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AZ 5G BEVEZETESE MILYEN KIHIVASOKAT JELENT AZ
ATVITELTECHNIKAI HALOZATOK FEJLESZTESEBEN?
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BEVEZETES
5G VizIO

5G szolgaltatasok

Enhanced Mobile Broadband

Gigabytes ina second _I_.

3D video, UHD screens
Work and play in the cloud
Smart Home/Building
Augmented reality
; Industry automation
. Mission critical application,

Voice
e.q. e-health

Smart City 1 Self Driving Car
Future IMT

Massive Machine Type Ultra-reliable and Low Latency
Communications Communications

[ ] I HE B N LIFE IS FOR SHARING. ,
Forras:
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A& GLENAL IHITIATIVE

5G halozat jellemzdi
e Kis késleltetés, rugalmas haldzat
* Mesterséges intelligencia, automatizalt halozat
* Kiterjesztett (AR) /virtualis (VR) valosag
* \Vertikalis ipari alkalmazasok
* Modularis architektura
» Szolgaltatas alapu E2E haldzat szegmentalas
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5G RAN ARCHITEKTURA
EPITO ELEMEK

5GC/NC: Core halozat
NG: Interfész a RAN és Core kozott

gNB/NR: 5G bazisallomas / New Radio
gNB-CU: Central Unit

gNB-DU: Distributed Unit

F1: Interfész a CU és DU kozott

Xn: Interfész a szomszédos gNB-k kozott

Elsé evolucios fazis - LTE tamogatott architektura
4G és 5G kozds (NSA)helyszin (Option 3)

LIFE IS FOR SHARING.
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5G RAN ARCHITEKTURA
4G FUNKCIO SZETVALASZTAS -> UJ INTERFESZEK

erc (LA _,,:;ﬁ',f\,_ﬁ——-!! N
, o . | N .~ S1/NG Backhaul
EPC UP egyrésze =  Central Unit (CU) & Distributed Unit (DU) | VN s
BBU non-realtime L2 & L3 része ==  Central Unit (CU) 1’ upf;*ii Y
BBU realtime L2 része =  Distributed Unit (DU) 88U ARt ’
) : : . _ F1 Midhaul
BBU L1 része = Remote Radio Unit (RRU) - — SN
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ATVITELTECHNIKAI KOVETELMENYEK

Radio interface: FDD: NA

Backhaul S1/NG DL: 4 Gbps Psec <8 ms eMBB NA +50ppb
EPC/5GC - CU Ethernet  UL: 3 Gbps <1 ms for uRLLC TDD (30KHz
BS backhaul subcarrier): 1,5 ps

'\C/'Lijdhg‘a' Fi DL:5Gbps <8 ms eMBB 59 of dolqy ETTECE

— <

| Ethernet  UL: 4 Gbps 5e¢ <tmsforuRLLC 2700 9¢& +16ppb TDD (120 KHz
Split-RAN SC): 0.4 s
Coordination
eNB/gNB - gNB Xe/Xn OL: 4 Gbps IPsec <5ms NA URLLC: nx100ns

Ethernet  UL: 3 Gbps

(neighboring)
Positioning: 1 ps
Fronthaul eCPRI DL: 20-25 Gbps  IPsec o
DU - RRU Ethernet  UL: 2025 Gbps MACsec  ~ OOMS SIUIBICELRY High accuracy
positioning:
Fronthaul . ~130ns
BB - RF (RRH) CPRI BIE ggg ggpz NA <100us < 2% of delay
not splitted RAN ' P
Crosshaul (X-haul) .
DU - DU (neighboring) themet Btj g ggpz MACsec :E?F?A“Ij’) NA
E-RAN* Coordination SR
T EPC: Evolve Packet Core CU: Centralized Unit RRU: Remote Radio Unit (Beamforming+Radio+Antenna) BB: Baseband unit
"1" " "  5GC:5GCore DU: Distributed Unit RRH: Remote Radio Head (Radio+Antenna) E-RAN*: Elastic RAN (E/// proprietary solution) 6
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. SDN Controllér‘s\

VALASZ A KIHIVASOKRA f*ﬁ

Koherens nx 100G WDM 100G PAM4 DNOGCFl’%ag
Kapacitas névelés FlexGrid Uj interfészek: 25GE, 50GE
Modulacio QPSK -> 4096 QAM Uj gen. mikro
Rugalmassag noveles FlexEthernet & FlexOTN Adaptiv modulaci
Szegmentalas (Slicing) Segment routing

Sowtvare Defined Networking

Automatizalas & Virtualizacio ~) - i -
End-to-End szolgaltatas |étesités / vezérlés/ szegmentacié / SLA

] I HE BN LIFE IS FOR SHARING.



5G BAZISALLOMASOK ELERESI LEHETOSEGEI

Passziv WDM NG-PON2 DOCSIS 3.1

WDM Aggregacio

DOGSIS 3.1

S SR

=0 [0 g

: Pap Ot r:_mx'"’ \“
**ﬂ. o " . %ﬂ .

Access Le10I1e5| Feholtési Tipikus tavolsag
Technologia bitsebesség [Gbps] bitsebesség [Gbps] Ll
20-120

1-100

P2F optika 1-100
Passziv WDM 1-100 1-100 20-80
NG-PON2 10-40 10-40 20
DOCSIS 3.0 1,2 0,34 40
DOCSIS 3.1 (FDX) 4] 5 40
MW B6-13 GHz 0,8 0,8 =20
1 2-10

.'I.| — MW 18 -42 GH=z 1
MW 80GHz (E-band) 10 10 <= 1,5



5G BAZISALLOMASOK ELERESI LEHETOSEGEI
UJ GENERACIOS MIKRO ALKALMAZASA

LastMile/AcAg LastMile/AcAg LastMile/AcAg Last Meter/Macro/AcAg
Loy o ( I-' i)

1113 K8 BE 43 ¥ I B H - S v ._:r.--_ 108 - u;:_!ll:a 15 8.r 3:5 irll A
Frekvencia spektrum 6-15GHz 18 -42 GHz 60 GHz 70 -80 GHz 100-150 GHz
Csatornasav ~ 750MHz ~2,2GHz ~7GHz ~10GHz “nx 10 GHz
Kapacitas 0,8Gbps 1Gbps nx 1Gbps 10Gbps nx 10Gbps

Mikréhullamu technoldgiak fejl6dése:

=  Modulacié névelés: 4 QAM > 4096 QAM mamigm
= Kapacitas novelés: ﬂg:: :
» Kett6s polarizalassal (XPIC) e o |mem,m Sk ) :
i .‘Sﬂkm.Distmne

» Dual-band

» Radio linkek 6sszefogasaval (bonding) ] 5km 15km | t
» Adaptiv modulacidval ‘

= Megbizhatdsag javitas:
! i r%ﬁ% peoTpTR Y "
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FAZIS SZINKRONIZACIO FONTOSSAGA

LTE-TDD / 5G NR-TDD Interferencia problémak kezelése On-The-Top szolgaltatasok

Teareirrs Ll OTDOA' ” CA -
E NP i, g W
¥ [MHz | .Fc ﬂ'ﬂ'ﬁ'} =

DCoirwirdinn basrgt =y P L
RomBMS —— .. eICIC
C o ="
arwrdink burst e L i e Tarsncn . ____.-f1 e F' 1
| | — W ot conanos &, i@ A EE.-‘:‘“‘J-.-:;.?

| |
I 1
TE"_ _iiTEi_ Tirrse

— | = . ——
T :ECC R =
TTG: trasarmiliracans Bardilen pip .-:l = ';:I R ! 3 - -
AP recwren trenem ik rararan o 15 M ibpnies pardirs O
Synchronization chain bu Ta Ba 9
III,-':#'_" - Hegquiremaenr 2:
Sync specifikacié (ITU-T G.8271); o b b o & VG st oo s
. , Vo Time T wlatom along th \"-.____
- Frekvencia pontossag < 50ppb (109) | gl chain up toap 5. _I\';
; = »
_ =1 A | e Te Bh
FaZIS pontossag ' E Reguirement 12 max[TE| < 1.5 ps for the entlre chain i
> TDD alkalmazas (pontossagi szint 4): TE < 1,5 us (E2E) e >

> Carrier Aggregation (pontossagi szint 6A): TE <260 ns (rel) | errrcram @ tsc O TISCieg.eNB) 12,9 Noofhaps

G Bi_fl 1-%.1368 11 FI-P.mcﬂﬂﬂ_F'u‘ll 1

= I EEE LIFE IS FOR SHARING. NR-TDD: New Radio Time Division Duplex OTDOA: Observed Time Difference Of Arrival CA: Carrier Aggregation ~ CoMP: Coordinated MultiPoint
eMBMS: Multimedia Broadcast Multicast Services elCIC: enhanced Inter-Cell Interference Coordination ~ TE: Time Error



GNSS VAGY HALOZATI SZINKRONJEL ELOSZTAS

GNSS vevd alkalmazasa a bazis allomasokon
= Kézenfekvé megoldas a bazisallomasok kiépitése GNSS vevokkel, de problémat okozhat
> A GNSS jelek sériilékenysége, zavarérzékenysége (Iégkori problémak, szandékossag)
> A GNSS antennak elhelyezése beltéri alkalmazasoknal (bevasarld kdzpontok, irodahazak) és magas éplletek hatarolta
tertleteken ( pl. urban canyon).
= Tartalék szinkronjel nélkil a bazis allomasok tzemeltetése kockazatos

Szinkronjel elosztd haldzat alkalmazasa - Pontossag, stabilitas, megbizhatdsag
= GNSS alapu nagy pontossagu és stabilitasu (Cesium alapu) szinkronjel forras (ePRTC) alkalmazasa
= Szinkronjel eloszté haldzat képes
>  Aszinkronjel eljuttatasara a bazisallomasokhoz kis jeltorzitassal
> GNSS jel kimaradas esetén a megfeleld mindségl szinkronjel biztositasara hosszabb ideig

= Frekvencia szinkronjel (SyncE) nagy stabilitast biztosit

SanicE + PP e singfer-finer (TG PTP+Sactmes OTCEEG0G PIP-Synctper 2506 108G mam 1
= kv L —— .
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SZOLGALTATAS-ALAPU HALOZAT SZELETELES
NETWORK SLICING
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SYSTEM ARCHITECTURE EVOLUTION

Release 7
Release 6 Rel ease 7 Direct Tunnel Release 8
Direct Tunnel RNC in NodeB SAE & LTE
GGSN GGSN GGSN SAE GW
Circuit-only I Circuit/Packet I Packet-only : :
SGSN SGSN SGSN MME
Data, voice, 5 5 ; m
Data video, RNC RNC 2 c
messaging ; e nl
GSM GPRS, UMTS EPS : : : NC z i
NodeB NodeB eNodeB
NodeB

—_———— —_————

Overall simplification, flat architecture

Forrasok:
= I momonm LIFE IS FOR SHARING. https://www.3gpp.org/technologies/keywords-acronyms/106-sae 13
https://www.3gpp.org/technologies/keywords-acronyms/100-the-evolved-packet-core




CONTROL AND USER PLANE SEPARATION OF EPC NODES (CUPS)

s1 } S4-C}

il 444

Gn/Gp-CT

Serving
Gateway-C
Sxa |
S12
sau Serving
U Gateway-U
L —

S5/8-C

S5/8-U
|

PDN

Gateway-C TDF-C
Sxb| Sxc|
PDN TDF-U

Gateway-U s(;i

SGi

Gn/GP'U} SZaF }SZb-U

LIFE IS FOR SHARING.

Forras:
https://www.3gpp.org/cups

Operator's IP
Services

Architecture introduced in Release 14

Reduce latency on application
services

Supporting increase of Data Traffic
(distributed user plane nodes)
Locating and scaling CP and UP
resources of the EPC
independently

Independent Evolution of CP and
UP functions

Enabling SDN to deliver User
Plane data more efficiently
(network slicing?)

14



CLOUD-RAN CONCEPT

Traditional D-RAN

= Co-located BBU/RRU
» Dedicated BBUs
= Challenging for CoMP

C-RAN

Centralized baseband units with
potential for pooled baseband

CPRI interconnect

Enables CoMP and other LTE-A
features

Not virtualized

Cloud-RAN

(@) ? (@)

= Virtualized baseband

= CPRI, eCPRI, IEEE 1914.3 (Radio
over Ethernet)

= New functional split CU/DU/RU (8
split options?!)

LIFE IS FOR SHARING.

Forras:
Cisco Live! 2019 BRKSPG-2402: The SP Service Edge Transformation
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ENHANCED RADIO PROTOCOL STACKS

Level of specification

| ]

Well defined in CPRI

e UMTS; CPRIV1and V2
e  Wimax; CPRIV3

e LTE;CPRIV4

e GSM; CPRIVS

Fully spcified in CPRI

CPRI protocol stack
User Plane (R SYNC
Management Plane
< =
3 5
a m o
o SF T %
Layer 2 IQ Data ) o 9 a
gl 3 |A] 5 (2
o} - 9
& g
o
Time Division Multiplexing _‘
Layer 7

Electrical Transmission

Optical Transmission F

Informative only, except
clock rate

eCPRI protocol stack over IP/Ethernet

eCPRI Services

Ethernet MAC

Ethernet PHY

Ethernet
OAM

LIFE IS FOR SHARING.

Forras:

http://www.cpri.info/downloads/eCPRI_Presentation_for CPRI_Server 2018 01 _03.pdf

16



5G SA ARCHITECTURE

APIs (HTTP/JSON)

AUSF
AMF
AF
DN
SMF

Authentication Server Function

Access and Mobility Management Function
Application Function

Data Networks

Session Management Function

NEF
NSSF
NRF
PCF
UPF
(R)AN

Network ExposureFunction
Network Slice Selection Function
Network Repository Function
Policy Control Function

User Plane Function

(Radio) Access Network

] I HE BN LIFE IS FOR SHARING.

Forras:

https://www.cisco.com/c/dam/en/us/products/collateral/routers/network-convergence-system-500-series-routers/white-paper-c 1 1-740360.pdf
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ARCHITECTURAL CHANGES IN IP NETWORKING
INFRASTRUCTURE

MEC site Regional IP Core/DC site Central IP Core/DC site
e VBBUs e UPF/NAT44 e Centralized CDN
((( ))) e CU/DU e Distributed CDN * SP services/applicationsdzdy)
(
e NG-PON e [P Core o CPF -l-!’l
Y
OLT . -|-”
-/

% MPLS/Native IP @
\\ Core

Multiservice Multiservice
edge router edge router

Front Haul/
Aggregation

INTERNET

SDN & ELASTICITY
High port density

HIGH CAPACITY
Nx25/50/100G

WHITEBOX NETWORKING
DEVICES

Elastic applications
Fully automated
environments

connections
Silo Cloud solutions

] I HE BN LIFE IS FOR SHARING.



SEGMENT ROUTING - SEAMLESS TRANSITION TO SDN?

Source based routing revolution

= Source chooses a path

= The chosen path is encoded in the packet header
= Ordered list of segments

= Segment IDs: prefix SID, adjacency SID

Segments: identifiers of instruction types

Minor IGP extensions
s |SHS, OSPF IGP extensions
= QOperates with MPLS and IPv6 data plane

= [ntegrates:
= Layer3 VPN
= Virtual Private Wire Service (VPWS)
= Virtual Private LAN service (VPLS)
= Fthernet VPN (EVPN)

= [nstructions:
= Goto node N using the shortest path
= Goto node N over the shortest path to node M and then
follow links layer1, layer2 and layer3
= Apply service S

] I HE BN LIFE IS FOR SHARING.
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READY FOR SDN - THEORETICAL 5G SA EXAMPLE

Additional e
measurement
BGP-LS
data - ~ iBGP mesh
~ Route/eflector
Central IP Core/DC site
() £
=
=
(o) —{

=]

Front Haul/
Aggregation

INTERNET

MPLS/Native IP

Multiservice Multiservice
edge router edge router

] I HE BN LIFE IS FOR SHARING.



BACKUP

LIFE IS FOR SHARING.

21



IDO/FAZIS/FREKVENCIA SZINKRONIZALAS

Az A és B impulzusok
azonos Utemben kdvetik
egymast, de nem
ugyanabban a pillanatban

Az A és B impulzusok
ugyanabban a pillanatban
kovetik egymast

Az A és B impulzusok
ugyanabban a
pillanatban és azonos
idében kdvetik egymast

LIFE IS FOR SHARING.

Frequency Synchronization
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Slave Clock Error

Offset=(t2-t1)-(RTD + 2)=[(t2 - t1) -(t4 - 13)]/2

RTD=t2 -t1 +t4 - {3

Leap second offset

12 (811 for 1-slep)

1.2

H, o, 2

1,213, -




PELDAK A GNSS ZAVAROKRA

& 200 |

GNSSJammmg and Spoofi . A ' o ‘Na- -
Hasard oF Hypa? https://www.space-of-innovation.com/gnss-jamming-and

spoofing-hazard-or-hype/?PageSpeed=noscript S AND ITS VULNERABILITY
SPOOFING .

. TN

http://www. spacesafetvmaqazme com/

R B magazine/gnss-and-its-vulnerability/

Reports of Mass GPS Spoofing Attack in the Black Sea
Strengthen Calls for PNT Backup

After reports of an apparent mass and blatant GPS spoofing attack

https://insidegnss.com/reports-of-mass-gps-spoofing-
involving more than 20 vessels in the Black Sea last month, navigatior \ f b k
experts and maritime executives are scratching their heads and the ?ttaCk_ln_the_b|aCk_Sea_Strenqthen-Ca| |S- Or'Dnt' ac UD/

JANUARY 29, 2016
GPS Glitch Caused Outages, Fueled Arguments for Backup

Less than a month after Europe switched off most of its Loran

https://insidegnss.com/gps-glitch-caused-
transmitters, a problem with GPS satellite timing signal triggered alarm f | d f b k
across the continent and caused an unknown number of outages, OUtaqu_ uele 'arqumentS' or-bac UD/

including the disruption of some features of critical infrastructure.

23



PELDAK A GNSS ZAVAROKRA

Event Summary Table

FEBRUARY 3, 2016

BBC, Chronos Report on Lengthy Disruptions Caused by GPS
Timing Frobism https://insidegnss.com/bbc-chronos-report-on-

The British Broadcasting Corporation (BBC) said yesterday (Febru: Ienqthv dlSl’U DthﬂS Caused bV aps- t|m|nq problem/

2016) that_the recent decommissioning_of a GPS satellite led to ‘

difficulties for listeners receiving digital radio signals.

https://hvg.hu/tudomany/20181112 nato _hadgyakorlat_finnorszag
norvegia_gps_jel blokkolasa _muhold tajekozodas

- ﬁ?! ; " . |Russia suspected of jamming GPS sign i
— ~ |in Finland https://www.bbc.com/news/world-

Ml nrrsembsar 17 1698 Lot Rkchis frlrm!..uf TECH

Blmkkolh‘attak a GPS-jelet az oroszok f e w @ = ayrope-46178940
Finnorszagnal, az utasszallitok is megérezték

https://www.bbc.com/news/science-environment-26957569

Map illustrates 'Russian GPS’ failure
APRIL 16, 2014 |

GLONASS Fails Again, Briefly https://insidegnss.com/glonass-

Russia's GLONASS satellite navigation system reportedly suffered fa”S'aqai n'brieﬂ\//
another major disruption on Tuesday (April 15, 2014), with eight satellite

.I I.I — LIFE IS FOR SHARING. malfunctioning and another going off the air entirely.

Science & Environmaent

By Jonathan Amos
woe comespondent, BEC
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