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5G PROMISES

Reliability
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INITIAL SOUTH KOREA EXPERIENCE

77% of Global 5G PHY Deployments are in South Korea
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5G IS DIFFERENT

IT IS MAINLY AN ENABLER FOR TELCO TRANSFORMATION



TELCO TRANSFORMATION & THE EDGE
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CELLULAR NETWORKS TODAY
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WHY WE NEED TRANSFORMATION

D

WORLWIDE
MOBILE
SUBSCRIPTIONS

CAGR: 2%

2017:7.8B
2023: 8.8B

d

WORLWIDE
TOTAL MONTHLY
MOBILE DATA TRAFFIC

CAGR: 38%

2017: 15EB
2023: 105EB

ANNUAL REVENUE
PER USER

LTE 5G
CAGR: -11% CAGR: -16% (5G)

2017: 520 2020: $50
2023: 510 2023: $30
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HORIZONTAL DISAGGREGATION

VoLTE, Broadband,
Streaming, etc. APPS

CONTROL PLANE
3GPP CUPS

(Release 14)
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Core Network
Control Plane

Core Network
User Plane

Control Signals
To/From
Mobile Devices

HOW ABOUT THE RAN?

Functional Disaggregation

RAN Near-Real Time Control

(Radio Resource Control - RRC)

RAN Real TirEle Control

B

B

Scheduling

D/A

MAC Conversion

Packel Data Medium Access Control Physical Layer

Convergen(e Protocol

Radio Link Control

Other Carrier Frequencies
For Multiple Carrier Transmissions

Other Base Stations / Access Points
For Handovers or Link Aggregation

Front End




Core Network
Control Plane

Core Network
User Plane

HOW ABOUT THE RAN?

Functional Disaggregation

Loz dr RAN Near-Real Time Control

Forwarding

RAN Real TirEle Control
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Scheduling D/A
MAC Conversion

Front End

Packet Data Radio Link Control Medium Access Control Physical Layer
Convergen(e Protocol

Other Base Stations / Access Points Other Carrier Frequencies
For Handovers or Link Aggregation For Multiple Carrier Transmissions



HOW ABOUT THE RAN?

RAN Near-Real Time Control
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HOW ABOUT THE RAN?

SD-RAN CONTROLLER
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HOW ABOUT THE RAN?

Virtualization of the Spectrum Resource

SD-RAN CONTROLLER
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NEW BUSINESS VERTICALS

Necessary Resources for Low Latency, Mission Critical Services, Localized Traffic,...
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NEW BUSINESS VERTICALS

Network Slicing: Dedicated Resources for Different Use Cases
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NEW BUSINESS VERTICALS

Network Slicing: Dedicated Resources for Different Use Cases
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SOFTWARE-DEFINED CONTROL
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AUTOMATION & ORCHESTRATION
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TELECOM OPERATORS USE ADDITIONAL ACCESS
TECHNOLOGIES TO PROVIDE CONNECTIVITY
FOR THEIR SUBSCRIBERS



COMAC
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CONVERGENCE/CO-EXISTENCE AT THE EDGE




CELLULAR AND BROADBAND ACCESS
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COMAC

Builds on RAN Disaggregation
RU and DU are distributed, CU is centralized, further CUPS disaggregated

Builds on CORE CUPS Disaggregation
UPF and disaggregated core control plane VNFS

3GPP CORE

3GPP RAN CU CUPF + CCPFS

Converged User Plane Function & Converged Control Plane Functions

SEBA BNG

Builds on BNG CUPS Disaggregation
BNG UP and disaggregated core control plane VNFS




COMAC

Supporting Operators
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COMAC

Describing Access and Core
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COMAC

Disaggregate First

Cellular Network
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Disaggregate First
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Disaggregate First PCRE
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COMAC

Disaggregate First
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COMAC

Disaggregate First
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COMAC

Disaggregate First

Address Sub Ste Service
Mat Mgt Access AAA Ctrl
g Mgt

BNG-C
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COMAC

Programmable Access

Address Sub A(S:g:ss AAA Service
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Cellular Network
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Co-Existence
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USER PLANE CONVERGENCE
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PA4-BASED USER PLANE CONVERGENCE
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CONTROL PLANE CONVERGENCE
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OMEC
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OPEN SOURCE MOBILE CORE




OMEC

Ecosystem
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OMEC COMPONENTS

MME:  Mobility Management Engine (Control)
) HSS: Home Subscriber Services (Authentication)
Mobile Network Core or PCRF:  Policy and Charging Rules Function
Evolved Packet Core (EPC) SGW-C: Service Gateway Control
SGW-U: Serving Gateway User
PGW-C: Packet Gateway Control
Policy Charging Offline Charging PGW-U: Packet Gateway User
Rules Function Service Subscriber Datab
(PCRF) (OFCs) ubscriber Database
FPC: Forwarding Policy Control (IETF)
SDN: Software Defined Network Controller
OFCS:  Offline Charging Service
CTF: Charge Trigger Function
CDF: Charge Data Function
VNF: Virtual Network Function

Home Subscription
Server

Subscriber Data

(HSS) Base

Mobility Management Service Gateway
Entity Control
(MME) (SGW-C)

Packet Gateway
Control
(PGW-C)

TS Forwarding Policy Control (FPC) SDN SGX Billing SGX enabled
g “‘ (( )) Controller Router / Secure and Auditable Billing
Access
Service Gateway Packet Gateway
NEtWOI'k User Data User Data
0 (SGW-U) (PGW-U)
000
()

Includes fully secured, scalable and auditable Intel Secure Guard Extensions (SGX) based
integrated billing record processing.
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RELEASE CODE OVERVIEW

* The open source code provides an end-to-end comprehensive 3GPP core
infrastructure:

— Fully secured distributed Xeon E3 based SGX enabled billing system, automated, real
time billing data collection and storage.

— SGX based secured, auditable mutual attestation. Guaranteed confidentiality and
integrity of Charge Data Records (CDRs)

— 1x Frame of Capacity= 13+ VNFs handling 250K Flows, 1000TPS, 2MPPS == ~100
CPU Cores, 256GB, 1TB HDD, 8x 10GbE

— Cross platform deployment orchestration, provisioning and network configuration
tools ready- KVM, AWS, Docker, K8, etc.
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COMPONENTS

13 VNFs
* Mobility Management Entity (MME) * Charge Data Function (CDF)
* Home Subscription Server (HSS) * Charge Trigger Function (CTF)

Database (DB)
Serving Gateway Control (SGW-C)

Intel® Secure Guard Extensions CDR
Dealers-In (SGX-DLR-IN)

Intel® SGX Dealer-Out (SGX-DLR-OUT)
Intel® SGX Key-store (SGX-KMS)
CDR-ROUTER

Serving Gateway User Plane (SGW-U)
Packet Gateway Control (PGW-C)
Packet Gateway User Plane (PGW-U)
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2019 PLANS

* Necessary code enhancements & hardening for field trials towards production
network deployments:

— Sprint: loT Use Case
— DT: Fixed Mobile Substitution Use Case
* Relevant Enhancements:
— MME hardening
— User Level Packet Copying for LI
— Support of multiple APNs
— Sx interface
— Further logging, statistics and CLI support




COMAC CO-EXISTENCE DEMO AT MWC 2019
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MW(C 2019 DEMO FEATURES

COMAC-Ready Platform: Multi-Access Support with SDN-
Programmable Access

Multi-Cloud Connectivity Supporting Distributed Mobile Core
Service Core

OMEC: Production grade, open source, CUPS compliant 3GPP
core with SR-IOV accelerated user plane

OTT Services Support allowing for multi-cloud distribution of
service components

ONAP Integration Allowing for Global Design and Edge
Execution of Programmatic RAN Slicing




MWC 2019 DEMO PARTICIPANTS & SPONSORS




MWC 2019 DEMO INFRASTRUCTURE
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ZERO-TOUCH DEMO SOFTWARE INSTALLATION
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# QuickTime layer File Edit View Window

ashboar > =+ [N ] 13 Grafana - Traffic x -+
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4 pockets transmitted, 4 received, @K packet loss, time 3004ms

20 K8le A0KE/s ;
a rtt min/ovg/ma/ndev = 38.417/31, 898/35, 168/1,9% ms
4 10k 2ok rootseba-client:~# wpa_supplicant ~i ethl -Dwired ~¢ /etc/mpa_supplic
ant-/wpa_supplicant. conf
& 08/s 08/ i L Successfully initialized wpa_supplicant
b g ethl: Associated with 1:80:c2:09:08:03
10 kB/s 20k8/a WM AC: Missing IEs
ma 0134 mss o o 0133 oL 0135 0136 0187 ethl: CTRL-EVENT-EAP-STARTED EAP authentication started
o e | o wg  cu  ethl: CTRL-EVENT-EAP-PROPOSED-METHID vendor=d mothodet
. teensifl 27348/ 37AkB/s 285K — tcsghnet 0B/s T7I5KB/s 228kBis E::i‘- ﬂt'ﬂ'xmsﬁp‘*“ﬁ: : "‘E:'_'-‘“ 2 U‘_l’szed““‘tm -
a ethl: CTRL-EVENT-EAP- authentication completed successfully
- b i i Al i iy i i Alethl: CTRL-EVENT-DISCONNECTED bssic=1:89:c2:08:00:83 reason=3 local
bocalbSastsdiSed  S73B/s  637B/s 598 — ncethd 0B/s 0B/ 0Bs 0

ly_generated=1
ethl: CTRL-EVENT-TERMINATING
root@sebo-client:-# dhclient ethl
RTNETLINK answers: File exists
E portal.api.si root@sebo-client:~# ping 8.8.8.8

PING 8.8.8.8 (8.8.8.8) S6(84) bytes of data,
64 bytes from 8.8.8.8: iomp_seqel tEl=118 time=30.1 ms
impledemo.onap.org:... 64 bytes from 8.8.8.8: iowp_seq=2 tt1-118 time-35.8 ms
64 bytes from 8,8.8.8; iowp_seq=d tt1=118 time=32.0 ms
64 bytes from 8.8.8.8: icmp_seqed tt1=118 times31.5 ms
- 64 bytes from 8.8.8.8: iowp_seq=5 tt1=118 time-30.1 ms
QDNAP Portal  Manage  Support m g Demo 64 bytes from B.8.8.8: iow_seqe6 tt1=118 time=33,6 ms
64 bytes from 8,8,8.8: iowp_seqs? t£1=118 times31.4 ms
A~

Hetwork
MofiaE i

R - 8.8.8.8 ping stotistics —
NETSIA  Profles  elodsd  Usem 7 pockets tronsmitted, 7 received, 8K packet loss, time 6087ms

rtt min/ovg/movindey = 38.193/31.568/35. 014/1,559 ms
rootéseba-client:—# wpa_supplicant -1 ethl -Dwired - /etc/wpa_supplic
ant/wpa_suppli cant. conf

Successfully initialized wpa_supplicant

ethl: Associated with 01:80:c2:00:00:03

WM AC: Missing TEs

etiil: CTRL-EVENT-EAP-STARTED EAP authentication started

ethl: CTRL-EVENT-EAP-PROPOSED-METHOD vendor=9) method—%

ethl: CTRL-EVENT-EAP-METHOD EAP vendor @ method 4 (MDS) selected
ethl: CTRL-EVENT-EAP-SUCCESS EAP authentication completed successfully
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