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ABSTRACT

Title The Efficient Framework of Frequency Utilization and Wireless
Network Structure for Broadband Public Protection and Disaster

Relief Applications
Field Science and Technology
Name  Mr. Viroj Tocharoenvanith Course NDC Class 60

In the digital economy era, the information and innovation play an
important role to improve the quality of life for the people and society. Advanced IT
concepts such as Data Analytic Application and Big Data, of which data are needed to
deliver by the high speed broadband network, are implemented in various sectors
including public protection and disaster relief sector (PPDR). At present, most of the
communication systems used by PPDR agencies are the conventional land mobile
radiocommunication system (LMR) which is mainly for voice communication and low
speed data, not support broadband application. In addition, LMR were implemented by
each PPDR agencies lead to duplication investment, high operation cost, inter-agency
communication issue, etc. The objectives of this research are to study and propose the
effective framework of frequency utilization and wireless network structure that align
with Thai administration structure. The international recommendations and related
researches for broadband PPDR and Thai relevant roles and regulations are analyzed.
The success cases of broadband PPDR in USA, UK and South Korea are learned
including the invaluable ideas and comments from interview with Thai government
experts both civil and military domains. The research outcome proposes to setup a
national broadband PPDR network using 4G-LTE platform and existing
telecommunication infrastructure, operated by a state-owned mobile operator, to
support high speed broadband PPDR applications, reduce duplication investment,
human resources issues. The financial models of different scenarios are shown how
cost-effective of the proposed framework is. The research also recommends on how
government can support the network without putting the huge investment in one time,

but instead on yearly basis, and the future research for coming 5G technology.
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fign fufumaluladfazldlufanislag uenanasdendonliaenndosiuaduaudilily
AsAdn agdendennaluladinevausinseiuaisia Insldnusruninarsuagiiu
wmsguana esanmainnisuanmaluladfinanazivuelng Mlslinaamaiese An
nMsUsendialaeunm (Economy of Scale) nsudstudiusan waziniswamnegsreiedy
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ANLIAL (ITU-R) M.2291 79978 “The Use of International Mobile Telecommunications
for broadband public protection and disaster relief applications” lalausuugn1sin
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AunIAdmIUIAT eI IngAoa siiiennsudsteyafeninuiags (Wireless Broadband)
laungu 3GPP (The 3rd Generation Partnership Project - nM35iunauvesgnangunsal
Aeadulnsdniiadoufigad e a1nvilan tedivus/Mauiuinsgiunianadauinig
Insfwsiiadeuiivedlan) nuiraduanuddmiuaisiatesiutazussimansisudes n
Usgnewes navy 1unaumudlungy Band o awnsadianliuinisiedetningdeans
pewmalulag UMTS (Universal Mobile Telecommunications System) #sawnalulag ed
(rasalunisiudeleyagean <o wnedndedud)  wazsmalulad LTE  (Long-Term
Evolutions) viewmelulad «d (Anisalunssudstoyaginit eoo wnsdvsaiund) dy
ileUszlevigeanlunislinduaudil nave. daass in3etneingdeasiionisiatlestunay
UsTmanssuses Jsmsidentiinalulad €3 LTE Fsusnanaglinualunisivdedeyad
ganduad malulad <3 LTE Saillaseairauuu IP-based architecture villasainglaidudeu
Idgunsaluazduauiloanit uazasaIndon1suTmIanIsaumaila saviaansaldoy
safulasstnelnsdwiiadeud <3 Bewdlvdle

walulad &3 LTE iilensiansliosiunazussmansnsusouasivnfofio
anidufumaluladisesennnmalulad <3 LTE 1@wnded uasfimsiauuiulsaniag
d1ifu Fatagtiungu 36PP T mununsguveneluladianesdu Release 14 (2018) lneil
MafiudnnadnwznsTENULUY Multicast (MsARsBIU one to many) waannslduda
foyauns video contents uazn13UFuUs latency, packet loss Tisas (arunindtu) il
atuayunisldaudnuae live video streaming (Sudadsy/nimadeulminuuan) sauia
fladdunsldaufivauiiunnsisainmelulad <3 LTE Banndlad Ao Group Communication
Services (MsaunumisafasaiJungqunseuiuluy many to many) ag Proximity Services
(M3Rnsedeansseninaniesgnitelaeasdlaglsinuaniiigiu) Wudu dmsunnsldaudu
e (voice) vumalulad €3 LTE dadulassiesmudeastoyannuiags awdunsnuuuy
voice over IP (VoLTE) ssfimadnntsimuniio$tu Release 15 avudnaialul weon lagay
Winlsrdunsiemiumallad €3 (IMT2020)
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Contribution of 3GPP releases to PPDR needs : the road to broadband public safety

—3G— « 4G > < 5G >
Release 7: 2007 Release 13 Release 15 & 16
> HSPA+ (MIMO, etc.) > Mission criical Push-to-Talk > Introduction of 5G
> Release 6: 2004 (MCPTT) > 5G support for tailored QoS,
> HSUPA, MBMS > Enhancement of Group & D2D Priority and preemption
> Release 5: 2001 > |solated Operation for Public Safety > MCVideoldatalcore/PTT
> HSDPA (IOPS) enhanced
> Improvement of direct mode
capatilities
o @ O O O
Release 8: 2008 Release 12 Bloeaatd
> Introduction of LTE > Device to device % Misgion critical data
> Introduction of talored communications > Mzzn critical video
QoS priority and pre- (D2D) sEHsaEate g
emption > Group > M_asnon critical core
> Definition of band 14! communication > Air-Ground-Air

> MCPTT enhancement
> |OPS, D2D, Group enhancement
@ receset (@) Tobereleased

7111 : The 3rd Generation Partnership Project - 3GPP, 2560
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b.o FOD (Frequency Division Duplex) ilunisutsnisléndudy o 9aemau
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s uailanansadanedeieldfusiuds (downtink) 16 wazAnldanglunisasmuganiy
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oo TDD (Time Division Duplex) \unsldndunruiidradenfudmiuninisiu
waznnsas lnensutstisnavseadudsdeya DL wazsudoya UL wnunsudsaduaud vin
Tidanudangulunisufuvuauavanunieanuivesnisiu-deeyaliuandsiuldnm
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1t bmoo / bboo nudnd lvinnuaseunquituiideanidguidnas
LU oo uansmLuAnAsveaalulad €3 LTE WUy FOD wag TDD

FDD - Frequency Division Duplex TDD - Time Division Duplex
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FDD TDD
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ﬁuﬂ : droidsans.com , 2560
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f Duplex f Uplink (UL) |Downlink (DL) Operators Type of
Common name
band | mode | (MHz) (MHz) (MHz) Services
AIS True DTAC TOT
1 FDD 2100 IMT 1920 - 1980 2110 - 2170 3G/4G
EE-UK
AIS True DTAC EE-
3 FDD 1800 DCS 1710 - 1785 1805 - 1880 3G/4G
UK
5 FDD 850 CLR 824 - 849 869 — 894 DTAC CAT 3G
7 FDD 2600 IMT-E 2500 - 2620 - MCOT TV
2570 2690 EE-UK 3G/4G
8 FDD 900 E-GSM 880 - 915 925 - 960 AlS True 4G
14 FDD 700 Upper SMH block D 758 — 768 788 — 798 FirstNet PPDR
20 FDD 800 EU Digital Dividend 791 - 821 832 — 862 SRT EE-UK
26 FDD 850 Extended CLR 814 - 849 859 - 894 Police PPDR
40 TDD 2300 2300 - 2400 TOT aG

#ian : LTE Frequency Bands - Wikipedia , 2561
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U 9 q

(Investment and Operation Costs)

\3edneingdearsusznousiegunsniyuaisuazAuiAIUANNaNY STUY
Tasanendn (Core Network) szuulasstnganifisnu (RAN — Radio Access Network) szuuée
Fyayoudoulesaniilgiumngg i’m5@1%&&%aﬁuugmmqimﬂumﬂm WU LENEe @189N76
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N15UIMITIANITATEUIEIMNEFREANT Usenaume AldingnuyaaInsuazusms Angesnw
wazgouLTUTEUY A1ENs1suUlnAsneY
AlgIglunisasmu (Capital Investment) wagAnldeaniuanulunisusms
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3An135 (Operating Cost) A¥duagiunuIslunisdnnuasoingIngdeans ndlusiagnuigau
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wu Mssuldlassaiiiiugiulnsanwausiniu Msldniwensideglulagtulminusslewd
a3an wnugUnIal wazyaaInsNiinuleIyey [Wudy
& AMUAINaI8Ya9aUNIallATesaNYIe (Variety of Devices)

yuavesnaauinniutladeimunmnaumannnanevesgUnsalindesgniine
Lazdnasosanazussgelalunisimuigunsalindesgnine nsddeganainuinig
Inséwviindouiiiinisveneiguazsioidesmasaszozinm eo Uik nanndeivualng) v
TinTesgninefimamannvans Inisudsdudusan wazusinietislnsdmvindeudluusas
Uszimaagltinaluladuazaaumudfiuandnaiu Aflnswauiaiesgnaneliausasessumn
wieluladuazaduauivansguaud (Multi-mode / Multi-band) 1ty $995UsEUU o uaz
<@ Tughumnud oo woo ecoo WAL beco lnxiBnd Ialundeadediu 1usu uavszes
« - & Vibusnidufiniesgniiefisessu <3 sawuu FOD wag TOD Tuedoudeafeudy
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LTE FDD

1800 MHz band 3 4,305 devices
2600 MHz band 7 3,891 devices
2100 MHz band 1 3,408 devices
800 MHz band 20 2,378 devices
800/1800/2600 tri-band 2,261 devices
850 MHz band 5 1,927 devices
AWS band 4 1,776 devices
900 MHz band 8 1,701 devices
1900 MHz band 2 1,538 devices
700 MHz band 17 1,382 devices
700 MHz band 13 743 devices
APT700 band 28 550 devices
700 MHz band 12 470 devices
1900 MHz band 25 336 devices

LTE TDD

2300 MHz band 40
2600 MHz band 38
2600 MHz band 41
1800 MHz band 39
3500 MHz band 42
3600 MHz band 43

2,161 devices
1,720 devices
1,599 devices
1,358 devices
96 devices
76 devices

January 2017 © GSA — Global mobile Suppliers Association

111 : Global mobile Suppliers Association - GSA , 2560
ndeyanuvainnatsvesgunsaliaiesgnitesiusnlaengy Global
Mobile Suppliers Association — GSA U le&oo ANUUNLATNT o-on WUT Lﬂ%im@ﬂ"d’]aizuu
FOD #31uu11AN3158UU TDD - 470 (1n11 @o,000 U WIBUMIEURU b,000  JU) 1ag
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to Talk” uazmsldnudnsdeuuuidungy Group Talk 3o Multicast) 1Jusu wilaeiings
Aéfuiiddn Weisudisuiussialnsdmiidouiidemnded vililiinangunsniinieagn
U1ty danunainiane (3u) Yesndtuin waziisinigs egralsinnaudldauluuis
dnwalz 19U mhoneuna mhoussmasisaieily Wudu ansadenldgunsaliniesn
P18uuU smart phone LUK dufudafesfinnsundenldgunsaiaiosgninelimnzaniu
dnwaznsfaveudayngy dmiuadunrudi nany. fuundmiunmsldoilusemelne 3
\Jupduaudgnu Band 26 andeyanumannuansvesgunsalindosgnitesiusnilaengy
Global Mobile Suppliers Association - GSA T b&so WUl gunsallTesgniieiisesiunay
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ashatlasiuuazussmnansisaie dmsunissudedayaninusogs

INNITANEILABNLUIEIUAINY TuszAvaINg 1Y 1831UNIIANYIVI99ANS
InsauunauszninsUszma sunsdeansingauuiay (TU-R) M.2291 91¢0e “The Use of
International Mobile Telecommunications for broadband public protection and disaster
relief applications” Wazi30d “First Responder Solutions in the UK and Internationally”
1ny Kable Business Intelligence Limited F911919108 the National Audit Office o9
Uszinaans1venandng Tul bees uaviies  “Mission-Critical  Broadband - The
Commercial Mobile Network Operator’s Vital Role” lag CritComm Insights Fairdalag
Nokia Tl b&oe nui1 nargdseinmegsenitaiiulasimsseaunialunisaiialaseig
usoaLuuAlimesemalulad 46 Weatuayunisianisdeiunazussimaisisasie (PPDR)
TnalasstneusenuuudliaednarluisUssmadndulassisfiniasgdudveanssuans
iesanifunisiifedesiuanusiuny/mnulasadoasisuy wasnasaludatvayy
Altane Faunadatuyuatvayulasansiidulldlunsdiodnavesanss ondnudunini
WuyuuNINNBIU Public Safety Trust Fund ‘?JéﬂLﬂUﬂﬁﬂﬂuﬁﬁiﬂﬂlﬁMWWﬂﬂ’]iﬂi%;ﬂﬁﬂ?ﬁlu
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(Core Network wag RAN) wazsudnadiuvasalditgamuuazelddneaniiumu (Capital
Expenditure : CAPEX VS Operational Expenditure : OPEX) @f\‘iﬁ
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Dedicated Hybrid Commercial
Network Network Network

Applications

Subscriber
Data
(HSS)

Core Network

(EPC,
IMS, etc.)

Radio Network
Spectrum
(eNodeB

. Public Safety Agency . Commercial Mobile Network Operator

ﬁu’l : Critcomm insight , 2561
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INNSANYIID4 First Responder Solutions in the UK and Internationally 1ng
Kable Business Intelligence Limited Tul) beee wuih Jagtiuszuuingdoasveamaeny
usTwnasnsaede  (First  Responder  Agencies) Tuusginannse d@ulugiluszuu
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Las Vegas South France Germany UK
(Us) Australia
Motorola | Motorola
Prime Contractor | Solution Solution Airbus Airbus Airwave
Design-Build-Own-
Delivery Mode Design-Build-Maintain Operate
Public Safety Users| Police Police, Fire, Ambulance
Length (Years) 11 7 20 10 19

i - Kable , 2559
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RESPONDERS COMMUNITIES THE NATION
IN ACROSS -l
5 territories &DC
nties, citi
fire, police, EMS mt‘:ib:l,s'r:rarﬂ

Technology first responders need to save lives, protect communities
MODERNIZED | PRIORITIZED | SPECIALIZED

robust coverage
where public safety
needs it

innovative
app & device
ecosystem B

emergency .
communications receive
highest priority

rapid buildout 51 ¥

network with public safety "ﬁ
improvements input ! ) connectivity for
& upgrades e a advance
mobile data
e nationwide
& . 0.8 public safety
commercially proven Q- solutions
| 1 ] cybersecurity . 5 leveraging o .
j| —— solutions S existing highly available
E El infrastructure customer care

i1 : First Responder Network Authority , 2560
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The Scope of the UK Public Safety Network

Lots 1 ﬂ Lots 2 M Lots 3
Delivery Partner User Services Mobile Service
g he build of r r—
i i build of ESN « E2E systems integration *Provide a resilient national mobile
« Transition users on to ESN network

* Manage user accounts * 98% Geographical Coverage

. . = Provide user services including * Guarantee Mission Critical
« Integration and reporting | g . ] Communication
public safety functionality Dedicated Core for Security

» Programmed management

» Procurement of user devices

Manager Service
User transition
Devices Dispatch Console

(300-5008 Terminal) ESN
Application Server/HSS/PGW

a1 - Huawei , 2560
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Structure of Korea Safe-Net

/| Unified Broadcast Call & Quick Response

P !
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. Police : | |
~ \
- r\\ I Nationwide LTE based Multiple Media Communication
edica Unified LTE Network
Institution & ar < r&:"ﬁ;
- Picture
O [
T e
Coast Guarf{ | Integrated “® Video Location 'ﬁi
e Command & Control
/ H : GPS based Optimized Resource Allocation
Military / |
1 i GPS -~ v i,
/ Local I.I| o m""' L 4
/Government y ‘
-y
% 8 departments Y e T <

Mational Rescue, Police, Coast Guard,
Military, Local Gov, Medical, Electric, Gas]

i - Ministry of Public Safety and Security, South Korea , 2559
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Description Benefits Concerns
. 100% dedicated to Dedicated spectrum > Large CAPEX /// A\
Dedicated government needs with for PPDR > Large =
giedicated radio maintenance \\ %,
57 | infrastructure costs W 4/
. Fully outsourced to MNO, Ability to ensured > Risk of \‘ V‘
Commercial 100% leverage of MNO upgradeability confidential info ‘
.1, | radio infrastructure and through an agreement breach
949 | frequencies with telco > Operation
7 N
Complement of coverage for > Dedicated spectrum > CAPEX
Hybrid sensitive areas and > Ability to ensured requirement
improvement indoor upgradeability > Operation
e 1, covgrage and leverage through an standard
: 2o% | MNO infrastructure and/or agreement with alignment —
.l—"u (D '.“ frequencies tegloo g ——

fi11 - US¥W Roland Berger , 2561
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2 PPDR networks (2 Cores / 2 RANs)

Y v
&

duyfigu 13,500 sand w3070 1 : wﬂqmﬁunawamu!mﬁy'\muﬂ 1A39%70 2 : @nv. SAUN9EU

TIMeevaY 591 @ | sindeviae 59 (§u (8uum)

Ruasyu (um) 1 um) (1) () Fuu um) (2) (1)+(2)
ﬁuamuqﬂnitﬁ NodeB (RAN) 1,100,000 13,500 14,850 1,100,000 13,500 14,850 29,700
ﬁuamuqﬂnimﬁ Core Network | 200,000,000 1 200{ 200,000,000 1 200 400
394 15,050 15,050 30,100

Alddreafiuau

Antinszuudedanna 26,000 13,500 351 26,000 13,500 351 702
A lnsasunay 15,000 12,700 191 15,000 12,700 191 381
A e DAS Tusnas (IBO) 30,000 800 24 30,000 800 24 48
AU595n (RAN+Core)+Alvl 13500 + 1 125 13500 + 1 125 251
374 691 691 1,382

wewn 1) Andiszuuiedyanausmuiedauumuniayszma 13,500 90

2) AngaEnsanuau\iusimnana dawmsudeanirvuaung

3) AMUIINEITEUU ARl 10% VBIRUAIY

4) nsasnuves aay. ldandunsiuiewuds @ -1) Ausnmuanyfgnifeiuaziiyadiuszann 585 Suum laesauaglusen

15,050 AMUUM

AN519LLERINTELERUANT18RBN drSun1sAiulasanig

38918 1 Y0 U1 U2 U3 U4 Us 9 6 1
RuavusTUUATaYIY 15,050 15,050
ﬁmhsswﬁaﬁavuyﬁm 4,212 4,212 4,212 4,212 4,212 21,060
A InsAuLIAY 2,286 2,286 2,286 2,286 2,286 11,430
Angen DAS Tuanns 288 288 288 288 288 1,440
Adgeshnszuy 1,505 1,505 1,505 1,505 1,505 7,525
FUNTZUARUAATNYDDN 15,050 8,291 8,291 8,291 8,291 8,291 56,505

W39U8 2 Yo U1 U2 U3 Va4 Us 56U
RuadvuszUUATaYIY 15,050 15,050
ﬁmh‘s:wﬁaﬁagtyﬁm 4,212 4,212 4,212 4,212 4,212 21,060
A InsAuLIAY 2,286 2,286 2,286 2,286 2,286 11,430
Ange DAS Tuaias 288 288 288 288 288 1,440
Adgeshwnszuy 1,505 1,505 1,505 1,505 1,505 7,525
SUNTTHARUAAT DN 15,050 8,291 8,291 8,291 8,291 8,291 56,505
TIUNTLUARUANIIYIDNNTNT I 30,100 16,582 16,582 16,582 16,582 16,582 113,010
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nsdlasuuendu 2 wietne Teld RAN $aufu (GUuuuil 2)
2 PPDR Networks (2 Cores / 1 RAN)
wisaYY 1 : wﬂwmunmeamumﬁ"wm w3etne 2 : anv. (Wiasuiudnludaud
duufigy 13,500 ol (ugruiilinsaungu) galiinsaunau) Fauvheay
1ML T @ | 9ndendae I @y (Euum)
Ruasu () U u) (1) (um) U um) (2) (D+2)
@uamuqﬂﬂmﬁ NodeB (RAN) 1,100,000 13,150 14,465 1,100,000 350 385 14,850
ﬁuamuqﬁﬂmﬁ Core Network | 200,000,000 1 200] 200,000,000 1 200 400
Eieh!] 14,665 585 15,250
aldaeanduau
Adrszuudedaans 26,000 13,150 342 26,000 350 9 351
A InsANLAL 15,000 12,350 185 15,000 350 5 191
AT DAS luems (1BC) 30,000 800 24 24
AU59¥N(RAN+Core)+Anlyl 13150 + 1 122 350 + 1 5 127
59 673 19 693
vemg 1) edszuudedygaadusimnedsiuumsniusuva 13,500 90
2) A nsauuandusimeaia dmsuaigeinmdguinunid
3) MUhge3nwIsTUU Anfl 10% wesiuammu
4) myasuves any. lailunslunewnd @ -1) AMnamvauyfsiufeiuaziiyadyssna 585 duum
A13NLENINITLARUANTwaaN dmsunisandulasens
A58 1 o U1 U2 U3 Ua iUs 593 6 U
Ruamuszuuiaiay 14,665 14,665
Ainsruudedem 4,103 4,103 4,103 4,103 4,103 20,514
AL InsALLIAY 2,223 2,223 2,223 2,223 2,223 11,115
Anga DAS Tuenms 288 288 288 288 288 1,440
AUy 1,467 1,467 1,467 1,467 1,467 7,333
FUNTTHARUAATWDN 14,665 8,080 8,080 8,080 8,080 8,080 55,067
A1y 2 Yo U1 U2 U3 Ua Us 59 6 U
RuaamuszuuinieUny 585 585
Asruudedaynyial 109 109 109 109 109 546
ANgEInsAILI AL 63 63 63 63 63 315
AT DAS luenms - - - - - -
Adngesnwszuy 59 59 59 59 59 293
FUNTTUARUENILDDN 585 231 231 231 231 231 1,739
FAUNTLUARUAAINYDINATNTIU | 15,250 | 8,311 | 8,311 | 8,311 | 8,311 | 8,311 | 56,805 ‘
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1 PPDR network (1 Core / 1 RAN)

AT9Y78 1 : NUILITUNANAIUBININUA

130918 2 : dny. Teuszuuiiadieuda 350

dunfgiu 13,500 aand Auguiidalinsaungu) anfign Tdeaunans SUN9AY
SIPFDNUIY S @uum) | iensevitag T @wuw) | @)
Ruaanu (um) U (1) () T 2 (1)+(2)
L‘Euamuqﬂﬂicﬁ NodeB (RAN) 1,100,000 13,150 14,465 1,100,000 350 385 14,850
ﬁuamuqﬂﬂiaﬁ Core Network 100,000,000 1 100{ 200,000,000 1 200 300
59U 14,565 585 15,150
alddneaniusu
FdspuvAeduam 26,000 13,500 351 351
AN LEINTANUIAL 15,000 12,700 191 191
Augian DAS luenens (IBC) 30,000 800 24 24
A1U1395n W1 (RAN+Core)+Anlul 13500 + 1 121 350 + 1 5 126
374 687 5 692

wunewe 1) Adissuudedyarssfusimusdauuuminiiusang 13,500 90

2) e nsaumndusimeatn dmsvaigeiniauuinuni

3) ANFISNEITEUY ARl 10% T0IRUAIYU

4) msamuves anv. ladnlunisieunds @ -1) Aumuauyfigiudesiuasiyaaussna 585 duum

5) Ruasyu Core Network 483 CAT fin 50% voe31an aendunnsii Core Network 1hines @myun upgarde s licenses

ez Hardware

ANSINLERINSEREN WA dvsun1saiiulasanis

W30Te 1 Yo U1 U2 U3 Ua Us sm6U
RuamuszuuAietny 14,565 14,565
Arszuudeduaos 4,212 4,212 4,212 4,212 4,212 21,060
AEnlnsauuAl 2,286 2,286 2,286 2,286 2,286 11,430
Aiien DAS Tusians 288 288 288 288 288 1,440
VRS POITAREATMY 1,457 1,457 1,457 1,457 1,457 7,283
FIUNTUARUAAT DN 14,565 8,243 8,243 8,243 8,243 8,243 55,778

w3818 2 Yo U1 U2 U3 Ua Us 9 6 U
Ruamuszuuaiatng 585 585
Ftspuvdedyam - - - - - -
AN LEINTANUIAN - - - - - -
e DAS Tuenais - - - - - -
AU3aFnEISEUY 59 59 59 59 59 293
UNTUARUAAT DN 585 59 59 59 59 59 878
FIUNTLUARUAATIBDINATNT I 15,150 8,301 8,301 8,301 8,301 8,301 56,655
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Future IMT
Massive Machine Type Ultra-reliable and Low Latency
Communications Communications
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