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I. TONG QUAN MANG 5G
1. Su phat trién mang 1G dén 5G

* Thé hé diu tién (1G): Pién thoai di dong 1G dugc ra mat vao giita nhiing
nam 1970 va 80, dua trén cong nghé analog, hoat dong giéng nhu dién thoai
¢ dinh. N6 bi anh huong theo nhiéu céach, chéng han nhu thot luong pin kém,
chét luong giong no1 va cudc goi bi rot. O 1G, téc d6 tdi da c6 thé dat duge

la 2,4 Kbps.

« Thé hé thit hai (2G): Trong 2G, hé thong k¥ thuat s6 dau tién duoc cung cap
vao nam 1991, cung cap lién lac thoai di dong duogc cai thién trén 1G. Ngoai
ra, cac khai niém Truy cip da phan chia theo ma (CDMA) va Hé thong toan
cau cho di dong (GSM) ciing duogc thao luan. Trong 2G, toc do toi da co thé
dat dugc 1a 1 Mpbs.

 Thé hé thir ba (3G): Khi cong nghé chuyén tir khuon khé 2G GSM sang
khuon kho hé théng vién thong di dong toan cau 3G (UMTS), ngudi ding gip
phai téc do hé thong cao hon va toc do tai xudng nhanh hon khi thuc hién cac
cudc goi video lién tuc. 3G la hé théng bang thong rong di dong dau tién dugc
hinh thanh dé cung cdp giong ndi voi mot sd phuong tién da phuong tién.
Cong nghé dang sau 3G 1a truy cap goi téc d6 cao (HSPA/HSPA+). 3G sir
dung MIMO dé nhan sirc manh cia mang khong day va ciing sir dung chuyén

mach goi dé truyén dir liéu nhanh.

* Thé hé thir tw (4G): Pay 1a tiéu chuan bang thong rong di dong thuan tay.
Trong truyén thong di dong k¥ thuat sd, tbe d6 thong tin dugc quan sat thiy
da nang cap tir 20 1én 60 Mbps trong 4G . N6 hoat dong trén cac cong nghé
LTE va WiMAX, ciing nhu cung cép bang thong rong hon 1én dén 100 Mhz.

N6 duge ra mét vao nam 2010.

« Thé hé thit tw LTE-A (4.5G): Day 1a phién ban ning cao ctia chuan 4G LTE.
LTE-A sir dung cong nghé MIMO dé két hop nhiéu dng-ten cho ca may phat

va may thu. St dung MIMO, nhiéu tin hiéu va nhiéu ang-ten co thé hoat dong
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d6ng thoi, giup LTE-A nhanh hon gép ba 1an so v6i chuan 4G. LTE-A cung
cép gidi han h¢ théng duoc cai thién, giam do tré trong may chi tng dung,
truy cdp luu lugng ba (Dt 1iéu, Thoai va Video) khong day moi lic moi noti

trén thé giéi. LTE-A cung cép tdc do trén 42 Mbps va 1én dén 90 Mbps.

* The hé thir nam (5G): 5G 1a tru cot cia chuyén doi so; day la su cai tién thuc
su so vOi tat ca cac mang thé h¢ di dong trudc do.. 5G nhanh hon 4G va cung
cap hoat dong dicu khién tir xa qua mang déng tin cay vdi do treé bang khong.
N6 cung cap thong luong toi da duong xuong 1én tdi 20 Gbps. Ngoai ra, 5G
cling ho trg 4G WWWW (Mang ludi khong day toan cau thé hé thur 4) va dua
trén giao thirc Internet phién ban 6 (IPv6). 5G cung cap két ndi internet khong
gi61 han theo sy thuan tién cuia ban, moi luc, moi noi véi toe dd cuc cao, thong
lugng cao, do tré thap, dd tin cdy va kha nang mé rong cao hon va cong nghé
truyén thong di dong tiét kiém nang luong. 5G chu yéu duoc chia thanh hai
phan 6 GHz 5G va song milimet (mmWave) 5G.

Bang 1. Tom tat vé cong nghé di dang.

Cé,c N N K§ thuat Coché Tocdddir o Bang ] o

;hée Ky thuat truy cap tluyén dén siva I6i ligu Dai tan s0 thong Ung dung Sw miéu ta

Chuyénmach  Khing L 3 o .
1G FOMA, AMPS mach ” 2 4kbps 800MHz Twongty  Tieng noi Ching fa hdy noi chuyén vdi nhau
Chuyénmach  Khéng 300MHz, 900MHz, I Hay d& chiing t6i gii tin nhan va du lich voi

26 GSM, TOMA, COMA mach co 10kbps 1800MHz, 1900MHz Zilinz Giong niva di gy dich vu diF liéu dugc cai thién
WCDMA, UMTS, Ch“f’ré" l'nﬂ_ach Ma 384 kbps 800 MHz, 850 MHz, 900 . Y Hay cung tréi nghiém Irét web va s dung

3G CDMA2000, va chuyen Tubo @n 5 Mo MHz, 1800 MHz, 1900 25MHz Goi thoai, diF liéu va video e (mg dung di déng
HSUPAHSDPA mach goi MHz, 2100 WMHz :

LTEA. OFDMA. Chuyén mach M 1?0 Mbps 23GHz, 2.5 GHzva 35 Gigng ndi IE)C» \i\éu. Cuéc.gow Hua”\,' ch\? gé gﬂionglm'ni ‘fé di liéu qtfa int‘emet
4G SCFDMA WIMAX géi in Turbo den 200 GHz ban ﬂél.l 100MHz video, Truyen hinh tlD va bang thdng r?ng IDC‘dO cao dua trén kien
Mbps Chei game fruc tuyen. tric mang thong nhat va giao thirc IP
Chuyén mach 10Gbpsdin 180GHz 26GHzva%0. 30300  COMONONDIIEU Goi o dich v khong ddy bing théng réng
56 BDMA, NOMA FEMC o LDPC video, Video Ulira HD, (ing .
oi tin 50 Gbps 300 GHz GHz ngoai internet di dgng vai 10T va V2X.

dung thurc 6 3o

Bang 1.1 Bang tom tit cong nghé di dong



2. Sw khac biét gitra mang 4G va 5G

Téc d6 truyén tai dir liéu: 5G c6 kha ning cung cap téc do truyén tai dit liéu
nhanh hon déng ké so véi 4G, véi toe do 1én dén 20 Gbps. Toc do tai xudng
trung binh ctia 5G da dugc ghi nhéan 1a 186,3 Mbps tai Hoa Ky bai T-Mobile,
trong khi Han Qudc, tinh dén nam 2022, dan d4u toan cau véi toc do trung

binh 432 Mbps.

Cong nghé Do tré (latency): Mang 5G c6 d6 tré thap hon dang ké so véi 4G,
gan nhu bang 0. Trong diéu kién 1y tuong, do tré ciia 5G c6 thé giam xudng
chi 1ms, thap hon nhiéu 1an so véi mirc 75ms ctia 4G. Diéu nay dic biét quan
trong d6i voi cac ung dung yéu cau phan hoi tirc thi, nhu xe tu hanh va phau
thuat tur xa.

Kha ning két noi thiét bi: 5G c6 kha ning hd tro s6 luong thiét bi két ndi
16n hon nhiéu so véi 4G, dap Gmg nhu cau ngdy cang tang cua Internet van
vat (IoT) va cac img dung cong nghiép.

Hiéu suat pho tin: 5G st dung hiéu qua hon phd tin s, cho phép truyén tai
dir liéu nhanh hon va 6n dinh hon, ngay ca trong cac khu vuc dong duc.
Phat trién kinh té: Viéc trién khai 5G thiic day su phat trién cta cac nganh

cong nghiép méi, tao ra viéc 1am va thac day tang truong kinh té.

3. Thanh phan thong sb k¥ thuit ciia cdng nghé 5G

Téc dd truyén tai dir liéu: 5G c6 kha ning cung cip toc do truyén tai dir liéu
nhanh hon déng ké so véi 4G, véi téc do 1én dén 20 Gbps. Toc do tai xudng
trung binh cia 5G da dugc ghi nhan la 186,3 Mbps tai Hoa Ky bdi T-Mobile,
trong khi Han Qudc, tinh dén nam 2022, dan dau toan cau véi téc do trung
binh 432 Mbps.

Cong nghé Do tré (latency): Mang 5G co6 d6 tré thap hon dang ké so véi 4G,
gan nhu bang 0. Trong diéu kién 1y tudong, do tré ctia 5G c6 thé giam xudng

chi 1ms, thap hon nhiéu lan so vd1i muc 75ms cua 4G. Di€u nay dac biét quan



trong d6i voi cac ung dung yéu cau phan hoi tirc thi, nhu xe tu hanh va phiu

thuat tur xa.

+ Kha niing két ndi thiét bi: 5G c6 kha nang hd tro s6 lugng thiét bi két ndi
16n hon nhiéu so véi 4G, dap tmg nhu cdu ngdy cang ting cia Internet van

vat (IoT) va cac tng dung cong nghiép.

* Hiéu suit phd tan: 5G st dung hiéu qua hon phd tan sd, cho phép truyén tai

dir liéu nhanh hon va on dinh hon, ngay ca trong cac khu vuc dong duc.

« Phat trién kinh té: Viéc trién khai 5G thac day su phat trién cta cac nganh

cong nghiép mdi, tao ra viéc 1am va thac day tang truong kinh té.
4. C4c nha cung cap cdng nghé 5G tiéu biéu

« Ericsson: Ericsson 1a mdt cong ty vién thong va mang ludi da qubc gia cua
Thuy Pién, dau tu khoang 40 ty d6 la My vao mang 5G, trd thanh cong ty
vién thong 16n nhat. Cong ty tuyén bd rang minh 1 cong ty duy nhét hoat
dong trén tat ca cac chau luc dé bién mang 5G thanh tiéu chuén toan cau cho
truyén thong khong day thé hé tiép theo. Hién tai, cong ty cung cap dich vu
5G tai hon 27 qudc gia v&i cac nha cung cap ndi dung nhu China Mobile,

GCI, LGU+, AT&T, Rogers va nhiéu nha cung cép khac.

« Nokia: Nokia 1a mot cong ty vién thong da quéc gia ctia Phan Lan dugc
thanh 1ap vao nam 1865. Nokia 1a mot trong nhitng cong ty da ap dung cong
nghé 5G tir rat sém. Cong ty dang phat trién, nghién ctru va xay dung quan
hé ddi tac véi nhiéu nha cung cap dich vu 5G khac nhau dé cung cip dich vu
truyén thong 5G sém nhét co thé. Nokia 1 cong ty duy nhét cung cép cong
nghé 5G cho tit ca cac nha khai thac ctia cac qudc gia khac nhau nhu
AT&T, Sprint, T-Mobile US va Verizon tai Hoa Ky, Korea Telecom, LG
U+ va SK Telecom tai Han Qudc va NTT DOCOMO, KDDI va SoftBank
tai Nhat Ban va Viettel tai Viét Nam. Hién tai, Nokia c6 khoang hon 150
thoa thuan va 29 mang ludi truc tiép trén toan thé gisi. Nokia dang lién tuc

nd lyc phat trién cong nghé 5G dé mo rong mang ludi 5G trén toan cau.



« Samsung: Samsung bat diu nghién ctru cong nghé 5G vao nam 2011. Nam

2013, Samsung di phat trién thanh cong cong nghé thu phat mang thich tng

dau tién trén thé gii hoat dong trong bang tan Ka song milimet cho truyén

thong di dong. Samsung cung cip tdc do truyén dit liéu nhanh hon hang

tram 1an so v6i 4G tiéu chuan cho cac hé thong truyén thong di dong cdt 16i

5G.

11. CONG NGHE 5G

1. Cong nghé Massive MIMO

« Toc dd dir liéu: Massive MIMO (multiple input multilple output)

1a cong nghé chu luc cung cép téc do truyén khong day cao, dat mirc

gigabit moi gidy.

* S6 luong nguoi dung: Trong cac cong nghé tir 1G dén 4G, mot 6 (cell)

thuong chtra 10 dng-ten. Trong khi d6, cong nghé 5G st dung hon 100

ang-ten cho mét 6, cho phép phuc vu nhiéu ngudi dung dong thoi.

* Moi quan h¢ gifra tan s6 song va kich thudc ang-ten: Hai yéu to nay ty

1& nghich, nghia 1a tan sb thap can ang-ten 16n hon va nguoc la

Massive MIMO
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* Cong nghé MIMO (Multiple-Input-Multiple-Output) dong vai tréo quan
trong trong cac hé thong thong tin khong day, cho phép gui va nhan nhiéu
tin hiéu dong thoi trén cing mot kénh vo tuyén. MIMO d4 tré thanh cong
nghé then chdt trong cac mang Wifi, 3G, 4G va 4G LTE-A nho kha ning cai
thién hiéu suat phd va hiéu qua nang luong. Tuy nhién, MIMO truyén théng

thudng gip han ché vé thong lugng va do tin cay két noi.

« Pa ngudi dung da ang-ten quy mo 16n (Massive MIMO) 1a mot budc tién
m&i ctia cong nghé MIMO, duoc trién khai trong mang 5G véi hang tram,
tham chi hang nghin dng-ten tai cic tram gbc nham ting cudng thong luong
va hiéu suat pho. Massive MIMO st dung nhiéu dng-ten truyén va nhan dé
gia tang toc d6 truyén dir liéu va hiéu suat phd, dic biét hiéu qua khi nhiéu
ngudi dung (User Equipment - UE) dong thoi tao luu luong tai xudng.
Cong nghé nay tan dung dng-ten bd sung dé tap trung ning lugng vao cac

khu vuc khong gian nho, qua dé cai thién hiéu qua phd va thong lugng.

* Hon nita, Massive MIMO véi cac ky thuat beamforming va ghép kénh quy
mo 16n cho phép thu thap dit lidu tir cac cam bién thong minh véi do tré
thap, tbc do dit lidu cao va do tin cdy cao. Cong nghé nay co tiém ning hd
trg cac ing dung cam bién thong minh nhu xe ty 14i, cham soc y té, ludi
dién thong minh, thanh phd thong minh, dudng cao toc thong minh, nha
thdng minh va doanh nghiép théng minh, bang cach truyén dit liéu thoi gian

thuc té1 céc trung tam gidm sat.

2. Truy cap da kénh khong truc giao (NOMA - Non-Orthogonal Multiple

Access )

« Hang chuc thé hé mang trudc ddy da sir dung cac so 6 OMA, chang
han nhu da truy cap phan chia theo tan s (FDMA) cua thé hé tht nhét
(1G), da truy cap phan chia theo thoi gian (TDMA) cua 2G, da truy cap
phan chia theo md (CDMA) ctia 3G va phan chia theo tan s truc giao
da truy cap (OFDMA) cua 4G.



« NOMA la mot cong nghé truy cap vo tuyén rat quan trong duoc sir
dung trong truyén thong khong day thé hé tiép theo. Trong NOMA,
nhiéu ngudi ding UE 1am viéc dong thoi trong ciing mot bang tan phi

truc giao voi cdc mue cong suat khac nhau.

* NOMA 4p dung quan trong cho mang siéu day dac (Ultra-dense
network - UDN), truyén thong may véi may (Machine-to-Machine -
M2M) va truyén thong kiéu méay khong 10 (Massive Machine-Type

Communications - mMTC).
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Hinh 2.2 : Truy cap da kénh khong truc giao NOMA

3. Pinh hinh chum tia Beamforming

Beamforming 1a cong nghé chinh cia mang khong day, truyén tin hiéu theo
huéng. Beamforming 5G tao két ndi khong diy manh vé phia dau thu.
Chung di chuyén gidng nhu chum tia laser tir tram gbc dén nguoi dung, do

d6, tin hiéu c6 vé nhu dang truyén trong mot soi cap vo hinh. Pinh hinh



chum tia gitp dat duoc tdc do dir liéu nhanh hon; vi tin hiéu c6 hudéng nén

né dan dén mic tidu thu ning lugng va nhiéu it hon

* Beamforming dugc chia thanh ba loai chinh: Digital beamforming, analog

beamforming va hybrid beamforming:

« Trong digital beamforming, ciing mét tin s6 hodc tai nguyén thoi gian c6
thé duoc sir dung dé truyén dit liéu dén nhiéu ngudi dung cing mot luc,
gitp cai thién dung lugng 6 cua mang khong day.

« Analog beamforming: Trong dai tan s6 mmWave, analog beamforming
5G NR 1a mot phuwong phap rat quan trong gitp cai thién ving phtl song.
Trong dinh hinh chum tia k¥ thuat sd, c6 kha ning mat dudng truyén cao

trong mmWave vi chi co mot chum tia trén mdi bo dng-ten dugc hinh thanh.

* Pinh hinh chum tia lai: dinh hinh chum tia lai 12 sy két hop ctia ca 2

Standard Antenna User C

Hinh 2.3 : Pinh hinh chum tia Beamforming

4. Song milimet 5G (mmWave)
« Trong thé gidi cong nghé, moi nguoi déu sir dung WiMax, GPS, wifi, 4G,
3G, L-Band, S-Band, C-Band Satellite, v.v. d¢ lién lac. Pho tan so vo
tuyén cua cac cong nghé nay 1a tdi thiéu, nam trong khoang tir 1 GHz dén 6

GHz. Do d6, n6 rat dong duc.



TV

Biing tan tir 28 GHz dén 60 GHz rét hitu ich cho truyén thong khong day
5G vi bing tan 28 GHz cung cap bang thong phd 1én dén 1 GHz va bang tan
60 GHz cung cap bang thong phd 2 GHz. 4G LTE cung cip tan sb song
mang 2 GHz chi cung cp biang théng phd 20-100 MHz. Tuy nhién, viéc sir
dung mmWave 1am ting bang thong pho 1én 10 1an, dan dén tc d6 truyén

tot hon.

Song MmWave c6 thé dugc két hop véi dng-ten MIMO véi tiém ning cung

cap dung lugng 16n hon so véi cac hé théng truyén thong hién tai.
Biing tan giita 30 GHz dén 300 GHz duogc goi 1a mmWave vi nhiing song
nay c6 budc séng tir 1 dén 10 mm

Coverage & Capacity Capacity

WiFi WiFi 44— Fixed links and Satellite ——9
<4— Existing Mobile —»

Macro cells Macro and small cells Small cells

AN NAVAVAVAVAVITAVIIT

Hinh 2.4 : S6ng milimet 5G (mmWave)

5. Pién toan bién di dong (MEC)

MEC (Mobile Edge Computing) 1a phién ban mé rong cua dién toan dam
may dua tai nguyén dam may dén gan hon véi ngudi dung cudi. MEC cia
5G tao ra mot ranh gidi gitra ngudi dung cudi va may chi dam may, dua
dién toan dam may dén gan hon véi nguoi dung cudi. Bay gio, tat ca cac
dich vu nhu hoi nghi truyén hinh, xur ly dir liéu, cac phﬁn mém, v.v., déu

dugc cung cap bdi ranh gio1 nay giap cai thién hi€u suat dién toan dam may.
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Mot tinh nang MEC trong 5G 14 ung dung dugc chia thanh hai phan, phan
dau tién c6 sin trén may cha ddm may va phan tht hai & trén thiét bi coa
ngudi dung. Do d6, nguoi dung khong can tai xudng toan bo tng dung trén
thiét bi cua minh, diéu nay lam ting hiéu suit cua thiét bj ciia ngudi ding
cudi. Hon nita, MEC cung cép dich vu dam may & d tré rat thép va tiéu thu

chiém bang thong it hon

[ Mobile Edge Computing l

| Cloud Computing | .

Hinh 2.5 : Dién toan bién di dong (MEC)

6. CAu triic co ban mang 5G

« Standalone SA 5G-NR (New Radio): doc lap kién trac End-end diém
diém str dung song mm-Waves va tan sd sub-GHz. 5G SA ciing cho
phép kha ning phéan chia mang (network slicing) tién tién hon.

« Non-Standalone NSA 5G: két hop véi co s& ha tang 4G hién c6, tan
dung phan 15i ciia 4G EPC (Evolved Packet Core) dé thuc hién viéc
két ndi va diéu khién, trong khi 5G chi dugc su dung dé truyén tai dir
liéu.

« Thiét bi phai duy tri ca hai két nbi 4G va 5G dong thoi dé dam bao dix
liéu va tin hiéu diéu khién duoc truyén qua 4G trong khi dit liéu truy
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cap Internet di qua 5G. Viéc phai hoat dong trén hai bang tin song song

lam tdng mc tiéu thu ndng lugng.

~—— Non Standalone — —— Standalone ——

=== Data Plane
Control plane

*option3

AN

=== Data Plane
----- Control plane

Hinh 2.6 : Cau triic co ban mang 5G ddc 1ap va khong doc lap

7. Dich vu co ban 5G - 3gpp

eMBB: enhanced Mobile
Broadband): két ndi bing
thong rong di dong

MMTC: massive machine-
type communications: két

noi may-may dién rong

URLLC: Ultra-reliable, low-
latency communications: két
ndi c6 do tré thap va on dinh

siéu cao

= Téc d6 truyén dir licu :
t6i da 10 Gbps upload —
20Gbps download.
Truyén toc do luu
lugng x10000 lan so
vo1 4G

= Van téc di dong
500km/h

* Mang t€ bao macro nhd

» Hi¢u qua ti€u thy nang
luong mang : tiét kiém
x 100 lan so véi 4G

»  Matdo kétndi: 2x 10°

— 10 thiét bi/km?

*  Vung phu song 16n

= Toc do dir lidu data

rate: 1-100 kbps

= tudi tho pin : 10 ndm
» Gi4 thanh thiét bi dau

cuoi thap

* Phuong thuc truy cép

khong dong bo.

= Po tré (lattency): do tré
giao dién vo tuyén <
Ims , do tré diém —
diém E2E < 5ms

= PJ tin cay va kha dung
: 99.9999%

= Tdc do dir lidu: 50 Kbps
— 100 Mbps.

= Van téc di dong : cho
phép toc do cao
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Hinh 2.7 : Ung dung twong trng cic dich vu co bin 5G — 3gpp

8. Ung dung tiéu biéu mang 5G trong cong nghiép

« Nha may thong minh: Trong giai doan dau cta cong nghé 5G, dich vu dua

trén dir liéu DATA-Driven la qua trinh tu dong hoa thu thap dir liéu, xur 1y va

phan tich dir liéu voi eMBB dugc 4p dung, tinh ning URLLC, rét can thiét

trong kiém soat thiét bi, s& duoc ap dung dé cai thién hiéu qua san xuit KPD.

Use Cases

> Management & Monitoring

» Autonomous Mobile Robots (AMRs)
» Automated Guided vehicle (AGV)

Enables to Provide Dedicated Virtual Networks
with Customer-specific Functionality

“Ims Network Latency for Critical
Industrial Process Control

UHD-based Video Analytics for
Process Automation
Improve Manufacturing Process Reliability

Manufacturing with Real-time and
Data-driven solution

Hinh 2.8 : Nha May théng minh

* Dich vu Y té : Hoat dong phau thuat hoat dong tir xa doi hoi bang thong cao

cho video d6 nét cao va do tré cuc thép dé diéu khién canh tay phﬁu thuat
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nhan tao hodc giao tiép thoi gian thuc giira cac nhan vién y té cach xa nhau.
Pao tao phau thuat co thé duoc thuc hién thong qua kinh AR/VR dé dao tao
y khoa. Ngoai ra, bac si c6 thé chan doan bénh nhan ¢ xa bénh vién thong qua

video d§ nét cao thoi gian thuc trén mang di dong.

Use Cases g @

Remote, Robotic-controlled Surgery with Ims
Latency enabling Haptic Feedback

AGV(Automated Guided Vehicle) Delivery for
Various Tasks

Remote-controlled Surgery with Real Time High=
quality Video Feedback
(Also in Connected Ambulances)

3 Real-time Monitoring & Communication
(ex.Body Temperature/Vital Check)

3> Faster High Definition Image/Large File
Transfer (CT, X-ray, MR, Etc.)

> Remote Diagnostics or
Telemedicine in a Hospital

Hinh 2.9 : Dich vu Y té

Van tai giao thong thong minh : Cung cip kha ning theo ddi thoi gian thuc
va kha nang hién thi nang cao cta tit ca cac tai san, hang ton kho va cac goi
hang trong mang. Cong nghé 5G trién khai siéu két ndi bang cach hd tro cong
nghé IoT khong 16 co6 thé két ndi ti 1 triéu cam bién trong pham vi 1km2.
URLLC, ciing 1a mét tinh ning quan trong ctia cong nghé 5G, c6 thé duoc sir

dung dé diéu khién xe tu hanh (Auto guided vehicles AGV)

Use Cases P a8 = 2,

Enhanced Communications &
Repair through VR /AR

Remotely-operated and Autonomous Vehicles

2» Better Location Tracking & Route Optimization

»» Lead to More Efficient Business Practices Across Logistics
& Supply Chain Companies

> loT Devices could Eliminating
the "Black Holes" of Supply Chdin

Hinh 2.10 : Vin tai giao thong thong minh
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I11. Céu triic mang riéng 5g ap dung cong nghiép nha may
1. Mang riéng dgc 1ap SNPN (Standalone Non Public Network)

* Mang riéng doc 1ap SNPN (Standalone Non Public Network) dugc
trién khai nhu mot mang doc lap, duoc ¢ 1ap vé mit vat 1y va logic véi
mang cong cdng. Hon nira, co thé duoc co 1ap hoan toan khdi mang
cong cong bang cach str dung phd 5G cuc bo thay vi phd dugc cap phép
cia MNO (Mobile Network Operator).r

« Tét ca cac chirc ning mang nhu tram gdc thé hé méi gNB, mat phang
diéu khién 156i Control Plane 5G va mit phang nguoi dung User Plane
déu duoc trién khai tai co s¢ ciia doanh nghiép - nha may hodc toa nha.

« Thuyc hién tat ca cong nghé tng dung 5G thay thé truyén thong
Ethernet, Wifi khong ddy. Tuy nhién k¥ thuat 1ap dat tu van hanh bao
tri phuc tap cling nhu gia thanh cao.

Public network

Subscriber database (DB)

5G core 5G core
control plane User plane

Services

5G core
Subscriber database (DB) control plane ufsg';(l)c:ﬁe Services
S

Hinh 3.1 : Mang riéng doc 1ap SNPN (Standalone Non Public Network)

2. Mang riéng NPN (Non Public Network)

« Mang riéng NPN (Non Public Network) dwoe trién khai trong
mang cong cong PN (Public Network) , duoc c6 1ap vé mit vat 1y va
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logic véi mang cong cong. Hon nira, c6 thé dugc co 1ap hoan toan khoi
mang cong cong bang cach str dung phd 5G cuc bd thay vi phd duge
cap phép cia MNO (Mobile Network Operator).r

« Tét ca cc chirc nang mang nhu tram gbc thé hé méi gNB, mit phang
diéu khién 161 CP 5G va mit phang ngudi ding UP déu duoc trién khai
tai co s& cua doanh nghiép - nha may hodc toa nha.

« Thuc hién tit ca cong nghé tng dung 5G thay thé truyén thong
Ethernet, Wifi khong ddy. Tuy nhién k¥ thuat ldp dat tu van hanh bao

tri phure tap cling nhu gia thanh cao.

Public network

5G core
Subscriber database (DB) corsmioclc;’lZne User plane Services

Services

P ——

Hinh 3.2 : Mang riéng NPN (Non Public Network)

Public network

Subscriber database (DB)

Mang riéng NPN chia sé
Mang truy cip vo tuyén
(RAN radio access network)
: mang riéng chia s¢ mot phan
RAN — dac biét l[a gNB — véi !
mang cong cong, trong khi cac

5G core 5G core

control plane User plane Services

chitc nang mang khac duogc

1
I
I
I
I
I
I
1
I
I
I
I
I

trien khai tai co s& doanh ,
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nghiép va van tach biét véi
mang cong cong

Mang riéng NPN chia sé
Mang truy cip vé tuyén
(RAN radio access network)
va giao dién mit phang diéu
khién Control Plane : dugc
thuc hién trong mién diéu
khién ctia mang cua nha diéu
hanh di dong,cung véi viéc
kiém soat cac thué bao cua
mang cong cong. NO1 cach
khac, theo dinh nghia, cac thiét
bi cua mang riéng la cac thué
bao cua mang cong cdng cua
MNO.

Chia s¢ RAN cho phép nhiéu
nha khai thac tham gia chia sé
tai nguyén ciia mot mang chia
s¢ duy nhat theo chinh sach
chia sé da thoéa thuan. 3GPP da
xac dinh mot s6 phuong phap
tiép can dé chia s¢ RAN nhu
MORAN Multi Operator
RAN (Mang truy cip vo tuyén
da nha khai thac) va MOCN
Multi Operator Core
Network (Mang 161 da nha
khai thac).

Can luu y rang mot mang lat
cat Slice Network duogc dinh
nghia trong PLMN (Public
Land Mobile Network) mang
vién thong hoic SNPN mang

Public network

5G core 5G core
control plane User plane

Subscriber database (DB) Services

[ snfea |
A\
Private network

5G core services
User plane

Hinh 3.3 : Cac loai mang riéng NPN chia sé
RAN

MORAN MOCN

5G system
Enterprise

Core
Enterprise

5G system
Enterprise

Core
Enterprise

spectrum spectrum d
Telco A Enterprise g
public || Private =B

Hinh 3.4 M6 hinh khai thac chia sé RAN
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riéng bi¢t. Tuy nhién, viéc chia
s¢ RAN duogc thuc hién gitra
cac PLMN va/hoac SNPN
khac nhau. Trong truong hop
chia s¢ RAN, mdi PLMN hoic
SNPN chia s¢é RAN s€ dinh
nghia va hd trg tip hop céc
Mang lat cit Slice Network cu
thé ctia nd duoc RAN chung hd
tro

3. Private Network Id dinh danh mang riéng

 Pé nguoi ding va thiét bi trong doanh nghiép c¢6 thé kham pha, truy

cap va chon mang riéng cua ho, mang riéng dugc xac dinh bang ma

dinh danh mang riéng goi la NPN ID. Mot mang riéng doc 1ap (SNPN)

dugce mo ta trong thong $6 ky thuat 3GPP, dugc xac dinh b'flng su két
hop cua PLMN ID va ma dinh danh mang (NID).

« Mang riéng két hop voi
mang cong cong da duoc
nghién cttu nhu mdt NPN
tich hop mang cong cOng
(PNI-NPN) trong dac ta
3GPP. PNI-NPN la NPN
dugc cung cap thong qua
PLMN, thong qua tén mang
dir li¢u chuyén dung (DNN)
hodc thong qua mot hoac
nhiéu truong hop lat mang
Slice Network dugc phan bo
cho NPN véi dinh danh méi
lat cat mang single network
slice selection assistance
information (S-NSSAI)

Standalone NPN Public Network Integrated NPN
(Independent Private Network) (Private Network deployed in public network)

PLMN
service

Core
network

RAN
PLMN ID NPN.ID PLMN ID NPNID
:PLMN D + NID 1PLMN ID + DNN/S-NSSA
- - —=p - - =-p
Network access and (re)selection Network access and (re)selection
PUblic

Hinh 3.5 : Private Network Id dinh danh mang

riéng
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4. Mang 5G slice network

* Network Slicing 1a mt cong 5G network slicing

nghé ao h(’)a mang ChO phép 5G network slicing enables service providers to build virtual

end-to-end networks tailored to application requirements.

chia mdt mang vat 1y duy

A . N . Mobile Commt{nication
nhat thanh nhiéu mang logic | %2 bl
2 A A . AU TS P4
(40) doc lap, duoc goi la “lat | R
4 . -to- ippin
cat” (SllCGS). maChi:e S Ma:Sfa?turing
Z y ’ alia al lo Automotive
* Ao héa: Tao ra cdc mang |""y Medical
. A <\ A 5 latency - C Infrastructure
logic trén cung mdt co sé ha
tang vat 1y, t6i vu hoa viée str | othes 2 o Raatioi

dl.’lng té'i nguyén IoT: Internet of things network

 Tuy chinh: Mdi slices c6 thé
duoc cau hinh riéng biét dé
dap ung céac yéu cau QoS cu
thé.

 Céach ly: Cac slices hoat
dong doc 1ap, dam bao tinh

Hinh 3.6 : Mang 5G slice network

bao mat va on dinh.

* Linh hoat: D¢ dang tao, di€u
chinh va xo6a cac slices khi
can thiét.

* Toi wu hoa hiéu suat mang: Cung cap hi¢u suat to1 vu cho tung loai

dich vu, dap tmg cac yéu cau QoS khac nhau.

« Tiét kiém chi phi: Ti vu héa viéc sir dung tai nguyén mang, giam chi

phi dau tu va van hanh.

« Ting tinh linh hoat: Cho phép tao va diéu chinh cac lat cat mot cach

nhanh chong va dé dang, dap tng nhu cau thay ddi cia thi truong.

« Cai thién trai nghiém ngwoi dung: Cung cap trai nghiém tét hon cho

nguoi dung véi chét luong dich vu dugc dam bao.
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« Mé ra co hdi kinh doanh méi: Cho phép cac nha mang cung cap cac

dich vu chuyén biét cho tirng phan khac khach hang.
* Xu hwéng phat trién ciia Network Slicing sé bao gom:

« Tw ddng hoa: Ty dong hoa viéce tao, trién khai, quan 1y va téi vu

cac lat cat.

« Al va Machine Learning: Str dung Al va Machine Learning dé

du doéan nhu cau dich vu va t61 vu hiéu suat mang.

* Phan chia mang slice network

* Trong cic mang riéng, trong do
mdt s6 co s& ha tﬁng cua no duoc
chia s¢ v&i mang cong cong PN
mang PNI-NPN c¢¢ thé tach biét
hop 1y khdéi mang cong cOng Teico Data Center
thong qua phan chia mang.
Mang riéng NPN duogc trién
khai két hop v6i mang 5G cong
cong cia MNO bang cach sur
dung phan chia mang,.

* Trong hinh, mang riéng cho
doanh nghiép #1 duoc trién khai
gNB 5G va mit phang nguoi :
dung 16i UP va dugc sir dung ‘ '
mit phing didu khién 155G CP | & & & 2 ()
cua mang cong cong PN boi
trinh quan ly phan chia mang.
Mang riéng cho doanh nghiép #2

duge luu trr hoan toan trén  Hinh 3.7 Phan chia mang slice network
mang cong cong, ngoai tror gNB.

Enterprise #1 Enterprise #2
(smart Factory) (smart Office) Public Network

« CA&c mang riéng c6 thé cung cap
cac dich vu doc lap voi mang
cong cong va mang riéng khac,
do c6 su c6 13p tai nguyén trong
cac phan chia
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5. Pho tin vé tuyén khong dwgc cip phép 5G NR-U (New Radio-Unlicensed)
« 3GPP phan loai cac bang tan cho NR-U thanh cac bang tan dudi 7 GHz va
s6ng milimet (mmWave). Bing tan dudi 7 GHz cho NR-U thudng bao gom
cac bang tan 2.4, 3,5, 5 va 6 GHz. Trong khi d6, ¢ mmWave, bang tan 60
GHz dang duoc phat trién nhu bang tan khong dugc cap phép trong 16 trinh

5G NR-U
2.4GHz Bluetooth, Wi-Fi
35GHz CBRS
5GHz Wi-Fi
6GHz Wi-Fi 6E, Broadcast
60GHz Wwireless Backnaul

Hinh 3.8 : Pho tan vé tuyén khong dwoc cip phép

6. H6 tr¢ Mang nhay cim véi thoi gian TNS

Logical TSN bridge
over 5G Network

(€1 I syystemn clock TSN clock

TSN TSN TSN TSN
device MWNEEEM (translator fransiator NEEEENEE node
— 5G5S timing direction -: 5GS timing synchronization
—— : TSN timing direction ._- TSN timing synchronization

Hinh 3.9: So' d6 két hop Mang nhay cam véi thoi gian TNS

« 3GPP Rel. 16 cho phép cac hé théng 5G tuwong tic voi mang ludi nhay cam
voi thoi gian c6 day (TSN Time Sensitive Network) hién c6, mot bd tiéu
chuan Ethernet IEEE 802.1 1a nén tang dé dap tmg nhiéu nhu ciu cua céac

ung dung nhay cam véi1 thoi gian trong Cong nghiép 4.0.
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* Trong cac mang riéng, noi nhiéu ung dung cong nghiép yéu cau dong bd hoda

thoi gian micro-gidy, viéc két nbi vai TSN cho phép cac hé thong 5G st dung

thoi gian hé thong 5G chung dé cung cip dong bd hoa chinh xac cho céc tng

dung

7. Dién toan bién di dong EMC

EMC Mobile Edge
Computing: dugc trién khai
bén trong hoic gan cac mang
riéng dé dap tng céac truong
hop st dung cong nghiép cua
cac mang riéng.

Mang riéng cua doanh
nghiép : S6 #1 trong Hinh 1a
mot mang riéng doc lap, trong
d6 MEC nam trong khuén
vién cua doanh nghiép, cho
phép do tré cuc thip va truyén
thong dung lugng cao cho
truyén thong cong nghiép cia

doanh nghiép.

MEC applications
Drone control server,

Robot control server,
| AR/VRserverandmore |

Private network #1

@ %

5G core

Private network 2 i
I Edge cloud

@) —

Hinh 3.10: Pién toan bién di dgng EMC

 Mang riéng ciia doanh nghiép S6 #2 duoc trién khai trong mang céng cong

PN, nghia 1a mat phang nguoi dung 18i 5G va MEC duoc trién khai trong

dam may bién cua mang cong cdng, khong phai trong khudn vién ctia doanh

nghiép.Trong truong hop ndy, yéu cau vé do tré cling c6 thé duoc dap ung

thong qua MEC trong dam may bién gan hon nhiéu v6i mang riéng s6 2 so

v6i ddm may trung tam.

8. Gi6i thiéu Thiét bi mang riéng 5¢g trong cong nghiép
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Thiét bi mang truy cip vé tuyén

Baseband
RAN : giai phdp Indor, Outdoor, ) eSO
thiét bi xu 1y tin hi€u bang tan BN
BASEBAND , virtualizer RAN , I
Hinh 3.11 : Thiét bi mang truy cip qae, . cope,. remmbbe
A A Indoor Solution (Samsung Link)
vO tuyén RAN
l YT TR
kool o nkruero ki
Indoor Solution
Link Cell/Link HUbPro/Link Hub
e - -
Uitra High Capacity Solution
mm Muiti-technology Solution
Coverage Baseband & Front-haul Switch
Low & Mid-band Radio

lu -y v..,J U

E—J—-_-h——“__A

« Hé thong quén ly mang riéng PNMS

H¢ thong PNMS ( Private
Network Management
System ) cung cap kién
tric linh hoat. Néu doanh
nghiép yéu cau cau hinh tdi
thiéu, PNMS ¢6 thé dugc
dua vao Lo1 mang riéng
bao gdom mdt may chu duy
nhat. Ngoai ra, néu doanh

nghiép yéu cau quan 1y tir

RAN Portfolio for Private Networks

P ]
— [ vran ]

Central Site Operator ~ ge CentralSite

Tenant
Engmeer

Tenant
Enul neer

Tenant
Er\gmser

ﬂ m m m M E
En =1~
mm g mm i mm i
/’ i .
D g | &= %IB:-'
Hospitals) “Harbar) Haciories)
Hinh 3.12 : Hé théng quan ly riégng PNMS
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xa dé quan 1y nhiéu trang

Site

Enterprise

Mang 10i core Network

Vai tro chinh ctia mang 181 la xac thyc, uy quyén, quan ly tinh di dong, thuc
thi QoS va cac chirc ning dinh tuyén trong mang truyén thong khong day

Bang cach tich hop CU vao Ldi mang riéng, Chiic ning mit phang ngudi
dung (UPF) va CU co thé duoc dat trén cung mdt may chu, cho phép luu
lugng dit liéu trén mang 5G riéng khong b1 16 ra bén ngoai. Mot tuy chon khac
cho Loi mang riéng la kha nang mo rong, cho phep tang dung luong khi can
thict

PNMS
Core (CP)+USM Core (CP)
Core (CP.UP)+ USM ;
+RAN (CU)
Core (UP) + RAN (CU) Core (UP) + RAN (CU)
Compact for small scale Standard for medium scale Premium for large scale
. Single box . Two boxes . Separated management system(PNMS)
for RAN, Core and management for increasing capacity for service related business applications
.Single enterprise site . Multiple enterprise site - Multiple enterprise site

ca'mt_

Small Scale Medium Scale Multl;;grEgne; es::;rilg o Site
Single Enterprise Site Multiple Enterprise Site Business Management

Site

Hinh 3.12 : Mang 16i core Network
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« Compact' phu hop véi doanh nghiép can mang nho tiét kiém chi phi. Véi

khai ni€ém giai phdp mang trong hop,1061, don vi trung tam va chirc nang quan

1y nam trén mot may chi duy nhat.

‘Standard’ bao gobm mot mit phang diéu khién va Quan 1y dich vu théng
nhat Unified System Manager (USM) chi trén mdt site trung tam. CU duoc
xay dung trén mot site cuc b véi UPF trénmdt may chu duy nhat va phu hop

v6i cac doanh nghiép vira va nhé can quy mé kinh doanh 16n hon ‘Compact’.

'Premium’ ciing hd tro viée tach biét mat phing diéu khién va mat phang
nguoi dung. Mit phang diéu khién va PNMS duoc dit tai vi tri trung tam, va
mit phang ngudi dung véi CU thuong nam tai vi tri cuc bd nén phu hop véi
doanh nghiép yéu cau cac tng dung nhay cam véi do tré nhu MEC. Hon nita,

no ¢ thé mo rong tuy thudc vao dung luong yéu cau.

Mang cong nghiép Mang cong nghiép 5G doc lap riéng voi phd tan riéng cho

5G doc lap riéng:

mang truong hoc (bang tan 3,7 — 3,8 GHz).

. Két ndi nodi bd véi Robot tw hanh AMR (Autonomous

Mobile Robot) va xe tu hanh theo huéng din AGV

(Automated Guided Vehicle).

Private Industrial 5G solution

Management of 5G network incl. UEs and data traffic

Central Unit (CU): control of the radio network

Distributed Unit (DU): conversion of the radio signal

Radio Units (RUs): transmission of the radio signal

User Equipment (UEs) Connection of end devices to 5G network
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