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Acronyms

CDN Content Delivery Network
DPI Deep Packet Inspection
EPG electrical program guide

LGBM light gradient boosting machine
NPS Net Promoter Score

PON Passive Optical Network
XDR X Detail Record
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PoC milestones

N - oc Project start 09/2022
PoC Demo 1 12/2022 Demo at an ENI plenary meeting
PoC Expected Contribution 1 12/2022 Contribution to ENI Requirements

PoC Expected Contribution 2 03/2023 Contribution to ENI Use Cases *

_POC Report 06/2023 PoC-Project-End Feedback
P ted to ISG ENI f
information

Milestones need to be entered in chronological order. NOTE:
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PoC goal

PoC Project Goal #1: Demonstrate user experience perception assessment system
Select KPI (Key Performance Indicators) affecting user experience to construct user experience perception
assessment system, including user subjective assessment and system objective assessment.

PoC Project Goal #2: Demonstrate using big data, Al technology and expertise to train Al model of family
broadband network user experience optimization, analyses user experience data, solve user experience problem
and improve user experience perception.



PoC Architecture

PoC architecture includes five parts, showing the complete process of customer experience optimization.

Application
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PoC user story

UC #1 Al based family broadband network user experience optimization.

Preconditions: ENI system can get customer experience data by operator. The customer experience data used to model
train should be typical, comprehensive and accurate.

NOTE: customer experience data include OSS data, BSS data, customer’s subjective evaluation data and complaint
data

Problem with conventional approach: during the services operation, operators often face the case that network
performance of broadband network is good, but customers’ experience is not as good as the network performance. It’s
hard to fully use the massive data from network by traditional methods for evaluating the user experience and resolving
the related issues.

Objective: ENI system will get massive history data from operator, including OSS data, BSS data and customer’s
subjective evaluation and complaint data e.g., net promoter score data. These history data will be used to train customer
experience model, and the qualified customer experience model will be stored in the ENI system. ENI system will get
periodic operation data form operator, analyse and obtain poor quality users and the root causes of poor quality, and

determine the poor quality optimization policy.



UC #1 Al based family broadband network user ETSI( /\\\
experience optimization -

Operational flow of actions

Step 1: Training of intelligent model: ENI system periodically get history customer experience data to train
intelligent customer experience optimization model.

NOTE: Massive history customer experience data: include OSS data, BSS data, customer’s subjective evaluation
data and complaint data.

Step 2: Triggering optimization: there are two triggering optimization situations. The first is ENI system obtaining
periodic customer experience data from operator to analyse customer experience situation; the second is operator
sending service optimization requests to ENI system.

Step 3: Policy generation: ENI system analyses customer experience data output optimization policy and sends
optimization policy to operator.

NOTE: Policy may be used for network optimization, customer care, etc.

Step 4: Policy execution: operator receives optimization policy and pushes the optimization policy to the execution
entity.

NOTE: according to the specific scenarios, the execution entity may be part of operation maintenance system of OSS
or the business hall of BSS, etc.

Step 5: Policy enhancements: operator collects feature data from significantly improved in customer experience and
sends feature data to ENI system for iterative optimization of intelligent customer experience optimization model.
NOTE: Feature data may be complaints, flow consumption, etc.

Step 6: The actual service scenario conditionally triggers full or part of above actions.



Design concept and functional architecture

The customer experience management system evaluates overall customer's service level, network quality and usage perception from the perspective
of user experience, takes the user experience as the initiative to analyze the weaknesses in the business process, and then distributes them to the
corresponding surrounding system for maintenance and support to achieve proactive customer care, solve the difference between the individual and
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the whole perception, improves the customer experience of family broadband network.
_’@‘_ 1 Experience Evaluation ] mml Low Quality Delimitation |
v
The perception evaluation system was Tracking the changes of users' customer With B/O domain data fusion analysis, proactively
established to analyze users' overall perception, analyzing the site of perceived repair the root cause of user perception degradation
perception and experience of family quality degradation of users in business and in network and service, complete _the closeq loop
Design broadband network, including business, network, and then conducting layer by layer mana ger?ept ?f customer perception, then improve
o . . L user's satisfaction.
Concept network and service dimensions. decomposition and definition.
Customer Experience Management of family Broadband Network
Aépplicat.ion Business quality analysis Low quality user and terminal analysis Business complaint analysis User portrait
. Scenarios
. Algorithm framework Algorithm API - ) : O
AnalySIS Algorithm Set Atrtificial Intelligence Algorithm Statistics Basic Model Quant|| o_dellng of ‘ D O
modules Intelligent Engine 0 API
istributed Processing Operator Set Iterative Calculation = Matrix Calculation Tensor Calculation Func‘“onal
LI Distributed Framework Data Segmentation C_n ice_lin Resource Orchestration Modelan F_’ameter : .
~ Architecture
Data
interface




Solution Details m'\<(/>>

Based on big data analysis technology and machine learning algorithm, establishes the multi-dimensional customer perception analysis model and
evaluation system of family broadband network. With customer satisfaction survey data as the training sample set, the model is iterated constantly
to optimize the evaluation system.

Basic Data Domain Knowledge, Big Data Technology and Al Algorithm Model

Customer Experience
Improvement Application

Subjective data Operation / O&M view

Big data processing/machine
learning/modeling/optimization
Group NPS satisfaction

Analysis and mining of
survey results
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operation quality

Sample treatment
of training set —
and test set

Provincial NPS satisfaction
survey results
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v

Model training (Random
— Forest, XGBoost, LGBM
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.
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Serial example

In family broadband satisfaction prediction scenario, machine learning algorithm is used to analyze and model cross-domain data, and explores the
internal relationship between subjective experience data (NPS) and objective customer perception (network quality, usage perception, package fee). The

machine learning platform is used to continuously strengthen training. Finally, converges the available model, hence finds the potential unsatisfied
customers.

Initial model tuning Model training and tuning Model convergence

At the initial stage of system construction, the model is affected by
data, algorithms, data quality, etc., and the recall and precision are
not high.

_E§e E\gE:gEm gezau : pargrpg:er ¥ 1
0.8
ustomer : ; ‘
attributes Installation NE Healthy Status User awareness Consultation NPS survey The initial model was Used to work with the ‘ o 032 o8 o=
: service(s) J (Qualty kPis-18) )l (softprobes-19) J Complaint (13) : data(18) training data and the test data respectively o -
0

Before algorithm model participation

Before algorithm model participation

0.2
Basic ) _ 5 _ isfacti The training data is similar to the test data The test data is much less effectjve than the training data
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PENINgG ey perfor experience  experience Consull[ng The madel may be The model may be derogatory neutral recommended
Package mance perception A [T under fitted over fitted
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Relocation handling excepti operation on quali performan . id Satisfaction with
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tipe A is poor + Firstload time (within 90 days) - i et
. T + Service openingin " « Average download speed maintenance business handl
On line time fime (Y1) ngllhent\ca!mn o “9 b & Nu?bglpf:w(lh.n reanaion ) W:T::K:‘i X X
+ Configured Service rebocation allure lal'tima o ted ;g ;: ; ONSWIAIN © . Long waiting axtiboction Yes //W;;'gg‘es, e  Training set . Yes After the participation of algerithm model
bandwidth ime + Frequentabnormal -+ Play successful rate ¥ time . sathdionwith < ainngsetand > — effectdecreases,
Basic ; ) disconnection blured screen perod Whether the fault is Normalizsion of v T testsetincrease T tetsetefen
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’ intime (¥/N) + Wireless signal strength - iy s ben reported — ~—
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package + Complaint details time WW‘?QF \ handling is timely Opersioniih or comglain x * 0.6
+ Customer + WIFl weak signal retransmission rate + Complaint content g::; ! + Satsfaction with Training set effect increases Both the training set and the test 032 2
classification ap 4 E“'W"“""!; Test set effect decreased set effect decreased 04 028
. error code ok
i igi i igi o t
Using the original model Using the original model
» End e 0

derogatory neutral recommended

B Uncaring user M caring user

Based on big data, proactively selecting "potentially dissatisfied users" of family broadband access online category for care restoration can also better improve the

overall satisfaction of the target user group. As can be seen from the two charts, the satisfaction of users who have conducted active care has increased by 17%, 11
with obvious effect.



System environment of Demo

» Hardware environment

Intel® Xeon® Gold 6330N @ 2.20GHz

2 CPUs (NUMA) x 28 cores x 2 hyper-threads
Intel® Hyper-Threading Technology: on
Intel® Turbo Boost Technology: on

Intel® Ethernet Controller XXV710 25GbE

» software environment

Intel ® distribution of Python
Intel ® Optimized Scikit-learn
Intel ® Optimized XGBoost
Intel ® OneDAL

Intel ® OneDNN
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Contribution: supplement to ENI Use case 3-8

In the meeting of ENI-RappCall # 242, Asiainfo and Intel contributed proposal of ENI (23) 000 _047r1, to be used to
supplement ENI 001 case 3-8. The contribution added mapping relationship between PoC architecture and ENI architecture,
and flow of information.

Assisted andior Governing System Application, User, and

Application layer Network management Ji Custorner service systeim Prefectural s 065- and BSSike Functionality and Orchestrator T
\ esirat .~
| Funcion APl <4 /. uthussmnting [ |
Corwaiest 2 vt Format | Tramsation "'\
I %
."' / A
. ! 4
I ‘ \
. e ! - I
| Artificial intelligence Platform Big data platform l i e
ECS Algorithm cluster  Algorithm madel library feature extraction  Satisfaction model I Closed |
- Modeltran / Data | I Gond |
| ilml'ﬁk'ﬂ'ﬂ' Madel training root cause analysis model Hive Sllﬂlk 0 T me{sj ?
: . | I
| Madel ogtimization Satisfaction model YARN ;
1 ) !
/
/
&,

Figure : Mapping to ENI reference architecture
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Contribution: supplement to ENI Use case 3-8

Step 1: Infrastructure layer sends massive historical data to data
ETL layer.

N
: Input processing FB! :

ENI analysis FB
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Step 2: The data ETL layer normalizes the data and sends the
data to the model train and data analysis layer.

Infrastructure 1
layer

DataBTL |

Model train and
| data analysis layer

Function layer |' ;

=
=1
=
>
=
=
=
i—l;

|
.

Application
layer

Step3: The model train and data analysis layer process
normalization data and a generates user experience model.
Step4: Infrastructure layer sends periodic data to data ETL layer.
Step5: The data ETL layer normalizes the data and sends the
data to the model train and data analysis layer.

Step6: after learning, model train and data analysis layer have
generates atomic capabilities for customer experience
optimization and encapsulates these atomic capabilities in the
functional layer.

Step6a: when the model train and data analysis layer call the
existing knowledge can not understands the normalizes periodic
data, it will analyzes and learns periodic data to optimize the
customer experience optimization model.

Step7: Functional layer 's atomic capabilities are ready to be
used the via functional layer API.

Step8: Application layer implements capability call via
functional API .

| Massive historical data
R

4. Periodic data

_—

2. Data normalization
_

5. Data normalization
e

C

fa. Model
optimization

3. Data analysis and
model traming

6. Function generation
_—

7. Function opening
_

Figure : flow of information

§. Function call
_—
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Optimization of PoC architecture

The architecture of POC was optimized. The feature extraction function block was added in the big data platform.
As show the red function block.

_ ~ Network management = Customer service system Prefectural Bss

Function API

4 Artificial intelligence Platform | Big data platform

ECS Algorithm cluster  Algorithm model library Satisfaction model

Model training root cause analysis model

N Satisfaction model
Model optimization

Jleseopmaten

Data forwarding

Data cllection
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Promotion of PoC application

The successful practice of PoC in Chongqging has promoted operators' interest. The following figures show the
promotion situation in Guizhou Province. The main construction contents include the analysis of satisfaction of family
broadband, the analysis of end-to-end quality of business and the analysis of Internet TV.

OLEUSEERTN  End-to-end quality analysis Satisfaction Portrait Poor quality equipment... Intemet TV end-to-end  System settings

‘\ GuiZhou Quality Management Center 4 Home Page Internet TV end-to-end

Satisfaction Portrait - Poor quality equipment

Overall quality analysis % Network element quality analysis  Regional quality analysis E Overall quality analysis =« Weak light ONU details Overall quality analysis ~ Network element quality analysis ~ Regional quality analysis
Network element quality analysis
Prefectural city WSISBGIEELLETLNY
Time selection 2023-3-1 m Regional quality analysis
Granularity selection ~ Day Date 2023-3-1 City Whole County Inquire
Application quality analysis
@ Number of heavy OLT @ Number of out-of-limit OLT o B it G\ S ) L me delay of Total delay of tcp |
11 21 Time refectu ty  distnctand county CP link success rate 3 handshakes handshake
Number of heavy OLT chain ratio Number of out-of-limit OLT ~ chain ratio AN, Guveng Narying 947 110 9% 208
2023-3-1 ZunYi HuiChuan 99.75 S5 54 109
@ Frequent drop rate @ Set-top box wired access
2023-3-1 BiJie DaFang 99.23 75 106 181
2% 91%
Frequent drop rate chain ratio Set-top box wired access  ¢hain ratio 202331 LiuPanShui ZhongShan 9953 5 66 9
2023-3-1 TongRen WanShan 99.00 99 63 172
® ONU luminous power reach the standard ® Average utilization of ONU CPU
0, 0,
95 /O 35 /0 15 pieces/page Total 126 piece
ONU luminous power . dopdid o Average utilization chain ratio
reach the standard of ONU CPU
Indicator change trend chart
#® End-to-end delay @ End-to-end packet loss rate 125
- <40 ——9
40 ~ 80 135 4% 100 .
° °
2 = s ; S A4 L} ®
- =80 End-to-end delay chain ratio End-to-end packet loss rate  €hain ratio \\
‘ 75 \
L)
- 50 1
slice: 20.0 % /
L
. P
Slice: 40.0 %
L I = m . | . = | o e . . o o . o . . .
o Il 2023-2-15  2023-2-16  2023-2-17 2023-2-18  2023-2-19 2023-2-20 2023-2-21  2023-2-22  2023-2-23  2023-2-24 2023-2-25

Figure: Overall quality analysis Figure: Regional quality analysis
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Promotion of PoC application

The dashboard shows user's personal package The dashboard shows the business operation trend
information, network information and experience rating information of Internet TV network hardware
information.

equipment, etc.

@\' GuiZhou Quality Management Center 4\ Home Page  End-to-end quality analysis Satisfaction Portrait Poor quality equipment. Internet TV en: LIl System settings

7\ i * - lity anal 5 Poor it ipey nd-to-end  System settiny -
< GuiZhou Quality Management Center % Home Page  End-to-end quality analysis. n Por 00 quaiity equipment...  Internat TV end-to-end  System settings Cell analysis == < Regional quality analysis  Application quality analysis Home Page Family broadband portrait ~ User satisfaction portrait Batch user portrait Health Report
Family beo oetra o
Family broadband portrait Regional quality analysis  Application quality analysis Home Page amdy broadband portrat User satisfaction portrait  Batch user portrait  Health Report STB analysis
Time granularity A day 2023-3-1 Area Whole province Licensor  Whole m
User satisfaction portrat QUN quality analysis
Granularity selecton A Time 2023-3-1 Prefectural ci ~
54 e/ e 4 Distribution of set-top box manufacturers Set-top box access mode Number of users TOF
Batch user portralt ONU quality details
District and county Broadband account A s
Health Report Weak light ONU details '
Inspur : 22.86% wifi: 22.22%
Customer nformation  Network information  Work order information Single user quality analysis 3
. Huawei: 42.65% "
Beoadband account: 1 L wiadl Contracted broadband: 1 L i User star rating: 1 Network access tme: 200 i il Qualty analysia of prafaciures. .
OLT 1P 150 e OLT name: “Jid Wik - et iayuan North whether 10 derogate from users: Yes Poor quality users are’ Yes . ) >
Road, Chongriid "iiks 200 Wik List of users with poor quality
Gatwway SN: Gateway 1 Equipment type: S Wi o
t 2z Bell : 34.2%% wire:77.78%
Gateway manufacturer. b5 Wik Gateway mocel 1M ik STB I0: 46NN LN . ST8 manutacturerZhongxing Poor quality PON port analysis
STB modet: model1 Gateway wngie and Sual frequency: L Wil | iy Team: Team 1 Macket ciassification: individual users
Coverage method il ik Contact number. 3 il TV account TV MM AS Instatation address: Hua. Ren County. Poor quality OLT analysis
Account status: noeme Speed: L Wid @ Huawei@ Bell Inspur @wired @ wifi
Poor quality BRAS analysis . =
Service guality trend of set-top box
Experience radar chart Itemized score Index details
Incex name index value Unit 10,
50 Service score Bearer network score - .
1 Continuous running time 70 Min
U usage 54
% 75 S - e — - —
’. Frequency of user logout a7 Num 20
60 s
- .,7* ONU optical power 5 @Bm
’ 2 .
0 Yoo Family network score Business score
0 65 85 100 ' 2023-3-1 00:00:00 2023-3-101:00:00
SN SN S
Poce Medium  Excelent © EPG corresponding delay @ First play response time + Playback success rate -+ Video excellence rate -a Proportion of users without card screen -+ Proportic
Index statistics Set-top box business quality analysis
Recentty 7 days  Index selection - Export

Figure User satisfaction portrait Figure Internet TV terminal satisfaction
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