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Enabling Communication For 140+ Years
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Probably Your View of Mobile Telephony ...
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A More Detailed View
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Optimization Problem #1.:

Site Hardware Dimensioning and Configuration

= Which radios/basebands to use?
differentradio unitstochoose between
differentbaseband unitsto choose between
= Many rules

= \Which carriersto allocate to which radios/basebands?
= Many rules

= Many resourcesets

optimizationgoals

= Minimize# units, maximize redundancy and/oruniformity, ...
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* A carrier specifies protocol
(e.g. GSM, 3G, 4G), frequency
band, numberof TX and RX
antennas,etc.
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Optimization Problem #?2:
Site Hardware Connectivity

» How many linksto use? Which portsto connect?
= Many
number of ports

= Directconnectionsmay be

= Which radios to cascade? How long? In what order?

= Radiotraffic witheachradioinchain
= Mustnot link capacity
Deeply with problem #1

solutionrequires#1 and #2 tobe modeledasone

= Searchspace
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Implementation

‘ Two constraint models, writteninminizinc
(sacrifice for tractability)

* Radioselection + carrier-to-radio allocation
= Constraints: table, bin-packing, linear, ...
= 4000+ lines of minizinc code
= 147p manual
= Basebandselection + carrier-to-baseband allocation + connectivity
= Constraints: table, bin-packing, linear, ...
= 5000+ lines of minizinc code

= 166p manual
= Solvers: chuffed and Google OR tools
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Implementation

Productrule data storedin Access database

= 150+ tables
= 1,000x entries pertable

‘ Data extraction and conversion using Python

Efforts
= ~60% in features + correctness

= ~40% in modelimprovements

» Redesign, implied constraints, breaking symmetries, dominance

| 2022-09-05

\\



Testing, Verification,
and Debugging

by domain experts

test cases with some decision
variables

= Positive: Solution found means passed

= Negative: found means passed
analysis using
= Useful for finding implied constraints
analysis using

= Gives smallest set of
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Difficulties with Applying
CP in Industry

= Stillnot common practice
* Team may need convincing
= Hard to find skilled model designers

= Designers mustalso learn the problem domain

= Models must be evolved and maintained
together with product team

= Not clearhow to express objective function

= Hardto get solutionin acceptable time
frame
= May needtosplit model
= May needtodo lots of presolving
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Ericsson Wants YOU

Master thesis projects

= Automaticoption pruningin Uls, explainability,
proof-of-concepts,...

Internships

= Model extensions, maintenance, benchmarking,
model improvements, ...

Employment
» PDUNSVteamis expanding

Contactfredrik.xh.nilsson@ericsson.com
formoreinfo
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Summary

= Introduction to Ericsson and mobiletelephony

= Two related optimizationproblems at Ericsson
= Problemdescription
= Implementation
= Testing, verification,and debugging

= Difficulties with CP irrindustry
= Opportunitiesat Ericsson

(/

\

\



