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ABSTRACT

This project introduces the Planning and design installation of the
antenna and the Improvement of LTE (Long-term evolution) signal for entering the
coverage area of LTE mobile service In beginning, survey the areas where have to
install more antennas by planning to install according to Company standard and
design direction of signal propagation to the most appropriate and maximum benefit
for users. After installing the antenna is done then check the quality of the signal
around the base station where the antenna is installed after service is started the
initial test is done by driving test, analyzed and improved using Actix analyzer. The
final test is done by driving test again, analyzed and final customized through final
data. The final report is finished and make a report on the quality of signal has
complied the LTE mobile phone standard.
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® The Evolved Packet Core (EPC)
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2.1.2.2 The E-UTRAN (The access network)
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2.1.2.3 The Evolved Packet Core (EPC) (The core network)

Evolved Packet Core (EPC) ﬁaqﬁﬂixﬂaueiaaﬁagﬂﬁ 2.5

MME h Signals
Traffic
;
; S10
) o
S1-MME MME
E-UTRAN 511
) Servers
51-U SGW |z P-GW PDNs
SGi
55/58

E‘U‘ﬁ 2.5 1A59a5139994 The Evolved Packet Core (EPC) [2]

= o

p3aAUsENOUEa8vDY The Evolved Packet Core (EPQ) um‘ﬁ

® The Home Subscriber Server (HSS) fin1sdnilumsasiadeyalneiudoyaiiun
910 UMTS v GSM wasifugudnansuesgrudeyadaussydoyaiisatvauingdniunis
iotneviaman

® The Packet Data Network (PDN) Gateway (P-GW) Rnsodoansiulannisuen
TneiiinTetreoyauuuufinifn PON Idnsdeuuuy SGi Faudazinierredoyautiniinazgn
AMUAAIY Access Point Name (APN) @1%15u PDN gateway fintiafiLigafiu GPRS Tunns
aduayuluun GGSN war n1sliu3ns GPRS atfuayulvun SGSN fu UMTS way GSM

® The serving gateway (S-GW) ﬁwﬂ'lﬁLffJuLﬁma‘s'Lcaxﬁwia%auﬂmwdwamﬁ
§1UAU PDN gateway

® The mobility management entity (MME) A2UANN1TY19T1UTEA UGV DY

Insfniadounilnenisasdyanndeninuuas Home Subscriber Server (HSS)

® The Policy Control and Charging Rules Function (PCRF) ﬁ‘lﬁﬁ’]ﬁmUﬂumﬁ
andulavsonsimuaulovieiiensmuauileidunisn savaeuliiduluaiu Policy Control

Enforcement Function (PCEF) ‘?}ﬁagnlu P-GW

10



a ' o = P=]
2.1.3 Taseddrenslsuiisvaamsavneinsdnyiinaoudl LTE

R = ' = ' . ;
wInveAiviuldlaedliuinis 1 aude 1 Uszva azi3end1 Public Land Mobile

[
8/ s

& - = £ v = el 1 L7
Network (PLMN) tiadu1dnusaetd 199714 PLMN YOIHINUTNI5LAT DU UDINULD IR I UAY

Y

= ' 1 - v 2 1% ] ' a4 o
138N Home-PLMN usinslsufisazoyaialigldauausadoluldanunietiedudeas

159N Visited-PLAMN

q' 173 = 1 -~ =l cl 1 v 1
m‘ﬂ‘muwa@@l‘ndmmiammwu Visited-PLAMN $in1sidausalawn E-UTRAN, MME
I 1 124 = ! e 5 = 1 <
Wag S-GW wand1 LTE/SAE sygialf P-GW 104iA3avienuenseviaiasansduaninsalday

v @ =l
16 uansdagui 2.6

[ s PR A SU— - 7Y
------- i R N s
Home PLMN
E-UTRAN §s1
SGW ‘ P-GW 54 Servers
$1-u ) PN
55 tome touted wathe

56 - '
Visited PLMN P-GW
aakout

Local b

U 2.6 laseainannslsudavaaasetelnsdmiiadoud [2]

A 1 1 = @ 2 =l 1 5 A 1 g
ﬂ']'iL‘UBQJG!E)'ﬁSWTNﬂ’Wﬂﬁﬁiﬂ’ﬁﬂULﬂu%’I’N PDN (58171 S5 LagsS8 yNaninsiiiousailil

i
= s = 1 o

Auuansisfuanteefunsldau lnedld ss drilaosgunsalluiaieviedieniudoude
v o € aey | o A 1w g @ [ | aay 1 o
warld S8 drgunsaldraaseteiudoudenu dnsulnsdnindouivlaiinaslsuils nns
THusn1s Audunia PON ansaUsvendldlsiiugunsaifuien sy nsidousre S5 uay S8 a

yeluvianun
2.1.3.1 Roaming Charging

Roaming Charging (n1stiuA1usnstsuia) aududeursinalnnisiiuAiusnisuuy
Toal Fufudessessunisisuiwes 4G Fsiunninisidau 36 TnsinisldedwnilyZonsy

ATU3N3 2 A1 AB 1) Pre-paid Charging 2) Post-paid Charging d1wiunislsuiia LTE

il



® Pre-paid Charging Mu31A5§1U CAMEL n15lsuflswuy Pre-paid vinlsfansnsa

o
a 1 14

Wanduluszuu 36 wilisesdulussuu 46 Anludeyavesgniuuidntudesgndanduludy

U U

= I [V @ Y] 1 o o
LAS8Y18989AULDY (Home-PLMN) lunianssiudiunagdnnisiuiaseviodu (Visited-PLMN) Tu

[
v ]

4 da v v a . Y o al Y o= W a a
WUNaNKILY ﬁ\'?Nﬁiwﬁm’WUiﬂ’]‘SLﬂ‘5@“?]']EJﬁ@ﬁlﬁ‘ﬂﬂ'ﬂﬁLLang%IWlﬂuﬂ'ﬁL‘iﬂﬂﬂ“ﬂaHaﬂ']5L$\1JN‘U‘U9~3

AA

)

® Post-paid Charging nsifiuAruinisvenisldrudeyauvusieiiiou viauly
58UV 4G wilauiuluszuuwuy 36 Tdeuu TAP 3.11 w30 3.12 @ Local Breakout (LBO) w84

N15U3N13 International Mobile Subscriber Identity (IMSI) $ududaald TAP 3.12

Y a lo o - o ~ % a4 1w ¢ v
Aliuinslaidndusesdiduiuan@nlunsidauiiuinduaieluaniunisel dumig
melutiu (home-routing) lunsaluasaniunisaiuss Local Breakout (LBO) nszinngudaya
a & rar v & o %) v a A Y-
anTnaggaiiunielu visited network fsduialiiliuinisieiotisaueddunsinfudeya
. & J T - T o A | o da v ¢
WUV real-time 14 pre-paid uaz post-paid #sd1luspsasiinisiwenseniduriiugudnans
TEUIN TPUUNSIAUAIUSATT (charging systems) Way P-Gateway 999LA30U 8 UaNIATEYNY

AULDY (visited network’s P-Gateway)

lunsdlvas Local Breakout (LBO) aznd1afiaimanisain1suinisuesaiedsuon
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A15197 2.1 Basis for Comparison Charging (s18)

Basis for Comparison Pre-paid Charging Post-paid Charging
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23




d113V transport channel fUssananadsenauAIgn1IAIVANTBYaNaIBUTELAN
4 4 s [ o v o a4 i . & w 1.
ianagaduayuNMTIuIBsaUtuinINIveales physical Bateyawmdiinanisnanis

@ =
AIUAITNAIAIT NN 2.5

< o
AT 2.5 I8NN5V0IMUSEIANALY transport channel

Toaun DNWYIED Downlink Uplink
Downlink Control Information bdl X

Control Format Indicator CFl X

Hybrid ARQ Indicator HI X

Uplink Control Information udl X

Y v o v v o o
Physical Control Channels fMuszsnanavinnisainnsavaudeyalagiaduayunis
o o as .-3 nﬂé U (2 . y- 2 a’j o e 1 L7
VinnuresanutusInIaalEes physical uazdstayaiuludiinyssnanavotesdiyy e

physical IUEULLuumad physical control channels

Tayaiinsiiunefiilsznanarepdy o transport Tulasessudyg i uiazll

as ! s

¢ ol [ = 1 @ z o [
Usznglulaleaingandn milouiudn dalssaianavostosdyyin physical a319dyanmmig

= w o o o v ' = ;
NEATN PIFUVAUYUAIAUTUNATUFAATUAUBITEUU U9 physical control channels W&n9

SIUNTAIAITIN 2.6

A9 2.6 SISV physical control channel

Tovosdayayod oNuste | Downlink Uplink
Physical Control Format Indicator Channel PCFICH X

Physical Hybrid ARQ Indicator Channel PHICH X

Physical Downlink Control Channel PDCCH X

Relay Physical Downlink Control Channel R-PDCCH X
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Frequency
Downlink Path: OFDMA
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Uplink Path: SC-FOMA
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Frame Duration (ms) 10
Subframe Duration (ms) 1
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Sampling Frequency (MHz) 192 3.84 7.68 I5.326 23.04 50.72
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(inc. DC sub-cerier)
Guard Sub-cariers 52 105 psi i 423 635 847
Number of Resource Blocks 6 12 25 50 75 100
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1.140 22655 V4651 5mid .06 ™123.515 | 18.015
Bandwidth (MHz)
DL Bandwidth Efficiency 77.1% 90% 90% 90% 90% 90%

OFDM Symbols/Subframe

7/6 (short/long CP)

CP Length (Short CP) (us)

5.2 (first symbol) / 4.69 (six following symbols)

CP Length (Long CP) (us)

16.67
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SU#l 2.31 Remote Radio Unit (RRU) [8]
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5UA 2.33 1Mo Luufiand (Directional Antenna) [13],[141,[15]
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A 1 [ 2/ s a 5 A
pmeeauTaisuulaslalaelidedduyudlunisuiu TasmsusuiursiuasunUauva
= 1 A lﬂ! =l s = 1
YOIDUNALAL FUUUUMTUNINSEIBDIATY F39ziin1sUsusseslnalagldslunizenin Remote
. i C% lﬂl d o v as A A 1 L o - A 5
Electrical Tilt (RET) dnazilumSesnavunadniianunsavilidatenfidousatuiiinaduiy
annsaviuiiamevenaainield Fanasuiunuuilidumsuiunelussuuliliunedoaan
| 4 1 < [ vYal ] 1
917 9INFUN 2.36 MINBlaY 1 wag 2 ULandaoniae (2 gruaaud) illiuie 2 uvedy
o di o el v A ; i
Afeyeuan RET Lwamu{iam NUIBLEY 3 UAAIFIUUUININTNISUSULTSIAAN (Electrical Tilt

w3e E-Tilt) Fauansnisuuideluih (Electrical Tilt wie E-TilY) fagui 2.37 dail

g‘dﬁ' 2.37 mMsUSu@alni (Electrical Tilt %39 E-Tilt) [6]
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1 d
® LL‘UUEUﬂ’ﬁLLW'ﬁﬂ'ﬁ GRRIRING IR

dwmiunisufuguiinvesarainiavisuuunisusudana (Mechanical Tilt

3o M-TilH) wazn15USULT9InWHN (Electrical Tilt 3o E-Tilt) vosidranmadunisusuiite

A LY 1 IJ leU 1 s A:l{ 1 ar
wWagullainsunsnszanevasdngiu wnisiasuidastdunnaenuiuetnuuseinnyes E-

[
o

. ” () a o w 1Y £% P as ' @ M e
Tilt uag M-Tilt sedudsiddgynfedesdilaneaiunsunsnssaevesdyanaildfunansenu

1 =l A - 1 dy'l o o 1 é‘ d 1
'luumasnim WS UNENANTENUMAIIH1UNITATUILAZNISAINUA LU Y dB, WuUNI9 ey

'
=1

27 dl o 1 73 1 ¥ -y A 1 {4 1] Ell‘ o
nausldFuuuuun iUl udsudeoluiifuiideneliidnlaietu Fauamauuuguvesdn
d‘ n’; B L L3 n:l o v
AAUlULUINOY YIWUY M-Tilt wag WUy E-Tilt iuungveanisianinindas wevinlwidnle
A L 1 at 5 -=: 1 s =l
e AuMIAINANTENUYDIUTHANTDINITUSUNY 2 wuy Adwmalidygruiveulunasoungu
A ddw o | a o I o 4
Wunnneans laeiiuanuuugunisuninszasvesraulasiinaiunitwesdinau 90 uay 65

249711 ﬁqgﬂﬁ 2.38

Amoniy oo
=l E
Mechanical Tilt Electrical Tilt Mechanical Tilt Electrical Tilt
0° 0° 0° 0°

Antenna with Horizontal BeamWidth 90° ) Aﬁgédﬁi:‘WB-Hori_zoﬁtai BeamWidth 65°

q’ 1 = P [ o = 4 . =l
JUN 2.38 wuugumisunsnsgnevesaaudlaviinsuiuguiawuu M-Tilt wag E-Tilt lneiiau

AIN9U04871PAY 90 WAL 65 DIF1 MINAIGU [6]

v o

o 4 ! v
®  MsAnnNANNANNSEEEeIRAURiamnsaadlUls
o 1 i ‘d 44 1 14 b
MsFuMLNNNsseen1avesnauiaisaddlulaaiunsaminaingmninis

Auumsluil lneniseaziduavesrnldlunsmuiuuanadiazun 2.39

ANEIVDNAEDINFA

sufuveaaeine (eesm) = arctan( e ———
srogvevasmaunddlula
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Distance

< ° v o < P 1 v
UM 2.39 MImulnmyununsTezYsniuniausaasiyla (6)

2.1.10.5 1@ (Tower) Maluszuu LTE
1@ (Tower) Aldlunsinmaanoineluszuu LTE Saaelui

A = = s
® Guy Mast on Ground \Huiaiiladsdaleald 3 du dalesaiundniugiusin
- o v as vé’ o v ] s = O - q‘j i = n’j
wevihuiheiulsaay Tenunndndmiunsinns danugeiaus 30 - 60 wWas @unsafnng

l@enAlel 4 layer Tnefiuans Guy Mast on Ground ﬁﬁgﬂﬁ 2.40

'. 60m_ (3 50, M)
S6m. (3 50, M)
52m_ |3 50 M)
48m. (3 5q.M.)
26m. (1.13Sq M)

43m. (1.135q M.}

/ \

‘gﬂﬁ 2.40 Guy Mast on Ground [16]
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® Self Support Before 2016 1Jwiangs dg1unine seeiugunsainnuuinled

fonldlulve fiaaugs 30 - 120 weasivis 3 91 waz 4 1 TTulalrdumeluen dauduns
s s g L i/ (! =

LTSN AIWIT0TBL5ULTIAINNY uazsedudmTnvesgUnsalliuinnitassiandu

awnsfnREeINAle 4 layer Inafiuans Self Support Before 2016 ﬁagﬂﬁ 2.41

60 m. Area (3SOLM)
56 m. Area (3.2 5Q.M)

bﬁ-’ 52 m. Aves (3.250M)

48 . Area (1.1350.M) = 1set
47 m. Aves (3.2S0LM)

42 . Ares [L1350.M]) = 1set

sUfl 2.41 Self Support Before 2016 [16]

® Self Support 2016 Iwileuiulan Self Support Before 2016 tiaunnyUsenis

@ a Ky ' o v o |
ANNUATIN LU Uulﬂaqmauamm uazTossulsaulafInINal Self Support Before 2016

l layer 2 uaz 3 aunsaansuaiaInidld 3 layer Tnefiuana Self Support 2016 faguil 2.2
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AL . Area | 3 SO A
27 . Ares (3 SOLaA)

AR . Area (3 SO
23 M. Area (0.2
SCLM) = Teet

WPhe @ e W e e

ofornts

e s LT LAET S

__..I.I‘ ;E‘vun. e v

L]

LI

-
)

5Ufl 2.42 Self Support 2016 [16]

o " o @ al -l =
® Pole on Building 1wl i@ udnunuien dvuiadn wagll 3 van1aeen
o widl a & a FOVLd AT a . a Sy
Anfuiu Aansluusuniiuiidnin lesawedoudadsuueiasmaitluguwsy awnsofndald
[ a 1 a = = 3 }7 o
NeuazsITINInaUTsandu daugs 3 - 15 wns annsafnnuaneiniale 2 layer lagh

waAd Pole on Building ﬁdgﬂ‘ﬁ 2.43

19 m, Area (3 5Q.M)
6 m. Area (2.5 SQ.M)

5U# 2.43 Pole on Building [16]
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=

i e = v 1 - . a A
® Guy on Building iwiaffiadedaledly 3 du fvwindn Aansluuiinand
wundin deudateuueiasaiaiiluyuvuadieiuiauuy Pole $A1ugasiaus 9 - 21 wes

- B » ol T
AT0ARALEIDINALA 3 layer lagilany Guy on Building AegUN 2.44

18 m. Area (2.5 SQ.M)
. 15 m. Area (2.7 SQ.M)

:1 21 m. Area (3 SQ.M)

13 m. Area (0.28 SQ. M)

¥y

12 m. Area (0.28 SQ.M)
\

\

sU7l 2.44 Guy on Building [16]

® Special Tower Whuanfignszyfunsalfivay leud

i ree

® Wall Mount tHula1figuaenu1a1nNiiaved01a15 d1889n151UAEY
Mounting ¥ata@121n1aA5L05uluaygy1fain Civil Engineer wagnanidsenisly Combine

Solution Taefuans Wall Mount é’qgﬂﬁl 2.45

sU#l 2.45 Wall Mount [16]
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o An 1o/ 4 én
® Billboard Lﬂmmmmagﬂwa%’ﬂmwm Iﬂammmgmmmmﬂmmm

vy Billboard fegufl 2.46

20/08/2013 11:

0} -
e ‘Dé

sU#l 2.46 Billboard [16]

1 a 5 a' v 4
® Stand Pole ijumeuuauTumsmﬂmquLLm Tme9 Stand Pole

a =
wanseagun 2.47

JUN 2.47 Stand Pole [16]
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. s ¥ ' <
® Electrical Pole L‘fJumwmmmemﬂagumaﬂwﬂﬁ lngiuana

Electrical Pole ﬁd‘éﬂ‘ﬁ' 2.48

gﬂ‘fl 2.48 Electrical Pole [16]

| P
® Spun or Mono Pole LluannaNNsINTEUBNTUIAANLAZY Ine?

w@Ae Spun or Mono Pole ﬁdgﬂﬁ 2.49

gﬂﬁ 2.49 Spun or Mono Pole [16]

2.1.11 Circuit Switched Fallback (CS Fallback)

Circuit Switched Fallback (CS Fallback) Ao inalulagidafinslnsnianisuinig SMS
\wedsdyaauveyaludsgunsalluszuy LTE dumsldssuu GSM viseinsonewesinainduuy

3u Tme? Circuit Switched Fallback (CS Fallback) Wudssndumnsglussuy LTE Juguuuy
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y & ] o A o o ' o fa o ¢ o s
ﬂ'lTﬁQWUEWULLWﬂLﬂquwuﬂiuinﬂi@?mﬂlaw 50\17333'13-;iaﬁiUﬂ’]'ﬁ'IWSLLUULsﬁaiﬂmﬂjﬂ‘?j Weaunsd

3

o oW

99458 UU LTE dnsldaulunsiudygranisaunuivie SMS gunsal “falls back” Tuda

< 1 =4 d} 1
LA3DTU1Y 3G U390 2G WieINseannIads SMS Luudanlu

CSFB gnAmumeaglu 3™ Generation Partnership Project (3GPP) fiasiin1suiuugenis
MnuvesgudmuniLaiasadensasdyy Ny ogiaue Fadumnnuinduignisyinau
Fansmdmsunisidaulussuu LTE 39 Voice over LTE (VoLTE) gnivrsanindudmneszey
gndmunsindiveinisliuinsaiudssvuniods LTE Inefiuansnis Circuit Switched

Fallback fagudl 2.50

(( )) ! - ——  Voice Call Traffic Path

= Registration to CS Network Path

m——— Paging Path

=&

I
1

eNodeB : o s
: (Serving Gateway) (PDN Gateway)

sUl 2.50 Circuit Switched Fallback (CS Fallback) [17]
2.1.12 Carrier Aggregation

£ e ° o o ' P a o 9 ¥ a
Carrier Aggregation gni1a1l4lu LTE-Advance iiafiazdiaiiuuuunisuasyinliy
ons1Unme uonanuusdiauddnylunisifiuinmaradiulduuudeundutiu UEs wuu R8
way R9 &9 Aggregation 1ufiugiuvesdliuinis R8/R9 Ineil Carrier Aggregation aunsald

dwsu FDD wag TDD é"m%’ugtlfff 2.51 wana Carrier Aggregation ¥a3 FDD

ST



i |
~— = m
RE/RY N < b ";

b "
LTE-Advanced N
i
RE/RY

max 5 CC, max 100 MHz

C(BWI»\ 3, 5,10, 15, 20 MHz

. A

Same DL and UL allocoation. Different DL and UL allocoation.

sU#l 2.51 Carrier Aggregation (FDD) [18]

3103V UE 983 LTE-Advanced @111509n3nassningansves DL uag UL tieafiy
o al d" 2 =1 I 2 ] a
NINYINTNYNTIVTINIIIENOUAMIE 2 N391INNIT Component Carriers (CC) @13V UEs wuu

R8/R9 anunsagninassninensiu CCs laq new CCs anunsailuwuusisiananule

Wiay aggrecated carrier %1380 Component Carrier (CC) e Component Carrier
anunsadluuuddsldnaud 1.4, 3, 5, 10, 15, w30 20 MHz wasilliaeantly 5 Component Carrier
aunsogninas sl inszagiunuudisgianves Component Carrier fo 100 MHz T
FDD $1uuves aggregated carrier anansnfiausiidludiues DL waz UL faguil 2.41 oensls

finu §1u7uYes Component Carrie UL 9giiAuvifuianevisfnitduiuves Component

-

Carrie DL wid193U TDD 47u7U Component Carrie UL 9gdlA1viniufiy Component Carrie

DL iawa
2.1.13 m3irseiwisimesvasdygyindusyuu LTE

ATz iwesvesdnanluszuy LTE Swslimesnldlunmsinsevidaygn

e
Lo
=Dy
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2.1.13.1 RSRP (Reference Signal Received Power) flaf1fidsasdynindiaduaie

]
° o =

= t a 1o ° s L o s =l P L3 =
Budulumiietod uazdusiiddyiaadmsu UE Tumsindmsunsdnisidenead, nsiden

b

! = & L= 1 | g v o = 1
wanlnd wazn1siiauaudleas WAl RSRP dudrlduenaunssesdyaiafivdiedy

dBm dmiugnsnsAuamme RSRP annsafmwnldanngassdellil
RSRP (dBm) = RSSI (dBm) - 10log (12 x N)
Tnefl  RSSI e Ardandsues Suanuisuld Svhedy dBm duaaldann
RSSI = wideband power = noise + serving cell power + interference power
RSSI = 10 x N x RSRP
N fi §1uruves RBs mauuusisyetosdtyny o

< | i s i
laefiuanin1s1edasuesdn RSRP siaguil 2.52

Reported value Measured quantity value Unit
RSRP 00 RSRP < -140 dBm
RSRP_01 -140 £ RSRP <-139 dBm
RSRP 02 -139 < RSRP <-138 dBm
RSRP_95 46 < RSRP < -45 dBm
RSRP_96 -456 < RSRP < -44 dBm
RSRP_97 -44 < RSRP dBm

JUT 2.52 M39%29v0961 RSRP [18]

]
=)

2.1.13.2 SINR (Signal to Interference and Noise Ratio) ﬁaﬁwﬂﬂumﬁmmmwmm

- ]

Uy w%amamswmmwdwﬁﬁqLaﬁwaqﬁ’wumuﬂmsiaﬁwé’amé’ammﬁfgggwmumumﬂﬁv

e

dawesdaygrasuniu dmsuansnisAuanmial SINR annsarualdnngasioluil
SINR >
~I+N

[l
s

gl S (Average Received Signal Power) fadniduadsvosdyaauilay
| (Average Interference Power) flaFnmasadevesdyminsuniy

N (Noise Power) Aofidsasdysuniu
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2.1.13.3 CQI (Channel Quality Indicator) Aorildusnauninvesdyyiunisdoans
wazdoyalunisiinsedioans dmindn CQl ge azviilinunmvesdyanai way A1 Throughput
gesneLruiu Tasfiuanenis1e anuduwudessrn CQl Index, modulation, code rate uag
efficiency ﬁa'gﬂﬁl 2.53

o

o 1 o A o A 1 1 s U = el dil
n13AuA CQI itldenddny 3 Usenisndssenisinan CQI el

1. Signal to Noise Ratio (SNR)
2. Signal to Interference plus Noise Ratio (SINR)

3. Signal to Noise plus Distortion Ratio (SNDR)

cQl index| modulation [ code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 14766
8 16QAM 490 1.9141
9 16QAM 616 24063
10 64QAM 466 27305
11 640AM 567 3.3223
12 B640AM 666 3.9023
13 64QAM 772 45234
14 640AM 873 5.1152
15 640AM 948 —0.5547

g‘d‘ﬁ' 2.53 m13519ANEUTUSYRIAT CQI Index, modulation, code rate wag efficiency [19]

= al | ' . ' ' =t a ~
NNFUN 2.53 9zlinnuuandneesan CQl index 15 A1 aglutae 1 s 15 (4 Tn) uawd
nsuandliiutaANLduRuSsErIeAn CQl NUNSHORIATY, IRn5159a uarUsydnSninueun

avan CQl

' ]
¢ [

2.1.13.4 PCl (Physical Cell ID) \Junilslumisrfitnesiidrdgunn Midessywadnisly

o

kL =i

wsavgliaevesszuy LTE Tun1simun PC agdesdilslisnnugniewasdiuszdninmazsyinly
Wumsliniwenshiiiuseansamuasiiugunimvesnistiuinisdmsussuy LTE wiodldaunn

AU
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A1 PCI aansaldnsaaaounisiiin Cross Sector (Cross Sector A nsiintlymieatiuand
finda PC1 ldasanufiaenuuuly ) waeldnsiadeunisiin Handover (Handover A nseuauNAs
User Equipment : UE LﬂﬁauLLﬂaaLﬁaaéﬁmé’aé’ué’zyiynma&“i) Faudavigadiuasiian PC sefy 1
anilgu 1 an1ilgiu § wennia 3§ uanedh 4 3 PCI vide 3 1wad Tnefiusay PCl agld@lunns
vy aviliiesenisnsavasuidethmitldainnis Drive Test uviinsziioudlodogmi
Anduivdyaaasluiuiitu S Pl axiddaus 0 8 503 dmiugasnisenamien PCl
aunsadanlingnsiwielud

PCl = (PSS + (3 x SSS))
Toefl PSS (Primary Synchronization Signal) A" Identifies Cell ID §lA1 0, 1 uag 2

SSS (Secondary Synchronization Signal) A1 Identifies Cell ID @1 0 fi4 167

2.1.13.5 Throughput Downlink (PS Download)/Throughput Uplink (PS Upload) Aa
Asnudeyaiids - Suldluvianiena Wudvenauilunislénuedenns dmiuns
e Throushput §33msesl

1, fviuawuuAdsIaediilen 1.4, 3, 5 10, 15 uag 20 MHz mﬂafugmmﬁuﬁué
Auudeanswensinglddoyaaingy 2.54

2. \Henvizeruarnanmnisidenladyniaing tesuane Throughput
TnudfaaiAn MCS Index Tneiiein MCS Index astiuagiudn CQl adnslsiinmy Araduiugsemwing

AN MCS Index WagAn CQl Tusgiuusagievsaiinvosanizuaazi daunadondr MCS

Index 203U 2.54

i
= 1 J

3. dunafl Transport Block Size (TBS) wlefmuashuauvesdnfiazdsste 1 TTI
LazANFe 1000 Wiatdsumiedh bps
Tﬂﬂﬁwmamgﬂmswﬁmé’umiﬁmamfh Throughput %39 #199ANUAURUGTE IR
MCS Index, Modulation uaz TBS Index l¢ifsguil 2.54
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MCS Index | Medulation | TBS Index MCS index | Modulation | TBS Index
0 1] 17 15
1 1 18 18
2 2 19 17
3 3 20 18
4 4 21 19

QPSK
5 5 22 20
64QAM

-] ] 23 21

7 7 24 22

8 8 25 23

9 28 24
9

10 27 J 25

11 10 28 28

12 1 29 QPSK

13 16QAM 12 30 16QAM Reserved

14 13 31 64QAM

15 14

16 15

3UM 256 M5 mdRuSsEMInar MCS Index, Modulation uag TBS Index [20]

lag? MCS (Modulation and Coding Scheme) fifndustifiunaunmuesdyaiaily
Yoadynyiniug warlvlunisvendiuiudn Gsansasessuldneviiaesrusenounswenns

(Resource Element)

dmsugnslunisfunme Through annsawiadldingasiwielul

N x 12 x 7 x subframe(2slot) x MIMO x bit per modulation symbol
1ms

Throughput (Mbps) =

Toe?l N fa 39UIUVaIUERANSNEINT (Resource Block) Mld@eilauatfusuiueaauuusds

Y

P o P =) = - < ' < P
subframe A U subframe 'lumﬁawa;‘ga Ineiaguuaty 2 aden uravadonaydl

uIn 0.5 Aadiui

MIMO (Multi Input Multi Output) e SruruaenARldlunsde-Sundouiu Wy

MIMO 2x2 A1 MIMO winfu 2

[
s

Bit per modulation symbol e dnulnreviiadydnual FallAdusdiunisuegaty

WU BPSK azdiAndnuiudndeniledudnuaivintu 2
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2.1.14 naudiuasgrudmivuanaunwvesdyialussuy LTE
D:’ s 1 s - 1 A 1 1 1
Taemlumsdanaadygravesssuumsannadeaisuuulianglussuu LTE dulunjas

1 A L a [ 1 2/ 1 1 q! o g el ﬂj
fidndunaduegusgquszuia 3 A1 1eun A1 RSRP, RSRQ uay SINR Fadmiudayay uiil

g

L]

ANANANINAILIAT RSRP 1nnTIu3amiaiu -80 dBm, A1 RSRQ wnnnimiamiiu -10 dB

' oA ) @ =
way A1 SINR WANTMTaWINAY 20 dB uanRaguil 2.55

>=-10

-80to-90 | -10to-15 | 13 to 20

-90to-100 | -15t0-20 | Oto 13
<=-100 <-20 <=0

UM 2.55 inaueiunsgrudmiuuanaunmuesdyaniusyuy LTE [21]
2.1.15 A1 KPI (Key Performance Indicator) Tuszuu LTE

1 = d = A 1 = 1 d
A1 KPI ﬂJﬁ‘J'THlI’]FJLW@Wi?ﬂﬁDUU'ﬁaa‘ﬂﬁﬂ'ﬁW‘ﬂadLﬂi’i)‘ﬂ']t!ﬂ’]‘imﬂﬁlE]ﬁ'e)ﬁﬁiﬂLU?S'UU LTE Tu

=i

a s a o 1 4 o Ll
ﬂiA‘ﬁ‘U'JUH’l'iﬂ’]iLWEJUizﬁVlﬁﬂWWﬁfyiyﬂELl ﬁ)ﬂllﬂiﬁU'ﬁHﬂTﬂUﬂ’l‘iﬁ]iTﬂﬁﬂUﬂ’l KPI bWadan@nITed

vV a P o

waztiudsednsaanlinuiaievigvesdygraingievilinuaindinivaun dngldaud

t 7] 3

2

a a L4 PP L= - o 2/ £ L =} 1 ydc’f” o s !
U?Sﬂﬂﬁﬂ’lﬂﬂ'l‘ﬂ“ﬁx‘l"lﬂﬂﬂ‘ﬂu ‘ﬁi'ﬂLW@WWIWﬁWﬂJWSﬂi%Q’]UW?WEJ']ﬂ'iLF]‘JEJ‘UWEJvLﬂWUU dg13umn KPI

o

anunsoutseanauladat
2.1.15.1 Accessibility KPI

Accessibility KPI n15liunisiag E-UTRAN gnravualviifu EPS w3e ERAB, RRC uae

SAE (ERAB) n1smaaniiudumaunugiudmiusn Accessibility KPI &afn Accessibility KPI az4iae
o o i = ) v a a 3/ vl v
'Luﬂ’ﬁ’mﬂ’]‘5‘1/1’1\‘1’1‘1.4’119\1Lﬂ%i]‘U’IEJ‘UEN"ilJJE);JUﬁLﬂEl’]ﬂ“l.lﬂ’]‘il‘lﬁ‘tl‘iﬂﬁ“ﬂgﬂ‘iEN‘UE]IﬂEJGEL’UVIﬂ’WZJ’TiQL“U’Iﬂi

wFetneld Inedien Accessibility KPI fsastoluil

1) PS Setup Success Rate Ao A19MTI@IUTENINIAINE NS TuNS Touse
1 dl 1 o 1 A 1 = b d‘ E!' 1
Teyaranuneeslumsiwensedeya visrfivivenisnnuansalumsiewaiieiieuss

fuiesetenandmiugunsalvesdliluszuu LTE
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Data Connection Success

PS Setup S Rate =
etup.auccess Data Connection Attempt

2) Voice Call Setup Success Rate (E — UTRAN, SCFB) @D A18RS1AIUTERIN

o o o i a |
ANELSANUNTAIAINITINTUUU RS ARETIATU9NTZUIUNTS CSEB slamnunenenulunising
WUULRSNRAIRTURINTEUIUNTT CSFB ®I0AMUIUDNALAINNSONEa T USaT A Ldnsely

MsAsAINIsnswuULEssluszuy LTE

LTE CSFB Call Setup OK
LTE CSFB Call Attempt

Voice Call Setup Success Rate =

. . - | P o
3) Voice Setup Time (E — UTRAN, CSFB) A9 A8 1914 UN1SAIAINISING

=Y =Y = 1 4 1 q'; 1
LWUULRSNA@IRY8INIEUIUNIT CSFB #30AITUIUONAIINEIN50Y84a U FIAIN1TINg

wuuwdedlussuu LTE

Voice Setup Time = LTE CSFB Call Setup Time

2.1.15.2 Retainability KPI

Retainability KPI d1gflignindsmzussaisszninamslduinis wiansuinisgnenian
5¥M119M13L91U Retainability KPI Tdlun1saauaisnsalunisldauwesssuuiiiodonsonns

3/ | 5 [ 1% o A o 2/ a . ey a0 =1
Tdnulmignassuagyiliauisaviherunuimmualy Tnefian Retainability KPI fifsoluil

1) PS Drop Rate fin A18m31d7UEMI19ANANMAlUN T aNdauUY

]
-

N7¥UIUN1T RRC Wl'e]ﬂ’J'WWEﬂH']lll‘uﬂ?ﬁL%@Nﬁ@LLUUﬂ‘iZU?UﬂWi RRC #30AUIUBNEATIAY

aummlunsiensetuieietevandmivaunsalvesldlusyuy LTE

LTE RRC Connection Drop
LTE RRC Connection Attempt

PS Drop Rate =
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2) VoLTE Call Drop Rate fip A18n3181UsEMI198RT1A LGN IUN15INg
vaunalulad Voice over LTE (VoLTE) sanudiialunisasainisinsveamalulad Voice
over LTE (VOLTE) wiefnfivsuendnsianuaumaidmivgunsalvesyldanuniotnglunising

Yaunalulall Voice over LTE (VoL TE)

LTE VoLTE Call Drop Rate

E Call D =
volihtal DropRate = o GoliTE fall Sotup OK

2.1.15.3 Mobility KPI

. v & d o q v a al | | o w o
Mobility KPI 18unslduiiuguivhlinisiiuinnsiianudeidesdmivildenuuu
= 1 —_— =J 2 /s dJ o @ =l 2/ d‘
LA38918 Mobility KPI #a31siigadeinu Handovers (HOs) tavinnnsimssusasuaiviaas
w ¢ ° %) aa [ o ' ¢ o a & =t

wazAdawes Hos azimuanisleudny UE fidmsldnuegiveudeingadniludnwadnia
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ADU4518R6v06 40 2] 2 2|123 Separate Antenna|T02 TDD Separate on 2100 Same Layer |Layer2  (L23,UL
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Site0014-123|L23-5ite0014-1A A ADU4518R6V06 40 320 0 2 [171] 15.2 |-3dB| Active
Site0014-123|L23-Site0014-1B B ADU4518R6v06 40 120 0 2 |173| 15.2 |-3dB| Active
Site0014-123 [L23-Site0014-1C 5 ADU4518R6v06 40 240 0 2 [172] 15.2 |-3dB[ Active
Site0118-L23|L23-Site0118-1A A ADU4518R6v06 60 330 2 4 |155| 15.2 [-3dB| Active
Site0118-123|L23-Site0118-1B B ADU4518R6v06 60 125 2 4 [154]| 15.2 [-3dB| Active
Site0118-123[L23-Site0118-1C c ADU4518R6v06 60 235 2 4 |153| 15.2 |-3dB| Active
Site0125-L23|L23-5ite0125-1A A ADU4518R6v06 45 0 2 2 |313| 15.2 |-3dB| Active
Site0125-123|L23-Site0125-1B B ADU4518R6v06 45 120 2 2 [312| 15.2 |-3dB| Active
Site0125-123)123-Site0125-1C C ADU4518R6v06 45 240 2 2 |314| 15.2 [-3dB| Active
Site0266-123 |L23-5ite0266-1A A ADU4518R6v06 45 30 2 2 |271] 15.2 |-3dB| Active
Site0266-123[L23-Site0266-1B B ADU4518R6v06 45 150 2 1 |272| 15.2 |-3dB| Active
Site0266-123|L23-5ite0266-1C C ADU4518R6v06 45 270 2 2 |270| 15.2 |-3dB| Active
Site0288-123|L23-Site0288-1A A ADUA4518R6v06 44 30 2 4 [395| 15.2 |-3dB| Active
Site0288-123 [L23-Site0288-1B B ADU4518R6V06 44 150 2 4 [394| 15.2 |-3dB| Active
Site0288-123 [L23-Site0288-1C C ADU4518R6v06 44 230 2 4 [393] 15.2 |-3dB| Active
Site0491-123 [L23-5ite0491-1A A APE4517R0Ov06 | 33 0 0 2 [406| 15.2 |-3dB| Active
Site0491-123|L23-Site0491-18 B APEA4517R0v06 33 110 0 2 [407| 15.2 |-3dB| Active
Site0491-123|L23-5ite0491-1C C APE4517R0v06 33 240 0 2 [405| 15.2 |-3dB| Active
Site0513-123|L23-5ite0513-1A A APE4516R1v06 30 0 0 2 [170| 15.2 |-3dB| Active
Site0513-123|L23-Site0513-18 B APE4516R1v06 30 120 0 2 |169| 15.2 |-3dB| Active
Site0513-123|123-Site0513-1C C APE4516R1v06 30 240 0 2 |168| 15.2 |-3dB| Active
Site1020-123 |L23-Site1020-1A A ADU4518R6v06 36 300 0 4 |356| 15.2 [-3dB| Active
Site1020-123|L23-5ite 1020-18 B ADU4518R6v06 36 80 0 4 1355| 15.2 |-3dB| Active
Site1020-123|L23-5ite1020-1C C ADU4518R6v06 36 200 0 4 |354| 15.2 [-3dB| Active
Site1049-123|L23-Site1049-1A A ADU4518R6v06 30 70 0 4 | 14| 15.2 |-3dB| Active
Site1049-123 [L23-Site1049-1B B ADU4518R6v06 30 220 0 4 | 13| 15.2 [-3dB| Active
Site1049-123|L23-Site 1049-1C . ADU4518R6v06 30 300 0 4 |12] 15.2 [-3dB[ Active
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5) Throughput Downlink (PS Download) faunisusudsawiludayaia

=sp

U# 4.15 Throughput Downlink (PS Download) fAgun1susulaunludtyayin

Call

App Throughput DL

28.09%

‘gi}'ﬁl 4.16 n3 Throughput Downlink (PS Download) faumsusuugaunludymyiu

ﬂl & ] a 1 1 U .
PNTNN 4.4 LNAUNUIATTIUAIMTULUIVNUBIA Throughput Downlink (PS Download)

429994A1 App Through DL a AINNUNY
N3 Download Ueyavesdtysy1aimt

[ery

X >= 200Mbps 30

150 Mbps <=X< 200 Mbps N5 Download Yayavesdyey1aumuin

10 Mbps <=X< 150 Mbps n13 Download Yeyauasdnyey1aud

60 Mbps <=X< 100 Mbps N3 Download Uayavesdnynyamoud1ei
30 Mbps <=X< 60 Mbps "5 Download Yeyavesdwyaunely
10 Mbps <=X< 30 Mbps 15 Download Yeyavesdyamureudisu
5 Mbps <=X< 10 Mbps n19 Download %’a;&aﬂnaq Feayadie
1 Mbps <=X< 5 Mbps n15 Download YoyavasdyaIaueun

0 kbps <=X< 1 Mbps lyi@unsa Download Veyavasdygyauls

85
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