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ABSTRACT

As increase of IoT services in wireless communications, the performance evaluation is required to connects
massive number of devices in LTE-A system. Existing performance analysis of 3GPP TR 37.868 is shown the
limited results up to the number of devices only 30,000 in a cell. So, it is required the performance analysis
according to various parameter values in the greater number of devices environment. In this paper, to evaluate
the performance, we developed the new modules to simulate LTE-A random access procedures because of a limit
that accommodate massive number of devices in existing LTE module. The simulator was developed by OPNET
and it can support up to 100,000 devices per cell. This paper also represents the performance analysis results
according to the number of preambles, the maximum number of preamble transmissions, backoff indicator and
msg2 window size in the same environment with 3GPP TR 37.868. This results are expected to be utilized such

as the transition to 5G network and standardization activities.
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Table 1. Simulation parameters
Parameter Setting

Cell bandwidth 5 MHz
PRACH Configuration Index 6
Total number of preambles 54
Maximum number of preamble 10
transmission
Number of UL grants per RAR 3
Number of CCEs allocated for PDCCH 16
Number of CCEs per PDCCH 4
Ra-Response Window Size 5 ms
mac-Contention Resolution Timer 48 ms
Backoff Indicator 20 ms
HARQ retransmission probability for Msg3
and Msg4 10%
Maximum number of HARQ TX for 5%
Msg3 and Msg4

ko] 4= 5,00071, 10,0007H, 30,00070 2 A4}
o} & AlEHe A= Y FS SMHzE A e
37, PRACH configuration index& 622 #l3lo] =
= frame®] 1, 61 subframe¢ll PRACH7} &&=
Zo® Ak
°‘t‘&24—°5n LTE Al2=dlellx= Z 64709] 2]l
F 10709 Z2|UE-& n]AA 7]k RA ARRle®
ATE= 7S Hkedsle] AA 7|8 RAC) ASsl=
a]o = 7H 547Hi -;?_1;]_ r/}ul—o] za]oujﬂ_
S AFE 5 ol Slae Hd 1032, AE3lat
10@]7} 29| =9l RA AIS|E ghd¥iclh RA
response & UL grant §*= 371]°]2, subframe°i|4]
PDCCHE 913l %= & CCE /5= 167]0]H,
PDCCH 3P} CCE+= 4717} &mw]e] 7]A]5rellA
gk subframe 3 4712 PDCCHE $41% = ook =t
o] xeli-s $AIF F t7lshs AR Smsel
w, connection request WA|X]E 418 & d7]sk=
AR 48mselth whdo]l s AlZkE<t RA

Koub m1m

o |

7 2. Aol 45 A% At
Table 2. Performance verification result of simulator

response } contention resolution M AJA]E 413}

Fabd Ze|E-s o] $Algic)h Ze|oE AAES

Almslz] A di7)she AZRE #Hd 20ms ek

HARQ®] ZA A AdFo] WAL FE2 10%°]
o

o, A Hd 53744 A= 5

St AlEelolE

7Writel] Ba3k vlAx]] g Y A dA|Zhel] 7t A

X 3GPP TR 36.912"9¢] zr&

A=
& AlEEel el A E4E 917 e A%

A8, T8, BT Z29E AF S, 97 A
AZres AAsisinl o2 A el AR

1} =
Aelgl 790 5= | AA Z2)fP8 A 7]3]
o ZoE ZF 3145 RACN A3t whtel o
3led, RA AAE 38k st ZedES HE
g H3le

A Aad A7F : RAC AE3E vhadel] disle], A
5 Ze]QE-S AEe A3YE RAE k53 A

4.2 NE20lH HE
7R Al EEolEE o] gate] v whie] el

A 7122] LTE-A A=dlel| tid RAS] A% 712
Fesioiel. AlEele] #ES S$lsl 3GPP TR
37.868 4] Al Ewo]Ad Awfe} g} =0] ng3 A
Eelole"E & =l /et OPNET AlE#o]
elo] AlEwold Aot wlal BAsllet. whake]
7} 247t 5,0007Y, 10,00071, 30,00070 73--llA, A3

¢

o

J
4
& A, 4 Ao sl

N

T

o

I

WS o, o

H
RN

X]_L‘: x—]_:_ A-LJ? %% J:]—W— _Laloﬂ‘ﬂ

-

)
ol

|[EnE=Ed s

% 29} %t} 3GPP TR 37.868 412}
ko] 271 30,0007 W 58 A

mﬁ FH

Number of devices per cell
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Table 3. Simulation result

Number of devices per cell 10,000 | 20,000 | 30,000 | 40,000 | 50,000 | 60,000 | 70,000 | 80,000 | 90,000 | 100,000
Success probability (%) 100.00 | 73.17 | 32.62 | 19.34 | 13.00 | 9.73 | 7.57 | 615 | 513 | 435
Number of successful devices 10,000 | 14,634 | 9,786 | 7,736 | 6,500 | 5,838 | 5,299 | 4,920 | 4,617 4,350
Collision probability (%) 179 | 2333 | 4345 | 5254 | 5826 | 61.94 | 64.88 | 67.06 | 68.85 | 70.42
S:nrzﬁrs;(fnfwamble 175 | 315 | 326 | 3.8 | 3.19 | 3.14 | 3.17 | 315 | 3.15 | 3.17
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