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Agenda

 3GPP Network Architecture and Network Slicing

 E-2-E Network Slicing Across Mobile (UE-RAN-Core) and Transport Network

 Transport Network Slicing – Requirements and Architecture
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3GPP TS 23.501

5G System Architecture 
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3GPP TS 23.501

5G System Architecture Terms 
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5G System Service-Based Architecture

3GPP TS 23.501



5G Functional Network Architecture
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3GPP TS 23.501

5G System Architecture – Fronthaul Network 

Fronthaul Network
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5G E-2-E Network Slicing

 E-2-E Network Slicing is a Team Work and a coherent one including Mobile Fronthaul and Backhaul
 Fronthual is intertwined within RAN 

RRH BBU (CU)UE
DU

Intermediate Split CORE

RF FronthaulFronthaul M.Backhaul

App

E.Backhaul

RAN

eMBB (enhanced Mobile Broad Band)
URLLC (Ultra Reliable Low Latency Communication)

IMT-2020

Might exist in reality
But not yet in 3GPP spec



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

 Mobile (UE-RAN-CORE) Control Plane and User Plane Separation and Separate Transport Channels

3GPP TR 23.799
Actual agreements are in section 8 or in TS
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5G E-2-E Network Slicing 
Time Sensitive Ethernet Session

Carrier Ethernet Provider

Mobile Operator

 Time Sensitive Ethernet Session across Mobile (UE-RAN-CORE) Slice and Transport Network Slice
 Connection Oriented Session and Connectionless Session 
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3GPP TR 23.799
Actual agreements are in section 8 or in TS



5G E-2-E Network Slicing
Time Sensitive Ethernet KPIs 
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 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

eMBB

mMTC

uRLLC
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Actual agreements are in section 8 or in TS



5G E-2-E Network Slicing Architecture
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Wireline
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5G America White Paper
Network Slicing for 5G Network & Services

 Fronthaul is inside the RAN Slice between RRH and BBU or between RRH & DU and DU and CU(BBU)
 Backhaul is between RAN and Mobile Core Network or between RAN and Wireline Network for Wireline Services

Not yet clearly defined in 3GPP2 Splits might exist in reality
But not yet in 3GPP spec



5G E-2-E Network Slicing Examples
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 Each Slice has its own requirements and KPIs
 Transport Network shall have corresponding slice to meet the Mobile Slice E-2-E requirements and KPIs 

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

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



Network Slicing Architecture– Control & User Plane
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RAN

RAN

Transport
Network

 5G Network supports separation of Control Plane and User Plane
 Separate Transport Network for Control Plane and User Plane with different requirements and KPIs
 User Plane to Mobile Core Network for Mobile Services or to Wireline Network for Wireline Services

Wireline

Mobile



Network Slicing Architecture - Layers
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 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 Slices

5G America White Paper
Network Slicing for 5G Network & Services
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Slice to Resource 

API

RANRF

API

KPIsKPIs

KPIs

KPIs

KPIs

KPIs

KPIs

KPIs

KPIsKPIs

Network Slicing Architecture - Instances

 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
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Network Slicing Architecture - Transport

 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

MFH (lower split) MFH (higher split)MBHEthernet BH

eMBB

OTN

URLLC mIOT Carrier
Ethernet

Digital
Services

EthernetWDM IP
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Network Slicing - Services

Functional Split 2,3

Functional Split 4,5

Func. Split 6,7  

F. S.Lower Partial  Higher Partial

MFHRF

MBHBBU

BBU

BBU

BBURRU

RRU

RRU

RRU

UE

UE

UE

UE

M. Core

M. Core

M. Edge Core

M. Edge Core

Functional Split 2,3

Functional Split 4,5

Func. Split 6,7  

F. S.Lower Partial  Higher Partial

MFHRF

BBU

BBU

BBU

BBURRU

RRU

RRU

RRU

UE

UE

UE

UE

E-LINE, E-LAN (MEF)

IP VPN (MEF) 

Network App(MEF)

App (CORD)

MPLS/IP Service

NaaS

XaaS

Ethernet Service

Mobile
App

Slices

Functional Split 4,5

Func. Split 6,7  

MFHRF

BBU

BBURRU

RRU

UE

UE

Fog Computing

Cloud Storage Storage

Compute

“Wireline”
Service
Slices

IT
Slices

M2M

Mobile BB

Automobile

Vertical

Functional Splits options being discussed in 3GPP, only Option 2 is standardized today



MEF 22.2 Performance Tier (PT) objectives
One way CPOs across PT 1 (metro) for Point-to-Point Mobile Backhaul service

CoS Name 
Ingress 

Bandwidth 
Profile(2) 

One Way CPO for Mobile Backhaul Service {S, CoS ID, PT} 

FD MFD IFDV FDR FLR A L B FPP CPM 

Very High 
(H+) 

CIR>0 
EIR=0 ≤10 ms ≤7 ms N/S AFDR ≤.01 % 

(i.e., 10-4) ≥ AAvail ≤AHLI ≤ ACHLI (3) (4) 

High 
(H) 

CIR>0 
EIR0 ≤10 ms ≤7 ms ≤3 ms ≤5 ms ≤.01 % 

(i.e., 10-4) TBD TBD TBD (3) (4) 

Medium 
(M) 

CIR>0 
EIR0 ≤20 ms ≤13 ms ≤8 ms or 

N/S 
≤10 ms 
or N/S 

≤.01 % 
(i.e., 10-4) TBD TBD TBD N/S N/S 

Low 
(L) 

CIR≥0 
EIR0(1) ≤37 ms ≤28 ms N/S N/S ≤.1 % 

(i.e., 10-3) TBD TBD TBD N/S N/S 

 

Network Slicing - KPIs

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



MEF 22.2 One Way CPO for Mobile Backhaul Service 
with Tight Radio Coordination  – constrained PT1 {S, CoS ID, PT} 

CoS Name 
Ingress 

Bandwidth 
Profile** 

One Way CPO for Mobile Backhaul Service with tight radio coordination {S, CoS ID, PT} 

FD MFD IFDV FDR FLR Availability L B 

High 
(H) 

CIR>0 
EIR0 ≤1 ms ≤0.7 ms ≤0.3 ms ≤0.5 ms ≤.01 % 

(i.e., 10-4) 
TBD 
≥AAvail 

TBD 
≥AHLI 

TBD 
≥ACHLI 

Medium 
(M) 

CIR>0 
EIR0 ≤2.9 ms ≤2 ms ≤0.9 ms or 

N/S 
≤1 ms or 

N/S 
≤.01 % 

(i.e., 10-4) 
TBD 
≥AAvail 

TBD 
≥AHLI 

TBD 
≥ACHLI 

Low 
(L) 

CIR≥0 
EIR0* ≤10 ms ≤8 ms ≤2.8 ms or 

N/S 
≤2.9 ms or 

N/S 
≤.1 % 

(i.e., 10-3) 
TBD 
≥AAvail 

TBD 
≥AHLI 

TBD 
≥ACHLI 

 

 

Network Slicing - KPIs

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



Synchronization
Network Slicing - KPIs

 Adding Slicing Layer

SyncE,IEEE1588v2
BITS, Stratum 3 Clock IEEE 1588v2 requires 1ns precision timing

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



Network Slicing Lifecycle Management 
Requirements

24

3GPP TR 28.801

 Mobile Network Slicing Lifecycle Management
 Instantiation/Configuration, Activation, Supervision, Reporting, Upgrade/Reconfiguration/Scaling, Deactivation, Termination

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



Network Slicing Reconfiguration
Requirements – Dynamic and On-Demand

25

 Mobile Network Reconfiguration needed as Applications and Traffic Pattern changes due to Event/Time
 Mobile Fronthaul Network Reconfiguration needed as RRH/BBU functional split adapted to Applications and 

Traffic Pattern Changes
 Network Slicing Reconfiguration can be dynamic and on-demand

Fronthaul
Network

RRUs

Software Defined Radio

Content
CachingvSGW vPGW‐DvBBU vMME

vPGW‐C

Mobile Edge 
Services

Disaggregated/Virtualized
RAN

Disaggregated/Virtualized
EPC

L3
L2
U-plane
L2
SchedulingL1
Phy

FR

L1
FFT

Programmable 
Fronthaul
Network

Programmable 
Functional Split
Asymmetric

SDN
VIrtuora
SDN

Controller

Mobile
Controller

RRUs

Software Defined Radio

Content
CachingvSGW vPGW‐DvBBU vMME

vPGW‐C

Mobile Edge 
Services

Disaggregated/Virtualized
RAN

Disaggregated/Virtualized
EPC

L3
L2
U-plane
L2
SchedulingL1
Phy

FR

L1
FFT

Programmable 
Functional Split
Asymmetric

SDN
VIrtuora

Transport
Controller
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Slice
Scale

mMTC

uRRLC

eMBB

Wireline

mMTC

uRRLC

eMBB

Wireline

mMTC

uRRLC

eMBB

Wireline

Time

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

 Each Network Slice can scale up & down dynamically and on-demand as Applications and Traffic Load changes
 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

 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
 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 (L0, L1, L2) or multiple layers (L0/1/2)

RRH vBBU (CU)UE
DU

Intermediate Split

Wireline
CORE

RF FronthaulFronthaul M.Backhaul

App

E.Backhaul

RAN

E.BackhaulE.Backhaul

Mobile
vCORE

UNI vUNIUNIUNI UNI

UNI

vUNIUNIv vUNI

UNI UNIUNI

UNIUNI

UNImUNI
ENNIENNI ENNI

UNI
ENNI ENNI

mUNI

Might exist in reality
But not yet in 3GPP spec



Classification
Marking

Policing Scheduling

• VLAN stacking, translation, 
swapping (QinQ, QinQinQ)
• L2/L3 aware Priority mapping 
• Two rate three color 
classification

• Strict Priority 
• Weighted Round Robin
• 8 Queues per Port
• Hierarchical Scheduling

• Policing based on EVC, P-bit, 
EVC+P-bit
• CIR/EIR
• Hierarchical Policing

Shaping

• Traffic Throttling
• Hierarchical Shaping

Network Slicing - Carrier Ethernet 

Congestion
Management

• Tail Drop
• Weighted Random 
Early Detection

28

CoS 7

CoS 0

CIR / EIR

CIR / EIR
CIR / EIR

CIR / EIR

CIR / EIR

CIR / EIR

CIR / EIR
CIR / EIR

CIR/EIR

Cluster 2/1

Q0

Q7

Q0

Q7

Q0

Q7

Cluster 1/1

Cluster 1/2
Or Tag Grouping

 Transport Slice – Carrier Ethernet Traffic Engineering Requirements – Adding Slice Layer



Classification
Marking

Policing Scheduling

• VLAN stacking, translation, 
swapping (QinQ, QinQinQ)
• L2/L3 aware Priority mapping 
• Two rate three color 
classification

• Strict Priority 
• Weighted Round Robin
• 8 Queues per Port
• Hierarchical Scheduling

• Policing based on EVC, P-bit, 
EVC+P-bit
• CIR/EIR
• Hierarchical Policing

Shaping

• Traffic Throttling
• Hierarchical Shaping

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

RFC2544, Y.1564 

SyncE,IEEE1588v2
BITS, Stratum 3 Clock

1:1 G.8031, P-2-P 1:1 & 0:N LAG
MC-LAG

G.8032 Ring

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

Network Slicing – Ethernet Services 
Congestion

Management

• Tail Drop
• Weighted Random 
Early Detection

29

 Adding Slice Service types (A group of EVCs ?)



Classification
Marking

Policing Scheduling

• VLAN stacking, translation, 
swapping (QinQ, QinQinQ)
• L2/L3 aware Priority mapping 
• Two rate three color 
classification

• Strict Priority 
• Weighted Round Robin
• 8 Queues per Port
• Hierarchical Scheduling

• Policing based on EVC, P-bit, 
EVC+P-bit
• CIR/EIR
• Hierarchical Policing

Shaping

• Traffic Throttling
• Hierarchical Shaping

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

RFC2544, Y.1564 

SyncE,IEEE1588v2
BITS, Stratum 3 Clock

1:1 G.8031, P-2-P 1:1 & 0:N LAG
MC-LAG

G.8032 Ring

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

Network Slicing – Ethernet OAM 
Congestion

Management

• Tail Drop
• Weighted Random 
Early Detection

30

 Transport Slice – Ethernet OAM – Adding Slice Layer (A group of EVCs?)



Classification
Marking

Policing Scheduling

• VLAN stacking, translation, 
swapping (QinQ, QinQinQ)
• L2/L3 aware Priority mapping 
• Two rate three color 
classification

• Strict Priority 
• Weighted Round Robin
• 8 Queues per Port
• Hierarchical Scheduling

• Policing based on EVC, P-bit, 
EVC+P-bit
• CIR/EIR
• Hierarchical Policing

Shaping

• Traffic Throttling
• Hierarchical Shaping

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

RFC2544, Y.1564 

SyncE,IEEE1588v2
BITS, Stratum 3 Clock

1:1 G.8031, P-2-P 1:1 & 0:N LAG
MC-LAG

G.8032 Ring

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

Network Slicing – Network Protection 
Congestion

Management

• Tail Drop
• Weighted Random 
Early Detection

31

 Transport Slice – Packet Network Protection Requirements – Adding Slice Layer 

Dual Homing Dual Node
Interworlking
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Network Slicing Mobile Protocol I/F Requirements
User Plane

3GPP TS 23.501

 User Plane -> PDU session/layer -> The PDU carried between UE and The DN (Data Network) 
 PDU session type – Ipv6 (IPv6 Packets), Ethernet (Ethernet Frames)
 PDU session multiplexing – Multiplexing traffic of different PDN sessions (possibly different session types)
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Network Slicing Mobile Protocol I/F Requirements
Control Plane

 Control Plane -> Control PDU session/layer -> The PDU carried to/from Control Plane – still being defined 
 Control PDU session type – Ipv6 (IPv6 Packets), Ethernet (Ethernet Frames)
 Control session multiplexing – Multiplexing traffic of different PDN sessions (possibly different session types)

3GPP TS 23.501


