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Modulation QPSK 16-QAM 64-QAM
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BER: Coherent 2E, 3 ( [aE 7 2E

Detection  with | 7* =Q[ ?:] B :ZQ[ ﬁ Iy :EQ ﬁ

Gray Coding : 0 0
Arrangement

Spectral

Efficiency  with

: P bits | s | H= bits / s/ Hz bits / s/ Hz
R'alse(l—Cosme 14 o 1+ a 1+ “
Filter Roll-Off
Factor o
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Bandwidth
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R=6&/T
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5l lgie JSY) MCSg Jianis e lalail (he degama (laddicn (i Juya (0 AMC ol Callsy
G o (Grea el 3y celhadl) e B G (i ) Aliadie deal) 885 (Jlea) 5L, ¢(Adide Lala
LAY ge calite SNR Jlae (3 clagleall Jusy axdind MCS S
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Glie aadind 8)sSaall e ladll o 283 SNR Llas (e degans llia 2 (ag ¢ [51],[50] ¥ laall g
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High order High
constellation coding rate

High

256-QAM
64-QAM
1le-QAM
8-PSK
QPSK
BPSK

Poor Low

Low order _Low
constellation coding rate

MODULATION CODING
User bit rate = Symbol rate * modulation bits/symbol * coding rate.

[24] suall Cagyls i MCS GS\A} _wad (3-3) J<al)
selislly cadl Uad Jiee o Olsil) ey olladY) (e 800 Aolea (ghay Caiall oaailly Sueiil) G o
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Lpaal) Ay Suall cdlagh b Lardiiall AMC g ilai aal —6-3
dadte -1-6-3

$3,Soal) Sy 5L8 3 deaiindl] AMC CaSiall Qaaeilly aasl) 3Lt 28Y Ganll 138 8 (Jom yaiing
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MUX N Turbo [ |:a>
1% H-
M=y Lre2 [T
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ﬁ‘ 7  R=10/11
\ * R=11/12
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Channel code Additions Multiplication
RS Code 3/2(n-k)*(n-1)+ 11/4(n — k)? 3/2(n-k)*n+11/4(n — k)?
LDPC Code I*n*w,.2 I*(n-K)*(2w, + 3)

Cagha ()9 Wy (LDPC Jaep ¢li Cilyen daezle e all axn caliall dae 10 cilagleal) ABS iy 2ae 1K Eus

.LDPC eyl 3l jasi ddsican s2acl () :We (LDPC ey 38 asd ddgiias
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lede pan ilec 23Lals cllly LDPC i Aad e slaieYls HLDPC Spass lSaal bl sl ol
:&;Snsc_mﬂ, 3 ae i) cld Cilyen ey Lgayua B Gas lgiieLias & (e

HLDPC e lSidl sl 3ixill (9-5) Jsaal

Channel code Additions Multiplication

LDPC Code 2*X(I*n*w, 2 + 2) * I, 2*(I*(n-K)*(w, + 3))* I,

(2uanl) S cllaall 230 G AR (i Snie puan OY) agti (HLDPC Jmaj i cilygn dae [y Gus

: Jaall AL Jghay

B

Complexity{operations)
= M W
n s n L n

=

0.5

O 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Information bits w104
LDPC 3RS GSSMS Jaal) abS Jolas gghuaj\ 2aatl) Ale (19-5) J<a

A leal) 2l 8 8, 8315 Gasw RS (e Yy HLDPC sass aladiad $i(19-5) JSal o
kel die RS Gresi abed e B8l sy ccilagleall AES Jgha 50b) as B bl Ty 4 ¢ el

-2 41200 3 Jaal) A Jsha




83

i) BUAY zdgai 309 AMC il ¢l dijlia —3-5
BlSlaall (8 adiadl) BURY 7 agad el Jaai —1-3-5

)l 53g] el BUAN 7 3gal (pann A jiRally Auadill AMC 73l elal duayay (V) Agkins
[53] g Sae Aane Ylia deinias . lonasly 5 dndeil Lsllaal) i lalaal) gaen 2pan3 ) Flias SISl i ja
155Mbps s (QPSK (a3 dal (1e) 20Mbps ¢ zshis ciliby J& Jieas frandis <23GHZ a3l e Jaxd
(3 — 5KM) 8yumdll ililsall a23idy ((128QAM aaas dal (44)
(&S5 awenlly .path losses s path delays ¢ 3 53l average delay profile il A N
aa Wle 8 dcasiés 63 lasesall jaball il lad Slae Jo¥1 sl Jla epitinall dasall ciljluss el
Aliinl) chlsall asead lasans 93V EDAN chlual) (e IS Sias Lty oK, = 20 2dais Qe Jalae 3
1ua ¢ d=300mM Ly jlual) Jsha A 82L) (3l T =1MS lsier eyl IS g v el pualill
Gils: Lo « path delays=[0 2 4 6]*107° sec :as¥) o)l il a8 Japiias {1 =d/(3 * 108)}
o DA hleaddl (e IS (B BB il Gleads [0 0.6 1.2 1.8] Km :lays jludll Joha 3 8ol
tloal Gus L el eliadl) 8 Ll 08 Alilae padied jaball el leall 2eds Ge 8yl

Lgs1,=32.45+20log o, d + 201logqo f (4-5)
Das dalad) a3l of KM o 8% deshiall Al :d ¢ dB -+ hith jall slonil) 3 sld) S Lpgp G
path losses=[0 -115.24 -121.26 -124.78] dB :lual (s & (9 -MHZ
ASE=YK_, SE, .Rt(k) :3all AMC oUail ASE [bps/Hz] dudacesll duaadal) oL aaad
5l e dilany) Al Giad )k casyill @l MCS aladiu Luwil) duia)l) s34 & Re(k) dus

aladii) vie aUaill dpgalal) 8o UKY iSE 5 g Soall sl Cagyla (aliaa die AUl Hoad Guay (A8 duia)



84
dilatie Cagyl i AMC 23l 830 G A5lke sha) () Lialy 8 Caags Ll Layg .k il <3 MCS
Rt(k) = 1/K e & Gas Lisladia MCSg alasiad cligl de o aild (Ai8lS 000 (panad 505505
:[48] 45¥) ADlall (e MCS JSI SE Gl (Sasg

SE=R;o*log,M * (1-PER)/BW (5-5)
Pl ek (b)) il sasly (8 dayall Jaal cllad) Jis J3ee 9S 5 (ay
Refr=Riot logoM *(1- PER) (6-5)
L G Ll oSaall el dae Mg ¢ oaplally A3l Gpjapall s el J3ae 2 Rygp Cus

ool Uad Jhee AV aplis (Ko 53 D) Uadl) Jdaa: PER 5 o235l MCS (3 il o)
PER=1-(1 — BER)" (7-5) $3D])
ikl ablal) A Jola L s
OsSew Larie (TBER=1075 Casgiwall cud) Uad J3aa «L=2000 bit deasiedll claglaad) A5 & s
Ry = 0.45 Layla jaes Jare Lajitie WS PER=1-(1 — BER)L =2*1072
Lt e MCS eV dadlsal) Lpgdall 5 LS AMC allail Lgaidad (Saall aliall Lagadal) 5ol el LS
MCSS 53c (3 4 jially uaulil) CasSiall e silly Juaeil) Aaday sSLaal) hals (BER=0) slad¥y) (e Jia

) Oy ) e Jeans sasdll 5Ll 7300 (389



Al asig Osasiom — Ly Gaa JANG sy AMC allai ¢l -2-3-5
(10_5) d‘gdﬂ\ ‘f w\ (agﬂ\ LBSJ (.\U;ul\ \A@j 2\9;4); 5SLaq G

RS-CC s diny AMC ol ¢laY sSladl) cDlelas (10-5) Jsaal

K=2070 bits

Gludaral) AUS Jgha

RS(510,230)

Osaslow —2y (AR Jap

poly2trellis(7, [171 133])

() 3ape) (S RN 3asa

1/4 --- 14/15

A3 i Jara

QPSK, 16QAM , 64QAM Jaaxil) Jaas
Ol sLall ggi
20 K, Oy Jalas
23 GHz Jalad) sl
20, 40 ,60Mbps Ja Jara
0 ---23dB sl J33 Ao Ep/Ny s Jlas
5Km g Saal) gl Jsha

[0 2 4 6]*107° sec

L gilil) cflaal) cfpals

[0 -115.24 -121.26 -124.78] dB

i) clval) Clarads B Bal3l)

0

Juga daly

1073

TBER diagicdall cudf Uad Jana
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0
10°¢ i

101 F

102

BER

104
1075 F

1078
0

103

MCSA
MCS52
MCS3
MCS54
MCS5
MCSE
MCST
MCSE
_‘ Adaptive

PO4QC O+ %

0.45

0.45

0.45

0.45

0.45

0.45

0.45

0.45

RS-CC ey sy AMC aldis ¢l (20-5) J<al)

10

15 20

E, /N, (dB)

25

RS-CC et adies AMC olail Juasill cilsie (11-5) Jpoal

3/4

1/2

2/3

4/5

8/9

14/15

2/3

0.225

0.337

0.225

0.3

0.36

0.4

0.42

0.3

QPSK
QPSK
16QAM
16QAM
16QAM
16QAM
16QAM

64QAM

0.441

0.662

0.882

1.176

1.411

1.568

1.646

1.764

>7.8

>9.5

>11.3

>13.5

>16.2

>17.9

>22.2



SUS Gaslsm — dy iyt JAIN adiay AMC alkii gl -3-3-5

:(12-5) Jsaad) b Adl) ol (335 HUail 13g] dmays 5\Slae (g0

RS-TUrbO uajs adiey AMC allai ¢l 5lSlaall cdlalea (12-5) Jsaall

K=2070 bits

Slanal) ALS J gk
RS(510,230) Osasiom — 3y 2B Jap
poly2trellis(4, [13 15], 13) SUS AR Gy
1/3 --- 31/40 G313 Jrag Jaaa
QPSK, 16QAM , 64QAM Juanil) Jaad
Ol BLall ggi
20 K, Ol Jalaa
23 GHz Jalad) aa sl
20, 40 ,60Mbps Jail) Jaxa
0 ---19dB sl Jas Ae E, /Ny 85 Jlaw
5 Km dag Seal) gl Jsha

[0 2 4 6]*107° sec

L gilil) cflaal) cfpals

[0 -115.24 -121.26 -124.78] dB

Apilil) el clasads B Baljl)

0

Juga daly

1073

TBER iagicdl) el lad Jans
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107"

1072

1073

BER

10™%

1072

BDOQoe 0+ #*

1078
o

10
E /N, (dB)

15

RS-TUrbo a5 adiey AMC allas ¢l (21-5) J<al

RS-TUMDO e acias AMC AUkl (hasill ciliie (13-5) Jsanl

0.45
2 0.45
3 0.45
4 0.45
5 0.45
6 0.45
7 0.45
8 0.45

Ya
7/12
4/5
7/12
2/3
35/48

31/40

0.15

0.337

0.262

0.36

0.262

0.3

0.328

0.348

QPSK
QPSK
16QAM
16QAM
64QAM
64QAM
64QAM

64QAM

0.294

0.661

1.029

1.411

1.543

1.764

1.929

2.05

>6

>8.2

>10.5

>12.6

>14.7

>16.9

>18.8




LDPCy Osaslom — &y (S JA) adiay AMC allsi ¢laf —4-3-5

:(14-5) Jsaad) b Audl) ol (335 HUaill 13g] dmays 5\Slae (a0

RS-LDPC juaj adieg AMC allai ¢l 5lSlaall cBlales (14-5) Jsaall

K=2070 bits

Gldaral) AIS Jgha
RS(510,230) Osaslom —1) (B Gase
we = (1~5) LDPC _1i)s jase
1/4 --- 4/5 A3 Jaay Jara
QPSK , 16QAM , 64QAM Juaatl) Jaai
Ol BLall ggi
20 K, Oy Jalaa
23 GHz Jalad) aa g
20, 40 ,60Mbps Ja Jana
0 ---20dB aEll Jaa e E, /Ny Jss Jlas
5 Km Lg Sl gl Jsha

[0 2 4 6]*107° sec

L gilil) cflaal) cfpals

[0 -115.24 -121.26 -124.78] dB

Apilil) el clasads B Baljl)

0

Juga daly

1073

TBER iagicdl) el lad Jans




MCS1
MCS2
MCS3
MCS4
MCS5
MCSE
MCST
MCSE
Adaptive

# POJOC+ *

108 -
o 5 10 15 20
E,/N, (dB)

RS-LDPC w5 aaiey AMC allas ¢l (22-5) J<all

RS-LDPC jaji diss AMC AUl Juadill ciliie (15-5) Jsaal

0.45 Ya 0.112 QPSK
2 0.45 2/3 0.3 QPSK 0.588 >7.3
3 0.45 2/3 0.3 16QAM 1.176 >9.5
4 0.45 4/5 0.36 16QAM 1.411 >11.6
5 045 7/12  0.262 64QAM 1.543 >13.5
6 0.45 2/3 0.3 64QAM 1.764 >14.9
7 0.45 Ya 0.337 64QAM 1.985 >16.9

8 0.45 4/5 0.36 64QAM 2.117 >19



Turbog HybridLDPC (gisass Jalai dalay Ciia juasig Juand allii ¢lal —5-3-5

H(16-5) Jsand) b Agdl) asdl (339 HUail 13g] Lumays 5\Slae (a0

HLDPC-TUrbo w5 disy AMC ks oY BlSlaal) e lalee (16-5) Jgasdl

K=2070 bits Eldanal) AL Jgh
we =5 HLDPC aja ja
poly2trellis(4, [13 15], 13) S5 318 Sa
1/3 - 14/15 A0S jeag e
QPSK , 16QAM , 64QAM Sl
Ol 5Ll g8
20 K, el Jalas
23 GHz Jalal) asil)
20, 40 ,60Mbps JA Jara
0-—-18dB Sl Jas (e /Ny 5 Jiaa
> Km Ly ) Al Js

[0 2 4 6]*107° sec

L gilil) cflaal) cfpals

[0 -115.24 -121.26 -124.78] dB

Apilil) clval) clasads B Bal3l)

0

Juga daly

1073

TBER iagicdl) el lad Jans




MCSA
MCSs2
MCS3
MCS4
MCS5
MCSE
MCSY
MCSE
Adaptive

. Ii POQSO+ *

0 2 4 6 a 10 12 14 16 18
E,/N, (dB)
HLDPC-TUrbo a5 adisy AMC alkas ¢l (23-5) J<al

HLDPC-TUrbo a5 acies AMC Uil Jaall ciliie (17-5) Jsaal)

0.45 0.15 QPSK 0.294

2 045 14/15 042 QPSK 0.823 >5.3
3 045 % 0225  16QAM 0.882 >7.2
4 045 4/5  0.36 16QAM 1.411 >0.4
5 045 13/24 0243  64QAM 1.433 >11.3
6 045 1524 0281  64QAM 1.654 >13.1
7 045 33/48 0309  64QAM 1.819 >14.7

8 0.45  14/15 0.42 64QAM 2.467 >17.5
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G'L‘iu.m iyl —6-3-5
E, /Ny daall laals gt gy Aualall 50U A8 (17-5)5 (15-5) «(13=5) «(11-5) Jglandl A} iy s aus i

1(24-5) JSall e Juani)

SE vs. EbNo
3 -
25t
2 2t
=
= RS-CC
= RS-Turbo
= RS-LDPC
e | HLDPC-Turbo
-1 -
D_E | | 1 1 'l 1 1 | | | |
6 8 10 12 14 16 18 20 22 24 26

Eb/No (dB)
AMC 2 3Ll 4kl Zulladl) 43 lae (24-5) (<l

bl 5ol ey b (68Y) z3lal) Add = ) 7 3gaill ads (24-5) J<al) (e daadls -

e na Jane lefy amt Ay Aeb 335 a5 (MASE=2.52 dalaill] s3g] calaall 5ol (3955 —
salanll 32N (40 %66 ) ASE1=1.66 bit/symbol : Js¥) alaill Ludacgll 50U (s

< adaall 3USH (0 %78 (5T ASE2=1.976 bit/symbol : Bl aUaill dubasssl) 50USH (5S35

. salaal) 5eUSH (0 %77 (5} ASE3=1.94 bit/symbol : callil) aUsill dudas gl 85U (53
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s sabanl) 3.USH) (10 %83 (51 ASE4=2.088bit/symbol : gl sl ddacsgl) 5Ll (565
) gl s 3 eudal) Alaalls (et Lok (851 DN 3Ll glats bl g 3pail G Jsil) (S o
b Aagad) slal) Suep Al ) ey & Jeadll dgmg o8zl &5lie %5 s Jead ASE b 5Ly
Ll =gl
Aol z3lal) e B3 a3 WS a)all Saasill Jiea jaas 3 Agyall Chada z3saill 138 Cilabs e oS0
laa i oghl aa i Loy cdcailio jaesi cVane o Jaall die 40 eUad¥lg dsdal) caa¥) WLl (gaY)

Gadipal) el c¥are die @lldg ccilosbeall A5 Jola (e L %2 Uadll dad) Joh jolat die (S

oaBlally oy 4 ¢ el GSad) lead) il L3 550 5315 RS (e Y HLDPC e plasiad) Lo Cases

A2y 41200 1 Jaal) 35S Jola jglat vic RS e asied (e Uil seany ecilagleal) 35S Joha 835 ae G
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W: L @UT) qEs

clebilatg Bpaal) &g Call NV Laty) (3 deadieddl) 3Ll Chiaesi aal elaY &uh Cinll 13a 3 Lieh
asl Lmaal) S Laall aladioly Gobee Ay e S cangies Spast IS Shaadd Ayl Ludys Gilatl) Jsls )
) Bas Jaee 38ke) ola) inie peys @lldg (il Jlat¥) alas pana dlae ol 3 Spa JS 6l
BUE & deadiedl) o) Jaaeilly Saesll dalal duplas duhy L 2 ey +(guadal) S deUain) Ly
5 gl LDPC (ghaasl JAIS adiieny CiiSie sty Saash zdgad s il 2 cpeg Aaal) Zug Suall JLai!
z3saill 138 o1 A5)laas ) Jeadll 5 Liady . eyl 138 ol iahls paana] dama il 5Ll aladiudg <Turbo
D e Lasd () bl e = siaall 7 3gail) (335 donapd) sSlaally (i 3 clalaznad SSY) £ 3kl pa
gl & slaty Al g 3sail) of (s WS Gl Ejy Ny Sl i dodacsll Zuialall 56l call Uns
A sl aba) die o3l aali e (%2 Ha) Bpaaill diad )l eUadlls Llsdall oUad¥l dsas
oo L5 ¢ Lgiliaans Lipanll Ladail) 8 Leadiondl) s e (g aae Jaad Lkt Ladle candl 130 S8 oKy
diag (pagll LDPC ey aladind Ay dhai 2 adll z3gaill do oKay LS L CaSiall Qoawilly ae il sy
Aodlly Alpiall oUad¥) SLal Ao lial 33y Jal (n Gpaslon = 33y Jare Jy Ald)sall clipasill b Lals Tase
Cilyaye aladialy Aighlly Aaugiall goaall Cilidy ald YU poad zigaill 1aa gk (Ko Gl (5 yndl
pasioal) (Sl Geasl) iy 4l eUadY) deilas & S aa il e cp pand @llig (A5 LDPC

SR e gal eyl Jalsll



96
&

[1] Malhotra, J. (July 2015). Performance Evaluation of Channel Codes for High Data Rate
Mobile Wireless System. International Journal of Microwave and Wireless
Technologies. DOI: 10.5815/ijwmt.

[2] Borwankar, S., & Shah, D. (2020). Low Density Parity Check Code (LDPC Codes)
Overview. Institute of technology, Nirma University.

[3] Reeves, G. (2020). Channel Coding. Duke University.

[4] Mahalakshmi, R., Bhuvaneshwari, P, V., C, Tharini., & B, Vidhyacharan. (2020). A
Novel Algorithm to Design Rate-Adaptive Irregular LDPC Codes, Springer
Science+Business Media, LLC, part of Springer Nature 2020.

[5] Jiang, Y. (2010). A Practical Guide to Error-Control Coding Using MATLAB®.
Boston: Artech House.

[6] Stallings, W. (2014). Wireless Communications and Networks. 2nd ed. Essex:
Pearson.

[7] Lone, F, R., Puri, A, & Kumar, S. (2013) Performance Comparison of Reed
Solomon Code and BCH Code over Rayleigh Fading Channel. International Journal
of Computer Applications. 71(20), pp. 23-26.

[8] Al-Barrak. (2018). A Novel Diversity Technigue to Improve the Channel Coding
Performance in Wireless Communications. Submitted for the Degree of Doctor of
Philosophy At the University of Northampton.

[9] Pahlavan, K., & Krishnamurthy, P. (2009). Networking Fundamentals: Wide, L ocal
and Personal Area Communications. Sussex: John Wiley & Sons Ltd.

[10] Khan, A., & Roy, K. C. (2013). Comparison of Turbo Codes and Low Density
Parity Check Codes. IOSR Journal of Electronics and Communication Engineering
(IOSR-JECE). 6(6), pp. 11-18.

[11] Reichel, H., & Tison, S. (2000). STACS 2000: 17th Annual Symposium on
Theoretical Aspects of Computer Science Lille, France, February 17-19, 2000 Proceedings.
Lille: Springer Science & Business Media.




97

[12] Dogra, K., & Gaba, G. S. (2017). A _Theoretical Review of Channel Coding
Techniques over Different Channel Models. International Journal of Control and
Automation Vol.10, No.9, pp.37-42.

[13] Baby, R. A. (2015). Convolution coding and applications: A performance analysis
under AWGN channel. International Conference on Communication Networks (ICCN),
Gwalior, pp. 84-88.

[14] Singh, J., & Bahel, S. (2014). Comparative Study of Data Transmission
Techniques of Different Block Codes over AWGN Channel using Simulink.
International Journal of Engineering Trends and Technology, vol. 9, no. 12, pp. 609-615.

[15] Alnwaimi, G., & Boujemaa, H. (2018). Adaptive packet length and MCS using
average or instantaneous SNR. [J]. IEEE Transactions on Vehicular Technology, 67(11):
10519-10527.

[16] Kamali, B. (2019). Adaptive Modulation-Coding Scheme for Link Adaotation in
Aeronautical Mobile Airport Communications Systems. Integrated Communications
Navigation and Surveillance (ICNS) Conference.

[17] Mahmud, R, Al., &Z Khan, Sh. (2009). Analysis and Planning Microwave Link to
Estaablished Efficient Wireless Communication. Thesis of Degree of Masters of
Science in Electrical Engineering, Blekinge Institute of Technology.

[18] L, Stuart.,, & S, Harris. (2008). How adaptive modulation can multiply link
capacity _in__carrier _ethernet over wireless. http://www.wirelessnetdesignline
.com/howto/208800281.

[19] McEliece, R.J., &L.Swanson. (n,d). On the decoder _error probability for Reed-
Solomon codes. IEEE Trans.on Inf.Theory, Vol.IT-32, pp.701-703.

[20] Chinnici, S., &Decanis, C. (2010). Channel Coding and Carrier Recovery for
adaptive Modulation Microwave Radio Links. 978-1-4244-5794-6/10/$26.00 © IEEE.

[21] Ullah, 1., &Noor, S. (2010). Construction and Performance Evaluation of QC-
LDPC Codes over Finite Fields. This is presented as part of the Degree of Master of
Sciences in Electrical Engineering with emphasis on Telecommunications, Blekinge
Institute of Technology.



http://www.wirelessnetdesignline/

98

[22] Ammar, B., Honary, B., Kou, Y., Xu, J., &Lin, S. (2004). Construction of Low
Density Parity Check Codes Based on Balanced Incomplete Block Designs. IEEE
Transactions on Information Theory, Vol. 50, No. 6.

[23] TM_Synchronization and Channel Coding— Summary of Concept and
Rationale. (2020). INFORMATIONAL REPORT, CCSDS 130.1-G-3, GREEN BOOK.

[24] Arias, T., &C, Mosquera. (2019). Link Adaptation Techniques for Future
Terrestrial and Satellite Communications, Doctoral Disseration, International Doctoral
School.

[25] Khodabacchas, M., &Reisenfeld, S. (2015). Adaptive Modulation Techniques for
Bandwidth and Power Efficient Communication. Master of Research, Department of
Electronic Engineering Macquarie University Department.

[26] Lee, S. H., Seok, J. A., & Joo, E. K. (2005)._Serially concatenated L DPC and turbo
code with global iteration. Proc. IEEE Symp. International Conference on Systems
Engineering IEEE Press. pp. 201 - 204.

[27] C, Carlo. (2013). Concatenated Turbo/LDPC Codes for Deep Space
Communications: Performance and Implementation. The fifth international conference
on advances in Satellite and Space Communications, SPACOMM.

[28] Rekha, S. M., &Manoj, P. B. (2013). Comparing the BER Performance of WiMAX
System by Using Different Concatenated Channel Coding Techniques under AWGN,
Rayleigh and Rician _Fading Channels. International Journal of Engineering and
Advanced Technology (IJEAT) ISSN: 2249 — 8958, VVolume-2, Issue-6.

[29] Alimi, I. A. (2016). Link Adaptation for Microwave Link using both MATLAB
and Path-L oss Tool. Indonesian Journal of Electrical Engineering and Informatics (IJEEI)
Vol. 4, No. 4, pp. 281~291 ISSN: 2089-3272, DOI: 10.11591/ijeei.v4i4.245.

[30] Steffi, A Pereira. (2015). Performance Evaluation of Turbo Decoding Methods.
International Journal of Innovative Research in Computer and Communication
Engineering (An I1SO 3297: 2007 Certified Organization). Vol. 3, Issue 8, August 2015.

[31] Tuchler, M., Singer, A. C., & R, Koetter. (2002). Minimum _mean squared error
equalization using a priori information. IEEE Trans. Signal Process. vol. 50, no. 3, pp.
673-683.




99

[32] Chi, C L., & Kuo, C. H. (2012). Quadratic permutation polynomial interleaver for
LTE turbo coding. International Conference on Information Security and Intelligent
Control, pp. 313-316.

[33] Faruque, S. (2016). Radio Frequency Channel Coding Made Easy. Switzerland:
Springer.

[34] alia ¢« Sase. (2013) 153y sl 140 gldd) cYLY) alii 487 - [0 13 |

[35] Digital and Analog Communication System. (2013). 8", edition, by Leon W.
COUSH II, Pearson Education International, ch3-4.

[36] Digital Communication: Fundammentals and Applications. (2001). 2 nd edition,
by Bernard SKALAR, Pretice Hall P T R.

[37] Hillebrand, F. (2001). GSM and UMTS: The Creation of Global Mobile
Communication. John Wiley & Sons.

[38] Kattaswamy., & Mergu. (2016). Performance Analysis of Reed-Solomon Codes
Concatenated with Convolutional Codes over AWGN Channel. Wolaita Sodo
University.

[39] Shi, Z., Fu, C., & Li, S. (2005). Serial Concatenation and Joint Iterative Decoding
of LDPC Codes and Reed-Solomon Codes. Open Research Fund of National Mobile
Communication Research Laboratory, Southeast University.

[40] Alfiras, M., Hadi, W., & Jassim, A. A. (2018). Parallel Concatenation of LDPC
Codes with LTE Modulation Schemes Applied Mathematics & Information Sciences and
International Journal, Appl. Math. Inf. Sci. 12, No. 6, 1165-1176.

[41] Jassim, A. A., Hadi W., and Allfiras, M. (2018). Serially Concatenated L ow-density
Parity Check Codes as Compatible Pairs. International Journal of Engineering &
technology, Vol.7, No 4.15.

[42] Nguyen, T., Nguyen, V. D., & Do, Q. T. (2015). Parallel and Serial LDPC Decoders
for Wifi and Wimax Receivers. Chuyén san Cong Singhé théng tin va Truyén théng.

[43] Alfiras, M., Hadi, W., & Jassim A. (2019). Hybrid Concatenated LDPC Codes with
LTE Modulation _Schemes. (IJACSA) International Journal of Advanced Computer
Science and Applications, Vol. 10, No. 5.




100

[44] June, R., & P Bertrand. (2019). Code Block Segmentation and Configuration for
Concatenated Turbo and RS Code. U.S. Patent., US 10, 230, 493 B2.

[45] Mesri, M. (2018). Significant Reduction Of Bit Error Rate in 5G-GFDM System
Using Concatenated Turbo Code with Low Density Parity Check Code in Fading
Channels. J. Electrical Systems 14-1: 118-129.

[46] Kattaswamy, M. (2016). Performance Analysis of Reed-Solomon Codes
Concatenated with Convolutional Codes over AWGN Channel. APTIKOM Journal on
Computer Science and Information Technologies, Vol. 1, No. 1, 2016, pp. 27~32 ISSN:
2528-2417, DOI: 10.11591/APTIKOM.J.CSIT.10.

[47] Chowdhury, M., & Biswas, A. (2017). Wireless Communication: Theory and
Applications. Cambridge: Cambridge University Press.

[48] Juan, R., Christian, V., Sebastian, G., & Barco, J. (2017). Performance and Analysis
of Turbo and Convolutional Coding Schemes of Downlink L TE-Advanced. Revista
Politécnica ISSN 1900-2351 (Impreso), ISSN 2256-5353 (En linea), Afio 13, Volumen 13,
NUmero 25, paginas 31-42.

[49] Jetlund, O. (2005). Adaptive Coded Modulation: Design and Simulation with
Realistic Channel State Information. PhD thesis, NTNU.

[50] Alouini, M.S., & Goldsmith, A.J. (2000). Adaptive Modulation over Nakagami
fading channels. Kluwer Journal on wireless Commun. vol.13, no.1-2, pp.119-143.

[51] Wu, D., & Ci, S. (2006). Cross-Layer Design for Combining Adaptive Modulation
and Coding with Hybrid ARQ to Enhance Spectral Efficiency. 3rd International
Conference on Broadband Communications, Networks and Systems, pp.1-6.Graw-Hill.

[52] Tran, V. (2020). Evaluation of LDPC coding technique to OFDM system in
AWGN and multipath fading channel using MATLAB. A Thesis Presented to the
Faculty of California State Polytechnic University, Pomona in Partial Fulfillment Of the
Requirement for the Degree Master of Science In Electrical Engineering .

[53] Nishioka, J., & Yagyu T. (n.d). Availability Constrained Traffic Control for AMC-
enabled Wireless Mobile Backhaul Networks. NEC Corporation System Platforms
Research Labs.




101

[54] Karad, M., & Harnal V. M. (2017). An_Energy Efficient Decoding Scheme for
concatenated LDPC and turbo code in Wireless Sensor Networks. International
Journal of Engineering Research & Technology, ISSN: 2278-0181 Vol. 6 Issue 11.

[55] Wang, Y., Liu, W., & Fang, L. (2020). Adaptive Modulation and Coding
Technology in 5G System. 978-1-7281-3129-0/20©2020 IEEE.

[56] Wang, B., Chen, P., Fang, Y., Lau, F., & Lin, Z. (2019). The Design of Vertical RS-
CRC and LDPC Code for Ship-based Satellite Communications On-the-move.
Citation information: DOI 10.1109/ACCESS.2019.2895746, IEEE Access.

[57] Roca, V., Cunche, M., Thienot C., Detchart J., &Lacan, J. (2013). RS + LDPC-
Staircase Codes for the Erasure Channel: Standards, Usage and Performance. HAL
Id: hal-00850118. https://hal.inria.fr/hal-00850118.

[58] Belhadj, S., Lakhdar, A., & Bendjillali, R. (2021). Performance comparison of
channel coding schemes for 5G massive_machine type communications Indonesian
Journal of Electrical Engineering and Computer Science. Vol. 22, No. 2.

[59] Lim, J,. & Neuhoff, D. (2003). Joint and Tandem Source-Channel Coding With
Complexity and Delay Constraints. IEEE Trasactions on communications, Vol. 51.

[60] S, Manoj. (2020). Communication Cchannel Analysis for Efficient Beamforming.
This thesis is presented as part of Degree ofMaster of Science in Electrical Engineering
with emphasis on Signal Processing, Blekinge Tekniska Hogskola.

[61] Jeong W. Lee and Richard E. Blahut. (2003). Bit Error Rate Estimate of Finite
Length Turbo Codes. 0-7803-7802-4/03/$17.00 © 2003 IEEE.



https://hal.inria.fr/hal-00850118

102

Abstract

Search background

Study the performance of the most important channel encodings in the case of
random errors and burst errors. In addition, study their performance within the
adaptive coding and modulation systems used in modern microwave links. In
addition to suggesting a new way to use successive encodings by taking advantage
of the performance results of single encodings and demonstrating their impact on
AMC systems.

Search objective

Evaluation of the most important models of AMC used in modern micro
communication channels under various conditions. The research also aims to
propose a model that adopts a new coding technique by using the hybrid LDPC codes
as an external encoder in successive coding, and comparing the performance of this
model with previous models according to BER criteria and spectral efficiency.
Materials and Methodes

Matlab version R2015a installed on Asus-CORE i3-7th Gen computer was used as
a simulation environment for the work of the wireless communication system by
drawing performance curves using the Monte Carlo simulator as a direct application
to measure the bit error rate, and the computational complexity associated with using
the proposed model will be evaluated.

Practical results

The simulation results show the effect of the presence of the Turbo encoder in
improving the performance at low coding rates, outperforming the rest of the
encoders, while its performance deteriorates with the increase in the coding rate, as
the superiority of LDPC encoding appears at high rates. The simulation also showed
the effect of RS encoding in reducing burst errors.

The simulation also showed the superiority of the proposed model over the other
three models at all coding rates, in the presence of random errors and burst errors
when working at low coding rates, while its performance declines with the increase
in burst length at high coding rates.

Conclusions

The use of information exchange between the LDPC decoders that make up the
HLDPC decoder helped to increase the coding gain, and it was found that using the
HLDPC encoder helps reduce short burst errors more than using the RS encoder at
low coding rates, while its performance deteriorates with the increase in burst length
at higher coding rates.

Keywords: Channel coding, concatenated codes, adaptive modulation and coding,
Hybrid LDPC code, iterative decoding algorithms in concatenated LDPC codes.
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