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5G Journey 
2014 2020

Flexible numerology

Flexible frame structure

mmWave

Massive MIMO

URLLC

TSN

IAB

NR-U

NR V2X

Positioning

NTN

Main theme: eMBB and Verticals

Service based architecture

SA, NSA deployment options

CU-DU split

CP-UP split

Network slicing

Wireless-wireline convergence

Non public network

ATSSS

Edge computing

Source: https://www.etsi.org/technologies/5g
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Challenge #1: Computing scaling is 0ften I/O bounded
Intra data center

Inter data center
Device to cloudDevice to device

Expectation

Reality

Number of computing units

Processing speed
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Communication to address computing scaling issue

0.001

0.01

0.1

1

10

100

1000

10000

200220032004200520062007200820092010201120122013201420152016201720182019202020212022

Wireless Ethernet Optical PCIe On-die Interconnect

Benchmark with communications for on-die inter-connect

G
B

/s

1000X Gap

4

Years



Challenge #2: Network complexity is ever increasing 

Cell density increases as 
carrier frequency increase 

Large number of 
bands/band combinations

Diverse types of links, traffics, 
services, network nodes/devices, 

interference scenarios

* As of July 2018

2 GHz 4 GHz 30 GHz

800m @ 20MHz BW

500m @ 100MHz BW

300m @ 800MHz BW

* Assume NLOS channel 

Cell radius

# of bands/band 
combinations

LTE 1713

5G NR 1802
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Computing to address communication challenges

AI/ML can be used to address 
communication problems of high complexity 

Conventional 
methods

AI-based methods
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AI domain 

https://www.nsf.gov/pubs/2019/nsf19591/nsf19591.htm

https://www.nsf.gov/pubs/2019/nsf19591/nsf19591.htm


Challenge #3: cost-efficient network and device for verticals
3GPP 
WI/SIs
related to 
verticals

RAN1: URLLC, V2X, NTN, LTE-M, NB-IOT
RAN2: IIoT
SA1:CAV, UAS, 5GS, 5GS-vertical, EAV, eCAV, AVPROD, 5GLAN,
5GMSG, FRMCS2, MARCOM, 5GSAT, MED, Asset Tracking
SA2: Vertical_LAN, eV2XARC, CIoT_5G, 5G_URLLC, 5WWC, FS_eNPN,
FS_5WWC_Ph2, FS_IIoT, FS_5G_AIS, FS_5G_ProSe, FS_ID-UAS,
FS_5GSAT_ARCH, FS_eV2XARC_Ph2, FS_5GLAN_enh

Industrial 
forums

5G ACIA, 5GAA, AECC, AVCC, etc. 

NetworkDevice

Device 
Cat 1

Device 
Cat 2

Device 
Cat 3

Device 
Cat N

Network
Cat 1

Network
Cat 2

Network
Cat 3

Network
Cat N

eMBB

Vertical … …

Source: 5G ACIA white paper
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Challenge #4: data integrity and data sharing across 
security domains
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Data uploading

Network of MNO 1 Network of MNO 2

Data sharing

Data downloading



Tacklıng these challenges
requıres a systems vıew



Fundamental capabilities needed in the next Gen
Data

Computing Communication

Scalable

Secure

Efficient

Communication for Computing

Computing for communication

Keep improving in comm KPIs
10x-100x improvement across 
access network and backbone 

network

Security, privacy, 
data integrity

Cost efficient network and 
device scaling
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Intelligent, Flexible and Programmable Network

architecture for 
Flexibility 

New Architecture For
“Data Efficiency”

• Computing as network  
resource

• Computing in CN, RAN, 
moving nodes and devices

• Ad-hoc networking and 
group maintenance

• Autonomous network 
management and 
optimization

DNCNRANUE

UE

Architecture for 
service

• Serviced based RAN/CN 
architecture with function 
exposure

• Programmability inherent in 
and supported by network

CP 
NF 1

CP 
NF 2

UP 
NF 1

UP 
NF 2

UP 
NF 3

MP 
NF 1

MP 
NF 2

UP 
NF 4

NFE



Air interface with embedded Computing

Air interface
for Computing

• Workload distribution and 
migration in radio CP/UP

• Extending Mgmt Plane for 
e2e orchestration

Air interface
Powered by computing

• Performance enhancement 
to existing solutions

• Higher-dimension new types 
of radio link design

Conventional 
methods

AI-based methods

AI domain 

C
o

st
# of Dimensions 

Control Plane  - Radio Resources

Computing Resources

User Plane  - User Payload

Workload Migration

Expanded Management Plane

air interface
for opportunistic access

• Fast link establishment 
(session-based or session-less) 

• System framework for capacity 
and coverage layers



Efficient Device, Network and Computing Scaling

Summable Air Interface
for Device Scaling

Next GEN Performance
Optical and Wireless Network 

Scalable Network Types
for Dedicated Networks

• Low complexity overhead 
channels for simple networks

• Potentially mobile node-
centric overhead channels

• Enable low-volume and/or 
low-end applications

• Open mobile node/device 
functional architecture

• 10x KPI improvement in access 
and backbone networks

• Computing scaling with new 
Data + Computing + 
Communication models

Type 1 Type 2 Type N
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Security, privacy and Data integrity

Localized data sharing/usage and 
federated learning for privacy

Trusted data sharing across 
security domains

Security imposed in all 
layers

• Security in platform, network 
and application

• Security solution with 
scalability as one key target

• Locally share, process, and 
distribute data 

• Federated learning with data 
preprocessing at the source

• Incorporate Blockchain
technology in the RAN and CN

• Enable cross security domains 
data sharing 

Platform Security

Network Security

Application Security

In device In network



We Need to Create New Fundamentals

algorithms

capabilities

Protocols

Air interface
Architecture

services
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