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TEMARIO
MODULO 1

La evolución histórica de las redes móviles. 2G/3G/4G.

Rol de 3GPP en la standarización.

Redes 4: LTE y EPC. 

Conceptos heredados de LTE. Conceptos específicos de 5G.

MODULO 2

Motivadores para el despliegue de una red 5G. Por dónde empezar.

Concepto de Dual Connectivity.

Los terminales: Bandas, road map, chipsets. Impacto en la estrategia de despliegue.

La red de Acceso: Bandas, aspectos de propagación, ancho de banda.

El Núcleo: arquitectura a alto nivel.

MODULO 3

Arquitectura NSA. Visión de alto nivel.

Opciones de interconexión.

Planificación de red 5G inicial. Casos de uso.

DSS.Conceptos, posibles aplicaciones.

MODULO 4

Arquitectura SA. Visión de alto nivel. 

Principales Desafíos de SA..

Impacto de 5G en IMS y servicios de tiempo real.
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NR

LTE ePC

?

En acceso hay 

concurrencia de NR y LTE

DUAL

CONECTIVITY

DESAFÍOS INMEDIATOS, CONLLEVAN MAS FLEXIBILIDAD DE INTERCONEXIÓN ACCES-CORE

Ugrade de ePC

Nuevo Core para 5G
Concepto de NSA y SAEl CORE ePC (4G)

no admite NR

A diferencia de 4G, en las redes 5G, el acceso y el Core pueden evolucionar independientemente. Las 

estaciones 4G y 5G se conectan a cada Core respectivamente, sin embargo, con las adecuaciones 

necesarias, es posible utilizar ñDual Conectivityò para mejorar los tiempos de despliegue y utilizar 

infraestructura pre existente, permitiendo de ese modo una evolución mas suave.

En 5G aparecen además los conceptos de NSA y SA asociados a lo anterior

El modelo NSA, se basa en la dual connectivity y en el  Core ePC
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ARQUITECTURA STAND ALONE

CONSIDERACIONES SOBRE EL CORE 
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CONSIDERACIONES DE ALTO NIVEL  SOBRE LA CONEXIÓN AL CORE 

ESTRUCTURA 5G

STAND ALONE

NON STAND ALONE

NGC & NR

NGC &( NR / eLTE)

(dual connectivity)

EPC+ & (LTE / NR)

(dual connectivity

SA , podría considerarse como el modelo objetivo si no existiera LTE, sin embargo la convivencia con LTE implica retos
Standalone (SA) NR: In this phase, a full set of CP and Upnfunctionalities will be speciýed to fully exploit the 5G capabilities driven by the 

ITU targets. Furthermore,3GPP will also specify a new CN architecture for 5G enabling new features such as network slicing.With the 

completion of the second phase, NR will be able to operate with a full set of 5G capabilities without the need of the LTE co-existence. 

Modelo Puro: NR, modelo real: NR + eLTE

Unico Core: NGC

NSA, se apoya sobre el ePC pre-existente para lo cual, para poder interconectarse con NR se requieren adecuaciones (ePC+)
Non-Standalone (NSA) NR: During this phase, NR is expected to utilize the existing LTE Radio Access Network (RAN) and Core Network (CN) 

functionalities accordingly modiýed to handle the addition of a new 5G carrier targeting late 2018 (early 2019) NR NSA deployments. 

El modelo SA, se basa en una arquitectura nueva
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ROL DE EDGE COMPUTING 

Llevamos el Acceso al Core o el Core al Acceso?
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ESTRUCTURA DEL NGC- PUNTOS DE REFERENCIA 
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5G STANDALONE NETWORKING 

En un escenario de 5G networking, el core cambia

radicalmente si se lo compara con el EPC.

En la definición del NGC, el networking 5G

tiene las siguientes características:

Å La red usa tecnologías de virtualización NFV y SDN (también

Contenedores), para desacoplar las funciones lógicas de  HW

Å Basandose en la arquitectura EPC se hace una separación

profunda entre User plane y Control Plane

ÅDiseño modular de las funciones lógicas,

Implementando Ntework Slicing

PLANO DE CONTROL 
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ARQUITECTURA SA DE ALTO NIVEL 

No direct mapping as new 

functions have no equivalence in ePC

S6a Gx

Rx

PCRFHSS

MME SGw/
PGwCP

SGw/
PGwUP

S1 MME

S1 U SGI Data 
Network

LTE +  NR
RAN

S11
S5

EPC NAS

UE (R)AN UPF

AF

AMF SMF

PCF UDM

DNN6

NRFNEF

N3

N2 N4

AUSF

Nausf Namf Nsmf

NpcfNnrfNnef Nudm Naf

NSSF

Nnssf

UE

Split the CP and UP in PGw

Support of 5G data rate

Support of 5G RAT and suscription

Arquitectura SBA (Service Based Architecture)
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ENTIDADES DE NGC

AMF Access and Mobility Management Function. Which is an enhancement of the current MME able to 

perform dynamic selection of slicing and packet data gateway for use cases associated to MEC (mobile Edge 

Computing). 

SMF. Session Management Function. The PGW is split in UPF (user plane) and SMF (control plane). SMF 

will be able to perform dynamic UPF selection for supporting the MEC concept. 

NRF Network Repository Function. By adopting a service oriented architecture new discovery and 

authorization capability is required for the different module to access each other. 

AUSF Authentication Server Function. New authentication functions used in order to support non SIM 

based devices. 

NSSF. Network slicing function. Required in order to enhanced slice selection 

UDM Unified Data Management. Stores subscriber data and profiles. Similar to an HSS in 4G, but will be 

used for both fixed and mobile access in 5G Core. 

PCF Policy Control function.  Provides a policy framework incorporating network slicing, roaming and 

mobility management. Equivalent to PCRF in 4G 

UPF User plane Function. 

DN Data network.

SDSF: Structured Data Storage Network Function .

UDSF: Unstructured Data Storage network function.

UDM Unified Data Management.

AF Application Function.



CePETel SECRETARÍA TÉCNICA
Sindicato de los Profesionales

de las Telecomunicaciones Prof. José Luis Pellegrino

5G                                                                                                                           
José Pellegrino   

11

MAPEO DE FUNCIONES DE EPC A NGC
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MAPEO DE FUNCIONES DE EPC EN NGCN AL CORE
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PROTOCOLOS

SBA architecture is moving to a Service Oriented Architecture (SOA) approach where control 

functions will communicate via HTTP 2.0 and APIs based on YAML (Yet another marking Languaje) 

and JSON (Java Script Object Notation). 
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PROTOCOLOS

SBA architecture is moving to a Service Oriented Architecture (SOA) approach where control 

functions will communicate via HTTP 2.0 and APIs based on YAML (Yet another marking Languaje) 

and Json (Java Script Object Notation). 

SBA Protocols: Are based on RESTFUL 

(Representational state transfer) APIS. Transport is still

TCP.

QUIC (Quick UDP Internet Connections) usage is left

for study in Rel 16.



CePETel SECRETARÍA TÉCNICA
Sindicato de los Profesionales

de las Telecomunicaciones Prof. José Luis Pellegrino

5G                                                                                                                           
José Pellegrino   

15

PROTOCOLOS 

NAS PROTOCOLS: NAS handles the UE access to the network 

UE

UE eNB

C N
(MME)

NAS

AS

UE

UE NR

C N
(AMF)

NAS

AS

NAS over EAP-5G

NAS over PPOE

NAS over IP

C N
(SMF)
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PROTOCOLOS

N4 protocols. N4 is the interface binding the control plane and user plane of the 5G packet gateway. 

3GPP defines the usage of the Packet Forwarding Control Protocol (PFCP) for the communication 

between the control and user plane elements affected by CUPS (Control and User Plane Separation).

In addition, it is planned to reuse PFCP, with some enhancements, in the interface N4. The user plane is 

done via extension of GTP U (over UDP). 

SMF 

UPF
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5G SYSTEM (5GS)

Å Storage of subscriber data

Å Registration &authentication

Å Mobiliy Management

Å Reachability Mgmnt

Å Session Management

Å Policy Control

Å Capabilities Exposure (to DNs)

Å User Data Transfer

Å New Radio (NR)

Å Combined NR and LTE

- non.-standalone NR

- Initially with EPC

Å LTE (evolved)

Å é.combined with WIFI

Å Non-3GPP access

- un-trusted non 3GPP access

- eg. Home WIFI and fixed BB

NSSF     UDM         NEFgNB

gNB

AP

AMF         SMF        PCF

APUE

UE

UE
AF

AF

AF

IMS

INTERNET

INTRANET

UE                        ACCESS  NETWORK                          5G CORE NETWORK (5GC)       DATA NETWOK

NG-RAN

NON-3GPP Access Network
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5G SYSTEM (5GS)

Å Storage of subscriber data

Å Registration &authentication

Å Mobiliy Management

Å Reachability Mgmnt

Å Session Management

Å Policy Control

Å Capabilities Exposure (to DNs)

Å User Data Transfer

Å New Radio (NR)

Å Combined NR and LTE

- non.-standalone NR

- Initially with EPC

Å LTE (evolved)

Å é.combined with WIFI

Å Non-3GPP access

- un-trusted non 3GPP access

- eg. Home WIFI and fixed BB

NSSF     UDM         NEFgNB

gNB

AP

AMF         SMF        PCF

APUE

UE

UE
AF

AF

AF

IMS

INTERNET

INTRANET

UE                        ACCESS  NETWORK                          5G CORE NETWORK (5GC)       DATA NETWOK

NG-RAN

NON-3GPP Access Network

Å Smartphones

Å Pads/tables

Å ñThingsò/Gateways

Å ñ5G Routerò (FWA)

Smartphones

Å Very mobile

Å Lots of data

Å eMBB

Meters

Å Stationary

Å Not much data

Å mMTC

Vehicle to X

Å May be critical

Å Possible D2D

Å URLLC
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5G SYSTEM (5GS)

Å Storage of subscriber data

Å Registration &authentication

Å Mobiliy Management

Å Reachability Mgmnt

Å Session Management

Å Policy Control

Å Capabilities Exposure (to DNs)

Å User Data Transfer

Å New Radio (NR)

Å Combined NR and LTE

- non.-standalone NR

- Initially with EPC

Å LTE (evolved)

Å é.combined with WIFI

Å Non-3GPP access

- un-trusted non 3GPP access

- eg. Home WIFI and fixed BB

NSSF     UDM         NEFgNB

gNB

AP

AMF         SMF        PCF

APUE

UE

UE
AF

AF

AF

IMS

INTERNET

INTRANET

UE                        ACCESS  NETWORK                          5G CORE NETWORK (5GC)       DATA NETWOK

NG-RAN

NON-3GPP Access Network

NG-RAN

Features

Å New frecuency spectrum

-Traditional fq ranges (<6 GHz)

- High: 6- 100 GHz fq-bands

Å Use of nunicensed spectrum (LAA)

Å New Radio (NR), still OFDM

Å Carrier Aggregation, Massive MIMO

Å Tight integration with  E-UTRA (e.g Dual Connectivity)

Å Integration with WIFI  (LWA)
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5G SYSTEM (5GS)

Å Storage of subscriber data

Å Registration &authentication

Å Mobiliy Management

Å Reachability Mgmnt

Å Session Management

Å Policy Control

Å Capabilities Exposure (to DNs)

Å User Data Transfer

Å New Radio (NR)

Å Combined NR and LTE

- non.-standalone NR

- Initially with EPC

Å LTE (evolved)

Å é.combined with WIFI

Å Non-3GPP access

- un-trusted non 3GPP access

- eg. Home WIFI and fixed BB

NSSF     UDM         NEFgNB

gNB

AP

AMF         SMF        PCF

APUE

UE

UE
AF

AF

AF

IMS

INTERNET

INTRANET

UE                        ACCESS  NETWORK                          5G CORE NETWORK (5GC)       DATA NETWOK

NG-RAN

NON-3GPP Access Network

5G Core

Features

Å VNFs in Central and Distributed Data Centers

Å Clear Separation of CP and UP functions (CUPS)

Å Closer integration with Network possible

Å More flexibe UP paths

Å Service-Based architecture
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5G SYSTEM (5GS)

Å Storage of subscriber data

Å Registration &authentication

Å Mobiliy Management

Å Reachability Mgmnt

Å Session Management

Å Policy Control

Å Capabilities Exposure (to DNs)

Å User Data Transfer

Å New Radio (NR)

Å Combined NR and LTE

- non.-standalone NR

- Initially with EPC

Å LTE (evolved)

Å é.combined with WIFI

Å Non-3GPP access

- un-trusted non 3GPP access

- eg. Home WIFI and fixed BB

NSSF     UDM         NEFgNB

gNB

AP

AMF         SMF        PCF

APUE

UE

UE
AF

AF

AF

IMS

INTERNET

INTRANET

UE                        ACCESS  NETWORK                          5G CORE NETWORK (5GC)       DATA NETWOK

NG-RAN

NON-3GPP Access Network

5G System

Features

Å Network Function Virtualization (NFV)

Å Software-Defined Networking (SDN)

Å Network Slicing (using NFV and SDN)

Å Multi-Access Edge Computing (MEC)

Å Automation and Orchestation

Å Support  for (enhanced) MBMS

Å For IPV4 , IPV6, Ethernet, and 

ñunstructuredò traffic
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5G  USER PLANE PROTOCOL STACK

La interfaz F1 es un caso especial no siempre implementado
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5G CORE NETWORK PROTOCOLS- 3GPP EVOLUTION

La interfaz F1 es un caso especial no siempre implementado

Stack SN7 IP based

ISUP/MAP/INAP
TCAP

SCCP

MTP3

MTP2
MTP1

DIAMETER /HTTP2

SCTP/ TCP

IP

ENLACE
FÍSICA

SEÑALIZ APP

TRANSPORTE

RED

ENLACE
FÍSICA

IP based

Stack SN7 
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IDENTIDADES- SUPI AND GPSI

SUPI

Subscription Permanent Identifier

Å Identidad única Global para cada subscriber 5G

Å Solo usado dentro de sistemas 3GPP

Å Contiene dirección de la red home

Ejemplos de formatos

Å IMSI

Å NAI (basado en IMSI)

IMSI@operator.com

GPSI

Generic Public Subscription Identifier

Subscription Permanent Identifier

Å Identidad de subscripción 5G, usada fuera de 

sistemas 3GPP. 

Å También pued ser usado dentro de sistemas

3GPP

Ejemplos de formatos

ÅMSISDN

Å Identificar externo)

username@realm

Para interworking con el EPC, SUPI debe estar basado en IMSI

SUCI

Subscription Concealed Identifier

Å Versón ñsecretaò de SUPI, creada por el UE o USIM

Å Identidad única Global para cada subscriber 5G

Å El UDM hace la traducción entre SUCI y SUPI

El propio sistema 3GPP traduce 

entre SUPI y GPSI
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UDR- USER DATA REPOSITORY

UDM

PCF

NEF

Data Access 

Provider

Supcription

Data

Policy Data

Structure Data 

for Exposure

Application

Data

Nudr

Ref.: TS.23.501
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SERVICE-BASED ARCHITECTURE

Ref.:

TS.23.501

TS.23.502

TS.29.500

TS.33.501

NSSF          NEF          NRF           PCF         UDM           UDR        SMSF         AUSF       5G-EIR          AF

Namf Nsmf

AMF                            SMF

RAN                             UPF 

N1          N2                                N4

Uu N3                            N6

UE

AN: Access Network

AF: Application Function

UE: User Equipement

AMF: Access  Management Function

RAN: Radio Access Network

PCF: Policy Control Function

UE: User Equipement

SMF: Session Management Function

NEF: Network Exposure Function

NRF: NF Repository Function

NF: Network Function
AUSF: Authentication Server Function.

EIR: Equipment Identity Register

IMEI: International Mobile Equipment Identity

PEI: Permanent Equipment Identifier

RAT: Rado Access Technology

UDM: User Data Management}

UDR: User Data Repository

NSSF: Network Slice Selection Function

UDSF: Un structured Data Storage Function

UPF: User Plane Function

Las funciones del Control Plane (C) en el Sistema 5G son basadas en SBA.

Cada funcionalidad del sistema es llevada a cabo por una serie de NF que proveen servicios a otras NFs

autorizadas a acceder a sus servicios
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SERVICE-BASED ARCHITECTURE

NSSF          NEF          NRF           PCF         UDM           UDR        SMSF         AUSF       5G-EIR          AF

Namf Nsmf

AMF                            SMF

RAN                             UPF 

N1          N2                                N4

Uu N3                            N6

UE

Una NF es un tipo de capacidad expuesta por un  NF Service Producer a otra NF autorizada, llamada

NF Service Consumer, a traves de una Service Based Interface  

Un NF Service puede soportar uno o mas NF Service Operation(s).
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USO DE HTTPV2 EN SERVICE-BASED ARCHITECTURE

NSSF          NEF          NRF           PCF         UDM           UDR        SMSF         AUSF       5G-EIR          AF

Namf Nsmf

AMF                            SMF
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REQUEST-REPLAY    VS     SUSCRIBE-NOTIFY

NF Service A1

Consumer

NF Service  B1

Producer

NF Service A1

Producer

NF Service B1

Consumer

Puedes Hacer X? Hecho X!!

Avisar cuando

ocurre evento Y  !!

Request

Replay

Suscribe

Notify
Ahora ha ocurrido

evento Y  !!

NF A NF B
Service-Based Interface (SBI)

NF Service Operation
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EJEMPLO- AUTENTICACIÓN DEL UE

AMF AUSF UDM

Nausf_UEAuthetication_Authenticate Request
Request ID, SUPI (IMSI)

Nudm_Authetication_Get Request

Nudm_Authetication_Get Response

Authentication info

NF Service
NF Service
Operation

Nausf_UEAuthetication_Authenticate Response
Authentication Result, Security Keys material



CePETel SECRETARÍA TÉCNICA
Sindicato de los Profesionales

de las Telecomunicaciones Prof. José Luis Pellegrino
5G                                                                                                                           
José Pellegrino   

31

ALGUNOS PROCEDIMIENTOS DE 

CONTROL EN LTE Y 5G

Muchos procedimientos definidos en LTE siguen siendo válidos en 5G
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CONTROL PROTOCOLS

AS &NAS

Control Plane of the Access Stratum (AS) handles radio specific

functionalities. 

UE

UE eNB

C N
NAS

AS

The AS interacts with the Non-Access Stratum (NAS), 

also referred to as the óupper layersô. 

-Public Land Mobile Network (PLMN) selection

-tracking area update

-Paging

-Authentication

-Evolved Packet System (EPS) bearer establishment, 

modification and release.

The applicable AS-related procedures largely depend on the Radio Resource 

Control (RRC) state of the User Equipment (UE).

-RRC_IDLE

-RRC_CONNECTED.

RADIO

CAPAS SUPERIORES

eNB

AL REFERIRNOS A RADIO: RRC
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CONTROL PROTOCOLS RRC State

UE eNBAS

UE in RRC_IDLE.

Cell selection and reselection.

The cell (re)selection process takes into account the priority of each 

applicable frequency of each applicable Radio Access Technology (RAT), 

the radio link quality and the cell status (i.e. whether a cell is barred or 

reserved).

An RRC_IDLE UE monitors a paging channel to detect incoming calls, and also 

acquires system information.

The System Information (SI) mainly consists of parameters by which the network 

(EUTRAN) can control the cell (re)selection process.

UE In RRC_CONNECTED.

E-UTRAN allocates radio resources to the UE to facilitate the transfer of (unicast) data via shared data channels 

(PDSCH). 

To support this operation, the UE monitors an associated control channel (PDCCH) used to indicate the dynamic 

allocation of the shared transmission resources in time and frequency. 

The UE provides the network with reports of its buffer status and of the downlink channel quality, as well as 

neighbouring cell measurement information to enable E-UTRAN to select the most appropriate cell for the UE. 

These measurement reports include cells using other frequencies or RATs. 

The UE also receives SI, consisting mainly of information required to use the transmission channels. To extend

its battery lifetime, a UE in RRC_CONNECTED may be configured with a Discontinuous Reception (DRX) cycle.

RADIO

SI: System Information

SIB: System Information 

Blocks
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CONTROL PROTOCOLS

RRC 

UE eNBAS

RRC Ą E-UTRAN-Ącontrols the UE behaviour in RRC_CONNECTED.

RRC also includes the control signalling applicable for a UE in RRC_IDLE, 

namely paging and SI. 

Functionality related to Multimedia Broadcast/Multicast Services (MBMSs) are 

also related to RRC.

RADIO

SI: System Information

SIB: System Information 

Blocks

The RRC protocol supports the transfer of common NAS information (i.e. NAS 

information which is applicable to all UEs) as well as dedicated NAS information 

(which is applicable only to a specific UE).

In addition, for UEs in RRC_IDLE, RRC supports notification of incoming calls

(via paging).
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CONTROL PROTOCOLS
RRC (CP) FUNCTIONAL AREAS 

UE eNBAS

System information handles the broadcasting of SI, which includes NAS common

information. Some of the system information is applicable only for UEs in 

RRC_IDLE while other SI is also applicable for UEs in RRC_CONNECTED.

RADIO

SI: System Information

SIB: System Information 

Blocks

RRC connection control covers all procedures related to the establishment, 

modification and release of an RRC connection, including paging, initial security 

activation, establishment of Signalling Radio Bearers (SRBs) and of radio bearers 

carrying user data (Data Radio Bearers, DRBs), handover within LTE (including 

transfer of UE RRC context information), configuration of the lower protocol 

layers, access class barring and radio link failure.

Network controlled inter-RAT mobility includes handover, cell change orders and redirection upon connection 

release, security activation and transfer of UE RRC context information.

Measurement configuration and reporting for intra-frequency, inter-frequency and inter-RAT mobility, includes 

configuration and activation of measurement gaps.

Miscellaneous functions including, for example, transfer of dedicated NAS information and transfer of UE radio 

access capability information.


