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• Millimetre wave communications         LoS

• Massive MIMO arrays

• Cell-free networks

• Distributed antenna systems

• Signals significantly degraded due to:

• Pathloss

• Obstacles

• Buildings

• Foliage

• Other people

• Reconfigurable intelligent surfaces (RIS)

• Dynamically reflect the signal towards UE

• Potential to significantly improve the energy 

efficiency of the channel



Unit-cell design

• Several design iterations

• Checker-board lattice

• Contributes to both polarizations

• RF Chokes for bias

• Digitally controlled by p-i-n diodes

• 1-bit per polarization

• Macom MADP-000907-14020P p-i-n diode

Initial concept

Final iteration

PIN Diode

RF choke

RO4003C

1.52 mm

RF Ground

DC Ground

DC Bias 

Signal



Numerical results

Simulated in CST 
Microwave Studio

• Floquet ports and 
periodic boundary

• De-embedded to the 
surface of the unit-cell

• Optimised for 30°
incidence

26.5 GHz 29.5 GHz

n257  mmWave band,

n261 in particular



Waveguide tests

WR-28 waveguides have a rectangular cross-section

Width (a-dimension): 7.112 mm

Height (b-dimension): 3.556 mm

WR-28 → 10mmx5mm tapered transition

The geometry of the scattering element is the 

same as in RIS modelling, yet periodicity is 

slightly changed to fit into the waveguide 



Waveguide test phase difference

WR-28 → 10mmx5mm tapered transition



Waveguide test amplitude

WR-28 → 10mmx5mm tapered transition



Full RIS simulations

Pathloss 
estimation

• 2 distinct 
methodolo
gies

Determine 
the 

dimension 
of the RIS

Find the 
number 

of 
required 
unit-cells

Build 
RIS 

Structure

   

              
         

        

        

   



Full RIS Simulation

Pathloss models

𝑃𝑡 Up to 29 dBm [1] W. Tang et al., "Path Loss Modeling and Measurements for Reconfigurable 

Intelligent Surfaces in the Millimeter-Wave Frequency Band," in IEEE Transactions 

on Communications, vol. 70, no. 9, pp. 6259-6276, Sept. 2022, doi: 

10.1109/TCOMM.2022.3193400.

[2] Z. Li, H. Hu, J. Zhang and J. Zhang, "RIS-Assisted mmWave Networks 

With Random Blockages: Fewer Large RISs or More Small RISs?," in 

IEEE Transactions on Wireless Communications, vol. 22, no. 2, pp. 986-

1000, Feb. 2023, doi: 10.1109/TWC.2022.3200157.



Full RIS Simulation

Determining the number of Unit-cells

𝑃𝑡 Up to 28 dBm

[1] W. Tang et al., "Path Loss Modeling and Measurements for Reconfigurable 

Intelligent Surfaces in the Millimeter-Wave Frequency Band," in IEEE Transactions 

on Communications, vol. 70, no. 9, pp. 6259-6276, Sept. 2022, doi: 

10.1109/TCOMM.2022.3193400.

[2] Z. Li, H. Hu, J. Zhang and J. Zhang, "RIS-Assisted mmWave Networks 

With Random Blockages: Fewer Large RISs or More Small RISs?," in 

IEEE Transactions on Wireless Communications, vol. 22, no. 2, pp. 986-

1000, Feb. 2023, doi: 10.1109/TWC.2022.3200157.

𝑓0 = 27.275 GHz, 𝑃𝑥 = 𝑃𝑦 = 4.6 mm – 30 meters

𝐺𝑡 = 29 dBi, 𝐺𝑟 = 2 dBi

3GPP



Full RIS Simulation

Numerical results

−𝟑𝟎° Incidence

+𝟎° reflection

Co-polar



Full RIS Simulation

Numerical results

−𝟑𝟎° Incidence

+𝟒𝟓° reflection

Co-polar



Full RIS Simulation

Numerical results

−𝟑𝟎° Incidence

+𝟔𝟎° reflection

Co-polar



Experimental Results

Set-up

26.5-29.5 GHz SG Horn 

(RX)

26.5-29.5 GHz SG Horn (TX)

DAMS System

Tx-RIS distance is 40cm

RIS-Rx distance is 2m



Experimental Results

0 degree direction



Experimental Results

15 degree direction



Experimental Results

45 degree direction



Experimental Results

60 degree direction



Conclusions

A novel unit-cell for RIS has been 
presented

Coverage of the entire n257 5G mmWave 
band

• Considered 2 pathloss models

Final dimensions obtained based on the 
scenario it will be used

• Quantization

• Spacing between unit-cells to provide dual-polarization 
capability

Simulations of the full RIS show specular 
reflection and some grating lobes

• Needs refinement

• Results are encouraging

Initial measurement stages
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