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Abstract. The shift towards an effective implementation of B5G/6G technolo-

gies implicates for the establishment and availability of federated testbed facili-

ties, being able to test and validate all corresponding applications. In this chal-

lenging context, the ongoing 6G-BRICKS EU-funded project proposes a mod-

ern 6G-oriented framework based on the evaluation of cell-free (CF) and recon-

figurable intelligent interfaces (RIS), aiming to promote various technological 

innovations. We firstly assess the great potential raised by the inclusion of CF 

massive MIMO and RIS in developing 6G networks within the 6G-BRICKS 

platform. Then we focus on two corresponding cases dealing with network-

controlled open RIS platforms and distributed CF massive MIMO processing & 
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synchronization. Each one is assessed and evaluated within the 6G-BRICKS 

original framework, highlighting innovative features. 

Keywords: B5G, 6G, Cell-Free (CF), CF massive MIMO (CFmMIMO), O-

RAN, Reconfigurable Intelligent Surfaces (RIS). 

 

1 Introduction 

5G provides a generic approach to make network platforms much more flexible and 

universal, to cope with heterogeneous environments and requirements [1]. In order to 

“meet” the enriched business and performance requirements, especially in terms of 

latency and reliability and with the aim of supporting new business models/ scenarios, 

the various 5G subsystems and interfaces need to be inspired by modern operating 

system architectures or software concepts such as the case of Network Slicing (NS) 

[2]. B5G technologies “differentiate” themselves from 5G by further evolution in 

radio networks performance and capacity [3] and, more specifically, in the expected 

network natively enablers in support for massive flexibility unifying and leveraging 

network virtualisation, functions virtualisation, programmability, autonomicity and 

softwarization in the radio network, front /middle / back haul networks, core net-

works, mobile edge computing and software defined network clouds. 

5G is now entering into the massive-deployment phase: we can already anticipate 

that, even though 5G is going to create a revolution in many sectors, bringing a huge 

positive impact on our economy and society, it will also find its limitations to provide 

the highly demanding requirements that some advanced services will call for. For this 

reason, the research community is already starting to think of what will come next, 

that is the Sixth Generation (6G) of Mobile and Wireless Communications [4]. Even 

though future 6G technologies seem to be an extension of their 5G counterparts at 

present [5], as 5G technologies were viewed 10 years ago, new user requirements, 

new applications and use cases, and new networking trends will bring more challeng-

ing communication engineering problems, which necessitate radically new communi-

cation paradigms [6], especially at the physical layer [7]. Thus, not only the industrial 

sector but all involved market actors have focused on initiatives for investigating a 

new generation of smart networks, able to supporting such performance. In this con-

text, 6G networks appear as ideal candidates for delivering  efficiency superior to 5G 

and for satisfying evolving services and applications [8], making them a key enabler 

for the intelligent digital society of 2030 [9-10]. 

The European Commission innovated, via the 5G-PPP program [11] and supported 

large scale experimental facilities to facilitate synergies in the whole community of 

industries, also including SMEs and academia. Mobilising a broad set of stakeholders 

is a “key” issue to address strategic areas of the networks and services value chain. In 

order to bring this vision into reality, it is essential to develop and aggregate a “criti-

cal mass” of experimental facilities, capable of exploiting synergies and collabora-
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tions, potentially at international level. There are several ways for pursuing this ag-

gregation: for example by interconnecting test-beds and field-trials at different levels 

(hierarchically), by making interoperable open and closed experimental islands, by 

exploiting the service ”platforms of platforms” on top of virtual labs, etc. In this per-

spective, federation of IT and networking resources, private networks and compute 

continuum domains, together with the orchestration of external resources are an es-

sential concept to “address” the need for ubiquitous connectivity in B5G networks, 

but mainly to establish operational frameworks for service deployment and experi-

mentation, especially in verticals. 

Among the “core challenges” is to deploy open, disaggregated, versatile and unified 

end-to-end platforms being able to operate over multiple interconnected B5G/6G sites 

in (multiple) European countries and following, where possible, open architectures at 

cloud implementation level thus, delivering the highest degrees of performance, flexi-

bility and functionality for supporting testing and validation of innovative B5G/6G 

use cases. Interoperation with existing platforms is also a critical prerequisite. In order 

to provide the required openness to host vertical use case pilots it is desirable that the 

platforms support open framework principles (e.g., both legal and technical like open 

APIs) enabling future vertical projects to access and use them. 

Intending to contribute to this end, the European Commission initiated beyond 5G/6G 

research activities, in the framework of Horizon 2020 calls (i.e.: ICT-20 “5G Long 

Term Evolution” and ICT-52 “Smart Connectivity beyond 5G”) – where a batch of 

pioneer research projects for key 6G technologies was kicked off at the beginning of 

2020. Key participants from 4 of these projects (MonB5G [12], MARSAL [13], 

REINDEER [14], HEXA-X [15]) “joined forces” to pursue the federation of their 

efforts in the 6G-BRICKS research facility, leveraging on a mature set of experimen-

tation tools from the 5GMediaHUB [16] program. Towards realizing this aim, 5G 

kick-started a trend towards software-defined infrastructures (SDI) and Software 

Networks that replace “black boxes” (e.g., physical network functions, such as fire-

walls) with their softwarized equivalents, deployed at standards-based “Whitebox” 

Servers. This trend has gradually propagated to the RAN (Radio Access Network) via 

the O-RAN (Open-RAN) initiative [17] that delivers software implementations of the 

CU (Centralized Unit) and DU (Distributed Unit) components, while Software-

Defined Radios (SDRs) allow softwarization principles to reach down to the low-

PHY (Physical layer). While softwarization and open APIs (Application Program-

ming Interfaces) have been adopted with the objective of promoting interoperability 

and reducing OPEX (Operating Expenses) and CAPEX (Capital Expenditure), they 

have also revolutionized experimentation platforms and testbeds. Open Source soft-

ware stacks and Common Off-the-Shelf (COTS) hardware can be leveraged to afford-

ably build and scale-up testbeds that allow customization and experimentation on 

every aspect of 5G and Beyond (B5G) infrastructures. Still, the enormous complexity 

of the 5G standards and software stacks makes end-to-end (E2E) experimentation 

platforms extremely challenging to deploy, requiring interdisciplinary efforts and big 

investments in integration.  

The 6G-BRICKS project [18] will deliver this vision, bringing together specialists 

that work on breakthrough 6G technologies from all architecture tiers, namely Cell-
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Free (CF) networking [19-20] and Reconfigurable Intelligent Surfaces (RIS) [21]. 

These technologies will be integrated in reusable, self-contained testbed nodes, to be 

deployed at two E2E 6G testbed sites (i.e.: Katholieke Universiteit Leuven (KU-L) in 

Belgium and Eurecom (EUR) / CEA-LETI in France). These will be federated under 

a common set of Experimentation Tools, deployed under a common Cloud node, 

offered by ATHENA/ISI in Greece. 

2 6G-BRICKS: Essential Scope 

2.1 Overview of Cell-Free Massive MIMO and RIS 

CF communication has become a cutting-edge technology expected to play an im-

portant role in developing 6G wireless networks. This technology extends the tradi-

tional massive MIMO (Multiple Inputs Multiple Outputs) technology, which has been 

widely deployed in 5G networks. With distributed massive MIMO (mMIMO), the 

base station antennas are distributed within each cell and these antennas only serve 

user terminals within that cell. By contrast, in Cell-Free massive MIMO (CFmMIMO) 

there are no cells. All service antennas coherently serve all user terminals.  

The large variations in performance between cell center and cell edge is a main draw-

back of the conventional cellular networks [22]. This implicates for re-thinking of the 

underlying architecture to eliminate the cell boundaries [20]. The concept of 

CFmMIMO is a 6G technology designed for realizing approximately uniform perfor-

mance and seamless handover across the participating user equipments (UEs) regard-

less of their position [23-24]. The action of suitably combining the best elements from 

massive MIMO, small cells, user-centric network MIMO and coordinated multi-point 

(CoMP) with joint transmission/reception [25-26] aims at creating a cell-free network 

where the achievable rates are nearly uniform across the corresponding coverage area. 

This objective is achieved by changing traditional Action Points (Aps), equipped with 

large co-located antenna arrays, with a large number of low-cost APs equipped with 

few antennas each. These APs are distributed over the coverage area and are cooper-

ating via a fronthaul network and connected to one – or multiple – central processing 

units (CPUs). Cell-free networks are ideally operated in time-division-duplex (TDD) 

mode so that uplink pilot signals can be utilized for both uplink and downlink channel 

estimation. By distributing the antennas over a large number of APs, instead of using 

a smaller number of conventional APs, each UE is located, with large likelihood, at a 

short distance from at least one AP while also being able to satisfactorily communi-

cate with a few other APs. Therefore, even if each UE is no longer connected to an 

extremely large number of antennas (as in traditional massive MIMO [27]), it is 

served by a reasonable number of “good” antennas with reduced path-loss. On top of 

this, since these antennas belong to spatially separated APs (which are usually seen by 

the UE with very different angles), large-scale fading diversity can be achieved, as 

opposed to the case of co-located antennas. Differently from the well-known concepts 

of CoMP and network MIMO, which are normally implemented in a network-centric 

fashion where edges between cooperation regions still exist, the cell-free massive 

MIMO [28] can be realized by adopting a user-centric approach, whereby each UE is 
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served only by the nearby APs. The CFmMIMO architecture is not meant for increas-

ing the peak rates in broadband applications, since these can only be achieved in ex-

treme cases, but has been shown to vastly outperform traditional small-cell and cellu-

lar massive MIMO for the majority of users [20, 24].  

Reconfigurable Intelligent Surface (RIS) [21] is a programmable surface structure that 

can be used to control the reflection of electromagnetic (EM) waves by changing the 

electric and magnetic properties of the surface. The recent advent of RIS in wireless 

communications [29] enables network operators to control the scattering, reflection 

and refraction characteristics of the radio waves, by overcoming the negative effects 

of natural wireless propagation. Recent results have revealed that reconfigurable intel-

ligent surfaces can effectively control the wavefront, e.g., the phase, amplitude, fre-

quency and even polarization, of the impinging signals without the need of complex 

decoding, encoding and radio frequency processing operations. RIS [30] practically 

corresponds to a new network node composed of an arrangement of scattering ele-

ments called unit-cells, whose properties can be dynamically controlled to change its 

electromagnetic behaviour. The response of RIS can be controlled dynamically and/or 

semi-statically through control signalling such as to tune the incident wireless signals 

through reflection, refraction, focusing, collimation, modulation, absorption or any 

combination of these. This “turns” the wireless environment from a passive to an 

intelligent actor such that the channel becomes programmable. This trend will expand 

basic wireless system design paradigms, creating innovation opportunities which will 

progressively impact the evolution of wireless system architecture, access technolo-

gies and networking protocols. RIS’ main features [31] can be summarized as fol-

lows: (i) They are nearly passive, and, ideally, they do not need any dedicated energy 

source; (ii) they are viewed as a contiguous surface and, ideally, any point can shape 

the wave impinging upon it (soft programming); (iii) they are not affected by receiver 

noise, since, ideally, they do not need analog-to-digital/digital-to-analog converters 

(ADCs and DACs) and power amplifiers; as a result, they do not amplify nor intro-

duce noise when reflecting the signals and provide an inherently full-duplex transmis-

sion; (iv) they have full-band response, since, ideally, they can work at any operating 

frequency, and; (v) they can be easily deployed, e.g., on the facades of buildings, 

ceilings of factories and indoor spaces, human clothing, etc. A key element toward 

building smart and energy sustainable wireless systems beyond 5G is RIS as it offers 

programmable control and shaping of the wireless propagation environment [32]. 

 

2.2 Structuring of the 6G-BRICKS Platform 

6G-BRICKS will be the first open 6G platform that combines CF, Open Air Interface 

(OAI) [33] and RIS, while adopting the proven principles of softwarization, open 

Interfaces (O-RAN), and Open Source software stacks, putting future expansion and 

evolvability at its core. However, experience from past 5G-PPP efforts [11] has 

shown that the enormous complexity of the standards and software stacks makes 

evolvability and scaling-out efforts extremely challenging, requiring interdisciplinary 

efforts and big investments in integration, by the involved market “actors”. To this 

very challenging end, 6G-BRICKS intends to deliver the first open and programmable 
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O-RAN Radio Unit (RU) for 6G networks, termed as the OpenRU, based on an NI 

USRP-based platform [34]. Further on, among the project’s target is also to integrate 

the RIS concept into the OAI. The scheduled effort will lead to breakthrough experi-

mentation tools, going well beyond the current Testing as-a-Service (TaaS) capabili-

ties [35] of current initiatives and allowing experiments also on devices via O-RAN 

compliant xApps. (An xApp is a software tool used by a RAN Intelligent Controller 

(RIC) to manage network functions in near-real time. The xApps are part of a RIC 

which is a central software component of the Open RAN architecture, being responsi-

ble for controlling and optimizing RAN functions and resources. These applications 

include functions like radio resource-/mobility-management and security).  

6G networks are envisioned as portals to a “fully digitized society” where the physical 

and virtual world are blended via Extended Reality (XR) applications. To support this 

vision of an all-digital world, 6G-BRICKS proponents consider that network capacity 

must be increased by an unspecified order of magnitude, while infrastructures must be 

transformed into a “very dense continuum”. In order to “win this race” towards shap-

ing the next generation communication ecosystem, a new generation of testbed infra-

structures and breakthrough research and technology development is needed, as well 

as a new generation of testbeds to support future research initiatives [36]. Thus, 6G-

BRICKS aims to deliver a new 6G experimentation facility, building on the baseline 

of mature ICT-52 platforms [37], that bring breakthrough CF and RIS technologies, 

which have shown promise for growth in beyond 5G networks. Moreover, novel uni-

fied control paradigms based on Explainable AI (Artificial Intelligence) and Machine 

Reasoning are to be explored in detail. In our intended approach, all corresponding 

enablers will be delivered in the form of reusable components with open APIs, termed 

as “bricks”. Initial integrations with O-RAN will also be performed, aiming for the 

future-proofing and interoperability of 6G-BRICKS outcomes. 

6G-BRICKS’ aim is so to offer a trusted, agile and evolvable 6G experimentation 

facility, effectively federating two experimentation platforms (one in Belgium and 

one in France) from previous 5G-PPP initiatives under a “Core Site” (in Greece) act-

ing as the facility entry point and offering Public Cloud and experimentation services. 

This facility is expected to be accessible by third-party consortia, vertical application 

owners and experimenters from the vertical and component industry. It will showcase 

a disaggregated Management Plane and Operations Support System (OSS) to support 

extendibility, evolvability and multi-tenancy, beyond centralized Cross-Domain Ser-

vice Orchestrators (CDSOs) and OSS / BSS systems, as in current 5G-PPP experi-

mentation platforms. 

3 6G-BRICKS’ Innovation Areas 

Within the scope of the present section we briefly discuss some among the innova-

tions proposed by the 6G-BRICKS initiatives by initially assessing the state-of-the-art 

(SoTA) together with appearing challenges, per case. Then, within the context of the 

project ambitions we briefly assess potential actions and/or related approach to deal 
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with. In this paper, we discuss two options, i.e.: Network-Controlled Open RIS Plat-

forms Distributed CFmMIMO Processing & Synchronization. 

 

3.1 Innovation Area 1: Network-Controlled Open RIS Platforms 

Current SoTA & Challenges: RIS relate to a new type of system node with surfaces 

that may have reflection, refraction and absorption properties through many small 

antennas or metamaterials elements that can be adapted to a specific radio channel 

environment. RIS have gained momentum due to their ability to improve 6G radio 

connectivity relying on short-range high bandwidth systems, such as mmWave and 

Terahertz communications. In the literature, many works have investigated RIS-aided 

wireless communication. Almost all consider two main challenges: (i) Channel acqui-

sition, and; (ii) RIS elements optimisation. Both are briefly discussed as follows: 

Channel acquisition: This is used to inspect the channel quality of users in order to 

tune and direct RIS’ beams, by getting all needed information. The performance gains 

brought by RIS in the literature highly rely on the availability of the Channel Status 

Indicator (CSI). The latter is challenging to derive since the RIS-relayed link (gNB 

(the nest generation Node B) – UE) is a cascaded channel (i.e.: gNBRIS and RIS-UE) 

whose structure differs from the single-hop channel. Work in [38] suggests adding 

active elements to the passive RIS to measure the channel between gNB-RIS and RIS-

UE and this improves reliability of the channel measurements. However, it increases 

the power consumption and adds noise at the RIS level. 

RIS element optimisation: Here the objective is to control the RIS’ elements by 

tuning their reflection parameters to optimize a performance metric. A variety of pre-

vious works consider different performance metrics such as: throughput, SINR (Sig-

nal-to-Interference-plus-Noise-Ratio), received power level, channel capacity, power 

consumption and spectral efficiency. Some recent works [39] leveraged Deep Learn-

ing (DL) and Reinforcement Learning (RL) to compute the RIS’ reflection parame-

ters. However, it should be noted that all prior works have addressed the problems 

from the theoretical perspective and validated through simulations, hence been far 

from reality. Moreover, using CSI is not always reliable due to the loss of the uplink 

connectivity during the mobility of a user. On the other hand, some promising 

testbeds have been introduced in [40] and [41] and have initially confirmed that using 

RIS in wireless networks is a practically viable solution. However, the details of these 

experimental tests are often difficult to find and are not sufficient to judge the actual 

potential of RIS in realistic operating conditions with real use cases. Besides, these 

testbeds use closed protocols that limit their usage from the third party for tests. 

Ambition: The 6G-BRICKS’s ambition is that the RIS platform will go beyond the 

existing SoTA solutions and will be the first open testbed worldwide integrating RIS 

reflectors with an OpenSource gNB (based on the OAI in the mmWave band 26-29 

GHz). The platform is expected to be “open” to allow the interaction of third tiers 

through xApps and RIC, to test and experiment with algorithms for RIS (e.g. control 

RIS) or run services (e.g. Industry 4.0). 6G-BRICKS intends to “address” the SoTA 

challenges in two different steps: First, the aim is to control the RIS reflector through 

a new control loop. As in [38], the project’s effort will rely upon localization tech-
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niques to detect and predict the user positions to overcome the lack of precision of the 

CSI to decide which beams the RIS need to activate. Different localization techniques 

will be envisioned, like beam tracking technique, Bayesian filtering, signal triangula-

tion or the usage of another radio technology such as UWB (Ultra-Wide Band) or 

WiFi. In this step, the aim is to design and implement – for the first time – the neces-

sary API to allow the communication between the RIS and the RAN Intelligent Con-

troller (RIC) to run dedicated xApps. The API design shall be based on the ETSI RIS 

group specifications [21] to have aligned interfaces. The second step will be about 

defining and developing a new RIS beam controller algorithm as an xApp. This algo-

rithm will take as inputs users’ localization and then decide on the beam to be activat-

ed at the RIS. One approach we envision to deliver for the first algorithm and xApp 

for the indoor scenario is to create a dataset that contains a mapping between the exact 

UE position, the beams configuration of the RIS and the signal quality at UE. Then, 

an ML model will be trained to predict from the UE position the RIS beam configura-

tion (i.e., beam to activate) that provides the best signal quality. It will be the “basis” 

to run the open RIS platform. Finally, the platform will be ready for experimentation, 

allowing third-party users to use the RIC and deploy their xApps to test their beam 

control algorithms or collect signal information in a real environment. 

 

3.2 Innovation Area 2: Distributed CFmMIMO Processing / Synchronization 

Current SoTA & Challenges: CF network refers to a network with many distributed 

Radio Units (RUs) cooperatively serving UEs through coherent joint transmission and 

reception using the same time-frequency resources. The CF concept originated from 

Cloud-RAN (C-RAN), where every user is served by every single RU and all of the 

computations are carried out in a CPU. Combined with the vision of mMIMO, the 

idea of distributing many single or multiple antenna elements in a geographic area 

became popular as “CFmMIMO”, offering the potential to spectacularly outperform 

its cellular counterpart. However, there are several remaining challenges to be solved 

to achieve scalable and efficient CF communication; these are about: (i) Channel 

estimation; (ii) synchronisation, and; (iii) fronthaul-aware distributed processing. 

Channel estimation: To make the overhead of channel estimation scalable, TDD 

setup is widely adopted in CFmMIMO where wireless channel reciprocity is exploited 

to estimate CSI from only uplink pilot signals. However, this reciprocity holds only 

antenna-to-antenna, hence realizing it requires careful calibration of the transmit and 

receive chains in each RU. To address the non-reciprocity (NR), current works pro-

pose initial bidirectional measurements which, however, bring excessive overhead, or 

add extra hardware circuitry, failing to scale with the number of antennas in the RUs 

[42]. Furthermore, uplink pilot assignment (PA) is a crucial element for efficient 

channel estimation in CFmMIMO to minimize so-called “pilot contamination” [25] 

which again introduces a large overhead and complexity. Current channel estimation 

methods also do not sufficiently focus on exploiting the channel correlations across 

RU and the best structure to achieve accurate channel estimation at limited pilot and 

fronthaul communication cost is still unknown. 6G-BRICKS intends to focus on theo-

retically and experimentally driven channel estimation methods for CFmMIMO [43]; 
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it aims to develop efficient and viable channel estimation and reciprocity calibration 

in CFmMIMO, building on previous results of distributed mMIMO [44]. 

Synchronization: Relaying on the CPU to synchronize the distributed RUs, in case 

of CFmMIMO introduces excessive overhead which significantly degrades the spec-

tral efficiency [25]. In CFmMIMO, the RUs synchronization must be managed by the 

RUs themselves within an ad-hoc local network, involving both frequency and phase 

synchronization. Traditional methods rely on sharing the LO (Local Oscillator) com-

bined with a trigger signal [25] and recently the community is more and more inter-

ested in over-the-air synchronization, addressing scalability and geographical infra-

structure limitations. To resolve time offsets between RUs, with minimal overhead, 

synchronization algorithms need to be designed, thus exploiting a stochastic model 

for each RU clock. In particular, auto-regressive stochastic models have shown prom-

ising performance in capturing clock time offset behavior [45] for target localization; 

however, pushing their performance limits further to enable coherent processing is 

still an open research question to be addressed. 

Fronthaul-aware distributed processing: The Cloud-RAN (C-RAN) concept man-

ages to achieve much higher spectral efficiencies than classical cellular systems but, 

ultimately, the concept was not “fit for implementation on a large scale. The computa-

tional complexity at the CPU and the fronthaul requirements scale sharply with the 

total amount of users in the regional edge. Alternatively, the O-RAN structure pro-

vides a clear framework in which the split of the PHY computational load between 

RUs and DUs can be properly investigated. Another important consideration is the 

fronthaul capacity that is required for the corresponding computational configuration. 

For instance, increasing the computational load on the RU, lowers the fronthaul ca-

pacity requirements. However, the tradeoff with this lower capacity requirement is a 

degraded spectral efficiency compared to the DU-focused computational load. As a 

result, the fronthaul capacity is seen as the bottleneck of the system. A serial fronthaul 

approach with serially connected RUs is proposed as a potential scalable solution to 

densify RU deployments and reduce infrastructure requirements [46]. However, this 

approach is still not aligned with the currently available standardization and especially 

O-RAN in order to maximize the usability for industrial partners. In “the distributed 

CFmMIMO paradigm, multiple precoding/combining schemes have been identified 

for DL/UL transmission, aiming at minimizing the fronthaul capacity requirements 

[47], which include local, partial and local-partial processing. Local processing im-

plies that the precoding is done for all users that are served by the same RU or DU 

unit. Partial processing, on the other hand, considers only a subset of users that could 

cause the most significant interference to the target user. Selection of an optimal 

scheme to minimize interference and pledge scalability is an open research question. 

Ambition: 6G-BRICK’s goal is to make advanced theoretical concepts (scalable CF, 

distributed computing, synchronisation and channel estimation) available as 6G build-

ing blocks ready for validation and integration with industry initiatives (i.e.: O-RAN 

and possible extensions). The blocks will be generic so they can be instantiated for 

multiple hardware systems, executed at RU or DU and for multiple RF bands 

(mmWave and cmWave). For each function (channel estimation, synchronization and 

distributed processing) the project will first create datasets, then achieve real-time 6G 
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BRICKS implementations for cmWave and finally mmWave systems. Our intended 

approach aims to be as follows, per case:  (i) Datasets: Most of the current work is 

conducted in theoretical channel models that miss critical characteristics of a real 

wireless channel and hardware impairments. As such, it is not fully understood how 

CSI from various frequency ranges can be used synergistically to derive statistical 

information of the environment (e.g., covariance matrices). Measurement-based anal-

ysis in this context will quantify how these system-level synergies can be exploited. 

(ii) Software Bricks: The integration into the O-RAN framework provides a vital 

steppingstone from the very theoretical foundations of CFmMIMO to software con-

tainers that can run either local or centralised. Results of these measurement-based 

analyses will provide vital information on which procedures gain from being executed 

centrally and which can be localized without too much performance losses. Open 

implementations that scale to mmWave hardware are at the moment not yet available. 

4 Discussion 

6G-BRICKS is a 6G-oriented innovative research and testing effort that intends to 

promote applications based on cell-free networking and RIS. The project aims to es-

tablish a modular E2E 6G experimentation platform via the structuring of several 

architecture tiers being around the concept of “LEGO Bricks” and, consequently, 

delivering self-contained testbed nodes that can be potentially reused across diverse 

testbed infrastructures. This approach offers major advantages as it drastically reduces 

barriers of entry to an E2E experimentation platform for specialists who aim to vali-

date and experiment around 6G, especially for verticals. Apart from this, the intended 

scope is also to deliver and test new architecture principles (e.g. with multi-tenancy, 

disaggregated Operations Support Systems (OSS), Deep Edge integration). 

The present paper delineates the core objectives of the 6G-BRICKS projects within 

the wider scope of the B5G/6G evolution and discusses several fundamental features 

of this initiative as parts of  the broader scope of the EU policy for supporting testing 

and validation. The paper discusses potential benefits coming from the adoption of 

CFmMIMO and RIS technologies in the specific 6G-BRICKS platform that composes 

an open 6G platform also incorporating features of softwarization, O-RAN and Open 

Source software stacks. Our work is then focused upon the assessment and the evalua-

tion of two among the project initiatives dealing with network-controlled open RIS 

platforms and with distributed CFmMIMO processing & synchronization. Both of 

these are carefully assessed as of their corresponding state-of-the-art while, simulta-

neously, we identify and examine various potential challenges that may strongly af-

fect future work in the respective areas. Going a step further, for each one we propose 

the 6G-BRICKS concept and related methodologies, to overcome current difficulties 

and promote research. 
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