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Project Links

With the approaching 6G era, reconfigurable intelligent surface (RIS) 
and metaprisms are among promising future technologies that will 
form a complex cascaded channel in millimeter wave (mmWave). 
However, the channel estimation problem is an obstacle due to a 
large number of RIS elements resulting in the high channel
dimension. For a complex cascaded channel model with multiple 
RISs and MetaPrisms, the channel is harder to estimate and even 
formulate. Therefore, we propose a task-oriented mmWave channel 
estimation scheme and develop the simulator mmCEsim.

1. Official Website: https://mmcesim.org
2. Web Application: https://app.mmcesim.org
3. Project Blog: https://blog.mmcesim.org
4. GitHub Organization: https://github.com/mmcesim
5. CLI App Repository: https://github.com/mmcesim/mmcesim
6. GUI App Repository: https://github.com/mmcesim/mmcesim-gui
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Task-oriented Concept

The simulator is open source on GitHub under the MIT license.
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RISs to estimate one of the polynomials with the result in
IV-A2. For example, the double RISs model in [6] with addi-
tional direct channel from the user to BS F can be represented
as (IV-B). Assume there are n effective RISs with M reflecting
coefficients, there needs O(n2M) separate estimation with
different reflection coefficients. The delay can be lowered by
using partial CSI that has already been estimated to design
reflection and beam patterns during data transmission before
the complete CE is finished.
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Fig. 8. Double RIS channel example.

C. Introduction of MetaPrisms
The introduction of [3] is very easy in the proposed system.

MetaPrisms can be viewed as RISs with fixed phase shift vec-
tors. As will be discussed in task-oriented scheme, MetaPrisms
will be first converted to RIS before being estimated.

V. PROPOSED TASK-ORIENTED ESTIMATION SCHEME

A. Single RIS MIMO CE Scheme
The cascaded channel with "k can be represented as
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where in (!) the mix-product property of Kronecker product
is used. J " $T !#, and D " VT
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where !D = D(1 : MG, :) is the first MG rows of D and !J is
a merged version of J as shown in [23]:
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where Si is the set of indices in D that have the identical row
as the i-th row. With (23), the received signal in (14) can be
further represented in the vectorized form as
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where in (a), the mixed-product property of Kronecker product
is employed with yk,t " vec(Yk,t) " CNB

t NB
r #1 and nk,t "

vec(Nk,t). (b) uses the result from (23). In (c) the mixed-
product property of Kronecker product is employed again with
j̃ = vec(!J) " CNG

t NG
r MG#1 as in [23]. Considering the

Fig. 9. Merging from j̃ in Eq. (25) (c) to !k in Eq. (26) (d) with MG = 4.

sparsity of j̃, CS based algorithms can be employed. However,
the huge size of j̃ still makes it impractical to compute.

In order to reduce the computation complexity due to the
huge size of j̃, we further propose to formulate (25) as
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where the deduction of (d) is illustrated in Fig. 9 and the
merged !k " CNG

t NG
r #1 can be formulated as
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for i = 1, 2, · · · , NG
t NG

r . Without loss of generality, we
assume Tk = T and Qk = Q for k = 1, 2, · · · ,K. In
(e), the equation is simplified by defining Qk,t " (FT
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After the CE with K reflection vectors, the data transmis-
sion is considered within the channel coherence time. With a
phase shift vector " that satisfies
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the channel H for the data transmission can be formulated as
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where % " [!1,!2, · · · ,!K ] is to be estimated via CE and
coefficients " " ["1,"2, · · · ,"K ]T can be determined with the
phase shift vector " from (29). It is worth noting that with K
(K # M ) reflection vectors "k, the reflection pattern " used
in data transmission can be well represented by considering
(29) as a linear mapping.

The computational complexity comparison with OMP algo-
rithm is listed in Table I, where we assume NG

t = Nt, NG
r =

Nr. L and L% denote the sparsity of !k and !J respectively.
L $ L% with our designed reflection patterns, because of the
introduced sparsity. The beam pattern design is shown in (31).
The reflection pattern design is

'& =
1

M
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x ,Mx}max{MG
y ,My}!D†, (32)
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Fig. 1.   Double RIS uplink channel model example.

Fig. 4.  mmCEsim GUI application on macOS.

The graphic user interface (GUI) is implemented using Qt calling the 
CLI app. The GUI app supports Linux, macOS and Windows.

The user only needs to know the system settings and will be then 
able to compare different channel estimation schemes. To migrate 
the algorithm to a different system, for example from single-user 
MISO to multi-user MIMO, simply change the system settings without 
affecting your algorithms. (Of course, your algorithm may also be 
specific to a certain system setting.) What makes the application 
even more powerful is that there is an auto estimation scheme that 
is both efficient and effective. This scheme is specially catered to 
the cascaded channel consisting of RISs and MetaPrisms, and 
even more complicated scenarios like multi-RISs. Thus, the 
evaluation of channel estimation performance in mmWave is 
significantly simplified. For example, a double RIS channel model in
Fig. 1 can be easily simulated in mmCEsim.

Conclusion

Fig. 3.   Channel configuration 
code snippet (in YAML format).

One of the prerequisites is our proposed beam pattern and 
reflection pattern design (Y. You, W. Zhao, L. Zhang, X. You and C. 
Zhang, “Beam pattern and reflection pattern design for channel estimation 
in RIS-assisted mmWave MIMO systems,” IEEE Trans. Veh. Technol., 
2022, to be published), which will ensure the sparsity of the 
compressed channel.
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Fig. 2.   Workflow of mmCEsim.

The workflow of mmCEsim is shown in Fig. 2. Users can generate
configuration files through GUI app, and then export, simulate and 
finally generate reports.

The configuration is in 
YAML format, with a code 
snippet in Fig. 3. Algorithms 
are defined in our designed 
ALG language, which is 
able to be exported to C++, 
Python, MATLAB/Octave. 
There are also predefined 
algorithms in the standard 
library of mmCEsim.

In this work, we develop an open-source millimeter wave channel 
estimation simulator. The simulator is capable of simulating complex 
cascaded channels consisting of multiple RISs and MetaPrims. As a 
task-oriented simulator, we also propose an accompanying auto 
channel estimation scheme which is efficient and flexible. The use of 
the mmCEsim simulator will enable a more efficient research and 
provide a standard platform for easy comparisons.
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