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ABSTRACT

IoT applications and solutions that have been deployed to
organizations, individuals and businesses in many fields are the
driving force behind IoT market's continued expansion and strong
development. In this paper, we focus on researching solutions to
deploy IoT connectivity using the 1800 MHz band in Vietnam in
order to optimize the use of the band as well as meet the socio-
economic development process, ensure security and defense,
harmonize with countries around the world on the basis of making
the most of the existing radio communication infrastructure.

TOM TAT

Cdc vmg dung va giai phdp loT dd va dang duwoc trién khai cho t6
chue, cd nhdn va doanh nghiép trong nhiéu linh vuee la dong luc thiic
dady thi truong IoT tiép tuc mo réng va phdt trién manh mé. Trong
bai bdo nay tdp trung nghién ciu cde phwong an trién khai két noi
IoT su dung ddi bing tén 1800 MHz tai Viét Nam nhdm t6i wu hoa
viéc sir dung bang tan ciing nhw ddp vmg qud trinh phdt trién cia
kinh té - xd héi; dam bdo an ninh va quoc phong, hai hoa voi cdac
nuée trén thé gioi trén co so tdn dung t6i da co so ha tang truyén
théng vo tuyén hién co.

1. Gioi thiéu

Truyén thong lién lac 1a mot nhu cau thiét
yéu ctia bat ki mot xa hoi phat trién, trong do
truyén thong vo tuyén dong mot vai tro rat
quan trong. Bén canh d6, nham gop phan hd
tro va thic ddy cong nghé IoT phat trién
nhanh va manh hon, trong nhitng nam gan
day, nganh cong nghiép thong tin di dong da
tién hanh nghién ctu, phat trién va chuan hoa
mot 16p cong nghé thong tin dang mang té
bao danh riéng cho cac tng dung IoT [1].

Bing tan 1800 MHz la mot trong nhiing
bang tan then chot trong viéc cung cap dung
luong trong mang thong tin di dong, dac biét
la thong tin di dong thé hé tha 4 (4G) boi
bang tan nay c6 mot sb luong thiét bi dau cudi
di dong 4G hd tro 16n nhét trong s cac bing
tan v6i tinh da dang va phong pht vé chiing
loai va mau ma. Bén canh do, hién nay mot
sO nudc trén thé gidi da va dang trién khai két
nbi ToT trén cac bang tan 700/800/900/1800

MHz va nghién ctru phat trién nhiéu thiét bi
cong nghé nham hd tro phat trién loai hinh
cong nghé moi nay. Tai Viét Nam, cac cong
nghé vo tuyén dang st dung trén bang tan
700/800/900/1800 MHz chi gidi han ¢ cac
cong nghé thong tin di dong 2G, 3G va 4G
ma chua cho phép trién khai cac cong nghé
két n6i IoT trén mang 5G. Viéc nghién ctru
cac phuong an trién khai két ndi IoT st dung
bang tan 1800 MHz nhiam m¢ dai bang tan
nay dé co thé hd tro viée trién khai cong nghé
IoT trén bang tan nay. Qua do, ta co thé tan
dung t6i da dai bang tan 1800 MHz hién dang
sit dung cho mang thong tin di dong hién co.
Véi khoang 2x75 MHz phd tan phan bo ¢
bang tan 1800 MHz hién nay s& dong gop
khong nho toi tong luong phd tan can thiét
cho phat trién cac dich vu di dong bang thong
rong, téc do cao [2].

Viéc trién khai két ni IoT su dung bang
tan 1800MHz s& dem lai loi ich vo cung to

3



16n cho phat trién kinh té-x3 hoi, tao diéu kién
cho thi truong vién thong phat trién lanh
manh, canh tranh cong bang phu hop véi diéu
kién cua Viét Nam, bao dam an ninh va quéc
phong trong ndi bo qubc gia ciing nhu 1oi ich
cho cac quoc gia lan can [4]. Pong thoi, 16p
cong nghé thong tin vo tuyén nay tao nén cac
mang thong tin vo tuyén pham vi rong cong
suat thép (LPWAN) hd tro cac thiét bi yéu
cau phi song rong, tudi tho pin dai (do hd tro
cac ky thuat giam cong suét tiéu thu), gia
thanh thiét bi thap nhung vin dam bao an
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toan, két ndi & ca cac khu vuc noéng thon va
do6 thi [4]. Day cling la muc tiéu nghién ctu
cua bai bao nay.
2. Két qua nghién ciru va ban luin
Phuong an nay quy hoach bang tan 1710-
1880 MHz gdom doan bang tan phat ciia tram
gbc 1805-1880 MHz va doan bang tan thu
cua tram géc 1710-1785 MHz. Khoang cach
song cong giita chiéu phat va chiéu thu 1a 95
MHz va phan cach giita bang tan phat va biang
tan thu 1a 20 MHz nhu trong Hinh 1.
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Hinh 1. Phuong 4n quy hoach bing tan 1800 MHz

Phan bang tan phat va bang tan thu duoc
chia thanh bén cip khdi tan sd ghép song
cong nhu Bang 1.

Bang 1. Phan bd bing tin 1800 MHz
theo cdc khoi tan sé

Khéi Dai tin Ché dp
tan s6 (MHz) song cong
A-A’ 1710-1730, FDD
1805-1825

B-B’ 1730-1750, FDD
1825-1845

c-C 1750-1770, FDD
1845-1865

D-D’ 1770-1785, FDD
1865-1880

Phuong an quy hoach thir nhat dé xuat cac
loai hinh cong nghé trién khai song song trén
bang tan 1800 MHz bao gdm: W-CDMA va
cac phién ban tiép theo, LTE, LTE-Advanced
va cac phién ban tiép theo, cong nghé két noi
IoT (LTE-M, NB-IoT). Phuong an nay,
chiing ta khong trién khai cong nghé thong tin
di dong bang hep 2G, tiéu chuan GSM.

Piéu kién k§ thuat vé phat xa cia thiét bi
vO tuyén dién st dung bang tan 1800 MHz
khi trién khai phuong an quy hoach thtr nhat
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Piéu kién ky thudt ap dung doi voi thiét bi
Vo tuyén cong nghé LTE/LTE-Advanced va
cdc phién ban tiép theo (4G):

Thiét bi tram goc eNodeB: Tuan thi diéu
kién k¥ thuat vé phat xa khong mong mudn
ctia tram gbc thong tin di dong IMT-2000 quy
dinh tai Khuyén nghi ITU-R M.1580-5 va
Khuyén nghi ITU-RM.2070 cua Lién minh
vién thong quc té.

Thiét bi dau cudi LTE/LTE-Advanced:
Tuén thi diéu kién ky thuat vé phat xa khong
mong mudn cua thiét bi dau cudi thong tin di
dong IMT-2000 quy dinh tai Khuyén nghi
ITU-R M.1581-5 va Khuyén nghi ITU-R
M.2071 ctia Lién minh vién thong qudc té.

Piéu kién ky thudt ap dung doi voi thiét bi
V6 tuyén cong nghé NB-IoT:

Tuén thu diéu kién ky thuat nhu ap dung
ddi voi thiét bi vo tuyén cong nghé
LTE/LTE-Advanced.

Diéu kién vé khoang cach tan so gitra cac
song mang khi trién khai phuong an quy
hoach thr nhat.

Cac thong s k¥ thuat cua hé théng duoc
lay tir tiéu chuan TS125.104 va TS125.101va
Spectrum IoT, duoc tom tat trong Bang 2 nhu
sau.



Bang 2. Yéu cau vé khoang cich bao vé
biing tin giira cac tin hiéu song mang khi
trién khai song song cic cong nghé khac
nhau

Bang 3. Danh gia wu va nhwge diém cac

Cong Yéu cau Ve khoang cach
nghé tan so

- Truong hop trién khai song
mang theo c4u hinh riéng biét
(Standalone mode):

+ Khoang cach tan so giita ria
song mang NB-IoT va ria
song mang UMTS/LTE: 200
kHz.

- Truong hop trién khai song
mang theo cau hinh sir dung

I?e tan s6 trong bang tan (In band
thong mode):
NB-IoT '

+ Tuong tu nhu ddi voi
truong hop cua hé thong LTE.
- Truong hop trién khai song
mang tai doan bang tan bao
vé (Guardband mode):

+ Khoang cach tan so giita ria
song mang NB-IoT va ria
bang tan cua nha mang lan
can: 200 kHz.

Céac phuong an quy hoach bing tan 1800
MHz dé trién khai két ndi IoT trén bang tan
nay tai Viét Nam c6 diém chung la s6 lugng
va do rong cac khéi tan s6 duoc phan bd
tuong tu nhau. Viéc phan bo bang tan 1800
MHz thanh 04 khi tan s6 nhu vay hoan toan
phu hop véi dinh hudng ciia Chinh phu vé
viéc cAu trac thi truong thong tin di dong cua
Viét Nam theo hudng hinh thanh tu 3-4
doanh nghiép manh.

So v6i hién trang st dung bang tan 1800
MHz hién nay thi trong cac phuong an quy
hoach dé xuét da bo sung thém loai hinh cong
nghé két ndi IoT, diéu kién st dung bang tan
cu thé hon, bao dam ting kha nang tuong
thich gilta cac hé thong vo tuyén dién.

D1em khac biét ¢ hai phuong an la quy
dinh vé cac cong nghé thong tin di dong duoc
phép trién khai trén bang tan nay. Bang 3
trinh bay cac phan tich uu nhuoc diém ctia hai
phuong antrién khai két ndi IoT d4 dé xuit.

phwong in
Phuong | 7, gigm | NS
an diém
Phwong | Phuong Phuong
an 1: an quy | an quy
Quy dinh | hoach nay | hoach nay
cac  cong | cho phép | khong cho
nghé doanh phép trién
WCDMA nghiép khai cong
va cac | vién thong | nghé 2G-
phiénban linh  hoat | GSM.

tiép  theo, | trong viéc
LTE, LTE- | luachonva
Advanced | trién khai
va cac phién | cung cép
ban tiép | cac  dich
theo; cong | vu 3G, 4G,
nghé két ndi | va IoT.
IoT (LTE-
M, NB-IoT)
va kem theo
diéu kién sir
dung bang
tan.

M6 hinh mo phéng theo phwong phap
Monte—Carlo

Phuong phap mo phong Monte — Carlo
thuong duoc sir dung trong cac nghién ciru vé
can nhiéu giira cac hé thong vo tuyén hoat
dong trén cung bang tan hoic tai cac bang tan
lan can. Phuong phap nay ciing duoc ap dung
dé danh gia va xay dung mit na pho phat xa
cua may phat va may thu; danh gia muac phat
xa khong mong muén, dic tinh qué tai cua
may thu hay nghién ctru vé cac hién tuong
xuyén diéu ché Pau ra cia mot mo phong
theo phuong phap Monte — Carlo thuong la
xac suat nhidu (/P),xac suat nhiéu nay duoc
tinh toan tir cac gia tri “tin hiéu mong mudn
nhan duoc” va “tin hiéu nhiéu nhan duoc”
duoc luu trit dudi dang mang va dua trén muc
ty sd bao vé nhidu nhu C/I, C/(I+Ny)) hay
I/No.
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Hinh 2. M6 hinh can nhiéu giira hai nha mang lién ké trén cling
bing tan 1800 MHz N
Ta xét mo hinh can nhiéu nhu Hinh 2, muon tu £NodeB4 va cac tin hiéu nhiéu do
trong do tram goc ENodeB cua nha mang A phat xa ngoai bang tu cac UFEp. Xac suat nhiéu
(ENodeB,4) s€ phat tin hiéu dén thiét bi IoT duoc mo ta theo biéu thuc sau:
cua nha mang A (UE,). Nha mang A va nha IP=1-NIP, 2.1

mang B la hai nha mang lién ké trén cung trong d6 NIP la xac suat khong xay ra can
bang tan 1800 MHz, cac thiét bi IoT cua nha nhiu tai may thu.Theo NIP duoc xac dinh
mang B (UEs) la cac ngudn giy nhiéu cho dua trén ty s6 bao vé nhidu (C/(No+1)) va
UE4 va cac nguon nhiéu nay duoc bd tri ngau duoc mé ta nhu sau:

nhién trong moi truong xung quanh UE,. Tai '

UE, s& nhan dugc dong thoi tin hiéu mong

P |h|2
Polh
NIP =Pr N, - 2]CN =Pr| —* U z]CN . (2
L
sholl TN S polgf ey, TN
= NO 1=1
Trong do: N N
L 1a s0 luong thiét bi can nhiéu,P, la cong tip hiéu can nhiéu tha / (v@l:], ..,L), olahé
suatcua tin hiéu mong mudn nhan dugc, Pg la sO suy hao cua kénh truyén, N, la phuong sai

cong suat cdia cac tin hiéu can nh1eu nhan

nhiéu trang, la ty s0 bao vé nhiéu,sens

duoc,

0
fading cta tin hiéu mong mudn nhan duoc, 1 do nhay thi€t bi thu.

|/, 12 d6 loi kénh truyén Rayleigh fading cta Tir cng thic (2.1) va (2.2), ta duge:

Poll  _ «c Pl __cC

IP=1-Pr =Pr i TN
S Polf| +N, 0
=1

L 2 ~I+N, @3)
ZPBa)|f,| +N, 0
=1

bat y = % , tr (2.3) ta duoc:

0



IP =Pr

Po |l7|2

2.4

L 2
> Pol|f| +N,
1=l

trong d6: P,o|h| ¢6 phan bd ham miva
L
> Pw|f[ 1a téng cac biéncé phan bd ham
=1

mi. T (2.4), ta xét trong hai truong hgp nhu
sau:

Po |h|2

IP =Pr| —
> Pol|f| +N,
=1

<7

bat a:a)P4,b:0)RB,,x:|h2

]P_Pr( & <)/j.
by+c

trong d6 y 1a bién tong cua L bién ngiu nhién
¢6 phan bo ham mi ddc 14p va ddng dang
kénh truyén Rayleigh fading st dung xac suét

L
cy=2 A
=1

<V

Truong hop 1:

Tinh gia tri chinh xac /P khi xét khoang cach
giita cac thiét bi can nhidu so véi may thul7E,
1a gidng nhau.

(2.5)

, c=N,, tr(2.5) ta duoc:

(2.6)

diéu kién, x ¢6 ham CDF va y ¢6 ham PDF
lan luot nhu sau:

]P:Pr(hjic <;/]: _[Pr(ax<7/(by+c))fv (v)dv
(5 (2.7
- | F[ s jww
Tacod f,(y) LJ:L exp[zj, y>0, (2.8)
I, (y) Yy

Thay (2.8) vao (2.7), ta duoc:

oo -1
IP = 1-ex lAy(berc) 1y exp| =
p| — T~V p
: a ()

Truong hop 2 :ching ta nhin thiy ring trong
L

thue €Y' Bo|f| [ N,, do do tir (2.8) ta co
=1

thé tinh gia tri xap xi /P nhu sau:

(2.9)

Tinh gia tri xap xi IP khi xét khoang cach
gitta cac thiet bi can nhieu so voi may thu
UE4 1a giong nhau.



IP =Pr

bat a=wP,, b=k, x=|h

r :Pr[ﬂ < 7}
by

trong d6 y 1a bién tong cua L bién ngau nhién
cO phén bo ham miidoc lap va dong dang
kénh truyén Rayleigh fading sir dung xac suat

Polhf
L
2 holf, |2
=1

(2.10)

2 \
1|7, tr (2.24) ta duoc:

2.11)

diéu kién, x c6 ham CDF va y ¢c6 ham PDF
lan luot nhu sau:

P = Pr(Z—x < 7/] = [ Pr(ax<yby) £, (v)dy
0

Y

. 2.12)
(2 )
1 yr -y
() == Lexp[f} y>0, (2.13)
I, (y) Y
Thay (2.13) vao (2.12), ta duoc:
" Ayby)| 1 y*!
IP = {l—exp[— = ﬂ— — Lexp( dy
'! a I, (y)
(2.14)

gl ri( ) E_—f}’y‘%@lf [ H l—”

4. M6 phéng danh gia két qua

Nhu Hinh 2 hé théng duoc khao sat g6m
c6 mot tram géc ENodeB cia nha mang
A(ENodeBy), mot thiét bi IoT ciia nha mang
A dong vai tro 1a may thu (UE4) va ¢6 L thiét
bi két ndi ciia nha mang B dong vai tro la cac
thiét bi gy can nhiéu cho UE4, cac thiét bi
nhéu nay duoc bb tri ngiu nhién xung quanh
UFE,4, nha mang A va nha mang B hoat dong
6 hai dai tan lién ké nhau trén cung bang tan
1800 MHz. Xac suat can nhiéu/P cia hé
thong trong mo hinh xem xét ¢ trén duoc tinh
toan dua trén mo phong Monte — Carlova
duoc thuc hién trén kénh truyén Rayleigh
fading v6i phép thir khoang 10° 1an,c6 hé s6
suy hao bang 3dB, cong suét phat 1a 23dBm,
ty s6 bao vé nhiéuy =9dB, cong suit cac
thiét bi nhiéu thay doi tir 0-18dBm.

Xét trwong hop 1 va 2 khi khoang cach
tir cac thiét bi can nhiéu dén may thu bang
nhau

Dau tién, ta khao sat su anh hudng cuasd
luong thiét bi can nhiéu L t6i xac suat xay ra
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can nhiéu ctia hé thong trong truong hop 1
Vi s6 luong thiét bi gy nhiéu Lthay doi tirl
dén 10thiét bi, cong suat tap am bang rong
c=1mlV , khoang cach ds gitta may thu va
tram goc ENodes thay doi tir 0.15-0.6 km,
khoang cach djp tir cac thiét bi can nhiéu dén
may thu la 5km, céng suat tin hiéu mong
mudn nhan duoc P4=23 dBm, cong suit can
nhidu Pz=12 dBm va ty s6 bao vé nhiéu
7 =9dB . Két qua thu du’orc nhu Hinh 3.

——TH1: d,y = 0.15 Km
o TH1: 0, = 0.3 Km

TH1: d, = 0.45 Km
o TH1: 0, = 0.6 Km

O sim a__/_'___,%,’_—erf—“—

3 8 9 10
86 lvgng thiét bj can nhidu L

‘Hinh 3. Két qua md phong so sanh xac
suat xay ra can nhiéu khi s6 lwong thiét bi



giy nhiéu L thay déi lan lwot tir 1 dén
10trong truwong hop 1

Tiép theo, ta khao sat sy anh huong cia sd
luong thiét bi can nhiéu L t6i xac suét xay ra
can nhiéu ctia hé thong trong truong hop 2
véi b luong thiét bi gly nhiéu L thay d6i tur
1 dén 10thiét bi, cong suét tap 4m bang rong
c=1mW , khoang cach d gitta may thu va
tram géc ENode, thay ddi tr 0.15-0.6 km,
khoang cach d tucac thiét bi can nhiéu dén
may thu la 5km, cong suat tin hiéu mong
muén nhan duocP. =23 dBm, cong suit can
nhidu Pp=12 dBm va ty sd bao vé nhiéu
¥ =9dB. Két qua thu duoc nhu Hinh 4.

107

- = TH2:d, =0.15 Km
=0.3Km
=0.45 Km
2 d, =0.6 Km

g 3
g 10

S8 lugng thiét bj can nhidu L

Hinh 4. Két qua md phong so sanhxac
suat xdy ra can nhleu khi so lugng thlet bi
gy nhiéu L thay doi 1an lwot tir 1 dén 10
trong truong hop 2

Tu Hinh 3 va Hinh 4, ta thay rang két qua
mo phong va két qua Iy thuyét trong ting
truong hop 1a gan nhu nhau, khimay thu UE,4
cang cach xa tram gbc ENodeB. thi xac xuét
xay ra can nhiéu cang lon; mac khac, khi s6
luong thiét bi can nhiéu cang tang thi xac xuat
xdy ra can nhiéu ciing ting theo.

Xét treong hop 1 va 2 khi khoang cach
tir cdc thiét bi can nhiéu dén may thu khac
nhau

Pau tién, chung ta s& khao sat mtc d6 anh
hudng cia cong suét cac tin hiéu can nhiéu
t6i xac suat xay ra can nhiéu /P trong hai
truong hop 1 va 2. O day, chung ta s& khao
sat Pp véicac muc gia tri thay doi tir 0 dén 18
dBm,y =9dB,
di= 0.5 Km, dg = 5 Km, cong suat tin hiéu
mong mudn nhan duocP4 = 23 dBm Két qua
thu duoc nhu Hinh 5 (truong hop 1) va Hinh
6 (truong hop 2).

T
TH1: L=1,7=9dB

TH1: L=10, y=9dB
Sim

1P (%)

L=1,23456,78910
thiét bj can nhiéu
f 1

. . I
0 2 4 6 8 10 12 14 16 18
Cong suét cac tin hiéu can nhiéu P, (dBm)

Hinh 5. Két qua khao sat sy anh huéng
ciia cAc mirc cong suat tin hiéu can nhiéu
t6i xac suit can nhiéu trong truomg hop 1

khi cong sudt thiét bi can nhiéuPp thay
déi tir 0 dén 18 dBm

) T e L=123456,789710
[.-" - ° thiét bj can nhiéu

L I I I
0 2 4 6 8 10 12 14 16 18
Cong suét cac tin higu can nhidu P, (dBm)

Hinh 6. Két qua khio sat sw anh huong
ciia cdc mirc cong suét tin hiéu can nhiéu
t6i xdc suat can nhiéu trong truong hop 2
Kkhicong suit thiét bi can nhiéuPs thay dbi

tir 0 dén 18 dBm

Hinh 5 va Hinh 6 cho chung ta thay cy thé
mirc d6 anh hudng clia cac mirc cong sut P
clia cac tin hiéu can nhiéu dén xac suat xay ra
can nhiéu /P cta hé thongvsi ¥y =9dB, khi
P tang thi xac xuét xdy ra can nhiéu ting;
mic khac, khi s6 luong thiét bi can nhiéu L
tang thi xac suit can nhiéu IP cting tang theo.
Qua do, ching ta thay rang gia tri Pgva s6
luong thiét bi gay can nhiéu deu co su anh
huong khong nho dén xac sudt xay ra can
nhiéu IP.

5. Két luan

Trong bai bao nay, di dé xuat cac phuong
an quy hoach bang tan 1800 MHz dé trién
khai két n6i IoT trén bang tan nay tai Viét
Nam. Xay dung mé hinh tinh toan can nhiéu,
mo phong va danh gia can nhiéu. Cac két qua
nghién ctru nay la dugc Cuc tan s6 tham khao
dé quy dinh trong cac tai liéu k¥ thuat va tiéu
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chuan Viét Nam. Cac két qua mo phong da
chi ra rang cong suit phat xa ngoai bang cua
cac thiét bi can nhiéu, s6 luong thiét bi gy
can nhéu, khoang cach giira may thu dén tram
gbc, khoang cach tir cac thiét bi can nhiéu dén
may thu va ty so bao vé nhiéu co sy anh
hudng rat l6n dén xac suat can nhiéu IP. Dé
giam xac suat Xay ra can nhleu ctia hé thong,
chung ta can giam cong sudt phat xa ngoai
bang cua cac thiét bi can nhiéu cling nhu han
ché s6 luong thiét bi gdy can nhidu & muc
thap nhat.
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