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Increasing traffic, decreasing ARPU and demanding new verticals. Must increase
capacity efficiently and meet dynamic service requirements of demanding new verticals
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Non-public 5G networks will be a critical
building block of your enterprise network

strategy

Non-public 5G networks boost the digital transformation of core processes while protecting against industrial
espionage.

MOBILITY FOR
AUTONOMOUS VEHICLES.

Learn more

3 . 7 e >
ANALOG
By Forrester Research for Forrester | September 9, 2019 -- 15:41 DEVICES

GMT (23:41 GMT+08.00) | Topic: 5G
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Slices/apps dynamically request and receive optimized connectivity

= 0 © 'V
= More new demanding

Connected Cars 4K Video Interactive Gaming AR/VR Personal loT verticals that are
I I . .
Slice Needs T | Clice State dynamically competing
SHAS Slice Contro! 3 for optimal connectivity

+
Real-time Al-Enabled Control Plane ‘
Al Al Al Al
I
Network Policies l l Network Control l l Netonk State 1 OX

1 |
5G has 10x more control
() () () () (®) () () ()

variables than LTE
Autonomous network control and automation to optimize performance
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Automation, Optimization and Personalization at Scale

AUTOMATION OPTIMIZATION PERSONALIZATION

TRADITIONAL CONTROL ALGORITHMS Al CONTROL ALGORITHMS ARE TRAINED

Heuristics driven USING REINFORCEMENT LEARNING
Cpntrol (suboptimal) Cor\trol
Inputs action
—_— —>
Manually designed using CONTROLLER
trial-and-error by experts
(slow & expensive) DEEP Al
CONTROL REWARD CONTROL ENGINE
INPUTS I ACTION N
Al CONTROL ALGORITHMS - -<§®<§\
Mobility), &7
. . SIMULATOR /|« EN
Control Data driven (optimal) Control
inputs action Iﬂ[ll][l
—» Automatically learned p—»
using machine learning Weighted combination of objectives that
(fast & inexpensive) impact business, e.g., user experience, data

usage etc. Targeted models to handle diverse scenarios

Automatically learns the optimal Explicitly optimizes for objectives Personalizes for tail scenarios;

algorithm, reduces cost that matter to business delivers consistent experience
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Occur roughly at similar times every day

Do not occur on any neighboring cell
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TELEOPERATION UHD/4K VIDEO INTERACTIVE
GAMING ROBOTICS
APPLICATION APPLICATION
TELEMETRY CONTROL

OBSERVE PREDICT CONTROL UHANA
NETWORK

DEVICE MODEM  IN-BUILDING CELL MACROCELL MICROCELL CORE NETWORK

NETWORK
TELEMETRY
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IN-BUILDING CELL
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PREDICT

MACROCELL
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CONTROL UHANA

‘ CONTROL

MICROCELL

OPﬁ

NETWORK

CORE NETWORK
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Example: BIRFEEREE

OBSERVE PREDICT CONTROL
NETWORK . : : : NETWORK
CELEMETRY .Exposes real Infers likely root Provides f|>§ CONTROL
time QoS alerts causes recommendation
Low download or upload Poor coverage Interferer localization
throughput Uplink or downlink Load balancing
Call drop or muting interference parameter optimization
Poor speech quality Load imbalance Mobility parameter
Device issue optimization
Device software version
upgrade
recommendation
mware® Confidential | ©2019 VMware, Inc. 13
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| Y SELECTION
Range

All v

| ® TIME
Window
Custom v

Custom start

Oct 12, 2019 8:05 AM

Custom end
Oct 12, 2019 9:05 AM

Live update

Go

Share | Reset Selection

vimware

Alerts

Satellite
h {

Map

Mount
Coot-Tha

Kenmore Hills

Alert ID

LI_LESS_OFFLOAD-AGVEFM3-
DL_THP

ULINTF_UNKNOWN-SBNEFM1-
DL_THP

ULINTF_UNKNOWN-SBNKFM1-
DL_THP

ULINTF_LB-WRFMFM2-DL_THP

ULINTF_EXTERNAL-TOLDFM2-
DL_THP

ULINTF_LB-WRFMFM3-DL_THP

ULINTF_EXTERNAL-WRFMFM3-
DL_THP
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Enoggera

Bowen Hills

= 26
<
125

Fortitude
Valley

o]

m [ 3! 92

Toow. 31,

Taringa

Indooroopilly g

Q

\

187

South Brisbane

3%

Map data ©2019

Symptom

Poor downlink throughput
Poor downlink throughput
Poor downlink throughput
Poor downlink throughput
Poor downlink throughput
Poor downlink throughput

Poor downlink throughput

Duration

4d

3d 22h

3d 22h

3d 22h

3d 22h

3d 22h

3d 22h

Search Alerts

Alerts

6 Jurarrie

10} 24/

New Farm 123
Cannon Hill

| M3

Greenslopes
Terms of Use

41) Carina

Coorparoo

©

Affected Entities

AGVEFM3, AGVEAM3, AGVEBMS3,
AGVEEM3

SBNEFMT1

SBNKFM1

WRFMFM2

TOLDFM2, TOLDFM1, SLGCFMT,
PDGWFM2

WRFMFM3

WRFMFM3, WIKYFM2, CPZNFBA,
WRFMFM2

Carina Heights
Report a map error

Session Impact

552

16

101

Affected Entities

69

53 Uplink Interference
552 Load Imbalance

Percent Impacted

59.4%
12.6%
4.4%
2.5%

7.4%

0.8%

Impacted Sessions

605

g

Impacted Sessions Breakdown

Root Cause

Load imbalance: Traffic
offloading not enough

Uplink interference: Unknown

Uplink interference: Unknown

Uplink interference: Unknown

Uplink interference: External

Uplink interference: Unknown

Uplink interference: External

Previous

1

Percent Impacted

16.4%

Actions

ORI OROR R

| ©
KO,
| ©
| ©
| ©
| ©
| ©

Next



Y SELECTION Alerts > Insights

Alert Occurrence -

Range
Alert ID ULINTF_EXTERNAL-TOLDFM2-DL_THP
Cell v R )
€ Root Cause Uplink interference: External Interference
Impacted Sessions 5 (7.8%)
TOLDFM2 v Affected Cells NTQYFM2, NTQYFM3, TOLDFM1, TOLDFM2, PDGWFM2, SLGCFM1
Duration October 8th 2019, 2:01 pm - October 12th 2019, 12:59 pm v  PRBINDEX
® TIME PRB100
n n ) ) . PRBO1
PRB73
Custom v © 775 PRB64
Map Satellite Reset Map ) PRB55
PRB46
Custom start Morijey, o PRB37

PRB28
PRB19
PRB10
PRB1 v

Oct 12, 2019 8:05 AM

Custom end
08:10 08:20 08:30 08:40 08:50 09:00
Oct 12,2019 9:05 AM
Resolution AVG PUSCH/PUCCH -120.0 dBm -113.8 dBm
Minute v INTERFERENCE -110.5 dBm
Live update
106
108
12
&
Share | Reset Selection S
116
118
08:05 0810 0815 08:20 0825 08:30 08:35 08:40 08145 08'50 08'55 09:00 09:05
& @ PUSCH PUCCH
E
-114.5 dBm 0.0 dBm 0.0 dBm
§ UPLINK INTERFERENCE T O T
- ' I m Q.
SPECTROGRAM PER BRANCH
-104.1 dBm 0.0 dBm 0.0 dBm
100
S Bates Ln
g 105
z

Map data ©2019 Terms of Use Report a map error

110 v
cell TOLDFM2 site QLD_TOLD15_TOOWONG_LY_570071 P /-—/\// v
band 700 tac 28714 [\/‘ ~
5

enodeb id 570071 bandwidth 20

(dBm)

11




Alerts > Visibility >

Alert ID ULINTF_EXTERNAL-TOLDFM2-DL_THP
Root Cause Uplink interference: External

Impacted Sessions 5 (7.8%)
Affected Cells NTQYFM2, NTQYFM3, TOLDFM1, TOLDFM2, PDGWFM2, SLGCFM1

Duration October 8th 2019, 2:01 pm - October 12th 2019, 12:59 pm

ROOT CAUSE ANALYSIS

Uplink interference: External

FIX RECOMMENDATION #1

Turn off external interference at the location shown. More red the polygon, more likely is the interferer to be found there.

Reset Map

12210114 | -11410-106 0, o5 4Bl -98 to 90 dBm [| -90 to -82 dBm | -82 to -74 dBm
dBm dBm
QY 2 . )
¥ \® : 5

Map Satellite You,
te
0,

Download Kmz

%
%

>
%

=

Miskin St

Map data ©2019 Google i Terms of Use VRe ort a map error
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Video Adaptive Bitrate (ABR) BB 5=

| have segments #8, #9 and #10 at
gOO, 400, 700, 1200, 1800, 2500 kbps

@«

Send me segment #8 at 700 kbps
D Here’'s segment #8 at 700 kbps VIDEO
< SERVER/
VIDEO CDN

CLIENT Send me segment #9 at 1800 kbps

v

Here’'s segment #9 at 1800 kbps

A

Select Bitrate for every segment so as to maximize the cumulative user quality of experience

Z(auvideo N [ Bitrate  u Stall Duration B Bitrate Switch ]

Increasing bitrate => Better video quality but higher risk of video stall and penalty for switching

mwa re® Confidential | ©2019 VMware, Inc. 18




{5 F e PR S\ B P %A

> > \:, ’
—_— —-m

TELEOPERATION UHD/4K VIDEO INTERACTIVE CLOuUD
GAMING ROBOTICS

APPLICATION APPLICATION
TELEMETRY CONTROL

OBSERVE PREDICT CONTROL UHANA

NETWORK
TELEMETRY

DEVICE MODEM  IN-BUILDING CELL MACROCELL MICROCELL CORE NETWORK

i
o

Fi

II'

g &« @ T &

mwa re® Confidential | ©2019 VMware, Inc. 119




Example: #8E&EVEIEY=2F Adaptive Bitrate (ABR) 4L

s OBSERVE PREDICT CONTROL
. . . . . APPLICATION
A';EEECQE'T%T( mme  Monitor network Predict video Select video bitrate CONTROL
QoS and video QoE throughput
mwa re® Confidential | ©2019 VMware, Inc. 20
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Uhana #{#H45 ABR JHEVEE:

TRADITIONAL APPROACH

Throughput Start at fixed quality (level 3)
 ——
If buffer < low threshold (10s) .
Buffer . ) Bitrate
, OR > high threshold (flOs).
Don’t change quality
NN Else: Select highest quality
< fraction (75%) of throughput

Heuristics driven
Suboptimal video quality of experience

Hardcoded

Performs poorly in challenging scenarios

Handcrafted using trial and error
Slow and expensive to design

vmware
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AR B A

UHANA APPROACH

Throughput
S

Bitrate
—

Buffer
E ——

Data driven
Near optimal video quality of experience

Personalized
Performs well in all scenarios

Machine trained using deep learning
Fast and inexpensive to design

22
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LONG-TERM STATE SHORT-TERM STATE

Stationary over
minutes or more

Device Type
Connectivity Type
Live or On Demand
Content Type
Mobility Regime

Vary across video
segments

Recent Throughputs
Recent Download Times
Current Buffer
Last Bitrate
Recent Rebuffering

Uhana trains a suite of ABR models, each personalized
(optimized) for a specific long-term scenario

mwa re® Confidential | ©2019 VMware, Inc.

Tablet, WiFi, VoD,
Low Mobility, ...

Phone, LTE, Live,
High Mobility, ...

TV, WiFi, VoD,
High Mobility, ...

23
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Cloud Service for Model Training & Delivery. On-Device SDK for Model Inference.

UHANA SDK

l UHAN l

1. Model Request (once every session start)
2. Full-Stack Telemetry (periodic, every 20s)

UHAN
UHAN
S|

B

One-time, easy integration

Runs customized neural networks
tailored for each application session

Posts periodic telemetry for full-
stack observability from the cloud

Personalized Neural Network
(in response to Model Request)

UHANA

Scalable offline model training and
real-time model delivery

Continuously learns & improves
without requiring app updates

Provides fine-grained subscriber-
level full-stack observability

Full-Stack Observability
Service Configuration &
Management

UHANA CLOUD SERVICE

vmware
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