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Is Wireless Optimization Important at all? 

Yes, because all wireless systems have parameters that can be optimised.  

I can simply use CVX, PyTorch, SCIP, Gurobi, or even ask an LLM to generate the optimization model and the solver code.  

The tools either do not find the global optimum or they do not exploit domain knowledge. 

But does that matter in practice? Wireless systems are complicated and uncertain. And a solution 2% away from optimum computed 
fast is valuable. And regarding domain knowledge, AI can absorb that from data.  

But how do you know that you are 2% away from the optimum if you do not know the global optimum?  
And the engineer will never find out the structure, because the trained AI is a black box.  

Fair point — but maybe interpretability is overrated. If a black-box AI consistently achieves better KPIs than handcrafted optimization 
approaches, why should we insist on understanding the internal structure? Maybe the future engineer is less a mathematician and 
more a “system orchestrator” who combines datasets, simulators, pretrained models, and solver libraries. The need for deep 
optimization theory could become as niche as manually designing FFT hardware became after DSP libraries appeared. 

Optimization knowledge is what allows engineers to distinguish between a solution that works  
and a solution that can be trusted, generalized, and improved.
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Wireless Generations - Changing Optimization Problems 
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The Growing Optimization Problem

Early generations 

• single link, 
• static channel, 
• asymptotic metrics, 
• centralized optimization.
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xG - systems 

subject to 
• communication constraints  
• sensing constraints 
• energy constraints 
• reliability constraints 
• electromagnetic constraints
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Y.-F. Liu, T.-H. Chang, M. Hong, Z. Wu, M.-C. Su, E. Jorswieck, W. Yu, "A Survey of Recent Advances in Optimization Methods 
for Wireless Communications", IEEE Journal on Selected Areas in Communications, vol. 42, no. 11, pp. 2992 - 3031, Nov. 2024.

https://ieeexplore.ieee.org/document/10636212
https://ieeexplore.ieee.org/document/10636212
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Interference Coupling

Evolution of KPIs and Uncertainty
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Source: Recommendation ITU-R M.2160.

CSI Uncertainty Noise

Real World Virtual World

Adapted from 

https://www.itu.int/rec/R-REC-M.2160/en
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Roadmap of the Talk
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Era Main Transition Dominant Mathematical Theme

I. MIMO and Multiuser 
Systems Signals - Spatial Processing Convexity and Achievable Rate Regions

II. Interference 
Networks Links - Coupled Systems Distributed Optimization and Games

III. Beyond 
Throughput Rate - Multi-Objective Design Robustness, Energy and Safety

IV. Toward xG Channels - Programmable 
Environment Resilience, EM Theory and Learning



19.05.2026 | Jorswieck | Three Decades of Wireless Optimization   

Roadmap of the Talk

7

Era Main Transition Dominant Mathematical Theme

I. MIMO and Multiuser 
Systems Signals - Spatial Processing Convexity and Achievable Rate Regions

II. Interference 
Networks Links - Coupled Systems Distributed Optimization and Games

III. Beyond 
Throughput Rate - Multi-Objective Design Robustness, Energy and Safety

IV. Toward xG Channels - Programmable 
Environment Resilience, EM Theory and Learning



19.05.2026 | Jorswieck | Three Decades of Wireless Optimization   

The Canonical MIMO Optimization Problem 

E. Jorswieck, H. Boche (2007), "Majorization and Matrix-Monotone Functions in Wireless Communications". Foundations 
and Trends in Communications and Information Theory, Vol. 3 No. 6 pp. 553–701, doi: https://doi.org/10.1561/0100000026
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• Optimization variable Q - transmit covariance matrix 
• Channel H to be known (estimated)  
• Objective function is trace of matrix-monotone (and matrix-

concave) function  
• Specializes to rate  
• and average MSE  
• and other metrics  

• Convex programming problem - „easy“  
• Solution principle: spatial mode allocation (SVD) and 

waterfilling
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From Point Optimum to Pareto Boundary

• Multiple objectives (conflicting)  
• Achievable rate region 

• Boundary obtained by  

• (if convex region) or 
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A. Goldsmith, S. A. Jafar, N. Jindal and S. Vishwanath, "Capacity limits of MIMO channels," in IEEE Journal on Selected Areas in Communications, vol. 21, no. 5, pp. 684-702, 
June 2003, doi: 10.1109/JSAC.2003.810294. 
R. Mochaourab, P. Cao and E. Jorswieck, "Alternating Rate Profile Optimization in Single Stream MIMO Interference Channels," in IEEE Signal Processing Letters, vol. 21, no. 
2, pp. 221-224, Feb. 2014, doi: 10.1109/LSP.2013.2297351. 
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Imperfect CSI - the First Robustness Challenge

• The CSI is usually obtained by estimating the channel H.  
• Therefore, it is not perfect, but suffers from estimation errors. 

• Statistical uncertainty model (estimation error is random variable)  

• Deterministic uncertainty model (uncertainty region U)  

10

<latexit sha1_base64="PTbSUgBDjoEhixWLHfY1i4cYC1E="></latexit>

H = Ĥ+!H
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R. Mochaourab and E. Jorswieck, "Robust Optimal Beamforming in 
Interference Channels with Imperfect Channel Information", Signal 
Processing, vol. 92, issue 10, pp. 2509-2518, Oct. 2012. 

http://www.sciencedirect.com/science/article/pii/S0165168412000928
http://www.sciencedirect.com/science/article/pii/S0165168412000928
http://www.sciencedirect.com/science/article/pii/S0165168412000928
tel:25092518
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What this Era Contributed to Wireless Optimization
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Dimension Era I Contribution

Objectives Rate, MSE, MOP, fairness

Variables Covariance matrices, beamforming

Uncertainty Imperfect CSI, fading

Tools Convex optimization, matrix analysis, duality
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Era II: Interference and Distributed Optimization
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The optimization problem becomes coupled across users, cells, and decisions. 
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Interference: Coupling Through Everyone’s Decisions

Canonical formulation: 

Multi-objective problem 

Scalarization:

14
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New problem structure: 

• each power pk helps user k, 
• but hurts other users, 
• objective is usually nonconvex  

(global programming problem) 
• local decisions create global effects. 

Conflicts - solutions from game theory 
• Non-cooperative (NE, CE, …)  
• Cooperative (NBS, KS, …) 
• In characteristic form (Coalition formation) 
or from microeconomics 
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Micro-Economic Market Model: Interference as Goods

R. Mochaourab and E. Jorswieck, "Walrasian Model for Resource Allocation and Transceiver Design in Interference 
Networks", in "Mechanisms and Games for Dynamic Spectrum Allocation", Cambridge University Press, 2013. 

R. Mochaourab and E. Jorswieck, "Exchange Economy in Multiple Antenna Interference Channels", IEEE Journal on 
Selected Topics in Signal Processing, vol. 6, no. 2, pp. 151-164, April 2012.  
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Mixed-Monotonic Programming for Fast Global Optimization
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B. Matthiesen, C. Hellings, E. A. Jorswieck and W. Utschick, "Mixed Monotonic Programming for Fast 
Global Optimization," in  IEEE Transactions on Signal Processing, vol. 68, pp. 2529-2544, 2020, doi: 
10.1109/TSP.2020.2983284.

1. Fundamentals 

3. Key Contributions

• Identification of hidden mixed  
monotonicity  

• Fast branch-and-bound  
algorithm  

• Global optimization with 
guaranteed optimality
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2. Benchmark: Sumrate Maximisation
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Interference Optimization with NOMA 

• Interference mitigation by 
downlink PD-NOMA 
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S. Rezvani, E. Jorswieck, M. R. Javan, N. Mokari, "Optimal SIC Ordering and Power Allocation in 
Downlink Multi-Cell NOMA Systems", IEEE Transactions on Wireless Communications, vol. 21, 
no. 6, pp. 3553-3569, June 2022.


S. Rezvani, E. Jorswieck, R. Joda, H. Yanikomeroglu, "Optimal Power Allocation in Downlink 
Multicarrier NOMA Systems: Theory and Fast Algorithms", IEEE Journal on Selected Areas in 
Communications, vol. 40, no. 4, pp. 1162 - 1189, April 2022. 

<latexit sha1_base64="owugJFg1TzmcJmhjRWVQFzd8idQ="></latexit>

SINRb,i =
gb,ipb,i∑

j>i gb,ipb,j + Ib,i + ω2

<latexit sha1_base64="VbW1EiNfjqsDWBBD13QD7HQzEwI="></latexit>

max
ω,p

∑

b

∑

i

Rb,i(ω,p)

• Optimization of powers  
and SIC order

Important Observation:  

Decoding order depends on the received SINR, not 
only on the channel quality! 

https://ieeexplore.ieee.org/document/9583874
https://ieeexplore.ieee.org/document/9583874
tel:35533569
https://ieeexplore.ieee.org/document/9682500
https://ieeexplore.ieee.org/document/9682500
https://ieeexplore.ieee.org/document/9682500
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What this era contributed

18

Dimension Era II Contribution

Objectives Rate, utility, goods, prices

Variables Distributed transmit strategies and SIC-order

Coupling Interference and shared resources

Tools Games, pricing, branch&bound, monotonic opt.
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Roadmap of the Talk
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Era III: Beyond Throughput
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E. Björnson, E. Jorswieck, M. Debbah, B. Ottersten, "Multi-Objective 
Signal Processing Optimization: The Way to Balance Conflicting Metrics 
in 5G Systems", IEEE Signal Processing Magazine, vol. 31, no. 6, pp. 
14-23, Nov. 2014.

http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6924852
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6924852
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6924852
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Energy-Efficient Wireless Optimization
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A. Zappone and E. Jorswieck, "Energy Efficiency in Wireless Networks via Fractional Programming Theory". 
Foundations and Trends in Communications and Information Theory, vol. 11, no. 3-4, June 2015, pp. 185-396

EE =
f(�(p))

↵p+ Pc
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Optimization Under Adversarial Uncertainty
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Combined Performance Metrics 

Secrecy energy efficiency 

Secret key energy efficiency 

Sequential fractional programming - be careful!  

23

Y. Sun, P. Babu and D. P. Palomar, "Majorization-Minimization Algorithms in Signal Processing, Communications, and Machine Learning," in IEEE 
Transactions on Signal Processing, vol. 65, no. 3, pp. 794-816, 1 Feb.1, 2017, doi: 10.1109/TSP.2016.2601299.

A. Zappone, P.-H. Lin, E. Jorswieck, "Optimal Energy-Efficient Design of Confidential Multiple-Antenna Systems", IEEE Trans. on Inf. Forensics 
and Security, vol. 13, no. 1, pp. 237-252, Jan. 2018. 

Majorization-minimization algorithms can 
find stationary points of global programming 
problems 

Dinkelbach algorithm for fractional programming is guaranteed to converge if the inner problem is solved globally. 
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Fractional Programming Beyond Classical Ratios

M. Soleymani, E. Jorswieck, R. Schober, L. Hanzo, "A Framework for Fractional Matrix Programming Problems with 
Applications in FBL MU-MIMO", IEEE Transactions on Wireless Communications, vol. 25, pp. 1240-1257, July 2025. 
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https://ieeexplore.ieee.org/document/11096011
https://ieeexplore.ieee.org/document/11096011
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What Era III Contributed 
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Dimension Era III Contribution

Objectives Energy efficiency, security, robustness, resilience

Uncertainty Stochastic and adversarial

Optimization Multi-objective and (mixed) non-convex

New Challenge Performance under disruptions
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Era IV: Toward xG

Programmable Environments, Resilience, and Electromagnetic Information Theory 
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Programmable Radio Environment with RIS

28

• 16 x 16 Diagonal RIS sub 5 GHz (FR1) in the lab (see ref) 
• OpenSource python program for controlling 1-bit RIS elements 

• RIS near-field beam-focussing  
• Signal strength measurements

M. Heinrichs, A. Sezgin and R. Kronberger, "Open Source Reconfigurable Intelligent Surface for the Frequency 
Range of 5 GHz WiFi," 2023 IEEE International Symposium On Antennas And Propagation (ISAP), Kuala 
Lumpur, Malaysia, 2023, pp. 1-2, doi: 10.1109/ISAP57493.2023.10389095.
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RISNet - Domain-Knowledge Driven Learning Architecture 

Unsupervised machine learning

 

29

B. Peng et al., "RISnet: A Domain-Knowledge Driven Neural Network Architecture for RIS Optimization With Mutual Coupling and Partial CSI," in 
IEEE Transactions on Wireless Communications, vol. 24, no. 5, pp. 4469-4482, May 2025, doi: 10.1109/TWC.2025.3536178. 
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From Diagonal to Beyond-Diagonal RIS 
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Fully Connected

Partly Connected

Diagonal  
RIS

•  H. Li, S. Shen, and B. Clerckx, “Beyond diagonal reconfigurable intelligent surfaces: From transmitting and reflecting 
modes to single-, group-, and fully-connected architectures,” IEEE Trans. Wire. Com., vol. 22, pp. 2311–2324, 2023.

• I. Santamaria, M. Soleymani, E. Jorswieck, J. Gutiérrez, "Interference Minimization in Beyond-Diagonal RIS-assisted 
MIMO Interference Channels", IEEE Open Journal of Vehicular Technology, vol. 6, pp. 1005-1017, 2025.

Takagi-Factorization 

Active RIS
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xG as a Unified Optimization Problem

31
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Conclusions and Future Works 
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• Four eras identified and connected to corresponding optimization problems  
• Era I - MIMO and Multiuser Systems - matrix optimization, rate region boundaries  
• Era II - Interference Networks - distributed optimization, conflict, equilibria 
• Era III - Beyond Throughput - energy, security, robustness, combinations  
• Era IV - Toward xG -  

• Growing programming problem - multi-objectives, constraints, uncertainty, opt. parameters
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       7G 
         2040+

Quantum
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