DAFTARISI

LEMBAR PENGESAHAN BUKU CAPSTONE DESIGN .......ccccovoiiiiiiiiiaieninieseese e 1
LEMBAR PERNYATAAN ORISINALITAS ..ottt il
LEMBAR PERNYATAAN ORISINALITAS ..ottt il
LEMBAR PERNYATAAN ORISINALITAS ...ttt v
ABSTRAK ..ttt ettt et b ettt h et e at bttt e et et et \
ABSTRACT ...ttt ettt et ettt at et e b e e st e sa e e be et e satesbeenteeneenseenne vi
KATA PENGANTAR ...ttt sttt sttt s vii
DAFTAR ISttt sttt et st b et st b et s X
DAFTAR GAMBAR ...ttt ettt ettt et seebeenaesaeenseenseesaesseenns Xiv
DAFTAR TABEL ..ottt ettt sttt ettt sbe e XVi
DAFTAR SINGKATAN ...ttt sttt ettt et Xvii
BAB 1 USULAN GAGASAN. ...ttt sttt et sttt st s 1
1.1 Deskripsi Umum Masalah.............ccccoeviiiiiiiiiieiieieieeeeeie e 1

1.2 Analisis Masalah ..o 2

1.2.1  Aspek Teknologi dan Infrastruktur.............ccoeeeiiiieiiiiiiiiicee e 2

1.2.2  Aspek Keselamatan Operasional ..............ccocveeeviieeiiieeiiieeiee e e 2

1.2.3 ASPEK SOSIAL..c.iiiiiiiiiieieiieeeec e 3

1.2.4  Aspek LingKuNGan .......cooouiiiiiiiiiii e 3

1.2.5 Aspek Pengembangan Keberlanjutan .............ccccceeeeiiiiiiiiiiiie e 3

1.3 Analisis SOIUST yang Ada..........cocueeiiiiiiiiiieeiiecieee et 4

1.3.1 Penerapan GSM-R pada Whoosh KCIC............ccceeviiiiiiiiniiiiiiieciee e 4

1.3.2  Penggunaan Sistem Kendali Kereta CTCS-3 Pada Whoosh KCIC............... 4

1.3.3  Perangkat Hybrid MSTP untuk Integrasi Multi-System..............ccc.ccouueeune.... 5

1.4 Tujuan Tugas AKNIT .......ccoiiiiiiiiicii et 5

1.5 Batasan Tugas AKNIT........coooiiiiiiiiiiiicc e e 5



1.5.1 Wilayah Perancangan.............ccccceecuieviiinieinieniieeneeeieeseeeieesreesieeeveessneeneens 6

1.5.2 Penggunaan Sitem KomuniKasi .........ccccceeeeiiieiiiiieiiieeieeeee e 6
1.5.3  Spesifikasi Jaringan LTE-R .......cccccoooiiiiiiiiiiicceeeeeee e 7
BAB 2 TINJAUAN PUSTAKA ... oottt 9
2.1 Kereta Cepat Whoosh KCIC.........ooouiiiiiiiiiiicee e 9
2.1.1  Deskripsi Fisik Whoosh KCIC ..........ccccoeiiiiiiiiiiniieieeeeeeeeeeeeee e 9
2.1.2  Deskripsi Jalur Whoosh KCIC............ccciiiiiiieiiiieieecieeeee e 10
2.2 Komunikasi Nirkabel.........ccccoieviiiiiniiiiiiiicicieeeceeeee e 11
2.2.1  Long Term Evolution for RATIWAYS ............ccccceeeeveeieeeiieeieeiiesiiesiiesieeenes 11
2.2.2  Peralihan GSM-R ke LTE-R.....cccccociiiiiiiiiiiiiiieiceeeeeese e 13
23 Coverage PIANNING .........ccccooviiiiiiiiieieesie ettt 16
2.3.1 Perangkat Lunak AtOll........ccooviiieiiiiiiiiecciee e 17
2.3.2  LiNK BUAZEL ...ttt et e staa e e naeeeaaeeen 17
233 Cll RAAIUS ...t 18
2.3.4 Penggunaan Model Propagasi..........coceeeeveriieniinieniinicnienieieseeeeeeeeene 18
2.3.5 Perhitungan Luas Sel dan Jumlah Site............ccccoccooiiiininni 19
2.4 Capacity PLANNING ........cccuveeeeiieeiie e e etee et e et eaae e e saae e e aae e eaaaeeens 20
241 NUIMDEE Of USEFS ...eeeeeeeiieeiieeieeieeeee ettt ve e e snseennees 21
242 Service Model...............coccooouiiiiimiiiiiiiiiiieeteeeeeee s 21
243 Traffic MOdEL ............ooooeeeeeeeeeieeeciee et sae e 21
2.4.4  Single User Throughput (SUT)...cooociiiiiiiiiiiieiieeeeeee et 22
2.4.5  NetWork TREOUZAPDUL .........c...oeeeeueeeeciieeiieeesieeeeieeeeieeeeveeeeteessiveesnveessaaeeens 22
2.4.6  Cell Average TRrOUZGAPUL.............cccceeeicvieeeciieeeiieeeieeeeieeeeieeeeveeeeaeeesveeens 22
2.5 DFIVE TOST ..ottt 23
2.5.1 Perangkat Lunak G-Net Track Pro ......c..ccocoeceviininniniiniiiieeceeene 24
2.6 Parameter Kinerja Jaringan...........cccoeeieiiieniieeiiienieeieeeie et 24
2.6.1 Reference Signal Received Power (RSRP).......ccccoevviiviiniiiniiiieieeeeee, 24

xi



2.6.2  Signal to Interference-Noise Ratio (SINR)........cccceevvieviinciiiniiiiiereeeeeeenn 25

2.6.3  TRFOUGAPUL ...ttt e et e et e et e eneeeeneeeeas 26

2.6.4  Bit Error Rate (BER) ......coooiiiiiiiiee ettt 27

BAB 3 SPESIFIKASI DAN DESAIN SISTEM ....oooiiiiiiiiiieiiiieceeee et 29
3.1 SPesifikasi SISEEM ....eecuiieiiieiiieiie e 29

3.1.1  Spesifikasi Perancangan Jaringan LTE-R.......c..cccccoociniiniininnininninne 29

3.2 DESAIN SISTEM.....uiiiiiiiieciie ettt ettt e et e e e e sareeeaaeeeareeetaeeeasaeas 32

3.2.1 Deskripsi Umum Desain SiStem .........ccccveiiieiieeiiienieeiienieeiee e esee e 33

3.2.2  Flowchart Perancangan Jaringan LTE-R............cccoociiiiiniiiniiniiceee, 35

33 Metode Pengukuran yang Sesuai dengan Solusi Terpilih............ccocovveiienii. 36

3.3.1 Metode Pengukuran Drive TeSt ......c.couvueeeeceeeiiueeeiieeesieeeeieeeeieeesneeeeneeeens 36

3.3.2 Metode Pengukuran pada Perancangan LTE-R..........ccccooviiiiiiiiiiinininnns 38

BAB 4 IMPLEMENTASI ...ttt sttt 42
4.1 Deskripsi Umum Implementasi ..........cccveeevieieiiieeniieeiee e 42

4.2 Detail IMplementasi .......cccvevveeiiriiriiiirieseeeeteeeeeee et 43

4.2.1 Pemetaan Jalur Whoosh KCIC ..., 43

4.2.2 Pemantauan Kualitas Sinyal di Sepanjang Jalur............cccccccoveevivienciennnneen. 46

4.2.3  Perhitungan Coverage Planning LTE-R.........cccccccoeviiviiiiiiniieieeieeieeee, 59

4.2.4  Perhitungan Capacity Planning LTE-R.........ccccooevviiniiniiiiieieeee e, 63

4.3 Prosedur Pengoperasian SOIUSI........c.cevvviiiriieiiiieeieeeiee e 65

4.3.1 Prosedur Pengoperasian Pengujian Kualitas Sinyal ...........cccceevivieniinnnnnen. 65

4.3.2  Prosedur Pengoperasian Perancangan LTE-R Pada Whoosh KCIC............ 71

BAB S PENGUILAN ...ttt ettt et sttt et ettt e eneesaeenees 86
5.1 Skema Pengujian SiSteM........cc.ceeviiieiiiiiiiie et e 86

5.1.1  Tujuan Pengujian SISTEM .........ceecveeriiiiiiieiieeiieneeeieeere et ereeseee e seeeeeeens 86

5.1.2  Parameter Pengujian SiStEIM .......ccccoceeiiiierieeiiieniieeiieeie ettt 86

5.1.3 Lokasi dan Waktu Pengujian SiStem ...........ccccevveieiiieniiiniieniienieeieesiieeiene 89

xii



5.1.4  Pihak-Pihak TEIIIDAt .....ooveeeeeeeeeeeeeeeeeeeeeeeeeee e eeeeeneeene &9

5.2 Proses Pengujian dan Analisis Hasil..........cccoooiiiiiiiiiniieeee, 90

5.2.1 Proses Pengujian dan Analisis Hasil Simulasi LTE-R ............cccccooceennne. 90

5.2.2 Rangkuman Hasil Realisasi Pengujian ............ccccoeeveviieiiieniienienineieeen. 115

BAB 6 KESIMPULAN DAN SARAN ..ottt 117
6.1 KeSTMPUIAN ...ttt ettt et s enee 117

0.2 SATAI ..ottt ettt e ettt e et e ettt e e bt e e et e e e bt e e e bt e e et e e sbbeesbteeeaaee 121
DAFTAR PUSTAKA ...ttt ettt ettt ettt s 122
LAMPIRAN BAB 4 ...ttt ettt ettt sttt 127
LAMPIRAN BAB 5 .ttt ettt st 149
LAMPIRAN DOKUMENTASI ..ottt ettt e e 152

Xiii



