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5G: SENSING & COMMUNICATIONS 

Communication-assisted sensing: 
Communication to enhance sensing quality 
(collaborative sensing, sensor fusion, multi-
static radar, etc.)

Separated sensing & communication

Separate devices, dedicated 
spectrum, no interaction

Sensing-assisted communications: Sensing 
to provide “side information” for improving 
communication functions (beam alignment, 
tracking, RIS reconfiguration, fast handover, 
adaptive modulation & coding, etc.)

Integration of sensing and communications for mutual 
benefits

Common spectrum, infrastructure, leverage wide are 
mobile coverage 
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6G-DISAC 

Coexistence in same 
frequency bands

WHY

A full cognitive system, aware of 
its surroundings and adapting 

intelligently to it

Exploiting side 
information & 
better exploit 
diversity

Exploiting 
communication 
signals
Network 
cooperation

Common 
waveform

Communication
Sensing

Communication
Sensing

Communication 
& Sensing

6G?

Integrated Sensing & Communications: 

Combines communication & sensing functionalities to re-use hardware, save resources, 
exploit wide area mobile coverage, for a cross-functional benefit.

Supports several sensing types

Types of signals involved:

• Control (including sync)

• Transmit signal (pilot or data)

• Sharing of measurements (IQ data or detections) for (multimodal) fusion 

to share same spectrum, HW, power resources?
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ISAC TO SEMANTIC-AWARE DISTRIBUTED ISAC
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1 Excellence  

#@REL-EVA-RE@# 

The integration of sensing and communications (ISAC) is widely seen as one of the main and disruptive features of 
the next generation of wireless communication systems [FCM22]. ISAC indeed allows the envisioned 6G network 

to not only communicate, but also to sense the environment, localise and track users as well as passive devices and 

objects within the wireless propagation environment, which in turn can be used for mobilising sensing-aided 

applications and/or improving communication functions. All those functionalities are expected to be offered by the 
same 6G network infrastructure.  

 

The 6G-DISAC project will bring the ISAC vision into reality, going well beyond the usual restrictive standalone 
or localised scenarios, by adopting a holistic perspective, with large numbers of connected users and/or passive 
objects to be tracked, and relying on a widely distributed intelligent infrastructure compatible with both real-

world integration constraints and the flexibility requirements of future wireless networks.  

1.1 Objectives and ambition  

#@PRJ-OBJ-PO@# 

1.1.1 Motivation 

Driven by increasing demands in terms of data rates and latencies, wireless systems have entered new frequency 

bands with more available spectrum. As such bands are commonly found at higher carrier frequencies, increased path 
loss much be overcome by larger antenna apertures to support reasonable coverage. These concepts have brought the 

world the 5G concepts of millimetre wave (mmWave) and massive multiple input, multiple output (MIMO). As we 

enter the 6G era, it has become obvious that these same technological advances that lead to higher rates are also 
enablers for high-resolution sensing [CSS22]: larger bandwidths bring distance resolution, larger carrier frequencies 

make the channel more geometric and interpretable, while larger array apertures naturally bring increased angular 

resolution (enabling holographic MIMO applications [GVJ23]). This triad of delay resolution, geometric channels, 
and angle resolution has been harnessed for several decades in radar systems, where advanced 4D radars can create 

4D images (3 spatial dimensions and radial velocity) of the environment, with performance matching that of lidars, 

while also providing velocity/Doppler information, and (in contrast to lidar) operating in all weather and lighting 

conditions, with much lower cost. However, this performance comes at the expense of extreme data processing 
demands, as a typical 4D radar needs to process Gb/s of data to form 4D images [HY19].  

 
Figure 1: Integrated sensing and communication - the conventional view with focus on monostatic sensing of 
a target and positioning of connected users. 

These concepts are now being introduced towards 6G networks in the form of ISAC, which has become one of the 

most important innovation trends in 6G research [FCM22] and presents a paradigm shift in the design and 

Monostatic 
ISAC

Single target 
scenarios

Bistatic 
positioning

Handover of 
connected 

users

Local 
processing
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Figure 2: 6G-DISAC vision: Distributed integrated communication and sensing. 

 

 

6G-DISAC sets the following qualitative targets: #§PRJ-OBJ-PO§# 

Targets 6G-DISAC Approach 

Cm-level localisation 
accuracy 

Both connected UEs and passive objects/targets will be localised and tracked with 

high accuracy, allowing, for instance, efficient hand-over between BSs and/or the 

reliable prediction of radio obstructions (in time/space). 

Multi-band operation 6G-DISAC will support frequency bands from 3 GHz until 30 GHz, including 

frequency range 1 (FR1) and FR2, providing both high accuracy and extended 

coverage by transparently fusing several bands. 

ISAC techniques The core of 6G-DISAC is ISAC, supporting not only new sensing / localisation 

applications, but also improving communications itself by using the acquired 

sensing / localisation information.  

Cell-free networking, 
massive MIMO or large 
intelligent surfaces 

Large apertures for sensing will be enabled using various XL-MIMO technologies, 

including multi-functional RISs (purely reflecting, simultaneously reflecting and 

sensing, simultaneously reflecting and refracting, etc.).  

Capability to drastically 
reduce energy 
consumption and to 
control EMF exposure 
levels 

By distributing the ISAC functionality, a high degree of electromagnetic-field 
(EMF) control is possible, in combination with extremely low power consumptions 

due to reduced distances between UEs/targets and BSs. The -optional- use of RISs 

shall also concur to lower both the EMF exposure and the number of required 

power-greedy BSs, access points, and/or conventional relays. 

Monostatic, bistatic, 
and multi-static ISAC

Full-duplex 
operation

Handover of 
passive 

objects

Local storage and 
compute

Semantic 
sensing

Intelligent 
propagation 

environments

Multi-target scenarios

Semantic 
communication 

Super-resolution 
distributed signal 

processing

3 cornerstones
• The distributed architecture
• The semantic / goal oriented framework
• The high-resolution signal processing
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DISAC ARCHITECTURE

• Intelligent distributed processing

• Seamlessly integrate heterogenous 
sensing nodes with different 
capabilities

• Support for Large MIMO and RIS 
Sensing

• Semantic layer to facilitate sensing 
aided communication and 
communication aided sensing

LDP: Local Data Processing
SRN: Sensing Receive Node
RIS: Reconfigurable Intelligent Surfaces
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Current 
status

Limitation What is needed

Single 
transceiver 
solutions

Not scalable, do not 
harness large 
distributed aperture

Multi-BS, multi-UE ISAC framework, 
including clock distribution
Distributed ISAC architecture

Single target 
solutions

Hides complexity of 
multi-target problems

ISAC methods that can detect, localize, 
and track many targets
Scalable data association and distributed 
processing

Centralized 
processing

Fronthaul and backhaul 
bottlenecks

Balanced local processing, relevant 
information sharing, and fusion
AI-based semantic processing to meet 
application requirement

Disconnected, 
incompatible 
approaches

Cannot integrate RIS, 
large MIMO, D-MIMO, 
mMIMO to provide 
coherent ISAC

Overarching framework that accounts for 
all sensing and communication platforms, 
improving both communication and 
sensing

ISAC TO DISAC 
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SEMANTIC

• Leveraging semantic and goal-oriented 

communications for distributed integrated 

communication and sensing

• Transition from traditional data fusion to 

the composition of semantically selected 

information 

• The semantic channel supports intelligent 

control on what should be transmitted

• Increasing performance over time (train 

while communicating): Over time, the AI is 

expected to learn a more parsimonious 

and efficient information representation
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Latency
Energy 
efficiency

Positioning 
accuracy

Sensing 
performance

Spectral 
efficiency

State of the art

6G-DISAC 
targets

10 - 100 ms

Source: 5G New Radio: 
Unveiling the Essentials of the 
Next Generation Wireless 

Access Technology

10 ms – 1 ms

X

Source: 3GPP TR 28.8113 
(Management and 
orchestration; Study on new 
aspects of Energy Efficiency 
(EE) for 5G)

2X – 10X

0.2 - 1 m

Source: 3GPP TR-38.857 
(Study on NR positioning 
enhancements)

0.01 - 0.1 m

0.75 m resolution

200 m range

Source: 24 GHz Demorad Radar 
Solutions Enable New Contactless 
Sensors for Emerging Industrial Mass 
Market.

0.1 - 1 m 
resolution, 

unlimited range

Y

2Y

For initial access considering half-duplex 
transmission

EE is unitless & depends 
on the load

6G-DISAC TARGETS
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6G-DISAC QUANTITATIVE TARGETS 

KPI Absolute or relative 
improvement

Current baseline value 
(state of the art) 

Target value at the end of 
the project

Justification 3GPP Ref.

Spectral efficiency relative 3GPP R18 MIMO 30% improvement in FR1 
and FR2

Sensing-aided communication 
will improve the estimation of 
MIMO channel matrices and 
geometrical channel parameters

3GPP R1-
2303007

User positioning 
accuracy 

absolute 0.2-1m 0.01 m in FR2, 0.1 m in 
FR1

Combination of positioning and 
sensing, large bandwidths, large 
aperture

3GPP TR 38.859. 
R18

Energy efficiency relative 3GPP TR 38.684 40% improvement in FR2 Sensing-aided communication 
will improve the estimation of 
geometrical channel parameters

TR 38.864

User orientation 
accuracy 

absolute 1-5 degrees in FR2 <1 degree in FR2 Using arrays at the UE and many 
BSs. 

Not addressed 
in 3GPP

Object positioning 
accuracy 

absolute 1 m < 1 m in FR1, and 0.1 m in 
FR2.

Large apertures at FR1, large 
bandwidth and large arrays at 
FR2, many transmitters and 
receivers at both FR1 and FR2

Not addressed 
in 3GPP

Object velocity 
estimation accuracy

absolute 1 m/s  < 1 m/s in FR1 Large integration times at FR1. Not addressed 
in 3GPP

Object / gesture 
classification 
accuracy

absolute 20–30% misclassification 
rate 

<5% misclassification rate Target information is captured 
from different perspectives 
thanks to multi-static sensing

Not addressed 
in 3GPP
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STANDARDIZATION

A key objective is to take the solutions developed in the project to standardization bodies

• Pre-standard research work in the  ETSI ISG ISG (https://www.etsi.org/committee/2295-isac)

• Good alignment with 6G-DISAC in terms of scope and timeline. Both activities will pave the 

way for standardization

• We believe that the notion of widely distributed deployments and the need to track multiple 

targets over an extended space and time brings value to the work started in the ISG

• Several members of the project are also participants to the ISG

• 3GPP standardization 

• Targets: Release 20 onwards to 6G

• The consortium includes influent actors in 3GPP

• Other relevant bodies (industrial fora)

https://www.etsi.org/committee/2295-isac
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Thank you!

For offline questions:
emilio.calvanese-strinati@cea.fr (6G-DISAC Project Coordinator)
henkw@chalmers.se (6G-DISAC Technical Manager)

Get in touch

@6G_DISAC

Take a look at our first 
consortium paper

On Arxiv :
 http://arxiv.org/abs/2402.18271

mailto:emilio.calvanese-strinati@cea.fr
mailto:henkw@chalmers.se
http://arxiv.org/abs/2402.18271
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