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MO DAU
1. Ly do chgn dé tai

Tap doan Buu chinh Vién thong Viét Nam (VNPT) da duoc B Thong tin va
Truyén thong cap Gidy phép cung cap dich vu vién thong 4G. Theo d6, Tap doan
VNPT di trién khai trén dia ban tinh Bac Ninh,

Xuat phat tir nhu cau va cong tic clia c4 nhan, mong mudn nghién ctiru dé toi
wu cac thiét bi da co va trién khai cac tram méi. Vi nhiing 1y do néu trén, dé tai
dugc chon 14 “Quy hoach, téi vu mang di dong 4G tai VNPT Béc Ninh”.

2. Tong quan vé van dé nghién ciru

LTE 1a mot chuan cho cong nghé truyén thong dit liéu khong day va 1a mot sy
tién hoa cua cac chuan GSM/UMTS. Muc tiéu cta LTE 1a ting dung luong va toc
d6 dir liéu ciia cac mang dir liéu khong day bang cach sir dung cac k§y thuat didu ché
va DSP méi dugc phat trién vao dau thé ky 21 nay. Mot muc tiéu cao hon 1a thiét ké
lai va don gian hoa kién trac mang thanh mot hé théng dya trén nén IP véi do tré
truyén dan tong giam dang ké so vai kién trac mang 3G. Giao dién khong day LTE
khong tuong thich v6i cac mang 2G va 3G, do d6 né phai hoat dong trén mot phd
v tuyén riéng biét.

Cac mang di dong tai Viét Nam gom: Viettel, VinaPhone, MobiFone ciing da
va dang tiép tuc thuc hién trién khai 4G. Cu thé, d6i v6i mang di dong VinaPhone
hién tai dang st dung cong nghé WCDMA/3G - GSM/2G - 4G LTE, nén viéc téi uu
tram hién co, trién khai méi 4G LTE trén co s& ké thira co s& ha tang mang, ciing
nhu ha tang nha tram c6 sin 1a hoan toan thuan loi va c6 tinh kha thi cao, giam thiéu
nhitng thay doi, str dung cong nghé médi nhat nham dam bao toc do truyén sé liéu
ma khong can thay d6i toan bd co s ha ting mang da co.

Do vay, dé tai tap trung xay dung “Quy hoach, tdi wvu mang di dong 4G tai
VNPT Béc Ninh”,

3. Muc dich nghién ctru

Nghién ctru cac van dé Iy thuyét tong quan co ban vé hé théng va mang 4G
LTE.

Hiéu rd, nim chic van dé thiét ké 4G LTE cua mang di dong VinaPhone, danh
gia duoc chat lugng va ving phil song 4G sau khi phat song tram e-NodeB.


https://vi.wikipedia.org/w/index.php?title=Ki%E1%BA%BFn_tr%C3%BAc_m%E1%BA%A1ng&action=edit&redlink=1
https://vi.wikipedia.org/wiki/3G
https://vi.wikipedia.org/w/index.php?title=2G&action=edit&redlink=1
https://vi.wikipedia.org/wiki/Ph%E1%BB%95_t%E1%BA%A7n_s%E1%BB%91_v%C3%B4_tuy%E1%BA%BFn
https://vi.wikipedia.org/wiki/Ph%E1%BB%95_t%E1%BA%A7n_s%E1%BB%91_v%C3%B4_tuy%E1%BA%BFn

4. Ddi twong va pham vi nghién ciru
Péi tuong: Mang di dong 4G LTE.
Pham vi nghién ctu: Quy hoach, t6i wu mang di dong 4G tai VNPT Bic
Ninh.
5. Phuong phap nghién cau
Nghién ctru 1y thuyét: Poc, hiéu, rat ra duoc nhitng kién thirc co ban, nang
cao.
Phuong phap thyuc té: Tham gia vao qua trinh trién khai thuc té, ti wu, 1ap
dit phat song, do kiém ving phu song sau phat song tram e-NodeB.
6. Két cau luan vin:
Ngoai cac muc 161 cam on, 161 cam doan, muc luc thi luan van duoc trinh bay
gom cac phan chinh nhu sau:
Chuong 1: Téng quan vé mang 4G/ LTE
Chuong 2: Cac k¥ thuat trong 4G/ LTE Advanced
Chuong 3: Quy hoach, t6i vu mang di dong 4G VinaPhone tai Bac Ninh



CHUONG 1. TONG QUAN VE MANG 4G/LTE

1.1. Gi6i thiéu vé cong nghé LTE, LTE Advanced

Mang di dong 4G 1a thé hé mang tiép theo cua 3G [11], duvoc IEEE dat ra
nhdm phan biét véi cac chuidn mang trude d6 (2G/3G). Nhitng tiéu chuin co ban
nhit cua mang 4G dugc ITU chinh thuc thiét 1ap vao thang 3 nim 2008.

LTE (tiéng Anh: Long Term Evolution; tiéng Viét: Tién héa dai han) duoc
xem 13 mot trong nhitng con dudng quan trong tién téi cong nghé di dong thé hé thir
4 (4G). 4G LTE la mét chuan cho truyén thong khong day téc d6 dir liéu cao danh
cho dién thoai di dong va cac thiét bi dau cubi dit liéu.

LTE duoc nhan dinh s& ton tai trong giai doan dau cua 4G, tiép theo do sé 1a
IMT Advance. Hién nay, tai nhiéu nuéc trén thé gisi, khi phién ban dau tién cua
chuan LTE dang hoan thanh thi tim diém cua sy chii y dang chuyén sang su tién
hoa tiép theo cua cong nghé nay, d6 1a LTE-Advanced.

1.2.  Muc tiéu thiét ké mang di dong 4G

3GPP dat ra yéu cau cao cho LTE bao gém giam chi phi cho mdi bit thong tin,
cung cap dich vu tot hon, sir dung linh hoat cac bang tan hién c6 va bang tan méi,
don gian hoa kién trac mang Véi ca giao tiép mo va giam dang ké ning luong tiéu
thu & thiét bi dau cudi [7, 9]. Muc tiéu nay duogc cu thé trong bang 1.1.

Bang 0.1. Muc tiéu thiét ké LTE

- Bét dau cac dich vu méi dua trén | - Co sd ha tang dich vu méi
nhirng kha néng mdi - Trién khai nhanh c4c dich vu méi
- C’éC dich vu cao cap nho ning cao | . Két néi va chuyén giao linh hoat giira nhidu hé
chat lugng tinh nang mang théng truy nhap
- Tbc d6 truyén dan cao nhat -100Mb/s (mdi truong di dong), 1Gb/s (mdi trudng
- Dung lugng hé thong trong nha)
- Chi phi - Gap 10 lan h¢ thong 3G
- 1/10 dén 1/100 trén mdi bit truyén
- Thoi gian tré - 50ms hoic tbi wu hon

1.2.1. Tiém niang mang lugi
Yéu cau dugc dit ra 13 dat téc do dit liéu dinh cho dudng xudng 100Mbit/s va
duong 1én 50Mbit/s, khi hoat dong trong phan bé pho 20MHz [4]. Khi ma phan bd




phd hep hon thi tdc do dit liéu dinh ciing s& ti 16 theo. LTE h tro ca ché ¢6 FDD va
TDD.
1.2.2. Hiéu sudt mang lwdi

Céac muc tiéu thiét ké cong nang hé thong LTE s& xac dinh luu luong nguoi
dung, hiéu suat phd, do linh dong, ving pha séng va MBMS.

Muc tiéu hiéu suat pho ciing duoc chi rd, va trong thudc tinh nay thi hiéu suat
phd duoc dinh nghia 13 luu luong hé thdng theo té bao tinh theo bit/s/MHz/6.

1.2.3. Kién triic mang lwdi va khd ning mé réng, ning cip

Nguyén tac cho viéc thiét ké kién trac LTE RAN duoc dua ra boi 3GPP [10]:

- Dua trén goi, tuy vay luu luong 16p thoai va thoi gian thuc van dugc hd tro.

- T4i thiéu hoa sy hién dién cua “nhitng hu hong cuc bo” ma khong can ting
chi phi cho dudng truyén.

- Pon gian héa va téi thiéu hoa sé lugng giao tiép da duogc gigi thiéu.

1.2.4. Qudn Iy tai nguyén vo tuyén

Nhitng yéu cau vé quan 1y tai nguyén vo tuyén duoc chia ra nhu sau: Hb tro
nang cao cho QoS dau cudi dén dau cudi, hd trg hiéu qua cho truyén dan & 16p cao
hon va hd tro cho viéc chia sé tai ciing nhu 1a quan 1y chinh sach thong qua céc
cong nghé truy cap vo tuyén khac nhau.

1.3. Cac thong sb 16p vat 1y cia LTE Advanced

LTE s& hd tro toc do dinh tic thoi ting dang ké. Toc d6 nay duogc dinh ¢& tuy
theo kich thuéc cua phd duoc 4n dinh. LTE s& dam bao téc d6 s6 liéu dinh tac thoi
duong xudng 1én dén 100Mbit/s khi bang théng dwoc cip phat cuc dai 1a 20MHz
(5bps/Hz) va téc d6 dinh dudng 1én 50 Mbit/s khi bang thong duoc cap phat cuc dai
1a 20MHz (2,5bps/Hz). Bing thong LTE dwogc cip phat linh hoat tir 1,25 MHz 1én
dén 20 MHz (gap bon lan bang thong 3G-UMTS).

Cac muc tiéu vé téc do s6 liéu dinh néi trén duogc dic ta trong UE tham chuan
gom: (1) kha niang duong xudng véi hai anten tai UE, (2) kha ning dudng 1én véi
mot anten tai UE.

1.3.1. Dich vu trén nén LTE Advanced

Qua viéc két ndi duong truyén toc do cao, bang thong linh hoat, hiéu suat pho

cao va giam thoi gian tré goi, LTE htra hen s& cung cap nhiéu dich vy da dang hon.



Déi v6i khach hangla ca nhan s& c6 thém nhiéu ¢ng dung vé dong dit liéu 16n,
tai vé va chia sé vide, noi dung da phuong tién. Pi v6i khach hang 1a doanh
nghiép, truyén cac tap tin 16n vai toc do cao, chat lugng video hoi nghi tot, ...
1.3.2. Tinh hinh trién khai 4G tai Vi¢t Nam

Theo sé liéu théng ké thang 5/2018, Viét Nam c6 trén 123 triéu thué bao di
dong, trong d6 khoang 20,8 triéu thué bao 4G, chiém 40% tong sb thué bao di dong
bang rong 3G, 4G. Du bao 4G tai Viét Nam s€ tang trudng va dat dinh vao nam
2024. Tir nay dén 2023, u6c tinh muc d6 tiéu dung dir liéu 4G sé ting 9 1an.

Trong ndm 2019, B6 TT&TT tich cuc thao g& cac khé khan dé cap phép bang
tan bo sung cho 4G. Theo ké hoach, Viettel sé b6 sung thém gan 10.000 tram BTS
4G trén bang tan 2100MHz vira dugc B TT&TT cip phép cho 15 tinh/thanh phd
I6n, c6 nhu cau sir dung data cao nhu: Ha No6i, TPHCM, Pa Ning, Hai Phong,
Quang Ninh...Thoi gian lap dit va dy kién hoan thanh toan bo trong Quy 11/2019.

Hang Ericsson vira cong b ban Bdo cdo di dong thang 6/2019 cia hing
(Ericsson Mobility Report), cho thdy dung luong dir liéu mdi thang trén mdi may
smartphone s€ tang tr 3,6GB 1én t61 17GB voi ty 1€ tang truong CAGR 1a 29% tai
Pong Nam A va chau Pai Duong. Nguyén nhan 13 do sé luong thué bao 4G LTE
taing manh, va ngudi dung tré tudi thay doi théi quen xem video trén di dong. 4G
LTE tiép tuc 1a cong nghé truy cap chiém wu thé nhat dén nam 2024 trong khu vuc.
1.4. Két luin chwong

Trong chuong 1 luan vin di di sau vao nghién ctru, tim hiéu va giéi thiéu téng
quan mang 4G/LTE bao gom muc tiéu thiét ké, tiém niang cong nghé, hiéu suat hé
théng, cac théng s 16p vat 1y, dich vu cua LTE, tinh hinh trién khai mang di dong
4G tai Viét Nam. Nhitng noi dung nghién ctru ciing cho thay rang dya trén cong
nghé 4G/LTE voéi nhiing dic tinh noi tréi nhu toc d, bang thong,...cic doanh
nghiép vién thong tai Viét Nam da va dang tap trung nghién ctu, trién khai rong rai
trén ca nude va day chinh 1a tién dé, nén tang cho viéc trién khai cac dich vu data,
video cua cac nha mang, dap ang nhu cau str dung dich vu ngay cang cao cta khach
hang.



CHUONG 2.CAC KY THUAT TRONG 4G/LTE ADVANCED

2.1. Ciu tric mang 4G

LTE duoc thiét ké dé hd tro cho cac dich vu chuyén mach goi, dbi 1ap véi
chuyén mach kénh truyén théng. Hinh 2.1 s& mo ta chi tiét cAu tric co ban cua
AG/LTE [1].

EPC
E-UTRAN Serving PDN
1 ew 1 &w Extrnal

1 / netwrks
. LTE eNodeB .
i .

AR MME HSS = = = Control plane

UE User plane

Hinh 2.1. Ciu tric co ban caa LTE

2.1.1. Céu triic co bin SAE ciia LTE
Qua trinh nghién ctru phat trién UMTS 18n 3G phat trién va tién dan dén 4G la
viéc dua ra cong nghé HSPA va LTE cho phan v tuyén va SAE cho phan mang.
LTE khong chi dé cap quanh su tién trién cia viéc truy cap vo tuyén thong qua
E-UTRAN (Evolved-UTRAN), n6 con dugc két hop cing véi cac phuong dién cai
tién “khong vo tuyén” dudi thuat ngir SAE bao gom mang 15i géi cai tién EPC [4].
Céc thanh phan caa mang 16i EPC [2] bao gom:

Cdng phuc vu (Serving Gateway S — GW)

Cong mang di liéu goi P-GW

Thuc thé quan 1y tinh di dong MME

e Chuc nang chinh sach va quy dinh tinh phi PCRF
e May chu quén 1y thué bao thuong trd HSS

2.1.2. Céu triic ciia LTE lién két véi cdc mang khdc

Kién traic hé théng 4G LTE/SAE tuong tic véi cac mang 2G va 3G
GPRS/UMTS. EPS [10] ciing hd tro két ndi va chuyén giao véi cac mang dung ki
thuat truy cap vo tuyén khac nhu GSM, UMTS, CDMA2000 va WIMAX.



2.2. Cac kénh trén giao dién vo tuyén 4G
2.2.1. Kénh logic

Kénh logic trong giao dién vo tuyén 4G dugc dinh nghia boi thong tin nd
mang bao gom: Kénh diéu khién quang ba (BCCH); Kénh diéu khién tim goi
(PCCH); Kénh luu Iugng riéng (DTCH); Kénh Iuu lugng da phuwong (MTCH).
2.2.2. Kénh truyén tdi

Kénh truyén tai trong mang thong tin di dong 4G, bao gdm céc kénh sau:
Kénh quang ba (BCH); Kénh tim goi (PCH); Kénh chia s¢ duong xuéng (DL-SCH);
Kénh da phuong (MCH).
2.2.3. Kénh vat ly

Céc kénh vat 1y sir dung cho dit liéu ngudi dung bao gdm: Kénh vt 1y chia sé
duong xudng (PDSCH); Kénh vat 1y diéu khién duong xudéng (PDCCH); Kénh vat
Iy quang ba (PBCH); Kénh vét 1y chia sé¢ duong 1én (PUSCH); Kénh vat 1y di¢u
khién duong 1én (PUCCH).
2.3. Kién tric giao thirc 4G

O 4G/LTE chuc ning ciia RLC da dugc chuyén vao eNodeB, ciing nhu chirc
ning cua PDCP véi md hoa va chén tiéu dé. Vi vdy, cc giao tic lién quan cua 1op
vo tuyén duge chia trudc ddy & UTRAN la giira NodeB va RNC bay gio chuyén
thanh gitta UE va eNodeB.
2.3.1. Mt phing nguwoi sir dung

biéu khién dit liéu trong subt qua trinh chuyén giao
2.3.2. Mt phang diéu khién

C6 chue nang diéu khién chinh trong tang truy cap, chiu trach nhiém thiét lap
cac thong bao vo tuyén, cau hinh tat cac 16p thap hon sir dung bao hiéu RRC gitra
eNodeB va UE.
2.4. Chuyén giao

Chuyén giao 1a phuong tién can thiét dé thué bao c6 thé di chuyén trong mang.



2.4.1. Muc dich chuyén giao

Ly do co ban cua chuyén giao 1a két ndi vo tuyén khong thoa man mét bo tidu
chuan nhat dinh. Do d6 hodc UE hoic UTRAN sé& thuc hién cac cong viéc dé cai
thién két ndi do.
2.4.2. Trinh tw chuyén giao

Chuyén giao cung tan sb (intra-frequency) dugc thuc hién giira cac 6 cell
(Cellular) trong cting mot eNodeB. Chuyén giao khac tan sb (intra-frequency) duoc

thuc hién gitta cac cell thudc cac eNodeB khac nhau.

Trinh ty chuyén giao giita hai cell trong LTE thuc hién qua 3 pha nhu sau: Pha
do luong; Pha quyét dinh; Pha thuc hién.

2.4.3. LTE Advanced da song mang va MIMO siéu cao

Trung tdm cua LTE 13 y tuong cua k¥ thuat da anten dwoc sir dung dé ting
ving pha song va kha ning cua 16p vat 1y [6]. Cac ché d6 gdm: Pon dau vao don
dau ra (SISO); Pon dau vao da dau ra (SIMO); Pa diu vao don dau ra (MISO); Pa
dau vao da dau ra (MIMO).

Hién nay, tinh nang mai cua LTE-Advanced 1a k¥ thuat cong gop séng mang,
ky thuat MIMO vaéi 8 cap anten tai xudng va 4 cap anten tai 1én, k¥ thuat truyén
chuyén tiép, k¥ thuat diéu khién giam can nhiéu ting cudng giita cac té bao, k¥
thuat phéi hop da diém.

2.4.4. Mé hinh dwong xuong ciia LTE trong kich ban da 6

K§ thuat chuyén giao cling nhu cac thuét toan chuyén giao hay cac quyét dinh
chuyén giao déu duoc thyc hién tai mé hinh dudng xudng cua LTE trong kich ban
da 6 cho cac ngudi dung di chuyén gitta cac eNodeB. Hai thanh phan c6 lién quan
dén 1a: Bo xtr 1y chuyén giao va MME/Gateway. Hé thong truyén dan duong xudng
ctia LTE duya trén k§ thuat OFDM.

2.5. Két luin chwong

Chuong 2 da khai quat dugc CAu tric mang 4G, cac dac tinh ky thuat cing nhu
gidi thiéu vé khai niém, muyc dich va trinh ty chuyén giao trong mang 4G. Ngoai ra
con khai quat hoa duwoc mo hinh da 6 (md hinh chinh duoc st dung dé xét chuyén
giao).



Mang 4G c6 wu diém vuot troi so véi 3G vé toe do, thoi gian tré nho, hiéu suat
str dung phd cao cing vdi viéc st dung bang thong linh hoat, cdu tric don gian nén
giam dugc gia thanh. Dé tao nén cac wu diém do6, 1a nho viéc sir dung ki thuat
OFDMA & duong xudng. Cung véi cac ki thuat trénLTE con hd tro MIMO, MIMO
12 mot phan tat yéu cua LTE dé dat yéu cau vé théng luong va hiéu qua sir dung
phd.



10

CHUONG 3. QUY HOACH, TOI UU MANG THONG TIN

DI DPONG 4G VINAPHONE TAI BAC NINH

3.1. Khai quat vé tinh hinh chinh tri, kinh té va x4 hdi caia tinh Biic Ninh

Bac Ninh 1a mét tinh nam trong ving kinh té trong diém phia Bac. Véi dién
tich 822,7 km2, dan s6 1.368.840 ngudi, mat do dan sb 1,664 ngudi/km?2. Tinh c6 8
don vi hanh chinh, bao gdm: Thanh phd Bic Ninh, thi xa Tir Son va 6 huyén: Tién
Du, Yén Phong, Thuian Thanh, Qué V4, Gia Binh va Luong Tai v61 126 don vi
hanh chinh cép x4, trong d6 c6 94 xa, 26 phuong va 6 thi tran.
3.2. Khai quat vé hién trang mang théng tin di dong 2G/3G/4G ciia
VinaPhone tai Biic Ninh

Cong nghé thong tin di dong 4G cia VNPT Bac Ninh trién khai trén dia ban
tinh Bic Ninh 13 cong nghé 4G LTE caa Huawei (Trung Qudc).

Niam 2017, VNPT Bic Ninh [14] d3 1ip dit 65 tram eNodeB dugc lap dat o
nhitng dia diém c6 mat d6 dan cu cao nhu thanh phd Bac Ninh. Bén nay, VNPT
Bac Ninh di c6 khoang 50.000 thué bao di dong 4G hoat dong thuong xuyén trén
mang 4G caa VNPT Bic Ninh.

Mang truy nhap cip trong tinh duoc mé ta nhu hinh dudi day:

Dén Core Network

E1/STM1 |
S
7 L
' Truyén din )
lién tinh )
(VTN)

E1/STMA |
|

Province

PE ‘]j Access

[ e Router
: L : FE
" mang uuyén\o p te | ]
L 50 lidundi / —F - Switch

. tinh
T J ..'- %
R, 111 Converter

FO

TX-FX
T Canvortor

'Y
Tinh/thanh ay
UBND tinh/thanh phd

"™ e Lo N

Cic Quan/Huyén, cic S&
(dAu r trong Glal doan 2)

Hinh 3.1. So' dd khdi mang téng thé truy nhap tai tinh Bic Ninh
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Toan vién thong tinh quan 1y khai thac, sir dung 5.800 km cap quang céc loai
[14]. V6i 16 Ring CSG téc d6 cao 10Gbps, ning lyc mang truyén tai va xu ly
chuyén mach néi tinh véi 09 Ring truyén tai dudng truc bang rong, toc d6 mdi Ring
1€n t&i 50Gb/s.

Mot sé nhan xét danh gia: Kha niang mang 4G hién tai chua dap ung hét nhu
cAu cua khach hang nhu sélu:()’ng tram 4G con han ché, cac khu dan cu vung sau,
ving xa caa mot s6 huyén conchua duoc pha song mang 4G. Trong khi d6 nhu cau
khach hang st dung mang 4G cua Bac Ninh 1a rat 16n; Pac biét 1a cac khu cong
nghiép, lang nghé, trén cac duong cao toc trén dia ban tinhBac Ninh.

3.3. Quy hoach va trién khai mang 4G Vinaphone tai Bic Ninh

Muc dich cua quy hoach mang vo tuyén 1a dé ti da ving bao phi mang trong
khi cung cip duoc dung lrgng mong mudn tai cing thoi diém.

Quy trinh va phuong phap quy hoach chung cho mang di dong 4G LTE gom:

B1- Khoi tao va phan tich ving phii: Bao gém du bao luu luong va phan tich
vung phu

B2- Quy hoach chi tiét: Can ap dung hai diéu kién toi vu sau cho tinh toan quy
hoach mang, dé xac dinh s6 tram eNodeB can lap dat

B3- Van hanh va tdi wu héa mang: Cac moé hinh truyén duoc dé xuét 13 mo
hinh truyén song Hata-Okumura, mo hinh Walfish-Ikegami. Qué trinh van hanh
mang s& dién ta thudng xuyén cac cong viec quy hoach, thiét ké, thiét lap va téi uu
mang. Quy trinh thuc hién tdi wu mang dwgc mé ta nhu hinh sau:
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Chuanhbi:

- Xdcdinh muc tigutdivu
Bit ddn - Phanchia cluster
- Xacdmh tuyén dwimgtest

- Chuinhithiét bicin thist

§>
Thuﬂ_l{ip dirligu: Biéu chinhvabd sung;
- Dnve test B - Bigu chinh théing s6 k¥ thuat
- Bodac N - Didu chinh thing =5 cell lin
- Dirlidu cauhinh eMNodeB cin

Banh gia vandé
- Banh gia van d& vimg phn
- Banh gia van d& cluyén giao

Cac KPI oo dat véu cin?

Hinh3.2.Quy trinh thye hién t6i wu
3.3.1. Quy hoach, dinh cé mang truyén tdi cho 4G
Quy hoach dung Iugng
Tinh s6 eNodeB dugc tinh boi khia canh dung luong:

OVERALLDATARATE
SITECAPACITY

S6 eNodeB = (3.7)

Tinh toan cellthroughput:

1frame = 10ms = 10subframe =20 times slot

1 timeslot =0.5ms= 7 ki ty OFDM véi normal CP va 6 ki twy OFDM véi CP
ma rong.

Téc do (number of bits in a sub-frame) = 100RBs x 12 sub-carriers x 2 slots x
7 modulation symbols x 6 bits = 100800 bits. Do d6 téc d6 dir liéu 1a 100.8 Mbps.

Str dung MIMO2x2 cho téc do dit liu 1a 2x100.8=201.6 Mbps. St dung mi hoa
bao vé ¥ thi ta c6 toc d6 bang 0.75x201.6= 115 Mbps.

Pé tinh toan cellthroughput trude tién ta xét toc do bit dinh (peak bit rate).

54 ky trr subframe

1ms (38)

Tée d bit dinh = %}{ S song mang con X
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Bang 3.1. Téc d9 bit dinh twong vng véi tirng téc dd ma héa va bing thong

Téc dd bit dinh trén séng mang con/bing thong
Ky thuéat
MCS . 72/1.4 180/3.0 300/5.0 600/10 1200/20
anten sir dung

Mhz Mhz Mhz Mhz Mhz

opsk 1/, Dong don 0.9 2.2 3.6 7.2 14.4
16QAM 1/2 Dong don 1.7 4.3 7.2 14.4 28.8
16QAM 3/4 Dong don 2.6 6.5 10.8 21.6 43.2
64 QAM 3/4 Dong don 3.9 9.7 16.2 324 64.8
64 QAM 4/4 Dong don 5.2 13.0 21.6 43.2 86.4
64 QAM 3/4 2x2 MIMO 7.8 19.4 324 64.8 129.6
64 QAM 4/4 2x2 MIMO 10.4 25.9 43.2 86.4 172.8

Tuong tng véi mdi MCS va tdc do bit dinh 13 mdi muc SINR, ta xét trong
dicu kién kénh truyéen AWGN nén SNR duogc dung thay cho SINR, toc do bit dinh
dugc xem nhu dung lugng kénh. Dya vao cong thirc dung luong kénh Shannon:

Cl = BW log,(I+SNR)

Ta suy ra dugc SNR:SNR = 2 (CLBWL)-, (1an)

Tu SNR tim dugc ta tinh thong lugng cell (cell throughput) qua cong thire:

C = FxBWxlog,(I+SNR)

Bing thong c4u hinh dugc tinh theo cong thirc sau :

NSC x Ng x Ng

BW = 3.9
Tsub ( )
Tinh todn Overalldatarate duoc tinh todn theo cong thirc sau:
Overalldatarate = S6 user x Téc do bit dinh x Hé s6 OBF (3.10)

Trong d6 hé s6 OBF = 20.

Cdc théng s6 dau vao cua tinh dung leong tai mot phan tir mang (eNobeB)
gom:Biang thong dua trén ciu hinh dugc sir dung va bang thong cung cip ta tinh
duogc cac chi phi ton hao bang thong va dua ra bang thong kha dung.

Cdc théng sé dau ra Cua tinh todn dung lwong tgi mét phan tz mang
(eNobeB): Tur dung lwong tai mot phan tir tac xac dinh dugc s luong dau cudi co
thé dap tng dong thoi (dya trén toe do s6 liéu yéu cau Ry, va tai trung binh Ly, ...).
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Véi ude luong ngudi dung ta tinh duoc sb site can lp dit.Ta tinh dwoc dung luong
téng can dap tng (sd site*dung luong site eNodeB)

CcapXLbh \ . Ntotal
Nsub = Nsector x ——b—>"~ va Nsite= (3.13)
su Nsub
Ofector

3.3.2. Quy hoach va dinh cé mang vé tuyén cho 4G

Muc dich 13 cung cap mot cau trac mang chung, High Level Network Design
cho dy 4n 3G/ 4G LTE ctia VinaPhone tai Bic Ninh.

Quy duong truyén:

Tinh toan quy duong truyén udc luong suy hao tin hiéu cho phép cuc dai
(pathloss) gitra di dong va tram gdc. Ton hao 16n nhat cho phép cho ta uéc luong
ving phu cua cell 16n nhat véi moé hinh kénh truyén pht hop. Tinh toan quy duong
1én cho LTE.

Thong sb, cong thuc sir dung dé tinh toan quy duong truyén 1én cho LTE:

- Cong sudt may phat (Prym): - Khuéch dai anten (Gp):

- Tbn hao phi do va bd ni (L) - Ton hao co the (Lyoay):

e Cong suat phat xa dang hudéng twong duong (EIRP,): C6 don vi 1a dBm va
duoc tinh toan theo cong thirc sau: EIPRy, = Prymn + G + Lim — Lpogy (3.14)

e Heé sb tap 4m may thu (NF):

e Cong suit tap am nhiét ddu vao mdy thu (N;): C6 don vi 1a dBm va dugc
tinhtoan bang cong thuc sau: N; = 30 + 10Igk + 10log290K + 10lgB (3.15)

e Cong suat tap 4m nén mdy thu (N;): C6 don vi 1a dBm va dugc tinh toan
theocong thuac sau: N=N; + NF

(3.16)

e Dy trit nhiéu (Mi): du trit nhiéu & LTE s& nhé hon du trit nhiéu & WCDMA
vi cac tin hiéu ¢ duong Ién da duoc truc giao. N6 ¢6 don vi la dB va nod cogia tri
nam trong khoang tur 1-10 dB.

e T6ng tap 4m nhiéu + giao thoa (N + 1): C6 don vi 1a dBm va duogc tinh toan
theo cong thic sau : (N + 1)(dBm) =N + M; (3.17)

e Ty s6 SNR yéu cau (SNR,): Puoc lay tir mé phong. Cé don vi 1a dB.

¢ D6 nhay may thu hiéu dung (Pmin): C6 don vi la dB va duoc xac dinh theo
cong thurc sau: Pmin= (N + 1) (dBm) + SNR; (dB) (3.18)
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e Khuéch dai anten tram goc (Gb): Phu thudc vao kich ¢& anten va sb sector.
C6 gia tri tir 15 dén 21 dBi. Pon vi cta no 1a dBi.
e T6n hao phi do va bo ndi (Ls): Toén hao & phia tram gbc. C6 don vi 1a dB.
e Khuéch dai MHA (Gpua): La bo khuéch dai trén thap anten, donvi 1a dB.
e T6n hao dudng truyén cuc dai cho phép (Lmay): C6 don vi 13 dB va dugc tinh
toan theo cong thuc sau:Ly.x = EIRPy, — Phin + Gy — L + Guna (3.19)
% Tinh toan quy duong l1én cho LTE
Vi du vé quy duong truyén 1én LTE cho 64kbps v6i may thu tram gdc 2 anten
Bang 3.2. Vi du vé quy dwong truyén 1én cia LTE

May phat (dau cudi di dong)
Cong suat phat (dBm) 24,0 Prym
Khuéch dai anten (dB;) 0,0 Gnm
Tén hao phi do + bd ndi(dB) 0,0 Ltm
Suy hao co thé caa MS & duong Ién (dB) 0,0 Lbody
gj;fgs?j; Ir)rlll)ét xa dang hudng tuong 24,0 EIRP.. = Prrt Gon - Lin - Ly
May thu (BS)
Heé s6 tap 4m may thu tram gbc (dB) 2,0 NF
Cong suat tap Am nhiét dau vao may thu 1184 N;=30+10lgk+101g290K+10lg
(dBm) (360KHz)
Cong suit tap Am nénmay thu (dBm) -116,4 N = N;+ NF
Du trit nhidu (dB) 2,0 M;
Téng tap 4m + giao thoa (dBm) -114,4 (N+1) (dBm) =N + M;
Ty s6 SNR yéu cau (dB) -7 SNR;, tir mo6 phong
D6 nhay may thu (dBm) 1214 | Ppin= (N +1) (dBm) + SNR,
Khuéch dai anten (dBj) 18,0 Gy
Tén hao phi do + bd ndi tram gbc 2,0 L
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Khuéch dai MHA (dB)

2,0

GMHA

Tén hao dudng truyéncyc dai (dB)

163,4

Lmasz | RPm'Pmin+Gb+GMHA' I—f

Bang 3.3. Vi du ciia quj dwong xuéng LTE

May phat (tram gc)
Cong suat phat (dBm) 46,0 Pryo
Khuéch dai anten (dBi) 18,0 Gb
Tén hao phi do + bd ndi 2,0 Ly

Cong suat phat xa dang hudng twong

duong (dBm) 62,0 EIRPy = Prxm* Gp - Lt

May thu (dau cubi di dong)

Hé s6 tap Am may thu (dB) 7,0 NF

Cong suat tap 4m nhiét diu vao may

thu (dBm) -104,5  |N;=30+10Ilgk+101g290K+10lg(9MHz)
Cong suit tap Am nén may thu (dBm) | -97,5 N =N;+ NF

Duy trit nhiéu (dB) 3,0 M;

B6 sung nhiu kénh diéu khién 1,0 Mech

Téng tap 4m + giao thoa (dBm) -93,5 (N+1) (dBm) =N + M + Mcg
Ty s6 SNR yéu cau (dB) -10 SNR;, tir md phong

Do nhay may thu (dBm) -103,5 Pmin= (N + 1) (dBm) + SNR,
Khuéch dai anten (dBi) 0,0 Gp

Tén hao phi do + bd ndi (dB) 0,0 Ltm

Suy hao co thé (dB) 0,0 Lbody

T6n hao duong truyén cuc dai (dB) 165,5 Linax=EIRPy - Pmint Gm - Lt - Lbody

Quy hoach ving phu:

- Tinh suy hao cuc dai cho phép tir viéc tinh toan quy duong truyén

Tinh todn theo mo6 hinh Walfisch — Ikegamy ta tinh duoc:

e Suy hao cyc dai cho phép duong Ién: 159.9 dB

e Suy hao cuc dai cho phép duong xudng: 162.2 dB
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- Tinh s tram BS dua theo ban kinh phuc vu cta BS va dién tich phu song cua
cell
Tinh béan kinh cell: Tan s6 1am viéc (f): 1800 MHz
Véi diéu kién dia hinh, din s6 va mtrc do phat trién & cac huyén va thanh phd

thudc tinh Bic Ninh nén ta c6 dugc cac théng sd nhu sau:

< DO rong dudng phd (w) 215 m
*» Khoang cach giira cac toa nha (b) :35m
¢ Do cao trung binh cua toa nha (hr) 215 m
% D0 cao cua anten mobile (hm) :1,5m
% D0 cao trung binh cta anten BS (hb) :30m

< Goc toi cua tia song tir toa nha dén mat duong: b/2 = 20 do
Str dung két qua suy hao cuc dai cho phép & duong 1én va duong xudng tuong
ung la: 163.4 dB va 165.4 dB ta tinh dugc:
e Suy hao cyc dai cho phép duong Ién: 159.9 dB
e Suy hao cuc dai cho phép duong xudng: 162.2 dB
Quy hoach dung lwong ¢ Bdc Ninh:
» Tinh toan dung lwong mang trudc khi quy hoach lai:

OVEEALLDATARATE
SITECAPACITY

Ap dung cong thic: S6 eNodeB =

Trong d6: Sitecapacity 1a boi s6 cua thong lwong cell (cellthroughput) né tiy
thudc vao cu hinh cua cell trén site.
Bic Ninh hién dang dua vao sir dung330 eNodeB. Ap dung cong thuc Nsub

va Nsited trén ta co:

C X Lbh 220.0,5 A
Nsub = Nsectorx—a——="— = 3 X === = 1100 (thué bao)
Ofector 100

Nitotal =Nsup X Nsite =1100x330= 363.000 (thué bao)
Nhu vy, quy hoach 330 tram eNodeB 4G & Bic Ninh c6 thé dap tng duoc
363.000 thué bao truy cép cung luc,thuc té thi s& kho c6 thé xay ra, nhung trén ly

thuyét 1a van chua dat, vi theo bao cdo ctia vién thong Béc Ninh trén dia c6 khoang
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74.275 thué bao di dong 4G, cung véi toc do phat trién 15% nam. Vi dy nhu khu
vuc KCN Sam Sung — Yén Phong ¢6 5 tram eNode 4G s6 nguoi co thé truy cap
ddng thoi 1a 5500 thué bao, thudng xuyén xay ra hién twong nghén mang, rét mang,
mang yéu.

* Tinh toan dung luong mang sau khi quy hoach lai:

Tinh chinh cell throughput: Gia st mang ludi st dung: loai site c6 3 sector,
MSC (mai hoa va diéu ché) kiéu 64 QAM ¥, k¥ thuat anten st dung 2x2Mimo, bing
thong cua hé théng 1a 20MHz.

Niotat =NsupX Nsite =2200x330= 726.000 (thué bao).

Nhu vay Véi viéc diéu chinh MSC (mi hoa va diéu ché) kiéu 64 QAM %, k¥
thuat anten sir dung 2x2Mimo, bang thong cua hé thong 1a 20MHz. Vay toc do bit
dinh = 64,8MHz (dé xuat sir dung modun phat quang cong xuat > 1.25Gbps dé c6
thé ting bang thong 1én 20Mhz). Thi lugng thué bao cé thé truy cap cung lic trén
toan tinh tang gip doi. Song md rong bang thong trén toan tinh 1a rat tén kém, can
do kiém cac chi tiéu Kpi ¢ cac diém c6 hién twong ngh&n mang, rét mang gio cao
diém. Dé dua ra cac giai phap nhu diéu chinh thong lugng cell, kiém tra phan cing
eNodeB, cong suét phat, thong so cua anten, hozc kiém tra neighbor dua ra quyét
dinh thém bét neighbor

Ap dung 1y thuyét tinh toan, ta tinh dugc s eNode cho timg ving cu thé dua

trén quy hoach va dua trén thyuc té trén dia ban tinh Bic Ninh nhu sau:

Nam ] ]
S6BS | SbBS dugc
Pon vi 2015 2020 ; :
_ _ thuc te tinh toan
So thué bao So thué bao

Tinh Bic Ninh 48910 72255 382 330
Béc Ninh 9844 14544 108 95
Tir Son 8640 12764 40 33
Yén Phong 7436 10985 61 54
Qué Vo 5205 7689 47 40
Tién Du 4892 7227 40 36
Thuan Thanh 4415 6522 37 30
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Luong Tai 4318 6379 26 22

Gia Binh 4160 6145 23 20

3.3.3. Thiét ké, quy hoach lip dit cell chi tiét cho cdc e-NodeB

Dé dap ung va ning cao chét luong dich vy nha mang can thiét phai quy hoach
va trién khai cac femtocell.

Ldp dat thiét bi Femtocell

Vé két noi:

e MJi thiét bj smallcell ¢6 2 cong quang va 2 cong diéntdc do Gb)
e M5 hinh két ndi: C6 thé dau ndi chudi 3 thiét bi smallcell véi nhau bang
cong quang hoic cong dién rdi 1én cong cua thiét bi Switch.

Ving phu song:

V& ban chat thiét bi duoc tich hop twong dwong mot tram 4G. Tuy nhién 1
thiét bi femtocell chi c6 thé phii song 1 hudng (twong duong 1 anten cua thiét bi
macro hoac distribute cta 4G thong thuong).

Cu thé, khu cong nghiépYén Phong — Bac Ninh hién da lap dat thir nghiém tat
ca 10 Femtocell:

e 3 thiét bi duoc trién khai tai cong ty SamSung SEV.

e 3 thiét bi duoc trién khai tai cong ty SamSung Display.

e 2 thiét bi duoc trién khai tai Ngo X4 — xa Long Chau.

e 2 thiét bi duoc trién khai tai Man X4 — xa Long Chau.

Theo s6 lidu duoc lay ra tir bao cao ciia Trung tim Piéu hanh Thong tin VNPT
Bac Ninh vé kiém tra d¢6 kha dung ciia Femtocell trudc va sau khi dua vao st dung
tai Man X4 — xa Long Chau thé hién ¢ Bang 3.4.

Bing 3.4.Kiém tra d9 kha dung ciia Femtocell

Trwéc khi s | Sau khi st

Yéu dung dung So sanh trudc
KPI name ; va sau sir
cau Gia | DPanh | Gia | Danh d

ung

tri | gia | tri | gia

RRC connection ESR (all

; > 99.95| Pat |9995| Pat | T
service) (%) 299 a a wong duong

ERAB setup Success Rate (%) | >99 |99.95| bat |99.95| Pat | Tuong duong
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Data call setup Success Rate (%) >99 199.11 | bat |99.28 | bat | Cai thién
Call drop Rate (%) <12 | 0.08 | bat | 0.02 | Pbat | Caithién
Intra Freq Handover HO

>99 19998 | Pbat [99.98| Pbat | T d
Success Rate (%) - ? ¢ wong cong
Inter Frequency HO Success

>98 19949 | bat |99.49| Dbat |T d
Rate (%) - ¢ ¢ Hong cuong
Inter RAT HO out Success L

R >90 [92.06| Dbat |98.81| bat | Caithién
Rate (%)
Do san sang % RSCP> - e L
: >

100dBm >95 |196.06 | Pat | 98.8 | bat | Caithién
Used downlink Resource Block | <70 |34.26| Dbat | 34.07 | Dat | Tuong duong
Used uplink Resource Block <70 |10.58 | bat |10.51| Pat | Tuwong duong

Két qua vé KPI 4G trudc va sau khi st dung Femtocell déu dat tiéu chuan, c6

4 chi tiéu da dugc cai thién:

= Data call setup Success Rate % (ty ¢ thiét 1ap cudc goi thanh cong).

= Call drop Rate % (ty I¢ cudc goi vi rét).

= Inter RAT HO out Success Rate % (két ndi chuyén giao lién mang).

= P sin sang % RSCP> -100dBm.

3.3.4. Po kiém viing phii séng, ddnh gid chit lwong mang lwdi sau khi

phat song tram e-NodeB

* Viéc do kiém va giam sat KPI c6 thé thuc hién bing OMC hoic DriveTest

Trong hé thdng trudc, mang 16i quan 1y RNC, RNC quan 1y cac tram BS va
BS lai quan 1y cac UE. Vi thé khi UE chuyén qua ving RNC khac phuc vy, thi
mang 15i chi biét dén RNC dang phuc vu UE, moi chuyén giao duoc diéu khién baoi
RNC.Nhung d6i voi E-UTRAN, mang 18i ¢ thé thay moi chuyén giao.0 WCDMA,
chung ta ding CPICH RSCP dé quyét dinh chuyén giao thi & LTE ta s& ding RSRP.
* Giam sat qua OMC duoc thuc hién mot cach lién tuc, thong ké day du KPI, c6 thé

phat hién su cd.

3.3.5. Téi wu, lip dit tram mdi e-NodeB tin dung ha tang cé sin

Qua trinh tdi wu bao gdm cac budc: Chuan bi, Thu thap dit liéu, Phén tich di

liéu va tién hanh toi wu.
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Quy trinh lip dit dwoc mé td co ban nhw hinh 3.3

Kiém tra hang
Dea dep [ 3

Chuin bi cac module va Lip dit g, dé trén
vit tw di kém dé lip dit g d  twimg, cft, sin

Lip dit cac Lip dit cic Sub : P
L—] &= Lap dat noi dat

Lip cic tim bio
—) Két ndi nguon = vé vi check lai

Di diy két ndi

cic phan tir

toan b

Hinh 3.3. So' @ khoi cac buéc trién khai tram SRAN

Sau khi 4p dung, tinh toan va thuc hién viéc quy hoach, téi vu mang di dong
4G VNPT Bic Ninh, dé tai da thu dwgc mot s6 két qua kha quan:

- T6i vu hoa cac tham sé hé thong

- Po kiém Driving test theo route gém TPO va 03 huyén TSN, TDU, YPG
trudc toi wu va sau toi wu; Po kiém hién trudng, danh gia xir 1y chat lwgng mang tai
cac vi tri PAKH va do kiém xir Iy badcell trén dia ban toan tinh.

- Tunning ving phu dwa vao phan tich logfile do kiém dua ra tong s6 208 CRs
gom 106 CRs 2G, 45 CRs 3G, 57CRs 4G; Thuc hién hiéu chinh t6i wu ving phu
song trén dia ban toan tinh tongsé 208 CRs trong d6: 106 CRs 2G, 45 CRs 3G,
57CRs- 4G Thuc hién Crs diéu chinh E-tilt 25 cell 4G t6i wu ving phu soéng
tréenOMC.

- Xtr Iy canh bao HW/badcell ton tai va phat sinh trén dia ban tinh; Phbi hop
xt 1y cac tram BTS/NodeB c6 canh bao truyén dan va chat luong truyén dan kém:
12 NodeB va 1 EnodeB; X Iy cac tram ¢ chat lugng HW kém gay suy giam chét
luong theo yéu cau cia RNOC: Xur 1y 13 cell c6 HW kém bi PB, IOI.

Nhu vay, sau khi thuc hién téi wu, dam bao cac chi tiéu dit ra theo dung ké
hoach, két qua téi wu da thu duoc mot sé cac két qua kha quan co thé dugc tom tit
lai nhu sau:

Thir nhat, t6i wu ving phu song: dé tai di thuc hién tunning ving phu 4G khu
vuc TPO va céc huyén nhu Tién DU, Ttr Son, Yén Phong,... Céc chi tiéu KPI vung
pht 6n dinh va cai thién sp véi trude tdi vu. Trude khi tdi vu, ting ¢ng dung 4G
throughout DL (kbpd) >5000 va throughout UL (kbpd) >5000 lan luwot dat 89.78%
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va 94.76%, sau khi t6i wu da duoc cai thién rd rét 1én toi 90.13% va 96.19%. Tuong
tu thé, trudc khi tdi vu, 4G mean Throughput DL (Mbps) va Throughput UL
(Mbps) lan luot 13 21.8% va 31.9%; sau khi toi vu dat 24.36% va 33.9%.

Thi hai, viéc toi vu KPI hé thong ciing duoc duy tri cai thién cac chi sé KPI
S0 V6i trude thi wu.

Thi ba, dé tai da xtr 1y duoc cac HW/Badcell ton tai va phat sinh nhu da xtr 1y
cac cach bao HW/truyén dan, CLK va diét 46 badcell 4G dat ty 1& xir Its 76% so Vi
trudc toi wu.

Cubi cung, dé tai cling da hoan thanh viéc kiém tra xir 1y cac diém den trén dia
ban toan tinh.

3.4. Két luan chwong

Noi dung chuong 3 trinh bay két qua nghién cau viéc trién khai thuc té mang
di dong 4G VinaPhone tai Bac Ninh, tir quy hoach, dinh c&, thiét ké High Level
Design - Low Level Design, lap dit, phat song va do kiém chét lwong mang 4G.

Do dic thu duong 1én va dudng xudng trong mang 4G 1a bat ddi xang, mot
trong hai duong sé thiét 1ap gigi han vé dung luong hoic ving phu séng. Viéc tinh
toan quy duong truyén va phén tich nhiu khong phu thudc vao loai cong nghé sir
dung, cdu hinh tram va sé lugng cac phan tir mang dé du bao gia thanh dau tu cho
mang.

Qua phan tich & trén c6 thé thdy dé quy hoach ving phu ta can dwa vao quy
duong truyén va mo hinh truyén séng cu thé, két hop véi dién tich can phu song.

M3t khac viéc trién khai mang 4G phan 16n duoc thuc hién trén ha tang nha
tram, co6t BTS sin c6 dang dung cho thiét bi 2G/3G. Do d6 viéc thiét ké vi tri lap
dat anten, ta nguén, fido, thiét bi can phai duoc thiét ké va tinh toan chi tiét dé vira
dam bao chét luong ving phii, déng thoi phai thuan loi trong cong tac van hanh,
khai thac. Mot s6 cac KV khong cai thién nhiéu do vung hd can cha ¥ bo sung
NewsSite/Remote cho phu hop véi diéu Kién trén dia ban tinh.
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KET LUAN

Luén vin d3 trinh bay cac dic diém k¥ thuat cua hé théng LTE bao gdm muc
tiéu thiét ké, tiém ning cong nghé, hiéu suat hé théng, cac thong sb 16p vat 1y, dich
vu cia LTE. Nhitng noi dung nghién ciru trén cho thiy 4G 13 mét céng nghé voi
nhitng dic tinh k§ thuat wu viét. Do vay cac doanh nghiép vién thong tai Viét Nam
d3 va dang tap trung nghién ctru va trién khai thir nghiém 1am tién dé cho viéc trién
khai rong rai trén toan qudc.

Qua céc tham sd phan tich ¢ trén, véi nhitng vu diém vuot troi cia mang 4G
ca vé tde do, bang thong 1am nén tang cho viéc trién khai cac dich vu dit liéu, video
cta cac nha mang, dap wng nhu cau st dung dich vu ngay cang cao cta khach hang.
Céc két qua nghién ciru cho thay 4G c6 wu diém vuot troi so véi 3G ca vé toe do,
thoi gian tré, hiéu suét sir dung phd cung véi viéc sir dung bang thong linh hoat, cau
truc don gidn nén giam dugc gid thanh.

Viéc nghién ciru cong nghé LTE va cac dic tinh k¥ thuat 1a tién dé dé tién
hanh thiét ké va quy hoach mang di dong 4G VinaPhone tai Bac Ninh, tir khau quy
hoach, dinh c&, thiét ké High Level Design - Low Level Design, lap dat, phat song
va do kiém chit luong mang 4G. Véi dic thu hién nay mang 4G phan 16n dugc
trién khai trén nén tang cac tram BTS 2G/3G c6 san. Tuy nhién do cong suét, ving
pht cua cac tram 2G, 3G, 4G 1a khac nhau nén can cé nhitng khao sat va cach tiép
can phu hop trong thiét ké va quy hoach mang dé dua ra cac giai phap téi wu duoc
chat luong ving phu ciing nhu chi phi. Va ddy ciing 1a nhitng két qua chinh dat
duogc trong khudn khd noi dung cua luan vin.

Do su han ché vé kién thirc va thoi gian nén luan vin khong tranh khoi nhiing
thiéu sét. Vi vay em rat mong nhan duogc cac ¥ kién dong gop cia cac thay cd gido
dé luan van duoc hoan thién hon.



