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MO DAU
1. Tinh cap thiét cia dé tai

Véi diéu kién & Cong hoa dan chu nhan dan Lao néi chung tinh Chiam Pa Sic néi riéng
co s6 ha tang vién thong ma cac nha mang dang quan 1y, viéc nang cp va trién khai timg
budc mang ty dong nham muc dich tién 1én céng nghiép 4G 13 hoan toan phu hop. Qua timg
budc phat trién, ta c6 thé tan dung nguén cr su vat chat san co, déng thot tiép can duoc
cong nghé hién dai nham xay dung mot mang ludi thong tin di dong hién dai, dap ng duoc
nhu cau cta ngudi ding.

Pi c6 2 nha mang Unitell va Lao Telecom trién khai sém nhat va trién khai kha thanh
cong, do d6 Unitell bat dau gap rat chuan bi hoan tat cho viéc trién khai cung cap dich vu
4G tai Lao. Hién tai thi Lao Telecom da hoan thanh qua trinh thtr nghiém 4G va da c6
nhitng két qua tét.

Vi tit ca nhitng 1y do trén, hoc vién nhan thiy viéc trién khai cong nghé 4G tai tinh
Chémmpaséc, nudc Cong hoa dan chi nhan dan Lao 1a mot viéc hoan toan can thiét va thiét
thuc, khong chi nhdm muc dich tim hiéu, nghién ctru cac dich vu ma n6 dap irng ma con )
gang dua vao 4p dung ¢ tinh Cham Pa Sic. Qua d6 trién khai cong nghé 4G tai tinh Cham
Pa Sic.Két hop v6i nhitng tai liéu, kién thirc em tim hiéu dugc, xuat phat tir nhitng van dé
trén, em da lwa chon dé tai “Quy hoach mang 4G-LTE VA trién khai tai tinh Cham Pa
Sic, nwéc Cong hoa din chii nhin din Lao” 1am ndi dung nghién ciru cho luan van tot
nghiép cua minh.

2. Tong quan vé van dé nghién ciru

Quy hoach mang LTE ciing gidng nhu quy hoach mang 3G. O hé thong di dong 4G,
duong 1én va dudng xudng 1a bat ddi ximg. Do vay, mot trong hai duong s& thiét 1ap gidi
han vé dung luong hodc ving phu séng. Viéc tinh toan quy dudng truyén va phan tich nhiéu
khong phu thudc vao loai cong nghé st dung. Muc dich cua pha dinh ¢d 1a dé uéc lugng sb
lugng cac tram can sir dung, cdu hinh tram va s lugng cac phﬁn tor mang dé du bao gia
thanh dau tu cho mang. chung ta s& tim hiéu vé quy dudng truyén cia LTE, cac md hinh
truyén séng dé phuc vu cho qué trinh udc lugng s6 eNodeB ciia mang theo diéu kién ti uvu
1, va sd tram eNodeB theo diéu kién toi wu 2 dé tir do ta quyét dinh dugc s eNodeB can
thiét cho viing can quy hoach.

Céc nghién ctru trén déu nghién cau vé dic diém hé thong thong tin di dong 4G/LTE,

xu hudng nghién ciu, phat trién.va nghién cau céng nghé, ki thuat st dung trong 4G/LTE,



2

M6 hinh mang thong tin di dong 4G , Céc giao thuc trén giao dién vo tuyén LTE, Ky thuat
da anten trong LTE, Quan ly di dong trong LTE.

O Cong hoa dan chu nhan dan Lao chua c6 dé tai nao nghién ciu sau vé quy hoach
mang 4G-LTE va trién khai.

Do vay dé tai Quy hoach mang 4G-LTE va trién khai tai tinh Cham Pa Sic, nudc
Cong hoa dan chu nhan dan Lao caa em khong trung lap.
3. Muc dich nghién ctru

- Nghién ctru chung cac xu hudng phét trién cong nghé 4G
- D& xuit &p dung cdng nghé 4G trién khai tai tinh Cham Pa Sic, Lo

4. Péi twong va pham vi nghién cieu

- Béi tugng nghién ciu: Coéng nghé 4G

- Pham vi nghién ctu: Panh gia cong nghé 4G, dé xuat ap dung cong nghé 4G trién
khai tai tinh Cham Pa Sic, nuéc Cong hoa dan chi nhan dan Lao.
5. Phwong phap nghién ciru

- Khao sat cac nghién ctru, tai liéu lién quan dé thu thap thong tin vé co so 1y thuyét tir
nhiéu ngudn ( tai liéu, sach gido trinh, Internet...)

- Thu thap, phan tich dir liéu nhim danh gia thyc trang cdng nghé thdng tin tai tinh
Chim Pa Sic, nudc Cong hoa dan cha nhan dan Lao. Tong hop, phan tich, danh gid, lua
chon cac chuan coéng nghé 4G phil hop véi diéu kién thuc té va tong hop céac két qua nghién

ctru dé lwa chon cach tiép can phu hop véi ndi dung nghién ctu



CHUONG 1: TONG QUAN VE HE THONG THONG TIN DI PONG 4G
- LTE
1.1 Gi6i thiéu vé cong nghé LTE

Hé thong 3GPP LTE, 1a budc tiép theo can huéng tsi cua hé thdng mang khéng day
3G dua trén cdng nghé di dong GSM/UMTS, va la mét trong nhitng cong nghé tiém ning
nhét cho truyén théng 4G. Lién minh Vién théng Quéc té (ITU) da dinh nghia truyén thong
di dong thé hé tht 4 1a IMT Advanced va chia thanh hai hé théng dung cho di déng téc do
cao va di dong téc do thap. 3GPP LTE I hé thong dung cho di dong toc do cao. Ngoai ra,
day con 1a cong nghé hé thdng tich hop dau tién trén thé gisi ung dung ca chuan 3GPP LTE
va cé4c chuan dich vu tng dung khéc, do d6 nguoi st dung c6 thé d& dang thyc hién cudc goi

hoac truyén dit liéu gitta cAc mang LTE va cac mang GSM/GPRS hoic UMTS duya trén

WCDMA.
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> Cac thong sé l6p vat ly caa LTE: ]
Bang 1.1 Cac thong so lop vatly LTE

A A UL DTFS-OFDM (SC-FDMA)
Ky thuat truy cap DL OFDMA
g n 1.4MHz, 3 MHz , 5 MHz, 10 MHz, 15 MHz, 20
Bang thong MHz
TTI t6i thiéu ims
Khoang cach sébng mang con 15KHz
S as Ngin 4.7us
Chieu dai CP Dai 16.7 s
Diéu ché QPSK, 16QAM, 64QAM

Ghép kénh khéng gian

1 16p cho UL/UE
Lén dén 4 16p cho DL/UE

Str dung MU-MIMO cho UL va DL

Bang 1.2 Toc d¢ dinh ciua LTE theo 16p

Lop 1 2 3 4 5
Toéc do dinh | DL 10 50 100 150 300
Mbps UL 5 25 50 50 75
Dung lwgng cho cac chirc nang 16p vat ly
Bang thong RF 20MHz
sz DL QPSK, 16QAM, 64QAM
bieu che
UL QPSK, 16QAM, 64QAM

1.2 M6 hinh mang thong tin di dong 4G/LTE

1.2.1 Téng quan
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LTE (Long Term Evolution: phat trién dai han) 1a tén danh cho tiéu chuanméi do
3GPP phat trén dé dap tng cac yéu cau khong ngirng ting vé tée do sb liéu dé dap tng cac
dich vu da phuong tién IP. LTE 14 budc phat trién tiép sau ciia cac hé théng 2G va 3G dé
tién dén cung cip muc d6 chit lvong twong ty nhu cac mang hira tuyén hién nay.

Céac muc tiéu thiét ké chinh ctia LTE bao gom:

Hé théng phai hd tro toc do dinh duong 1én 13 100Mbps va dudng xudng 13 50Mbps
trong bang thong 20 MHz hay twong duwong véi cac gia tri hiéu sut phd tan dinh 1a 5bps/Hz
duong xudng va 2,5bps/Hz duong 1én. Hé thong tham chuan c6 2 anten trong UE cho dirong
xubng va 1 anten trong UE cho dudng 1én.

Di dong 1én dén 350km/gio.

Str dung pho linh hoat, dong ton tai véi cac cong nghé trude va giam do phirc tap
cling nhu gié thanh.

Cac cong nghé quan trong nhat trong mang truy nhdp vo tuyén cia LTE [AOFDM
(Orthogonal Frequency Division Multiplex), an dinh tai nguyén dong da kich thttoc (thoi
gian, tdn s6) va thich tng duong truyén, truyén din MIMO (Multiple Input Multiple
Output), ma héa turbo va HARQ (Hybrid Automatic Repeat Request) v&i két hop mém.

LTE st dung da anten v&i cic cong nghé MIMO khac nhau bao gbm SU- MIMO
(Single-User MIMO: MIMO don nguoi sit dung), MU-MIMO (Multi-User MIMO: MIMO
da nguoi st dung, tién ma hoa cap hang 1 vong kin va taobtp danh riéng.

1.2.2 M6 hinh mang théong tin di dong 4G/LTE
Pham vi ciia mang 4G s& bao phu toan b tir cac phan truyén dan vo tuyén, truyén dan

trong mang 13i dén tan cac ung dung trén thiét bi dau cudi.

Hinh 1.1 M6 hinh céu tric mang 4G/LTE
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1.3 Giao thirc cia LTE (LTE Protocols)

O LTE chirc ning caa RLC di duoc chuyén vao eNodeB, ciing nhu chirc ning cua
PDCP véi mi hoa va chén tiéu dé. Vi vay, cac giao thirc lién quan cua l6p vo tuyén dugc
chia truéc ddy & UTRAN la gita NodeB va RNC bay gio chuyén thanh gitta UE va
eNodeB.

WCDNMA
HSDPAJ/ELUL
L1

Hinh 1.2 Giao thic caia UTRAN

+Evolve current 3GPP
protocol stack

* Extend with new L1+MAC

_____ New radio access

[ — -— e e = = = = —

I
]
I
i WCDMA 1
1
|
1

DCH HSDPA/EUL I
L1 L1 L1 g

Hinh 1.3 Giao thirc cua E-UTRAN
Giao thuc cua E-UTRAN phat trién thém cia UTRAN bang cach thém L1 va MAC

mai.



PDCP < ROCH/Security ROCHMSacurity
L
-
Segmentation Segmentation
RLC <« & ARG & ARQ

i

Logical Channels

Scheduling/Priority handing

MAC '{ Multiplaxing Multiplexing
HARGC HARG
'\

User 1 | Transport Channels | User2

Hinh 1.4 Phan phéi chite ning ciia cac lé6p MAC, RLC, PDCP
1.4 Cac ky thuat sir dung trong LTE

1.4.1 Ky thugt truy cdp phan chia theo tan sé truc giao OFDM

Center Frequency

l

Transmitter
Bits
Data
Source * Modulator™ RF [|—
" Frequency
Transmission bandwidth
Hinh 1.5 Truyén don séng mang
Transmitter User 1 i
. Center Frequency User 2
Bits
Data Center Frequency User 1
Source Modulator[=* RF \ l
Transmitter User 2
Dat Bits Frequency
ata ]
Somrce Modulator RE b

Hinh 1.6 Nguyén ly caia FDMA



] Modulator |+

Center Frequency Sub-carrier

Dat Bits Filter
ata .
Source Serial to [~ Nodulator Bank | | RF
Parallel (or
IFFT)

[ Modulator

Frequency

Hinh 1.7 Nguyén ly da song mang

K3 thuat diéu ché OFDM, vé co ban, 1a mot trudng hop dic biét cua phuong phéap diéu
ché FDM, chia ludng dir liéu thanh nhiéu dudng truyén bang hep trong ving tan sb st dung,
trong d6 cac song mang con (hay song mang phu, sub-carrier) tryc giao véi nhau. Do vay,
pho tin hiéu caa cac song mang phu nay duoc phép chong lan 1én nhau ma phia dau thu van
khoi phuc lai duogc tin hiéu ban dau. Su chong lan phé tin hiéu nay 1am cho hé théng OFDM
c6 hiéu suat sir dung pho 16n hon nhiéu so véi cac ki thuat diéu ché thong thuong.
1.4.2 Kj thugt SC-FDMA

Gidng nhu trong OFDMA, cic may phat trong hé thong SC-FDMA ciing sir dung Cac
tan s truc giao khac nhau dé phat di cac ky hiéu théng tin. [2]

Transmmtter
T
Bits Sub-carTier reld
P OoAdUl At |s— DEFT [— 8 =" IFET = Cyclic
mapping = xtension
v
frequency
——
Total radio BW (e.g. 20 NEL=)
Receiver
Remowe
Equatiser | FET | Cyclic
=) 1 Extension
IDFT - Demodulator — Bits

Hinh 1.12 Thu phat SC-FDMA trong mién tan sé
Trong OFDM, bién d6i Fourier nhanh FFT dung & bén thu cho mai khéi ky tu, va dao
FFT ¢ bén phat. Con ¢ SC-FDMA str dung ca hai thuat todn nay ¢ ca bén phéat va bén thu.
1.4.3 Ky thugt MIMO
MIMO la mot phan tat yéu caa LTE dé dat duoc cac yéu cau day tham vong vé thong
lwong va hiéu qua sir dung phd. MIMO cho phép str dung nhiéu anten & may phat va may
thu. Véi huéng DL, MIMO 2x2 (2 anten & thiét bi phét, 2 anten & thiét bi thu) duoc xem la

c4u hinh co ban, va MIMO 4x4 ciing duoc dé cap va dua vao bang dic ta ki thuat chi tiét.
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Hiéu nang dat duoc tuy thudc vao viéc sir dung MIMO. Trong d6, k¥ thuat ghép kénh
khong gian (spatial multiplexing) va phat phan tap (transmit diversity) 1 cac dic tinh noi
bat caa MIMO trong cong nghé LTE.

Trong hé thong MIMO, bo phét giri cac dong dix liéu qua cac anten phat. Cac dong di
licu phat thdng qua ma tran kénh truyén bao gdm nhiéu duong truyén giira cac anten phat va
cac anten thu. Sau d6 bo thu nhan céc vector tin hiéu tir cac anten thu, giai ma thanh théng
tin goc.

Ddi vai tuyén xudng, cau hinh hai anten ¢ tram phat va hai anten thu & thiét bi dau
cudi di d6ng 1 cdu hinh co ban, cau hinh sir dung bon anten dang duwgce xem xét. Pay chinh
la cau hinh SU-MIMO, va str dung k¥ thuat ghép kénh khong gian véi loi thé hon cac k¥
thuat khac 1a trong cung diéu kién vé bang thong sir dung va ki thuat diéu ché tin hiéu, SU
cho phép tang toc d6 dir liéu (data rate) bang s6 lan cia s6 lugng anten phat.

1.4.4 Ma héa Turbo

Dé stra nhirng bit bi 16i do sy thay doi kénh va nhidu, ma hoa kénh duoc sir dung. Véi
kénh chia sé¢ hudng xudng cia LTE (DL-SCH), st dung mot bo ma hoéa Turbo vai toe do
1/3, theo sau 12 mot bo so khép tée do dé thich tng véi toc d6 ma. Trong mdi khung con
chiéu dai 1ms, mot hoac hai tir ma cé thé duoc ma hda va truyén di. [12]

1.45 Thich i#ng dwong truyén

Thich tmg duong truyén giai quyét van dé lién quan dén cach thiét 1ap cac thong sb
truyén dan cia duong truyén vo tuyén dé xur 1y cac thay doi chat luong duong truyén vo
tuyén. NG str dung diéu ché thich nghi (Adaptive Modulation). Phuong phap nay cho phép
hé théng diéu chinh nguyén 1y diéu ché tin hiéu theo ti I¢ tin hiéu trén nhiéu (SNR) cua
duong truyén vo tuyén. Khi duong truyén vo tuyén c6 chat luong cao, nguyén 1y diéu ché
cao nhat duoc sur dung lam ting thém dung luong hé thong. [12]

SR = O oolEes

3 —_—— s
oy —— ) SR = S OB
- _‘,T=‘<l.__,' i o = e W W |
— e SR = 1S CIE

e T |

SRR = 22 s
Tirerigs cquimrs Bdee bmirmkb el trorgr o2idu chdE theick et

O O R e
(2 moocde

a2l users i
1TE Ak users Ly
S uSsers ]

Hinh 1.15 Piéu ché thich nghi



1.4.6 Ldp biéu phu thugc kénh

Lap biéu phu thudc kénh giai quyét van dé cach thac chia sé cac tai nguyén vo tuyén
gitta nhimg ngudi st dung (cac dau cudi di dong) khéac nhau trong hé théng dé dat duoc
hiéu suat st dung tai nguyén tét nhat. Lap biéu phu thuoc kénh cho phép giam thiéu luong
tai nguyén can thiét cho mot nguoi st dung, vi thé cho phép nhiéu ngudi sir dung hon trong
khi van dap tmg duoc cac yéu cau chét luong dich vu.
1.4.7 HARQ vdi két hgp mém

HARQ véi két ndi mém dugc sir dung trong LTE, cho phép dau cudi di dong yéu cau
truyén lai nhanh chéng nhiing khéi van chuyén bi 16i, va cung cap mot cong cu cho thich
rng tdc dd ngam dinh. Giao thtrc bén dudi 1a nhiéu xu 1y hybrid ARQ dirng va cho (stop-
and-wait) song song nhau. Trong ARQ, dau thu sir dung mot ma phat hién 18i dé kiém tra
goi dit liéu c6 bi 16i hay khong. Pau phat dugc théng bao bang NAK hoic ACK. Néu goi di
liéu bi 161 va c6 thong bao NAK, goi d6 s& dugc truyén lai.
Két luan chwong 1

Da khai quat duoc cau tric mang 4G LTE, cac dac tinh ki thuat va cac ky thuat s
dung trong LTE. Mang LTE ¢ wu diém vuot troi so véi 3G vé tc do, thoi gian tré nho,
hiéu suat sir dung pho cao cling voi viéc sir dung bang thong linh hoat, cu triic don gian
nén gi4 thanh giam. Dé tao nén cac wu diém d6, LTE da phdi hop nhiéu k¥ thuat, trong do,
no sir dung ky thuat OFDMA ¢ duong xudng. Cac séng mang truc giao vai nhau, do do tiét

kiém bang thong, ting hiéu suat sir dung pho tan va giam nhiéu ISl.
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CHUONG 2 QUY HOACH MANG 4G LTE

2.1. Giéi thigu vé dinh c& mang vo tuyén

Dinh ¢¥ mang f Quy hoach chi tiet \ Toi wu hoa

. o Phan tinh trén
;’\_eu cau va Quy hoach Cac yéu can Thong 0 cac khia canh

c111e.11 hroe ’clm . ving ph, dung lrong quy hoach . alur chiat
ving phn, | Iwa chon site Iwong, hiéu

dung lrong va va dau thiu qua va kha
chat lrong. ning

Hinh 2.1 Tién trinh quy hoach mang vo tuyén

Hinh 2.1 cho thay viéc thuc hién quy hoach mang di dong khong day va vi tri cua dinh
c& mang trong toan bo tién trinh. Pha dinh ¢& mang dua ra mot udc tinh ma sau d6 duoc sir
dung cho quy hoach chi tiét mang. Khi mang hoan thanh ké hoach mang, cac théng s6 duoc
t6i wu hoa t6i da dé hé thong dat hiéu qua. [5]

Dinh ¢& mang dua trén mot tap hop cac thong sé dau vao va két qua dugc cung cap chi
c6 lién quan dén viéc thiét 1ap cac thong sé dau vao. Nhitng thdng sénaybao gom khu vuc
duoc xem xét,du kién luu lugng vayéu cau chat luong dich vu (QoS). Binh ¢& mang cung

cap danh gia caa cac yéu cau cho co s& mang ludi.

20 SRS
0
o |
E
o5 -20
=
= -40
= 4
-850 | | [free—space margin
\ ; 2| no indoor
-80 margin
-100 SXOSSS NOISS b e .
[hermal nolse || EREasEs
transmit antenna path loss antenna receive (SIMN)
output efficiency directivity efficiency signal requirement

Hinh 2.2 D trir tuyén cia mang di dong khong day
Hinh 2.2 cho thady mét vi du dién hinh cua mot du trit lién két vo tuyén. Ang ten phat
birc xa dién tir theo hudng cua dng - ten thu. Luong cong suat dén duoc phia thu phu thudc
vao do dinh hudng cua dng ten phat va sy mat mat trong moi trudng truyén song. Trong

hinh 2.2 ca hai dudng suy hao (dwdng mau xanh) va suy hao trong nha (dwdng mau hong)
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dugc chi ra. Tap &m tir cac nguon khac nhau ciing gop phan tin hiéu suy giam. Sau khi cong
va trir di tit ca do loi va suy hao, cdng suit thu duoc thuc té duoc tinh toén.. [5]
2.2. Tién trinh dinh c& mang LTE

Muc tiéu cua dinh ¢& mang truy cipmangLTEladé u6c tinhmatdositeyéu cau vaciu
hinh site chocackhu vic quan tam. Ban dau quy hoach mang truy nhap LTE bao gom phan
tich quy ning luong truong truyén va phan tich ving phu, wéc tinh dung lwong cell va uéc
tinh sé luong eNodeB, congtruy cap(MME/UPE) vacau hinh phan cang, va cudi cung la
giao dién gitra cac thiét bi khac nhau khac nhau. Phannay tap trung vaocéc van délién quan
déndinh ¢& mang LTE.

2.2.1 Pdu vao dinh c¢ mgng LTE

Pau vao dinh ¢& LTE cd thé dugc phan chia thanh ba loai: chit lwong, ving pha va
dung luwong lién quan dén dau vao.

Chat luong dau vao lién quan bao gdm thong luong cell trung binh va kha nang rét.
nhitng tham sé dugc khach hang yéu cau dé cung cip mot mic dd nhét dinh cuaa dich vu cho
ngudi st dung cia nd. Nhitng dau vao nay chuyén doi tructiép thanh cac théng sb chat
lugng dich vu (QoS).

Pau vao dinh ¢& LTE cho quy hoach viing phi tuong tu nhucic dau vao tuong tng
cho mang 3G UMTS. Quy dudong truyén (RLB) Ia c6 tim quan trong trung tam dé ké hoach
viing phu trong LTE. RLB dau vao bao gom cong suat phat, hé thong ang ten phat va dng
ten thu, s6 lwong cac ang-ten duoc sir dung, do loi va suy hao hé thong thong thuong, tai
cell vamd hinh truyén song.

Céc thong sé quy hoach dung lwong dau vao cung cipcacyéu cauduoc dap tng bang
bai dinh ¢ mang LTE. Pau vao quy hoach dung lugng cung cap s6 thué bao trong hé
théng, nhu cau dich vu va mtc do sir dung cua thué bao. Phd sin co va do rong bang thong
st dung hé théng LTEciing ratquan trong ddi véi quy hoach dung lwong LTE.

2.2.2 Pdu ra dinh cé mang LTE

Mang LTE duoc dinh ¢& ¢6 thé giip nhém mang 16i LTE trong viéc 1&n ké hoach thiét
ké mang phi hop va dé xac dinh sé lwong truyén dan lién két can thiét trong giai doan khoi
dau ciia mang.

Kich thuéc cell 1a dau ra chinh cua bai dinh ¢& mang LTE. Hai gi4 tri cua ban kinh cell

thu duoc, tu viéc danh gia vung phu va thir hai tir viéc danh gia dung luong. Gia tri nho hon
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cua hai s6 dugc thuc hién nhu 1a két qua cudi ciing. Ban kinh té bao sau d6 duoc st dung dé
xac dinh sb luong céc site.
2.2.3 Tién trinh dinh cé mang LTE

Qua trinh dinh ¢& mang LTE bét dau véi viéc tinh toan quy duong truyén , dugc sir
dung dé xac dinh suy hoa duong truyén tdi da. Két qua ciia budc nay phu thudc vao cac md
hinh truyén séng duoc str dung. Uédc tinh kich thude cell thu duge trong budc ndy, dan dén
kich thudc t6i da cho phép cua site cua céc té bao. Thong sé duoc sir dung dé tinh toan sb

lugng cell trong khu vue quan tim. Do d6, thu dugc mot ude tinh so bd s6 eNB yéu cau. [5]

Tigwu chufin cho dinh nghia cell: Duagr dudrg trayEn
-Thing hyong N |
-Wing plad 1dn nhiit
-Bdn kind cell
Thing sd hi thing:
-2 8ng suat phdt - 2
_Bing théng hi théng Sur hao 1dan nhEt
-Ei¥ dung hE WICS
-CAu hinh Anten i,lv
E &t qud s lign kiet: —
SR nhd nhit cho timg WIS 'éc tinh wing phit -l & hinh trayEn sdng
Hoac f——— -Zac suatvﬁmg pha
- Bang thdng hong trong trén -Viang trign kKhai
SHE trung binh l/L
=1 I site chaa trén
FrEu cdu oila wimg phoa
ll Dung hoong trén cac phé.n
Laina lacng wao: Brdanh gid dung heong — tr mang (elMlodeB)
—]:))Lxdoé.n a8 thasE bao . "]
Eet gqud md phdng hé thing:
-Bang phin phdi S E cho ting
ich ban khde mhaa
FLét cpud srabe lign kit
- Bang thing hong trnang trén
SHE trung binh S48 hoong site dipa trén CEu hinh phin cing cac
wEu ciu dung laong phin tlrmang
Brnh & giao dign 232, 31

Hinh 2.3: Pinh c6 mang LTE
2.3 Quy hoach vung phi
2.3.1 Quy dwong truyén
2.3.1.1 Tinh toan quy dwong lén cho LTE
2.3.1.2 Tinh toan quj dwong xuong cho LTE
2.3.1.3 Vi du vé quy duwong truyén
e Vidutinh quy duong Ién LTE cho 64kbps véi may thu tram géc hai anten[8]
Bang 2.1 Vi du vé qu§ dwong 1én ciia LTE

May phat (dau cudi di dong)
Cong suat phét (dBm) 24,0 Prxm
Khuéch dai anten (dBi) 0,0 Gm
To6n hao phi do + bo ndi (dB) 0,0 Lm
Suy hao co thé cia MS ¢ duong 1én | 0,0 Lbody
(dB)
Cong suat phat xa diang hudng | 24,0 EIRPm = Prxm+ Gm- Lim - Lbody
tuong duong (dBm)
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May thu (BS)

Hé s6 tap &m may thu tram gbc (dB) | 2,0 NF

Cong suat tap &m nhiét dau vao may | -118,4 Ni=30+10Igk+101g290K+10Ig(360K
thu (dBm) Hz)

Coéng suat tap am nén may thu|-16,4 N =N;i+ NF

(dBm)

Dy trit nhiéu (dB) 2,0 M

Tong tap &m + giao thoa (dBm) -114,4 (N +1) (dBm) = N + M;

Ty s6 SNR yéu cau (dB) -7 SNR;, tir md phong

Do nhay may thu (dBm) -121,4 Pmin= (N + 1) (dBm) + SNR;
Khuéch dai anten (dBi) 18,0 Gp

To6n hao phi do + b ndi tram goc 2,0 L¢

Khuéch dai MHA (dB) 2,0 GmHA

Ton hao dudng truyén cuc dai (dB) | 163,4 L max=EIRPm-PmintGp+GmHa-Lt

e Vi du quy dudng xudng LTE cho 1Mbps véi may thu tram gbc hai anten[9]

Bang 2.2 Vi du ciia quy dwong xudng LTE

May phét (tram goc)

Cong suat phat (dBm) 46,0 Prxb
Khuéch dai anten (dBi) 18,0 Gb
To6n hao phi do + b noi 2,0 Lt
Cong suat phat xa dang hudéng | 62,0 EIRPm = Prxm+ Gb- Lt
tuong duong (dBm)

May thu (dau cudi di dong)
Heé sb tap am may thu (dB) 7,0 NF
Cong suat tap am nhiét dau vao | -104,5 | Ni=30+10lgk+101g290K+10lg(9MHz)
may thu (dBm)
Cong suat tap &m nén may thu | -97,5 N =Ni+ NF
(dBm)
Du trit nhiéu (dB) 3,0 Mi
B6 sung nhiéu kénh diéu khién 1,0 Mech
Tong tap &m + giao thoa (dBm) 935 | (N+1)(dBm)=N + M+ Mcn
Ty s6 SNR yéu cau (dB) -10 SNR;, tir md phong
Do nhay may thu (dBm) -103,5 | Pmin= (N + 1) (dBm) + SNRy
Khuéch dai anten (dBi) 0,0 Gb
To6n hao phi do + b ndi (dB) 0,0 Lfm
Suy hao co thé (dB) 0,0 Lbody
Ton hao duong truyén cuc dai (dB) 165,5 Lmax=EIRPp - Pmint Gm- Lt - Lbody

e Vidu so sanh quy duong truyén caa cac hé théng

Bang 2.3 So sanh quy dwong truyén 1én ciia cic hé thong

Puwong Ién GSM HSPA | LTE
thoai
Toc do dir lieu (kbps) 12.2 64 64
May phat (dau cudi di dong)
Cong suat phét (dBm) 33,0 23,0 23,0
Khuéch dai anten (dBi) 0,0 0,0 0,0
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Suy hao co thé cua MS & duong 1én (dB) 3,0 0,0 0,0
Cong suat phat xa ding huéng tuwong dwong| 30,0 23,0 23,0
(dBm)
May thu (BS)
Hé s6 tap &m may thu tram goc (dB) - 2,0 2,0
Cong suat tap &m nhiét dau vao may thu (dBm) -119,7 -108,2 | -118,4
Cong suat tap &m nén may thu (dBm) - -106,2 | -116,4
Dy trit nhiéu (dB) 0,0 3,0 1,0
Ty s6 SNR yéu cau (dB) - -17,3 -7
Do nhay may thu (dBm) 1140 | -1234 | -1234
Khuéch dai anten (dBi) 18,0 18,0 18,0
To6n hao phi do + bd ndi tram goc 0,0 0,0 0,0
Do loi chuyén giao mém(dB) 0,0 2,0 0,0
Ton hao dudng truyén cuc dai (dB) 162,0 161,1 | 163,4
Bang 2.4 So sanh vé quy dwong truyén xudng ciia cic hé thong

Puong xudng GSM thoai | HSPA | LTE

Toc do dit liu (kbps) 12,2 1024 | 1024
May phét (tram géc)
Cong suat phét (dBm) 44,5 46,0 46,0
Khuéch dai anten (dBi) 18,0 18,0 18,0
To6n hao phi do + bo noi 2,0 2,0 2,0
Cong suat phat xa dang huéng twong dwong 60,5 62,5 62,0
(dBm)
May thu (dau cudi di dong)

Hé s6 tap &m may thu (dB) - 7,0 7,0
Cong suat tap &m nhiét dau vao may thu (dBm) | -119,7 -108,2 | -104,5
Cong suat tap &m nén may thu (dBm) - -101,2 | -97,5
Du trit nhiéu (dB) 0,0 4,0 4,0
Ty s6 SNR yéu cau (dB) - -5,2 -9,0
Do nhay may thu (dBm) -104,0 -106,4 | -106,5
Khuéch dai anten (dBi) 0,0 0,0 0,0
Overhead ciia kénh diéu khién (%) 0,0 20,0 20,0
Suy hao co thé (dB) 3,0 0,0 0,0
To6n hao duong truyén cuc dai (dB) 161,5 163,4 | 1635

Quy¥ duong truyen cho ta thay rang LTE c6 thé trién khai sir dung cac tram c6 san cua
hé théng GSM va HSPA.
2.3.2 Cac mo hinh truyén séng
2.3.2.1 M0 hinh Hata-Okumura

Céc biéu thuc todn hoc duogc st dung trong mé hinh Hata-Okumura dé xac dinh ton
hao trung binh L:
L,= A + Blgfc — 13,82Ighy — a(hm) + (44,9 — 6,55Ighp)Igr + Lother(dB)  (2.13)
Trong do:

fe: tan sb hoat dong (MHz)
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Lp: ton hao trung binh

hp: d6 cao anten tram gdc (m);

hm:ddcao anten tram di dong (m)

r: ban kinh cell (khoang cach tir tram gbc) (km)

a(hm): hé sb hiéu chinh cho d6 cao anten di dong (dB)

Lother: hé 6 hiéu chinh theo ving.
2.3.2.2 M6 hinh Walfish-Ikegami

M6 hinh Walfisch-lkegami duwa vao gia thiét ring su truyén lan séng dwoc truyén trén
méi nha bang qua trinh nhidu xa. Cé4c tda nha ndm trén duong thiang gitta may phéat va may
thu.

Hirémg di chuwyén
= B

-
g

s

&
Anten tram di dons

S SR

Mt duwomg

Hinh 2.4 Céac tham sé cia md hinh Walfisch-lIkegami
C4c biéu thtc sir dung cho mo hinh nay nhu sau:
Lp= Lt + Lrts + Lmsd (2.19)
hay Lp = Lt khi Lyts + Linsa <0
Trong d6:  L¢: tdn hao khong gian tu do
Lns: nhidu xa méi nha - phd va ton hao tan xa
Lmsa: ton hao cac vat che chén.
2.3.3 Tinh ban kinh cell
Truéc tién, dya vao cac tham sé caa quy dudng truyén dé xac dinh suy hao duong
truyén toi da cho phép. Khi d6, dé dang tinh dwoc ban kinh cell néu biét duoc mé hinh
truyén song ap dung véi moi truong dang khao sat (Lmax = Lp).
Suy ra cong thirc tinh ban kinh cell nhu sau:
Reenn = 100 - DX (2.25)
Lp =L + X *IgR (2.26)
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CHUONG 3: QUY HOACH VA TRIEN KHAI UNG DUNG MANG
4G- LTE CHO TINH CHAM PA SAC, NUOC CONG HOA DAN
CHU NHAN DAN LAO

3.1. Tinh hinh trién khai 4G - LTE tai tinh Chim Pa Sic, nwéc Cong hoa dan
cha nhan dan Lao

3.1.1 Hién trang mang théng tin di dgng tai tinh Chiam Pa Sdic, nwéc Cong hoa
dan ch# nhén dan Lao

Tinh Chim Pa sic hién cd 3 nha mang dang cung cip dich vu trén dja ban,céc nha
cung cap mang vién thong da khai treong kha nhiéu don vi , trong dé gom:

- Nha mang LTC (Lao Telecommunications company) véi 49% von cua cong ty va
51% cua nha nudc.

- Nha mang LTE (Telecommunications of Enterprise) voi vén 100% ciia nha nudc

- Nha mang UNITEL: Star Telecom(Viettel Global) vai vén cua cong ty 49%, cua nha
nudi 51%.

*Nha mang Star Telecom(Unitel) chinh la lién doanh gitra Viettel - Lao
AsiaTelecom da chinh thitc khai truong mang vién théng Unitel tai Lao vao ngay 16-10 —
2009. Qua mot thoi gian chuan bi, tién hanh dau tu mang ludi cua mang vién thong Unitel 14
16n nhat tai thi truong Lao cling nhu tai tinh Chim Pa sac.

Céc nha cung cap mang vién théng LTC, LTE, UNITEL. Véi day du cé4c loai dich vu
dién thoai ¢ dinh, ADSL, FTTH, truyén s liéu, dich vu di dong 2G, 3G. Doanh thu hang
niam tir cac dich vu vién thong va cong nghé thong tin dem lai trong nim 2017 dat khoang
10 ty kip. trong d6 tap trung chi yéu la cac dich vu di dong 2G, va 3G. Tang truong vé
doanh thu tir cac dich vu vién thong hang nim dat trén 20%. Dy bao dén nim 2025 doanh
thu Vién théng va céng nghé thdng tin cia toan tinh Cham Pa sac dat 70 ty kip. Trong d6 tap
trung cha yéu vao dich vu di dong 2G, 3G.

Bing 3.1: Thong ké dich vu mang vién thong tai tinh Chim Pa sic nim 2021

Stt | Tén nhamang| Thué bao | Tram thu Tién thu binh Dich vu
phét séng nhap/nam (Kip) khac
BTS
1 LTC 12,504 31 30,082,850,023 3G
2 LTE 7,496 22 19,103,000,188 3G
3 UNITEL 17,709 39 47,088,757,165 3G, 4G
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3.1.2 Nhu cdu va hwéng phat trién tir 2G/3G |én 4G tinh Chdm Pa Sic, nuéc Céng
hoa dan ch# nhan dan Lao

Viéc phan tich nhu cau va thi treong, du bao dén nam 2025 doanh thu tirVién thong va
cong nghé thong tin dat trén 70 ty kip. Khi ma viéc phét trién cia x4 hoi cling nhu nhu cau
cuia khach hang can dén dich vy 4G véi toc do cao dap tng.
3.1.3 Thue tién trién khai 4G LTE trén mgng Lao Telecomtai tinh Chim Pa Sic,
nwoéc Cong hoa dan cha nhan dan Lao

Viéc trién khai LTE dd dugc thuc hién tai mot s6 diém hotspot tai trung tdm céc
tinh/thanh phé Ién (bao gom Thanh phé Viéng Chin, Chimpasac, Savannakhet,
Luangprabang), cac khu d6 thi tap trung déng dan cu, c6 nhu cau su dung dich vu di liéu
téc d6 cao. Phan leu hrong thoai s& van chiém ty trong 16n trong trong nhitng nam sap toi va
sé& duoc phuc vu bai cac tram 2G/3G cung vi tri véi cac tram LTE. Céac tram LTE sé khong
thay thé hoan toan ma chi bé tro cung cip cac dich vu 4G téc d6 cao dap ttng nhu cau cua
mot nhom khach hang. Trong giai doan tiép theo, can cir yeu cau cua thi truong ciing nhu sy
phat trién cua thiét bi dau cudi, Lao Telecom s& mé rong ving phi song 4G LTE ra céc khu
vuc 1an can. Binh hudng ndy gilp Lao Telecom khéng phai dau tu dan trai ma van dap tng
day du duoc nhu cau cua thi truong.
3.2. Thuan loi va khé khiin trién khai 4G- LTE tai tinh Chim Pa Sic, nwéc
Cong hoa dan cha nhan dan Lao
3.2.1. Thudn lgi

- Gop phén tang trudng GDP ca nude

- Tao thém nhiéu cong an viéc 1am
3.2.2. Kho khdn

Cong nghé LTE khong 1am thiét bi tén pin hon 3G 1a miy nhung 4G LTE trién khai
tai tinh Cham Pa Séc con rat méi va chua tdi wu do @6, thiét bi di dong sé& tén pin nhiéu hon
trong khi két nbi 4G.

Viéc phan b6 lai pho tin sd ciing tao ra nhitng thach thirc
3.3 Quy hoach mang 4G LTE 4p dung tai tinh Chim Pa Sic, nwéc Cong hoa
dan cha nhan dan Lao
3.3.1 Thu thdp dit liéu (dién tich, dan so, so thué bao...)

- Théng ké vao ndm 2021: Tinh Chdm Pa Sic

- Dan sb: 702.452 nguoi

- Dién tich: 15.415 km?
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S6 thué bao: 85,709 thué bao

S6 thué bao phat sinh data (3G): 21,610 thué bao

Tong s6 tram BTS 92, phi song 140/147 ban chiém 140 ban (ling), chiém 95%

Tan s6: 900 MHz va 1800MHz

Béng thong: 20 MHz

Dién tich tinh Cham Pa Sic 13 15.415 km2va vé6i dan s 13 139.600 ngudi, mat do dan

sO 1a 13 ngudi/km2 theo thong ké nam 2021.

Dién tich toan tinh Cham Pa Sic c6 tat ca 15.415 km?2, c6 thu phu la Pakse va 10
huyén (Bachiang, Champasak, Khong, Moonlapamok, Pakse, Paksong, Pathoomphone,
Phonthong, Sanasomboon, Sukhuma) dugc chia thanh 924 lang c6702.452 nguoi, trong do
nir 356.610; gém 18 dan toc mdi dan tdc co dat trung riéng khac nhau vé tiéng noi va phong
tuc tap quan.

Dién tich toan tinh Cham Pa Sic c6 tat ca 15.415 km2, c¢6 tha phu la Pakse va 10
huyén (Bachiang, Champasak, Khong, Moonlapamok, Pakse, Paksong, Pathoomphone,
Phonthong, Sanasomboon, Sukhuma) dugc chia thanh 924 lang c6702.452 nguoi, trong do
nir 356.610; gém 18 dan toc moi dan toc co dat trung riéng khac nhau vé tiéng noi va phong
tuc tap quan.

Theo ké hoach, tinh dén cudi nim 2025 MobiFone sé dau tu khoang
150eNodeB (450 cell LTE) trién khai trén dia ban tinh Cham Pa Sc.

Bang 3.2: Quy hoach so lwgng eNode B LTE trén mang mang Lao Telecom

Stt Muc Thém moi Thém meéi Thém méi
2023 2024 2025

1 SO lwong eNode B LTE 15 60 150

2 S6 lugng cell LTE 60 180 450

(Nguon: Pé an quy hoach mang mang Lao Telecom tinh Cham Pa Sdc giai doan 2021— 2025)
3.3.2 Quy hoach vung phu
Dé quy hoach ving phii cho mang LTE, ta can cac thong s6 vé quy dudng truyén, cic md
hinh truyén séng va dién tich ving can pha song, & day cu thé 1a dua vao dé an quy hoach mang
Lao Telecom tinh Cham Pa Séc giai goan 2021— 2025,
a) Quy duong truyén:
» Quy duong lén
Viéc tinh toan quy duong truyén dé suy ra ton hao cuc dai lam co sé cho quy hoach
viing phu. Quy dudng truyén 1én dugc tinh toan cho téc do 64 kbps, twong ng véi mdi toc
d6 12 s& c6 mot s6 khoi tai nguyén (RB) duoc phat di, va trong ang vai no s& co bang thong

nhat dinh. Chang han, d6i vai toc 4o 64 kbps & duong Ién sé c6 2 RB duoc phat di va tuong
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g Véi no 14 bang thong 360 KHz. 1 Mbps & dudng xudng sé c6 50 RB dugc phat di va
bang thong tuong (ng cua no la 9 MHz.

b) Cac md hinh truyén song:
¢) MBoi trudng truyén song trong nha:

Tham s6 Gia tri Pon vi
M@ hinh tda nha (Pa tang)
Tan s6 1950 MHz
Khoang cach tham khao 1
Hé sé ton hao 24,4 M
Mii ton hao trung binh 5,22 dB
M6 hinh Motley — Keenan
Tan sb 1950 MHz
Hé sé tang 24,4 dB
Hé sé twong 10 dB
Piém gay 65 M
Hé s6 suy hao tuyén tinh 0,5 dB/m
S6 tang 3
S6 bire twong 2
M®6 hinh trong nha IMT2000
Tan sb 1950 MHz
S6 tang ‘ 4
d) M@ hinh truyén séng ngoai troi:

Tham s6 Gia tri Pon vi
HATA OKUMURA
Tan sb 1950 MHz
P cao Antene 30 M
Do cao MS 1,5 M
WALFISCH EKEGAMI
Tan s6 1950 MHz
Géc dén so véi truc phd 90 P
Khoang cach toa nha 30 M
Po cao BS 30 M
Po cao MS 1,5 M
P§ cao noc nha 30 M
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e) Quy hoach vung phu LTE
Pay la giao dién cua quy hoach vung phu cua LTE. Ta chon mdi trudng truyén

séng dé nhap théng s, sau d6 chon quy dudng truyén, nhap dién tich ving can phu, ma
cu thé 1a TP.HN véi dién tich 3.344,7 km?, hé s6 K, hé s6 nay 1a hé sb cua sb sector da
duoc dé cap & chuong 3. O day ta chon K = 1.95 twong tng véi 3 sector. Két qua tinh
duoc sé BS tong 1a sé BS 16n nhat trong hai truong hop tinh toan cho quy duong 1én va
cho quy dudng xudng.

f) Quy hoach dung luong LTE

Quy hoach dung luong la diéu kién tha hai dé tinh dugc sé tram can thiét dé lap dat
cho mét ving cu thé, & day Ia tinh Cham Pa Sic. Dya trén dan s cua cac huyén cua tinh
Cham Pa Sic dugc liét k&, cing véi viéc chon toc d6 ma hoa va diéu ché (MCS), bing
thdng kénh truyén, ky thuat anten duoc sir dung ta tinh toan duoc sé tram can thiét duoc
lip dat. Tinh toan dugc téc do dinh tdi da ma LTE cd thé dat duoc ddi véi mdi bing
thong kénh truyén cu thé. Bang thong kénh truyén duoc sir dung trong phan md phong
nay bao gdom céc bing théng cua LTE: 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 20 MHz. Cac
phuong thuc diéu ché bao gom QPSK, 16QAM, 64QAM véi cac téc do6 ma hoa khac
nhau. Cac ky thuat anten duoc su dung la dong don, 2x2 MIMO, 4x4 MIMO

Trong giao phase dau tién cia nam 2023. S& lap 15 tram 4G duoc trang bi va lap vao
C4c co so ha tang sén c6, véi thir ty wu tién 1a khu vuc trung tam thanh phé Cham Pa Sic,
khu @éng dan cu va cé luu luong 3G hién tai dang & mirc cao.

3.4 Mt s6 giai phap trién khai 4G LTE tai tinh Chim Pa Sic, nwéc Cong hoa
dan chi nhan dan Lao

- Lién két chat ché véi cac cong ty cong nghé uy tin trén thé gidi nhu Qualcom,
Huawei, ZTE, Ericsson, Cisco... giup chuyén giao cong nghé va tiép can cac cong nghé méi
nhat.

- T6 chue cac cude hoi thao voi cac nuéde trong khu vuc vé cac van dé cac nudc cung
quan tim dén 4G nhu dinh huéng phat trién cong nghé va ha tang 4G, Trién khai da dich vu
trén nén tang 4G.

- B4o céo két qua thir nghiém va mot s6 van dé can cha y trong 16 trinh phét trién 4G
tai cac don vi da duoc Bo Cong nghéva Truyén thong Lao cip phép.

3.5. Két luan chwong

Trong chuong 3 hoc vién dd nghién ctru va tinh hinh trién khai 4G trén thé gidi va tai
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tinh Cham Pa Sic.Cac thuan loi cling nhu cac khé khian, thach thic qua d6 dé xuat mot sd
cac giai phép trién khai 4G tai tinh Cham Pa Sic.

4G hién dang 1a cudc chay dua doi hoi cdc nha mang phai hoan thanh thtr nghi€ém khi
ma d3 duogc cip phép nhim rat ngin nhat khoang cach giira thuc té va Iy thuyét. Két qua thir
nghiém cua cac nha mang di cho thiy dugc viéc trién khai 4G LTE tai tinh Chim Pa
Séacthanh cong.

Thoi gian t6i, d& sém mang cong nghé mdi ra thi truong, cac nha mang can hoan thanh
kich ban kinh doanh v61 cac dich vu hitu ich gé)m dit liéu tdc dd cao va cac dich vu: Truyén
hinh bing rong trén nén taing eMBMS, Video 4K, MobiTV, dich vu truyén hinh Unicast ...
Két luan chwong 3

Chuong 3 di trinh bay vé cach quy hoach mang 4G - LTE va trién khai tai tinh Cham
Pa Séc, nuéc Cong hoa dan chu nhan dan. Bé xac dinh sé eNodeB can thiét lap dit cho mot
viing quy hoach cu thé, can phai xac dinh s6 eNodeB theo ving phu va sé eNodeB theo
dung luong. Tir hai két qua nay, ta lay s6 eNodeB Ién hon chinh 14 s6 eNodeB can thiét lap
dat. Bé quy hoach ving phi ta can dya vao quy duong truyén va mo hinh truyén séng cu
thé, két hop vai dién tich viing can phi séng. Quy hoach dung luong ta dua vao MCS, bang
thong va sé user udc luong cho tirng ving cu thé.
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KET LUAN

Tai Tinh Cham Pa Sic, Bo Céng nghé va Truyén théng Lao da cap phép thir nghiém
LTE cho hai nha mang Unitell va Lao Telecom. Theo |6 trinh da vach ra tir nam 2022 Tinh
Cham Pa Sic da bat dau trién khai 4G LTE trén cac mang di dong trong nuée. Tinh dén thoi
diém hién tai cac nha mang Ién trong dé c6 Lao Telecom di trién khai 4G LTE tai Laova
cung cap chat legng dich vu 6n dinh cho khach hang.

Qua mat thoi gian nghién ctu twong dbi ngan dé tai “Quy hoach mang 4G - LTE va
trién khai tai tinh Cham Pa Sdc, meéc Céng hoa dan chi nhan dan Lao” c6 thé xem Ia tai
liéu tham khao cé gia tri tng dung cao, gilp cac k¥ su, can bo ky thuat dang lam viéc truc
tiép trén mang thong tin di dong Lao Telecom tra ctru hiéu rd hon vé mang 4G LTE dé ap
dung trong cbng viéc cua minh.

Pé xuat hudng nghién cau tiép theo cia dé tai: Pé tai 1a két qua nghién ciu tong quan
khi trién khai mang 4G — LTE, trong qué trinh trién khai c6 thé tiép tuc phat trién dé tai khi
trién khai vao thuc té cong viéc, bao céo tong két rat kinh nghiém, hoan thién thanh maot tai
licu hoan chinh c6 tinh thuc tién cao cho can bo ki thuat trén mang luéi.

Do duoc thuc hién trong thoi gian ngan, dé tai khoéng thé tranh khoi thiéu sot va han
ché trong pham vi nghién ciru, em rat mong nhan duoc su dong gop cua cac thay co, cac

ban va dng nghiép.
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