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ANEXO 01: ANEXO DE MEDICIONES PREVIAS PARA
ANALISIS DE LA COBERTURA ACTUAL
El presente anexo contiene las mediciones de cobertura realizadas a la agencia de viajes

de Miraflores, estas mediciones han sido tomadas antes de la instalaciéon de la solucién
indoor. Se tomaron medidas de RSCP, EcNo y Scrambling code.

1. Plots de cobertura de RSCP
Se muestran los niveles de RSCP para los ambientes del Edifcio CEM2 y CEM 1 de
la Agencia de viajes

1.1 Edificio CEM 2:
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Figura 1.1: RSCP indoor edificio CEM2 so6tano 1.
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Figura 1.3: RSCP indoor edificio CEM2 piso 2

Tesis publicada con autorizacién del autor
No olvide citar esta tesis




- PONTIFICIA
TESIS PUCP 82‘4‘61'}2'5"“’

DEL PERU

1.2 Edificio CEM 1:
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Figura 1.4: RSCP indoor edificio CEM1 piso 1
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Figura 1.5: RSCP indoor edificio CEM1 piso 2

2. Plots de cobertura de EcNo (dB)
Se muestran los niveles de EcNo para los ambientes del Edifcio CEM2 y
CEM1 de la Agencia de viajes.

2.1 Edificio CEM 2:
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Figura 1.6: EcNo indoor edificio CEM2 sétano 1

Tesis publicada con autorizacién del autor
No olvide citar esta tesis




- PONTIFICIA
TESIS PUCP gz_:_\éel_r:g?/\o

DEL PERU

s it : e . —
|.'.|'| CRU T O e g ] yt! o "iE] " ;_9'»3 /
. ! ol i}
-l ) '“\.
g 7 ..-‘-'J-.—
B
"H.\_h.v____..--"' =
. "';: fr".._‘_ 3
EcNo (dB) r”‘i‘“‘j‘ﬁ%”r’, o
c=Dad==4 H g
«bard 2= 8
< B and == -0 L
DEEUE R
£ 42 and == -14 _
4 14 and == -16
4 1€ and == 28
|
I
LI -
L)t
Figura 1.7: EcNo indoor edificio CEM2 piso 1
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Figura 1.8: EcNo indoor edificio CEM2 piso 2
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2.2 Edificio CEM 1:
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Figura 1.9: EcNo indoor edificio CEML1 piso 1
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Figura 1.10: EcNo indoor edificio CEML1 piso 2
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3. Plots de cobertura de Scrambling Code
Se muestran las mediciones de Scrambling Code para los ambientes del
Edifcio CEM2 y CEM1 de la Agencia de viajes.

3.1 Edificio CEM 2:
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Figura 1.12: Scrambling Code indoor edificio CEM2 piso 1
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Figura 1.13: Scrambling Code indoor edificio CEM2 piso 2
3.2 Edificio CEM 1:
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Figura 1.14: Scrambling Code indoor edificio CEM1 piso 1
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Figura 1.15: Scrambling Code indoor edificio CEM1 piso 2
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ANEXO 02: ANALISIS DE DISTANCIA RELATIVA DE LAS
ESTACIONES BASES CERCANAS

El presente anexo contiene las mediciones de nivel de sefial RSCP a nivel externo hacia
las estaciones bases cercanas a la Agencia de viajes, del mismo modo; contiene las
mediciones de nivel de sefal promedio a nivel interno.

1. Niveles de sefal externa
1.1 Recorrido hacia estacién Pardo

Se muestran los niveles de cobertura y fotos de las caracteristicas externas hacia la

estaciéon Pardo
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R:- CQ

Latitude:-12.12017

Altitude:116m Ground:Om
DL: Okbps
Claro-HSPA IDLE

ing tim

fall W 1215

Operator: Claro
MNC:10
LID:20207 PSC:78
CNO:- Lo L
1de-77.03588
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Figura 1.1: Niveles de sefial hacia estacion Pardo.
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Figura 1.2: Toma 1 hacia estacion Pardo.

Figura 1.3: Toma 2 hacia estacion Pardo.
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Figura 1.4: Toma 3 hacia estacion Pardo.

1.2 Recorrido hacia estacion Berlin
Se muestran los niveles de cobertura y fotos de las caracteristicas externas
hacia la estacién Berlin
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Figura 1.5: Niveles de sefial hacia estacién Berlin
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Figura 1.6: Toma 1 hacia estacion Berlin

Figura 1.7: Toma 2 hacia estacion Berlin
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1.3 Recorrido afuera de la Agencia de viajes
Se muestran los niveles de cobertura y fotos de las caracteristicas externas en
las afueras de la agencia de viajes.

Claro 53 [ C 36 p. n Claro [a] 163 B

g| &)
Operator: Claro Operator: Claro
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ude-77.03694 atitude=12.11994 itude:-77.03691 atitude-12.11956
NW acy:GPS off! Speed:0km/h NW acy.GPS off!
Ground:0m Height:0m Altity Ground:0m
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Figura 1.8:
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Figura 1.10: Toma 2 afueras de la agencia de viajes

2. Nivel de senal promedio a nivel interno
Se muestran los niveles de sefal para los diferentes ambientes a nivel interno
de la Agencia de viajes.
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CEM 2
NOMBRE DE LA EMPRESA AMBIENTES DE LA EMPRESA  Piso/Sotano Z: g;:" ECIO Solo 3G ;:1’::::;";2";
AGENCIA DE VIAJES Recepcion - 1 1 -100 -13 Mala
AGENCIA DE VIAJES Administracion - 2 1 -100 -12 Mala
AGENCIA DE VIAJES Sistemas - 3 1 -99 -14 Mala
AGENCIA DE VIAJES Cuentas Comerciales - 4 1 -94 -16 Regular
AGENCIA DE VIAJES Contabilidad - 5 1 -100 -10 Mala
AGENCIA DE VIAJES Recepcion -6 1 -72 -11 Buena
AGENCIA DE VIAJES Interagencias Counter - 7 1 -84 -14 Regular

Counter Administrativo Web -

AGENCIA DE VIAJES 8 1 -72 -10 Buena
AGENCIA DE VIAJES Operaciones - 9 sotano 1 -104 -8 Mala
AGENCIA DE VIAJES Administracion - 10 sotano 1 -92 -14 Regular
AGENCIA DE VIAJES Seguridad - 11 sotano 1 -90 -15 Regular
AGENCIA DE VIAJES Data Center - 12 sotano 3 no no no
AGENCIA DE VIAJES Reservas Interagencias - 13 2 -72 -12 Buena
AGENCIA DE VIAJES Promociones - 14 2 -86 -12 Regular
AGENCIA DE VIAJES Reservas - 15 2 -70 -9 Buena
AGENCIA DE VIAJES Entrada - 16 1 -72 -10 Buena

Promedio -87

Figura 1.11: Niveles de Sefal Edificio Jorge Chavez 154
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Jorge Chavez 162

-CEM 1

NOMBRE DE LA AMBIENTES DE LA Piso/Sotano 3G dato | ECIO Solo Llamada 1 min.

EMPRESA EMPRESA en Dbm Procede en 3G?
AGENCIA DE VIAJES Ventas - 1 1 -73 -10 Buena
AGENCIA DE VIAJES Productos - 2 1 -76 -12 Buena
AGENCIA DE VIAJES Hall - 3 1 -82 -14 Regular

AGENCIA DE VIAJES Entrada - 4 1 -100 -16 Mala
Promedio -83

Figura 1.12: Niveles de Sefal Edificio Jorge Chavez 162
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ANEXO 03: ANEXO DE EQUIPOS

Se presenta en este anexo las hojas de datos de los equipos utilizados en el despliegue

de la red.

N AtPiesecre

| Indoor Panel Antenna 698-2700 MHz

NE

Product Descripbon
This panel antenna is spec

building

caly
LTE'COMABDO'GSMO00'GSM1800/3G and WLAN services. The antenna is constructed from
l@m%mﬂswtbbb@ mounting The off-white radome blends easdy into most

« LTE ready ( T00MHz and 2600MHz bands )

* Broadband, coverage 698 to 2T00MHz

* UV stable ABS radome

* Aesthetically designed, compact and light weight
* Low VSWR, High gain, Stable performance

for broadband in-building distnbution of =

|

Ingdoor Panal Antenna

608-080/1710-2700

Number of Input Ports 1
Connectors N
Input Connector Type N female
Impedance. Ohm 50
VEWR (50 Ohm) <2.0 (628-808), < 2.2 (B06-0060). < 1.5 (1710-Z700)
Total input Power, W 50, max.
Gain, dBi 7.0 (B28-060), 10 (1710-2700)
Polarzabon Verbcal
£| Forzonal Beamwdih, deg TOR0
| Vertcal Beamwidth, deg =545
‘E Connector Cable, mm (in) 150 (5.90)
& Racome Matenal ABS
§| Radome Color White
F| Mounting Hardware induded Wall bracket, screws
£| Feght (Less Conneciors), mm (in) = (179
é WigHh [Less Connectors), mm (in) 180 (7.09)
L Length (Less Connectors). mm (n) 210 (8.27)
| Weght kg () 04 (069
3 Environmental Class Tndoor
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Product Data ILATO1-698/2700 E

Endoor Omnidirectional Antenna 698-2700 MHz

Product Descrniption

* Input power 100Watt maximum
* Broadband, Low VSWR

* Support current main popular communication system

A ically d

+ Off-white (ABS) ra:lome
* Extend a Low Loss Cable

This omnidirectional antenna is specifically designed for broadband in-building distribution of LTE,

GSM, COMA, PCS, 3G. WiFi, WLAN services. The antenna s constructed from lightweight materials
suitable for ceiling mounting. The off-white radome blends easily nto most buiding aesthetics.

Indoor Omnidrectional Antenna

Features/Benefits

* LTE ready ( T00MHz and 2600MHz bands )

Technica Speciicaions I

Product Type Indoor Omnidirectional Antenna
Application Indoor
Frequency Range, MHz 608-080/1710-2700
Number of Input Ports 1
Connectors N
Input Connector Type N female
Impedance, Ohm 50
VSWR (50 Ohm) < 2.0 (628-808), < 1.5 (806-260/1710-2700),
Total Input Power, W 100 max.
Gain, dBi 2.0 (698-280). 5.0 (1700-2700
Polarization Vertical
Connector Cable, mm (in) 185 (7.28)
| Radome Material ABS
3| Radome Color White
«| Mounting Hardware included Ceiling mount, fixed with nut
,; Height (Less Connectors), mm (in) 12 (2.82)
%| Widt (Less Connectors). mm (in) 2 170 (6.69)
.3 Weight, kg (Ib) 04(DE9)
&| Ervironmental Class Indoor

Figura 2: Antena Indoor Omnidireccional.
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Product Description

CELLFLEX® 1/Z supafiaitie cabie

Applicason QEM umpers, Man food ranslions 10 0 Quip GPSines

V& CEUFLEAD SupavexDie roam Dvaeanc
Comdal Catle
| Frequency | Asernaanon Power
M) | ﬁ_;ﬁvwf kW
U3 F7il U.UD7 S A0
[ 312 0 002 Z6
5 35 0117 184
& [ oi% 60|
0 ) 0,303 7.10
I 21 Qég LY]

L N A M B A Al s Pl snin - ™ ] A

- mmw’q WU IO U IO FeTTor i e o ; - : : :: : Som
CELLFLEX® comxial catie7s solid imner and culer conducions vitually elminate | is. int julsti - — i L
performance is also confiemed with siate-of-he-arl equipment d he RFS factory. 1‘00 ;; ‘6;.:.; - ;

« High Power Rating o8 = 3
Due io hieir iow allenuaiion, cutstanding heat irmsier properses and iamperaiure siabiized disleciic 5 - 21 78
matenials, CELLFLEX® cable provides safe bong lerm op g ife at high I pOwer levels. 17 Z7 1) 65 |

* Wids Ranne of Anplication 20 400 40 ES)
Turic el arasne A ancdis sl ara losdlnse brr hrradssel and Warrschrial redrersisaces anlannas wirslses J g n 2‘
T e o D e o T SYVENTET W SV RS TSRS SRR Ye——— 40 661 1 o7

niacaneds . - ] r] 7]
00 « 1d 949 |
Strects 512 753 30 )
e

frner conducion Copp e Clad Alsvionn Wi fren (il 158(0.14 10 o1 74 by ]

=T Foam Faymm e o (o 3 ) i 24 2 764

Ot r CONBIAOn: Cornugated Copper o (in] 123 (0.48) Y % - S

Jacket Polyeth lens PE e (in) 1375 0.54) Y Y X7 =3

#echanical Properties % i i =

Weight. approuima tely fkg'm (bY¥0) 017 (0.11) —< T = e

Mirsmum bending radus, angle bandng o (in :{@ 10 = E

Mrsmum bendog radus_ mep esbed be ndng v (i) (1.3 1250 2 T2 579

Bendng moment N o] 18(133) 1400 [-) 75

Max_torsle orce N (D] B0 148) 1500 411 523

R dod | ma Hmum Jamp $paang [ 03/03(1/1) ﬁ l‘! “‘53 gz

Electrical Properties 2000 15 482 AT

Charactedstic impodane ] 80 +k1 [ 2100 i 45

Relatve propa Qason veld oty %] ped 200 16 509 A3

Capacitance [oF im pFm)] 86 (26) [ 2400 7S 535 &0

Inductance o QuH)) 0215 0.0686) gg :;f ;g 3:

Max_operaing b quency [GHe) 106 — 2T 1 372 3% ]

Jocket spark to % RMS V] S000 3000 19 807 s

Poak power ming W 24 [ 500 Fil (5] 24

RF Poak woitage mang Ul 1550 000 pa) 16 300

DCrenistance nimr condudor O/ (ON000W]  29(059) ) 116 265

- moti st s G Conoacor O (071000M)] 45(137) 0000 ] 09 214

Recommended Temperature Range 8000 35 [] 3

Stomage temperadare PC{h 70 %0 85 (404 10 185) 2000 3 16 85

Trta l 7o Yeem prt e FC(P) 20 60 (40 % 140 ) ggg‘m;,m"g;nm 74

O 0N 40T o e ['C (") 50 10 85 (58 %0 185) Maan powarrating &t 40°C (104'F) aTbient bamparature

Other Characteristics

Fim Performance Halogens Fres

VEWR Peformance.  Swndard Contaa RFS for your VEWR pe formancs

SPocBoaton K YO ur reguind Bedgu ency band

Caher Cptons Phase stabized and phase maiched cables and bies are avalabio w

RFS The Clear Choice ® | SCF12-50J | Rev:DI22Nov2013 | PrintDate: 27.09.2015

Figura 3: Cable SCF1/2.
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Product Data Sheet PDS2E-698/2700 @

| 2 Way Power Divider |

Product Description
This PDOS"E series are Power Splitters, designed to ewenly split high power cellular signals with

minimal reflections or loss. They are specfied to cover 898- 2700 MHz.

The wide frequency ranges of these models allow use with multiband antennas and leaky cable

systems. With few solder joints and an air dielectric, the loss s minimal and reliability enhanced.

fioern @5 shown or similar
= Multiple-Band Frequency Ranges
= 200 Watt Power Rating
* High Reliability
* Low Cost Design for Outdoor Application
* Low Specified PIM
* N-female Connectors

Technical Specifications

Product Type Power Diivider
Application Dutdioor

Frequency Range. MHz GBE-2700

Mumber of Input Ports 1

Number of Output Ports 2

Connectors N-female

Impedance, Chm [£1]

Insertion Loss, dB £33

VEWR (50 Ohm) =125

Intermodudation (IM3) -150 dBc with 2 x 43 dBm tones
Total Input Power, W 200

Temperature Range. *C (*F) -25 to +65 (-13 to 148)
Height {Less Connectors), mm (in) 25.0 (0B8]

Width (Less Connectors). mm (in) 25.0 (0.88)

Lemgth (Less Connectors), mm {in) 188.0 (7_B0)

Weight, kg (Ib) 10.30 (0.85)
Envirenmental Class IPas

Figura 4: Splitter de 2 vias.
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PowerDsine’ 9001G-40/SP Midspan

High Power, 802.3af and §02.3at Compliant, Single Port,

Gigabit Midspan with Surge Protection

SESIE PD-0001G-40,/5P Specifications
1
Mo of Pors 1
|Pass Thromgth Data Rades 20,7100, 2000 Mboe:
Posaey pver ESemict Fin Amsignmant snd Poiarby:
Ouripet 4/E [+, TE-)
Dutpust Powsr Voitegs: S5
Liser Fort Powsr: S00at
[y AL Inpust Voitage: 100 i 240 Vec
Hoquiremaonts AT Input Curment: 0.8 @ 100-240 Vac
AL Frequsnicy 505 80 H
M mensions E7.8 mm x 43 mm & 188 mm
248in.x L85 im k853 in
‘Weldt As] ba (2008
Il cartors Byetem Indicator:
Af% Povwesr | Grmsn]
Liger indicator:
0 ) Channal Power (Sreen)
verview Comnectors Bhimided FLRAE, EI 5854 nd 5855
. P -
The: PowesDsing S001G-40/SP is & Singie port, high- E , PE——
pOWEr SONSton fOr remote POWETing of curmant and emerg- Comeitions i 1_1,:,11,%'
ing high power applications. Ih additioh 10 POE midspan -
functionality, the PFI-BO01G-40,/5F provides Surge E:::’n‘__';:':'”ﬂh"
Protection functionality optimal for the installation of — =
o o= S
Generating up to 40W, the B001G-40,5P enables remote (-20F to TORD)
power for a new range of applications including 80211 Ehorugie Humidily.
ACcEss Points, pan-tit-zoom [PTZ) CaMmEras and WikAX Maxmum 35%, Horcendsnang
CPE. It complies with |IEEE 802.3at and is backeard com- Opsfatng &ttide
patible with the IEEES02.3af PoE standand. It can power ~A000 o 40,000 (-304.8 i 3048 m)
poth Sisting 10/ 100Base-T nEtwork devices and emerg- Hoslabdlity MTESR: 104,000 hra, G255
ing wireless 1000Basze-T devicas such as Wi-WMAX and Thermal Hating 27 BT/ Hr (RE40WAT)
wireless |EEE 802 11n access points.
1 1 & pegim - P
PO-80016-30/5P Features Hesrony IEEE =02, 357 (FOE), ADHE Compliam
WEEE Com oE
- Up to A0W o POWer on 2-pairs Conpllense —
« |EEE BO:2.3at Compliant with 2-event classification m"‘“—: |.:-n.- ﬁs';"ﬂ’? ““E‘E'Em )
- IEEE 802 3af packward compatinie i in L, —
« SUrge protection sccording to GR 1089 : !
- Safe and Reliable Power to WLAN Access Paints Songe Prsleolien Iaots Surth Fremcion S speciied
» Supports 10,100, 10006ese-T applications N m";"‘"": =ia -
= Compact Design with 1U height + DS00N, SO0, S0 10 [LS] Warelform
+ SO0/ 254 B0, 300 [143] Waavetom
Satety Approvals ULEIL Psr EN BOBS0-L

GE Miark Per EN 80850-1

Figura 5: Inyector PoE.
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The Alcatel-Lucent 9363 Metro Cell Indoor (MC 1D} V2 1S a low power, NIgh capacity device that cost-efrectively
extends Wideband Code Division Multiple Access (W-COMA) coverage and hign-speed packet access (HSPA) capacity
10 pUDIIC INO0Or places, dellvering Tast, responsive data seryice, and crystal-Clear volce. WILN the AlCatel-Lucent
9363 MC I0's unigue capabliity to Torm autonomous self-organizing groups, |arge areas are as easy to cover as
smaller ones reguiring aniy 2 single cell. The Alcatel-Lucent 9363 MC 1D is well-sulted for TIINg In Coverage holes
within bulldings, providing coverage Tor nign-use notspots such as hotel lobbles, rallway statlons and alrports, or for
WNOIfy DIanketing 2 mall with superior Third Generation (3G) Coverage. Wit the Alcatel-Lucent 9363 MC ID appiication
enablement application programming Interfaces (APIs), mablle service providers can leverage unigue network
capabliities, such as location and presence, Tor the creation of revenue-generating, Innovative public locallzed services.

Easily deployed almost anywhers
Metwork deployment fexiblilty

Fast and refl2ble data connections and
Nigh data throughput

Extends W-COMA coverage and HSDPAS
nign-speed UpIink packet accoss (HSUPA)
apacity to public INCoor Iocations with

3 Iow to1al Cost of ownersnip (Too)
Provides SeCure acmess o the M5Ps
network

Supports emergency calling and other
|0CAtION-A550C13180 ServICRS WIth accurate
location-ased Information

ENNanced perfarmance and Tauit
management for public, operator-owned
small cells

Seamiess mabliity with simuianecus voice
and data senvice continuity within metro
Cedl group and with the macro netwark

s the development of value-added,
Innovative services based on location,
presence, Qos, and trusted security

;

Reoer wits covse rewoved

Dimensions (HXWxD)
241%241%53 mm
0480048 2.08 In

Welght

- <2 kp

<4410

Mount
Celiing or wail mountabie

= Horlzontal or verticy orlentation

Power

Suppey

~ Power over Ethernet (PoE+)
~ 48 DC

- Supply options

- External ACL/DC adaptar
to 48-V DC

- Bxterna power I|'I|-:\IIC|.r
Consumption

- Typicak 20 W

- MaImUm: 25 W

Interface

Transmizsion and PoE+: 10/100Basa T

R145
Local connectlon: 10/100Base T RU45

Certinication
UL

- FCC

110/240-V AC

Temperature Range
5Cta «45°C
23Fto 113F

safety
ULEDE50

1
» ULEDY950 22

Electromagnetic Compatibllity
(EMC)
47CFR FLC Parts
DET-65

5 [Class B)

Radlo Characteristics

» Dperating band: 19007850 MHz

Listening banas

- 1900850 MHZ LUMTS

- 19007850 MHzZ G5M snifTng Dands

Baseband capacity: up to 32 devices with

E3CN Connectlon Supparting a simultaneous

volce .2l and data session

NINIMUM Dearers

- 14.4 MD/s L1 Hign-speed Downlink
PaCket Acress (HSDPA) Dearer

- 21 Mbys L1 H5DPA Dearer witn optiona
B4 QAM ror H=DPA feature

- 5.7 Mofs L1 High-speed Uplink Packet
ACDess (HSUPA} Dearer

Transmisslan power

- Minimum: 0.016 mw

- Maximuam: 250 mw

- Step: 1 ad

Sensitvity: -107 dBm

Figura 6: Femtocelda modelo 9363
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Alcatel-Lucent Home Cell V2

1900850 MHZ AND AWS VARIANTS FOR THE AMERICAN MARKET

RELEASE BCR 2.44

The alcatal-Lucant 9361 Home Al (HC) W2 Is a low power, high capadty wireless device that cost-efiectiely
actends Wideband Code Divislon Multiple focess (W-COMA) and high-spead packet atoess (HEPA) coverage
and capadty o the home, delvering fast, responsiee data service, and aystd-dear volce. The end user simply
connects the 9361 HE to power and broadband Intermet service, and the 9381 HC automatically comes Into
sendce without amy addtional user Intervention. The 9361 HC not only Increases the uptake of 3G servlces,
genarating additioral revenue from serdces mobile service providers (MEF) dready offer, but also provides
gpplcation programming imterfaces (AR that erable MEPs 1o leverage unique network capabiliies, such as
location and presencs, 1o develop naw, Innovative spplications.

= Laamlass servicas and meabilty with
M netwonk

* Support for opsr, prioritzad open,
or dosed ackss modas

= Application enablamant with presanca
APl nabwork local routing, ard
Imtarnet trafic breckout

Benefits

* Extunds W-COM& coveraga and
high-spsed downlink pacet
aocess (HEDPAW hikgh-spead uplink
packat acuess (HIUPA) capachy 1o
ragldeincas with 3 low total st of
ownsrthip (TCO)
= |mprovss end user quality of
axparance (QaEywith 3 highar
quality air imarface that providas
crystal cliar volcg, Tashar 2nd mors
rallabk data conmmctions, and
higher data throughput
Enablas and usar saH-installation
with plug-ard-play
ENminztus spedal backhaul ragquird-
mervs by wsing an sxbiing brosdband
Internet aonnection
Eniables tha davalopmant of valus-
added, Innovativa sarvices basad on
location, prasenca, quality of sarvce
(2], and trusied oty
Smpifes nebwork managament
with 2 singla Irdegrated spstam
‘thatoambinas the strengths of the
Alcatal-Luent Wireles Managamant
and Frovidoning Byshems and the
Motive Homa Device Manager — 2
Isading salution Tor the management
of TR-DE3 devioas with cvar 40 millon
devicss under cHve managemant

-

-

Technicd Spedfications

D e 5 b e, W e )
& 1620l ¥52E0 mn
BB S Ex 37 1n

Walght dwithout powss supply)
5 -;x,[g
& [LEEID

Hount
= Frt siancing or weal | mounisbls
& Mertialarkniaion

Porwsr
* Supply:
~ AT C adapior - 191 380- VAL
o lEN O
= Comangian:
= Maadmanr < 10W

Imarfacs
& Trreanbsian:

= | "KIDEssa T RMS
» Locel comection

~ 1Kl CEss: T FME

Cartifcation
= UL
= FiL

Tamperature Range
o B o BT
= I 13°F

Sately
+ ULGHE

= U133

Ekctronagnatic Compati
Preim Ity

= qNFR FCCPart 15 [Oesx E)
= DET-EE

Radio Characher btics
& 1900 o BE0 Wz wariamt:
=0 8] band 'HIDD or
A51 MHE an
configuekdt tand
- Lstaning ks
- 1900851 WHe LTS
- 19005 WHe 56
= AWS warlnt
~ Dparating bangt
- 1700 Wk
- Ibimning kasds:
- 15900 ndl 1 700 W He LIWITS
- 1900 andd 1700 W He G3M
= Baaband capactiy:
= haur divicss wih sach
mmnm‘E|
and defy ssian
= MEI0TE N BETE
=14 ANENs 11 HEDRA brn
= 5.7 ltu's L1 HELI A bagrs
# VST N 1T | possr.
=100 i wariant
- 130 ¥ pLEpUE par
= 3] i wariani:
- MW aripri poser
» Seretiiiy:
=107 dEn

Figura 7: Femtocelda modelo 9361
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ANEXO 04: ANEXO DE PREDICCIONES DE COBERTURA

El presente anexo contiene las predicciones de cobertura realizada a los ambientes
descritos de la agencia de viajes de Miraflores, estas mediciones han sido proporcionadas
por el software de disefio IBWDesign.

1. Plots de cobertura de RSCP
Se muestran los niveles de RSCP para los ambientes del Edifcio CEM2 y CEM 1 de
la Agencia de viajes

1.1 Edificio CEM 2:

Indoor prediciion legend
Power
ldBm]

»0.00 (0.0 %)

+45.00
+-50.00
+-E5.00
~E0.00
=E5.00
=70.00
7500
»-B0.00
»-86.00
+50.00
*35.00

120000 (10000 %4)

Figura 1.1: RSCP indoor edificio CEM2 sé6tano 3

Tesis publicada con autorizacién del autor
No olvide citar esta tesis




[ E.?Q-II-IVFE&SIDAD
TESIS PUCP CATéLlCA
DEL PERU

Indoor predicfion legend
Power
idBim]

»0.00 (0.0 %)

=400
»-b0.00
+55.00
#60.00
65,00
>70.00
=TR00
gt =-20.00
T »-85.00
+50.00
»35.00

.

120000 {10000 %)

Figura 1.2: RSCP indoor edificio CEM2 Sétano 1
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Indoor prediciion legend
Power
[dBm]

50.00(00 %)

+-45.00
+E0.00
+E5.00
~E0.00
~E5.00
#7000
700
20,00
25,00
=30.00

=35.00

120000 (10000 4]

Indoor predichon legend
Power
dBim]

~0.00 (00 %)

»45.00
=50.00
=>-BE.00
=-60.00
=-65.00
»-70.00
»-75.00
+B0.00
+B5.00
#30.00
~35.00

=120000 (1000 7%4)

Figura 1.4: RSCP indoor edificio CEM2 piso 2
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1.2 Edificio CEM 1:

Indoor prediction legend

Power
jBirm]

= 5000 (0.0 %)

1 4500
»50.00
»BE.00
=~B0.00
6500
= 7000
2 7500
o =-B0.00
»85.00
90,00
*95.00

512000 {1000 %)

Figura 1.5: RSCP indoor edificio CEM1 s6tano 1

2. Plots de cobertura de EcNo (dB)
Se muestran los niveles de EcNo para los ambientes del Edifcio CEM2 y CEM1 de la

Agencia de viajes.

2.1 Edificio CEM 2:
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Figura 1.6: EcNo indoor edificio CEM2 s6tano 3
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Figura 1.7: EcNo indoor edificio CEM2 sétano 1
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Figura 1.8: EcNo indoor edificio CEM2 pisol
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Figura 1.9: EcNo indoor edificio CEM2 piso 2
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2.2 Edificio CEM 1:

Figura 1.10: EcNo indoor edificio CEM1 s6tano 1

3. Plots de Best Server
Se muestran los plots de los Best Server, que permite identificar la dominancia al

servidor que proporciona la red para los ambientes del Edifcio CEM2 y CEM1de la
Agencia de viajes.
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3.1 Edificio CEM 2:

A50 MHz - Callular - WEDMA, - Sectar 1

Figura 1.11: Best Server edificio CEM2 s6tano 3

| Indoor prediction legand
Best Server

B 550 Mz - Celluler - WCDMA - Sector 3 (29.3 %)

. 850 MHz - Cellular - WCDMA, - Sector 1 (47.2 %)

B50 MHz - Callular - WCDMA, - Saetor 2 (235 %)

Figura 1.12: Best Server edificio CEM2 s6tano 1

10
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I 250 MHz - Calluiar- WCDMA - Sector 3 (496 %)
B 550 MiHz - Collular- WCDHMA - Sector 1 (50.4 %)

Figura 1.13: Best Server edificio CEM2 Piso 1
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Indoor predicton legand

BestServer

. 850 MHz - Callular - WCDMA - Sector 1

Figura 1.13: Best Server edificio CEM2 Piso 2
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3.2 Edificio CEM 1:

Indoor predichion legend

Best Server

B 550 MHz - Cellular - WCDMA - Seclor 1 [99.0 %)

Figura 1.14: Best Server edificio CEM2 Sétano 1
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ANEXO 05: ANEXO DE INSTALACION

En el presente anexo se tiene las fotografias de los equipos y el sistema distribuido de

antenas instalados.
Edificio CEM II:

SOTANO 3

Cuarto de equipos

Racks principales

Desde donde sale el router
peincipal para proparcionar
conexiones a Las femtooehdas

Sdtano 3 CEM I
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SOTANO 1
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LANTA SOTANO 1 (CEM
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Tomas de Instalaciones en el Sotano 1
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Tomas de Instalaciones en el Piso 1
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Tomas de Instalaciones en el Piso 2
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EDIFICIO CEM |

SOTANO 1
J—r —
N
|
L
] —
L|'|'|'|'H'|‘ /  CABLE SCF 1/2"
Y LARGD = 0.23 Mts. /[
L & [ - [ —] @ .
DaE)
ji Py /  CABLE SCF 1/2"
el - \ LARGD = 0.4 Mts. /
% L — —_ —]
— — O ZCG H"f'q
HH Bs /T
T T 1
_______ L
g Geeie

PLANTA SOTANO (CEM 1)

Tesis publicada con autorizacion del autor
No olvide citar esta tesis




PONTIFICIA
UNIVERSIDAD

‘gENEa,?,

§ + %

“@ CATOLICA
DEL PERU

Tomas de Instalaciones en el S6tano 1

TESIS PUCP

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




PONTIFICIA

TESIS PUCP g:_:_\(leLF}gIEAD

DEL PERU

ANEXO 06: Calculo de Backhaul

El presente anexo muestra en detalle los datos
calculados para el backhaul minimo de la solucidn
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Usuario Usuario Usuario
Empresarial Promedio Intensivo
Minimo tréfico
que necesita la
femtocelda para
empezara
Metro OAM traffic (kbps) 50 50 50 gestionar
Average to Peak data ratio 2 2 2
Bloqueo 2.00% 2.00% 2.00%
% Usuarios que utilizaran datos 100.00% 80.00% 100.00%
Capacidad de un
Throughput per voice channel (kbps) 65 65 65 canal de voz
Voice activity Busy Hour / User (mErl) 33 28 37
DL Data activity Busy Hour / User (kbps) 17.78 0.00 0.00
Data service penetration 100% 80.00% 100.00%
Nominal Data Bit Rate (kbps) DL 2000 Kbps 2000 Kbps 5000 Kbps
Nominal Data Bit Rate (kbps) UL 1000 Kbps 1000 Kbps 2000 Kbps
Busy Hour data consumption (kBytes, DL) 4000 2000 8000
Busy Hour data consumption (kBytes, UL) 800 400 1600
Femtoceldas en el Proyecto 6 6 6
NUmero de Lineas o Clientes 200 0 0
Backhaul Minimo para Datos (Downlink) kbps 3556 0 0
Backhaul Minimo para Datos (Uplink) kbps 711 0 0
Backhaul Minimo para Voz (Downlink) kbps 780 0 0
Backhaul Minimo para Voz (Uplink) kbps 780 0 0
Backhaul Minimo Downlink (kbps) 4636 0 0
Backhaul Minimo Uplink (kbps) 1791 0 0

Inputs que maneja el operador
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Férmulas
.. , ) 8 ,
Backhaul Minimo para datos DLKbps = #lineas X %de usuarios que usan datos X Busy HourData X Ig00 X average to peak DataRatio
*Se multiplica x 8/3600, ya que el dato Busy Hour esta en KB
DL Data Activity Busy Hour/User (Kbps)= Backhaul minimo para datos DL Kbps
#lineas
- , . 8 .
Backhaul Minimo para datos UL Kbps = #lineas x %de usuarios que usan datos X Busy HourData X 3600 X average to peak DataRatio

*Se multiplica x 8/3600, ya que el dato Busy Hour estd en KB

(Voice activity Busy HourUser (mErl)) ek
1000 3

Se hace uso de la tabla Earlang B para la cantidad de lineas para el trafico cursadohallar el nimero de canales

traficoen Erl.=  #lineas X

#de canales halladas con Earlng B = 12 canales

Cada canal es de 65 Kbps, ya que se usa un cédec para voz HD

Backhaul Minimo para Voz (Downlink) kbps=  #de canales halladas con Earlang B X 65kbps = 780 Kbps

Backhaul Minimo para Voz (DL)kbps + Backhaul Minimo para datos DL Kbps +

Backhaul Minimo Downlink (kbps)=
(#de femtoceldas X Metro OAM traf fic (kbps))

Backhaul Minimo Uplink (kbps)= Backhaul Minimo para Voz (UL)kbps + Backhaul Minimo para datos UL Kbps +
(#de femtoceldas x Metro OAM traffic (kbps))
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Requerimientos de Backhaul Minimo para Femtoceldas (por Proyecto)

Numero de Femtoceldas a Desplegar en el Proyecto 6
Numero de Lineas o Clientes Intensivos ( >1GB al mes) 0
Numero de Lineas o Clientes Empresariales ( aprox 300 MB al mes) 200
Numero de Lineas o Clientes Promedio (< 100 MB al mes) 0
Capacidad en Backhaul Minimo Uplink TOTAL por Proyecto 2.2 Mbps
Capacidad en Backhaul Minimo Downlink TOTAL por Proyecto 5.6 Mbps
Esta opcidn solo ofrece cobertura para escenarios de voz
Capacidad en Backhaul Minimo Requerido Uplink POR METRO 0.4 Mbps
Capacidad en Backhaul Minimo Requerido Downlink POR METRO 0.9 Mbps
Capacidad en Backhaul Minimo Recomendado Uplink POR METRO 1.0 Mbps
Capacidad en Backhaul Minimo Recomendado Downlink POR METRO 4.0 Mbps
Valores

Capacidad en Backhaul Uplink POR SC 2,AMbps  |recomendados
Capacidad en Backhaul Downlink POR SC 6Mbps
Esta opcion es el minimo recomendado en los escenarios de alta capacidad

i L. i Maximo x femtocelda para garantizar los usuarios
Capacidad en Backhaul Maximo Uplink POR METRO Mbps 5.8 Mbps alcancen velocidades pico que ofrece HSPA+ (horas no
Capacidad en Backhaul Maximo Downlink POR METRO Mbps 18.6 Mbps pico)
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ANEXO 07: ANEXO DE ESTUDIO DE INGENIERIA

El presente anexo contiene informacién acerca de lo abarcado por el estudio de ingenieria
1.TSS

Technical Site Survey, consiste en una visita técnica para poder evaluar el estado del
sitio. El objetivo de la visita técnica es recolectar datos acerca de la infraestructura y de
todos aquellos detalles de instalacién necesarios para la implementacion de un proyecto
de femtoceldas. Esta visita técnica sirve para tener un esquema tentativo de la ubicacion
de cada equipo acorde a las indicaciones de la infraestructura del ambiente e identificar
toda el area a cubrir.

2. Elaboracidon del primer disefio

El disefio esta a cargo de un ingeniero RF, el cual sera abastecido con todas las
herramientas necesarias para poder modelar el edificio, generar las posiciones finales de
las femtoceldas y los plots de cobertura esperados mediante el software de disefio y
prediccion de cobertura.

En el disefio se deben de tener las siguientes consideraciones:

. Posicion de las paredes, columnas y sus distancias y dimensiones.
. Material del piso y el techo

. Material de las paredes, columnas, puertas.

. Altura del piso al techo.

. Dimensiones de todo el piso/edificio plasmadas en el plano.

. Fotografias del sitio mostrando todo lo antes dicho

. Indicar potenciales lugares para instalaciéon de las femtoceldas

3. Mejoras del disefio

Una vez elaborado el disefio, se realiza una evaluacién del area de cobertura de prediccion.
Si se verifica que el disefio no cubre el &rea solicitada se realizan mejoras sobre el mismo
con ajustes que puedan cubrir el area requerida.

Se debe revisar finalmente los siguientes puntos:

» Zonas objetivo cobertura.

* Priorizar las zonas donde se deba esperar una mejor cobertura 3G.
4. Reporte Final del Ingeniero

Consiste en el informe final presentado por el ingeniero, el cual mostrara los resultados
obtenidos y evaluados. Este reporte es la referencia sobre la cual se trabaja la
implementacion de la soluciéon, ya que contiene la ubicacion de las femtoceldas,
predicciones de cobertura y lista de materiales.
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5. Optimizacion

Una vez realizada la implementacién de la solucion se evaltan los resultados obtenidos y
se compara con las predicciones de cobertura del disefio elaborado.

Esta optimizacion consiste en verificacion de la cobertura de las femtoceldas en base al
disefio provisto por el ingeniero RF. Asi mismo, se evalla y valida la desviacion respecto a
los parametros de cobertura y calidad esperados. De acuerdo a ello, el ingeniero RF
sugiere cambios fisicos o l6gicos para mejorar los resultados obtenidos.
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El presente anexo contiene las mediciones Finales
realizadas luego de la puesta de la solucion

Tesis publicada con autorizacién del autor

No olvide citar esta tesis




1ENEg,e,

ES

DEL PERU

5\; % | UNIVERSIDAD

Portadora 1062 sétano 1 CEM1

e
I 7 4
‘ @
: T ®
o , e
B
&
E<]
@ Miveles RSCP{dBm) #Muestras Porcentaje
—e= 2 ¥« 1208 ....‘. [-45, 0] 1 1.27%
® 120 X< -95 g [-50, -45] 4 5.06%
& 05 £¥« -EIIEI l = [-55,-50] 7 8.86%
® 90 K< -B5 i
e <x e _an eo0e0e [-60, -55] 19 24.05%
80 X< -75 [;:«;i Cl e [-65, -60] 30 37.97%/| 100.00%
® 75 £X< -70 Lo e [-70. -65] 11 13.92%
® 70 iX=< -65 = & o 75, -70 ] 7.59%
® .65 LX< -B0 L1 Q [-75, -70] ;
® 60 =X« 55 ‘.'Q 0]! [-80, -75] 1 1.27%
P
® 55 X< -30 et U | -85, -80 0 0.00%
50 <K< -45 : L] [ ]
I | [-90, -85] 0 0.00% 0.00%
® 45 =¥« 0 595
0 %< o }lﬁ o :
= l
B
ool
e Wl o 3K u(-®

Tesis publicada con autorizacion del autor
No olvide citar esta tesis




TESIS PUCP

PONTIFICIA
UNIVERSIDAD

CATOLICA
DEL PERU

L B B

-1240
-05
-9d
-85
-80

-
-

-7
-65
-6
-55
-5d
-45
J]

= K« =120
=K -35
=¥« -0
¥« -B%
=M« B0
=M= -75
¥« -F0
=M= -G65
=¥« Al
=M= -35
=¥« 50
W« 45
6 < o
K= oz

-— - — -

Tesis publicada con autorizacion del autor
No olvide citar esta tesis




PONTIFICIA

TESIS PUCP ' UNIVERSIDAD

CATOLICA
DEL PERU

Portadora 1062 sotano 1 CEM2

0 c

™ ‘..' G
ol | “
s A
o
e £« 2120 e [ — T&Of i "
® 120 X< -95 2 seistib ool ¢
® 05 ¥« 00 '%-“o St ietccssensless
® 90 £X< -85 |
85 <X < -0 '
80 <X < -T5 @
L 75 £ X« -T0
® 70 :X< -55 | =—7F 77T T
® (5 X< -0 A
® 60 =M« -55 [a'aaananh T
® 55 <x< -50 11O00 ONN | i
50 X< -45 |
® 45 LX< 0 ) |
0 <¥< oo | |
- “Whm-
00g®* 0O

gk
d]

Tesis publicada con autorizacion del autor
No olvide citar esta tesis




TESIS PUCP

PONTIFICIA
UNIVERSIDAD

CATOLICA
DEL PERU

LI B

-120
05
-940
-85
-a0
-75
-0
-B5
-a6d
-55
-50
-45

0

=M« 120
=M= -95
A s |
=M= -85
< ¥« B0
=M= -75
¥« =70
=M= -G65
<X« -G0
=¥« -55
<X« =50
=M< -45
LK< 0
=¥ < oo

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




TESIS PUCP

PONTIFICIA
UNIVERSIDAD

CATOLICA
DEL PERU

LI I I

-120
.05
-90
-85
-80
-75
-70
-G5
-60
-55
-50
.45

a

=M 2120
=W« -95
=M« -390
=W« -85
< ¥« 80
=W« -T5
¥« =70
=W« -65
£ ¥« -6B0
ZK< -55
£ ¥« =50
=M« -45
L3 o]
=¥ < oo

anls

oo
L

o

0. 0

Tesis publicada con autorizacion del autor
No olvide citar esta tesis




TESIS PUCP - fl_% | UNIVERSIDAD

CATOLICA
DEL PERU

Miveles RSCP{dBm) #Muestras Porcentaje
x| |- . [-45, 0] 39 22.81%
o s ive o ¢ e [-50, -45] 34 19.88%
o S0 sk« 35 st [-55,-50] 35 20.47%
o exe o § oo [-60, -55] 34 19.88%
o G0 ixe 45 | B0 [-65, -60] 18] 10.53%| 100.00%
® 55 <X« -AD [-70. -65] 10 5.85%
. e ixe 3 _vooo [-75, -70] 0 0.00%
50 £X< -45 .- E [-80, -75] 1 0.58%
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1.27% _0.00% Porcentaje
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|

B.Bo%

=[45,0] = [50,-45] = [-55,50] = [-60,-55] = [-65, -60]
w [-70.-65] = [-75,-70] u [-B0,-75] = [-85,-B0] m [-90, -B5]
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Niveles RSCP(dBm) #Muestras Porcentaje RSCP
[-45, 0] 0 0.00%
[-50, -45] a 0.00% 20
[-55,-50] 1 1.64% -
[-60, -55] 13 21.31%
[-65, -60] 16 26.23%| 100.00% 1
[-70. -65] 8 13.11% s
[-75, -70] 5 B8.20% 0
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[-85, -80] 4 B.56% m[45,0] m[50,-45] m[55,50] m[-60,-55] m[-65, -60]
[-90, -85] o 0.00% 0.00% m [-70.-65] ™ [-75, -70] ® [-B0, -75] = [-B5, -80] m[-90, -85]
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Niveles RSCP{dBm) #Muestras Porcentaje KPI
[-45, 0] 4 3.33%
[-50, -45] 15 12.50% 30
[-55,-50] 26 21.67% 25
[-60, -55] 21 17.50% 2“
[-65, -60] 25 20.83%| 100.00% j;
[-70. -65] 13 10.83% B
[-75, -70] 13 10.83%
[-80, -75] 2 1.67% Niveles RSCP (dBm)
[-85, -80] 1 0.83% m[45,0] m[50,-45] m[55,50] m[-60,-55] m[55, -60]
[-90, -85] 0 0.00% 0.00% W [-70.-65] m [-75, -70] m [-B0, -75] = [-B5, -80] m [-90, -85]
1 67% 0.53% Porcentaje 7 5s
0.00%
10.83% ‘ ’I
‘ 2167%
m [45, 0] m [-50, -45] [-55,-50] m [-60, -55]
m[-65,-60] = [-70.-65] [75,-70] = [-B0,-75]

[85,-80] = [-50, -B5]
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Niveles RSCP{dBm) #Muestras Porcentaje .
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[-90, -85] 0 0.00% 0.00% w [-70.-65] m [75,-70] m [-80,-75] m [-85, -B0] m [-20,-85]
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MNiveles RSCP{dBm) #Muestras Porcentaje KPI Nivel RSCP

[-45, 0] 133 25.38%

[-50, -45] 64 12.21% .

[-55,-50] a7 16.60% 120

[-60, -55] 66 12.60% 12?

[-65, -60] 52 9.92%| 99.81% o

[-70. -65] a9 11.26% 40

[-75, -70] 38 7.25% -

[-80, -75] 22 A4,.20% Niveles RSCP ([dBm)

[-85, -80] 2 0.38% m[45,0] ®[50,-45] = [55,50] W[-50,-55] m [-65, -60]
[-90, -85] 1 0.19% 0.19% m[-70.-65] m [-75, -70] m [-80,-75] » [-85, -B0] m [-30, -B5]

Distribucion RSCP

w[45,0] w[50,-45] » [-55,50] = [-60,-55] = [-55,-560]
m [-70.-65] = [-75,-70] = [-80, -75] = [-B5,-B0] = [-B0, -B5]
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W [-70.-55] m [-75, -70] W [-B0, -75] = [-B5, -80] W [-90, -85]
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. < 8 and >= -10
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. < -16 and »>= -28

Niveles EcNo(dB) #Muestras Porcentaje KPI

[-6, 0] 79 100.00% 100.00%
[-8, -6] 0 0.00%

[-10,-8] 0 0.00%

[-12,-10] 0 0.00% 0.00%
[-14, -12] 0 0.00%

[-16.-14] 0 0.00%

[-28, -16] 0 0.00%
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[-6, 0] 61 100.00%| 100.00%
[-8, -6] 0 0.00%

[-10,-8] 0 0.00%
[-12, -10] 0 0.00% 0.00%
[-14,-12] 0 0.00%
[-16. -14] 0 0.00%
[-28, -16] 0 0.00%
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[-6, O] 120 100.00% 100.00%
[-8, -6] 0 0.00%
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L ] 0.00%
[-14, -12] 0 0.00%
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[-28, -16] 1] 0.00%

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




PONTIFICIA

TESIS PUCP "ol UNIVERSIDAD

DEL PERU

Portadora 1062 PISO 1 CEM2

191 ;,[: TR R R R
oo 1 A AA 3 Do
S 500 g W
o B | Bl g.0 oo osn QB O
.-::ﬂ'arx::::-ﬁ —5 C C :b" =TT -
- VeV EeWVE ")
B <csai=== D w?ﬁ . ALK %
W < 2and == 10 dooovooog © dgd] 3
<-Wand >=-12 | HONR MM O¥ 4 q| 0 3
.

< -12 and >= -14
B <-4and >=-16
. < 16 and »>= -28

2.0
[w]
000
Q
QOU

‘D (n)

Niveles EcNo(dB) #Muestras Porcentaje

[-6, 0] 527 90% 90%
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[-16. -14] 1] 0%
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Niveles EcNo(dB) #Muestras Porcentaje KPI
[-6, 0] 506 96.56%| 96.56%
[-8, -6] 16 3.05%

[-10,-8] 2 0.38%
[-12, -10] 0 0.00% 3.40%
[-14, -12] 0 0.00%
[-16.-14] 0 0.00%
[-28, -16] 0 0.00%
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[-6, 0] 196 90.32% 90.32%
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10 98.82% 168| 98.82%
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. == -100 and <= -20
= -20 and == -10
. =-l0and == 0
J »=0and =5

== 5and = 10 Tx Power (dBm) tiMuestras Porcentaje KPI1
B ==10and < 20 [-100,-20] 133 93.66%| o 0%
B ==20=nd <=4 [-20, -10] 9 6.34%
[-10,0] 1] 0.00%
[0, 5] 1] 0.00%
[5,10] 1] 0.00% 0.00%
[10,20] 1] 0.00%
[20,24] 1] 0.00%
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TX power (dBm)
. == -100 and <= -20
. = -20 and <= -10
. = =10 and == 0
J ==0and = 5

== 5Sand < 10
i == 10 and < 20
B ==20=nd == 24

Tx Power (dBm) #Muestras Porcentaje
[-100,-20] 71 63.39% 93 75%
[-20, -10] 34 30.36%
[-10,0] 7 6.25%
[0, 5] 1] 0.00%
[5,10] 0 0.00% 5.25%
[10,20] 0 0.00%
[20,24] 1] 0.00%
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TX power (dBm)

. == -100 and == -20

B - 20and =10

. =-10and == 0

J »=0and =5
»>=5and < 10

B >=10and <20

B ==20znd <= 24

Tx Power (dBm) #iMuestras Porcentaje
[-100,-20] 175 83.73% S
[-20, -10] 31 14.83%
[-10,0] 3 1.44%
[0, 5] o 0.00%
[5,10] 0 0.00% 1.44%
[10,20] o 0.00%
[20,24] 0 0.00%
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Tx Power (dBm) #iMuestras Porcentaje KPI
[-100,-20] 603 59.47% 85.80%
[-20, -10] 267 26.33%
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[O, 5] 16 1.58%
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Tx Power (dBm)  #Muestras Porcentaje KPI
[-100,-20] 638 B58.97% 91.35%
[-20, -10] 207 22.38%
[-10,0] 72 7.78%
[0, 5] 8 0.86%
[5,10] i} 0.00%| 8.65%
[10,20] 4] 0.00%
[20,24] 0 0.00%
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TX power (dBm) T ooko
. == -100 and == -20 Fmezaamem A A
2 LI
I = 20 and <= -10 i H1-
b [eX=Relv]

. =-10and <=0 t -,.I,C:f:»
»=0and < 5 f

_ |s>=5and<10 l 0g00
I = = F0 00
B >=10and < 20 ] I
B >=20=and =24

Tx Power (dBm)  #Muestras Porcentaje
[-100,-20] 239 78.88% 91.75%
[-20, -10] 39 12.87%
[-10,0] 20 6.60%
[0, 5] 3 0.99%
[5,10] 2 0.66% 8.25%
[10,20] 0 0.00%
[20,24] 0 0.00%

Zona que cubre la femtocelda del Piso 2 en el Piso 1

TK power (dBm)
. == -100 and == -20
B - -202nd <= -10
. =-10and == 10
»=0and =5

] »= Sand < 10

i == 10 and = 20
Bl >=20and <= 24

oo
e oo

Piso 1

Tx Power (dBm)

#Muestras

Porcentaje

[-100,-20] 8 4.23%| o 00
[-20, -10] 47 24.87%
[-10,0] 71 37.57%
[0, 5] 26 13.76%
[5,10] 17 8.99%| 70.90%
[10,20] 18 9.52%
[20,24] 2 1.06%
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Throughput DL (Kbps)
. == 1500000 and <= 7200000
. == 1000000 and <= 1500000
. == G00000 and <= 1000000
. == 256000 and <= 00000

| »= 128000 and <= 256000
. == 4000 and == 128000
. »= 0 and <= 3000

Throughput DL (kbps) #Muestras Porcentaje

[0,64] o 0.00%

[64, 128] i} 0.00%

[128,256] o 0.00%| . o 0%
[256, 600] 1 5.00%

[600,1000] 19 95.00%
[1000,1500] i} 0.00%
[1500,16000] o 0.00%| 0.00%
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Throughput DL (Kbps) hroughput DL (kbps #Muestras Porcentaje
B e N S [ 2| s
. »= GD0000 and <= 1000000 L T — [64, 128] 0 0.00%
. == 256000 and <= SDO000 —_ ‘ \ r ° [128.256] 2 4.55% 13.64%
| >= 120000 and <= 256000 00000000 | |l :‘:‘f [256, 600] 1 2.27%
= oo [ lonn aon | Hst . [600,1000] 0 0.00%
‘, [1000,1500] 1 2.27%
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Throughput DL (Ebps)
. == 1500000 and <= 7200000
. == 1000000 and <= 1500000
[ == 500000 and <= 1000000
. == 256000 and <= GOOO0D

| »= 128000 and <= 256000
. == 64000 and <= 128000
. == 0 and <= 62000

L

O 00000

Throughput DL (kbps) #Muestras Porcentaje

[0,54] 1 0.45%
[64, 128] 1] 0.00%
[128,256] o 0.00% 1.349%
[256, 6OO] o 0.00%
[600,1000] 2 0.89%
[1000,1500] o 0.00%
[1500,16000] 221 98.66%| 98.66%
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Throughput DL {(Kbps)

. == 1500000 and <= 7200000
. == 1000000 ard <= 1500000
== G00000 and <= 1000000
== 256000 and <= GODHDD
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== 0 and <= 4000

WwzZ6'es

hroughput DL (kbps. #Muestras Porcentaje
[0,64] o 0.00%
[64, 128] 0 0.00%
[128,256] 0 0.00%| o
[256, 600] o 0.00%
[600,1000] 1 0.46%
[1000,1500] o 0.00%
[1500,16000] 218 99.54%| 99.54%
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Throughput DL (Kbps)
. == 1500000 and <= 7200000
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. == 00000 and <= 1000000
. == 756000 and <= GOOO00

| »= 128000 anc <= 256000
. == 64000 and <= 125000
. == 0 and <= 2000
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Throughput DL (kbps) #Muestras
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Throughput DL (Kbps)
. == 1500000 and <= 7200000
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Piso 1

Zona que cubre la femtocelda del Piso 2 en el Piso 1

[0,64] 2 4.76%
[64, 128] 1] 0.00%
[128,256] 0 0.00% 14.29%
[256, 600] 1] 0.00%
[600,1000] 2 4.76%
[1000,1500] 2 4.76%
[1500,16000] 36 85.71%| 85.71%
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[0,64] 3 7.14%
[64, 128] o 0.00%
[128,256] 0 0.00% 33 23%
[256, 600] 1 2.38%
[600,1000] 2 4.76%
[1000,1500] 8 19.05%
[1500,16000] 25 59.52%| 59.52%
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40 38
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25
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20 m[64, 128]
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15 [256, 600]
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UL RLC Throughput (kbps) | @
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Throughput UL (kbps) #Muestras Porcentaje

[0,64] 3g 4,68% 4.93%
[64, 128] 2 0.25%
[128,300] 36 4,43%

95.07%
[300, 1500] 736 90.654%
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p UL RLC Throughput (kbps) af
® Oto 64 -
® Gdto 128
12810 300 1
@ 300to 1500 ¥
’
~
&
,.j 7
0
Throughput UL (kbps) #Muestras Porcentaje KPI
[0,64] 184 11.31%
[64, 128] 217 13.34%| 24.65%
[128,300] 595 36.57%
[300, 1500] 631 38.78% 75.35%

Portadora 1087 PISO 1 CEM2
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UL RLC Throughput (kbps)

® 0to B4

® B4t0 128
128t0 30

® 300 to 1500

.c

O

«

-
&nrs\

. Qo

o'v'o

| cxmm) ewc

~
% ]

g

w9

hroughput UL (kbps #Muestras Porcentaje KPI
[0,64] 192 11.35% 24.66%
[64, 128] 225 13.31%
[128,300] 617 36.49%

75.34%
[200, 1500] 657 38.85%
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Portadora 1062 PISO 2 CEM2

B
L4 -‘ X
= @ i
- is .ﬂl- a-o n .Q - a
§—— == 0
§ jg-dj”' UL RLC Throughput (kbps) o8
UL RLC Throughput (kbps) fl .-0.\;:0 ® Oto 64
B aass ® 6410 128
® Oto B4 -
0000 128t0 300
® 6dio 128 P
128t0 300 - #0088 @ 300to 1500
® 300 to 1500 | foooo,
12000
(.
I =ﬁ‘§"o*6
| |
[ (M-
it D )
a — )
'“ _D_ no
Zona que cubre la femtocelda del Piso 2 en el Piso 1
Throughput UL (kbps) #Muestras _Porcentaje KPI Throughput UL (kbps]) #Muestras Porcentaje KPI
(o5 125 e Bl (] = )
J : [64, 128] 87 22.89% )
[128,200] 346 S1.87%| o o [128,300] 162 new _
[300, 1500] 97 14.54% [200, 1500] 94 24,745 .
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Eventos
CEM Il - Piso 1 Zona donde se encuentra dos portadoras con PSC-3
« 1062.
Total Count(Calls + Drop) Calls Count Dropped Count Drop Rate %
« 1087.
Total Count(Calls + Drop) Calls Count Dropped Count Drop Rate %
% % o o 0000%
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CEM Il - Piso 1-2 Zona con PSC-10
« 1062.
| Total Count{Calls + Drop) | Calls Count | Dropped Count | Drop Rate %
45 45 D 0.000%
CEM Il - Sotano 1 PSC 9
« 1062.
I Tptal Count{Calls + Drop) I Calls Count I Dropped Count I Drop Rate %
60 60 0 0.000%

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




N
TESIS PUCP g

. < | PONTIFICIA
Z T @ % | UNIVERSIDAD
CATOLICA
DEL PERU

CEM Il - Sotano 3 PSC 8

« 1062.

Total Count(Calls + Drop) Calls Count | Dropped Count Drop Rate %

Prueba de Hard Handover Metro to Macro:

Intra Frequency 1062 PSC 10

Timestamp [ - ]l. - IF‘mbﬂ:nI - IDlrenl[ -]
1GB2016 04:47.67.036 p.m. |
12MBE2016 0447 57 301 p.m

Wessage Hame K

Addiional inlo
Event Intra Frequency HHO Cmd

Evant Inlra Fraquency HHO Success

i Zpurce Frequency: B82.5 ; Target Freguency : BE2.5 ; Source PEC: 10 ; Targel PSC : T8

D|rec[|gn-Euent
UE

Eventtd | WCDMA: Intra Frequency HHO Cmd
Additionalinfo

| Source Frequency: 882.5 : Target Frequency : 882.5 : Source PSC: 10 ; Target PSC - 78
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Intra Frequency 1062 PSC 9

Timestamp [ - [~ ] Frotocal = }I:Ilrenl' - | Mezsage Nsme [ _i'}
1MFI2016 085434 B35 p.m. | Event i Infra Freguency HHO Cmd
1VOTI201 6 0954348 BDE p.m Evant iIntra Fraguency HHO Succecc

Additional Ink
Zowrce Freguency: BE2.6; Target Freguency : 8825 Sowrce PSC B Targs! PSC 222

Direction {Ewvent

G I?.ﬁ.éu.ié;:..é.ﬁiﬁ; e e 'N'r;il;f:'ii'rji';éi'_'dh'i:']:-i_ih'i:i:'i e
e TP T HEHEE& cyHH e
Additionalinfo | Source Frequency: 882.5 ; Target Frequency : 882.5 ; Source PSC: 9 ; Target PSC : 222

Intra Frequency 1062 PSC 3

Timestamp I * -|I- - rpﬂ:ﬂpttﬂ- - | Dm.‘etll * ] Mezsags Mams [ '(-
{77201 6 G0 4408030 p.m. E Evenl i Inkra Fregquency HHD Cmd
ITOT2016 04 .40:06.037 p.m. | Evenil {intra Fregquency HHO Succecs

| Addiional Infa
Seuice rlluhllu.'[ pp2.G Tru'l.l'qul.ilh.'r 0005 . Source PSC: 3 Targel PES: T

Direction ~ Event

ILIE. DewceGalaxySE #2F| Ie HM_P1_DHOAH D1 ettt e
Eventld é'-.l"-'CDTu‘IA: Intra Frequency HHO Cmd
Additionallnfo

 Source Frequency: 882.5 ; Target Frequency : 882.5 ; Source PSC: 3; Target PSC: 78
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Intra Frequency 1062 PSC 7

17072015042520.784 pm, | ‘Evont iIntro Fregucncy HHO Gmd | Source Freauency: 0825 Target Froquency :362.5: Scurce PSG:7: Target PSC: 70,
1707201 5 04:25:20. 764 p.m. Event  Intra Frequency HHO Success |

Direction ‘Event

UE EDewce: Galaxy S5 #2; File: NM_S1_cuartos_OHO_1.AHD;1
Eventid SWCDMA: Intra Frequency HHO Cmd

Additionallnfo ?SCII.ITCE' Frequency: 882.5 ; Target Frequency : 882.5 ; Source PSC: 7 ; Target PSC ;. 78

Intra Frequency 1087 PSC 3

I| = rPrnh:om = (| Directl| = Message Name W addihanal Info

1TAOT2015 06:34:32.018 p.m. E Event Intra Freguancy HHO Cmd Sourca Freguency . B87.5 , Targel Frequency . B37.6 | Source PSC. 3 | Targel PEC . T8
1TRT2016 08 34.32.018p.m. Event Intra Freguency HHD Swccess

Timestamp -

S
e B BRI LR
B OO Wi Fremeney RO G~
Additionalinfo | Source Frequency: 887.5 ; Target Frequency : 887.5 ; Source PSC: 3 ; Target PSC: 78
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Prueba de Hard Handover Macro to Metro

Intra Frequency 1062 PSC 9

Timastamg [ - |I[ & | Protacol [ - |Dire-:h‘ = } Mes5a08 Nams l‘r Additianal Inf
W75 122006 520 a.m. | i (Ewent Intra Frequency HHO Gmo Source Frequency: 882 5; Target Frequency @ 882 .5 ; Source PSC: 78 ; Target PSG -8
1OTII016 12200068523 am. H iEvent Intra Frequency HHO Success

Direction Event

UE Device: Galaxy S5 #2; File; NM_CEM1_S1_IHD.AHD;1

Eventld  WCDMA Intra Frequency HHOCmd
T Frequency EBEETarget FrequeanBZE e rge’rPSC —

Intra Frequency 1062 PSC 10

i

17OTROIG 064411300 pm. | ! Event Irirs Fraguancy HHE Gmd | Sourcs Frequency: §52.5 ; Target Frequency : §82.6 ; Sourcs PSC: 73 ; Tarpet PSG: 10
1TRTRO1E 3 44:11.43 p.m. Event Iritra Fraguaney HHD Susass

Direction Event

L!E ettt et DE"—'IEEG alax}fSE#QFl IE' NM_F"I_OHCIAHD1 etttk bttt ettt
Eventld WCDMA: Intra Frequency HHO Cmd

Additionalinfo ~ Source Frequency: 882.5 ; Target Frequency : 8825 ; Source PSC: 78 ; Target PSC: 10
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Intra Frequency 1062 PSC 3

Timestamg Erl = || Pratocel | - | Directi| - Messaga Hame Additicmal lnk
1 THTR016 101 T.51 . 4BC p.m. | ;Ev enl Imira Frequency HHO Cmd Source Frequency: ¥82.6; Targ el Frequency : 832.5, Zouwrce PSC. 32  Target PEC . 3

{ THITA01E 101 T-51 825 p.m. i Ewerd ¢ Irirs Fregquency HHO Success

Direction | Event
{ Device: Galaxy S5 #2; File; NM_P2_IHO . AHD;1

Eventld {WCDMA: Intra Frequency HHO Cmd

Addltlonallnfa ""m?éource Frequency: 8825 ; Target Frequency : 882.5 ; Source P3C: 362 ; Target PSC . 3

Intra Frequency 1062 PSC 7

1 FROPICNE D4 2B2E. P61 p.m. | Source Fraquancy. BEL.E; Targat Frequency | BELE | Source PEC: 73 Target PEC & 7

Lot

{Evant | Intra Frequan ey HHO Cmd
T e A e ey

Direction Event
e Dewce i e Fie N S e RO T ARD
T 2
Additionallnfo : sency 5 Ta

| Source Frequency: 882.5 : Target Frequency : 882.5 ; Source PSC: 76 ; Target PSC:7
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Intra Frequency 1087 PSC 3

17I07/2016 02.33 16.363 p.m. | Everd Intra Freguency HHO Cmd Sourca Frequency: 88T.5 | Targel Frequency | SBT.6 | Source PEC. T3  Target PSC . 3
1707 R2ME08 3% 16362 pm. | i Evert Intra Freguency HHO Success

Timasiamp - | - |urmn¢n| = | Direct -[ rAassapn Nama i Addinnn gl s

Direction | Event
GE "-i]éé'iﬁe':'éilix'yusns s Eie r~lM_PI_IHD_1'2AHD1 bbb
Eventid ~ \WCDMA: Intra Frequency HHOCmed
e SnurneFrequencyBBTE TargetFrequency e E R e e Targetpsc ymm—
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Comentarios del Autor:

Se pudo observar que existen casos en los que no se llegan a los valores planteados
para los pardmetros de Throughput y Tx Power, con ello se concluye que el nivel de
Throughput depende de la carga presente en la red y las condiciones de radio y los
niveles de Tx Power dentro del sistema, pueden verse afectados por interferencia de
otros moviles que estén transmitiendo con la red macro y estén cerca del sistema de
femtoceldas, con lo cual estos parametros pueden presentar variaciones.
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