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CHUONG 1: TONG QUAN VE HE THONG
THONG TIN DI PONG

1. Gioi thiéu chung
1.1. Lich sir ra doi va phat trién

O cudi thé ky thir 19 Marconi d chi ra rang thong tin vo tuyén c6 thé lién
lac trén cu ly xa, may phat va may thu c6 kha nang lién lac di dong vdi nhau.
Nhung thoi d6 ngudi ta lién lac chu yéu bang dién bao Morse.

Trong nhiing nam 1895, hé théng thong tin lién lac khong day 1a mot
trong nhitng hé thong phat trién nhanh nhét cia cac thong tin lién lac thoi xua.
N6 stir dung cac dich vu bang thong rong cia di dong.

Céc khai niém vé hé thong di dong duoc phat trién bai cac nha nghién ciu
tai Phong thi nghiém AT & T Bell dé giai quyét cac van dé cong suat cac hé
thong thong tin di dong dau. Trai nguoc véi cac thong tin di dong: Pau tién hé
théng, ma chi c6 mot tram trung tdm (BS) bao phu toan b ving phii song khu
vuc, hé thdng té bao phan chia ving phu song vao céc té bao khoéng chong chéo
nhau va hoat dong véi BS riéng ctia minh. Bang cach khai thac mot thuc té
rang stc manh cua mot tin hiéu truyén véi khoang cach, cing mét tan sd
tuong tu c6 thé dugc tai st dung trong tiéu té bao ma khéng can gidi thiéu
nhidu lién cell ning nhu mot hé qua, kha ning 1am ting dang ké viéc st dung
goi cua pho tan sb.

Pén nam 1928 s canh sat Bayone — My da bat dau trién khai mang vO
tuyén truyén thanh dau tién. Do 1a mang vo tuyén truyén thanh dau tién nén cac
may di dong ton ngudén va kha cong kénh duogc dit trén 6 to dé lién lac vé 1
tram gdc BS ¢ trung tdm. Chat luong lién lac lai cuc ky kém do dic diém dia
hinh truyén séng di dong rat phic tap ma cac may chi gom 10 dén dién tir
thuc hién céac chirc nang tbi thiéu.

H¢ théng dién thoai cd dinh phat trién nhanh va hinh thanh mang PSTN
(Public Switching Telephone Network) song sut thoi gian dai vo tuyén di dong
khéng phat trién do han ché vé cong nghé. Mang PSTN bao gém duong day
dién thoai, cdp quang, truyén dan vi _ba lién két, cac mang di dong, vé tinh
thong tin lién lac, va day cép dién thoai dudi ddy bién, tat ca cac két ndi voi
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nhau bai cac trung tdm chuyén mach, do d6 cho phép hau hét cdc may dién
thoai dé lién lac v6i nhau. Ban dau 1a mot mang luéi cac duong day cd
dinh twong ty hé thong thoai. Mang PSTN hién nay gan nhu hoan toan k¥y
thuat sb trong ciia mang 161 va bao gdm dién thoai di dong va cic mang Khac,
cling nhu dién thoai c¢d dinh.

Trong ndm 1947 Bell Labs da cho ra y tuéng vé mang dién thoai di dong
té bao: Cac may di dong dugc ty do va chuyén ving tir ving té bao nay sang
ving té bao khac. Cac té bao duoc thiét ké nham phu kin ving phu séng (1a
vung dia 1y dugc cung cép dich vu di dong), két ndi thanh mang thong qua
chuyén mach tong dai di dong va dugc b tri tai trung tAm ving. Nhitng ngudi
str dung di dong c6 thé di chuyén duoc trong ving phu séng cua cac tram goc
(Base station).

Nhung ¥ twéng cia Bell Labs di khong dugc sir dung do han ché vé mit
cong nghé.

Nam 1979 thi mang di dong té bao dau tién d3 duoc dua vao su dung &
M§ va phat trién rat nhanh do doanh thu thu 16n va tinh thuan tién trong viéc s
dung. Mang di dong té bao duoc ra doi nho cac tién bd ky thuat vé:

Co cac hé théng chuyén mach ty dong voi tde do chuyén mach 16n, dung
luong cao.

Str dung k¥ thuat vi mach: VLSI ra doi (Very Large Scale Integrated
Circuit) né ¢ thé tich hop céac linh kién tir hang trim ngan dén 106 transistor
trong 1 may dién thoai di dong. Do vay c6 thé giai quyét dugc nhimg kho khin
trong viéc truyén song di dong.

Hé thong thong tin di dong té bao s6 hay con dugc goi 1a hé thong thong
tin di dong (Mobile Systems) 1a hé thong thong tinlién lac dugc truy cép voi
nhiéu diém khac nhau (access point or base stations) trén mot ving té bao hay
con goi la cac Cell.

Cell (té bao hay 6): 1a don vi co s& clia mang ma tai d6 tram MS (tram di
dong) tién hanh viéc trao doi cac thong tin véi mang thong qua tram thu phat

gbc BTS (Base Transceiver Stations)
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Tram thu phét goc

Hinh 1.1: Cdu tric mang té bao

1.2.  Phan loai hé thong thong tin di dong
1.2.1. Phan logi theo ddc tinh tin hié¢u.

- Analog: Thé hé 1, thoai diéu tan analog, c4c tin hiéu diéu khién da
duogc sb hda toan bo.

- Digital: Thé hé 2, va cao hon, thoai, diéu khién déu sd hoa. Ngoai

dich vu thoai nd con co6 kha ning phuc vu cac dich vu khac nhu truyén sé liéu

1.2.2.  Phan loai theo ciu tric hé thong

- Cac mang vo tuyén té bao: Cung cép cac dich vu trén dién rong voi kha
nang luu dong (roaming) toan cau (lién mang).

- V0 tuyén vién thdng khéng day (CT: Cordless Telecome) cung cap
dich vu trén dién hep, cac giai phap ky thuat don gian, khdng c6 kha nang
roaming.

- Vanh v6 tuyén dia phuong (WLL: Wireless Local Loop): Cung cép
dich vu dién thoai vo tuyén véi chat luong nhu dién thoai ¢d dinh cho mdt vanh
dai quanh mot tram gbc, khong c6 kha niang roaming. Muc dich nhim cung cép
dich vu dién thoai cho cac vung mat d¢ dan cu thép, mang ludi dién thoai cd
dinh chwa phat trién.

1.2.3.  Phan loai theo phwong thirc da truy nhap vo tuyén
a. Pa truy nhap phan chia theo tan s6 FDMA
MBJi thué bao truy nhap mang bang 1 tan sb, bang tan chung W dugc chia

thanh N kénh vo tuyén. M&bi mét thué bao truy nhap va lién lac trén kénh lién lac



trén kénh con trong sudt thoi gian lién lac.

+Uu diém: yéu cau vé dong bo khong qua cao, thiét bi don gian.

+Nhuoc diém:

- Thiét bj tram gdc cong kénh do c6 bao nhiéu kénh (tin sd séng mang
kénh con) thi tai tram gbc phai c6 bdy nhiéu may thu phat.

- Can phai dam bao cac khoang cach bao vé giita timg kénh bi song
mang chiém nham muc dich phong ngtra sy khong hoan thi¢n cua cac bd loc va
cac bo dao dong. Cac may thu duong 1én hodc duong xudng chon séng mang
can thiét va theo tan s6 phl hop.

Nhu vdy dé dam bao FDMA tot thi tan s6 phai duoc phan chia va
quy hoach théng nhit trén toan thé gidi.

b. Pa truy nhap phan chia theo thai gian TDMA

Cac phdé ma quy dinh cho lién lac thong tin di dong duoc chia ra thanh
cac dai tan lién lac, mdi dai tan lién lac ndy sé& dung chung cho N kénh lién
lac. Trong mdi kénh lién lac 1a mot khe thoi gian trong chu ky mot khung. Céc
thué bao dung chung mot tan s song luan phién nhau vé thoi gian, mdi thué
bao dugc chi dinh cho mot khe thoi gian trong cau tric khung.

+Uu diém:

-Tram gdoc don gian do voi mot tin s6 chi can mot may thu phat phuc
vu duge nhiéu ngudi truy nhap va dugc phan biét nhau vé thoi gian.

- Céc tin hiéu cua thué bao duogc truyén din sb

-Giam nhiéu giao thoa

+Nhuoc diém:

-Y&u cau vé dong bd ngit nghéo.

- Loai may dién thoai di dong ma ding k¥ thuat s6 TDMA phirc tap
hon loai may dién thoai di dong dung k¥ thuat FDMA. Hé théng xu 1y sé dbi
véi tin hiéu trong MS tuong tu ¢6 kha nang xir Iy khéng qua 106 1énh trong mot
giay, con trong MS s6 TDMA phai ¢6 kha nang xt Iy hon 50x106/s

c. Pa truy nhap phan chia theo md CDMA

Cac thué bao dung chung mdt tan s trén sudt thoi gian lién lac. CDMA
phan biét nhau nhd k§ thuat ma trai phé khac nhau, nhd d6 hau nhu khdng
gay nhidu 1dn nhau. Nhiing thiét bi ma ngudi st dung dugc phan biét voi
nhau nho dung mot ma dac trung, riéng biét khong tring voi ai.

+Uu diém:

-Hiéu qua sir dung pho cao, ¢6 kha ning chuyén ving mién va don gian
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trong ké hoach phan bd tan sb.

- Kha nang chdng nhiu va bao mat cao, thiét bj tram gbc don gian (1
may thu phat).

- Dai tan tin hiéu hoat dong rong hang MHz.

- Nhitng k¥ thuat trai phd trong hé théng truy nhap ndy cho phép tin
hiéu vo tuyén sir dung c6 cudong do truong hidu qua hon FDMA, TDMA

+Nhuoc diém:

- Yéu cau vé dong bo va diéu khién cdng sudt rat ngat
nghéo, chénh 1éch cdng suat thu tai tram gbc tir cac may di dong trong mot
té bao phai nho hon hodc bang 1dB, tréi lai thi sé kénh phuc vu duoc.

-K¥ thuat trai phd phuc tap.

FDMA TDMA CDMA
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Hinh 1.2: Cac cdng nghé da truy nhap

1.2.4.  Phan leai theo phwong thirc song song

+ FDD (Frequecy Divition Duplex: Song c6ng phan chia theo tan so).
NG duoc thu phat dong thoi ¢ 2 tan sd khac nhau, phat 1 tan s6 va thu 1 tan so.
Bing tan cong tic gdm 2 dai tan danh cho duong Ién up-link tir MS téi BS va
duong xudng down-link tir BS téi MS. Puong 1én ludn 14 dai tin thip va MS
c6 cong suit nho hon, thudng di dong va c6 kha ning bi che khuat. Khi d6 voi
giai phap tan thip hon (budc séng 16n hon) thi kha niang bi che khuat giam.

+ TDD (Time Divition Duplex: Song cong phan chia theo thoi gian).
Mot tan sb chia 8 khe thoi gian. Khung thoi gian cong tac duoc chia doi, 1
ntra cho dudng 18n, 1 nira cho duong xudng.
2. Mot so thé hé mang di dong

Cac thé hé di dong khac nhau déu c6 bon khia canh chinh la:

- Truy cap vO tuyén

- Toc do dit lidu

- Bang thong
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Hinh 1.3: L trinh phét trién ctia hé thong théng tin di dong té bao.

Thé hé ra doi dau tién vao thap nién 80 14 mang thdng tin thé hé 1G,
mang ndy dung tin hiéu twong tu (analog), bang thdng khac nhau tir 10 dén
30 Khz tly thudc vao loai hé théng va dich vu, dich vu cha yéu 1a thoai. Tuy
mang nay chtra dung nhiéu khuyét diém vé k¥ thuat nhung né da danh dau sy
d6i mdi va la mot budc ngodt quan trong trong lich sir truyén thong. Chinh
vi thé, dé chung kién sy chuyén bién, thay d6i cia mang thong tin di dong trén
khap thé gidi thi vao dau nhimg nim 90 ngudi ta ngudi ta cho ra doi thé hé
thir hai 12 mang 2G véi bang thong s6 200 MHz. Mang 2G duoc phén ra 1am 2
loai: dua trén nén tang da truy nhap phén chia theo thoi gian TDMA va dua trén
nén tang da truy nhap phan chia theo md CDMA. Pé danh dau diém méc thoi
diém bat dau cua mang 2G 1a sy ra doi cua cong nghé D-AMPS (hay 1S-136)
trén nén tang TDMA duoc ap dung & My. Sau d6 13 mang CdmaOne (hay IS-
95) trén nén tang CDMA dugc &p dung phd bién & chdu My va mot phan
chau A. Tiép theo la cong nghé mang GSM dya trén nén tang TDMA dugc
ra doi dau tién tai chau Au va sau do trién khai trén toan thé gigi. Mang 2G
da dem lai nhiéu lgi ich cho nguoi st dung, ti€u biéu nhu kha nang di dong,
chat lugng thoai va hinh anh den tring. Tiép ni mang 2G la mang thong tin di
dong thé hé di dong thu ba 1a mang 3G. Sy cai tién noi bat nhitcua mang 3G
trong dich vu so véi thé hé 2G la kha nang dap tng truyén thong voi chuyén
mach géi tbc do cao véi bang théng rong 5 MHz gilp cho viéc trién khai céc
dich vu truyén thong da phuong tién v6i hinh anh dong. Mang 3G véi mo hinh
mang UMTS dua trén nén k¥ thuat cong nghé WCDMA va mang CDMA2000
trén nén CDMA.

Theo nguyén ly dung lugng kénh truyén Shannon:
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C=B.log2(1+S/N)

Trong do:

- C la dung luong kénh (bit/s)

- B 1a bing thdng cua hé thdng thong tin (Hz)

- S/N 1a ti s6 cong sut tin hiéu trén céng suit tap 4m Theo chudn cua
ITU thi ti s6 S/N tam 12 dB
2.1. He¢ thong thong tin di dong thé hé 1G (First Generation)
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Hinh 1.4: Cau tric mang co ban cta hé théng GSM

Trong do:

MS : Mobile Station (Tram di dong)

MT : Mobile Termination (Pau cudi di dong).

TE : Terminal Equipment (Thiét bi dau cudi).

Um : Giao dién vO tuyén gifta tram ¢ dinh va tram di dong.
BS : Base Station (Tram gdc ¢ dinh).

BSS : Base Station Systerm (Hé thong tram gdc).

BTS : Base Tranceiver Station (Tram thu phat gc).

BSC : Base Station Controller (Pai diéu khién tram géc).

MSC : Mobile Switching Centre (Trung tim chuyén mach di dong).
NMC : Network Management Centre (Trung tdim quan ly mang).
OMC : Operation Maintenace Centre (Trung tam khai thac va bao tri).
ADC : Administration Centre (Trung tdm quan trj diéu phdi).

AUC : Authentication Centre (Trung tdm nhan thuc thué bao).

EIR : Equipment Identity Register (Bo ghi nhan thiét bi).



HLR : Home Location Register (B ghi dinh vi thuong tra).

VLR : Visistor Location Register (B ghi dinh vi tam tra).

GMSC: Gateway MSC (Téong dai cong)

PSTN : Public Switched Telephone Network (Mang dién thoai
chuyén mach cong cong)

ISDN : Intergrated Service Digital Network (Mang tich hop sb da dich vu)

LA : Location Area (Vung dinh vi)

Chirc ning Cac tram:

Tram di dong (Mobile Station): 13 thiét bi ma mot thué bao s dung dé
truy nhap cac dich vu cua hé théng. MS ¢6 chitc ning tao kénh vat 1y giita BS
va MS nhu quan 1y kénh, thu phat vo tuyén, ma hda va giai md kénh, ma hoa
Va giai ma tiéng néi ... N6 gdm thiét bi dau cudi TE va mot dau cudi di dong
MT.

Tram goc co dinh (Base Station): ¢6 chirc nang quan 1y kénh vo tuyén bao
gom dit kénh, giam sat chat lwong duong thdng tin, phat céc tin quang ba va
thong tin bao hiéu lién quan, ciing nhu diéu khién cic mtc cong suit va diéu
khién nhay tan. Tram BS con ¢ cac chirc ning khac nhu 1a ma hoa giai ma
va stra 10i, ma chuyén tiéng noi sd hoidc phdi hop téec d6 sd liéu, khoi dau
chuyén diéu khién HO trong ndi bo té bao vé kénh t6t hon ciing nhu ma tin
hiéu béo hidu va so li¢u.

Hé thong tram goc (BSS- Base Station Systems): hé théng ndy bao gom:

- Tram thu phat gbc (BTS — Base Tranceiver Station) l1a mot may thu
phat vo tuyén duogc sir dung dé phit song cho mét té bao

- Pai diéu khién tram goc (BSC — Base Station Controler) c6 nhiém
vu thuc hién moi chic ning kiém soat trong BS nhu diéu khién HO, diéu
khién cong suit

Hai tram nay két ndi v6i nhau bang giao dién A-bis.

Tong dai thong tin di déng (MSC — Mobile Switching Centre): MSC
dugc két ndi tuyén voi BS thong qua giao dién A. Céc chiic ning ciia MSC bao
gém - diéu khién cudc goi, lap tuyén cudc goi, cac thu tuc can thiét dé lam
viéc voi c&c mang khac (nhu PSTN, ISDN), cac thu tuc lién quan téi quan ly
qua trinh di dong cua cac tram di dong nhu nhén tin dé thiét 1ap cudc goi, bao
moi vi tri trong qua trinh di dong va nhan thyc nhdm chéng cac cudc truy nhap
trai phép, cling nhu cac thu tuc can thiét dé tién hanh chuyén diéu khién.

Trung tam nhdn thuc (AUC — Authentication Centre): trung tam nayla mdt

8



don vi co s& dir li¢u trong mang, cung cép cc tham s md mat va nhan thyc can
thiét dé gitip cho dam bao tinh riéng tu (mat) ctia tng cudc goi va nhan thuc quyén
truy nhap cia thué bao dang tién hanh truy nhap mang.

Bo ghi dinh vi thuong tru (HLR — Home Location Register): 1a mot don vi
co s dit liéu c¢6 chirc niang dung dé quan ly cac thué bao di dong

B¢ ghi s6 nhdn dién thiét bi (EIR — Equipment Identity Register): Bo
ghi s nhan dién thiét bi ndi t6i MSC bang mot tuyén bao hiéu, ciing 1a mot
co so dit liéu chua thong tin lién quan dén thiét bi (con s6 nhan dién phan cing
cua thiét bi di dong) cho phép MSC nhén biét dugc MS hong, bi ldy cap hay
dang goi trom.

B¢ ghi dinh vi tam tru (VLR — Visistor Location Register): la mot khoi
cO chirc nang theo doi moi MS hién c6 trong vung MSC cua né6 hay khéng,
ké ca MS dang hoat dong & ngoai ving HLR. VLR vi vy la mot co sé dir liéu
chira thong tin ciia moi MS hop 18 hién dang c6 trong viing ctiia nd. Mdi MSC
c6 mot VLR duy nhat. Ving ma MSC/VLR quan Iy goi 1a ving phuc vu
MSC/VLR.

Thé hé di dong 1G 1a thé hé di dong khong day co ban dau tién trén thé
gidi duogce thiét ké vao nam 1970 va cho ra mit nam 1984. N6 dua trén cong
nghé vO tuyén tuong tu, dich vu don thuan la thoai. N6 sit dung phuong
thic da truy nhap FDMA. Cac hé thong giao tiép thong tin duoc két ndi
bang tin hiéu analog, str dung cac anten thu phat séng gin ngoai. N6 két ndi
cac tin hiéu analog nay t&i cac tram thu phat séng va nhan tin hiéu xu ly thoai
théng qua cac module gin trong cac may di dong, tich hop ca 2 module thu
tin hiéu va phat tin hiéu. Do vdy ma cac thé hé may di dong dau tién trén
thé giéi cd kich thudc kha to, cong kénh, chat luong thap va bao mat kém.

Hinh 1.5: Di¢n thoai thé hé 1G
O thé hé mang di dong thdng tin dau tién, c6 tan s6 chi 150MHz nhung



nd ciing duoc phan ra kha nhiéu chan két ndi va duoc chia theo timg phan
ving riéng trén thé gidi nhu:

+ NMT (Nordic Mobile Telephone) 1a mot hé théng twong tu cho
truyén thong di dong chuan danh cho Nga va cac nudc Bic Au (nhu Na Uy,
Phan Lan, Iceland, Pan Mach, Thuy Dién)

+AMPS (Advanced Mobile Phone System) 1a mét hé thdng tuwong tu
ctia dién thoai di dong tiéu chuan dugc phat trién boi phong thi nghiém Bell.
ba duogc chinh thae gidi thiéu vao chau My nam 1983.

+TACS (Total Access Communications System: hé théng tong truy
nhap thong tin) 12 cac hé thong 18i thoi cia AMPS, str dung tai Anh.

2.2.  He¢ thong thong tin di dong thé hé 2G (Second Generation)

Thé hé di dong 2G duoc ap dung bang tin hiéu k¥ thuat sé digital thay cho
tin hiéu tuong tu analog cta thé hé 1G. Hay ndi cach khac n6 1a thé hé co két
ndi théng tin di dong mang tinh dot pha co sy cai cach, d6i mdi hoan toan,
khac han so véi thé hé dau tién. Ké tir khi duoc thay d6i mé hinh tir cong
nghé tuong tu analog sang cong nghé k§y thuat s digital, mang 2G dem lai cho
nguoi sir dung di dong c6 duge 3 loi ich tién bo trong suét mot thoi gian dai
nhu la:

+ Céc dit liéu duoc ma hoatheo dang k¥ thuét sb, chat luong thoai tot
hon, dung luong tang.

+ CO pham Vi két ndi rong hon thé hé 1G.

+ C6 sy xuit hién cua tin nhin dudi dang van ban-SMS.

Khi tin hiéu thoai dugc thu nhan nd s€ ma hoa thanh tin hiéu ky thuat
s6 dudi dang nhiéu ma hiéu (codecs). N6 con cho phép nhiéu goi ma thoai dugce
lwu chuyén trén cing mot bang thong, cho nén nd con tiét kiém duoc thoi gian
va chi phi.

Céc tiéu chuan 2G lién tyc dugc cai thién, cing c6 nhiéu dang két ndi
mang tly theo yéu cau st dung timg thiét bi cling nhu ha ting timg phan viing
quéc gia:

+ GSM (Global System for Mobile Communication) stt dung phuong
thire truy nhap TDMA va song cong FDD. Pau tién duoc 4p dung tai Chau
Au, sau @6 tré thanh chuin chungd 6 Chau luc va nd van con dang dugc st
dung véi hon 80% nha cung cip mang thong tin di dong todn cau. GSM I
cong nghé truyén théng c6 dugc tbe dd nhanh nhat tir trude dén nay

+ 1S-95 hay con goi 1a CDMA One, dua trén nén tang ky thuat da
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truy nhdp CDMA di duogc st dung phd bién tai My va mot sé nudec Chau A
nhu Han Qudc va chiém gan 17% cic mang toan ciu.

+ PDC (Personal Digital Cellular) dua trén nén tang TDMA tai Nhat
Ban.

+ 1S-136 hay con dugc goi 1a D-AMPS (Digital-AMPS) dua trén nén
tang TDMA song cong TDD. N¢ 1a chuin két néi phd bién va dugc sir dung
nhiéu nhét tinh dén thoi diém nay, dugc str dung hau hét & Hoa Ky ciing nhu
cac nudc trén thé gidi.

2.3.  Heé théng thong tin di déng thé hé 3G (Third Generation)

Thé hé 3G la thé hé mang truyén thong di dong thir ba, nd ra doi sau
nén thé hé nay cai tién rd nét so véi cac thé hé trude do. N6 gitp cho nguoi sir
dung dién thoai di dong truyén tai ca thong tin dit liéu thoai, théng tin da
phuong tién nhu tin nhan nhanh, am thanh, hinh anh, hinh anh dong... va ca
thong tin dir liéu ngoai thoai nhu tai dir liéu gui email, video clips, ... Dac biét
v6i nguoi dung di dong thé hé 3G, mang 3G cung cip dich vu truyén tai dir liéu
nhu xem ti Vi truc tuyén, online, chat, ... Thé hé 3G cling cung cép ca hai hé
thong chuyén mach dé 1a chuyén mach go6i va chuyén mach kénh. Mang 3G
cho phép truyén tai tbc d6 dir liéu cao, ting hiéu qua st dung phd tan va
nhiéu cai tién khac.N6 chii yéu str dung phuong thirc da truy nhap CDMA.

Vi n6 ra doi sau thé hé 1G va 2G nén cdng nghé mang 3G ciing
dugc xem nhu 1a mot chuan IMT — 2000 ciia T6 chirc Vién thong Thé gidi
(ITU). Luac dau 3G duoc du kién 13 mot chuan théng nhat trén toan thé gioi,
nhung trén thyc té thé gidi 3G da bi chia thanh 4 phan riéng biét:

+ UMTS (Universal Mobile Telecommunication System) d6i khi con
duoc goi 1a 3GSM, dua trén céng nghé truy nhap vo tuyén W-CDMA, dung ca
FDD va TDD. Téc d6 dit liéu tét datheo 1y thuyét 1a 1920Kbps (dat gan 2Mbps)
nhung trong thuc té tdc do nay chi khoang 384Kbps thdi. N6 phl hop véi céc
nha mang khai thac dich vu di dong sir dung GSM, phd bién & cac nudc chau
Au va mot phan chau A (trong d6 c6 Viét Nam). Hé théng UMTS da duoc tiéu
chuan hoa bai t6 chuc 3GPP va d6 ciing 14 to chirc chiu trdch nhiém chuan
cho GPRS, GSM.

+ Hé théng CDMA 2000 1a thé hé man ké tiép cua chuan 2G CDMA va
IS-95. Cong nghé CDMA 2000 duoc quan Iy va chuin héa bai 3GPP2 day la
mot to chirc doc 1ap, riéng biét vi 3GPP va dd co nhiéu k§y thuét cong nghé
truyén thong khac nhau duoc st dung trong CDMA 2000 bao gom I1xRTT
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(Radio Transmission Technology,

CDMAZ2000-1XxEV-DO (Evolution-Data

Optimized) va CDMAZ2000-1xEV-DV (Evolution-Data Voice). Cong nghé
CDMA 2000 cho phép cung cap toc do dir liéu tir 144 kbit/s t6i trén 3 Mbit/s,
chuan nay da dugc to chirc ITU phé duyét.

+ HSDPA (High-Speed Downlink Packet Access): ting téc do
downlink (duong xudng, tr BS téi MS) téc do toi da theo ly thuyét la
14,4Mbps, nhung ma trén thyc té nd chi dat khoang tim 1,8Mbps.

+ HSUPA (High-Speed Uplink Packet Access): gitp ting toc do uplink
(duong 1én) va cai tién dugc chat luong dich vu QoS. N6 cho phép upload
lén dén téc d6 5,8Mbps theo ly thuyét.

1 Gbil/s-gr
100 Mbit/s——
10 Mb'lt/S;
1 Mbitvs

100 kbit/si-

Downlink peak data rates

10 kbit/s |-

1
1985

1
1990

A L L
2000 2005 2010
Year

I )
2015 2020

Hinh 1.6: Su phét trién caa céng nghé mang di dong

Thé hé di dong 1G 2G 3G
Nam thiét ké 1970 1980 1990
INam thuc hién 1984 1991 2002

Dich vu Chu yéu 12 thoai Chu yéu cho thoai kétTruyén dan thoai V4
hop v6i dich vu bandich vu sé liéu da
tin ngan, hinh anhphuong tién véi hinh
den tréng anh dong, gui email,

chat, ta1 dir li€u, tin|
nhian nhanh, hinh
anh,
am thanh, ...

Tin hiéu Tuong tur K§ thuat so Tin hiéu sd
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Thé hé di dong 1G 2G 3G
Toc do truyén 1.9 Kb/s 14.4 Kbls 2 Mb/s
Bang thong tr 10 dén 30 KHz 00 KHz 5 MHz
tly thudc vao loai hé
thong va dich vu.
COng nghé +AMPS  (Advanced +GSM (Global+UMTS  (Universal
Mobile Phone System for MobileMobile
System). +TACS [Communication). Telecommunicatio n
(Total Access +1S-136  hay  conSystem.
Communications duoc goi la D- AMPS+CDMA 2000.
System). (Digital- AMPS). + HSDPA (High-
+NMT (Nordic (+ 1S-95hay con goi 1aSpeed Downlink
Mobile Telephone). |CDMA One. Packet Access).
+PDC (Personal +HSUPA  (High-
Digital Cellular ).  Speed Uplink
Packet Access).
Phuong thic da FDMA TDMA, CDMA CDMA
truy nhap
Core network PSTN PSTN Packet network
(mang 10i)
Chuyén mach Vat ly Vat ly Vat ly + Goi

Dac diém

Chét luong thap, bao

mat kém, cong kénh

Dung luong tang,

tdc do tot hon.

C6 ca chuyén mach
kénh
mach goi, chét lugng
tot hon so

v6i thé hé trude

va  chuyén

Bing 1.1: Bang so sanh tham s6 c6ng nghé co ban
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3. Két luén chuong 1

Trong chuong 1: “Tong quan vé hé théng thong tin di dong” thi chuong
nay da dé cap dén nhiéu van dé vé lich sir phat trién, qua trinh hinh thanh cia
hé thdng thong tin di dong tir 1G dén 3G véi cac cdng nghé da truy cap nhur
la FDMA, TDMA, CDMA ma ngudi ta 4p dung cia cac thé hé trudc.

Tir d6 giGp em hiéu thém, ndm bat nhitng van dé co ban, ¢t I8i trong tam
nhat ma mot phan ndo d6 nd lam tién d&é dé con 4p dung cho cac hé
théng sau nay.
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CHUONG 2: NGHIEN CUU CONG NGHE TRONG HE

THONG THONG TIN DI PONG 4G
1. Giéi thiéu chung

Do ¢ thé hé 3G tuy c6 nhiéu cai tién méi nhung nd van con nhiéu nhugc
diém nhu:

- Khé khan trong viéc ting bang thong lién tuc cing voi su ton tai cua
cac dich vu khac nhau can cé bang théng va chit lwong dich vu QoS khéc
nhau, rat kho ting tbc do dir lidu cao dé c6 thé dap tmg dugc yéu cau cia cic
dich vu da phuong tién.

- Bi gi6i han pho va phan bd pho.

- Kha nang luu dong (roaming) tor mdi truong dich vu nay téi moi
truong dich vu khac & cac bang tan 1a rat kho.

Cho nén cho ra doi thé hé 4G s& phai c6 toc do truyén thong tin dir lidu
cao hon, voi nhitng cong nghé trong mang 4G ngudi dung di dong téc do co
thé dattgi 100Mbps. Con d6i voi ngudi ding cb dinh toc do co thé dat toi
1Gbps.

Mang di dong thé hé 4G la cong nghé truyén thong tin khong day thé
hé thir tu, di duoc dua vao st dung va khai thac tai mot sb qudc gia trén
thé gi6i tir ndm 2012. N6 cho phép nguoi dung truyén tai dit liéu voi toc do
truyén dan t6i da trong diéu kién ly twong dat t6i 1 - 1,5 Gbit/s. Cong nghé 4G
v6i sy dot pha vé dung lugng nén cd thé néi nd 1 chuin twong lai ciia cac thiét
bi khong day. Cac dich vu trong di dong 4G khong nhimg c6 kha ning cung cap
bang théng rongvoi sy hd trg cua chirc nang quan 1y chit lwong dich vu QoS
(Quality of Service) ma céc tng dung truy cip mang khdng bing tan rong
(Wireless roadband access) v6i dung luong 16n, chat luong tot , truyén dan
tbc d6 cao, cung cip cho ngudi st dung nhitng hinh anh video mau chat
luong cao véi cac trd choi d6 hoa 3D linh hoat voi cac dich vu &m thanh sb,
tin nhan da phuong tién MMS. Ma nd con hd trg cac dich vu hé thdng tuong
tac da phuong tién nhu truyén hoi nghi, Internet khoéng day, cé tinh di dong
toan cau cao va tinh di chuyén dich vu, gia thanh ha, truyén hinh tryc tuyén véi
d6 phan giai cao (HDTV), truyén hinh k¥ thuat s6 mat dat DVB (Digital
Video Broadcasting) va cac loai hinh dich vu ma can dén bing thong rong
khac. Trong tuong lai mang 4G co6 thé thay thé duoc mot cach hoan hao cac
duong truyén Internet ¢d dinh trong d6 c6 ca cap quang véi téc do khong
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thua kém, tinh di dong cao vaving phu séng rong hon. Hé théng nay né sé tac
dong manh mé to1 nhiéu linh vuc cu thé nhu:

-Trong linh vuc khoa hoc gido duc: véi sy tién tién cua cac thiét bi dau
cudi. Céc sinh vién, hoc sinh, nha nghién ctru khoa hoc cd thé trao dbi thong
tin, hinh anh can thiét cho viéc hoc tip ciing nhu nghién ciru.

-Trong linh vuc giai tri: cO thé truy cap trd choi, hinh anh, am nhac
online, ... & bat cir noi nao trong hay ngodi nuéc c6 hé théng 4G véi nodi
dung phong phu da dang.

-Trong linh vuc thwong mai: tmg dung trao ddi hang hoéa nhu théng
tin vé san pham, dit hang thong qua thiét bi di dong.

-Trong linh vyc y té va cham soc stc khoe: cac dir liéu vé sitc khoe con
nguoi dugc giri tu dong dén bénh vién hay béac sy theo thoi gian thuc tir c4c
thiét bi duoc mang trén ngudi dé cho cac bac sy tu van va diéu tri.

2. M0 hinh cau tric mang 4G
2.1.  Y&u cau cdu trdc mang méi ciia mang 4G

Pé dam bao muyc dich cho phép ngudi sir dung ¢ thé truy nhap va khai
thac cac tinh ning méi trong mang véi chat luong tét, tinh di dong, toc do
cao, an toan va bao mat. Do vdy mang 4G phai dap ung dugc cac Yéu cau
can thiét nhu sau:

2.1.1. Hé thong mang cé tinh ning tich hop

=8 U
R 1025U
§ Hudng 1540 U
dich vu [ 3G —_— 3G+
| ™ 3G
MRS avalution
it 25U so0u
Hudng!
dich vu| WiMAX +
mang | | WiMAX —> (R
| va gd1 |
| S S SRS
[ Hudéng | ___..*—'
achvu | (@) —— CEE
gé1 |
snisstaic H U = bit/s/Hz/km?

Bing tin méi * Bangtincl |

Hinh 2.1: Su tich hop ctia cAc mang khéc nhau dan dén 4G
Mang 4G két hop cac mang khac nhau dua trén nén giao thuc IP, dam
bao véi toc to cao, cung cép cac dich vu da dang, ung dung chat luong cao,
... Su két hop nay gilp nguoi st dung c6 thé két ndi toi nhidu loai mang, st
dung duogc nhiéu dich vu khic nhau nhu ISDN, PSTN, internet, WLAN,
16



WiMax, ...

Hinh 2.2: Sy két hop cuia cAc mang khéc nhau
2.1.2. He¢ thong mang c6 tinh mé
CAu tric mo trong mang 4G cho phép cai dat cac thanh phan méi cung
v6i cac giao dién méi gitra cac cdu tric khac nhau trén cac 16p. N6 gitip cho t6i
wu céac dich vu trong mang di dong véi lién két khong day va dic tinh di dong
chinh vi vay m6 hinh x@y dung ra phai c6 tinh mo.

DAB: Digital Audic Broadcasting

DVEB-H: Digital Video B3roadcostng — Handheld
PAN: Parsonal Arao Natwork

PSTN: Publc Switched Telephona Natwork
RNC: Radic Netwark Controller

Hinh 2.3: Cac mang khéc nhau c6 thé truy nhap vao hé thong
2.1.3. H¢ thong mang phai dam bao chat lwong dich vu cho cac ing
dung da phwong tién trén nén IP
Can phai c6 sy két hop chit ché giita cac 10p truy nhap, truyén tai va
cac dich vu internet dé dam bao chat luong dich vu. Do mang 4G yéu cau do
tré nho, toc do dit liéu cao, dich vu thoi gian thuc cho nén phai tranh céc
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truong hop vé van dé tré mang, bang thong dich vu.
2.1.4. H¢ théng mang phai dam bao tinh an toan, bao mat thong tin

Khi hé thong thong tin ngay cang phét trién, cé nhiu ngudi dung cua
cac mang khac nhau truy nhap vao thi nhimg dit liéu thong tin can duoc phai
dam bao an toan. Tinh an toan dugc danh gia qua kha nang bao mat trong
truyén thoéng, tinh ding dan, riéng tu dir liu ngudi dung ciing nhu kha ning
giam sat va quan |y hé théng.
2.1.5. Hé thong mang phai dam bao tinh di dong va toc do

Van dé quan trong trong mang di dong 4G d6 1a cach dé truy nhap nhiéu
mang di dong va khong day khac nhau. C6 3 cach dé dam bao tinh di dong 1a str
dung thiét bj da ché d6, nguoi dung truy nhap vao ving phu da dich vu gdm
nhiéu diém truy nhap chung UAP (Universal Access Point) hodc st dung giao
thure truy nhap chung.

Téc dd truyén dir liéu trong mang méi c6 thé dat ti 100Mbps va
160Mbps khi st dung MIMO.

Mbps
20 MHz =3 Air interface design
8 bit/s/Hz. and verification
4 * Larger bandwidth TV by simulation
200 * MAC & MIMO [oint optimization \~ Atizenstd)
10 MHz . :igustgxm) 1o correlation a— © MIMO.OFDM
optimization: higher
5 bit/s/Hz A order modulation,
* MIMO-OF DM improved channel
100 MAC coding
I . \._/ * Advanced MIMO
detedor
« OFDM 4 bit/s/Hz
50 40 Mbit/s 40 Mbit/s
2 bit/s/Hz - o
20 \.::,/_ 20 Mbit/s = ww b Tost bed development

Hinh 2.4. Tc d6 truyén dit liéu trong mang 4G

2.2. Mot sé ky thuit méi nham 1am ting toc dd dwong truyén
2.2.1. St dung anten thong minh

Anten thong minh 1a 12 su két hop cuia nhiéu phan tr anten voi mot kha
nang xt |y tin hiéu dé ty dong t6i vu mAu thu va blic xa ctia nd dua vao su hoi
dap ciia mdi truong tin hiéu. Muc dich sir dung anten thong minh la dé lam ting
dung lwong bang cach truyén tap trung cac tin hiéu v tuyén trong khi ting
dung luong tic 13 ting viéc dung lai tAn s6. NO 12 mot thanh phan quan
trong trong mang 4G. Mot hé théng anten thong minh c6 nhiing dic tinh va loi
ich co ban nhu:
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DPic tinh

Loi ich

Do loi tin hiéu: Tin hiéu duoc dua vao tu
nhi¢u anten sau do dugc két hop lai dé toi
uu cong suat cd san nham thiét 1ap muc

vung phu da cho.

Vimg phu tot hon: Viéc tip trung ning
luong gl ra trong mot té bao s& lam ting
ving phi cta tram gbc. Thoi gian ding
pin 1au hon do cac yéu cdu cong suit tiéu
thu thap hon.

Phan dp khong gian: Thong tin duogc tap
hop tir mang anten duoc dung dé tbi thiéu
fading va cac tac dong cua truyén da

duong khdng mong muén.

Loai bé c&c thanh phan da dwong: Cho
phép truyén véi tbc do bit cao hon ma
khong can ding bo can bang va lam giam

tac dong tra tré cua kénh,

Hiéu qua céng sudt: Két hop cac ngd vao
dén nhiéu thiét bi dé t6i uu tang ich xu ly

6 sin trén dudng xudng

Chi phi giam: Chi phi giam cho cac bo

khuéch dai cong suat, d0 tin cay cao hon.

Sur loai b6 nhiéu: Anten pattern co thé loai
b6 cac ngudn nhiu doéng kénh, cai thién ty
s6 tin hiéu trén nhiéu cua tin hiéu thu
duoc.

Tang dung lwong: Viéc diéu khién chat
luong cac null tin hiéu chinh xac va giam
nhidu két hop voi viéc sit dung lai tan s6
s¢ lam tang dung lugng mang. Ky thuat
thich nghi (nhu 1a da truy cdp phan chia
theo khong gian) hd tro viéc st dung lai
tan sb trong cuing mot té bao.

Bding 2.1: Pac diém cua anten théng minh

2.2.2.
Modulation Coding)
Véi ky thuat nay, ti 1€ ma@ hoa

Sir dung cac diéu ché va ma héa thich img (AMC - Adaptation and

va qua trinh diéu ché duoc thich tng

theomdt cach lién tuc va chat lugng kénh thay cho viéc diéu chinh cong suat.

Trong viéc truyén dan, st dung nhiéu ma Walsh trong qua trinh thich tng lién

két. Viéc két hop k¥ thuat thich ung lién két d goép phan thay thé hoan toan k¥

thuat hé sb trai phod bién thién cua truyén dan vo tuyén khong day tde do cao.

2.2.3.

Ghép kénh phan chia tan so6 true giao OFDM

OFDM la mét trudong hop dic biét cua phuong phap diéu ché FDM

-Mo6i mdt song mang con la mot dang séng hinh since mang bién do va
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pha thay ddi tai khoang d6 dai caa mdi symbol T, 66.7(Js (trong mién tan sb
la mot ham sinx/x).

-Khoang cach gitra cdc séng mang con lan can goi la khoang song
mang con [If néu [Jf = 1/T thi cic sdng mang con sé& chdng lan trong mién tan
s6 nhung dap tmg dinh cia mdi séng mang con s& trang voi thoi diém 0 cua
cac song mang con khéc.

Khoang cach gitra cac song
mang con Af = 15kHz

Bién df ca céc sng mang con

Khoang cach giira cac diém 0 T '= 15kHz |

75 60 45 30 15 o 15 30 45 60 75

Hinh 2.5: Ghép kénh phan chia theo tan sb truc giao OFDM

Vi vay may dau cudi ¢ thé ldy miu mot séong mang con va do kiém bién
d6, pha ctia song mang con nay dé khéi phuc dit liéu ma khong so bi anh
huong boi cac song mang con khac mic du thyuc té cdc song mang con ndy gan
nhu duoc phat mot cac dong thoi. Cac séng mang con nay do d6 duoc goi 1a truc
giao vo1 nhau

Tin hiéu giri di duoc chia ra thanh cac séng mang nho, & trén mdi song
mang do6 tin hi¢u 1a bang hep cho nén tranh dugc hi¢u ting da duong. Vi vay tao

nén mot khoang bao vé dé chen giita mdi tin hiéu OFDM.

Subcarrier spacing Af

- »

F

OFDM Spectrum

"~ Frequency

k-2 k-1 Kk k+1 Kk+2

Hinh 2.6: Pho tin hiéu OFDM véi 5 séng mang.
Trong d6 cac song mang phu nd dugce truc giao véi nhau. Do vy pho tinh
hiéu & cac song mang phu cho phép chdng 1an 18n nhau ma phia thu van co
thé khoi phuc lai dugc tin hiéu ban dau. Nho b su chong lan phd nay tin
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hiéu gilp cho hé théng OFDM c6 hiéu suét sir dung phd 16n hon nhiéu so
v6i cac ki thuat diéu ché thong thuong. OFDM ciing tao nén do loi vé su
phan tap tan sb, cai thién duge hiéu nang cua 16p vat ly. N6 da duoc st dung
trong nhiéu hé théng ca c6 diy ciing nhu khong diy nhu ADSL (Asymmetric
Digital Subscriber Line), DVB (Digital Video Broadcasting) va WLAN
(Wireless Local Area Network).

OFDM tiét kiém bang thdng, phd hop cho viéc thiét ké biang rong,
loai boé hoan toan hién twong giao thoa gitra cac ki hiéu, gilp cho su phtic
tap thip hon cta bd can bing trong truong hop cham tré 1ay lan so véi céc
hé théng don séng mang. Tuy nhién dudng bao bién do cua tin hiéu phat nd
lai khong bang phang, né da 1am cho gy méo phi tuyén cho cac bo khuéch dai

cong suit & may thu va may phat.

Ch.l Ch.2 Ch.3S Ch4 Ch.S Che Ch7 Ch.f Ch9 Ch.10

AN
e

Coacept of OFDM signal: (a) Coaventionnl multicartier technique, and (b) arthogonal
ol ticerrier modulation techaique,

l'mque;y

l'rcqcl;;.y
(b)

Hinh 2.7: Tiét kiém bang thong khi str dung OFDM

Ngoai ra, cong nghé LTE sir dung ky thuat OFDM trong viéc truy cap
duong xubng Vi ¢ uu diém sau:

- K§ thuat OFDM gitip loai bé hién tuwong xuyén nhidu Ky hiéu ISI
néu d6 dai chudi bao vé 16n hon do tré truyén dan 16n nhét cta kénh truyén.

- Téi vu duoc hiéu qua phd tan vi cho phép su chong phd & cac song
mang con.

- CAu trGic may thu don gian.

- OFDM thich hop cho viéc thiét ké hé thong théng tin truyén din
bang rong (hé thong c6 tdc do truyén dan cao)

- Tuong thich vai cac anten tién tién va cac bo thu.

Ky thudit OFDMA 14 k¥ thuat da truy nhap phan chia theo tan sé truc
giao. Ky thuat ndy chia bang tan thanh c4c bang con, mdi bing con 1a mot
song mang con. OFDMA 14 k¥ thuat da truy nhap vao kénh truyén OFDM va
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la mot cai tién cia OFDM. Nhung nd khac véi OFDM & chd trong OFDMA
mdi tram thué bao khong sir dung toan bd khdng gian séng mang con khong
gian s6ng mang con duoc chia cho nhiéu thué bao cing st dung mét lic.
Khi ma cac tram thué bao khong st dung hét khdng gian séng mang thi tit ca
cong suat phat cua tram gdc s& chi tp trung vao sb séng mang con dugc sir
dung. K¥ thuat nay st dung cho duong 1én ctiia cong nghé LTE.

2.3. M0 hinh céu tric mang 4G

Lép dich vy

AS AS AS AS

// \ ~.
Biling
Signalling Security
L&p chirc — " o »
nang @ Multimedia
7
/
Lép 160
S

Cac mang khac

Hinh 2.8: M6 hinh cau tric mang 4G
Hé théng mang 4G sit dung chung mdi trudng truyén vO tuyén duoc

tich hop chung vao mang RAN (Radio Access Network) giap cho thué bao di
dong dau cudi ¢ bat cr méi truong truyén vO tuyén nao ciing dam bao hoat
dong trong mang.

*Phan tir 16p truy nhap vo tuyén: c6 nhiém vu 13 tao va duy tri cac kénh
mang truy nhap vo tuyén (RAB: Radio Access Bearer) dé thuc hién trao do6i
thong tin gitta cac thiét bi dau cudi nhu may tinh hay dién thoai di dong véi
mang 16i. Do d6 mang truy nhap vO tuyén phai c6 kha ning giao tiép véi cac
thiét bi dau cudi cho du 1a thiét bi di dong khong day thudc mang khac.
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+ Diém truy nhap v tuyén RAP (Radio Access Point): ¢ chirc niang la:

- Thuc hién xur 1y 16p 1 cua giao dién vO tuyén nhu dan xen, ma hoa
kénh, thich tng toc do, trai pho ...

- Thyc hién mdt phan khai thac quan ly tai nguyén vo tuyén nhu
diéu khién cong suit vong trong.

+Thiét bi dau cudi: trong mang 4G c4c thiét bi dau cudi di dong phai
cO sy phét trién manh nhu 1a chay nhiéu tng dung khac nhau va phai hoat
dong c6 tinh thich nghi va cé tinh linh dong cao. Do vay d¢ phirc tap ctia nd
cling khéng nhé. Tinh phuc tap cia thiét bi dau cudi s& phai chira dung day du
cac diéu kién vé phan mém va phan cing nhu sau:

- Thuc hién trén nhiéu dang hé diéu hanh (nhu Symbian, SmartPhone,
Linux, ...)

- Céc tng dung khac nhau vé di dong nhu email, MMS ...

- Hoat dong trén nhiéu mdi truong ung dung nhu J2ME, .NET

- CO0 b6 nh¢ 16n.

- Hoat dong trén nhiéu phuong thirc ma hoa (tiéng noi, am thanh)

- Thuc hién dugc nhiéu phin mém ghép ung dung nhu du doan
kiéu g0, soan thao van ban ...

- Hoat dong trén nhiéu phuong thic ma hoéa vO tuyén nhu
CDMA2000, GPRS, GSM, W- CDMA, WiFi, ...

*Lép mang 16i (Core Network): mang I8i phai tich hop dugc tat ca
cac mang vién thong khac nhu cac mang di dong, WiMAX, WLAN va céac
mang khong day khac. Nho su phat trién manh mé cia NGN trén toan ciu
nguoi ta xay dung hé thong truyén din trong mang 16i sit dung giao thuc
IPv6. Dic biét st dung IP di dong mot cach linh hoat gilp cho viéc két hop
gitta C4C mang. C4c cong da phuong tién MGW (Multimedia Gateway) co
nhiém vu: mot 12 thuc hién chuyén d6i dir liéu sang goi IP va nguogc lai, hai
la thuc hién chuc nang chuyén mach, dinh tuyén dir liéu tu/té1 mdt vung dich
vu ciia mang tuy thudc vao vi tri thué bao.

*  Lép chtic ning: dung dé diéu khién hé théng nhu hé thdng bao hiéu,
diéu khién luu luong, bao mat théng tin ... Pong thoi cung cip co so ha
tang cho 16p dich vu cung cip cé4c loai hinh dich vu. Cac chtc ning diéu
khién nhu:

- Chtrc nang bao hiéu: bao hiéu trong mang I0i la b&o hiéu tap trung.

- Chuc ning bao mat: 1a mot chirc niang quan trong trong hé thong
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tuong lai. NO dam bao cho viéc thong tin, bi mat, tinh riéng tu ctia nguoi dung
mot cach an toan.

- Chitrc nang vé Billing: chtrc niang nay c6 nhiém vu cung cap cho
mang kha nang vé nhan thue, tinh cudc ddi véi cac dich vu sur dung trong
mang.

- Chirc niang vé tinh di dong trong mang (Mobility): chtc ning nay
duoc ké thira tir cac mang di dong thé hé trudc.

- Chtc nang IP Multimedia: nhiém vu la thuc hién cic chirc nang
diéu khién, quan 1y céc phién lam viéc IP trong mang 4G.

*  Lop dich vu: ¢6 chtic ning cung cp cac dich vu theo yéu ciu cia
nguoi dung, co chat luong cao nhu: dich vu da phuong tién chat luong cao,
dich vu théng tin dinh vi, dich vu diéu khién tir xa ...

3. COng nghé mang 4G
3.1. Cong nghé tién 4G
3.1.1. Gioi thiéu

Trude khi chuyén sang cong nghé 4G thi hai céng nghé dugc xem nhu
1a tién 4G (Pre-4G hoidc 3.9G) 1a chudn Wimax2 (802.11m) va Long Term
Evolution (LTE). Bdi vi né chua dap tmg dugc chuin két ndi cua mang 4G 1a
cO thé truyén tai tbc do 1Gbps ddi véi nguodi dung ¢ dinh va 100Mbps d6i
v6i nguoi dung di dong. Cong nghé LTE duoc phat trién va chuan hoa boi
3GPPtrong d6 3GPP 1a m{t by phan cua lién minh cadc nha mang st dung cong
nghé GSM, c6 toc do bit net 1y thuyét 1a 100 Mbit/s cho download va 50 Mbit/s
cho upload. Cong nghé Wimax2 dugc phat trién boi IEEE (IEEE 802.16m:
Institute of Electrical and Electronics Engineers) cung cap kha niang két ni
Internet khong day nhanh hon so voi WiFi, cho phép sir dung nhiéu tGng dung
hon, vung phua song rong hon va khoéng chiu anh hudng bdi dia hinh. Ca
Wimax va LTE déu sir dung cac cong nghé thu phat tién tién dé nang cao
kha ning bat séng va hoat dong cua thiét bi, mang lugi. Tuy nhién mdi
cong nghé déu str dung mot bang tan khac nhau.
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Hinh 2.9: Tbc d6 cua 2 cong nghé Wimax va LTE
3.1.2. Cautric mang LTE

Cong nghé LTE duogc dung véi muc dich cung cép mét tdc do dir lidu cao,

d6 tré thap, cong nghé truy cap vo tuyén goi tin, tdi uu hoa bang théng. Hé
thdng LTE hd trg tinh di dong cho téc do 1én dén 350 km/h, hd tro téc do
dir liéu dinh duong xudng 1a 326 Mb/s d6i véi hé théng 4x4 MIMO, bang
théng 20 MHz.

e-NodeB: evolved 4C Base Station :
Transceiver 1
MMIZGW: Mobility Management |
Entity/ Gateway N
]
i
1
'

Hinh 2.10: Cau trac mang LTE CAu trac nay rat don gian voi 2 nat:

« Evolved Node-B (eNB):

« Mobility Management Entity/Gateway (MME/GW)

B6 diéu khién mang vo tuyén (RNC: radio network controller) duoc loai
bo khoi mang truy cap va chiic ning ctia nd duogc thuc hién trong nhiéu eNB.

TAt ca cac giao dién dua trén giao thirc IP, cac eNBs duogc két ndi véi
MME/GW bang céac cach thirc ciia giao dién S1 va X2. Ciu tric LTE bao gdm
2 cong logic 1a cong phuc vu (S- GW: serving gateway) va cong mang dir
liéu goi (P-GW: packetdata network gateway). S- GW chuyén tiép va nhan goi

dir liéu tir eNB dé dua dén UE. P-GW vé6i mang dit liéu goi bén ngoai (external
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packet data networks: PDNs) con thuc hién mot sé chirc ning IP nhu phan bd
dia chi, thuc thi chinh sach, loc g6i va dinh tuyén. MME la mot su ton tai
duy nhat ma tin hiéu noi ngudi ding géi tin IP khéng di qua. Luu luwong
mang cua truyén tin hiéu va luu lugng truy cap co thé phat trién mot cach doc
lap nhu 1a mdt 1oi thé cta sy ton tai mang riéng biét.

Sy phét trién ctia hé thdng chuyén mach go6i Evolved Packet Switched
System (EPS) bao gom mot Evolved Packet Core (EPC) va Evolved
UTRAN (E-UTRAN), cung cap cac lién két IP giira mot UE va mang dir
liéu gbi bén ngoai. external packet data networks (PDNSs).

7 . Servers
E-UTRAN EPC
Uu S1 SGi
UE

Luu lwong
....... Bao hiéu LTE

Hinh 2.11: Lién két IP gitta mot UE v6i PDNs

Trong do:

« UE: may dau cubi (user equipment)

« E-UTRAN: mang truy nhap radio

« EPC: Evolved Packet Core. Mang Core ciing 1a thanh phan giao tiép
védi cdc mang packet khac nhu internet, mang riéng cua cac cong ty, hodac hé
thng truyén thong da phuong tién IP IMS (Ip multimedia system).

- Giao dién giita cac thanh phan khéac nhau cua hé thong LTE la céc
giao dién Uu, S1, va Sgi
3.1.2.1. Mang truy nhip vO tuyén

Luu heong

CaceNB || = =mmmeme- Bao hibu LTE

khac
-+ X2

EPC

UE eNB St

Hinh 2.12: Mang truy nhap v0 tuyén
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-Tram gbc evolved node B (eNB): diéu khién giao tiép voi may dau
cudi trén 1 hay nhiéu cell, diéu khién chuyén giao (no soft HO)

-Giao tiép véi mang 18i EPC qua giao dién S1

-Tich hop tinh nang RNC trong WCDMA
3.1.2.2. Mang Core

Luru wgng
é ........ Bao higu LTE
Lon
S1-MME L p—
T St B +===1 HSS
SF et
|
E-UTRAN 41

Hinh 2.13: Mang Core
-HSS (home subcriber server) DATABASE
-P-GW hay PDN (packet data network) gateway la diém giao tiép cua

mang Core EPC vdi cac mang ngoai khac

-Serving — Gateway (S-GW) hoat dong nhu mot router dé chuyén tiép
data tir eNB dén PDN gateway

-MME (mobility management entity) diéu khién cic hoat dong muc
cao cua thué bao thdng qua cdc ban tin bao hi€u: Authen, ciphering,

signalling...
3.1.2.3. Kién truc Roaming
Wang khach Mang chu
Velsd P 51 4ME " S6a “""-"U‘" Luu lugng
ceepoedebadacp oo deal HSS . 7a
== sl Bo hiéu LTE
E-UTRAN ‘,- St
—t=T= f =T= ? PONs
s IS=l | s | I==] | s6
: ¥
Ay ss
P.GW Servers Lwu lugng dinh
== + PDNs tuyén vé mang
== SGi chi
v

Luu lugng dinh
tuyén tai mang
khach

Hinh 2.14: Kién tric Roaming
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-Kién tric tht nhat d6 1a PDN gateway nim tai mang chu, toan bo dir
liéu cua thué bao s& dugc dinh tuyén vé P-GW nay.

Uu diém: dé quan 1y, tinh cudc Nhuoc diém: tré truyén din

-Truong hop th 2 12 PDN cua thué bao s& dugc cau hinh ngay tai
mang khéach, trong truong hop thué bao roaming HSS sé€ lwa chon P-GW nao
cho thué bao (APN)

Uu diém: giam d¢ tré, tai nguyén nha mang Nhuoc diém: khé quan Iy tinh cude
3.2. CoOng nghé LTE Advanced ciia thé hé 4G

3GPP bit dau nghién ctru véi mot muc duoc goi ma LTE — Advanced voi
cac nhiém vu x4c dinh yéu cau va nghién ctu thanh phan cong nghé cua su
tién trién cua LTE dé dap ung tit ca cac yéu cau cia IMT — Advanced theo
dinh nghia béi ITU. LTE-Advanced (phién ban R10, R11) Ia cong nghé mang
di dong 4G con LTE (phién ban R8, R9) chi dugc xem nhu 1a cong nghé 3.9G.

Cong nghé 4G mang lai dung luong dir liéu Idn hon

Mobile 3G

. A el - ] > ]
] "- '7 x§ » 7
| | @ A 7>

@ VIV
3% |

1980 1990s 2000s 20708

—5
-ll

Hinh 2.15: Co6ng nghé 4G

Nhung thuc chat né 1a ban nang cap caa LTE nhim thoa man c4c yéu
ciu cua IMT- Advanced, van st dung cdc cobng nghé nhu: OFDMA, SC —
FDMA, MIMO, AMC, ...va dung thém mot s6 k¥ thuat mo1 nhu:

- Két hop s6ng mang

- Cé&c bo lap va nat chuyén tiép

- Daanten cai tién MIMO

- Phéi hop da diém

- Heterogeneous Network (mang khéng dong nhat)

Viéc st dung nhiing cOng nghé¢ mdi nay s€ giup LTE — Advaned co
nhimg dic tinh cao nhu vé téc do, bang thong, do tré xir Iy, hiéu suét st dung
phd, ... hon han so v6i LTE nhu:

- Bang théng str dung: 20 MHz — 100 MHz

- Téc do dir lidu 1 1 Gbps cho dudng xudng va 500 Mbps cho duong 1én.
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- Hiéu qua phdé dinh: 15 b/s/Hz cho uplink va 30 b/s/Hz cho
downlink v&i mét anten ciu hinh 4x4 hoic it hon trong uplink va 8x8 hoic it
hon trong downlink

- Kha nang tuong thich: céng nghé LTE — Advanced cO kha nang
lien két mang véi LTE va cac hé thong cua 3GPP.

- Thoi gian chd: nho hon 50 ms khi chuyén tir trang thai réi sang
trang thai két nbi va nho hon 5ms kh chuyén mach géi riéng 1é.

Cong nghé LTE mo rong phd linh hoat dé hd trg téi da bang thong 100
Mhz, ning cao giai phap da anten, ting 1én dén tam lép truyén dan trong

Downlink va bbn 16p truyén dan trong uplink, phdi hop da diém truyén/ nhan,

viéc sir dung C&c tram lip/chuyén tiép.

Mobile connections (in millions)
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3,500
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2,500
2,000
1,500
1,000
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Figure 6: Total cellular connections, global, by technology generation

Hinh 2.16: Téng sb di dong duoc két ndi cua cac thé hé theo tung nam (theo

GSMA Intelligence)

Pic tinh LTE LTE - Advanced

Toc do Downlink 326 Mbps 1 Gbps
chi dinh Uplink 86 Mbps 500 Mbps
Bang thong <20 MHz <100 MHz
Hiéu suit st dung  [Downlink [16.3 (4x4 MIMO) 30 (8x8 MIMO)
pho tan (b/s/Hz) Uplink 4.32 (SISO) 15 (4x4 MIMO)
Do tré ~ 10 ms ~5ms
Cau hinh MIMO Downlink  {4x4 MIMO 8x8 MIMO

Uplink 2x4 MIMO 4Ax4 MIMO

Bing2.2: So sanh céc tham s6 cua LTE va LTE-Advanced
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WCDMA LTE ADVANCED

(UMTS) (IMT
ADVANCED)
Max downlink speed 384 k 14 M 2B M 100M 1G
bps
Max uplink speed 128 k 5.7 M 11 M SOM 500 M
bps
Latency 1S0ms 100 ms S0ms ~10 ms less than S ms
round trip time (max)
approx
IGPP re|leases Rel Rel5/6 Rel 7 Rel 8 Rel 10
99/4
Approx years of initial 2003 / 2005/ 6 2008/ 9 2009 / 10
roll out 4 HSDPA
2007 / 8
HSUPA
Access methodology CDMA CDMA CDMA OFDMA / OFDMA /
SC-FDMA SC-FDMA

Bing 2.3: So sanh cé4c tham sé cia LTE-Advanced véi cong nghé khéac
3.2.1. Két hop song mang
Viéc két hop song mang gitp cho cong nghé LTE-Advanced chia sé pho
tan va truyén dan bang duoc rong hon.

R8/R9

"
;N
a -
A ve
7
>

RE/RS

T x » CC, ma > Mz
:

CCBW: 1.4, 3.5, 10,15, 20 MHz

[ . fo

Hinh 2.17: Céc s6ng mang thanh phan trong truyén dan bing rong trong
LTE-Advanved.
Do rong bang truyén dan 1a 100 MHz déi véi Downlink va 40 MHz
d6i véi Uplink. Mdi séng mang c6 thé sir dung bang thong la 1.4, 3, 5, 10,
15 hodc 20 MHz nhung khong duoc vuot qua gidi han bang thong téi da 1a
100 MHz va cé4c thanh phan duoc két hop tbi da ciing chi ¢6 5 song mang. Két
hop trén 16p vat ly dé cung cip d6 rong bang can thiét.
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(¢ song mang con thanh phan (song mang LTE o Release §)

¢ song mang con thanh phan tao thanh do rong bang tong cong la 100 MHz

Hinh 2.18: Khéi tap hop séng mang
Viéc ting do6 rong biang truyén gitip cho théa min hudng dén muc tiéu dat
tbc d6 dinh trong khi van duy tri dugc tinh twong thich phd (khéng bi nhiu
s6ng mang). N6 con 1a cdng cu cho viéc md rong do phu song véi cac toc do
s6 liéu trung binh.
C6 cac kiéu két hop s6ng mang:

Intra-band, contigouus ~
T >

-

-
Band 1
Intra-band, non-contiguous . . f
T >
Y
Band 1
Inter-band, non-contiguous “ . f
( - g >
R10 Band 1 and 2

Hinh 2.19: Cac kiéu két hop séng mang

+ Intra-band, contiguous: 1a loai két hop séng mang trong cing bing
tan va lién tuc, mdi thiét bi dau cudi chi cAn mot bd thu phat, dang nay dé
thue thi nhat véi cac song mang lién ké nhau.

+ Intra-band, non-contiguous: 1a loai két hop séng mang clng bing
tan va khong lién tuc. Cac song mang thanh phan khong thé truyén nhu mot
tin hiéu don do vay can t6i 2 b thu phat, loai ndy phirc tap hon.

+ Inter-band non-contiguous: 13 loai két hop c6 cac séng mang thanh phan
trong cic bang tan khac nhau. Loai nay can phai ¢6 céc thiét bi dau cudi hd
tro nhiéu bd thu phat, chinh vi vy no rat phirc tap.

3.2.2.  Giai phap da anten cai tién - MIMO

Nguoi ta dung hé thong thong tin khong ddy nham cai thién chét lugng,

dung luong cua hé théng va con c6 kha niang chéng lai hién tuong da dudng. Do
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vy nguoi ta dung giai phap da anten cai tién bang hé théng MIMO. Hé thng
MIMO Ia hé théng c6 thé tang dung lugng kénh truyén, st dung cic bing
thong rat hiéu qua nho cong nghé ghép kénh khong gian (V- BLAST), chét
luong hé thdng cai thién dang ké nho vao phan tip tai phia phat va phia thu
(STBC, STTC) ma lai khéng can phai ting cong suét phat ciing nhu ting bing
thong ctia hé thong. Hé thong MIMO ¢6 nhiing wu va nhugc diém sau:

+ Uu diém:

- Tang d6 loi phan tap: lam giam hién tugng fading thong qua viéc
str dung hé théng anten phan tap gilp cho nang cao chat lugng hé thong.

- Tang hiéu qua pho nho sir dung ghép kénh khong gian.

- Tang do loi mang dong thoi 1am tang ti sé S/N (tin hiéu trén nhidu)
va lam giam ty sudt 161 bit. Tir d6 1am tang toc do truyén dan ma khong can
tang cong suat phat.

- Tang dung luong kénh ma khdng can ting céng suat phat va bing
thong.

+ Nhuoc diém:

- Lam cho kich thudc cua thiét bi di dong tang Ién.

- B0 phtrc tap tang trong xu ly tin hi€u phéat va thu.

- Nhiéu dong kénh: do sir dung nhiéu anten truyén dir liéu véi clng
mot bang tan.

- Nhiéu lién kénh: do nhiéu ngudi dung st dung cing hé théng
MIMO.
3.2.2.1. M6 hinh hé théng MIMO (Multiple Input Multiple Output)

Hé thong MIMO (Multiple Input Multiple Output) 1a hé thdng thong
tin da dau vao va da dau ra. Trong linh vuc truyén thong thi k§ thuat MIMO 1a
str dung nhiéu anten phat va nhiéu anten thu dé truyén dir liéu. K§ thuat ndy tan
dung su phan tip — su da dang hoa (khong gian, thoi gian, ma hoéa ...) gilp cho
hé thdng nang cao dugc chét lwong tin hiéu va toc do truyén dir liéu. Tuy
nhién k¥ thuat nay khong giéng véi OFDM, ma né phét dong thoi va clng

tan so.
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Kénh 1< VMIMO

{bk-}—> STE

STE: Space-Time Encoder
STD: Space-Time Decoder

Hinh 2.20: M6 hinh hé théng MIMO MxN

Trong hé théng nay:

- O phia phat: chudi tin hiéu dau vao {b} dugc ma hoa theo ca 2
mién khdng gian (theo hudng cac anten phat) va thoi gian nho bd mi hoa
khong gian thoi gian (STE: Space — Time Encoder). Cac tin hiéu Sx (k=1/N)
sau khi qua bd ma hoa khong gian va thoi gian dugc phat di nho sir dung
phan tap phat caa cac anten phét (anten 1 dén anten N). Phan tap phat 1a st

dung 2 hay nhiéu anten dé truyén 1 tin hiéu va ding phuong phap ma
hoa khong gian thoi gian dé ma hoa cho hé thong phan tap phat.

- Céac kénh tong hop giita may phat (Tx) va may thu (Rx) ¢ N dau
vao va M dau ra va vi vay dugc goi 1a kénh MIMO MxN.

- O phia thu: c4c may thu st dung phan tap thu nhd cac anten thu
(anten 1 dén anten M). Phan tap thu 1a st dung 2 hay nhiéu anten dé thu
nhan tin hiéu dé nhan 1 tin hiéu phat. O may thu nhimng tin hiéu khac nhau
dugc bat (pick up) bai cac anten doc lap va cac day chuyén thiét bi thu doc
lap. (K¥ thuat LTE dugc gtii ddng thoi trén cing tin s6 nhung thong qua cic
anten khac nhau). Sau d6 duoc dua dén bd giai ma hoa khong gian thoi gian
(STD: Space — Time Decoder)

Ghép kénh khong gian V-BLAST (Vertical Bell labs layered space —
time)
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Hinh 2.21: Ghép kénh khong gian V-BLAST

Hé théng nay ¢ phia phét cac tin hiéu truyén dugc sap sép theo chiéu
doc (vertically) cho timg anten phat. Ludng data truyén sau khi duoc mi héa va
diéu ché duoc chia thanh cac nt chudi symbols nho, mdi anten s& truyén dong
thoi 1 chudi symbols khac nhau cua tin hiéu. Do d6 toc do dit liéu tang Ién
nr lan (nt 12 s6 anten phat). Con ¢ phia thu: cac anten thu, tin hiéu chong
chap cua nhiéu anten phat khac nhau sé duoc xir Iy boi bo giai ma xu Iy tin
hiéu V-BLAST d¢é lay ra tin hiéu thu voi marc 16n nhat.
3.2.2.2. He¢ théng Single user MIMO (SU-MIMO)

-

Hinh 2.22: Hé thng Single user MIMO
Hé théng Single user MIMO & hé théng MIMO don ngudi dung hay
la MIMO diém — diém. Hé thong nay c6 hai dong dir liéu dugec ma héa dé phu

hop véi kénh truyén va c6 dung luong cell ting va téc do dir liéu ting.
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3223, Hé théng Multi User MIMO (MU — MIMO)

—

\

-

.

Hinh 2.23: Hé théng Multi User MIMO

Hé théng Multi User MIMO 1a hé thong MIMO da ngudi ding. Né cho
phép mot diém truy cp stir dung nhiéu anten dé truyén tin hiéu dén nhiéu thiét bi
dau cubi hodc nhiéu nguoi dung khac nhau cing ldc trén cling mot bing tan.
Do vay céac thiét bi s& khong phai chd doi dén luot minh nhu & SU —
MIMO, tir d6 dd tré s& dugc giam xubng dang ké, tbc do dir liéu khong doi
va dung luong cell tang.

Hé théng MU-MIMO c6 thé chia thanh hai loai kénh:

+Kénh MIMO quang ba (MIMO Broadcast Channel hay MIMO BC)
cho duong xudng.

+Kénh MIMO da truy nhap (MIMO Multiple Access Channel hay
MIMO MAC) cho duong Ién.
3.2.2.4. Sw khéc nhau é bo thu nhan trong LTE va LTE-Advanced

R8 R10
CRS1 M3-TM6E (RB) DM-RS1 TMS8 (R9) M9
b [ s S TR & - )
=] =
;'@— ! { @: 5

CRS2 <« Cell specifi DM-RS2 =

Hinh 2.24: Su khac nhau ¢ bo thu nhan trong LTE va LTE-Advanced

Trong k¥ thuat da anten cai tién thi precoding 1a ma duoc sir dung dé
phan loai danh dau céc diéu ché khac nhau cho mdi anten khac nhau.

+ O Release 8 (cong nghé cua LTE) thi tin hiéu CRS (Cell-specific
Reference Signal) duoc thém vao sau khi di qua bd precoding. Tu viéc nhan
dugc cac CRS nay cac thiét bi st dung

(UE) udc tinh kénh truyén thong qua cac tac dong cua tin hiéu truyén. Céc
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thiét bj UE s& giai diéu ché tin hiéu dua trén bang mi code cta precoding dé
tai tao lai thong tin gui.

+ O Release 10, cac b0 DM RSS (Demodulation Reference Signals) cho
thém vao tin hiéu truyén trude khi di qua bo precoding. Tin hiéu nay sau khi
dugc diéu ché s& phat di. Sau doé bén thu khi nhan duoc tin hiéu s& giai diéu
ché ma khong can dua vao bang ma code cta precoding.

Vi du trong c6ng nghé LTE-Advanced c6 cau hinh MIMO 8x8.

Transmitter 1 Receiver 1

— — N
Tranjr/n‘ner 2 §$\\\;\,H ’A; 7 Rec\eter 2
Y N D _:A-c\» —— = 7)“/ S — _ 1/
S

Receiver 3

Transmitter 4 Receiver 4
AN

Receiver §
Receiver 6
Receiver 7
Y
Receiver 8

Y

Hinh 2.25: C4u hinh MIMO 8x8.

Véi cu hinh ndy, mot tram phéat song MIMO 8x8 véi 8 anten phat cé
thé giri lién tuc 8 ludng dir liéu t6i 1 dién thoai c6 8 anten thu. Céc ludng dir
liéu nay duogc tiép nhan tir cac nguon khac nhau véi cudng do va thoi gian
khac nhau. Sau d6 dién thoai méi tong hop lai va xir Iy phan tich dé chon ra cac
ludng dit liéu phu hop va can thiét. Do vay, viéc ghép kénh khong gian c6 thé
tang sb lidu tuong Gng véi sd anten cO thé két nbdi. Néu & truong hop Iy
tuong thi 8 anten sé& lam ting toc do dir liéu 1én téi 8 lan.

3.2.3. Truyén din da diém phoi hop

(D)
Relay é Access
Link Link
Relay
‘ s,
N

i
& s 9
One-hope direct link

Source 5 Destination
b

Hinh 2.26: Hé thong phdi hop véi 2 ndt chuyén tiép.
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Trong hé théng phdi hop ndy c6 mot nit ngudn phan phat mot ban
tin dén mot sé nat chuyén tiép. Cac nlt nay chuyén tiép céc tin hiéu da duogc
xtr ly dén nat dich. NGt dich nay két hop va sir dung phan tap tin hiéu thu
duogc tir nut ngudn va cac ndt chuyén tiép dé nhan duoc tin hiéu thu. Hé théng
nay c6 nhitng dic diém ndi trdi nhu:

- Tang hiéu qua str dung mang: c6 thé tan dung tdi wu tai nguyén cia
cac tram thu phat d6 bang viéc cung cap két ndi toi nhiéu tram cing luc.

- Giam nhiéu: gilp cai thién dang ké vé ti 1& tin hiéu can nhiéu va
tap am & thiét bi dau cudi.

- Nang cao chit luong thué bao: sir dung nhiéu té biao mang trén 1 thué
bao s& gitp cho tang kha nang thu nhin va giam dang ké viéc mat két ndi.

3.2.4. CA&c bd lidp va cac nat chuyén tiép
3.24.1. Cac b lap.

Néu cac bo lap don gian s& khuéch dai va chuyén di cac tin hiéu
twong tu thu duoc. Khi dugc cai dat, cac bd lap lién tuc dugc phét di tin
hiéu thu dugc ma khong quan tdm dén co thiét bi dau cudi c6 trong ving
phu séng ciia N6 hay khdng va nhitng bo 1ap nhu vy khong hién thi dugce voi
tram gbc va thiét bi dau cudi. Cho nén sir dung cac bo lip c6 cac céu trlc
lap cao cAp hon nhu so d6 trong d6 mang co thé diéu khién cong suat truyén
cta b lap. Chi tich cuc bo 1ap khi nguoi sir dung c6 mat trong khu vuc duogc
diéu khién boi bo lap gitp ting toc do sb lidu cung cip trong khu vuc. Céc
bao céo do dac bod sung tur cac thiét bi dau cudi duogc xem nhu la phuong tién
hudéng dan mang ma trong d6 cac bo lap dugc bat 1én. Nhung nhu vay viéc
diéu khién truyén dan thuong nam & tram gbc, do vay cac b lip thudng trong
sudt tir khia canh di dong.

3.24.2. Cé&c nat chuyén tiép.

\ Relay iiGda

¥  eNodeB

HUEI [:7UEZ

——— Relay link

/
/
/
/
/

Access link

Hinh 2.27: K§ thuat chuyén tiép
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Céc nat chuyén tiép dé truyén va nhan dit liéu giita tram thu phét gbc va
thiét bi dau cudi théng qua viéc truyén din nhiéu chang.

a. C6 2 loai chuyén tiép la:

+ Thiét bi dau cudi nim & xa, ndm ngoai ving phu séng ctia eNodeB va
dugc truy nhap t6i eNodeB. Muc tiéu 1a d& md rong vung phu tin hiéu cia
dich vu.

+ Thiét bi dau cubi nam & trong ving phi ciia eNodeB va tuyén thong tin
truc tiép dén eNodeB. Viéc dung chuyén tiép nut loai ndy s& giup cho cai thién
dugc chét luong dich vu, dung luong tuyén truyén dan va gia ting toan bo
dung luong hé théng bang viéc tao ra phan tap da duong va do loi truyén dan
cua cac UE noi hat

b. C6 2 chién lugc chuyén tiép.

+ Chuyén tiép 1 chiéu

eNodeB RN UE

Hinh 2.28: Chuyén tiép 1 chiéu
+ Chuyén tiép 2 chiéu

(( )) @ - Sale.
A L &

eNodeB RN UE

a) Phase one

(( )) L8] 22 ’ 2
A p @

eNodeB

b) Phase two
Hinh 2.29: Chuyén tiép 2 chiéu

c. C4c co ché

+ Khuéch dai va chuyén tiép (AF: Amplify and Forward): nat chuyén tiép
nhan tin hiéu tir eNodeB (hay UE). Sau d6 khuéch dai tin hiéu thu nay va
chuyén tiép n6 dén UE (hay eNodeB).

+ Giai ma hod va chuyén tiép (DF: Decode and Forward): nat chuyén
tiép giai ma hoa tin hiéu thu duoc tir eNodeB (hay UE). Sau d6 néu dir liéu
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dugc giai mad ding, nGt chuyén tiép s& thuc hién ma hoa kénh va chuyén tiép
tin hiéu moi dén UE (hay eNodeB).

d. C4c co ché bt cdp cho viéc lua chon chuyén tiép
Trong mot mang ma c6 nhiéu ndt chuyén tiép va nhiéu thiét bi dau

cudi, thi phai lya chon nat chuyén tiép bit cap phu hop véi thiét bi dau cubi
sao cho tin hiéu ra tot nhat. Vi vdy c0 2 co ché:

nhu :

sb tin

+ Co ché bat cap tap trung.
+ Co ché bat cap phan phi.

e. Uu diém: vé6i viée str dung c&c tram chuyén tiép s& c6 cac uu diém

+ Cung cap téc do dir lidu cao, dic biét & khu vuc ria cell, noi ma ¢ ti
hiéu trén nhidu thap.

+ Nang cao chét luong hé thong.

+ Mo rdng vung phu song ctua eNodeB

+ T6i wu dugc cong suat tiéu thu toan bo tuyén truyén dan.

+ Nho gon d& lip dat va c6 gia thanh thiét bi thip hon eNodeB.

4. Két luin chwong 2

Sau khi di sau vao nghién ctru chuong 2: “Nghién ctu cong nghé

trong hé théng théng tin di dong 4G” thi cdng nghé 4G ¢ nhiéu wu diém moi
so véi hé thong 1G, 2G, 3G.

Cong nghé LTE-Advanced ciia mang 4G mang lai nhiéu dich vu méi

v6i toc do xtr Iy nhanh hon hiéu qua hon.
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CHUONG 3: KIEN TRUC CUA HE THONG
THONG TIN DI PONG 5G

% Gidi_thigu chwong: Chwong ndy sé dwa ra CaC YeU cdu toi thiéu
ciia hé thong thdng tin di déng thé hé thir 5 (5G) fir dé tdp trung phan tich
ra cac nhu cau cudi cung cia hé thong di dong 5G roi dwa dén két ludn cho
kién tric va cac cong nghé, ky thudt méi ciia 5G.

3.1. S6 liéu thue té va thach thirc

3.1.1. Nhirng s6 liéu thue té

Thoi diém hién tai, mang 4G méi bat dau dugc dua vao sir dung, nhung

dén nam 2020, cac nha phan tich cho rang, s& lién tuc xay ra tinh trang qué
tai théng tin. Nguyén nhan, cho du su ting vot vé doanh sd ban hang cia cac
loai dién thoai thong minh (smartphone) va mdy tinh bang (tablet) dong nghia
v6i khdi luong dir liéu ngay cang 16n. Sau day 1a mot sd thong ké mdi nhat
vé linh vuc vién thong dugc trich tir trang web statista.com (mdt chuyén trang
thong k&) va Cuc vién thong Viét Nam dé thiy sy ting truéng manh mé cia
linh vyc vién thong.

*S6 lwong ngwoi dung smartphone trén toan thé giéi tir 2014 dén
2020 (tinh bang ty):

3.5

2_B7

Smartphone ws

2014 2015 2016~ 2017+ 2018= 20019+ 2020*

Hinh 3.1: S6 luong nguoi ding smartphone trén toan thé gidi tir 2014 dén
2020 (tinh bang ty).
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e C4c 16 hang dién thoai thong minh toan cau dw bao tir nim
2010 dén niam 2021 (triéu don vi) :

2 000

1 500

P
]
(=]

=
(=]
(=]

Shipments in million units

750

500

250 1735

2009

1697 1710
16423
1 5855

1 491.5
1 43?_21 470.6

1301.7

1018.7

725.3

4945

304.7

2010  20M 2012 2013 2014 2015 2016 2017* 2018* 2019* 2020 2021°

Hinh 3.2: Céc 16 hang dién thoai théng minh toan cau du bao tir nim 2010

dén nam 2021 (triéu don vi).

e Tong bing thong két ndi internet trong nuwéc Viét Nam nam 2017

(Mbps) B
1,980,000

1,950,000

1,920,000

1,890,000

1,860,000

T1 T2 T3 T4 15 T6

Hinh 3.3: Tong bang thdng két nbi internet trong nudc nim 2017 (Mbps).
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e Tong bang théng két ndi internet Viét Nam di qudc té nam 2017
(Mbps) [

4,250,000

T1 T2 T3 T4 T5 T6

Hinh 3.4: Tong bang thong két ndi internet qudc té nam 2017 (Mbps).

Trén day 1a mot s6 théng ké tiéu biéu cho thi truong vién thdng tinh
dén nam 2017 va mot s6 du doan cho cac nim tiép theo.

3.1.2.  Théch thirc d6i véi hé thong thong tin di dong thi 5

Tir nhitng s6 liéu thyc té dd trinh bay ¢ phan 2.1.1 ¢6 thé nhan ra rang
ngay tr khi mang Viettel va cac mang khac trién khai hoan tat mang 4G hoi
thang 4 ndm 2017 tai Viét Nam thi luong dir lidu di qudc t& phat sinh ra rat
16n. Trong khi d6 luong nguoi st dung va luong thiét bi smartphone (chuwa
ké céc thiét bi khac) van ting mot cach déu dan.

Nhu vay, khi thiét bi nguoi dung (UE) phat trién déu nhu hién tai ma dir
liéu ngdy cang phat sinh ra cang nhiéu, dén mot lac nao dé s& bi qua tai, khi d6
ngudi ding s& ¢6 xu hudng chon luu trir dién toan dam may dé luu trir céc
tap tin. Néu tap tin c6 dung luong 16n thi s& can mot khoang thoi gian rat lau
dé tap tin d6 upload xong, diéu d6 lam nguoi dung cam thay khé chiu. Do 1a
thach thic cho hé thong thong tin di dong tiép theo phai duwoc nang cap gap
nhiéu lan so véi 4G d6 1a kha ning twong tac linh hoat va hd trg nhiéu loai
thiét bi khac nhau. Ngoai nhiing két ndi téi dién thoai thdng minh hoic may
tinh bang, n6 con cung cip thém cac lién két t6i thiét bi deo tay, smart-watch,
bo theo doi stc khoe, ... Thém vao do, nd cling hd tro ca nhimg tién ich smart-
home nhu bd diéu 6n nhiét va nhiéu loai cam bién khac.
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Tuy nhién, khé khan tiép theo lai nay sinh. That khé dé co thé xac
nhan nhiing cong nghé nao s& c6 mit trong 5G va dir liéu dung luong can thiét
dé cép cho tit ca cac thiét bi. Cai thién hiéu suét "end-to-end" cling 1a mot van
dé khac khi dé cap dén 5G. Hiéu suét end- to-end dugc dinh nghia la kha nang
duy tri cac két ndi vo tuyén tir dién thoai téi may chu cung cap thong tin. Muc
tiéu cudi cung cua 5G 1a cung cip nhimg két ndi lién tuc cho nguoi dung, du ho
dang & trong long dat, trén cao hay tham chi ca & ngoai bién dao thi van co két
ndi 5G.

3.2.  Cé&c yéu cau chinh cho hé théng théng tin di dong 5G

Lién minh Vién thong qubc té vé cac hé théng thong tin di dong qudc té
(ITU - International Telecommunication Union) gém cac nha céng nghiép hang
dau thé gidi, cac té chic xay dung tiéu chuan ky thuat cia quéc gia va khu
vue, co quan quan |y, cac nha khai thac, cac nha san xuat thiét bi, cac hoc gia
va vién nghién ctru da xdy dyng xong du thao cac yéu cau k¥ thuat toi thiéu
ciia hé théng IMT-2020 (duoc goi la hé thong thong tin dong thé hé thu 5 -
5G)

IMT-2020 s€ c6 3 nhom tUng dung la bang rong di dong nang cao
(Enhanced Mobile Broadband - eMBB), truyén thong thoi gian tré thip va tin
cay cuc cao (Ultra-Reliable and Low-Latency Communications - URLLC) va
truyén thong may sé luong 16n (Massive Machine Type Communications -
mMTC).

Bang thong rong di dong ning cao (eMBB)

Toc do Gbps . =
= Hinh dnh 3 chidu (3D), d

Nha théng mmh Dién toan dam may
(smart home) ia i :
Thuc té 2o tang cuong
T dong hoa
Thoa Ung dung dé tin ciy cao
'I'hénh phd thi}ng Phuong tign giao
S ’ théng t hanh
Truyén thong may s6 lwgng Két noi d§ tin cdy cwe ky cao véi
cwc lon (mMTC) do tré thap (URLLC)

Hinh 3.5: Cac nhém tng dung 5G (theo ITU).
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eMBB s& cung cap dir liéu toc d6 cuc cao, téc do duong xudng la
10Gbps gap 100 tdc do soéng mang don ctia mang LTE. Sir dung cac ky thuat
tién tién nhu bang thong rong hon (2GHz), tan s mdi & bang tan cao (song
milimet) va sir dung két hop bing tan cap phép.

URLLC duoc sir dung dé xay dung thanh phd théng minh, két nbi
giao tiép gitra dén giao thdng, 6 td tuy dong va dudng cao téc dé didu khién
giao thong. Trong MOi truong nay, mat do nit, tiéu thu nang lugng va chi phi
la yéu cau cyuc ky quan trong.

Cubi cung 12 mMTC, hai yéu ciu cua két ndi khong day 1a do tré va
d6 tin cay. Tht tudong twong viée bac sy thuc hién phau thuit tir xa bang robot
két ndi qua khéng day, khi d6 do tin ciy ctia dudng truyén chinh 1a sy thanh
cOng cua ca phau thuat.

Nhom nghién ctiu 5D (Working Party 5D) ctia ITU-R vira két thuc cudc
hop dau tién tai Bic Kinh, Trung Qudc. Mot trong nhitng nhiém vu chinh cia
nhom 1a xay dyng tiéu chuan IMT-2020 (5G) dua trén cac dong gop cia céac
co quan quan ly, nhd mang, hdng san xuét thiét bi, va cac to chuc tiéu chuin
ctia qudc gia va khu vuc.

Sau cudc hop, ngdy 23 thang 2 nam 2017 ITU-R di ra van ban cong bd
Cac yéu cau toi thiéu lién quan dén hiéu suat ky thuit cho giao dién vo
tuyén IMT-2020 (s), dugc tom tit cic van dé co ban nhu sau:

v Téc @6 dir liéu dinh duong xudng 1a 20 Gbps va duodng 18n 1a 10
Gbps.

v' Hiéu suat st dung phd tin dinh duong xudng la 30 bit/s/Hz va
duong Ién 1a 15 bit/s/Hz.

v’ Tbéc d6 dir liéu ngudi dung trai nghiém duong xudng 1a 100 Mbps
va duong Ién la 50 Mbps.

v' Luu lugng dudng xudng theo viing 10Mb/s/m? d6i véi Hotspot trong
nha.

v Do tré trén giao dién nguoi dung la 4 mili gidy (ms) cho tmg dung
eMBB va 1 ms cho tmg dung URLLC, d6 tré trén giao dién diéu khién la 20
ms.

v\ Mat d6 két ndi: 1 triéu thiét bi / km?.

v' Bing théng tbi thiéu 12 100 MHz va cho phép hd trg bang théng
lén dén 1 GHz khi hoat dong & bang tan trén 6 GHz.

v' Tdc do di chuyén téi da cua thué bao 1a 500 km/h.
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Ngoai ra con c6 cac yéu cau khac dé danh gia dat tiéu chuin cong nghé
IMT-2020 trong cac van dé st dung khac nhau nhu: Hiéu qua st dung ning
lugng, d6 tin cay, thoi gian gian doan khi di dong, téng luu luong vung.

C6 thé tom tit cAc yéu cau ky thuat ddi véi 5G trén vao trong 5 diéu
kién ciing nhu cac yéu cau chinh cho hé théng thong tin di dong 5G nhu sau:

> Quan diém nguoi sir dung: "Toéc dd siéu cao va do tré thap".

- Pat duoc téc do truyén dit liéu nhanh gip 1000 lan so véi LTE, do tré
cuc thap thoi gian it hon mot vai phan nghin gidy va thuc hién quan diém:
"Két nbi Massive".

- CO thé chta hon 1000 thiét bi va luu luong truy cap va an toan lién
mach két ndi (két ndi bat cir lac nao, bat ctr noi ndo, bat cr ai, bat ct didu gi).

> Kién trdc nhéan thire: "Mang linh hoat, thdng minh"'.

- Pap tmg nhu cau di chuyén nhanh, lién luc phan tich dir liéu trong
thoi gian thuc va cung cap dich vu thong minh, ca nhan hoa.

> Quan diém hoat dong: "Hoat dong tin cay, an toan"".

- Bao vé hon 99% mang sin c¢6 va do tin cdy ciing nhu tu phuc hoi,
cau hinh lai.

> Quan diém quan ly: "Ning lwong, chi phi, hiéu qua chi phi".

- Pat dugc hi€u qua nang luong cao hon 50-100 lan so véi LTE va co
so ha tang, thiét bi co chi phi thap.

3.3.  Khai niém va Kién tric

Ngay thoi diém hién tai, cac kién tric 5G dugc dé xuéat tir cac trang
cong nghé ndi tiéng da duoc dua ra nhung van chwa dugc ITU cdng nhan.
Pa phan cac kién tric déu xét & phuong dién co so ha tang 5G. Theo bao cao
ciia ITU nhu da trinh bay ¢ phan 3.2, 5G khong chi dung lai & miic co s& ha
tang nita Ma con 1a cac phuong dién khac nhu dich vu kém theo dic biét 1a
loT. Khong nhimg viy, dé dat dugc 10T thi can ¢6 mot nén tang dé thuc hién
dich vu nay.

Pé dat dugc 5 diéu kién nhu di phan tich ¢ phan 3.2, muc tiéu cudi
cung ciing nhu nhu cau hé thong 5G s& bao gom 3 thanh phan va s& la kién
trdc tong quat cua 5G nhu sau:

1 - Cac dich vu 5G sang tao.

2 - Nén ting cho phép dé thuc hién cac dich vu sang tao.

3 - Co s6 ha ting téc dp siéu cao.

Duya trén phan tich nay, hé thong 5G s& bao gém ba 16p Dich vu Poi
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méi, Nén tang Cho phép va Co sé ha tang Siéu két ndi trong kién tric muc
cao nhu trong Hinh 3.6:

Dich vu Poi méi 1 | Bidass] I ‘ ‘v

Cho ngudi st dung nhimg S —
trai nghiém tuyét voi :
e
1

_\'én t;ing Cho phép l Network-as-a-Service I
Cho mot gia tri mang :
2 13 iy
All-IP, SDN....

Co sd ha tang
Siéu két noi

Cho két noi toc 46
cao dung luong 16n

Hinh 3.6: Cau tric tong quét cta hé thong 5G

Trén 16p trén cung la dich vu, d6 1a Dich vu doi mai, dap tng yéu cau
5G la cung cap trai nghiém ngudi ding méi. Bén dudi do6 1a Nén tang cho
phép, mot nén tang ph?m mém, trén d6 mot loat cac chirc nang mang vién
théng phuc tap c6 thé dugc thuc hién hiéu qua va mot dong co théng minh cé
thé duoc gin két. O phia dudi 14 Co so ha tang siéu két ndi 1 co s& ha tang
phan cting ctia cdc mang vién thong, dong vai trd nhu mot duong dan dir
liéu hd tro két ndi tbc d6 cao va siéu cao qua phi s6ng mang két ndi mat do
Cao.
3.3.1.  Dich vu d6i méi

Vé dich vu mang, h¢ théng thong tin di dong 5G s€ tach ra khdi cac thé
hé cong nghé vién thong trudc ddy vi trai nghiém ctia khach hang vuot qua gidi
han thoi gian va dia diém, diéu nay s& duoc kich hoat boi viée truyén dir liéu
cuc nhanh va giao dién nguoi ding sang tao. Vi du nhu téc do dir lidu giga-
bit s& c6 sdn ¢ moi lUc va moi noi trén cac thiét bi da phuong tién cd do
phan giai cao bao gom UHD va 4K, cong nghé 5G s& cho phép nguoi dung
tan huong cac dich vy thuc té, vi du nhu chiam séc stc khoe tir xa, thuc té a0 va
hinh ba chiéu, cac dich vu IoT (Internet of Things).
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Mobile UHD Service

AR/VR

Remote Healthcare

N/W-Enabled Immersive Comm. loT, Connected Car
Mobile Hyper-Cloud Real-time Remote Ctrl.
. v B
. \ y =
Y

Hinh 3.7: Vi du vé cac dich vu 5G
3.3.2.  Nén tang cho phép (Enabling Platform)

5G Enabling Platform cung cap khudn kho dinh huéng phin mém va
giao dién dua trén cac nguyén tdc cua cac hé diéu hanh (mot s6 hé diéu hanh
phd bién hién nay nhu iOS, Android, Mycrosoft ...) dé tao ra gia tri khac biét
théng qua mot loat cac dich vu sang tao. Mot chirc ning cdt 16i cua 5G
Enabling Platform Ia cung cap nén tang Network-as-a-Service cho phép cau
hinh va c6 thé thay ddi dugc tat ca cac chirc nang vién théng va dich vu.

Giao dién lap trinh tng dung API (Application Programming Interface)
la mot giao dién ma mot hé théng may tinh hay tmg dung cung cip dé cho
phép c4c yéu cau dich vu c6 thé duogc tao ra tir cac chuwong trinh may tinh
khéc, hodc cho phép dir lidu cO thé duoc trao ddi qua lai gitta chiing. Chang
han, mot chuong trinh may tinh c6 thé (thuong hoic bat budc) dung cac ham
API ctia hé diéu hanh dé xin cip phat bd nhé va truy xuét tap tin. Dbi v6i API
cho 5G, vi 1a nén tang cho cac dich vu méi nén cac nha phat trién can phét
trién mot h¢ sinh thai AP méi dé hd tro cho cac IoT méi.

Ngoai Network-as-a-Service va API ra, nén tang mang la hd tro dac
luc cho 5G Enabling Platform nay. Cu thé: cac ung dung, tro choi dién tir hay
m&i hon 1a cac dich vu doi méi ngay nay dang c6 xu hudng két ndi nguoi dung
lai v61 nhau. Cac dich vu truyén hinh tai Viét Nam dang dan chuyén qua
truyén hinh s6 hay con goi la truyén hinh IP. Do vay, mdt bic tranh tong
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thé vé mang internet 1a cac dich vu sb - dich vu IP. Tur d6, nén tang All-IP va
la cong nghé All-IP s& 1a mot budc tién manh. Song song d6 la cong nghé
mang dugc Xac

dinh boi phan mém SDN (Software Defined Networks) s& 1a nhiing tro
thit dic luc cho 5G Enabling Platform.

Do an nay dé xuat 2 cdng nghé nita dé 1am nén tang cho 5G Enabling
Platform do la:

- NFV (Network Functions Virtualization) 14 mét céng nghé dé xay
dung dam may bang a0 hoa mot phan cung.

- Virtualized RAN: mot cong nghé dé tap trung va ao héa DU
(Digital Unit) caa mot tram gbc thanh mot dam mAy dwa trén phan ctng (H/W
— Hardware) tiéu chuan va xir Iy tin hiéu RAN trong thoi gian thuc.

Téng quan 5G Enabling Platform duoc md ta trong hinh 3.8:

Network H'W Network-as-a-Service

Network
Storage H/W -t :.— Intelligence I

) v " * Business 9”
Computing H'W

Intelligence

Edge Transport V-RAN | Internet
Cloud Network NFV uierne

Hinh 3.8: Nén tang cho phép 5G dua trén phan mém
3.3.3. Co sé ha tang siéu két noi

E | Hardware Resources

Pé dap tmg luu luong dit liéu gap 1000 1an so véi 4G va hd tro két ndi
Massive, cac cong nghé mang méi dang dugc thao luan la nhitng cdng nghé
5G tiém niang nén dugc két hop dé cdu hinh co so ha tang siéu két ndi. Piéu
nay can phat trién mot loat cic cong nghé thanh phan 5G dé tang phan chia
cell, cai thién hiéu qua quang phd, md rong bang thdng tan sb va ting hiéu
qua hoat dong cia mang. Tang cudng sy phan chia cell, dac biét 1a tdi da hoa
kha nang cta ving phu théng qua cac kiéu cau tao cell bao gom cell nho cyc
nho, cac phan tir di chuyén, thiét bi ca nhan va D2D, la nhiing cong nghé cbt
16i dé dap tng yéu cau tang 1000 lan stc chira dit liéu. Ngoai ra, kha ning
ctia cac hé thong 5G c6 thé dugc tang 1én bang cach ap dung cac cong nghé
khac nhau dé nang cao hiéu suit quang phd nhu diéu ché moi / da truy cap,
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massive MIMO va sy phdi hop nhiéu séng trong khi m¢d rong bing thong &
cac dai tan s6 cao hon (cm / mm wave). Cubi cing, cac cong nghé da dang
dé nang cao

hiéu qua hoat déng cua mang bao gdm Multi-RAT, SON (Self-
Organizing Network) tién tién va 10T dua trén nén di dong s& gilp do tin cay
ctia hé théng mang 5G va ning luong.

N\

| Higher Spectral Efficiency | | More Frequency Bands |
- Ultra Wideband - cm/mmWave Transmission
- New Waveform(NOMA FBMC) - Unlicensed Spectrum
- Massive MIMO, Full Duplex - Integration with Wi-Fi
| Cell Densification | aa h “4m | Operational Efficiency |
\ / Massive MIMO S
- Ultra-dense Small Cell (Beamforming) Ulira Wideband. - Advanced SON
- Moving & Personal Cell | New s ( - ) - Analytics-based Control
. Multi-RAT e -loT & i
D2D & Multi R B PON [ 5G O&M loT and Public Safety
— — - 4 - <7 o g : : .
> = - o ° 1, AN ™ loT
Ultra-dense Small Cell - [ & '.. D2D &
Public Safety

Moving Cell  Multi-RAT

Hinh 3.9: Co sé ha ting 5G hd tro téc do dit liéu cuc cao va két ndi 16n

C6 mot diéu dang chl y 1a phan tir moving cell dugc tach ra khoi cell
théng thuong. Liy vi du cu thé dé ching minh diéu nay 1a khi UE & trén
tau dién v6i van toc hang tram km/h, khi d6 UE di chuyén tir cell nay sang
cell khac lién tuc diéu nay lam tang d6 tré, di nguoc véi tiéu chuan IMT-2020
dat ra la do tré trén giao dién nguoi dung la 4 mili giay.

So sanh kién truc giita 4G-LTE véi 5G:

M6 hinh kién tric 4G duoc thé hién trong hinh 3.10:
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Cic mang ngoai: Mang dich /\
Dich vu nha dieu hanh ( IMS) vu D

va intemet
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Only when
SESK IV

S
1y doy
tou 12y A pip dory
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Thiét bi nguoi I
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Hinh 3.10: Kién tric 4G
Su khéac biét gitra md hinh téng thé 4G véi 5G (Hinh 3.6) d6 la Nén
tang cho phép. Trong khi 4G sir dung cic nén tang hién tai dé hd trg cho cac

dich vu thi 5G can phai co nén tang moi dé hd trg cho céac dich vu moi.

Ngoai ra, 16p Dich vu d6i mdi ctia 5G ciing 1a minh chung cho su khac
biét. P6 1a cac dich vu 10T, dich vu ghi nhan va truyén tai hinh ba chiéu,
AR/VR, dich vu y té tir xa... Su nang cidp moi mé va toan dién vé dich vu
phuc vu con ngudi. Trong khi dich vu 4G 14 su nang cap toc d6 truyén tai
dich vu.

Su khac biét cudi cing 13 c& so ha ting cia 4G va 5G. Co sé ha ting
ciia 5G s& duoc nang cap tir 4G vi dy: anten MIMO nang cap 1én Massive
MIMO. Su thay d6i cell, dang song méi, truyén thong méi (D2D, multi-RAT)

3.4. Cac cong nghé cho phép

Nhu d3 giai thich trong phan 3.3.1, Dich vu d6i méi, Nén tang cho
phép va Co s ha tang siéu két ndi 1a ba 19p tao thanh ciu tric cao cip cua
cong nghé 5G va sé& tré thanh nén tang dé dat dugc 5 gia tri 16n. Tir cac chi tiét
k¥ thuat cua cac khai niém, kién trtc, céc tiéu chuén, cac yéu cau tdi thiéu dd

an nay dua ra tong cong 11 cong nghé chinh duoc rit ra tir kién trdc va mdi
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loai dugc lién két v6i 5 yéu cau chinh twong Gng nhu trong hinh 3.11.

Dich vu déi méi

Mang nén
tang cho
phép

Co so ha
ting siéu
két

Siéu két noi

Trai nghiém ngudi dung thuc té va

xt Iy ni dung 5G

\

Xir Iy hiéu qua va truyén tai da
phuong ti¢n

Trai nghiém
nguwoi dung

Mang toan cau dua trén nén tang
dam may

Mang thong minh va téi uu hoa
mang dua trén cong ngh¢ phan

Mang ludi van tai linh hoat /

Kién tr(ic mang ngoai

Hoat dong nang cao cho Multi-

Cell nho, siéu day dic

Bang tan rong RF & chum tia

Tang cudng cong nghé nhiéu
anten va Massive MIMO

Néang cao loT va dang song méi

Thoéng
minh

Do tin cay

Hiéu qua

Keét noi

Hinh 3.11: Céac loai céng nghé chinh tir kién trdc / gié tri 5G

D061 véi trai nghiém nguoi dung, cac cong nghé cot 161 bao gdm xtr Iy noi

dung va truyén dan da phuong tién cho dich vu trai nghiém thuc té. Cac cong

ngh¢ chinh lién quan dén két n61 bao gom céc cell nho si€u day déc, tan s6 cao /

MIMO bang rong va cac chuong trinh nang cao cho hiéu qua quang phé chu yéu

dugc dit trén 16p Co sd ha tang. Cac cong nghé thong minh va do tin cay chu

yéu dua trén nén Nén tang cho phép bao gom cac cong nghé dugc van hanh va

kiém soat théng minh, linh hoat bang cach phan tich 4o hoa. Cudi cung, cac

cong nghé da dang dé nang cao hiéu qua hoat dong trén nén tang cho phép va

16p co s ha tang duoc két ndi hiéu qua.
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3.5. Két luan chwong 3

Tir nhitng s6 liéu thue té va cac yéu cau k¥ thuat, chuong 3 di dé xuat
kién trac ctia hé théng 5G gdm 3 16p: Dich vu doi mdi, Nén tang cho phép va
Co so ha tang siéu két nbi ba 16p tao thanh cau tric cao cdp cua cong nghé
5G va sé& trd thanh nén tang dé dat dugc 5 gid tri 1on. Tuong Gng véi 5 gia tri
la 11 cong nghé da dugc rut ra:

1- Trai nghiém ngudi dung thyc té va xu Iy noi dung 5G.

2 - Xu ly va tuyén tai da phuong tién.

3- Mang todn cau dua trén mang dam may.

4 - Mang thong minh dya trén cong nghé phan tich.

5- Mang ludi van tai linh hoat / nhanh,

6- Kién tric mang ngoai.

7 - Ting cudng hoat dong cho nhiéu 6 (cell).

8- O nho, siéu day dic.

9- Bing rong tan s6 cao RF va chum tia 3D.

10 - Tang cuong MIMO va Massive MIMO.

11 - Nang cao dich vu loT va dang song mai.
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CHUONG 4: LO TRINH TRIEN KHAI AP DUNG VAO
MANG VIEN THONG VNPT HAI PHONG
4.1. Cac yéu to thic diy phat trién va ky vong véi 5G
1. Yéu t6 thi truong :

#1. Céac tmg dung yéu cau toc do rat cao :

VR Glasses PC VR Cloud VR

Handset + Glass Local PC Fat Terminal Cloud + Thin Terminal
Install handset inside the box, |Good video experience Cloud Image rendering with good experience
Experience Easy to use, but poor WthCableconnected.headsensheaynm and low requirements to terminal , wireless
P— ,%@,7,'““"’9"‘“‘“ connection to more types of terminals.

| With the cloud computing service , terminal
FCARE VR RpH. tosel cOR U 10 need to support the decoding and display only ,
| the cost could be lower than 400 USD.

Cost  Very Cheap, could be 2USD.

Content  Difficult to control the offiine | g it 16, control the offline content, and no | Easy to control the content, and copyright

C°W'i9"' m mghl _°°PY'"9"4 protection is provided. protection is ensured.
Business High cost for a single user, content is
prospect | Nok ¥he srsinisiomr marieg. Ainsufﬁcient. and difficult to promote. iCheape! cost, easy access, and good ecosystem

Cloud VR ¢6 yéu cau cao hon trén mang di dong .Vi du : trai nghiém cap
dau vao yéu cau bang thong 200 Mbit/s va d6 tré 10s , trong khi trai nghiém dinh
cao yéu cau do tré 9.4Gbps va 2ms . Chi mang 5G mdi co thé dap umg cac yéu
cau trai nghiém.

#2. Cac ing dung moi:

. Advanced VR (in the
Entry-Level VR (in
Standard Pre-VR (current) the next two years) next three to five
. . . years)

Resolution 1080*1200 1920*1920 38403840
Color depth | 8 ' 8 ‘ 10

Frame rate 90 90 120

Typical
Bandwidth 50Mbps 200Mbps 14Gbps
Requirements
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#3. Céac ing dung mdi trong cac linh vuc cong nghiép khac :

Shared Bicycle

Smart Parking

Smart Meter

#4. Cac nhu cau chuyén biét:

#5. Cac nganh nghé yéu cau két n6i chuyén biét:

Portusecase i SmartManufacturing Use Case ‘
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#6. S6 lugng nguoi dung thong tin di dong ting:

Users: It will take only three years for

5G to reach 500 million user scale.

Driving Speed: 120km/h
—

Development speed of 5G will be
beyond expectation

3 Years

5G (2019-2022)
5 Years
4G (2009-2014)
36 10 Years

(2001-2010)

*Time required to reach 500 million
users globally

Thuc té toc dd phat trién mang 5G nhanh hon nhiéu so vé6i 3G, 4G ; Theo
The Mobile Ecomomy 2022 cia GSMA , dén cubi nim 2022 sé& dat khoang 1 ty
thué bao 5G.Nhu vay trong thoi gian 3 nam trién khai tir 2019 s6 lugng thué bao

5G da gap d6i s6 lugng thué bao 4G trién khai trong vong 5 nam.Theo s6 liéu

cua Statista sb lugng thué bao 5G dat 500 tri¢u thué bao vao nam 2021( chi sau

2 nam trién khai 5G).

2.Nang lyc nha mang:

#7. Nhu cau Data di dong trén mdi UE khong nglmg ting.
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9. 1GB/month/person

80 TrA S

|.53GB/month/perso

Luu luong data di dong ting cao, phan 16n do cac dich vu streaming video
, gaming...

#8. SO lugng két ndi thiét bi khong ngimg ting:

\ 10% CAGR ' Other (2.1%,3.9%)
2018-2023 ® Tablets (4%.3%)

¥ PCs (7%.4%)

—
——
—
—_— BTVs (13%11%)
BNon-Smartphones (13%.5%)
B Smartphones (27%.23%)
B M2M (33%, 50%)

2018 2019 2020 2021 2022 2023

Billions of
Devices

* Figures (n) refer to 2018, 2023 device share

Ngudi ding c6 da thiét bi , gia ting lugng két ndi téi hé thong .

4G : 4G mang LTE 1a cong nghé chinh phuc vu Data , trong bdi canh d6 :

Ap luc 1én nha mang giam chi phi van hanh , khi nguoi st dung da quen
v6i biéu phi hién hitu , khong mudn tra tién thém.

Cang nhiéu thiét bi di dong , cang nhiéu luu lugng Data , yéu cau sir hiéu
qua ning luong tiéu thy cua thiét bi 1dn mang ludi.

Céac phuong cach str dung moi (nhu d6 tré cuc thip hodc do tin cdy cao )
va cac ung dung moi , mé ra co hdi kiém tién méi cho céc nha mang.

3.So0 sanh mot s6 diém chinh giita 4G va 5G :

So sanh v61 4G :

5G cho téc do hon gap 10 dén 100 1an nhanh hon , véi do tré nho hon 10
1an so voi 4G.
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Do tré cai thién dang ké so véi 4G.

S6 luong két ndi hd trg nhiéu vuot troi.

Kién trac manh 5G trién khai rat linh hoat.

Mot sb nguyén nhan : Cai tién kién trac mang 18i va truy nhdp; Cong
nghé vo tuyén st dung hiéu qua tan s , bang thong 16n hon va mat do mang day
hon.

Trai nghiém vuot troi do 5G mang lai khong chi tdng cuong cho nguoi

dung/ usecase hién hitu ma con mé ra cac nang luc khéc , usecase khéc.

Number of MNetwork
Latency Throughput Connection Architecture
5G 1ms 10Gbps 1,000K .
i Number of icing
End-to-end Delay Every connection L ::lnlnnec:tiun capability

every square km

d'ﬁ"ﬂ/

30~50x 100x 100x NFV/ SDM

LTE 30~50ms 100Mbps ‘ 10K Agile

#4G cannot fulfill the requirements of the future applications
New architecture New air interface

MNew technologies are introduced to provide
higher throughput, higher frequency efficiency,
lower latency, and stronger coverage.

Multiple network slices of a physical
hetwork to adapt to different industries.

4.2 Muc tiéu ky vong hé thong 5G:

5G 1a cong nghé di dong thé hé tiép theo va sé thay d6i vai trd cong nghé
di dong trong doi song xa hoi.

5G khi thuong mai hoa day du sé& tao lam nén tang cho nhiéu dich vu méi
gilp gia tang doanh thu.

5G 1a co hdi cho khach hang doanh nghi€p, nha mang , nha san Xuat va
cac bén lién quan.

5G muc ti€u chinh cua 5G 1a :
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Cung cap két ndi vo han cho moi ddi twong .

Mang ludi 5G méi, tiét kiém chi phi dau tu.

Chuyén d6i trai nghiém mang bang rong di dong.

Thiic dy phat trién cac ung dung di dong massive va critical IoT.

Tang téc chuyén ddi s6 va nghanh doc cong nghiép.

Mobile Internet A s Mobile IeT
P . y = * 9
Consumer Vertical industry Carrier
Universal network service Easy sharing of 5G architecture Easy deployment and Q&M
Personalized and consistent user Metwork slices allocated based on Flexible service, enabling new
experience demand business

5G is a platform for new applications, new business models, and new industries.

Recommendation ITU-R M.2083 — IMT Vision — “Framework and overall objectives of the
future development of IMT for 2020 and beyond”

5G nham dén cung cip két ndi cho cac d6i twong str dung nhu:

Nguoi — Nguoi

Nguoi - May

May - May

Céc loai két ndi véi dic tinh ky thuat khac nhau dugc chia thanh 3 nhom
chinh :

eMBB , mMTC, URLLC
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* 1 ms user plane

latency
Ultra-Reliable + Highly secure /
Low Latency + 99.95999% availability
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4.3 Giai phap va 19 trinh dy kién trién khai mang di dong 5G tai tap doan
VNPT

L6 trinh trién khai mang 5G VNPT du kién s& duoc trién khai chia 1am 3
giai doan :

- Giai doan 1: Nghién ctru, thir nghiém cong nghé

- Giai doan 2: Chuan bj co s ha ting

- Giai doan 3: Trién khai
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4.3.1  Gial doan nghién ciru, thir nghiém cong nghé (2019 — 2020)
4.3.1.1 Nghién ciru cdng nghé 5G

Tap trung nghién ctiru cong nghé 5G trén toan bd cac linh vuc vo tuyén,
truyén tai, 5GC va dich vy, cac cong ngh¢ mdi SDN/NFV, Al/BigData, di¢n
toan bién, kién trac mang 5G va 10 trinh san phém thiét bi mang cling nhu h¢
sinh thai dau cudi, phdi hop véi cac dbi tac tu van cau tric lai cac mang hién
hiru 2G/3G/4G va xay dung kién tric mang 5G, cu thé nhu sau [6]:

- Linh vuc v tuyén: Nghién ctru cong nghé vo tuyén thé hé méi 5G
MIMO ¢& 16n/ tao bup song, bang tan trién khai cho 5G, tinh toan mé phong ban
kinh phu song tram 5G trén cac bang tan khac nhau. Nghién ctru cac mo hinh
trién khai v6 tuyén D-RAN/C-RAN/CloudRAN, cic giai phap vé co so ha tang,
ngudn dién phuc vy trién khai 5G.

- Linh vuyc truyén tai: Nghién ctru md hinh truyén tai IP méi cho cong
ngh¢ 5G nhu SDN/NFV, cac giao thirc dinh tuyén méi, cic router thé hé méi
phuc vu trién khai tinh ning 14t cat mang (Network Slicing). Panh gid phuong
an nang cép cac thiét bi mang Metro, VN2 hoac dau tu mat phéng truyén ta1 mo1
(5G Transport network). Nghién ctru cac cong nghé truyén tai front-haul, mid-
haul va backhaul theo cac mé hinh C-RAN hodc CloudRAN str dung quang soi,
C/DWDM hoac WDM-PON.

- Linh vyc mang 16i: Nghién ctru cong nghé vé 16i cho 5G: SBA, Ldi nén
tang dam mAy. Nghién ctru xay dung 16 trinh 40 hoa cac thyc thé mang hién tai
theo nguyén tic dam bao chit lugng dich vu, khéng phu thudc phan ctimg. Dinh
hudng 16 trinh trién khai 5GC theo giai doan md hinh NSA, SA va phan tich
danh gia lya chon cac option 3/7/4/2. Pinh hudng xay dung quy hoach mang 101
5G cho hdi tu toan bd cac cong nghé 3G/4G/5G/NB-IoT/Fixed Access st dung
5GC.

- Linh vyc ha tAng DC (Data Center): Pinh huéng xay dung quy hoach,
thiét ké ha tang DC trén toan bd 63 Tinh/Thanh phd, 16 trinh trién khai gin véi
16 trinh cung cép cac dich vu 5G. Nghién ctru giai phap trién khai ao hoa cac
cong nghé vo tuyén dam may (CloudRAN) va mang 16i ddm mAy trén ha tang
DC, giai phép trién khai dién toan bién di dong MEC va mang phan phdi ndi
dung CDN.

- Linh vuc IT: Nghién clru phat trién céc ung dung dich vu cho 5G/IoT,
ap dung Al/Big Data trong viéc trién khai cac dich vu 5G va tdi uu trong qua
trinh van hanh khai thac, huéng té61 mot mang tu dong tdi wu trong van hanh
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khai thac. Xay dung cac ddi ngii 1ap trinh quan tri, [am chu cac hé théng VNEF,
NFVI.

- Linh vuc dich vu: Tép trung nghién ctru dé xuat 16 trinh cung cap céac
dich vu tiém nang cho 5@, cac dich vu mang lai doanh thu cao. Tham khdo mo
hinh trién khai cung cip céc dich vu 5G ciia cac nudc trén thé gidi va khu vuc.
4.3.1.2 Thar nghiém cong nghé 5G

Thir nghiém dugc chia ra lam 2 giai doan :

- Giai doan 1: Tur Qui 2&3/2019 thir nghiém cong nghé 5G md hinh
NSA, Rel

15. Thue hién trién khai voi sb lugng tram nhét dinh tai Ha Noi va Thanh
phé Ho Chi Minh, st dung thiét bi cua 2 hang Nokia va Ericsson. Bang tan thir
nghiém la Lowband 700MHz; Midband 2,6 GHz; Highband 26/28GHz. M6 hinh
mang thir nghiém: NSA, Option3x. Dich vu thtr nghiém 1a dich vu eMBB. Dich
vu mMTC thtr nghiém trén cong nghé 4G LTE-M va NB-loT

- Giai doan 2: Trién khai tir qui 4/2019. Thir nghiém cong nghé 5G mod
hinh SA, Rel 15 &16. Tich hop toan bo cac 16p vo tuyén, truyén tai dén 5GC
theo chuan 5G, tich hop trén cac DC, thyc thi lat cit mang (Network Slicing)
toan trinh end to end cung cip ddy du nhom dich vy thir nghiém dic trung cua
mang 5G bao géom: eMBB, mMTC va URLLC. Panh gia kha ning tich hop
4G/5G da nha cung cip trén mang. Bang tan thir nghiém c6 mé thém bang tan
3,5GHz. M6 hinh mang thir nghiém la SA, Option 2. Thir nghiém cdng nghé
VONR va thtr nghiém cac tinh nang Inter-working 4G/5G. Fallback cho voice tir
5G vé 4G bao gdbm EPS va RAT Fallback. Trién khai thir nghiém khai bao 4o
hoa CloudRAN, 5GC va MEC/CDN

trén DC. Mang truyén tai st dung router thé hé moi SDN. Hé théng mang
ddng bo cho 5G str dung GPS hodc mang dong bo pha - thoi gian riéng. Thu
nghi¢m déy du cac dich vu eMBB, mMTC, URLLC hoan toan trén nén mang
5G.

4.3.2 Giai doan chudn bj co sé ha ting (2019-2022 va tiép sau do)
4.3.2.1 Chudn bi co sé ha tang vo tuyén

43211 Tiép tuc mé rong ving phu séong 4G, ting thém sb co sd ha
tang 4G macro, 1am nén méng cho mang 5G, bd xung thém co s¢ ha ting moi
chén xung quanh ving phi cta tram 3G/4G hién tai nham sau khi trién khai 5G
bang tan mmWave (26/28GHz) c6 thé dam bao ving phi song 5G .

4.3.2.1.2 Trién khai smallcell 3G/4G trén dién rong mot mat dé va
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diém 16m song mgt mat tao co sé ha tﬁng mit ludi 5G, chiém linh vi tri, sin
sang cho lap dit cac tram 5G (mmWave), trén nguyén tic cac tram smallcell
3G/4G dugc lap dit vao gilta 2 tram macro 3G/4G hién c6 (Ban kinh phu song
tram 5G mmWave bang tin 26/28GHz chi dugc tir 70-100m nén khoang cach
ISD gifra 2 tram 5G mmWave la 150-200m.

4.3.2.1.3 Rasoat toan bd niang luc co sé ha tang dang khai théac, c6 ké
hoach nang cép, thay thé néu can thiét.
4.3.2.2 Chudn bi co sé¢ ha tang mang truyén tdi cho 5G

X4y dung mang truyén tai, mang thu gom ndi tinh, lién tinh theo kién trac
SDN cho 5G trén nguyén tic bam theo d6 chin cua dich vu 5G, dich vu chin dén
dau dau tw dén d6 .

43.2.2.1  Giai doan 2019-2022: Tiép can, trién khai 16p truy nhap trudc
dé chuan bj cho cung cép dich vu eMBB va mMTC/IoT song song trong qué
trinh trién khai mé rong mang 4G: Yéu cau cac Router CSG trang bi cho cac
nhom tinh/ thanh phé duoc du kién trién khai 5G sé& phai la loai nén tang
(platform) mé&i hd trg cong nghé SDN/FlexE, hd trg cic giao thirc SR/EVPN/
Seamless MPLS. Chua can tac dong 16p MAN-E tai cac tinh va mang truyén tai
VN2.

Hiéen tai 3G/4G Giai doan 2019-2022 Giai doan 2023-2025
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+ H abdng bd
LDP/RSVP SYNE/1588V2/8275.1

18275.2 Seamless MPLS

LDP/RSVP
M hinh tryén tai chudn bi cho 5G SA
M6 hinh tryén tai 3G/4G hién tai M& hinh tryén tai chuan bi cho 5G NSA (Dich vy eMBB/mMTC/URLLC: 5G tir 2026)
o anim e n 20

Hinh 4.1. M6 hinh mang truyén tai chuan bi cho trién khai 5G VNPT

4.3.2.2.2  Giai doan 2023-2025: Tiép can ndt 2 16p con lai a8 MAN-E
va mang truyén tai VN2 truéc 1 -2 nam khi cung cdp nhom dich vu cubi cing
URLLC cua 5G (Du kién céc dich vu URLLC né 1o phai t&é1 nam sau 2026, khi
do6, s& cung cap diy du cac nhom dich vu dic trung cia 5G gdbm eMBB, mMTC

va URLLC, lac ndy moi can tinh niang Network Slicing). Yéu cau tit ca cac

router ctia ca 3 16p: Truy nhip, MAN-E va mang VN2 déu 1a loai SDN router

thé hé mdi. Trén binh dién tinh kha thi ma noi ngoai nang cap 16p MAN-E va

mang VN2 dé hd tro cét lat mang cho dich vu URLLC, can phai déy cac DC
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xué)ng t61 mic huyén méi dam bao duoc yéu cau d6 tré dudi 5ms, thi it nhét
cling phai dén sau nam 2026 mdi kha thi .
4.3.2.2.3  Chuan bi ha tang cap quang X-haul cho C-RAN/D-RAN theo
quy hoach ving va 16 trinh trién khai 5G tinh/ thanh phd.
4.3.2.3  Quy hoach xay dung ha tang di liéu trung tm DC (Data Center)
Quy hoach trién khai ha tang DC tai 63 tinh/ thanh phd tuan theo nguyén

tac bam theo dich vu 5G va chién lugc phi séng vo tuyén “Oc dao” .

Edge DC Local DC
Mirc Huyén Mdrc Tinh

CU/Core-UP CU/Core-UP
MEC Server MEC Server
CDN/Cache CDN/Cache

VN2/IP/MPLS
Vinaphone(ca)

Core
200/400G

__200 km i

ocal DC Dich vu mMTC két cudi tai CentralDC

< 5 ms thiét ké cho “URLLC” < 20 ms thiét ké cho “eMBB” < 100 ms thiét ké cho “mMTC”

Hinh 4.2. M6 hinh trién khai DC du kién mang 5G VNPT giai doan 2020-2030

- Giai doan 1 (2019-2022): Trién khai cac DC tinh tai trung tim cac tinh/
thanh phd (Riéng Ha No6i, HO Chi Minh, Pa Néng, Can Tho goi 1a DC trung tim
viing - Regional DC hodc Central DC). Ha ting DC bao gdm cac server cho
5GC/ v0 tuyén dam may va MEC/CDN. Céc server DC két ndi tryc tiép dén cap
PE-AGG dit tai trung tAm VNPT tinh/ thanh phd [6].

- Giai doan 2 (2023-2026 va tiép theo) Trién khai DC bién (Edge DC)
xuéng murc huyén. Ha tﬁng DC bao gém cac server cho 5GC, CloudRAN, MEC/
CDN. Céc server DC két ndi truc tiép dén UPE trén MAN-E tai huyén [6].
4.3.2.4  Quy hogch trién khai I8i di dgng cho 5G

Trién khai hé théng mang 161 5GC trén nén tang a0 hoa NFV/SDN. Véi
nguyén tac bam theo dich vu va chién luoc trién khai v6 tuyén 5G “Oc dao” .

4.3.2.4.1  Giai doan 1(2020 — 2022, va c6 thé hon nita): Trién khai 5GC
dam may t&é1 muce tinh. SGC dugce khai bao, cu hinh 40 hoa NFVI trén cac DC
khu vuec tai trung tdm tinh/ thanh phd. Trién khai 5G theo mé hinh NSA. Tach
mit phang C/U theo CUPS (UPF tai tinh/ thanh phd; AMF tai DC trung tim
ving). Riéng 16i cho mMTC/ IoT chi trién khai tai mic DC ving. Gi6i thiéu dua
ting chtrc ning cua 16i 5GC vao va md dan ting giao dién theo dich vu cung

cap dé giam chi phi dau tu. Trong twong lai truong hop can nang cip 16i cho
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3G/4G nén dau tu trang bi 5GC nén tang dam may va sir dung 5GC nay khai
bdo, cau hinh tinh ning 16i EPC cho 3G/4G dé giam chi phi dau tu. Trong
truong hop chua can trién khai tinh ning 5GC tai tinh/ thanh phd chua c6 ké
hoach trién khai 5G, ta c6 thé trang bi 5GC dam may nhung chi mua gidy phép
tinh ning 4G EPC dé dua 16i EPC xubng mtc tinh/ thanh phd, giam tré cho cac
dich vu 4G nang cao trai nghiém khach hang. Sau nay, trién khai 5G t6i tinh/
thanh phd d6 chi can mua bd xung gidy phép kich hoat tinh ning 5GC .

43242  Giai doan 2 (Sau 2026): Trién khai 5GC xudng mirc huyén.
5GC dugc khai bao cau hinh 40 hoa NFVI trén cac DC bién dit tai mirc huyén.
Trién khai 5G theo mé hinh SA. Tach mit phang C/U theo CUPS (UPF tai mirc
Huyén, AMF tai mic vung/ trung tam DC) .

4.3.3 Giai doan trién khai

Tuy thudc vao dinh hudng, yéu cdu ctia B6 TT&TT va do nong cua 5G,
ban trién khai 5G chia lam 2 kich ban: Kich ban sém va kich ban chin mudi .
4.3.3.1 Kjch ban trién khai sem badt dau tir nam 2020 hogc 2021

Kich ban nay sé trién khai nhu sau:

Giai doan (2020-2022): Tap trung trién khai trong diém

4.3.3.1.1  Chi tap trung trién khai tai mot s6 trung tdm tinh/ thanh phd
trong diém, khong trién khai tran lan vi hé sinh thai dau cudi hd tro 5G va dich
vu 5G chua c6 nhiéu. Chi trién khai tai 16i cac thanh phd Ha Noi, H6 Chi Minh,
Pa Néng va thém 13i ctia 10 tinh/hanh phd trong diém.

43.3.1.2 Thiét bi 5G mid-band trang bi loai MIMO c¢& 16n 64T64R
cho toan bo cac tinh/ thanh phd duy kién trién khai. Hodc phuong an chi dbi voi 3
thanh phd dic biét Ha Noi, H6 Chi Minh, Pa Ning st dung loai thiét bi
64T64R, cac tinh/ thanh phé con lai trang bi loai 32T32R hodc tham chi 8T8R
dé giam chi phi. Sau nay, vi du, sau 2023 thiét bi 64T64R ré s& mua dé lap vao
16i cac tinh/ thanh phd trén, thiét bi 32T32R/16T16R/8TS8R thay thé ra chuyén
dén lép cho cac khu vuc ngoai thanh, khu vuc c6 luu luong théip hon.

4.3.3.1.3 Dich vu 5G eMBB & mMTC trén cong nghé NB-IoT, Dich
vu FWA (Fixed Wireless Access) cho cac khu vuc kho khin trién khai
FTTH/GPON hoic chi phi trién khai cap quang dit.

Giai doan tir 2023 tré di : Mo rong trién khai 5G tai c4c tinh/ thanh phé
khéc.
4.3.3.2 Kich bdn chin muéi

Bit dau trién khai thuong mai 5G tir ndam 2023. Véi kich ban nay, chin va
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an toan hon so vé6i kich ban trién khai sém vi céc 1y do sau dy :

43321 Téinam 2023, hé sinh thai 5G trod nén pho bién tir thiét bi dau
cubi, dén thiét bi mang va gia s& ré hon rat nhiéu so véi gia khi méi c6 thiét bi
5G. Gilp cho dau tu an toan va hiéu qua, thdi gian khau hao thiét bi nhanh. Téi
2023, cung véi su phé bién cua cac thiét bi 5G gid ré, cac dich vu 5G né 19,
nhiéu dich vu méi cho céc nganh doc: cac dich vu AR/VR, tro choi tryc tuyén,
va dac biét 1a cac dich vu mMTC/IoT (nha thong minh, thanh phé thong minh...)
mang lai doanh thu tdt dat hiéu qua dau tu.

4.3.3.2.2  Téi nam 2023, 1 khoang thoi gian can thiét d&& VNPT chuan
bi co s& ha tang tir vo tuyén, truyén tai, mang 15i, ha ting DC nhu d3 trinh bay ¢
muc “Chuén bj co s& ha téng”.

4.3.3.2.3 V& truong hop bang tin Mid-Band 3.5GHz bi vudng néu thir
nghiém 5G C- Band thét bai va chi c6 thé co bang tin Mid-Band bang 3.5GHz
khi VNPT tat vé tinh VinaSat-1 vao hodc sau 2023. Trong truong hop Bo TT&
TT di cap phép bang tan 2,6GHz cho cong nghé 4G va thir nghiém 3,5GHz that
bai, chi con trong cho thoi diém tit VinaSat-1 thi cac nha mang ¢ Viét Nam madi
¢ co hdi trién khai 5G.

Nhu vay, kich ban trién khai s& nhu sau:

Giai doan 2023-2025 :

Chién lugc trién khai: trién khai 5G tai trung tdm cac tinh/ thanh phé
trong diém theo md hinh dc dao; M6 rong ra cac tinh thanh phd khac, khu vuc
ngoai 0, nong thon theo thr tu (D6 thi mat dd cao — P6 thi - Ngoai 6 — Vung
nong thon), bam theo do chin cua dich vu 5G.

4.3.3.24 Dich vu cung cap: Nhém dich vu eMBB va mMTC, chua
cung cip nhom dich vu URLLC cho t&i nim 2026.

4.3.3.25 M0 hinh kién tric mang:

+ NSA, option 3x, két ndi kép 4G/5G. Lép mang 4G LTE 1a 16p nén, bao
vung phii cho mang 4G/5G lién tuc khong gian doan (Do trong giai doan dau
tram 5G it, bang tan cao, ving phii 5G yéu bat budc phai sir dung NSA va két
ndi kép, léy mang 4G LTE lam 16p nén cung cép vung phu). Dich vu thoai duoc
chay trén VoLTE 4G va CS Fallback vé 3G trong truong hop ngoai ving phi
ctia 4G/5G. Trong giai doan nay tit mang 2G GSM (du kién sau 2022)

+ Mang vo tuyén sir dung md hinh két hop giita D-RAN (RAN phan tan)
va C-RAN (RAN tip trung - Centralized-RAN). Nén tang chinh 14 D-RAN, C-
RAN c6 thé trién khai tai cac nhu vuc 16, trung tam tinh/ thanh phé noi luu
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lugng cao, can trién khai cac tinh ning tién tién (CoMP, Intersite CA...), noi c6
ha hang mang cap quang, WDM manh. (DU/CU van nam trén BBU, chua trién
khai CloudRAN).

+ Mang truyén tai transport: Thay thé 16p truy nhap (switch Layer 2/3)
du6i MAN-E béng cidc SDN router/CSG thé hé mdi, hd tro cac cong nghé
FlexE/ Seamless MPLS/ EVPN/ SR. Hb trg cong 10G téi site 5G va c¢6 kha ning
nang cdp 1én 25Gbps/ n*10Gbps. Cac mang vong truy nhap dung lugng tir
50/100Gbps; Lép mang MAN-E cac tinh/ thanh phé va 16p 16i VN2 giit nguyén
va s& duogc thay thé dan t6i hét bang cac Router SDN thé hé méi tir ndm 2025 dé
phuc vu cho chuyén tiép sang mo hinh SA, chay E2E cat lat mang (Network
Slicing) vao nam 2026. Yéu cau két nbi ddi véi 16p mang MAN-E tinh/ thanh
phd 13 100/200Gbps; 16p mang vong 161 VN2 13 200/400Gbps. Tt ca cac router
ciia 2 16p nay yéu cdu hd trg cic cong nghé SDN, FlexE/ Seamless MPLS/
EVPN/ SR.

+ Trién khai trung tdm dir liéu DC (Data Center) xuéng murc tinh/ thanh
phé: Hé thdng DC gdm mot hay nhom cac Server két ndi téi PE-AGG router
thuoc mang MAN-E tai phong may trung tdm VNPT tinh/ thanh phd. Trién
khai m¢ tinh nang

NSA/ 16i EPC va cac NFVI, giao dién Interface can thiét khac phuc vu
cho 5G NSA trén nén tang 5GC dam may trén cac DC, dong thoi, sir dung chirc
ning EPC trén 5GC dam may ndy cho cac tram 3G/4G ndi tinh dé giam tré, ting
dung luong ting trai nghiém cho dich vu 3G/4G. Khong dau tu thém vEPC thé
hé cii 16i thoi va lang phi vi khi chuyén sang 5GC nén tang ¢am may hé théng
vEPC nay khong thé sir dung.

+ Trién khai MEC, CDN tai cac DC phuc vu cho trién khai cac ung dung,
dich vu 5G

+ Trién khai tmg dung Al trén cac may chi MEC va nhung Al vio céc
thuc thé mang dé t6i wu van hanh khai thac O&M theo md hinh mang diéu khién
tuy dong.

Giai doan 2026-2030 :

4.3.3.2.6  Chién luoc chién khai: Tiép tuc mé rong ving phu séng 5G
trén toan quéc.

4.3.3.2.7 Dich vu cung cdp: Cung cdp thém nhém dich vu yéu cau do
tré thap URLLC (Lai xe ty hanh, nha médy théng minh, tu dong trong cong
nghiép, thuc té ao/ thyc té ting cudng nang cao, Phiu thuat tir xa...).
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4.3.3.2.8 Mo hinh kién trtc mang: SA, option 2, 5G NR két ndi toi
5GC; 4G LTE két ndi vé EPC. Ly do dé trién khai m6 hinh SA tir nim 2026 tro
dicé 2 1y do:

+ Tht nhat, phai doi dén 2026, khi ving phu 5G sau it nhat 3 nam trién
khai méi c6 duge ving phu rong va lién tuc, cho phép 16p mang vo tuyén 5G
chay riéng khong phai “ky sinh” trén 16p mang vo tuyén 4G.

+ Th hai, dén nim 2026 khi nhom dich vu do tré thép — dg tin cay cao
URLLC chin, nd rd6 méi can trién khai tinh ning 1at cit mang va can trién khai
SA st dung 5GC.

4.3.3.2.9 Taigiai doan nay, sau 2026 tit mang 3G. C6 3 ly do sau:

+ Thi nhat, sau 2026 mang 4G LTE di c6 ving phu rat rong dam bao phu
song cung cép dich vu thoai trén VoLTE cho toan bd cac thué bao thay thé hoan
toan nang luc thoai trén 3G. Tai thoi diém nay, thiét bi dau cudi théng minh
VoLTE di tré nén pho bién.

+ Thir hai, khi 5G d3 chuyén sang mé hinh SA, hoan toan khéng co kha
nang tuong tac Interworking v6i mang 3G, can tat dé toi wu mang ludi va giam
chi phi van hanh khai thac.

+ Tht 3, vé mat du tu thiét bi thi toan bo cac du an 3G caa VNPT dén
thoi diém nay 1a hét khiu hao. Do d6, dén 2026 1a thoi diém tat kha thi xét vé
quan diém déu tu.

4.3.3.2.10 Trién khai DC t6i mic huyén; Cac DC bién (Edge DC) két
ndi téi UPE trén MAN-E tai huyén, dam bao do tré E2E 5ms RTT (round-trip
time) cho cac dich vu do tré thép URLLC.

4.3.3.2.11 Trién khai 5GC, MEC/CDN trén Edge DC mirc huyén.

4.3.3.2.12 Trién khai 40 hoa CloudRAN trén cac DC: CloudRAN dugc
thuc hién sau cung, sau khi da thuc hién dugc 161 dam may trén mang. CU
chuyén 1én DC, Tai BBU chi con DU.

4.3.3.2.13 Giai doan nay: Thoai trén 4G VoLTE, chuyén tir 5G vé 4G
cho thoai hoic mot phan trén VoNR (sau 2028). Dit liéu trén 4G/5G: loT
(NBIoT/ LTE-M trén 4G, mMTC trén 5G)

4.4 Giai phap va 1§ trinh cho trién khai mang di dong 5G tai VNPT Hai
Phong

1. Co s6 ha tang Hai Phong hién tai chua du ning luc dé dap ung viée
trién khai lap dat thiét bi 5G: S6 lugng nha tram con it va thua, dic biét tai cac
khu d6 thi va cac khu cong nghiép luu lugng cao thi mat d6 tram van con thap,
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muc thu 4G hién tai thép chua noi dén khi trién khai 5G yéu cAu mat do tram
cao hon rat nhiéu. Tai trong cdt ang-ten tai CAc tram dang 16n do dang sir dung
dong thoi ca 3 cdng nghé 2G/3G/4G. Cong suat may nan, accu tai cic tram hién
m&i du ning luc cung cip cho cac thiét bi hién tai. Do d6 can c6 thoi gian dé bd
Xxung lép dat thém nhiéu tram di dong mdi tang mat do tram, nang cao chét
luong ving phu 4G, 1am tién dé& dé lap dit tram vo tuyén 5G; Thay thé dng-ten
nhiéu cong dung chung cho 2G/3G/4G tai tram nham ha tai trong cot, 1dy vi tri
cho lap ang-ten 5G sau ndy; Thay méi va nang cip may nan/ accu dam bao du
cong sudt nudi thiét bi vo tuyén 5G khi duge trién khai (vi thiét bi vo tuyén 5G
tiéu thu cong sut 16n hon 4G rat nhiéu).

2.Co so ha téng cho viéc trién khai cac trung tam dit 1iéu DC hién chua c6
san, can c6 thoi gian dé chuéan bi.

3.Mang cap quang tai tinh can dugc md rong va cac thiét bi truyén tai
backhaul cin dugc thay thé bang cac cong nghé truyén tai moéi dé phu hop
truyén tai dir liéu téc d6 16m cho mang 5G.

4.Thoi diém chin mudi cia céac cong nghé mang hd tro cho trién khai 5G
chua dén va thi truong thiét bi mang 5G chua thuc sy phong pht, gia ca dang rat
cao. Thoi diém hién tai sb lugng va chung loai thiét bi di dong dau cudi hd trg
5G khong nhiéu

5.Cudi cung va co ban 1 chi phi ddu tu CAPEX ban dau cho viéc trién
khai mang 5G sao cho phu hgp nang luc tai chinh doanh nghiép hién c6 va viéc
dam bao dau tu co hiéu qua, ciing nhu can tinh toan phu hop nhu cau dich vu
cta timg khu vuec trién khai trong twong lai gan sao cho c6 thé thu hdi von dé tai
dau tu md rong,nang cap mang ludi. Tranh viéc ton dong von dau tu trong thoi
gian dai 1am suy yéu doanh nghiép, giam strc canh tranh.

Can ctr vao cac can nhic trén cho thiy rd trudc khi trién khai dugc cac
tram v6 tuyén 5G dia ban can c6 mot giai doan phai chuin bi thay thé, nang cép,
md rong co s ha ting mang ludi dé sdn sang cho viéc trién khai mang 5G. Trén
co s& nam bat dinh hudng, 16 trinh trién khai mang di dong 5G va bam sat ké
hoach thuc hién trong timg giai doan cu thé cua tap doan VNPT. Can ctr vao
hién trang thuc té cua mang di dong tai dia ban Hai Phong, cling nhu nang luc
mang ludi hién cé va tdc do tang truong luu lugng dich vu trén dia ban, déng
thoi lua chon mét sd tram tap trung tai quan huyén/ thi xa/ thanh phé co cac khu
d6 thi va khu céng nghiép c6 luu luong cao, ting truong tot, c6 hiéu suat sir
dung thiét bi trén 50% trd 1én 1am trién khai thi diém.
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V& giai phap cong nghé, vi 1a cong ty con cua tdp doan VNPT nén VNPT
Hai Phong can tuan thu cac giai phap céng nghé ma tip doan di lya chon dam
bao tinh déng bd toan tap doan va déng bo thiét bi theo phan b6 khu vuc céac
ving mién theo dinh huéng chung.

MBJi giai doan chinh c6 cac giai doan con cho mdi budc trong ting giai
doan. Céc giai doan con trong timg giai doan chinh lai duoc dan xen nhau nham
dam bao déng bo viéc chuan bi dén dau xong thi trién khai dén déy, dua cac
thiét bi vao st dung ngay sau khi dau tu nham dem lai ngay hiéu qua dau tu,
tranh lang phi.
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KET LUAN

Sau khi nghién ctru qua dé tai:" NGHIEN CUU HE THONG
THONG TIN DI PONG 5G VA LQ TRINH AP DUNG TRIEN KHAI VAO
MANG VIEN THONG VNPT HAI PHONG" nho su gitip d& chi bao tan tinh
cta thdy gido Ths. B Anh Diing em d hiéu thém nhiéu vé ciu trdc ciing nhu
cong nghé duoc ap dung trong cac mang di dong tr mang 1G, 2G, 3G, 4G va
5G. Cac tuy chon trién khai va cac con duong dich chuyén tir mang di dong 4G
hién c6 1én mang 5G ciing nhu c4c giai phap, 10 trinh trién khai mang di dong
5G ciia mot sd qudc gia va nha cung cap dich vu di dong trén thé giéi. Clung véi
d6 dé tai tap trung nghién ctu dinh hudng, giai phap va 19 trinh dy kién trién
khai mang di dong 5G cua VNPT va mang ludi di dong cua VNPT Hai Phong..
Giai phap va 10 trinh dam bao tinh ké thira ctia mang ludi ma van dap tng duoc

nhu cau dich vu timg giai doan phat trién toi day.
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