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Abstract 

In this deliverable we analyse and discuss relevant RIS-based reference scenarios shedding 
light on technical challenges and potential achievable performances. In addition, we detail use 
cases, some of them will be explored within the project timeframe and some of them are ex-
pected to become field-trials demonstrations. 
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1 Introduction 

RIS technology represents a turning-point in the next-generation wireless network design. Given 
the multitude of envisioned business opportunities and corresponding scenarios and use-cases, 
we have generally carried out a solid analysis to highlight the motivation behind such novel 
framework while shedding the light on technological requirements and feasibility study. A de-
tailed characterisation of relevant RIS-based scenarios helps to deeply understand the potential 
of such a novel research field with corresponding advantages and limitations. In addition, a set 
of use-cases is identified and some of those are mentioned in the field-trial demonstrations, 
which will be realised within the project timeframe. 
  

1.1 Deliverable objectives, structure  

The general objective of this deliverable is to investigate high relevance Beyond-5G (B5G) sce-
narios and use cases where RIS technology can be successfully exploited while making the 
difference delivering advanced services. 
The scenarios are divided into the following categories. 
Enhanced connectivity and reliability scenarios. Wireless network QoE/QoS might be below 
expectation, therefore RIS technology which can enable coverage extension in both outdoor 
(dense and dynamic NLOS urban environments) and indoor (lack of coverage mainly due to 
large metallic objects and/or people) environments will be beneficial, implemented in the form 
of regulation-friendly solutions in line with EMFE limits; 
Enhanced localisation and sensing scenarios. RIS technology is expected to enable advanced 
sensing and localisation techniques for environment mapping, motion detection, opportunistic 
channel sounding, and passive radar capabilities applied to industrial (e.g. smart factory), high 
user-density (e.g. train stations), and indoor (e.g. augmented/mixed reality) environments. 
Enhanced sustainability and security scenarios: RISE networks are expected to enable the re-
duction of the energy spent to radiate the mobile signal, so as to improve EE, EMFEU and 
SSE due to highly directive and location-dependent communications; a first, already identified 
use case is a “train station”. An orchestrated network of RIS devices can be optimally config-
ured here to target the minimum energy necessary to provide advanced services at the 
QoE/QoS expected by users. 
In general, for each category in this deliverable we identify the reference scenario, we de-
scribe situations and conditions that might require the fully exploitation of the RIS technology 
and we showcase an exemplary application of RIS technology in such a given scenario. 
 

1.2 Definitions 

Reconfigurable intelligent surfaces (RISs) are surfaces composed of a discrete set of antenna 
elements following the generalised Snell’s law, and can be seen as reflective or transmissive 
electromagnetic surfaces as a function of the selected operation mode. Specifically, a reflec-
tive surface (R-RIS) operates as an electromagnetic mirror, where an incident electromagnetic 
wave is reflected towards the desired direction, typically anomalous in the sense that this direc-
tion is non-specular, with specific radiation and polarisation characteristics. On the other hand, 
a transmissive RIS (T-RIS) operates as a lens or a frequency selective surface, where the 
incident field is manipulated (by filtering, polarisation, beam splitting, etc.) and/or phase shifted, 
and re-radiated so as to control the refraction of plane impinging waves. Although RISs have 
great potential to implement advanced electromagnetic wave manipulations, only simple func-
tionalities, such as electronic beam-steering and multi-beam scattering, have been demon-
strated in the literature. Recently, some investigators have touched upon the possibility of de-
flecting the beam to achieve simultaneous reflective-transmission RIS (RT-RIS) [WDB18]. 
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(a) R-RIS (b) T-RIS (c) Reflectarray (d) Transmitarray 

Figure 1-1 – RIS taxonomy. 

 
 
Several different antenna technologies (e.g., [GTB16], [SN17]) can be considered as RIS hard-
ware technologies, including reflectarrays [HPC14], transmitarrays (e.g., [DCD20], [DCS20], 
[RVC19]), as well as smart, programmable or software-defined metasurfaces (e.g., [BMM20], 
[YCY16], [TBM14], [ZΖΖ10], and [DGL20]). 
When the elements have both size and spacing lower than 1/10th of the communication oper-
ation wavelength, RISs are also defined as metasurfaces [GTB16]. Metasurfaces are artificial 
materials able to manipulate electromagnetic waves, in a way that cannot be performed in ho-
mogeneous materials. Simple functionalities enabled by metasurfaces include anomalous re-
flections or transmissions. Achieving perfect anomalous reflection and refraction is possible if 
metasurfaces are bianisotropic with weak spatial dispersion [AAT16]. Spatially dispersive 
metasurfaces are realised as artificial sheets, which are typically composed of metallic patches 
or dielectric engravings in planar or multi-layer configurations within subwavelength thickness. 
The interaction with electric and/or magnetic fields, is typically provided by resonant effects 
controlled by the geometry of the unit cells and their distribution, enabling antenna performance 
enhancement (beamshaping), flat lens, artificial magnetic conductors, cloaking, absorbers and 
scattering reduction. In particular, the introduction of programmable metasurfaces could realise 
intelligent environments---giving birth to the novel concept of Environment as a Service (EN-
VaaS)---where such metamaterials act as smart reflectors to enhance coverage and open new 
technical and business opportunities for beyond-5G (and 6G) networks. 
Compared to classical phased arrays, which require phase-shifters and power amplifiers, RISs 
are generally passive radiative architectures integrating switches, RF-MEMS, p-i-n diodes, va-
ractors, and/or liquid crystals, to control electronically the local surface phase-shift and/or im-
pedance characteristics. So according to the technology of the unit cell (UC) we can distinguish 
between active RIS, where the reflected signal is amplified by an active element in UC, and 
passive RIS, where the UC is realised with low loss reactive components that are used to im-
plement a prescribed phase shift, either continuous or quantized, resulting in low-energy device. 
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(a) (b) 

Figure 1-2 – Typical RIS passive architecture: T-RIS/Transmitarray (a), R-RIS/Reflectarray (b). 

 
Finally, as for relays we can also distinguish different operating modes: Regenerative RIS that 
decode, regenerate and retransmit a copy of the original signal by inheriting the classical relay 
paradigm; Non-Regenerative RIS that acts as analog repeaters by retransmitting the signal 
they receive (in some cases amplified through beamfoming techniques or active elements). A 
receiving RIS (RX-RIS) enables measurement collection at its site, through a single or few Re-
ceive (RX) Radio-Frequency (RF) chains attached to all or a subset of its unit elements [AV20]. 
A hybrid surface (H-RIS) combines two of the above-mentioned modes, being able to reflect the 
impinging signal and simultaneously sense/measure a part of it [ASA21], [ZSA21]. 
 
 
In this context, RISE-6G investigates RIS over a wide span: suggested prototypes are mainly 
with UCs separation of half-wavelength. However, different studies include metasurfaces, e.g., 
dipole-based metasurfaces that considered to address the theoretical performance evaluation 
of RIS assisted wireless systems when the RIS is based on metasurface structures, i.e., includ-
ing mutual coupling between subwavelength UCs. Prototypes of T-RIS, R-RIS and simultane-
ous RT-RIS are addressed theoretically and experimentally. From the technology point of view 
mainly passive RIS based on p-i-n diodes, RF-MEMS and varactors are addressed below 40 
GHz. Above these frequencies, active UCs are considered too. 
 

1.3 How RIS is expected to overcome weaknesses and limitations 

Limited capacity in conventional outdoor network scenarios, extremely-high CAPEX and OPEX 
for installing, configuring and maintaining new points-of-access while actuating network densi-
fication and poor localisation performance in kitting operations foster looking for novel and ad-
vanced wireless technologies, such as RIS. The envisioned paradigm enables performance-
boosted wireless connectivity as multiple RISs can be easily deployed outdoors, in indoor hot 
spots, and in public highly frequented areas, such as metro/train stations, airports, and shop-
ping malls, in indoor residential scenarios to boost both indoor and outdoor-to-indoor wireless 
communications, as well as in vertical scenarios, such as Industry 4.0-related environments as 
well as V2X applications. Such revolutionary context will adopt nearly passive and low-cost 
network infrastructures rather than deploying additional active points-of-access thereby result-
ing in avoidance and alleviation of several network installation and maintenance issues. Sub-
stantial gains are therefore expected in terms of  

 minimisation of cost and effort for installation and maintenance; 

 delay minimisation due to the avoidance of long site-negotiation process;  
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 reduced energy consumption for operating the dense network of cell-free as compared 
with conventional transceivers and relays; 

State-of-the-art and planned contributions of RIS design and fabrication [HFL19] witness that 
RIS might be lightweight and aesthetically transparent devices, deployed very close to the cus-
tomers and, in some cases, able to provide them ad-hoc means to proactively configure it to 
deliver tailored services. This unique feature will allow consideration of a plethora of existing 
power-plugs in urban areas as RIS-coated network nodes, such as glass-made building fa-
cades, billboards, publicity displays, walls with plugs near seated customers in coffee shops, 
offices or waiting rooms. These considerations, along with the possibility for sharing the RIS 
functionality by multiple operators, can lead to the minimization of the effects of CAPEX related 
to RIS.  

1.4 RIS-Enabled scenarios and use cases: preliminary analysis  

To better understand the opportunities enabled by the novel RIS technology, hereafter we pro-
vide a detailed list of potential reference scenarios and future use-cases that might be employed 
to facilitate proper performance metrics. 
In particular, we list in Table 1.1 and Table 1.2 currently selected scenarios and use cases 
respectively as a preliminary analysis of the research activity within the RISE-6G project, while 
providing in the following sections a detailed description of each referenced entry. 
 

Reference scenario 

Scenario 1 - Unambiguous localisation under favourable problem geometry with a min-
imal number of active Base Stations (incl. single-BS) 

Scenario 2 - Non Line-of-Sight mitigation for better service coverage and continuity in 
far-field conditions 

Scenario 3 - Non Line-of-Sight mitigation for better service coverage and continuity in 
near-field conditions 

Scenario 4 - On-demand multi-user and multi-accuracy service provision 

Scenario 5 - Opportunistic detection/sensing of passive objects through multi-link radio 
activity monitoring 

RIS-assisted search-and-rescue operations in emergency scenarios via UAVs 

Scenario 7 - Localisation without base stations using multiple RIS 

Scenario 8 - Radar localisation/detection of passive target(s) 

Scenario 9 - RIS-aided radio environment mapping for fingerprinting  

Scenario 10 - RIS lens 

Scenario 11 - Radar localisation/detection of passive target(s) 

Boosted EMFE/EE/SSE scenarios 

Table 1.1 – RIS-based scenarios. 
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Use case 

Factory plant use cases 

UAV localisation and navigation 

AGV localisation and navigation 

Kitting process monitoring 

Component position in container 

Collaborative manufacturing (synchronous moving) 

Container contents monitoring 

Human-robot interaction and hazards 

Monitoring of assembly steps by human operators 

Monitoring of ergonomic load of production operators 

Identification of hazards in internal logistics 

 
Identification of logistic systems loading status 

Remote Human-robot interaction and robot control 

Railway station use cases 

Coverage difficulties or network extension (B2C/B2B) 

EMF protection for workers or specific public (B2C/B2B) 

Dedicated download areas (B2C) 

EMF protection for private areas (B2B) 

Travelers flow modeling (B2B) 

People geolocation system (B2B/B2C) 

Isolated agents’ detection at night (B2B) 

Table 1.2 – RIS-based use cases. 
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2 Enhanced connectivity and reliability 

Conventional network scenarios impose communication performance to be achieved via uncon-
trolled wireless medium. However, this might result in resource inefficiency and huge complex-
ity. Conversely, the envisioned smart radio environment built upon RISs will enable the granting 
of highly localized quality of experience and specific service types to the end users. Such pio-
neering network paradigm aims at going one step beyond the classical 5G use cases, which 
require that the network is tuned to one of the available service modes in an orthogonally iso-
lated manner, offering non-focalized areas of harmonized and balanced performance: We can 
go one step beyond by proposing performance-boosted areas as dynamically designed regions 
that can be highly localized, offering customized high-resolution manipulation of radio wave 
propagation to meet selected KPIs.  

2.1 Conventional scenarios (i.e., with non-RIS systems) 

In this subsection, we analyse conventional sub-scenarios (as a non-RIS baseline). In Figure 
2-1, we describe the conventional coverage problem. The BS, equipped with multiple antennas, 
communicates with a UE, either being a single- or multi-antenna one. When the UE moves in 
an area behind a wall, the signal from the BS is blocked or strongly attenuated. In this area, 
proper coverage cannot be ensured.  
 

 

Figure 2-1 – Conventional systems for connectivity and reliability. 

 
In Figure 2-2, we describe state-of-the-art solutions to the coverage problem. In Figure 2-2 (a), 
the BS is equipped with a much larger number of antennas compared to the case in Figure 2-1, 
so that the signal received by the UE in the blockage area gets amplified. In Figure 2-2 (b), the 
solution is based on network densification, where a new BS is added to cover the area, which 
previously had a weak coverage. The disadvantage of those solutions is that they might result 
in high costs, as the BS should be upgraded with new hardware or a new BS should be installed. 
Note that we leave out of this picture classical relay solutions as they would bring additional 
energy-consumption circuit solutions leading to unfair comparisons. 
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Figure 2-2 – State-of-the-art solutions to the coverage problem. 

 

2.2 Technical challenges in RIS-enabled reference scenarios 

For the conventional system settings and strategies identified in Section 2.1, based on a quali-
tative analysis of both localisation feasibility (incl. possibly high-level identifiability considera-
tions) and expected performance, we determine where and how RISs could improve connectiv-
ity in conventional systems. In all cases described, we consider that the RIS is in reflecting 
operating mode, as defined in Section 1.2. The RIS can optionally also receive signals to, for 
instance, perform in-band channel estimation or localisation. 
 
For enhanced connectivity and reliability, the following problems will be considered: 

 Channel Estimation: 

 With RIS(s) in reflective mode; measurements: received BS pilot signals at 
UE(s) (downlink) or received UE(s) pilot signals at BS (uplink). 

 With RIS(s) capable of receiving/sensing; measurements: received BS and 
UE(s) pilot signals at the RIS(s) (for RIS(s) with RX RF chains), the latter plus 
received BS pilot signals at the UE(s) (downlink), or the latter plus received UE(s) 
pilot signals at the BS(s) (uplink). 

 

 Design of RIS(s)’ phase configuration(s): 

 For low latency and accurate channel estimation. 

 For connectivity and reliability optimisation; measurements: CSI collection 
at a central controller or a MEC server (wired or wireless connections with the 
involved nodes).  
 

We next present all considered scenarios, focusing on the downlink case as an example; the 
uplink case can be readily extended following the same approach. 
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2.2.1 Connectivity and reliability boosted by a single RIS 

In this scenario, illustrated in Figure 2-3, there exist(s) direct link(s) between the multi-antenna 
BS and the single- or multi-antenna UE(s). Connectivity is further boosted via a single or multiple 
RISs. The phase profile(s) of the RIS(s) can be optimised for desired connectivity and reliability 
levels. We will consider 3D deployment of the network nodes, as well as line-of-sight and mul-
tipath channels. 
 

 

Figure 2-3 – RIS-aided downlink or uplink wireless communication systems, where connectivity 
and reliability are enabled by RISs. 

2.2.2 Connectivity and reliability boosted by individually controlled multiple RISs 

In this scenario, illustrated in Figure 2-4, multiple BSs aim to boost connectivity and reliability 
with their respective UEs. The deployed RISs are assigned to pairs of BS-UE, and each pair is 
capable to control and optimise the phase profile of its individual RIS(s). We therefore consider 
3D deployment of the network nodes, as well as line-of-sight and multipath channels. 
 

 

Figure 2-4 – RIS-aided downlink wireless communication systems of multiple transmit-receive 
pairs, where the RISs can be controlled individually by each pair. 

 

2.2.3 Connection reliability enabled by multiple RISs 

In this scenario, illustrated in Figure 2-5 – R, the direct link(s) between the multi-antenna BS 
and the single- or multi-antenna UE(s) is (are) blocked, and connectivity is enabled via a single 
or multiple RISs. The phase profile(s) of the RIS(s) can be optimised for desired connectivity 
and reliability levels. Similar to scenario 1, we will consider 3D deployment of the network nodes, 
as well as line-of-sight and multipath channels. 
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Figure 2-5 – RIS-aided systems where connectivity is enabled by multiple RISs. 

2.2.4 Connectivity and reliability boosted by a single multi-tenant RIS 

For this scenario, we consider pairs of BS-UE(s) and a single RIS. The RIS is now considered 

as a shared resource, dynamically controlled by the infrastructure commonly accessed by the 

BS-UE(s) pairs. The phase profile of the RIS can be commonly optimised by the BSs to serve 

their UE(s) simultaneously, as shown in Figure 2-6. Alternatively, the control of the RIS may be 

time-shared among the BS-UE(s) pairs, involving an in-band control channel. Additionally, we 

envision an out-of-band control channel that would not share resources with the BS-UE com-

munication channel. Note that, the control channel envisioned by this scenario will be thoroughly 

investigated in future activities, out of the scope of this deliverable at the moment.  

 

Figure 2-6 – A multi-tenancy scenario with pairs or BS-UE(s) and a shared RIS that is optimised 
to simultaneously boost communication of different BS-UE pairs. 

 

A special case of this scenario is the one which considers a setup where the communication is 

enabled by multiple cellular BSs, each one serving a distinct set of UEs. When the UE(s) move 

across the cell boundaries of two or more BSs, they might change their serving BS(s) frequently 

(i.e., yielding frequent handovers). Shared RISs between the two or more BSs can be placed in 

the cell boundaries in order to dynamically extend the coverage of the serving BSs (i.e., reducing 

the number of handovers). 

 

2.2.5 Mobile edge computing as key-enabler in RIS-empowered scenarios 

With the advent of beyond 5G networks, mobile communication systems are evolving from a 
pure communication framework to enablers of a plethora of new services (verticals), such as 
Industry 4.0, Internet of Things (IoT) and autonomous driving. These new services present very 
diverse requirements, and they generally involve massive data processing within low end-to-
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end delays. In this context, a key-enabler is Mobile Edge Computing (or Multi-Access Edge 
Computing, namely MEC), whose aim is to move cloud functionalities (e.g., computing and stor-
age resources) at the edge of the wireless network to avoid the relatively long and highly varia-
ble delays necessary to reach centralized clouds. MEC-enabled networks allow User Equip-
ments (UEs) to offload computational tasks to nearby processing units or Edge Servers (ESs), 
typically placed close to Access Points (APs), to run the computation on the UEs’ behalf. How-
ever, moving toward millimeter wave (mmWave) communications (and beyond), poor channel 
conditions due to mobility, dynamicity of the environment and blocking events, might severely 
hinder the performance of MEC systems. In this context, a strong performance boost can be 
achieved with the advent of RISs, which enable programmability and adaptivity of the wireless 
propagation environment, dynamically creating service boosted areas where energy efficiency, 
latency, and reliability can be traded to meet momentary and location-dependent requirements 
of MEC systems. 
 
An exemplary scenario of such kind is depicted in Figure 2-7 where 2 edge devices (that can 
be considered as generic UEs), a BS equipped with an edge server (ES), and 2 available RISs 
are considered. The edge devices aim to run sophisticated applications by offloading computa-
tions to the edge server, exploiting the wireless communication link with the BS. Under the 
assumption that the direct link between the users and the BS can be possibly impaired by the 
presence of obstacles, which attenuate or eventually block the communication, as qualitatively 
shown in Figure 2-7, the presence of the RISs helps in counteracting this detrimental effect by 
allowing alternative communication paths between the UEs and the BS in both uplink and down-
link directions. Time is divided in slots indexed by t. Then, at each time slot, new offloading 
requests are generated by the UEs, and are handled through a dynamic queueing system that 
accounts for both communication (both uplink and downlink) and processing delays. In this sce-
nario, the goal is to jointly optimise communication (e.g., powers, rates, and RIS phase shifts) 
and computation resources (e.g., CPU frequencies) to enable energy-efficient edge computing 
with low-latency and high-accuracy requirements. 
 

 

Figure 2-7 – RIS-empowered mobile edge computing systems. 
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3 Enhanced localisation and sensing scenarios 

3.1 Conventional scenarios (i.e., with non-RIS systems) 

Conventional localisation systems are visually summarized in Figure 3-1 and they can be differ-
entiated depending on the applied positioning approaches listed in Table 3.1 where their pre-
requisites (in terms of the used radio metrics, synchronisation requirements, UL/DL transac-
tions, minimum number of deployed BSs, …) and their representation in existing/pending stand-
ard releases or mobile communication system generations (4G, 5G...) are presented [PRL+17, 
KSH+19]. 
 

 
Conventional localisation systems for settings 1-2 of Table 
3.1 (i.e., trilateration / circular positioning) 

 

 
Conventional localisation systems for settings 3-4 of Table 
3.1 (i.e., trilateration / circular positioning) 

 

 
Conventional localisation systems for settings 5-6 of Table 
3.1 (triangulation positioning) 

Figure 3-1 – Conventional localisation systems. 
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Setting Measurement Uplink or Down-
link 

Synchronisation 
requirements 
 

Maturity 
 

1 RSSI, Cell-ID, fingerprint-
ing 

UL and/or UL in-
differently 

None (all except 
but minimum syn-
chronisation level 
required to estab-
lish the communi-
cation) 

2G 
(fingerprinting 
in 4G) 

2 RT-ToF based on de-
lay/ToA for peer-to-peer 
ranging (also called multi-
RTT for positioning) 

Both UL & DL Both BS and UE 
(a priori asynchro-
nous at the begin-
ning of the locali-
sation procedure) 
need to apply 
multi-way peer-to-
peer ranging 
transactions to 
solve timing offset 
(and possibly 
compensate rela-
tive clock drifts) 

5G NR  

3 TDOA based on de-
lays/ToAs at Rx BSs 
(also called UTDoA or 
UL-TDoA)  

UL only Synchronous BSs 
(in Rx) 

3G 

4 OTDOA based on de-
lays/ToAs at Rx UE (also 
called DL-TDoA) 

DL only Synchronous BSs 
(in Tx) 

3G 

5 DoA at Rx BS (also 
called UL-DoA) 

UL only None (all except 
but minimum syn-
chronisation level 
required to estab-
lish the communi-
cation) 

5G NR  

6 DoD from Tx BS + RSSI 
at Rx UE (& fingerprinting 
with an a priori database 
of learnt RSSI signatures 
under different TX 
beams) (also called DL-
DoD) 

DL (+ UL retrans-
mission of DL 
RSSI) 

None (all except 
but minimum syn-
chronisation level 
required to estab-
lish the communi-
cation) 

5G NR  

Table 3.1 – Conventional localisation approaches. 

 
In all cases listed in Table 3.1 measurements are used to solve a non-linear optimisation prob-
lem. The quality of the positioning depends on the quality of the measurements, as well as on 
the relative locations of the base stations. 
 

3.2 RIS-Enabled scenarios 
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For the conventional localisation system settings and strategies identified in section 3.1, based 
on a qualitative analysis of both localisation feasibility (incl. possibly high-level identifiability con-
siderations) and expected performance, we determine where and how RISs could assist or 
boost conventional localisation solutions. These benefits can take various forms, depending on 
the RIS operating mode (i.e., reflect., refract., transmit., relay, … - see section 1.2). They can 
be also classified in terms of: 

 Enabled localisation: making localisation feasible again, whenever the conventional 
system fails, thus providing improved service continuity, coverage, resilience. 

 Boosted localisation: improving timely and/or locally the localisation performance (in 
terms of accuracy, latency, etc.), while relying on the same amount of radio resources 
(i.e., number of active devices, spectrum, etc.) as in conventional systems. This leads 
to improved performance limits and tunable performance. 

 Low-profile localisation: achieving a priori localisation performance targets, while re-
quiring much lower resource in comparison with the conventional system (performance 
is also related to sustainability, power consumption, deployment costs). 

Note that a particular RIS usage (e.g., a given couple {RIS operating mode, RIS physical de-
ployment}) may enable to cover several of the previous benefits at a time. 
In the following sub-sections eleven generic scenarios where RIS provide performance benefits 
for localisation are defined only as examples (refer to the technical literature for a more com-
prehensive overview [KKS20,AKK20,KKD21]) and they can be related to the above-given clas-
sification as follows: 
 
 

Scenario 1 2 3 4 5 6 7 8 9 10 11 

RIS-enabled loc. X X X  X X X X  X X 

RIS-boosted loc.    X X   X X  X 

RIS-aided low-profile 
loc. 

   X   X   X  

Table 3.2 – RIS-Enabled scenarios. 

3.2.1 RIS in reflection mode 

Scenario 1 - Unambiguous localisation under favourable problem geometry with a mini-
mal number of active Base Stations (incl. single-BS) 

In this scenario, the conventional infrastructure is insufficient to provide a location estimate (typ-
ically within all the conventional settings 1 to 5 above). The RIS enables localisation [KKS20]. 
Beyond localisation feasibility considerations, even if just one single RIS reflection is needed in 
addition to the direct path in this scenario, the selection of the most relevant RIS to be controlled 
(typically in terms of phase profiles) in a multi-RIS deployment setting can also contribute to 
improve performance (typically through the control of Geometric Dilution of Precision (GDoP)). 

 Settings: single-antenna BS, single-antenna UE, planar RIS 

 Signal measurements: ToA as measured by the BS, ToA as measured by RIS, DoD 
as measured by RIS 

 Unknowns to be solved for: 3D UE location, 1D UE clock bias 

 Knowns: BS location, RIS location and orientation, transmitted signal, sequence of 
RIS phase configurations 

 RIS requirements: known location and orientation, variable RIS phase configurations, 
zero-sum RIS phase configurations. RIS synchronized to BS.  
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Figure 3-2 – Scenario 1 example. 

 

Scenario 2 - Non Line-of-Sight mitigation for better service coverage and continuity in 
far-field conditions 

Just like in the previous scenario, conventional non-RIS systems would be insufficient to provide 
a location estimate (within approaches 1 to 5 in the table above) whenever the minimum number 
of BSs (anchors) in visibility (i.e., a number required to ensure unambiguous localisation) is not 
fulfilled, while the 2D user location can be estimated via narrow-band signals received from two 
RISs in the absence of Direct Path (even with one single BS in non-visibility, as shown in the 
Figure below), given that the two resulting reflected paths are properly resolved on the UE side. 
The user and the BS are assumed to be in the far-field of the RISs.  

 Settings: a single-antenna BS, a single-antenna UE, two planar RIS 

 Signal measurements: DoD from both RISs  

 Unknowns to be solved for: 3D UE location 

 Knowns: BS location, RIS location and orientation, transmitted signal, sequence of 
RISs phase configurations 

 RIS requirements: known location and orientation, variable RIS phase configurations, 
orthogonal RIS phase configurations. RIS synchronized to BS.  

 
 

 

Figure 3-3 – Scenario 2 example. 

 

Scenario 3 - Non Line-of-Sight mitigation for better service coverage and continuity in 
near-field conditions 

In this scenario again, the user location can be estimated via the signal received from one RIS 
in the absence of Direct Path (even with one single BS in non-visibility, as shown in the Figure 
below), but the user is now assumed to be in the near-field of the RIS. Typically, this allows to 
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exploit signal wavefront curvature for direct positioning [AKK20,RDK21], unlike in far field where 
one would for instance need to estimate separately the direction of departure from the RIS and 
the time of arrival of the RIS-reflected path to estimate the UE position. 

 Settings: a single-antenna BS, a single-antenna UE, planar RIS 

 Signal measurements: user position is solved from the received signal directly 

 Unknowns to be solved for: 3D UE location 

 Knowns: BS location, RIS location and orientation, transmitted signal, sequence of 
RISs phase configurations 

 RIS requirements: known location and orientation, variable RIS phase configurations, 
RIS synchronized to BS.  

 

 

Figure 3-4 – Scenario 3 example. 

 

Scenario 4 - On-demand multi-user and multi-accuracy service provision 

In a multi-user context, a conventional multi-BS localisation infrastructure would require allocat-
ing a larger amount of radio resource (e.g., in terms of time, frequency, power…) or even a 
larger number of BS (i.e., > 3 in 2D) to meet the a priori localisation requirements of most-
demanding UEs, with no possibility to finely control the dilution of precision, and hence, to guar-
antee an arbitrary (e.g., constant) level of accuracy over the scene, the latter being totally 
bounded by the “static” deployment of those active BSs.  

On the contrary, the deployment (and the selective control) of multiple RISs makes possible (i) 
the (on-demand) provision of various classes of localisation services to different users sharing 
the same physical environment, depending on the needs they express locally/temporarily, while 
(ii) spatially controlling both the localisation accuracy and the geometric dilution of precision in 
the different dimensions (i.e., both the sizes and orientations of the location uncertainty ellipses 
in the figure shown below) [WD20]. This allows meeting more easily a priori fairness criteria, 
while limiting to the strict minimum the amount of required resource for active transmissions 
(again, in terms of time, frequency/bandwidth, power). For this purpose, in combination with the 
conventional resource allocation strategies cited above, RISs provide one more degree of free-
dom, by offering the possibility to dedicate to specific users a subset of the deployed RISs, or 
even sub-areas of these RISs. … 

This would be particularly relevant in challenging application environments such as smart fac-
tories, where various levels of authorisation and/or safety must be guaranteed depending on 
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the specific zone occupied by operators, robots or mobile assets, under fast changing and heav-
ily obstructed radio conditions (see e.g., typical factory use cases).  

 Settings: single-antenna BSs, single-antenna UE, multiple planar RISs 

 Signal measurements:  
o DL only: ToA of DP, ToA of RIS-reflected path and DoD from RIS (at each UE). 
o DL & UL: ToA of DP and ToA of RIS-reflected path (at each UE); ToA of DP, 

ToA of RIS-reflected path (at each BS). 

 Unknowns to be solved for:  
o DL only: 3D UE location, 1D UE clock bias 
o DL & UL: 3D UE location 

o Knowns: BS location, RISs locations and orientations, transmitted signals, se-
quences of RISs phase configurations 

o RIS requirements: known location and orientation, variable phase configura-
tions, synchronisation to BSs. 

 

Figure 3-5 – Scenario 4 example. 

 

Scenario 5 - Opportunistic detection/sensing of passive objects through multi-link radio 
activity monitoring 

In this multi-RIS scenario, the idea is to enable the opportunistic detection of both static and 
mobile passive objects, by monitoring the time evolution of multipath profiles over a communi-
cation link between the BS and one or several UE(s) (DL and/or UL). 

Given that adequate channel estimation and data association algorithms are developed, ex-
tending the concept of passive (multi-static) radar, the observed space-time correlations, the 
sudden appearance/disappearance and/or the power fluctuation/stability of resolved RIS-re-
flected multipath components over both time and RIS operations can typically be exploited to 
indicate the presence, the position/attitude and even possibly the mobility pattern, of such pas-
sive objects in the environment.  

In comparison with more classical non-RIS passive radar approaches, which aim at sensing 
and classifying physical activity based on standard range-Doppler analysis (e.g, [LPW+19]), the 
dynamic and selective control of RISs (i.e., changing over time both the RISs to be controlled 
and their phase profiles, as illustrated in the Figure below) is expected to improve multipath 
diversity and provide richer location-dependent “geometric” information (while operating at 
higher frequency, e.g. at mmWave frequencies) to improve the performance in terms of detec-
tion, activity classification and/or even location estimation. 

In terms of the unknowns to be solved, several options are hence possible, depending on 
whether the UE location is a priori known (e.g., resulting from a preliminary localisation phase) 
or not. In case the locations of both the UE(s) and passive objects must be jointly determined 
from scratch, one can hence leverage and extend to the RIS context existing Simultaneous 
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Localisation and Mapping (SLAM) approaches (e.g., mmWave SLAM in [KDU20, MWB18]). In 
this case, extensions to multi-user cooperative radio monitoring (i.e., in both cooperative and 
non-cooperative modes) are also envisaged.  

However, in highly reverberant environments that can create ultra-dense multipath echoes, in 
irregular propagation environments with complex scattering effects and/or whenever the trans-
mitted signals can occupy only relatively narrow bandwidths (say, in comparison with e.g., that 
in the mmWave domain, where up to several GHz are typically available), multipath resolution 
is usually very challenging. Accordingly, the parametric localisation approaches devised above, 
which estimate location variables based on a priori “geometric” signal models (i.e., models aim-
ing at establishing a deterministic link between Rx radio signals and location information), be-
come less efficient and even hardly practical. In such operating conditions, alternative finger-
printing techniques may be applied instead for localising passive objects. Multiple RISs can then 
be used to leverage so-called configurational diversity through wavefront shaping, even with 
single-antenna single-frequency measurements (e.g., [HIF18,H20]). 

 

 

Figure 3-6 – Scenario 5 example (at different time instants). 

 

 Settings: single-antenna or multi-antenna BSs, single-antenna or multi-antenna UE, 
multiple planar RISs 

 Signal measurements:  

o DL or UL indifferently: Time series of multipath channel estimates, i.e., ToAs, 
gains and possibly AoAs (optional, in case of multi-antenna BS) of all resolved 
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multipath components (including DP -if only present-, RIS-reflected paths and 
scattering paths created by objects); 

 Unknowns to be solved for:  
o Option 1: Presence, attitude, mobility and/or 3D locations of passive objects only 

(given the location(s) of UE(s)) 
o Option 2: 3D locations of both UE and passive objects (~SLAM) 

 Knowns: BS location, RISs locations and orientations, transmitted signals, sequences 
of RISs phase configurations, UE(s’) location(s) (Optional) 

 RIS requirements: known location and orientation, variable phase configurations, syn-
chronisation to BSs. 

 

Scenario 6 - RIS-assisted search-and-rescue operations in emergency scenarios via 
UAVs 

The usage of UAVs in emergency situations may help but it still needs to cope with specific 
technical challenges when it comes to victims’ localisation. While UAVs may directly implement 
classical cellular-based localisation techniques, such techniques are developed for static anchor 
points, such as base stations, thereby missing new opportunities introduced by their motion 
capabilities [ASP21]. RISs may support and overcome the shadowing effect induced by rubble 
in such scenarios by building ad-hoc controllable propagation conditions for the cellular signals 
employed in the measurement process.  
Specifically, by means of RIS we can circumvent LoS blockage but more sophisticated ap-
proaches are possible. Due to the wavefront curvature in the near-field of a large RIS, it is 
possible to accurately determine unknown clock biases by combining Phase-of-Arrival (PoA) 
and Time-of-Arrival (ToA) information. In harsh environments such as indoor industry 4.0 sce-
narios, RISs can maintain consistent multipath thereby allowing dynamically accounting for ob-
ject movements.  
In addition, lightweight and low-complex RISs may be exploited to cope with the impelling en-
ergy-consumption issue of UAVs to be used to bring connectivity capabilities to hard-to-reach 
locations, as shown in Figure 3-7. RIS can be automatically controlled to focus the incoming 
signal towards specific locations while assisting victim localisation process by means of RISs 
installed on the wall/window glass. This would significantly help first responder teams in emer-
gency situations, when for e.g. the smog may impair the normal visibility inside the building 
[MDSP21]. 
 

 Settings: UAV provided with a single RIS; single ground BS (or van equipped with a 
portable BS). 

 Signal measurements:  

Incoming signal (from the UAV) at each ground user (UE). 

 Unknowns to be solved for:  

o Location of the UAV, perturbation of the position; 
o Location of the ground UE (i.e., victims). 

 Knowns: Ground BS location, very large area wherein UEs (i.e., victims) are located. 

 RIS requirements: Variable phase configurations, wireless control channel, limited 
power consumption (on in reflection mode). 
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Figure 3-7 – UAV-equipped RIS assisting search-and-rescue operations in emergency scenarios. 

 

3.2.2 RIS in Receive Mode 

In this subsection, scenarios including RISs, each equipped with a single or few Receive (Rx) 
Radio Frequency (RF) chains (that are much fewer than the total number of each RIS’s unit 
elements), will be presented.  A typical receive RF chain attached to all (the single-Rx-RF RIS 
case) or a subset (the multi-Rx-RF RIS case) of an RIS’s elements consists of a low-noise 
amplifier, a mixer for signal down-conversion to baseband, and an analog-to-digital converter. 
The Rx RF chains at an RIS enable measurements’ collection at its site, which can be used for 
channel estimation, localisation, and sensing of passive objects (radio mapping). 
 

Scenario 7 - Localisation without base stations using multiple RIS 

In this scenario, illustrated in Figure 3-8, AoA estimations obtained at multiple RISs, having the 
architecture of [AV20], are combined to produce the estimation of the UE(s) location(s). 

 Settings: 3D deployment, single- or multi-antenna UE(s), multiple RISs. 

 Measurements: Received signal at each RIS via its phase profile configuration (analog 
combining reception). 

 Unknowns to be solved for: 3D locations of the UE(s). 

 Knowns: RISs’ locations and orientations, pilot signals. 

 RIS and system requirements: Variable RIS phase configurations, computing capabil-
ity for AoA estimation at each RIS, collection of all AoA estimations at a central controller 
(wired or wireless) that combines them for location(s) estimation. 
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Figure 3-8 – Scenario 7 example. 

 

Scenario 8 - Radar localisation/detection of passive target(s)  

In this scenario, illustrated in Figure 3-9, a radar is assisted by multiple RISs, having the archi-
tecture of [AV20], to localize/detect static or moving target(s). In the recent relevant literature, 
authors have explored applying RISs in Radar systems in order to perform user localisation 
[ZHZ20], enable localisation for users in NLOS areas [AMR21] and enhance the target detection 
problem performance [LDF21], [LLF21], [JRZ21], [BGL21]. The novelty of Scenario 8 is found 
in the receiving RISs being deployed (in comparison with the passive RISs in the literature only 
being able to reflect), giving the system the capability to localize users as well as the radar itself. 

 Settings: 3D deployment, full-duplex MIMO transceiver (radar), passive target(s), line-
of-sight or multipath channels, multiple RISs. 

 Measurements: Received signal at each RIS via its phase profile configuration (analog 
combining reception), received signal at the multi-antenna Rx of the radar, narrowband 
or wideband. 

 Unknowns to be solved for: Detection or 3D location(s) of static or moving target(s), 
3D location of the radar. 

 Knowns: RISs’ locations and orientations, pilot signals. 

 RIS and system requirements: Variable RIS phase configurations, computing capabil-
ity for features’ estimation/detection at each RIS, collection of the latter at the radar 
(wired or wireless) that combines them for the location(s) estimation of static or moving 
target(s). 

 

Figure 3-9 – Scenario 8 example. 
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Scenario 9 - RIS-aided radio environment mapping for fingerprinting localisation 

In this scenario, a set of active/hybrid RISs enables the cartography of the EM power spatial 
density in a specific area of interest.  
From a localisation standpoint, the ability to build reliable and “complete” RF maps is of para-
mount importance to fingerprinting-based positioning approaches, where one first needs to 
“learn” in-site radio signatures in known UE locations (offline). The latter are collected to form a 
prior database, which is subsequently used for comparison with current radio measurements to 
determine the unknown UE location (online). In practical cases however, only sparse and spa-
tially non-uniform measurements are usually collected on the field to build and calibrate those 
prior RF map.  
In comparison with classical non-RIS approaches (typically, conventional fingerprinting setting 
1 above, assuming RSSI measurements with respect to several BSs), the use of Rx RISs at a 
few strategic locations for offline RF cartography could contribute to accentuate the location-
dependent features of the radio signatures stored in the database. Ultimately, the learnt RF 
maps are also expected to be more suitable to fingerprinting needs to boost localisation perfor-
mances. This could be done for instance by introducing more diversity in the collected radio 
fingerprints, over dedicated time-varying sequences of Rx RIS phase profiles. Dually, the use 
of RISs should also enable to reduce the minimum amount of field measurements required for 
RF map calibration (in terms of both time and space). This kind of RIS usage, along with their 
actual benefits, are however still quite exploratory and would necessitate deeper investigations. 

 Settings: multiple BSs, multiple active RISs  

 Signal measurements: EM field intensity at RIS locations 

 Unknowns to be solved for: EM field intensity over a set of discrete positions where 
we do not have direct access to RISs measurements 

 Knowns: BS location, RIS location and orientation, sequence of RIS phase configura-
tions 

 RIS requirements: RIS must be endowed with RF receiver chains on some elements 
to measure the local EM field intensity 

 

 

Figure 3-10 – Scenario 9 example. 

3.2.3 RIS in Transmit Mode 

Scenario 10 - RIS lens 

In this scenario, the RIS is placed in front of a single-antenna transmitter. The user position is 
estimated at the user side via the narrow-band received signal.  
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 Settings: 3D deployment, single-antenna user(s), single-antenna transmitter and planar 
RIS at the transmitter. 

 Measurements: Received narrow-band signal at UE. 

 Unknowns to be solved for: 3D locations of the UE(s). 

 Knowns: RISs’ locations and orientations, transmit-antenna location, pilot signals, RIS 
phase profiles. 

 RIS and system requirements: known location and orientation, variable RIS phase 
configurations. 

 

3.2.4 RIS in Hybrid Mode 

Scenario 11 - Radar localisation/detection of passive target(s) 

In this scenario, illustrated in Figure 3-11, a radar is assisted by multiple RISs, having the archi-
tecture of [ASA21], in order to localize/detect static or moving target(s). In the recent relevant 
literature, authors have explored applying RISs in Radar systems in order to perform user lo-
calisation [ZHZ20], enable localisation for users in NLOS areas [AMR21], and enhance the tar-
get detection problem performance [LDF21], [LLF21], [JRZ21], [BGL21]. The novelty Scenario 
8 is found in the hybrid RISs’ architecture being deployed, which simultaneously receive and 
reflect (in comparison with the passive RISs in the literature only being able to reflect), giving 
the system the capability to localize users as well as the radar itself. 

 Settings: 3D deployment, full-duplex MIMO transceiver (radar), passive target(s), line-
of-sight or multipath channels, multiple RISs. 

 Measurements: Received signal at each RIS via its phase profile configuration (analog 
combining reception), received signal (reflections from the target(s) and the RISs) at the 
multi-antenna RX of the radar, narrowband or wideband. 

 Unknowns to be solved for: Detection or 3D locations of static or moving target(s), 3D 
location of the radar. 

 Knowns: RISs’ locations and orientations, pilot signals. 

 RIS and system requirements: Variable RIS phase configurations, computing capabil-
ity for features’ estimation/detection at each RIS, collection of the latter at the radar 
(wired or wireless) that combines them for the location(s) estimation of static or moving 
target(s). 

 

Figure 3-11 – Scenario 11 example. 
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4 Enhanced sustainability and security scenarios 

Somehow it is the coverage problem again described in Section 0 but with specific emphasis 
on getting the best performances of the communication system in terms of Energy Efficiency 
(EE) / Electromagnetic Field exposure Utility (EMFEU) / Secrecy Spectral Efficiency (SSE). 
 

4.1 Conventional scenarios (i.e., with non-RIS systems) 

In this section, we draw a first and non-exhaustive list of baseline scenarios without RIS, where 
we believe that the deployment of RIS(s) for EE/EMFEU/SSE would be meaningful for their 
capability to overcome current limitations due to the propagation channel. 
In Figure 4-1-a), we describe the conventional solution to provide an energy efficient radio link 
from a BS to an intended UE. In this solution, the BS uses beamforming to maximise the re-
ceived power at the target UE, under a limited transmit power constrain. However, the power 
received at the UE is limited by the number of propagation paths between the BS and the con-
sidered UE. The smaller is this number the weaker is the signal received at the target UE. 
In Figure 4-1-b), we illustrate the conventional solution to provide a secured link to an intended 
UE in the presence of an eavesdropping non-intended UE. Again, the BS performs beamform-
ing to deliver the target received power at the intended user, with a minimum of transmit power. 
With such approach the received power at the non-intended user (whatever its location) is re-
duced compared to the case without beamforming. However, the contrast between the received 
power at the target UE and the received power at the non-intended UE is limited by the number 
of propagation paths. The smaller is this number of paths the weaker is this contrast. In the 
worst-case scenario, the non-intended UE can even be on one of these propagation paths. As 
illustrated in Figure 4-1-a) and Figure 4-1-b), the aforementioned limitations due to lack of multi-
path in the propagation channel, are observed both in the cases where the link between the BS 
and the target UE is in line-of-sight (LOS) or blocked by an obstacle. 
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Figure 4-1 – Example of conventional single-BS systems based on beamforming for coping with 
EE, SSE and EMFEU requirements. 

 
Previously described scenarios can be generalized to multi-BS scenarios, where several syn-
chronized and coordinated BSs perform joint beamforming, as in the examples illustrated in 
Figure 4-2.  
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Figure 4-2 – Example of conventional multi-BS systems based on beamforming for coping with 
EE, SSE and EMFEU requirements. 

 
Note that similar scenarios for uplink can be derived with receive BF instead of transmit BF. The 
main difference will be that the EE will be improved at the UE side instead of the BS side. 
 

4.2 Boosted EMFE/EE/SSE scenarios 

In this section, we reuse the baseline scenarios without RIS, defined in previous section, and 
deploy one or several RIS(s). 
More precisely, in Figure 4-3-a), we illustrate examples of single-BS scenarios with RIS, where 
downlink transmit beamforming (BF) is used to optimise the EE of the link between the BS and 
the target UE, by exploiting the artificial shaping of the propagation channel thanks to RIS(s).In 
Figure 4-3-a), the potential advantages brought by RIS to boost the received power at the target 
UE is illustrated for three types of propagation scenarios:  

 the BS-to-intended UE link is in LOS: in this case, the RIS artificially adds a propagation 
path to the channel, this path coherently combining with other “natural” paths to boost 
the received power at the target UE; 
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 the BS-to-intended UE link is blocked by an obstacle and the intended UE is in near field 
of a RIS: in this case, the RIS artificially creates the main and strongest propagation 
path, to enable the target UE to receive power from the BS; 

 the BS-to-intended UE link is blocked by an obstacle and  the intended UE is in far field 
of a RIS: this case is similar to the previous case, except that several RIS(es) may be 
useful to focus the energy towards the target UE.  

 
In Figure 4-3-b), we illustrate examples of single-BS scenarios with RIS, where downlink trans-
mit beamforming (BF) is used to optimise boost the received power at the target intended UE, 
and reduce the received power at the non-intended UE by exploiting the artificial shaping of the 
propagation channel thanks to RIS(s). When the non-intended UE is an exposed UE, the ob-
tained link is a low EMF link, whereas when the non-intended UE is an eavesdropper, the ob-
tained link is a secured link. In Figure 4-3-b), the advantages brought by RIS to reduce the 
received power at the non-intended UE (whether it is an eavesdropper or an exposed UE) com-
pared to the received power at the target UE are illustrated for three types of propagation sce-
narios:  

 the BS-to-intended UE link is in LOS: in this case, the RIS artificially adds propagation 
paths to the channel, these paths coherently combining with other “natural” paths to 
boost the received power at the target UE, and un-coherently combining with other “nat-
ural” paths to reduce the received power at the non-intended UE;  

 the BS-to-intended UE link is blocked by an obstacle and the intended UE is in near field 
of a RIS: in this case, the RIS artificially adds an a propagation path to the existing 
“natural” paths, to reduce the received power at the non-intended UE; 

 the BS to intended UE link is blocked by an obstacle and  the intended UE is in far field 
of a RIS: this case is similar to the previous case, except that several RIS(es) may be 
useful to reduce the energy at the non-intended UE.   

Note that similar scenarios for uplink can be derived with receive BF instead of transmit BF. The 
main difference will be that the EE will be improved at the UE side instead of the BS side. 
Note that, in these scenarios, we assume that: 

 RIS can optionally also receive signals, for instance, to perform in-band channel esti-
mation. 

 RIS can optionally use a positioning system, as described in section 0, even to localize 
non-intended users. 
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Figure 4-3 – Example of RIS-enhanced single-BS systems based on beamforming for EE, SSE 
and EMFEU provision. 

 
Previously described scenarios can be generalized to multi-BS scenarios, where several syn-
chronized and coordinated BSs perform joint beamforming, as in the example illustrated in Fig-
ure 4-4. 
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Figure 4-4 – Example of RIS-enhanced multi-BS systems based on beamforming for EE, SSE 
and EMFEU provision. 
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5 Real applications in field-trials 

The following sub-sections describe the potential use cases identified by the two end-users of 
the project: CRF, representing the Automotive Group Stellantis, and SNCF, for the railway sec-
tor. As the project is still in an early phase, the end-users have assessed numerous applications 
of the project outputs to their processes, to provide the technical partners in the project with 
insights on all relevant applications, informal requirements and help in focusing further devel-
opments. These use cases will be streamlined in a second step, to define the final use cases to 
be addressed in the project demonstrators. 
 

5.1 Factory plant use cases 

5.1.1 UAV localisation and navigation 

 

 

Figure 5-1 – Indoor/ outdoor express delivery with UAVs. 

 
Description: The case study considers the application of a drone in the production plant1 for 
the following purposes, as shown in the figure above: 

 Rapid material delivery: the fast transportation of components when a material shortage 
at the lineside leads to an emergency, which could produce a production line stop. This 
occurrence would produce a very high cost and so has to be avoided. Therefore, the 
drone, from the plant warehouse, is loaded with the requested component(s), and then 
it moves directly to the right station of the production line performing the delivery. 

 Warehouse monitoring, where the drone is used, coupled with a camera, for the detec-
tion of the different component amounts inside the warehouse. 

To perform autonomous flight missions, a common solution is represented by the use of different 
markers positioned on the selected path and recognized by the drone vision system allowing 
the movement along the path. In the new solution, the marker system is substituted by the RIS 
installation (whether onboard or out of the drone), which is able to help capturing, with a very 
high frequency, the position of the drone. The latter is then communicated to the drone software, 
enabling the travel along the desired path.   

Actors and enablers: The actors involved in the case study are the (fleet of) drones used with 
the related infrastructure which can comprehend the on-board component plus different elabo-
ration stations. The communication to the drone is performed thanks to an internal wi-fi network. 

                                                
1 Note that specific flight could be mixed outdoors and indoors. 
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Issues: drone control and difficulties to guarantee a high level of stability and precision during 
the flight without the input coming from the drone camera; frequency of update of the map 
(>10Hz). 

Business value: The new configuration can bring better control of the trajectories during the 
flight mission execution, improving the efficiencies in terms of energy consumption and the re-
liability on the mission execution time, allowing to optimise the number of drones in the fleet. 
Safety can be increased as the UAV avoids any physical interference with the infrastructure and 
avoids the areas where humans are located. 

Business KPIs: cycle time, energy consumption per distance unit, fleet capex. 

5.1.2 AGV localisation and navigation 

 

 
 

Figure 5-2 – AVG transporting an empty kit holder (magnetic spot navigation). 

 
Description: The AGV navigation inside its operative area is one of the most important factors 
that determines the success of such typologies of implementation. The use case considers the 
use of RIS elements in order to capture the position of AGVs that has the task of composing a 
kit in a supermarket area inside the plant which has to be then sent to the production line for the 
assembly operations, as shown in the figure above. The data collected are then retrieved by the 
AGV navigation module so as to be able to move precisely inside the supermarket area. 
 
Actors and enablers: The use case perimeter comprehends: the AGV fleet, including the dif-
ferent software components like the aforementioned navigation module or that for the mission 
planning and scheduling; RIS on the AGV or on the infrastructure; different plant production 
management software, in order to allow the alignment with the other related plant processes. 
Issues: The exact detection of the position of the AGV, considering the complicated shapes 
that such an object could have, could present several challenges. The frequency of refresh for 
the mapping should be high (>5Hz).  
 
Business value: The objective of the new implementation is to increase the precision in the 
identification of the position of the different AGVs used in a supermarket for the kit composition, 
to permit an improvement in their path definition and coordination, guaranteeing at the same 
time a more reduced error in the reach of a goal position. 
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Business KPIs: distance (meters) per mission, AGV fleet dimension, goal position average 
error. 

 

5.1.3 Kitting process monitoring 

 

Figure 5-3 – Kit area. 

 
Description: The use case considers the application of RIS components inside a supermarket 
area used for the kit preparation to be sent to the assembly line, as shown in the figure above. 
The objective is the monitoring of the different elements of the area dedicated to the container 
management and preparation for the picking by the assigned actor by means of advanced lo-
calisation and tracking RIS-based solutions. The area map can be updated every time a modi-
fication occurs in the real scenario. These data are then used by the various actors involved in 
the operations related to the supermarket area. 
 
Actors and enablers: A supermarket area is generally composed of different structures (e.g. 
gravity racks) able to host the component containers and ease their handling and management 
and the picking operations. They are arranged in order to define a path which permits to the 
dedicated actors (e.g. AGV with robotic arms) to compose the kit optimizing the distance cov-
ered. 
Issues: The huge amount of data coming from the fine mapping performed by the RIS applica-
tion, considering the high rate of update, could be difficult to manage by the software system of 
the different production actors involved in the kit composition.  
 
Business value: The opportunity of a map instantaneously updated allows to optimise the mis-
sion schedule for the solutions employed for the kit composition, considering the different com-
ponent variants which can bring to different possible paths, the travelling time during a single 
mission and to reduce picking errors, in particular due to the distance of the AGV from the target 
objects. 
 
Business KPIs: cycle time, resource saturation, average distance error with respect to picked 
object and container.       

5.1.4 Component position in container 
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Figure 5-4 – Component in plastic containers. 

 
Description: The identification of the component position inside the containers is one of the key 
aspects in the automation of the kit composition operation through the use of a solution which 
considers an AGV with a robotic arm installed. In this case study the RIS elements contribute 
to this task, helping in determining both the localisation of the different components present in 
the container and their alignment, as shown in the figure above, and then communicate the 
information to the AGV system allowing the movement elaboration by the robotic arm. 
 
Actors and enablers: Full container, in which the components can be arranged with different 
possible configurations, on the basis of the presence of separators which help to maintain a 
more predictable position; RIS positioned in the container or outside; AGV system mobile base. 
 
Issues: The identification of a component inside the container (and the distance to the other 
components) has to reach a sufficient degree of precision to allow the robotic arm to perform 
the picking operation.  
 
Business value: In order to identify the component position characteristics, traditional applica-
tions of this kind of solution need to install a vision system on every AGV system, which would 
be eliminated with the RIS-supported system. Besides, the identification time could be reduced, 
with benefits on the duration of the entire picking operation. 
 
Business KPIs: Average picking time, % of the picking operation failed, capex on AGVs. 
 

5.1.5 Collaborative manufacturing (synchronous moving) 

Description: The use of AGVs for assembly operations on the production line is spreading in 
the automotive industry. In this application, we use the same AGV as in the use cases above, 
composed of a mobile base with an integrated robot arm. The AGV has a synchronous move-
ment with respect to the car body, proceeding at constant speed, on which are assembled the 
components. The most relevant aspect is constituted by the need to avoid speed delta between 
the line and the AGV in order not to hinder the precision of the robotic arm movement and 
eventually damage the components or car body. The novel RIS technology will support high-
accuracy in tracking and tracing operations. 
 
Actors and enablers: The AGV path is basically defined by a forward path, which follows the 
production line performing the assembly operations, and a return path which allows the AGV to 
get back to the beginning of the assembly line. The RIS application has the main objective, 
during the forward path, to enable the detection of the AGV and car body position and allow 
their alignment. 
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Issues: the precision and frequency of updating of the map are critical, to enable a precise 
alignment between the AGV and the car body for the entire duration of the assembly cycle, 
guaranteeing a sufficient robustness level to the application.  
 
Business value: The use of the RIS will increase the solution applicability, reliability and flexi-
bility, avoiding the cost increase due to the introduction of additional vision elements and ex-
tending the range of application. 
 
Business KPIs: % of damaged components per car body, cycle time, number of additional 
possible applications     
 

5.1.6 Container contents monitoring 

 

 

Figure 5-5 – Gravity rack with containers. 

 
Description: The management of full and empty containers flow between the central ware-
house and the kit/sequencing areas can be improved by monitoring the contents of the contain-
ers, as shown in the figure above. In the considered application, this function will be enabled by 
the RIS element, in order to, together with the data coming from the different production man-
agement software (MES), optimise the material call and use of the logistic resources. 
 
Actors and enablers: The transport of the container from the central warehouse is generally 
performed, on the basis of the components’ characteristics, by a tugger train, a forklift or an 
AGV. The production management software contains information about the production sched-
ule, logistic resources organisation and warehouse components level. RIS would be positioned 
next to or in the container. 
 
Issues: integration, and consequent calibration, between the detection system realized in the 
use case and the different production software system which manage the kit area logistic flows. 
 
Business value: An effective monitoring of the container contents can generate different ad-
vantages related to the reduction of the number of missions, increasing the logistic resources 
load saturation and optimizing the component variants supply on the basis of the production 
schedule. 
 
Business KPIs: Number of missions per component, saturation of logistic operators, distribu-
tion of residual components levels on refilling 
 



 

Document: H2020-ICT-52/RISE-6G/D2.3  

Date: 04/02/2022 Security: Public 

Status: FINAL Version: 10 

 

RISE-6G Public 43 
 

5.1.7 Human-robot interaction and hazards 

 

 

Figure 5-6 – Robot virtual fencing. 

 
Description: The mapping of the area is performed using RIS. The focus is on monitoring the 
respective position of operators and robots and identifying potential threats to the operator, as 
shown in the figure above.  In particular this gives the opportunity to reduce the speed of the 
robot or change the path of the AGV/UAV in order to avoid potential risks to the human operator.  
 
Actors and enablers: Logistics operator; Maintenance operator; Assembly operator; Robots 
(AGV/ UAV) 
 
Issues: Precision of the map should be around 1 meter, depending on the objective; Frequency 
of map update should be higher than 10Hz. 
 
Business value: Avoid potential threats to the operator 
 
Business KPIs: incidents and near misses. 
 

5.1.8 Monitoring of assembly steps by human operators 

 

 

Figure 5-7 – Sequence of operations. 

 
Description: The mapping of the area is performed using RIS. The focus is on the sequence 
of operations and in particular the monitoring of actions at lineside from operators performing 
picking, kitting, subassembly or assembly actions, as shown in the figure above. We intend to 
verify that the operators perform the correct sequence of actions as identified in the cycle anal-
ysis. 
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Actors and enablers: Logistics operator; Maintenance operator; Assembly operator. 
 
Issues: Precision of the map should be under several centimeters; Frequency of map update 
should be higher than 1Hz. 
 
Business value: to give an indication of the adequacy of the actual sequence to the predefined 
one. 
 

Business KPIs: Cycle time; NVAA estimation. 

 

5.1.9 Monitoring of ergonomic load of production operators 

 

 

Figure 5-8 – Ergonomics of assembly. 

 
Description: the mapping of the area is performed using RIS. The focus is on the ergonomics 
of the operations and in particular the monitoring of lineside for operators performing picking, 
kitting, subassembly or assembly actions, as shown in the figure above. We intend to identify 
such events as unique or repetitive positions with low physical ergonomics KPIs. 
 
Actors and enablers: Logistics operator; Maintenance operator 
 
Issues: Precision of the map should be under several centimetres; Frequency of map update 
should be higher than 1Hz 
 
Business value: to give a warning on potential physical ergonomics issues 
 
Business KPIs: operator health and stress 
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5.1.10 Identification of hazards in internal logistics 

 

Figure 5-9 – Corridors in plant. 

 
Description: the mapping of the area is performed using RIS. The area can be either outdoors 
or indoors. In indoor mapping, the focus is on the safety of the operations and in particular the 
monitoring of the material handling systems (AGVs, forklift, containers, etc) and components. 
We intend to identify such events as pallets blocking the way for an AGV or components blocked 
on a conveyor, as shown in the figure above. This enables the automatic trigger of actions such 
as: maintenance, recovery, problem solving. 
 
Actors and enablers: Material handling systems; Containers and components; Logistics oper-
ator; Maintenance operator. 
 
Issues: Precision of the map should be under several centimetres; Frequency of map update 
could be several times per minute. 
 
Business value: to enable the automated actions for maintenance, problem solving, recovery; 
to reduce or eliminate the need for vision systems at the workshop level. 
 
Business KPIs: Operator time and cost; Manual and non-added-value activities. 
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5.1.11 Identification of logistic systems loading status 

 

 

Figure 5-10 – Components Warehouse. 

 
Description: the mapping of the area is performed using RIS. The area can be both outdoors 
or indoors, as shown in the figure above. In the first case the trucks’ position and possibly the 
quantity of material (the truck has lateral openings) is retrieved. In indoor mapping, the focus is 
on warehousing areas with for example full containers, open full containers enabling the map-
ping of the contents.  This enables the automatic trigger of actions such as: loading/ download-
ing operations, material call, checking/ updating of the stock level in WMS. 
 
Actors and enablers: Warehouse Management Systems (WMS); Trucks; Containers. 
 
Issues: Precision of the map: should be under several centimetres; Frequency of map update: 
several times per minute. 
 
Business value: to enable the automated actions for loading, material call and stock level mon-
itoring; to reduce or eliminate the need for vision systems at the workshop level. 
 
Business KPIs: Operator time and cost; manual and non-added-value activities. 
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5.1.12 Remote Human-robot interaction and robot control 

 

Figure 5-11 – Robot remote control. 

 
Description: the mapping of the local area in the workshop is performed using RIS. The map 
is represented to a remote operator and used to enable the remote control of the robot in case 
of problems occurring during the movement, picking or handling of the component. The remote 
operator sends commands to the local system and automatically recognises on the map the 
updated position of AGV, robot and other local systems (containers, gravity racks, etc), as 
shown in the figure above. 
 
Actors and enablers: the remote operator interacting with the local system; the AGV and/ or 
robotic arm guided by the remote operator; containers, gravity racks, etc; RIS with accurate 
position. 
 
Issues: Precision of the map should be under several centimetres; Realtime mapping with a 
refresh frequency > 1Hz. 
 
Business value: to enable the remote interaction of an operator with workshop machines; to 
reduce or eliminate the need for vision systems at the workshop level. 
 
Business KPIs: Vision system cost; Operator time and cost. 
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5.2 Railway station use cases 

5.2.1 Coverage difficulties or network extension (B2C/B2B) 

 

Figure 5-12 – Railway station. 

 
Description: The connection coverage of the area is enhanced using RIS. In general, it might 
happen that users may experience connection disruptions in some areas. A proper deployment 
of RISs can help in reaching such users and significantly improve the overall communication 
performance. 
 
Actors and enablers: Station architects and managers; workers or travellers in need of con-
nectivity; RIS design to make it blend into the station architecture. 
 
Issues: Performance of connectivity. 
 
Business value: To avoid additional antennas or active repeater/amplifier; to provide a homo-
geneous, resilient and performant telecom service. 
 
Business KPIs: Signal coverage; Download rate. 
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5.2.2 EMF protection for workers or specific public (B2C/B2B) 

 

Figure 5-13 – EMF-free zones. 

 
Description: Arrival of 5G equipment in stations and usage of new type of frequency brought 
awareness and tension among the SNCF agents and even general public. Workers represent-
atives ask for an effective way to diminish the EMF exposition of agents that spend most of their 
workday inside the station, and sometimes just in front of an antenna. Fragile public, such as 
children, should also be considered. For workers, they should choose if they want to use 5G 
services, or to block the signal. For children, some areas, especially the dedicated “playground 
waiting area” should be “EMF free”. 
 
Actors and enablers: Station architects and managers; RIS design to make it blend into the 
station architecture; Workers representation. 
 
Issues: Ability to control RIS action with a remote-like system; precision of the EMF control. 
 
Business value: General public and SNCF agent reassurance; 5G acceptability; EMF limitation 
to keep ANFR regulations at the lowest rate. 
 
Business KPIs: Signal blockage. 
 

5.2.3 Dedicated download areas (B2C) 

  

Figure 5-14 – Dedicated download areas (B2C). 
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Description: Railway Stations are structured to maximize people flow from the entrance to the 
train’s platforms. We see people waiting in areas where they have a good coverage (WIFI, 4G) 
to play, study, work, check the SNCF app or download their media contents (Netflix, Prime etc.). 
We want to control the connectivity in terms of localisation and quality to make it compliant with 
the station flowing patterns. Some areas would be dedicated to eMBB and clearly indicated with 
physical signage as shown below. In these areas only, the coverage and high-bandwidth service 
would be “best of breed”.  
 
Actors and enablers: Station architects and managers; RIS design to make it blend into the 
station architecture; Physical signage designer; Telecom engineering. 
 
Issues: Precision of the EMF control to cover only a dedicated area; mmWave signal to get 
such a precise and limited emission. 
 
Business value: Connectivity as a visible service in the station; 5G acceptance for clients in 
dedicated areas (EMF communication). 
 
Business KPIs: Download rate; Coverage limitation. 
 

5.2.4 EMF protection for private areas (B2B) 

Description: Crisis management rooms in regional station (such as “Rennes station”) are pri-
vate areas in which major SNCF incidents are discussed in relationship with crisis rooms all 
over the country. To ensure privacy (preventing eavesdropping as well) and avoid jamming or 
telecom problematics that could occur during such event, the crisis room must be free from any 
telecom signal other than the one dedicated to such private and secured communication. 
 
Actors and enablers: Station architects and managers; Crisis management team; Indoor tele-
com services team. 
 
Issues: n/a. 
 
Business value: Crisis room with guarantee of privacy and high reliability telecom service. 
 
Business KPIs: Quality of EMF isolation. 
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5.2.5 Travelers flow modeling (B2B) 

 

 

Figure 5-15 – Travelers’ flow dashboard. 

 
Description: Station free WiFi system is used to get anonymous and statistical presence of 
people. This allows SNCF to get a basic model of people flow, consolidated over several weeks, 
but also in real-time. This data is used to study the impact of station renovation on the flow 
management, but also for operational reasons with real-time analysis of congestions (alerting 
system). This WIFI based system is not very accurate and only provides rough evaluation “hall 
by hall”. A RIS-based system could greatly improve the accuracy of the data. 
 
Actors and enablers: Big Data and analytics teams; MNO cooperation; Indoor telecom ser-
vices team. 
 
Issues: Accuracy of the measurement: 10m². 
 
Business value: Useful for daily security operations (real time), as well as long term study of 
the station “behaviour” profile; No need for several existing (and expensive) counting systems: 
laser, IR, people manually counting etc. 
 
Business KPIs: Accuracy of the geolocation and count; Real time analytics, Privacy. 
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5.2.6 People geolocation system (B2B/B2C) 

 

Figure 5-16 – People geolocation system (B2B/ B2C). 

 
Description: SNCF stations are equipped with WIFI and BLE beacons. They are used to pro-
vide a geolocation system for SNCF and third-party apps. Users need to have BLE opened on 
their device, and it’s very sensitive to local EMF. Getting a good triangulation and correct direc-
tions is not very easy, and the overall system does not give full satisfaction. It is still absolutely 
impossible to guide a visually impaired travellers with this type of technology. Therefore, RIS 
technology may play a relevant role and enable unprecedented services where geolocation may 
be provided with high accuracy. 
 
Actors and enablers: E-Marketing teams; App dev kit; Indoor mapping and points of interest. 
 
Issues: Accuracy of the geolocation: 1 to 5 meters. 
 
Business value: No need for several existing (and expensive) geolocation systems; Maps & 
directions to services and shops are a key business factor for the stations. 
 
Business KPIs: Accuracy of the geolocation; Simplicity of the integration. 
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5.2.7 Isolated agents’ detection at night (B2B) 

 

Figure 5-17 – Isolated agents’ detection at night (B2B). 

 
Description: SNCF agents are working at night in stations, and during closed hours there are 
a few security agents to watch the perimeter. They are equipped with a smartphone, and we 
developed a dedicated LTE-M portable device to alert in case of aggression. In addition to the 
alerting mechanism, we need to retrieve their precise location for a quick intervention and res-
cue. RIS can help improving the location system. 
 
Actors and enablers: Station security staff; App dev kit; Indoor mapping and points of interest. 
 
Issues: Accuracy of the geolocation: 1 to 5 meters. 
 
Business value: Contribute to improve the safety of isolated agent at night. 
 
Business KPIs: Accuracy of the geolocation; Simplicity of the integration. 

5.3 Scenarios to be demonstrated in WP7 

The following two sub-sections analyze scenarios / use cased that are expected to be demon-
strated in WP7, in either real or emulated environments, i.e., the ones tailored for the demos/tri-
als, based on capabilities/interests of involved equipment/partners. 

5.3.1 Factory plants demos 

Starting from the use cases previously identified and described in section 5.1, an analysis pro-
cess has been carried out in order to select the most interesting ones from the industrial point 
of view that are able to match technological requirements of real RIS-enabled networks. 
 
First of all, use cases of section 5.1 have been classified as reported in Table 5.1 by considering 
the following system characteristics. 
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 Accuracy - The precision of the detected positions of the considered use case elements. 
The highest level of accuracy is needed for applications that involve the action of the 
robot arms, followed by those related to safety aspects or in which it is needed to retrieve 
the position of an object then used as a reference for its movement inside the plant area. 
For the remaining use cases, a low level of accuracy can be accepted. 

 Continuity - The needs of avoiding any interruption of data transmission. This charac-
teristic is requested for the use cases in which data collected by the RIS are used as a 
continuous input to the operations of the involved actors (e.g. UAV). 

 Latency - The delay between the time the use case element must be localized and the 
time the corresponding estimate is made available at the relevant location-based system 
entity (e.g., centralized server for assets or people monitoring, or aboard the UAV for 
assisted mobility, …). Three different levels of latency have thus been defined: the first 
one, which corresponds to the lowest latency, is assigned to applications devoted to 
robot arms and/or the localisation of a moving object; the second one is assigned to use 
cases related to operations performed by human workers; the last one is assigned to 
the other applications. 

 Refresh rate - The update frequency of estimated locations.  Three different levels of 
refresh rate have been considered: the highest refresh rate is requested for the robot 
arm-related use cases, i.e. the most demanding ones in terms of input data require-
ments; a medium level refresh rate is intended for human operators and localisation and 
navigation applications; the lowest level is assigned to other categories. 

 

Table 5.1 – CRF use cases resume table. 

 
Considering the current potential of the RIS technologies at typical operating frequencies, 
mainly in terms of the maximum achievable accuracy (e.g., expected at most at the centimetre 
level in mmWave bands), as well as the practicability of a physical demonstration by the end of 
the project given the committed hardware equipment, the first level analysis reduced the amount 
of the candidate use cases down to three: 

- Kitting process monitoring, in which the position that have to be determined is that of the 
supermarket elements, which contain components to be picked and brought to the as-
sembly line. 
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- Monitoring of assembly steps by human operators, which considers the RIS application 
for a continuous detection of actions performed by assembly workers in order to verify 
the execution of the correct operation sequence. 

- Collaborative manufacturing, which is located on the production line and regards the 
assembly operations performed by mobile robots on the moving car body, with the two 
actors that need to move at the same speed. 

 
In the final selection phase, the first use case of the previous list has been chosen, because of 
the more interesting characteristics, on the industrial point of view, respect to the second, while 
the third didn’t represent a good alternative for a first application of the considered technology. 
 
Mapping of use cases to demonstration: To perform the factory plant demonstration, several 
aspects must be considered: 

 Equipment:  

o The available network and device equipment already physically deployed at the 
demonstration site. 

o Additional network and device equipment that may be made available in the pro-
ject consortium. 

o The RIS hardware devices newly developed in the consortium during the project 
timeline. 

o The operating frequencies (i.e., below 6 GHz, around 28 GHz, or at higher fre-
quencies) and bandwidths (e.g., imposed while considering a real BS or more 
flexible for a channel sounder). 

o The available equipment for providing the ground-truth of all participating devices 
and objects.  

 Localisation vs sensing:  

o The defined use cases do not specify if the detection and tracking pertain to 
unconnected objects (i.e., passive or non-cooperative) or connected devices. 
Even if both options may be feasible, the tracking of connected devices will be 
prioritized. 

 Requirements: 

o Accuracy: the achievable accuracy in the physical demonstration will be deter-
mined by the available hardware as well as by the access provided to low-level 
data (e.g., typically, radio parameters/metrics extracted out of received signal, 
which are requested for location estimation). Simulations and emulations (e.g., 
based on radio channel sounders) of the scenario and hardware will enable to 
determine which accuracy requirements can be met in principle, as well as to 
show the potential of most advanced estimation techniques that would not yet be 
feasible under the current limitations of available communication systems (e.g., 
with real BSs and end user devices), while the physical demonstration will be 
used to show-case more general principles and benefits associated with RIS-
enabled or RIS-boosted localisation. 

o Latency and continuity: the physical demonstration will most likely not be per-
formed in real-time, so that location information will only be available after some 
delay through post-processing (even though dynamic settings necessitating ac-
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tual real-time capabilities could still be likely emulated offline). No real-time feed-
back should be supported accordingly, so that RIS configurations must be pre-
determined. 

 

5.3.2 Railway station demonstrations 

In this sub-section, we present the environment and equipment that will be used to demonstrate 
for the railway train station use cases described in section 5.2. 
 

Target environment 

The commercial floor of the SNCF train station in Rennes, France, illustrated in Figure 5-18 
below, will be the environment used for the demonstration. This environment is interesting for 
tests, with demands for high throughputs at peak hours, when people wait for their trains. On 
the contrary, some persons may want zones to avoid being surrounded by EMF while waiting 
for their trains. The area to be served is large, with shops and kiosks as possible obstacles for 
the RF signal transmission. 
 

 

Figure 5-18 – Base station deployment at SNCF train station in Rennes ,France. 

 

Foreseen deployed equipment (network and devices) 

As illustrated in Figure 5-18, two 5G base stations (g-Node Bs) will be deployed on the floor. 
The following central carrier frequencies (each band is 100 MHz large) will be used: 

 26701.20 MHz 
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 26801.04 MHz 

 26900.88 MHz 

 27000.72 MHz 

 27100.56 MHz 

 27200.40 MHz 

 27300.24 MHz 

 27400.08 MHz 

 
Each g-Node B will be able to use up to 800 MHz, i.e. up to 8 component carriers (CC). The 
maximum output power will be 28 dBm. Regarding the antenna, a massive MIMO antenna will 
be used with 256 elements and beamforming capability. 
On the UE side, band n257 will be supported (26.5 to 29.5 GHz) and up to 2 CC (i.e. 200 MHz) 
or 4 CC (i.e. 400 MHz) aggregation will be possible. 
A portable spectrum analyser will be used to measure the received power at a non-intended 
user (an exposed user or an eavesdropping user). 
 

Planned RIS prototypes 

Regarding RIS prototypes, a prototype produced by Orange, in the framework of WP3, with a 
continuous varactor-based control of the phase of each unit-cell will be tested. The attainable 
phases will range between 0° and 300° at least. The prototype will use more than 500 unit-cells 
and will have a carrier frequency in the range 24.25 to 27.5 GHz. 
 

Target test use cases 

The following use cases listed in section 5.2, have been selected for demonstration: 

1. coverage difficulty (see 5.2.1); 

2. dedicated download areas (see 5.2.3); 

3. EMF protection for workers or specific public (see 5.2.2); 

4. EMF protection for private areas (see 5.2.4). 

Note that the pair of use cases 1&2, can be demonstrated with a common experiment. Similarly, 
the use cases 3&4, can be demonstrated with a common experiment. 
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6 Applicability analysis of presented scenarios / use cases 

In this section the following scenarios and use cases presented in sections 2 to 5 are analysed 
from the point of view of their applicability (the only use cases not considered here are the ones 
described in section 5.1, whose applicability analysis has already been dealt with in section 
5.3.1): 
 

Id. Scenario / use case 

 Enhanced connectivity and reliability 

1 Connectivity and reliability boosted by a single RIS 

2 Connectivity and reliability boosted by individually controlled Multiple RISs 

3 Connection reliability enabled by Multiple RISs 

4 Connectivity and reliability boosted by a single Multi-tenant RIS 

5 Channel modelling in Non Line-of-Sight scenarios based on novel electromagnetic-
compliant approach and mutual impedances 

6 Mobile edge computing as key-enabler in RIS-empowered scenarios 

 Enhanced localisation and sensing scenarios 

 RIS in reflection mode 

7 Unambiguous localisation under favourable problem geometry with a minimal number 
of active Base Stations (incl. single-BS) 

8 Non Line-of-Sight mitigation for better service coverage and continuity in far-field con-
ditions 

9 Non Line-of-Sight mitigation for better service coverage and continuity in near-field 
conditions 

10 On-demand Multi-user and Multi-accuracy service provision 

11 Opportunistic detection/sensing of passive objects through Multi-link radio activity mon-
itoring 

12 RIS-assisted search-and-rescue operations in emergency scenarios via UAVs 

 RIS in Receive Mode 

13 Localisation with Multiple RISs controlled by a single controller 

14 Radar localisation/detection of passive target(s) 

15 RIS-aided radio environment mapping for fingerprinting localisation 

 RIS in Transmit Mode 

16 RIS lens 

 RIS in Hybrid Mode 

17 Radar localisation/detection of passive target(s) 

 Enhanced sustainability and security scenarios 

18 Boosted EMFEU/EE/SSE 

19 Boosted EMFEU/EE/SSE 

 Real applications in field-trials 

 Railway station use cases 

20 Coverage difficulties or network extension (B2C/B2B) 

21 EMF protection for workers or specific public (B2C/B2B) 

22 Dedicated download areas (B2C) 

23 EMF protection for private areas (B2B) 

24 Travelers trajectories modelisation 

25 People geolocation system (B2B/B2C) 

26 Isolated agents’ detection at night (B2B) 

Table 6.1 – List of analyzed scenarios / use cases among the ones presented in sections 2 to 5. 

A more detailed analysis of use cases 20 to 26 can be found in section 5.3.2 with a specific 
focus on what could be demonstrated in trials managed by WP7. 
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The applicability analysis presented here has been performed with respect to the list of the 
selected criteria given in Table 6.2. 
 

Criterion of applicability Type Values 

Environment General Indoor, Outdoor 

Carrier frequency General [GHz] 

Bandwidth General Single Carrier (SC)/Multi-Carrier 
(MC)/Agnostic 

Multi-BS Network configuration Y/N/Agnostic 

Multi-Operator Network configuration Y/N/Agnostic 

Multi-RIS Network configuration Y/N/Agnostic 

Kind of Deployed Entities Network configuration Multi-antenna BS, Single-antenna BS, 
Multi-antenna UE, Single-antenna UE, 
Reflect. RIS, Receiver RIS, ... 

Protocol & Transmission RIS-related DL, UL, Both…, One-shot transmission, 
Successive pilots 

Synchronisation Requirements RIS-related e.g. BS-UE, BS-RIS, BS-UE-RIS, ... 

Need for Side Feedback Chan-
nel for RIS Control 

RIS-related Yes (e.g., location-based, SNR-
based...)/No, in-band/out-of-band/any 
of the 2 

RIS Control Metrics Metrics and KPIs e.g. Optimised/random (quantized) 
phase profiles, … 

Extracted Metrics Metrics and KPIs ToA, RSS, TDoA, RT-ToF, DoA, DoD… at 
the BS, UE, RIS? 

Most relevant KPI Metrics and KPIs Among the ones listed in D2.4 

Real-time processing Trial-related Y/N 

Demonstration possibilities 
and required HW equipment if 
not only simulated 

Trial-related Simulated / Emulated / Real (with spe-
cific equipment, in view of WP7 trials) 
environments 

Table 6.2 – Criteria the applicability analysis of presented scenarios / use cases is based on. 

 
It is important to point out that the applicability analysis has been performed by having in mind 
characteristics and limitations of equipment available within the timeframe of the project. It is 
reasonable to expect that future technological advancements will change the picture and en-
large the applicability of RIS technology. 
 

6.1 General criteria of applicability 

The general criteria of applicability of the RIS technology considered in current analysis are the 
following ones: 

 the environment, which can be either indoor or outdoor; 

 the carrier frequency at which the RIS technology is considered to be feasible or at least 
better exploited; 
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 the channel bandwidth, either as an exact value if referred to what could be done in a 
WP7 trial or in the generic form of either single-carrier (SC) or multi-carrier (MC) system, 
if not agnostic. 

 
The result of the analysis is summarised in Table 6.3. 
 

Id. Environment Carrier Frequency Bandwidth 

1 Indoor/Outdoor sub-6GHz2 / mmWave3 SC / Agnostic 

2 Indoor/Outdoor sub-6GHz2 / mmWave3 SC / Agnostic 

3 Indoor/Outdoor sub-6GHz2 / mmWave3 SC / Agnostic 

4 Indoor/Outdoor sub-6GHz2 / mmWave3 SC / Agnostic 

5 indoor/outdoor sub6GHz / mmWave SC / Agnostic 

6 indoor/outdoor sub6GHz / mmWave SC / Agnostic 

7 Outdoor 30 GHz MC 

8 Indoor/Outdoor 26-28 GHz MC 

9 Indoor/Outdoor 26-28 GHz MC 

10 Indoor/Outdoor 26-28 GHz MC 

11 Indoor 26-28 GHz MC 

12 Outdoor sub-6GHz / mmWave4 SC / Agnostic 

13 Indoor mmWave (strong LOS) SC 

14 Indoor/Outdoor sub-6GHz (multipath) MC 

15 indoor/outdoor sub6GHz MC 

16 Indoor/Outdoor 30 SC 

17 Indoor/Outdoor sub-6GHz (multipath) MC 

18 Indoor/Outdoor around 3.7 GHz MC 

19 Indoor 5.2 GHz MC 

20 Indoor 26.5-27.5 GHz NR 5G MC: 800 MHz5 

21 Indoor 26.5-27.5 GHz NR 5G MC: 800 MHz5 

22 Indoor 26.5-27.5 GHz NR 5G MC: 800 MHz5 

23 Indoor 26.5-27.5 GHz NR 5G MC: 800 MHz5 

24 Indoor 26.5-27.5 GHz NR 5G MC: 800 MHz5 

25 Indoor 26.5-27.5 GHz NR 5G MC: 800 MHz5 

26 Indoor 26.5-27.5 GHz NR 5G MC: 800 MHz5 

Table 6.3 – Applicability analysis with respect to general criteria. 

 

6.2 Network configuration criteria of applicability 

The network configuration criteria of applicability of the RIS technology considered in current 
analysis are the following ones: 

 number of Base Stations (BSs), operators and deployed RIS units; 

 kind of deployed entities necessary to exploit RIS technology. 

 
The result of the analysis is summarised in Table 6.4. 
 

                                                
2 Due to multipath and digital beamforming implementation. 
3 Due to LOS and hybrid A/D beamforming implementation. 
4 mmWave could enhance localization accuracy via improved directivity. 
5 8 component carrier (CC) of 100MHz in view of the WP7 trial described in section 5.3.2. 
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Id. Multi-BS Multi-Operator Multi-RIS Kind of Deployed Entities 

1 N N N Multi-antenna BS, Multi-antenna UE, 
reflecting RIS, controller 

2 Y N Y Multi-antenna BS, Multi-antenna UE, 
reflecting RISs, controllers 

3 N N Y Multi-antenna BS, Multi or single-antenna 
UE, reflecting RISs, controllers 

4 Y Y N BSs, reflecting RISs, UEs, controller 

5 N N/A Y Multi-antenna BS, multi-antenna UE, 
reflecting RIS, controller 

6 Y N Y BSs, reflecting RISs, UEs, edge servers, 
controller 

7 N N Agnostic SISO, Reflective RIS 

8 N N Y SISO, Reflective RIS 

9 N N Agnostic SISO, Reflective RIS 

10 Y6 N Y SISO, Reflective RIS 

11 N N Agnostic SISO (MIMO is a plus), Reflective RIS 

12 N N Y SISO, Reflective RIS 

13 N N Y Single antenna UE, Receiving RISs 

14 N N Y MIMO transceiver (radar), passive targets, 
receiving RISs 

15 Y N Y BSs, receiving RISs, UEs 

16 N N N receiving RIS 

17 N N Y MIMO transceiver (radar), passive targets, 
hybrid receive and reflective RISs 

18 Agnostic7 coexistence 
could be studied 

Agnostic7 M-MIMO BS (64) 

19 Agnostic7 coexistence 
could be studied 

Agnostic7 MIMO 4 to 8 

20 N8 N N 2-layer MIMO with BF 

21 N8 N N 2-layer MIMO with BF 

22 N8 N N 2-layer MIMO with BF 

23 N8 N N 2-layer MIMO with BF 

24 N8 N N 2-layer MIMO with BF 

25 N8 N N 2-layer MIMO with BF 

26 N8 N N 2-layer MIMO with BF 

Table 6.4 – Applicability analysis with respect to network configuration criteria. 

 

6.3 RIS-related criteria of applicability 

The RIS-related criteria of applicability of the RIS technology considered in current analysis are 
the following ones: 

 Protocol & Transmission; 

 Synchronisation requirements, if any; 

 the characteristics of the feedback channel for operating RIS control, if needed. 

                                                
6 Preferably for more flexibility but still feasible with 1 BS only. 
7 Offline combination. 
8 One out of two available BSs (see details in 5.3.2). 
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The result of the analysis is summarised in Table 6.5. 
 

Id. Protocol & Transmission Synchronisation 
requirements 

Feedback channel 
for RIS control 

1 DL/UL BS-RIS-UE SNR / Channel Estimation 

2 DL/UL BS-RISs-UE SNR / Channel Estimation 

3 DL/UL BS-RISs-UE SNR / Channel Estimation 

4 DL/UL BSs-RIS-UE SNR / Channel Estimation 

5 DL/UL BS-RIS-UE Channel Estimation 

6 DL/UL BSs-RIS-UE Channel Estimation 

7 Successive 
DL pilots transmissions 

BS-RIS (coarse) N 

8 Successive 
DL pilots transmissions 

BS-RIS (coarse) Y9, N10 

9 Successive 
DL pilots transmissions 

BS-RIS (coarse) Y9, N10 

10 Successive 
DL pilots transmissions 

BS-RIS (coarse) Y9, N10 

11 Successive 
DL pilots transmissions 

BS-RIS (coarse) N 

12 DL/UL BS-RIS (coarse) N 

13 UL, pilots UE-RIS DoA estimations 
collected at the controller 

14 Full-Duplex, pilots radar-RIS RIS phase profile reconfiguration 

15  BS, RISs, UEs RIS phase profile reconfiguration 

16 UL UE-BS N 

17 Full-Duplex, pilots radar-RIS controller that fuses estimations 
from RIS and radar 

18 DL or UL11 N offline processing N offline processing 

19 DL or UL11 N offline processing N offline processing 

20 5G NR12 5G NR12 No access to CSI 
at 5G NR device side 

21 5G NR12 5G NR12 No access to CSI 
at 5G NR device side 

22 5G NR12 5G NR12 No access to CSI 
at 5G NR device side 

23 5G NR12 5G NR12 No access to CSI 
at 5G NR device side 

24 5G NR12 5G NR12 No access to CSI 
at 5G NR device side 

25 5G NR12 5G NR12 No access to CSI 
at 5G NR device side 

26 5G NR12 5G NR12 No access to CSI 
at 5G NR device side 

Table 6.5 – Applicability analysis with respect to RIS-related criteria. 

 

                                                
9 In case of location-based phase profiles. 
10 In case of random phase profiles. 
11 TDD and reciprocity is assumed. 
12 Commercial equipment. 
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6.4 Metrics and KPIs criteria of applicability 

The metrics and KPIs criteria of applicability of the RIS technology considered in current analy-
sis are the following ones: 

 RIS control metrics; 

 extracted metrics; 

 most relevant KPIs among the ones listed in D2.4 [D24_RISE]. 

 
The result of the analysis is summarised in Table 6.6. 
 

Id. RIS control metrics Extracted metrics Most relevant KPIs 

1 optimised phase profiles not defined SNR, reliability 

2 optimised phase profiles not defined SNR, SINR, reliability 

3 optimised phase profiles not defined SNR, reliability 

4 optimised phase profiles not defined SNR, SINR, reliability 

5 optimised phase profiles not defined SNR, SINR, reliability 

6 optimised quantized phase 
profiles / impedance matri-

ces with channel model 

Latency, accuracy, energy 
(BS, UE, MEC, RIS) 

Latency, energy, reliability, 
accuracy 

7 Random phase profile TDoA13, DoD14 Localisation feasibility and 
accuracy 

8 Random or optimised 
phase profile 

TDoA13, DoD14 Localisation feasibility, 
coverage and accuracy 

9 Random or optimised 
phase profile 

TDoA13, DoD14 Localisation feasibility, 
coverage and accuracy 

10 Random or optimised 
phase profile 

TDoA13, DoD14 Localisation accuracy lev-
els and related spatial cov-

erage; required BS 
power/BW resource (to 

show RIS-aided sustaina-
ble localisation) 

11 Random At least ToAs, powers (, 
AoAs) of both direct and re-
flected paths but preferably, 
whole multipath channel pro-
file incl. non-RIS induced (as 

estimated at the UE)  

Detection rate (presence 
of passive objects), locali-
sation and speed estima-

tion accuracy 

12 Random or optimised 
phase profile 

ToA, DoA SNR, accuracy 

13 random(quantized), phase 
profiles 

DoA at the RISs localisation accuracy 

14 phase profiles DoAs and delays at the RISs 
and the radar  

localisation/detection ac-
curacy 

15 phase profiles RSS at BSs, RISs, and UEs localisation accuracy 

16 Random or optimised 
phase profile 

AoA (at the RIS) N/A 

17 phase profiles DoAs and delays at the RISs 
and the radar  

localisation/detection 
accuracy 

                                                
13 Between ToAs of direct and reflected paths, estimated at the UE. 
14 From the RIS, estimated at UE. 
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18 Phase SNR at intended user, SNR 
at non-intended user 

EE/ SSE/ EMFEU 
boosting 

19 Phase SNR at intended user, SNR 
at non-intended user 

EE/ SSE/ EMFEU 
boosting 

20 N. Try to find an optimum 
setting of the RIS, for a 
fixed position of the 5G 

NR device. 

TCP/UDP DL throughput SE/EE boosting 

21 N. Try to find an optimum 
setting of the RIS, for a 
fixed position exposed 

user 

TCP/UDP DL throughput EMFEU boosting 

22 N. Try to find an optimum 
setting of the RIS, for a 
fixed position of the 5G 

NR device. 

TCP/UDP DL throughput SE/EE boosting 

23 N. Try to find an optimum 
setting of the RIS, for a 
fixed position exposed 

user 

TCP/UDP DL throughput EMFEU boosting 

24 N. Try to find an optimum 
setting of the RIS, for a 
fixed position exposed 

user 

TCP/UDP DL throughput localisation/detection 
accuracy 

25 N. Try to find an optimum 
setting of the RIS, for a 
fixed position exposed 

user 

TCP/UDP DL throughput localisation/detection 
accuracy 

26 N. Try to find an optimum 
setting of the RIS, for a 
fixed position exposed 

user 

TCP/UDP DL throughput localisation/detection 
accuracy 

Table 6.6 – Applicability analysis with respect to metrics and KPIs criteria. 

 

6.5 Trial-related criteria of applicability 

The trial-related criteria of applicability of the RIS technology considered in current analysis are 
the following ones: 

 if real-time processing; is needed; 

 the demonstration possibilities among simulated, emulated and real environment and 
required HW equipment (if is it not simulated only). 

 
The result of the analysis is summarised in Table 6.7. 
 



 

Document: H2020-ICT-52/RISE-6G/D2.3  

Date: 04/02/2022 Security: Public 

Status: FINAL Version: 10 

 

RISE-6G Public 65 
 

Id. Real-time processing Demonstration possibilities and 
required HW equipment 
(if not only simulated) 

1 Y Simulated 

2 Y Simulated 

3 Y Simulated 

4 Y Simulated 

5 Y/N (Mixed) Simulated 

6 Y Simulated 

7 N15 Under development 

8 N16 Under development 

9 N16 Under development 

10 N16 Under development 

11 N17 Emulated18 

12 N Under development 

13 Y Simulated 

14 Y Simulated 

15 Y Simulated 

16 N (positioning tests with static UE) Under development 

17 Y Simulated 

18 N (offline processing) Emulated19 

19 N (offline processing) Emulated20 

20 N. Try to find an optimum setting of the RIS 
for a fixed position of the 5G NR device 

Real21 

21 N. Try to find an optimum setting of the RIS 
for a fixed position of the 5G NR device 

Real22 

22 N. Try to find an optimum setting of the RIS 
for a fixed position of the 5G NR device 

Real21 

23 N. Try to find an optimum setting of the RIS 
for a fixed position of the 5G NR device 

Real22 

24 N. Try to find an optimum setting of the RIS 
for a fixed position of the 5G NR device 

Real22 

25 N. Try to find an optimum setting of the RIS 
for a fixed position of the 5G NR device 

Real22 

26 N. Try to find an optimum setting of the RIS 
for a fixed position of the 5G NR device 

Real22 

Table 6.7 – Applicability analysis with respect to trial-related criteria. 

 
  

                                                
15 Positioning tests with static UE -> the acquired data – i.e., extracted PHY radio metrics from real device or stored 

received signals from channel sounder- could be post-processed offline. 
16 Positioning tests with static UE. 
17 A priori emulated offline. 
18 Likely based on a M- MIMO mmWave channel sounder. 
19 UL M-MIMO channel sounder @~3.7 GHz (available at ORA), RIS @3.5 GHz (availability?). 
20 UL MIMO channel sounder @5.2 GHz and RIS @5.2 GHz (at Orange). 
21 5G NR BS and 5G NR device. 
22 Spectrum analyser in addition to 5G NR BS and 5G NR device. 
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7 Applicability of relevant use-cases and scenarios 

This section collects industrial partners’ points of view on the applicability of some RISE sce-
narios / use cases they see as very interesting/promising, from 6G mobile operators to RIS 
manufacturers. 

7.1 6G mobile operator point of view 

RIS technology is expected to implement the concept of ENVaaS that could be used by 6G 
mobile operators to exploit “boosted areas” and make network planning easier and less expen-
sive. 

7.1.1 Exploitation of boosted areas 

From an operator point of view a RIS is a new type of radio node in its own radio access network 
(RAN), that can be used to boost a metric (SE, EE, EMFEU, SSE, etc.) very locally, in an iden-
tified spatial area to be boosted. In all use cases, the following business players are therefore: 

 the operator “O1”; 

 the owner “A” of the spatial area to be boosted; 

 the customer “UE1” of “O1” equipped with a UE connected to “O1”’s network and who 
may enter the spatial area “A”. 

In all use cases, “O1” is therefore selling to “A” the following service: a boosted performance of 
UEs (“UE1” for instance) connected to “O1” in the spatial area defined by “A” and for the metric 
chosen by “A” (among SE, EE, EMFEU, SSE, etc.). 
 
However, there are two families of use cases: B2C and B2B2C. 
 

 

Figure 7-1 – Example of B2C service, where owner “A” of a house, is buying from operator “O1” 
a service of differentiated boosted performance for each room (small cell coverage locally opti-

mised with RIS). 
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In the B2C case, “A” and “UE1” are one and same individual, and are a residential customer, 
owner of a house or an apartment, and eager to differentiate the coverage depending on the 
type of rooms. RIS are solutions provided by the operator to create specific boosted areas in 
his customer’s house/apartment, to customize home coverage to customer’s needs. 
 
For instance, as illustrated in Erreur ! Source du renvoi introuvable., owner “A” of a house 
and already client of operator “O1” is covered via a macro BS of “O1” which is also deploying 
RIS(s) in its customer’s house to customize the coverage in each room: e.g. whereas in the 
living rooms RIS(s) are used to boost SE, in the home-office, RIS(s) are used to boost SSE, 
while in the bedrooms, they are used to reduce EMFE. 
 

 

Figure 7-2 – Multi-operator scenario. 
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In a B2B2C mode, as described in most use cases of section 5, the owner “A” of the area to be 
boosted (for instance, the proprietary of a factory plant or of a train station) is distinct from the 
user equipment “UE1” that is connected to operator “O1”. 
 
As a geographical area is usually covered by multiple operators, an owner “A” of geographical 
areas can buy “boosted-area” services from multiple operators. As illustrated in Figure 7-2, one 
can consider an area that is covered by two operators “O1” and “O2”, both having RIS(s). “O1” 
can sell to “A” a service of area boosted in terms of SSE (improved secrecy). However, this 
service will only be valid for UEs connected to “O1” network. Identically, “O2” can sell to “A” a 
service of area boosted in terms of SE (improved data rate). However, this service will only be 
valid for UEs connected to “O2” network. As a consequence, if “A” wants to reduce the EMFE 
in an area covered by both “O1” and “O2”, it has to buy a low EMFE area service from both 
operators, for the same area. 
 

7.1.2 Network planning optimisation 

From an operator point of view a RIS is a new type of radio node in its own RAN that could be 
used either in place of or in addition to ordinary base stations to improve network coverage in a 
simpler and cheaper way. 
 
The RIS technology is so new that it is too early to analyse its effectiveness to that purpose. In 
fact, there are still a few elements related to the world of such technology that still have to be 
(fully) clarified/developed before being able to understand its true applicability. Among others it 
is worth mentioning the following ones: 

 a model of each implemented RIS unit that can be used in mobile network planning tools 
which model the (especially urban) environment (buildings, streets, trees, …) and the 
radio wave propagation in it; 

 the implementation of the RIS control channel, its possible integration within mobile com-
munication standards and the related impacts on network equipment and devices, if any; 

 the role and management of the RIS equipment in a multi-RIS, multi-BS, multi-operator 
environment, i.e. in a real-world scenario. 

Investigations on all these elements are among the objectives of current project. So, by the 
end of its activities, the applicability of this novel technology will become should become more 
and more clear and the related business model investigations from the point of view of a 6G 
mobile network operator should eventually become feasible. 
 

7.2 RIS manufacturer point of view 

From a RIS manufacturer point of view the two use cases of Table 7.1 can be foreseen for 
introducing RIS technology in future wireless networks according to the given timeline. 
Each use case is described in the following two sub-sections where it is analyzed in terms of 
opportunity, cost, installation issues and challenges. 
 

Use case When Where Frequency 

Passive access point extender now public/private env mmWave 

Autonomous “slow time varying” RIS B5G & 6G public/private env sub-6GHz 

Table 7.1 – RIS-Enabled use cases according to the point of view of a RIS manufacturer. 
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7.2.1 Passive access point extender 

Communications operated at mmWave can carry enormous amount of data, due to the wide 
bandwidths used. They are extremely interesting for industrial plants, offices, malls, etc.. Yet 
RF signals at mmWave have to propagate in a beam fashion, and only line of sight communi-
cations are allowed. 
 
The biggest challenge of operating at mmWave is to ensure a good coverage at good price, in 
environments that contain walls, furniture, and so on that can scatter or shadow RF waves. 
The basic solution is to install super dense networks of base stations to make sure that each 
area can be covered. This is extremely expensive since the price of mmWave base stations is 
very high (CapEx) and because their electrical consumption is also very high (OpEx). 
Another solution is a “mixed” network made of base stations and RIS units that act as passive 
access point extenders, the latter being able to reflect an incoming beam from the base station 
towards a device that is otherwise not in line of sight with it. The result is a solution with lower 
CapEx and OpEx for the network operator. 
 
We can estimate that in an area of up to 100 m2, a single mmWave base station should be able 
to serve all devices in a time multiplexed way. Now if the 100 m2 area contains walls and furni-
ture there is a very good chance that a few locations won’t be covered by the base station. In 
this case, instead of adding 2 or 3 base stations, the idea is to rely on RIS technology. Today, 
RIS are about 10-20% the price of a mmWave base station (around 10 k€ versus 50-100 k€), 
so a large gain in CapEx can be expected. As for OpEx, RIS consume negligible energy com-
pared to base stations (few watts vs. few 100s of watts). 
With the advancement of the technology, RIS cost will decrease more and more, for instance 
by using ad hoc electronic components, while base stations are expected to remain quite ex-
pensive. So, the interest for using RIS technology is expected to be higher and higher. 
 
Installation is usually an issue for RIS since they have to be deployed at scale, powered and 
controlled. Nevertheless, in the context of mmWave access point extender, the concept is 
slightly different. Indeed, in this kind of application, RIS units need only to be installed at some 
chosen locations in the form of rather compact modules (20 cm × 20 cm). Such modules can 
be controlled and powered by PoE (Power over Ethernet), which makes integration and instal-
lation even easier. 
 
The main challenge of this application is beamforming from a RIS to the user device. Indeed, 
the angle of beamforming must be optimised in real time, especially for moving devices. For 
this, smart tracking algorithms need to be developed, or new methods found, some of which 
have already been proposed in the literature. 
 

7.2.2 Autonomous “slow time-varying” RIS 

The problem of sub-6GHz waves is that they propagate very well, scatter and tend to realize 
diffuse wave fields. On top of that, each RIS unit cell tends to be rather large (10 cm vs. 1 cm 
at mmWave). Hence the surface that needs to be deployed to control efficiently RF waves and 
hence have a large effect on wireless communications tend to be rather large. This is a real 
difficulty since RIS units need to be powered and controlled. Hence, they require some infra-
structure cost, including cables, power and so on, to be considered. On top of that, it must be 
taken into account that people are rather scared about RF waves and that they don’t want active 
devices being installed in their homes/apartments/buildings (e.g. base stations). 
 
One solution to solve both issues could be to deploy energy autonomous and wirelessly con-
trolled RIS. In fact, these solutions, powered and controlled by low frequency signals (GSM), 
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could control higher frequencies penetrating less or propagating less, but carrying wider band-
widths. These passive RIS would be tolerated by the population and super easy to be in-
stalled/deployed. 
 
Wirelessly-controlled and energy-autonomous RIS should be possible to fabricate for roughly 
the cost of a RFID tag for each unit-cell (few cents of €), meaning very low price for the whole 
RIS. On top of that, installation and infrastructure would be almost negligible, since no cabling 
for control or power would be required. This approach could literally be deployed at scale, for 
massive enhancement of wireless communications QoS, without excessive extra costs and in-
stallation issues extremely low thanks to the use of very simple RIS made of passive surfaces 
requiring neither power nor control cable that people wouldn’t be scared of. 
 
The main challenge of these RIS solutions lie in their control, which cannot be real time, since 
addressing and powering all these RIS unit-cells to shape the radiated beam toward different 
users is extremely complex. One solution to overcome this would be to use these RIS at a 
macroscopic scale, to change the radiated beamshape in certain areas that need an extra cov-
erage depending on the time of the day. For instance AI could be applied to the knowledge of 
the network information to change the behavior of the RIS so as to optimise the coverage at 
each hour of the day. In this way RIS control would change at a quite slow rate which would be 
compatible with such extremely simple hardware. 
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8 Standardisation road 

 
Main standardisation bodies are posing their effort to pave the road towards a full programmable 
and open network architecture. In this context, RIS represents the core-technology to integrate 
low-cost, low-complex and flexible devices within existing deployments scenarios. 
In particular, in the deployment scenarios described in Sections 2 to 4, and the use cases pre-
sented in section 5, the RIS is a new node of the RAN, that needs to be interfaced with other 
nodes of the RAN. These interfaces will need to be standardised. 
 
Also, the coexistence between multiple operators may be challenged by the introduction of RIS. 
Figure 8-1 illustrates the case of two operators “O1” and “O2” use distinct spectrum bandwidths, 
where “O2” operates a RIS and “O1” is connected to a UE. In the ideal case, illustrated by  
Figure 8-1-a the bandwidth of influence (BoI) of the RIS of “O2” does not overlap with the spec-
trum of “O1”. Therefore, when waves generated by “O1” hit the RIS of “O2”, there are no un-
wanted reflections. In the non-ideal case illustrated by Figure 8-1-b, the BoI of the RIS operated 
by “O2” has a BoI that overlaps with the spectrum of “O1”. In this case, when waves generated 
by “O1” hit the RIS operated by “O2” they create unwanted reflections towards the UE con-
nected to “O1”’s network. The link between “O1” and the UE may be perturbated and degraded 
in terms of performance. 
To avoid such spectrum coexistence issue, some standardisation and spectrum regulation rules 
are required, to limit unwanted reflections, for example by defining target BoI widths or by stand-
ardising interfaces to allow some coordination between operators. 
 
 

 

Figure 8-1 – Unwanted reflection. 

 
 
In addition, 3GPP is currently gathering potential topics to be included in the upcoming Release 
18. Specifically, RIS will represent one of the main emerging technologies that will be part of 
the 6G networks. In parallel, ETSI has recently approved a new ISG on RIS, namely ETSI RIS.  
Such new ISG will present three 2-years phases to carry out i) an exploration and gap analysis, 
ii) corresponding initial specifications and iii) final specs for RIS-based networks. All planned 
phases are depicted in Figure 8-2. 
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Figure 8-2 – Planned phases for ETSI RIS ISG 

 
Three main work items have been initiated to discuss:  

 Relevant use-cases with corresponding general key-performance-indicators (KPIs), de-
ployment scenarios wherein RIS technology will play a role and operational require-
ments for each identified use case with the aim of promoting interoperability with existing 
and upcoming work items. Aspects around system/link performance, spectrum, co-ex-
istence, and security will be analyzed as main input of the document. The deliverable for 
this work item will be an ETSI Group Report (GR), containing only informative elements, 
to be approved for publication by the ETSI ISG RIS. 

 

 Technological challenges in terms of deploying RIS as a new network node and potential 
impacts to network architecture, protocol architecture, and framework of RIS controlling 
in order to produce a set of recommendations for requirements and potential impact to 
specifications to support RIS as a new feature. The deliverable will be an informative 
report. 

 

 Communication models that strike a suitable trade-off between electromagnetic accu-
racy and simplicity for performance evaluation and optimisation, channel models that 
include path-loss and multipath propagation effects, as well as the impact of interfer-
ence, and key performance indicators and the methodology for evaluating the perfor-
mance of RISs for application to wireless communications, including the coexistence 
between different network operators, and for fairly comparing different transmission 
techniques, communication protocols, and network deployments. 
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9 Conclusions 

This deliverable provides an overview about Task 2.1 activities presenting stable results col-
lected in the first project months. 
In particular, the deliverable aimed at identifying reference scenarios compared to conventional 
ones where RIS can play a role. Such scenarios are collected within different categories ac-
cording to the expected achievable performance. In addition, relevant use-cases are also dis-
cussed. A direct matching with field-trial demonstrations is performed: experienced problems, 
expected solutions and achievable KPIs are listed to further validate all project suggested solu-
tions. 
  



 

Document: H2020-ICT-52/RISE-6G/D2.3  

Date: 04/02/2022 Security: Public 

Status: FINAL Version: 10 

 

RISE-6G Public 74 
 

10 References 

[AAT16] V. S. Asadchy, M. Albooyeh, S. N. Tcvetkova, A. Díaz-Rubio, Y. Ra'di, and S. A. 
Tretyakov, “Perfect control of re-flection and refraction using spatially dispersive metasurfaces,” 
Phys. Rev. B 94, 075142 – 19 August 2016. 
[AKK20] Z. Abu-Shaban, K. Keykhosravi, M. F. Keskin, G. C. Alexandropoulos, G. Seco-

Granados, and H. Wymeersch, “Near-field localization with a reconfigurable intelligent surface 

acting as lens,” arXiv preprint arXiv:2010.05617, 2020. 

[AMR21] A. Aubry, A. De Maio, and M. Rosamilia, “Reconfigurable intelligent surfaces for N-
LOS radar surveillance,” arXiv preprint: 2104.00456, 2021. 
[ASA21] G. C. Alexandropoulos, N. Shlezinger, I. Alamzadeh, M. F. Imani, H. Zhang, and Y. 
C. Eldar, "Hybrid reconfigurable intelligent metasurfaces: Enabling simultaneous tunable reflec-
tions and sensing for 6G wireless communications," [Online] 
https://arxiv.org/pdf/2104.04690.pdf, 2021. 
[ASP21] A. Albanese, V. Sciancalepore, X. Costa-Perez, “SARDO: An Automated Search-
and-Rescue Drone-based Solution for Victims Localization”, in IEEE Transactions on Mobile 
Computing 2021 
[AV20] G. C. Alexandropoulos and E. Vlachos, "A hardware architecture for reconfigurable 
intelligent surfaces with minimal active elements for explicit channel estimation," in Proc. IEEE 
International Conference on Acoustics, Speech, and Signal Processing, Barcelona, Spain, 4–8 
May 2020, pp. 9175–9179. 
[BGL21] S. Buzzi, E. Grossi, M. Lops, and L. Venturino, “Foundations of MIMO radar detec-
tion aided by reconfigurable intelligent surfaces,” arXiv preprint: 2105.09250, 2021. 
[BMM20]  M. Bodehou, E. Martini, S. Maci, I. Huynen, and C. Craeye, “Multibeam and beam 
scanning with modulated metasur-faces,” IEEE Trans. Antennas Propag., vol. 68, no. 3, pp. 
1273-1281, Mar. 2020. 
[D24_RIS] “RISE-6G Deliverable D2.4: Metrics and KPIs for RISE wireless systems analysis: 
final results”   
[DCD20]  L. Di Palma, A. Clemente, L. Dussopt, R. Sauleau, P. Potier, and P. Pouliguen, 
“Circularly-polarized reconfigurable transmitarray in Ka-band with beam scanning and polariza-
tion switching capabilities,” IEEE Trans. Antennas Propag., vol. 65, pp. 529–540, Feb. 2017. 
[DCS20]  F. Diaby, A. Clemente, R. Sauleau, K. Pham, and L. Dussopt, “2-bit reconfigurable 
unit-cell and electronically steera-ble transmitarray at Ka-band,” IEEE Trans. Antennas Propag., 
accepted for publication, 2020.  
[DGL20]  C. Della Giovampaola, F. Camminita, G. Labate, E. Martini, and S. Maci, “Recon-
figurable metasurface antenna for 5G base stations,” in Proc. EuCAP, Copenhagen, Denmark, 
2020, pp. 1-6. 
[GTB16]  S. B. Glybovski, S. A. Tretyakov, P. A. Belov et al., “Metasurfaces: From microwaves 
to visible,” Phys. Rep., vol. 634, pp. 1 – 72, 2016. 
[HFL19] P. del Hougne, M. Fink, G. Lerosey, “Optimally diverse communication channels in 
disordered environments with tuned randomness,” Nature Electronics, vol. 2, no. 1, pp. 36–41, 
2019. 
[HIF18] P. del Hougne, M. F. Imani, M. Fink, D. R. Smith, G. Lerosey, “Precise Localization 
of Multiple Noncooperative Objects in a Disordered Cavity by Wave Front Shaping”, Physical 
Review Letters 121, 063901, 2018 
[HPC14]                S. V. Hum and J. Perruisseau-Carrier, “Reconfigurable reflectarrays and 
array lenses for dynamic antenna beam control: A review,” IEEE Trans. Antennas Propag., vol. 
62, pp. 183–198, Jan. 2014.  
[H20]  P. del Hougne, “Robust position sensing with wave fingerprints in dynamic complex 
propagation environments”, Physical Review Research 2, 043224, Vol. 2, Is. 4, Nov.-Dec. 2020 
[KKS20] K. Keykhosravi, M. F. Keskin, G. Seco-Granados, and H. Wymeersch, “SISO RIS-

enabled joint 3D downlink localization and synchronization,” arXiv preprint arXiv:2011.02391, 

2020. 

https://arxiv.org/pdf/2104.04690.pdf
https://journals.aps.org/prresearch/issues/2/4


 

Document: H2020-ICT-52/RISE-6G/D2.3  

Date: 04/02/2022 Security: Public 

Status: FINAL Version: 10 

 

RISE-6G Public 75 
 

[KKD21] K. Keykhosravi, M. F. Keskin, S. Dwivedi, G. Seco-Granados, and H. Wymeersch, 

“Semi-passive 3D positioning of multiple ris-enabled users,” arXiv preprint arXiv:2104.12113, 

2021. 

[KSH19] R. Keating, M. Säily, J. Hulkkonen, J. Karjalainen, “Overview of Positioning in 5G 

New Radio,” Proc. 16th International Symposium on Wireless Communication Systems 2019 

(ISWCS’19), Oulu, Aug. 2019, pp. 320-324 

[KDU20] R. Koirala, B. Denis, B. Uguen, D. Dardari, H. Wymeersch, “Simultaneous Localiza-

tion and Mapping in Millimeter Wave Networks with Angle Measurements”, Proc. IEEE Interna-

tional Conference on Communications 2020 (IEEE ICC’20), Workshop on Advances in Network 

Localization and Navigation (ANLN), Dublin, June 2020 

[JRZ21] Z.-M. Jiang, M. Rihan, P. Zhang, L. Huang, Q. Deng, J. Zhang, and E. M. Mohamed, 
“Intelligent reflecting surface aided dual-function radar and communication system,” IEEE Sen-
sors Letters, 2021. 
[LDF21] W. Lu, B. Deng, Q. Fang, X. Wen, and S. Peng, “Intelligent reflecting surface-en-
hanced target detection in MIMO radar,” IEEE Sensors Letters, 2021. 
[LLS21] W. Lu, Q. Lin, N. Song, Q. Fang, X. Hua, and B. Deng, “Target detection in intelligent 
reflecting surface aided distributed MIMO radar systems,” IEEE Sensors Letters, 2021. 
[LPW19] W. Li, R. J. Piechockiyx, K. Woodbridgez, K. Chetty, “Physical Activity Sensing via 

Stand-Alone WiFi Device”, Proc. IEEE Global Cmmunications Conference 2019 (IEEE 

GLOBECOM’19), Waikoloa, Dec. 2019 

[MDSP21] P. Mursia, F. Devoti, V. Sciancalepore, X. Costa-Perez, “RISe of Flight: RIS-Em-
powered UAV Communications for Robust and Reliable Air-to-Ground Networks”, in IEEE Open 
Journal of the Communication Society 2021 
[MWB18] R. Mendrzik, H. Wymeersch, G. Bauch, “Joint Localization and Mapping through 

Millimeter Wave MIMO in 5G Systems”, in Proc. IEEE Global Communications Conference 

(IEEE GLOBECOM’19), Abu Dhabi, Dec. 2018 

[PDS1] “Multipath and Doppler Characterization of an Electromagnetic Environment by 
Massive MDT Measurements From 3G and 4G Mobile Terminals”, https://ieeex-
plore.ieee.org/document/8620498 
[PDS2] “Over-the-air tests of high-speed moving LTE users in a reverberation chamber”, 
https://ieeexplore.ieee.org/abstract/document/8264800 
[PRL17] del Peral-Rosado, José A., Ronald Raulefs, José A. López-Salcedo, and Gonzalo 
Seco-Granados. "Survey of cellular mobile radio localization methods: From 1G to 5G." IEEE 
Communications Surveys & Tutorials 20, no. 2 (2017): 1124-1148. 
[RDK21] M. Rahal, B. Denis, K. Keykhosravi, B. Uguen, H. Wymeersch, “RIS-Enabled Local-

ization Continuity Under Near-Field Conditions”, submitted to IEEE International Workshop on 

Signal Processing Advances in Wireless Communications 2021 (IEEE SPAWC’21), Lucca, 

Sept. 2021  

[RVC19] J. R. Reis, M. Vala, R. F. S. Caldeirinha, “Review paper on transmitarray antennas,” 
IEEE Access, vol. 7, pp. 94171-94188, Jun. 2019. 
[SN17] I. V. Shadrivov and D. N. Neshev, Tunable Metamaterials, World Scientific, 2017, 
chapter 9, pp. 387–418. 
[TBM14] J. P. Turpin, J. A. Bossard, K. L. Morgan et al., “Reconfigurable and tunable met-
amaterials: A review of the theory and applications,” HINDAWI Int. J. Antennas. Propag., vol. 
2014, 429837, 18 pages, 2014. 
[WD20] H. Wymeersch, B. Denis, “Beyond 5G Wireless Localization with Reconfigurable 
Intelligent Surfaces”, Proc. IEEE International Conference on Communications 2020 (IEEE 
ICC’20), Dublin, June 2020 
[WDB18] Xi Wang, Jun Ding, Bowen Zheng, Sensong An, Guohua Zhai & Hualiang Zhang, 
“Simultaneous Realization of Anoma-lous Reflection and Transmission at Two Frequencies us-
ing Bi-functional Metasurfaces,” Scientific Reports volume 8, 1876 (2018). 



 

Document: H2020-ICT-52/RISE-6G/D2.3  

Date: 04/02/2022 Security: Public 

Status: FINAL Version: 10 

 

RISE-6G Public 76 
 

[YCY16] H. Yang, X. Caon F. Yang, J. Gao, S. Xu, M. Li, X. Chen, Y. Zhao, Y. Zheng, and 
S. Li, “A programmable metasur-faces with dynamic polarization, scattering and focusing con-
trol,” Scientific Reports, 6, 35692, Oct. 2016. 
[ZHZ20] H. Zhang, J. Hu, H. Zhang, B. Di, K. Bian, Z. Han, and L. Song, “MetaRadar: Indoor 
localization by reconfigurable metamaterials,” arXiv preprint: 2008.02459, 2020. 
[ΖΖΖ10] F. Zhang, Q. Zhao, W. Zhang et al., “Voltage tunable short wire-pair type of met-
amaterial infiltrated by nematic liquid crystal,” Appl. Phys. Lett., vol. 97, no. 13, 134103, 2010. 
 


