to Eq. 3 above. The measured time
duration is compared with the value a * D;p, which represents the threshold time duration
noted above. When the measured time duration exceeds a * D;p¢, the UE sends an IDC

indication message to the wireless access network node.

[0097]  Inthe example of Fig. 5, Dipc 1, Dipcz and Dypc 3, are respective measured time
durations during which the respective IDC interference exceeds the IDC interference
threshold 504. In the example of Fig. 5, if Djpc 1 + Dipc2 + Dipcz = @ * Dipc, then the UE
sends an IDC indication to the wireless access network node. It is noted that if D;pc; +
Dipc2 = @ Dipc, then the UE can trigger the sending of the IDC indication without having
to wait for the end of the third time duration D;p 3. In other words, the UE is able to trigger
the sending of an IDC indication upon detecting that an aggregate time duration during which

the IDC interference exceeds the IDC interference threshold exceeds a - D;pc.

[0098]  In some implementations, an additional timer can be provided to initiate the IDC
calculation from a higher layer in the UE (where a higher layer is a layer above the physical
layer). It is assumed that the determination of whether IDC interference exceeds an IDC
interference threshold, or a measured time duration when IDC interference exceeds a

threshold time duration, can be performed at the physical layer of the UE. The additional
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timer in the higher layer can be used to trigger the IDC calculations for determining whether
or not the IDC interference should trigger the sending of an IDC indication. The timer value
for the additional timer can be preconfigured in the UE, or can be configured by a wireless

access network node.

[0099]  Similar to the uniform interfering traffic pattern scenario, the SINR with IDC
interference and the SINR without IDC interference may vary either constructively or
destructively as a function of time, due to the time selectivity of wireless channels, even
though the IDC interference is uniform. The wireless channels used for communications
between a UE and a wireless access network node can be time varying during measurements
pertaining to IDC interference. For example, variation can be due to the value of desired
signal power Pp.gireq and the value of the noise power Ny fluctuating due to the time
selectivity of the wireless channels. In the presence of such fluctuation, IDC indications may
be sent too frequently by a UE, which can result in excessive messaging overhead, including
excessive amounts of higher layer signaling. To resolve this issue, the determination of time
durations during which IDC interference due to the non-uniform interfering traffic pattern
exceeds the IDC interference threshold may exclude the time durations due to time selectivity

of wireless channels.

[00100] In-Device Co-Existence (IDC) Interference Assistance Information

[00101] The various feedback parameters discussed above can be sent as IDC interference
assistance information to a wireless access network node. In addition to the foregoing
feedback parameters, additional IDC interference assistance information can be sent by the

UE to the wireless access network node, including any or some combination of the following:

e at least one characteristic regarding a non-LTE radio interface that causes the IDC
interference, where the at least one characteristic can include a transmission power
of the non-LTE radio interface, a spurious power of the non-LTE radio interface,
an out-of-band emission power of the non-LTE radio interface, and so forth;

e information regarding a type of application or a type of traffic pattern (e.g. constant
bit rate (CBR) traffic pattern, variable bit rate (VBR) traffic pattern, and so forth)
(this information can be derived using internal coordination between the radio

interfaces of the UE);
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e an observed IDC interference pattern (such as the uniform or non-uniform
interference pattern depicted in Fig. 4 or 5);

e statistics regarding an error rate of a downlink from the wireless access network
node to the UE;

e areceiver type (e.g. maximum ratio combining (MRC) receiver, minimum mean-

squared estimation (MMSE) receiver, etc.);

e areference time duration (D;p discussed above);

e a fraction of the reference time duration (« as discussed above); and

e an IDC interference threshold (which can be an exact threshold or a threshold

guideline).

[00102] More generally, the assistance information that can be sent by the UE to the
wireless access network node includes parameters that relate to setting an IDC interference

threshold.

[00103] Several options can be employed for the UE to send IDC interference assistance

information to the wireless access network node.

[00104] According to option 1, the UE sends the IDC interference assistance information

upon request by the wireless access network node.

[00105] According to option 2, the UE sends the IDC interference assistance information
periodically, based on a specified time interval. The wireless access network node may

configure the specified time interval.

[00106] According to option 3, the UE sends the IDC interference assistance information in
response to a specified event. Examples of specified events can include an event indicating
an error rate increase, an event indicating a change in the IDC interference by greater than
some specified amount, and so forth. According to option 3, the wireless access network
node can request the IDC interference assistance information from the UE when the wireless
access network node detects any of the specified events. Alternatively, the UE can send the

IDC interference assistance information when the UE detects any of the specified events.
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[00107] According to option 4, the wireless access network node can preconfigure at least
one triggering parameter (as a system parameter) that controls the UE sending a first IDC
indication that contains the IDC interference assistance information. The UE performs the
first transmission of the IDC indication based the at least one preconfigured triggering
parameter. Thereafter, the UE can request, at any time, a change of the at least one

preconfigured triggering parameter, based on a traffic status of the UE, for example.

[00108] According to option 5, a hybrid approach that uses multiple ones of the options

listed above can be used.

[00109] Although five example options are listed above that specify respective triggers for
triggering the sending of the IDC interference assistance information, it is noted that, in other
implementations, additional or alternative options can be employed for triggering of the

sending of the IDC interference assistance information.

[00110] In accordance with some examples, the wireless access network node can send
control information according to Table 1 or 2 below to specify the option(s) to use for
sending IDC interference assistance information by the UE. Although specific examples of
the control information are depicted in Tables 1 and 2, it is noted that different forms of the

control information can be used in other examples.

Table 1: Assistance information control

information
Option 1 000
Option 2 001
Option 3 010
Option 4 011
Option 5 100
Reserved 111

[00111] In Table 1, the control information can be in the form of a bitmap, such as a bitmap
of three bits. The bitmap can be set to one of several different values in the example Table 1,
where a value of “000” indicates that option 1 is to be used, a value of “001” indicates that

option 2 is to be used, a value of “010” indicates that option 3 is to be used, a value of “011”
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indicates that option 4 is to be used, and a value of “100” indicates that option 5 is to be used.

A value of “111” for the bitmap is indicated as reserved in the foregoing example.

[00112] Table 2 below indicates alternative control information to use for indicating the
approach to use for triggering the sending of the IDC interference assistance information

from the UE to the wireless access network node.

Table 2: Assistance information control information

Option 1 Oor1 | Ifthe bitis setto “1”, option 1 will be
enabled, otherwise, option 1 will not
be enabled

Option 2 Oor1 |Ifthe bitis setto “1”, option 2 will be
enabled, otherwise, option 2 will not
be enabled

Time Period | 000 If the “Option 2” bit is set to “1”, this
field is set to a reporting time interval.

Option 3 Oor1 | Ifthe bitis setto “1”, option 3 will be
enabled; otherwise, option 3 will not
be enabled.

Option 4 Oor 1 |Ifthe bitis setto “1”, option 4 will be

enabled; otherwise, this option will
not be enabled.

[00113] Each row of Table 2 corresponds to a different field that is settable to one of
multiple values. For example, the first row has a bit that is settable between “0” and “1” to
indicate whether or not triggering of sending of IDC interference assistance information by
the UE can be based on a request by the network node (option 1 above). Similarly, the
second, fourth, and fifth rows of Table 2 specify whether or not the respective options 2, 3,
and 4, are to be enabled. If option 2 is enabled (the periodic option), then the third row of
Table 2 specifies the reporting time interval for periodically sending the IDC interference
assistance information. The unit of time for the reporting time interval can be actual time,

number of subframes, and so forth.

[00114] With the Table 2 control information, multiple options can be enabled, which
would provide the hybrid approach of option 5.

[00115] The control information for controlling the reporting of IDC interference assistance
information by the UE (such as the control information of Table 1 or 2) can be sent by the

wireless access network node to the UE using any of the following messages:
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e the wireless access network node capability indication message, which indicates
the capability of the wireless access network node with respect to a solution that
can be provided by the wireless access network node for IDC interference;

e anew information element of an existing Radio Resource Control (RRC) message;

e anew RRC message;

e an IDC indication response message (which is sent in response to an IDC
indication message from the UE for indicating whether or not there is IDC
interference at the UE).

[00116] In the foregoing, an “existing” message or information element refers to a message
or information element that is defined by an existing version of a wireless access technology
standard, such as the LTE standard. A “new” message or information element refers to a
message or information element that is not defined by an existing version of a wireless access
technology standard, but may be incorporated into a later version of the wireless access

technology standard.

[00117] The control information of Table 1 or 2 can be updated upon request by the UE.
For example, the IDC indication message that is sent by the UE upon the UE detecting IDC

interference can include an update request of the control information in Table 1 or 2.

[00118] Alternatively, the wireless access network node can update the control information
of Table 1 or 2, such as in response to changing conditions detected by the wireless access
network node. For example, if the UE has relatively constant IDC interference, certain
parameters related to the IDC interference threshold setting can be used without significant
change, so that the UE can send the IDC interference assistance information discussed above
less frequently. However, if the UE has irregular traffic, such as non-uniform traffic, some of
the parameters may have to be adjusted more frequently to account for the variation, so that

the UE should send the IDC interference assistance information more frequently.

[00119] Table 3 below depicts various example techniques of setting an IDC interference
threshold by the wireless access network node. In some examples, the UE can send IDC
interference threshold information in addition to, or as part of, the IDC interference assistance

information noted above. The wireless access network node can use the IDC interference
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threshold information from the UE, along with the assistance information, to compute an IDC

interference threshold (exact threshold or threshold guideline).

Table 3: Possible threshold settings

UE Wireless Access Network Node
Option 1 | Send threshold guideline Allocate threshold guideline
Option 2 | Send threshold guideline Allocate exact threshold
Option 3 | Send exact threshold Allocate threshold guideline
Option 4 | Send exact threshold Allocate exact threshold

[00120] In the foregoing example, Table 3 above lists four threshold setting options.
According to threshold setting option 1, the UE can send a threshold guideline to the wireless
access network node, which can allocate a threshold guideline based on information reported
from the UE, including the threshold guideline from the UE and the IDC interference

assistance information.

[00121] The threshold guideline allocated by the wireless access network node may be the
same as or different from the threshold guideline provided by the UE. Upon receiving the
allocated threshold guideline from the wireless access network node, the UE may set its own
IDC interference threshold based on the allocated threshold guideline from the wireless

access network node.

[00122] In threshold setting option 2 of Table 3, the UE can send a threshold guideline to
the wireless access network node, and the wireless access network node can allocate an exact
IDC interference threshold based on the threshold guideline from the UE and based on the
assistance information. Upon receiving the exact IDC interference threshold from the
wireless access network node, the UE can use the exact IDC interference threshold for

triggering the sending of an IDC indication.

[00123] According to threshold setting option 3 in Table 3, the UE sends an exact IDC
interference threshold to the wireless access network node, and the wireless access network
node allocates a threshold guideline based on the information received from the UE,
including the exact IDC interference threshold and the assistance information. When the UE
receives the threshold guideline from the wireless access network node, the UE can set its
own IDC interference threshold based on the threshold guideline from the wireless access

network node.
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[00124] According to threshold setting option 4 in Table 3, the UE sends an exact IDC
interference threshold to the wireless access network node, and the wireless access network
node allocates an exact IDC interference threshold based on the information received from
the UE, including the exact IDC interference threshold from the UE and the assistance
information. The exact IDC interference threshold allocated by the wireless access network
node can be the same as or different from the exact IDC interference threshold provided by
the UE. When a UE receives the allocated exact IDC interference threshold from the wireless
access network node, the UE uses the exact IDC interference threshold for triggering the

sending of an IDC indication.

[00125] Threshold Allocation Techniques

[00126] There are two possible techniques for allocating an IDC interference threshold for
use by the UE. A first allocation technique is a static allocation technique, where the IDC
interference threshold used by the UE is not changed during a particular IDC session
associated with traffic that causes the IDC interference. A second allocation technique is a
dynamic allocation technique, where the IDC interference threshold used by the UE can be
changed during the IDC session. An IDC session associated with traffic that causes the IDC
interference can start when an application begins an operation that involves the sending of the
traffic, and can end when the application stops the operation. Alternatively, the IDC session
can start upon detection of the traffic, and can stop when the traffic is detected to have

stopped.

[00127] With the static allocation technique, signaling associated with the sending of
threshold information and assistance information from the UE to the wireless access network
node, and the sending of an allocated threshold from the wireless access network node to the

UE, can be reduced, which reduces messaging overhead over the wireless link.

[00128] Several types of uplink messages can be used to carry the IDC interference
assistance information from the UE to the wireless access network node, including the

following example uplink messages:
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e a UE capability message (which identifies a capability of the UE with respect to
IDC interference, such as whether the UE can support both a TDM and an FDM
solution);

e anew information element of an existing RRC message;

e anew RRC message;

e an IDC indication message;

e control signaling in a physical uplink control channel (PUCCH).

[00129] The allocated threshold information (exact threshold or threshold guideline) can be
sent by the wireless access network node to the UE using any of the following example

downlink messages:

e anew RRC message;

e ancw information element of an existing RRC message;

e anew medium access control (MAC) control element (CE);
e areserved field of an existing MAC CE; and

e an IDC response message (which is a response to the IDC indication).

[00130] Fig. 6 is a message flow diagram relating to the static allocation technique
discussed above. The wireless access network node sends (at 602) a UE capability request
message to the UE. The UE capability request message is a message seeking certain

information associated with the UE.

[00131] Inresponse to the UE capability request message, the UE sends (at 604) an uplink
message that includes the IDC interference assistance information. The uplink message can
be any of the uplink messages identified above, or some other uplink message. Additionally,
or alternatively, the uplink message can also carry an IDC interference threshold, which can

be either a threshold guideline or an exact threshold as noted in Table 3 above, for example.

[00132] Inresponse to the uplink message, the wireless access network node sends (at 606)
a downlink message that contains an allocated IDC interference threshold, which can be an
exact threshold or a threshold guideline as noted in Table 3 above, for example. The
downlink message can be any of the downlink messages noted above, or some other

downlink message.
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[00133] Inresponse to the allocated IDC interference threshold in the downlink message,
the UE sets (at 608) the IDC interference threshold to be used by the UE.

[00134] As noted above, a threshold guideline that is sent by the wireless access network
node can include a range defined by an upper threshold value and a lower threshold value. In
such an approach, the wireless access network node provides two threshold values to the UE
in the downlink message sent at 606, where the two threshold values define the threshold

range.

[00135] Alternatively, a threshold guideline sent by the wireless access network node in the
downlink message at 606 can include one threshold value Py, along with a delta value A.

The threshold range can then be defined as Pr; £ A.

[00136] Similar techniques can be used for reporting a threshold guideline from a UE to a

wireless access network node.

[00137] With the static allocation technique of Fig. 6, the threshold information provided

by the wireless access network node is not changed or updated during an IDC session.

[00138] The dynamic allocation technique can dynamically change the IDC interference
threshold provided by the wireless access network node during an IDC session, which can be
based on request by the UE or based on a determination by the wireless access network node,
or both. The dynamic threshold is changeable by one or both of the UE and wireless access
network node at any time during the IDC session. For example, a UE may request a change
of the allocated threshold based on a change in the traffic pattern of the non-LTE radio
interface that is causing the IDC interference. Alternatively, the wireless access network
node can change the allocated threshold due to changing conditions associated with

scheduling or load balancing.

[00139] Fig. 7 depicts a message flow diagram of a process of the dynamic allocation
technique, in accordance with some examples. Tasks 602, 604, 606, and 608 are the same as

corresponding tasks in Fig. 6, and thus, are not discussed further.

[00140] According to Fig. 7, after the UE has set the IDC interference threshold to use (at
608), the UE detects (at 702) a change in condition that would warrant a change in the IDC
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interference threshold. In response to detecting the change in condition, the UE sends (at
704) an uplink message to request the re-configuring of the IDC interference threshold. The
uplink message sent at 704 can carry IDC interference assistance information, or a UE-

provided IDC interference threshold (exact threshold or threshold guideline), or both.

[00141] In response to the uplink message sent at 704, the wireless access network node
sends (at 706) a downlink message that contains the changed allocated IDC interference
threshold, which can be an exact threshold or a threshold guideline. In response to the

downlink message sent at 706, the UE re-sets (at 708) its IDC interference threshold.

[00142] In the example process of Fig. 7, the uplink messages (sent at 604, 704) and the
downlink messages (sent at 606, 706) can be any of the uplink and downlink messages,

respectively, listed further above, or other uplink and downlink messages.

[00143] The selective use of the static allocation technique or the dynamic allocation
technique for setting the IDC interference threshold can depend on the UE’s traffic status and
the wireless access network node’s scheduling and load balancing status. In accordance with
some implementations, either the UE or the wireless access network node, or both, can
request a change between the static and dynamic allocation techniques. For example, an
information field (e.g. one bit or multiple bits) can be used for indicating whether the static of
dynamic allocation technique is to be used. If the information field has a first value, then the
static allocation technique is used. On the other hand, if the information field has a second

value, then the dynamic allocation technique is used.

[00144] The information field for controlling which of the static or dynamic allocation

technique to be used can be carried in any of the following messages:

e anew RRC message;

e anew information element of an existing RRC message;
e an IDC indication response message;

e areserved field in an existing MAC CE; and

e ancw MAC CE.
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[00145] System Architecture

[00146] Fig. 8 is a block diagram of an example arrangement that includes a UE 800, 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. §, the UE 800 can include two
different types of radio interfaces 802 and 804 that operate according to corresponding
different wireless technologies. Although just two radio interfaces 802, 804 are depicted in
Fig. 8, it is noted that in alternative examples, there can be more than two different types of

radio interfaces in the UE 800.

[00147] The radio interface 802 is able to wirelessly communicate with a wireless access
network node 822 in a wireless access network 824, and the radio interface 804 is able to
wirelessly communicate with another wireless access network node 826 in a wireless access
network 828. Each radio interface 802 or 804 can be a radio transceiver that includes a

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

[00148] The radio interfaces 802 and 804 are part of respective protocol stacks 810 and
812. The first and second protocol stacks 810 and 812 form a communication subsystem of

the UE 800, to allow the UE 800 to communicate with various external entities.

[00149] The first protocol stack 810 can include protocol layers for a first wireless
technology, while the second protocol stack 812 can include protocol layers for a second,
different wireless technology. As examples, the first protocol stack 810 can operate
according to the LTE technology, while the second protocol stack 812 can operate according

to the ISM or GNSS technology.

[00150] In the foregoing example that includes an LTE protocol stack 810, the wireless
access network node 822 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.

[00151] If the second protocol stack 812 operates according to the ISM technology, then
the wireless access network node 826 in the wireless access network 828 can be a WiFi

wireless access point, a Bluetooth master device, or some other type of wireless access point
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or base station. On the other hand, if the second protocol stack 812 operates according to the

GNSS technology, then the wireless access network node 826 can be a satellite.

[00152] In the ensuing discussion, it is assumed that the first protocol stack 810 is an LTE
protocol stack, and the wireless access network node 822 is an eNB. However, it is noted
that techniques or mechanisms according to some implementations can be applied to other

wireless technologies.

[00153] The LTE protocol stack 810 includes a physical layer 806 (that includes the radio
interface 802) and higher layers 814 that include a medium access control (MAC) layer and
upper layers. The physical layer 806 can be considered the lowest layer in the first protocol
stack 810. The second protocol stack 812 includes a physical layer 808 (that includes the
radio interface 804) and higher layers 816 that include a MAC layer and upper layers.

[00154] In accordance with some implementations, the radio interface 802, or another
component in the physical layer 806, 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 806 to an upper layer 814 for transmission to the wireless
access network node 822. In further implementations, the feedback parameters relating to

setting of an IDC interference threshold can also be computed by the physical layer 808.

[00155] Generally, a MAC layer can provide addressing and channel access control
mechanisms to allow the UE 800 to communicate over a shared medium, in this case a shared
wireless medium. In some implementations, the upper layers of the LTE protocol stack 810
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 800 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.

[00156] The upper layers that are included in the second protocol stack 812 depend on the

wireless technology implemented by the second protocol stack 812.
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[00157] As depicted in Fig. 8, the physical layer 806 further includes an interference
detector 818. The interference detector 818 is able to detect IDC interference, such as IDC
interference at a receiver of the radio interface 802 caused by transmission by a transmitter in
the radio interface 804. In some examples, the interference detector 818 may also be able to
detect IDC interference at a receiver of the radio interface 804 caused by transmission by a
transmitter of the radio interface 802. In yet further examples, another interference detector
(not shown) may also be provided in the physical layer 808 of the second protocol stack 812
to detect IDC interference at the receiver of the radio interface 804 caused by transmission by

the transmitter of the radio interface 802.

[00158] 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.

[00159] 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 818 can instead be

based on internal coordination between the radio interfaces of the UE 800.

[00160] Upon detecting IDC interference and determining that the IDC interference
satisfies one or more specified criteria (such as discussed above for uniform and non-uniform
traffic patterns), the interference detector 818 can activate an interference notification 8§19
that is provided to an interference indication control module 820. The interference indication
control module 820 can be provided in one of the higher layers 814. In alternative examples,

the interference indication control module 820 can also be provided in the physical layer 806.

[00161] The interference indication control module 820 can respond to the interference
notification 819 from the interference detector 818 by generating an IDC indication 821 that

is to be transmitted from the UE 800 to a corresponding wireless access network node.

[00162] In this discussion, although reference is made to the LTE protocol stack 810

sending an IDC indication to the wireless access network node, it is noted that in other
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implementations, the second protocol stack 812 can also include a mechanism to detect IDC
interference and to send an IDC indication to the corresponding wireless access network node
826. Morecover, 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.

[00163] Fig. 9 illustrates an example system 900, which can either be the UE 800 or a
wireless access network node, such as 822 or 826 in Fig. 8. The system 900 can include a
processor (or multiple processors) 902. A processor can include a microprocessor,
microcontroller, processor module or subsystem, programmable integrated circuit,

programmable gate array, or another control or computing device.

[00164] The system 900 can include a communication subsystem 904 to communicate over
a wireless link. The system 900 can also include various storage media, including a random
access memory (RAM) 906 (e.g. dynamic RAM or static RAM), read-only memory (ROM)
908 (e.g. erasable and programmable read-only memory (EPROM)), electrically erasable and
programmable read-only memory (EEPROM), or flash memory), and secondary storage 910
(e.g. magnetic or optical disk-based storage), and so forth. The various components can

communicate with each other over one or more buses 912.

[00165] Machine-readable instructions 914 in the system 900 are executable on the
processor(s) 902 to perform various tasks discussed above, either in the UE 900 or in a
wireless access network node. The machine-readable instructions 914 can be stored in any of

the various storage media of the system 900.

[00166] 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, control
information relating to selecting one or more of plural options to use for delivery of
assistance information including at least one parameter relating to setting a threshold for in-
device coexistence (IDC) interference; and

sending, by the user equipment to the wireless access network node, a message

containing the assistance information according to the control information.

2. The method of claim 1, wherein the control information specifies that the assistance
information is to be sent by the user equipment in response to request of the wireless access

network node.

3. The method of claim 1, wherein the control information specifies that the assistance

information is to be periodically sent by the user equipment.

4. The method of claim 3, wherein the control information further specifies a reporting

time interval that defines a periodicity of sending the assistance information.

5. The method of claim 1, wherein the control information specifies that the assistance

information is to be sent by the user equipment in response to a specified event.

6. The method of claim 1, wherein the control information specifies that the assistance
information is to be sent by the user equipment according to at least one preconfigured
triggering parameter specified by the wireless access network node, wherein the user

equipment is able to request a change of the at least one triggering parameter.

7. The method of claim 6, wherein the user equipment is able to request the change of
the at least one triggering parameter at any time after the sending of the assistance

information.
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8. The method of claim 1, wherein the control information specifies that the assistance
information is to be sent by the user equipment using a hybrid approach that includes a
plurality of triggering conditions selected from among: a request from the wireless access
network node, a specified event, a time event, and an event based on a preconfigured

triggering parameter that is changeable by request of the user equipment.

9. The method of claim 1, wherein the at least one parameter of the assistance
information includes at least one characteristic of a radio interface in the user equipment that

causes IDC interference.

10.  The method of claim 1, wherein the at least one parameter of the assistance
information is selected from among a type of application that produces traffic that causes IDC
interference, a type of traffic pattern that causes the IDC interference, an observed
interference pattern, information relating to a measured interference on a downlink to the user
equipment, information relating to an error rate of the downlink, and a type of receiver in the

user equipment.

11.  The method of claim 1, wherein the at least one parameter of the assistance
information includes a reference time duration during which IDC interference is to be
measured, an IDC interference threshold, and a fraction value for computing a time duration
threshold based on the reference time duration, wherein an IDC indication is triggered to be
sent by the user equipment if a level of an IDC interference exceeds the IDC interference

threshold over a time duration that exceeds the time duration threshold.

12. The method of claim 1, wherein the control information is carried in a message
selected from among a wireless access network node capability indication message, a new
information element in an existing Radio Resource Control (RRC) message, a new RRC

message, and an IDC indication response message.

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

interference threshold guideline; and
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receiving, by the user equipment from the wireless access network node, an IDC
interference threshold guideline that is responsive to the IDC interference assistance

information and the IDC interference threshold guideline from the user equipment.

14. The method of claim 1, further comprising:

sending, by the user equipment to the wireless access network node, an IDC
interference threshold guideline; and

receiving, by the user equipment from the wireless access network node, an exact IDC
interference threshold that is responsive to the IDC interference assistance information and

the IDC interference threshold guideline from the user equipment.

15. The method of claim 1, further comprising:

sending, by the user equipment to the wireless access network node, an exact IDC
interference threshold; and

receiving, by the user equipment from the wireless access network node, an IDC
interference threshold guideline that is responsive to the IDC interference assistance

information and the exact IDC interference threshold from the user equipment.

16. The method of claim 1, further comprising:

sending, by the user equipment to the wireless access network node, an exact IDC
interference threshold; and

receiving, by the user equipment from the wireless access network node, an exact IDC
interference threshold that is responsive to the IDC interference assistance information and

the exact IDC interference threshold from the user equipment.
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17. A wireless access network node comprising:
a wireless interference to communicate with a user equipment; and
at least one processor configured to:
receive assistance information including at least one parameter relating to
setting an IDC interference threshold for in-device coexistence (IDC) interference;
based on the assistance information, generate the IDC interference threshold;
and

send the IDC interference threshold to the user equipment.

18. The wireless access network node of claim 17, wherein the IDC interference threshold

includes an exact threshold or a threshold guideline.

19. The wireless access network node of claim 17, wherein the assistance information is
sent in a message selected from among a user equipment capability message, a new
information element of an existing RRC message, a new RRC message, an IDC indication

message, and a physical uplink control channel (PUCCH).

20. The wireless access network node of claim 17, wherein the IDC interference threshold
is sent in a message selected from among a new Radio Resource Control (RRC) message, a
new information element of an existing RRC message, a new medium access control (MAC)

control element, a reserved field of an existing MAC CE, and an IDC response message.

21. The wireless access network node of claim 17, wherein the IDC interference threshold
remains unchanged for a duration of a session associated with traffic that causes IDC

interference.

22. The wireless access network node of claim 17, wherein the IDC interference threshold
is dynamically changeable by one or both of the wireless access network node and the user

equipment at any time during a session associated with traffic that causes IDC interference.
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23.  The wireless access network node of claim 17, wherein the at least one processor is
configured to send mode change information to the user equipment, the mode change
information settable to a first value to indicate static allocation of the IDC interference
threshold, and to a second value to indicate dynamic allocation of the IDC interference

threshold.

24.  The wireless access network node of claim 17, wherein the at least one processor is
configured to receive a request to change a mode between static allocation of the IDC

interference threshold, and dynamic allocation of the IDC interference threshold.

25. A user equipment comprising:
a wireless interface to communicate with a wireless access network node; and
at least one processor configured to:
receive control information relating to selecting one or more of plural options
to use for delivery of assistance information including at least one parameter relating to
setting a threshold for in-device coexistence (IDC) interference; and
send, to the wireless access network node, a message containing the IDC

interference assistance information, according to the control information.

26.  The user equipment of claim 25, wherein the at least one processor is configured to
further:
send, to the wireless access network node, an IDC interference threshold; and
receive, from the wireless access network node, an IDC interference threshold that is
responsive to the IDC interference assistance information and the IDC interference threshold

from the user equipment.

27. The user equipment of claim 26, wherein the IDC interference threshold sent by the
user equipment is an exact threshold or a threshold guideline, and wherein the IDC
interference threshold received from the wireless access network node is an exact threshold

or a threshold guideline.
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International Application No. PCT/ US2013/ 067667

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-16, 25-27

Method and corresponding UE for configuring IDC interference
assistance information sent from the user equipment to a
network node, wherein the network node previously sends to
the UE control information relating to selecting one or more

of plural options to use for delivery of the assistance
information.

2. claims: 17-24

A network node for generating an IDC interference threshold
, wherein the network node generates said threshold based on
assistance information received from the UE and sends the
IDC interference threshold to the UE .
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