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Abstract

Large scale multi-tier Heterogeneous Networks (HetNets) are expected to ensure a consistent quality of service (QoS)

in 5G systems. Such networks consist of a macro base station (BS) equipped with a large number of antennas and a

dense overlay of small cells. The small cells could be deployed within the same coverage of the macro-cell BS, thereby

causing high levels of inter-cell interference. In this regard, coordinated beamforming techniques are considered as
a viable solution to counteract the arising interference. The goal of this work is to analyze the efficiency of
coordinated beamforming techniques in mitigating both intra-cell and inter-cell interference. In particular, we
consider the downlink of a Time-division duplexing (TDD) massive multiple-input-multiple-output (MIMO) tier-
HetNet and analyze different beamforming schemes together with different degrees of coordination between the
BSs. We exploit random matrix theory tools in order to provide, in explicit form, deterministic equivalents for the
average achievable rates in the macro-cell and the micro-cells. We prove that our theoretical derivations allow us to
draw some conclusions regarding the role played by coordination strategies in reducing the inter-cell interference.

These findings are finally validated by a selection of some numerical results. © 2016 IEEE.

Author keywords

Coordinated Beamforming ~ Heterogeneous Networks ~ Massive MIMO systems ~ Random Matrix Theory

Signal-to-Leakage Beamforming  Zero-Forcing Beamforming

Indexed keywords

Engineering
controlled terms:

Beamforming  Cells ~ Communication channels (information theory) ~ Matrix algebra

MIMO systems ~ Quality of service  Radio interference  Random variables

Signal interference  Signal processing  Wireless telecommunication systems

v View references (12)

Metrics @

0 Citations in Scopus

0 Field-Weighted

Citation Impact

Cited by 0 documents

Inform me when this document
is cited in Scopus:

Set citation feed >

Set citation alert > |

Related documents

Coordinated SLNR Based
Precoding in Large-Scale
Heterogeneous Networks

Boukhedimi, I., Kammoun, A. ,
Alouini, M.-S.

(2017) IEEE Journal on Selected
Topics in Signal Processing

Inter-Tier Interference
Coordination in Massive-MIMO
System based on Statistical
Channel Information

Peng, R., Tian, Y.

(2016) 2016 IEEE/CIC
International Conference on
Communications in China, ICCC
Workshops 2016

Optimal User Loading in Massive
MIMO Systems with Regularized
Zero Forcing Precoding

Park, S., Park, J. , Yazdan, A.
(2017) IEEE Wireless
Communications Letters

View all related documents based
on references

Find more related documents in
Scopus based on:

Authors >  Keywords »

https://www.scopus.com/record/display.uri?eid=2-s2.0-84984629807 &origin=resultslist&sort=plf-f&src=s&st1=Performance+analysis+of+interference+c... 1/4


https://www.scopus.com/home.uri?zone=header&origin=searchbasic
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&offset=3&origin=recordpage
https://www.scopus.com/record/display.uri?origin=recordpage&eid=2-s2.0-85028351226&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&relpos=1
https://www.scopus.com/record/display.uri?origin=recordpage&eid=2-s2.0-84981344714&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&relpos=3
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fSPAWC.2016.7536873&locationID=1&categoryID=4&eid=2-s2.0-84984629807&issn=&linkType=TemplateLinking&year=2016&zone=outwardlinks&origin=recordpage&dig=fa1ccc9cf59818369e916e0e5f4a3b0d&recordRank=
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fSPAWC.2016.7536873&locationID=1&categoryID=4&eid=2-s2.0-84984629807&issn=&linkType=ViewAtPublisher&year=2016&origin=recordpage&dig=664252e8f073ea410864f528882b624e&recordRank=
https://www.scopus.com/authid/detail.uri?authorId=57190944902&amp;eid=2-s2.0-84984629807
mailto:ikram.boukhedimi@kaust.edu.sa
https://www.scopus.com/authid/detail.uri?authorId=24478670300&amp;eid=2-s2.0-84984629807
mailto:abla.kammoun@kaust.edu.sa
https://www.scopus.com/authid/detail.uri?authorId=35570711700&amp;eid=2-s2.0-84984629807
mailto:slim.alouini@kaust.edu.sa
https://www.scopus.com/standard/help.uri?topic=5416
https://www.scopus.com/alert/form/document.uri?eid=2-s2.0-84984629807&ATP=document&discoveryEngineID=scopusdoccite&discoveryEventID=NEW&mode=C&AID=NEW&origin=recordpage&view=extended
https://www.scopus.com/results/rss/handler.uri?citeEid=2-s2.0-84984629807
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85018504418&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&relpos=0
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57190944902&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=24478670300&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=35570711700&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-84994796899&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&relpos=1
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57191914180&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=8697974500&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85013439655&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&relpos=2
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57189050503&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57043697200&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57193378542&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-84984629807&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-84984629807&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-84984629807&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments

9/26/2017 Scopus - Document details
Coordinated
beamforming

Deterministic
equivalents

Heterogeneous

network (HetNets)
Intercell interference

Random matrix

theory

Theoretical
derivations

Time division

duplexing
Zero-forcing beam-
forming
Engineering main Heterogeneous networks
heading:
ISBN: 978-150901749-2 DOI: 10.1109/SPAWC.2016.7536873
Source Type: Conference Document Type: Conference Paper
Proceeding Sponsors:
Original language: English Publisher: Institute of Electrical and Electronics
Engineers Inc.
References (12) View in search results format >
All Export (= Print & E-mail Save to PDF  Create bibliography

1 Andrews, J.G., Buzzi, S., Choi, W., Hanly, S.V., Lozano, A., Soong, A.C.K., Zhang, J.C.
What will 5G be?

(2014) IEEE Journal on Selected Areas in Communications, 32 (6), art. no. 6824752, pp. 1065-1082. Cited
1413 times.

http://ieeexplore.ieee.org/xpl/tocresult.jsplisnumber=5678773

doi: 10.1109/JSAC.2014.2328098

View at Publisher

2 Wang, N., Hossain, E., Bhargava, V.K.
Joint downlink cell association and bandwidth allocation for wireless backhauling in twotier hetnets with
large-scale antenna arrays
(2015) /EEE Transactions on Wireless Communications. Cited 2 times.
to appear

3 Hossain, E., Rasti, M., Tabassum, H., Abdelnasser, A.

Evolution toward 5G multi-tier cellular wireless networks: An interference
management perspective

(2014) IEEE Wireless Communications, 21 (3), art. no. 6845056, pp. 118-127. Cited 211 times.
doi: 10.1109/MWC.2014.6845056

View at Publisher

https://www.scopus.com/record/display.uri?eid=2-s2.0-84984629807 &origin=resultslist&sort=plf-f&src=s&st1=Performance+analysis+of+interference+c...

2/4


https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=56151ab69b1ceeacffe9566a2e8237ae&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-84984629807%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-84984629807
https://www.scopus.com/record/display.uri?eid=2-s2.0-84904979683&origin=reflist&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84984629807&refeid=2-s2.0-84904979683&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=5678773
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fJSAC.2014.2328098&locationID=3&categoryID=4&eid=2-s2.0-84904979683&issn=07338716&linkType=ViewAtPublisher&year=2014&origin=reflist&dig=5e6f0ebecc25e8b36f9092a995d6dab4&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84984629807&refeid=2-s2.0-84981314301&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-84903758940&origin=reflist&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84984629807&refeid=2-s2.0-84903758940&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fMWC.2014.6845056&locationID=3&categoryID=4&eid=2-s2.0-84903758940&issn=15361284&linkType=ViewAtPublisher&year=2014&origin=reflist&dig=0d3809430ecb9550176435599faf472c&recordRank=

9/26/2017 Scopus - Document details

4 Adhikary, A., Dhillon, H.S., Caire, G.
Massive-MIMO meets HetNet: Interference coordination through spatial blanking
(2015) IEEE Journal on Selected Areas in Communications, 33 (6), pp. 1171-1186. Cited 31 times.

http://ieeexplore.ieee.org/xpl/tocresult.jsplisnumber=5678773
doi: 10.1109/JSAC.2015.2416986

View at Publisher

5  Lopez-Pérez, D., Giiveng, |., De La Roche, G., Kountouris, M., Quek, T.Q.S., Zhang, J.
Enhanced intercell interference coordination challenges in heterogeneous networks

(2011) /EEE Wireless Communications, 18 (3), art. no. 5876497, pp. 22-30. Cited 588 times.
doi: 10.1109/MWC.2011.5876497

View at Publisher

6  Bhat, P.,, Nagata, S., Campoy, L., Berberana, I., Derham, T,, Liu, G., Shen, X,, (...), Yang, J.
LTE-advanced: An operator perspective

(2012) IEEE Communications Magazine, 50 (2), art. no. 6146489, pp. 104-114. Cited 105 times.
doi: 10.1109/MCOM.2012.6146489

View at Publisher

7  Bjérnson, E., Jorswieck, E.

Optimal resource allocation in coordinated multi-cell systems

(2012) Foundations and Trends in Communications and Information Theory, 9 (2-3), pp. 113-381. Cited 110
times.
doi: 10.1561/0100000069

View at Publisher
8  Mirza, J., Smith, P.J., Dmochowski, P.A., Shafi, M.

Coordinated regularized zero-forcing precoding for multicell MISO systems with limited feedback
(2016) /IEEE Transactions on Vehicular Technology to Appear

9  Sadek, M., Tarighat, A., Sayed, A.H.
A leakage-based precoding scheme for downlink multi-user MIMO channels

(2007) IEEE Transactions on Wireless Communications, 6 (5), pp. 1711-1721. Cited 501 times.
doi: 10.1109/TWC.2007.360373

View at Publisher

10 Wagner, S., Couillet, R., Debbah, M., Slock, D.T.M.

Large system analysis of linear precoding in correlated MISO broadcast channels
under limited feedback

(2012) /EEE Transactions on Information Theory, 58 (7), art. no. 6172680, pp. 4509-4537. Cited 236 times.
doi: 10.1109/TIT.2012.2191700

View at Publisher

11 Gudmundson, M.
Correlation model for shadow fading in mobile radio systems

(1991) Electronics Letters, 27 (23), pp. 2145-2146. Cited 984 times.
doi: 10.1049/el:19911328

View at Publisher

https://www.scopus.com/record/display.uri?eid=2-s2.0-84984629807 &origin=resultslist&sort=plf-f&src=s&st1=Performance+analysis+of+interference+c... 3/4


https://www.scopus.com/record/display.uri?eid=2-s2.0-84930503324&origin=reflist&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84984629807&refeid=2-s2.0-84930503324&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=5678773
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fJSAC.2015.2416986&locationID=3&categoryID=4&eid=2-s2.0-84930503324&issn=07338716&linkType=ViewAtPublisher&year=2015&origin=reflist&dig=c5ede45bd0aca04f4cab54b271b569fa&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-79959612009&origin=reflist&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84984629807&refeid=2-s2.0-79959612009&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fMWC.2011.5876497&locationID=3&categoryID=4&eid=2-s2.0-79959612009&issn=15361284&linkType=ViewAtPublisher&year=2011&origin=reflist&dig=099503503d5969dd2990116295083a34&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84863119342&origin=reflist&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84984629807&refeid=2-s2.0-84863119342&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fMCOM.2012.6146489&locationID=3&categoryID=4&eid=2-s2.0-84863119342&issn=01636804&linkType=ViewAtPublisher&year=2012&origin=reflist&dig=82792f59ac4796cc2706164c0a0a0988&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84878656788&origin=reflist&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84984629807&refeid=2-s2.0-84878656788&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1561%2f0100000069&locationID=3&categoryID=4&eid=2-s2.0-84878656788&issn=15672190&linkType=ViewAtPublisher&year=2012&origin=reflist&dig=350c931636c6295f9ca2217477d365c1&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-34147171908&origin=reflist&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84984629807&refeid=2-s2.0-34147171908&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fTWC.2007.360373&locationID=3&categoryID=4&eid=2-s2.0-34147171908&issn=15361276&linkType=ViewAtPublisher&year=2007&origin=reflist&dig=4aa47fd6bebbecaf0a9e6f3b1f820f9b&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84862513234&origin=reflist&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84984629807&refeid=2-s2.0-84862513234&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fTIT.2012.2191700&locationID=3&categoryID=4&eid=2-s2.0-84862513234&issn=00189448&linkType=ViewAtPublisher&year=2012&origin=reflist&dig=265501452b15b55cfcc30fa21e1b28c8&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85011947838&origin=reflist&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84984629807&refeid=2-s2.0-85011947838&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1049%2fel%3a19911328&locationID=3&categoryID=4&eid=2-s2.0-85011947838&issn=00135194&linkType=ViewAtPublisher&year=1991&origin=reflist&dig=e61cdf39eaccf2b166af1a6cb5324ee3&recordRank=

9/26/2017 Scopus - Document details

12 Golkar, B., Sousa, E.

A network shadow fading model for autonomous infrastructure wireless networks

(2012) European Signal Processing Conference, art. no. 6333873, pp. 2659-2663. Cited 6 times.
ISBN: 978-146731068-0

© Copyright 2017 Elsevier B.V., All rights reserved.

< Back to results | < Previous 3 of 30 Next> A Top of page
About Scopus Language Customer Service
What is Scopus HAZBICUVERS Help
Content coverage YHAZ| RS Contact us
Scopus blog THIREIERPX
Scopus API Pycckuii 53bik

Privacy matters

ELSEVIER Terms and conditions  Privacy policy

Copyright © 2017 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of

Elsevier B.V. & RELXGr
Cookies are set by this site. To decline them or learn more, visit our Cookies page.

https://www.scopus.com/record/display.uri?eid=2-s2.0-84984629807 &origin=resultslist&sort=plf-f&src=s&st1=Performance+analysis+of+interference+c... 4/4


https://www.scopus.com/record/display.uri?eid=2-s2.0-84869793757&origin=reflist&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84984629807&refeid=2-s2.0-84869793757&src=s&origin=reflist&refstat=core
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&offset=3&origin=recordpage
https://www.scopus.com/record/display.uri?origin=recordpage&eid=2-s2.0-85028351226&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&relpos=1
https://www.scopus.com/record/display.uri?origin=recordpage&eid=2-s2.0-84981344714&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network&st2=&sid=ee0b6bd39d7659e0a85d8d1dcb208c23&sot=b&sdt=b&sl=100&s=TITLE-ABS-KEY%28Performance+analysis+of+interference+coordination+techniques+in+heterogeneous+network%29&relpos=3
https://www.elsevier.com/online-tools/scopus
https://www.elsevier.com/online-tools/scopus/content-overview/
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/legal/privacy-approach
https://www.scopus.com/personalization/switch/Japanese.uri?origin=recordpage&zone=footer&locale=ja_JP
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_CN
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_TW
https://www.scopus.com/personalization/switch/Russian.uri?origin=recordpage&zone=footer&locale=ru_RU
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://www.scopus.com/standard/contactForm.uri?pageOrigin=footer
https://www.elsevier.com/
https://www.elsevier.com/locate/termsandconditions
https://www.elsevier.com/locate/privacypolicy
https://www.elsevier.com/
https://www.scopus.com/standard/help.uri?topic=2964
http://www.relx.com/

