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Abstract

Reconfigurable intelligent surface (RIS) has appeared as one of candidates for 6G
communication. RIS can reflect and modify the phase of the signal, which leads increasing
the performance. One of the ways to calculate the capacity of RIS system is mutual
information, which in this paper is embedded with considering the imperfect channel state
estimation. The simulation result shows that mutual information of RIS performs better than
conventional MIMO after getting the additional information and still less than the capacity
as the maximum bits can be transmitted. Therefore, calculating the mutual information the
simulation is considered to be more similar with practical implementation.

I . Introduction

Reconfigurable intelligent surface (RIS) is a planar
meta-surface consisted of reflecting elements to
enhance the quality of the signal [1]. One benefit of the
RIS is it can have additional information using the
reflecting patterns [2]. Previously, this concept is
already studied in index modulation as it can use the [3]
additional bit for the activation of the resource.

However, in the previous work the perfect channel
state information was assumed. Therefore, this paper
studies about the imperfect channel state information

as it is more similar with the real-world implementation.

The simulation result is explained in Section III.
IO. System Models

In Fig. 1, the transmitter sends the downlink signals
to the RIS. The phase shift signals are reconfigured in

RIS and then it reflects the signal to the receiver. The
received signal for k- th RIS pattern is denoted with

y = VyYHy @G x; +n (D,

where y denotes the average received SNR. The
channels from the transmitter to the RIS and from RIS

to the receiver are denoted with H = [Hy, ..., H,] € CY*I7,

and G =[Gy, ..., G;,] € C-™1 respectively. The diagonal
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Figure 1. System model of the RIS-aided MIMO communication.

reflection matrix of the RIS is denoted with &, =
diag [\/B,e/%1, ..., \/B.-e/®ir]. The number of RIS element
is denoted with Lr . x, ~ CN(Oy, Q) denotes the
transmitted signal where Q; denotes the covariance
matrix.

ITII. Performance Analysis

In this study, the RIS assisted MIMO derived by
mutual information can be written as follows

I&y) =H@)-HyIHL @)
= E[-log; f(y)] — N;log; (re),

The probability density function of the received
vector y is given by
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and the PDF of spatial symbols can be written as

1 —exp (—"y_ﬁlsl "F) ) (3)
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Finally, the mutual information of RIS-assisted MIMO
system that consider imperfect channel estimation can
be written as

I(F,5;Y) = —Es {N.log, (o7 + o2lISiIZ)exp (1))}

(2225 )

2 2] 112
oy + oISz

—Eyqlog,| Exs

(0 + a2 IS, 12)" j /j |

R(a,¥,9) = — fon, f(Wlog; f(y)dy — Nylog; (me),

(3)

where o2 denotes the noise variance, 62 denotes the
channel estimation error. Therefore, the lower bound
equation can be derived as follows

RU(“! l]J' Q) = le‘f:l ak(logZ (det Dk) - lng (ak)),

where Dy = Iy xy, + YH,Q,H.
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Figure 2. The mutual information of the RIS, conventional
MIMO, and the channel capacity.

From the simulation result in Fig. 2, it is known that
the RIS performs better than conventional MIMO terms
of the mutual information in the low SNR. SSK with

infinite antenna performs the best amongst all since
shows the maximum bits that can be transmitted.

IV. Conclusion

In this paper, the comparison between RIS and active
RIS in terms of capacity is studied. The expected
simulation results show that the RIS outperform the
active RIS because the coverage area of RIS is larger
than active RIS.

IV. Future Work

Since this is still an ongoing work, this study still
needs a lot of improvement. For the future, this study
can also consider the bit error rate parameter.
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