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TIME SENSITIVE NETWORKING (TSN)

Ethernet standard extensions for time sensitive and deterministic communication
« |EEE 802.1Q standard extensions (for Bridges and Bridged Networks)
« On OSl Layer 2 (MAC and LLC)

Time Sensitive Networking promises
« Sub-millisecond latency
* Deterministic end-end delays

« Device synchronization with sub-1 microsecond time difference between single hop devices

TSN standards compatibility
« Ethernet

 5G (Rel. 16 onwards)

« WLAN - |[EEE 802.11be
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Prerequisites for TSN-5G Integration and the integration challenges

Control Plane integration

Data Plane integration

TSN CUC

TSN CNC

5G TSN-AF, TSCTSF

TSN CNC < TSN interface

Priority Translation

Ethernet PDU Support in 5G

TSN Translators (NW-TT, DS-TT)
Time Sync in 5G (SIB9)

Time Aware TSN Talker Applications
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SOLUTIONS

TSN CUC and CNC

COTS Open Source

Relyum-TSN.Configurator OpenCNC (Architecture only), under
development

RTAW TSN Configurator Various architectures and frameworks -

: : without implementation details,
TSN.Studio (Spinoff of RTAW) unavailable software [1], [2], [3]
Mitsubishi’s CC-Link IE TSN Configurator

Microchip Ethernet Configuration Tools Basic CUC & a modular CNC for TSN

Comcores CNC U 2]

[1]1 M. Gutierrez et. al, “Self-configuration of IEEE 802.1 TSN networks,” in 2017 22nd IEEE ETFA.

[2] M. L. Raagaard et. al, “Runtime reconfiguration of time-sensitive networking (TSN) schedules for fog computing,” in 2017 IEEE FWC.
[3] A. Garbugli et. al, “End-to-end QoS management in self-configuring TSN networks,” in 2021 17th IEEE WFCS.

[4] F. Meyer et.al, “A modular CNC for time aware shaping in TSN,” in 2025 KuVS Fachgesprach Wirzburg — VDEITG WueWoWAS’25.
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SOLUTIONS

TSN Talkers and Listeners

COTS Open Source

Relyum TSN PCle endpoint DPDK and Raw socket based TSN Traffic
generators [5]

TTTech TSN endpoint IP Integration
Kit

TSN.Studio (Spinoff of RTAW)

Fraunhofer TSN Ethernet Switched
endpoint Controller

Talker application needs to time packet generation according to TAS schedule

- Software pipeline processing time needs consideration

- Best mechanism: Wakeup few microseconds earlier than the generation interval
FPGA based Talkers for direct register control and Read/Write access

[5] M. Ulbricht et.al, “TSN-FlexTest: Flexible TSN measurement testbed,” in IEEE TNSM, 2024.
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Ethernet PDU Support in 5G
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COTS

Open Source

Airpuls (OAI based)

RAN Node-H

Amarisoft
Cumucore
Core
Amarisoft
UE Quectel RM 500U-CN/CNV

(UNISOC chipset)

OpenAirinterface (OAI) RAN

OpenAirinterface Core

OpenAirinterface UE
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SOLUTIONS

SIB9
RAN: Amarisoft (COTS), OAIl (open source, in development)
UE: Quectel RM520, RM500U-CN/CNV (COTS)

TSN-AF

Cumucore 5G Core (COTS, interface available) but not validated due to missing TSN
CNC interface

No open-source 5G Core with TSN-AF
TSN Translators

NW-TT: Experimental implementations only, no open source or COTS implementation

DS-TT: None due to missing modems capable of providing SIB9 timing information
Research using simulators (OMNeT++, 5GTQ", TSN5G-TimeSynchronization?)

1 https://github.com/tum-esi/5GTQ
2 https://github.com/SergioRBDS/TSN5G-TimeSynchronization
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ETHERNET PDU TESTING

5G: Cumucore 5G core, OAI RAN (dockerized), USRP N310, Quectel RM500U-CN

Ethernet PDU Source/Sink: RPi 4b 8GB & RPi 5 8GB with UDP Ping utility? - 200ms packet generation
interval

Goal: Optimize 5G latency and jitter for TSN through RAN parameters
Optimize using:

« TDD Slots pattern

* Uplink/Downlink MCS

* Uplink/Downlink BLER

*  QAM scheme

° M|N_RXTX_T|ME_PDSCH (minimum number of slots, gNB waits between transmitting Downlink data (PDSCH) and receiving
the HARQ ACK/NACK from the UE)

Distance between gNB and UE: < 1m
No other 5G networks (except commercial) active in Lab during the testing

3 https://github.com/ericssonresearch/udp-ping
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RESULTS

Slots: 7 Downlink, 1 Shared, 2 Uplink

UDP Delay Measurement
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Slots: 2 Downlink, 1 Shared, 2 Uplink

UDP Delay Measurement
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RESULTS

Slots: 2 Downlink, 1 Shared, 2 Uplink
maximum downlink MCS: 28

maximum uplink MCS: 16

(capping max uplink MCS to lower value provides higher stability)

UDP Delay Measurement
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upper BLER target: 0.10

lower BLER target: 0.05

(MCS value increased/decreased based of measured BLER and
upper/lower BLER thresholds)
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RESULTS

Slots: 2 Downlink, 1 Shared, 2 Uplink
maximum downlink MCS: 28
maximum uplink MCS: 16

UDP Delay Measurement
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upper BLER target: 0.10
lower BLER target: 0.05
256 QAM OFF (forces RAN to use 64 QAM)

UDP Delay Measurement
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RESULTS

Slots: 2 Downlink, 1 Shared, 2 Uplink
maximum downlink MCS: 16
maximum uplink MCS: 16

upper BLER target: 0.10

lower BLER target: 0.05

UDP Delay Measurement
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256 QAM OFF (forces RAN to use 64 QAM)

Allowed higher MIN_RXTX_TIME_PDSCH value for higher processing
delay at USRP

Longer test duration using 10k and 20k samples

UDP Delay Measurement
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DISCUSSION

Modular CNC for TSN TAS
- extensible for TSN-AF interfacing
- Functionality can be added for CBS, FRER, PSFP etc with NETCONF

Modems for DS-TT development missing
Open-source Core with TSN-AF missing
Ethernet PDU session using OAl RAN:

Jitter remains high with parameter optimization
Achieving reproducible results is difficult even under controlled conditions
Possible source of inconsistencies:

OpenAirinterface software pipeline

USRP processing delay

HARQ - although MCS and BLER indirectly affects the need of HARQ

13
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QUESTIONS
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