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Will be short on the network technology -- see RIOT summit presentation for a deep dive.

mailto:chrysn@fsfe.org

Plan for today

1. Briefly: Introducing DECT NR+
2. Hardware

3. Software

4. What we can do with it
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What is DECT NR+..

..in the context to radio technologies you know?
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https://dx.doi.org/10.1109/MCOM.001.2500286

Radio stack
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PHY layer: key properties

» 20 MHz at 1.9 GHz (new bands incoming)

» Error correction tools in PHY: FEC, HARQ, CRC
» OFDM, modulation

» Throughput depends on SNR

» Buffers limit packet size
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MAC: Roles & topology

» Cluster: coordinated by “Fixed Termination points” (FT)
associated with “Portable Termination points” (PT)

» Tree topology. Or just star. Or point-to-point.

» Root: “Sink”
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Tree with PT-and-FT roles in one device. "mesh" term in standard, but no multi-parenting.


MAC: Cluster Beacons
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MAC
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MAC: Data

Typical elements found

» Beacon details
» Association management

Forms tree, or star, or point-to-point connection.
» Data item(s!)

» Security: AES. Keys “not our department” — CoJP/LAKE to
the rescue?
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Includes negotiating supported configurations (length, MCS, concurrent HARQ).


IP over DECT NR+

» Full IPv6 packet or 6lo header compression

» Routed based on local part constructed from DECT addresses
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CVG layer takes care of routing (mesh-under).

Compressible are prefixes, local address parts, UDP ports. To talk to old IP versions, let the router do NAT64 (does not concern NR+).
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nRF915]

System-in-Package

Low power SiP with integrated LTE-M/
NB-loT/NTN and DECT NR+ modem,
and GNSS

The nRF9I51 module sets a new standard for highly integrated
and compact System-in-Package (SiP) solutions, specifically
designed for cellular applications.
Leveraging low power LTE technology, advanced processing
capabilities, and robust security features, the nRF9151 offers
unparalleled performance and versatility, and supports 3GPP
release 14 LTE-M/NB-loT, NB-NTN (Non-Terrestrial Network)
and DECT NR+.

and DECT

Compared to its predecessor (nRF ), it boasts a significant
footprint reduction of 20% and brings additional support for
Power Class 5 20 dBm.

Company

Key features

Fully integrated SiP module
for cellular loT, NTN and
DECT NR+
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NR+ support and GNSS
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15.-/piece. Several devkits starting 50.-, 3 thereof supported in Ariel OS

https://www.nordicsemi.com/Products/nRF9151

Hardware

System on Chip Applications About us Career Resources Portal

<
-

&

LM10xx Series

Designed for next-generation loT Connectivity.

@ Ultra-Secure @ Highly reliable @ Low-cost @ Simple to implement

Our LM10xx Series System-on-Chip is based on the globally free, non-
cellular 5G standard NR+, provides a low-cost, secure and reliable 12/ 26



https://www.lm-semi.com/lm10xx-series-system-on-chip/

Available hardware: nRF9151

» Application core

» Locked network core

» Default firmware: LTE

» Alternative firmware: NR+ PHY and MAC
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Separate flash memory and process. Dedicated RAM access. More isolated than softdevice/-controller.


Implementations on nRF9151

» Proprietary
» Wirepas — metering
» Lynqg — audio
» Stratum9 — industrial / deterministic
» DSR - loT

» Research:

» Working examples: Nordic's DECT shell (on MAC firmware)
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Most building on the Nordic PHY.

MERCI: This could be its own separate talk series.

That was roughly the state in November 2025.

https://franco-german-5g-ecosystem.eu/merci/

() OPENER
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Opener Initiative

» full implementation, eventually

» building bottom-up

current work on drivers and MAC layer

» developed on Zephyr, written in C
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Notable contributors: Codium Electronique, Deveritec, MERCI contributors

We take care not to lock in too deeply into Zephyr.

https://opener-initiative.org/
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hophop

» making DECT available in Rust

» focus: on high-level

IPv6 for Ariel OS
» currently on nRF MAC; plan to switch to Opener

» contributing to Opener
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As with Zephyr: likewise, non-exclusive.

Main contributions are exploring ahead what we will need in high-level intrfaces as well as onboarding.

https://github.com/ariel-os/hophop/

Using hophop today: Documentation

Getting started with hophop

Basic steps common to all examples and applications

+ Get two (better four) nRF9151-DK, connect them and turn them on.
(Wider hardware support will be added, but this is what the examples assume).
« Ensure you are set up to run Ariel OS examples.

For the time being, it's easiest to follow the Getting Started section in the Ariel OS book.

Note that in particular, you need to have access to the boards you are using as a user; this is only mentioned in the Ariel
documentation indirectly by referring to the probe-rs documentation. That includes verifying that your user is part of
the plugdev group, and placing the probe-rs rules file inside setc/udev/rules.d . The typical error that indicates that
this step is missing is "USB device: permission denied".

« Ensure that you have the DECT firmware running.



https://github.com/ariel-os/hophop/

Using hophop today: RSSI (on PHY)
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Using hophop today: more PHY examples

» Transmit
» Receive and decode
» Measure clock drift
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Using hophop today: IP transport

Nordic DECT shell
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Notes are not directly associated with each other. Network back-ends implementged for Ariel stack and into Linux using SLIP(mux).


Using hophop today: IP transport

$ ping £e80::70d1:776d:£f9cf:c820%tun0
64 bytes from ..: icmp_seq=1 ttl=64 time=3077 ms
64 bytes from ..: icmp_seq=2 ttl=64 time=2086 ms
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Using hophop today: IP transport

$ ping £e80::70d1:776d:£f9cf:c820%tun0
64 bytes from ..: icmp_seq=1 ttl=64 time=3077 ms
64 bytes from ..: icmp_seq=2 ttl=64 time=2086 ms

$ aiocoap-client 'coap://[fe80:..]1/hello' --credentials cred.diag
Hello from hophop
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Next steps

» FT role

» Automatic network configuration

» Star topology: Opener

» Telemetry and remote configuration
» Secure joining: ETSI?

Run an loT network.
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Automation goals: IP addressing, selecting node and network numbers, forming networks on demand.

Configuration for beaconing properties and scheduling. Measure performance characteristics, configure for trade-offs.

IoT networks as I understand them: suitable for a large variety of devices, with security, following the E2E principle, power efficiency, and all being self-managed.


Sponsored by Silano.

26/ 26




\input{shared/black.tex}

\title{Using DECT NR+}
\author{Christian Amsüss\\\href{mailto:chrysn@fsfe.org}{chrysn@fsfe.org}}
\date{2026-09-01\\1AD, Grenoble}

\begin{document}
\titlepage

\note{Will be short on the network technology -- see RIOT summit presentation for a deep dive.}

\begin{frame}{Plan for today}\Large
    \begin{enumerate}
        \item Briefly: Introducing DECT NR+
        \item Hardware
        \item Software
        \item What we can do with it
    \end{enumerate}
\end{frame}

{
\setbeamercolor{background canvas}{bg=white,fg=black}
\setbeamercolor{normal text}{bg=white,fg=black}
\begin{frame}{What is DECT NR+…}\Large
    \framesubtitle{…in the context to radio technologies you know?}

    \includegraphics[page=6,clip,trim=14.5mm 229.4mm 51.0mm 12.0mm]{../slides-riot/.generated/whattoexpect.pdf}
    \footnote{F. Graf, T. Watteyne and M. Villnow, ``What to Expect When Using DECT NR+'', in IEEE Communications Magazine, vol. 64, no. 2, pp. 16-22, February 2026, \href{https://dx.doi.org/10.1109/MCOM.001.2500286}{doi:~10.1109/MCOM.001.2500286}}
\end{frame}
}

{
\setbeamercolor{background canvas}{bg=white,fg=black}
\setbeamercolor{normal text}{bg=white,fg=black}
\begin{frame}{Radio stack}
    \framesubtitle{271 pages in 1 picture}

    \includegraphics[page=20,clip,width=\textwidth,trim=24.5mm 197.7mm 20.9mm 22.8mm]{../slides-riot/.generated/ts_10363601v020101p.pdf}

    \footnote{Diagrams from ETSI TS 103 636-[1-5] v2.1.1 unless noted otherwise.}
\end{frame}
}

\begin{frame}{PHY layer: key properties}\Large
    \begin{itemize}
        \item 20\,MHz at 1.9\,GHz (new bands incoming)
        \item Error correction tools in PHY: FEC, HARQ, CRC
        \item OFDM, modulation
        \item Throughput depends on SNR
        \item Buffers limit packet size
    \end{itemize}
\end{frame}

\begin{frame}{MAC: Roles \& topology}\Large
    \begin{itemize}
        \item Cluster: coordinated by ``Fixed Termination points'' (FT) associated with ``Portable Termination points'' (PT)
            \bigskip
        \item Tree topology. Or just star. Or point-to-point.
            \bigskip
        \item Root: ``Sink''
    \end{itemize}

    \note{Tree with PT-and-FT roles in one device. "mesh" term in standard, but no multi-parenting.}
\end{frame}

{
\setbeamercolor{background canvas}{bg=white,fg=black}
\setbeamercolor{normal text}{bg=white,fg=black}
\begin{frame}{MAC: Cluster Beacons}\Large
    \includegraphics[page=38,clip,width=\textwidth,trim=22.1mm 170.2mm 19.8mm 66.9mm]{../slides-riot/.generated/ts_10363604v020101p.pdf}
\end{frame}
}

{
\setbeamercolor{background canvas}{bg=white,fg=black}
\setbeamercolor{normal text}{bg=white,fg=black}
\begin{frame}{MAC}\Large
    \framesubtitle{Data in PDC (PHY data channel)}

    \includegraphics[page=47,clip,width=\textwidth,trim=17.8mm 138.9mm 17.8mm 97.1mm]{../slides-riot/.generated/ts_10363604v020101p.pdf}
\end{frame}
}

\begin{frame}{MAC: Data}\Large
    \framesubtitle{Typical elements found}

    \begin{itemize}
        \item Beacon details
            \bigskip
        \item Association management
            \note{Includes negotiating supported configurations (length, MCS, concurrent HARQ).}

            \bigskip
            Forms tree, or star, or point-to-point connection.
            \bigskip
        \item Data item(s!)
            \bigskip
        \item Security: AES. Keys ``not our department'' -- CoJP/LAKE to the rescue?
    \end{itemize}
\end{frame}

\begin{frame}{IP over DECT NR+}\Large
    \note{CVG layer takes care of routing (mesh-under).}

    \begin{itemize}
        \item Full IPv6 packet or 6lo header compression\note{Compressible are prefixes, local address parts, UDP ports. To talk to old IP versions, let the router do NAT64 (does not concern NR+).}
        \item Routed based on local part constructed from DECT addresses
    \end{itemize}
\end{frame}

\begin{frame}{Hardware}\Large
    \framesubtitle{\url{https://www.nordicsemi.com/Products/nRF9151}}
    \includegraphics[width=\textwidth]{nordic.png}
    \note{15.-/piece. Several devkits starting 50.-, 3 thereof supported in Ariel OS}
\end{frame}

\begin{frame}{Hardware}\Large
    \framesubtitle{\url{https://www.lm-semi.com/lm10xx-series-system-on-chip/}}
    \includegraphics[width=\textwidth]{lastmile.png}
\end{frame}

\begin{frame}{Available hardware: nRF9151}\Large
    \begin{itemize}
        \item Application core
        \item Locked network core
            \note{Separate flash memory and process. Dedicated RAM access. More isolated than softdevice/-controller.}
        \item Default firmware: LTE
        \item Alternative firmware: NR+ PHY and MAC
    \end{itemize}
\end{frame}

\begin{frame}{Implementations on nRF9151}\Large
    \note{Most building on the Nordic PHY.}
    \begin{itemize}
        \item Proprietary
            \begin{itemize}\Large
                \item Wirepas -- metering
                \item Lynq -- audio
                \item Stratum9 -- industrial / deterministic
                \item DSR -- IoT
            \end{itemize}
            \bigskip
        \item Research: \href{https://franco-german-5g-ecosystem.eu/merci/}{MERCI project}
            \note{MERCI: This could be its own separate talk series.}
            \bigskip
        \item Working examples: Nordic's DECT shell (on MAC firmware)
    \end{itemize}
    \note{That was roughly the state in November 2025.}
\end{frame}

\begin{frame}\Large
    \center
    \includegraphics{opener.pdf}
\end{frame}

\begin{frame}{Opener Initiative}\Large
    \framesubtitle{\url{https://opener-initiative.org/}}
    \note{Notable contributors: Codium Electronique, Deveritec, MERCI contributors}
    \begin{itemize}
        \item full implementation, eventually
            \bigskip
        \item building bottom-up
            
            \bigskip
            current work on drivers and MAC layer
            \bigskip
        \item developed on Zephyr,
            written in C
            \note{We take care not to lock in too deeply into Zephyr.}
    \end{itemize}
\end{frame}

\begin{frame}\Large
    \center
    \includegraphics{ariel.pdf}
\end{frame}

\begin{frame}{hophop}\Large
    \framesubtitle{\url{https://github.com/ariel-os/hophop/}}
    \begin{itemize}
        \item making DECT available in Rust
            \bigskip
        \item focus: on high-level

            \bigskip
            IPv6 for Ariel OS\note{As with Zephyr: likewise, non-exclusive.}
            \bigskip
        \item currently on nRF MAC; plan to switch to Opener
            \bigskip
        \item contributing to Opener\note{Main contributions are exploring ahead what we will need in high-level intrfaces as well as onboarding.}
    \end{itemize}
\end{frame}

\begin{frame}{Using hophop today: Documentation}\Large
    \framesubtitle{\url{https://github.com/ariel-os/hophop/}}
    \includegraphics[width=\textwidth]{gettingstarted.png}
\end{frame}

\begin{frame}{Using hophop today: RSSI (on PHY)}\Large
    \center
    \includegraphics[width=0.5\textwidth]{rssi.png}
\end{frame}

\begin{frame}{Using hophop today: more PHY examples}\Large
    \begin{columns}
        \column{0.5\textwidth}
            \begin{itemize}
                \item Transmit
                \item Receive and decode
                \item Measure clock drift
            \end{itemize}
        \column{0.5\textwidth}
            \center \includegraphics[width=0.75\textwidth]{drift.png}
    \end{columns}
\end{frame}

{
\setbeamercolor{background canvas}{bg=white,fg=black}
\setbeamercolor{normal text}{bg=white,fg=black}
\begin{frame}{Using hophop today: IP transport}\large
    \includegraphics[width=\textwidth]{network.pdf}
    \note{Notes are not directly associated with each other. Network back-ends implementged for Ariel stack and into Linux using SLIP(mux).}
\end{frame}
}

\begin{frame}{Using hophop today: IP transport}\large
    \texttt{\$ ping fe80::70d1:776d:f9cf:c820\%tun0}\\
    \texttt{64 bytes from …: icmp\_seq=1 ttl=64 time=3077 ms}\\
    \texttt{64 bytes from …: icmp\_seq=2 ttl=64 time=2086 ms}

    \vspace{2cm}
    \pause

    \texttt{\$ aiocoap-client 'coap://[fe80:…]/hello' --credentials cred.diag}\\
    \texttt{Hello from hophop}
\end{frame}

\begin{frame}{Next steps}\Large
    \begin{itemize}
        \item FT role
        \item Automatic network configuration
            \note{Automation goals: IP addressing, selecting node and network numbers, forming networks on demand.}
        \item Star topology: Opener
        \item Telemetry and remote configuration
            \note{Configuration for beaconing properties and scheduling. Measure performance characteristics, configure for trade-offs.}
        \item Secure joining: ETSI?
    \end{itemize}

    \vspace{1cm}

    Run an IoT network.
    \note{IoT networks as I understand them: suitable for a large variety of devices, with security, following the E2E principle, power efficiency, and all being self-managed.}
\end{frame}

\begin{frame}\Large
    \center \includegraphics[width=3.2cm]{./.generated/qr.eps}

    \vspace{2cm}

    Sponsored by Silano.
\end{frame}

\end{document}


