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I. Access Network T4

% Fronthaul, Midhaul, Backhaul
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I. Access Network T4

% Fronthaul Transport Network Nodes (FTN)
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% Fronthaul Transport Network Nodes (FTN)
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I. Access Network T4

< Radio-access network interfaces.

5G core network
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(ZX: The Next Generation Wireless Access Technology Second, Edition Erik Dahiman Stefan Parkvall Johan Skéld) JS Lab
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I. Access Network g
% 5G Fronthaul Split Options
Central Unit (CU)

Option 1
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<« A

+ 7IX|Z 2} SET| AO|of M 20| Path LossE HAS|AM T
HH2|E B4 B & U st FH| (O[S SMAH| A0 SHXYS

=
si23t7| {3 kel Z7|X[= ol SAH7I7L AHE)

¢
; ]
< i
2 L
2
2|x=2 421 )
100M  200M 400M 800M |
h 4 h. 4 h 4 A 4 A 4 h 4 b 4 h 4
Path Loss 0dB 6B 1248 1808 .
L
(Z7*: https://rf-yeolmu tistory.com/77?category=880669
JS Lab
11
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I. Access Network T+
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I. Access Network T+
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2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | CAGR
14649 | 15818 | 16278 | 16841 | 17713 | 18543 | 19384 | 20415 | 49%
9317 | 10105 | 11188 | 12173 | 12042 | 1319 | 14224 | 15347 74%
1600 | 1652 | 1601 | 1503 | 1380 | 1270 | 1133 | 1060 | —64%
14587 | 15850 | 17444 | 19072 | 2034 | 21370 | 21997 | 24070 74%
946 | 1302 | 1578 | 1844 | 2032 | 2222 | 2918 | 3523 | 207%
15622 | 15834 | 15880 | 16019 | 16119 | 1619 | 16271 | 16498 | 08%
| 20204 | 20070 | 27778 | 0448 | 31680 | 258 | 255 | 313 | 18w
2797 | 2801 | 3011 | 3120 | 3248 | 3357 | 3466 | 3604 | ar%
2912 | 2453 | 2236 | 2387 | 2636 | 2936 | 2929 | 3078 | 66%
9016 | 9302 | 10285 | 10601 | 10994 | 11247 | 11913 | 12701 50%
3294 | 46595 | 58498 | 70803 | 84167 | 99.114 | 123994 | 156090 | 232%
62231 | 60326 | 60582 | 61343 | 62636 | 64298 | 65738 | 67141 11%
16,064 15714 | 15798 15920 16033 16,188 16338 16478 04%
4723 | 5212 | 6400 | 8150 | 9322 | 10360 | 12071 | 14174 | 170%
3315 3583 | 4214 4906 5625 6213 6610 6968 11,2%

T2E 20181 01% MY STME D2430] £F * POTN (Packet-Optical Transport Network)
** DAS (Distributed Antenna System)
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I. Access Network T+

%+ Passive optical networks (PON)
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ZX: https://www.ctcu.com/en/solutions/mobile-fronthaul-and-backhaul-solution.htmi
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% Mobile Fronthaul Application
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I. Access Network T+

% From 4G to a new 5G RAN architecture

% 5G decomposition into radio unit, distributed unit and central unit

Fronthaul [2: == Backhaul
© o
AG/LTE RAN &@B CPRI oo mmm Carrier Ethernet

RRH A7 BBUL EPC
2 ‘ ™. New functional split
x v “u

Fronthaul - Midhaul oo m— Backhaul T
5G RAN @ o0 mmm O — - TT=]

eCPRI/Eth - Ethernet [ ==1 Carrier Ethernet

(Fx) (F1)
RU DU cu 5GC
A m L e ettt >
0-10km 20-40km 40-200km
25-200ps 1-2ms <10ms
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I. Access Network 1+
% Comparing CPRI and eCPRI

CPRI Protocol Overview ¢CPRI Protocol Overview
Contral and l
Usar Plara Mansgemens Syne
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§ Layer 4 UDRTCP etc

?1 Layer 3 ! P
Layer 2
Layer 1 Hectreal or optical traremivon
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I. Access Network T4

< Fronthaul

Fronthaul
(Antenna to Central Office)
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1 Remote
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4 (RRH)
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ZX: https:/www.viavisolutions.com/en-us/fronthaul

Central Office  Internet/Core Network Data Center

JS Lab
23
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<+ C-RAN Architecture
%+ 3GPP’s 5G RAN architecture distributes the stack functions across
three logical nodes.
Ui Backhaul Fronthaul
E
I
é EPC BBU CPRI RRH
2l
é 3GPP Functiehal
e Split
= : = CPRI -
Core cu pu = RU
Backhaul Fronthaul
£ X https://www.nctatechnicalpapers.com/Paper/2019/2019-5g-backhaul-fronthaul-opportunities-and-challenges JS Lab
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I. Access Network T4

%+ Mobile networks evolve to C-RAN

% RAN evolution with different architectures in the mix.

Distributed RAN

Centralized RAN Cloud RAN

CPRI/OBSAI/RoE Ethernet

Backhaul

Performance Gain

EX: https://www.lightwaveonline.com/5g-mobile/article/14036770/enabling-cran-and-transport-convergence-with-timesensitive-networking

' CPRI/OBSAI/RoE
‘Fronthaul ~ teme--n- Midhaul (F1)

Fronthaul
(eCPRI/NGF| Q

: MEC
'
E iEthernet Q

JS Lab
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I. Access Network T4

%+ Mobile networks evolve to C-RAN

+ Flexible placement of RAN functions.

Radio site Edge cloud/C-RAN Hub Regional cloud
(Co/Data center) (Data center)
i 'j Fronthaul FS-LL Backhaul
Eisos @ CPRI/ ¢CPRI/ ReE S1/NG
4G/5G RAN . ﬂ Tal e
¥ A CPRI + Ethernet \ IP/Ethernet
8By
o Fronthaul FS-LL Midhaul FS-HL Backhaul .
Centralized @) ﬂ m:ﬂp:;m, '“"5:'1 m a:N:u Mobile core
5G Cloud RAN | E5LIE/RRE =
A Ethernet Ethernet IP/Ethernet
Midhaul FS-HL Backhaul
Bttt ) § - | A
Ethernet IP/Ethernet
Distributed — Backhaul
4G/5G RAN (R) u n S1/NG
(Classical) IP/Ethernet
\_aau_J RU = Radio Unit

ZX: https://www.lightwaveonline.com/5g-mobile/article/14036770/enabling-cran-and-transport-convergence-with-timesensitive-networking

DU = Distributed Unit FS-HL = Functional Split High Layer
CU = Centralized Unit FS-LL = Functional Split Low Layer

JS Lab
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I. Access Network T+

“+ Function migration from 4G to 5G

User Plane Control Plane

Laysr 3

‘ Faee(im ¢ Rafio Resource Control
AG LTEEPC | o + 56 Core [RRQ) kayar

4G eNB SGgNe -

: PR
| - 4 Lagor 2
1 Maeda Access Control (MAC) Layer

ZX: https://www.design-reuse.com/articles/48289/opening-the-5g-radio-interface.html
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Lper 1

$pit betwesn DU and RU
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I. Access Network T+

+ Disaggregation can create a more open and interoperable
virtual RAN

% Disaggregate RAN hardware and software with COTS HW

Backhaul
BBU

Fronthaul

: Open : Open
Virtual backhaul Virtual BBU SERIGIGENT
COTS compute COTS compute with Radio
HW accelerated
baseband
BBU: Baseband unit; COTS: Commercial off-the-shelf; CP: Control plane; CU: Central unit; 17 February 2021
DU: Distributed unit; UP: User plane; vCore: Virtual core network; vCU: Virtual central unit @QCOMResearch

JS Lab
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I. Access Network T+

< Disaggregation can create a more open and interoperable
virtual RAN
% Disaggregate layers of the protocol stack

Backhaul Fronthaul
Core BBU Radio
Open Open Open
- midhaul DU fronthaul

Virtual backhaul
Core

COTS compute COTS compute COTS compute with Radio
HW accelerated
baseband
BBU: Baseband unit; COTS: Commercial off-the-shelf; CP: Control plane; CU: Central unit; 17 February 2021
DU: Distributed unit; UP: User plane; vCore: Virtual core network; vCU: Virtual central unit @QCOMResearch
JS Lab
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I. Access Network T+

% Disaggregation can create a more open and interoperable
virtual RAN
% Disaggregate control plane and user plane functions

Backhaul Fronthaul
Core BBU Radio
Open
Virtual backhaul Virtual
Core CP CUCP
Open Open
midhaul fronthaul
[ OE] Virtual
Core UP CUUP COTS compute with Radio
Open HW accelerated

backhaul baseband 17 February 2021
@QCOMResearch

JS Lab
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Access Network T4

network deployments

17 February 2021
@QCOMResearch

CU: Central unit;

DU: Distributed unit;

MAC: Medium access control;

PDCP: Packet data convergence protocol;
PHY: Physical layer;

RF: Radio frequency;

RLC: Radio link control;

RRC: Radio resource control;

SDAP: Service data adaptation protocol

< Designed for unprecedented flexibility and cost-effective

Distributed Unit Radio

3GPP TR 38.801

SDAP H i
High Low High Low | High | Low

. POCE IR RiG RLC MAC MAC ! PHY ! PHY HE
RRC H :
. “ls  wis i
option 2 option option7  option 8

Remote r

centralized

31

io head wi

seband

JS Lab
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Access Network T4

*,

< Evolution of Fronthaul

RRCLppcp.L High | Low | High | Low | High | Low

RLC 7 RLC | MAC T MACT PHY T PHY

Option Option Option Option Option Option Option
1 2 3 4 5 6 7/

! RRC-+PDCP

High | Low | High | Low [ High | Low
RLC | RLC | MAC [ MAC | PHY | PHY

Data Link Physical
Layer Layer

ZX: https:/www.viavisolutions.com/en-us/fronthaul

32
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Access Network T4

Gbps

180

160

140

120

100

80

60

40

20

% The Fronthaul bitrates vary significantly across the functional splits.

EN: https://i ore.ieee.org/document/8479363
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Access Network T4

17 February 2021
@QCOMResearch

Option 2

Option 6/7

SON: Self-optimizing networks;
nFAPI: Network functional application platform interface

< Designed for unprecedented flexibility and cost-effective
network deployments

Allows for interoperability
between the CU and DU

ogtion 2
v

Distributed Unit (including radio)

———————— pic = wac — Hen — low - :ﬁ
B e & uc B B 8 Low g o ‘

Remote radio head w/
centralized baseband

JS Lab
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++ Broaden the interoperable ecosystem with standardized open
interfaces

Distributed Unit (including radio)

17 February 2021 me e v Py o RF
@QCOMResearch
E2
i a
— Near-Real Time .
' RAN Intelligent
| Controller
Core Network
O-RAN
O-RAN 34 NG nFAPI cus
FET—— . .
- 264 e of rvutoied bandwidon, 62 TB RE dats wou! dib i RadioUnit
Bl - 2 racks of rasion, 171 high partormance servers wiCPUS, H H
e h 4 Low
* Massive computing capabeities (CPU, GPU, FPGAY: s Bt PHY : PHY =
= > 900 TB of stonage
10rpass
1810G swches i
19 ek @nuon systems SCF O-RAN
T o dgiRr O-RAN Alliance
@ Third Generation Partnership Project
CUS: Control, User and Synchronization plane
nFAPI: Network functional application platform interface
JS Lab
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% Option 7 sub-splits

O-RAN
option 7 sub-splits

eCPRIv1.2
option 7 sub-splits

3GPP TR 38.801
option 7 sub-splits

Optins = = = 9 = = = — & — — opnc

Ealimation.

begurce
[
Damagp
oy e e
T and T aned
Cyuls el (\:x’:;:l‘ [:dv. Profe
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I. Access Network T4

% Optimize architecture for application with O-RAN

+ Application-specific constraints
influence network topology
+ O-RAN offers a comprehensive

One-way distance and delay constraints

O-CU 1o O-DU
Enhanced mobile broadband (eMBB) 625 us (125 km) 100 ps (20 km)

set of network architectures for Massive loT (mMTC) 625 pis (125 km) 100 pis (20 km)
ul different application e e o 100 @0k
) constraints
<l Fl
T [
<l
= A
;ll Edge cloud
ofo 5 E2
2 g Regional cloud Edge cloud
17 February 2021 % e
@QCOMResearch § Regional cloud Edge cloud
CU: Central unit; 55 Regional cloud
DU: Digital unit; § ocotion
eMBB: Enhanced mobile broadband; 3 eS—— —
NF: Network function; £
mMTC: Massive machine type communications; i Cell site
0-: ORAN-: Regional cloud Edge cloud it
RIC: RAN intelligent controller;
RU: Radio unit Physical topologies
JS Lab
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I. Access Network ++/8
% Time Error Tolerance for 5G ORAN/C-RAN/vRAN
Bullet™ 360 & Max hop count for BC = §
NSS Antenna |
ul Option 7 & 8 (Virtualized)
ﬁ v VRAN/C-RAN, DU, vRU, vBBU
A @ ol — e
<l Trimble PTP J
: R =T X
X 260ns  RRH
i o 2o mm] ORAN
';20 Virtualized Cocticler

((‘ ’)) Functions
PTP-slave PRTC-B
T-BC/T-GM

RRH

L »GM 200 Trimble PTP Client

<1.5ps (preferred <1.1 ps)

Ref: ITU-T rec G.8271.1/Y.1366.1 figure VII.2

JS Lab
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I. Access Network T+

% Time error Tolerance for 5G Option 1

GM200 as T-BC or T-GM

— - —P
Bullet™ 360 @& -

GNSS Antenna 1

TSC BC Max count 5 hop

v

RRH ((( )))

eesaanat ]
eNB/gNB DCSG/
cs

ul
=
u|
<l
T
<I
o

E3
o0
oo
o
wn

TSC Edge Cloud

eNB/gNB Max count 5 hop for BC

<1.5ps

Ref: ITU-T rec G.8271.1/Y.1366.1 figure VII.2

PRTC-B

->

Coordinated
PTRC

RRH g . Aggregation
8

39

JS Lab

I. Access Network T+

<+ ORAN Deployment

RRH

"

ul
3
u]
<I
o
<I
n
E3
A
ofo
2

o

GNSS
Receiver

Ref: ITU-T rec G.8271.1/Y.1366.1 figure VII.2

e
.’

ORAN
Controller

EPC

JS Lab
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I. Access Network T+

% Telecom - 5G Lower Layer Split (LLS)

RRH

"

P

GNSS
Receiver

Ref: ITU-T rec G.8271.1/Y.1366.1 figure VII.2

=
-
H

Timing Module

JS Lab
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I. Access Network T+

4G Cell Site

2-antenna ::'d \ U‘E’
20MHz@700MHz to ﬂ”:"ﬂ CPRI Fronthaul
(5

3.8GHz
D f}— 2.45Gbps/RRH

IP Speed: 150Mbps RRH (CPRI option 3)

5G 5G Radio
-Massive MIMO — copy Fronthaul
- New RAT (o \1,;)) Explosion
- mmWave > :
1] tens or
[ h

IP Speed: A few Gbps

< RAN TZX2| 3} (New C-RAN/Fronthaul)

C-RAN Packet Core

Backhaul

BBU Pool

EPC

CPRI interface

DU(Digital Unit)= H| 0| A8 = ZX|(BBU: BaseBand
Unit) S22 22|31, RU(Radio Unity= 217 2 &
H|(RRH: Remote Radio Head) S22 & £ 2IC}.,

Packet Core

Backhaul

BBU Pool

5G Core
BBU

CPRI interface

( &N : https://www.netmanias.com/ko/?m=view&id=blog&no=8104 )

JS Lab
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I. Access Network T4

% MZ& BBU2I RRH7} 2253l1, Fronthault IjZl TEESZ 1=

Cell Site Cloud RAN Cloud Core
(l)  wew Fronthaul Backhaul ———
! ; 1 88U Pool ®
= Cehtral Unit (CU) r::s::'wmn I'lﬁ{l' Ethemet r_fﬁ® ® " @ =
= Diftributed Unit (DU) mmWave e 3 @ e
u| PEE R.R,H HRU,
E 4 Gbps L T8
gl | New Interface
f' 5G Cloud RAN: Many functional split options
BB 4G C-RAN
3 New 88U
i1 o | e e EEE
ol > e | [ mc N wc |
o | ETE KT
b =u = ne roor
10 dats v Symbol/ MAC be standardired
CPHnertace s U [ mc |
Coc I |
g e EOE EE EE
]
RRH New RRH
Fronthaul capacity
requitement __—. 8 HAo| K| £rrel thoughputg £017] oftol Mz e
lefe] 4 7+ 32 7128l Coordinated Multi-Poifk (CoMP) 7+
0 O[LIP} C2 MEE Qe tul Bilw + Ass
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I. Access Network ‘8
% 5G Mobile Frontier (LTE to 5G Migration or 5G Deployment Option)
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I. Access Network T4

“* 5G Mobile Frontier
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I. Access Network T4

% Ethernet fronthaul over deterministic time-sensitive networks (TSN).

Traffic

Convergence

Highly accurate

synch
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=

(;I TSN Switch

<

: BR— g
olo RE

2 Input TSN switch

Edge bridge
TSN Switch eCPRI

CPRI R@ *
Optical fiber E\E
—

O S

‘ : oty Frame preemption :
RE (RRHS) 802.1cM  Strict priority p pU
scheduler —
(BBU)

ZX: https:/www.lightwaveonline.com/5g-mobile/article/14036770/enabling-cran-and-transport-convergence-with-timesensitive-networking
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% Converged transport of all fronthaul traffic using TSN packet-optical

switches.

NMS

Cell site
nx10GE/25GE
(eCPRI, NGFI)

5G TSN Switch

nx10GE (RoE)

Optical
anyhaul =)

-/

T0GE (F1)
1GE(S1)

4G TSN Switch

nx10G (CPRI, OBSAI
TSN Switch BBU/DU

46 TSNSwitch  Cell site

3G/56 TSN Switch

ZX: https:/www.lightwaveonline.com/5g-mobile/article/14036770/enabling-cran-and-transport-convergence-with-timesensitive-networking
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I. Access Network T+

< 5G xHaul

= LD
@ € Muse £} Analytics
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and analytics
]
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Sliced 56 xhaul Network
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I. Access Network T4

% Flexible End to End xhaul

B Software Defined Networking \> xHaul Domain Control
& Orchestration - Provides multilayer IP Optical domain control of the xHaul network
ul
&4
]
|
T
<l S
&R b=l — =R PT
e
X = Mid-haul = Backhaul [P Transport I .
301 > o> . Provides the advanced IP transport capabilities required to deliver 5G xHaul
ol = &
[}
wn
&3 B3 _E3 .
@ e Mid-haul Metro Dwoﬂ&: Optical Transport
> | Provides the powerful, intelligent, optical layer transport required for 5G xHaul
ZX: https:/ribboncommunications.com/solutions/service-provider-solutions/ip-and-optical-networks/unified-5g-xhaul JS Lab
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I. Access Network /3
% CU/DU functions can be deployed at different locations to meet specific
service needs

Tier 3 Tier 2 Tier 1

Central Reglonal Edge

Data Data Data
U_| i Contre Contre Cortre
E
ul
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o
sl
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=
oI
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2

b Proved

ZX: https:/www.design-reuse.com/articles/48289/opening-the-5g-radio-interface.html
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I. Access Network T+

% These calculations show an example of available time error (TE) in
a fronthaul network.

Maximum Absolute TE (from UTC) - 4G or 5G Network = + 1500 nsec
UTC to Aggregation Router (vPRTC) = + 100 nsec
Typical max TE on ORAN Fronthaul (DU to RU/air interface) = + 160 nsec
Available TE on MetroE Midhaul (vPRTC/AG to DU) = 1500-(100+160) < + 1240 nsec
*This assumes the Fronthaul meets the Maximum Relative TE, DU to RU 260 nsec

This is a conservative estimate: NR radio Units are expected to be between + 35 and + 80 nsec max TE

JS Lab
I. Access Network T4
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. Access Network T+
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<+ SEBA Tutorial

* Access including subscriber, virtual ONU, and virtual OLT & SEBA component
» Aggregation Switch
* BNG (its simply DHCP server)

ment Network
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o Install Docker

o Install Kubernetes
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o Install Kafka

o Install ONOS
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o Install Ponsim VIRTUAL OLT
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01:0000000000000001
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IV. LELA Z2HE
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IV. LELA Z2HE
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IV. LELA Z2HE

“+ ORAN explained: Picture courtesy VIAVI solutions
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<+ 0O-RAN O-RU whitebox

3D Rendering of
Demo Only Enclosure O-RAN
Optical
Interface
Developed in collaboration between

> B Co Inﬁ Radisys WHIZZ S T -

ZX: https://www.design-reuse.com/articles/48289/opening-the-5g-radio-interface.html

JS Lab

86

43



5GHERA 7=

£%

V. LEL A

ZRHE

+» The Status of Open Source for 5G (1 of 2) - 5G Americas

56 Network m Brief Description Open Source Effort References

High performance at lower cost by

Open Compute Project: https://www.opencompute.org

Infrastructure Hardware ::sossrammablllty and specialization of P4: https://pd.or
. Fast rate packet processing by DPDK: http://dpdk.org
Infrastructure Networking acceleration techniques VPP: https://fd.io
Operatin G e i e e e Linux: https://www.linuxfoundation.org/projects/linux/
Infrastructure sp - emg o etworkg g Berkle Software Distribution: http://www.bsd.or¢
4 Disaggregated Network Operating System: https://www.danosproject.org
Implementing 4G LTE and 5G Radio 4 a a q
" : https://gitlab. 4 D q
NAc‘cessk Radio P NE i o Nea ent o Ve oop;;a’hréﬁ‘ hstvl//:/xwwtr?aiu;(:c/om fr/oai/openairinterface5g/wikis/home
5 -RAN: https: .0-ran.org
CT Equipment
openairCN: https:/gitlab.eurecom airinterface5g/wikis/home
Wireless Core i M-CORD NGIC: http: intel.cor - ticles/an-interactive-
Core Network Network et S iE ERE eSS NEE demo-of-the-next-generatio reference-
implementation
OpenDaylight: https://www.opendaylight.org ONOS:
https://onosproj q
3 " Open vSwitch: https://www.openvswitch.org
Mangge:nelnt & Networking S:r:::{ giaCspacietpioceespaanclion M-CORD NGIC: https://software.intel.com/en-us/articles/an-interactive-
i demo-of-the-next-generation-infrastructure-core-reference-
implementation
FD.io: https:/fd.io
Abstraction of general compute [e] https://www.openstack.org
Manggemelnt & Virtualization to be shared across multiple Ki https://kubernetes.io
ontrol and logical networks Docker: https://www.docker.com
Management & Frameworks for describing dynamic Open Source MANO (OSM): https://osm.etsi.org
Cg f Orchestration function and network deployment pollcles MEF Lifecycle Service Orchestration (LSO):
ontro with specific per istics XOS: https://www.opennetworking.org/xo:
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+« The Status of Open Source for 5G (2 of 2) - 5G Americas

56 :::v;ork m Brief Description Open Source Effort References

Management & Automation
Control
Management & .
Control Modeling
Management &
Control DevOps
Management & "
Control Testing Tools
Management & .
Control Analytics
Management & Al
Control
Management &
Control Edge Compute
&
Control

Frameworks and middleware for enabling
Orchestration and Management tools to
configure general compute and

i via vi

XRAN: http://www.xran.org
ONAP: https:/www.onap.org
Ansible: https://www.ansible.com

layers

Modeling tools and languages for defining

function and network services for
deployment used by Orchestration
Frameworks

Software development methods to

Te : https://www.terraform.io/

TOSCA: https://www.oasis-
open.org/committees/tc_home.php?wg_abbrev=tosca
JuJu: http://jujucharms.com

YAML: http:/yaml.org

YANG: https://tools.ietf.org/html/rfc6020

Elasticsearch, Logstash, Kibana (ELK): https://www.elastic.co/elk-stack
Consul: https://www.consul.io

automate process of building,

Etcd: https://coreo:

and deploying workloads into NFV
environments for service agility

Data streaming protocols for continuous
analysis of the service monitoring

Framework for use of Al in Network

Open source software for Edge

Security framework for Virtual network
infrastructures

Jenkins: https://jenkins.io/
Puppet: https://puppet.com
Chef: https://www.chef.io/chef/

Apache Kafka: https://kafka.apache.org/
Apache Spark: https://spark.apache.org/

Automation https://www.acumos.org/
Computing https://www.akraino.org/

SHIELD: https://torsec.github.io/shield-h2020/about/summary.html
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