Ay geal) dapal) A gganl)

s asls

dailiygSlly ASlal) dutigh) Al
i laiyly il A dusia ad

(PAPR) 4cUaicdl Ao gial) daddl) ) calied) dadl) dpd aldll
Balaiall <l illy ancdill g AN 9 JAAN Basia dalasY) B
(MIMO- COFDM)3 ja_sall

Lasiiall CYLATY) Atia (B jicalall da)s Juil el dag bl

Aae

G lesa

il )
5 sad Jae

il Al alad)
2018-2017



DSV =N P

Lo 18500 6ot sl god OleVls e
. ool Al sl ol C e e
Lol cnd ) o\l el el ) emllsne 31 LS Tl s Y Lo
S
oSS
20 el sl g s ] 3L Lo Vs e 1380l g 3 M ol
‘P
Ve Y ST St e ety W il WLioM ST STl e
S w)«»J>\9

el



Glldy BN ) Al g aSad) Adad plias

ol 581 8 8 sall A Aiad elizme Y Amall 5 liia¥) 5 LSS el o

| s Cald AllA daaa | gisal)
Liale 19 4diq g | puiae e Lpad Jale ) gisal)
) guas Chuall Lda ) gisall

so.0/545/ ) 80 Wlall Sl pall 5 alall Sial) s ) 8 s g
pSal Al Cally @5 s 2017/12/4 st

s Usdad Jale o Wé




Damascus University
Faculty of Mechanical and Electrical Engineering
Department of Electronics and Communications Engineering

Reducing the Peak to Average Power Ratio
In MIMO-COFDM Systems

Thesis Prepared to Obtain a Master Degree in Advance Communications
Engineering

By
Ammar Hasan

Supervised by
Dr. Adel Khadour Ali

Academic Year
2017-2018




Table of contents Gl giaal) (gl

e ol
L e ettt ettt ettt et et eieeeeteet et eaeeaaeaeieeeeeeneaneaaetaeaeeeneaneaaanas G [aalall
L. et ettt ettt e a et e a ettt a et ea ettt a et ra et aaeanaas Iy dals
V. eereeereeeeeeeeeeeeeeeeaaaaattttb—t————tteeaaeeeeeaeeaaa e _n———tt—atattttaaaeaeeeeeeneaaaannnnrrraes Jslanll s
VL ettt ettt et ettt ettt te et etee e eeeeees Glallhadll 440
X ettt ettt eieeieeeeteeaeaaeaeeieeieene e eeneaeeeeaaeeeneaaanes Gbhlaiay) 40
PSSP PPPRPTOPPPPPPO Lalall desidl)
L ettt et a e Study Analysis dfall Julas :J ) Juadl)
ettt ettt ettt et ettt e ettt ta ettt aaaas Aaal) jmye W11
A e BLaY) el 5<a b g sy Alla Al 2.1
5 J Gl e caagll W31
s J TP daxaye Ay 4.1
Tt Multiple Input Multiple Output Systems (MIMO) z Ally Jaall 5asia PN :giﬁd\ Juadll
B eteeeeeeiereeeeeeeeieeeeeee e ——eeeeeaai—beaeeee e e ——aaaeeeeaa—aaaaeeaaaarraaaeas S ol sl 1.2
PP @lilsgll dbba oy .1.1.2
L0 eeete ettt ettt e e e e oaiaid) cull Uas Jaeeg cplall ) .2.1.2
| TP aladl Jaill Jame L3.1.2
I3 e e ¥ deUaiad alel of dubaaall 52Ly  .4.1.2
TN JLaa) vie cplall 2.2
PP P PN SEYl aall . 1.2.2
16 e ebiall ol o .2.2.2
L8 ettt e ettt et e et e e e e e e bt e e e et e e e bt e e e aabaeeeenreeas JLoy) e ol .3.2
(SRR dagida) A8 53 QL)) xe cplall .1.3.2
7 OO UUR PRSI Al alal 3 Jly) xe ol .2.3.2
22 Orthogonal Frequency Division Multiplexing talaiall (5333l asdilly aaeail) : &GN Juadl)
23 e Saliall (5235 apdilly apanil) Sl L1.3
24 e alaiall (gl aadilly maeaill adgy 2.3
B S PP OFDM (liiuly Jls)) alas .3.3
0 PPN OFDM ,Uail dsaudall dddlaill  .4.3
28 e OFDM (sl lgia ey 30 JSLaal .5.3

2 s 2baill & Sl L1.5.3



20 ettt ol AlSke .2.5.3

300 et A gial) deUain¥) Y dsedae ) de a4 .3.5.3
B0 et aaaas OFDM «i)3) e Clipping (=il it .4.5.3

€ N skl s 5.5.3
1O @l Waall .6.5.3
3 e oAUy Jaal Baxeie Aalaillg delaiall 2351 mansiills aeal) o AR .6.3
33—t OFDM 5 MIMO (s il et ale  1.6.3
7N OFDM-MIMO kil jules .2.6.3
B e (B Daar) bl a5 7.3
37 i Peak to Average Power Ratio daugiall deUaiud) 1) 55,40 deUaiad) dsad ) Juadl)
38 tttttte ettt —————eaaaaa e e e e e e e e e e e ———————————aaaaaaaaaaaaaaaaans =l el 1.4
30 ieeieeee e e e e e aaaaaeaaaeaeaeearaaaa—————————— S JlaaY) aisll o5 .2.4
A0 et PAPR duall (ali) 4u)ylsa Slidl ules .3.4
B0 e PAPR ali) 4l .1.3.4
A0 eeeee e e e e e e e et aa e e e e ateeeeennanaaeas Anyall )Ly Aol 50l .2.3.4
A0 et Jatnal) b cull U Jaa gl 23.3.4
QO e e abldl J& Jass (mlias) .4.3.4
A1 e ——————————————aaaaaaaaaaaeaes clleal) 2 .5.3.4
3 U PAPR Lol ali) el .4.4
Al e e BLEY) b 4158 d9a5 PAPR Lol (alif .1.4.4
A2 =il alaaiul PAPR (ali) .1.1.4.4

A4 (RCF) bsall masisilly il 2.1.4.4
A5 A3 dgae (@)SI i illy ol L3.1.4.4
A5 e aa e 5, e 53l guli Hasiuls PAPR (alii) .4.1.4.4

A6 e BLEY) b asis (50 PAPR dudl ali) .2.4.4
40 e Coding sl aladiuls PAPR du palis) .1.2.4.4

N PPN Scrambling sisd) alaaiuls PAPR ali) 2.2.4.4

A8 e ol Sy bl 4 .1.2.2.4.4

1 SENY) ) Az .2.2.2.4.4

5 e Al e laleall 4w )lea 5.4
5 SO PPPPURUPRI 2l oyl @y Al D) A lea .1.5.4
5 SO U SRR Looalel) 5300 o Al e bl due) lsa . 2.5.4

........................................................................................ (head) 2 Gaaldd) Juall



R 1 A O PP TP PP PPN Jeall (e dadl 1.5

5T e e MIMO-COFDM (yug sl aldaill ggaial) i) 2.5
50 ettt e e et e e e e et bbb e e e eaaaa e aeas BSlal) alinal abll Jadaddll .3.5
B0 et ettt e e et e e e et SD-CMA 4 sal sl Labidl) 4.5
02 ettt e et e et eeaaa SD-CMA Zu))lsa e s8ladll dilee il .5.5
03 e SD-CMA e lsa & Jelsall 230y PAPR i e . 1.5.5

04 e SD-CMA iy )lea el e chy&all e f dulp .2.5.5

05 e SD-CMA Zuajjlea b cull Uad Jaae o L) jues i &l .3.5.5

B0 et et eaee Unit-Circle CMA ) lsa 5Slaag 4l 6.5
07 et UC-CMA 4y lsa 3 dalsall saey PAPR dudl) isdle 7.5
07 ettt ettt ettt e ettt e e et eeeta e eeaaaaaees sl Juaall 8.5
7 et et e e et s 3Vl clabinw) 9.5



uadlall

s Allg LAY Gl pasll danll ey dage Ade (e dalsal) Baaxie )Y ilad
PAPR dausiall deUaia¥) ) abaadl Adaalll deUnie¥) daws Jalas Lgie
Janal alsi aranat ()8, e Ui 5,30 5agama A <l Dleal) bl o dadail adies o Cang
ﬁ@w@aik&h‘j\wsqmalﬁmm Jead) by olod dalate (e S JS8
e poama
delaiy) 8 PAPR ddausiall delaia] ) 59,30 deUaial] & Galaly 3y dag ) oda a3
) lsa e lalaic] MIMO-COFDM e yall saabatiall cilanilly aywiill ae o 5ally J2all saaeie
.CMA L) = labaal)

. Matlab Dils Zumays aladinly ol aui il Cpiig duay lsal o2 o Sloaes - i



Abstract

Multi-carrier signals suffer from an important problem, which is the large
oscillation of the signal envelope, that is expressed by the peak to average
power ratio (PAPR).

Because most practical data transmission systems have limited value for peak
power, designing a system to operate ideally within a linear area requires
working at specified levels of power below a maximum allowed value.

The thesis presents a study of reducing peak to average power ratio (PAPR) in
multi-input  multi-output (MIMO) - coded orthogonal frequency division
multiplixing(OFDM) systems using constant modulus algorithm(CMA).

We proposed a modification on the considered algorithm, then we discuses the

results of performance using matlab.
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dlSlaall zald ol Jabadall 3.5
BlSlaall o lsal bl Labaal) (2.5) JSal G

Init Simulation variables

hoose PAPR reduction method
SD-CMA OR UC_CMA

Generate Data Sequence

QAM Modulation

J < Number of blocks(Nd/N)

Yes

Get a Block of Data of Binary Sequence

Init Data to Send using MIMO-COFDM

I

Calculate PAPR

PAPR < Threshold

PAPR Reducion

-«

BlSlaall duaj 53l ) il (2.5) J<a)
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oY) dal e Aglpdie Cillane dlulu Al -

Jloy) ddla b i) -

ALY dal o ddla) cilidana @l G 13) 28 jead bl Jola Gandi 80 JS -
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Specify alpha, Max iterration, Mu for MSE method

Assign Initia!)VaIues for W
w =1

|4
d

No
i < Max lterration

Estimate w using MMSE

*

S=w*X

<
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Aslially Qs pe slSlaal) dlae il b Lad i yas
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SD-CMA dxe),lsa Gabii 3au9 J Jalsall 23e3 PAPR 4ot i8le (4.5) JSall gy
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s N=256 Before SD-CMA
— N=256 After SD-CMA
\ s N=512 Before SD-CMA
A\ —— N=512 After SD-CMA
A s N=1024 Before SD-CMA
AR U Y — N=1024 After SD-CMA
10 Y -
A
VA
LR
Vi
Vi
\. [
\ I\. Ill
w \I\\ Ilﬂ
§ 1070 4

|
|
103 H”

I
W |
‘II'\| :
i 2
10_4 | | | | | | | | |
3 4 5 B 7 8 9 10 1 12 13
PAPR (dB)

SD-CMA Ziajlsa & Jalgall a3y PAPR Ll d83e (4.5) J<al)
il 4 Al daii sdag PAPR dus 2hai dalsall axe o) LS adf (4.5) il (e Laadls
Gladime alliy Gl el ey 13ag cidle a8 @l (653 Jaail LSl Jlaial alagy dalsall aae

Adle clelaivl gdy ane Sl Jad Jee Jlae @l
Glinidl s SAB ()i ot Taa € (K dual) (aleas) Jaads CMA 4 )lsd aka aey L

PAPR il e Jalsall sac aboy) 5 S Gy oyl ) s

63
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2(9-5) IS mgn LeS cdanl 3 Cad Alage Clbihana b5 sl

Original Data Sequence
..0101011111....100001111111.....
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Init Simulation variables:

hoose PAPR reduction method
SD-CMA OR UC-CMA

v

Init MIMO-OFDM variables

Generate Data Sequence

Enter In Sending Loop

J < Number of blocks(Nd/N

Get a Block of Data of Binary Sequence of Size (N=X+M)

([@YN\V I \V/ leYe [S]P-ileY]

Init Data to Send using MIMO-COFDM

Calculate PAPR

PAPR < Threshold

No
PAPR Reducion

Resort Data Sequence Descend

Replace The First M Value of Sorted Sequence
with the M value of End of Data Block

ool e BlSlaal) daa ol Bl abiall (10.5) Jsa
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(BER&BIT RATE) : AWl LAl e

laa aidic BER ¢y ba Jaze UC-CMA Loaslsll plall e 25,60 O labaall L00) )5 2283
& B3y ki Y gl Ly SD-CMA diaylss o galilly cgiall sl el 5Y) b Ll s
o2 o gadaall oyl ol Laali WSy oSly lildl i Jane (e Ji Y Lgils ilidanall A0S aaa

PAPR ZLuil) Julii & Waelal (e Chanay daa)lsal

(PAPR & BIT RATE) : &) LAl e

lia oay &is SD-CMA-With Enhancing #jiall doaaill ae Ul cleladll 4 )lsa
Juaaill Al Blias SD-CMA e )lsal auall elY) s PAPR diis (i 8 Sliee old) L)
axa e 16/1 51178 il ) cldandl) A5S e Lt i eda S o 43 Lasg ez ikl

12 Jaeas Speil) Gk die Jad) ga WS D€ il Y clilal) Jis Jase ol (@lbilaadll A5S

(PAPR & BER & BIT RATE)(_)S.&\ olall e

(o SD-CMA ¢13Y alie o 2 ¢l e Janss Llé &yl Juaeil) e UC-CMA axaia) xic
daie Ji ULl Ji Jare e lagily Uasll Jaes e 55 Wil Lag PAPR & (amds daa
AN ol jiahlll A gube desdll 3imy A FiaY) QLA iy LA 138 i Saepll aladn v

gyl

73



25l Gaeatll e UC-CMA Zus lsd Gkt 5o araaill Y1 Lal) o eslSladl) il ety
5 pal a5 ) Calall ddlad Gl o (K15 cagall i) ll) paead Algie o (3Ra3 Cun
Mol pass o e e Bl dille i ¥ ane zliag ) cliglally cYLa) Jlase sk
(s eaanall Agell PAPR 2l g e ) cill) S e L - aall (oaetl) ket ke
a3 O (Sar WS cJlufy) dana (8 83l (N (gag Lae cililadl IS qen e diulas ) dalad)
Fourier auysé Lisas (s Y Wavelet Transform (WT) dagall Jigad aladsial dulyn
SN sl ey jlea o digail) 138 Gadi o) Cus (A3l CDlabaall 4aa) )5 s Transform
Dliey PAPR Gl 3 i) (s ) 63 8 PTS 5a0) JlusY) dudls 4aa))lsag SLM

[341 20%

74



REFERENCES 2>l

[1] H. Bolcskei, (2006), "MIMO-OFDM Wireless Systems: Basics, Perspectives, and
Challenges”, ieee Wireless Commun ,Volume: 13, pp 31 — 37.

[2] C.E. Shannon, (1948), "A Mathematical Theory of Communication”, The Bell System
Technical Journal,Vol. 27, pp. 379-423.

[3] T. S. Rappaport, ( 2002), “Wireless Communication: Principles and Practice”: 2nd
Edition,Prentice Hall,.

[4] Tushar Kanti Roy and Monir Morshed, (2013), " High Power Amplifier Effects Analysis
for OFDM System" International Journal of Science, Engineering and Technology Research,
Volume 2, Issue 5, pp 1119 1121,

[5] Jeffrey G. Andrews , Arunabha Ghosh ,Rias Muhamed, (2007), "Fundamentals of WiMAX:
Understanding Broadband Wireless Networking “, Prentice-Hall.

[6] R.S. Blum, (2003), "MIMO Capacity with Interference “, ieee , Volume: 21, Issue: 5.

[7] Yong Soo Cho, Jaekwon Kim, Chung G. Kang, (2010), ” MIMO-OFDM Wireless
Communications with MATLAB” , Prentice-Hall.

[8] S. Nanda, R.Walton, J. Ketchum, M.Wallace, and S. Howard, (2005), "A High-Performance
MIMO-OFDM Wireless LAN", ieee , Vol. 43, No. 2, pp. 101-109.

[9] A.Glavieux, (2007). "Channel Coding in Communication Networks From Theory to
Turbocodes"”, Wiley-ISTE.

[10] S. H.Hanand J. H. Lee, (2005) “An Overview of Peak-to-Average Power Ratio Reduction
Techniques for Multicarrier Transmission” , ieee, Vol. 12, pp. 56-65 .

[11] Wen-Thong Chang; Hsiang-Wen Chen, (2007) “Peak-to-Average Power Ratio Reduction
of OFDM based on Adaptive Peak Reduction Carriers”, ieee , pp.1-4.

[12] Jun Hou; Jianhua Ge; Jing Li, (2011), “Peak-to-Average Power Ratio Reduction of OFDM
Signals Using PTS Scheme With Low Computational Complexity”, ieee, Volume. 57, PP.
143 — 148.

[13] A. S. Mohammad, Abdel Halim Zekry, Fatama Newagy, (2013), “A Combined PTS-SLM
Scheme for PAPR Reduction in Multicarrier Systems”, ieee, PP. 146 — 150.

75


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.H.%20Bolcskei.QT.&newsearch=true
https://www.amazon.com/Jeffrey-G.-Andrews/e/B001ILMC06/ref=dp_byline_cont_book_1
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&text=Arunabha+Ghosh&search-alias=books&field-author=Arunabha+Ghosh&sort=relevancerank
https://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&text=Rias+Muhamed&search-alias=books&field-author=Rias+Muhamed&sort=relevancerank
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.R.S.%20Blum.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=27095
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Wen-Thong%20Chang.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Hsiang-Wen%20Chen.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Jun%20Hou.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Jianhua%20Ge.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Jing%20Li.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.A.%20S.%20Mohammad.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Abdel%20Halim%20Zekry.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Fatama%20Newagy.QT.&newsearch=true

[14] Kashif Sultan, Hazrat Ali, Zhongshan Zhang, Fakhar Abbas, (2015),  Improving PAPR
Reduction for OFDM using Hybrid Techniques”, ieee, PP. 312 — 316.

[15] Steve Charles Thompson, J.G. Proakis, J.R. Zeidler, (2005), "The Effectiveness of Signal
Clipping for PAPR and Total Degradation Reduction in OFDM System”, ieee, Volume: 5, PP
2811-2815.

[16] T Noguchi, K Anwar, M Saito, (2008), "Efficient PAPR for OFDM and CI/OFDM
systems with iterative clipping”, ieee, PP 525-528.

[17] J.A. Davis , J. Jedwab, (1999), “Peak-to-Mean Power Control in OFDM, Golay
Complementary Sequences, and Reed-Muller Codes”, Volume: 45, Issue: 7, pp 2397 — 2417
[18] T. A Wilkinson and S. K Barton, (1994), ”Block Coding Scheme for Reduction of Peak to
Mean Envelope Power Ratio of Multicarrier Transmission Scheme,” Elect. Lett., Vol.30,
pp.2098-2099.

[19] Pokharkar Priyanka, Sanjay Deshmukh, (2016), " SLM And PTS Techniques to Reduce
PAPR ", International Journal of Industrial Electronics and Electrical Engineering, Volume-4,
pp 44 48.

[20] Y Wang, (2009), "An Investigation of Peak-to-Average Power Reduction in MIMO-
OFDM Systems"”, Master of Science in Electrical Engineering, Blekinge Institute of
Technology.

[21] S. Muller and J. Huber, (1997), “OFDM with Reduced Peak-to-Average Power Ratio by
Optimum Combination of Partial Transmit Sequences,” Electron. Lett., Vol. 33, pp. 368-369.
[22] Raneem Almouallem, (2013), "Reduction the Peak to Average Power Ratio of OFDM
Signal”, Master Thesis, Damascus university.

[23] Seyran Khademi, Alle-Jan van der Veen, (2013), ” Constant Modulus Algorithm for Peak-
to-Average Power Ratio (PAPR) Reduction in MIMO OFDM/A”, ieee Signal Processing
Letters, VOL. 20, NO. 5.

[24] S. Sujitha, R. Ramachandran, (2014), “Performance Analysis of PAPR Reduction in MIMO
OFDM System Using Modified Constant Modulus Algorithm”, Vol. 3, Special Issue 2.

[25] ABHISHEK ARUN DASH, (2010), " OFDM Systems and PAPR Reduction Techniques
in OFDM Systems ", Bachelor Thesis, National Institute of Technology, Rourkela.

76


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Fakhar%20Abbas.QT.&newsearch=true
http://ieeexplore.ieee.org/iel7/7284653/7296115/07296175.pdf
http://ieeexplore.ieee.org/iel7/7284653/7296115/07296175.pdf
https://www.researchgate.net/profile/Steve_Thompson15
https://www.researchgate.net/profile/JG_Proakis
https://www.researchgate.net/profile/JR_Zeidler
https://scholar.google.com/citations?user=NK5Ta00AAAAJ&hl=en&oi=sra
http://ieeexplore.ieee.org/abstract/document/4781714/
http://ieeexplore.ieee.org/abstract/document/4781714/
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.J.A.%20Davis.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.J.%20Jedwab.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=17296
http://www.diva-portal.org/smash/record.jsf?pid=diva2:829630
http://www.diva-portal.org/smash/record.jsf?pid=diva2:829630

[26] Ekta Tyagil, Sarika Pal, (2014), “Analyzing Different PAPR Reduction Techniques
Including MIMO OFDM System”, IJEE, Volume-6, Number-1, pp. 56-61.

[27] Anamika Pathak, Dilip Kumar, (2016), ” CMA Optimized Precoding Technique for
Reduced PAPR MIMO OFDM Data Communication”, ijspra,VVolume 2, Issue 4, pp.12-16.
[28]https://www.nutag.com/blog/papr-reduction-techniques-mimo-ofdm-systems-part-1-
impact-papr-performance-mimo-ofdm-systems, (retrieved on 15/12/2017).

[29] Narmatha.T, Sathish Kumar.K, (2014), " An Enhanced Algorithm for Papr Reduction in
MIMO OFDM/A", IJARCST Vol. 2 Issue Special 1.

[30] Preeti Singh, Sarvjit Singh, (2017), "CMA technique: A solution for minimum PAPR in
OFDM™ RAECS UIET Panjab University Chandigarh,.

[31] Hemraj Kumawat et. al., (2015), " PAPR Reduction in MIMO OFDM SystemUsing
Improved Constant Modulus Algorithm”, International Journal of Computer Science and
Mobile Applications, VVol.3 Issue. 3, March-, pp.01-06.

[32] C.R. Johnson, P. Schniter, (1998), "The dithered signed-error constant modulus algorithm®”,
Volume: 6, pp 3353 — 3356.

[33] G.Rajasekhar, (2015), "Comparative analysis of UC-CMA and SD-CMA for Reduction of
PAPR above 90 percent in MIMO-OFDM/A", ijser, Volume 6, Issue 1, PP 1551-1555.

[34] M.Toren, (2017), "Peak-to-Average-Power-Ratio (PAPR) Reduction Methods with
Wavelet Transform in MIMO-OFDM", IETE Journal of Research

[35] B.Lee, Y.Kim, (2017), " Interference-Aware PAPR Reduction Scheme to Increase the
Energy Efficiency of Large-Scale MIMO-OFDM Systems", mdpi-journal, pp 1-16.

[36] L.Amhaimar, S.Ahyoud, (2016), " Peak-to-Average Power Ratio Reduction based Varied

Phase for MIMO-OFDM Systems ", IJACSA, Vol. 7, No. 9, pp 432-437.

[37] A.Hasan, (2018), "Studying and Analyzing the Performance of Constant Modulus
Algorithim to Reduce Peak to Average Power Ratio in MIMO_OFDM Systems", Journal of AL
Baath University, Vol 40.

77


https://www.nutaq.com/blog/papr-reduction-techniques-mimo-ofdm-systems-part-1-impact-papr-performance-mimo-ofdm-systems
https://www.nutaq.com/blog/papr-reduction-techniques-mimo-ofdm-systems-part-1-impact-papr-performance-mimo-ofdm-systems

