
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2015/0043515 A1 

ZHANG et al. 

US 2015 0043515A1 

(43) Pub. Date: Feb. 12, 2015 

(54) 

(71) 

(72) 

(73) 

(21) 

(22) 

(63) 

(60) 

a. 

RADIO COEXISTENCE IN WIRELESS 
NETWORKS 

Applicant: Intel Corporation, Santa Clara, CA 
(US) 

Inventors: YUJIANZHANG, Beijing (CN); 
MO-HAN FONG, Sunnyvale, CA (US); 
YOUN HYOUNG HEO, Seoul (KR): 
ALIT. KOC, Portland, OR (US); 
HONG HE, Beijing (CN) 

Assignee: Intel Corporation, Santa Clara, CA 
(US) 

Appl. No.: 14/525,927 

Filed: Oct. 28, 2014 

Related U.S. Application Data 
Continuation of application No. 13/756,663, filed on 
Feb. 1, 2013. 
Provisional application No. 61/646.223, filed on May 
11, 2012. 

402 - Bluetooth TXRXTX 

Publication Classification 

(51) Int. Cl. 
H047 72/08 (2006.01) 
H04W 76/04 (2006.01) 

(52) U.S. Cl. 
CPC .......... H04W 72/082 (2013.01); H04W 76/048 

(2013.01) 
USPC .......................................................... 370/329 

(57) ABSTRACT 

Technology for avoiding in-device coexistence (IDC) inter 
ference between multiple radio transceivers at a user equip 
ment (UE). The UE may identify a subframe with substan 
tially no IDC interference from one or more of the multiple 
radio transceivers at the UE. The UE may determine that the 
subframe with substantially no IDC interference occurs dur 
ing an unscheduled period of a Discontinuous Reception 
(DRX) cycle for the UE. The UE may perform Radio Link 
Monitoring(RLM) during the subframe with substantially no 
IDC interference during the unscheduled period of the DRX 
cycle for the UE. 
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Receiving a discontinuous reception (DRX) configuration at the multi 
radio device from an enhanced Node B (eModeB), wherein the multi- All- 81 

radio device is a user equipment having a plurality of radio transceivers. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - o 

Applying the discontinuous reception (DRX) configuration to at least one 
of the plurality of radio transceivers in the multi-radio device, wherein the - 
DRX includes a long DRX cycle for the at least one of the plurality of - 620 

radic trafsceives. 

Selecting one of a 2 miiliseconds (is), 5 ms, and 8 ns cycle start offset 
period for the long RX cycle to reduce coexistence interference Yu- 83 
between the giurality of radio transceivers in the multi-radio device. 
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RADIO COEXISTENCE IN WIRELESS 
NETWORKS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 13/756,663, filed Feb. 1, 2013, which 
claims the benefit under 35 U.S.C. S 119(e) of a U.S. Provi 
sional patent application filed May 11, 2012 in the U.S. Patent 
and Trademark Office and assigned Ser. No. 61/646.223, both 
of which are hereby incorporated by reference in their entirety 

BACKGROUND 

0002 Modern wireless devices such as cell phones, tab 
lets, and other portable computing devices often include mul 
tiple types of radios for communication purposes. For 
instance, a Smart phone may include a 4G transceiver to 
connect to a cell tower, a WiFi transceiver to connect to a local 
internet hot spot, and a Bluetooth transceiver to connect to a 
nearby device such as a headset or keyboard. The WiFi trans 
ceiver can receive information at Substantially the same time 
period as when the Bluetooth transceiver transmits informa 
tion. In some examples, the 4G transceiver can transmit infor 
mation at Substantially the same time period as when the 
Bluetooth transceiver receives information. Thus, coexist 
ence interference can result between the WiFi transceiver and 
the Bluetooth transceiver, or between the 4G transceiver and 
the Bluetooth receiver, operating in the Smartphone, thereby 
reducing the effectiveness of communication of each of the 
collocated transceivers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003) Features and advantages of the invention will be 
apparent from the detailed description which follows, taken 
in conjunction with the accompanying drawings, which 
together illustrate, by way of example, features of the inven 
tion; and, wherein: 
0004 FIG. 1 illustrates a timing diagram of Bluetooth 
packets synchronized with subframes in several time division 
duplex (TDD) configurations of a Third Generation Partner 
ship Project (3GPP) Long Term Evolution (LTE) transceiver 
in accordance with an example. 
0005 FIG. 2 is a diagram illustrating a long discontinuous 
reception (DRX) cycle in accordance with an example. 
0006 FIGS. 3A and 3B illustrate example TDD configu 
rations that Support DRX patterns in accordance with an 
example. 
0007 FIG. 3C is a timing diagram showing a LTE trans 
mit/receive pattern and a Bluetooth transmit/receive pattern 
in accordance with an example. 
0008 FIG. 4 illustrates an ASN code example of DRX 
configuration information in accordance with an example. 
0009 FIG. 5 illustrates a channel state information (CSI) 
reference resource during a long DRX cycle in accordance 
with an example. 
0010 FIG. 6 depicts a flow chart of a method for reducing 
coexistence interference in a multi-radio device in accor 
dance with an embodiment of the present invention. 
0011 FIG. 7 illustrates a block diagram of a radio coex 
istence system in accordance with an example. 
0012 FIG. 8 illustrates a mobile wireless device in accor 
dance with an example. 
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0013 Reference will now be made to the exemplary 
embodiments illustrated, and specific language will be used 
hereinto describe the same. It will nevertheless be understood 
that no limitation of the scope of the invention is thereby 
intended. 

DETAILED DESCRIPTION 

0014 Before the present invention is disclosed and 
described, it is to be understood that this invention is not 
limited to the particular structures, process steps, or materials 
disclosed herein, but is extended to equivalents thereof as 
would be recognized by those ordinarily skilled in the rel 
evant arts. It should also be understood that terminology 
employed herein is used for the purpose of describing par 
ticular embodiments only and is not intended to be limiting. 

DEFINITIONS 

0015. As used herein, the term “substantially refers to the 
complete or nearly complete extent or degree of an action, 
characteristic, property, state, structure, item, or result. For 
example, an object that is “substantially enclosed would 
mean that the object is either completely enclosed or nearly 
completely enclosed. The exact allowable degree of deviation 
from absolute completeness may in Some cases depend on the 
specific context. However, generally speaking the nearness of 
completion will be so as to have the same overall result as if 
absolute and total completion were obtained. The use of “sub 
stantially' is equally applicable when used in a negative con 
notation to refer to the complete or near complete lack of an 
action, characteristic, property, State, structure, item, or 
result. 
0016 Other terms may be defined elsewhere in the body of 
this specification. 

Example Embodiments 
0017. An initial overview of technology embodiments is 
provided below and then specific technology embodiments 
are described in further detail later. This initial summary is 
intended to aid readers in understanding the technology more 
quickly but is not intended to identify key features or essential 
features of the technology nor is it intended to limit the scope 
of the claimed subject matter. 
0018 Bluetooth transceivers are often collocated with 
other types of radios and/or transceivers. For example, trans 
ceivers which communicate using Orthogonal Frequency 
Division Multiple Access (OFDMA), such as a Third Gen 
eration Partnership Project (3GPP) Long Term Evolution 
(LTE) transceiver, an Institute of Electrical and Electronics 
Engineers (IEEE) 802.16 transceiver, commonly referred to 
as WiMAX (Worldwide interoperability for Microwave 
Access), a wireless local area network (WLAN) transceiver 
(i.e., IEEE 802.11 radio, commonly referred to as WiFi), 
and/or a Global Navigation Satellite System (GNNS) 
receiver. 
0019. Each collocated radio may be used for a specific 
purpose. For instance, a Bluetooth transceiver can be used to 
communicate with a wireless personal area network 
(WPAN), a WiFi transceiver can be used to communicate with 
a wireless local area network (WLAN), and a 3GPP LTE or 
WiMAX transceiver can be used to communicate with a 
wireless wide area network (WWAN). 
0020. The simultaneous operation in a wireless device 
(e.g., a Smartphone or tablet) of a Bluetooth transceiver that 
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is collocated with other types of transceivers which commu 
nicate using OFDMA, such as a 3GPP LTE transceiver, a 
WiMAX transceiver, and/or a WiFi transceiver, can create 
interference that reduces the data throughput of both trans 
ceivers. Multiple examples are given throughout this specifi 
cation of a collocated Bluetooth transceiver and a 3GPP LTE 
transceiver. This is not intended to be limiting. The same 
system(s) and method(s) can apply with other types of 
OFDMA radios operating in a Time Domain Duplex (TDD) 
format that are collocated with a Bluetooth transceiver. 

0021. In general, TDD refers to duplex communication 
links where the uplink is separated from the downlink by an 
allocation of different time slots in the same frequency band. 
Since TDD allows asymmetric flow for uplink and downlink 
data transmissions, users are allocated time slots for uplink 
and downlink transmission. TDD can be advantageous when 
there is asymmetry of uplink and downlink data rates. 
0022 Bluetooth receptions can collide with transmissions 
from the 3GPP LTE transceiver, especially when both trans 
ceivers are collocated on the same device, such as a Smart 
phone, a tablet, a net book, a laptop, or another type of 
wireless mobile device. Bluetooth transmissions can also 
desensitize reception in the 3GPP LTE transceiver. 
0023 To reduce coexistence interference, there are several 
types of potential Solutions. One potential Solution is to use 
frequency division multiplexing (FDM) to move the signal 
from one transceiver further away in frequency from the 
signal of another transceiver, thereby creating more fre 
quency separation. Another potential solution is the use of 
time division multiplexing (TDM) in which scheduling can 
be used so that when one transceiver is transmitting, another 
co-located transceiver is not simultaneously receiving. 
0024. An example of TDM can include discontinuous 
reception (DRX), which will be discussed in further detail 
below. A radio frequency solution involves the use of radio 
frequency filtering which can be used to reduce the amount of 
out-of-bounds (OOB) emissions, using a filter at a transmit 
ter, or blocking incoming out-of-bounds signals using a filter 
at a receiver. Power based solutions can be used to reduce 
transmission power, thereby potentially reducing the level of 
interference. Hybrid solutions are also possible by combining 
two or more of the previously presented solutions. 
0025 Repeating time-domain transmission/reception 
(Tx/RX) patterns can be defined for a 3GPP LTE transceiver 
and a collocated Bluetooth transceiver to coordinate their 
transmitters and receivers. The TX/RX pattern can be repeated 
at a known interval if data gets allocated with a periodicity on 
time. The known interval enables persistent reservations to be 
made in the 3GPP LTE transceiver to reduce or avoid inter 
ferences between the different transceivers. 

0026. For example, the repeated Tx/RX pattern defines a 
specific Bluetooth transmit timeslot for each Extended Syn 
chronous Connection Oriented (eSCO) packet transmitted by 
the Bluetooth transceiver to prevent the Bluetooth transmis 
sion from interfering with the 3GPP LTE reception, and to 
protect the 3GPP LTE transmission from interfering with 
Bluetooth reception. 
0027. The ability to coordinate the 3GPP LTE and Blue 
tooth transmitters and receivers using persistent reservation 
also enables additional types of transceivers to be collocated. 
For example, a WiFi transceiver can be coordinated to com 
municate at specific time periods in the coordination formed 
between the 3GPP LTE and Bluetooth transceivers. 
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0028 FIG. 1 provides a timing diagram showing the trans 
mission and reception of eSCO formatted packets 102 for a 
Bluetooth radio and the TX/RX sub-frames 104 for all seven 
configurations of a 3GPP LTE radio operating in a Time 
Division Duplex (TDD) mode. The figures and tables pre 
sented herein are displayed using one-slot Bluetooth eSCO 
packets as an example. However, this interference avoidance 
technique can be applied to other Bluetooth profiles and 
packet length (for example three or five slot packets). The 
Bluetooth eSCO packets can include a variety of different 
formats having a different number of transmit and receive 
time slots. For single slot eSCO packets, Bluetooth specifies 
intervals of 6, 8, 10, 12, 14, 16 and 18. The interval illustrated 
in FIG. 1 is Ts-8, comprising four transmit time slots and 
four receive time slots. Bluetooth also specifies a re-transmit 
window Ws, to be 0, 2, or 4. The re-transmit window 
specifies the number of attempts at transmitting that can occur 
for a Bluetooth packet within its interval (Ts). While the 
specification currently limits the retransmission attempts to 0. 
2 or 4 instances, it is possible to include additional retrans 
mission attempts when Ts is equal or greater than 8. 
Future Bluetooth standards may include additional retrans 
mission attempts, and the embodiments disclosed herein are 
not limited to the 0, 2 or 4 instances recited in the present 
standard. 

0029. The 3GPP LTE standard, as used herein, can include 
3GPP LTERelease 8 in the fourth quarter of 2008, 3GPP LTE 
Advanced Release 10 in the first quarter of 2011, and Release 
11 in the third quarter of 2012. However, the embodiments 
disclosed herein are not limited to these releases. Future 
standards can also apply when the same TDD configurations 
and Sub-frame timing is used. A transceiver operating in 
accordance with at least one of these 3GPP LTE Releases is 
also referred to herein as an LTE transceiver. The use of the 
term 3GPP, 3GPP LTE, or LTE is not intended to be limiting. 
Any of the terms may refer to any of the 3GPP releases. 
0030 Currently, seven different LTETDD configurations 
are defined for 3GPP LTE communication. FIG. 1 provides an 
example of each LTE configuration, numbered 0-6. Each 
configuration is aligned at the beginning 106 of the longer 
continuous number of receive subframes for each configura 
tion. The Bluetooth packet is synchronized such that a first 
receive time slot (Slot 1) is aligned with the first receive 
subframe of the continuous receive subframes in each of the 
seven LTE configurations. 
0031. As illustrated in FIG. 1, the Bluetooth timeslots 102 
have a different time period from the LTE subframe. The 
Bluetooth time slots each have a period of 0.625 milliseconds 
(ms), while each LTE frame has a frame duration of 10 ms. 
Each LTE frame consists of 10 sub-frames. Thus, each sub 
frame has a duration of 1 ms. Accordingly, even though the 
Bluetooth packet is synchronized such that transmit Slot 0 is 
aligned with a transmit subframe in each LTETDD configu 
ration, and receive Slot 1 is aligned with the first receive 
Subframe in the continuous receive subframe for each con 
figuration, the transmit and receive slots quickly become 
unaligned such that transmissions and receptions from the 
Bluetooth and 3GPP transceivers will create co-interference 
in each of the transceivers. 

0032. Co-interference can occur when one of the trans 
ceivers transmits during the other transceiver's receive inter 
val. This is especially true when the 3GPP LTE transceiver 
transmits during the receive period of the Bluetooth trans 
ceiver, since the 3GPP LTE transceiver transmits at signifi 
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cantly higher power and can therefore overpower (or collide) 
most Bluetooth signals that the Bluetooth transceiver is 
attempting to receive during the Bluetooth receive period. 
0033 FIG. 2 is a diagram illustrating a long discontinuous 
reception (DRX) cycle in accordance with an example. The 
concept of DRX was introduced for saving power in 3GPP 
LTE Release 8. DRX can be used to enable a wireless device, 
such as a user equipment (UE) in a 3GPP LTE network, to 
discontinuously monitor a control channel. Such as the physi 
cal downlink control channel (PDCCH) communicated from 
a transmission station Such as an enhanced node (eNB or 
eNodeB). The discontinuous monitoring by using DRX can 
provide significant power savings at the UE since the receiver 
at the UE can be turned off for selected periods. The sched 
uling of a 3GPP LTE transceiver using DRX will be explained 
more fully below. 
0034. In accordance with one embodiment of the present 
invention, in addition to saving power, DRX can also be used 
to provide a TDM solution for reducing coexistence interfer 
ence of co-located devices. For example, coexistence inter 
ference between a collocated 3GPPLTE transceiver and a low 
power Bluetooth (BT) transceiver can be reduced, using 
DRX, by scheduling the BT transceiver to transmit when the 
LTE transceiver is not receiving. 
0035. In one embodiment, a transceiver in a multi-radio 
wireless device (e.g., a LTE transceiver) can be configured to 
be turned off more often by reducing the amount of time that 
the transceiver monitors control channels, such as the physi 
cal downlink control channel (PDCCH). In other words, the 
transceiver can communicate with a transmission station, 
referred to as a network node, to negotiate time periods in 
which the transceiver will receive communications from the 
network node. During the negotiated times when information 
is not received, the transceiver can turn its receiver off and 
enter a low power state. DRX is used in a number of different 
wireless communication standards, including but not limited 
to 3GPP LTE Rel. 8, 9, 10, and 11. 
0036. The 3GPP LTE transceiver can be operable to moni 
tor the PDCCH discontinuously if the 3GPP LTE transceiver 
is configured for DRX and is in an RRC CONNECTED 
mode. Otherwise, a 3GPP LTE transceiver not configured for 
DRX can monitor the PDCCH continuously. The Radio 
Resource Control (RRC) can be used to control the DRX 
operation in the 3GPP LTE transceiver by configuring the 
parameters on OurationTimer, drx-InactivityTimer, 
longDRX-Cycle, drxStartOffset and optionally drxShortCy 
cleTimer and shortDRX-Cycle. When a short DRX cycle is 
not configured, the 3GPP LTE transceiver monitors the 
PDCCH at the beginning (according to the length defined in 
onlurationTimer) of the longDRX-Cycle parameter. The 
3GPP LTE transceiver can stop monitoring the PDCCH after 
onluration-Timer if the downlink and/or uplink transmis 
sions can be completed. In the remaining DRX cycle (e.g., a 
short DR cycle), the 3GPP LTE transceiver can become inac 
tive. During this time, the eNB does not schedule downlink 
transmissions nor will the eNB require the 3GPP LTE trans 
ceiver to transmit uplink data. When the short DRX cycle is 
configured, the short DRX cycle can be considered as a con 
firmation period for when a packet arrives late, prior to the 
3GPP LTE transceiver entering the long DRX cycle. When 
data arrives at the eNB while the 3GPP LTE transceiver is in 
the short DRX cycle, the data is scheduled for transmission at 
the next wake-up time, after which the 3GPP LTE transceiver 
resumes continuous reception. On the other hand, if no data 
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arrives at the eNB during the short DRX cycle, then the 3GPP 
LTE transceiver can enter the long DRX cycle if the packet 
activity is finished for the time being. The DRXActivity Time 
is the duration when the 3GPP LTE transceiver monitors the 
PDCCH within the DRX cycle. 
0037 Returning to FIG. 2, an example long DRX cycle is 
shown. The long DRX cycle can include an ON duration and 
an OFF duration. During the ON period of the long DRX 
cycle (i.e., a scheduled period), the eNB can schedule trans 
missions with the UE. During the OFF period of the long 
DRX cycle (i.e., an unscheduled period), the eNB does not 
schedule transmissions with the UE. In general, the UE can 
transition to the long DRX cycle from an optional short DRX 
cycle after the expiration of a timer. 
0038 FIGS. 3A and 3B illustrate example TDD configu 
rations 310 and 320 that support DRX patterns in accordance 
with an example. One limitation of using a DRX solution to 
reduce coexistence interference in a multi-radio device is that 
current supported longDRX-Cycle values do not include sev 
eral values that can be used to significantly improve in-device 
coexistence scenarios. For example, long DRX cycle values 
that can be used to reduce in-device interference in an LTE 
and Bluetooth scenario (e.g., an LTE transceiver transmitting/ 
receiving information at Substantially the same time as a 
Bluetooth transceiver transmitting/receiving information) are 
not allowed. These long DRX cycle values can include 2 
milliseconds (ms), 5 ms, and/or 8 ms. As will be discussed in 
greater detail below, the 2 ms, 5 ms, and 8 ms long DRX cycle 
values can provide one or more useful Hybrid Automatic 
Repeat Request (HARQ) process reservation patterns. 
0039. One limitation of using DRX to reduce coexistence 
interference in an LTE and Bluetooth scenario is that DRX 
supports contiguous LTE downlink (DL) subframes within a 
single DRX cycle when the LTE On Duration period is not 
extended. Using currently available DRX cycle values, when 
using the DRX solution for the LTE and Bluetooth scenario, 
the DRX cycle is 10 ms. In addition, a 5 ms short DRX cycle 
can be used within the 10 ms long DRX cycle. Thus, DRX can 
support bitmap patterns with LTE ON downlink subframes 
that are contiguous in a 10 ms period or a 5 ms period. 
0040 FIG. 3A illustrates an example of a DRX pattern 
with a cycle time that can be used to reduce in-device inter 
ference in a multi-radio device. In particular, the advantages 
of including a 2 ms long DRX cycle for the LTE and Blue 
tooth scenario are shown. The example configuration 310 is a 
TDD configuration 2. The configuration 310 includes minum 
ber of frames, and has a cycle start offset of 2 ms. The total 
length of the configuration 310 is 10 ms in length, and each 
subframe is 1 ms in length. In addition, the configuration 310 
can be represented by the bitmap 011 1010111. In other 
words, a “0” means that the subframe cannot be used (e.g., the 
subframe can be turned off), and a “1” means that the sub 
frame can be used. Here, the subframes that are turned off are 
0, 4, and 6, therefore resulting in the bitmap of 0.111010111. 
The subframes in the configuration 310 can either be down 
link (DL) subframes or uplink (UL) subframes. Here, the DL 
subframes are shaded and the UL subframes are clear. 
According to the TDD configuration 2 (which is one of the 
seven TDD configurations available), subframes 0, 1, 3, 4, 5, 
6, 8, and 9 are DL subframes and subframes 2 and 7 are uplink 
subframes. In addition, for DRX patterns relating to the LTE 
and Bluetooth scenario, uplink subframes are generally dis 
regarded. Therefore, subframes 0, 4, and 6 are off, and sub 
frames 2 and 7 are uplink, resulting in subframes 1,3,5,8, and 
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9. In other words, subframes 1, 3, 5, 8, and 9 are LTE ON 
Subframes, and are represented as textured subframes. 
0041. Therefore, a 2 ms long DRX cycle value can be 
advantageous with configuration 310 to allow more HARQ 
bitmap patterns to be supported. The 1 subframe is included 
in the first 2-ms cycle, the 3" subframe is included in the 
second 2-ms cycle, the 5" subframe is included in the third 
2-ms cycle, and both the 8” and 9” subframe are included in 
the fifth 2-ms cycle. Neither subframes 6 or 7 are included in 
the fourth 2-ms cycle because subframe 6 is OFF and sub 
frame 7 is an uplink subframe. The subframe 8 is considered 
as onl)uration because the unit of onl)urationTimer is a 
PDCCH subframe, which is DL subframes in the case of 
TDD. Therefore, the onl)urationTimer starts at subframe 7, 
but since subframe 7 is an UL subframe, it extends to sub 
frame 8. Therefore, subframe 8 is considered ON. If the 2 ms 
long DRX cycle is not supported then another HARQ bitmap 
pattern will need to be used that will result in fewer subframes 
being used by the LTE. 
0042 FIG.3B illustrates an example of an additional DRX 
pattern with a cycle time that can be used to reduce in-device 
interference in a multi-radio device. In particular, the advan 
tages of including a 5 ms long DRX cycle for the LTE and 
Bluetooth scenario are shown. Particularly, the use of the 5 ms 
long DRX cycle allows additional HARQ bitmap patterns to 
be used. Without the ability to use a 5 ms long DRX cycle, 
fewer LTE subframes can be used. 
0043. The example configuration 320 is a TDD configu 
ration 2. The configuration320 includes m number of frames, 
and has a cycle start offset of 5 ms. In addition, the configu 
ration 320 can be represented by the bitmap 0111101111. 
Here, the subframes that are turned off are 0 and 5, therefore 
resulting in the bitmap of 0.111010111. According to the TDD 
configuration 2 (which is one of the seven TDD configura 
tions available), subframes 0, 1, 3, 4, 5, 6, 8, and 9 are DL 
subframes and subframes 2 and 7 are uplink subframes. 
0044 Since uplink subframes (i.e., subframes 2 and 7) can 
generally be disregarded when looking at DRX patterns relat 
ing to the LTE and Bluetooth scenario, and subframes 0 and 5 
are off, the result is subframes 1, 3, 4, 6, 8 and 9. In other 
words, subframes 1, 3, 4, 6, 8, and 9 are LTE ON downlink 
subframes that are received by the 3GPP LTE transceiver. 
Therefore, a 5 ms long DRX cycle value can be advantageous 
with configuration320. The subframes 1,3 and 4 are included 
in the first 5-ms cycle, and subframes 6, 8 and 9 are included 
in the second 5-ms cycle. A 10 ms long DRX cycle value 
cannot be used with TDD configuration 2 because subframe 5 
is turned off. 

0045. In the LTE and Bluetooth scenario, the 2 ms and 5 
ms long DRX cycle values can provide useful HARQ process 
reservation patterns for Time Division Duplex (TDD). In 
general, HARQ can be used to ensure that data is sent reliably 
from one node to another node. HARQ uses a stop and wait 
protocol. A transmitting entity (e.g., a LTE transceiver) trans 
mits the data block to a receiving entity (e.g. an eNB). The 
transmitting entity stops and waits until it receives an 
acknowledgement (ACK) or a negative acknowledgement 
(NACK) from the receiving entity. If the transmitting entity 
receives an ACK, then the next data block is transmitted. If the 
transmitting entity receives a NACK, then the same data 
block can be retransmitted. Whether an ACK or a NACK is 
received, the transmitting entity Schedules and processes the 
next data block to be transmitted within a specific time period. 
In LTE, a N-process stop-and-wait may be used, where the 
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transmitting entity stops and waits for one particular HARQ 
process. For example, the transmission may stop and wait for 
one particular HARQ process. However, there are multiple 
HARO processes, so from the transmitter perspective, it does 
not stop its transmission. 
0046 Generally, LTE uses multiple HARQ parallel pro 
cesses that are offset in time. Since each process transmits a 
block of data, by the time a next transmission allocation 
arrives, the transmitting entity would have already received 
the ACK or the NACK from the receiving entity, and therefore 
created the next data block to be transmitted or retransmitted. 
Thus, from the perspective of the transmitting entity, data 
may be constantly transmitted to the receiving entity. In TDD, 
a configurable number of HARQ processes are Supported. 
0047. By applying the 2 ms and 5 ms long DRX cycle 
values to the LTE and Bluetooth scenario, 2 ms and 5 ms 
patterns are created. These 2 ms and 5 ms patterns can be 
considered to be HARQ compliant patterns. A pattern can be 
HARO compliant if: (1) each LTE DL subframe that is 
enabled is associated with at least one LTE UL subframe for 
either a DL or UL HARQ process; and (2) each LTE UL 
subframe that is enabled is associated with at least one LTE 
DL subframe for either a DL or UL HARQ process; and (3) at 
least one LTE DL HARQ process and one UL HARQ process 
are enabled. In a TDD Configuration 2, there are 192 HARQ 
compliant patterns and 51 HARQ compliant patterns that are 
supported when DRX is applied to the LTE and Bluetooth 
scenario. Therefore, the ratio of HARQ compliant patterns 
that are supported when DRX is applied to the LTE and 
Bluetooth scenario is 27%. In addition, the 2 ms and 5 ms long 
DRX cycle values support additional HARQ bitmap patterns. 
Without using the 2 ms and 5 ms long DRX cycle values, the 
HARO bitmap pattern may use a fewer number of LTE sub 
frames. In other words, the bitmap may include additional 
“Os’ indicating that the particular subframe cannot be used. 
0048 Providing at least one HARQ process reservation 
pattern ensures that each radio transceiver of the UE is not 
transmitting/receiving information while a different radio 
transceiver of the UE is receiving/transmitting information. 
Thus, coexistence interference is reduced between the plural 
ity of radio transceivers in the UE. In addition, each radio 
transceiver can include a different Radio Access Technology 
(RAT). Examples of RATs include 3GPP LTE, WiMAX, 
Bluetooth, WLAN, GNSS, etc. 
0049 FIG. 3C is a timing diagram 330 showing an LTE 
transmit/receive patternanda Bluetooth transmit/receive pat 
tern in accordance with an example. The LTE Rx pattern and 
the LTETX pattern are identical. Each ON and OFF cycle lasts 
for 2 ms. Thus, the bitmap of the LTE Rx and the LTE Tx is 
11001100. Each digit (e.g., “1”) indicates whether the LTE is 
ON or (e.g., “0”) OFF during a one-second period. Therefore, 
the “11” indicates an ON period for two seconds, and the “00 
indicates an OFF period for two seconds. As indicated by the 
timing diagram 300, there is no interference between the LTE 
transmission and the Bluetooth reception. In other words, 
during the time when the LTE is transmitting (i.e., LTE TX 
ON), the Bluetooth is not receiving. Similarly, during the time 
when the Bluetooth is receiving (i.e., BTRX ON), the LTE is 
not transmitting. Although there is some overlap between the 
LTE reception and the Bluetooth transmission, generally no 
interference results due to the overlap. The assumption is that 
the Bluetooth transmission does not interfere with the LTE 
reception because the LTE downlink frequency band does not 
coincide with the Bluetooth transmission frequency band. 
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0050. The timing diagram 300 relates to LTE operating in 
a frequency division duplex (FDD). In FDD, separate fre 
quency bands are used at the transmitting side and the receiv 
ing side. Since FDD uses different frequency bands for send 
ing and receiving information, the sending and the receiving 
data signals do not interfere with each other. 
0051. The timing diagram 300 is a bitmap-based TDM 
solution for the coexistence between LTE and Bluetooth. 
Having a bitmap of 8 ms (e.g., 11001100) ensures that the 
LTE does not transmit information at substantially the same 
time as the Bluetooth receiving information. Therefore, hav 
ing an 8 ms long DRX cycle (which corresponds to the bitmap 
that is 8 ms in length) can be useful for LTE FDD. In some 
examples, having a 4 ms long DRX cycle can be useful for 
LTE FDD, but unlike the 8 ms long DRX cycle, the 4 ms long 
DRX cycle does not take advantage of the HARQ process 
reservation patterns in LTEFDD. In other words, a number of 
LTE FDD HARQ processes can be masked off to accommo 
date coexistence between LTE and Bluetooth. For FDD, there 
are 8 uplink HARQ processes, while the downlink can have 
up to 8 HARQ processes. The downlink HARQ processes can 
be transmitted in any order without a fixed timing, whereas 
each uplink HARO process is assigned to a specific Subframe. 
The UE transmits within the same HARQ process every 
eighth subframe. Therefore, an 8 ms long DRX cycle can be 
useful for reducing coexistence interference between LTE 
and Bluetooth because the 8 ms long DRX cycle corresponds 
with the 8 uplink and downlink HARQ processes found in 
FDD. 

0052 FIG. 4 illustrates an ASN.1 code example of DRX 
configuration information in accordance with an example. 
The Abstract Syntax Notation 1 (ASN.1) can be used to 
implement enhancements to existing DRX configurations. 
The DRX-Config-r11 (i.e., DRX Configuration 11) is used to 
define various characteristics of the DRX cycles. The existing 
DRX-Config-r11 includes ASN.1 code to define the onloura 
tionTimer, drx-InactivityTimer, drx-RetransmissionTimer, 
longDRX-CycleStartOffset, shortDRX-Cycle, and the drx 
ShortCycleTimer. Currently, the longDRX-CycleStartOffset 
includes cycle values of sf10, Sf20, sf32, Sf40, etc. The addi 
tion of the 2 ms, 5 ms, and 8 ms long DRX cycle values can be 
included in the DRX-Config-r11 by adding the cycle values 
of Sf2, sfS, and sf8 into the ASN.1 code. Since the existing 
DRX-Config-r11 does not allow extensions, a new DRX 
Config-r11 can be configured with the 2 ms, 5 ms, and 8 ms 
long DRX cycle values to provide additional DRX patterns 
that can be used to reduce in-device interference in a multi 
radio device, as discussed in the preceding paragraphs. 
0053 FIG.5 illustrates a subframe used to receive a down 
link reference resource 510 during a long DRX cycle in 
accordance with an example. The downlink reference 
resource 510 can include a reference signal (RS) transmitted 
from the eNB. The measured power of the reference signal at 
the UE is used to determine the power at which the eNB 
transmits the downlink data. The measured power of the 
reference signal can be communicated via a Channel State 
Information (CSI) report to the eNB. 
0054. In wireless communications, the CSI can refer to 
known channel properties of a communication link. The CSI 
describes how a signal propagates from the transmitter to the 
receiver. In addition, the CSI can represent the combined 
effect of scattering, fading, etc. The CSI ensures that trans 
missions are adapted to current channel conditions, thereby 
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leading to reliable communication by Bluetooth transceivers, 
LTE transceivers, etc. The CSI is periodically transmitted 
from the UE to the eNB. 
0055. In general, the CSI can include at least one of a 
channel quality indicator (CQI), a precoding matrix indicator 
(PMI), and a rank indicator (RI). The CQI is information 
signaled by the UE to the eNB to indicate a suitable data rate 
for downlink transmission. The CQI can be based on a mea 
surement of the receiving downlink Signal to Interference 
plus Noise Ratio (SINR), as well as knowing various charac 
teristics of the UE receiver. The PMI is a signal fed back by 
the UE, and corresponds to an index of a precoder that maxi 
mizes the aggregate number of data bits which can be 
received acrossed the downlink spatial transmission layers. 
The RI is signaled to the eNB by UEs that are configured for 
a Physical Downlink Shared Channel (PDSCH). The RI cor 
responds to the number of useful transmission layers for 
spatial multiplexing (based on the UE's estimate of the down 
link channel), 
0056. The CSI report is typically communicated at least 
four symbols after the downlink referenced resource 510. In 
order for the measurement of the reference signal to be accu 
rate, the reference signal should be received in a downlink 
subframe with minimal interference. Interference can reduce 
the accuracy of the reference signal measurement and impact 
the accuracy of the CSI report. Accordingly, it can be impor 
tant to select a downlink subframe to receive the reference 
signal that has little interference. 
0057 Currently, the rules for selecting a downlink sub 
frame for a downlink reference resource 510 do not consider 
the impact of in-device interference. As a result, the measure 
ment of the reference signal received in the downlink refer 
ence resource 510 symbol can be negatively impacted when 
there is in-device interference (e.g., a Bluetooth transceiver is 
transmitting information at Substantially the same time as 
when a LTE transceiver is receiving the reference signal). 
0058 As illustrated in FIG. 5, the long DRX cycle of an 
LTE (or WWAN) transceiver can be partitioned into a sched 
uled period and an unscheduled period. When transitioning 
from an LTE unscheduled period to an LTE scheduled period, 
the UE can be configured to send the CSI (e.g., the CQI, PMI, 
and RI) to the eNB. In other words, the LTE transceiver in the 
UE can be configured to transmit the CSI to the eNB. The CSI 
can be based on the reference signal received in the downlink 
reference resource 510. The downlink reference resource 510 
(i.e., the time domain reference) can be defined by a downlink 
Subframe n-no e. 
0059. The CSI reporting subframe 520 occurs at least four 
subframes after the downlink subframe n-no In other 
words, the CSI is periodically reported at an uplink subframe 
to the eNB, and the uplink subframe occurs at least four 
subframes after receiving the downlink reference resource 
510 subframe from the eNB. Therefore, the CSI reporting 
subframe 520 is located after a long DRX cycle of a trans 
ceiver (e.g., a WWAN transceiver) in the UE, and corresponds 
with the downlink reference resource 510 (i.e., the downlink 
subframe n-no ). In some examples, the CSI is reported 
more than four subframes (e.g., six subframes) after the 
downlink subframe n-no a 
0060. When DRX is used as a TDM solution, the CSI 
measurement needs special handling. Otherwise, the down 
link reference resource 510 can be impacted by in-device 
interference between collocated transceivers in the multi 
radio device, thereby causing the UE to report an inaccurate 



US 2015/0043515 A1 

CSI. An inaccurate CSI can substantially reduce the system 
throughput. In other words, the average rate of Successful 
message delivery over a communication channel can reduce 
as a result of the inaccurate CSI. Therefore, the downlink 
reference resource 510 should not be impacted by in-device 
interference. 

I0061. The downlink subframe n-no can be consid 
ered to be valid if the downlink subframe n-no is not 
interfered by in-device interference. Therefore, if the UE 
receives the reference signal or other type of downlink refer 
ence resource in a downlink subframe from the eNB during a 
time period that does not correspond with a different coexist 
ing radio transceiver in the UE transmitting an uplink Sub 
frame, then the downlink subframe is not impacted by in 
device interference. In other words, the downlink subframe 
n-no is not received at the UE, from the eNB, while 
in-device interference currently exists. As a result, the down 
link subframe n-no is valid and can be used for receiv 
ing a downlink reference resource. 
I0062) In some examples, the downlink subframe n-no 
may be assigned by the eNB to be received by the UE (e.g. 

a LTE transceiver in the UE) in a subframe at the same time 
that a different transceiver in the UE (e.g., a Bluetooth trans 
ceiver) is transmitting information. If it is known that this 
occurs, then the downlink subframe n-no can be desig 
nated as invalid and cannot be used for receiving a reference 
symbol from the eNB. In other words, the downlink reference 
resource 510 can be identified to not be used if the downlink 
Subframe associated with the downlink reference resource 
510 is interfered by in-device interference. 
0063. In some examples, to reduce the chance of in-device 
interference in a downlink subframe, the downlink subframe 
can be designated as invalid if the downlink Subframe belongs 
to the unscheduled period of the long DRX cycle, as illus 
trated in FIG. 5. The subframes designated as invalid will not 
be used by the eNB to transmit data to the UE. Therefore, if a 
DRX solution is used for in-device coexistence, then the 
downlink reference resource 510 can be received in a down 
link subframe that is not included in the unscheduled period 
of the long DRX cycle. In one embodiment, a downlink 
subframe included in the scheduled period of the long DRX 
cycle can be designated as a valid subframe for the UE to use 
to receive a downlink reference resource, such as an RS. In 
addition, a subframe in the unscheduled period can be used by 
the UE to report the CSI to the eNB that is based on the 
reference resource. 

0064. In one embodiment, the downlink subframe 
n-no can be considered to be valid (i.e. capable of 
receiving the reference signal) if: (1) the downlink subframe 
is configured as a downlink subframe for the UE; (2) the 
downlink subframe does not include a Multimedia Broadcast 
Single Frequency Network (MBSFN) subframe (except for 
transmission mode 9); (3) the downlink subframe does not 
containa Downlink Pilot Time Slot (DwPTS) field in case the 
length of DwPTS is 7680-T, and less; (4) the downlink sub 
frame does not fall within a configured measurement gap for 
the UE; (5) the downlink subframe, for periodic CSI report 
ing, is an element of the CSI subframe set that is linked to the 
periodic CSI report when the UE is configured with CSI 
subframe sets; and (6) the downlink subframe is not interfered 
by in-device interference. In addition, the downlink subframe 
n-no can be considered to be valid if the downlink 
subframe is not part of an unscheduled period when DRX is 
being used to reduce in-device coexistence. 
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0065. In some embodiments of the present invention, 
radio link monitoring (RLM), performed by a WWAN trans 
ceiver of a UE, can use subframes with substantially no in 
device interference from a plurality of coexisting radio trans 
ceivers in the UE. The RLM function in the UE is to monitor 
the downlink radio link quality of a serving cell in an RRC 
CONNECTED state. The RLM is based on the cell-specific 
reference signals. As a result, the UEin RRC CONNECTED 
state can determine whether it is in-sync or out-of-sync with 
respect to the serving cell. In case of a certain number of 
consecutive out-of-sync indications (called N310), the UE 
can start a network-configured radio link failure timer T310. 
The timer is stopped if a number N311 of consecutive in 
sync indications are reported by the UE's physical layer. Both 
the out-of-sync and in-sync counters (N310 and N311) are 
configurable by the network. Upon expiry of the timer T310, 
Radio Link Failure (RLF) occurs. As a consequence, the UE 
turns off its transmitter to avoid interference and is then 
required to re-establish the RRC connection. 
0066. When subframes that are impacted by in-device 
interference are used for RLM, the interference can result in 
errors in measuring the cell-specific reference signals. For 
example, during an unscheduled period of the long DRX 
cycle, other RATs (e.g., WLAN, Bluetooth) can transmit 
information. Thus, a Bluetooth transceiver in the UE can be 
transmitting information at Substantially the same subframe 
as an LTE transceiver is receiving information, such as the 
cell-specific reference signals. If multiple errors are received, 
the UE may report a radio link failure, turn off the WWAN 
transmitter, and proceed to re-establish an RRC connection. 
This can result in a reduced throughput and unnecessary 
overhead for the 3GPP network. 

0067. In some examples, a WWAN radio transceiver of a 
UE can be configured to receive RLMina downlink subframe 
that occurs during a scheduling period of a long DRX cycle, 
thereby decreasing a likelihood of performing RLM using 
subframes that are impacted by in-device interference. Thus, 
the UE may not use subframes that are impacted by in-device 
interference while the UE is performing RLM. In addition, 
during an unscheduled period of the long DRX cycle, the UE 
may determine which subframes are not interfered by in 
device interference. The UE may perform RLM using the 
subframes that are not interfered by in-device interference. 
0068. In another embodiment, a method 600 for reducing 
coexistence interference in a multi-radio device is disclosed, 
as depicted in the flow chart of FIG. 6. The method includes 
the operation of receiving 610 a discontinuous reception 
(DRX) configuration at the multi-radio device from an 
enhanced Node B (eNodeB). The multi-radio device can be a 
user equipment having a plurality of radio transceivers. The 
method 600 further comprises applying 620 the discontinu 
ous reception (DRX) configuration to at least one of the 
plurality of radio transceivers in the multi-radio device. The 
DRX can include a long DRX cycle for the at least one of the 
plurality of radio transceivers. The method 600 further com 
prises selecting one of a 2 milliseconds (ms), 5 ms, and 8 ms 
cycle start offset period for the long DRX cycle to reduce 
coexistence interference between the plurality of radio trans 
ceivers in the multi-radio device. 

0069. In one embodiment, the plurality of radio transceiv 
ers in method 600 comprises a Third Generation Partnership 
Project Long Term Evolution (3GPP LTE) radio transceiver 
and a Bluetooth radio transceiver. 
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0070. In one embodiment, the 2 ms cycle start offset 
period in method 600 provides at least one HARQ reservation 
pattern to reduce the coexistence interference between the 
Bluetooth radio transceiver and a LTE radio transceiver com 
municating in LTE Time Division Duplex (LTE-TDD). In 
addition, the 5 ms cycle start offset period in method 600 
provides at least one HARQ reservation pattern to reduce the 
coexistence interference between the Bluetooth radio trans 
ceiver and a LTE radio transceiver communicating in LTE 
Time Division Duplex (LTE-TDD). Furthermore, the 8 ms 
cycle start offset period in method 600 provides at least one 
HARO reservation pattern to reduce the coexistence interfer 
ence between the Bluetooth radio transceiver and a LTE radio 
transceiver communicating in LTE Frequency Division 
Duplex (LTE-FDD). In addition, the method 600 can include 
monitoring, by the UE, the Physical Downlink Control Chan 
nel (PDCCH) during the long DRX cycle. 
0071. In one embodiment, the operation of selecting one 
of the plurality of cycle start offset periods in method 600 can 
include providing at least one HARO process reservation 
pattern for ensuring that each radio transceiver of the UE is 
not transmitting/receiving information while a different radio 
transceiver of the UE is receiving/transmitting information, 
thereby reducing coexistence interference between the plu 
rality of radio transceivers in the UE, wherein each radio 
transceiver includes a different Radio Access Technology 
(RAT). 
0072. In another embodiment, a radio coexistence system 
700 is disclosed. FIG. 7 illustrates an example block diagram 
of the system 700. The system 700 comprises a discontinuous 
reception (DRX) module 710 operable to apply DRX to a 
wireless wide area network (WWAN) transceiver in a user 
equipment (UE) with a plurality of coexisting radio transceiv 
ers. A channel state information (CSI) reporting module 720 
is configured to periodically report the CSI, from the UE to 
the eNB, at a CSI reporting subframe. The CSI reporting 
subframe can be located after a long DRX cycle of the 
WWAN transceiver in the UE. A reference resource subframe 
selection module 730 is configured to select a downlink ref 
erence resource subframe relative to a position of the CSI 
reporting subframe to enable the downlink reference resource 
subframe to be received with substantially no in-device inter 
ference from the plurality of coexisting radio transceivers in 
the UE. A radio link monitoring (RLM) module 740 is con 
figured to perform RLM using subframes of the WWAN 
receiver with substantially no in-device interference from the 
plurality of coexisting radio transceivers in the UE. The RLM 
can be performed on the WWAN radio transceiver of the UE 
during a scheduling period of a long DRX cycle. The system 
700 can include a Bluetooth radio 702, a3GPPLTE radio 704, 
and a collocated radio 706. While the DRX module, CSI 
reporting module, reference resource subframe selection 
module, and the RLM module are illustrated as being located 
externally to the radios in the mobile communication device, 
it is also possible that the modules are integrated within one or 
more of the radios. 
0073. In one embodiment, the plurality of coexisting radio 
transceivers can include at least two Radio Access Technolo 
gies (RATs), the RATs comprising: a 3GPP LTE radio trans 
ceiver, a Wireless Local Access Network (WLAN) trans 
ceiver, a Bluetooth transceiver, and a Global Navigation 
Satellite System (GNSS) receiver. 
0.074. In one embodiment, the downlink reference 
resource subframe includes a CSI reference resource. 
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0075. In some embodiments of the present disclosure, the 
CSI reported to the eNB does not substantially reduce UE 
throughput due to in-device interference from the plurality of 
coexisting radio transceivers in the UE. Furthermore, the CSI 
comprises at least one of a channel quality indicator (CQI), a 
precoding matrix indicator (PMI), and a rank indicator (RI). 
0076. In some embodiments, the CSI reporting module 
720 is further configured to report the CSI, from the UE to the 
eNB, during a transition period from an unscheduled period 
to a scheduling period, wherein the unscheduled period and 
the scheduling period occur during a long DRX cycle of the 
3GPP LTE radio transceiver. In addition, the CSI reporting 
module 720 is further configured to periodically report the 
CSI at an uplink subframe to the eNB, wherein the uplink 
subframe occurs at least four subframes after receiving the 
downlink reference resource subframe from the eNB. Fur 
thermore, the CSI reporting module 720 is further configured 
to receive the downlink reference resource subframe, at the 
UE from the eNB, during a time period that does not corre 
spond with a different coexisting radio transceiver in the UE 
transmitting an uplink subframe. In some examples, the CSI 
reporting module 720 is further configured to receive the 
downlink reference resource subframe, at the UE from the 
eNB, during a scheduling period of the long DRX cycle. 
0077. In some embodiments, of the present disclosure, the 
system 700 can include a radio link monitoring (RLM) mod 
ule 740 configured to perform RLM using downlink sub 
frames of the 3GPP LTE radio transceiver with substantially 
no in-device interference from the plurality of coexisting 
radio transceivers in the UE. In addition, the RLM module 
740 is further configured to perform RLM on the 3GPP LTE 
radio transceiver of the UE during a scheduling period of a 
long DRX cycle of the DRX. The RLM module may deter 
mine a subframe with substantially no in-device interference 
during an unscheduled period of a long DRX cycle; and 
perform RLM using the subframe with substantially no in 
device interference during the unscheduled period of the long 
DRX cycle. 
0078. In some embodiments, the present disclosure can 
include at least one computer readable medium having 
instructions stored thereon for reducing coexistence interfer 
ence in a multi-radio device, the instructions when executed 
on a machine to cause the machine to: apply discontinuous 
reception (DRX) to a user equipment (UE) having a plurality 
of coexisting radio transceivers, wherein the DRX includes a 
long DRX cycle for the UE; select a cycle start offset period 
from a plurality of cycle start offset periods for the long DRX 
cycle to reduce coexistence interference between the plurality 
of coexisting radio transceivers in the UE; and report a chan 
nel state information (CSI), from the UE to the eNB, during 
the long DRX cycle of the UE and after a downlink reference 
resource subframe is received from the eNB, wherein the 
downlink reference resource subframe is received from the 
eNB during a period that is outside of the unscheduled period 
of the long DRX cycle. 
0079. In one embodiment of the computer readable 
medium, a location of the downlink reference resource Sub 
frame is selected as a subframe with substantially no in 
device interference from the plurality of coexisting radio 
transceivers in the UE. Furthermore, the plurality of cycle 
start offset periods for the long DRX cycle include one of 2 
milliseconds (ms), 5 ms, and 8 ms. 
0080. In one embodiment of the computer readable 
medium, the cycle start offset periods are selected to provide 
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at least one Hybrid Automatic Repeat Request (HARQ) pro 
cess reservation pattern for ensuring that each radio trans 
ceiver in the UE is not transmitting/receiving information 
while a different radio transceiver of the UE is receiving/ 
transmitting information, thereby reducing coexistence inter 
ference between the plurality of radio transceivers in the UE, 
wherein each radio transceiver includes a different Radio 
Access Technology (RAT). 
0081 FIG. 8 provides an example illustration of a mobile 
communication device, such as a user equipment (UE), a 
mobile station (MS), a mobile wireless device, a tablet, a 
handset, or another type of mobile wireless device. The 
mobile device can include one or more antennas configured to 
communicate with a base station (BS), an evolved Node B 
(eNB), or other type of wireless wide area network (WWAN) 
access point. While two antennas are shown, the mobile 
device may have between one and four or more antennas. The 
mobile device can be configured to communicate using at 
least one wireless communication standard including 3GPP 
LTE, Worldwide Interoperability for Microwave Access 
(WiMAX), High Speed Packet Access (HSPA), Bluetooth, 
and WiFi. The mobile device can communicate using separate 
antennas for each wireless communication standard or shared 
antennas formultiple wireless communication standards. The 
mobile device can communicate in a wireless local area net 
work (WLAN), a wireless personal area network (WPAN), 
and/or a wireless wide area network (WWAN). 
0082 FIG. 8 also provides an illustration of a microphone 
and one or more speakers that can be used for audio input and 
output from the mobile device. 
0083. The display screen may be a liquid crystal display 
(LCD) screen, or other type of display screen Such as a 
organic light emitting diode (OLED) display. The display 
screen can be configured as a touch screen. The touch screen 
may use capacitive, resistive, or another type of touch screen 
technology. An application processor and a graphics proces 
Sor can be coupled to internal memory to provide processing 
and display capabilities. A non-volatile memory port can also 
be used to provide data input/output options to a user. The 
non-volatile memory port may also be used to expand the 
memory capabilities of the mobile device. A keyboard may be 
integrated with the mobile device or wirelessly connected to 
the mobile device to provide additional user input. A virtual 
keyboard may also be provided using the touch screen. 
0084. It should be understood that many of the functional 
units described in this specification have been labeled as 
modules, in order to more particularly emphasize their imple 
mentation independence. For example, a module may be 
implemented as a hardware circuit comprising custom VLSI 
circuits or gate arrays, off-the-shelf semiconductors such as 
logic chips, transistors, or other discrete components. A mod 
ule may also be implemented in programmable hardware 
devices Such as field programmable gate arrays, program 
mable array logic, programmable logic devices or the like. 
0085 Modules may also be implemented in software for 
execution by various types of processors. An identified mod 
ule of executable code may, for instance, comprise one or 
more physical or logical blocks of computer instructions, 
which may, for instance, be organized as an object, procedure, 
or function. Nevertheless, the executables of an identified 
module need not be physically located together, but may 
comprise disparate instructions stored in different locations 
which, when joined logically together, comprise the module 
and achieve the stated purpose for the module. 
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I0086 Indeed, a module of executable code may be a single 
instruction, or many instructions, and may even be distributed 
over several different code segments, among different pro 
grams, and across several memory devices. Similarly, opera 
tional data may be identified and illustrated herein within 
modules, and may be embodied in any suitable form and 
organized within any Suitable type of data structure. The 
operational data may be collected as a single data set, or may 
be distributed over different locations including over different 
storage devices, and may exist, at least partially, merely as 
electronic signals on a system or network. The modules may 
be passive or active, including agents operable to perform 
desired functions. 
I0087. Reference throughout this specification to “one 
embodiment' or “an embodiment’ means that a particular 
feature, structure, or characteristic described in connection 
with the embodiment is included in at least one embodiment 
of the present invention. Thus, appearances of the phrases "in 
one embodiment' or “in an embodiment” in various places 
throughout this specification are not necessarily all referring 
to the same embodiment. 
I0088 As used herein, a plurality of items, structural ele 
ments, compositional elements, and/or materials may be pre 
sented in a common list for convenience. However, these lists 
should be construed as though each member of the list is 
individually identified as a separate and unique member. 
Thus, no individual member of such list should be construed 
as a de facto equivalent of any other member of the same list 
solely based on their presentation in a common group without 
indications to the contrary. In addition, various embodiments 
and example of the present invention may be referred to 
herein along with alternatives for the various components 
thereof. It is understood that Such embodiments, examples, 
and alternatives are not to be construed as defacto equivalents 
of one another, but are to be considered as separate and 
autonomous representations of the present invention. 
0089. Furthermore, the described features, structures, or 
characteristics may be combined in any suitable manner in 
one or more embodiments. In the following description, 
numerous specific details are provided. Such as examples of 
materials, fasteners, sizes, lengths, widths, shapes, etc., to 
provide a thorough understanding of embodiments of the 
invention. One skilled in the relevant art will recognize, how 
ever, that the invention can be practiced without one or more 
of the specific details, or with other methods, components, 
materials, etc. In other instances, well-known structures, 
materials, or operations are not shown or described in detail to 
avoid obscuring aspects of the invention. 
0090 While the forgoing examples are illustrative of the 
principles of the present invention in one or more particular 
applications, it will be apparent to those of ordinary skill in 
the art that numerous modifications inform, usage and details 
of implementation can be made without the exercise of inven 
tive faculty, and without departing from the principles and 
concepts of the invention. Accordingly, it is not intended that 
the invention be limited, except as by the claims set forth 
below. 
What is claimed is: 
1. A user equipment (UE) operable to avoid in-device coex 

istence (IDC) interference between multiple radio transceiv 
ers at the UE, the UE having circuitry configured to: 

identify a subframe with substantially no IDC interference 
from one or more of the multiple radio transceivers at the 
UE; 
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determine that the subframe with substantially no IDC 
interference occurs during an unscheduled period of a 
Discontinuous Reception (DRX) cycle for the UE; and 

perform Radio Link Monitoring (RLM) during the sub 
frame with substantially no IDC interference during the 
unscheduled period of the DRX cycle for the UE. 

2. The circuitry of claim 1, wherein RLM measurements 
obtained at the UE are not substantially impacted by the IDC 
interference. 

3. The circuitry of claim 1, wherein the multiple radio 
transceivers at the UE comprise at least two of a Third Gen 
eration Partnership Project Long Term Evolution (3GPP 
LTE) radio transceiver, a Wireless Local Access Network 
(WLAN) transceiver, a Bluetooth transceiver, and a Global 
Navigation Satellite System (GNSS) receiver. 

4. The circuitry of claim 1, further configured to perform 
the RLM during the subframe with substantially no IDC 
interference during the scheduled period or the unscheduled 
period of the DRX cycle for the UE in order to substantially 
avoid radio link failure (RLF) at the UE. 

5. The circuitry of claim 1, further configured to: 
determine that the subframe with substantially no IDC 

interference occurs during a scheduled period of the 
DRX cycle for the UE; and 

perform the RLM during the subframe with substantially 
no IDC interference during the scheduled period of the 
DRX cycle for the UE. 

6. The circuitry of claim 1, wherein the UE includes an 
antenna, a touch sensitive display screen, a speaker, a micro 
phone, a graphics processor, an application processor, an 
internal memory, or a non-volatile memory port. 

7. A non-transitory computer readable medium encoded 
with computer executable instructions, which when accessed, 
cause a machine to perform operations comprising: 

identifying a subframe with substantially no IDC interfer 
ence between multiple radio transceivers at the UE: 

determining that the subframe with substantially no IDC 
interference occurs during one of a scheduled period or 
an unscheduled period of a long Discontinuous Recep 
tion (DRX) cycle for the UE; and 

performing Radio Link Monitoring (RLM), at the UE, 
using the subframe with substantially no IDC interfer 
ence during the scheduled period or the unscheduled 
period of the long DRX cycle for the UE. 

8. The non-transitory computer readable medium encoded 
with computer executable instructions of claim 7, further 
comprising obtaining RLM measurements, at the UE, which 
are not substantially impacted by the IDC interference. 

9. The non-transitory computer readable medium encoded 
with computer executable instructions of claim 7, further 
comprising performing the RLM, at the UE, using the Sub 
frame with substantially no IDC interference during the 
scheduled period or the unscheduled period of the long DRX 
cycle for the UE in order to substantially avoid radio link 
failure (RLF) at the UE. 

10. The non-transitory computer readable medium 
encoded with computer executable instructions of claim 7. 
wherein the multiple radio transceivers at the UE comprise at 
least two of: a Third Generation Partnership Project Long 
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Term Evolution (3GPP LTE) radio transceiver, a Wireless 
Local Access Network (WLAN) transceiver, a Bluetooth 
transceiver, and a Global Navigation Satellite System 
(GNSS) receiver. 

11. The non-transitory computer readable medium 
encoded with computer executable instructions of claim 7. 
further comprising performing the RLM at the UE in order to 
turn off uplink (UL) transmissions at the UE when downlink 
(DL) quality is below a defined threshold. 

12. The non-transitory computer readable medium 
encoded with computer executable instructions of claim 7. 
wherein the UE includes an antenna, a touch sensitive display 
Screen, a speaker, a microphone, a graphics processor, an 
application processor, an internal memory, or a non-volatile 
memory port. 

13. A wireless device operable to avoid in-device coexist 
ence (IDC) interference between multiple radio transceivers 
at the wireless device, the wireless device having circuitry 
configured to: 

identify a subframe with substantially no IDC interference 
from one or more of the multiple radio transceivers at the 
wireless device; 

determine that the subframe with substantially no IDC 
interference occurs during a Discontinuous Reception 
(DRX) cycle for the wireless device; and 

perform Radio Link Monitoring (RLM) at the subframe 
with substantially no IDC interference during the DRX 
cycle for the wireless device. 

14. The circuitry of claim 13, further configured to obtain 
RLM measurements that are not substantially impacted by 
the IDC interference. 

15. The circuitry of claim 13, further configured to deter 
mine that the subframe with substantially no IDC interference 
occurs during at least one of a scheduled period or an 
unscheduled period of the DRX cycle for the wireless device. 

16. The circuitry of claim 13, wherein the multiple radio 
transceivers at the wireless device comprise at least two of a 
Third Generation Partnership Project Long Term Evolution 
(3GPP LTE) radio transceiver, a Wireless Local Access Net 
work (WLAN) transceiver, a Bluetooth transceiver, and a 
Global Navigation Satellite System (GNSS) receiver. 

17. The circuitry of claim 13, further configured to perform 
the RLM using the subframe with substantially no IDC inter 
ference during the DRX cycle for the wireless device in order 
to substantially avoid radio link failure (RLF) at the wireless 
device. 

18. The circuitry of claim 13, further configured to perform 
the RLM at the wireless device in order to turn off uplink (UL) 
transmissions at the wireless device when downlink (DL) 
quality is below a defined threshold. 

19. The circuitry of claim 13, wherein the DRX cycle for 
the wireless device is a long DRX cycle. 

20. The circuitry of claim 13, wherein the wireless device 
includes an antenna, a touch sensitive display screen, a 
speaker, a microphone, a graphics processor, an application 
processor, an internal memory, or a non-volatile memory 
port. 


