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LOI CAM ON

T6i xin giri 10i cam on chan thanh t6i Thay gido TS. Nguyén Chién Trinh -
Giang vién Hoc vién Cong nghé Buu chinh vién thong, Thay da ludn tan tinh huéng
dan, giup d& t6i trong subt qué trinh tim hiéu va nghién ciru. Thay 1a ngudi dinh
huéng, dua ra nhidu gép ¥ quy bau va tao moi diéu kién tot nhat cho toi trong subt

qua trinh thuc hién luan van.

Téi cling xin giri 161 cam on chan thanh t6i cac thay, c6 ¢ Khoa dao tao sau
Pai hoc — Hoc vién Buu chinh vién thong da cung cip cho toi nhitng kién thic va

tao moi diéu kién thuan loi trong qua trinh hoc tap tai truong.

Cubi cung, toi xin dugc gui 161 cam on t6i gia dinh, nguoi than, ban bé va
cac dong nghiép tai Trung tim vién théng Yén Phong - VNPT Bic Ninh di ludn

dong vién va tao diéu kién tot nhat cho toi.

T61 xin trdn trong cam on!

Hoc vién

Nghiém Dinh Toan



LOI CAM DOAN

T6i xin cam doan ddy 1a dé tai nghién ctru cua riéng toi, thuc hién dudi su
huéng dan caa TS. Nguyén Chién Trinh. Cac ndi dung nghién ctu, két qua trong
luan vin nay 1a trung thuc va chua cong bd dudi bat ky hinh thic nao trude day. Toi
khong sao chép cac tai liéu hay cac cong trinh nghién ciru cua ngudi khic dé 1am
luan vin nay. Néu phat hién c6 bat ky su gian l4n nao t6i xin hoan toan chiju trach
nhiém vé ndi dung cua luan vian. Hoc vién Cong nghé buu chinh vién thong khong
lién quan dén nhitng vi pham tac quyén, ban quyén do toi gdy ra trong qua trinh

thuc hién (néu co).
Ha Noi, thang 5 nim 2020

Hoc vién

Nghiém Dinh Toan
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MO DAU
1. Ly do chon dé tai

Thong tin di dong 1a mot linh vuc rat quan trong trong doi sdng xa hoi. X4 hoi
cang phat trién, nhu cau vé thong tin di déng clia con ngudi cang ting 1én va thong
tin di dong cang khéng dinh duoc su can thiét va tinh tién dung cua n6. H¢ théng
thong tin di dong da trai qua nhiéu giai doan phat trién, dén nay dang trién khai trén
thé gidi 1a thong tin di dong thé hé 4.

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 d4 trién khai trén dia ban tinh Bic Ninh,

Xuat phat tir nhu cau va cong tac clia cd nhan, mong mudn nghién ciu dé ti
wu cac thiét bi da co va trién khai cac tram méi. V&i nhitng 1y do néu trén, dé tai
duogc chon 14 “Quy hoach, t6i vu mang di dong 4G tai VNPT Bic Ninh”.

2. Tong quan vé van dé nghién ciru

LTE 1a mot chuan cho cong nghé truyén thong dit liéu khong ddy va 1a mot sy
tién hoa cua cac chuan GSM/UMTS. Muc tiéu caa LTE 1a ting dung luong va toc
d6 dix liéu ciia cac mang dir liéu khong day bang cach sir dung cac ky thuat diéu ché
va DSP (xur 1y tin hiéu s6) 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 thong dua trén
nén IP vai d6 tré truyén dan tong giam déng ké so véi kién trac mang 3G. Giao dién
khong day LTE khong tuong thich véi cac mang 2G va 3G, do d6 nd phai hoat
dong trén mot pho vo tuyén riéng biét.

LTE dugc hang NTT DoCoMo ctua Nhat Ban dé xuat dau tién vao nam 2004,
cac nghién ctru Ve tiéu chuan mai chinh thic bat dau vao nam 2005. Thang 5 nam
2007, lién minh Sang kién thir nghiém LTE/SAE (LSTI) dugc thanh lap, lién minh

nay la sy hop tac toan cau giira cac hang cung cap thiét bi va hang cung cap dich vy


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
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vién thong véi muc tiéu kiém nghiém va thuc day tiéu chuan méi dé dam bao trién
khai cong nghé nay trén toan cau cang hop cang tot. Tiéu chuan LTE duoc hoan
thanh vao thang 12 nam 2008 va dich vu LTE dau tién duoc hang TeliaSonera khai
truong ¢ Oslo va Stockholm vao ngay 14 thang 12 nam 2009.

Cac nude da trién khai 4G nhu: New Zealand, Singapore, Han Quéc, ban
Mach, Nhat Ban, My, ...

Tai Viét Nam da c6 nhimg nghién ctu vé 4G/ LTE, nhu: dé tai “Nghién ctu
dinh hudng xay dung cac tiéu chuan phuc vu thiét 1ap, trién khai mang di dong cong
nghé LTE tai Viét Nam” (mi s6 12-15-KHKT-TC) do Vién Khoa hoc K thuat Buu
dién — Hoc vién Cong nghé Buu chinh Vién thong thuc hién nim 2015; dé tai
“Nghién ctru thiét ké trién khai mang thong tin di dong 4G LTE va phuong an xiy
dung cac hé thong quy hoach, quan 1y mang va cung cap dich vu 4G LTE & Viét
Nam” (mi s6 KC.01.17/11-15) do Céng ty Dich vy Vién thong thuc hién nim 2014.

Cac mang di dong tai Viét Nam gom: Viettel, VinaPhone, MobiFone ciing da
va dang tiép tuc thuc hién trién khai 4G. Cu thé, ddi voi mang di dong VinaPhone
hién tai dang str dung cong nghé WCDMA/3G - GSM/2G - 4G LTE, nén viéc téi uu
tram hién co, trién khai mai 4G LTE trén co so ké thira co s ha ting mang, ciing
nhu ha tang nha tram c6 sin 1a hoan toan thudn loi va c6 tinh kha thi cao, giam thiéu
nhiing thay d6i, sir dung cong nghé méi nhat nham dam bao téc do truyén sb lidu
ma khong can thay d6i toan bo 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 Bic Ninh”.

3. Muc dich nghién ctru

Nghién ctru cac van dé 1y thuyét tong quan co ban vé hé thong va mang 4G
LTE.

Hiéu rd, nim chic van dé thiét ké 4G LTE cua mang di dong VinaPhone, danh

gia duogc chat lugng va ving phil song 4G sau khi phat song tram e-NodeB.


https://vi.wikipedia.org/w/index.php?title=TeliaSonera&action=edit&redlink=1
https://vi.wikipedia.org/wiki/Oslo
https://vi.wikipedia.org/wiki/Stockholm

4. Ddi twong va pham vi nghién ciru
Déi twong: Mang di dong 4G LTE.
Pham vi nghién ctru: Quy hoach, téi wu mang di dong 4G tai VNPT Bic Ninh.
5. Phwong phap nghién ctiru
Nghién ctru 1y thuyét: Doc, hiéu, rat ra duoc nhirng kién thirc co ban, nang
Ccao.
Phuong phap thyc té: Tham gia vao qué trinh trién khai thuc té, t6i wu, lap dat
phat song, do kiém ving phui séng sau phat song tram e-NodeB.
6. Két cau luan vin
Ngoai cac muc loi cam on, 161 cam doan va muc luc thi luan van dugc trinh
bay gom céc phan chinh nhu sau:
Chuong 1: Téng quan vé mang 4G/ LTE
Gidi thiéu tong quan mang 4G LTE bao gébm muc tiéu thiét ké, tiém ning
cong nghé, hiéu suat hé théng, cac thong sé 16p vat 1y, dich vu ciia LTE, tinh hinh
trién khai mang di dong 4G tai Viét Nam.
Chuong 2: Cac ky thudt trong 4G/ LTE Advanced
Khai quat cAu trac mang LTE, cac dac tinh k¥ thuat cling nhu gidi thiéu vé
khai niém, muc dich va trinh ty chuyén giao trong mang LTE. Mang 4G LTE c¢6 uu
diém vuot troi so véi 3G vé tde do, thoi gian tré nho, hiéu suat sir dung phd cao
cung vai Viéc str dung bang thong linh hoat.
Chirong 3: Quy hoach, t6i wu mang di déng 4G VinaPhone tgi Bac Ninh
Khai quat duoc tinh hinh chinh trj - kinh té - x4 hoi cua tinh Bac Ninh, mang
di dong 2G/3G/4G cua VinaPhone, trén co sé thiét ké mang 4G dé t6i uu va tiép tuc
trién khai mang di dong 4G VinaPhone tai Bic Ninh.



CHUONG 1. TONG QUAN VE MANG 4G/LTE

Sau mot thoi gian dai nghién ctru, phat trién, lich sir Internet Viét Nam ghi
nhan ngay 19 thang 11 ndm 1997 14 ngay chinh thirc qudc gia hinh chit S két ndi véi
xa 16 thong tin cua thé gidi. Trong sudt hon 20 nim qua, Internet d3 c6 nhing tac
dong truc tiép, lam thay ddi nhiéu quan niém va 16i séng caa con nguoi Viét Nam.
Theo d6, khong chi ban than dudng truyén Internet, ma ngay ca mang di dong ciing
c¢6 nhitng bién chuyén mang tinh cach mang trong sudt thoi gian qua, gitip nguoi
tiéu dung Viét Nam hoi nhép, tiép can ngay mét gan hon véi xu thé cong nghé trén
thé gidi va trong khu vuc. Sy phat trién cua dich vu mang vién thong trén nén tang
4G LTE hién nay dang 1a yéu té thuc day danh dau tiéu chuan méi cho Internet di
dong tai Viét Nam.

1.1. Gioi thiéu vé cong nghé LTE, LTE Advanced

Mang di dong 4G 1a thé hé mang tiép theo cua 3G [11], duwoc IEEE dat ra
nham phan biét v4i cac chuan mang trude d6 (2G/3G). Nhitng tiéu chuan co ban
nhat cua mang 4G dugc Lién minh Vién théng Qudc té (ITU- International
Telecommunication Union) chinh thirc thiét 1ap vao thang 3 nim 2008, dwgc goi tén
la IMT — Advanced (Interntional Mobile Telecomunications Advanced) véi cac dac
diém co ban [9] nhu:

(1) La mang dya vao chuyén mach géi All-IP;

(2) Téc do tai cao nhat dat ~100Mbps tai céc thiét bi, phuong tién, c6 tinh di
dong cao (tau lira, xe hoi, ...) va 1Gbps tai cac vat thé, phuong tién, thiét bi c6 tinh
di dong thap (nguoi dung dimg yén mot chd, hodc di bo cham);

(3) C6 thé ty dong chia sé tai nguyén mang dé hd trg nhiéu ngudi ding cing
mot luc;

(4) Str dung cac kénh c6 bing thong 5-20 MHz, tuy chon dén 40 MHz; Hiéu
qua bang thong Max=>5 bit/s/Hz downlink, va 6,75 bit/s/Hz uplink;



(5) Truyén tai dit liéu trén cac mang khong déng nhat phai dién ra tron tru, 6n
dinh;

(6) C6 kha niang cung cap dich vu chat luong cao trong viéc hd trg da phuong
tién thé hé tiép theo.

Hién nay, c6 mot s6 cong nghé khong day dang duoc xdy dung hodc dang
trong qué trinh trién khai nhim dap tng nhu ciu twong lai nhu LTE, HSPA + va
WiMax. Trong d6 hai chuan mang cho téc d6 truyén tai dir liéu cao hién nay
(<1Gb/s): LTE va WiMax.

Vé cong nghé, LTE va Wimax c6 mot so khac biét nhung ciing c¢6 nhiéu diém
tuong dong. Ca hai cong nghé déu dya trén nén tang IP. Ca hai déu dung ki thuat
MIMO dé cai thién chat lugng truyén/nhan tin hiu, duong xudng tir tram thu phat
dén thiét bi dau cudi dau duoc ting toc bang ki thuat OFDM hd tro truyén tai di
licu da phuong tién va video. Theo 1y thuyét, chuan Wimax hién tai (802.16€) cho
tbc do tai xuéng téi da 1a 70Mbps, con LTE du kién co thé cho téc do dén
300Mbps. Tuy nhién, khi LTE dugc trién khai ra thi truong c6 thé Wimax ciing s&
dugc nang cap 1én chuan 802.16m (con dugc goi 1a Wimax 2.0) c6 toc do twong
duong hodc cao hon.

LTE (tiéng Anh: Long Term Evolution; tiéng Viét: Tién hoa dai han) duoc
xem 1a mot trong nhitg con duong quan trong tién téi cong nghé di dong thé hé thu
4 (4G). 4G LTE 1a mét chuan cho truyén thong khong day téc do dir liéu cao danh
cho dién thoai di dong va cac thiét bi dau cudi dit liéu [11]. N6 dua trén cac cong
nghé mang GSM/EDGE va UTMS/HSPA, LTE nho sir dung céac ky thuat diéu ché
mai va mot loat cac giai phap cong nghé khac nhu 1ap lich phu thudc kénh va thich
nghi toc d6 dir liéu, ky thuat da anten dé ting dung luong va toc do dit liéu. Céc tiéu
chuan cua LTE duogc td chirc 3GPP (Dy an ddi tac thé hé thir 3) ban hanh va duoc
quy dinh trong mot loat cac chi ti€u ky thuat cia Phién ban 8 (Release 8), véi nhitng

cai tién nho dugce mo ta trong Phién ban 9 [10].


https://vi.wikipedia.org/wiki/H%E1%BB%87_th%E1%BB%91ng_th%C3%B4ng_tin_di_%C4%91%E1%BB%99ng_to%C3%A0n_c%E1%BA%A7u
https://vi.wikipedia.org/w/index.php?title=C%C3%A1c_t%E1%BB%91c_%C4%91%E1%BB%99_d%E1%BB%AF_li%E1%BB%87u_t%C4%83ng_c%C6%B0%E1%BB%9Dng_cho_ti%E1%BA%BFn_h%C3%B3a_GSM&action=edit&redlink=1

Céc dich vu LTE dau tién duoc nha cung cap dich vu vién thong Thuy Dién
TeliaSonera cho ra mit thi trudng Stockholm (Thuy Dién) va Oslo (Na Uy) vao
thang 12-2009. Sau d6 & M¥, Verizon tro thanh nha cung cdp dich vu mang di dong
dau tién trién khai 4G. Theo két qua do thir cudi nim ngoai, téc do tai xubng trung
binh khi st dung mang LTE — chay trén tan s6 2,6 GHz — cua TeliaSonera 1a 33,4
Mb/gidy. Mang LTE cua Verizon st dung bang tan hep hon véi 700 MHz. Téc do
tai xuéng trung binh cua Verizon thip hon & mic tir 5-12 Mb/gidy, con tai 1én 13 2-
5 Mb/giay tuy theo khu vuc phi song. Tuy vay, ca hai mic duoc cong bd ¢ trén déu
cao hon so voéi toe do thyc cua mang 3G thudng khong qua 4 Mb/gidy. Viéc mot thé
hé mang téc do cao hon ra doi dé dap tmg dugc nhu cau bung nd vé cac dich vu
truyén tai dit liéu video chat luong cao 1a diéu hién nhién.

Thuc chat, LTE 1a thé hé thtr tu ctia chuan UMTS do 3GPP phat trién [10,13].
UMTS thé h¢ thir ba dua trén WCDMA da duoc trién khai trén toan thé giéi. Dé
dam bao tinh canh tranh cho hé thong nay, thang 11 nam 2014, 3GPP da bat dau dy
an nham xac dinh budc phat trién vé 1au dai cho cong nghé di dong UMTS vdi tén
goi Long Term Evolution (LTE). 3GPP dit ra yéu cau cao cho LTE, bao gém giam
chi phi cho mdi bit théng tin, cung cap dich vu tét hon, str dung linh hoat cac bang
tan mai, don gian hoa kién tric mang véi cac giao tiép mo va giam dang ké ning
luong tiéu thu & thiét bi dau cudi. Pac ta ki thuat cho LTE dang duoc hoan tat va
cac san pham LTE di duoc cac hing tung ra thi trudng. LTE dwoc nhan dinh s& ton
tai trong giai doan dau cua 4G, tiép theo d6 sé 1a IMT Advance. Hién nay, tai nhiéu
nuéc trén thé gioi, khi phién ban dau tién cua chuan LTE dang hoan thanh thi tim
diém cua su chil y dang chuyén sang su tién hoa tiép theo cua cong nghé nay, do 1a
LTE-Advanced. M6t trong nhitng muc tiéu cta qua trinh tién hoa nay 1a dé dat t6i
va tham chi vuot xa nhiing yéu cau cua IMT-Advanced cia Thong tin V6 Tuyén
ITU-R (Radiocommunication, goi tit 1a ITU-R) [9] nhdm cai thién mot cach dang
ké vé mat hiéu ning so véi cac hé thong hién tai bao gébm ca hé théng LTE phién

ban dau tién. Cac chuyén gia cong nghé ciing nhan dinh rang LTE can phai cai tién



va LTE-Advanced (LTE-A) s& 1a chuan thdng tri trong twong lai gin. Coéng nghé
nay méi that sy dugc coi 12 4G do dap ung day du cac tiéu chi k¥ thuat ma ITU dat
ra cho hé théng mang khong day thé hé thir 4. LTE-A duoc dinh nghia tai 3GPP
release 10, 13 giai phap 4G toan cau. N6 gitp cai thién hiéu qua trai pho, ting dung
lwong va ving phit mang, ting kha ning hd trg cho nguoi dung/thiét bi dau cudi, cai
thién trai nghiém nguoi dung mobile bang rong.

Sy phat trién cua LTE Advance/IMT Advance va sy tién trién tir cac dich vu
cua 3G [1] duoc phat trién tir ki thuat UMTS/W-CDMA duoc trinh bay cu thé trong
bang 1.1 dudi day.

Bang 1.1: So sanh thong sé dic diém ciia cac hé thong

HSPA LTE
WCDMA ADVANCED
HSDPA/ HSPA+ LTE
(UMTS) (IMT
HSUPA ADVANCE)
Max  downlink 384K 14M 28M 100M 16
speed bps
Max uplink 128K 5.7M 11M 50M 500M
speed bps
Latency  round
- 150ms 100ms 50ms(max) ~10ms Less than 5ms

trip time approx
3GPP releases Rel 99/4 Rel 5/6 Rel 7 Rel 8 Rel 10

2005/6

HSDPA
Approx years of | 5., 2008/9 2009/10
initial roll out 2007/8

HSUPA

OFDMA/ OFDMA/

Access CDMA CDMA CDMA
methodology SC-FDMA SC-FDMA




Cac muc tiéu cia cong nghé LTE [7] la:

e Toc d6 dinh tic thoi véi bang théng 20Mhz: Tai 1én: 50 Mbps va tai xudng:
100 Mbps.

e Dung luong dit liéu truyén tai trung binh ctia mot ngudi dung trén 1Mhz so
v6i mang HSDPA Rel.6: Tai 1én: Gap 2 dén 3 lan va Tai xudng: Gap 3 dén 4 lan.

e Hoat dong tdi wu vai toe do di chuyén cua thué bao 1a 0-15 km/h. Van hoat
dong t6t voi toe do tir 15-120 km/h. Van duy tri duoc hoat dong khi thué bao di
chuyén vai toc do tir 120-350 km/h (tham chi 500 kimv/h tiy bang tan).

e Cac chi tiéu trén phai dam bao trong ban kinh vung phu séong Skm, giam
chut it trong pham vi dén 30km. Tir 30-100km thi khong han ché.

e D) dai bing théng linh hoat: Co thé hoat dong voi cac bang tan 1.25Mhz,
1.6 Mhz, 10Mhz, 15Mhz va 20Mhz ca chiéu 1én va chiéu xubng. Ho trg ca hai
truong hop do dai bang 1én va bang xudng bang nhau hoic khong.

Mét sé diic diém ciia LTE Advance:

e Tdc @6 dit liéu dinh: 1 Gbps cho dudng xudng va 500 Mbps cho dudng 1én.

e Biing thong st dung: 20Mhz_100Mhz.

e Hiéu qua pho dinh: 30bps/Hz cho dudng xudng va 15 bps/Hz cho duong 1én.

e Thoi gian chd: Nho hon 50 ms khi chuyén tir trang thai rdi sang trang thai
két ndi va nhoé hon 5ms cho mdi chuyén mach goi riéng 1¢.

e Tinh di dong: giéng LTE.

e Kha ning twong thich: LTE Advance c¢6 kha ning lién két mang véi LTE va
cac hé théng cua 3GPP.

C6 thé mo ta qua trinh tién téi 4G cua cac cong nghé hién cé nhu hinh 1.1.
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Hinh 1.1: Qua trinh phat trién cac cong nghé thong tin di dong dén 4G
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 tét hon, sir dung linh hoat céc bang tan hién c6 va bang tin méi,
don gian héa kién tric mang véi cac giao tiép mé va giam dang ké ning luong tiéu
thu & thiét bi dau cudi [7, 9] . Muc tiéu nay dugc cu thé trong bang 1.2.

Bang 1.2: Muc tiéu thiét ké LTE

- Bit dau cac dich vu méi dua trén | - Co sé ha ting dich vu mai

nhiing kha nang moi - Trién khai nhanh cac dich vu mai

- Céc dich vu cao cap nho nang cao

- - Két néi va chuyén giao linh hoat gitra nhiéu
chat luwong tinh nang mang

hé théng truy nhap
- Tdc @6 truyén dan - 100Mb/s (tbc d6 cao nhat cia méi truong di
- Dung lugng hé théng dong). 1Gb/s (toc @ toi da cia moi truong
trong nha).

- Chi phi . . .
- Gap 10 lan h¢ thong 3G

- 1/10 dén 1/100 trén mdi bit truyén

- Thoi gian tré - 50ms hoic ti uu hon
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Nhitng yéu cau cho LTE duoc chia thanh cac phan chinh khac nhau nhu sau:
Tiém niang mang ludi, hiéu suat hé thong, Kién tric mang ludi va kha ning mo
rong, ning cip, quan 1y tai nguyén vo tuyén, do phuc tap, nhitng van dé chung.
1.2.1. Tiém ning mang lwdi

Yéu cau duoc dit ra 1a viéc dat tbc d6 dir liu dinh cho dwong xudng
100Mbit/s va duong 1én 50Mbit/s, khi hoat dong trong phan bd phd 20MHz [4]. Khi
ma phan bd pho hep hon thi téc d6 dir lidu dinh ciing sé ti 1¢ theo. LTE hd tro ca ché
d6 FDD va TDD. R4 rang d6i voi trudng hop TDD, truyén din dudng 1én va duong
xudng theo dinh nghia khong thé xuat hién dong thoi. Do d6 ma yéu cau toc do dir

licu dinh ciing khong thé tring nhau dong thoi.

LTE/LTE-A Frequency bands (TDD)

E-UTRANBand Frequencey band Bandwidth | Duplex Mode
33 1900MHz — 1920 MHz 20MHz TDD
34 2010MHz — 2025 MHz 15MHz TDD
35 1850MHz — 1910 MHz 60MHz TDD
36 1930MHz — 1990 MHz 60MHz TDD
37 1910MHz — 1930 MHz 20MHz TDD
38 2570MHz — 2620 MHz 50MHz TDD
39 1880MHz — 1920 MHz 40MHz TDD
40 2300MHz — 2400 MHz | 100MHz TDD
41 2496MHz — 2690 MHz | 194MHz TDD
42 3400MHz - 3600 MHz | 200MHz TDD
43 3600MHz — 3800 MHz | 200MHz TDD
44 703MHz — 803 MHz 100MHz TDD

Mt khac, ddi voi trudng hop FDD, dic tinh ctia LTE cho phép qua trinh phat

va thu déng thoi dat duoc tée do dir liéu dinh theo phan 1y thuyét o trén.
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LTE/LTE-A Frequency bands (FDD)
E-UTRAN Uplink (UL) or_:)eratlng Downlink (UL) f)peratlng
i bandBS receive UE bandBS receive UE Duplex
Operating . .
Band transmit transmit Mode
FuL min- FuL high FoL min— FoL high
1 1920 MHz — 1980 MHz 2120 MHz — 2170 MHz FDD
2 1850 MHz — 1910 MHz 1930 MHz — 1990 MHz FDD
3 1710 MHz — 1785 MHz 1805 MHz — 1880 MHz FDD
4 1710 MHz — 1755 MHz 2110 MHz — 2155 MHz FDD
5 824 MHz — 849 MHz 869 MHz — 894 MHz FDD
6 830 MHz -840 MHz 875 MHz - 885 MHz FDD
7 2500 MHz — 2570 MHz 2620 MHz — 2690 MHz FDD
8 880 MHz -915 MHz 925 MHz — 960 MHz FDD
9 1749.9 MHz- 1784.9 MHz | 1844.9 MHz —1879.9 MHz | FDD
10 1710MHz — 1770 MHz 2110MHz — 2170 MHz FDD
11 1427.9 MHz-1452.9 MHz | 1475.9 MHz —1500.9 MHz | FDD
12 698 MHz — 716 MHz 728 MHz — 746 MHz FDD
13 777 MHz — 787 MHz 746 MHz — 756 MHz FDD
14 788 MHz — 798 MHz 758 MHz — 768 MHz FDD
15 704 MHz — 716 MHz 734 MHz — 746 MHz FDD
16 815 MHz — 830 MHz 860 MHz — 875 MHz FDD
17 830 MHz — 845 MHz 1875MHz — 890 MHz FDD
18 832 MHz — 862 MHz 791 MHz - 821 MHz FDD
19 1447.9 MHz-1462.9 MHz | 1495.9 MHz - 15109 MHz | FDD
20 3410 MHz — 3500 MHz 3510MHz - 3600 MHz FDD

Yéu cau vé do tré duoc chia thanh: Yéu cau do tré mat phang diéu khién va

yéu cau do tré mit phang ngudi dung.

- Tré mit phang ngudi dung: Puoc thé hién qua thoi gian dé truyén mot goi IP

tir thiét bi dau cudi téi bién RAN hoic nguoc lai dugc do tir 16p IP. Thoi gian

truyén theo mot huéng sé khong vuot qua Sms trong mang khong tai (unload

network), nghia 1a khong c6 thiét bi dau cudi nao khac xudt hién trong té bao.
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- Tré mit phang diéu khién: Xac dinh d6 tré cua viéc chuyén tir trang thai thiét
bi dau cudi khong tich cuc khac nhau sang trang thai tich cuc, khi d6 thiét bi dau
cubi di dong c6 thé guri va nhan dit liéu. LTE c6 thé hd tro it nhat 200 thiét bi dau
cudi di dong ¢ trong trang thai tich cuc khi hoat dong ¢ khoang tan s 5MHz. Trong
mdi phan b rong hon SMHz, it nhit c6 400 thiét bi dau cudi dugc hd trg. Sb luong
thiét bi dau cubi khong tich cuc trong 6 khong rd 13 bao nhiéu nhung c6 thé cao hon
mét cach dang ké. C6 hai cach xac dinh:

o Cach xé4c dinh tht nhat duoc thé hién qua thoi gian chuyén tiép tir trang thai
tam tri (camped state) chang han nhu trang thai Release 6 Idle mode (ché d6
khong tai, nghi), khi d6 thi thu tuc chiém 100ms.

o Cach xac dinh tht hai duoc thé hién qua thoi gian chuyén tiép tir trang thai
ngu chang han nhu trang thai Release 6 Cell-PCH. Khi d6 thi thu tuc chiém
50ms. Ché d6 Release 6 idle 1a mot trang thai ma khi thiét bi dau cudi khong
dugc nhan biét ddi véi mang truy nhap vo tuyén, nghia 13 mang truy nhap vo
tuyén khong c6 bat cir thudc tinh nao cua thiét bi dau cudi va thiét bi dau cudi
cling khong duoc chi dinh mot tai nguyén vo tuyén nao. Thiét bi dau cudi co
thé & trong ché do nga va chi lang nghe hé théng mang tai nhitng khoang thoi
gian cu thé. Con trang thai Release 6 Cell-PCH 1a trang thai ma khi thiét bj
dau cubi khong duoc nhan biét d6i véi mang truy nhap vo tuyén. Tuy mang
truy nhap vo tuyén biét thiét bi dau cudi dang & trong té bao nao nhiing thiét
bi dau cudi lai khong duoc cip phat bat cir tai nguyén vo tuyén nao. Thiét bi
dau cudi luc nay co thé dang trong ché do ngu.

1.2.2. Hiéu suit mang lwdi
Céac muc tiéu thiét ké cong nang hé thong LTE sé& xac dinh luu luong nguoi
dung, hiéu suat pho, do linh dong, ving phu séng va MBMS (Multimedia Broadcast

Multicast Service) hd trg, cung cap dich vy nang cao [5].
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Muc tiéu hiéu suat phé ciing duoc chi rd, va trong thudc tinh nay thi hiéu suat
phd duoc dinh nghia 13 luu luong hé théng theo té bao tinh theo bit/s/MHZ/0.
Nhitng muc tiéu thiét ké nay duoc tong hop trong bang 1.3.

Bang 1.3: Cac yéu ciu vé hiéu suat pho va ngudi dung

] o R Muc tiéu dwong xuéng | Muc tiéu dwong
Phwong phap do hi¢u suat . . R . N
SO V@i co ban Ién so voi co ban
Luu lugng nguoi dung trung binh N N N N
o s ne s 8 3lan—4 lan 2 lan -3 lan
(trén 1 MHz)
Luu luong ngudi dung tai bién té . . . \
. A o 2 lan -3 lan 2 lan -3 lan
bao (trén 1MHz phéan vi thu 5)
Hiéu suat pho bit/s/Hz/6 3lan—4lan 2 lan — 3 lan

Tir bang trén, ta thay:

Thi nhat, yéu cau luu luong ngudi ding duoc dinh rd theo hai diém: Ving
phi va 5% ctia phan bd ngudi sir dung (khi ma 95% ngudi ding c6 duoc chat luong
t6t hon). Muc tiéu hiéu suat phd ciing duoc chi rd, va trong thudc tinh nay thi hiéu
suat pho dugc dinh nghia 1a luu lugng hé thong theo té bao tinh theo bit/s/Mhz/cell.

Thi hai, yéu cau vé ving phil song chu yéu tap trung vao pham vi té bao (ban
kinh), nghia 1a khoang cach téi da tir ving té bao (cell site) dén thiét bi dau cudi di
dong trong cell. POi voi pham vi té bao 1én dén 5 km thi nhitng yéu cau vé luu
lugng ngudi dung, hiéu suat phd va do linh dong van dugc dam bao trong giéi han
khong bi anh huong boi nhidu. Di vai nhitng té bao c¢6 pham vi 1én dén 30 km thi
c6 mot su giam nhe cho phép vé luu luong nguoi ding va hiéu suat pho thi lai giam
mét cach dang ké hon nhung van c6 thé chap nhin dugc. Tuy nhién, yéu cau vé do
di dong van duoc dap tng. Khi ma pham vi té bao 1én dén 100 km thi khong thay c6
dic tinh ki thuat vé yéu cau hiéu suat nao dugc néi rd trong truong hop nay.

Cubi cung, nhitng yéu ciu MBMS nang cao x4c dinh ca hai ché do: Broadcast
(Quang ba Broadcast 1a thuat ngit duoc st dung dé mé ta cach thac truyén tin duoc

giri tir mot diém dén tat ca cac diém khac. Trong trudng hop nay, c6 mot nguon giri
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nhung thong tin duoc gui dén tit ca cac ngudn nhan trong cing mot két ndi) va
unicast (Unicast 1a 1 thuat ngit dugc sir dung dé mo ta cach thic truyén tin duoc giri
tir 1 diém dén 1 diém khac. Nhin chung, LTE s& cung cap dich vu tét hon so Vi
nhitng gi ¢6 trong phién ban 6. Yéu cau d6i véi truong hop broadcast 1a hiéu suat
phd 1 bit/s/Hz, twong ¢ng véi khoang 16 kénh TV di dong bang cach sir dung
khoang 300 kbit/s trong mdi phan bd phé tan 5 Mhz. Hon nita, nd c6 thé cung cap
dich vu MBMS véi chi mét dich vu trén mét song mang, ciing nhu 1 két hop cac
dich vu non - MBMS khac. Va nhu vay thi dwong nhién dac tinh ki thuat cua LTE
¢6 kha ning cung cap ddng thoi ca dich vu thoai va dich vu MBMS.

Néi chung, nang lyc phuc vu cua hé théng 4G duoc thé hién véi nhimg tinh
nang nhu nang lyc phuc vu user (it nhat 200 nguoi dung/cell (SMHz), 1én t6i 400
ngudi ding/cell), tinh di dong cao (t6i wu 0-15 km/hr, vin dam bao hiéu suat 15-
120 km/hr, dap tng 1én t&i 120-350 km/hr).

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

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

- Kién trac LTE RAN phai dya trén géi, tuy vay luu lugng 16p thoai va thoi
gian thuc van duoc ho tro.

- Kién trac LTE RAN c6 thé téi thiéu hoa sy hién dién cua “nhitng hu hong
cuc bd” ma khong can ting chi phi cho dudng truyén.

- Kién tric LTE RAN c¢6 thé don gian hoa va tdi thiéu hoa s6 luong giao tiép
da duoc gidi thiéu.

1.2.4. Quan ly tai nguyén vé 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 céac

cong nghé truy cap vo tuyén khac nhau. Cu thé:
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- Hb tro ning cao cho QoS end to end: Yéu cau mot “dich vu phdi hop cai
tién” va cac yéu ciu vé giao thizc (bao ham ca Iép bao hiéu cao hon) cho céc tai
nguyén vo tuyén RAN va cic dic tinh RAN.

- Hb tro hiéu qua cho truyén din & 16p cao hon: yéu cau rang LTE RAN phai
cung cép cac co ché hd tro truyén dan va khai thac hiéu qua cac giao thirc 16p cao
hon trén giao dién vé tuyén.

- H0 tro cho viéc chia sé tai cling nhur quan 1i chinh sach thong qua cac cong
nghé truy cap vo tuyén khac nhau: Yéu cdu xem xét cac co ché lya chon lai dé
huéng dan cac dau cudi di dong chuyén téi cac cong nghé truy cap vo tuyén twong
ing trong qua trinh chuyén giao giira cac cong.

Ngoai ra LTE ciing yéu cau vé do phic tap va nhitng van dé chung. Cu thé la:

- Do phirc tap: LTE bén canh phai théa man cac hiéu niang yéu cau, d6 phuc
tap cling phai dugc giam thiéu dé on dinh hé thong va tuong tic véi cac giai don
truéc. No cling cho phép giam gia thanh thiét bi dau cudi va UTRAN. Céc yéu cau
d6i v6i LTE phai giam mitc d6 phuc tap cia UTRA UE lién quan dén kich thudc,
trong luong va dung luong acqui (ché do chd va ché do tich cuc) va céc trang thai
UE don gian so v6i UMTS nhung van dam bao céac dich vu tién tién cua LTE.

- Nhiing van dé chung: D¢ 1a nhiing khia canh lién quan dén chi phi va dich
vu. RG rang, mong mudn dit ra 1a giam thiéu cac chi phi trong khi van duy tri hiéu
suat yéu cau cho tat cac dich vu. Cac van dé vé duong truyén, hoat dong va bao
dudng ciing lién quan dén yéu t cac dich vu va yéu t6 chi phi. Nhu vay khong chi
giao tiép vo tuyén ma viéc truyen tai dén cac tram gdc va hé théng quan 1y ciing
phai dugc xac dinh rd. Mot yéu cau quan trong vé giao tiép nhiéu nha cung cap

cling thudc vao loai yéu cu nay.
1.3. Cac thong s6 16p vat 1y cia LTE Advanced

Céc thong s6 16p vat 1y cua LTE Advanced va toc do dinh caa LTE theo 16p
duoc thé hién chi tiét tai bang 1.4 va 1.5 dudi day.
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Bang 1.4: Cac thong s6 16p vat Iy LTE

Khoang cach sobng mang con 15 KHz
Chidu dai cp | N9an 47 ps
dai 16,7 us
Diéu ché QPSK, 16QAM, 64QAM
A o 1 16p cho UL/UELén dén 4 16p cho DL/UESir
Ghép kénh khong gian dung MU-MIMO cho UL va DL
K thut truy ca UL DTFS-OFDM (SC-FDMA)
yiuat iy &ap =g OFDMA
Bine thon 1,4MHz; 3MHz; 5MHz; 10MHz; 15MHz;
ang thong 20MHz.
TTI t6i thiéu 1ms
Bang 1.5: Toc d§ dinh ciia LTE theo 16p
Lop 1 2 3 4 5
Téc do dinh DL | 10 50 100 150 500
Mbps UL 5 25 50 50 75
Dung luong cho céac chirc nang 16p vat 1y
Bang thong RF 20MHz
N DL | QPSK, 16QAM, 64QAM
Diéu ch PSK,16QAM, 64QAM
et ehe UL QPSK, 160AM QPSK,16QAM, 64Q

LTE s& hd trg toc do dinh tac thoi ting dang ké. Toe do nay dugc dinh c&

tiy theo kich thudc cua pho duoc an dinh. LTE s& dam bao toc do s6 liéu dinh tuc

thoi dudong xudng 1én dén 100Mbit/s khi bang thong duoc cip phéat cuc dai 1a
20MHz (5bps/Hz) va toc d6 dinh duong 1én 50 Mbit/s khi bang thong duoc cp phat
cuc dai 1a 20MHz (2,5bps/Hz). Bing thong LTE duoc cap phat linh hoat tir 1,25
MHz 1én dén 20 MHz (gap bon lan bang thong 3G-UMTS). Luu ¥ rang toc d6 dinh

c6 thé phu thudc vao sé luong anten phat va anten thu tai UE. Cac muc tiéu vé toc

d6 s6 liéu dinh noi trén duoc dic ta trong UE tham chuan gom: (1) kha ning dudng

xudng véi hai anten tai UE, (2) kha niang duong 1én véi mot anten tai UE. Trong

truong hop phd duoc dung chung cho ca dudng 1én va duong xudng, LTE khong

phai hd tro toc d6 so lidu dinh duong xudng va dudng 1én néi trén dong thoi.
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1.3.1. Dich vu trén nén LTE Advanced

Qua viéc két ndi duong truyén tdc do cao, biang thong linh hoat, hiéu suat phd
cao va giam thoi gian tré goi, LTE htra hen s& cung cap nhiéu dich vu da dang hon.

Déi v6i khach hang 13 cé thé, s& co thém nhiéu tng dung vé dong dit liéu 16n,
tai vé va chia sé vide, nhac va ndi dung da phuong tién. Tat ca cac dich vu s& can
lwu lwong I6n hon dé dap ung du chat lwong dich vu, dic biét 1a mong doi cua
ngudi dung vé duong truyén TV d6 16 nét cao. Pi voi khach hang 14 doanh nghiép,
truyén cac tap tin lon vai tbe do cao, chit lwong video hoi nghi tét, ...

Dua theo su dam bao vé thuong mai, moi &ng dung thoi gian thuc nhu game
da ngudi choi va chia sé tap tin déu dugc dap ung. Bang 1.6 dudi day s& mé ta chi
tiét hon vé cac dich vy ciia mang di dong 3G trudc day va mang 4G/LTE sap ti.

Bang 1.6: So sanh dich vu ctia 3G va LTE

Dich vu MGéi trwong 3G Moi trwong 4G (LTE)
Thoali Am thanh thoi gian thuc VolP, video hoi nghi chat lwong cao
Tin nhan | SMS, MMS, cac email uwu | Céc tin nhan photo, IM, email di dong,
P2F tién thap tin nhan video

Truy cap dén cac dich vu
Luét web | truc tuyén, trinh duyét WAP
thong qua GPRS, mang 3G

Duyét si€u nhanh, tai cac ndi dung 1én

cac mang xa hoi

A . | Nguoi dung trd qua mang ) P .
Thong tin o A . . .| Tap tri truc tuyén, dong am thanh chat
. | cudc tinh chuan. Chu yéu la
cudc phi T lugng cao
dya trén thong tin van ban

Chu yeéu 1a am thanh | . . L. -
o A . . .| Am thanh thuc (thu am géc tor nguoi
Riéng tu | chudng, cling bao gdbm man o o
. L . nghg¢ si), cac trang web ca nhan
hinh ch¢ va nhac cho

Game tryc tuyén vitng chac qua ca

Games Tai vé va choi truc tuyén PR -

mang co dinh va mang di dong
Video/TV Cac dich vu quang ba TV, Tivi theo
theo yeéu | Chay va co thé tai video dung yéu cau dong video chat luong

cau cao
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Tai day du cac track va cac oo p
Nhac ) . Luu trir va tai nhac chat lugng cao
dich vu 4&m thanh

Tin nhin dong cap sir dung | Phan phdi ty 1& rong cua cac video,

Noi dung ‘ S o . :
in nhén ba thanh phan cling nhu | clip, dich vu karaoke, video co ban
a
tuong tac véi media khac quang cao di dong
Mcomerce

o , _ | Dién thoai cam tay nhu thiét bi thanh
(thuong Thyuc hién cac giao dich va| | o T ,

i , _ | todn, V61 cac chi tiét thanh toan qua
mai  qua | thanh toan qua mang di
dien dong

thoai)

mang téc do cao dé cho phép cac giao
dich thuc hién nhanh chong

Mang dir | Truy cap dén cac mang nodi | Chuyén doi file P2P, cac tng dung kinh
ligu di | b9, co s& dir ligu cling nhu | doanh, ng dung chia sé, thong tin
dong cach sir dung cac ing dung | M2M, di dong intranet/extranet

1.3.2. Tinh hinh trién khai 4G tai Vi¢t Nam

Ngay tir nim 2010, B6 TT&TT [12] da cap gidy phép thir nghiém LTE cho 5
nha khai thac bao g@)m: VNPT, Viettel, FPT Telecom, CMC va VTC. Trong do,
VNPT la don vi dau tién thir nghiém LTE, hoan thanh lip dat tram LTE dau tién
vao ngay 10/10/2010 cho phép truy cap Internet toc do 1a 60 Mbps, sau d6 mé rong
lip dat 15 tram trén dia ban Ha Noi. Tiép do, Viettel ciing da thir nghiém LTE & Ha
Noi va Hd Chi Minh véi sb luong ldp dat mdi dia ban 1a 40 tram phat song.

Tai Viét Nam, 4G duoc danh gia 1a thoi diém phat trién manh mé trong 2 nim
tro lai day. Véi tée do két ndi dir liéu ting, cac dich vu Internet truyén théng nhanh
chong dich chuyén, cin ban dap tng nhu cau ngudi ding moi lac, moi noi. TNng
két cua Bo TT&TT cho thiy 4G da tao diéu kién thuan loi thuc dy phat trién cac
dich vu gia tri gia ting cac dich vu ndi dung sb, cac dich vu IoT, dich vu truyén
hinh, nghe nhin truc tuyén, giao dich dién tir, throng mai dién t&r, mang xa hoi...
phat trién nhanh chong c6 sy dong gop cia 4G.

Tinh t61 thang 8/2017, hon 80.000 tram thu phat song 4G da va dang duoc

trién khai nham muc tiéu phu séng 4G trén toan bo lanh thd Viét Nam, dong thoi
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trién khai nhiéu géi cudc hap din c6 gia tham chi ré hon mang 3G truyén théng,
huéng dén mot tuong lai tit ca nguoi dung chuyén sang str dung mang 4G, va tham
chi 1a 5G trong nhitng nam tai.

Theo ké hoach, Viettel s& bo sung thém gan 10.000 tram BTS 4G trén bing
tan 2100MHz vira duoc B TT&TT cép phép cho 15 tinh/thanh phé 16n, ¢6 nhu cau
su dung data cao nhu: Ha Noi, TPHCM, ba Nang, Hai Phong, Quang Ninh... Thoi
gian lap dit va dy kién hoan thanh toan bo trong Quy 11/2019.

Ciing trong thoi gian ndy, Viettel dang tién hanh giai phong cac thué bao 2G
ra khoi bang tin 1800MHz, danh toan bd bing tin nay cho cho mang 4G. Khi hoan
tat, dung luong toan mang 4G téc do cao cua Viettel ting thém 25% so voi hién tai
vi khong phai chia sé voi mang 2G. Viettel tro thanh nha mang duy nhat tai Viét
Nam trién khai mang 4G trén ca bang tan 1800MHz va 2100MHz.

Ong Lé Van Tuén, Cuc truong Cuc Tan sé vo tuyén dién danh gid, trong khi
2G va 3G dang da suy giam, du bdo trong giai doan 2019 - 2024, 4G van dong vai
tro dan dat. Theo sé liéu théng ké thang 5/2018, Viét Nam c6 trén 123 triéu thué
bao di dong, trong d6 khoang 20,8 tri¢u thué bao 4G, chiém 40% tong sé 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, ude tinh murc d6 tiéu dung dir liéu 4G sé tang 9 1an.

Trong nam 2019, B6 TT&TT tich cuc thdo g& cac kho khin dé cap phép bing
tan bo sung cho 4G. Theo d6, bang tan 2.6 GHz FDD, véi lgi thé 16n vé moi mat
duoc lva chon dé cap phép bd sung cho 4G. Mot s don vi chire ning lién quan cta
Bo TT&TT ciing dang xay dung 19 trinh loai bo cac cong nghé di dong thé hé cil,
quy hoach lai tai nguyén phuc vu cho viéc trién khai cac cong nghé méi. Theo do,
Cuc Vién thong s& phdi hop cung cac doanh nghiép di dong danh gia wu nhuoc
diém va tac dong cua viéc tat song 3G hodc 2G dé giai phong bang chuyén sang
dung cho 4G bao cdo Bo TT&TT dé c6 thé tuyén bd ké hoach tat song 3G hoic 2G
trong thoi gian sém nhat. Vé van dé nay, 6ng Pham Puc Long, Tong Giam déc

VNPT chia sé, don vi ndy dang tiép tuc thuc hién qui hoach va phat trién mang 4G,
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v6i muc tiéu nang cao trai nghiém khach hang, vira tiép tuc trién khai mang 4G trén
cong nghé tién tién LTE-Advanced Pro cho phép gdp céc bang tan cua 4G dé ting
toc tdi da trén cac bang tan 4G gom c6 1800Mhz, 2100Mhz, 2600Mhz sau khi dwoc
Bo TT&TT cép phép.

Hang Ericsson vira cong bd ban bao cdo di dong thang 6/2019 cla hing
(Ericsson Mobility Report), cho thdy dung luong dir liéu mdi thang trén mdi may
smartphone s€ tang tir 3,6GB 1én t6i 17GB vai ty 1€ tang truong CAGR 1a 29% tal
Pong Nam A va chau Pai Duong. Nguyén nhén 13 do sb luong thué bao 4G LTE
tang manh, va ngudi dung tré tudi thay doi théi quen xem video trén di dong. 4G
LTE tiép tuc la cong nghé truy cap chiém uu thé nhat dén nam 2024 trong khu vyc,
1.4. Két luan chwong

Trong chuong 1 luan vin di di sau vao nghién ctru, tim hiéu va giéi thiéu téng
quan mang 4G/LTE bao gém muc tiéu thiét ké, tiém ning cong nghé, hiéu suat hé
thdng, cac thong sb 16p vat 1y, dich vu caa LTE, va tinh hinh trién khai mang di
dong 4G tai Viét Nam. Nhitng noi dung nghién ctu ciing cho thiy rang duwa trén
cong nghé 4G/LTE véi nhitng dic tinh noi troi nhu toc do, bang thong,... cac doanh
nghiép vién thong tai Viét Nam d3 va dang tap trung nghién ctu, trién khai rong rai
trén ca nudc va day chinh 1a tién dé, nén tang cho viéc trién khai cac dich vu data,
video cua cac nha mang, dap wng nhu cau str dung dich vu ngay cang cao cta khach

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

2.1. Ciu tric mang 4G

LTE duoc thiét ké dé hd trg cho cac dich vu chuyén mach géi, ddi lap voi

chuyén mach kénh truyén théng. N6 huéng dén cung cp cac két ndi IP giira cac
UE (User Equipment) va PDN (Packet Data Network), ma khong c6 bat ki sy ngat

quing nao ddéi véi nhitng tng dung cua ngudi dung trong subt qua trinh di

chuyén. Hinh 2.1 duéi day s& mé ta chi tiét cau trac co ban cua 4G/LTE [1].

i

—== (" LTE

UE

EPC
E-UTRAN Serving PDN
Yl GW GW
eNodeB
MME HSS

Extrnal
netwrks

= = = Control plane

Hinh 2.1: C4u trac co ban cia LTE
Chtic ning cua thiét bi nguoi st dung UE bao gom:

User plane

e Chuta USIM (Universal Subscriber Identity Module) la thé nhd thong

minh st dung trén dién thoai di dong, luu trir nhitng thong tin nhu sb dién

thoai, ma s mang di dong, sé PIN, sb dién thoai ca nhin va cac thong tin

can thiét khac khi str dung dién thoai.

e H0 tro cac dich vu va ung dung.

e Man hinh v6 tuyén va van hanh chuyén tai téi kénh phat trién nodeB.

e Hb tro cac giao dién dudng 1én LTE va dudng xudng giao tiép khong khi.

Mang truy nhap vo tuyén E-UTRAN: Mac du UMTS, HSDPA va HSUPA

cung cac phién ban phat trién cia chung di cothé cung cap truyén tai di lidu voi toe

d6 cao, s dung dir liéu khong day. Tuy nhién do nhu cau cia cac dich vy va noi
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dung trén dudng truyén doi hoi cac nha mang phai c6 tdcdd nhanh hon nhung lai
phai giam chi phi cho nguoi sir dung tai dau cudi. Do dé6 3GPP da phat trién mot
giao dién vo tuyén méi dé dap ung cac nhu cau nay. E-UTRAN (Evolved UMTS
Terrestrial Radio Access) di ra doi va 1a phién ban nang c4p cua giao dién vo tuyén
cho cac mang di dong.
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 1a
viéc dua ra cong nghé HSPA (High Speed Packet Access: Da truy nhip goi toe do
cao) va LTE (Long term Evolution: Phét trién dai han) cho phan vo tuyén va SAE

(System Architecture Evolution: phat trién kién trac hé thong) cho phan mang.

LTE khong chi dé cap ti su tién trién cua viéc truy cap vo tuyén thong qua E-
UTRAN (Evolved-UTRAN), né con dugc két hop cing voi cac phuong dién cai
tién “khong vo tuyén” dudi thuat ngit SAE bao gom mang 15i goi cai tién EPC
(Evolved Packet Core) [4]. LTE cung voi SAE tao thanh hé théng goi cai tién EPS
(Evolved Packet System). Chinh cach tiép can méi vé mang 16i ma mang SAE
mang lai mét s6 thay ddi 16n va cho phép truyén dix liéu hiéu qua hon véi toe do dir

liéu cao hon.

UMTS 3G: UTRAN EPC (Evolved Packet Core)

eNB eNB
L) L
\gl ‘é
o eNB eNB

NB: NodeB (base station)
3 Network Cont

RNC: R

*3GPP TS 36.300
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Hinh 2.2: Su chuyén dbi trong ciu trac mang tir UTRAN sang E-UTRAN
Hinh 2.2 cho thay cac thanh phan chinh cia mot mang 16i va mang truy nhap

v6 tuyén LTE. So sanh v6i UMTS, mang vo tuyén it phirc tap hon. Muyc dich chinh
cua LTE la téi thiéu hoa sé Node. Vi vy, ngudi ta dd quyét dinh rang cac RNC nén
dugc g& bo, va chirc ning cua ching di duoc chuyén mot phan sang cac tram co sé
va mot phan sang nit Gateway cua mang 16i. Dé phan biét véi cac tram co s&
UMTS, céac tram co sé cua LTE dugc goi 1a Enhanced NodeB (eNodeB). Baoi vi
khong con phan tir diéu khién & trung wong trong mang vo tuyén nita nén gid day
cac tram co s thuc hién chitc nang quan 1i dit liéu truyén tai mot cach tu lap, va
bao dam chét luong dich vu. Tuy nhién ciac RNC van diéu khién cac kénh truyén tai
danh cho dich vu thoai chuyén kénh.

Mot trong nhitng thay doi 16n nhat trong kién tric mang LTE la trong khu vuc
mang 15i chi sir dung mot phuong thirc chuyén mach duy nhat d6 1a chuyén mach
6i. Kién triic ciia mang 186i EPC huéng téi 1a mot kién trac don gian, mét kién trac
all — IP cung véi viéc phan chia luu luong theo cac mat phang diéu khién va mat
phang ngudi st dung, hd tro tdc do cao hon va tré nhd hon nhung lai giam dugc chi

phi. Cac thanh phan ciia mang 161 EPC [2] bao gom:

Cong phuc vu (Serving Gateway S — GW)

La mot node két thuc trong giao dién huéng toi E-UTRAN, chiic ning cua S-
GW 1a quan 1y cac duong ham va viéc chuyén mach trén mat phang nguoi sir dung.
N6 dugc xem nhu mét tram di dong dia phuong dé cung cip cac thong bao di liéu
khi UE di chuyén gitta cac Node B (eNB) né ciing cung cap cac tram di dong dé két
ndi lién mang véi cac ki thuat khac ciia 3GPP nhu GPRS va UMTS. Ngoai ra, cong
nay c6 nhiém vuy giit thong tin vé cac thong bao khi UE trong tinh trang rdi va lam
bo dém tam thoi cho dir liéu huéng xudng trong khi MME bit dau nhian tin thong
bao thiét 1ap lai dén UE. Khi cac UE ¢ trang thai rdi, S-GW két thiic duong di liéu
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Dowlink va kich hoat tim goi khi dix liéu Dowlink chuyén ti UE. T4t ca cac goi IP
ngudi ding duoc chuyén di thong qua S-GW (dinh tuyén va chuyén tiép goi tin).

Cong mang dir liéu goi P-GW (Packet Data Network — Gateway)

P-GW 1a cac bo dinh tuyén bién giita EPS va cac mang chuyén mach goi khéc.
N6 cung cap két ndi cho UE t6i cac mang dir liéu goi bén ngoai tai cac diém vao ra
cua luu luong cho UE, mot UE c6 thé dong thoi két ndi véi nhiéu hon mot P-GW.
Chtric nang chinh cua n6 la:

e Chiu trach nhiém dinh vi dia chi IP cho UE

e Ho tro tinh cudc

e Loc goi cho mdi ngudi dung (per — user packet)

e Cung cap kha ning két ndi bao mat giira cac UE duoc két ndi tir mot mang
truy cap khong tin cay

Trong truong hop UE mudn cdu hinh dija chi sau khi link layer duoc két néi.
P-GW bao gém ca PCEF (Policy and Charging Enforcement Function), diéu nay
c6 nghia 1a P-GW thuc hién cac chirc nang chon va loc Iuu luong theo céac chinh
sach duoc thiét 1ap cho UE va cac dich vu theo yéu cau, P-GW sé& thu thap va bao
c4o cac thong tin lién quan tdi viée tinh cudce. Luu luong trén mit phing ngudi st
dung gitra P-GW va cac mang ngoai s€ dugc dinh dang theo cac goi tin IP va di
theo cac ludng dich vu IP khac nhau [1].

Thuc thé qudn 1y tinh di dong MME (Mobility Management Entity)

Thyuc thé quan 1y tinh di dong MME 1a thanh phan diéu khién chinh trong
mang 161 EPC. Thong thuong MME la cac may cha dugc dat tai mot vi tri an toan
ctia nha cung cap. MME chi hoat dong trén mit phang diéu khién va khong tham
gia vao viéc truyén dit liéu trén miat phang ngudi sir dung. Trong kién trac cua LTE,
khong ¢6 cac giao dién két ndi truc tiép tir MME téi UE tuy nhién MME c¢6 mot két
ndi logic tryuc tiép téi UE trén mit phang diéu khién, két néi nay duoc st dung nhu

mot kénh diéu khién chinh giira UE va mang. Chirc nang chinh cia MME bao gom:
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- MME cung cap chirc ning chuyén dbi tinh lwu dong gitta LTE va mang truy
nhap 2G/3G.

- Trang thai UE rdi — Idle theo d&i va kha ning lién lac (bao gom diéu khién
va thuc hién cac chuyén tiép tim goi).

- Chiu trach nhiém quan 1y ho so thué bao va dich vu két ndi: Tai thoi diém
moét UE ding ky vao mang, MME c6 trach nhiém lay hd so thué bao tir mang chu
thué bao thudng tra HSS va luu trir thong tin ndy trong sudt thoi gian phuc vu UE.
N6 ciing ghi lai vi tri cua nguoi sir dung dbi vé6i cac nit diéu khién mang ma ngudi
st dung da két ndi tai.

- MME 1a diém cubi cing trong mang dé thuc hién viéc xac thuc va bao mat:
Khi mot UE ding ky vao mang lan dau tién, MME sé& thuc hién viéc khoi tao viéc
xéc thuc theo cac budc sau: Pau tien MME s& tim kiém dinh danh thuong tra cua
UE tir cac mang khac hoic tir chinh UE, sau d6 yéu cau tir may chi quan 1y thué
bao thuong tri trong mang chu cua UE cac vector xac thuc ¢o chira cac cap tham sb
xéac thuc c¢6 dang yéu cau — dap Gng; giri cac yéu cau téi UE va so sanh dap ¢ng
nhan duoc tir UE véi mot dap ang nhan duoc tir mang chu. Chirc ning nay 1a can
thiét dé dam bao rang UE dung 1a thiét bi ma MME dang can xé4c thuc. MME c6 thé
lap lai viéc xac thuc khi can hodc theo cac chu ky. MME s& tinh toan dé tao ra céac
khoa ma hoa va khda bao vé toan ven tir cac khoda chinh nhan dugc trong cac vector
xac thuc caa mang chu, va né sé diéu khién cac thiét 1ap lién quan trong mang truy
nhap vo tuyén E-UTRAN cho cic mit phing diéu khién va mit phing nguoi sir
dung mot cach riéng biét. Bé bao vé sy riéng tu cua UE, MME sé& cung cap cho mdi
UE mét dinh danh tam thoi Globally UniqueTemporary Identity (GUTI), diéu nay
giup cho viéc gui cac dinh danh thuong tra cia UE—International Mobile Subscriber
Identity (IMSI) trén giao dién vo tuyén duogc téi thiéu hoa. Cac dinh danh GUTI c¢6
thé duoc cap lai theo dinh ky dé ngan chan viéc theo ddi UE khong dugc xéac thuc.

Chitc nang chinh sach va quy dinh tinh phi PCRF (Policy and charing rules

Function)
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PCRF la nat phan mém duoc chi dinh trong thoi gian thuc dé xac dinh cac quy
tic chinh sach trong mot mang da phuong tién. N6 tao ra giao dién véi cac chuc
ning ung dung nhu proxy — chtrc ning diéu khién cudc goi hodc cac tng dung
chinh sach kich hoat khac.

Trong thoi gian thuc, hd trg Viéc tao ra cac quy tic va sau d6 ty dong dua ra
quyét dinh chinh sach cho mdi thué bao dang hoat dong trén mang. Mot mang luéi
nhu vy c6 thé cung cap nhiéu dich vy, chét luong dich vu (QoS) cip va cac quy tic
tinh cudc.

May chu Quan ly thué bao thuong tru (Home Subscriber Server HSS)

HSS 13 mét trung tam luu trit dir liéu caa thué bao cho tit ca dit liéu cua nguoi
dung. No 1a co so dir ligu chu trong trung tam cua nha khai thac, c6 chirc chinh la:

- Luu gitt va bao mat moi thong tin lién quan dén nguoi st dung

- Vector xac thuc va khoa bao mat cho méi UE

- bia chi cta don vi phuc vu quan 1y di dong hién nay (MME)

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

Kién trac 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. Kién tric
d6 duoc chi ra trén hinh 2.3 va 2.4.
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Hinh 2.5: Giao thtc UTRAN

NAS IP
Mon Access Stratum Internet Protocol
RRC
Radio Resources Control

[ PDCP ]

Packet Data Convergence Protocol

L2 & 3 [ RLC )
Radio Link Control

]
Logical tI:hannels

MAC ‘

Medium Access Control )

Configuration
& Measurements

Transport channels

EUTRAN

related Physical Layer (L1)
protocols

I
Physical channels
|

Hinh 2.6: Giao thirc E-UTRAN
Giao thuc E-UTRAN phat trién thém cuia UTRAN bang cach thém L1 va

MAC méi. Chirc ning caa MAC (Medium Access Control) bao gom:

- Lap biéu

- biéu khién wu tién

- Ghép nhiéu kénh logic khac nhau trén mot kénh truyén don RLC, ciing nhu
trong WCDMA c6 chirc nang truyén lai trong truong hop giao nhan & cac 16p thap
(MAC, L1) bi héng ciing nhu trong trudng hop & ché d6 ACK cia RLC § UTRAN

- Phan doan dé phu hop cho cac giao thitc don vi dir liéu

- Cung cép cac kénh vat 1y cho cac 16p cao hon
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2.2. Cac kénh trén giao dién vo tuyén 4G
2.2.1. Kénh logic

Kénh logic trong giao dién vo tuyén 4G duoc dinh nghia boi thong tin nd
mang bao gém:

- Kénh diéu khién quang ba (BCCH): Puoc sir dung dé truyén thong tin diéu
khién hé théng tir mang dén tat ca may di dong trong cell. Trudc khi truy cap hé
thdng, dau cudi di dong phai doc thong tin phat trén BCCH dé biét dugc hé thong
duoc lap cu hinh nhu thé ndo, vi du nhu bang thong hé théng.

- Kénh diéu khién tim goi (PCCH): Puoc st dung dé tim goi cac dau cubi di
dong vi mang khong thé biét duoc vi tri ctia chiing ¢ cap do 6 va vi thé can phat cac
ban tin tim goi trong nhiéu 6 (ving dinh vi).

- Kénh diéu khién riéng (DCCH): Puoc st dung dé truyén thong tin diéu
khién toi/tlr mot dau cudi di dong. Kénh nay duoc sir dung cho cdu hinh riéng cua
cac dau cudi di dong nhu cac ban tin chuyén giao khac nhau.

- Kénh luu luong riéng (DTCH): Puoc st dung dé truyén sb liéu cia ngudi sir
dung dén/tr mot dau cudi di dong. Pay 1a kiéu logic dugc sir dung dé truyén tat ca
s6 lidu dudng 1én va s6 lidu dudng xudng cua ngudi dung khong phai MBMS.

- Kénh luu luong da phuong (MTCH): Puogc st dung dé phat cac dich vu
MBMS.

2.2.2. Kénh truyén tdi
Kénh truyén tai trong mang thong tin di dong 4G, bao gém cac kénh sau:

- Kénh quang ba (BCH): C6 khudn dang truyén tai c6 dinh do chuan cung cap.
N6 duoc sir dung dé phat thong tin trén kénh logic.

- Kénh tim goi (PCH): Pugc s dung dé phat thong tin tim goi trén kénh
PCCH, PCH hd tro thu khong lién tuc (DRX) dé cho phép dau cudi tiét kiém cong
suat ac quy bang cach tat va chi mé dé thu PCH tai cac thoi diém quy dinh trudc.

- Keénh chia s¢ duong xudng (DL-SCH): La kénh truyén tai dé phat so lidu
duong xudng trong LTE. N6 hd tro cac chirc ning ciia LTE nhu thich wng toc do
dong va 1ap biéu phu thudc kénh trong mién thoi gian va mién tan sb. N6 ciing hd
trg DRX dé giam tiéu thu cong suat cta dau cudi di dong ma van dam bao cam giac
ludn két ndi gidng nhu co ché CPC trong HAS.
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- Kénh da phuong (MCH): Pugc sir dung dé hd trg MBMS. N6 duoc dic
trung boi khudn dang truyén tai ban tinh va 1ap bieu ban tinh.
2.2.3. Kénh vat ly

Céc kénh vat 1y sir dung cho dir liéu nguoi dung bao gdom:

- Kénh vét 1y chia sé duong xudng (PDSCH_Physical Downlink Shared
Chanel): Phu tai c6 ich (payload)

- Kénh vt 1y diéu khién duong xudng (PDCCH_ Physical Downlink Control
Chanel): Lap biéu, ACK/NAK

- Kénh vat Iy quang ba (PBCH_ Physical Broadcast Chanel): Mang cac thong
tin dac trung cua cell.

- Kénh vat 1y chia s¢ duong 1én (PUSCH__ Physical Uplink Shared Chanel):
Pugc dung dé mang dir li¢u nguoi dung. Cac tai nguyén cho PUSCH duoc chi dinh
trén mot subframe co ban baéi viéc 1ap biéu duong 1én. Cac song mang dugc chi
dinh 13 12 khéi tai nguyén (RB) va c6 thé nhay tir subframe nay dén subframe khac.
PUSCH c6 thé dung cac kiéu diéu ché QPSK, 16QAM, 64QAM.

- Kénh vat ly diéu khién duong 1én (PUCCH_Physical Uplink Control
Channel): C6 chirc nang 1ap biéu, ACK/NAK.

2.3. Kién tric giao thirc 4G

O 4G/LTE chuc ning ciia RLC di dugc chuyén vao eNodeB, ciing nhu chirc
ning ctia PDCP véi ma hoa va chén tiéu dé. Vi viy, cac giao tirc lién quan cua lop
v6 tuyén dugc chia trude ddy & UTRAN la giita NodeB va RNC bay gio chuyén
thanh gitta UE va eNodeB.

Cung mdt myc dich nhu E_UTRAN, s node trong EPC d3 duoc giam. EPC
chia ludng dit liéu nguoi dung thanh mit phang nguoi sir dung va miat phang diéu
khién. M&i node cu thé duoc dinh nghia cho mdi mat phing cong véi Gateway
chung két néi mang LTE véi Internet va nhitng hé thong khac.

2.3.1. Mt phing ngwoi siv dung, UP

Mot goi IP ctia UE duge dong géi trong mot EPC- giao thic va duong ham cu
thé gitra P-GW va eNodeB dé truyén dén UE. Céc giao thirc xuyén ham khac nhau
duge dung véi cac duong giao tiép khac nhau. Mot giao thirc xuyén ham trong
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3GPP goi 1a giao thirc xuyén him GPRS (GPRS Tunnelling Protocol) dugc st dung
trong cac dudng giao tiép cua mang 15i, S1 va S5/S8. Giao thirc mat phang nguoi
diung E-UTRAN ¢6 mau xam nhu hinh 2.7, bao gém cac 16p con PDCP (Packet
Data Convergence Protocol), RLC (Radio Link Control) va MAC (Medium Access
Control).

GTP-U GTP-U

LTE- Uu .U 85/34 el
&

Hinh 2.7: Ngin xép giao thirc mat phang nguoi dung cua E-UTRAN
Diéu khién dit liéu trong sudt qua trinh chuyén giao: Do thiéu Node diéu khién
trung tam, viéc dém dit liéu trong suét qua rinh chuyén giao phu thudc vao tinh di
dong nguoi dung trong sudt qua trinh chuyén giao phai duoc thuc hién bsi chinh
eNodeB. PDCP chiu trach nhiém bao vé dit liéu trong sudt qué trinh chuyén giao.
Ca hai 16p RLC va MAC bit dau lai tir dau trong mot cell méi sau khi chuyén giao.

2.3.2. Mt phéng diéu khién, CP

NAS

S1- AP

SCTP

IP

L2

L1

S1- MME
UE LTE- Uu ghodaB MME

Hinh 2.8: Ngin xép giao thirc mit phang nguoi diéu khién cia E-UTRAN
Ving mau xam chi ra cac giao thirc tang truy cap. Cac 16p thip hon hoat dong
V6i cung chirc ning nhu bén mit phang nguoi dung, chi khac ¢ chd 1a khéng nén
Header. Giao thitc RRC duoc biét dén nhu giao thirc 16p 3 trong tang truy cap. N6
¢6 chirc ning didu khién chinh trong tang truy cap, chiu trach nhiém thiét lap cac
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thong bio v6 tuyén va cu hinh tit ca cac 16p thip hon st dung bao hiéu RRC giira
eNodeB va UE.

2.4. Chuyén giao

Chuyén giao 1a phuong tién can thiét dé thué bao co thé di chuyén trong mang.
Khi thué bao chuyén dong tir viing phu séng ctia 6 nay sang mot 6 khac thi két ndi
v6i 6 mai phai duoc thiét 1ap va két ndi voi 6 cii phai dugc hay bo.

2.4.1. Muc dich chuyén giao

Ly do co ban cua chuyén giao 1a két ndi vo tuyén khong thoa mian mét bo tiéu
chuan nhit dinh va do d6 hoic UE hoiac UTRAN sé thuc hién cac cong viée dé cai
thien két ndi do.

Hé thdng da truy nhap theo ma bang rong WCDMA (Wideband Code Division
Multiple Access) str dung chuyén giao mém cho ca duong 1én va duong xubng. Hé
théng truy nhap géi toc do cao HSPA (High Speed Packet Access) sir dung chuyén
giao mém cho dudng 1én nhung khéng sir dung cho duong xudng. O hé théng LTE,
khong sir dung phan mém chuyén giao mém, chi c6 chuyén giao cimg, do d6 hé
thdng tré nén don gian hon.

Trong hé théng trudc, mang 16i quan 1y bd diéu khién mang vo tuyén RNC
(Radio Network Controller), RNC quan ly cac tram BS (Base Station) va BS lai
quan 1y cac UE. Vi thé khi UE chuyén qua ving RNC khac phuc vy, thi mang 16i
chi biét dén RNC dang phuc vu UE. Moi chuyén giao dugc diéu khién boi RNC
Nhung d6i v6i E-UTRAN, mang 15i c6 thé thay moi chuyén giao.
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‘ Cac loa chuyen giao ‘

' '
Chuyén giao bén trong LTE ‘ Chuyén giao véi cac mang khac
Chu;.'éz} giao Chuyén giao . , .
cing thn s Ihic Bn <& UTRAN GERAN

Hinh 2.9: Céc loai chuyén giao
2.4.2. Trinh tw chuyén giao

Chuyén giao cung tan sb (intra-frequency) duogc thuc hién giita cac 6 cell
(Cellular) trong cting mot eNodeB. Chuyén giao khac tan sb (intra-frequency) duoc
thuc hién gitra cac cell thuc cac eNodeB khac nhau.

UE s& thuc hién trén du doan do ludng cong suat thu tin hiéu tham khao RSRP
(Reference Signal Receive Power) va chéat luong thu tin hiéu tham khao RSRQ
(Reference Signal Receive Quality) dua trén tin hiéu tham khao RS (Reference
Signal) nhan duoc tir cell dang phuc vu va tir cell anh hudng manh nhat. Giai thuat
chuyén giao dwa trén gia tri RSRP va RSRQ, chuyén giao duoc thiét lap khi cac
thong sd nay tir cell anh hudng cao hon cell dang phuc vy. Tém lai, V6i cong nghé
mang 4G LTE ta dung cong suét thu tin hiéu tham khao RSRP 14 trung binh cong
Suit cua tit ca cac thanh phéan tai nguyén mang tin hiéu tham khao qua toan bo bing
thong. N6 ¢o thé dugc do luong o tin hiéu OFDM mang tin hiéu tham khao.

Do luong RSRP cung cép cuong do tin hiéu cu thé cua cell. Po ludng nay
duogc str dung 1am ngd vao cho chuyén giao va quyét dinh chon lai cell. Khi thuc
hién do luong dé chuyén giao thi do chénh léch mac RSRP va RSRQ phai ¢ mot
muc chénh 1éch mai quyét dinh chuyén giao. P4i véi 2 cell cung tan s, dd chénh
léch RSRP tir +/- 2 dB dén +/- 3 dB, do chénh léch RSRQ tir +/- 2,5 dén 4 dB. Déi
v6i 2 cell khac tan s6 thi do chénh 1éch RSRP 14 +/- 6 dB, do chénh léch RSRQ tir
+/- 3 dén 4 dB.
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Trinh ty chuyén giao giita hai cell trong LTE thyc hién qua 3 pha nhu sau:

- Pha do luong: UE truyén bao cdo do luong dén eNode B. Trong bao cao nay
la do Iwong cho mot cell dich voi mirc RSRP cao hon cell dang phuc vu.

- Pha quyét dinh: eNodeB ngudn quyét dinh chuyén giao 1a can thiét, khi d6
xac dinh cell dich phu hop va yéu cau truy cip dén eNodeB dich dang diéu khién
cell dich.

- Pha thuc hién: eNodeB dich chap nhan yéu cau chuyén giao va cung cap cho
eNodeB ngudn cac thong sé doi hoi cho UE dé truy cap dén cell dich dé chuyén
giao c6 thé thuc thi cac thong sé d6 bao gom cell ID tan sé séng mang va tai nguyén
chi dinh cho dudng xudng va duong 1én. eNode B ngudn gai mot ban tin “mobility
from E-UTRAN” dén UE. UE nhan duoc ban tin, ngat két ndi vo tuyén véi eNodeB
ngudn va thiét 1ap két néi mai voi eNodeB dich. Trong sudt thoi gian nay, duong
truyén dir liéu bi ngat.

24.3. LTE Advanced da song mang va MIMO siéu cao

Trung tam cia LTE 14 y tuong cua ki thuat da anten, duoc sir dung dé ting
ving phu séng va kha ning cua 16p vat 1y [6]. Cac ché d6, bao gom:

- Pon dau vao don dau ra (SISO): Ché d6 truy nhap kénh vo tuyén don gian
nhat 13 don dau vao don dau ra SISO, trong d6 chi c6 mot anten phat va mgt anten
thu duogc str dung. Pay 1a hinh thic truyén thong miac dinh ké tir khi truyén vo tuyén
bat dau va no 13 co sé dé dya vao do tat ca cac ky thuat da anten duoc so sanh.

- Pon dau vao da dau ra (SIMO): Ché do nay st dung mot may phat va hai
hodc nhiéu may thu. SIMO thuong duoc goi 1a phan tap thu. Ché d6 truy nhap kénh
vo tuyén nay dic biét thich hop cho cac diéu kién tin hiéu nhidu SNR thap. Trong
d6 c6 mot doi loi Iy thuyét co thé dat duoc 1a 3dB khi hai may thu duoc sir dung,
khong c6 thay di vé toc do dit liéu khi chi c6 mot dong dit liéu duoc truyén, nhung
vung phu song ¢ bién dugc cai thién do sy giam cua SNR.

- Pa dau vao don dau ra (MISO): Ché d6 nay su dung tir 2 may phéat va mot
may thu. MISO thuong duoc goi 1a phan tap phat. Cung mot dit liéu dugc guri trén
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c4 hai anten phat nhung véi ché d6 ma hoéa nén may thu chi c6 thé nhan biét ting
may phat. Phan tap phat 1am ting manh tin hiéu bi phading va c6 thé lam tang hiéu
suit trong nhitng diéu kién SNR thip. MISO khong lam ting tbc d6 dit liéu nhung

n6 hd trg cac toe do dit liéu twong ty nhau bang cach st dung it ning lwgng hon.

- Pa du vao da dau ra (MIMO): Pay la ché do truyén day du, yéu cau tir 2
may phat va tir 2 may thu. MIMO lam ting cong suat phd bang cach phat nhiéu
ludng dit liéu ciing mot luc trong cing mot tan sé va thoi gian, tan dung day du cac
loi thé cua cac duong din khac nhau trong kénh vo tuyén. Dbi véi mot hé thdng
duge mo ta nhu MIMO, nd phai cé it nhat 12 nhiéu may thu véi nhiéu ludng phat.

S6 luong cac ludng phat khong duoc nham Ian véi s6 luong cac anten phat.

Hién nay, tinh nang mai cua LTE-Advanced 1a k¥ thuat cong gop song mang,
ky thuat MIMO va&i 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 diem.
X8 Cong gop song mang (carrier aggregation)

Viéc cong gdp soéng mang 1a mot trong nhitng tinh ning quan trong nhat cua
LTE-A phién ban 10 dé ting tong bang thong c6 san cho mdt thiét bi di dong va do
d6 dat duogc toc do bit tdi da. Mdi song mang két hop goi 1a mot song mang thanh
phan CC (Component Carrier), séng mang thanh phan cé thé c6 bang thong 1; 4; 3;
5; 10; 15MHz hodc 20 MHz. Trong LTE, thong thuong chi c6 thé truyén tai dit liéu
nho st dung cac doan phé tan sb lién ké co do rong tdi da 1a 20MHz. Con trong
LTE-A, cong nghé cong gop song mang cho phép két hop nhitng kénh nho hay con
goi la song mang trén cac bang tan khac nhau, tach biét thanh “mot kénh cuc 16n”,
do d6 vé co ban co thé ting tdc do dir liéu kha dung cho mdi khach hang 1én nhiéu
lan. Chuan LTE-Advanced cho phép nha mang két hop t6i da nim song mang voi
bang thong 20MHz thanh mét kénh c6 bang thong 100MHz cao gip nim lan bang
thong cua LTE thong thuong.
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Hinh 2.10: Cong gdp s6ng mang (carrier aggregation)
<> Ky thudt da dau vao, da dau ra MIMO (Multiple Input, Multiple Output)

MIMO cho phép céac tram thu phat va cac thiét bi di dong giri va nhan dir liéu
bang nhiéu anten. LTE c¢6 hd tro phan nao MIMO nhung chi cho chiéu tai xubng.
Ngoai ra chuin nay con gidi han s lwong anten & mirc toi da 13 bon bo phat & phia
tram thu phat va bon bo thu ¢ thiét bi di dong. LTE-Advanced thi cho phép t6i da
tam cdp thu phat & chiéu tai xudng va bdn cip & chiéu tai 1én.
< MIMO thuc hién hai chirc nang:

- O moi trudng khong day kha ning xdy ra can nhidu cao nhu tai ria cic
cellhodc trong mot 6 t6 dang di chuyén, cac bo phat va thu s& phbi hop v6i nhau dé
taptrung tin hiéu vo tuyén vao mot hudng cu thé. Chirc ning tao bap song
(beamforming) nay giup cho tin hiéu thu dwgc manh 1én ma khong can phai ting
cong suat phat.

- Khi cuong do tin hi¢u mong mudn manh con tin hiéu nhiéu yéu, nhu khi
nguoi dung dimg yén va & gan tram phat thi MIMO c6 thé dugce dung dé 1am ting
tbc do dir liéu hay tang sd luong ngudi dung ma khong phai ding thém phd tan sb.
Ky thuat nay co tén 1a “ghép kénh khong gian” (spatial multiplexing) gitip nhiéu
luéng dir liéu duoc truyén di cung luc, trén cung tan sb song mang. Vi du, mot tram
thu phat voi tam bo phat c6 thé truyén dong thoi tdm ludng tin hiu téi mot may
dién thoai c6 tam bd thu. Do moi lu6ng dit liéu t6i mdi bod thu cd huéng, cuong do

va thoi gian hoi khac nhau mot chit nén cac thuit toan xir 1y trong may c6 thé két
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hop ching v6i nhau va dya vao nhirng khac biét nay dé tim ra cac ludng dir liéu
gbc. Thong thuong thi ghép kénh theo khong gian c6 thé 1am ting téc do dit licu ty
1¢ thuan véi s6 cip anten thu phat. Do vay, trong truong hop kha quan nhét, tim cip

thu phat c6 thé tang toc do dir liéu 1én khoang tam lan.
<> Cong nghé truyén chuyén tiép (relaying)

Cong nghé truyén ndi tiép dugce ding dé mé rong ving phi séng t6i nhitng noi
c6 tin hiéu yéu. Thong thudng cac bo truyén nbi tiép hay con goi 1a bo 1ap lai kha
don gian, chiing nhan tin hiéu, khuyéch dai, roi truyén di. LTE-Advanced hd trg cac
ché d6 truyén nbi tiép tién tién hon. Trudc tién nd s& giai mi tat ca cac dir lidu thu
duoc rdi sau do6 chi chuyén di nhitng dit liéu c6 dich dén 1a cac thiét bi di dong ma
mdi bo truyén ndi tiép dang phuc vu. Phuong phap nay gitp giam can nhidu va ting
s6 lwong may di dong két ndi ti bo truyén ndi tiép. LTE-Advanced con cho phép
cac bo truyén ndi tiép dung ciing pho tan sd va cac giao thirc cua tram thu phat dé
lién lac v6i tram thu phat va vé6i cac thiét bi ddu cudi. Loi thé cta viée nay 1a nd cho
phép cac may LTE két ndi t&i bo truyén nbi tiép nhu thé d6 1a mot tram thu phat
thong thudong. Bo truyén ndi tiép s& chi phat song vao nhimg thoi diém cu thé khi
ma tram thu phat khong hoat dong dé tranh gay nhiéu cho tram thu phat. Dudi day
1a hinh v& nat chuyén tiép (Relay node) dung dé mo rong phu séng va duge két ndi

v6i nat chu goi 1a Donor cell qua giao dién vo tuyén (Backhaul link).

Backhaul link
mES

Relay node
Donor cell

Hinh 2.11: Minh hoa vé cong nghé truyén chuyén tiép
> Ky thudt diéu khién gidm can nhiéu ting cuwong giita cdc té bao elCIC

(enhanced Inter-Cell Interference Coordination)
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K¥ thuat diéu khién giam can nhiéu ting cudng giita cac té bao duoc sir dung
trong cac hé théng mang phic hop (Heterogeneous network) gitp giai quyét hién
turong nghén mang. Trong mang nay, cac tram thu phat cong suét thip sé tao ra cic
cell nho (small cell) nim chong 1én mang 1udi cac cell 16n (macro cell) do cac tram
thu phat thong thudng cé cong suat 16n tao ra. Cac tram thu phat nhé véi nhiéu mirc
kich ¢& (con duoc goi bang cac tén metro-, micro-, pico-, hay femtocell) dé ting
mirc tai dir li€u trong ciac vung nong (hots pot) nhu vung do thi dong dic. Nhitng bo
thu phat ndy c6 kich thudc nho gon, gia thanh ré, khéng cong kénh va lip dat d&
dang. Nhung khi cac nha mang dit ngdy cang nhiéu tram thu phét vao cting mot khu

vue, ho s& phai tim cach dé giam thiéu can nhidu kho tranh khoi giita chiing.
X Ky thudt phéi hop da diém CoMP (Coordinated MultiPoint)

Vé co ban, phéi hop da diém cho phép mot thiét bi di dong cing mét lic trao
d6i dir liéu voi nhiéu tram thu phat. K§ thuat niy s& gitp cai thién hon nita tin hiéu
va tang toc do dir liu tai ria cell, noi ma c6 thé kho c6 duge mot két ndi tét. Vi du
nhu hai tram thu phat lién ké c6 thé cung luc giri dit liéu gidng nhau téi mot thiét bi
do do6 tang kha nang nhan dugc tin hi¢u tdt cua thiét bi do. Tuong ty nhu vay, mot
thiét bi cling c6 thé cung mot lic tai dir liéu 1én ca hai tram thu phat, cic tram nay
dong vai trd nhu mot mang anten ao sé cing nhau xr 1y tin hiéu thu duoc dé loai bo
16i. Hodc thiét bi c6 thé tai dir liéu 1én qua cell nhé & gan bén, giup giam ning luong
phat trong khi van nhan tin hiéu tai xuéng tdt tir mot tram thu phat 16n hon.

Tranh nhiéu Truyén dan phéi hop
(Interference avoidance) (CoMP: Coordinated Multipoint Transmission)

: EN
h* A8

/ E

Hinh 2.12: Minh hoa vé k¥ thuat phdi hop da diém CoMP
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Hién nay, LTE-A tiép tuc phat trién, 4p dung cac tinh ning coéng nghé cua nd
nhiam dap tng nhu cdu dich vy bang rong ngdy cang 1on. Phién ban nang cip cia
LTE-Advanced duoc cic nha phat trién goi 1a LTE-Advanced Pro véi cac tinh ning

cong nghé mai tiép tuc duoc nghién ciru, 4p dung.

2.4.4. Mé hinh dwong xuong ciia LTE trong kich bin da é

K3 thuat chuyén giao cling nhu cac thudt toan chuyén giao hay cac quyét dinh
chuyén giao déu duoc thyuc 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 13: bo xr Iy chuyén giao va MME/Gateway .

Hé thong truyén dan duong xudng cua LTE duya trén k¥ thuat OFDM. Pay la
mét hé théng truyén din duong dan duong xudng hap din véi nhiéu Iy do. Vi thoi
gian ky ty OFDM tuong dbi dai trong viéc két hop véi mot tién té chu trinh, nén
OFDM cung cap di d6 manh dé chéng lai sy lua chon tan sé kénh (channel
frequency selectivity). K§ thuat truyén OFDM c6 thé dugc xem nhu 13 mét loai cua
truyén da song mang. Mot s6 dic diém co ban ciia OFDM la:

- Sir dung mét lugng twong ddi 10n cac séng mang con bing hep. Truyén
OFDM st dung vai trim soéng mang con duoc truyén trén cing mot lién két vo
tuyén dén cing mot may thu.

- Dang xung hinh chit nhat don gian dap ¢ng phd dang sinc-square & moi
sOng mang.

- Cac séng mang con duoc sap Xép chat ché trén mién tan sb véi khoang cach
giita cac song mang con Af=1/Tu, Tu 14 thoi gian diéu ché symbol trén mdi song.

Bén canh d6, MME 1a nat diéu khién cac node xir li tin hiéu gitta UE va CN.
Giao thuc gitra UE va CN la Non-Access Stratum (NAS).

Chtric nang chinh cia MME dugc phan loai nhu sau :

- Cac chirc ning lién quan dén quan li thong bao: Chirc ning nay bao gom
thiét l1ap, duy tri va géi di cac thong bao va dugc diéu khién bai 16p quan 1i phién

trong giao thic NAS.
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- Céc chirc ning lién quan dén quan li két ndi: Bao gom viéc két ndi va bao
mat gitra mang va UE duoc diéu khién boi 16p quan li tinh di dong hoac két ndi
trong giao thic NAS.

Cac thu tuc 16p khong truy cap NAS (Non-Acess Stratum): Cac thu tuc NAS
1a cac thu tuc quan 1i két ndi dic biét, vé co ban giéng véi UMTS. Su khac biét
chinh v6i UMTS 1a EPS cho phép ghép ndi nhiéu thu tuc dé su thiét 1ap cua cac két
ndi va théng bao nhanh hon. Co thé thay rang, trong mang SAE, MME cung cap

mot myc do dang ké vé chire nang diéu khién tong thé.

2.5. Kétluin chwong

Chuong 2 da khai quat duoc ciu triic mang 4G, cac dic tinh k¥ thuat ciing
nhu gidi thiéu vé khai niém, muc dich va trinh tu chuyén giao trong mang 4G.
Ngoai ra con khai quat hoa dugc mé hinh da 6 (md hinh chinh dwogc sir dung dé xét
chuyén giao).

Mang 4G c6 wu diém vuot troi so véi 3G vé tde do, thoi gian tré nho, hiéu
suat sir dung pho cao cing véi viéc sir dung bang thong linh hoat, cau trac don gian
nén giam duogc gia thanh. Pé tao nén cac wu diém do, 13 nho viéc st dung k¥ thuat
OFDMA ¢ duong xudng. Cac song mang truc giao voi nhau, do dé tiét kiém bang
thong, tang hiéu suat sir dung pho tan va giam nhiéu ISI. Bén canh cac uu diém do
thi OFDM c6 khuyét diém 13 su thing gidng dudng bao 16n dan dén PAPR 16n, khi
PAPR Ion thi doi hoi cac bo khuéch dai cong suét tuyén tinh cao dé tranh lam méo
dang tin hiéu, hiéu suat sir dung cong suit thap vi thé dic biét anh huong dén cac
thiét bi cam tay.

Cung véi cac ki thuat trén LTE con hd tro MIMO, MIMO 1a mét phan tat
yéu ciia LTE dé dat yéu cau vé thong luong va hiéu qua sir dung pho.

Tir viée khai quat cong nghé LTE, cac dic tinh k¥ thuat 1a tién dé dé tién

hanh thiét ké va quy hoach mang trong chwong tiép theo.
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CHUONG 3. QUY HOACH, TOI UU MANG THONG TIN
DI PONG 4G VINAPHONE TAI BAC NINH

3.1. Khai quat vé tinh hinh chinh tri, kinh té va xi hgi ciia tinh Bic Ninh

Bac Ninh 1a mét tinh ndm trong ving kinh té trong diém phia Béc, cach trung
tam thu d6 Ha Noi khoang 30km, cach san bay Qudc té Noi Bai 45km, cach cang
bién Hai Phong 110km, 1a ddu méi quan trong gitra Ha Noi voi cac tinh phia Bic,
nam trén hanh lang kinh té Viét — Trung va trong tam giac ting truong Ha Noi —
Hai Phong — Quang Ninh. Bac Ninh c6 thé manh vé hé thong giao thong dong bo va
thong sudt véi rat nhiéu truc giao thong 16n chay qua bao géom: QL1A, QL1B méi,
QL18, QL38, dudng cao tc di san bay Qudc té Noi Bai, co tuyén duong sat xuyén
Viét di Trung Qudc, cac tuyén duong thiy doc séng Cau, song Pudng, song Thai
Binh,... giup Bac Ninh dé& dang két ndi véi cac trung tdm kinh té, van héa, chinh tri
va thuong mai phia Béc, c6 nhiéu diéu kién thuan loi dé phat trién vé kinh té - xa
hoi va khai thac cac tiém ning hién c6 cua tinh [14].

Véi dién tich 822,7 km2, dan s6 1.368.840 ngudi, mat do dan s6 1,664
ngudi/km?2. Tinh c6 8 don vi hanh chinh, bao gdm: Thanh phd Bac Ninh, thi xa Tur
Son va 6 huyén: Tién Du, Yén Phong, Thuan Thanh, Qué Vo, Gia Binh va Luong

Tai voi 126 don vi hanh chinh cap x4, trong d6 c6 94 x4, 26 phudng va 6 thi tran.
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Hinh 3.1: Ban d6 dia 1y tinh Bac Ninh
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Nhitng budc phat trién vuot bac cua Bic Ninh sau hon 23 nam tai 1ap duoc
khang dinh trén tat ca cac linh vuc. Noi bat nhat 1a Quy mé nén kinh té dat trén 197
nghin ty dong, xép thir 7 ca nudc; gia tri san xuit cong nghiép dat 1,24 triéu ty,
dung tha nhat toan qudc; gia tri xuat khau dat hon 35 ty USD; Néu nhu tai thoi
diém tai 14p tinh nam 1997, tinh chi ¢6 4 du an c6 vén dau tu truc tiép nudc ngoai
Vvé6i tong vén dau tu diang ky 177,58 triéu USD, thi dén hét nim 2019, Bic Ninh da
thu hit 1470 du 4n FDI véi tong vén dau tu dang ky sau diéu chinh: 18.83 ty USD.
Nhiéu tap doan xuyén qudc gia lén trén thé giéi da vao dau tu tai Bic Ninh nhu:
Samsung, Hong Hai, Canon, Pepsi Co,..Thu ngan sach cua tinh ting cao, dat
30.430 ty dong, vuot 11% du toan, trong d6 thu ndi dia dat 24.370 ty dong, vuot
3.034 ty dong. Cac van dé an sinh va phiic loi xd hoi cua tinh duoc dam bao, quan
tam & muc cao hon so voi ca nudc, thu nhap binh quan dau nguoi dat 6.163 USD,
cao gap 2,23 lan so voi binh quéan ca nudce va dang thir 2 toan qubc, ty 18 ho nghéo
giam con 1,27%; thiét ché vin hoa thé thao khu cong nghiép duoc quan taim; phong
trao xay dung nong thon méi dat nhiéu két qua, dén nay da co 96/97 xa va 7/8 don

vi cap huyén dat chuan nong thon méi.

banh gia qua trinh phat trién, nhirng thanh tuu dat dugc sau hon 20 nam tai
lap, tinh Bac Ninh da tong két va nhan dinh c6 rat nhiéu nguyén nhan din dén thanh
cong trong qué trinh phat trién kinh té x hoi cua tinh. Ngoai tinh than doan két,
dong long, toan dang bo, chinh quyén va nhan dan trong tinh chung mot ¥ chi trong
viéc xdy dung mo hinh tinh cong nghiép theo hudng hién dai; mot yéu tb then chét
dem lai thanh cong cho tinh chinh 13 do lam tot cong tac danh gia, tong két viec
thuc hién cac bién phap dam bao hoat dong cho minh hinh ting truong kinh té, tinh
d3 xay dung; ban hanh, diéu chinh Kip thoi co ché chinh sach khuyén khich phat
trién kinh té - xa hoi; cai thién moi truong kinh doanh, xay dyng hinh anh dia

phuong, xay dung cac chinh sach an sinh xa hdi.

Thuc hi¢n, chi dao cta Chinh phu, tinh Béic Ninh d3 thé hién r5 quan diém

chi dao vé viéc diéu chinh chinh sach thu hat FDI cua tinh, thuc hién cai cach thu
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tuc hanh chinh, don gian hoa cac thu tuc dau tu, xay dung, thuc diy nhanh viéc cai
thién moi truong dau tu kinh doanh. Trong qua trinh thu hat dau tu, tinh Bac Ninh
dua ra cac chinh sach uvu tién thu hat FDI “str dung cong nghé cao, cong nghé hién
dai, than thién v4i moi truong, st dung co hiéu qua cac nguén tai nguyén, khoang
san, dat dai”. Dac biét tinh trién khai thuc hién co ché chinh sach wu tién, vu dii thu
hat dau tu nude ngoai vao cac nganh, linh vuc mii nhon cua tinh. Co ché chinh
sach hd tro, vu dii bao gdm: HS tro vé giai phong mat bang; hd tro nha dau tu cung
g va dao tao lao dong; ddi véi cac du an co quy mé 16n (vdn dau tu tir 1500 ty tro
1€n), sur dung cong nghé cao, ngoai cac wu dai theo quy dinh chung cua chinh phu,
nha dau tu dugc UBND tinh xem xét hd tro xdy dung co ché hd tro wu dai dic thu
trinh Tha tuéng Chinh phii chap thuan...Tinh ciing hd tro cac doanh nghiép cong
nghiép phu tro; ting cudng phat trién co s ha tang: Giao thong, dién, nudc, Xt ly
rac nudc thai va rac thai; chi trong cac nganh dich vu c6 gia tri gia tang cao nhu: tai
chinh, ngan hang, bao hiém, dich vu cong nghé thong tin, vién thong, cung cip phan
mém va giai phap, nghién ciru va phat trién (R&D),...Giai doan 2020 - 2030 va tam
nhin 2030 - 2050 s& diéu chinh nang dan ty trong vén EDI trong nganh dich vu ¢
gia tri gia tang cao.

3.2. Khai quat vé hién trang mang thong tin di dong 2G/3G/4G ciia
VinaPhone tai Bic Ninh

Trong nhitng nim qua, ciing voi Su phat trién manh mé cia CNTT, cac doanh
nghiép (DN) vién thong trén dia ban tinh Bac Ninh da tap trung dau tu xay dung,
nang cip tram BTS nhiam mé rong ving phu séng, nang cao chét luong dich vy,
chdng hién twong nghén mang,... Co thé ndi, viéc hoan thién ha tang vién thong 1a
diéu kién tién quyét dé gop phan thac day phat trién kinh té - xa hoi, dam bao an
ninh, quéc phong cua dia phuong.

Niam 2017, dugc phép cua linh dao VNPT va Tong giam ddc cong ty
Vinaphone, VNPT Bic Ninh da chinh thic trién khai mang théng tin di dong 4G

trén dia ban tinh Bac Ninh.
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Cong nghé thong tin di dong 4G cua VNPT Bic Ninh trién khai trén dia ban
tinh Bac Ninh 1a cong nghé 4G LTE cua Huawei (Trung Qudc). Cac dic tinh co ban
cua cong nghé 4G LTE Huawei 1a: Cac thiét bi LTE cua Huawei st dung k§y thuat
da anten MIMO (da dau vao va da dau ra) véi cac cip do 4x4, 2x4 va 2x2 cho phép
tram géc truyén ddng thoi nhidu ludng dit liéu trén cing mot séng mang.

Do rong biang thong cua cac thiét bi LTE cua Huawei linh hoat: C6 thé hoat
dong voi cac bang SMHz, 10MHz, 15MHz, 20MHz ca chiéu 1én va xubng. Bing
thong cuc dinh cia cong nghé 4G LTE cua Huawei dat t6i 20MHz. Tdc do dinh tuc
thoi cua cong nghé 4G LTE cua Huawei véi bang thong 20MHz: dudng xudng:
150/300Mbps; duong 1én: 75Mbps. Trong do, khi st dung ky thuat da anten MIMO
(da dau vao va da dau ra) voi cac cap do 2x2, bang thong 20MHz thi toc d6 duong
xudng c6 thé dat duoc 150 Mbps va khi sir dung ky thuat da anten MIMO vai cac
cap do 4x4, bang thong 20 MHz thi téc d6 duong xudng co thé dat dugc 300 Mbps.

Hoat dong t6i vu véi toe d6 di chuyén cua thué bao 1a 0-15km/h. Van duy tri
hoat dong khi thué bao di chuyén véi téc do hang tram km/h. Cac thiét bi LTE cua
Huawei sir dung k§y thuat da truy nhap véi giai phap song cong theo tan sé6 FDD va
song cong theo thdi gian TDD dua trén ki thuat ghép kénh theo tan sé truc giao
OFDM cho duong xubng va k¥ thuat SC-EDMA cho dudng 1én.

Cac thiét bi LTE cua Huawei sir dung diéu ché QPSK dbi v&i hudng 1én sir
dung k¥ thuat SC-FDMA dé cho phép hiéu qua cong suat phat dudng 1én va huéng
xudng st dung diéu ché 16 QAM dé sir dung hiéu qua cong suat phat duong xudng.

Niam 2017, VNPT Bac Ninh [14] da lap dat 65 tram eNodeB dugc lap dat o
nhitng dia diém c6 mat d6 dan cu cao nhu thanh phd Bic Ninh, trong d6 tap cac khu
d6 thi v&i quy md 16n nhu: Vii Ninh - Kinh Bic, Hoa Long - Kinh Bic, H6 Ngoc
Lan; Khu d6 thi méi duong Lé Thai Td, Khu d6 thi méi Biac duong Kinh Duong
Vuong (phuong Vi Ninh); Khu d6 thi méi Nam Vo Cuong (phuong Vo Cuong),...
Pong thoi, cac tram eNodeB dugc lap dat ¢ 2 khu cong nghiép tap trung va 5 cum

cong nghiép, lang nghé, nhiéu dia diém tham quan, du lich, cac dudng cao téc. Day
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13 nhitng noi c6 nhu cau cac dich vu di déng phat trién s6i dong. Bén nay, VNPT
Béic Ninh di co khoang 50.000 thué bao di dong 4G hoat dong thuong xuyén trén
mang 4G cua VNPT Bic Ninh. C6 nhitng thoi diém, dic biét trong mot sé ngay 18
hoi, s6 thué bao di dong 4G hoat dongtrén mang 4G cia VNPT Bic Ninh 1én dén
80.000 thué bao. Dén hét nam 2019, trén dia ban tinh ¢6 1.056 tram thu phat song di
dong BTS (loai Ala, Alb, A2a, A2b), 2.564 tram BTS (tram 2G, 3G, 4G), phuc vu
cho hon 1,5 triéu thué bao dién thoai di dong.

Theo ké hoach dy kién dén cudi nam 2020 ting thém 20.000 thué bao di dong
4G hoat dong thuong xuyén trén mang 4G cua VNPT Bic Ninh va nhitng niam tiép
theo sb thué bao di dong 4G hoat dong thudng xuyén trén mang 4G cua VNPT Bic
Ninh tang thém tir 45-50%.
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Hinh 3.2: Mtic d6 phu song cac mang 2G/3G/4G/4G-LTE/5G tai Bac Ninh

Két ndi mang tir POP truy nhap caa mang TSLCD tai céac tinh thanh dén thiét
bi dau cudi cua cac co quan Pang, Chinh quyén tir tinh dén cac huyén, thi xa trong
tinh. Pa két ndi cac co quan Pang, Chinh quyén trong tinh dung cap quang toc do
100/1000Mbit/s, cac két ndi dam bao yéu cau dung riéng, an ninh, an toan dit lidu
va du phong cao véi cac diém téi cac co quan Pang, Chinh quyén cap quan huyén,
cac S¢ Ban nganh trong tinh. Mang truy nhap cap trong tinh duge mé ta nhu hinh
duoi day:
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Hinh 3.3: So d6 khéi mang tong thé truy nhap tai tinh Bic Ninh

Toan vién thong tinh quan 1y khai thic, sir dung 5.800 km cip quang céc loai
[14]. Véi 16 Ring CSG téc d6 cao 10Gbps, ning lyc mang truyén tai va xu 1y
chuyén mach noi tinh véi 09 Ring truyén tai dudng truc bang rong, toc d6 mdi Ring
1én toi 50Gb/s. Mang bang rong noi tinh duoc két ndi véi mang Internet quéc gia
(VN2) bang cic dugc cap quang truc véi toc do 1én tdi 100 Gb/s, véi cac Router
bién c¢6 ning lyc xur 1y va tinh du phong cao. Lam co s dé trién khai ha tang di
dong toc do cao. Viéc két ndi cac tram BTS NodeB va e-NodeB véi mang VN2

thong qua ha ting bang rong cap quang.

Tinh dén dau nim 2020: Tong s6 thué bao dién thoai cd dinh dat 40.572 thué
bao, mat do dat 3,3 thué bao/100 dan; tong s thué bao dién thoai thong tin di dong
dat 1.499.009, mat do dat 123,0 thué bao/100 dan; tong sé thué bao Internet bing
rong dat 720.125 thué bao, mat do dat 59,1 thué bao/100 din; ngdm hoa ha tang
mang ngoai Vi tai cac khu do6 thi méi, khu cong nghiép, cum cong nghiép dat 100%;
Ngém hoa ha tﬁng mang ngoai vi trén dia ban toan tinh dat 60 - 65%, trong do:
thanh phd Béac Ninh dat 75 - 80%, thi x4 Tir Son dat 65 - 70%, cac huyén dat 45 -

50%; 100% khu vuc c6 dan cu trén dia ban tinh c6 song thoéng tin di déng chat
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lwong cao; Tong sé ¢6 1.679 vi tri thu phat song thong tin di déng, ban kinh phuc vy

binh quéan dat 0,4 km/vi tri; c6 tong s6 4.198 tram BTS trén dia ban toan tinh.

Mot sb nhan xét danh gia: Kha ning mang 4G hién tai chwa dap ung hét nhu
cAu cua khach hang nhu sélu:()’ng tram 4G con han ché, cac khu dan cu vung sau,
ving xa ctia mot sé huyén con chua dwgc phu séng mang 4G. Trong khi d6 nhu cau
khach hang sir dung mang 4G cua Bic Ninh 1a rat 16n; dic biét 13 cac khu cong
nghiép, lang nghé, trén cac duong cao tdc trén dia ban tinh Bic 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 cung thoi diém.

Quy trinh va phuong phap quy hoach chung cho mang di dong 4G LTE bao
gom 3 budc:

B1- Khoi tao va phan tich vung phu.

B2- Quy hoach chi tiét.

B3- Van hanh va t6i wu hoa mang.

Thet nhat, khéi tao va phdan tich vimg phii:

* Duw bdo luu lwgng

Viéc quy hoach mang phai dya trén nhu cau vé luu luong. Do dé du bao luu
lugng 13 bude dau tién can thuc hién trong qua trinh quy hoach mang. Du bao luu
luong bao gom du bao sb thué bao; du bao str dung luu lwong tiéng; du bao st dung
Iru lwgng s6 lidu; du phong tuong lai.

®  Phdn tich vang phu

Pé quy hoach mang vo tuyén cho hé thdng thong tin di dong thé hé tha tu,
budc tiép theo ta can khao sat cac chi tiét, noi nao can pha séng va cac kiéu phu
séng can cung cap cho cac ving nay. Thong thuong ta s& uu tién phu séng trudc
tién & cac khu vuc quan trong nhu: Cac vung thuong mai, cac vung c6 mat do dan

cu dong duc, cac duong cao tdc chinh... dya trén ban dd mat d6 dan cu. Dya trén
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ban do din cu cho phép ta du doan duoc luu luong nguoi st dung, didu kién moi
truong truyén séng, cac anh huéng cia né 1én mé hinh truyén song dé co thé dua ra

lya chon cho cac hé s6 hiéu chinh méi truong va thAm nhap toa nha.

Thong sé diu vao

Tinh suy hao dwong

tu}-‘én song cho phép

Tinh ban kinh ving phi R v/c theo

cac mé hinh truyén séeng
Hinh 3.4: M6 ta qua trinh tinh toan ban kinh viung phu R
Buréc thir hai, quy hogch chi tiét:
Ngoai viéc du bao dung lugng va phan tich ving phii dugc dé cap & phan trén,
dé thuc hién duogc bai toan quy hoach mang 4G LTE ta can ap dung hai diéu kién

t61 uu sau cho tinh toan quy hoach mang, dé xac dinh sé tram eNodeB can lip dat:

* Piéu kién toi wu thir 1: Quy hoach ving phu dé xac dinh s6 tram can lap dit.
Bai toan dua trén viéc tinh toan quy duong truyén dé biét dugc suy hao tin hiéu cuc
dai, tir 46 xac dinhban kinh 6 phu khi két hgp mo hinh truyén song thich hop va ta
tinh duogc dién tich phu song ctia 6 phu. Biét duoc dién tich dia Iy ving phu song ta
tinh dugc sd eNodeB duoc lap dit cho ving phi.

* Pieu kién toi wu 2: Quy hoach luu lwong dua trén dan sb cua ving quy
hoach dé udc lugng sé thué bao str dung cung véi viéc chon téec d6 ma hoa va diéu
ché MCS (Modulation and Coding Schem), bang théng kénh truyén, ky thuat anten
duoc sir dung ta tinh toan duoc sb tram can thiét duoc lap dat.

Tir hai két qua tinh toan dugc theo hai diéu Kién t6i uu trén, ta 1ay s6 eNodeB
I6n hon chinh 1a s6 eNodeB cubi ctng can lap dat cho ving pha song.

Bueéc thir ba, vdn hanh va téi wu héa mang:

Céc mé hinh truyén séng
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Mo hinh truyén séng thich hop két hop véi quy duong truyén ta sé tinh duoc
ban kinh phul song. Vi dic diém cua kénh truyén dan vo tuyén co tinh chat ngau
nhién, khéng nhin thiy duoc, doi hoi c6 nhitng nghién ctru phuc tap. Mot sé6 mo
hinh thuc nghiém da duoc dé xuat va dugc sir dung dé du doan cac ton hao truyén
song. Cac mé hinh nay danh gia cac cong nghé truyén din xét nhiéu dic tinh moi
truong gom cac thanh phd 16n, thanh phd nhoé, ving ngoai 6, ving néng thén, ving
nhiét di va sa mac 13 mé hinh truyén séng Hata-Okumura, va Walfish-1kegami.

Céc cong thirc, thong sd dé tinh toan trong phan nay dugc trich dan tir béo céo
k¥ thuat cia Hata-okumura nhu Tré truyén lan, ciu tric va cac thay doi caa no; tré
truyén lan, cau triic va cac thay doi ciia no; Pha dinh che t6i; cac dic tinh pha dinh
nhiéu duong cho hinh bao cac kénh; tan s6 lam viéc
X M6 hinh Hata-Okumura [1]

M6 hinh Hata 1a quan hé thyc nghiém dugc rat ra tor bao cdo k¥ thuat cua
Okumura cho phép str dung cac két qua vao cac cong cu tinh toan. Bdo céo cia
Okumura bao gdm mot chudi cac luu dd duge sir dung dé 1ap mé hinh thong tin vo
tuyén. M6 hinh nay duoc str dung trong dai tan tir S00MHz dén 2000 MHz (c6 thé
ap dung cho ca 2500 MHz). Dudi day 1a cac biéu thirc dugc sir dung trong mé hinh
Hata dé xac dinh t6n hao truyén song trung binh (ky hiéu 1a Lp).

Trong md hinh nay, ban dau suy hao dwong truyén duoc tinh bing cach tinh
hé sé hiéu chinh anten cho cac ving d6 thi 1a ham cua khoang cach gitta tram géc
va tram di dong va tan s6. Két qua duoc diéu chinh bang cac hé sb cho d6 cao anten
tram goc va tram di dong. Cac biéu thirc toan hoc duoc sir dung trong mé hinh
Hata-Okumura dé xac dinh tén hao trung binh L:

Lp= A + Blgf; - 13,82Igh;, - anm) + (44,9 - 6,55Ighy)lgr—C  (3.1)
Trong do:
- f.: tan s6 hoat dong (MHz) -C=(anm- A,): hé s6 diéu chinh suy hao theo ving.

- hp: d6 cao anten tram géc (m): -anmy: hé s6 hiéu chinh cho d9 cao anten di dong
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(dB)
- Lp: t6n hao trung binh (dB) -r: Khoang cach tir tram gdc dén tram di dong (km)
- hm: d6 cao anten tram di dong (m)
A, B la cac yéu td phu thudc vao tan sb va do cao anten
Dai thong sb st dung dugc cho mé hinh Hata 12 :

150 < £, <2000 MHz; 30 <h, <200m; I<hm < 10m; 1 <r <20km

Thong sé A, B:
A_{69.55, f =150:1500Mhz
~(46.3, f =1500: 2000Mhz

B_{26.16,f — 150: 1500Mhz
~(39.9,f = 1500: 2500Mhz

a(hm) tinh nhu sau:

D061 v61 thanh pho nhé va trung binh:

apm= (1,11 Igf, -0,7)hm - (1,561gf; - 0,8) Db (3.2)

D6i véi thanh phd 16n: agy = 8,29 (Igl,54hm)*- 1,1 dB ; f.< 200 Mhz

hay: agpm = 3,2 (Igl 1,75hm)? - 4,97 dB ; f.> 400 Mhz

A,: 12 d0 hap thu dat: A, =2[log(f/28)]> +5,4 ddi v6i ving ngoai 6

A,=4,78(log)*-18,33logf+40,94 dbi véi ving noéng thon.

M6 hinh Walfish-1kegami

Mo hinh Walfisch-lkegami dua vao gia thiét rang sy truyén lan séng duoc
truyén trén mai nha bang qua trinh nhidu xa. Céc toa nha nim trén dudng thiang gitra

may phat va may thu.
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Hinh 3.5: C4c tham s6 ctia md hinh Walfisch-lkegami
Céc biéu thirc str dung cho m6 hinh nay nhu sau:L, = Li + Lys + Linsg (3.3)

hay Lp L¢ khi Lis+ Linsg <O

N

Trong do: L¢: ton hao khong gian tu do
L,i: nhiéu xa mai nha - pho va ton hao tan xa
Lmsq: tOn hao cac vat che chan.

+ Tén hao khong gian ty do L duoc xac dinh:

Lf=32,4+201gr+201gf. (dB) (3.4)
+ Nhiu xa mai nha - phd va ton hao phén tan tinh nhu sau:
Lyt = (-16,7) -101gW + 101gf. + 201ganm + Lo (dB) (3.5
Trong do:
- W:dog rong ph6 (m) - aym— hy—h, (M)
- H;: dd cao trung binh toa nha - Hpy: @6 cao MS

- Hy: do cao BS.
Tu bao cdo ky thuat cia Okumura va Walfisch-lkegami.

Ta c6 cong thitc tinh béan kinh cell: Reell = 107~20/%  (36)

Mo hinh Hata-Okumura:

L’ = A + Blgf; - 13,821ghb = A(hm)
X = (44,9 - 6,55Ighy)
Mo hinh Walfisch-lkegami:

L’ =32,4 +201gf. + Lyg, + Ky + kflogf, — 9logh + L
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X = (20 + kd) N
Sau khi tinh duoc kich thudc ban kinh cell, d¢ dang tinh dwoc dién tich vung

phu véi cha ¥ dién tich ving phu phu thudc vao cdu hinh phan doan tram gbc. Dién
tich ving phu déi vai mot cell ¢6 céu trac luc gidc déu duogce tinh nhu sau: S = k.r?
Trong d6: S 1a dién tich ving phu, r 1a ban kinh cyc dai cell, K 1a hing sb.

Tinh dugc dién tich ving phu ta c6 thé tinh duoc s tram eNodeB can lip cho ving

quy hoach.
Bang 3.1: Cac gia tri K sir dung cho tinh toin vung phi séng
CAu hinh tram | Ommi (v6 hudng) 2 - sector 3 - sector 6 - sector
K 2.6 1.3 1.95 2.6
CelRadius
Hinh 3.6: Ba loai site khac nhau (ommi, 2-sector, 3-sector)
Quy trinh van hanh

Trong qua trinh trién khai mang, ciing nhu trong sudt qua trinh van hanh, khai
thac mang thong tin di dong (ca mang 2G, 3G hay 4G), cong viéc t6i wu hoa hé
théng 1a viéc 1am thuong xuyén dé dam bao va nang chit luong mang, chat luong
dich vu tét hon. Qua trinh van hanh mang s& dién ta thuong xuyén cic cong viéc

quy hoach, thiét ké, thiét lap va t6i wu mang.

Quy hoach mang

/ =l \

THi ou héa mang Thiét ké mang
Optimization Design Network

\ e — /

Imnstalation

Hinh 3.7: Quy trinh van hanh mang
Ngoai ra, quy trinh thuc hién quan 1y chat lugng mang ciing dugc dien ra

thuong xuyén dé dam bao mang ludn dat chat luong cao va ti uu nhat.
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!

Thuc hién diéu chinh:

N - Phan tich, nhan dang I6i

- Lap phuong an va thuc
hién diéu chinh

- T6i wu hoa tham sb, ving
phu song

Giam sat chit lugng mang:

- Thu thap va danh gia cac chi s6
KPI

- Thu thép, phan tich phan 4nh
khach quan

- Thu thap, phéan tich dir liéu do
trén Drive Test

bam bao
chat luong
khong?

7'} Y

Hinh 3.8: Quy trinh thyc hién quéan 1y chit lugng mang
Quy trinh thuc hién toi vu mang

T6i wu hoa mang 13 mot qua trinh khép kin, dwgc thyc hién lién tuc. Cac théng
s6 duogc do dac bang cac cong cu thu thap dir liéu roi so sanh véi cac chi tiéu mang
yéu cau. Sau d6 tién hanh phan tich dit liéu thu thap duoc dé xac dinh nguyén nhan,
dua ra cac khuyén nghi. Tir d6 tién hanh diéu chinh, cap nhat cac thong s6 cho phu
hop. Sau khi diéu chinh, tién hanh do dac lai dé danh gia két qua va xem xét su thay
d6i cuia mang, dua ra két luan toan bd qua trinh téi wu.

Céc budc thuc hién téi vu duoc mo ta nhu hinh sau:

Chuén bi:

- Xac dinh muc tiéu ti vu
Bét dau - Phan chia cluster

- Xéc dinh tuyén duong test
- Chuan bi thiet bi can thiét

/

i
Thu thap dix ligu: Diéu chinh va bd sung:
- Drive test < - Dicu chinh thong so ky thuat
- Dodac - bicu chinh thong s6 cell lan
- Dir liéu cau hinh eNodeB ~An

T

Péanh gia Vét} dé:‘
- Panh gia van dé vung phu
- Banh gia van d¢ chuyén giao

Céc KPI ¢6 dat yéu ciu?

Két thuc

Hinh 3.9: Quy trinh thyc hién ti wu
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Trén co s& nhu cau trién khai s dung cac dich vu bang rong ciing nhu tinh
hinh trién khai 4G tai VNPT Bac Ninh, va tlr cac tinh ning wu viét chinh cia LTE-
Advance so v6i LTE, VNPT Bic Ninh can lya chon cong nghé 4G LTE — Advance
nham khong chi dé nang cao hiéu niang mang thong tin di dong 4G cua Vinaphone
Bac Ninh trong hién tai, ma con dap ng nhu cau phat trién cac dich vu vién thong-
cong nghé thong tin toc do cao/bing rong, cac dich vu vién thong hién dai nhu cac
dich vu hdi ty, cac dich vu tuong tac cling nhu cac dich vu da phuong tién cua tinh
trong tuong lai.

Mot diéu rat thuan loi khi dua cong nghé LTE-Advance vao mang 4G hién tai
cua VNPT Bic Ninh dang st dung cong nghé LTE, d6 1a cong nghé LTE-Advance
1a phién ban ning cap cta LTE va 2 chuan nay hoan toan twong thich véi nhau. Cac
thiét bi dau cudi sir dung LTE-Advance méi van hoat dong tt véi cac mang LTE
thong thuong va nguoc lai.

3.3.1. Quy hoach, dinh cé mang truyén tii cho 4G

Quy hoach dung Iugng

Dung luong 1y thuyét cia mang bi gisi han bai sé6 eNodeB dat trong mang.
Dung luong ctia mang bi anh huong boi cac yéu té nhu mirc can nhidu, thuc thi 1ap
biéu, ky thuat ma hoa va diéu ché dugc cung cip. Sau day 1a cac cong thirc dung dé
tinh s eNodeB dugc tinh boi khia canh dung luong:

OVERALLDATARATE
SITECAPACITY

S6 eNodeB =

3.7)

Trong d6: overalldatarate 13 toan bo toc do dir lidu, sitecapacity 1a boi sb cua
thong luong cell (cellthroughput), né tiy thude vao cau hinh cua cell trén site.

Véi s6 eNodeB khong doi dé tinh chinh toan bo téc do dir liéu, ta phai tinh
chinh dugc thong luong cell.

Tinh toén cellthroughput:

1frame = 10ms = 10subframe =20 times slot
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1 timeslot =0.5ms= 7 ki tu OFDM véi normal CP va 6 ki twy OFDM véi CP
ma& rong. Trong OFDMA, viéc chi dinh s séng mang con cho ngudi dung khong
dwa vao timg soéng mang con riéng 1é ma dwa vao cac khéi tai nguyén (Resource
Block).1RB=12 soéng mang con cho mot slot. Khoang cach 1 song mang con 1a 15
Khz khéi RB d6 rong 12x15=180Khz.Pon vi nho nhit cia tai nguyén 1a thanh phan
tai nguyén (RE), n6 bao gbm mét séng mang con ddi véi khoang thai gian cua mot
ky tu OFDM. Mot RB bao gdm 84 RE (tirc 7x12) trong truong hop chiéu dai CP
thong thudng va 72 RE (6x12) trong trudong hop chiéu dai CP mé rong.

Tbc @6 (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 liéu 1a 2x100.8=201.6 Mbps. St dung mi hoa
bao vé ¥ thi ta co téc do bang 0.75x201.6= 115 Mbps.

Bang 3.2: Gia tri ciia bing thong ciu hinh twong ng véi biing thong kénh truyén va

song mang yéu cau

Bing thong kénh |S6 RB chi dinh cho bang| Bing thong cdu | S6 séng mang

truyén (MHz) thong kénh truyén hinh yéu cau
1.4 6 1.08 72

3 15 2.7 180

5 25 4.5 300

10 50 9 600

15 75 135 900

20 100 18.0 1200

Pé tinh toan cellthroughput, ta xét toc do bit dinh (peak bit rate). Tuong wng
véi mdi mire MCS (diéu ché va ma hoa) ciing vai cé két hop MIMO hay khong s&
tao ra cac tdc do bit dinh khac nhau. Tc d6 bit dinh duoc tinh theo cong thirc sau:

50 ky twr subframe
1ms

Téc dé bit dinh= %}{ S0 song mang con X (3.8)

i véi mdi loai diéu ché khic nhau s& mang s bit trén ky tu khac nhau.
QPSKmang 2 bit’ky tu, 16QAM mang 4bit/ky tu va 64QAM mang 6bit/ky tu. 2x2
MIMO géap d6i toc do bit dinh. QPSK % (tbc d6 ma hoéa %) mang 1bps/Hz, véi
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64QAM khong sir dung toc do ma hoa va véi 2x2 MIMO s& mang 12bps/Hz. Mai
bang thong chi dinh s& c6 s6 song mang twong tng cho mdi bang thong: 72 séng
mang ddi véi 1.4 MHz, 180 dbi véi 3MHz, va d6i véi bang thong SMHz, 15MHz,
20MHz tuong ung sé& 1a 300, 600 va 1200 song mang con. Toc do bit dinh 1y thuyét
cao nhit xap xi 170 Mbps sir dung 64QAM, 2x2 MIMO. Néu sir dung 4x4 MIMO,
tbc do dinh s& gap doi 1a 340 Mbps. S6 ky tur trén subframe thuong 1a 14 ky tu

twong ung voi mai slot 1a 7 ky tu.

Bang 3.3: Toc dd bit dinh twong ng véi tirng toc d ma hoa va bing thong

K¥ thuat Téc d6 bit dinh trén sdng mang con/bang thong
MCS anten sir 72/1.4 [180/3.0 |300/5.0 |600/10 | 1200/20
dung Mhz Mhz Mhz Mhz Mhz
1
OPSK/2 | Dongdon | 0.9 2.2 3.6 7.2 14.4
1
16QAM /5 | Dongdon | 17 4.3 7.2 14.4 28.8
3
16QAM /4 | Dongdon | 26 6.5 10.8 21.6 43.2
3
64QAM /4 | Dongdon | 3.9 9.7 16.2 32.4 64.8
Z
64QAM /4 | Dongdon | 5.2 13.0 21.6 43.2 86.4
3
64QAM /4 | 25omIMO | 7.8 19.4 32.4 648 | 1296
64 QAM 4/4 | 2x2MIMO | 104 | 259 432 864 | 1728

Tuong tng véi mdi MCS va tdc d6 bit dinh 13 mdi muc SINR, ta xét trong
diéu kién kénh truyén 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 duoc SNR:SNR = 2CYBWD-1 (13p)

Trong d6 BW1 1a bang thong cta hé théng nhu 1.4 Mhz, 3Mhz, ...20Mhz

Tur SNR tim dugc ta tinh thong luong cell (cell throughput) qua cong thuc:
C = FxBWxlog,(I+SNR)
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Trong d6 BW la bang thong céu hinh chi chiém 90% cua bing thong kénh
truyén d6i v6i bang thong kénh truyén tir 3-20 Mhz. Pdi v6i bang thong kénh
truyén 1.4 Mhz, bang thong truyén chi chiém 77% cia bang thong kénh truyén. Vi
vay trién khai & kénh truyén 1.4 Mhz hiéu suat str dung pho thap hon so véi bang
thong 3Mhz.Bing théng cdu hinh dugc tinh theo cong thic sau :

NSC x N x N
BW = XT 37 e (3.9)

sub

Trong do:

Nsc 14 s6 song mang con trong mot khdi tai nguyén (RB), Nsc =12

Ns 1a s6 ky ty OFDM trén mot subframe. Thong thuong 14 14 ky tu néu st
dung CP thong thuong.

Nrb 13 s6 khdi tai nguyén (RB) tuong (mg v&i bang thong hé thong (bing
thong kénh truyén). Chang han nhu d6i v6i bang thong kénh truyén 13 1.4 Mhz thi
s€ c6 6 RB duogc phat di.

Tsub 12 thoi gian ciia mot khung con, thong thuong bang 1ms

.

— ‘ ,
Hinh 3.10: Quan h¢ gitta bang thong kénh truyén va bang thong cau hinh
Tinh todn Overalldatarate duoc tinh todn theo cong thire sau:

Overalldatarate = S6 user x Téc d bit dinh x Hé s6 OBF (3.10)
Trong d6 hé s OBF = 20.

Hé s6 OBF (overbooking factor) 1a sd user trung binh c6 thé chia sé trén mot
don vi kénh truyén. Pon vi kénh truyén sir dung trong quy hoach mang 1a téc do bit

dinh, dd duoc trinh bay ¢ trén. Néu gia sir 100% tai thi hé sb OBF sé 1a ty sb giita
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tbc do dinh va téc do trung binh (PAR: Peak and the average rates). Tuy nhién diéu
nay khong an toan cho viéc quy hoach mang véi tai 100% va vi thé hé sé utilisation
duogc st dung. Hé s6 utilisation nay, trong hau hét tit ca cac mang déu nho hon 85%

dé bao dam chét lugng dich vu (QoS). Hé s6 OBF dugc tinh toan theo cong thuc:

OBF = PAR x Hé s utilisation (3.11)
F 13 hé s stra 13i, F duoc tinh toan theo cong thure sau:
Tf T NSCNS_‘:L
_Tframe—Tcp >
F= X — S (3.12)

2

Tframe 13 thoi gian cia mot frame. C6 gia tri 1a 10 ms. Mdi frame bao gom 10
subframe va mdi subframe c6 gié tri 1a Ims.

Tep 1a téng thoi gian CP cua tat ca cac ky ty OFDM trong vong mdt frame.
Chiéu dai khoang bao vé cho mdi ky tw OFDM 1a 5.71ps d6i véi CP ngin va
16.671s d6i v6i CP dai. M6i frame s& bao gom 10 subframe, mdi subframe lai bao
gdm 2 slot ma mdi slot bao gom 7 ky tw OFDM. Do d6 Tcp s& co gid tri 1a
14x10x5.71 = 779.4ps hay 14x10x16.67 = 2.33ms.

Suyra:

D&i voi CP ngfn: F =10-0.7796 12.7>14/2-4 _ g
1 12,7x14/2

10—2,33X12,7x14/2—4 =7
1 12,7x14/2

Déi véi CP dai: F =

Cdc théng sé6 dau vdo cua tinh todn dung leong tai mét phan tir mang
(eNobeB) gom:

Dua trén cdu hinh bang thong duoc sir dung va bang thong cung cap ta tinh
dugc cac chi phi ton hao bing thong va dua ra bing thong kha dung. Hiéu suat st
dung bang thong: V&i cau hinh MIMO nhét dinh ta xac dinh duoc hiéu suat bang

thong tuong tng.

Cdc théng s6 dau ra cia tinh todn dung lwong tai mét phan ti- mang (eNobeB)
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Tir dung luong tai mot phan tir tac xac dinh dwoc sé luong dau cubdi cé thé dap
g d6ng thoi (dwa trén toc do 6 lidu yéu cau Rgy, va tai trung binh Ly ...). VOi
udc lugng ngudi dung ta tinh dugc sb site can lap dat. Ta tinh duoc dung lwong

t6ng can dap (ng (sd site*dung lugng site eNodeB)

Nsub = Nsector X % va Nsite= h:j—;” (3.13)
Ofector
Trong do:
+ Lbh : Tai trung binh + Rsub: Téc do sb liéu yéu cau
+ Abh : Téc do dit liéu gio cao diém + Ofactor: Hé sb ding ki vuot qua
+ Nsector: Poan 6 trén mot site + Ntotal : S6 nguoi dung can phuc vu
+ Nsite : S site (s6 eNodeB) + Nsub : S6 thué bao c6 thé quan 1y

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 du an 3G/ 4G LTE cua VinaPhone tai Bac Ninh.

Quy dwong truyén:

Tinh toan quy duong truyén udc luong suy hao tin hiéu cho phép cuc dai
(pathloss) gitta di dong va tram gdc. Ton hao 16n nhat cho phép cho ta udc luong
vung pha cua cell 16n nhat véi mé hinh kénh truyén phu hop. Véi viing bao phii cua
cell s& cho ta tinh toan duoc s6 tram gdc duoc sir dung dé bao phu ving dia 1y mong
muén. Tinh toan quy dudng truyén ciing duoc dung dé so sanh quan hé vé ving phu
cta cac hé théng khac nhau. Mdi quan hé quy duong truyén chi ra hé théng vo
tuyén LTE moi s& thuc hién tét nhu thé nao khi né duoc trién khai trong cac tram
gdc d3 ton tai cua hé théng GSM va WCDMA.

+¢ Tinh toan quy duong lén cho LTE
Céc thong sb, cong thuc sir dung dé tinh toan quy duong truyén 1én cho LTE:

e Cong suit may phéat (Prym): DPOi v6i duong 1én cong sudt may phat 13 cong
suit caa UE. Tuy thudc vao 16p cong suit phat ma UE sir dung & c6 gia tri cong

sut toi da khac nhau. Pon vi diing dé tinh toan cho cong suat may phat 1a dBm.
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e Khuéch dai anten (Gy,): Phu thudc vao thiét bj va bang tan sir dung. N6 co
gia tri tir -5 dén 10 dBi.

e Ton hao phi do va bd néi (Ley)

e Ton hao co thé (Lpogy): La ton hao dién hinh d6i véi quy dudng truyén cho
dich vu thoai vi di dong duoc giir gan véi tai nghe. C6 gia tri tir 3 d¢én 5 dB ddi voi
dich vu thoai. Pon vi la dB.

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

e Heé s6 tap am may thu (NF): Khi may thu 1a tram gdc, don vi do 1a dB.

e Cong suét tap am nhiét dau vao may thu (N;): C6 don vi la dBm va dugc tinh
toan bang cong thirc sau: N; = 30 + 10lgk + 10log290K + 10lgB (3.15)

V6i k 1a hang sé Boltzman, c6 gia tri k=1.3824x10-23 J/K. B la bang thong
phu thudc vao tdc d bit, twong wng véi mdi tde do bit s& co sé RB khac nhau duoc
phat di. Vi du 64 kbps tng véi 2 RB duoc phat di tuong tng véi B 1a 360 KHz

e Cong suit tap Am nén may thu (N;): C6 don vi 1a dBm va duoc tinh toan theo
cong thic sau: N=N; + NF (3.16)

e Du trit nhiéu (Mi): Du trir nhiéu & LTE s& nho hon dy trir nhiéu 6 WCDMA
vi cac tin hiéu & duong lén da duoc truc giao. N6 ¢6 don vi 1a dB va no6 cé gia tri
nam trong khoang tir 1-10 dB.

e T6Ng tap 4m nhiéu + giao thoa (N + 1): Cé don vi 1a dBm va dugc 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. C6 don vi 1a dB.

¢ D6 nhay may thu hiéu dung (Pmin): C6 don vi la dB va duoc xac dinh theo
cong thuc sau: Pmin= (N + 1) (dBm) + SNR, (dB) (3.18)

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 ciia no 1a dBi.

e Ton hao phi do va bo ndi (Ls): Ton hao & phia tram gdc. C6 don vi 1a dB.
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e Khuéch dai MHA (Gpua): La bo khuéch dai trén thap anten, donvi 1a dB.

e T6n hao dudng truyén cuc dai cho phép (Limay): C6 don vi 13 dB va dugc tinh
toan theo cong thuc sau: L. = EIRP, — Prin + Gy — Lt + Gyua (3.19)

% Tinh toan quy duong xudng cho LTE
Thong sb, cong thuc sir dung dé tinh toan quy duong truyén xudng cho LTE:

e Cong sut may phat (Pry,): DP4i v6i duong xudng cong suat may phat ¢ day 1a
cong suat cia tram gdc. Pon vi ding dé tinh todn cho cong suat may phat 1a dBm.
Gia trj dién hinh 12 tir 43 - 48 dBm.

e Khuéch dai anten (Gp): Phu thudc vao kich c& anten va sb sector. Co gia tri tir
15 dén 21 dBi. Pon vi cia n6 la dBi.

e T6n hao phi do va bo néi (L)

e Cong suét phat xa dang hudng twong duong (EIRPp): C6 don vi 1a dBm va
duogc tinh toan theo cong thirc sau: EIPRy= Prym + Gy + Ls (3.20)

e Heé s6 tap 4m may thu (NF): Khi may thu 1a tram gdc va c6 don vi 1a dB.

e Cong suét tap 4m nhiét dau vao may thu (Ni): C6 don vi 1a dBm va duoc tinh
toan bang cong thirc sau: N; = 30 + 10lgk + 10log290K + 10lgB (3.21)

Véi k 12 hang s6 Boltzman gia tri k = 1.3824 x 10-23 J/K. B 14 bang thong phu
thudc vao tde do bit, twong ng véi moi tdc do bit s& c6 sb RB khac nhau dugc phat
di. Chang han nhu 1Mbps tuong ng véi 50 RB dugc phat di tng véi B 1a 9 MHz

e Cong suat tap Am nén may thu (N;): C6 don vi 1a dBm va duoc tinh toan theo
cong thac sau: N = N; + NF (3.22)

e Dy trit nhiéu (M;): N6 co6 don vi 1a dB va c6 gia tri tir 3-8 dB.
e B6 sung nhiéu kénh diéu khién (Mcg)

e T6ng tap 4m nhiéu + giao thoa (N + 1): C6 don vi 1a dBm va duogc tinh toan
theo cong thuc sau: (N + 1)(dBm) = N + M; + M, (3.23)

e Ty s6 SNR yéu cau (SNR)): duoc lay tir mo phong. C6 don vi 1a dB.
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¢ D6 nhay may thu hiéu dung (Pmin): C6 don vi la dB va dugc xac dinh theo
cong thac sau:Ppi, = (N + 1) (dBm) + SNR, (dB) (3.24)

e Khuéch dai anten tram géc (G,,): Phu thudc vao thiét bi va bang tan st dung.
N6 ¢6 gid tri tir -5 dén 10 dBi.

e Ton hao phi do va bo ndi (Lsm): Ton hao & phia UE. C6 don vi la dB.

e Ton hao co thé (Lpeg): La ton hao dién hinh ddi véi quy dudng truyén cho
dich vu thoai vi di déng dugc giit gan voi tai nghe. C6 gia tri tir 3 dén 5 Db ddi véi
dich vu thoai. Pon vi la dB.

e T6n hao dudng truyén cuc dai cho phép (Lima): C6 don vi 13 dB va dugc tinh
toan theo cong thirc sau: Lyax = EIRPy — Prin + Gy — Lim - Lody (3.25)

% Vi du vé quy duong truyén:
Vi du tinh quy duong truyén 1én LTE cho 64kbps vi may thu tram goc 2 anten

Bang 3.4: Vi du vé quy dwong truyén 1én cia LTE

May phat (dau cudi di déng)

Cong suat phat (dBm) 24,0 | Prym
Khuéch dai anten (dB;) 00| G,
Tén hao phi do + bo ndi (dB) 0,0 | L
Suy hao co thé cua MS ¢ duong 1én (dB) 0,0 | Lpogy
Cong suat phat xa dang hudng twong 240 | EIRP, = Prot G - Ly - Ly
duong (dBm)
May thu (BS)
Heé s6 tap 4&m may thutram goc (dB) 2,0 | NF
Cong suit tap 4m nhiét dau vao may thu (dBm) -118,4 | N=30+10lgk+10lg290K+10Ig(360KHz)
Cong suat tap Am nénmay thu (dBm) -116,4 | N =N;+ NF
Duy trit nhiéu (dB) 20| M
Tdng tap &m + giao thoa(dBm) -114,4 | (N+1) (dBm)=N + M,
Ty s6 SNR yéu cau (dB) -7 | SNR;,, tir mé phong
Do nhay may thu (dBm) -121,4 | Ppin= (N + 1) (dBm) + SNR,
Khuéch dai anten (dB)) 18,0 | G,
Ton hao phi do + bo ndi tram géc 20| Lt
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Khuéch dai MHA (dB)

2,0

GMHA

Tén hao dudng truyén cyuc dai (dB)

163,4

I—max:EI RI:)m'Pmin"'Gb'i'GMHA' I—f

Bang 3.5: Vi du ciia quy dwong xudng LTE

May phat (tram goc)
Cong sut phat (dBm) 46,0 | Pry
Khuéch dai anten (dBi) 18,0 | Gy
Té6n hao phi do + bo ndi 2,0 | L;

Cong suit phat xa dang hudng twong dwong (dBm) 62,0 | EIRP,, = Pyt Gy - Lt

May thu (dau cudi di dong)

Hé s tap 4m may thu (dB) 7.0 | NF

Cong suét tap Am nhiét dau vao may thu (dBm) | -104,5 |N;=30+10Igk+10lg290K+10lg(9MHz)
Cong suat tap 4m nén may thu (dBm) 975 | N=N; + NF

Du trit nhidu (dB) 3,0 | M,

B6 sung nhidu kénh diéu khién 1,0 | Mgen

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

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

Tén hao phi do + b ndi (dB) 0,0 | Linm

Suy hao co thé (dB) 0,0 | Lpogy

Tén hao dudng truyén cuc dai (dB) 165,5 | Lnax=EIRPy, - Pmint Gm - L- Loogy

e Vi du so sanh quy dudng truyén ctia cac hé thong

Bing 3.6: So sanh quy dwdng truyén 1én ciia cac h¢ thong

o GSM
Puong 1én hoai HSPA | LTE

oai
Téc d6 dir liéu (kbps) 12.2 64 64

May phat (dau cudi di dong)
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Cong suat phat (dBm) 33,0 23,0 23,0
Khuéch dai anten (dBi) 0,0 0,0 0,0
Suy hao co thé cia MS 6dudng 1én (dB) 3,0 0,0 0,0
Cong suat phat xa danghudng tuong duong(dBm) 30,0 23,0 23,0
May thu (BS)
Hé s6 tap Am may thutram gdc (dB) - 2,0 2,0
Cong suat tap 4m nhiétdau vao may thu (dBm) -119,7 -108,2 | -118,4
Cong suat tap 4m nén may thu (dBm) -] -106,2 | -116,4
Du trit nhiéu (dB) 0,0 3,0 1,0
Ty s6 SNR yéu cau (dB) - -17,3 -7
D0 nhay may thu (dBm) -114,0 -123,4 | -123/4
Khuéch dai anten (dBi) 18,0 18,0 18,0
T6n hao phi do + bd noi tram goc 0,0 0,0 0,0
Do loi chuyén giao mém (dB) 0,0 2,0 0,0
Tén hao duong truyéncuc dai (dB) 162,0 161,1 | 1634

Bing 3.7: So sanh vé quy dudng truyén xudng cia cic hé thong

Pwong xudng GSM thoai | HSPA | LTE

Téc do dit lieu (kbps) 12,2 1024 | 1024
May phat (tram goc)
Cong suét phat (dBm) 44 5 46,0 46,0
Khuéch dai anten (dBi) 18,0 18,0 | 18,0
To6n hao phi do + bd ndi 2,0 2,0 2,0
Cong suat phat xa dang huéng twong duong (dBm) 60,5 62,5 62,0
May thu (dau cudi di dong)
Hé s6 tap Am may thu(dB) - 7,0 7,0
Cong suat tap 4m nhiét dau vao may thu (dBm) -119,7 | -108,2 | -104,5
Cong suat tap Am nén may thu (dBm) -| -101,2| -975
Dy trit nhiéu (dB) 0,0 4,0 4,0
Ty s6 SNR yéu cau (dB) - 52| -90
Do nhay may thu (dBm) -104,0 -106,4 | -106,5
Khuéch dai anten (dBi) 0,0 0,0 0,0
Overhead cua kénh diéu khién (%) 0,0 20,0 | 20,0
Suy hao co thé (dB) 3,0 0,0 0,0
Ton hao dudng truyén cuc dai (dB) 161,5 163,4 | 1635
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Quy¥ dudng truyén cho ta thay rang LTE c6 thé trién khai sir dung cac tram co
san cua hé théng GSM va HSPA
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 cuc dai cho phép duong Ién: 159.9 dB
e Suy hao cuc dai cho phép dudng xudng: 162.2 dB
- Tinh s6 tram BS duya theo ban kinh phuc vu ciia BS va dién tich phu song cua
cell
Tinh béan kinh cell: Tan s6 lam viéc (f): 1800 MHz
Véi diéu kién dia hinh, dan s6 va mtrc do phat trién ¢ cac huyén va thanh phd

thudc tinh Bac Ninh nén ta c6 dugc cac thong sd nhu sau:

< Do rong dudng phd (w) 215 m
+ Khoang cach giira cac toa nha (b) :35m
¢ Do cao trung binh cuia toa nha (hr) :15m
% D0 cao cua anten mobile (hm) :1,5m

% D0 cao trung binh ctia anten BS (hb) :30m
< Goc toi cha tia song tir toa nha dén mit duong: b/2 =~ 20 46
Str dung két qua suy hao cuc dai cho phép & duong 1én va duong xuéng tuong
ung la: 163.4 dB va 165.4 dB ta tinh duoc:
e Ban kinh cell tinh theo ton hao cuc dai cho phép dudng 1én: 3.573 km
e Ban kinh cell tinh theo ton hao cuc dai cho phép dudng xudng: 3.849 km
Nhu vay, dé dam bao phu song hét toan tinh ta chon ban kinh cell R=3.573 km
va dién tich cell S=24.894 km’® véi anten 3 sector nén h¢ sb K = 1.95 thi s6 site
(eNodeB) cho viing quy hoach 1 tinh Bic Ninh c6 dién tich dia ly 8227 km? thi s6
site can lap dit 1a: Ng = S6 eNodeB = dién tich Bic Ninh/S = 330 tram.
Déi voi mang di dong té bao, udc luong ving phu dugce dung dé quyét dinh
vung phu caa mdi tram gdoc, né dua ra mot ving ti da co thé dugc bao phu boi
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tram goc. Nhung no khong can thiét xac 1ap mot két ndi gitta UE va tram géc. Tuy

nhién, tram gbc co thé phat hién duoc UE trong ving bao phu cia né.
Quy hoach dung lwong ¢ Bdc Ninh:
» Tinh toan dung luwong mang trudc khi quy hoach lai:

OVEEALLDATARATE

Ap dung cong thic: S6 eNodeB =
SITECAPACITY

Trong d6: Site capacity 13 boi s6 cua thong lugng cell (cell throughput) né tiy
thudc vao cu hinh cua cell trén site.

Véi s6 eNodeB khong ddi, dé diéu chinh duoc toan b tée do dir liéu, ta co thé
thay d6i thong luong cell.

e Tinh toan toan bo toc d6 dit lidu trude khi quy hoach lai

= Trudc hét tinh cell throughput: Xét bai toan thuc té mang ludi dang sir: Loai
site ¢6 3 sector, MSC (ma hoa va diéu ché) kiéu 64 QAM ¥, k¥ thuat anten st dung
dong don, bing thong cua hé thdng 1a 10MHz. Vay téc do bit dinh = 32,4MHz, tur
cong thuc: Cl = BW log,(I+SNR)

Biét Cl=toc do bit dinh=32,4MHz

Suy ra: SNR (ty s6 tin hiéu trén nhidu) = 2VBW™=47 |an

Tur SNR tim duoc ta tinh thong lwong cell (cell throughput) qua cong thirc sau:

C = FxBWxlog,(I+SNR)

V6i F 12 hé s6 sta 13i:
10-0,7796 g 12x14/2 -4 -
1 12x14/2

Suyra: C=8,8x10xlog,5,7 = 220 Mbps.

Dbi véi CP dai, ta co: F =

Mdi eNodeB str dung 3-sector. Vi vay sitecapacity=3x220=660Mbps
Suy ra dung lugng t6i da ctia 1 tram eNodeB 4G/LTE 1a 660Mbps
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Tinh toan dugc sd thué bao c6 thé quan 1y dua vao dung luong cell 1a 220
Mbps, c6 3 cell trén 1 site tai trung binh gid cao diém 13 50%, hé s6 ding ky vuot
qua 13 100, chi tiéu cung cip 40Mbp trén mot thué bao. Bic Ninh hién dang dua vao
sir dung 330 eNodeB. Ap dung cong thitc Nsub va Nsite & trén ta c6:

Ccap X Lbh 220.0,5 ~
Nsub = Nsectorx—esms— = 3 X —30= = 1100 (thué bao)
Ofector 100

Niotal =Nsub X Nsite =1100x330= 363.000 (thué bao)

Nhu vy, quy hoach 330 tram eNodeB 4G ¢ Bic Ninh c6 thé dap tmg duoc
363.000 thué bao truy cap cung liic, thuc té thi s& kho co thé xay ra, nhung trén 1y
thuyét 1a van chua dat, vi theo bao cdo cua vién théng Bic Ninh trén dia c6 khoang
74.275 thué bao di dong 4G, cung véi téc do phat trién 15% nam.

Vi du nhu khu vuc KCN Sam Sung — Yén Phong c6 5 tram eNode 4G s6
ngudi co thé truy cap dong thoi 1a 5500 thué bao, thuong xuyén xay ra hién tuong
nghén mang, rét mang, mang yéu.

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

Tinh chinh cell throughput: gia st mang ludi sir dung: Loai site c6 3 sector,
MSC (mi hoa va diéu ché) kiéu 64 QAM ¥, k¥ thuat anten st dung 2x2Mimo, bing
thong cua hé thong 1a 20MHz. Vay toc do bit dinh = 64,8MHz (dé xuét sir dung
modun phat quang cong xut > 1.25Gbps dé c6 thé tang bang thong 1én 20Mhz).

T cong thie : Cl = BW log,(1+SNR)

Biét Cl=téc d bit dinh=64,8MHz

Suy ra: SNR (ty s6 tin hiéu trén nhidu) = 2CY8W =4 7 |3n

Tt SNR tim duogc ta tinh thong Iuong cell (cell throughput) qua cong thire sau:

C = FxBWXlog,(I+SNR)

Biét F=1O_O’7796x12X14/2_4 =88
1 12x14/2




Suyra

C=8,8x20xlog,(1+4,7)
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= 440Mbps

Moi eNodeB str dung 3-sector. Vi vy sitecapacity = 3440 = 1320Mbyps.

Suy ra: Nsub = Nsector X

CcapXLbh
Rsub
Ofector

_3><

440.0,5

—5— = 2200 (thué bao)

100

Nyotat =NgupX Naire =2200x330= 726.000 (thué bao).

Nhu vay véi viéc diéu chinh MSC (ma héa va diéu ché) kiéu 64 QAM %, k¥
thuat anten sir dung 2x2Mimo, bang théng cua hé thong 1a 20MHz. Vay téc 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 ting 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 théng lugng cell, kiém tra phan cing

eNodeB, cong suét phat, thong sd cia anten, hoic Kiém tra neighbor dua ra quyét

dinh thém bét neighbor.

Ap dung 1y thuyét tinh toan, ta tinh duoc sé eNode cho ting ving cu thé dya

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

Nam . ,
S6BS | S BS dugc
Pon vi 2015 2020 ; :
. . thuc te tinh toan
S0 thué bao S0 thué bao

Tinh Béc Ninh 48910 72255 382 330
Bac 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
Luong Tai 4318 6379 26 22
Gia Binh 4160 6145 23 20
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Nhu vay, dya trén bang s liéu sau khi tinh toan va quy hoach & trén, ta c6 thé
dé dang nhan thay rang, voi sb luong thué bao nim 2020 1a 72255 thi trén dia ban
tinh c6 s6 BS thuc té 1a 382 BS, sau khi quy hoach s6 BS chi can 330. Nhu vay, sau
khi quy hoach thi chi cAn 330 BS dé du cong suét phuc vu cho 72255 hoat dong, sb
lwrong BS giam 52 BS, diéu nay khong nhitng gitp nha mang tiét kiém chi phi 1ap
dit, cac chi phi duy tri ma con giup bao tdn va duy tri canh quan, bao vé méi trudng

trén dia ban tinh.

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

Dua vao cac tham sb cuia quy duong truyén dé xac dinh suy hao duong truyén
t6i da cho phép. Khi d6, ta co thé tinh duoc ban kinh cell néu biét dwoc mé hinh
truyén song ap dung véi méi trudng dang khao sat. Thuc té, suy hao nhanh dan dén
ving pha song trong nha khong dam bao nhat 1a khu vuc thanh thi do mat do xay
dung cao. Piéu ndy 1am cho nha mang ngiy cang c6 nhiéu khach hang phan nan vé
tbc do truy nhap dix liéu va phan anh chat luong dich vu séng 3G. Viée dua vao khai
thac hé thong tin di dong 4G/LTE di khac phuc dugc thoi gian tré, nhung khong thé
khac phuc dugc cac diém den trén, néu nha mang chi sir dung cac tram géc BTS sin
co.

Nhu da dé cap o phan 3.1, Bac Ninh 1a mét tinh nam trong cung kinh té trong
diém phia Bic, c6 duong giao thong thuan tién va nhiéu khu cong nghiép. Piéu d6
s& lam cho mat do nha cao tang s& tang 1én. Dan dén xuat hién nhiéu diém den ving
phu cua dién thoai di dong. Viéc phu song tir cac tram gbc dén moi diém trong céac
tdoa nha 1a khong thé. Pé dap tng va nang cao chit lwong dich vu nha mang can
thiét phai quy hoach va trién khai cac femtocell.

Ldp dat thiét bi Femtocell

Cac dac tinh cua femtocell ciia hang huawei dugc mo ta nhu bang dudi day:

Bing 3.8: Pién ap diu vao cho thiét bi

Nguén dau vao Khoang dién ap Tan s6
110 V AC 100 V AC to 120 V AC 50 Hz/60 Hz
220 V AC 200 V AC to 240 V AC 50 Hz/60 Hz
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Bang 3.9: Cong suit tiéu thu

Cong suit Tiéu thu Tiéu thu
diu ra téi da ning lwong(w) dién ning toi da (w)
Single band: 2x5 w 140 150

Bang 3.10: Kich thwéc va trong lwgng

Chi s6

Théng s6 ky thuat

Kich thudc (HXWXD) (cao X rong x sau)

290 mm x 300 mm x 166 mm

Trong lugng

12 kg

Vé két noi:

e Mai thiét bj smallcell ¢6 2 cong quang va 2 cong dién toc do Gb

e M5 hinh két ndi: C6 thé dau ndi chudi 3 thiét bi smallcell véi nhau bang

cong quang hoic cong dién roi 1én cong cua thiét bi Switch.

Vung phu song:

Vé 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 hoic distribute ctia 4G thong thuong). So sanh voi mot sector cuaa thiét bi 4G

tiéu chuan (so sanh anten) duoc chi ra nhu sau:

Vertical
Frequency | Gain | Polarizat . i Horizontal Lobe ert )
. Direction ality . Lobe Width | Vswr
Band(Mhz) | (dBi) | ion Mode Width(3 dB)
(3dB)
1800 11 +45° Directional | 65° 32° <2

Céc thong sd ky thuat cua anten phu thudc vao tan sb hoat dong cua hé thong.

Su khac biét dugc mo ta trong bang 3.11

Bang 3.11: Su khac biét cac thong sb k§ thuit ciia anten

Frequency Band(Mhz)

1710-1880
Mhz

1920-2170
Mhz

2490-2600
Mhz
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Gain(dBi) 17,3+ 0,4 17,7+ 0,4 18,0 +0,4
Polarizat ion Mode +45° +45° +45°
Horizontal Lobe Width (3dB) | 65+5 65+5 60+5
Vertical Lobe Width (3dB) 72+0,3 6,1 +0,5 5,0+0,3

Qua bang trén ta thay rang:

e Chiéu ngang bup song chinh 13 biang nhau cho céc tan sd.

e Chiéu thiang dung cua femtocell tbt hon so v&i anten cia mot thiét bi 4G
thong thuong.

e Do loi — do khéch dai cua anten 4G tiéu chuan cua femetocell.

e Ving phu song cua 1 femtocell theo 1y thuyét dat do xa 200m va ban kinh
Xap xi 120 do.

e Kha nang phuc vy 200-400 nguoi dung.

e Viéc lap dat cac femtocell don gian, thuc hién plug and play. Thiét vi c6 thé
treo ngoai trdi, trong nha nhu 1 thiét bi vién thong khac. Diéu chu y 14 phai

c6 dau dat bang cap M6 dé 1am nhiém vu tiép dat.

M6t s6 hinh anh lap dat duoc thé hién ¢ hinh dudi day.

Hinh 3.11: Thiét bj Femtocell duoc lap dit & cac cot dén duong phd
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.
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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 13y ra tir bao cao cua Trung tim Diéu hanh Théng tin VNPT

Béc Ninh vé kiém tra d¢6 kha dung cua Femtocell trudc va sau khi dua vao st dung

tai Man X4 — xa Long Chau thé hién ¢ Bang 3.12.

Bang 3.12: Kiém tra d9 kha dung ciia Femtocell

Trwoc khi sir Sau khi sw
So sanh
Yéu dung dung o
KPI name s trwdc va sau
cau Gia | Panh | Gia DPanh ;
. L : . sir dung
tri gia tri gia
RRC connection ESR (all
) >99 | 99.95 | bat | 99.95 bat | Tuong duong
service) (%)
ERAB setup Success Rate (%) >99 | 99.95 | Pat | 99.95 bat | Tuong duong
Data call setup Success Rate (%) | >99 | 99.11 | Pat | 99.28 bat | Cai thién
Call drop Rate (%) <1.2| 0.08 Dat 0.02 bat | Cai thién
Intra Freq Handover HO
>99 | 99.98 | bat | 99.98 bat | Tuong duong
Success Rate (%)
Inter Frequency HO Success
a Y >098 | 99.49 | bat | 99.49 bat | Tuong duong
Rate (%)
Inter RAT HO out Success e
>90 | 92.06 | Pbat | 98.81 bat | Cai thién
Rate (%)
Do sin sang % RSCP>-100dBm | >95 | 96.06 | Dat 98.8 bat | Cai thién
Used downlink Resource Block | <70 | 34.26 | Dat | 34.07 bat | Tuong duong
Used uplink Resource Block | <70 | 10.58 | bat | 10.51 bat | Tuong duong

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

4 chi tiéu da duoc cai thién:

= Data call setup Success Rate % (ty I¢ thiét Iap 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).
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= P sin sang % RSCP> -100dBm.
3.3.4. Po kiém viing phii séng, dinh gid chit lwong mang lwéi sau khi phdt
song tram e-NodeB
* Viéc do kiém va giam sat KPI c6 thé thuc hién bing OMC hoic DriveTest
Trong hé thdng trudc, mang 161 quan Iy 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 bai
RNC. Nhung d6i voi E-UTRAN, mang 16i c6 thé thdy moi chuyén giao.O
WCDMA, chung ta dung CPICH RSCP dé quyét dinh chuyén giao thi & LTE ta s&
ding RSRP. Thuat toan chuyén giao dua trén gia tri RSRP va RSRQ, chuyén giao
duogc thiét 1ap khi cac thong s6 nay tir cell anh hudéng cao hon cell dang phuc vu.
Trong khi RSRP chi ra ¢6 manh tin hiéu, RSRQ bd sung muc can nhiéu bai vi né
bao gom RSSI. Vi vdy RSRQ cho phép két hop gitta cudng d6 tin hiéu véi can
nhiéu dé bao cao mot cach hiéu qua. UE s& thuc hién do luong RSRP (Reference
Signal Receive Power) va RSRQ (Reference Signal Receive Quality) dua trén tin
hi¢u RS (Reference Signal) nhan dugc tir cell dang phuc vu va tir cell anh huong
manh nhét.

|o LTE_UE_Mbr_ RSRF & LTE_UE_RSRP LTE_UE_Num_Nbrs [l LTE_RRCConnection_HO_Fail LTE?RRCConnectioanofoli

-80.00 W L M
-50.00 g?& T . 4

L
-100.00 oy bj

-110.00

dBm
.

-120.00 5

-130.00

3.5

2.5

Count
L8]

1.5

0.5

16:46:00 16:47:00 16:48:00 16:49:00 16:50:00 16:51:00 16:52:00 16:53:00 16:54:00 16:55:00

Hinh 3.12: Sy kién chuyén giao xac dinh bang drive test
Hinh 3.12 1a mot vi du vé sy kién cua chuyén giao dugc xac dinh bang cong

Cu drive test. Trong d6: UE_RSRP la cuong d6 RSRP cua cell phuc vu, Nbr_RSRP
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la cuong do6 RSRP cua mot cell 1an can, Num_Nbrs 1a s6 cell 1an c4n c6 anh huong
dén cell phuc vy, HO Fail 1a sy kién chuyén giao that bai, HO OK la sy kién
chuyén giao thanh cong.

Tai thoi diém 16:48, cudng do6 RSRP cell 1an can ting dan, RSRP cell phuc vu
giam dan, dén khi RSRP cell 1an can vuot ngudng thi UE thuc hién chuyén giao
thanh cong. Dén thoi diém 16:50, cuong do RSRP cua 2 cell lién tuc dao dong gan
bang nhau kéo dai, UE thyuc hién chuyén giao khong thanh cong. Tiép theo sau 1a
chudi hién tuong ping-pong, chuyén giao qua lai lién tuc gitra 2 cell. Tir RSRP két
hop Véi cac thong s6 khac nhu RSRQ, SINR, c6 thé xac dinh nguyén nhén tir ving
phu bién cua 2 cell. Tir két qua trén ta ¢ thé tién hanh diéu chinh lai ving phu
chéng l4n gitta cac cell dé giam thiéu anh hudng dén chat luong chuyén giao.

* Giam sat qua OMC duoc thuc hién mot cach lién tuc, thong ké day da KPL c6 thé
phat hién sy cb.

3.3.5. Téi wu, lip dit tram méi e-NodeB tin dung ha tang cé sin
Chuadn bj:

- BO tri nhan lyc khao sét tdi thiéu 02 nguoi. Nguoi khao sat trong nha co ky
ning vé lap dit va biét so qua vé cac thiét bi vién thong; Ngudi khao sat trén
cot phai c¢6 ching chi vé cot cao, biét cac chung loai anten, am hiéu bo ga.

- Diéu tra va tap hop cac tai liéu hd tro nhiém vu: Bao gém cac béo cao md
phong mang vo tuyén LTE khu vuc can t6i wu giai doan quy hoach mang,
thong tin cau hinh phan ctng, cac van dé ton tai trong mang.

- Xay dung ké hoach trién khai

- Xac dinh tuyén duong va phan chia ving

- Chuan bj cong cu can thiét dé thu thap dit liéu nhu: Tai dung dd, day an toan,
d6 bao ho lao dong; thude 5m, 50m va La ban; may anh k§y thuat s, Livo;
may GPS, dong ho dién; gidy, bat, may tinh, ...

Thu thap da ligu:

Thu thap tat ca dix liéu théng ké chat luong mang tir cac nguon (Bang 3.5):
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+ Thu thap dit liéu chit luong mang tir cac file thong ké trén eNodeB, cac file
thong ké cudc goi dwoc cung cap tir cac thiét bi mang 16i.

+Thu thap dit liéu tir phuong phap Drive Test truyén thong.

+Thu thap dit liéu vé tham sé k¥ thuat, cac thong tin dia 1y va myc tiéu KPL

+Thu thap dit liéu canh bao vo tuyén tir ca hai phia UE va eNodeB.

+Thu thap phan anh cta khach hang: Dir liéu nay la nhirng trai nghiém cua
khach hang vé chat luong mang, di liéu nay duoc b sung thém céc dir liéu vé vi tri

dia 1y va duoc xur 1y can than.
Phan tich dir ligu:
Phan tich dit liéu va xac dinh van dé:

Phén tich cac chi s6 KPIl. KPlI mic mang thuong duoc sir dung dé giam sat
trang thai van hanh chung cia mang, cac phan tich KPI mang dua trén phan tich cac
dit liéu do ludong chit lwong theo ngay, theo tudn, thang.

Quy trinh thuc hién giam sat chat lugng mang 1a khi theo ddi thdy mot KPI
muc mang khong binh thudng, thi thuc hién phan tich tiép KPI muc cell dé xac dinh
cell c6 van dé dang ton tai, can c vao dit liéu caa cac bd dém va cac KPI muc cell
dé xac dinh I8i va nguyén nhan gay 15i trong cell.

Bing 3.13: Thu thép dix liéu truwdée khi téi wu

Théng s6 do KPI Ché dj test | Muyc tiéu
dac
. Long DL 0% S RS y A
RSRP (LTE Lock) 95% >=-85.00 1009/2413 41.81%
AT — Long DL |, 504 >=_17 SAATD 0ko
COVERAGE RSRQ (LTE Lock) 95% >=-12.00 1784/2412 73.96%
SINR LongDL | 9505 >= 15 55412427 22.85%
? (LTE Lock) 0 5 TSRS SRS
MOBILITY Handover Long DL >=99.5% 3 99 96.97%
D Lhronghpet Continuous
INTEGRITY | (90% above DL ’ Ave. 7.25Mbps -
target)
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Xac dinh nguyén nhan cy thé va dua ra giai phap tdi wu Sau khi phan tich cac
KPI miic mang va cac KPI mirc cell ta dd c6 thé xac dinh dugc co van dé gi dang
ton tai trong mang va xac dinh dugc ngay nguyén nhan tong quat cua van dé nhu 15i
phan cting, 16i phan truyén dan hay 15i phan vé tuyén

Dé xac dinh nguyén nhén cu thé ta can thuc hién cac phén tich chi tiét hon dya
vao cac dir liéu canh bao cua hé thdng, dir liéu drive test va dit liéu chat luong cudc
goi CQT, dit liéu phan anh khach hang, dir liéu bao hiéu va dir liéu ciu hinh cua
thiét bi mang.

Tién hanh téi wu

Téi wu hoa mang 13 mot qua trinh khép kin, dugc thuc hién lién tuc. Cac thong
s6 dugc do dac bang cac cong cu thu thap dit liéu rdi so sanh véi cac chi tiéu mang
yéu cau. Sau d6 tién hanh phan tich dit liéu thu thap dugc dé xac dinh nguyén nhén,
dua ra cac khuyén nghi. Tir d6 tién hanh diéu chinh, cap nhat cac thong s6 cho phu
hop. Sau khi diéu chinh, tién hanh do dac lai & danh gia két qua va xem xét sy thay

d6i cua mang, dua ra két luan toan bo qua trinh tdi wu

Quy trinh lip dit dwoc mé ti co bin nhw hinh 3.13

Kiém tra hang Chuin bj cac module va Lip dat ga, dé trén
Don dep vat tw di kem d@é lap dat paapd  twomg, cdt, san

Lip dat cac Lip dit cac Sub

Lap dat ndi dit
module module

Pi diy két néi Lip cac tam bio

cac phin tir vé va check lai

toan bo

Hinh 3.13: So d6 khéi céc bude trién khai tram SRAN
Déi véi cac thiét bi, nha tram dang c6: Can Iy cac thong tin co ban nhu khong
gian chi tiét nha tram, thong tin chi tiét nha tram va cot, thong tin vo tuyén vé hé
théng antena cii (2G, 3G) va thong tin truyén dan cling nhu ngudn dién dang dung.



77

Déi véi cac thiét bi mai: can khao sat khong gian 1ap dit thiét bi méi xe c6 can
lip dat ti ngudn hay khong cling nhu cac loai cap can cép dé lip dit cho phu hop.

Déi véi cac hé théng ngudn, hé thong diéu hoa: Can kiém tra va xem lai ngudn
AC, may nd, tiép dat ciing nhu cac phu kién can thiét dé cap cho thiét bi.

Déi véi duong truyén vo tuyén cho hé théng méi: Can thu thap cac thong tin
nhu léy toa do do tai chan cot (Long, Lat); BJ cao cot, dd cao tdoa nha, dd cao anten
s& lap; dé xuat goc phu cua anten s& lap (truc tiép quan sat dting trén dinh cot); dé
Xuit tilt co khi, tilt dién s& ldp (phu thude dan cu, mat do cac tram xung quanh).Ghi

chu cac ton tai va dé xuat don vi quan 1y nha tram hoan thién.

Luu trir anh can chup khi khao sat.

Hién nay, trén thuc té c6 2 loai cot lap dat thiét bi, nén khi lap dit can luu ¥
maot s6 cac van dé sau:

Thi nhit, loai cot Co-Site (Site da 1ap thiét bi 2G, 3G): Khi khao sat indoor
chi can khao sat indoor rack trong phong may hodc trén rack 19inch cé sin hoic
treo trén tuong; Khao sat outdoor: Vi tri 1ip antenna, RRU, bang dt outdoor cho
RRU (néu cot chua co).

Thi hai, loai cot New — Site (co sé ha tang méi): Cac noi dung khao sat trong
tu tram Co-Site (luu y chon vi tri lép dat indoor rack va antenna trén cot téi uu nhat
dé co thé lap cac thiét bi khac nhau nay).

Cubi cung, can thu thap day du, chi tiét cac théng tin du 4n va nha tram.

+ Hoa mang eNodeB, trinh tu gém cac buodc sau:

) Function Area MO and MML Command
T eNodeB functior lN(l[)I.HllVN( TION .
( N N v)
I NE configuration attributes NE (
v
e . I & «CNOPERATOR (ADD (N
Pe ~CNOPERATORTA
L2
i re dev 3 I
NE maintenance mode Equipment (
L3
v Function s [v] ]
ofigure ra a I . €
NE NE 158753900 GSM | NE2 BTS3900
L3
-~ )

RAT Deployment e

A GTMU
~n | wese

E— uPEY
LBaP [

Hinh 3.14: Trinh tu cac budc hoa mang tram e — NodeB
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» Configure Basic Data

eNodeB

Nexthop IP

10.10.10.1

UMPT

Service IP/Singaling 1P/
OM IP: 10.10.10.67/24

MOD ENODEBFUNCTION: eNodeBFunctionName=“eNodeBTest", eNodeBld=10000;

ADD CNOPERATOR: CnOperatorld=0, CnOperatorName=“VNPT",
CnOperatorType=CNOPERATOR_PRIMARY, Mcc="452", Mnc="02";

ADD CNOPERATORTA: TrackingAreald=0, CnOperatorid=0, Tac=10014;

Hinh 3.15: C4u hinh dit liéu co ban tram e-NodeB
#Configure Transmission Data . Ijglu?:mo

wbodaB
Haxthop 1P :
B =

o
Service IPSingaling 1IPY
A TP 1010, 10.87/24

URMPT
——t
—

S

LT 2 R—

SET ETHPORT: SN=7, SBﬁBﬁSE_BDARD. PASCOPPER, MTU=1500, SPEED=AUTO, DUPLEX=AUTO;

ADD DEVIP: SN=T, EB'IIB.A.SE_EOARD. PT=ETH, PN=D, IP="10.10.10.67", MASK="255.255.255.0", USERLABEL="3ervice _OM™

ADD IPRT: RTIDX=0, SN=T, SBT=EASE_BOARD, DSTIP="10.166.1.2517, DSTMASK="255.255.255.255", RTTYPESNEXTHOP,
NEXTHOP="10,10,10.1", DESCRI-"To OS5%;

ADD IPRT: RTIDX=1, SN=7, SBT=BASE_BOARD, DSTIP="10.3.3.3", DSTMASK="255.255.255.0", RTTYPESNEXTHOF.
MEXTHOF="10.10.10.1", DESCRI="Ta MME™;

ADD IPRT: RTIDX=2, 5N=6, SBT=BASE_BOARD, DSTIP="10.4.2,3", DETMASK="255255.255.0", RTTYPE=NEXTHOP,
NEXTHOF="10.10.10.1", DESCRI="Ta SGW";

ADD VLANMAF: NEXTHOPIF="10.10.10.1", MASK="255255.255.255", VLANMODE=SINGLEVLAM, VLANID=321,
SETPRIO=DNSABLE;

Hinh 3.16: Céu hinh truyén dit tram e-NodeB
» Configure Radio Data 3 dg' 12000

eNodeB

Nexthop 1P
10.10.10.1

Sercvice IP/Singaling 1P/
OM IF: 10.10.10.67/24

0.4 3.3/24

ADD SECTOR: SECTORID=1, ANTNUM=2, ANT1CN=0, ANT1SRN=70, ANTI1SN=0, ANTIN=ROA, ANT2CN=0, ANT2SRN=70, ANT25N=0,
ANT2N=R0OB, CREATESECTOREQM=FALSE;

ADD SECTOREQM: SECTOREQMID=1, SECTORID=1, ANTNUM=2, ANT1CN=0, ANT1SRN=70, ANT1SN=0, ANTIN=R0A,
ANTTYPE1=RXTX_MODE, ANT2CN=0, ANT2SRN=70, ANT2SN=0, ANT2N=R0B, ANTTYPE2=RXTX_MODE;

ADD CELL: LocalCellld=1, CeliName="TestA", FreqBand=3, UlEarfcnCfgind=NOT_CFG, DIEarfcn=1875, UlBandWidth=CELL_BW_N70,
DiBandWidth=CELL_BW_N70, Cellid=1, PhyCellld=1, FddTddInd=CELL_FDD, RootSequenceldx=0,
CustomizedBandWidthCfgind=NOT_CFG, EmergencyArealdCfgind=NOT_CFG, UePowerMaxCfgind=NOT_CFG,
MultiRruCellFlag=BOOLEAN_FALSE, TxRxMode=2T2R:

ADD CELLOP: LocalCellld=1, TrackingAreald=0, MMECfgNum=CELL_MME_CFG_NUM_0;

ADD EUSECTOREQMGROUP: LocalCellid=1, SectorEqmGroupld=1;

Hinh 3.17: Cau hinh truyén dit li¢u 4m thanh tram e-NodeB
Bang thiét ke so e-NodeB dé dat vung phu 4G — Vinaphone dat 60% dién tich

ving phu tai cac khu vuc tap trung nhiéu khu cong nghiép, lang nghé va 50% dién

tich viing phu tai cac khu vuce con lai.



Bang 3.14: Thiét ké ving phit 4G Vinaphone tai Bic Ninh
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Dién Di¢n Tilé % Tilé % Tilg %
B tich |Sblwong | tich | Tilg% e T ki séng
. Dién Mat dé Vung phu phu dién tich
Pon vi Tong , . phia | ENodeB phu dién tich 4G theo
TT . tich din so o 4G theo | séng 4G | phu song .
hanh chinh s0 dan ) ) song | thiet ke song phi séng . dén so
(km?) (Nguwoi/km®) . dén so theo din | 4G (Quy
BTS | lip dit 4G 4G o abi) (Quy
(km?) (km?) dbi)
1 | Bc Ninh 168,236 82.6 2036.8 | 4.86 95 247.86 | 94.14% 171,594 | 94.14% | 100.00% | 100.00%
2 | Tur Son 143,105 61.3 23345 | 4.86 33 204.12 | 118.92% | 115,572 | 100.00% | 100.00% | 100.00%
3 | Yén Phong 128,603 96.8 13285 | 4.86 54 179.82 | 70.29% 96,546 70.29% | 70.29% | 70.29%
4 | Qué Vs 136,578 154.8 882.29 | 4.86 40 126.36 | 43.95% 103,137 | 43.95% | 43.95% | 43.95%
5 | Tién Du 126,326 95.6 1321.4 | 4.86 36 116.64 | 76.26% 89,772 76.26% | 76.26% | 76.26%
6 | Thuan Thanh 146,563 117.9 1243.1 | 4.86 30 97.2 61.83% 73,452 61.83% | 61.83% | 61.83%
7 | Luong Tai 96,580 105.6 91458 | 4.86 22 102.06 | 55.23% 102,508 | 55.23% | 55.23% | 55.23%
8 | Gia Binh 92,238 107.7 856.43 | 4.86 20 102.06 | 49.64% 76,912 49.64% | 49.64% | 49.64%
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Sau khi 4p dung, tinh toan va thuc hién viéc quy hoach, t6i vu mang di dong
4G VNPT Bic Ninh, dé tai da thu duoc mot s6 két qua kha quan:

- Ti wu hoa cac tham sb hé thdng: Ra soat dua ra CRO5 xir Iy 01 tram c6 chét
lwong truyén dan kém; thuc hién 15Crs audit neighbor cho tat ca cac hé théng 4G
véi 25026 cap Neighbor dugc audit, trong do thém 1366 cap NB 3G-4G cac huyén
TPO, TSN, GBH, YPG, TDU, LTI, TTH.

- Po kiém Driving test theo route gém TPO va 03 huyén TSN, TDU, YPG
trudc t6i wu va sau toi wu; do kiém hién trudng, danh gia xt Iy chat luong mang tai
cac vi tri PAKH va do kiém xu 1y badcell trén dia ban toan tinh.

- Tunning ving phu dua 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 uu 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.

- Xt Iy canh bao HW/badcell ton tai va phat sinh trén dia ban tinh; phéi hop
xtr 1y cac tram BTS/NodeB c6 canh bao truyén dan va chat luong truyén dan kém:
12 NodeB va 1 EnodeB; Xir Iy cac tram c6 chat lugng HW kém gay suy giam chat
luong theo yéu cau cia RNOC: Xir 1y 13 cell c6 HW kém bi PB, 101

Padnh gia KPI hé thong:

Thong tin két qua chi tiét KPI hé théng trén cac huyén/thi xa trén dia ban tinh
duoc thé hién chi tiét trong bang sau:

Bang 3.15: Két qua danh gia KPI hé thong trén dia ban tinh Bic Ninh

Huyén >=985 | <=1 >=97 | <=05 <=1 >=99 | <=07 | <=05 [ >=99 | >=97 [ >=95 >=98 <=1 <=05 | >=99 | >=9%
26 26 26 26 3G-CS | 3GLS | 3GCS | 3GCS | 3GLS | 36CS | 3GCS | 3GPS | 3GPS | 3GPS | 3GPS | 3GPS | 3GPS
% 2 |8 G |86 |8 |88 (28| 5 | © |2:%| 2% [s:5|588|B80(58n| & |5 | & [2.8(3.f |3k
) 3 |z o 20 | 50 80 | = /4 5 & el [5s€|c80|c SO 20 =~ < s S5sC|850[2:0
< £ € [89 | [sT |2 =N c [eEuiESIRgls el s s is el 2 | s, | o [gx®[EcI|EET
I & 5 e |5 [9s|D £ ® [Ses| 88 (85 |E09|zot|Eak| §F |(af | & |85 [f£89|:ic
5 5 = L 2 &8 | I H E 082 2 [22 ] -‘5 = Y4 T2 o8 oo
24 2 3¢ |a |32 |0 o R P 2% [B22|03221835| = |8 § |28 |28 |22
H 218 (2 |8 | 5| © (98|38 (25 | 3| 5%| 22| - | | ° |%5 |° i
3 f B g (8 | 2| 2|22 , 8 | |24
GBH [Huyén [2019-12-12 | 284132 99.3 047] 0.01 0.00] 3700.10) 99.73 0.12 0.00] 9998 9957) 96.98) 2.187.60] 99.62 024 0.00] 9995 9847,
TDU [Huyén [2019-12-12 | 7.285.26] 9944 040 98.14 0.02 0.00] 11.569.55) 99.14 021 000 9997 9846] 9743 6.03231] 9939 037 0.00] 99.96) 97.09
TPO |Huyén |2019-12-12 |21,508.88]  99.40 028[ 98.44 0.02 0.00[ 37.928.83] 9953 0.16 004 9998 97.02) 97.76[ 13,92942|  99.18 0.31 003 99.96
TSN [Huyén [2019-12-12 | 9.002.93] 99.22 049  98.09 0.02 0.05| 16.290.59)  99.56| 022 0.00] 99.98 96.13| 7.091.34] 99.29 0.39 0.00] 99.96
YPG [Huyén [2019-12-12 | 6,139.26]  99.21 051 9748 0.01 0.00] 11.569.05)  99.56 0.18 0.00] 99.97 97.26| 566140 99.4 0.34 0.00] 9994
GBH [Huyén [202003-10 | 2761.91] 9921 oaah 0 0] 7.82746] 999077] 02152 0| 998818] 994814] 980671] 250056 996454 02466 0] 999386] 99.0811
TDU |Huyén [202003-10 | 651473 994 04] 9803 0] 0.01] 2427849 99598 01861 00013 999800 986841[ 97.2935] 600090 991019] 03979] 0.0036] 99.9388| 97.4248
TPO [Huyén [2020-03-10 | 17693.13]  99.32 031 9117 0 0] 7866839 99.8396( 0.1695| 0.0024| 99.9815| 98.8895| 97.9679| 1399964 | 98.6211] 04156) 0.0058| 99.9289
TSN [Huyén 20200310 | 709241  99.42[ 042 9834 0 0] 2889951] 997093 01919 0.0003] 99.9818 96.6179] 576633 | 992887]  0404] 00005] 99.9425
YPG [Huyén 20200310 [ 5025.44] 9924 047] 972 0 0] 2571676 | 99.8088] 0.1497 0] 999292 975345 583981| 99.18] 03515 00006] 99.8194
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STT |TénHuyén| Mang |KPIvipham| QP 206 |Truéc TUH| Sau TUH | Panh gia
1 GBH 2G HOSR >=97
2 TPO 3G PS IFHOSR| =>=96
3 TSN 3G CS IFHOSR| =>=97
Rl TSN 3G PS IFHOSR| >=96
I 5 YPG 3G CS [FHOSR| >=97
6 YPG 3G PS IFHOSR| >=96

Danh gia KPI Driving Test:

Tong s chi tiéu danh gia mang 4G trén dja ban tinh 1a 16, s6 chi tiéu dap ¢ng

yéu cau ciing nhu so sanh viéc tdi wu truéc va sau khi quy hoach duoc thé hién
trong bang dudi day:

Biang 3.16: Két qua danh gia KPI Driving Test

So chitiéu | So chi tiéu dap tmg yéu cau So sanh trudc va sau toi uu so chi tiéu
danh gia Trudc toi uu Sau toi wu | Caithién Tuong duong | Suy giam
16 11 11 11 05
) | Treoctbionm | Sau 16i vu i
| Mang | o tRe Y v P [ g | || e
Data Call Setup Success Rate (%) >00% 100 Pat 100 Bat Twong dwong
FRC Setup Success Rate (%) 299% 100 Bat 100 | Pat Tuong duomg
E-RAB setup success rate (%) 29%% 100 Bat 100 Dat Tuwong dwong
Call drop rate (%) <12% 0.0 Bat 000 | Bat Tuong dwong
Tntra L TE Handover Success Rate (%) >98.5% 96 Pat %7 | Pat Cii thién
Tnter- LTE Handover Success Rate (%) 297% 100 Bt 100 | Pat Tuong duong
DL throughgut (20MHz, QUI=9) Z40Mbps | 218 | Kodat | 2436 | Kodat Cii thin
© UL throughput (20MHz, QCI=9) >30Mbps | 319 Dut 339 | pat Ci thién
LTE to WCDMA CSFB Redirection Success Rate (%) >96% 9.1 Pat 9936 | Dat Cai thién
CSFB Call setup time <5s 34 Dat 32 | bat Céi thién
RSRP>-100dBm >o%% $901 | Kodat | 8921 | Koda Ci thién
RSRP 2 -110dBm 298% 98.58 Dat 9570 | Pat Cii thién
RSRQZ-10d8 275% 1116 | Kodat | 4236 | Kodat Cai thign
RSRQ> -14dB >08% §750 | Kodmt | 8802 | Kodat Cii thién
SINR > 104B >75% $1.77 Dat 8255 | Pat Cai thién
SINR < 0B <1% s7 | Kodgt | 40 |Kodat Cai tgn
Béang 3.17: Két qua danh gia KPI Driving Test: S — KPI
- _— Trude foi v Sau tbiwn | o siuh trwde
: ¥ ;
Mg Chitea KPY Yeuean () [ i i | Diah gid | G| Dinhgia | viswntim
Ty I¢ nhan thanh cong dir licu da phurong fién Hon huén tar | 99,81 100 Cat thién
Ty I cde phién di liéu da phurong tién bi gidn doan Hon higntai | 0.1 0 Cai thién
S.KPI | Thn gian gidn dogn trung binh dit iéu da phwong tién Hon hiéntar | 0.01 0 Ca thién
Ti 16 tai thinh cong trang web . Hon higntai | 99.23 99.74 Cai thién
Thot gian cho it lic gi yéu cau truy cip dit liu dén khi duoe dépimg | Hon hiéntal | 5.36 535 Canthin

Két qua DrivingTest cho thay mot s6 huyén nam xa trung tim tinh 13 khu vuc
c6 nhiéu diém cho chit luong ving phu thap. Viéc dam bao chat lugng thoa mén

cac yéu cau dich vu biang rong trong diéu kién duy tri ha ting mang nhu hién nay 1a
mét thach thire, dic biét 1a su bién dong vé ha tang d6 thi ciing nhu mat d6 thué bao

tang nhanh.

Pdnh gid viing phii séng cua hé thong 4G:
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Dua trén cac ving phil séng 4G bao gom RSRP, RSRQ, SINR, Througput DL;
Througput UL véi cac mire tin hiéu trén dja ban tinh Bic Ninh duoc mé ta chi tiét

trong bang:

Bang 3.18: Mikc tin hi¢u truéc va sau khi TUH véi cac vung phit RSRP, RSRQ, SINR

Mite Tin hidu Truée TUH | Sau TUH | Dénh gid

RSRP >=-110 dBm 98.58% | 98.70% | Caithién
RSRQ >=14dB 88.02% | 89.29% | Ciithién
|SINR<=0 4.78 4.4| Caithién

Sau khi thuc hién quy hoach, téi wu héa mang 4G thi két qua thu duoc trén 3

ving phi d6 dwoc biéu dién nhu trong hinh dudi day:

TRUGC

SAU

TRUGC

SAU

oy tany

Hinh 3.18: Két qua t6i uu héa quy hoach mang 4G trén 3 ving phu RSRP, RSRQ, SINR
Dbi véi 2 vung pha con lai 1a Througput DL; Througput UL thi két qua dat

duoc nhu sau:

Béng 3.19: Mirc tin hi¢u trwéc va sau khi TUH véi vung phia Througput DL;

Througput UL
Mirc Tin higu Trrede TUH | San TUH Bréanh gid
4G Application-layer throughput DL (kbps) =5000 89.78% 90.13% Cat thién
4G Application-layer throughput UL (kbps) =5000 94.76% 96.19% Cét thién
4G Mean throughput DL (Abps) 21.8 24.36 Cai thién
4G Mean throughput UL (Mbps) 31.9 33.9 Cai thién
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Sau khi thuc hién quy hoach, téi wu héa mang 4G thi két qua thu duoc trén 3
vung pht d6 duoc biéu dién nhu trong hinh duéi day:

RUGC

0 L b

SAU

Hinh 3.19: Két qua tdi vu héa quy hoach mang 4G trén Througput DL;
Througput UL

Céc tham sd lién quan dén chat lugng dich vu thoai ciing duoc cai thién dang
ké. Cu thé nhu:

- CSSR (Call Setup Success Rate): ty 1é cudc goi dugc thiét 1ap thanh cong, 1a
ty 1& (%) gitra s6 cudc goi duoc thiét 1ap thanh cong trén tong sé cudc goi dugc thyuc
hién.

- CDR (Call Drop Rate): ty Ié cudc goi bi roi, 1a ty & (%) gitra s6 cudc goi bi
roi trén tong s6 cudc goi dugc thiét 1ap thanh cong.
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- SASR (Service Access Success Rate): Ty I€ truy nhap dich vu thanh cong, 1a
ty 1& (%) giira sb 1an truy nhap dich vu thanh cong trén tong s6 1an truy nhap dich vu

Nhu vay, sau khi thuc hién téi wu, dam bao cac chi tiéu dit ra theo dung ké
hoach, két qua téi wu di thu duoc mot sé cac két qua kha quan c6 thé duoc tom tat

lai nhu sau:

Thi nhét, t6i uvu ving phu séng: dé tai da 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 luot dat 89.78%
va 94.76%, sau khi t6i vu da duoc cai thién rd rét 1én t6i 90.13% va 96.19%. Tuong
ty thé, trudc khi tdi wu, 4G mean Throughput DL (Mbps) va Throughput UL
(Mbps) lan luot 13 21.8% va 31.9%; sau khi t6i vu dat 24.36% va 33.9%.

Thi hai, viéc toi vu KPI hé théng ciing duoc duy tri cai thién cac chi s6 KPI
S0 V&i trudce ti wu.

Thir ba, d¢ tai da xtr Iy dugc cac HW/Badcell ton tai va phat sinh nhu da xu 1y
cac cach bao HW/truyén dan, CLK va diét 46 badcell 4G dat ty 1& xir Its 76% so voi
trudc toi wu.

Cubi cung, dé tai cling da hoan thanh viéc kiém tra xir 1y cac diém den trén dia
ban toan tinh. Theo ké hoach dy kién dén cubi nam 2020, khoang 70.000 thué bao
di dong 4G hoat dong thudng xuyén trén mang 4G cua VNPT Biéc Ninh va nhitng
nam tiép theo sb thué bao di dong 4G hoat dong thuong xuyén trén mang 4G cua
VNPT Bic Ninh ting thém tir 45-50%. Nhu vay co thé thay, néu trong vong 5 nim
t6i (tinh dén nam 2025) tong sb thué bao du bao 1a khoang hon 500.000 thué bao sir
dung di dong 4G. Ma theo bao cao cua tinh, dén hét ndm 2019, trén dia ban tinh c6
1.056 tram thu phat song di dong BTS (loai Ala, Alb, A2a, A2b), 2.564 tram BTS
(tram 2G, 3G, 4G), phuc vu cho hon 1,5 triéu thué bao dién thoai di dong. Chinh vi
vay, viéc quy hoach mang téi wu cang trd nén can thiét va quan trong hon bao giod
hét, dap tng dich vu duogc tét hon khi sé lwong thué bao va nhu cu dung luong

ngay cang tang.
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3.4. Két luin chwong

Noi dung chuong 3 trinh bay két qua nghién ctu viéc trién khai thuc té mang
di d6ng 4G VinaPhone tai Bac Ninh, tir quy hoach, dinh c&, thiét ké High Level

Design - Low Level Design, lip dit, phat song va do kiém chét luong mang 4G.

Do dic thu duong 1én va dudng xudng trong mang 4G 1a bat ddi xang, mot
trong hai duong sé thiét 1ap gisi han vé dung luong hoic ving phi séng. Viée 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 dua vao quy

duong truyén va mo hinh truyén séng cu thé, két hop véi dién tich can phu song.

Mit khac viéc trién khai mang 4G phan 16n duoc thuc hién trén ha tang nha
tram, cot BTS sin c6 dang dung cho thiét bi 2G/3G. Do d6 viéc thiét ké vi tri lip
dat anten, ta nguon, fido, thiét bi can phai duoc thiét ké va tinh toan chi tiét dé vira
dam bao chét luong ving phii, ddng thoi phai thuan loi trong cong tac van hanh,
khai thac. Mot sb cac KV khong cai thién nhiéu do ving ho can cha y bd

sungNewSite/Remote cho phut hop voi diéu Kién trén dia ban tinh.
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KET LUAN

Ludn van da trinh bay cac dic diém k¥ thuat cua hé thong LTE bao gdm muc
tiéu thiét ké, tiém niang cong nghé, hiéu suat hé thong, cac thong sb 16p vat 1y, dich
vu cta LTE. Nhiing ndi dung nghién ctru trén cho thiy 4G 1a mot cong nghé Véi
nhitng dic tinh k¥ thuat vu viét. Do vy 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
ctia cac nha mang, dap wng nhu cau str dung dich vu ngay cang cao ctia khach hang.
Céc két qua nghién ciu cho thay 4G c6 wu diém vuot troi so véi 3G ca vé toe do,
thoi gian tré, hiéu suat sir dung pho cung véi viéc sir dung bing thong linh hoat, cau

tric don gidn nén gidm dugc gia 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
phi cta cac tram 2G, 3G, 4G 1a khac nhau nén can c6 nhitng khao sat va cach tiép
can phu hop trong thiét ké va quy hoach mang dé dua ra cac giai phap toi uu duoc
chat luong ving phu ciing nhu chi phi. Va day ciing 1a nhitng két qua chinh dat
duoc trong khudn kho noi dung caa luan van.

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 thiy cd gido
dé luan van duoc hoan thién hon.
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