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Will be short on the network technology -- see RIOT summit presentation for a deep dive.
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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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whereas a smartphone connected point-to-point to 
a Wi-Fi router, operating at +20 dBm, had already 
lost connectivity under the same conditions.

In a perfectly line-of-sight scenario, tells us that 
DECT NR+ can achieve 6 km communication 
range. This is comparable to IEEE 802.15.4g [12], 
but does not reach the communication range of 
LoRa. Of course, even if LoRa is longer range, it 
has a much lower data rate and is subject to strict 
duty cycle regulations [13]. DECT NR+ therefore 
appears usable for long range applications, as 
long as lineof- sight conditions are met. For use 
cases where DECT NR+ satisfies the range sce-
narios, it has a clear advantage of LoRa as its data 
rate is higher, even at MCS 0.

Unfortunately, the range of DECT NR+ drops 
significantly in non-line-of-sight scenarios. As 
shown in our urban tests, non-LOS connections 
longer 200 m do not offer reliable communica-
tion. Technologies such as IEEE 802.15.4g and 
LoRa appear more appealing in urban environ-
ments as they offer better penetration as they 
operate in sub-GHz frequencies.

Comparing DECT NR+ to Other Wireless Technologies
Figure 5 is our attempt at placing DECT NR+ on a 
distance/data rate continuum, together with other 
wireless technologies. Creating such a plot is nec-
essarily imperfect and cannot represent technical 
subtleties, but it is a fair way to get a big picture 
view of the complementarity of solutions. Impor-
tantly, it not depict strict performance boundaries, 
rather illustrates typical operating points. Ding et 
al. [14] already proposed a similar visualization. 
Our classification is supported by their survey and 
our own practical experience with the respective 
technologies. It is also a good visual foundation 
for the discussion that follows. 

Can DECT NR+ be classified as a Wireless Per-
sonal Area Network (WPAN)? Figure 5 clearly 
shows that DECT NR+ lies close to Bluetooth/
BLE and low-rate WPAN standards based on IEEE 
802.15.4 O-QPSK, such as Zigbee or Thread. 
With the right settings, DECT NR+ can offer a data 
rate up to 3.36 Mbit/s, so faster that 2 Mbit/s BLE, 
and much faster than 250 kbit/s IEEE 802.15.4 
O-QPSK. The difference in data rate compared 
to BLE is hence more incremental than disrup-
tive. While the key differentiator between DECT 
NR+ and the mentioned WPAN standards is the 
larger achievable range, this advantage diminish-
es when using higher MCS settings required for 
increased data rates. Combined with significantly 
higher power consumption and cost, DECT NR+ 
is unlikely to replace WPAN standards, as its pri-
mary benefit of extended range becomes less 
compelling in high-throughput scenarios.

Can DECT NR+ be classified as a Wireless 
Local Area Network (WLAN)? IoT applications 
that require higher data rates than typical WPANs 
while maintaining a similar range often turn to 
Wi-Fi. This is largely due to Wi-Fi’s use of signifi-
cantly wider channel bandwidths. Given that 
Wi-Fi’s data rates are substantially higher, particu-
larly in recent revisions, classifying DECT NR+ as a 
WLAN technology would be misleading.

Can DECT NR+ be classified as a Low Power 
Wide Area Network (LPWAN)? With a 6 km com-
munication range in the most favorable condi-
tions, DECT NR+ does challenge traditional 
LPWAN standards. Although it offers far higher 
data rates as non-cellular LPWAN, DECT NR+ 
does not offer the extensive range of LoRa or 
Sigfox. And, although it offers a communication 
range comparable to IEEE 802.15.4g, it suffers 
from much higher power consumption and price. 
In terms of data rates, DECT NR+ aligns more 
closely with cellular LPWAN standards like LTE-
M, while offering the distinct advantage of being 
non-cellular, thus avoiding cellular network sub-
scriptions and their associated costs.

Can DECT NR+ keep up with 5G NR? The ques-
tion might be odd, but it is important to answer 
clearly, since DECT NR+ is marketed as “the first 
non-cellular 5G standard”. DECT NR+ is standard-
ized by ETSI in the context of overarching 5G 
standardization activities, but we believe the state-
ments about DECT NR+ and 5G are misleading. 
To most of us, the term “5G” refers to 5G NR, 
offering the high-bandwidth constant connectivity 
of our smartphones. We believe that marketing 
DECT NR+ as a “non-cellular 5G standard” con-
veys the notion that DECT NR+ somehow “goes 
beyond” 5G, maybe even suggesting DECT NR+ 
is a new version of 5G that gives our smartphones 
the same connectivity without needing to connect 
to the cellular base stations. This is, of course, not 
at all the case. DECT NR+ is not in any way in 
the technological realm of that definition of 5G 
as that of our smartphones: it is a reuse of legacy 
DECT cordless phone frequency band for IoT-
type application.

So, where does DECT NR+ fit in? DECT NR+ 
can be positioned as a technology that fills a gap 
between cellular-LPWAN technologies, WPAN 
standards and Wi-Fi.

Where Should I Use DECT NR+?
The lesson learned earlier is that DECT NR+ fills 
a narrow technological gap. And there are appli-
cations that require just that, while not being cost 
sensitive or needing a decade of battery-powered 
operation. One example is neighborhood-scale 
mesh networks to connect electricity meters, 

FIGURE 5. Classification of DECT NR+ among other standards.
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Figure 5: Classification of DECT NR+ among other standards.

layer of DECT NR+ allows devices to dynamically trade-off
data rate for communication range. This can be interesting
in at least the following use cases. First, a company might
be designing an advanced mesh networking protocol in the
spirit of g6TiSCH [15], that matches the PHY-layer settings
dynamically on a link-by-link basis. Using radios such as
the nRF91 series is ideal in that case, as the networking
stack can dynamically set the modulation settings detailed
in Section II-A. Second, and maybe more importantly, a
company might be designing wireless networks for a range
of applications. Some of these applications might require
long range, others high throughput. Using DECT NR+ then
comes in very handy as different types of applications can be
addressed without requiring any redesign.

E. The Road Ahead for DECT NR+

Nordic Semiconductor already offers commercially avail-
able DECT NR+-compatible chips. This availability facilitates
both research and broader adoption of the technology. Com-
panies like Wirepas, Stratum 9, Last Mile Semiconductor,
and Sennheiser are investing in the technology. While the
ecosystem is still very young, we expect it to grow. We expect
other chip vendors to add DECT NR+-compliant chips to their
catalog. Competition will drive prices and power consumption
down, although, given the complex nature of the PHY, it is
unlikely DECT NR+ chips will be competitive on those fronts
with traditional WPAN or LPWAN technologies. Whether
DECT NR+ will ever be low-power enough to enable battery-
powered applications is an open question. On the software
front, we expect mesh networking protocols to be developed
on top of DECT NR+, driven by open-source communities and
commercial entities. Having such implementations will allow
quicker evaluation of the technology. On the research front,
we expect studies to be published about the applicability of
DECT NR+ to specific use cases, in particular Industrial IoT,
as well as studies on the coexistence between DECT NR+ and
DECT phones.
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Radio stack
271 pages in 1 picture 
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Figure 6.1-2: Illustration of overall protocol architecture 

6.2 Physical Layer 

6.2.1 Physical Layer functions and capabilities 

The DECT-2020 NR physical layer is in principle suitable to address frequency bands below 6 GHz. The physical layer 
employs Cyclic Prefix Orthogonal Frequency Division Multiplexing (CP-OFDM) combined with Time Division 
Multiple Access (TDMA) and Frequency Division Multiple Access (FDMA) in a Time Division Duplex (TDD) 
communication manner. 

Subcarrier spacing is defined by the subcarrier scaling factor �, resulting either in 27 kHz, 54 kHz, 108 kHz or 216 kHz 
OFDM subcarriers spacing. In addition, the Fourier transform scaling factor � can be set to allow different transmission 
bandwidths for each configuration of the subcarrier spacing. This results in the support of nominal RF bandwidth from 
1,728 MHz up to 221,184 MHz. 

The physical layer can perform the following functions in order to provide the data transport service: 

• Error detection on the physical channel and indication to higher layers. 

• FEC encoding/decoding of the physical channel. 

• Hybrid ARQ soft-combining. 

• Rate matching of the coded physical channel data to physical channels. 

• Mapping of the coded physical channel data onto physical channels. 

• Modulation and demodulation of physical channels. 

• Frequency and time synchronization. 

• Radio characteristics measurements and indication to higher layers. 

• Multiple Input Multiple Output (MIMO) antenna processing. 

• Transmit Diversity (TX diversity). 

• Beamforming. 

2
2Diagrams from ETSI TS 103 636-[1-5] v2.1.1 unless noted otherwise. 4/ 26



PHY layer: key properties

I 20 MHz at 1.9 GHz (new bands incoming)
I Error correction tools in PHY: FEC, HARQ, CRC
I OFDM, modulation
I Throughput depends on SNR
I Buffers limit packet size
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MAC: Roles & topology

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

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

I 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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5.11 Group Assignment 

5.11.1 General 

The use of group assignment is a specific mode of scheduled access data transfer where transmissions are performed by 
using pre-assigned resources between an RD in FT mode and an RD(s) in PT mode. The FT part of the communication 
assigns the resources for the RD(s) in PT mode to transmit and receive. Figure 5.11.1-1 depicts an example of resource 
allocation signalled with a single Resource allocation IE as defined in clause 6.4.3.3 and Group Assignment IE defined 
in clause 6.4.3.9. 
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Figure 5.11.1-1: Example Group Assignment with resource assignment, with μ = 1 

5.11.2 Allocating Resources for Group Assignment 

An RD in FT mode may allocate resources for scheduled access to be used for group assignment for one or multiple 
RDs after it has selected operating channel(s) and while timer scanStatusValid is running as defined in clause 5.1.2. 

Before allocating resources for group assignment transmission the RD in FT mode shall: 

• allocate for RDs in PT mode following parameters within the association procedure defined in clause 5.8: 

- Group ID; 

- Resource tag; 

• include both Group ID and Resource tag into the Association Response message as defined in clause 6.4.2.5. 

To allocate resources for group assignment transmission the RD in FT mode shall: 

• follow the action defined in clause 5.4.2; 

• set selected resources in Resource allocation IE by setting the Repeat field to 011 or 100; 

• send the Resource allocation IE as part of the Cluster Beacon message defined in clause 6.4.2.3 or send the 
Resource allocation IE as a unicast message;  

When an RD in PT mode receives Resource allocation IE with the Repeat field set to 011 or 100 the RD shall: 

• Store the received resources. 

5.11.3 Scheduled access transmission and reception 

To assign allocated resources for group assignment transmission the RD in FT mode shall: 

• if DECT_PROTECTED is TRUE and dectProTime is not running: 

- take actions defined in clause 5.1.3; 
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MAC
Data in PDC (PHY data channel)
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6.3 MAC PDU 

6.3.1 General 

The basic MAC PDU structure is depicted in Figure 6.3.1-1 presenting also parts of the MAC PDU that are ciphered 
and are covered by integrity protection if the MAC layer security is used. The MAC PDU contains the following parts: 

• MAC header type, clause 6.3.2; 

• MAC Common header, clause 6.3.3; 

• one or more MAC SDU that is included in MAC PDU with MAC multiplexing header, clause 6.3.4; 

• Message Integrity Code MIC, clause 5.9.1. 

The first byte of the MAC PDU is the MAC header type in Figure 6.3.1-1, and the first bit of the MAC Header type is 
the bit zero in Figure 6.3.2-1. 

 

Figure 6.3.1-1: MAC PDU: MAC multiplexing with security ciphering and integrity protection 

The MAC PDU always follows this general format for all transport channels (PCH/BCH, DCH, or RACH). 

6.3.2 MAC Header type 

The MAC header type field has a length of a single octet. The bits of the octet are defined as shown in Figure 6.3.2-1. 
The version bits shall be set to 00. The MAC security info is defined in Table 6.3.2-1. The MAC header type field is 
defined in Table 6.3.2-2. 

 

Figure 6.3.2-1: MAC header Type 

Table 6.3.2-1: MAC Security 

Value Definition 
00 MAC security is not used for this MAC PDU. 
01 MAC security is used, and the MAC Security IE is not present. The MAC PDU sequence number is used as 

PSN for security. The ciphered part starts immediately after the MAC Common header. 
10 MAC is security used and a MAC Security Info IE is in the MAC PDU. The ciphered part starts immediately 

after the MAC Security info. 
11 Reserved. 
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MAC: Data
Typical elements found

I Beacon details

I Association management

Forms tree, or star, or point-to-point connection.

I Data item(s!)

I 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+

I Full IPv6 packet or 6lo header compression
I Routed based on local part constructed from DECT addresses

10/ 26

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+).



Hardware
https://www.nordicsemi.com/Products/nRF9151
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15.-/piece. Several devkits starting 50.-, 3 thereof supported in Ariel OS

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


Hardware
https://www.lm-semi.com/lm10xx-series-system-on-chip/
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Available hardware: nRF9151

I Application core
I Locked network core
I Default firmware: LTE
I Alternative firmware: NR+ PHY and MAC

13/ 26

Separate flash memory and process. Dedicated RAM access. More isolated than softdevice/-controller.



Implementations on nRF9151

I Proprietary
I Wirepas – metering
I Lynq – audio
I Stratum9 – industrial / deterministic
I DSR – IoT

I Research: MERCI project

I Working examples: Nordic’s DECT shell (on MAC firmware)

14/ 26

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/
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Opener Initiative
https://opener-initiative.org/

I full implementation, eventually

I building bottom-up

current work on drivers and MAC layer

I developed on Zephyr, written in C

16/ 26

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

I making DECT available in Rust

I focus: on high-level

IPv6 for Ariel OS

I currently on nRF MAC; plan to switch to Opener

I contributing to Opener

18/ 26

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
https://github.com/ariel-os/hophop/
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Using hophop today: RSSI (on PHY)
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Using hophop today: more PHY examples

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

Jelly
tun0

Nordic DECT shell

embassy-net
slipmux
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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 fe80::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:…]/hello' --credentials cred.diag
Hello from hophop
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Using hophop today: IP transport

$ ping fe80::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:…]/hello' --credentials cred.diag
Hello from hophop
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Next steps

I FT role
I Automatic network configuration
I Star topology: Opener
I Telemetry and remote configuration
I Secure joining: ETSI?

Run an IoT network.

25/ 26

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.
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            \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}

{
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\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}
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