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Evolution of Wireless Communication

Mobile Internet
connect to the internet
anytime anywhere

Immersive Internet
virtual world
augments the real
world seamlessly

Wireless Telephony
connect people around
the world anytime

5G NR
LTE-A
anywhere LTE 1Gbps 2020
2010 Capacity
HSPA AP Latency
UMTS  42Mbps A\ hitecture Efficiency
2003 Efficiency >1Gbps
Data/PS 300Mbps
Multimedia
2Mbps

a The way we interact and connect with each other has evolved. It's
%82!2%9 richer and more immersive, as video has become an increasingly
9.6kbps important medium we use to enhance our conversations. The
emergence of 4K Ultra High-Definition, 360-degree video, and
virtual reality has dramatically widened and deepened our vantage
points. These trends in how we consume and create content, in
how we communicate and interact, reflect what we at Intel call
the immersive internet. - Navin Shenoy, EVP Intel DCG
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Immersive Media Content Creation and Consumption

Immersive Media Capture: Immersive Media Consumption:

360° Video, 3DoF+, 6 DoF « E2E latency down to 20ms 360 VR, LF Display
« Higher demands on concurrency,

continuity and interactivity

Visuals
So vibras re eventually
indistingui the real world

Interactions

So intuitive that they
become second natun

Video Type Bit rate Basic VR Ideal VR Ultimate l‘-ll
VR
SD 1.5Mbps Resolu- Full-view | Full-view | Full-view Sounds
HD, 1080p30 SMbps tion 8K 2D 12K 2D 24K 2D bt
Bit rate 64Mbps 279Mbps 3.29Gbps . .
UHD,4kp24/30 | 15Mbps - - - - Stereoscopic display,
Networ| 100Mbps 418Mbps 2.35Gbps H H H
BW (Fov) high pixel quantity and
UHD,4kp60 25Mby i
P - Network 30ms 20ms 10ms ql’!a'“ty’ broad FOV’
Multiple cameras UHD.4kp150 | 60Mbps RTT mlnlmal_latency_, natural
; : ’ Network | 1.5E-5 1.9E-6 5.5E-8 Ul, precise motion
high resolution UHD,8kp60 100Mbps | | Pkt Loss tracking

*Huawei VR Big Data Report 2016




MPEG Video Compression

Immersive experience

= Multiple cameras and at higher view resolutions
= HD- 1080p full HD-> 4K/8K UHD

= Multiple and bigger displays
= 360 degree video, 3DoF+, 6DoF, VR/AR

Coding efficiency

= Each new generation of video compression standard
doubles the coding efficiency compared to its
predecessor

Codec complexity

= As aresult of increased coding efficiency, video codecs
are becoming increasingly complex

= Increased the use of parallel processing architectures.

MPEG Codec Bitrate Trend*

A MPEG-2 AVC HEVC vVvC
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Reference
implementation

New compression
techniques

commercially available
implementations

*All video codecs use same video resolution and
achieve same target PSNR. Lower bitrate 2 Higher
coding efficiency
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5G Low Latency Access

. Long CP OFDM symbol

L] ShonCPOFDMsymbor‘ __-: . ngh'bands
Above 24 GHz (mmWave)

. Mid-bands

1GHzto 6 GHz

OFDM symbol 5G (120kHz subcarrier spacing) vs. LTE: 1/8
D o Low-bands

2 OFDM symbol mini-slot vs. 14 OFDM symbol slot: 1/7 Below 1 GHz

*  5G NR supports scalable numerology to address different spectrum, bandwidth, latency deployments
. Getting most out of a wide array of spectrum bands
Wider bandwidth operation up to 400MHz/Carrier

Wider subcarrier spacing and short time slot
+  eMBB: U-plane latency <4ms; Peak rate: 20Gbps DL/10Gbps UL
URLLC: Latency <0.5ms; Reliability: 99.999%@<1ms & 32Byte




Flexible Network Architecture with SDN/NFV

Macro/Small Cell

Application Deployment

v [

a Communications
Network
Edge Cloud
Most reliable secure location

Reduction of Backhaul
> <€ > <€ > € >
THINGS EDGE NETWORK CORE NETWORK HYPER-SCALE CLOUD
ULTRA LOW LATENCY MEDIUM LATENCY HIGH LATENCY
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Compute, Network &
Storage Pooled Resources
Standardized Commercial

Grade Solutions

Dynamic Flexible Networks
Next-Generation

Services Delivery and Agility
Network Architectures

Business Process
Transformation




Al Makes Content Transparent
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Pedestrian, Bicycle;

Vehicle, Motorcycle;
Traffic sign; Road sign;
Traffic light;
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Al Makes User Interaction Natural

-E y =
. Monitor ‘“ [k EE——
- HTC-wive
Senses ) Output-Devices
’ & - -— . Personalized QoE
b =& L e =2
- - a Controller o %
= ” Myo Device <_E )
== T £
Optotrak Kinect O =
Brain Actuators Input-Sensors g <
= 3
Voice § §
* Immersive devices enable rich human-device \T/'dio
. . ex
mter_actlon ) Hand | gesture .-
* Multimodal learning agent can better understand Body | movement
human intention through human-device interaction >
data Multimodal Activity
* Enable natural interaction and provide Recognition

personalized QoE




Al Makes Network Layers Transparent

Input Value
. output Layer
Data Plane Control Plane DRL Engine State S, PosiityFuncton
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Critic (Value) Network
Link
Application layer video bit rate adaptation
' —> —— Input Value T
Physical State S, | w(Oh, s seectonPosiily
Subband Post-SINR Value -
o
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/ Throughput Evaluation
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Actor Network

Control plane optimization with DRL

To Train the Actor Network
0 0+ax(V,(logm,(s;a)Alsia))+ AV,H(z(15))

= Cross-layer input at different time scale with LSTM
— et 0,0, xV,(r-V(s:4,)f

To Train the Critic Network

= Shared value function determined by user/application specific end
user performance metric

Critic (Value) Network

= End-to-end optimization enforced by shared value function

= Chose optimal policy options at each layer Physical layer link adaptation @



The Master Algorithm

To enable virtual world
seamlessly augmenting
the real world

* At source: know the content

« At destination: know then
end-user perception

 In delivery: optimize
Information delivery to best
match content with user
perception

Deep Learning

* Object recognition/
classification

+ Content analysis

« Content aware
processing

Content
Creation

Content
Delivery

Multlmodal Learning
Multimodal natural
interaction

* Multimodal user
perception
assessment

» Personalized QoE

Content
Consumption

Deep Reinforcement
Learning

* E2E QOE assurance
» Cross-layer

optimization

¢ Cross-RAT

optimization

* Mobility management
» Energy efficiency
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Standard Consideration for Al

Standards essential for conformance and
interoperability of independent
Implementation in an open system

—
w
Model portability
* How a model can be
ported to different
implementation while
maintaining consistent
performance?

+ Efficient representation of
model

Training Set

Standard minimum

training data set

*  Privacy, ownership,
regulation, tools;

+ Data quality,
completeness, bias

* Better Representation
of data

New
Instance

Standard input
* Interoperability
» Backward compatibility

Inference
Engine

Standard output
* Interoperability
+ Conformance

Inference
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