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Description

TECHNICAL FIELD

[0001] The present description is related, generally, to
multi-radio techniques and, more specifically, to coexist-
ence techniques for multi-radio devices.

BACKGROUND

[0002] Wireless communication systems are widely
deployed to provide various types of communication con-
tent such as voice, data, and so on. These systems may
be multiple-access systems capable of supporting com-
munication with multiple users by sharing the available
system resources (e.g., bandwidth and transmit power).
Examples of such multiple access systems include code
division multiple access (CDMA) systems, time division
multiple access (TDMA) systems, frequency division
multiple access (FDMA) systems, 3GPP Long Term Ev-
olution (LTE) systems, and orthogonal frequency division
multiple access (OFDMA) systems.
[0003] Generally, a wireless multiple-access commu-
nication system can simultaneously support communi-
cation for multiple wireless terminals. Each terminal com-
municates with one or more base stations via transmis-
sions on the forward and reverse links. The forward link
(or downlink) refers to the communication link from the
base stations to the terminals, and the reverse link (or
uplink) refers to the communication link from the termi-
nals to the base stations. This communication link may
be established via a single-in-single-out, multiple-in-sin-
gle-out or a multiple-in-multiple out (MIMO) system.
[0004] Some conventional advanced devices include
multiple radios for transmitting/receiving using different
Radio Access Technologies (RATs). Examples of RATs
include, e.g., Universal Mobile Telecommunications Sys-
tem (UMTS), Global System for Mobile Communications
(GSM), cdma2000, WiMAX, WLAN (e.g., WiFi), Blue-
tooth, LTE, and the like.
[0005] An example mobile device includes an LTE Us-
er Equipment (UE), such as a fourth generation (4G) mo-
bile phone. Such 4G phone may include various radios
to provide a variety of functions for the user. For purposes
of this example, the 4G phone includes an LTE radio for
voice and data, an IEEE 802.11 (WiFi) radio, a Global
Positioning System (GPS) radio, and a Bluetooth radio,
where two of the above or all four may operate simulta-
neously. While the different radios provide useful func-
tionalities for the phone, their inclusion in a single device
gives rise to coexistence issues. Specifically, operation
of one radio may in some cases interfere with operation
of another radio through radiative, conductive, resource
collision, and/or other interference mechanisms. Coex-
istence issues include such interference.
[0006] This is especially true for the LTE uplink chan-
nel, which is adjacent to the Industrial Scientific and Med-
ical (ISM) band and may cause interference therewith It

is noted that Bluetooth and some Wireless LAN (WLAN)
channels fall within the ISM band. In some instances, a
Bluetooth error rate can become unacceptable when LTE
is active in some channels of Band 7 or even Band 40
for some Bluetooth channel conditions. Even though
there is no significant degradation to LTE, simultaneous
operation with Bluetooth can result in disruption in voice
services terminating in a Bluetooth headset. Such dis-
ruption may be unacceptable to the consumer. A similar
issue exists when LTE transmissions interfere with GPS.
Currently, there is no mechanism that can solve this issue
since LTE by itself does not experience any degradation
[0007] With reference specifically to LTE, it is noted
that a UE communicates with an evolved NodeB (eNB;
e.g., a base station for a wireless communications net-
work) to inform the eNB of interference seen by the UE
on the downlink. Furthermore, the eNB may be able to
estimate interference at the UE using a downlink error
rate. In some instances, the eNB and the UE can coop-
erate to find a solution that reduces interference at the
UE, even interference due to radios within the UE itself.
However, in conventional LTE, the interference esti-
mates regarding the downlink may not be adequate to
comprehensively address interference.
[0008] In one instance, an LTE uplink signal interferes
with a Bluetooth signal or WLAN signal. However, such
interference is not reflected in the downlink measurement
reports at the eNB. As a result, unilateral action on the
part of the UE (e.g., moving the uplink signal to a different
channel) may be thwarted by the eNB, which is not aware
of the uplink coexistence issue and seeks to undo the
unilateral action. For instance, even if the UE re-estab-
lishes the connection on a different frequency channel,
the network can still handover the UE back to the original
frequency channel that was corrupted by the in-device
interference. This is a likely scenario because the desired
signal strength on the corrupted channel may sometimes
be higher be reflected in the measurement reports of the
new channel based on Reference Signal Received Pow-
er (RSRP) to the eNB. Hence, a ping-pong effect of being
transferred back and forth between the corrupted chan-
nel and the desired channel can happen if the eNB uses
RSRP reports to make handover decisions.
[0009] Other unilateral action on the part of the UE,
such as simply stopping uplink communications without
coordination of the eNB may cause power loop malfunc-
tions at the eNB. Additional issues that exist in conven-
tional LTE include a general lack of ability on the part of
the UE to suggest desired configurations as an alterna-
tive to configurations that have coexistence issues. For
at least these reasons, uplink coexistence issues at the
UE may remain unresolved for a long time period, de-
grading performance and efficiency for other radios of
the UE.
[0010] In the prior art, document EP2136591 describes
a method to enable Bluetooth and WiMAX coexistence
in a communication device.
[0011] Document US2006/194600 describes a meth-
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od for reducing interference in simultaneous wireless lo-
cal area network (LAN) and wireless personal area net-
work (PAN) in a communication device.
[0012] Document WO2007/008981 describes a com-
munication device comprising a coexistence manage-
ment module for controlling operation of the two radios.
[0013] Document US2008/299987 describes a meth-
od for coordinating communication for multiple wireless
communication protocols co-located in a communication
device.

SUMMARY

[0014] A method and apparatus for wireless commu-
nications is offered, as defined by the appended claims.
The method includes determining a frame offset between
communications of a first communication resource and
communications of a second communication resource.
The method also includes determining potential time slot
configurations for the communications of the second
communication resource. The method further includes
selecting a time slot configuration, from the determined
potential time slot configurations, that reduces degrada-
tion of the first communication resource due to conflicting
time slots between the first communication resource and
the second communication resource, based on the de-
termined frame offset.
[0015] An apparatus operable in a wireless communi-
cation system includes means for determining a frame
offset between communications of a first communication
resource and communications of a second communica-
tion resource. The apparatus also includes means for
determining potential time slot configurations for the com-
munications of the second communication resource. The
apparatus further includes means for selecting a time slot
configuration, from the determined potential time slot
configurations, that reduces degradation of the first com-
munication resource due to conflicting time slots between
the first communication resource and the second com-
munication resource, based on the determined frame off-
set.
[0016] A computer program product configured for
wireless communication is offered. The computer pro-
gram product includes a computer-readable medium
having program code recorded thereon. The program
code includes program code to determine a frame offset
between communications of a first communication re-
source and communications of a second communication
resource. The program code also includes program code
to determine potential time slot configurations for the
communications of the second communication resource.
The program code further includes program code to se-
lect a time slot configuration, from the determined poten-
tial time slot configurations, that reduces degradation of
the first communication resource due to conflicting time
slots between the first communication resource and the
second communication resource, based on the deter-
mined frame offset.

[0017] An apparatus configured for operation in a wire-
less communication network is offered. The apparatus
includes a memory and a processor(s) coupled to mem-
ory. The processor(s) is configured to determine a frame
offset between communications of a first communication
resource and communications of a second communica-
tion resource. The processor(s) is also configured to de-
termine potential time slot configurations for the commu-
nications of the second communication resource. The
processor(s) is further configured to select a time slot
configuration, from the determined potential time slot
configurations, that reduces degradation of the first com-
munication resource due to conflicting time slots between
the first communication resource and the second com-
munication resource, based on the determined frame off-
set.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The features, nature, and advantages of the
present disclosure will become more apparent from the
detailed description set forth below when taken in con-
junction with the drawings in which like reference char-
acters identify correspondingly throughout.

FIGURE 1 illustrates a multiple access wireless com-
munication system according to one aspect.

FIGURE 2 is a block diagram of a communication
system according to one aspect.

FIGURE 3 illustrates an exemplary frame structure
in downlink Long Term Evolution (LTE) communica-
tions.

FIGURE 4 is a block diagram conceptually illustrat-
ing an exemplary frame structure in uplink Long
Term Evolution (LTE) communications.

FIGURE 5 illustrates an example wireless commu-
nication environment.

FIGURE 6 is a block diagram of an example design
for a multi-radio wireless device.

FIGURE 7 is graph showing respective potential col-
lisions between seven example radios in a given de-
cision period.

FIGURE 8 is a diagram showing operation of an ex-
ample Coexistence Manager (CxM) over time.

FIGURE 9 is a block diagram of a system for provid-
ing support within a wireless communication envi-
ronment for multi-radio coexistence management
according to one aspect of the present disclosure.

FIGURE 10 illustrates radio interference between a
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Long Term Evolution radio and a Bluetooth radio.

FIGURE 11 illustrates radio interference between a
Long Term Evolution radio and a Bluetooth radio.

FIGURE 12 is a flow diagram for determining a co-
existence policy for communication resource oper-
ation according to one aspect of the present disclo-
sure.

DETAILED DESCRIPTION

[0019] Various aspects of the disclosure provide tech-
niques to mitigate coexistence issues in multi-radio de-
vices, where significant in-device coexistence problems
can exist between, e.g., the LTE and Industrial Scientific
and Medical (ISM) bands (e.g., for Bluetooth/WLAN). As
explained above, some coexistence issues persist be-
cause an eNB is not aware of interference on the UE side
that is experienced by other radios. According to one
aspect, the UE declares a Radio Link Failure (RLF) and
autonomously accesses a new channel or Radio Access
Technology (RAT) if there is a coexistence issue on the
present channel. The UE can declare a RLF in some
examples for the following reasons: 1) UE reception is
affected by interference due to coexistence, and 2) the
UE transmitter is causing disruptive interference to an-
other radio. The UE then sends a message indicating the
coexistence issue to the eNB while reestablishing con-
nection in the new channel or RAT. The eNB becomes
aware of the coexistence issue by virtue of having re-
ceived the message.
[0020] The techniques described herein can be used
for various wireless communication networks such as
Code Division Multiple Access (CDMA) networks, Time
Division Multiple Access (TDMA) networks, Frequency
Division Multiple Access (FDMA) networks, Orthogonal
FDMA (OFDMA) networks, Single-Carrier FDMA (SC-
FDMA) networks, etc. The terms "networks" and "sys-
tems" are often used interchangeably. A CDMA network
can implement a radio technology such as Universal Ter-
restrial Radio Access (UTRA), cdma2000, etc. UTRA in-
cludes Wideband-CDMA (W-CDMA) and Low Chip Rate
(LCR). cdma2000 covers IS-2000, IS-95 and IS-856
standards. A TDMA network can implement a radio tech-
nology such as Global System for Mobile Communica-
tions (GSM). An OFDMA network can implement a radio
technology such as Evolved UTRA (E-UTRA), IEEE
802.11, IEEE 802.16, IEEE 802.20, Flash-OFDM®, etc.
UTRA, E-UTRA, and GSM are part of Universal Mobile
Telecommunication System (UMTS). Long Term Evolu-
tion (LTE) is an upcoming release of UMTS that uses E-
UTRA. UTRA, E-UTRA. GSM, UMTS and LTE are de-
scribed in documents from an organization named "3rd
Generation Partnership Project" (3GPP). cdma2000 is
described in documents from an organization named "3rd
Generation Partnership Project 2" (3GPP2). These var-
ious radio technologies and standards are known in the

art. For clarity, certain aspects of the techniques are de-
scribed below for LTE, and LTE terminology is used in
portions of the description below.
[0021] Single carrier frequency division multiple ac-
cess (SC-FDMA), which utilizes single carrier modulation
and frequency domain equalization is a technique that
can be utilized with various aspects described herein.
SC-FDMA has similar performance and essentially the
same overall complexity as those of an OFDMA system.
SC-FDMA signal has lower peak-to-average power ratio
(PAPR) because of its inherent single carrier structure.
SC-FDMA has drawn great attention, especially in the
uplink communications where lower PAPR greatly ben-
efits the mobile terminal in terms of transmit power effi-
ciency. It is currently a working assumption for an uplink
multiple access scheme in 3GPP Long Term Evolution
(LTE), or Evolved UTRA.
[0022] Referring to FIGURE 1, a multiple access wire-
less communication system according to one aspect is
illustrated. An evolved Node B 100 (eNB) includes a com-
puter 115 that has processing resources and memory
resources to manage the LTE communications by allo-
cating resources and parameters, granting/denying re-
quests from user equipment, and/or the like. The eNB
100 also has multiple antenna groups, one group includ-
ing antenna 104 and antenna 106, another group includ-
ing antenna 108 and antenna 110, and an additional
group including antenna 112 and antenna 114. In FIG-
URE 1, only two antennas are shown for each antenna
group, however, more or fewer antennas can be utilized
for each antenna group. A User Equipment (UE) 116 (al-
so referred to as an Access Terminal (AT)) is in commu-
nication with antennas 112 and 114, while antennas 112
and 114 transmit information to the UE 116 over an uplink
(UL) 188. The UE 122 is in communication with antennas
106 and 108, while antennas 106 and 108 transmit infor-
mation to the UE 122 over a downlink (DL) 126 and re-
ceive information from the UE 122 over an uplink 124. In
an FDD system, communication links 118, 120, 124 and
126 can use different frequencies for communication. For
example, the downlink 120 can use a different frequency
than used by the uplink 118.
[0023] Each group of antennas and/or the area in
which they are designed to communicate is often referred
to as a sector of the eNB. In this aspect, respective an-
tenna groups are designed to communicate to UEs in a
sector of the areas covered by the eNB 100.
[0024] In communication over the downlinks 120 and
126, the transmitting antennas of the eNB 100 utilize
beamforming to improve the signal-to-noise ratio of the
uplinks for the different UEs 116 and 122. Also, an eNB
using beamforming to transmit to UEs scattered random-
ly through its coverage causes less interference to UEs
in neighboring cells than a UE transmitting through a sin-
gle antenna to all its UEs.
[0025] An eNB can be a fixed station used for commu-
nicating with the terminals and can also be referred to as
an access point, base station, or some other terminology.
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A UE can also be called an access terminal, a wireless
communication device, terminal, or some other terminol-
ogy.
[0026] FIGURE 2 is a block diagram of an aspect of a
transmitter system 210 (also known as an eNB) and a
receiver system 250 (also known as a UE) in a MIMO
system 200. In some instances, both a UE and an eNB
each have a transceiver that includes a transmitter sys-
tem and a receiver system. At the transmitter system
210, traffic data for a number of data streams is provided
from a data source 212 to a transmit (TX) data processor
214.
[0027] A MIMO system employs multiple (NT) transmit
antennas and multiple (NR) receive antennas for data
transmission. A MIMO channel formed by the NT transmit
and NR receive antennas may be decomposed into NS
independent channels, which are also referred to as spa-
tial channels, wherein NS ≤ min{NT, NR}. Each of the
NS independent channels corresponds to a dimension.
The MIMO system can provide improved performance
(e.g., higher throughput and/or greater reliability) if the
additional dimensionalities created by the multiple trans-
mit and receive antennas are utilized.
[0028] A MIMO system supports time division duplex
(TDD) and frequency division duplex (FDD) systems. In
a TDD system, the uplink and downlink transmissions
are on the same frequency region so that the reciprocity
principle allows the estimation of the downlink channel
from the uplink channel. This enables the eNB to extract
transmit beamforming gain on the downlink when multi-
ple antennas are available at the eNB.
[0029] In an aspect, each data stream is transmitted
over a respective transmit antenna. The TX data proc-
essor 214 formats, codes, and interleaves the traffic data
for each data stream based on a particular coding
scheme selected for that data stream to provide coded
data.
[0030] The coded data for each data stream can be
multiplexed with pilot data using OFDM techniques. The
pilot data is a known data pattern processed in a known
manner and can be used at the receiver system to esti-
mate the channel response. The multiplexed pilot and
coded data for each data stream is then modulated (e.g.,
symbol mapped) based on a particular modulation
scheme (e.g., BPSK, QSPK, M-PSK, or M-QAM) select-
ed for that data stream to provide modulation symbols.
The data rate, coding, and modulation for each data
stream can be determined by instructions performed by
a processor 230 operating with a memory 232.
[0031] The modulation symbols for respective data
streams are then provided to a TX MIMO processor 220,
which can further process the modulation symbols (e.g.,
for OFDM). The TX MIMO processor 220 then provides
NT modulation symbol streams to NT transmitters (TM-
TR) 222a through 222t. In certain aspects, the TX MIMO
processor 220 applies beamforming weights to the sym-
bols of the data streams and to the antenna from which
the symbol is being transmitted.

[0032] Each transmitter 222 receives and processes a
respective symbol stream to provide one or more analog
signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated
signal suitable for transmission over the MIMO channel.
NT modulated signals from the transmitters 222a through
222t are then transmitted from NT antennas 224a
through 224t, respectively.
[0033] At a receiver system 250, the transmitted mod-
ulated signals are received by NR antennas 252a through
252r and the received signal from each antenna 252 is
provided to a respective receiver (RCVR) 254a through
254r. Each receiver 254 conditions (e.g., filters, amplifies,
and downconverts) a respective received signal, digitizes
the conditioned signal to provide samples, and further
processes the samples to provide a corresponding "re-
ceived" symbol stream.
[0034] An RX data processor 260 then receives and
processes the NR received symbol streams from NR re-
ceivers 254 based on a particular receiver processing
technique to provide NR "detected" symbol streams. The
RX data processor 260 then demodulates, deinterleaves,
and decodes each detected symbol stream to recover
the traffic data for the data stream. The processing by
the RX data processor 260 is complementary to the
processing performed by the TX MIMO processor 220
and the TX data processor 214 at the transmitter system
210.
[0035] A processor 270 (operating with a memory 272)
periodically determines which pre-coding matrix to use
(discussed below). The processor 270 formulates an up-
link message having a matrix index portion and a rank
value portion.
[0036] The uplink message can include various types
of information regarding the communication link and/or
the received data stream. The uplink message is then
processed by a TX data processor 238, which also re-
ceives traffic data for a number of data streams from a
data source 236, modulated by a modulator 280, condi-
tioned by transmitters 254a through 254r, and transmit-
ted back to the transmitter system 210.
[0037] At the transmitter system 210, the modulated
signals from the receiver system 250 are received by
antennas 224, conditioned by receivers 222, demodulat-
ed by a demodulator 240, and processed by an RX data
processor 242 to extract the uplink message transmitted
by the receiver system 250. The processor 230 then de-
termines which pre-coding matrix to use for determining
the beamforming weights, then processes the extracted
message.
[0038] FIGURE 3 is a block diagram conceptually il-
lustrating an exemplary frame structure in downlink Long
Term Evolution (LTE) communications. The transmis-
sion timeline for the downlink may be partitioned into units
of radio frames. Each radio frame may have a predeter-
mined duration (e.g., 10 milliseconds (ms)) and may be
partitioned into 10 subframes with indices of 0 through
9. Each subframe may include two slots. Each radio
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frame may thus include 20 slots with indices of 0 through
19. Each slot may include L symbol periods, e.g., 7 sym-
bol periods for a normal cyclic prefix (as shown in FIG-
URE 3) or 6 symbol periods for an extended cyclic prefix.
The 2L symbol periods in each subframe may be as-
signed indices of 0 through 2L-1. The available time fre-
quency resources may be partitioned into resource
blocks. Each resource block may cover N subcarriers
(e.g., 12 subcarriers) in one slot.
[0039] In LTE, an eNB may send a Primary Synchro-
nization Signal (PSS) and a Secondary Synchronization
Signal (SSS) for each cell in the eNB. The PSS and SSS
may be sent in symbol periods 6 and 5, respectively, in
each of subframes 0 and 5 of each radio frame with the
normal cyclic prefix, as shown in FIGURE 3. The syn-
chronization signals may be used by UEs for cell detec-
tion and acquisition. The eNB may send a Physical
Broadcast Channel (PBCH) in symbol periods 0 to 3 in
slot 1 of subframe 0. The PBCH may carry certain system
information.
[0040] The eNB may send a Cell-specific Reference
Signal (CRS) for each cell in the eNB. The CRS may be
sent in symbols 0, 1, and 4 of each slot in case of the
normal cyclic prefix, and in symbols 0, 1, and 3 of each
slot in case of the extended cyclic prefix. The CRS may
be used by UEs for coherent demodulation of physical
channels, timing and frequency tracking, Radio Link
Monitoring (RLM), Reference Signal Received Power
(RSRP), and Reference Signal Received Quality
(RSRQ) measurements, etc.
[0041] The eNB may send a Physical Control Format
Indicator Channel (PCFICH) in the first symbol period of
each subframe, as seen in FIGURE 3. The PCFICH may
convey the number of symbol periods (M) used for control
channels, where M may be equal to 1, 2 or 3 and may
change from subframe to subframe. M may also be equal
to 4 for a small system bandwidth, e.g., with less than 10
resource blocks. In the example shown in FIGURE 3,
M=3. The eNB may send a Physical HARQ Indicator
Channel (PHICH) and a Physical Downlink Control Chan-
nel (PDCCH) in the first M symbol periods of each sub-
frame. The PDCCH and PHICH are also included in the
first three symbol periods in the example shown in FIG-
URE 3. The PHICH may carry information to support Hy-
brid Automatic Repeat Request (HARQ). The PDCCH
may carry information on resource allocation for UEs and
control information for downlink channels. The eNB may
send a Physical Downlink Shared Channel (PDSCH) in
the remaining symbol periods of each subframe. The PD-
SCH may carry data for UEs scheduled for data trans-
mission on the downlink. The various signals and chan-
nels in LTE are described in 3GPP TS 36.211, entitled
"Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation," which is publicly
available.
[0042] The eNB may send the PSS, SSS and PBCH
in the center 1.08 MHz of the system bandwidth used by
the eNB. The eNB may send the PCFICH and PHICH

across the entire system bandwidth in each symbol pe-
riod in which these channels are sent. The eNB may send
the PDCCH to groups of UEs in certain portions of the
system bandwidth. The eNB may send the PDSCH to
specific UEs in specific portions of the system bandwidth.
The eNB may send the PSS, SSS, PBCH, PCFICH and
PHICH in a broadcast manner to all UEs, may send the
PDCCH in a unicast manner to specific UEs, and may
also send the PDSCH in a unicast manner to specific
UEs.
[0043] A number of resource elements may be avail-
able in each symbol period. Each resource element may
cover one subcarrier in one symbol period and may be
used to send one modulation symbol, which may be a
real or complex value. Resource elements not used for
a reference signal in each symbol period may be ar-
ranged into resource element groups (REGs). Each REG
may include four resource elements in one symbol peri-
od. The PCFICH may occupy four REGs, which may be
spaced approximately equally across frequency, in sym-
bol period 0. The PHICH may occupy three REGs, which
may be spread across frequency, in one or more config-
urable symbol periods. For example, the three REGs for
the PHICH may all belong in symbol period 0 or may be
spread in symbol periods 0, 1 and 2. The PDCCH may
occupy 9, 18, 32 or 64 REGs, which may be selected
from the available REGs, in the first M symbol periods.
Only certain combinations of REGs may be allowed for
the PDCCH.
[0044] A UE may know the specific REGs used for the
PHICH and the PCFICH. The UE may search different
combinations of REGs for the PDCCH. The number of
combinations to search is typically less than the number
of allowed combinations for the PDCCH. An eNB may
send the PDCCH to the UE in any of the combinations
that the UE will search.
[0045] FIGURE 4 is a block diagram conceptually il-
lustrating an exemplary frame structure in uplink Long
Term Evolution (LTE) communications. The available
Resource Blocks (RBs) for the uplink may be partitioned
into a data section and a control section. The control sec-
tion may be formed at the two edges of the system band-
width and may have a configurable size. The resource
blocks in the control section may be assigned to UEs for
transmission of control information. The data section may
include all resource blocks not included in the control
section. The design in FIGURE 4 results in the data sec-
tion including contiguous subcarriers, which may allow a
single UE to be assigned all of the contiguous subcarriers
in the data section.
[0046] A UE may be assigned resource blocks in the
control section to transmit control information to an eNB.
The UE may also be assigned resource blocks in the
data section to transmit data to the eNodeB. The UE may
transmit control information in a Physical Uplink Control
Channel (PUCCH) on the assigned resource blocks in
the control section. The UE may transmit only data or
both data and control information in a Physical Uplink
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Shared Channel (PUSCH) on the assigned resource
blocks in the data section. An uplink transmission may
span both slots of a subframe and may hop across fre-
quency as shown in FIGURE 4.
[0047] The PSS, SSS, CRS, PBCH, PUCCH and
PUSCH in LTE are described in 3GPP TS 36.211, entitled
"Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation," which is publicly
available.
[0048] In an aspect, described herein are systems and
methods for providing support within a wireless commu-
nication environment, such as a 3GPP LTE environment
or the like, to facilitate multi-radio coexistence solutions.
[0049] Referring now to FIGURE 5, illustrated is an ex-
ample wireless communication environment 500 in which
various aspects described herein can function. The wire-
less communication environment 500 can include a wire-
less device 510, which can be capable of communicating
with multiple communication systems. These systems
can include, for example, one or more cellular systems
520 and/or 530, one or more WLAN systems 540 and/or
550, one or more wireless personal area network
(WPAN) systems 560, one or more broadcast systems
570, one or more satellite positioning systems 580, other
systems not shown in FIGURE 5, or any combination
thereof. It should be appreciated that in the following de-
scription the terms "network" and "system" are often used
interchangeably.
[0050] The cellular systems 520 and 530 can each be
a CDMA, TDMA, FDMA, OFDMA, Single Carrier FDMA
(SC-FDMA), or other suitable system. A CDMA system
can implement a radio technology such as Universal Ter-
restrial Radio Access (UTRA), cdma2000, etc. UTRA in-
cludes Wideband CDMA (WCDMA) and other variants
of CDMA. Moreover, cdma2000 covers IS-2000
(CDMA2000 1X), IS-95 and IS-856 (HRPD) standards.
A TDMA system can implement a radio technology such
as Global System for Mobile Communications (GSM),
Digital Advanced Mobile Phone System (D-AMPS), etc.
An OFDMA system can implement a radio technology
such as Evolved ULTRA (E-UTRA), Ultra Mobile Broad-
band (UMB), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-
OFDM®, etc. UTRA and E-UTRA are part of Universal
Mobile Telecommunication System (UMTS). 3GPP Long
Term Evolution (LTE) and LTE-Advanced (LTE-A) are
new releases of UMTS that use E-UTRA. UTRA, E-
UTRA, UMTS, LTE, LTE-A and GSM are described in
documents from an organization named "3rd Generation
Partnership Project" (3GPP). cdma2000 and UMB are
described in documents from an organization named "3rd
Generation Partnership Project 2" (3GPP2). In an aspect,
the cellular system 520 can include a number of base
stations 522, which can support bi-directional communi-
cation for wireless devices within their coverage. Simi-
larly, the cellular system 530 can include a number of
base stations 532 that can support bi-directional commu-
nication for wireless devices within their coverage.
[0051] WLAN systems 540 and 550 can respectively

implement radio technologies such as IEEE 802.11
(WiFi), Hiperlan, etc. The WLAN system 540 can include
one or more access points 542 that can support bi-direc-
tional communication. Similarly, the WLAN system 550
can include one or more access points 552 that can sup-
port bi-directional communication. The WPAN system
560 can implement a radio technology such as Bluetooth
(BT), IEEE 802.15, etc. Further, the WPAN system 560
can support bi-directional communication for various de-
vices such as wireless device 510, a headset 562, a com-
puter 564, a mouse 566, or the like.
[0052] The broadcast system 570 can be a television
(TV) broadcast system, a frequency modulation (FM)
broadcast system, a digital broadcast system, etc. A dig-
ital broadcast system can implement a radio technology
such as MediaFLO™, Digital Video Broadcasting for
Handhelds (DVB-H), Integrated Services Digital Broad-
casting for Terrestrial Television Broadcasting (ISDB-T),
or the like. Further, the broadcast system 570 can include
one or more broadcast stations 572 that can support one-
way communication.
[0053] The satellite positioning system 580 can be the
United States Global Positioning System (GPS), the Eu-
ropean Galileo system, the Russian GLONASS system,
the Quasi-Zenith Satellite System (QZSS) over Japan,
the Indian Regional Navigational Satellite System
(IRNSS) over India, the Beidou system over China,
and/or any other suitable system. Further, the satellite
positioning system 580 can include a number of satellites
582 that transmit signals for position determination.
[0054] In an aspect, the wireless device 510 can be
stationary or mobile and can also be referred to as a user
equipment (UE), a mobile station, a mobile equipment,
a terminal, an access terminal, a subscriber unit, a sta-
tion, etc. The wireless device 510 can be cellular phone,
a personal digital assistance (PDA), a wireless modem,
a handheld device, a laptop computer, a cordless phone,
a wireless local loop (WLL) station, etc. In addition, a
wireless device 510 can engage in two-way communica-
tion with the cellular system 520 and/or 530, the WLAN
system 540 and/or 550, devices with the WPAN system
560, and/or any other suitable systems(s) and/or devic-
es(s). The wireless device 510 can additionally or alter-
natively receive signals from the broadcast system 570
and/or satellite positioning system 580. In general, it can
be appreciated that the wireless device 510 can commu-
nicate with any number of systems at any given moment.
Also, the wireless device 510 may experience coexist-
ence issues among various ones of its constituent radio
devices that operate at the same time. Accordingly, de-
vice 510 includes a coexistence manager (CxM, not
shown) that has a functional module to detect and miti-
gate coexistence issues, as explained further below.
[0055] Turning next to FIGURE 6, a block diagram is
provided that illustrates an example design for a multi-
radio wireless device 600 and may be used as an imple-
mentation of the radio 510 of FIGURE 5. As FIGURE 6
illustrates, the wireless device 600 can include N radios
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620a through 620n, which can be coupled to N antennas
610a through 610n, respectively, where N can be any
integer value. It should be appreciated, however, that
respective radios 620 can be coupled to any number of
antennas 610 and that multiple radios 620 can also share
a given antenna 610.
[0056] In general, a radio 620 can be a unit that radiates
or emits energy in an electromagnetic spectrum, receives
energy in an electromagnetic spectrum, or generates en-
ergy that propagates via conductive means. By way of
example, a radio 620 can be a unit that transmits a signal
to a system or a device or a unit that receives signals
from a system or device. Accordingly, it can be appreci-
ated that a radio 620 can be utilized to support wireless
communication. In another example, a radio 620 can also
be a unit (e.g., a screen on a computer, a circuit board,
etc.) that emits noise, which can impact the performance
of other radios. Accordingly, it can be further appreciated
that a radio 620 can also be a unit that emits noise and
interference without supporting wireless communication.
[0057] In an aspect, respective radios 620 can support
communication with one or more systems. Multiple radios
620 can additionally or alternatively be used for a given
system, e.g., to transmit or receive on different frequency
bands (e.g., cellular and PCS bands).
[0058] In another aspect, a digital processor 630 can
be coupled to radios 620a through 620n and can perform
various functions, such as processing for data being
transmitted or received via the radios 620. The process-
ing for each radio 620 can be dependent on the radio
technology supported by that radio and can include en-
cryption, encoding, modulation, etc., for a transmitter; de-
modulation, decoding, decryption, etc., for a receiver, or
the like. In one example, the digital processor 630 can
include a CxM 640 that can control operation of the radios
620 in order to improve the performance of the wireless
device 600 as generally described herein. The CxM 640
can have access to a database 644, which can store
information used to control the operation of the radios
620. As explained further below, the CxM 640 can be
adapted for a variety of techniques to decrease interfer-
ence between the radios. In one example, the CxM 640
requests a measurement gap pattern or DRX cycle that
allows an ISM radio to communicate during periods of
LTE inactivity.
[0059] For simplicity, digital processor 630 is shown in
FIGURE 6 as a single processor. However, it should be
appreciated that the digital processor 630 can include
any number of processors, controllers, memories, etc. In
one example, a controller/processor 650 can direct the
operation of various units within the wireless device 600.
Additionally or alternatively, a memory 652 can store pro-
gram codes and data for the wireless device 600. The
digital processor 630, controller/processor 650, and
memory 652 can be implemented on one or more inte-
grated circuits (ICs), application specific integrated cir-
cuits (ASICs), etc. By way of specific, non-limiting exam-
ple, the digital processor 630 can be implemented on a

Mobile Station Modem (MSM) ASIC.
[0060] In an aspect, the CxM 640 can manage opera-
tion of respective radios 620 utilized by wireless device
600 in order to avoid interference and/or other perform-
ance degradation associated with collisions between re-
spective radios 620. CxM 640 may perform one or more
processes, such as those illustrated in FIGURES 11, 13,
and 14. By way of further illustration, a graph 700 in FIG-
URE 7 represents respective potential collisions between
seven example radios in a given decision period. In the
example shown in graph 700, the seven radios include
a WLAN transmitter (Tw), an LTE transmitter (T1), an FM
transmitter (Tf), a GSM/WCDMA transmitter (Tc/Tw), an
LTE receiver (Rl), a Bluetooth receiver (Rb), and a GPS
receiver (Rg). The four transmitters are represented by
four nodes on the left side of the graph 700. The four
receivers are represented by three nodes on the right
side of the graph 700.
[0061] A potential collision between a transmitter and
a receiver is represented on the graph 700 by a branch
connecting the node for the transmitter and the node for
the receiver. Accordingly, in the example shown in the
graph 700, collisions may exist between (1) the WLAN
transmitter (Tw) and the Bluetooth receiver (Rb); (2) the
LTE transmitter (Tl) and the Bluetooth receiver (Rb); (3)
the WLAN transmitter (Tw) and the LTE receiver (Rl); (4)
the FM transmitter (Tf) and the GPS receiver (Rg); (5) a
WLAN transmitter (Tw), a GSM/WCDMA transmitter
(Tc/Tw), and a GPS receiver (Rg).
[0062] In one aspect, an example CxM 640 can oper-
ate in time in a manner such as that shown by diagram
800 in FIGURE 8. As diagram 800 illustrates, a timeline
for CxM operation can be divided into Decision Units
(DUs), which can be any suitable uniform or non-uniform
length (e.g., 100 ms) where notifications are processed,
and a response phase (e.g., 20 ms) where commands
are provided to various radios 620 and/or other opera-
tions are performed based on actions taken in the eval-
uation phase. In one example, the timeline shown in the
diagram 800 can have a latency parameter defined by a
worst case operation of the timeline, e.g., the timing of a
response in the case that a notification is obtained from
a given radio immediately following termination of the
notification phase in a given DU.
[0063] In-device coexistence problems can exist with
respect to a UE between resources such as, for example,
LTE and ISM bands (e.g., for Bluetooth/WLAN). In cur-
rent LTE implementations, any interference issues to
LTE are reflected in the DL measurements (e.g., Refer-
ence Signal Received Quality (RSRQ) metrics, etc.) re-
ported by a UE and/or the DL error rate which the eNB
can use to make inter-frequency or inter-RAT handoff
decisions to, e.g., move LTE to a channel or RAT with
no coexistence issues. However, it can be appreciated
that these existing techniques will not work if, for exam-
ple, the LTE UL is causing interference to Blue-
tooth/WLAN but the LTE DL does not see any interfer-
ence from Bluetooth/WLAN. More particularly, even if the
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UE autonomously moves itself to another channel on the
UL, the eNB can in some cases handover the UE back
to the problematic channel for load balancing purposes.
In any case, it can be appreciated that existing techniques
do not facilitate use of the bandwidth of the problematic
channel in the most efficient way.
[0064] Turning now to FIGURE 9, a block diagram of
a system 900 for providing support within a wireless com-
munication environment for multi-radio coexistence man-
agement is illustrated. In an aspect, the system 900 can
include one or more UEs 910 and/or eNBs 920, which
can engage in UL, DL, and/or any other suitable commu-
nication with each other and/or any other entities in the
system 900. In one example, the UE 910 and/or eNB 920
can be operable to communicate using a variety resourc-
es, including frequency channels and sub-bands, some
of which can potentially be colliding with other radio re-
sources (e.g., a Bluetooth radio). Thus, the UE 910 can
utilize various techniques for managing coexistence be-
tween multiple radios utilized by the UE 910, as generally
described herein.
[0065] To mitigate at least the above shortcomings,
the UE 910 can utilize respective features described
herein and illustrated by the system 900 to facilitate sup-
port for multi-radio coexistence within the UE 910. The
various modules including the channel monitoring mod-
ule 912, resource coexistence analyzer 914, frame offset
module 916, LTE operation monitor 918, and ISM oper-
ation monitor 919 and other modules may be configured
to implement the embodiments discussed below.
[0066] In a mobile communications user equipment
(UE) there may be interference issues between a Long
Term Evolution (LTE) radio (particularly in Band 40
(2.3-2.4 GHz) and Band 7 (2.5 GHz)) and a radio used
for industrial, scientific and medical (ISM) band commu-
nications (in particular Bluetooth and wireless local area
network (WLAN)). The interference is further complicat-
ed because LTE and Bluetooth (BT) are asynchronous
with respect to each other. One LTE frame including a
receive/downlink (DL) subframe and a transmit/uplink
(UL) subframe is 5 milliseconds. In that same time period
Bluetooth has 8 time slots, alternating between receive
and transmit. If one radio is transmitting while the other
is trying to receive, there will be interference on the re-
ceive side.
[0067] FIGURE 10 illustrates interference on a timeline
for LTE Band 40 (TDD LTE (time division duplex LTE))
and Bluetooth with no coexistence manager. As shown,
each LTE frame is 5 or 10 milliseconds long, depending
on the LTE configuration. A 5 ms frame is illustrated, with
three one ms timeslots of downlink receive (shown
grouped as timeslots 1002) and two one ms timeslots of
uplink transmit (shown grouped as timeslots 1004). As
illustrated, each Bluetooth enhanced synchronous con-
nection oriented (eSCO) interval (between the arrows)
consists of six timeslots (each 625 microseconds long)
beginning with a receive slot and alternating between
receive and transmit (transmit indicated with shading).

In the illustration Bluetooth is configured to be in slave
mode. Other eSCO configurations and Bluetooth traffic
types are possible and may be used with the present
disclosure. For purposes of FIGURE 10, LTE is assumed
to be always operating. In each timeslot a check mark
(l) indicates when Bluetooth is successfully operating.
An X indicates interference. An overlap between one ra-
dio’s active transmit time slot with the other’s receive time
slot (and vice versa) will cause interference, resulting in
an X. As illustrated, one active LTE transmit/receive
timeslot may interfere with multiple Bluetooth re-
ceive/transmit timeslots. Because the time slots of the
two radios are not synchronized, frequent and unpredict-
able interference occurs.
[0068] FIGURE 11 illustrates interference on a timeline
for LTE Band 7 (FDD LTE (frequency division duplex
LTE)) with no coexistence manager. An X indicates in-
terference. In the example of FIGURE 11, the interfer-
ence occurs between the LTE transmit slots and the Blue-
tooth receive slots. LTE is presumed to always be trans-
mitting (as shown by the shaded LTE timeslots). As
shown, each Bluetooth receive (unshaded) timeslot us-
ing an enhanced synchronous connection oriented (eS-
CO) plus acknowledge (+ ACK) link, is interfered with by
the LTE transmissions.
[0069] Several eSCO arbitration schemes may be con-
sidered to reduce the illustrated interference. For the ex-
amples discussed below, the Bluetooth device in the UE
is considered to be a slave.
[0070] In one arbitration scheme, no coexistence man-
ager (CxM) is present. This scheme generally causes
significant degradation to LTE downlink communications
and can also impair Bluetooth enhanced synchronous
connection oriented (eSCO) transmission, depending on
the number of retransmissions and LTE configuration. In
another scheme LTE may be given priority over Blue-
tooth, which would cause significant interference with
Bluetooth eSCO operation, as shown in FIGURE 11. In
another arbitration scheme Bluetooth may be given pri-
ority over LTE, however this may cause significant LTE
performance degradation. A fourth arbitration scheme
based on a history of UE transmissions/reception may
achieve similar results to a Bluetooth priority scheme due
to high eSCO packet error rate (PER) criteria.
[0071] Offered is a method to allow time division mul-
tiplexing (TDM) arbitration schemes between LTE and
ISM (e.g., Bluetooth or WLAN) radios. The arbitration
schemes can be customized for particular cases to
achieve improved performance of the two radios by de-
termining potential time slot configurations (i.e. selecting
specific time slots for transmit or receive and preventing
communications in other time slots) and selecting a de-
sired time slot configuration. Given stringent Bluetooth
latency requirements (which correspond to an eSCO in-
terval), the method preserves Bluetooth transmission
while reducing LTE degradation. According to one aspect
of the method, LTE has priority as often as possible, with
priority given to Bluetooth only in some cases. Bin-jump-
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ing and LTE frame information may further improve the
solution. Frame offset information may also be used to
determine the improved priority for each of the Bluetooth
slots in the eSCO interval. Frame offset information may
be used to align the desired time slot configuration to
improve performance. Signal priorities may be chosen
to reduce the impact to LTE performance (for example,
choosing to prioritize a Bluetooth receive slot that only
overlaps with one LTE transmit slot). These priorities may
change as the frame offset between the radios changes.
[0072] In one aspect, the UE may assume that the min-
imum acceptable performance for enhanced synchro-
nous connection oriented (eSCO) is that of synchronous
connection oriented (SCO) communications. While, this
may not be the case, the assumption will give a lower
bound on LTE throughput degradation, thus reducing
LTE degradation while ensuring that Bluetooth is allowed
at least one transmit and one receive slot in each eSCO
interval. With each eSCO interval having six timeslots
and two re-transmissions, there are only five ways for
eSCO to succeed with only one transmit (T) and one
receive (R) slot (where ’X’ denotes a slot that is not used
or denied):

RTXXXX
XXRTXX
XXXXRT
XTRXXX
XTXXRX

[0073] The above potential time slot configurations ap-
ply due to certain polling rules. The first two timeslots are
reserved and permit transmission but otherwise the
transmit timeslot immediately follows a receive timeslot
while Bluetooth is in slave mode. A desired time slot con-
figuration may be chosen to reduce interference between
LTE and Bluetooth while maintaining desired perform-
ance levels.
[0074] An approach assigning priority to various times-
lots may then be used. For a given eSCO configuration,
the CxM may identify equivalent SCO sequences. For
each eSCO interval and for each equivalent SCO se-
quence, the CxM may identify the number of conflicting
LTE transmit sub-frames and LTE receive sub-frames
that would be denied if a particular Bluetooth sequence
was given higher priority than LTE. The CxM may then
choose the Bluetooth sequence with a reduced or mini-
mum LTE interruption or degradation and apply priority
assignments for the appropriate transmit and receive
slots to allow Bluetooth operation while reducing LTE in-
terruption. LTE degradation may be determined in a
number of ways including the sum of transmit and receive
degraded slots, but it may also be determined using a
weighted sum. The above priority determinations may
repeat whenever a frame offset changes, for example
after four eSCO intervals if the overall timing offset be-
tween LTE and Bluetooth remains the same. If it is pos-
sible to stop LTE transmissions, the above approach may

also be used to select LTE subframes that should not
transmit, thereby reducing overlap with Bluetooth com-
munications.
[0075] The above techniques may avoid instances
where granting a Bluetooth slot denies two LTE sub-
frames. Further, the above techniques may be applied
to both LTE bands (e.g., Band 7 (2.5 GHz) and Band 40
(2.3-2.4 GHz) adjacent to the ISM bands. Other informa-
tion may also be used to improve performance. For ex-
ample, if particular slots are transmitted or received on
channels that are prone to interference, bin jumping may
be applied to give higher priority to slots with channels
less prone to interference. Information on transmit power
or received signal strength indication (RSSI) may also
be used to prioritize certain time slots.
[0076] As shown in FIGURE 12, a coexistence man-
ager may determine a coexistence policy for communi-
cation resource operation within a user equipment (UE).
At block 1202 a frame offset between communications
of a first communication resource (e.g., an LTE radio)
and communications of a second communication re-
source (e.g., a Bluetooth or WLAN radio) is determined.
At block 1204, potential time slot configurations are de-
termined for the communications of the second commu-
nication resource. At block 1206, a time slot configuration
is selected and communications are controlled based on
the selected time slot configuration and the determined
frame offset. In one example, a time slot configuration is
selected from the determined potential time slot config-
urations, to reduce degradation of the first communica-
tion resource due to conflicting time slots between the
first communication resource and the second communi-
cation resource, based on the determined frame offset.
[0077] The examples above describe aspects imple-
mented in an LTE system. However, the scope of the
disclosure is not so limited. Various aspects may be
adapted for use with other communication systems, such
as those that employ any of a variety of communication
protocols including, but not limited to, CDMA systems,
TDMA systems, FDMA systems, and OFDMA systems.
Similarly, although the description is with respect to Blue-
tooth, it should appreciated that the present disclosure
is equally applicable to other technologies, e.g., WLAN.
[0078] In one configuration, the UE configured for wire-
less communication includes means for determining a
frame offset, means for determining potential time slot
configurations, and means for selecting a time slot con-
figuration. In one aspect, the aforementioned means may
be the resource coexistence analyzer 914, and/or the
frame offset module 916 configured to perform the func-
tions recited by the aforementioned means. In another
aspect, the aforementioned means may be a module or
any apparatus configured to perform the functions recited
by the aforementioned means.
[0079] It is understood that the specific order or hier-
archy of steps in the processes disclosed is an example
of exemplary approaches. Based upon design preferenc-
es, it is understood that the specific order or hierarchy of
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steps in the processes may be rearranged while remain-
ing within the scope of the present disclosure. The ac-
companying method claims present elements of the var-
ious steps in a sample order, and are not meant to be
limited to the specific order or hierarchy presented.
[0080] Those of skill in the art would understand that
information and signals may be represented using any
of a variety of different technologies and techniques. For
example, data, instructions, commands, information, sig-
nals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic
fields or particles, optical fields or particles, or any com-
bination thereof.
[0081] Those of skill would further appreciate that the
various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the aspects
disclosed herein may be implemented as electronic hard-
ware, computer software, or combinations of both. To
clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, mod-
ules, circuits, and steps have been described above gen-
erally in terms of their functionality. Whether such func-
tionality is implemented as hardware or software de-
pends upon the particular application and design con-
straints imposed on the overall system. Skilled artisans
may implement the described functionality in varying
ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a
departure from the scope of the present disclosure.
[0082] The various illustrative logical blocks, modules,
and circuits described in connection with the aspects dis-
closed herein may be implemented or performed with a
general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC),
a field programmable gate array (FPGA) or other pro-
grammable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination
thereof designed to perform the functions described
herein. A general purpose processor may be a micro-
processor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller,
or state machine. A processor may also be implemented
as a combination of computing devices, e.g., a combina-
tion of a DSP and a microprocessor, a plurality of micro-
processors, one or more microprocessors in conjunction
with a DSP core, or any other such configuration.
[0083] The steps of a method or algorithm described
in connection with the aspects disclosed herein may be
embodied directly in hardware, in a software module ex-
ecuted by a processor, or in a combination of the two. A
software module may reside in RAM memory, flash mem-
ory, ROM memory, EPROM memory, EEPROM memo-
ry, registers, hard disk, a removable disk, a CD-ROM, or
any other form of storage medium known in the art. An
exemplary storage medium is coupled to the processor
such the processor can read information from, and write
information to, the storage medium. In the alternative,

the storage medium may be integral to the processor.
The processor and the storage medium may reside in an
ASIC. The ASIC may reside in a user terminal. In the
alternative, the processor and the storage medium may
reside as discrete components in a user terminal.

Claims

1. A method for wireless communications in a multi-
radio wireless device (600), the multi-radio wireless
device (600) comprising first and second radios
(620a-620n) communicating on potentially interfer-
ing frequency band using time slots, wherein the first
radio (620a-620n) is an LTE radio, wherein the sec-
ond radio (620a-620n) is an extended synchronous
connection oriented, eSCO, Bluetooth radio, where-
in the method comprises:

determining potential time slot configurations for
the communications of the second radio (620a-
620n);
determining a frame offset between communi-
cations of the first radio (620a-620n) and com-
munications of the second radio (620a-620n);
and
selecting a time slot configuration for the com-
munications of the second radio (620a-620n),
from the determined potential time slot configu-
rations, that reduces degradation of the first ra-
dio (620a-620n) due to conflicting time slots be-
tween the first and the second radios (620a-
620n), based on the determined frame offset.

2. The method of claim 1, further comprising stopping
transmission of the first radio (620a-620n) during
conflicting subframes.

3. The method of claim 1, in which the conflicting occurs
when a transmission from the first radio (620a-620n)
occurs at the same time as receiving at the second
radio (620a-620n) and also when receiving at the
first radio (620a-620n) at the same time as transmit-
ting from the second radio (620a-620n).

4. The method of claim 1, in which each potential time
slot configuration comprises a single transmit time
slot and a single receive time slot within an eSCO
interval.

5. The method of claim 1 in which the selecting a time
slot configuration reduces degradation by selecting
a time slot configuration which reduces a number of
subframes for the communications of the first radio
(620a-620n) that conflict with subframes for the com-
munications of the second radio (620a-620n).

6. The method of claim 1 in which the selecting a time
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slot configuration prioritizes scheduling communica-
tions using time slots with improved performance.

7. An apparatus operable in a wireless communication
system, the apparatus comprising a multi-radio wire-
less device (600) comprising:

first and second radios (620a-620n) communi-
cating on potentially interfering frequency bands
using time slots, wherein the first radio (620a-
620n) is an LTE radio, wherein the second radio
(620a-620n) is an extended synchronous con-
nection oriented, eSCO, Bluetooth radio, means
for determining potential time slot configurations
for the communications of the second radio
(620a-620n);
means for determining a frame offset between
communications of the first radio (620a-620n)
and communications of the second radio (620a-
620n); and
means for selecting a time slot configuration for
the communications of the second radio (620a-
620n), from the determined potential time slot
configurations, that reduces degradation of the
first radio (620a-620n) due to conflicting time
slots between the first radio (620a-620n) and
the second radio (620a-620n), based on the de-
termined frame offset.

8. The apparatus of claim 7, further comprising means
for stopping transmission of the first radio (620a-
620n) during conflicting subframes.

9. The apparatus of claim 7, in which each potential
time slot configuration comprises a single transmit
time slot and a single receive time slot within an eS-
CO interval.

10. The apparatus of claim 7, in which the selected time
slot configuration comprises at least one receive time
slot and at least one transmit time slot.

11. A computer program product configured for wireless
communication, the computer program product com-
prising instructions for performing the method of any
of claims 1 to 6.

Patentansprüche

1. Ein Verfahren für Drahtloskommunikationen in einer
Mehrfach- bzw. Multi-Funk-Drahtloseinrichtung
(600), wobei die Multi-Funk-Drahtloseinrichtung
(600) erste und zweite Funkmodule (620a-620n)
aufweist, die auf Zeitschlitzen kommunizieren, die
ein potenziell interferierendes Frequenzband ver-
wenden, wobei das erste Funkmodul (620a-620n)
ein LTE-Funkmodul ist, wobei das zweite Funkmo-

dul (620a-620n) ein eSCO-Bluetooth-Funkmodul
(eSCO Bluetooth = extended synchronous connec-
tion oriented Bluetooth bzw. erweitertes, synchro-
nes, verbindungsorientiertes Bluetooth) ist, wobei
das Verfahren Folgendes aufweist:

Bestimmen potenzieller Zeitschlitzkonfiguratio-
nen für Kommunikationen des zweiten Funkmo-
duls (620a-620n);
Bestimmen eines Rahmenversatzes zwischen
Kommunikationen des ersten Funkmoduls
(620a-620n) und Kommunikationen des zwei-
ten Funkomoduls (620a-620n); und
Auswählen einer Zeitschlitzkonfiguration für die
Kommunikationen des zweiten Funkmoduls
(620a-620n), aus den bestimmten, potenziellen
Zeitschlitzkonfigurationen, die eine Beeinträch-
tigung des ersten Funkmoduls (620a-620n) auf-
grund von in Konflikt stehenden Zeitschlitzen
zwischen den ersten und zweiten Funkmodulen
(620a-620n) verringert, und zwar basierend auf
dem bestimmten Rahmenversatz.

2. Verfahren nach Anspruch 1, das weiter Anhalten der
Sendung bzw. Übertragung des ersten Funkmoduls
(620a-620n) während in Konflikt stehenden Subrah-
men aufweist.

3. Verfahren nach Anspruch 1, in dem der Konflikt auf-
tritt, wenn eine Sendung bzw. Übertragung von dem
ersten Funkmodul (620a-620n) zu derselben Zeit
auftritt wie Empfangen an dem zweiten Funkmodul
(620a-620n) und auch wenn Empfangen an dem ers-
ten Funkmodul (620a-620n) gleichzeitig ist zum
Senden bzw. Übertragen von dem zweiten Funkmo-
dul (620a-620n).

4. Verfahren nach Anspruch 1, in dem jede potenzielle
Zeitschlitzkonfiguration einen einzelnen Sendezeit-
schlitz und einen einzelnen Empfangszeitschlitz in-
nerhalb eines eSCO-Intervalls aufweist.

5. Verfahren nach Anspruch 1, in dem das Auswählen
einer Zeitschlitzkonfiguration eine Beeinträchtigung
durch Auswählen einer Zeitschlitzkonfiguration ver-
ringert, die eine Anzahl von Subrahmen für die Kom-
munikationen des ersten Funkmoduls (620a-620n)
verringert, die in Konflikt stehen mit Subrahmen für
Kommunikationen des zweiten Funkmoduls (620a-
620n).

6. Verfahren nach Anspruch 1, in dem das Auswählen
einer Zeitschlitzkonfiguration Einteilen von Kommu-
nikationen unter Verwendung von Zeitschlitzen mit
verbesserter Performance priorisiert.

7. Eine Vorrichtung, die in einem Drahtloskommunika-
tionssystem betreibbar ist, wobei die Vorrichtung ei-
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ne Mehrfach- bzw. Multi-Funk-Drahtloseinrichtung
(600) aufweist, die Folgendes aufweist:

erste und zweite Funkmodule (620a-620n), die
auf Zeitschlitzen kommunizieren, die potenziell
interferierende Frequenzbänder verwenden,
wobei das erste Funkmodul (620a-620n) ein
LTE-Funkmodul ist, wobei das zweite Funkmo-
dul (620a-620n) ein eSCO-Bluetooth-Funkmo-
dul (eSCO Bluetooth = extended synchronous
connection oriented bzw. erweitertes, synchro-
nes, verbindungsorientiertes Bluetooth) ist, Mit-
tel zum Bestimmen potenzieller Zeitschlitzkon-
figurationen für Kommunikationen des zweiten
Funkmoduls (620a-620n);
Mittel zum Bestimmen eines Rahmenversatzes
zwischen Kommunikationen des ersten Funk-
moduls (620a-620n) und Kommunikationen des
zweiten Funkmoduls (620a-620n); und
Mittel zum Auswählen einer Zeitschlitzkonfigu-
ration für die Kommunikationen des zweiten
Funkmoduls (620a-620n) aus den bestimmten,
potenziellen Zeitschlitzkonfigurationen, die eine
Beeinträchtigung des ersten Funkmoduls
(620a-620n) aufgrund von in Konflikt stehenden
Zeitschlitzen zwischen dem ersten Funkmodul
(620a-620n) und dem zweiten Funkmodul
(620a-620n) verringert, und zwar basierend auf
dem bestimmten Rahmenversatz.

8. Vorrichtung nach Anspruch 7, die weiter Mittel zum
Anhalten des ersten Funkmoduls (620a-620n) wäh-
rend in Konflikt stehender Subrahmen aufweist.

9. Vorrichtung nach Anspruch 7, in der jede potenzielle
Zeitschlitzkonfiguration einen einzelnen Sendezeit-
schlitz und einen einzelnen Empfangszeitschlitz in-
nerhalb eines eSCO-Intervalls aufweist.

10. Vorrichtung nach Anspruch 7, in der die ausgewählte
Zeitschlitzkonfiguration wenigstens einen Emp-
fangszeitschlitz und wenigstens einen Sendezeit-
schlitz aufweist.

11. Ein Computerprogrammprodukt, das zur Drahtlos-
kommunikation konfiguriert ist, wobei das Compu-
terprogrammprodukt Instruktionen zum Durchfüh-
ren des Verfahrens nach einem der Ansprüche 1 bis
6 aufweist.

Revendications

1. Un procédé de communication sans fil dans un dis-
positif sans fil multi-radio (600), le dispositif sans fil
multi-radio (600) comprenant une première et une
deuxième radios (620a-620n) communiquant sur
une bande de fréquences potentiellement brouilleu-

se au moyen d’intervalles temporels, où la première
radio (620a-620n) est une radio LTE, où la deuxième
radio (620a-620n) est une radio Bluetooth orientée
connexion synchrone étendue, eSCO, où le procédé
comprend :

la détermination de configurations d’intervalle
temporel potentielles pour les communications
de la deuxième radio (620a-620n),
la détermination d’un décalage de trame entre
des communications de la première radio (620a-
620n) et des communications de la deuxième
radio (620a-620n), et
la sélection d’une configuration d’intervalle tem-
porel pour les communications de la deuxième
radio (620a-620n) à partir des configurations
d’intervalle temporel potentielles déterminées
qui réduit une dégradation de la première radio
(620a-620n) due à des intervalles temporels en
conflit entre la première et la deuxième radios
(620a-620n), en fonction du décalage de trame
déterminé.

2. Le procédé selon la Revendication 1, comprenant
en outre l’arrêt d’une transmission de la première
radio (620a-620n) au cours de sous-trames en con-
flit.

3. Le procédé selon la Revendication 1, dans lequel le
conflit a lieu lorsqu’une transmission de la première
radio (620a-620n) a lieu en même temps qu’une ré-
ception au niveau de la deuxième radio (620a-620n)
et également lors d’une réception au niveau de la
première radio (620a-620n) en même temps qu’une
transmission à partir de la deuxième radio (620a-
620n),

4. Le procédé selon la Revendication 1, dans lequel
chaque configuration d’intervalle temporel potentiel-
le comprend un intervalle temporel de transmission
unique et un intervalle temporel de réception unique
à l’intérieur d’un intervalle eSCO.

5. Le procédé selon la Revendication 1 dans lequel la
sélection d’une configuration d’intervalle temporel
réduit la dégradation par la sélection d’une configu-
ration d’intervalle temporel qui réduit un nombre de
sous-trames pour les communications de la premiè-
re radio (620a-620n) qui sont en conflit avec des
sous-trames pour les communications de la deuxiè-
me radio (620a-620n),

6. Le procédé selon la Revendication 1 dans lequel la
sélection d’une configuration d’intervalle temporel
donne la priorité à une planification de communica-
tions au moyen d’intervalles temporels avec des per-
formances améliorées.
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7. Un appareil utilisable dans un système de commu-
nication sans fil, l’appareil comprenant un dispositif
sans fil multi-radio (600) comprenant :

une première et une deuxième radios (620a-
620n) communiquant sur des bandes de fré-
quences potentiellement brouilleuses au moyen
d’intervalles temporels, où la première radio
(620a-620n) est une radio LTE, où la deuxième
radio (620a-620n) est une radio Bluetooth orien-
tée connexion synchrone étendue, eSCO,
un moyen de détermination de configurations
d’intervalle temporel potentielles pour les com-
munications de la deuxième radio (620a-620n),
un moyen de détermination d’un décalage de
trame entre des communications de la première
radio (620a- 620n) et des communications de la
deuxième radio (620a-620n), et
un moyen de sélection d’une configuration d’in-
tervalle temporel pour les communications de la
deuxième radio (620a-620n) à partir des confi-
gurations d’intervalle temporel potentielles dé-
terminées qui réduit une dégradation de la pre-
mière radio (620a-620n) due à des intervalles
temporels en conflit entre la première radio
(620a-620n) et la deuxième radio (620a-620n)
en fonction du décalage de trame déterminé.

8. L’appareil selon la Revendication 7, comprenant en
outre un moyen d’arrêt d’une transmission de la pre-
mière radio (620a-620n) au cours de sous-trames
en conflit.

9. L’appareil selon la Revendication 7, dans lequel cha-
que configuration d’intervalle temporel potentielle
comprend un intervalle temporel de transmission
unique et un intervalle temporel de réception unique
à l’intérieur d’un intervalle eSCO.

10. L’appareil selon la Revendication 7, dans lequel la
configuration d’intervalle temporel sélectionnée
comprend au moins un intervalle temporel de récep-
tion et au moins un intervalle temporel d’émission.

11. Un produit de programme informatique configuré
pour une communication sans fil, le produit de pro-
gramme informatique contenant des instructions
destinées à l’exécution du procédé selon l’une quel-
conque des Revendications 1 à 6.
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