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DAY 2: ENHANCED MOBILE BROADBAND

» 3GPP standards 3GPP Rel, 15, 16, 17 (7| =1} A|& =tof Z&}
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Our innovations expand the foundation of 5G

Foundational Qualcomm innovations lead 3GPP Releases 15,16 and 17

Source: 23
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< SMICH O| S S MY, Hitt{K#BEFES# 048, 5th Generation Core Network, 5GC

« AMF (Access and Mobility management Function): &1} 0|54 #2| 7|5
+ SMF (Session Management Function): M4 2| 7|&

* UPF (User Plane Function): At&Xt H 7|5

« PCF (Policy Control Function): 4 H|of 7|5

« AUSF (Authentication Server Function): 215 AMH 7|5

+ UDM (Unified Data Management): £ H|0|E{ 2|

« AF (Application Function): 28 7|&

« NEF (Network Exposure function): HIEQ|A =& 7|&

 NRF (Network Repository Function): IE3 M&E 4 7|5

+ NSSF (Network Slice Selection Function): U/ E$|3 &2to|A MEH 7|5

’,'---| 5G RAN [NG-RAN) f---«‘“.--l 5G Core {SGC/NGC }---\;l poone }

AR ! :
Wonat]  Wear | W] Wpet] wam]  war | H _,_‘ |
. 1 ser Plare Funct '

Noust | Namt Name
s
N
https://jb-story tistory.com/346 .

Source: http://terms tta.or.kr/dictionary/dictionaryView.do?word seq=171377-2
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DAY 2: ENHANCED MOBILE BROADBAND

|

% SD-Core supports 5G SA, 5G NSA (option 3x) and LTE
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H

< QE{Z2to|=2o| 7§ 2 F (Key Concerns for the Enterprise)
« WiFiet 1172| 3HA|
. 9T} BJO|E| Zajo|H{A

c o e =

- B8N 2Y
- HYE|E 77|

More Bandwidth Operational Connected
Efficiency Devices
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|

KIQA/MEIN  Latency and Reliabilty -

AE{=ato|= 7|2l 7|= H|: (O): Private LTE vs WiFi vs 5G (VMware 0i)

[ Private LTE I Wi-Fi 6 I 5G j

2z
(supzssApessy )
7184 3
. _( Y A THs )
C |t 10 Gbps )
C HBZYZ0IET 1M )
HlE Mot ty . "
Dda|E| ( Private Public 2Y )

( AXMX|H, 99.9999% 42| )

FOpg el Freavency Rang

( esimEs mmwave )
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* IMS-MCPPT system

» 4G/5G core network @ m

» MEC (Mobile Edge Computing) P Miion e P o Talg

Deploy private 5G network on cloud(0l) [ oo 3
AL

Cloud Platform

€= Alibaba Cloud 2 Tencent Cloud amazon

* UE (User Equipment) [ S




DAY 2: ENHANCED MOBILE BROADBAND

< RAN Z2| 3} (New C-RAN/Fronthaul)

5GC

—+ NG Interface

RRC/SDAP Ha

PDCP
RLC = gNB (the NRlogical node)

—~  F1 Interface = Central Unit (CU)
= Distributed Unit (DU)

Hﬁ

MAC
PHY

RF

I

D

—— N1 Interface

®e 0 JS Lab
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% Air Interface
« A& 4 (Open Systems Interconnection Layer)
o CU (Centralized Unit) J—— —— ]
o DU (Distributed Unit) | User Plane " Control Plane
2 RRU (Re_mote.Radio Unlt) Non-Access Stratum (NAS)
oRU (Radio Unit) [ nas |
Radio Resource Control (RRC)
Service Data Adaptation Protocol (SDAP) m Cu/DU m
Packet Data Convergence Protocol (PDCP) _
Radio Link Control (RLC) RLC RRU RLC
-, _ [ETETrrey
Medium Access Control (MAC) ! ’I
Physical (PHY) PHY E : ; PHY
S —— A AR , K
S RU[ RF RF
XX |  JsLab
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DAY 2: ENHANCED MOBILE BROADBAND

< NG-C 2} NG-U ZEEEE AH

« Hof E2! (NG-C)
- 75 Y412 (NG-v)

https//github.com/loxilb- Trans[]ﬁf;gﬁil{:vl\?{};

https://github.com/loxilb-io/loxilbdoc:

5 = L4
. E = L3
: : L2
: 0 L1

Transport Layers

UE <> gNB <> UPF <> DN Network, Link,

and Physical layers

Radio Network &
Layer (RNL)

PDU Sessions
User plane PDUs

1P 1P

Data link layer Data link layer

Physical layer Physical layer

(a) NG-C Protocol
Stack

Hoj Baol

(b) NG-U Protocol
Stack

2H g2

Source: Tutorial on communication between access networks and the 5G core, IDLab—Department of Applied Engineering, University of Antwerp—IMEC, Antwerp, Belgium
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ENHANCED MOBILE BROADBAND

* 5GE O 2 (%o AHEYS A2
* 56 LE|LIE WEY 7|$E o|gste] SY Foi4

4G antenna

o MIMO (Multiple Input Multiple Output) A0HE

ELIE AESHY] Y=Y

Source: https://radio-waves.orange.com/en/radio-networks-and-antennas/5g
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800MHz(10MHz), 1.8GHz(20MHz) 30 MHz
3G 2.1GHz(40MHz) 40 MHz
4G 800MHz(50MHz), 900MHz(20MHz), 1.8GHz(90MHz2), 2.1GHz(80MHz), 2.6GHz(100MHz) 340 MHz
...... 5 G3SGHZ(280MHZ)ZseHZ(ZmOMHZ)ZGSOMHZ
o W2 Oj9o Fois P42 Foj2o| YHS A Lo, (B0 Y242 HE M5 1
o S 0o Fita= 0|0] ZIHE0|B 2 5G= AF0} 5l XNFN HY 2232 Q|5 J7|= Jie
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% 5G EE1} Market2| Radio &7 H3l/4H

®o 0
16

=2HA b <3GHz 3~5 GHz
SKT  ooms)
KT toomz)
Leus > o)

5G NR (100MHz) 1.5 Gbps
SA XY ks

4G LTE (145MHz) 1.2 Gbps

%E EI--JF m Above GHz

Frequency range 1 (FR1): 410-7125 MHz.

6~24 GHz 24~30 GHz 30~40 GHz

28.1~29.0 GHz
(800MHz)

26.5~27.3 GHz
(800MHz)

27.3~28.1 GHz
(800MHz)

Frequency range 2 (FR2): 24.25-52.6 GHz.

JS Lab




DAY 2: ENHANCED MOBILE BROADBAND

- . Uplink Range Downlink Range Duplex
% FR1: n78 (3.3GHz~3.8GHz) NR Band | (MHz) MH2) Mode
& i . B1n1 19201980 2110-2170 FDD
* FRZ' ﬂ257 (ZG‘SGHZ ZQ‘SGHZ) n2 1850-1910 1960—1890 E@HB
B3 n3 17101788 1805 &rOY“LT )
T 7 785 | Cg\.‘-\é@ﬁ o sh riv
o Aarmid T pecttt
Frequency range | Carrier bandwidth (MHz) B5 nS 824-84d pss e EE FDD
. . e . B7 n7 25002570 2620-2690 FDD
FRI 2;)“;;)';"]-26-5(')30‘ 40, 30, n8 880-915 925-960 FDD
. 70. 80, 90, 1 n20 832862 791-821 FDD
FR2 50, 100, 200, 400 n28 703—-748 758-803 FOD
n38 25702620 25702620 TOD
nd1 24962690 24962690 TDD
Upiink and Downlink n50 14321517 1432-1517 TDD
NR Band Range (MHz! Duplex Mode Main Regio ns1 14271432 14271432 TDD
e lic) = aiont n66 1710-1780 2110-2200 FDD
n257 26,500-29,500 TDD Asia, Americas (global) n70 1695-1710 19952020 FOD
n258 24,250-27,500 TOD Europe, Asi (global) n71 663—698 617652 FDD
n259 37,000-40,000 TOD US (global) n74 1427-1470 1475-1518 FDD
n7s N/A 1432-1517 sDL
n76 N/A 14271432 SoL
nir, 33004200, 00
3.42 GHz 3.5 GHz 3.6 GHz 3.7 GHz B30 3800
. pornses
n78 | LGU+ (80MHz) kt (100MH2) SKT (100 M2) 4505500
1710-1785
n81 880-915
26.5 GHz 27.3 GHz 28.1 GHz 28.9GHz 29.5GHz ,a» 839862
n83 703-748
n257 kt (800 MHz) LGU+ (800 MHz) SKT (800 MHz) m G4 1920—1980

Main Region(s)
Europe, Asia
Americas (Asia)
Europe, Asia
(Americas)
Americas, Asia
Europe, Asia
Europe, Asia
Europe
Asia/Pacific
Europe

US, China

Americas

Americas
Japan
Europe
Europe
Eurgpe, Asia

®*o 0
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Seond (Guec)

*,

e WX SHUAIAXES] W/ (KT) - by Netmanias

Central Cloud

Seoud (Hyetmaa)

1956 oo
skTHG X

56 Smartphone.
ICommereishzatcn

. tcom

Factory of C-Stone
haolopes

Source: https://www.netmanias.com/ko/?m=view&id=oneshot&no=14450

o0

Gwang

Smant Factory

g 20103 panond)
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DAY 2: ENHANCED MOBILE BROADBAND

7
0.0

AT SMALAXIO| W 4 (SKT) - by Netmanias

ME| g2tec

209,008 Of| X| B2IR2E 127}
s

($1%]: 28=)

sax EABe (a9t eage
Distributed Ecgedt DE &

- OIBY EIWOl M3 @ Auln
S CAOK] £Xpi! M, 27 Bl MY

- 4 OAARY B YT deay - Ims, S8 AT <10ms
A VR AR, Streaming VIN

- Public Cloud®l & 2§

56
skTH5 X

2019, 08.13
wE

sox FBEA B (on-site edpe. 820)
Q20 8 R 21 M

1% B OIS YA HHR| X 20 P
Public Cloud®t &

Source: https:;//www.netmanias.com/ko/?m=view&id=oneshot&no=14450
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b Ll Private 5G

N
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¢
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ot et re ) e seweam
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DAY 2: ENHANCED MOBILE BROADBAND

< Data Driven Al Assisted Green Network Design an

* DRAN
* CRAN
* H-CRAN

DU Cosd Comeiond (c6)| ' "

Midhaul (MH)
oo s i L Green Mobile
— by - b i) Networks
Froathasl (FH) j I‘ |
e Pl e '4 Energy
Radio Unles (RUR) = 2 BSEnergy | aving
P e tpwnentng U | Feeoe
(a) DRAN (b) CRAN (c) H-CRAN

d Management

Al Assisted Green Network
Management

Network
Management

JS Lab




DAY 2: ENHANCED MOBILE BROADBAND

% 5G NR 7|&

* OFDM (Orthogonal frequency-division multiplexing)
+ Self-contained slot based framework
» Channel Coding

« MU-MIMO
+ mmWave
837kt OFDM 7|4t QB @2 Il A g 29
249 QIEHO| A - bR
e
ST FA YUY ME-LDPC & CA-Polar
OFDM Numerology (Self-contained) % 3=

QB ABIE 2 YR

MEIAR BSHO2 XY

Source: https://m.post.naver.com/viewer/postView.nhn?volumeNo=11764280&memberNo=20717909

g chadsE™ 2HHed

Yajo|Efnt

R3} XJpm Ol 3
> 7t 8 2%

HUESHUE

multi-user MIMO

21

®*o 0

——
/Iﬁ\ <

JS Lab

21

DAY 2: ENHANCED MOBILE BROADBAND

.|

< FDD vs. TDD
* Frequency Division Duplex (FDD)
+ Time Division Duplex (TDD)

FDD TDD
> >
2 DL-Frequency e
g 3
o o
(3 (7]
e iy
<F F
Kk Kk
Al ZHTime) Al ZHTime)
I X X 22 JS Lab
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DAY 2: ENHANCED MOBILE BROADBAND i

< TDDE 28t 57|33 1

® e g

¥ moomEmsE §

o0 23 JS Lab
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DAY 2: ENHANCED MOBILE BROADBAND i

M(Radio): AHME 0| 2|H 71248 BAA7|E WHoz wH

nt4= #&: Frequency Division Multiple Access (FDMA)
Zt 28 Time Division Multiple Access (TDMA)
E 2% Code Division Multiple Access (CDMA)

—

KD
o

Ri> 44 4o

Source: https://networkencyclopedia.com/code-division-multiple-access-cdma/
®e 0 24 JS Lab
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DAY 2: ENHANCED MOBILE BROADBAND i

% Waveforms and Mixed-Numerology

% Spectrum of OFDM signals with , depicted by the dashed line.

4
FDM
B 05
Individual Channels '2 ’
: E
\ // \ ‘ \\ ff \ < 0
() ) (S S . o5
Freaacy ' 1 2 3 456 7 8
OFDM (a) Subcarrier Index
Channel 0 Channel 1 Channel 2 ) !
A A A (O]
O
Overlapping Sub-Carriers é
F % h . =
KEKANT ) 9.9 I RVE N 0.99.9: £
TV VIEVYVYYY N YV Y Y <
(B[S 2| S[SSRISTE)E °) ) SIS]EIR18I8 5
Frequency Ll 05 L L L L L
1 23 456 7 8
(b) Subcarrier Index
®*e 0 JS Lab
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DAY 2: ENHANCED MOBILE BROADBAND
++ OFDM: Orthogonal Frequency Division Multiplexing
< QAM<Z signal space(8 = 37h 71E10} SL4HHZ A2 constellation B
16-QAMZ] constellation (Gil) 64-QAM2| constellation (0f])
Amp Phase Data
1011 1001 0010 00L1  25%, 235° 1100 op legN o eouw ] s omsl e o
101 " 1000 { WM “o“ ‘o . . . . . .
{ -
\ A . . . . . - . .
1101 \11:-:‘ 1 11 ‘a" . . . . . . .
1111 1110 0101 o111 . . ‘e ‘o 1ol . . .
B : Figure 2.6.7.4-1. Signal Constellation for 64-QAM Modulation
XX JSLab |




DAY 2: ENHANCED MOBILE BROADBAND

< Massive MIMO (i)

64 TX + 64 RX 5G MU-MIMO antenna suitable for Massive MIMO, (Credit: Ericsson)

Source: https://medium.com/5g-nr/massive-mimo-75f775ead2e9

Aurora CMM.100.A 5-6GHz C-Band Massive
MIMO Phased Array

Massive MIMO has traditionally been used in TDD
bands. (Bevin Fletcher/FierceWireless)

Source: https://www.fiercewireless.com/tech/t-mobile-exec-says-massive-mimo-can-be-used-tdd-and-fdd-bands

®*o 0
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UEY (What is 5G beamforming?)

[ =]
. 7

Main Lobe

Side
Lobe

Antenna Antenna

One Radiating

Two Radiating
Element

Elements

Mol 2| 4X|0{(Beam steering): S| &HSIE

ol SE A
T SEE XY 4 HBE S
Main Lobe
Obstacle Obstacle
1 3
Side
Lobe Obstacle Obstacle
2 4
Antenna Antenna

Four Radiating

Four Radiating Elements at a
Elements

common frequency with 45° the
other with -45° phase shift

supporting MIMO for increasing
SNR and channel capacity

JS Lab




DAY 2: ENHANCED MOBILE BROADBAND

< 5G RAN 7|7|
» RRH(Remote Radio Head): RUE 2|&tdoz 1 d
- EMEE
o RF Zd
o CHHILY - 7| 71% (71EY
o #EMAH o oz
o RRH #0l1A > Sumazs
- MUX: ZEEZE(RU-DU) HZE
- SA7| 56 X8 oM List
o ZEMJ| (DAS: Distributed Antenna System) 72 HE 3 AR . F2 71 =
o RF ZM 7| (ICS: Interference Cancellation System)  [TH548 ;'EE":::H b :ZEST e
» DU Pistigutac, Lnn) ageg oxion g, el
» CU (Centralized Unit) =27| ofx|of =2, 2=
L ER T TES MBI A
(GaNEHX|AE] RFHIC
oo s of o oo metwork b FAYEYIRH]FTTX, 2 2| SHFA, CRIHERIA OjR|0| 2, B2
e B DB B OB e BEEAH 20|§F4
;hceozerct:sr‘w/r;';::‘as::;?;rtsr;is;won, Gyeonggi Province, July 13. NEIZ 01 OO|XIAJE]
Kz NetagsAt
Source: https://m.blog.naver.com/PostView.naver?isHttpsRedirect=true&blogld=atlasstock&logNo=221559939410
®o 0O JS Lab
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DAY 2: ENHANCED MOBILE BROADBAND
< 5G RAN /g (0f]): 2122| FlexRAN
Deployment Architecture Examples
i Uni
5
[ racio [
i
g
[, [
®e 0O JS Lab
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DAY 2: ENHANCED MOBILE BROADBAND

< V2X Standards (L1 & L2)

802.11
Max. Bandwidth 40 MHz (Flexible) 20 MHz 20 MHz
@ sub 6GHz (>150Mbps) (~ 70 Mbps) (54 Mbps)
ITS channel (Korea) - - Multichannel 10 MHz
ITS channel (US*) - 20 MHz 10 MHz
Comm. Type Broadcast, Groupcast, Unicast Broadcast Broadcast
Retransmission HARQ HARQ (blind) -
Resource Selection Mode 1 (gNB centralized) Mode 3 (eNB centralized) CSMA-CA
Mode 2 (UE sensing based) Mode 4 (UE sensing based)
Modulation QPSK, 16QAM, QPSK, 16QAM, BPSK, QPSK,
64QAM, 256QAM 640AM 16QAM, 64QAM
Channel Coding LDPC / Polar Turbo Convolutional
Waveform OFDM SC-FDM OFDM
Source: US FCC Nov. 2019. US FCC FNPRM Oct. 28 2020 will be explained later session
® e JS Lab
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» HRS| FOH 7|ST} MH|A

+ 5G2 ZE-HE5HE H[HEY 7|22 56 4s22 1k

7\ - HA Yy
ng‘ i e
VX AR 4 =
nz Selgis
ey S2 MY

6\‘,\'5\ Fhlr o Ay

v 8GHz e 23

= 5G-V2X : 5.96Hz T
» A2 S8 433mke B ||
* YAHO : 706H: Y

280mz 22

6GHz 0|8t (FTHY)

3
2 400 = 22

mmWave (2 tH%)
Source: 5G+ 2HEZ S, 1tsty

o0

G
DEX uiEs  vax EIZRIE
@olEy g &8 224y
7| P g HIEE A
Wi-Fi A% AN
' T IaS 2~ 56 =i oE
5G Hso= NEE 261 Sl
= 264
= XRMICH Wi-Fi / BI918 56

g 2ORE

L 4.A00KE

DEH GlojE] 8 38
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DAY 2: ENHANCED MOBILE BROADBAND

% 5G2| AZEZof Ho| £M (SDRAN) &4

\
SDRAN .
P
i '

Services Smartphone Virtual Experience
Smart Machine

RAN
Architecture

o0 33 JS Lab
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DAY 2: ENHANCED MOBILE BROADBAND

< O-RAN1} 'ZEEE/0|EE/4E’

NG-SDN Architecture o

K

K RIC (Radio Intelligent Controller) O-RAN
Focus Are.q“'.

.
H
Oparumr Systems / Backends * H
.

Invantory Databases, otc.

Access Network

Unified Control Plane
Control, Configuration, Management, Telemetry, Inventory, Orchestration
Control
Plane

Scope for NG-SON

BuURSOL "UORODGUIA

. 4. cu (Centralized Unit) \ )
. DU (Distributed Unit)
5G Edge Core

XX | Jstab
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DAY 2: ENHANCED MOBILE BROADBAND

<+ US 5G NR V2X case

5.850 GHz 5.925 GHz
Proposed LTE-CV2X ¥ | CH 183
CH 175 CH 181
5850-5855 | CH 172 CH 174 CH 176 CH 178 CH 180 CH 182 CH 184
reserve Service Service Service Service Service Service Service
5 MHz 10 MHz 10 MHz 10 MHz 10 MHz 10 MHz 10 MHz 10 MHz

Proposed Unlicensed Wi-Fi Sharing ~—————————» Would move all priority V2X
| | communications into upper three
| channels

Also proposed detect-and-vacate Sharing;
leaves priority V2X communications in
place throughout the band
DSRC (Dedicated Short Range Communication).
VX822 BEE|AH 5.96Hz Y 770 *h'd F 3t9l 47H X2 2 wikioll st 429] 37 ML c-vaxoll &

@ U.S. Department of Transportation

®*o 0
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DAY 2: ENHANCED MOBILE BROADBAND

% Sidelink communications for V2X

- V2v
- Va2l

oG V2X sidelink

g More coordinated driving for faster travel
and lower energy usage

Sidelink communications b

{ ¢ Vehicleto é Vehicle to Other communication modes
-0 vehicle (V2V) infrastructure (V2I) coming in future releases

Source: https://eu.mouser.com/blog/eit-5g-2021-6-key-aspects-3gpp-5-release-16

o0

Release 16 brings new benefits for automotive use cases i Enhanced autonomous driving

&

Real-time situation awareness and sharing of new
kinds of sensor data enhances autonomous driving

"L Faster travel/energy efficiency

-Q Accelerated network effect

o ( Sensor sharing and infrastructure deployment bring
— benefits, even during initial deployment rollouts

36



DAY 2: ENHANCED MOBILE BROADBAND i

< IITP 2025 RnD FZ
* ITP R&D Y O|f: S5 Fots NCH s}, S8 MH| A HHSE AT EY 0] o A%

| P2 | 2020 | 2020 | 202 | 2023 | 2024 | 2025

HTE ox 5G HE|H &Y AMH|A HEHI

882 A 53 Ayl EHann
M anwme o o M s > e
é |
H| = K ) fmom S
A v :"-:\"'-..;.7 l P
. D tonuped nvmTy | SeT L ;::
Y E e et o, [P Sy
23
ALY A
5G WUl =l 400G B&4M 2F 16T2 POTN 5G+ 20| A TN ARIA| 800G &4 7|8 Sub-THz

SHELE AT TEIEE

- g-: P W .’ %’

Source: IITP HEE4 H7t 7|2 Q

o0 37 JS Lab
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DAY 2: ENHANCED MOBILE BROADBAND

% 5G Enabling Technologies:
+ CUPS (MIO{/AFE AL Z2(Ql Z2l)
+ Cloud Scale (22I2E A# Y)
+ MEC (25t o x| HFE)
* Network Slicing

/~  CUPS: Control/User Plane Separation "\ /  CloudsScale Networking with Cloud RAN { SD-WAN \
- Charging and Palicy
—. vCore - Authertication and Security
!‘1 User plane - Legal Infercept -
—N = vCare 2 1
o == Control plane S | -E = l ga B
), 0 vCore

( Mobile network to scale with video using MEC \

i

== vCoe d EnterprisetoT |
=1 :s‘e' L E(é:r%ua\e _____

N | A
P o-C=ps cmCart )

C-RAN
Tyl |
MBB C

M 1@ yyanoges -===
\_ Ba veo J _J

L XX JS Lab
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DAY 2: ENHANCED MOBILE BROADBAND i

<% SDN
* The overall architecture of SDN solutions
s N
Cloud applications
\. J
- oY
[ Network applications ] [ Virtual Network Functions ]
Cloud Cloudifying
networking [ Software Networks ] [ NFV Platform ] network
| SDN platform |
o y/
- ~
Networks
- J
Source: Software Networks (Virtualization, SDN, 5G and Security), by ISTE Press Ltd and John Wiley & Sons, Inc. 2020
® e JS Lab
39
<« X}ESE T 2ZEQ 0 He| YELIA(SDN) 7|E &HF
- A2 0|(underlay) SDN
« 2 H2]|0|(Overlay) SDN - 7} 43 H EQ S e
« AH|A | A|(service Mesh) - 22} E HEA
Underlay SDN Overlay SDN 22t E HolE|2
HIES3 oS HE3A 0s MH|A G| A]
(SDN XI047]) (SDN H[0{7]) (Service Mesh)
Hof EQ!
Blo|Ef ZaQl \, / N
|=n-| P lﬂ-| P |->|=l:| o—l Aol=3} |4L| AolEt |~—
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DAY 2: ENHANCED MOBILE BROADBAND

% Virtualization

* A set of software networks.
- HES3 20| 4

Hardware equipment

<— Software network

Hardware link

Software network g

Source: Software Networks (Virtualization, SDN, 5G and Security), by ISTE Press Ltd and John Wiley & Sons, Inc. 2020

® e JS Lab
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DAY 2: ENHANCED MOBILE BROADBAND
L]
% 5G core NF and slice creation
AALEZOE EE2L
QEAE] / VMware
dolvm HE _
«  VNFD Model Definiticn 5G I%Ef‘rﬁill.NF
+« UM image Ellemles
. »  Cluster Model Definiticn _
= VMFl " &oo| A, bl
RV Y N:::L,ks *  Assign K8s Roles Create NSI & NSS! For Each NF SGIREIOIS/NF TR
% IP Design Master and Minions NSS! is build and instantiate
"9 base on the VINFD build NSST Base on the NSD /NSI build
+  Define repository foreach | e NF DAY 1/ DAY N config
application in the slice +  For each NF create Slice
«  Define key parameters config and apply
for to convert into
working configuration
* Inject day-1 configuration
into each application
Source: 5G Mobile Core Network, Rajaneesh Sudhakar Shetty, apress
®*o O JS Lab
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DAY 2: ENHANCED MOBILE BROADBAND

.|

< Management 7} 7|'s: Consul Cluster (HashiCorp)

< Management Trend 112: Service Mesh (Istio)

*  Response Time

CPU Load

-—

o0 )
S Response Time

CPU Load
-

-

%" Response Time

CPU Load
-

-

Network Slice 1

Network Slice 2

Network Slice 3

®*o 0
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DAY 2: ENHANCED MOBILE BROADBAND

.|

% Configurations of multi-slice UE in 5G SA with MEC

Helmond Den Haag
[eageups} % [ SMF 1 H UPF H SMF 2 |
Den Haag o
775 ‘ gNB ‘ l AMF ‘ I NSSF H AUSF |
n, ¥
®) ‘ UE ‘l NRF HUDM I
Helmond f
MEC SMF 1 | [edge UPF
slice
UE gNB AMF ubMm | | NssF NRF AUSF
Standard W‘ ,T\
slice

Source: 5GPPP Architecture Working Group, 5G Architecture White Paper
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DAY 2: ENHANCED MOBILE BROADBAND

-’

*,

% E2E Network Slicing Architecture

|

5G-VINNI Customer

|

|

E2E Service
Operation

Architectural solution 5G PPP Project

1
NFV MANO &
= NFV Domain Service
MANO | Qperation
4 \ — ' —

Slice ordering architecture and lifecycle  SG VINNI
management
Slice Manager SGENESIS

Composition and sharing of end-to-end  5Growth
newwork  slices for vertical service
arbitration

ot

eMBB Slice
T
T nioTislice T Network &
[ URLLC Slice Infrastructure
T 1 h
[ CustomizedSlice V. erE A=EE EAE= y
RAN Domain(s) supported TN Domain(s) supported by CN Domain(s) supported by

by 5G-VINNI Facility Site(s)

SG-VINNI Facility Site(s)

5G-VINNI Facility Site(s)

Cross Domain Network Management & Orchestration

5G-VINNI E2E Facility

Source: 5GPPP Architecture Working Group, 5G Architecture White Paper
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DAY 2: ENHANCED MOBILE BROADBAND

% Sample Enterprise Network

&

onE

o ] ( ) ] \
b1 ® o0 (9) [ camera sice =X
(cameras) _ @ Kitchen )
’ e () I -
DG2  @@|  } T“""' loT Slice | er2
(loT) D L J
—ooee  {(9) \
DG3 9900 Mobile Slice m

. (phones) 000 | Lobby L )

®*e o0
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DAY 2: ENHANCED MOBILE BROADBAND

% 3GPP Slicing model

Communication
Service Instance 2

Communication
Service Instance

Communication Communication
Service Instance 3 Services

NSIB NSIC

m Access Network

Network Slice Subnet Instance (NSSI)
Network Slice Instance (NSI)

Source: Report on infrastructure-level enablers for 5G!Drones, European Union’s Horizon 2020 research and innovation programme under grant agreement No 857031.
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DAY 2: ENHANCED MOBILE BROADBAND

< vCDN use-case with elastic MEC-enabled slices

CDN/OTT Provider

CDN Video Head-End & Managment Platform

Old slice
3" Party Infrastructure

Provid/ wal |

= am o
Stgeaming | Cache b

ver )|

“
0
{ MEC Host

Base P
Station RE

UEs [D Service
Provisioning
Source: 5GPPP Architecture Working Group, 5G Architecture White Paper
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DAY 2: ENHANCED MOBILE BROADBAND

% Slice Manager Architecture

Intertace with Coorcination Layer

_______________________ 2] 2J

4 N Sice Provson s Licyclo Manager :

\ Slice Manager ] e MR

£] £]
Sice Mappng Shce Montcning NSI Record infrastructure
Architectural solution 5G PPP Project AdaptationLayer &

Slice ordering architecture and lifecycle  5G VINNI e L Ea
management :
Slice Manager SGENESIS

Composition and sharing of end-to-end ~ 5Growth
network slices for vertical service
arbitration

Tokco Core TransoonWAN Edge

Source: 5GPPP Architecture Working Group, 5G Architecture White Paper
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DAY 2: ENHANCED MOBILE BROADBAND

% Overall Zero-touch Network and Service Management (ZSM) vision.

End-to-end
Orchestratol

{ mmss (

L4 [=]

O e = A

" Fronthaul Ii]ackhaul -1 Packet Data
Al-powered i@

Network management
Al-enabled VNFs

L @ M
H 2 Core Functions

RAN Individual Individual Individual

End device i :
' flowsftunnels MEC Node flowshunnels Core Network owsAunnels App Servers,:

End-to-end QoS-enabled flow

Source: Machine learning-based zero-touch network and service management, Jorge Gallego-Madrid,, Ramon Sanchez-lborra, Pedro M. Ruiz, Antonio F. Skarmeta
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DAY 2: ENHANCED MOBILE BROADBAND

.|

% 5GTN MEC deployment in NSA mode

x. g s

- am an an as ey s e as s as e e am am o

UE Drone 4G Radios
w)
O Q. EE
. _ A gNB
UE Field user
5G Radios

o -

( epc 1
[ I
| I
[ I
[ I
! I
;| HSs MME | |
! I
| I
! I
1 1 SGW PGW ¢
[ I
| I
| I
| I
t )

Source: Report on infrastructure-level enablers for 5G!Drones, European Union’s Horizon 2020 research and innovation programme under grant agreement No 857031.
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DAY 2: ENHANCED MOBILE BROADBAND

.|

% 5GTN MEC deployment in SA mode

\I II Centralized 5G Core
1
I
| NeF AMFI NRF ||uw
Lo
- | I
x | ]
(,) | Il PCF SMF ||AUSF|| NSSF
UE Drone E (( ) . | -
gNB I I
SG Radios I :
; - UPF
UE Field user I :
!

Source: Report on infrastructure-level enablers for 5G!Drones, European Union’s Horizon 2020 research and innovation programme under grant agreement No 857031.
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DAY 2: ENHANCED MOBILE BROADBAND i

% MEC-enabled intent-based management architecture

M) { intent OSS/BSS t
St0 I Os-Ma-nf
el s . — o
G i| [ Userapp 3 | —..]...> Ice NFVO
e :[ | LCM proxy MEAO : MlEPMlV xa i
© ; ) % ' Or-Vnfm
o H  lwellez [ MmS & | ivevnim-emin R
stsmi|  Slice Manager Stud S V=0 | 5‘—5 VNFM
§ S| v|.vmml
; s i Slice Operations |
E PIGUPT  (Support }

Source: Report on infrastructure-level enablers for 5G!Drones, European Union’s Horizon 2020 research and innovation programme under grant agreement No 857031.
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DAY 2: ENHANCED MOBILE BROADBAND i
% Intent-based management framework with the internal structure of network slices -
ETSI NFV MANO extensions (slice management plane shown in navy blue)
i
| 0SS/BSS
i 0Os-Ma-nfvo ""r“Evao """
L T T ——_ ;
E i Sm-Em Nelworlrsriceg
5! i _
= ! Or-Vnfm| 0
E: Ve-Vnfm-em
ol Portal A-VNFs C-VNFs U-VNFs S-VNFs | :
| Ve-Vnfm-vnf
E: Slice KPIMonitoringand M":;:““'H:“:‘ [ I | - e Vi-Vnfm
= Reporting Parince
: Slice Configuration Support
: (intent-based)
i URIEICTY S EREREYR  Slice Manager ;
Source: Report on infrastructure-level enablers for 5G!Drones, European Union’s Horizon 2020 research and innovation programme under grant agreement No 857031.
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DAY 2: ENHANCED MOBILE BROADBAND

< Exemplary implementation of ISM utilizing K8s as the VNF orchestrator

0SS/BSS

Slice Creator

K8s
Orchestrator

"Slice Creation Portal |

VNF Repository

Postgres Network Slice

o o o e | e v e o

Infrastructure

Slice Manager RabbitMQ e
Monitoring

ment Portal

Grafana

Elasticsearch HQ Elasticsearch

Prometheus

Slice Manage

r

K8S Cluster (NFVI)

Source: Report on infrastructure-level enablers for 5G!Drones, European Union’s Horizon 2020 research and innovation programme under grant agreement No 857031.
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DAY 2: ENHANCED MOBILE BROADBAND

& WEYI &2to]4

+ Public 5G Y E$3 / Private 5G I E$3

Public 5G network/Private 5G network (Network Slicing) () senr (cuf)

aws aws aws
= =
. Altiostar Altiostar

( ))) a Mavenir Mavenir  polia Nokia
(( 5G O-RAN m‘u G D AMF,
RU

I w UPF SME,..
5G RAN DU 5G RAN CU 5G UPF 5G Core CP
S5G RAN RU
~ NFVI NFVI NFVI
Japan Fujitsu
Tawan MTI AWS Outpost AWS Local Zone AWS Region
In Dish network AWS infrastructure on Internet

Dish's Public Cloud 5G Network on AWS
Network Slicing (Separation of traffic between companies by allocating slices for each corporate customer)

Source: Netmanias
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DAY 2: ENHANCED MOBILE BROADBAND

< Edge Pattern for Infra

» Multi-Cluster
 Standalone

Regional-Edge / Near-Edge Site

d

|

VM Substrate

Baremetal

@ 2. Standalone

* Low Compute e.g. Single Racks, with local or

software-defined storage

+ Lower Latency / High Performance Edge
+ Standalone, dedicated applications, with HA

and supporting mgmt. functions e.g. Private

Network Edge

Far-Edge - Standalone site

Baremetal

EE 1. High Security Multi-Cluster
+ Regional or Near-edge site supporting
multiple racks of compute
+ Multi-cluster, for different function types
e.g. RAN ‘vs’ AR/VR Cache
* VMs provide security and efficiency for
hosting K8s-masters and supporting
functions, in a multi-cluster environment

Far-Edge - Standalone site

Observability
Stack
st oy Master
Managemaent @ Worker
Build
Engine

Baremetal

®*o 0
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DAY 2: ENHANCED MOBILE BROADBAND

% Edge Pattern for Infra

* Minimal Footprint

Regional-Edge / Near-Edge Site

VM Substrate

(=) 3.Minimal Footprint

+ Compromise on HA for a minimum server
footprint, single or dual server with on-board

storage

site.

Array of far-edge “child” sites providing low
latency applications

Absorb the Management & Observability stack
into the nearest regional / near-edge “parent”

Low Latency
Sufficient bandwidth
(up &down)

|
|
|
|

e —

Far-Edge - Child site

Dual Server

Far-Edge - Child site

Single Server
Far-Edge - Child site

OB

Single Server

Far-Edge - Child site

Single Server

o0
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DAY 2: ENHANCED MOBILE BROADBAND

% 5GTN testbed architecture ( OpenStack / VMware )

SDN, NFV, cloud (
computing
support

MANO
capability

5GTN

Open-source Gateway

Design criteria

ML-enabled for \/ 5 o
network slicing :
: Macro cell ) A 7~ Slice-B
testbeds
’ ™ T1Ms | [vMME |[vS/PGW
A vmware i
"-S:Fe'e s
oS

NVFI SN

support

Design criteria for network slicing testbeds.

Source: Wireless Communications and Mobile Computing, Volume 2021, Article ID 6655216, 26 pages, https://doi.org/10.1155/2021/6655216
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DAY 2: ENHANCED MOBILE BROADBAND

% 5G for loT testbed architecture ( K8s / Docker / OpenStack / Open Air )

openstack

'V, cloud
computing
support

-%

MANO
capability

Card reader

Open-source Fiber link Blutronics bludrive [1

Management

19.94 » 1P 192.168.0.1
- .

Router
Cisco 2500

Design criteria
VLAN 10 - 192.168.10.0/24

netw n:trs]:cigng \/ ’ N VLAN 20 - 192.168.20.0124
etw K '

Switch PC Ubuntu 16.04 (7

: > 56 |
USRPN200 ! ,-=====s-s-s ke N | Imw2lstiod gPEN AIR |
192.168.10.2 a" \ = INTERFACE |

container

Cross-location
support

Distinct
network shice

USRP B210 '
MIMO w2 |

Band3: 1365 MHz DL |
1770 MHz UL

Design criteria for network slicing testbeds.

Source: Wireless Communications and Mobile Computing, Volume 2021, Article ID 6655216, 26 pages, https://doi.org/10.1155/2021/6655216
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DAY 2: ENHANCED MOBILE BROADBAND

% Comparison of small-scale testbeds for network slicing in 5G,

+ denotes supported feature R i S
SON NEV. oo . temncy MAND op} g Hocation enablal Open-source MARO e
* denotes unsupported feature P RS i i : >
4 4 < x s v x x x o (hitps/r5gin fif) OSM, CloudBand
LSEMIGTICSHI] & & 7 p P 5§ p ¥ x o Ohttpsive semiotics- e e
5. Orior & & 7 7 % X v 7 . OSM and  customized
orchestrator
$oTubelir ¥ ¥ o v rox oxiovbx x e x
POSENS [48.49] s < < < s v s x x Customized OSM
s x < 7 x 7 x x s x
s v s < s s ' X x XOS
v s " s s x s x x x x x
rooues dicng 4 4 ¢ MEEdcmwneo s oxiox x x x
testbed |56
12. DSAF (58] x 4 4 x x v xiox x x x iy s
13. SliceNet [59] ¢ 7 7 v s v ] v x v x OSM, OpenBaton
Gl v * A * o o D
ONAP .‘\f,:;: ,‘,f’.l““' £ T ’ v v P x x x ONAP
19 BlueArch [68] A 7 7 x 7 ] % x X X ‘Open MANO,
v s v s  § 7 v x x x x OsM
s i v x x s x X 4 (hitpssbitly/ XESX) x

Source: Wireless Communications and Mobile Computing, Volume 2021, Article ID 6655216, 26 pages, https://doi.org/10.1155/2021/6655216
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DAY 2: ENHANCED MOBILE BROADBAND

% OSM service platform architecture.

[ 055/BSS

OpenSource E2E Network Service
' MANO Orchestrator

Or-Wi
(TaasS API)

Config. & m m = = =l
Monitor !
A 4

NFs

(VNFs, PNFs,
HNFs)

Inter-DC
CE

Storage Intra-DC

S
ervers backend fabric

Transport Layer

h
H
i

H
i
i
H
i
H

1

i

i
i

Source: VIRTUALIZED CELLULAR NETWOKS WITH NATIVE CLOUD FUNCTIONS, Iria Miguez Gonzélez
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DAY 2: ENHANCED MOBILE BROADBAND i

% Configuration of different AMBR(Aggregate Maximum Bit Rate) per slice
« Architecture of the Network for the test

OPENS5GS 5G CORE
CONTROL PLANE

UERANSIM

l NAF J

HSS e UDM |L€ AUSF I
===== se \
i Nas 2 v
H opstun, APH. et 4
o e { UDR | e
. : . AP motacsa
s wol g 2. 501P 34 =
| poF I
!
T
MME S sawe e e [ amE |
(e | St )
M
™

SGW-u ® 0 wr

Source: VIRTUALIZED CELLULAR NETWOKS WITH NATIVE CLOUD FUNCTIONS, Iria Miguez Gonzélez
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DAY 2: ENHANCED MOBILE BROADBAND i

% Selection of UPF and SMF by slice
« iperf Slicing Test Architecture (K8s A| )

OPEN5GS 5G CORE

CONTROL PLANE

UERANSIM
{ NRF |
Subscriber [ N1y |
Hss A -{ UDM I—{ AUSF
I UDR J
S L) )ﬂ: Nz Nz, SCTP: 3841
PCF ‘
tid -
sn | =i
MME SGWe L swFi | A |
L sue2 L
USER PLANE
o rressbesesany
SaW-u :

Source: VIRTUALIZED CELLULAR NETWOKS WITH NATIVE CLOUD FUNCTIONS, Iria Miguez Gonzélez
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DAY 2: ENHANCED MOBILE BROADBAND

+ Reference architecture of 5G network (AWS)

MSA

=]

EEE

ElastiCa  Aurora DourumentDB
AppMesh

0s

RHal/MH|1 2

FE

=

EFS

Source: 5G Network Evolution with AWS, July 2020
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DAY 2: ENHANCED MOBILE BROADBAND

%=

FR1 Radio

Service|
Router

i@

FR2 Radio

MNO Core

[ wosecrmcnesr |

$6,58,59,N32

IPx 6_1) Interface

8&'@ Firewall N

+ Private 4G/5G on AWS, Deloitte Private Networks Lab Houston.

AWS Region
B

A [ crovaapes
CloudApp 1 CBRS SAS
CloudApp 2 CloudApp N

AWS CloudWatch AWS CodePipaiine AWS CodeDepioy AWS CloudFormason.

B-ag - EE e

4G-Core e S0CorE . . -

= o B ] oss/ess
Internet SGW-L UDR i
Gateway |  MME HSS oM HSS 055 Apps

@ PGW-C PCRF SMF AME 855 Apps
VPN
C:;t:;:ref@ E AWS Direct Connect

AWS Outposts| OJREAE CDLomGaxeway(LGw)

i e - 5G CoreU- &
EEE e ERE:.. Aogs
= e 1. Edge App 1
AWS Snowbal| Edge/ = Edghon2
AWS Snowcone . et
| [ BEE R i
- SGW-U PGW-U MGW Sec-GW
Sec-GW  SGW-U PGW-U
Mobile or ruggededge | Of|X|  customerData Center | Ef|O]E{ME] B e - e

6 Intertace- Supscriber
S8 Intertace-Daa S igraling and Transport
59 Intertace-GaS & Policy Signaling
N32-Inter PLMN intertace
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DAY 2: ENHANCED MOBILE BROADBAND

+ Packet Transfer Steps in an Overlay Network

wirtial creetiay netnrk 7 —

132 168,12 0/21 —

T VidvalOwiiy network s
o 192168.11.0/24

VXLAN (Virtual Extensible LAN) AF2A| 1124

* Maximum Ethernet Frame Size
* Multicast
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DAY 2: ENHANCED MOBILE BROADBAND

% 5G-CLARITY proposed architecture

» UC1 framework, components and service slices overview
* 5G-CLARITY CPE preliminary design

P —

E SG-CLARITY RAN Cluste

Museum el 5G-CLARITY Edge Cluster Soruelllance
Systems

- i [ Museum Guide Robot
Service Al Management
1

v ((' ,))
L2 i y
s WiFi Li-Fi SGNR %
N Hardware
4 - Accelerator

Special Events
Provider

) WALV 1 i)

“J' | Third-Party Services

(c)

N

5GUK Test Network

’
(b) P lr}frastructure Cameras Public Network)
” (Guide Robot Positioning) Server Room - Smart Internet Lab
P (b) University of Bristol
s Ui a ( Guide
®) | | Robot B 5G-CLARITY framework O SG-CLARITY infrastructure stratum

@ Smart Tourism VMs and VNF/PNFs === Smart Tourism slice )

( Exhibition A
Reception —I_. _L. Exhibition B

O Prrivate networks coverage Special Event slice == Surveillance slice

Source: 5G-CLARITY [H2020-871428], Mir Ghoraishi(GIGASYS)
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DAY 2: ENHANCED MOBILE BROADBAND

% Production line testbed and its integration to 5G-CLARITY system architecture

] ATD|
e e o B

Machine
| / | \ RAN Cluster Leaming  Analytics
q ) ( Telemetry Collector Tt
——————
Data Lake

=

- \
g\B LiFi AP Wi-Fi AP Edge Cluster ENEETRES \ _/
& >

Robotic Arm Camera ‘ Robotic Arm ] | Conveyor Belt ‘ - On-premises. Real-time Data

'I Data Movement Movement
Video Processing ;
j i Model Trainin
Object Detection | odel Training

Energy Efficiency Object Energy
g v 2 Detection Efficiency
5G-CLARITY CPE —
e
yor Belt
e Portable production line :
Source: 5G-CLARITY [H2020-871428], Mir Ghoraishi(GIGASYS)
*e 0 JS Lab
DAY 2: ENHANCED MOBILE BROADBAND
.
. 2 . . H
< Full Stack for running 5G core (%|: Diamanti)
Hybrid Cloud
Management
5G Core NF
CNF - 5G core
ata g
ratior
Cloud Native
Platform v !
Services kubernetes ::::::: Kibana
Diamanti Ultima
Storage and Networking Storage &
Networkin,
Infrastructure D\Ss[m(buted L2/L3 CNI/CSI SR-I0V with || Container & [ Network slicing j Enterprise Accelereuong—\
Services D?zfog; Networking Drivers Qos ¥M Support || and isolation Security
StES0f 7t
Source: https://diamanti.com/tutorial-5g-core-on-diamanti
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DAY 2: ENHANCED MOBILE BROADBAND

|

&2to| A 56 2ot of7| K

Source: ENISA 5G Security Architecture

< HESI3 =210]4 (0f): ENISA(European Union Agency for Cybersecurity)

5G Security Architecture

Network Slice

Virtualized Infrastructure

> P

[Tm ” Tenant

rrrrrrrrrrrrrr

SDN

NFV

ns (NF)

MANO

®*o o0

; enisa
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DAY 2: ENHANCED MOBILE BROADBAND

-

% 5G 2223} of7|H A

- g2 A5
- 7hue S
. 2alecs A

HE HEYI 7SS E8IE=
Hot (22, 7Hy, TH|0]H)

5G HES3 ¥o| S535t=
AMu| A2t of Z2|# 0] 2| 2ot

SEER0f, 4 AHO|E, PoP HQH
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DAY 2: ENHANCED MOBILE BROADBAND

< Deploying 5G core network on Kubernetes: ZE =& H*

' None S ——

2. External Access for NodePort
3. External Access for LoadBalancer

© Pumem  + wesssacn 4 KUBESPHERE .

O e € Services

[——

External Access

remsm

o

namaras

e

> o -
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DAY 2: ENHANCED MOBILE BROADBAND

% High level of Orion testbed architecture

- Virtual control planes
. (Service providers/RAN slice owners) -

Slice 1

Communicationfchannels ‘

Orion base station hypervisor

Physical layer

Hardware, spectrum

Base station resources

L.y
i
----------- e ik L
b Physical base station TEm 5
t "
e S (Infrastructre provider) IR

Wireless Communications and Mobile Computing, Volume 2021, Article ID 6655216, 26 pages, https://doi.org/10.1155/2021/6655216
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DAY 2: ENHANCED MOBILE BROADBAND

*,

*

* 5G-CLARITY system architecture

Al/ML
~
« Control and User Plane
Separation (CUPS) /
« Cloud-native VxFs s VAFs
* RAN functional splitting g § b:;:—- fe
* Integration with O-RAN 3 5 —
* Multi-WAT protocol 5 'g M
stack | ER-] User
4 ‘gf 5 VNFs.
2

o

/-Suppor! of multiple types of

€ Devices  Accossnodes
§ |omeeeel o
devices |4 Plege !
+ Coexistence of purpose-built | 9 A lﬁ‘-.
and COTS HW 5 : :
* In-network computing -3 v
* Clustered NFVI ¥ o A; -
* Industry-ready transport K- c N B

\L network (Ethernet + TSN) /

Source: 5G-CLARITY [H2020-871428], Mir Ghoraishi(GIGASYS)

% 5G-CLARITY proposed architecture

Intefligence stratum

{XADDS IRAN 0 (‘\.
...... i g ‘ ﬁﬁ‘ )
3GPP access 3GPP 5GCore | M
2
l%lilgl_ i Tt Cloud Extemal
] Native Access
HH'H |
EEEE —— S60CP | Support Mediation |
- - L — e :
Non-3GPP access OPF s
T F
RAN Cluster Edge Cluster oo i» —
) : e - e
O©O0® | Tanspon YYTTH Ly 2=
Ve Network i | Dot
: ~ T~ Processing
==E COTS Hardware.

<

N

+ Cloud-native and service
oriented

* Language/ML framework
independence

* Ease of use

J

( - Service Based Managemen
Architecture (SBMA)
« Extensibility
* MF stateleness
* Model-driven operation
* Reproducibility
\- Service capability ewcsury

WNEAS UONEASEYIIO Pue Juawebeuep

®*o 0

JS Lab

75

o0

76

S
';a,’,”
A%

JS Lab




