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  Background
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• Holographic MIMO: By integrating an infinite number of antennas into a 
limited surface, holographic MIMO is expected to fully exploit the 
propagation characteristics offered by the electromagnetic channel and 
approach the fundamental performance limit. [3-4] 

• EM-Compliant Channel Modeling: One of the key challenges for 
Holographic MIMO. [8-10] 

• Key Problems: Non-isotropic scattering, non-ideal factors including the 
distortion of antenna patterns and the decrease of antenna efficiency are not 
taken into consideration in the state-of-the-art channel models. [11-12]



Contributions
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• An EM-compliant channel model is proposed for the holographic MIMO 
systems. Based on the von Mises-Fisher (VMF) distributions [13] and the 
3GPP TR 38.901 channel model [14], a realistic angular power spectrum is 
modeled, which has intuitive physical meaning and is more consistent with 
the realistic environment. 

• The non-ideal factors caused by antenna mutual coupling at the transceivers 
are taken into consideration, including the antenna pattern distortion and 
the decrease of antenna efficiency. 

• Using the proposed channel model, a more realistic performance evaluation 
is conducted in both the single-user and multi-user scenarios. Simulation 
results are provided to show the performance and technical challenges for 
the future holographic MIMO systems.



Fourier Plane-Wave Series Expansion-Based Channel Model [8]–[10]
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We consider a holographic MIMO system equipped with uniform planar arrays at both the base station (BS) and the 
user equipment (UE). Channel matrix

Phase-shifted 2D Fourier harmonics

Random Fourier coefficient

Final Channel matrix



Proposed EM-Compliant Channel Model - Overall
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Fig. 1. Illustration of the proposed EM-compliant channel model for holographic MIMO systems, including the characteristics of the 
propagation environment and the non-ideal factors at the transceivers.



Proposed EM-Compliant Channel Model – Angular Power Spectrum
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Fig. 2. Illustration of the anglular power spectrum of the propagation channel 
based on 3GPP CDL-B channel model. a) Anglular power spectrum at BS; b) 
Anglular power spectrum at UE..

Angular power spectrum

PDF of 3D VMF distribution

Normalization factor

Mises-Fisher (VMF) distributions [13] 3GPP TR 38.901 [14]

Cluster delay line (CDL)

Concentration parameter
*Table 7.7.1-2 in [14]

*Appendix 3.1 in [15]



Proposed EM-Compliant Channel Model – Antenna Pattern Distortion
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Normalized embedded antenna pattern

Modified Fourier harmonic

Elevation angle

• Firstly, the distorted antenna pattern will be different from that of an isolated element.  
• Secondly, the distorted antenna patterns of different elements will also be different based on the locations of the 

elements in the array

Azimuth angle

Over Channel Matrix



Proposed EM-Compliant Channel Model – Antenna Efficiency
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• In a dense antenna array with small element spacing, the efficiency of the antenna elements will be decreased because 
of the mutual coupling among them. 

• The reason is that due to the effect of mutual coupling, the active impedance of each element varies with scan 
angles. The impedance mismatch between the antenna elements and the transmission lines causes the power to be 
returned to the generators.

Antenna Efficiency Hannan’s Efficiency [16] Relative Efficiency 

Over Channel Matrix



Numerical Results – Single-User Scenario 
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Fig. 3. Ergodic capacity of a single-user holographic MIMO system with different 
antenna spacing at BS and UE.

• The characteristics of the scattering environment 

affect the channel capacity. 

• The antenna efficiency has significant impact on the 

channel capacity of holographic MIMO. 

• The antenna pattern distortion may also decrease the 

channel capacity.

Main Findings

• Central frequency: 3.5 GHz 
• Size of antenna arrays at BS:  
• Size of antenna arrays at UE:  
• Non-isotropic: 23 clusters, 3GPP TR 38.901 CDL-B 
• SNR = 0 dB  
• Power Allocation: water filling

4𝜆 × 4𝜆
𝜆 × 𝜆



Numerical Results – Multi-User Scenario
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Fig. 4. Ergodic capacity of a multi-user holographic MIMO system with different 
antenna spacing at BS and UEs.

• Central frequency: 3.5 GHz 
• Size of antenna arrays at BS:  
• Size of antenna arrays at UE:  
• Non-isotropic: 23 clusters, 3GPP TR 38.901 CDL-B 
• SNR = 0 dB  
• Power Allocation: iterative water filling 
• Number of UE: 10 
• UE distribution: uniformly distributed in one 

sector with [120°, -120°], [25m, 100m] 
• Large-scale pathloss: UMa in 3GPP TR 38.901

4𝜆 × 4𝜆
𝜆 × 𝜆

Similar Findings Can be Found
• Scattering environment 

• Antenna efficiency  

• Antenna pattern distortion



Challenges for Holographic MIMO
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• Antenna Efficiency: The efficiency of the antenna element is decreased 
because of mutual coupling and impedance mismatch. Adaptive impedance 
matching networks and super-gain antennas may be possible ways to increase 
the element efficiency. 

• Antenna Pattern Distortion: The distortion of individual antenna patterns 
has negative impact of the beamforming effect, which affect the overall 
capacity of the system. 

• Channel Correlation: The angular power spectrum determines the channel 
correlation. Smart environment control techniques may be needed to decrease 
the channel correlation and increase the capacity



Summary 
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Contributions: 
1. An EM-compliant channel model is proposed for the holographic MIMO systems which has 

intuitive physical meaning and is more consistent with the realistic environment. 
2. The non-ideal factors are taken into consideration, including the angular power spectrum, 

antenna pattern distortion and the decrease of antenna efficiency. 
3. Using the proposed channel model, a more realistic performance evaluation is conducted in 

both the single-user and multi-user scenarios.  

Main Findings: 
1. The characteristics of the scattering environment affect the channel capacity. 
2. The antenna efficiency has significant impact on the channel capacity of holographic MIMO. 
3. The antenna pattern distortion may also decrease the channel capacity. 

Key Challenges: 
1. Antenna Efficiency: The efficiency of the antenna element is decreased because of mutual 

coupling and impedance mismatch. 
2. Antenna Pattern Distortion: The distortion of individual antenna patterns has negative impact 

of the beamforming effect, which affect the overall capacity of the system. 
3. Channel Correlation: The angular power spectrum determines the channel correlation.  
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