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Comapred to previous RIOT summits, not talking about CoAP this time -- but I do run CoAP over it :-)

mailto:chrysn@fsfe.org

Plan for today

1. What is DECT NR+7?

2. Layers and functionality

3. Implementations

4. Suitable for embedded devices?
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What is DECT NR+..

..in the context to radio technologies you know?
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“"What to Expect When Using DECT NR+", in IEEE
Communications Magazine, vol. 64, no. 2, pp. 16-22, February 2026,
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 Use cases: IoT, industrial, audio. Moving in the diagram naively: different frequencies → diagonal. more bandwidth → grow right. more-power → grow up. (Generally, more area means more complexity). This shows actual NR+ hardware; the spec goes "all to right" (gigabit in theory). Not shown: latency (down to 1ms), power (not relevant numbers available). 

https://dx.doi.org/10.1109/MCOM.001.2500286

Where does DECT NR4 come from?

Digital Enhanced Cordless Telecommunication

» 1987: Digital European Cordless Telephone launched at CEPT
» 1988: ETSI founded, DECT specified there

» 1992: cordless phones

» 1993: Net3 (early wireless LAN)

» various compatible evolution steps

» 2011: DECT ULE ( . 6lo-over-dect)
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Merely ensuring conflict-free operation by using compatible 10ms slots.

https://datatracker.ietf.org/doc/html/rfc8105

Where does DECT NR4 come from?

Digital Enhanced Cordless Telecommunication

» 1987: Digital European Cordless Telephone launched at CEPT
1988: ETSI founded, DECT specified there

1992: cordless phones

1993: Net3 (early wireless LAN)

various compatible evolution steps

2011: DECT ULE ( . 6lo-over-dect)

2020: DECT NR+? (an IMT-2020 / 5G technology)
breaking compatibility with earlier standards

vvyvyvyyvyy

2ETSI TS 103 636-[1-5] “DECT-2020 New Radio (NR)"
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Merely ensuring conflict-free operation by using compatible 10ms slots.

https://datatracker.ietf.org/doc/html/rfc8105

How is DECT NR+ “5G"7

3G / 4G / 5G # 3GPP / cellular operators
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ITU-R sets criteria (e.g. spectral efficiency) and recommends technologies.

Being part of 5G is helpful for funding and spectrum access.


How is DECT NR+ “5G"7

3G / 4G / 5G # 3GPP / cellular operators
IMT-2000 / IMT-Advanced / IMT-2020
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ITU-R sets criteria (e.g. spectral efficiency) and recommends technologies.

Being part of 5G is helpful for funding and spectrum access.


How is DECT NR+ “5G"7

3G / 4G / 5G # 3GPP / cellular operators
IMT-2000 / IMT-Advanced / IMT-2020
> 100Mbit/s-dewnload-speed{eMBB)

» Ims latency (URLLC)

» 1 million devices / km? (mMTC)

8/ 46


ITU-R sets criteria (e.g. spectral efficiency) and recommends technologies.

Being part of 5G is helpful for funding and spectrum access.


Spectrum and allocation

» CEPT & co 1880—1900 MHz, exclusive
» North America 1920-1930 MHz
» Latin America 1910-1930 MHz
» Japan 1893-1906 MHz
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License-free as long as you follow harmonized standard.


Spectrum and allocation

» CEPT & co 1880—1900 MHz, exclusive
» North America 1920-1930 MHz
» Latin America 1910-1930 MHz
» Japan 1893-1906 MHz
» EU (from 2027) 3800-4200 MHz
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License-free as long as you follow harmonized standard.


Radio stack

271 pages in 1 picture
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3Diagrams from ETSI TS 103 636-[1-5] v2.1.1 unless noted otherwise.
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ETSI compared to IETF: Great figures, but barely any hyperlinks.

High layers often just forward what-to-do, therefore focusing on lower layers.


PHY layer



One PHY for all bands

.. but you don’t want to bit-bang it.

» OFDM and modulation
» Parametrization: bandwidth
» Data

» Error correction
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Just one PHY.

Compared to WiFi / 802.15 decades (time will tell if ).

Are they suitable choices? Just one 15.- chip (no competition, and actually it's a cellular chip). See discussions at the end.


PHY: OFDM and modulation

Orthogonal Frequency-Division Multiplexing

Making the most of the allocated bandwidth.

Making the most of the available SNR.
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See Shannon theorem.

Why do we discuss modulation? Relevant for spectral efficiency, and to understand the timing and extensibility (in particular around what fits in 5 symbols). \par Aiming for intuition, not maths. \par Ears play role of receiver; we have dedicated hardware for frequency decomposition using a per-frequency resonator -- but we only hear amplitude. \par In a chip: (i)FFT, and single oscillator. 


PHY: OFDM

.. by acoustic intuition

FSK

P>
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Play fsk.mp3, ofdm.mpf (attached to the PDF).

Worried that you can predict some notes? Yes, that's FEC!


PHY: OFDM

.. by acoustic intuition
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Play fsk.mp3, ofdm.mpf (attached to the PDF).

Worried that you can predict some notes? Yes, that's FEC!


PHY: OFDM

as a spectrum
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If you are used to radio waterfall diagrams, tilt your head. {\@@par }My transitions are bad, but the point stands: Fewer transitions make the signal easier outside of used band. {\@@par }After that, play the *-reverb.mp3 files.


PHY: OFDM

as a spectrum under ... conditions
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The audio actually has more reverb: Your ears are better at this than eyes. {\@@par }Detail in the center: some subcarriers are badly cancelled by the echo. This is OKish with OFDM: Per-channel attenuation can be catered for. (If it's too much, FEC will need to do more).


PHY: After the OFDM
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This is the "make most of SNR" part.


PHY: Sending more data

Parametrization of transmissions: How wide we send

» Subcarrier spacing p: More bandwidth per subcarrier, faster
symbols.

» Fourier transform scaling factor 3: Just more subcarriers.
» 1 x 3: Wider band transmissions, same SNR budget.
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For current chips, mu=beta=1.


PHY: Sending more data

Parametrization of transmissions: How long we send

“Frame”: 10ms

B-N

24 "Slots"” per frame

-0

2 X pu “sub-slots” per slot

-0

5 symbols per subslot

H-N

Minimal message: 1 subslot (200ps)
Longest message: ~700 byte

i

©
I

3]s
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So far we talked about what happens during a single symbol (42µs or less for mu above 1).

So far, this comes from DECT.

1 subslot is mostly usable for HARQ; for realistic data, 2 slots at µ=1 can do 17..117 byte at MCS=0..4.

8 subslots at MCS=4, similar values for 15 subslots at MCS=2).

Why such a increase? PCC (green block in diagram, containing addresses), and STF, and CRC initially are per message.


PHY: Dealing with errors

» FEC: Turbo code
» Retransmissions: HARQ

» Final decision: CRC
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Soft symbols get buffered (likelihood of a bit or nibble rather than just the best guess).


MAC layer



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: 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”

» Network: 32-bit and 8-bit IDs
» Device: 32-bit and 16-bit IDs
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Tree with PT-and-FT roles in one device. "mesh" term in standard, but no multi-parenting.


MAC: Cluster Beacons

Control when to Access the Medium

» Every 10ms—32s

» Metrics

» Access: When

» Access: Who may, who should
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Who may: random access, scheduled access up/down/group. who should: Paging ("Notes with those IDs please wake up"). More beacon types for finding the network.


MAC: Cluster Beacons

Beacon periodeg. 2 s
T
!

Assigned to Assigned to Assigned to Te—a
RD1 RD2 RD3 T~

fl p|||p|mﬂn|ﬂ I

[

0 12

Frames

27/ 46


Illustrated: Who, and who may (free-for-all or dedicated)


MAC: Data

ata in PDC (PHY data channel)

MAC: Higher layer data Higher Layer data
DCCH DTCH-1 DTCH-2

MAC Mux- MAC SDU MAC Mux- MACSDU MAC Mux- MAC SDU
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\ / / h
/ AN
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MAC: Data

Data in PDC (PHY data channel)

» not short addresses: Already in PHY header (PCC)
» Security bits, next-header

» Header types: beacon, broadcast, unicast, data

» TLV data
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"unicast" and "data" are used when not associated vs when associated, respectively.

Type-Length-Value; Type-plus-length can be as small as 1 byte.


MAC: Data

Typical elements found

» Beacon details

» Association management
» “security starts here”

» Data item(s!)

» Padding
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Includes negotiating supported configurations (length, MCS, concurrent HARQ).

See PHY: Length does not have byte granularity.


MAC: Security

» AES; “pre”"-AEAD but looks OK
» Keys “not our department” (CoJP/LAKE to the rescue?)

» Extension proposed
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Quotes because the concept is from 2002, the RFCs are from 2008, and NR+ is from around 2020


DLC (Data Link Control)

» Turn QoS parameters into MAC methods ... Controlling the

Data Link
» Routing
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This includes a dedicated process to gather source route.

A route cache is available; unsure if usable there (not described in the standard).


DLC (Data Link Control)

» Turn QoS parameters into MAC methods ... Controlling the

Data Link
» Routing

» “Mesh-under”

» towards the sink

» source routing (downlink)

» hop-limited flooding (device-to-device)
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This includes a dedicated process to gather source route.

A route cache is available; unsure if usable there (not described in the standard).


CVG (Convergence)

» Multiplex into applications
» Optional E2EE

34/ 46


Once more, keys are "not our department".

Profiles are under development. Ready (but with caveats): IPv6.


IP over DECT NR+

» Full IPv6 packet or 6lo header compression

» Routed based on local part constructed from DECT addresses
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Compressible are prefixes, local address parts, UDP ports. To talk to old IP versions, let the router do NAT64 (does not concern NR+).

Running examples do this. Caveat: They skip the CVG layer.


Hardware
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Hardware
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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
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Fully integrated SiP module
for cellular loT, NTN and
DECT NR+
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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 38/ 46



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

Software
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Opener Initiative

» goal: full implementation

f OPEN ER » bottom-up: drivers, MAC

» developed on Zephyr,
written in C
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hophop

» focus: on high-level / IPv6
» contributing to Opener

» developed on Ariel OS,
written in Rust
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Main contributions are exploring ahead what we will need in high-level intrfaces as well as onboarding.


In the context of RIOT style loT systems,
does DECT NR+ make right choices for loT in general?

Suitable for loT?
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Progress since ATMega, therefore...
» build smaller chips (STM32C0)
» add more compute (ESP32)
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Will see when we have more hardware. Commercially deployed: professional audio, metering.

Mesh-under: Should we utilize ECN? What else have we learned in IP IoT? Stgandards around security? Dealing with inhomogenous networks?


Progress since ATMega, therefore...
» build smaller chips (STM32C0)
» add more compute (ESP32)

Can this provide Internet of our Things?
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Will see when we have more hardware. Commercially deployed: professional audio, metering.

Mesh-under: Should we utilize ECN? What else have we learned in IP IoT? Stgandards around security? Dealing with inhomogenous networks?


Progress since ATMega, therefore...
» build smaller chips (STM32C0)
» add more compute (ESP32)

Can this provide Internet of our Things?

Too early to say — clearly useful for several things.

Until then: Let's contribute experience to make it better,
and play to a cool radio standard.
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Will see when we have more hardware. Commercially deployed: professional audio, metering.

Mesh-under: Should we utilize ECN? What else have we learned in IP IoT? Stgandards around security? Dealing with inhomogenous networks?


Sponsored by Silano.
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\begin{document}
\titlepage

\note{Comapred to previous RIOT summits, not talking about CoAP this time -- but I do run CoAP over it :-)}

\begin{frame}{Plan for today}\Large
    \begin{enumerate}
        \item What is DECT NR+?
        \item Layers and functionality
        \item Implementations
        \item Suitable for embedded devices?
    \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]{.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}}


    \note{
Use cases: IoT, industrial, audio.
Moving in the diagram naively:
different frequencies → diagonal.
more bandwidth → grow right.
more-power → grow up.
(Generally, more area means more complexity).
This shows actual NR+ hardware; the spec goes "all to right" (gigabit in theory).
Not shown: latency (down to 1ms), power (not relevant numbers available).
    }
\end{frame}
}

\begin{frame}{Where does DECT NR+ come from?}\Large
    Digital Enhanced Cordless Telecommunication

    \begin{itemize}
        \item 1987: Digital European Cordless Telephone launched at CEPT
        \item 1988: ETSI founded, DECT specified there
        \item 1992: cordless phones
        \item 1993: Net³ (early wireless LAN)
        \item various compatible evolution steps
        \item 2011: DECT ULE (\rfc{8105}: 6lo-over-dect)
            \pause
        \item 2020: DECT NR+\footnote<2->{ETSI TS 103 636-[1-5] ``DECT-2020 New Radio (NR)''} (an IMT-2020 / 5G technology)

            breaking compatibility with earlier standards \note{Merely ensuring conflict-free operation by using compatible 10ms slots.}
    \end{itemize}
\end{frame}

\begin{frame}{How is DECT NR+ ``5G''?}\Large
    3G / 4G / 5G $\neq$ 3GPP / cellular operators

    \bigskip
    \pause

    IMT-2000 / IMT-Advanced / \textbf{IMT-2020}
    \note{ITU-R sets criteria (e.g. spectral efficiency) and recommends technologies.}
    \pause

    \bigskip

    \begin{itemize}
        \item \sout{100Mbit/s download speed (eMBB)}
        \item 1ms latency (URLLC)
        \item 1 million devices / km² (mMTC)
    \end{itemize}

    \note{Being part of 5G is helpful for funding and spectrum access.}
\end{frame}

\begin{frame}{Spectrum and allocation}\Large
    \TabPositions{4cm}

    \begin{itemize}
        \item CEPT \& co \tabulator 1\,880\,--\,1\,900\,MHz, exclusive

            \note{License-free as long as you follow harmonized standard.}

        \item North America \tabulator 1\,920\,--\,1\,930\,MHz

        \item Latin America \tabulator 1\,910\,--\,1\,930\,MHz

        \item Japan \tabulator 1\,893\,--\,1\,906\,MHz

            \pause

        \item EU (from 2027) \tabulator 3\,800\,--\,4\,200\,MHz
    \end{itemize}
\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}

    \note{ETSI compared to IETF: Great figures, but barely any hyperlinks.}

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

    \note{High layers often just forward what-to-do, therefore focusing on lower layers.}

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

\begin{frame}\Huge
    PHY layer
\end{frame}

\begin{frame}{One PHY for all bands}\Large
    \framesubtitle{… but you don't want to bit-bang it.}

    \note{Just one PHY.}
    \note{Compared to WiFi / 802.15 decades (time will tell if ).}

    \begin{itemize}
        \item OFDM and modulation
        \item Parametrization: bandwidth
        \item Data
        \item Error correction
    \end{itemize}

    \note{Are they suitable choices? Just one 15.- chip (no competition, and actually it's a cellular chip). See discussions at the end.}
\end{frame}

\begin{frame}{PHY: OFDM and modulation}\Large
    \framesubtitle{Orthogonal Frequency-Division Multiplexing}

    \note{See Shannon theorem.}

    Making the most of the allocated bandwidth.

    \bigskip

    Making the most of the available SNR.

    \note{Why do we discuss modulation? Relevant for spectral efficiency,  and to understand the timing and extensibility (in particular around what fits in 5 symbols).

    Aiming for intuition, not maths.

    Ears play role of receiver; we have dedicated hardware for frequency decomposition using a per-frequency resonator -- but we only hear amplitude.

    In a chip: (i)FFT, and single oscillator.
}
\end{frame}

{
\setbeamercolor{background canvas}{bg=white,fg=black}
\setbeamercolor{normal text}{bg=white,fg=black}
\begin{frame}{PHY: OFDM}\Large
    \framesubtitle{… by acoustic intuition}

    \note{Play fsk.mp3, ofdm.mpf (attached to the PDF).}

    \note{Worried that you can predict some notes? Yes, that's FEC!}

    \color{black}% hard setting it because IDK which beamer color i'd have to tune

    % cargoculting https://calmops.com/latex/latex-music-typesetting/ but that is widely inaccurate; musixtex docs at <https://mirror.kumi.systems/ctan/macros/generic/musixtex/doc/musixdoc.pdf> have the right information
    \begin{music}
    \instrumentnumber{1}
    \setname{1}{FSK\qquad}
    \setclef{1}{\treble}
    \generalmeter{\meterfrac44}
    \startextract
    \notes%
% "The most common error in this regard is including a blank space in the midst or at the end of an input line."
\qu{cdefgegg}%
\qu{hehhgegg}%
\enotes%
    \endextract
    \end{music}

    \pause

    \begin{music}
    \instrumentnumber{1}
    \setname{1}{OFDM\quad\qquad}
    \setclef{1}{\treble}
    \generalmeter{\meterfrac44}
    \startextract
    \NOTEs%
\zw{c}\zw{e}\zw{g}\wh{'b}%
\zw{`e}\zw{g}\rh{'a}\wh{`c}% c should be at the start, but how do i make a \rh that *does* advance the cursor?
\zw{d}\zw{f}\rh{g}\wh{'c}% and several notes are actually played with sharp or flat, but that'll just confuse people
\zw{`g}\rh{h}\wh{'d}% (if you heard the difference between what i played and what i printed, see me after class ;-) )
\enotes%
    \endextract
    \end{music}
\end{frame}
}

\begin{frame}{PHY: OFDM}\Large
    \framesubtitle{as a spectrum}
    \center \includegraphics[width=0.55\textwidth]{../no-reverb.png}
    \note{If you are used to radio waterfall diagrams, tilt your head.

    My transitions are bad, but the point stands: Fewer transitions make the signal easier outside of used band.

    After that, play the *-reverb.mp3 files.}
\end{frame}

\begin{frame}{PHY: OFDM}\Large
    \framesubtitle{as a spectrum under … conditions}
    \center \includegraphics[width=0.55\textwidth]{../some-reverb.png}
    \note{The audio actually has more reverb: Your ears are better at this than eyes.

    Detail in the center: some subcarriers are badly cancelled by the echo. This is OKish with OFDM: Per-channel attenuation can be catered for. (If it's too much, FEC will need to do more).}
\end{frame}

\begin{frame}{PHY: After the OFDM}\Large
    \includegraphics[width=\textwidth]{constellations.pdf}

    \note{This is the "make most of SNR" part.}
\end{frame}

\begin{frame}{PHY: Sending more data}\Large
    \framesubtitle{Parametrization of transmissions: How wide we send}

    \note{For current chips, mu=beta=1.}

    \begin{itemize}
        \item Subcarrier spacing $\mu$: More bandwidth per subcarrier, faster symbols.
        \item Fourier transform scaling factor $\beta$: Just more subcarriers.
        \item $\mu \times \beta$: Wider band transmissions, same SNR budget.
    \end{itemize}
\end{frame}

{
\setbeamercolor{background canvas}{bg=white,fg=black}
\setbeamercolor{normal text}{bg=white,fg=black}
\begin{frame}{PHY: Sending more data}\Large
    \framesubtitle{Parametrization of transmissions: How long we send}

    \note{So far we talked about what happens during a single symbol (42µs or less for mu above 1).}
    % no clue what i'd ahve to do to get text back; this works
    \color{black}

    \begin{columns}
        \column{0.7\textwidth}
    \begin{itemize}\color{black}
        \item ``Frame'': 10ms
        \item 24 ``Slots'' per frame
            \note {So far, this comes from DECT.}
        \bigskip
        \item $2 \times \mu$ ``sub-slots'' per slot
        \item 5 symbols per subslot
    \end{itemize}

    \bigskip

    Minimal message: 1 subslot (200µs)
    \note{1 subslot is mostly usable for HARQ; for realistic data, 2 slots at µ=1 can do 17..117 byte at MCS=0..4.}

    Longest message: $\sim$700 byte\note{8 subslots at MCS=4, similar values for 15 subslots at MCS=2).}

    \note{Why such a increase? PCC (green block in diagram, containing addresses), and STF, and CRC initially are per message.}

        \column{0.23\textwidth}
    \includegraphics[page=13,clip,width=\textwidth,trim=75.5mm 172.3mm 91.5mm 25.9mm]{.generated/ts_10363603v020101p.pdf}
    \end{columns}
\end{frame}
}

\begin{frame}{PHY: Dealing with errors}\Large
    \begin{itemize}
        \item FEC: Turbo code
            \bigskip
        \item Retransmissions: HARQ
            \bigskip
        \item Final decision: CRC
    \end{itemize}
    \note{Soft symbols get buffered (likelihood of a bit or nibble rather than just the best guess).}
\end{frame}

\begin{frame}\Huge
    MAC layer
\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''
            \bigskip
            \pause
        \item Network: 32-bit and 8-bit IDs
        \item Device: 32-bit and 16-bit IDs
    \end{itemize}

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

\begin{frame}{MAC: Cluster Beacons}\Large
    \framesubtitle{Control when to Access the Medium}

    \bigskip

    \Large

    \begin{itemize}
        \item Every 10ms\,--\,32s
        \item Metrics
        \item Access: When
        \item Access: Who may, who should
    \end{itemize}

    \note{Who may: random access, scheduled access up/down/group. who should: Paging ("Notes with those IDs please wake up"). More beacon types for finding the network.}
\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]{.generated/ts_10363604v020101p.pdf}
    \note{Illustrated: Who, and who may (free-for-all or dedicated)}
\end{frame}
}

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

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

\begin{frame}{MAC: Data}\Large
    \framesubtitle{Data in PDC (PHY data channel)}
    \begin{itemize}
        \item \textit{not} short addresses: Already in PHY header (PCC)
        \item Security bits, next-header
        \item Header types: beacon, broadcast, unicast, data
            \note{"unicast" and "data" are used when not associated vs when associated, respectively.}
        \item TLV data
            \note{Type-Length-Value; Type-plus-length can be as small as 1 byte.}
    \end{itemize}
\end{frame}

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

    \begin{itemize}
        \item Beacon details
        \item Association management
            \note{Includes negotiating supported configurations (length, MCS, concurrent HARQ).}
        \item ``security starts here''
        \item Data item(s!)
        \item Padding \note{See PHY: Length does not have byte granularity.}
    \end{itemize}
\end{frame}

\begin{frame}{MAC: Security}\Large
    \begin{itemize}
        \item AES; ``pre''-AEAD but looks OK
            \note{Quotes because the concept is from 2002, the RFCs are from 2008, and NR+ is from around 2020}
        \item Keys ``not our department'' (CoJP/LAKE to the rescue?)
        \item Extension proposed
    \end{itemize}
\end{frame}

\begin{frame}{DLC (Data Link Control)}\Large
    \begin{itemize}
        \item Turn QoS parameters into MAC methods … Controlling the Data Link
        \item Routing
            \pause
            \begin{itemize}\Large
                \item ``Mesh-under''
                \item towards the sink
                    \note{This includes a dedicated process to gather source route.}
                \item source routing (downlink)
                \item hop-limited flooding (device-to-device)
                    \note{A route cache is available; unsure if usable there (not described in the standard).}
            \end{itemize}
    \end{itemize}
\end{frame}

\begin{frame}{CVG (Convergence)}\Large
    \begin{itemize}
        \item Multiplex into applications
        \item Optional E2EE\note{Once more, keys are "not our department".}
    \end{itemize}
    \note{Profiles are under development. Ready (but with caveats): IPv6.}
\end{frame}

\begin{frame}{IP over DECT NR+}\Large
    \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}
    \note{Running examples do this. Caveat: They skip the CVG layer.}
\end{frame}

\begin{frame}\Huge
    \center
    Hardware
\end{frame}

\begin{frame}{Hardware}\Large
    \framesubtitle{\url{https://www.nordicsemi.com/Products/nRF9151}}
    \includegraphics[width=\textwidth]{../slides-ariel/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]{../slides-ariel/lastmile.png}
\end{frame}

\begin{frame}\Huge
    \center
    Software
\end{frame}

\begin{frame}{Opener Initiative}\Large
    \begin{columns}
        \column{0.5\textwidth}
        \center
    \includegraphics[width=\textwidth]{../slides-ariel/opener.pdf}
        \column{0.5\textwidth}
    \begin{itemize}
        \item goal: full implementation
            \bigskip
        \item bottom-up: drivers, MAC
            \bigskip
        \item developed on Zephyr,\\
            written in C
    \end{itemize}
    \end{columns}
\end{frame}

\begin{frame}{hophop}\Large
    \begin{columns}
        \column{0.5\textwidth}
        \center
    \includegraphics[width=0.4\textwidth]{../slides-ariel/ariel.pdf}
        \column{0.5\textwidth}
    \begin{itemize}
        \item focus: on high-level / IPv6
            \bigskip
        \item contributing to Opener\note{Main contributions are exploring ahead what we will need in high-level intrfaces as well as onboarding.}
            \bigskip
        \item developed on Ariel OS,\\
            written in Rust
    \end{itemize}
    \end{columns}
\end{frame}

\begin{frame}{In the context of RIOT style IoT systems,}\Huge
    \framesubtitle{does DECT NR+ make right choices for IoT in general?}
    \center
    Suitable for IoT?
\end{frame}

\begin{frame}\Large
    Progress since ATMega, therefore…
    \begin{itemize}
        \item build smaller chips (STM32C0)
        \item add more compute (ESP32)
    \end{itemize}

    \pause

    \vspace{1cm}
    Can this provide Internet of \textit{our} Things?

    \vspace{1cm}
    \pause

    Too early to say -- clearly useful for \textit{several} things.
    \note{Will see when we have more hardware. Commercially deployed: professional audio, metering.}

    \bigskip
    Until then: Let's contribute experience to make it better,\\and play to a cool radio standard.
    \note{Mesh-under: Should we utilize ECN? What else have we learned in IP IoT? Stgandards around security? Dealing with inhomogenous networks?}

\end{frame}

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

    \vspace{2cm}

    Sponsored by Silano.
\end{frame}
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