a+ H #H2 bvbi2K H2p2H 2p Hm iBQMb 7Q" G
#bi° +iBQM
AK" M G iB7

hQ +Bi2 i?Bb p2 " bBQM,

AK M G iB7X a+ H #H2 bvbi2K H2p2H 2p Hm iBQMb 7Q° Ghl mbBM; S
S 'Bbh2+?- kyRjX 1M;HBb?X LLh, kyRjlLahyy99 X i2H@yRR3ykyd

> G A/, i2ZH@yYyRR3ykyd
2iiTb,ffT bi2HX +?Bp2b@Qmp2 i2bX7 fiZH@ YR
am#KBii2/ QM k9 CmH kyR8

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X



2013-ENST-0044

EDITE - ED 130

Doctorat ParisTech

THESE

pour obtenir le grade de docteur délivré par
TELECOM ParisTech
Spécialité « Communication et Electronique »

présentée et soutenue publiquement par

Imran LATIF
le 28 Ao(t 2013

Méthodologies pour I'evaluation de performance systeme

a grande échelle avec applications au systéme LTE

Directeur de thése : Prof. Raymond Knopp, EURECOM
Co-encadrement de la thése : Asst. Prof. Florian Kaltenberger, EURECOM

Jury

M. Markus Rupp , Professor, Vienna University of Technology Head of Department
M. Raphael Visoz , PhD, HDR, Orange Labs Senior Researcher
M. Joan Olmos , Professor, PolyTechnical University of Catalunya Professor
M. Luc Deneire , Professor, Ecole Polytechnique Universitaire Professor

TELECOM ParisTech
école de I'Institut Télécom - membre de ParisTech



S op h i a A ntip ol i s






S op h i a A ntip ol i s



























10















(MCS:1)

(MCS:t)
























ST N I X X X
< N =
<N T

j

Elogp(:)

X 2

b2 f 0;1g









Per 100 Inhabitants

T T T

=©— Mobile-Cellular Subscription

=& Individuals Using the Internet

90| —e— Fixed Telephone Subscription
Active Mobile Broadband

& +Subscription

80 —j Fixed Wired Broadband
Subscription

| | | | | |
2007 2008 2009 2010 2011 2012 2013

Year



Year

[l Developed World

[ Developing World
[ Iworld Wide

35 40 45
Percentage (%)

Il Developed World
[ IDeveloping World|

I World Wide

i i i i i i i i i
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Percentage (%)




















































One frame = T; =307200, = 10ms

Tyo= 153601500 s

—

IE

—%
One subframe /

\713s 719s
>

|

E N




1=3

1=3






= ( ¢
n
X 2
M: f0;1g" !
= [xo;X1; i XN]
t
Yt = hyiXe + 7
ht Zt
No
J =M

I (Y;Xjh)=H (Xjh) H(XjY;h)
=logM H (XjY;h)

H()= Elogp()

x Z2Z
H (XjY;h) = h|0(x;y;h)|0<91

x2 Y
XZZ

p(Xjy;h)

p(yjx% h)
= x:y:h)log —2 "~
w2 Y hp( yih)log p(yjx; h)



P 1 02
1 X %2 €Xp S hx+_z hx
H (XjY;h) = M E; log h A
x2 exp N%,J'ZJ'
P h i
1 - .2
1 X e < exXp A\‘_th(x X9+ zj
= — , log h i
M 2 exp ik jzi?
P 1 o
1 X «0 Exp N—Ohx'x +z
| (Y;Xjh)=log M M E; log h S
x2 exp iz
6
s [--QPsK
---16QAM
—64QAM

Mutual Information
w IN
T

N
T

0 i i i i i i i i i i i i i i i i
G-14 -12-10 8 6 4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24
SNR






























10




k

hk;n 2 C
Zk;n

N <N

Yicn = NienXien + Zin; N =1,2;
No k
=1
n
_ ihwni® 2 jhind?
k;n NO NO
X1 X2

X1

Xk:n

X2



u n
1 . -
kn—p_z kn knt kn;, N=1;2 "N
= XXz han = 2
" X; Xq ' " hok:n n 73
kin 2 C2 1
k k;n 2 2
2 1
X2 I% k k;n
No k
k n

~_ ihani® + jhawni?
kin 2:Ng




Yin = fn knXkn * Zen; N=1;2 ;N

k:n K Zk:n

— Jhuen + CIth;nj2
ZZNO

qzf 1 jg






(15 2)= 11 anll
! ( )
)
1( n)
1( n)
I(n)=1 exp( n):
X
(1 2= 1 o exp



(15 2)
n
8 9
P o 2
15 1 X 05 exp n X X +z 32
| = —— logM — E, lo h }
v IOQM.B ’ sz * 9 exp jzjz B
j1 =M
z2 CN(0;1) I'm
N
(15 2)
(15 2)
(; ) ( (1 2; )



1.2

© o o o o o =
N 0 o N ® © B, Bk

o

Normalized Symbol Information
w

P e T .
R T P S O i
V2 \O
. ~Normalized BIcM |
," '!' Mutual Information
. 3 —
I" \"'\
---QPSK ]
16 QAM
- =64 QAM| |
-7 —EESM

-20-18-1

6-14-1

2-10 -8 -6

1
4 -

2 0 2 4 6 810121
Averaged SINR [dB]

1 1 1 1 1 1 1 1
4 16 18 20 22 24 26 28 30



BLER

~—#—mcs 0
=#=mcs 1
=#=mcs 2
mcs 3
—#—=mcs 4
=©-mcs 5
=©-mcs 6
~©-mcs 7
mcs 8
=©~mcs 9
=8~ mcs 10
=&~ mcs 11
~E-mcs 12
mcs 13
=8~ mcs 14

mces 15
mcs 16
mcs 17

mcs 18
—9=mcs 19
=¥=mcs 20
== mcs 21
== mcs 22

mcs 23
=—=—mcs 24
==mcs 25
== mcs 26

= mcs 27







c=1 Nch
¢ c
j=1 J
e=0
k=1 K
Zx j2
BLER ( ¢;z)
e= e+ BLER ( ¢;z)
BLER c 12 = Ki
BLER cl j2
2
b
BLER g; j2 1e 3




2 25=50

4 25=100
= -, =1
1 Nen X3 )
MSE:NChJ o | (e)









2 3
. NCh XJ _ 2 2
( 15 2) =argmin 4 o e (15 2)
( 15 2) ch c=1 J:]_




02250 -
02

0.175F

0.5

0.125F

MSE [dB]

0.075F

4:12345673

= 2 A R R
9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Modulation and Coding Scheme (MCS)

8 10 12
Modulation and Coding St

1416

cheme (MCS)

18

20

22

2425

PRI
0.8 ——1b

- o- TMZB, b,
0.7l e 2w
o TMEb, D,

0.6/] -+ THeb

Ay

8 10 12 14 16 18
Modulation and Coding Scheme (MCS)

2425

8 10 12
Modulation and Coding St

14

cheme’

16 18
(Mcs)



effective

SIﬁR.

>

%.3

sifir

10°
0 1

10’



10

10 L - L
h SNk 2
effective
1. o
[t
b,
12F =TM2b
S _ ‘
6 8 10 12 14 16 18 2425
Modulation and Coding Scheme (MCS)
T T T 3. T T T T T T T T T T
161
Ei
Ty
14r-
—-—TMID, 2.5
12F | —=Tm1b
- iz,
Job |- o T2, 2
a -o- TM2b o
o e, 14
o s,
¢ TMEb

o
MDD ES

ey

20 22 24 25

g i 3
2okl

gt i,

6 8 10 12 14 16 18
Modulation and Coding Scheme (MCS)




0.3F

0.25

0.2t

MSE [dB]

0.15F

0.1F

6 8 10 12 14 16 18 20 22 2425
Modulation and Coding Scheme (MCS)



MSE

- . : . - : . - - 10 — - - : - . - :
‘:. Somsssmssssssssssssnes 10* =
‘ 4
10°
oI 20 a0 e 5éo 50 700 800 900 1000 R th) % 70 80 %0
10° T T T T
N —MCS 0
—MCS 9
MCS 10
—MCS 16
---MCs 17
\ ---MCS 22
10" 1
w
0
=
10°
10'1 L L L L L L L L L
0 1 2 3 4 5 6 7 8 9 10
b






























10






10

f(1 1);(1

1)g

10



ng =2
np =1
n

Yin = n 1aXint o1n ognXzntzi; n=1;20 N



1n

1

JJ Iin 1;njj

1n = argmax fj Iin jg
2P

1=[1
g2f 1, jg

In 2 Cl 2










































































































































































































































































































































