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How did it all start?

Core (EPC) Core (EPC) Core
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LTE Core 5G
(EPC) Core

LTE Core
(EPC) Options

Under

P 4

LTE Core ?
(EPC)

* Backin 2016, Deutsche Telekom proposed 5G architecture options that can be used
to move to 5G from LTE

 The option numbers they proposed have been adopted in all discussions
* The above picture from KDDI, summarises them nicely




Option 1: SA LTE connected to EPC - Legacy

Option 1

EPC

O|o|ojojojo|o
HJD\D\D\D\D}
I |

NSA = Non-standalone

24

eNB
(4G LTE)

3GPP TS 36.300: Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universa
Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2
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Option 2: SA NR connected to 5GC

3GPP SA Option 2 * Only option for greenfield 5G
5GC operators
D‘D‘D‘U‘U‘D‘D * Full support for new 5G applications
ololololololo L .
| | and services including:

 Enhanced Mobile Broadband
(eMBB)
* Massive Machine-Type
Communications (mMTC)
e Ultra-reliable and Low Latency
Communications (URLLC)
* Needs multiple spectrum to provide
all above cases and also to provide
ubiquitous 5G coverage

3GPP TS 37.340: Evolved Universal Terrestrial Radio Access (E-UTRA) and NR; Multi-connectivity; Stage 2
3GPP TS 38.300: NR; NR and NG-RAN Overall Description; Stage 2




Option 5: SA LTE connected to 5GC

3GPP SA Option 5
s * Long term vision
o|o|o|o|o|o|o
D‘D‘D‘D‘D‘D‘D * Deployed in conjunction with
L ' Option 2
j e Can provide some of the benefits
<<< >)>> K NG that 5G NR provides in

conjunction with 5G Core.

/
/
/
/

ng-eNB

(4G eLTE) x

3GPP TS 37.340: Evolved Universal Terrestrial Radio Access (E-UTRA) and NR; Multi-connectivity; Stage 2
3GPP TS 38.300: NR; NR and NG-RAN Overall Description; Stage 2




Non-standalone Terminology

 MR-DC: Multi-RAT Dual Connectivity
* 2 RATs (e.g. LTE and/or 5G NR) simultaneously providing connectivity to a
device or UE
e MN: Master Node Terresral Redto ecess Network (&-UTRANY Overall deserpton; Stage2 o
 SN: Secondary Node

3GPP TS 36.300 V15.2.0 (2018-06)

9\6}‘
(g (E;C O (E

X2-Cm — — = — = X2-U
SeNB MeNB SeNB

Figure 4.9.3.1-1: C-Plane connectivity of eNBs involved in Dual Connectivity = Figure 4.9.3.2-1: U-Plane connectivity of eNBs involved in Dual Connectivity




Master and Secondary nodes with LTE & NR

3GPP TS 37.340: Evolved Universal Terrestrial Radio Access (E-UTRA) and NR; Multi-connectivity; Stage 2
3GPP TS 38.300: NR; NR and NG-RAN Overall Description; Stage 2

Release 15 3GPP TS 37.340 V15.2.0 (2018-06)
MME AMF 5-GW UPF

\’L% .
Xn—U\ é
SN

Figure 4.3.1.1-1: C-Plane connectivity for EN-DC (left) and MR-DC with 5GC (right). Figure 4.3.2.1-1: U-Plane connectivity for EN-DC (left) and MR-DC with 5GC (right).
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* Note that while the secondary node control plane goes to the master
node, the secondary node user plane can go via master node or can be
connected directly




Option 3: NSA LTE assisted NR, connected to EPC

3GPP NSA / “LTE Assisted” Option 3 / 3A/3X ° Leverages existing 4G deployments
.k.a. EN-DC = E-UTRA-NR Dual ivi . .
a-k-a c=tU ual Connectivity » (Capable of creating 5G hotspots quickly
* New 5G applications and services creation

EPC
D‘D‘D‘D‘D‘D‘D possible
ololololololo
| |

Difference between 3/3A/3X

* In option 3, there is no connection from
gNB to EPC — eNB hardware upgrade is
probably required

* In option 3A, gNB has S1-U interface to
EPC but no X2. New services can be
handled by NR and X2 backhaul is easy to
meet

e Option 3X is a combination of 3 & 3A. S1-U
is available from gNB and X2 interface is
available too

eNB

3GPP TS 37.340: Evolved Universal Terrestrial Radio Access (E-UTRA) and NR; Multi-connectivity; Stage 2
3GPP TS 38.300: NR; NR and NG-RAN Overall Description; Stage 2




Option 7: NSA LTE assisted NR, connected to 5GC

3GPP NSA / “LTE Assisted” Option 7/ 7A / 7X a.k.a.
NGEN-DC = NG-RAN E-UTRA-NR Dual Connectivity o

In this case ng-eNB is the master and gNB is
5GC secondary node.

D‘D‘D‘D‘D‘D‘D * Next Generation CN (NGCN) has replaced EPC

alaiglgiolg

[

O * Evolved eNB and gNB connect via Xn interface
' e 5G driven by capacity needs, rather than just
coverage

New 5G applications and services creation
possible

)
=%

Difference between Option7 / 7A / 7X

* In option 7, there is no interface between gNB
and 5GC. Information flows via Xn

* In option 7A, there is no Xn interface and gNB is
connected to 5GC via NG-U interface

e Option 7X is a combination of option 7 & 7A

ng-eNB

3GPP TS 37.340: Evolved Universal Terrestrial Radio Access (E-UTRA) and NR; Multi-connectivity; Stage 2
3GPP TS 38.300: NR; NR and NG-RAN Overall Description; Stage 2



Option 4: NSA NR assisted LTE, connected to 5GC

3GPP NSA / “NR Assisted” Option 4 / 4A
a.k.a. NE-DC = NR-E-UTRA Dual Connectivity

5GC * Next Generation CN (NGCN) has
D‘D‘D‘D‘D‘D‘D replaced EPC
aigiolojaiailo
| |

* 5G driven by capacity needs, rather
than just coverage

) * New 5G applications and services
<<< >>>> - - creation possible

Difference between Option 4 & 4A

* In Option 4, there is no direct
connectivity between ng-eNB and 5GC.
All information flows via Xn interface

* In Option 4A, there is no Xn interface
between ng-eNB and gNB. ng-eNB is
connected to 5GC via NG-U interface.

ng-eNB

3GPP TS 37.340: Evolved Universal Terrestrial Radio Access (E-UTRA) and NR; Multi-connectivity; Stage 2
3GPP TS 38.300: NR; NR and NG-RAN Overall Description; Stage 2




5G Deployment Options and Migration Strategy

[Dual Connectivity]

‘Option 3: NSA LTE assisted NR Option 4: NSA NR assisted LTE! Option 7: NSA LTE assisted NR
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More in-depth study of 5G Architecture Options

Figure 8: Description of NSA Option #3 to NSA Option #4 and SA

Option #2
o (&) o (&) O
2 i I E i
e - ° - -
5 : 5 - y :
o s o E )— ( S )
; - B)....
c [ —
ke & T
Q. [« % . 5 .
as h—’ - - -
& 74 SA Early
= = ESas 5G
| device B . e _J device
NSA5GC
device

NOTE 1: Early 5G device refers to devices that support only NSA Option #3 5G deployment option
NOTE 2: NSA 5GC device refers to devices that support NSA Option #4

NOTE 3: SA 5GC device refers to devices that support SA Option #2

GSMA: Road to 5G: Introduction and Migration Whitepaper




KT’s 5G Network Migration Plan, Aug 2018

Phase 1 - Early 5G Phase 2 - Full-scale 5G Phase 3 - All-5G
(NSA Only) — (Mixed NSA & SA) - (5G Unified Network) -
.. EPC . gsniend -.
( : ) (p) ( i ) @
A oo owoc] @
LTE "« NR 28 NR35 NR28 WiFi

e

- =

LTE-EPC LTE/NR-EPC LTE/NR-EPC | TE/NR-5GC NR-5GC NR-5GC WiFi-5GC
UE UE UE UE UE UE UE
= NSA Op. 3 w/ EPC = Upgraded NSA Op. 7 & SA w/ 5GC = AlI-5G network by SA
= 5G hotspots on full LTE = Multi-RAT interworkingw/ 2 cores = Unified connectivity by 5GC

X Notes: It is a tentative plan and all UE types are not listed.

GSMA: Road to 5G: Introduction and Migration Whitepaper

©3G4G 3G46G



LGU+ 5G Migration Strategy, May 2018

5G Migration Scenario

I Smooth Migration through NSA to SA

EPC EPC

r B 2R RBRR Vg

LTE NR LTE i LTE LTE LTE NR LTE : LTE
(CD)] [(CD)]
R ANR
» Simple scenario * NSA as an interim because of tough competition * Better RF and t-put with 5GC
* Small sized UE « Better RF performance and T-put (aggregation) * eNB SW upgrade to eLTE
* Good for nation wide 5G coverage * Early option3 UE need long term support
* Voice performance issues * Long term coexistence of EPC and 5GC
LG U+




KDDI’s 5G Migration View, May 2018

IIIIustrative migration from 4G to 5G auw 5G

- - Video Upload from
Video delivery | ¢ eillance Camera Connected Car

Y

Low
Latency

NSA: Non-Standalone
SA : Standalone

FY2020~
WRC-19 bands

28GHz
New ‘
RAT | Below6GHz |

FY2023~

Existing | eMTC V Lo eMTC Low Low
NB-loT =Btoney NB-loT
3GPP bands ° In Radio Latency Latency

E2E E2E

4G , ,
:JL?;:Z ‘v Y \ // \ o /
Bands — - -

Initially, eMBB Massive Connection
by Rel-16

m Copyright © 2018 KDDI Corporation. All Rights Reserved 12




Samsung’s 5G Architecture Options, May 2018

@ LTE/5G Network Architecture Options & Evolutionary Path

NSA SA

NSA (Opt. 3/3a/3x) NSA (Opt. 7/7a/7x) NSA (Opt. 4/4a/4x) SA (Opt. 2)

* Re-use of LTE EPC * New5GC * New 5GC
* Control Anchor @ LTE * LTE upgraded to elTE * LTE upgraded to elTE

* Control Anchor @ elTE * Control Anchor @ NR




Ericsson’s 5G Architecture Vision, May 2018

5G architecture overview

EPC 5G Core
3GPP Q4-17 (option 3) 3GPP target Q2-18 (option 2)

<[> S1based | =P N2/N3 (new interface)
Option 3
Option 5 Option 2

Option 7
‘ Option 4

{cIfl 2y {cfl 2 (cIfl 2y ({§1(B)]

LTE NR LTE NR

LTE/EPC LTE/EPC LTE/EPC
NR/EPC NR/EPC

LTE/5GC

NR/5GC

5G New Horizons Wireless Symposium - © Ericsson 2018
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Telefonica’s 5G plan, May 2018

5G Time Frame - Mapping to ITU / 3GPP etc. 02

ITU-R has provided and summarized the “Vision towards IMT-2020”

“5G-NR” hasn’t been finally defined nor specified and hence good alignment of
activities is necessary:

2014 2015 2016 2017 ‘2013 ‘2019 ‘1020 ‘2021 2022 2023 2024

1 2 Expected 5G phases |
| \ |

5G in 3GPP | Rel-14SI(sayran) | Rel15 | Rel-16 | 5G phases:
) 1 1 T 1 1 1: Q4/17 (“5G-NSA") for eMBB
4Gin3GPP  Re-12 | RelF13 | Rel14 | Re-15 | Re-16 2: H2/18 (5G-NR") other services

- Still time to provide requirements
for vertical industries to 3GPP

ITu

Vision
eC 7 [ECEP7Presa | e scuon.
o1: Specification

|
EC5G PPP 5GPPPSet-up | 5GPPPgl | 5GPPPg2 | 5GPPP@3 || 92 Development
| | ‘ | | ‘ | @3: Experimentation

SDN/NFV  ONF, Open Daylight, OPNFV, Open Stack... |
% Winter Olympics in South Korea Note: Other Regions events under elaboration

X FIFA World Cup in Russia [
¥ Summer Olympics in Japan

Requirements [ Method Wkp Proposals  Evaluation

N A | |

> Radio Experiments > Trials > 5G Deployment and Commercialization >
| | R 2 Deployment of 5G phases A

© by 5G Infrastructure Public Private Partnership (5G PPP)

Mobile
Networks

Slide 11 09.05.2018
Uwe Lowensiein, TEF Germany




Andy Sutton, BT, May 2018

Summary

\ Y 3% meh
. 5G will address enhanced Mobile Broadband (eMBB), ;‘, ._3 )

A
(i‘ i v”‘\‘

Ultra-Reliable & Low Latency Communications (URLLC)
and massive Machine Type Communications (mMTC),

use cases
. /56 requires a new network architecture \
. Many operators will commence 5G service with an

option 3x (EN-DC) network architecture

¢ The introduction of a Next Generation Core (NGC) will
enable an evolution to an option 7x (NGEN-DC) network

\architecture /

. NGC is the enabler for network slicing and 5G service
innovation

. NGC network can be grouped into two functional blocks,
CPF and UPF

2 Once 5G NR coverage is comparable to 4G an operator
may evolve to an option 4 architecture (NE-DC)

. An option 2 network will only be realised once all LTE
spectrum is re-farmed to 5G NR (or standalone use case)

16 British Telecommunications plc 2017




MediaTek view, August 2018

5G: LTE-NR Inter-working — MediaTek view

Initial deployment Intermediate migration options (>2022) Ultimate goal (>2025)

Option 3 Option 7 Option 4 (Deprioritised)

Option 2

Option 2 Option 5
5GC 5GC . .
- /Next Step Consideration

b — At least 2-3 years after initial launch (our guess)
intarfses . — From EPC to 5GC
— Will it be an easy adaptation?

Xx
e interface qamy S~ o interface g -
<\ __ ne <) <\ _ W _ < — Op.3 seems to be kept for long while, instead of
LTE eNB NR gNB elTE eNB NR gNB Op.7,4 migrations, will it directly move to Op.2?

©3G4G 3G4G



Further Reading

The 3G4G Blog: 5G New Radio (NR), Architecture options and migration
from LTE

The 3G4G Blog: 5C Architecture Options for Deployments?

GSMA: Road to 5G: Introduction and Migration Whitepaper

3G4G Small Cells Blog: Dual-connectivity, Bearer split and other
Release-12 small cell enhancements

©3G4G 3G4G


https://blog.3g4g.co.uk/2016/09/5g-new-radio-nr-architecture-options.html
https://blog.3g4g.co.uk/2017/10/5g-architecture-options-for-deployments.html
https://www.gsma.com/futurenetworks/5g/road-to-5g-introduction-and-migration-whitepaper/
https://smallcells.3g4g.co.uk/2014/01/dual-connectivity-bearer-split-and.html

To learn more, visit:

3G4G Website — http://www.3g4g.co.uk/
3G4G Blog — http://blog.3g4g.co.uk/

Tha N k YOU 3G4G Small Cells Blog — http://smallcells.3g4g.co.uk/
Operator Watch - http://operatorwatch.3g4g.co.uk/

Follow us on Twitter: https://twitter.com/3g4gUK

Follow us on Facebook: https://www.facebook.com/3g4gUK/
Follow us on Linkedin: https://www.linkedin.com/company/3g4g
Follow us on Slideshare: https://www.slideshare.net/3G4GLtd
Follow us on Youtube: https://www.youtube.com/3G4G5G
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