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An emerging trend in mobile communications is the parallel usage of multiple 
radio technologies in mobile devices, tablets and other communications modules. 
In order to support this parallel operation, the devices are equipped with multiple 
radio transceivers, which are located extremely close to each other. When the 
different radio technologies operate simultaneously these transceivers interfere 
with each other resulting in in-device coexistence (IDC) interference. This article 
describes the IDC interference problem involving LTE (Band 7) and WLAN 
(2.4 GHz) technology and evaluates the performance of two different mitigation 
techniques used to reduce the interference effect.

With the increasing demand to have ubiq-
uitous and seamless data connectivity 
to several wireless networks, modern 

day devices are designed to support different 
radio access technologies (RAT). These devices, 
e.g., mobile phones, tablets and various other 
communications modules are capable of sup-
porting different cellular as well as non-cellular 
communications standards at the same time. For 
instance, a mobile phone might be connected to 
a wireless local area network (WLAN)1 router for 
Internet access in parallel to an established long 
term evolution (LTE)2 call. 

Due to the small size of these devices, the 
transceivers of different radio technologies are 
located very close to each other. As a result, 
when these collocated radio transceivers oper-
ate concurrently in the same or adjacent fre-
quency bands, it leads to potential interference 
between their operations known as in-device 
coexistence interference. IDC interference af-
fects the receiver sensitivity, thereby degrading 

the quality of the wanted signal or resulting in 
the loss of data. 

This article discusses the challenge of reduc-
ing IDC interference while multiple RATs are 
operating simultaneously. Reducing IDC inter-
ference would prevent degradation of the sig-
nal quality without disconnecting the interfer-
ing radio signal. The article highlights the co-
existence scenario between LTE and WLAN, 
where LTE Band 7 uplink affects the WLAN 
2.4 GHz channels, and discusses possible solu-
tions to mitigate IDC interference. First, the 
cause of IDC interference is described then 
the different frequency bands where IDC in-
terference occurs are considered, along with 
the different RATs involved. 

Next, the methodology for calculating the 
desensitization value is discussed, including a 
description of a possible test setup required to 
carry out the measurements. After that, it ana-
lyzes the use of two different mitigation tech-
niques in order to reduce IDC interference for 
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boundary of this band is adjacent 
to LTE Band 40 operating in TDD 
mode and the upper boundary is near 
the uplink frequency region of LTE 
Band 7 (operating in FDD mode), 
with a band gap of approximately 20 
MHz.5 Since LTE Band 40 is working 
in TDD mode, the transmitter of LTE 
Band 40 affects WLAN and Bluetooth 
receiver operation and similarly, the 
WLAN and Bluetooth transmitters af-
fect the functionality of the LTE band 
40 receiver. 

Likewise, the uplink frequency 
of LTE Band 7 affects WLAN and 
Bluetooth reception since the Band 
7 uplink is situated close to the ISM 
band. Another coexistence scenario 
occurs between the navigation satel-
lite system and LTE frequency Bands 
13 and 14 as shown in Figure 2, where 
the receivers of the navigation system 
are affected by the 2nd harmonics of 
LTE Bands 13 and 14 uplink frequen-

tions devices. Some common day-to-
day scenarios where the users might 
experience this interference include 
usage of LTE and WLAN portable 
routers, LTE and WLAN offloading, 
LTE voice over Internet protocol 
(VoIP) calls, multimedia and other 
possible applications such as Blue-
tooth headsets, etc. 

As mentioned, one of the main 
reasons for IDC interference is lim-
ited availability of frequency spec-
trum for simultaneous operation of 
several RATs. Such a situation can be 
observed in the 2.4 GHz industrial, 
scientific and medical (ISM) frequen-
cy bands lying in between the 3GPP 
frequency bands, resulting in adjacent 
operational frequencies with small 
or no guard band between various 
RATs.5 

As illustrated in Figure 2, WLAN 
and Bluetooth technologies operate 
in the ISM Band, where the lower 

the different LTE-WLAN use case 
scenarios and assesses the measure-
ment results. Finally, the article’s con-
tribution is summarized along with 
some further possible enhancements 
and future applications of this work.

IN-DEVICE COEXISTENCE 
PROBLEM AND SCENARIOS

As the term ‘in-device’ suggests, 
such interference arises due to the 
proximity of transceivers of different 
radio technologies that are situated 
on the same platform. Consequently, 
when these different RATs operate 
simultaneously in the same or adja-
cent frequency bands, the transmitter 
of one technology acts as the aggres-
sor/interferer and affects the other 
technology’s receiver, which behaves 
as the victim. There are three main 
causes of this adverse effect:
• Need of multiple radio technolo-

gies for ubiquitous connectivity 
and limited spectrum availability 
that leads to concurrent operation 
of these different radio technolo-
gies in close frequency range.

• Undesirable emissions such as 
spurious emissions, out-of-band 
emissions, spectral harmonics and 
intermodulation products from the 
aggressor transmitter3 that fall in 
the frequency range of the victim 
receiver. 

• Inability of the filters at the trans-
ceivers of different RATs to prop-
erly filter out the unwanted signal 
due to the overlapping of transition 
bands of the different radio tech-
nologies.4 

Eventually, all these effects add up 
to increase the noise level of the victim 
receiver, thus reducing receiver sensi-
tivity and leading to receiver blocking 
or desensitization. Figure 1 illus-
trates an example of IDC interference 
where LTE, global positioning system 
(GPS), Bluetooth (BT) and WLAN 
transceivers are situated on the same 
device. When the LTE transmitter is 
operating it affects the GPS, BT and 
WLAN receivers and similarly, the 
BT and WLAN transmitters affect the 
LTE receivers due to the proximity of 
the transceivers and operation in the 
same or adjacent frequency range.

The IDC interference scenario has 
gradually spread in the field of wire-
less communications and users are 
inadvertently experiencing such inter-
ference while using their communica-

s Fig. 1  The close proximity of LTE, Bluetooth, WLAN and GPS radios makes the device 
vulnerable to coexistence interference.5
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cies. The uplink frequencies of LTE 
Bands 13 and 14 operate in the range 
of 777 to 787 MHz and 788 to 798 
MHz respectively, and the 2nd har-
monics of these LTE Bands fall in the 
operational frequency range of global 
navigation satellite system (GNSS) 
receivers being used for commercial 
civil purposes,4,5 thereby causing in-
terference. 

METHODOLOGY AND TEST 
SETUP

The influence of IDC interference 
on the operation of different RATs can 
be analyzed using the desensitization 
value of the receiver being affected. 
This desensitization value is based on 
the receiver’s sensitivity performance, 
which is measured first in the absence 
of the interfering signal and then 
again in the presence of the interfer-
ing signal as shown in Figure 3. 

It illustrates a packet error rate 
(PER) measurement scenario where 
the x-axis represents the power level 
being received at the receiver in dBm 
and the y-axis represents the PER val-
ue in percentage. As the power level is 
reduced, the PER value starts increas-
ing, which is shown by the gradual in-
crease in the slope of the curves or the 
knee of the curves, and the power lev-
el at which the PER value reaches 10 
percent is defined as the sensitivity of 
the receiver. Using this receiver’s sen-
sitivity, two different types of receiver 
power levels or sensitivity terms can 
be defined – receiver or intermediate 
sensitivity and effective intermediate 
sensitivity, which can be used later to 
determine the desensitization value of 
the receiver as depicted in Figure 3. 

Receiver or intermediate sensitiv-
ity is the receiver power level that cor-
responds to the 10 percent PER value 
measured in the absence of any inter-
fering signal. Similarly, the power lev-

el corresponding to 
the 10 percent PER 
value measured in 
the presence of an 
interfering signal is 
known as effective 
intermediate sen-
sitivity. Finally, the 
difference between 
these two receiver 
sensitivity param-
eters defines the de-
sensitization value 
as shown in the fol-
lowing equation:6

Desensitization Value = Effective 
Intermediate Sensitivity Level - Inter-
mediate Sensitivity Level 

A prototype test setup for IDC 
interference measurement and anal-
ysis can be put together using the 
test setup shown in Figure 4. Since 
most radiocommunications in a real-
world scenario takes place over the air 
(OTA), the IDC interference analysis 
and measurements were carried out 
OTA. The wideband radio communi-
cation tester was used to generate two 
different radio signals, i.e. WLAN and 
LTE signals on different RF channels 
as required and interfering signals. 
The DUT was placed in an isolated 
environment, e.g., inside a shield box 
in order to isolate the device from any 
external interfering signals. 

The two radio signals were com-
bined using a coupler and fed to the 
antenna coupler board of the RF 
shield box using RF cables. The radio 
links established via the communica-
tion tester were bidirectional in order 

to generate the victim and aggres-
sor radio signals and to measure not 
only the DUT receiver characteristics 
of the victim technology but also the 
DUT transmitter quality of the ag-
gressor technology. 

The entire setup was controlled us-
ing a sequencer software tool, which 
was installed on a laptop or PC and 
managed the operations of wideband 
radio communication tester via SCPI 
commands. In order to control the 
DUT placed inside the shield box, a 
USB connection was established be-
tween the DUT and the controller 
laptop that enabled the software to 
manage the DUT’s operation using 
Android Debug Bridge (ADB) com-
mands.

MITIGATION TECHNIQUES AND 
RESULTS

In order to analyze the IDC inter-
ference effect of LTE Band 7 uplink 
on WLAN, the first and foremost step 
was to establish a proof of concept. 
To implement such a concept, most 
of the RAT parameters were selected 
in a way so as to simulate a severe in-
terference scenario between the two 
radio technologies. The following ap-
proaches were considered:
• The two RATs, i.e., LTE acting 

as the aggressor technology and 
WLAN as the victim technology, 
were placed as close as possible 
to each other in the frequency do-
main.

• The RAT causing interference was 
configured to transmit at maximum 
power level.

s Fig. 3  Packet error rate measurement, with and without interfer-
ing signal.
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s Fig. 4  One test setup for performing in-device coexistence interference measurements.
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was measured using the difference 
in sensitivity level of the two PER 
curves, and calculated as shown in the 
following equation.

Desensitization Value = Effective 
Intermediate Sensitivity Level – In-
termediate Sensitivity Level

 = (-70.64 dBm) – (-79.84 dBm)
 = 9.2 dB
Once the IDC interference effect 

between LTE and WLAN was detect-
ed, the next step was to analyze the 
various possible mitigation techniques 
that might help in reducing the inter-
ference effect. One way to avoid IDC 
interference is to increase the band 
gap between the aggressor technol-
ogy and the victim radio technology. 
4,5,7 In other words, the victim radio 
technology is moved away from the 
interfering radio technology or vice-
versa, to another frequency range that 
lies a certain band gap away. Due to 
an increment in the band gap between 
the two radio technologies, the tran-
sition bands of these technologies do 
not overlap even if these two RATs are 
operating at the same time. 

As a result, the RF filters are able 
to properly distinguish between the 
wanted and unwanted signals, thereby 

once more in order to study the effect 
of the interference. When the PER 
measurements were carried out again 
in the presence of the LTE signal, the 
error value showed 
a sudden increment 
at a much higher 
transmit power of 
the WLAN AP at 
around -71 dBm, 
illustrated by the 
‘LTE + WLAN Ch 
13 (mean)’ curve 
shown in Figure 
5. Finally, the de-
sensitization of the 
WLAN receiver 
caused by the IDC 
interference from 
LTE Band 7 uplink 

• Continuous or heavy traffic was 
generated by the interfering RAT.
First, the WLAN connection was 

set up using the parameters in Table 
1 and the PER value was measured 
as a factor to determine the sensitiv-
ity performance of the DUT’s WLAN 
receiver. The details of the parameters 
used for the PER measurement are in 
Table 2. The WLAN receiver inside 
the DUT was able to receive most of 
the packets efficiently as sent by the 
WLAN access point (AP), even when 
the transmit power of the AP was low 
at around -80 dBm as illustrated by 
the ‘Only WLAN’ curve in Figure 5.

The LTE connection was then 
established as per the parameters 
defined in Table 1, and the WLAN 
PER measurements were carried out 

TABLE 1
LTE AND WLAN PARAMETERS 

(LTE THE AGGRESSOR)

LTE Parameters Values WLAN Parameters Values

Frequency Band Band 7 Frequency Channel 13

Operational Mode FDD Frequency 2472 MHz

Cell Bandwidth 20 MHz Transmit Burst Power –45 dBm

RS EPRE (dBm/15 
KHz)

–85 dBm Operating Mode SISO AP

Downlink 
Frequency 

2630 MHz Standard 802.11g/n

# RB on Downlink 100 Modulation Scheme 16 QAM ¾

Uplink Frequency 2510 MHz Data Rate 36 Mbps

# RB on Uplink 100

Connection Type Test Mode

Scenario Single-Input-Single-
Output (SISO)

Uplink Power 
Control

Closed Loop

Maximum Uplink  
Transmit Power

23 dBm

TABLE 2
PARAMETERS FOR WLAN PER 

MEASUREMENT

Parameter Values

Modulation 
Scheme

16 QAM ¾

Data Rate 36 Mbps

Number of Packets 1000

Payload Size 
(Bytes)

1000

Interval Between 
Packets (ms)

10

s Fig. 6  WLAN frequency shifting with the LTE Band 7 uplink  
(fC = 2510 MHz with 23 dBm transmit power) acting as the aggressor.
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or interferer technology and the RAT 
acting as the victim technology. It also 
depends on the ease of implementa-
tion of these techniques considering 
the state-of-the-art features of the 
two technologies. Techniques such as 
reducing the transmit power reduces 
the interference effect by reducing 
the LTE uplink power level. How-
ever, the LTE uplink power is high 
only when the channel quality is bad, 
for example the UE might be inside a 
tunnel, in the basement of a building 
or at the cell edge. 

Subsequently, reducing the uplink 
transmit power in order to reduce the 
IDC interference effect might actual-
ly result in the LTE call being dropped 
or a reduction in data throughput. The 
frequency shifting technique reduces 
the interference effect by increasing 
the band gap between the two radio 
technologies. However, the biggest 
challenge lies in the availability of fre-
quency spectrum as there might be a 
scenario where no frequency range is 
free or where all the frequency chan-
nels are experiencing interference 
from another radio technology. Simi-
larly, modifying the relative position of 
RB in the allocation grid or schedul-
ing the operational time of different 
RATs could also be used to reduce the 
interference effect. 

However, the implementation of 
these techniques would depend upon 
the availability of the subcarriers for 
shifting the RB and on data through-
put plus the delay restrictions while 
scheduling the operational time. 

CONCLUSION
The growing number of wireless 

devices equipped with multiple RAT 
transceivers is being driven by the in-
creasing user demand and the strin-
gent requirements of new applica-
tions and services that necessitate the 
operation of several RATs in parallel. 
Simultaneous operation of these col-
located RAT transceivers in the same 
or adjacent frequency bands results in 
IDC interference and loss of useful 
data. This article discussed different 
techniques that might help mitigate 
this interference effect. However, 
these techniques have some draw-
backs and are still being discussed in 
3GPP before being implemented in 
the LTE protocol layers. 

Analysis of IDC interference and 
possible solutions to mitigate such in-

reducing the impact of IDC interfer-
ence. Figure 6 illustrates this miti-
gation technique, where the various 
colored curves represent the different 
frequency channels of WLAN oper-
ating simultaneously with the LTE 
Band 7 uplink signal. As the WLAN 
frequency channel is gradually shifted 
away from the LTE uplink carrier fre-
quency, the band gap increases be-
tween the LTE and WLAN signals, 
leading to a comparatively reduced 
interference effect.

IDC interference can also be sup-
pressed by reducing the signal strength 
of the interfering signal. Unwanted 
transmitter emissions such as out-
of-band emissions, intermodulation 
products and spurious emissions are 
directly related to the transmit power, 
i.e. the higher the transmit power, the 
higher the magnitude of these emis-
sions, resulting in more interference. 
Furthermore as mentioned earlier, 
these unwanted emissions from the 
interfering RAT reduce the sensitivity 
of the victim RAT’s receiver, leading 
to suppression of the wanted signals 
or loss of data at the receiver end. In 
order to reduce the effect of IDC in-
terference, one possible solution is to 
reduce the transmit power of the ag-
gressor technology. 

Figure 7 represents an IDC inter-
ference scenario where LTE Band 7 
uplink acts as the main source of inter-
ference for the WLAN receiver. The 
IDC interference effect can be re-
duced by decreasing the LTE uplink 
power, eventually reducing unwanted 
emissions. The various colored curves 
in Figure 7 depict the different power 

s Fig. 7  LTE transmit power control with LTE Band 7 uplink (fC = 2510 MHz) acting as the 
aggressor for WLAN Channel 13 (fC = 2472 MHz).
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levels of the LTE Band 7 uplink signal 
operating concurrently with WLAN 
receiver operations. As the LTE up-
link power level is reduced, the un-
wanted emissions from the LTE end 
also decrease, resulting in compara-
tively less interference. 

In addition to the mitigation tech-
niques mentioned above, there are 
a few more approaches that might 
reduce the IDC interference effect. 
One possible technique is to distrib-
ute or schedule the operational time 
between LTE and WLAN in such a 
way that the transmission time of one 
technology does not coincide with the 
reception time of another technology. 
In this way, even if these two technol-
ogies were operating in the same or 
adjacent frequency bands, they would 
not interfere with each other.4,5,7 An-
other method is to shift the resource 
blocks (RB) allocated to the UE for 
LTE uplink data transmission to a fre-
quency range away from the WLAN 
technology. In other words, the RBs 
that are situated far away from the 
operational frequency of WLAN are 
used for data transmission on the LTE 
uplink and downlink. This increas-
es the band gap between LTE and 
WLAN, thereby improving the filter-
ing performance of the RF filters.

 The aforementioned techniques 
offer a promising effect in mitigating 
IDC interference between LTE and 
WLAN, yet these mitigation tech-
niques have their own limitations. 
The selection of a particular mitiga-
tion technique depends upon the 
combinations of the RATs, which de-
fines the RAT acting as the aggressor 
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terference would be quite instrumen-
tal in manufacturing wireless chipsets 
and devices, the innovative Internet 
of Things (IoT) scenario – especially 
machine-to-machine (M2M) commu-
nications, the automotive industry and 
futuristic communications technolo-
gies that would involve using multiple 
RATs in the same communications 
channel.

NOTE:  
1. The IDC measurement results 

shown in this article are device-spe-
cific and may vary from one device to 
another. 

2. All the measurements were ex-
ecuted five times in order to obtain an 
average value.

3. The PER measurements were 
carried out with a receiver power 
step size of 2 dB, thereby resulting in 
sharp edges of the PER measurement 
curves. A higher granularity of power 
steps would have resulted in a longer 
measurement time. n
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