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0 3GPP Network Architecture and Network Slicing
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5G System Architecture
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5G System Architecture Terms

- Authentication Server Function (AUSF) - NF Repository Function (NRF)
- Core Access and Mobility Management - Policy Control function (PCF)

Function (AMF) - Session Management Function
- Data network (DN), e.g. operator services, (SMF)

Internet access or 3rd party services - Unified Data Management (UDM)
- Structured Data Storage network function _ User plane Function (UPF)

SDSF '

( ) - Application Function (AF)
- Unstructured Data Storage network User Baui { (UE

function (UDSF) - User Equipment (UE)

- Network Exposure Function (NEF) - (Radio) Access Network ((R)AN)

3GPP TS 23.501
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5G System Service-Based Architecture
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5G Functional Network Architecture

G

Functional Network Architecture =
Control Plane Resource oy \ S——
Network Slice Selection urther t--|  Data
Selection Function Network '
: Function(s) Repository
Function
UE Management Network Policy Control Application
(and Mobility) Function Network  [==1-=7 (Network)
Network Function Interconnect Function Function
NAS Security (emssmssssss=== i
................ --4  Termination | Visited Session Home Session Data
- ! Management | Management Network

- Network Function Lo _
(Radio) r-~ Network Functioni  |Network Function
Access AR :

Network \ _________ P :
User F'Iane_ E‘_., User Plane_
t Network Function | Network Function

This is NOT (yet?) the 3GPP 5G System Architecture.

This is a snapshot of the ongoing work where the here shown and other
principles and network functions are under discussion.

# © 3GPP, Second Global mﬁmmunu.ls,m Italy
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5G System Architecture — Fronthaul Network
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5G E-2-E Network Slicing

5G Capability Cube

Connections Density
\CarmcEmm” |

Network Slicing
Highly Diversified Customized for EACH

( \Al\ffﬁAm/ﬁAm/—\\u/ \/I_l\/ﬁ

ﬂ_eMBBT(_en_h_a_n_ced_Mphllp Broad Band)
‘ R 1 A om a a
RH Intermediate Split l BBU (CU) J CORE L J
7

Might exist in reality
But not yet in 3GPP spec

0  E-2-E Network Slicing is a Team Work and a coherent one including Mobile Fronthaul and Backhaul

a Fronthual is intertwined within RAN
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5G Network Slicing

Control Plane and User Plane
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Figure 6.1.3.1-1 Sharing a set of common C-plane functions among multiples Core Network Instances

FTvY
I
Fronthaul (User Plane, Control Plane)

3GPP TR 23.799
Actual agreements are in section 8 or in TS

T
g

TAEE
Backhaul/3' Party Hall-(User Rlane

(

U  Mobile Slice (UE-RAN-CORE) and Transport Network Slice Creation/Composition, Modification, Deletion
and Selection
U Mobile (UE-RAN-CORE) Control Plane and User Plane Separation and Separate Transport Channels
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5G E-2-E Network Slicing

Time Sensitive Ethernet Session

UE
MS 5 Web loT Doy
rowsing __=ssod
ﬁpp ,\!\pp 'App L UsageClassx
1 Data fiow
= associsted with
""""""""""""" Usage Class y
- ':____ ______________________ Cst fow
L0 P assodaed with
Usage £Z5D
o)
Uzags ()}
Mabile sggﬁn %
sk} o &
i — | Supports
EUs.a,gug'gassx
gletwork Slice e
PDU Session 1 O '[etance A
(Usage Classx) o | mem
c
8
— i ]
efwork Slice e Carrier Ethernet Provider
PDU Session 2 (Usage Classy) Qrftance B _|
— e
PDU Session 3 (Usage Class y) < [(mBB) _
= F—_— Mobile Operator
gsageﬁlassy
=)
Figure 6.1.7.1-1 § 3GPP TR 23.799
L Actual agreements are in section 8 or in TS

U Time Sensitive Ethernet Session across Mobile (UE-RAN-CORE) Slice and Transport Network Slice

d Connection Oriented Session and Connectionless Session
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5G E-2-E Network Slicing T

=10 Gbps 100 Mbps
T . S - . E h P I peak data rates whenever needed
10-100 10 000
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Figure 6.1.2.1.1-1: Network with n Tenants and m possible Slice Types (with UEs which can only access 3GPP TR 23.799
a single tenant slices) Actual agreements are in section 8 or in TS

Time Sensitive Ethernet KPIs across Mobile (UE-RAN-Core) Slice and Transport Slice
E-2-E KPI budget allocation across Mobile (UE-RAN-Core) Slice and Transport Slice

Currently not yet addressed by any SDOs
3GPP SA5 group proposing to work with outside groups for the Transport Network

U00D
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5G E-2-E Network Slicing Architecture

Slice pairing
function 5G America White Paper
between RAN/ Network Slicing for 5G Network & Services

fixed access

o~ .
P - ,ﬁ'd CN CN Slice #1
L | wes |
—- j | RAN Slice #1 | } - CN Slice #2
Device A =" [ — ]
RAN Stice-#2— },,,.,-_: <
Device B == S = C_DES CN Slice #3
~=-. (B =R | C NF3
TS [RAN St 5 e
- - C Y v,
Device C { 8 E %
evice _ ]
T [RANStice#d— Lo -4 ) CN Slice #4 )
i - | NE3I +—
Device D [ )
Te—a Fixed Access
Tt | —Stiee#it—| CN Slice #5 )
—._____-—._.___.—-—'-'_._._-_-_‘_‘—‘1-..
Device £ === [ | | Fixed Access
- |
Slice #2 -
Wireline
— e

2 Splits might exist in reality
But not yet in 3GPP spec

U  Fronthaul is inside the RAN Slice between RRH and BBU or between RRH & DU and DU and CU(BBU)
d Backhaul is between RAN and Mobile Core Network or between RAN and Wireline Network for Wireline Services
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5G E-2-E Network Slicing Examples

CNMBB Slice
. . . T
®  Video Streaming Support
+  MMS5 Support
Illn'l # V\oice Calls and Features
= (e ) | I| ,* Service Continuity
smart //— RAN Slice T 1: -t | ,7|® Chamsing Support
Phone \ i p # Data Path Optimization
RAN Slice #2 N - /
MVMNO 5G America White Paper
UE = aE Network Slicing for 5G Network & Services
= =)
3 3 T
[5 RAN Slice #3 | C J“ =T CN 10T Slice
= = 4 .
loT S o B 2 Small Data Optimization
Device " RS E | T O Hf_ |+ Betiery Conservation
_J Charging Support
Fixed Access 11
Slice #1 | CN MVNO Slice
* MVNO Operator Feature Set
F Fixed Access } 1 | + MBB Support
— w_ Slice #2 = — 1| | .

Operator Specific Charging

|
2 Splits might exist in reality I'UII

But not yet in 3GPP spec

U Each Slice has its own requirements and KPIs

0  Transport Network shall have corresponding slice to meet the Mobile Slice E-2-E requirements and KPIs
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Network Slicing Architecture— Control & User Plane

RAN MNetwork Core Network
————————————————————————— I______________——————————1
L Control Plane |
| 1 |
: Control Plane ! | :
! I
! | I Subscriber poli |
I cy 1
I : : patanemt Control |1
: |
: RAN : : Core :
: Control f........--- ____ _: ____________ :' Control :
I | | i
S s b o e —rorore— ________1
Transport Service
Network Network
User | 1 User
Plane ’{-(—" ks Plane
Functions Transport Functions
Network

Wireline

U  5G Network supports separation of Control Plane and User Plane

(W

Separate Transport Network for Control Plane and User Plane with different requirements and KPIs
U  User Plane to Mobile Core Network for Mobile Services or to Wireline Network for Wireline Services
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Network Slicing Architecture - Layers

Per Slice/Service management

A o =,
f service instance Layer

Network [ | |

Orchestration [ L

plane [NMO] | |

ass/ " Network Slice instance Layer
NS

* L
NFVO VNEM | |

[ |
l'. ;'I Resource Layer

¥

5G America White Paper
Network Slicing for 5G Network & Services

Network Slicing Layers — Services Layer, Network Slice Layer and Resource Layer
Network Management and Orchestration Plane — The Conductor

(I iy W

Transport Network shall have the same Service, Network Slice and Resource Layers
Network Management and Orchestration Directs both Mobile Network Slices and Transport Network Slices
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Network Slicing Architecture - Instances

Serwce instance Layer

Wide
T Lpwa ] Connected —— cloT
Cars Streaming

Pl -
Pl .~ Service to Slice

4 Metwork Slice instance Layer

KPIs KPls KPlIs KPIs

[ Slice A ] ( Slice B ] | Slice C | | Slice D

RAN CN RAN CN
R"_G‘N C_N R"_G‘N C_N slice slice slice slice
slice slice slice slice

KPI -
%&7 Slice to Resource
Resource

Network Slicing Layers — Services Layer, Network Slice Layer and Resource Layer
Transport Network Management and Orchestration Plane — The Conductor
Transport Network shall have the same Service, Network Slice and Resource Layers
Transport Network Management and Orchestration Directs Transport Network Slice

(I iy W
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Network Slicing Architecture - Transport

SE rvice instance Layer

ﬁ r I Di |tal
LF‘IS

\QJI"F Service to Slice
o

4 Netwaork Slice instance Layer \
KPIS KPIs _ KPIs I{Pls
'Ethernet BI—JH MBH J I MFH (lower split) l L MFH (higher spllt)
| % - r

Resource KPIs KPIs KPIs KPIs

Network Slicing Layers — Services Layer, Network Slice Layer and Resource Layer

Network Management and Orchestration Plane — The Conductor

Transport Network shall have the same Service, Network Slice and Resource Layers

Network Management and Orchestration Directs both Mobile Network Slices and Transport Network Slice

I Iy W
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Network Slicing - Services

N\ RF ) ) MFH b

UE | |automobile |RRU [ Fubic. Split 6.7 BBU|| | M. core
Mobile e — —e= ' e _ n
A UE M2M RRU unctional Split 4,5 BBUU MBH ) M. Core
ol PP _ | R R R e
ices UE| |MobileBB JRRU| | Functional Spit2.3 . pBul | M. Edge core
" . SRRy R R R
UE Vertical RRU .Lower Partial N—hqhelr Partial BBLO ) M. Edge Core
NERE RN R R AR R
RF \ MFH b
UE | Ethernet ServicdRRU [ Fuhc. Split 6,7 BBUO ) E-LINE, E-LAN (MEF)
“Wireline” — — | “—— . et L LD i
. MPLS/IP Service|RRU unctional Split 4,5 BBUU ) IP VPN (MEF)
Service = e L o
asS Functional Split 2,3 BU

b A A B WAL R AR A M AR R R s,

) Network App(MEF)

ol el A

Lower Partial Hiclhelr Partial
GRBRRRRRE Rl AR

) App (CORD)

Slices UE Na RRU|
UE Xaas RRU k
\ MFH

IT UE Compute RRU

FLnc. Split 6,?”BBU()'

) Fog Computing

Slices UE

Functional Split 4,5 BBU

Storage RRU

) Cloud Storage

Functional Splits options being discussed in 3GPP, only Option 2 is standardized today
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Network Slicing - KPIs

MEF 22.2 Performance Tier (PT) objectives

One way CPOs across PT 1 (metro) for Point-to-Point Mobile Backhaul service

Ingress One Way CPO for Mobile Backhaul Service {S, CoS ID, PT}
CoS Name | Bandwidth
Profile(2) FD MFD IFDV FDR FLR A L B FPP CPM
Very High CIR>0 <01 %
¢ (il'-F )Ig EIR=0 <10 ms <7 ms N/S Arpr (i._e., ] 0?4 ) > A avail <AuLi <Acuu 3) (4)
High CIR>0 <01 %
< < < <
(H) EIR>0 <10 ms <7 ms <3 ms <5 ms (e, 107 TBD TBD TBD (3) (4)
Medium CIR>0 <S8msor | <I0ms <0l %
< < = = =
M) EIR0 <20 ms <13 ms N/S or N/S (e, 107) TBD TBD TBD N/S N/S
Low CIR>0 <1%
2 < < <
() EIR>0(1) <37 ms <28 ms N/S N/S (e, 107) TBD TBD TBD N/S N/S

O  Build on MEF 22.2 PT objectives framework for 5G Transport and Transport Slice KPIs
Q  Adding Slice Layer

IEEE STANDARDS ASSOCIATION -



Network Slicing - KPIs

MEF 22.2 One Way CPO for Mobile Backhaul Service

with Tight Radio Coordination — constrained PT1 {S, CoS ID, PT}

Ingress One Way CPO for Mobile Backhaul Service with tight radio coordination {S, CoS ID, PT}
CoS Name | Bandwidth
Profile ** FD MFD IFDV FDR FLR Availability L B
High CIR>0 <01 % TBD TBD TBD
< < < <
(H) EIR>0 =l ms =0.7 ms =0.3 ms 0.5 ms (i.e., 10%) >A Avail >AnL >Acurr
Medium CIR>0 <2 0 ms <2 ms <0.9 ms or <l ms or <01 % TBD TBD TBD
(M) EIR>0 - - N/S N/S (ie, 107 >A Avail >AnL >AcHLr
Low CIR>0 LL8msor | <2.9msor <Il% TBD TBD TBD
<10 ms <8 ms . 3
(L) EIR>0* N/S N/S (ie, 107) >A dvail >Anrr >Acuir

O  Build on MEF 22.2 PT objectives framework for 5G Transport and Transport Slice KPIs

Q  Adding Slice Layer
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Network Slicing - KPIs

Synchronization

ITU G.8271.1 TAE Budget

Budget Component
PRTC

Budget
100ns, 30ns for ePRTC

Comment

N/A for the most stringent
fronthaul TAE target, which is
referenced to the last common
BC

Holdover and network 400ns N/A if the services requiring

rearrangements finest timing are not offered
during rearrangements

Random error of all PTP 200ns Accumulated low frequency

nodes

random noise of all nodes (high
frequency noise is filtered)

Constant error of all PTP
nodes

11 hops x 50ns = 550ns

21 hops x 20ns = 420ns

Could be reduced with better
designs

Link asymmetries

100ns for 11 hops

230ns for 21 hops

Could be reduced with fiber
asymmetry measurement
techniques

Standardization Actions

« IEEE 1914 Scope

- How timing is accomplished is outside the scope of
IEEE 1914

- However, we need to ensure that the mechanisms we
define permit the appropriate timing mechanisms to
be used

- 3GPP

- We must continue to liaise with 3GPP to get their TAE,
frequency offset, jitter, and other timing requirements

Richard Tse, Synchronization and NGFI
IEEE 1914 April 5, 2017

End application 150ns 20ns was specified by CPRI
organization for IEEE 802.1CM
Total 1500ns
SyncE,IEEE1588v2 . .. ..
BITS, Stratum 3 Clock ==) |EEE 1588v2 requires 1ns precision timing

U Adding Slicing Layer
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Network Slicing Lifecycle Management

Requirements
Lifacycle of 2 Metwark Stics Instance
Drenersfion ) _ hﬁaﬁaﬂmaﬁmaﬂ
e Artivation
Netwiodk = mrinomm ent Configuration
preparation

Figure 4.1-1: Lifecycle phases of a NSl 3GPP TR 28.801

U  Mobile Network Slicing Lifecycle Management

O  Instantiation/Configuration, Activation, Supervision, Reporting, Upgrade/Reconfiguration/Scaling, Deactivation, Termination
U  Corresponding Transport Network Slicing Lifecycle Management

O  Instantiation/Configuration, Activation, Supervision, Reporting, Upgrade/Reconfiguration/Scaling, Deactivation, Termination

IEEE STANDARDS ASSOCIATION
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Network Slicing Reconfiguration

Requirements — Dynamic and On-Demand

Mobile
Controller
Transport )

Controller | " TTtemeeaallL > Programmable

Functional Split

e
Sao
Sw

Content
Caching |4

Disaggregated/Virtualized Disaggregated/Virtualized Mobile Edge
EPC

RAN Services

U  Mobile Network Reconfiguration needed as Applications and Traffic Pattern changes due to Event/Time

U  Mobile Fronthaul Network Reconfiguration needed as RRH/BBU functional split adapted to Applications and
Traffic Pattern Changes

U  Network Slicing Reconfiguration can be dynamic and on-demand




Network Slicing Scaling
Requirements — Scale up & down - Dynamic and On-Demand

Slice
Scale

Time

U  Each Network Slice can scale up & down dynamically and on-demand as Applications and Traffic Load changes
U  Each Transport Slice can scale up & down dynamically and on-demand as Applications and Traffic Load changes
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Network Slicing Architecture— Transport Path

mUNI

mUNI(

(I N W W

() ENNT
ENNI
z Wireline
CORE
UNI UNI
UNI UNI  UNI ) vUNI  UNI UNIv  VUNI
RF K Eron;]iau! ) =l ontha
\__UE J RRH Intermediate Split VvBBU (CU) Mobile

VCORE
RAN

/
Might exist in reality
But not yet in 3GPP spec

Variety of Transport Network Paths at different parts of the Network
Some are self contain without crossing multiple parts of the Network: UNI-UNI
Some are cross multiple parts of the Network: UNI-ENNI-UNI

UNI | un

UNI

VUNI

App

Some UNIs are Mobile UNI (mUNI) and some are Virtual UNI (VUNI) due to vBBU and vCORE
Transport Path can span a single transport layer (LO, L1, L2) or multiple layers (L0O/1/2)
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Network Slicing - Carrier Ethernet

el

@

Layer-1
shaping

\ shaping

Ll

Port shaper |

Y

shaping

[ Layer-

I 1
shaping l

802.1ad 802.1ah

*®  Or Tag Grouping

Conges!llon

"V .
. Policing Schedulin Shaping

“ d A Man2acmep'
+ VLAN stacking, transllation, « Policing based on EVC, P-bit, * Strict Priority . - ] e
swapping (QinQ, QinQinQ) EVC+P-bit » Weighted Round Rohin TI_‘af'flc Throttllng . Ta'l_ Drop
« L2/L3 aware Priority mapping || * CIR/EIR + 8 Queues per Port * Hierarchical Shaping * Weighted Random
« Two rate three color » Hierarchical Policing + Hierarchical Scheduling Early Detection
classification

U Transport Slice — Carrier Ethernet Traffic Engineering Requirements — Adding Slice Layer
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Network Slicing — Ethernet Services

Classification F VR Shaping Congestion
] olicing Schedulin

uMarking — A— — Management
« VLAN stacking, translation, « Policing based on EVC, P-bit, * Strict Priority i I
swapping (QinQ, QinQinQ) EVC+P-bit » Weighted Round Ro 0 - S
« L2/L3 aware Priority mapping || * CIR/EIR . 8 Queues per Port | E-LIne Service Type for Point-to-Paint EVC
« Two rate three color « Hierarchical Policing + Hierarchical Schedul
classification

Link OAM (802.3ah/802.3-2005Clause 57), CFM OAM (§

RFC2544, Y.1564 ~ | e

Miilti-paint EVC

1:1 G.8031, P-2-P G.8032 Ring

E-LINE, E-LAN, E-Tree, E-ACCESS -

SyncE,IEEE1588v2
BITS, Stratum 3 Clock

E- Access Service Type for

* Wholesale Access Services EDH]
UNI
* Access EPL : d
Tﬁ L3 o Etherne

e Access EVPL Service Provider E-Access

0 Adding Slice Service types (A group of EVCs ?)
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Network Slicing — Ethernet OAM

Ei

« VLAN stacking, translation,

swapping (QinQ, QinQinQ)

- ‘W— _ Congestion
Policing Schedulin Shaping M t
L A anagemen
« Policing based on EVC, P-bit, e Strict Priority . ) ) Tai
EVC+P-bit - Weighted Round Robin Traffic Throttling Tail Drop

« L2/L3 aware Priority mapping || * CIR/EIR

» Two rate three color
classification

« Hierarchical Policing

- 8 Queues per Port * Hierarchical Shaping
« Hierarchical Scheduling

» Weighted Random
Early Detection

Link OAM (802.3ah/802.3-2005Clause 57), CFM OAM (802.1ag), Service OAM (

Y. 1731)
RFC2544, Y.1564
erator A 0

Customer 0

1:1 G.8031, P-2-P G.8! Equipment ridges

E-LINE, E-LAN, E-Trans

SyncE,IEEE1588v2
BITS, Stratum 3 Clock

erator B Customer
ridges Equipment

VP NP MP
. S .

MIP MIP

—
L+

MIP

O  Transport Slice — Ethernet OAM — Adding Slice Layer (A group of EVCs?)
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Network Slicing — Network Protection

Classification “WNEN— " Shaping Congestion
: olieing Scheduling Management

Marking A — — gL Sl
« VLAN stacking, translation, « Policing based on EVC, P-bit, * Strict Priority . . . Ter
swapping (QinQ, QInQinQ) EVC-+P-bit « Weighted Round Robin || * Traffic Throttling Tail Drop
« L2/L3 aware Priority mapping || * CIR/EIR + 8 Queues per Port * Hierarchical Shaping * Weighted Random
» Two rate three color » Hierarchical Policing » Hierarchical Scheduling Early Detection
classification

Link OAM (802.3ah/802.3-2005Clause 57), CFM OAM (802.1ag), Service OAM (Y.1731)

RFC2544, Y.1564

. - . 1:1 & O:N LAG
‘ 1:1 G.8031, P-2-P G.8032 Ring MC-L AG

E-LINE, E-LAN, E-Transit, E-ACCESS

SyncE,IEEE1588v2
BITS, Stratum 3 Clock

— Dual Homing Dual Node

Interworlking

0  Transport Slice — Packet Network Protection Requirements — Adding Slice Layer
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Network Slicing Mobile Protocol 1/F Regquirements
User Plane

NG-UE NG-RAN /NG-Core q Appl
‘ Server

( End to end service O

( PDU session (

Appligtion
NG3 connectivity FOU Layer PDU Layer
/4 Relay S~ Rely T
- - - - sguF| | lsgup  ™~-_ - cgud £GP
Encapsulation[+— Encapsulation | Enmpsulatinr‘__ En@psulation
AN Frotocol AN Protocol '— —————————— 4
Layers | Layers LDFR/P — DR P LDF/IP —— LUDR/P
——————————— g
L [ | | L2 L2 — L2
L4 _____
1 — L1 T 1 -:—— 1
L - — — — - - _
UE AN LPF UPF
(PO Session Anchior)

M3 M9 =

Figure 8.3.1-1: User Plane Protocol Stack 3GPP TS 23.501

O  User Plane -> PDU session/layer -> The PDU carried between UE and The DN (Data Network)
O PDU session type — Ipv6 (IPv6 Packets), Ethernet (Ethernet Frames)
O  PDU session multiplexing — Multiplexing traffic of different PDN sessions (possibly different session types)
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Network Slicing Mobile Protocol 1/F Reqguirements
Control Plane
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Figure 8.2.x-3: Control Plane for user plane establishment via N3IWF P P — FFS
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Figure 8.2.x-2: Control Plane for NAS when CP IPsec SA is established
3GPP TS 23.501

O  Control Plane -> Control PDU session/layer -> The PDU carried to/from Control Plane — still being defined
O  Control PDU session type — Ipv6 (IPv6 Packets), Ethernet (Ethernet Frames)

O  Control session multiplexing — Multiplexing traffic of different PDN sessions (possibly different session types)
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