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ABSTRACT

Power consumption and hardware cost are
two of the main challenges for realizing beyond
fifth generation (B5G) and sixth generation (6G)
wireless communications. Recently, the emerging
reconfigurable intelligent surface (RIS) has been
recognized as a promising tool for enhancing
the propagation environment and improving the
spectral efficiency of wireless communications by
controlling low-cost passive reflecting elements.
However, current cellular communications were
designed on the basis of conventional communi-
cation theories, significantly restricting the devel-
opment of RIS-assisted B5G/6G technologies
and leading to severe limitations. In this article,
we discuss RIS-assisted channel estimation issues
involved in B5G/6G communications includ-
ing channel state information (CSl) acquisition,
imperfect cascade CSI for beamforming design,
and co-channel interference coordination, and
develop a few possible solutions or visionary
technologies to promote the development of
B5G/6C. Finally, potential research opportunities
are discussed.

INTRODUCTION

Beyond fifth generation (B5G) and sixth gen-
eration (6G) communication provide huge
improvements in terms of data rates, reliability,
high throughput, and low latency requirements.
However, due to the wide deployment of milli-
meter-wave (mmWave) and massive multiple-in-
put multiple-output (MIMO) technologies, the
required hardware complexity and large power
consumption become major implementation
challenges [1]. In general, large antenna arrays
are accompanied by many radio frequency (RF)
chains followed by multiple analog-to-digital con-
verters (ADCs). Therefore, as the power con-
sumption of ADCs grows exponentially with the
number of quantization bits, reducing the power
consumption has attracted considerable attention.

As a remedy, the reconfigurable intelligent sur-
face (RIS) concept and its various counterparts
have emerged as a powerful and cost-effective
solution to tackle these challenges [2]. In simple
tangible terms, a RIS consists of a large number of
abundant reconfigurable reflective elements [3],

which can be divided into active and passive RIS
cases. The active RIS can adjust the phase shifts
and amplify the received signal attenuated, but
cost is expensive. In light of this, we focus on pas-
sive RIS in this article. By adjusting the phase shift-
ers (PSs) of passive RIS reflective elements, the
incident signals can be dynamically adjusted to
support diverse user requirements without deploy-
ing additional mobile stations (MSs) or in-cell relay
stations [4, 5]. As a result, it has ultra-low power
consumption and low-cost hardware compared to
that of the amplify-and-forward (AF) relay-assisted
systems relying on active transmission devices or
base stations (BSs). From the design and imple-
mentation perspective, a passive RIS has attrac-
tive characteristics such as having a low profile
and being flexible and lightweight; as a result, it
can be deployed in existing cellular wireless net-
works without requiring any change to existing
infrastructure, user terminals, as well as operat-
ing standards. These significant advantages make
RIS a promising research direction for B5G/6G
[6-9]. However, current cellular communications
designed and operated based on previous postu-
lates may not be suitable for future RIS-assisted
B5G/6G communication services, since optimal
control of the RIS is the acquisition of the channel
state information (CSI) required for beamforming,
and co-channel interference will be inevitable for
explosive growth in data storage capabilities and
rapid B5G/6G communication. Thus, it is difficult
to directly apply previous technologies to RIS-as-
sisted communication scenarios. To support new
demands in future RIS-assisted B5G/6G commu-
nication scenarios, the following three challenges
should be discussed as follows:

* RlS-assisted channel estimation: Accurate
CSI acquisition is critically dependent on
the number of reflecting elements of the
RIS. Due to the lack of baseband process-
ing capabilities at the RIS, a large dimen-
sion of RIS is designed for the RIS-assisted
system, which is very unfavorable for the
deployment of RIS. Therefore, how many
reflecting elements of RIS should be satis-
fied with the accurate CSI acquisition is the
bottleneck of the application of RIS-assisted
MIMO systems.
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FIGURE 1. Typical RIS applications in B5G/6G networks and challenges.

+ RIS-assisted beamforming design: A major
challenge with RIS-assisted beamforming is
the acquisition of the cascade CSI required
between transmitter and receiver. However,
the locations of users are changing and envi-
ronmental properties are varying, which may
lead to an error existing in the beamforming
design. Therefore, the other main issue is to
achieve the optimal beamforming design,
while keeping the error of cascade channel
estimation below a tolerable level.

* RlS-assisted co-channel interference coor-
dination: Regarding the throughput gain
of a RIS-assisted system, the coordinated
CSl is adopted to design its transmit/receive
beamforming, where different BSs are
enabled to share their CSI. As directional
beamforming increases, co-channel interfer-
ence will become an increasingly challeng-
ing issue in B5G/6G ultra-dense networks.
Therefore, future B5G/6G communications
call for rigorous interference coordina-
tion methods to overcome the impact of
co-channel interference.

These various challenges of RIS-assisted
mmWave MIMO communications motivate the
necessity to perform a comprehensive review of
RIS for realizing B5G/6G communications. This
review focuses on the three aforementioned key
challenges and provide the fundamental solu-
tion for channel estimation and its implementa-
tions, imperfect cascade CSI for beamforming
design, and RlIS-assisted co-channel interference
coordination. In the following section, we pro-
vide an overview of standard developments of
RIS technologies. Following that, we introduce
the hybrid multiobjective evolutionary program-
ming for RlIS-assisted B5G/6G communication
systems. Then we detail the imperfect cascade
CSl for a RlIS-assisted hybrid beamforming (HBF)
design and highlight the potential benefit of HBF
design. We further consider the deep-learning-
based methods to train the shared CSI, which
can share the channels to avoid co-channel
interference. Finally, we outline future research
directions.

OVERVIEW OF RIS-ASSISTED FUTURE B5G/6G
COMMUNICATIONS

We consider a RlS-assisted B5G/6G mmWave
network, which is depicted in Fig. 1. Due to the
high path attenuation, mmWaves can be easily
blocked by obstacles, which limits their practical
implementation. To tackle this issue, RIS-assisted
mmWave networks are envisioned and expected
to play an important role in future B5G/6G wire-
less communications.

In terms of the requirements in B5G/6G, we
expect to enhance the coverage area and guaran-
tee diverse quality of service (QoS) requirements.
By leveraging the reconfigurability of RIS, the
transmission performance of wireless networks has
been verified via realistic simulations and experi-
ments. Therefore, numerous works in the literature
have investigated RIS-assisted mmWave commu-
nications including the theoretical basis, physical
design of metasurfaces, physical architecture, as
well as the corresponding channel modeling at dif-
ferent operational frequencies. Following on, the
analysis of models, algorithms, and performance
optimization have been provided in RIS-assisted
systems. An organization of passive RIS challenges
and potential solutions are provided in Fig. 2.

Compared to these works, our study conducts
an investigation of passive RIS for the above-men-
tioned three potentially disruptive problems, as
illustrated Fig. 1. To support new demands in
future B5G/6G network scenarios, this article
emphasizes plausible solutions to ensure that
future wireless networks are practically realizable.

RIS-ASSISTED CHANNEL ESTIMATION

In the B5G/6G communications, the throughput
gain in RlS-assisted mmWave communications is
highly reliant on the availability of CSlI, the acquisi-
tion of which still remains a challenge for RIS with
a large number of passive elements. In particular,
to reduce the hardware requirements, the reflect-
ing coefficient of RIS usually has no transmission/
processing capability. Therefore, the passive fea-
ture of RIS makes it rather difficult to estimate
RIS-user equipment (UE) and RIS-BS channels.
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FIGURE 2. Design challenges and potential solutions for passive RIS.
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FIGURE 3. Comparison of related channel estimation approaches.

Specifically, when a BS with M antennas is consid-
ered to serve K UEs with the help of the N reflect-
ing elements of RIS, it is observed from [10] that
the number of channel coefficients involved in
designing the RIS reflection coefficients is KMN +
KM. Most existing schemes require the individual
computational cost of both the BS-RIS channel
and the RIS-UE channel, which involves both qua-
si-static and dynamic movable RIS scenarios. For
typical RIS-assisted communication, the cascaded
BS-RIS-UE channel can be established based on
the transmitting/receiving pilot signals, and the
corresponding cascaded channel can be extreme-
ly high-dimensional. Fortunately, this overhead
can be reduced by the two-scale channel estima-
tion in [11]. The authors ingeniously propose a
two-timescale channel estimation framework to
reduce pilot overhead, when a quasi-static RIS
scenario is considered between BS and RIS. The
pilot overhead, relying only on the number of
reflecting elements, is very useful for a quasi-static
RIS scenario. In light of this, the codebook-based
scheme is developed in which the performance is
dependent on the codebook being designed. It
is worth mentioning that location-based RIS con-
figurations do not need the CSl to be acquired
per channel coherence time but much more slow-
ly [12]. However, for a highly dynamic scenario,
such as aerial RIS, RIS is mounted on unmanned

aerial vehicles (UAVs) to enable three-dimension-
al signal reflection. The UAV mobility-induced
variation of the angles of arrival/departure (AoAs/
AoDs) prompts BS-RIS channel to be estimated
frequently. More importantly, the pilot overhead
for the highly dimensional mobile RIS is prohibi-
tively high. To reduce the pilot overhead in a high-
ly dynamic scenario, deep learning is introduced
to combat the large size of the BS-RIS channel.
Another solution to reduce the pilot overhead is
to utilize the sparse and low-rank property of the
mmWave channel when the cascaded channel is
established. Figure 3 compares related RIS-assist
channel estimation approaches. These solutions
have their respective strengths and shortcom-
ings. Therefore, how to accurately estimate the
passive RlS-assisted channel with a large number
of reflecting elements is still an open problem in
B5G/6G.

PROBLEM FORMULATION

We consider RIS-aided downlink communications
in challenge 1 of Fig. 1, where K single-antenna UEs
are randomly distributed throughout the cell, where
a RIS with M reflective elements are arranged in a
uniform planar array (UPA) structure for enhancing
the performance. The phase shifts of the RIS are
designed to adjust the propagation directions of the
incident signals. To fully realize a substantial train-
ing overhead reduction, the inherent sparsity of the
mmWave channel is exploited to formulate the cas-
cade channel construction by exploiting compressed
sensing (CS) [13]. Under the proposed framework,
the cascaded channel estimation problem is formu-
lated as a CS-based sparse reconstruction problem,
which includes three conflicting objectives: the mea-
surement error, the number of reflecting elements,
and the sparsity constraint. In particular, the reflect-
ing elements of RIS design are a major bottleneck
for accurate CSI acquisition. The reason is that a
large number of RIS units is integrated into B5G/6G
communication, which can lead to an increase in
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the pilot requirements. Since the three objectives of
the optimization problem conflict with each other,
many potential technologies are developed to solve
the channel estimation. However, there are restric-
tions and limitations among these technologies; for
example, a deep-learning-based scheme can obtain
receivable CSI, but lots of samples were used in
training the network model, which leads to high
hardware cost. In addition, the alternating optimiza-
tion scheme is another potential technology, but the
three variables are strongly coupled together, which
result in difficulty solving it.

To support new demands, we formulate a
new potential technology, the multi-objective
optimization problems (MOPs), to overcome
this challenge. Then the corresponding hybrid
multi-objective evolutionary algorithm (MOEA)
based on differential evolution (DE) is developed
to solve the MOPs. To significantly reduce the
computational cost of the selection process,
we first develop a local search to generate new
promising solutions by exploiting the iterative
hard-thresholding scheme. Next, an angle-based
selection operator is used to determine the best
Pareto front (PF) in the knee areas, which is cru-
cial for diversifying the search. According to the
proposed hybrid MOEA, the estimated solution of
channel is determined in the PF set, which have a
good trade-off among the sparsity constraint, the
number of reflecting elements, and the measure-
ment error, while providing encouragement to its
performance.

SIMULATION RESULTS

In Fig. 4, the normalized mean square error (NMSE)
performance comparison of the proposed scheme
is described to achieve the trade-off among mea-
surement error, the number of reflecting elements,
and the sparsity constraint. We assume that an RIS
consists of M = 256 reflecting elements. The UE is
close to the RIS and far from the BS. The hybrid
MOEA exploits the hybrid evolutionary-based
strategy for diversifying the search along the weak
PF set, which can achieve effective performance
improvement. Furthermore, Fig. 4 shows the best
solutions obtained by the hybrid evolutionary algo-
rithm that lies on the Pareto-optimal front. It is very
clear that the solution is determined in the knee
region of the Pareto-optimal front. Therefore, the
pilot sequences can be reflected between the BS
and the UEs such that the RlIS-assisted CSI can be
estimated accurately by using a multi-objective evo-
lutionary scheme. Figure 5 summarizes the compu-
tational complexity of existing methods. Note that
the proposed approach results in a much simpler
model that is suitable for a passive RIS scenario.

DISCUSSION

As discussed above, acquiring accurate CSI
for B5G/6G mmWave MIMO systems is very
time-consuming and expensive. CS provides a
promising tool for reducing the pilot overhead,
with the potential of MOEA to accurately estimate
the channel in the RIS-assisted MIMO systems. The
approach can achieve superior performance and
low complexity. Therefore, we conclude that the
RIS-assisted channel estimation is effective using
CS and a multi-objective optimization method; we
anticipate that this framework will be very appeal-
ing in the future B5G/6G wireless networks.
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FIGURE 4. Relationship between reconstruction error, normalized MSE, and the sparsity of the solutions
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FIGURE 5. A computational complexity comparison between existing methods and the proposed channel estimator.

RIS-ASSISTED IMPERFECT CASCADE
CSI AcQuisITION FOR BEAMFORMING DESIGN

As described in the introduction, RIS-assist-
ed mmWave communications can effectively
enhance the coverage. However, most prior stud-
ies mainly focus on the design of beamforming
under perfect knowledge of CSI, which often
relies on an over-idealistic assumption in practical
scenarios, such as time-selective fading environ-
ments or channel offset in block fading and other
uncertain factors. In fact, design of beamforming
suffers from substantial performance degradation
if an error exists in the estimation of CSI [14]. As
a result, considering the imperfect cascade CSlI
for the RIS-assisted mmWave MIMO system via
robust beamforming design is crucial from a prac-
tical perspective.

PROBLEM FORMULATION

We investigate robust beamforming design for
a RIS-aided mmWave MIMO system based on
imperfect cascade CSl, as illustrated in challenge
2 of Fig. 1. RIS reflecting elements are deployed
to assist information transmission. The reflec-
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tion beamforming and active beamforming are
jointly designed to achieve better transmission
performance. The single-UE (SU) and multi-UE
(MU) reception modes of a RIS-assisted mmWave
MIMO system are considered, respectively. For
the SU scenario, existing mechanisms consider
joint design of active beamforming and reflecting
beamforming to minimize the transmit power of
the system, while ensuring that the achievable
rate of each UE satisfies the QoS requirement
under the error estimation of the CSI case. The
formulated problem is non-convex, and is usually
considered a challenging problem to solve due to
the multi-variable constraints.

To address this issue, a convex-concave
procedure (CCP) with the first-order Taylor
expansion is generally used in the optimization
problem in which the inequalities of matrix is
transformed by linearlizing the rate approxi-
mately. However, this approximation transfor-
mation gives rise to extremely weak solutions.
What is more, the RIS deployment may influ-
ence the system performance due to regard-
ing the large-scale path loss. If RIS is close to
the BS/UE, the line of sight (LoS) path loss is
minimized, but the excessive path loss originat-
ed from non-LoS (NLoS) connections becomes
obvious. On the other hand, if RIS is far from
the BS/UE, the probability of NLoS connections
is reduced, but this leads to an improved signal
attenuation due to the longer communication
distance. Therefore, it is urgent to establish an
appropriate solution for high-reliability capacity
B5G/6G communication.

By taking advantage of multi-objective optimi-
zation techniques, it is possible that the communi-
cation system can provide trade-off points among
active beamforming, passive beamforming, and
uncertainty CSI error. The decision makers can
select an appropriate solution according to the
B5G/6G communication requirement. It is worth
mentioning that a Pareto optimal solution can
be obtained by exploring the evolutionary algo-

rithms, which still remain largely unknown and
unexplored. The hybrid evolutionary algorithm
is developed in this article, and it is hoped that
this scheme provides a favorable guide for future
research. Finally, these optimization techniques
are subsequently extended to the MU case where
a robust hybrid beamforming design is achieved.
The sum received power of the MU can be maxi-
mized through jointly designing active and passive
beamforming schemes.

SIMULATION RESULTS

For simulation, we consider that the MUs are dis-
tributed in a cluster uniformly and randomly, and
the locations of the BS are away from the users,
and RIS is used to assist the link. The path loss
factor is considered. To verify the uncertain CSI
error, the error bound of the CSl is defined with
the cascade CSI uncertainty factor to control the
measurement error.

As indicated by Fig. 6, the hybrid evolutionary
algorithm obtains a set of Pareto solutions for
beamforming design, which is a trade-off includ-
ing passive beamforming, active beamforming,
and uncertainty CSI error. Optimal PF is deter-
mined in the direction of the arrow. Due to the
uncertainty in movement of the users, the trans-
mission between the RIS and users may cause
uncertainty in channel interference. To verify
this issue, imperfect user position (or the corre-
sponding AoA/AoD) is considered to replace
the imperfect channel coefficients. In simulation,
16- and 64-quadrature amplitude modulation
(QAM) are considered to modulate mmWave
5G NR waveform signals. The received signal at
the phased array AoD is down converted and
demodulated using a signal analyzer running the
analysis software. The simulated beamforming
gain with imperfect user position is very close
to the calculated measured beamforming gain.
The corresponding constellation diagrams with
16- and 64-QAM modulated waveforms are pro-
vided in the top right of Fig. 6, which satisfies the
5G modulation requirement defined by the Third
Generation Partnership Project (3GPP). This indi-
cates that the hybrid evolution is beneficial for
the RIS-assisted system to design robust hybrid
beamforming. Therefore, decision makers may
be inclined toward a large value of uncertain
CSl error. The approach claims that it can realize
more practical and flexible beamforming design
and trade-off performance based on B5G/6G
requirements. Simulation results verify that the
hybrid evolutionary algorithm has superior trade-
off performance.

DISCUSSION

In B5G/6G systems, directional beamforming
is designed to overcome strong attenuations.
However, the imperfect cascade CSI inevitably
causes RIS-assisted beam misalignment. From
this perspective, the imperfect cascade CSI
needs to be developed for robust beamform-
ing design. From the above theoretical analysis
and simulation results, we argue that incorpo-
rating multi-objective optimization techniques
into the combination of imperfect CSI and the
beamforming design strategy is an effective and
reliable strategy for future RIS-assisted B5G/6G
communications.

2
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RIS-ASSISTED SHARED CSI FOR CO-CHANNEL
INTERFERENCE COORDINATION

For ultra-dense B5G/6G networks, co-channel
interference is inevitable in practical communi-
cation scenarios (e.g., in offices, commercial
towers and shopping malls). It is thus critical to
take into account the shared CSI of different BSs
to avoid co-channel interference in future ultra-
dense B5G/6G networks. Therefore, in this sec-
tion, we investigate how to design a co-channel
interference coordination scheme with the help of
shared CSI for ultra-dense interference networks.
The theoretical results offer important insights for
RIS-assisted ultra-dense B5G/6G networks.

PROBLEM FORMULATION

Let us consider an RIS-assisted mmWave network
with an intercell interference scenario, as illustrat-
ed in challenge 3 of Fig. 1, where multi-anten-
na BSs simultaneously serve K independent UEs
with the help of the RIS. The RIS consists of M
reflecting elements and is mounted on the walls
of buildings. There are two BSs with multiple
antennas, which are referred to as the BS and BS;.
We assume that the signal BS serves the intended
UE, and BS;, which serves its own UE;, causes
interference to the intended UE. To address the
co-channel interference issue, the BS;-UE channel,
the BS-UE channel, and the interference BS-UE;
channel are considered in this scenario.

According to the structural properties of a
passive RIS, we develop two tractable optimiza-
tion problems that exploit the average rate and
the ergodic rate under the shared CSI. Howev-
er, the corresponding optimization problems are
non-convex and challenging to solve. To tackle
this issue, we divide the optimization problem into
multiple training modules by exploiting the off-
set learning-based channel estimation techniques.
Inspired by the powerful learning capability of
multi-objective optimization techniques, a double
multi-objective evolutionary algorithm with local
search strategy is developed to build a shared
channel between the BS and BS;. It is noted that
applying the local search-based evolutionary strat-
egy to the co-channel interference coordination
problem can generate a series of independent
Pareto solutions in the objective space, which can
be appropriately combined to provide improved
throughput gain of the system and interference
coordination. Moreover, combined with the
results of the interference coordination analysis, it
is interesting to observe that incorporating a local
search-based evolutionary strategy into co-chan-
nel interference coordination problem can handle
the shared channel in an ultra-dense RIS-assisted
mmWave system.

SIMULATION RESULTS

Here, we present the performance comparison of
the local search-based evolutionary strategy with
the DLA-based scheme [15] and full precoding
without RIS. We assume that the BS, BS;, UE, and
RIS are located at (0, 0), (550 m, 0), (dg, 0), and
(dg, dry), respectively. Due to extensive obsta-
cles and scatterers, the distance-dependent path
loss exponents are asy = 2.1, ay = 3, and agy =
2.3. On the other hand, the location of the RIS is

deployed between the BSs and the RIS, where the
corresponding the path loss is ogg = ok = 2.

Simulations are performed without any array
calibration and equalization. The BS is equipped
with N = 256 transmitting antennas, and the num-
ber of channel paths is L = 8. The results expect-
edly confirm the superiority of our design. In
the following, the design of hybrid beamforming
under shared CSl is provided. We compared the
proposed method with the scheme in [3] as well
as a fully digital decoder without RIS. Results indi-
cates that the proposed evolutionary scheme can
strike a balance between the lowest consumption
and the minimum channel interference.

DISCUSSION

In future B5G/6G, multi-beam interference will
inevitably increase with the increase of terminal
equipments. Therefore, it is crucial to explore the
shared channel for the interference coordination
scheme. Inspired by the stability of the multi-ob-
jective evolutionary techniques, it is shown that
the multi-objective evolutionary-based co-channel
interference coordination is capable of fully lever-
aging the reflective elements of RIS and improving
the system performance. Therefore, we conclude
that the co-channel interference coordination with
the multi-objective evolutionary technique is an
option for future communication systems.

OPEN RESEARCH ISSUES AND OPPORTUNITIES

RIS-assisted multi-tier computing: Multi-tier
computing is a novel communication architecture
for RIS-assisted mmWave networks. Their inte-
gration with RIS can significantly promote rapid
development of the B5G/6G wireless commu-
nications through offloading the computational-
ly intensive tasks to the edge server. However,
RIS-assisted multi-tier computing causes a large
channel pilot overhead and affects the free mobili-
ty of UEs in the RIS-assisted system. Therefore, the
RIS-assisted multi-tier computing problem should
be studied by considering the limitations of CSI.

RiS-assisted carrier frequency offset (CFO)
estimation: The achievable performance is very
sensitive to the CFO induced by the mismatch
between transceiver oscillators. However, the
introduction of RIS further aggravates multiple-ac-
cess channel interference, which may significant-
ly degrade the system performance. Therefore,
reliable CFO needs to be estimated to mitigate
multiple-access channel interference. Hence, estab-
lishing RIS-assisted CFO modeling and developing
a corresponding algorithm is crucial to the accom-
plishment of future B5G/6G communications.

Sensing RIS-assisted communication: Active
RISs equipped with sensing elements have attract-
ed extensive attention recently, and is one of the
currently most popular topics. Compared to pas-
sive RISs, sensing RISs offer remarkable improve-
ment in communications performance. However,
active amplifier elements introduce additional
noise, referred to as RIS noise, into the system,
and should be accounted for while designing sys-
tems with active RISs.

RIS-assisted unmanned integrated sensing
and communication (ISAC): Since competing
sensing links are prone to severe deterioration in
cell edge areas, RIS can provide an on-demand
flexible platform for deploying ISAC to improve

According to the structural
properties of a passive RIS,
we develop two tractable
optimization problems that
exploit the average rate and
the ergodic rate under the
shared CSI. However, the

corresponding optimization
problems are non-convex
and challenging to solve.
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the throughput of wireless networks. Thus, the
joint channel estimation of competing sensing
and passive beamforming design of RIS should be
investigated further to provide numerous wireless
services for the next generation of wireless com-
munications.

CONCLUSION

In this article, the RIS-assisted mmWave MIMO
communication framework has been established
to achieve smart and reconfigurable wireless envi-
ronments. To address three key challenges, the
channel estimation scheme has been investigated
first to reduce the training overhead in RlS-assist-
ed mmWave MIMO systems. Then the imperfect
cascade CSI has been established for robust beam-
forming design. Furthermore, RlS-assisted co-chan-
nel interference coordination is established to
improve the average rate and ergodic rate of the
system. Finally, major potential research directions
and challenges are also discussed. Furthermore,
it must be admitted that RIS-assisted mmWave
MIMO communications are in their infancy with
numerous open research issues, and a long road
ahead to solve these questions.
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