31/10/2018
| IEEE.org | IEEE Xplore Digital Library | IEEE-SA | IEEE Spectrum | More Sites

Access provided by:

Universidad Nacional de Colombia

(UNAL)
Sign Out

Browse My Settings Get Help

Advertisement

Browse Journals & Magazines > IEEE Access > Volume: 5

Performance Analysis of Listen Before Talk Based Coexistence
Scheme Over the Unlicensed Spectrum in the Scenario With
Multiple LTE Small Bases

<< Results | Next>

4 Errong Pei ; Deyue Meng ; Lu Li ; Peng Zhang View All Authors
Author(s)
e
_~Alerts
1 823 Manage
Paper Full Open Access
Citation Text Views Content
Alerts
Add to
Comment(s)
Citation
Alerts

Related Articles

Long Term Evolution-Wireless Local Area Network Aggregation Flow Control
IEEE Access
Published: 2016

A Framework for Co-Channel Interference and Collision Probability Tradeoff in LTE Licensed-Assisted Access Networks
IEEE Transactions on Wireless Communications
Published: 2016

View All View More

See the top organizations patenting in technologies mentioned in this article

cromesron

ORGANIZATION 3

ORGANIZATION 2

ORGANIZATION 1

Click to Expand

Innovation() pLus

POWLELE BY ILLL AND IP.COM
A PATENT SEARCH AND AKALYTICS TOOL

Abstract

’ Hadlngnvg(?_\l)t—f&rg{]ﬁr)‘({_‘l\/'laa|n/ReguIar

OCL

https://ieeexplore-ieee-org.ezproxy.unal.edu.co/document/7947174

Performance Analysis of Listen Before Talk Based Coexistence Scheme Over the Unlicensed Spectrum in the Scenario With Multiple L...

| Cart (0) | Create Account | Personal Sign In

Back to Results | Next >

Related Articles

Long Term Evolution-Wireless Local
Area Network Aggregation Flow Control
IEEE Access

Published: 2016

A Framework for Co-Channel
Interference and Collision Probability
Tradeoff in LTE Licensed-Assisted
Access Networks

IEEE Transactions on Wireless
Communications

Published: 2016

View All View More

See the top organizations
patenting in technologies
mentioned in this article

ey

ORGANIZATION 3
ORGANIZATION 2

ORGANIZATION 1

L

Click to Expand

ﬁ Innovation() pLuUs
rewtegosrnct o wan
L DA

Advertisement

M Innovation() pLus
POWLRLO BT HLCAND HP.COM
R S A o5,

See the top organizations
patenting in technologies
mentioned in this article

oncweanon s I

ORGANIZATION 3

ORGANIZATION 2
ORGANIZATION 1 _

Click to Expand

Advertisement

1711


https://ieeexplore-ieee-org.ezproxy.unal.edu.co/Xplore/home.jsp
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/servlet/Login?logout=/Xplore/guesthome.jsp
http://www.ieee.org.ezproxy.unal.edu.co/
http://standards.ieee.org.ezproxy.unal.edu.co/
http://spectrum.ieee.org.ezproxy.unal.edu.co/
http://www.ieee.org.ezproxy.unal.edu.co/sitemap.html
https://www-ieee-org.ezproxy.unal.edu.co/cart/public/myCart/page.html?refSite=http://ieeexplore.ieee.org.ezproxy.unal.edu.co&refSiteName=IEEE%20Xplore
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/browse/periodicals/title/
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/xpl/RecentIssue.jsp?punumber=6287639
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/xpl/tocresult.jsp?isnumber=7859429
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/Xplorehelp/#/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/Xplorehelp/#/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/search/searchresult.jsp?contentType=all&queryText=LTE%20and%20unlicensed
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/document/7347939/?contentType=all&queryText=LTE%20and%20unlicensed
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/search/searchresult.jsp?searchWithin=%22First%20Name%22:%22Errong%22&searchWithin=%22Last%20Name%22:%22Pei%22&newsearch=true
https://orcid.org/0000-0002-3262-1317
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/search/searchresult.jsp?searchWithin=%22First%20Name%22:%22Deyue%22&searchWithin=%22Last%20Name%22:%22Meng%22&newsearch=true
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/search/searchresult.jsp?searchWithin=%22First%20Name%22:%22Lu%22&searchWithin=%22Last%20Name%22:%22Li%22&newsearch=true
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/search/searchresult.jsp?searchWithin=%22First%20Name%22:%22Peng%22&searchWithin=%22Last%20Name%22:%22Zhang%22&newsearch=true
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/stamp/stamp.jsp?tp=&arnumber=7947174
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/xpl/dwnldReferences?arnumber=7947174
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/xpl/citation_alerts.jsp
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/document/7809107
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/document/7487014
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/document/7947174/similar
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/document/7947174
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/search/searchresult.jsp?contentType=all&queryText=LTE%20and%20unlicensed
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/document/7347939/?contentType=all&queryText=LTE%20and%20unlicensed
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/document/7809107
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/document/7487014
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/document/7947174/similar

31/10/2018 Performance Analysis of Listen Before Talk Based Coexistence Scheme Over the Unlicensed Spectrum in the Scenario With Multiple L...

I. Introduction
II. System Model

IIl. The
Analytical Model

IV. Numerical
Results and
Performance
Analysis

V. Conclusion

Authors

Figures

References

Citations

Keywords

Metrics

Related Articles

Tha rumter o LTE SESS )

The comparison of the occupancy time of LTE and WiFi

Abstract: This paper proposes an analytical model to evaluate the performance of the
listen before talk (LBT) based coexistence scheme in the scenario with multiple LTE
small bases... View more

Metadata
Abstract:
This paper proposes an analytical model to evaluate the performance of the listen
before talk (LBT) based coexistence scheme in the scenario with multiple LTE small
bases (SBSs) over the unlicensed spectrum. Based on the proposed model, we further
derive the expressions of the occupancy time of the LTE/Wi-Fi/access overhead and the
collision probability. It is shown from numerical results that the LBT-based coexistence
scheme is not fair enough for the Wi-Fi system in the coexistence scenario with multiple
LTE SBSs, and thus the number of LTE SBSs and the length of the LTE frame should
be carefully designed to protect the Wi-Fi system.

Published in: IEEE Access ( Volume: 5)

Page(s): 10364 - 10368 INSPEC Accession Number: 16950430
Date of Publication: 13 June 2017 DOI: 10.1109/ACCESS.2017.2715042
Electronic ISSN: 2169-3536 Publisher: IEEE

Sponsored by: |IEEE

Funding Agency:

Tha rumec of LTE SESE 1)

The comparison of the occupancy time of LTE and WiFi

Hide Full Abstract

Advertisement

i= Contents

SECTION I.
Introduction

With the explosive growth of mobile data traffic, the mobile cellular
network need more spectrums to boost their system capacity.
However, the licensed spectrum is almost exhausted, and thus the
unlicensed spectrum is being considered to use for the LTE system.
The LTE system operating over the unlicensed spectrum is called LTE-
unlicensed (LTE-U) when used for standalone operation, and Licensed
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considerable attentions.

In the unlicensed spectrum, the dominant player is WiFi technology,
thus the coexistence technology between LTE and WiFi systems is
mainly investigated. Currently there exist two coexistence technologies
between LTE and WiFi systems. One is the duty cycle, in which the
occupancy time is allocated to the LTE and WiFi systems according to
a certain proportion [2]. The other is the Listen Before Talk (LBT)
scheme, in which the LTE system is designed to fairly and friendly
coexist with the WiFi system. The scheme is similar to the Carrier
Sense Multiple Access with Collision Avoidance (CSMA/CA) protocol
in the WiFi system [5], [7], [10]-[11][12][13][14], for example, LBT
with random backoff with a contention window of variable size in [3],
and load based LBT in [4].

The majority of the existing works on LBT scheme mainly focus on the
fair coexistence of one LTE small base (SBS) and one WiFi [5]-[6][7]
[81, [5], [7], [10]-[11][12][13][14]. However, there may exist multiple
LTE SBSs belonging to different mobile operators in some coexistence
scenarios, which simultaneously shares the unlicensed spectrum with
the WiFi system.

To the best of our knowledge, the performance of the LBT based
coexistence scheme in the scenario with multiple LTE SBSs is not still
studied so far.

When the backoff counter in a LTE small base (SBS) where LBT with
random backoff mechanism is installed drops to 0 during a subframe,
the LTE transmission has to be deferred until the beginning of the
next subframe since the minimal scheduling unit in the LTE system is
a subframe [1]. The duration from the moment at which the backoff
counter drops to 0 to the tail of the subframe is referred to as the
suspending time, during which both LTE and WiFi cannot access
the unlicensed channel, as shown in Fig. 1 (A). To the best of our
knowledge, the suspending time is not studied so far.

Tcouter=0

Suspending time

Start to tramsmit

Subframe

=1
. Average interval time Il Average suspending time (0.5ms)

[ LTE transmission frame (ms) W WiFi packets

FIGURE 1.
The suspending time (A) and coexistence frame (B).

As we well known, the transmission collision can simultaneously
degrade the throughput of LTE and WiFi systems in the coexistence
scenario, that is to say, the transmission collision can greatly affect the
coexistence performance. However, to the best of our knowledge, the
transmission collision caused by the backoff mechanisms of LTE SBSs
and WiFi is still not studied in the performance evaluation of the LBT
based coexistence scheme so far.

In this paper, we provide an analytical model to evaluate the
performance of the LBT based coexistence scheme in the scenario with

T 1 T oana 1 ra . r
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LTE/WiFi/access overhead and the collision probability caused by the
backoff mechanisms of LTE SBSs and WiFi are also derived based on

the proposed analytical model, finally the performance analysis with
respect to the occupancy time and the collision probability are done.

The main contributions in this paper can be summarized as follows:

1. An analytical model is proposed to evaluate the performance of
the LBT based coexistence scheme in the scenario with multiple
LTE SBSs;

2. The suspending time, which is defined as the duration from the
moment at which the backoff counter of a LTE SBS drops to o to
the tail of the subframe, is first considered in the coexistence
performance analysis;

3. The collision probability caused by the backoff mechanisms of
multiple SBSs and WiFi, which can greatly affect the coexistence
performance of WiFi and LTE systems, is first considered in the
coexistence performance analysis.

SECTION II.
System Model

In this paper, we consider the scenario where multiple LTE SBSs
coexist with multiple WiFi access points (APs) over the unlicensed
spectrum, and it is assumed that the LTE system has unlimited traffic
to use the unlicensed spectrum. As we well known, the different
unlicensed channels may be allocated to different WiFi APs
automatically or manually, and the APs operating over the same
channel may also be isolated by the spatial distance. Therefore, the
considered model can still be reduced to the model with multiple LTE
SBSs and one WiFi AP. We further assume the LTE SBSs to belong to
different operators, and thus they are asynchronous and non-
coordinated. We also assume the LAA Downlink transmission and
WiFi systems to use identical backoff mechanism with fixed
contention window size.

Here, LAA is also assumed to use the way of transmitting dummy
packet to hold the channel when its backoff counter drops to o during
a subframe, and the dummy packet should continue until the tail of
the subframe.

SECTION III.
The Analytical Model

Definition 1:

The time that cannot be exploited by the LTE and WiFi systems is
referred to as the access overhead, which includes the suspending
time and Distributed Inter-frame Spacing (DIFS) as well as the
backoff time.

Theorem 1:

Loading web-font TeX/Main/Regular ‘ The average suspending time per LTE transmission is 0.5ms , 1.e.
Ts=0.5ms.
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Proof:

It is not hard to understand that the moment at which the backoff
counter of each LTE SBS drops to 0 is uniformly distributed within a
subframe (1ms), the suspending time from the moment to the
beginning of the next subframe thus obeys the uniform distribution in
the interval [0 1], and further the average value of the suspending time
can be easily obtained, i.e. Ts=0.5ms. [end of proof]

The LTE system is assumed to have infinite traffic, and thus it can
always compete with WiFi users for the unlicensed channel. Therefore,
it can be concluded that there is saturated traffic (including LTE and
WiFi traffic) over the coexistence channel. It has been shown in the
literature [9] that the instantaneous throughput temporarily increases
over the saturation value, but ultimately it decreases and stabilizes to
the saturation value in WiFi networks. It can thus be concluded that
the average time interval of the transmission of WiFi packets in the
traffic-saturated case is also constant. Therefore, though the sum of
the LTE and WiFi throughput is not always constant in the coexistence
scenario, the time interval of the LTE and WiFi transmission can be
concluded to be constant. The transmission frame can thus be defined
as follows.

Definition 2 (LTE Transmission Frame):

The LTE transmission frame is defined as the sum of the
transmission duration of LTE packets, their fixed time interval and
the suspending time, as shown in Fig. 1 (B).

Definition 3 (WiFi Transmission Frame):

The WiFi transmission frame is defined as the sum of the
transmission duration of WiFi packets and their fixed time interval,
as shown in Fig. 1 (B).

Definition 4 (Coexistence Frame):

The coexistence frame of the LTE and WiFi systems is defined as a
cycle, which includes \bar n LTE transmission frames and one WiFi
transmission frame, where \bar n is the average number of LTE
transmission frames per WiFi transmission frame, as shown in Fig. 1

(B).

As discussed earlier, the time interval of the LTE and WiFi
transmission is always constant, thus the average time interval (its
unit is a time slot) in a coexistence frame can be calculated by
\begin{equation} \bar d = \frac {I}{\bar n + 1} \end{equation}

View Source
where 1 is the fixed contention window size.
Based on the definition of the access overhead, the access overhead in
a coexistence frame can thus be calculated as \begin{align}
{T_{oh}}=&\left ({ {DIFS +\bar d \cdot slot} }\right ) + \bar n\left ({
{DIFS + \bar d \cdot slot + {\textstyle {0.5}}} }\right ) \notag \\=&

(\bar n+1)DIFS+I \cdot slot +0.5\bar n \end{align}

View Source

where slot is the time slot in the backoff mechanism.

The length of the coexistence frame can be described as
Vhaoinfanmatian Vhar T — \har ndT STTRW L ST SWIRWL L ST Sahll
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\end{equation}

View Source

where {T_{LTE}} is the length of LTE frames, and {T_{WiFi}} is the
average length of WiFi packets.

Theorem 2:

The average number of LTE frame per WiFi transmission can be
calculated as:\begin{equation} \bar n = \frac {{ - {b}{\lambda
_{WiFi}} + \sqrt {{{\left ({ {b{\lambda _{WiFi}}} }\right )}*{2}} +
4n{a}{\lambda _{WiFi}}}}}{{2{a}{\lambda _{WiFi}}}}
\end{equation}

View Source

where a=T_{LTE}+DIFS+o0.5, b=1\cdot slot+DIFS+T_{WiFi},
{\lambda _ {WiFi}} is the arrival rate of WiFi packets, and n is the
number of LTE SBSs in the considered coexistence scenario.

Proof:

Since both LTE SBSs and WiFi use the identical backoff mechanism,
the probability of each LTE SBS accessing the unlicensed channel is
thus identical to that of each WiFi packet, and further the number of
LTE frames per WiFi transmission completely depends on the ratio of
the number of LTE SBSs to that of WiFi packets in the contention
window, namely, \begin{equation} \bar n=\frac {n}{{{\lambda
_{WiFi}}\bar T}} \end{equation}

View Source

Substituting (2) and (3) into (5) can obtain the following equation with
respect to \bar n :\begin{align}&\hspace {-2pc}\left ({ {{T_{WiFi}} +
DIFS +0.5} Y\right ){\lambda _{WiFi}}{\bar n*{2}} \notag
\\&\qquad +\,\left ({ {{T_{LTE}} + DIFS + 1 \cdot slot} }\right )
{\lambda _{WiFi}}\bar n - n = 0 \end{align}

View Source

Using formula method to solve the quation (6), the theorem 2 can be
obtained. [End of proof]

The occupancy time of LTE/WiFi/access overhead can thus
respectively be described as \begin{align} {R_{LTE}}=&\frac {{{\bar
nT_{LTE}}}}H{\bar T} \\ {R_{WiFi}}=&\frac {{{T_{WiFi}}}}{\bar T}
\\ {R_{oh}}=&\frac {{{T_{oh}}}}{\bar T} \end{align}

View Source

After finishing their transmissions, if the channel is idle for the
duration of DIFS, the LTE SBSs immediately start to perform backoff
procedure for next transmission. It’s possible for one LTE SBS to
select the identical backoff value to other LTE SBSs. The identical
backoff value can lead to concurrent transmission of more than one
LTE SBS, which is referred to as the transmission collision caused by
the backoff mechanism. Because the backoff value is randomly
selected within the contention windon 1, the collision probability
among LTE SBSs can thus be calculated as \begin{equation}
p_{LL}"*{c} =1 - {\left ({ {\frac {{1 - \left ({ {\bar n - 1} N\right )}}I}}
Wright Y2 {\bar n}} \end{eanation}

https://ieeexplore-ieee-org.ezproxy.unal.edu.co/document/7947174
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View Source

Similarly, the transmission collision may also occur between LTE and
WiFi due to the identical backoff value selected by them. The collision
probability between LTE and WiFi can be calculated as
\begin{equation} p_{WL}"{c} = 1 - {\left ({ {\frac {{l - \left ({ {\bar n
- 1} Hright )}H1}} Hright )*{\bar nM_{L}}}{\left ({ {\frac {I - \bar n}
{I}} Nright )*{{(\lambda _{WiFi}\bar T-\bar n M_{L})}}}\qquad
\end{equation}

View Source

where {M_{L}} = \lambda \cdot \left ({ {T_{LTE}} + 0.5 }\right ) .

The collision probability among WiFi packets due to the
aforementioned reason can be calculated as \begin{equation}
p_{WW}™{c} =1 - \frac {I}{1} \cdot \frac {1 - 1}{1} \cdots \frac {1 - M +
1}{I} \end{equation}

View Source

where M=\lambda _{WiFi} \bar T-1.

The total collision probability occurred during the coexistence frame
can thus be described as \begin{equation} {p”{c}} = p_{LL}"{c} +
p_{WL}"{c} + p_{WW}"*{c} \end{equation}

View Source

SECTION 1V.

Numerical Results and Performance
Analysis

It’s assumed that {DIFS}=34us , =15, slot=9us , T _{WiFi}=2.5ms .

Since both LAA downlink transmission and WiFi systems use the
identical access protocol in the coexistence scenario, more LTE SBSs
mean more chances to access the unlicensed spectrum, which can lead
to the increase of the LTE occupancy time (i.e., the sum of the
occupancy time of all LTE SBSs) with the growth of the number of LTE
SBSs. Contrarily, more access chances of the LTE system also mean
less access chances of the WiFi system due to the time sharing nature
of the unlicensed spectrum. This can lead to the decrease of the WiFi
occupancy time with the growth of the number of LTE SBSs, as can be
observed from Fig. 2. More access chances of the LTE system also
mean more access overhead (due to the increase of the suspending
time), which can lead to the increase of the access overhead.
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FIGURE 2.
The comparison of occupancy time: \lambda _{WiFi}=0.2/ms .

It can be observed from Fig. 2 that though LBT with random backoff
value can provide the fairest access method among contending
packets/frames, it isn’t fair enough for the WiFi system in the
coexistence scenario with multiple LTE SBSs since the WiFi occupancy
time can be greatly decreased with the increase of the number of LTE
SBSs and the length of the LTE frame.

The increase of the number of LTE SBSs can necessarily lead to the
increase of the collision probability (per WiFi transmission) due to the
increase of the number of users contending for the unlicensed
channel, as shown from Fig. 3.
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FIGURE 3.
The comparison of collision probability: \lambda _{WiFi}=0.1/ms .
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length of the LTE frame can lead to the increase of the LTE occupancy
time and the decrease of the collision probability and the access
overhead. However, the longer transmission frame can lead to less
WiFi occupancy time, which may be intolerant for some users with
WiFi module only because the unlicensed spectrum is its only access
spectrum.

SECTION V.
Conclusion

This paper proposes an analytical model to evaluate the performance
of the LBT based coexistence scheme in the scenario with multiple
LTE SBSs. It is shown that the increase of the number of LTE SBSs
can bring much harm to the coexistence in every respect (the WiFi
occupancy time, access overhead and collision probability) except in
the LTE occupancy time, while the increase of the length of the LTE
frame can bring much benefit to the existence in every respect (LTE
occupancy time, access overhead and collision probability) except in
the WiFi occupancy time. Therefore, the number of LTE SBSs and the
length of the LTE frame should be carefully designed to protect the
WiFi system and guarantee unlicensed spectrum utilization.

Authors

Figures

References

Citations

Keywords

Metrics

Loading web-font TeX/Main/Regular

https://ieeexplore-ieee-org.ezproxy.unal.edu.co/document/7947174

91



31/10/2018 Performance Analysis of Listen Before Talk Based Coexistence Scheme Over the Unlicensed Spectrum in the Scenario With Multiple L...

0 Comments IEEE Xplore . Login

Q Recommend Sort by Newest

. Start the discussion...
- N

LOG INWITH OR SIGN UP WITH DIsaus (2)

<& IEEE

Email

Password

| agree to Disqus' Terms of Service

| agree to Disqus' processing of email and IP address, and
the use of cookies, to facilitate my authentication and
posting of comments, explained further in the Privacy

Policy

>

Be the first to comment.

ALSO ON IEEE XPLORE

The Effect of Inverter Failures on the
Return on Investment of Solar

— Great paper

Foveated Retinal Optimization for
See-through Near-Eye Displays
— Supplementary
material of this paper can be
downloaded by following link. We

KA ciiimnviten ) Add Rinciin bn comiin ~lba A A Rina

+1 800 678 4333
+1732 981 0060

Loading web-font TeX/Main/Regular

https://ieeexplore-ieee-org.ezproxy.unal.edu.co/document/7947174

Fast Optic Disc Segmentation in
Retina using Polar Transform

— This
paper is an extended version of the
conference paper "Fast Optic Disc

Prefix-free Frequency Domain
Equalization for Underwater

— The authors'
message:This project was paid for [in
part] with federal funding from the

10/11


https://disqus.com/
http://disq.us/?url=http%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F8039151&key=k1aGYl2R1z-U3GfzhoMbRQ
http://disq.us/?url=http%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F8039151&key=k1aGYl2R1z-U3GfzhoMbRQ
http://disq.us/?url=http%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F7967803&key=wTAL4NXrzPrmCHc8_U8v4A
http://disq.us/?url=http%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F7967803&key=wTAL4NXrzPrmCHc8_U8v4A
http://disq.us/?url=http%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F8218748&key=q0HeNs6MyrIV0l_deEKbpA
http://disq.us/?url=http%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F8218748&key=q0HeNs6MyrIV0l_deEKbpA
http://disq.us/?url=http%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F8219419&key=Y_rvpSIEoODbTo0R38-3oQ
http://disq.us/?url=http%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F8219419&key=Y_rvpSIEoODbTo0R38-3oQ
https://disqus.com/home/forums/ieeexplore/
https://disqus.com/home/inbox/
https://help.disqus.com/customer/portal/articles/466260-terms-of-service
https://help.disqus.com/customer/portal/articles/466259-privacy-policy
https://publishers.disqus.com/engage?utm_source=ieeexplore&utm_medium=Disqus-Footer
tel:+18006784333
tel:+17329810060

31/10/2018 Performance Analysis of Listen Before Talk Based Coexistence Scheme Over the Unlicensed Spectrum in the Scenario With Multiple L...

|IEEE Account Purchase Details Profile Information Need Help?
» Change Username/Password » Payment Options » Communications Preferences »US & Canada: +1 800 678 4333
» Update Address » Order History » Profession and Education » Worldwide: +1 732 981 0060

» View Purchased Documents » Technical Interests » Contact & Support

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | Sitemap | Privacy & Opting Out of Cookies

A not-for-profit organization, IEEE is the world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.
© Copyright 2018 IEEE - All rights reserved. Use of this web site signifies your agreement to the terms and conditions.

Loading web-font TeX/Main/Regular

https://ieeexplore-ieee-org.ezproxy.unal.edu.co/document/7947174 11/11


https://www-ieee-org.ezproxy.unal.edu.co/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org.ezproxy.unal.edu.co&refSiteName=IEEE%20Xplore
https://www-ieee-org.ezproxy.unal.edu.co/profile/address/getAddrInfoPage.html?refSite=http://ieeexplore.ieee.org.ezproxy.unal.edu.co&refSiteName=IEEE%20Xplore
https://www-ieee-org.ezproxy.unal.edu.co/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org.ezproxy.unal.edu.co&refSiteName=IEEE%20Xplore
https://www-ieee-org.ezproxy.unal.edu.co/profile/vieworder/showOrderHistory.html?refSite=http://ieeexplore.ieee.org.ezproxy.unal.edu.co&refSiteName=IEEE%20Xplore
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/articleSale/purchaseHistory.jsp
https://www-ieee-org.ezproxy.unal.edu.co/profile/commprefs/showcommPrefpage.html?refSite=http://ieeexplore.ieee.org.ezproxy.unal.edu.co&refSiteName=IEEE%20Xplore
https://www-ieee-org.ezproxy.unal.edu.co/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org.ezproxy.unal.edu.co&refSiteName=IEEE%20Xplore
https://www-ieee-org.ezproxy.unal.edu.co/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org.ezproxy.unal.edu.co&refSiteName=IEEE%20Xplore
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/xpl/techform.jsp
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/Xplorehelp/about-ieee-xplore.html
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/xpl/techform.jsp
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/Xplorehelp/Help_start.html
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/Xplorehelp/accessibility-statement.html
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/xpl/termsOfUse.jsp
http://www.ieee.org.ezproxy.unal.edu.co/web/aboutus/whatis/policies/p9-26.html
https://ieeexplore-ieee-org.ezproxy.unal.edu.co/xpl/sitemap.jsp
http://www.ieee.org.ezproxy.unal.edu.co/about/help/security_privacy.html

