Rural MikroTik Wireless Project
[Mapping, Design & Alignment]
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About Me

e 1974 -Bornin Trenggalek

e 1999 - Graduated Electronic Eng. Universitas
Muhammadiyah Malang

e 1999 - Start Working in Wireless Internet
Service Provider (WISP)

e 2004 — Using MikroTik
e 2006 - PT. Spectrum Indowibawa, Surabaya

 Technical & Training Manager
 MikroTik Certified Trainer
 MikroTik Academy Coordinator
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About Spectrum )

Network Infrastructure Unit

* Reseller Wireless & Router Equipment
* MikroTik

* Consultant

* Certified Training Partner

* Network System Integrator
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Challenge...

Link Possibility

Heigh of tower

Equipment type

Efficiency (Time, Material, Resource)
Accuration



Step to Do

Mapping
— Special tools for Radio Analisys
Topology

— PTMP, PtP
— RING, STAR or MESH

Link Budget
— Device choice

Installation
— Efficient & Accurate



Mapping

e Software Tools
— Special for Radio Signal Analysis
— Matrix Connection Possibility Support
— Wireless Network Report
— Polar Coverage Support
— Radio Link Report



Matrix Connection Possibility Map

* Possibility Link beetween sites
— Grouping Sites as Cell Network
— Point as Center of Cell

— Link as BackBone to other site



Refference Parameter

* Assume
— Max Tower height : 30 m
— Antenna Gain : 30 dBi
— Antenna Beam : 360° (Omni)
— Tx power : 23 dBm

— Receive Sensitivity : -90 dBm



Sotware Tools

..\nusa penida fix.net - Radio Mobile - [..\bali tv.jpg]
D] File Edit Yiew Tools Options Window Help Stop

CEEEA @QQlks DA & 2B OLK-R WOOHNRSHR

About Radio Mobile

Radio Mobile

Yersion 11.6.5
Windows 0S Session codepage=1252

Radio Propagation and Yirtual Mapping Freeware
1d=842467BF

By Roger Coude YE2DEBE

Free Memory:

755/1023 MB

http://www_cplus.org/rmw/english1_html

http://www_ve2dbe.com/english1_html

|Ready |08°44'40"S 115°42'49"E X=762 Y=257 Om
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Matrix Connection Map

Gili Trargji

Sanur
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Wireless Networks Report

# 01020304050607 03091

01 82733387030703078

0282 3908393323232 32 3l
037330 738310111010 74
04938373 930708071274

0587338333 151616193

060932100715 3939396 24
070732110816383 97 92 24

0809321007163397 962
030732101219369236 3

131913021811 01 01 01 01 2
14171304171001 01 01 01 24

158134308589613131313993
16807085839316161717 3
1729171431 1608170601 3

182918123418021001 01 3
192919153318 04 1203 01 34

201411 06131001 0101012

21 77 80 58 84 82 46 44 46 46 5f

Quality = 50 - number of resend

11121314151617 18139 20 21 Role:
/7 301917 81 80 23 29 2914 77 Master
8216131394 7017181911 80 Master
/601 0204 308514 12 15 06 58 Master
76 34 1817 88 83 31 34 33 13 84 Master
7141110969316 18 18 10 82 Master
730101011316 08 0204 01 46 Master
A2 01011316171012 01 44 Master
730101011317 0601 0301 46 Master
720101011317 010101 01 46 Master

117782767677 7373737274 | 71 77 77 93 Master
7849 98031005 06 04 57 35 Master
784698 090901 01 01 99 32 Master
f50909 972022 22 09 84 Master

3100997 141617 1084 Master
705012014 999901 44 Master
70601221699 9901 46 Master
9040122179999 01 47 Master

§95793031001 0101 27 Master

6353205484 44 46 47 27  Master

www.spectrumindo.com

System:

Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB

Antenna:
30.0m
30.0m
50.0m
30.0m
40.0m
30.0m
30.0m
30.0m
30.0m

30.0m
30.0m
30.0m
30.0m
30.0m
30.0m
30.0m
30.0m
30.0m



Center of Cell Coverage

R
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Fix Wireless Network Report

# 01020304050607058091011121314151617 1813 20 21 Role:

01
02
03
04
05
06

1M 7782767677 7373737274
12
13
14
15
16

Quality = 50 - number of resend

77
82
/b
/b
7
73
73
73
72
74

60
78
78
71
77
78
61
77
77
33

Slave
Slave
Slave
Slave
Slave
Slave
Slave
Slave
Slave
Slave

B0 7878 71 77 7861 77 77 93 Master

Slave
Slave
Slave
Slave
Slave
Slave
Slave
Slave
Slave
Slave

www.spectrumindo.com

System:

Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB
Simulasi Omni-30dB

Antenna:
30.0m
30.0m
50.0m
30.0m
40.0m
30.0m
30.0m
30.0m
30.0m
30.0m
47 5m
30.0m
30.0m
30.0m
30.0m
30.0m
30.0m
30.0m
30.0m
30.0m
30.0m



Radio Link Report

bzimuth=272.77°
A PathLoss=145.5dB

Elev. angle=-0.932°
E field=59.0dBpv/m

rance at 0.65km
R level=-63.5dBm

— Transmitter

[ — — — — — — — e a—— e 09+30

Worst Fresnel=4. 7F 1
Rx level=149 95py

Distance=37.94km
Rx Relative=26.5dB

— Receiver

[ — — — — — — — e a—— e 09+30

|Puncak Repeater Ll INDC LI
Role Master Role Master

Tx system name | simulasi Ormri-300Bi x| || R system name | Simulasi Omni-300Bi =~
T power 0.1995w 23 dBm Required E Field 32.52 dBpV/m

Line loss 05dB Antenna gain 30 dBi 27.8 dBd LI
Antenna gain 30 dBi 27.8dBd ;I Line loss 0.5dB

Radiated power EIRP=177.83w  ERP=108.43W R sensitivity 7.0795p 30 dBm

Antenna height (m] [z | +|  Undo | Antenna height (m] [40 =l unds |

www.spectrumindo.com




Topology

www.spectrumindo.com



Point to Point
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Point to Multipoint

www.spectrumindo.com



Project Requirement

* Throughput Client Allocation

* Max Tower Height each site
— Device Type
— Topology
— Cell Capacity



Device Selection

Long / Short Distance
— Tx Power
— Antenna Gain

Wind Load

— Wide/Narrow Antenna Reflector
— Solid/Mesh Reflector

* Throughput Capacity

— Protocol 802.11a/b/g/n/ac
Type of Tower

— Monopole

— Guy Wire

— Self Standing Tower



Radio Selection Methode

Azimuth=52.78° Elev. angle=-0.698" Clearance at 62.66km Worst Fresnel=3.5F 1 Distance=63.80km l
| PathLoss=161.7dB E field=42.9dBpV/m Rx level=-73.7dBm Rx level=23.28pY Rx Relative=10.3dB

A A
Clearance at 62.66km Worst Fresnel=3.5F1 Distance=69.80km
Rx level=-79.7dBm Rx level=23.280Y SOM | R= Relative=10.3dB

Radiated power EIRP=177.83%  ERP=108.43W R sensitivity 7.0795py -390 dBm

Antenna height (m) [475 _I ;I Undo | Antenna height (m) [30 _l Ll Undo |

www.spectrumindo.com



Product Approach Selection Methode

* Antenna Gain: 30dBi

* TXx power : 23dBm

* Rx Signal . -79dBm

* Sighal Operating Margin Minimum: 5dbm
— Device Type?
— Maximum Data Rate?
— Maximum Throughput?



Device Option #1

e Antenna mMANT30 @;Q
e Radio: BaseBox 5 - chain ZXZ\' -
— RB912UAG-5HPNnD-OUT " -
Wireless specifications
5 GHz
Transmit (dBm) Recelve Sensitivity
6MBit/s 30 -06
54MBit/s 27 -78
MCSQ 30 -06
MCS? 26 <75 ]

W opeeera oo com



Tx Power=26dBm, Sensitivity=-75dBm
Adjustment

Azimuth=52.78°
I PathLoss=161.7dB

_____
- -

Tx system name

Tx power

Line loss
Antenna gain
Radiated power

Antenna height [m]

.......

Clearance at 62.66km
Rx level=-76.7dBm

Elev. angle=0.695
E field=45.9dByv/m

"""""
......

K e RN L —

Clearance at 62.66km
R level=-76.7dBm

......
_____
------
- -

'''''

------

Worst Fresnel=3.5F1
Rx level=32. 88|N

Simulasi Omni-30dBi

0.3981 W
0.5de

30 dBi
EIRP=354.81 W

[475 | +«|  Unde |

Worst Fresnel=3.5F 1
Rx level=32.88pY

Distance=59.80km
Rx Relative=-1.7dB

,,,,,
-------
.....

-

-

o
- -

Distance=69.80km
R= Relative=-1.7dB

I Simulasi Omni-30dBi v I

v R system name
26 dBm Required E Field
Antenna gain
278ded _+| || Lineloss
ERP=216.35'W R sensitivity
Antenna height [m]

4752 dByi/m
30 dB 278dBd  _+|
05 dB

398107 75 dBm

BT |+ undo |

www.spectrumindo.com



MCS 802.11ac 2x2

Modulation and coding schemes
Data rate (in Mbit/s)[")[]

MCS | Spatial Modulation Coding
20 MHz channels 40 MHz channels 80 MHz channels 160 MHz channels

index!2 | Streams type rate
800 ns Gl | 400 ns Gl | 800 ns Gl | 400 ns Gl | 800 ns Gl | 400 ns Gl | 800 ns Gl | 400 ns GI
0 2 BPSK 1/2 13 14.4 27 30 58.5 65 17 130
1 2 QPSK 1/2 26 28.9 54 60 117 130 234 260
2 2 QPSK 3/4 39 43.3 81 80 175.5 195 351 390

4 2
| 5 2
6 2 64-QAM 3/4 117 130.3 243 270 526.5 585 1053 1170
7 2 64-QAM 5/6 130 144.4 270 300 585 650 1170 1300
8 2 256-QAM | 3/4 156 173.3 324 360 702 780 1404 1560
9 2 256-QAM | 5/6 N/A N/A 360 400 780 866.7 1560 1733.4

www.spectrumindo.com



Link Estimation Troughput

e Antenna mANT30, 30dBi

e Radio: BaseBox 5 - chain 2x2
— RB912UAG-5HPNnD-OUT
* Tx power: 26dBm

* Rx Signal: -76.7dBm ~ MCS 4
e Data rate Max: 180 Mbps

* Throughput Max: 0.5x180 = 90 Mbps



Antenna Gain=34dBi Adjustment

Azimuth=52.78°
| PathLoss=161.7dB

Tx power

Line loss
Antenna gain
Radiated power

Antenna height [m)

Elev. ang|e=~l].89§’
E field=43.9dBpV/m

Clearance at 62.66km
R level=-68.7dBm

nulast Jmni-30dBi
0.3981 W
05de
34 dBi
EIRP=891.25 W

W _I LI Unda I

26 dBm
31.8d8d  +|
ERP=543 45w

R system name

Required E Field
Antenna gain
Line loss

Rx sensitivity

Antenna height [m]

Worst Fresnel=2.5F 1
Rx level=82.58pY

Distance=69.80km
R« Relative=6.3dB

Distance=69.80km
R= Relative=6.3dB

43.52 dBpV/m

34 dBi 31.8d8d  +|
0.5 dB
398107 75 dBm

Y [ T

www.spectrumindo.com




MCS 802.11ac 2x2

Modulation and coding schemes
Data rate (in Mbit/s)[")[]

MCS | Spatial Modulation Coding
20 MHz channels 40 MHz channels 80 MHz channels 160 MHz channels

index!2 | Streams type rate
800 ns Gl | 400 ns Gl | 800 ns Gl | 400 ns Gl | 800 ns Gl | 400 ns Gl | 800 ns Gl | 400 ns GI

0 2 BPSK 172 13 14.4 27 30 58.5 65 117 130

1 2 QPSK 1/2 26 28.9 54 60 117 130 234 260

2 2 QPSK 3/4 39 43.3 81 90 175.5 195 351 390

3 2 16-QAM 12 52 57.8 108 120 234 260 468 520

4 2 16-QAM 3/4 78 86.7 162 180 351 390 702 780

5 2 64-QAM 2/3 104 115.6 216 240 468 520 936 1040

- 4 ' 117 ' 1

7 2 64-QAM 5/6 130 144.4 650 1170 1300
8 [2 1 256-QAM | 3/4 1156 1173.3 1324 | 780 11404 11560

9 2 256-QAM | 5/6 N/A N/A 360 400 780 866.7 1560 1733.4

www.spectrumindo.com



Link Estimation Troughput

* Antenna 34dBi

e Radio: BaseBox 5 - chain 2x2

— RB912UAG-5HPnD-OUT
* Tx power: 26dBm
e Rx Signal: -68.7dBm ~ MCS7
e Data rate Max: 300Mbps
* Throughput Max: 0.5x300 = 150 Mbps



Device Option #2 4

 Antenna mANT30 ‘?@
 Radio: NetMetal 5, chain 2x2% " -

— RB921UAGS-5SHPacD-NM || ~
Wireless specifications
5 GHz

Transmit (dBm)

6MBit/s 31
54MBit/s 29
MCS0 31
MCS7 29

Recelve Sensitivity

-96

-81

-06

77

[ MCS9 25

-72 ]




Tx Power=25dBm Rx Sensitify=-72dBm
Adjustment

[Ezimuth=52.78 Elev. angle=-0.698" “Clearance at 62.66km Worst Fresnel=3.5F 1 Distance=69.80km
| PathLoss=161.7dB E field=44.9dBpV /m Rx level=-77.7dBm Rx level=29.30pY Rx Relative=-5.7dB

| v v e 77 r - _ —
Clearance at 62.66km Worst Fresnel=3.5F1 Distance=63.80km
Rx level=-77.7dBm Rx level=29.30pY Rx Relative=-5.7dB
Hole :

Tx system name | Simulasi Omni-30d8i v| | | Rxspstem name | Simulasi Omni-30dBi |

Tx power 0.3162W 25 dBm Required E Field 50.52 dBpt/m

Line loss 0.5dB Antenna gain 30 dBi 27.8 dbd ﬂ

Antenna gain 30 dBi 27.8 déd ;l Line loss 0.5dB

Radiated power EIRP=281.84  ERP=171.85'W Rx sensitivity 56.2341pv -72 dBm

Antenna height [m) |4?.5 J _+] Unda | Antenna height [m) |30 _.I ﬂ Undo |

www.spectrumindo.com



MCS 802.11ac 2x2

Modulation and coding schemes

Data rate (in Mbit/s)[")[]

MCS | Spatial Modulation Coding
indexi?! | Streams e rate 20 MHz channels 40 MHz channels 80 MHz channels 160 MHz channels |
800 ns Gl | 400 ns Gl | 800 ns Gl | 400 ns Gl | 800 ns Gl | 400 ns Gl | 800 ns Gl | 400 ns GI
0 2 BPSK 172 13 14.4 27 30 58.5 65 117 130
| 1 2 QPSK 1/2 26 28.9 54 60 117 130 234 260
| 2 2 QPSK 3/4 39 43.3 81 90 175.5 195 351 390
| 3 2 ' 16-QAM 1/2 52 57.8 108 120 234 ‘bﬁGB 520 |
I 4 2 16-QAM 3/4 78 86.7 162 180 351 390 02 780
[ [2 64-QAM | 23 | 104 1115.6 1216 1 240 1 468 36 1 1040
6 2 64-QAM 3/4 117 130.3 243 270 526.5 585 1053 1170
| 7 2 64-QAM 5/6 130 144.4 270 300 585 650 1170 1300
8 2 256-QAM | 3/4 156 173.3 324 360 702 780 1404 1560
| 9 2 256-QAM | 5/6 N/A 360 400 780 866.7 1560 1733.4

www.spectrumindo.com
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Link Estimation Troughput

 Antenna mANT30

e Radio: NetMetal 5, chain 2x2

— RB921UAGS-55HPacD-NM
 Tx power: 25dBm
e Rx Signal: -77.7dBm ~ M(CS4
e Data rate Max: 390Mbps
* Throughput Max: 0.5x390 = 195 Mbps



Antenna Gain=34dBi Adjustment

[Azmuth=52.78° Elev. angle=-0.698" Clearance at B2.66km  wWorst Fresnel=3.5F 1 Distance=63.80km
| PathLoss=161.7dB E field=48.9dBp¥ /m Rx level=-69.7dBm Rx level=73.60pY Rx Relative=2.3dB

N . ff

Clearance at 62.66km Worst Fresnel=3.5F1 Distance=63.80km

R level=-63.7dBm Ry level=73.60pY Rx Relative=2.3dB
Gole v aster Hole
Tx system name Simulasi Omni-30dBi _| Rx system name Simulasi Omni-30dBi
Tx power 0.3162W 25 dBm Required E Field 46.52 dBp/m
Line loss 0.5dB Antenna gain 34 dBi 31.8 dBd ;I
Antenna gain 34 dBi 31.8 dBd LI Line loss 0.5dB
Radiated power EIRP=707.95w  ERP=431.68W Rx sensitivity 56.2341pY -72 dBm

Antenna height (m) |47.5 _I LI Undo | Antenna height (m) |3U _I ;I Undo |

www.spectrumindo.com



MCS 802.11ac 2x2

Modulation and coding schemes
Data rate (in Mbit/s)[")[]

MCS | Spatial Modulation Coding
20 MHz channels 40 MHz channels 80 MHz channels 160 MHz channels

index!2 | Streams type rate
800 ns Gl | 400 ns Gl | 800 ns Gl | 400 ns Gl | 800 ns Gl | 400 ns Gl | 800 ns Gl | 400 ns GI

0 2 BPSK 12 13 14.4 27 30 58.5 65 117 130
1 2 QPSK 12 26 28.9 54 60 117 130 234 260
2 2 QPSK 3/4 39 43.3 81 90 175.5 195 351 390
3 2 16-QAM 12 52 57.8 108 120 234 260 468 520
& 2 16-QAM 3/4 78 86.7 162 180 351 390 702 780
5 2 64-QAM 2/3 104 115.6 216 240 468 520 936 1040
6 2 64-QAM 3/4 117 130.3 243 270 526.5 585 1053 1170

- ' 144 4
8 2 256-QAM | 3/4 156 173.3

3 [2 1 256-QAM | 5/6 [ NA | NA

www.spectrumindo.com



Link Estimation Troughput

* Antenna 34dBi

e Radio: NetMetal 5, chain 2x2

— RB921UAGS-55HPacD-NM
 Tx power: 25dBm
e Rx Signal: -69.7dBm ~ MCS8
e Data rate Max: 780Mbps
* Throughput Max: 0.5x866.7 - 390 Mbps



Antenna Alignment
\\. ,» | *

N 1" . N .

E
1
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Direction Antenna Type

LHG5

MANT30

L ANARRR R
MR

O

,t\(// AR R
SRR SN
GO SRR

NSRRI ARRRRR NS
\ ANRARR

s
5
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Azimuth & Elevation

« Azimuth
— Horisontal Antenna Beam

 Elevation
— Vertical Antenna Beam

Azimuth=52.78° Elev. angle=-0.695"
PathLoss=161.7dB E field=43.9dBpY /m

www.spectrumindo.com



mANT30 Specification ™™™

. | ; .
Electrical Specifications - ”
Frequency Range 4.7-5.875 GHz \ /
Gain 30 dBi typically

ixal and Horizontal)

3dB Beamwidth +/-2.5 deg
Standards | Complies with EN 302 326 DN1, DN2, DN3, DN5 A
VSWR £14 typ,=1.8 max
Port to Port Isolation >40dB min - -
Front-to-Back Ratio >30 dB .
Cross Polarization >40 dB Vertical polarization
Power Rating 100 watts
Impedance 50 ohms ) 11\ :
Elevation adjustment range :;: fg zg ::gzg:ggjgg?;p‘] 0'- 'i

- r!" “1

- &A S

www.spectrumindo.com



Tools

 Compass
* |nclinometer

www.spectrumindo.com



Azimuth

 Direction to remote site

SIGHTING A LENSATIC COMPASS

=

N

www.spectrumindo.com



Direction Alignment #1

* Azimuth Data as refference [52.78°]
* As close as possible to the tower
 Compass paralel water level

» See viewfinder, rotates body, untill index
line in the direction of the azimuth 52.78°

» Take object inline with Azimuth as
reference

» Adjust antenna direction to the object




T eI AT TN WS W

How To Sighting

www.spectrumindo.com



Reading Compass

SIGHTING A
LENSATIC
COMPASS

www.spectrumindo.com



Sighting Object

65° AZIMUTH

(11.5m = 1,150mils)

www.spectrumindo.com



Centre Beam Direction

Top view

Tail lobe

‘O\



Direction Alignment #2

e Reverse Direction Methode

e 2 person incharge:
— Tower Man
— Supervisor Direction



Reverse Direction Alignment

52.78°

www.spectrumindo.com



MANT30 Type Alignment

www.spectrumindo.com



ignment

a2y
7/
o,

LHG Type Al
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Antenna Elevation

http://
www.spectrumindo.com



Complete LHG5 Alignmet

www.spectrumindo.com



Questions

www.spectrumindo.com



Thank You...

muhti@spectrumindo.com
+62 81-334-487-088

www.spectrumindo.com




