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ABSTRACT

Helping to improve mobile coverage and quality of service of 4G services, NCC
has commissionedTelecom Technology Center (TTC) to assist it in measuring
nationwide mobile broadband coverage and performance of 4G LTE networks of
Taiwan’s five national network operators. The range of metrics featured in the report
give consumers an insight to choose services they need, while also delivering
effective competition in which the operators have raced to deploy 4G networks.

Our measurement reportfocuses on the two key metrics, namely download
speeds and upload speeds performance. Using smartphones, measurements of 4G
mobile broadband were further carried out includinghotspot-basedand drive-based
tests. The analysis was performed by generally accepted statistical methods in the
report.

In order to gather more information about the download and upload speeds in
different kinds of locations, the hotspot-based measurements have been extent to
various sites, such as policy offices, post offices and train stations. The drive-based
measurements as well as the voice call testing have been performed in the freeway,
highway and railway transportation situation.

The hotspot-based average download speed from the mobile operators’ IDC was
108.33Mbps while the average upload speed was 27.18Mbps and the average
download speed from Google Cloud was 95.64 Nbps.

The drive-based average download speeds tested at city traffic, freeway,
highway and railway transportation were 38.71~69.03, 48.69~87.81, 40.77~79.18
and 8.36~19.6 Mbps respectively, while the averaged-lowest upload speed was 8.33
Mbps.

As 4G coverage is more extensive, the fastest average download speeds of 4G
technology had more than 100Mbps hotspot-based tests. With the popularity of
CA-capablecell phones and more mobile bandwidth, consumers with 4G enjoy their
improving user experience with faster and diversified services in the digital world,
while those with before can feel frustration with long waits for web pages to load,
connection failures and slow download speeds.
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The voice call is the most basic service in mobile network. We found the
call-drop rates in high-speed railway and regular railway were 0.58% and 1.93% this
year, respectively. The railway around Taiwan is inevitably passing through outskirt
areas or tunnels where the calls are easily dropped, causing the drop rate of regular
railway higher than which of MRT or high-speed railway. Nevertheless the drop rate
has been reduced comparing to past year due to the improvement of mobile network

coverage.
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MME

RRC Connection Setup
Complete(including Attach Rquest)

Attach Request

< Identity/Authientication/Security > 7
_< Initial Context setup Request 8
UE Capability Enquiry (Including Attach Accept, Activate

Default EPS Bearer)

e UE Capability Info Indication @
Security Mode Command >
Security Mode Complete |

9
1
0
1
2
1
3
%RC ConnectionReconfiguration
ncluding Attach Accetpt ~ Activate |

UE Capability Information

<

Default EPS Bearer context

—RRC Connection Reconfiquration ~y|  'Mtial Context Setup Response
Complete >
UL direct Transfer(including 3 .
Attach Accept, Active EPS Bearer ' UL NAS transport(including Attach
context accept Accept, Active EPS Bearer context >

accept
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# RRC idle ;& it e UE » & g7 4% 3%&5;@%?]1?& & JF & i 7 Random
Access Procedure 2 B~18 7 ¢ ¥ ik o #7141 UE iz p# w» eNodeB i& 7 Random

Access cfs (T o

eNodeB 4z ¥| Random Access 2 ¢ ¢ = J& Random Access Response: % UE
frig eNodeB F e Pt i > 2 v UE S pEv 0+ g o

UE 4z ] Random Access Response z_ & » ¥ B 4~:& 7 RRC Connection

Request °

eNodeB 3] RRC Connection Request {4 ¥ % UE & RRC Connection
Setup - UE 4z 3] RRC Connection Setup 2_ {4 » % -1 43| SRB1 -

% o ¥ 3> Random Access shje vk

UE # * SRB1 w eNodeB 7 ¥ RRC Connection Setup Complete » 2
eNodeB © s #4+ SRB1L iz % » ¥ ¥ & Attach Request % RRC 3t 4,
i e'dedicatedInfoNASList ":& 7 & 3% o

eNodeB Jc 3| is ¢ #-"dedicatedInfoNASList "5t & & #7118 = MME 1§ i
7 BRI -

. MME 4z | Attach Request 2_ {$ -3 ¥ ¢ = UE i& {7 Authentication 73 E

E’-pw UE ﬂ;}k‘ﬁ—’( /2‘- i R

. FEws UE 0¥ 4 15 » MME ¢ % 1% Attach Accept » ¥ 3 $+22 = Default EPS

Bearer: % UE 3 4f¢ @iz 4 o ¥ £ 5 eNodeB Initial Context Setup & i

BB e EF T REAAREFL o

eNodeB 4z 3| Attach Accept 2z 15 > i&P¥ eNodeB ¢ it UE £ % P o e
ie 4 5 @0 g UE Capability Enquiry » &]4eii UE # 2 ¥ 12 g #
WCDMA ~EVDO ~GSM ~ Ix i35 &t 4 » F]5 SIM+ 7 g7
i o

UE 1231 ¢ » % UE Capability Information % % eNodeB i p ¢ UE ¢»
EE A oo
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K. eNodeB jz 3| s » ¢ #:i% ¥ MME & MME 3¢ UE e 4 ki 3 & MME

TR L AT

L. = eNodeB &% H# AT | eNodeB Initial Context Setup €_% & ite & o
fgpi—fj}ug iz * Security Mode Command £ UE 4v % 4= 4 1t e 1% o

M.UE #/z3d4e 30 L2482 12 ¢ w K % eNodeB Security Mode Complete
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N. #@iute %2 {4 eNodeB #-% H # J 1 Attach Accept 2 Activate Default
EPS Bearer - izp¥ UE ¢ £ 37fc® RRC> ¢ 32 £ ATfe® SRBl1» 2 X &
SRB2 2 DRB % -

O.UE*) % =2 (&4 5eNodeB = 53k =% RRC chF ik -
P. eNodeB % -+ MME initial Context Setup Response » 4 ;= MME #1& gin®
Bre m ez o

Q. UE &pe ¥ = 2 {$>w i Attach Complete> Active EPS Bearer context Accept
¥ eNodeB » 7 %= ¢ % "dedicatedInfoNASList"#2 & & % MME v %
R

> eNodeB # i¥ UE"dedicatedInfoNASList "¢ #7314 % MME » 1 ¢t UE 7};?

v B 4+ Default EPS bearer :& 7 3t eni@ iz o
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T RRC 4 # (Finf» ¥ 8- H 3P RRC ¢ #7% 2+ 5 = ;N 4r[F] 2.9 #7
F1* RRC Connection & = = # =t #ic® £ po=t k-7 St dicdpid 5 ¢ 975 >
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41

RRC Connection %73t 4%, =< #c

Byl B¢ s ———————————— (2)

RRC Connection setup = # %, =% #ix

UE eNodeB

RRC Connection Request

RRC Connection Setup

RRC Connection Setup Complele

RRC Abnormal release C
B>

Bl 2.9 iz il 5 MFs (5n 3 W
(F# % & : 3GPP)

> RRC Connection Setup Complete +& >t i+ 5 (eNodeB)} » % UE i# &
RRC Connection = # pF » 73+ 5 (eNodeB) & 2.9 ¢ A P 8L ¢ B3
M A T k> ¥4 iFE - = RRC Connection setup = 4 ¢r1=t #c o

> % UE 5% 4 pc ¢ ¥ RRC Abnormal release # i 4 pein L ¥ d A ¥
(eNodeB)R®] 29 » B pFriF g ¢ #iz B L 84T % » ¥ § (T4 - = RRC
Connection setup # Pz =t #c o

> % RRC# 4 2 % @ %7p% > RRC connection release status 3t & * ¢ #h % 730
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failure ~ congestion %2 Unspecified -
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CSFB : 4G s iff HZ S IR miBRYEA S % » §% 2 2 275 4
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PR FIEREE D LY B E R 436
g 0 3G U FETE S E 2 o e (3)
Z (Call Drop rate)—‘‘éi_f+;_:;gc
Il. VOLTE %73& &

5 F1* AG %k 3 0 IMS( IP Multimedia Subsystem) & st 4% & e73F 5 FRF%
(VOLTE) > #15 VOLTE 3 %3t L@ seenq B R 35 5 W 3 > 1Y gg‘f;gﬁjﬂ i
(Call Session Control Function; CSCF) & 1% » #3285 374 5 g3t e &7 2 3% >
F gL BT et B 3 Ny 1 Session H_F ¢O¥T ok M| 2 TS 0 258 (4) 5 3GPPTS
32.454 ¢ \OLTE %722 %25 5 o 2 o

i #E Session ¢ %74 #c

VOLTE %734 % = TR (4)

& ¥ 3% * i 25 Session &,

HI. 43530 = 5 %
B A F P AT C AFR G A RER \;r;j‘g—‘}\mq\ﬁﬁﬁ )
VR AR (T LB E R n—.?ﬁmlggg o XN(B)% B A Kt g o5 .

Successful Call setup &=t #
Successful Call Attemp &, =t #”
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ot g RRPRATIREE AR 0 TS LR E (Carrier Aggregation;
CA) $£4 o d ** 2 FEXRGEF e h > F ¥ A4 A BT > TR hdpk
#pF > LTE S~ & H ar*‘;‘ﬁtétﬁﬁ’# LA 5 20MHz » 5 7 | ~ i *HEE
TR & PR e e L e g 0 E T f?@ﬁi%]%i Fens g o LTE P 2 &
G A M t;\i;‘ﬁﬁtﬁﬁ’ﬂ’ o 2wl E 1AM~ 3M ~ 5M ~ 10M ~ 15M ~ 20M > 4 2.4
R A Pﬁf;‘ﬁﬁtﬁﬁ’—’: I FEF B E R R BLECE (Resource block number ) >
HEF 20MHz 5 B 0 s £ 42 100 B F R R B 3T 7 2x2 MIMO st % ik B =
150Mbps # i #E 37 o LTE ¢ VLR & BAfL i 5 §4 ~ # CC (Component
Carrier) - # ¢ & 4£— 1 §*jt ~ * (Primary Component Carrier; PCC) # % 3
w 4 es ik~ 2 (Secondary Component Carrier; SCC) » ik & B £ )L ~ 2 %
Ferdbox 20MHzZHAEE > R P B <7 @ * 4F 5 R 5 100MHz » 23 55 447
[ N L ﬁf“}lﬂ\ﬁﬁtﬁ% ‘,)g, LA 2o ’“i\‘/ﬁ'%‘&r’“’?d 2388
Bookpel o RRF|F 2 E R RRIAEHPEEFEFN A ERF
ZAFE S TR G- AR SRR P TEY 2 PR RfrEEL AR -

% 24 LTE B 095 5 |

Channel bandwidth BWchannel [MHZ] 1.4 3 5 10 15 20

Transmission bandwidth configuration NRB 6 15 25 50 75 | 100

(34 %R : 3GPP 36.101)
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P T R @@‘J BEF| % - pFo Lk SCC g% k4% 353 >
T #ER SCC k> BED=E 2@ ¥ SCC HBE gy ﬂl“;ﬁs’
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B g B F) LW 5@\45@_%%&@@% » BB SCC» d ]+ 1#4- » SCC 5¢ #*
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User movement
®

Secondary carrier

Primary carrier

o CA activation based on data volume
e Channel quality-based reconfiguration

SCell swap
o Deactivation due to inactivity

B 214 * = & ¢ CA MLz & M B
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< RRC Setup >
€ >
< Authentication >
€ >
< NAS Security >
<€ e

UE Capability Enquiry

€ UE informs whetherit support carrier
UE Capability Information aggregation capability or not. And reportits
detaied capability about carrier aggregation
< RRC Security >
<€ >t
. ) . Network may configure carrier aggregation
> RRC Connection Reconfiguration f fora specific UE based on UE capability

RRC Connection Reconfiguration Complete
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A 73.37 1552 |86 PR | s aH | 67.86 15.68
i 50.81 13.01 88 it i Bz | 69.60 21.70
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T Fo o REES L

oL 2 Jres
z 4: }pé‘\?{ ’ 1§

RIEAZY o & F KA
ﬂk? %ﬂ ﬁ’bo

A4 P ERGES TR TR S
| E ) R, L (EResER |
W 32 ¥ H ey N FREES PR =R
A CSFB 151 0 100.00% 151 0 0.00%
B VOLTE 152 0 100.00% 152 0 0.00%
» 61| C CSFB 143 2 98.60% 141 0 0.00%
D VOLTE 149 0 100.00% 149 0 0.00%
E CSFB 152 0 100.00% 152 0 0.00%
A CSFB 11 0 100.00% 11 0 0.00%
B VOLTE 10 0 100.00% 10 0 0.00%
62| C CSFB 10 0 100.00% 10 0 0.00%
D VOLTE 10 0 100.00% 10 0 0.00%
E CSFB 10 0 100.00% 10 0 0.00%
A CSFB 14 0 100.00% 14 1 7.14%
B VOLTE 14 0 100.00% 14 0 0.00%
» 63| C CSFB 12 0 100.00% 12 0 0.00%
D VOLTE 14 0 100.00% 14 0 0.00%
E CSFB 14 0 100.00% 14 0 0.00%
A CSFB 19 0 100.00% 19 0 0.00%
B VOLTE 19 0 100.00% 19 0 0.00%
» 64| C CSFB 18 0 100.00% 18 0 0.00%
D VOLTE 20 0 100.00% 20 0 0.00%
E CSFB 18 0 100.00% 18 0 0.00%
A CSFB 11 0 100.00% 11 0 0.00%
B VOLTE 9 0 100.00% 9 0 0.00%
65| C CSFB 9 0 100.00% 9 0 0.00%
D VOLTE 10 0 100.00% 10 0 0.00%
E CSFB 9 0 100.00% 9 0 0.00%
A CSFB 18 0 100.00% 18 0 0.00%
B VOLTE 17 0 100.00% 17 0 0.00%
» 66| C CSFB 16 0 100.00% 16 0 0.00%
D VOLTE 17 0 100.00% 17 0 0.00%
E CSFB 16 0 100.00% 16 0 0.00%
A CSFB 12 0 100.00% 12 0 0.00%
B VOLTE 12 0 100.00% 12 0 0.00%
- 68| C CSFB 13 0 100.00% 13 0 0.00%
D VOLTE 13 0 100.00% 13 0 0.00%
E CSFB 12 0 100.00% 12 0 0.00%
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A CSFB 15 0 100.00% 15 0 0.00%
B VOLTE 16 0 100.00% 16 0 0.00%
s 72| C CSFB 15 0 100.00% 15 0 0.00%
D VOLTE 16 0 100.00% 16 0 0.00%
E CSFB 15 0 100.00% 15 0 0.00%
A CSFB 19 0 100.00% 19 0 0.00%
B VOLTE 19 0 100.00% 19 0 0.00%
e 74| C CSFB 18 0 100.00% 18 0 0.00%
D VOLTE 20 0 100.00% 20 0 0.00%
E CSFB 19 0 100.00% 19 0 0.00%
A CSFB 10 0 100.00% 10 0 0.00%
B VOLTE 11 0 100.00% 11 0 0.00%
s 76 | C CSFB 9 0 100.00% 9 0 0.00%
D VOLTE 11 0 100.00% 11 0 0.00%
E CSFB 10 0 100.00% 10 0 0.00%
A CSFB 17 0 100.00% 17 0 0.00%
B VOLTE 17 0 100.00% 17 0 0.00%
» 18| C CSFB 16 1 93.75% 15 0 0.00%
D VOLTE 17 0 100.00% 17 0 0.00%
E CSFB 17 0 100.00% 17 0 0.00%
A CSFB 11 1 90.91% 10 0 0.00%
B VOLTE 11 0 100.00% 11 0 0.00%
- 82| C CSFB 11 1 90.91% 10 0 0.00%
D VOLTE 11 0 100.00% 11 0 0.00%
E CSFB 11 0 100.00% 11 0 0.00%
A CSFB 15 0 100.00% 15 0 0.00%
B VOLTE 15 0 100.00% 15 0 0.00%
~ 84| C CSFB 15 0 100.00% 15 0 0.00%
D VOLTE 16 0 100.00% 16 0 0.00%
E CSFB 15 0 100.00% 15 0 0.00%
A CSFB 11 0 100.00% 11 0 0.00%
B VOLTE 11 0 100.00% 11 0 0.00%
- 86| C CSFB 10 0 100.00% 10 0 0.00%
D VOLTE 11 0 100.00% 11 0 0.00%
E CSFB 11 0 100.00% 11 0 0.00%
A CSFB 10 0 100.00% 10 0 0.00%
B VOLTE 10 0 100.00% 10 0 0.00%
» 88| C CSFB 10 0 100.00% 10 0 0.00%
D VOLTE 10 0 100.00% 10 0 0.00%
E CSFB 10 0 100.00% 10 0 0.00%
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%1m¢% ZRMN ARG AEIL > R L ER ¥ L ST RS 10% 5 A
BERFENFH L P AT A PR 100% 0 S4B AR ST ERD IR G
FEE ARG AT BT EMERG L SR R s, e g
RFF U F o > i 3 5 83.85%2% 89.19% o

245 S DA RIEE P IIRGEES Y ARG 2 ek

N R e N S e =

L g FABLE g AR
A CSFB 482 3 99.38% 479 9 1.88%
v | B VoLTE 448 1 99.78% 447 7 1.57%
T fi C CSFB 490 4 99.18% 486 15 3.09%
D VoLTE 582 94 83.85% 488 17 3.48%
E CSFB 455 10 97.80% 445 7 1.57%
A CSFB 32 0 100.00% 32 0 0.00%
~48 | B VOLTE 31 0 100.00% 31 0 0.00%
nE | C CSFB 32 0 100.00% 32 0 0.00%
® | D VoLTE 27 2 92.59% 25 1 4.00%
E CSFB 31 0 100.00% 31 0 0.00%
A CSFB 39 0 100.00% 39 1 2.56%
s = VoLTE 38 0 100.00% 38 2 5.26%
Tz |C CSFB 37 4 89.19% 33 2 6.06%
®: D VOLTE 40 0 100.00% 40 4 10.00%
E CSFB 36 0 100.00% 36 2 5.56%
A CSFB 57 0 100.00% 57 3 5.26%
~48 | B VoLTE 55 1 98.18% 54 1 1.85%
#8|C CSFB 59 2 96.61% 57 2 3.51%
| D VOLTE 50 1 98.00% 49 3 6.12%
E CSFB 54 0 100.00% 54 4 7.41%
A CSFB 27 1 96.30% 26 0 0.00%
., | B VOLTE 28 0 100.00% 28 0 0.00%
i; C CSFB 28 0 100.00% 28 0 0.00%
D VOLTE 29 0 100.00% 29 0 0.00%
E CSFB 27 0 100.00% 27 0 0.00%
A CSFB 30 0 100.00% 30 0 0.00%
-k | B VOLTE 31 0 100.00% 31 0 0.00%
& |C CSFB 30 0 100.00% 30 1 3.33%
® |D VOLTE 31 0 100.00% 31 0 0.00%
E CSFB 31 1 96.77% 30 0 0.00%
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T 3B ¥ ] P FR L F SH |t =R
A CSFB 37 0 100.00% 37 0 0.00%
4o | B VOLTE 38 0 100.00% 38 0 0.00%
#E | C CSFB 38 0 100.00% 38 0 0.00%
s | D VOLTE 38 0 100.00% 38 0 0.00%
E CSFB 36 0 100.00% 36 0 0.00%
A CSFB 26 0 100.00% 26 0 0.00%
o B VOLTE 27 0 100.00% 27 0 0.00%
{‘E: C CSFB 26 1 96.15% 25 0 0.00%
D VOLTE 27 0 100.00% 27 0 0.00%
E CSFB 26 0 100.00% 26 0 0.00%
A CSFB 22 1 95.45% 21 0 0.00%
>~ | B VOLTE 21 0 100.00% 21 0 0.00%
ik | C CSFB 21 1 95.24% 20 0 0.00%
s | D VoLTE 22 0 100.00% 22 0 0.00%
E CSFB 21 0 100.00% 21 0 0.00%
A CSFB 37 0 100.00% 37 0 0.00%
b B VOLTE 38 0 100.00% 38 0 0.00%
@ C CSFB 38 0 100.00% 38 0 0.00%
D VOLTE 38 0 100.00% 38 0 0.00%
E CSFB 36 0 100.00% 36 0 0.00%
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(2) Bedpirs

B0 - B¢ 9 i L& Rz = RRC(Radio Resource Control) connection
RRC connection i&if i sR4afe s = (8 » L4 2 AT BRI L 0 Flpts 2 5
Bpp PR B il 2> - L AP E AT AMEMTF)ZZEFF (blde: L
LT PR TR 0 PRI FMS R TE O KA &MH) $ 3 RRC @A EF
s g2 p L GFRARMAR > FY - L ST g5 PRORE X o A
FEN B ESRRRBEGESE G T AR C B2 HIEA YN
4T £ 46

4o F At o 3R BT G B JRIAFF RRC i aE 2 onst el 2 5o
Flet B AR Y > 3 ¥ A = 5 =t 9 RRC connection = ¥ > £ B & {4 AR

Flec® - o PlEChRIRAE Y U5 T L 200% 0 (e ]G fcdp ¢ RTE gi‘%d}é
B E AT @ﬁ’ﬂtwﬁgzg%mmﬁﬂ%@’m%ﬁgmﬁ
% Et#;ﬁﬁzz»f‘f ,T%fg BOORA pTe 6 0 E AR B Pl
Bk o BlAeT PR R BT L g B R R o

2B PR S4B AR R IR R S

. . AR FHA R o en

L *H B ’é‘ifﬁﬁk BRI S
A 0 5 0%
B 2 8 25%

= 61 C 10 17 59%
D 5 34 15%
E 0 5 0%
A 0 0 0%
B 0 28 0%

562 C 0 1 0%
D 0 0%
E 0 2 0%
A 0 15 0%
B 0 1 0%

= 63 c 2 2 100%
D 0 1 0%
E 0 0 0%
A 0 0 0%
B 0 27 0%

564 C 2 5 40%
D 3 9 33%
E 0 1 0%
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W 2 3
W8 £% :::iﬁ © f‘f’; i BRI P W
A 0 0 0%
B 1 13 8%
% 65 c 0 1 0%
D 0 5 0%
E 0 0 0%
A 0 0 0%
B 0 38 0%
% 66 c 0 8 0%
D 1 15 7%
E 0 2 0%
A 0 0 0%
B 0 18 0%
- 68 c 0 0 0%
D 1 6 17%
E 0 1 0%
A 0 3 0%
B 0 3 0%
572 C 2 3 67%
D 2 4 50%
E 0 1 0%
A 0 17 0%
B 0 0 0%
574 C 2 3 67%
D 0 0 0%
E 0 0 0%
A 2 2 50%
B 0 1 0%
5 76 c 1 5 20%
D 0 0 0%
E 0 0 0%
A 0 0 0%
B 0 0 0%
578 C 2 2 100%
D 1 2 50%
E 0 0 0%
A 1 Z 25%
B 0 1 0%
5 82 C 11 16 69%
D 0 0 0%
E 0 0 0%
A 0 1 0%
B 0 0 0%
- 84 c 1 1 100%
D 1 3 33%
E 0 0 0%
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A 0 1 0%
B 2 3 67%
- 86 C S 10 50%
D 1 3 33%
E 0 1 0%
A 0 0 0%
B 0 0 0%
- 88 C 1 2 50%
D 0 0 0%
E 0 0 0%
A 23 746 3%
B 14 844 2%
E R C 60 223 27%
D a4 348 13%
E 15 72 21%
A 1 66 2%
B 1 68 1%
o ) A C 3 4 75%
D 2 24 8%
E 3 4 75%
A 6 133 5%
B 3 44 %
o AT RS C 4 32 13%
D 3 45 %
E 2 S 40%
A 8 66 12%
B S 144 3%
e 4B A C 10 26 38%
D 6 45 13%
E 3 8 38%
A 0 2 0%
B 0 S 0%
# a8 C 0 27 0%
D 0 9 0%
E 2 3 67%
A 0 2 0%
B 0 2 0%
oK AR C 4 26 15%
D 0 2 0%
E 0 S 0%
A 0 2 0%
B 0 2 0%
¢ AeRTE AR C 0 1 0%
D 1 4 25%
E 1 4 25%
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e Gl N @i?ﬁi& SRR Lt
A 0 0%
B 0 4 0%
SR C 1 67 1%
D 0 8 0%
E 0 7 0%
A 0 1 0%
B 0 1 0%
pusrsm [ C 0 0 0%
D 0 3 0%
E 0 2 0%
A 3 7 43%
B 0 7 0%
R4 28 C 2 106 2%
D 1 6 17%
E 0 1 0%
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