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1 Background

Limitations of centralized mMIMO-ISAC

With the evolution toward B5G and 6G wireless communication systems:

• Co-located antennas may cause uneven coverage.

• Inter-cell interference degrades both communication and sensing.

➢ Distributed APs provide better spatial diversity.

➢ AP switching enables more flexible interference management.

Challenges towards MIMO evolution 
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Dynamic AP mode switching

Fig. 1. Considered CF-mMIMO-assisted ISAC system.

2 Problem & Challenge

Communication AP (C-AP)

➢ Serve downlink users.
➢ Use partial zero-forcing precoding.
➢ Strong users: FZF precoding.
➢ Weak users: MRT precoding.

Sensing AP (S-AP)

➢ Transmit probing signals.

➢ Illuminate multiple sensing zones.

➢ Use steering-vector-based beams.

Overall transmitted signal: 

Dynamic AP switching separates communication and sensing functions, 

reducing mutual interference and improving resource flexibility.



Bin Yan Cell-Free MIMO-Assisted ISAC: Joint AP Switching and Power Allocation 2026-06-12 5

2 Problem & Challenge

Communication: spectral efficiency (SE)

Use-and then-forget principle:

Shannon’s theorem:

➢ Dependent variable: C-AP and S-AP power allocation 

coefficient

➢ Other users' data + sensing signals act as effective noise.

Sensing: mainlobe-to-average-sidelobe ratio(MASR)

➢ Average sensing power pattern distortion as well as 

communication distortion

➢ Users' data + other sensing zones sensing signals act as 

effective noise.

Minimize the sensing beampattern gain:
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2 Problem & Challenge

Problem Formulation

Objective: Uniform QoS

s.t.: Achieve the desired MASR level

Power 

constraints
Mixed integer 

Non-convex 

Optimization

Problem！

Description
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2 Problem & Challenge

Challenge

➢ Variable properties: Mixed integer problem, there are both integer variables and 

continuous variables.

➢ Variable coupling: There is a coupling property between integer variables and 

discrete variables.

➢ Concavity: Objective function and constrained height nonconvex.

Traditional solutions

➢ Variable relaxation: 0,1 → 0,1
➢ Successive convex approximation (SCA) for Nonconvex 

Optimization

Unaffordable computational complexity!
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3 SC-JAPSPA  Algorithm

KEY: use the coupling between discrete variables and continuous variables

AP operates in sensing mode ( 𝑎𝑚 = 0 )

forming a step-function mapping (non-smooth).

Approximate characterization of discrete variables by 

continuous variables
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3 SC-JAPSPA  Algorithm

Original problem Problems after smooth representation

➢Mixed integer and continuous

➢Non-convex problem

➢Only continuous !

➢Non-convex problem

➢Non-smooth objective function
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3 SC-JAPSPA  Algorithm

Smoothing of the objective function

➢The objective function changes from non-smooth to smooth: making the 

gradient algorithm applicable

➢Select appropriate smoothness parameter: prevent numerical spillover while 

ensuring high approximation



Bin Yan Cell-Free MIMO-Assisted ISAC: Joint AP Switching and Power Allocation 2026-06-12 11

3 SC-JAPSPA  Algorithm

Take penalties to deal with constraints

Final objective function

Non-convex smooth + convex non-smooth

The proximal gradient method is suitable!
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3 SC-JAPSPA  Algorithm

Core renewal formula of near end gradient method

Smooth term: standard gradient descent

Non-smooth term: using convexity to simplify to 

nearest distance optimization problem

Projection further simplified: only related to 

communication AP power allocation coefficient
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3 SC-JAPSPA  Algorithm

➢ Introducing auxiliary variables for momentum 

acceleration

➢ Smooth Lipschitz: monotonically converges to 

the stationary point
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4 Numerical Results

➢ SC-JAPSPA provides near-SCA communication performance with better reliability than G-JAPSPA.

➢ SC-JAPSPA achieves a robust tradeoff between minimum user SE and sensing success rate.
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4 Numerical Results

➢ SC-JAPSPA achieves near-benchmark performance with much lower runtime and complexity.

SC-JAPSPA: 𝒪 𝑀 max 𝐾, 𝐿 2 SCA-JAPSPA: 𝒪 𝑀3.5 max 𝐾, 𝐿 3.5≪
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