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6G or IMT-2030 is currently a major research topic for the next major step in mobile and
wireless communications. According to the ITU-R Recommendation “Framework and overall
objectives of the future development of IMT for 2030 and beyond” very wideband systems with
an aggregated throughput in the order of several hundred Gbps are proposed as target for
research and innovation. The necessary bandwidth will only be available in the millimeter and
sub-terahertz domain, which is heavily affected by shadowing conditions. The communication
link is blocked without any additional technical means. Coverage improvements can be
provided by using reflectors, RIS arrays, and repeaters to direct radio waves around corners
or obstacles.

Reconfigurable Intelligent Surfaces (RIS) are proposed as a means to improve coverage.

An additional advantage is investigated, whether in multipath propagation environment the
overall channel capacity can be increased by constructive superposition of the different
multipath components at the receiver by appropriate settings of different RIS arrays. It is shown
that the increased channel capacity can only be achieved within a small bandwidth much
smaller than needed in 6G depending on the radio channel delay spread. This approach is
very sensitive with respect to displacements of the mobile station.

The comparison of reflectors, RIS arrays, and repeaters shows different performance and
complexity levels affecting their network deployment. Overall, the repeater solution provides
either the largest radio range or the lowest necessary total transmit power compared to
reflectors or RIS arrays and, thereby, is the most sustainable approach.

It is claimed that by means of RIS the radio channel can be programmed. In the equalizer
approach at the receiver basically any transfer function can be approximated. However, for
increasing system bandwidth and radio channel delay spread the equalizer length and signal
processing effort is growing very fast. In the RIS-supported approach only the tap factors of
the multipath propagation channel can be adjusted, where the delays of the different multipath
components remain. This corresponds to the scalar product between the vector of the radio
channel impulse response and the vector of the complex reflection coefficients of the different
RIS arrays. Therefore, the possibilities to program the radio channel is rather limited.



The RIS array can be regarded as an antenna array, where the phase of each RIS element
can be adjusted with phase shifters in the range of maximum 0 to 27 to provide beamforming.
Due to the physical size of the RIS array ranging from about 100 cm? to 5 m? depending on
the carrier frequency and other factors with hundreds to thousands of RIS elements the RIS
array is adding frequency dependency to the overall radio transmission.

The targeted frequency-independent transmission channel for very wideband systems requires
ideally a single path channel. This can be approximated in radio propagation by Rice channels
with one dominating path. Multipath propagation results in frequency-selective fading, which is
characterized by the coherence bandwidth and the time variation by the coherence time.
Especially a repeater with signal amplification and potentially also regeneration can provide
such a dominating path. The coherence bandwidth of the radio channel follows from the
correlation function of fading functions at different frequency deviations. With the proposed
correlation criterion based on the well-known approach for Rayleigh channels, the coherence
bandwidth and time tend to infinity from a Rice factor around K’ > 4 = 6 dB.

The different effects are investigated by system-theoretical concepts.
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