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Project Background: 6G-ICAS4Mobility

6G Integrated Communication and Sensing for Mobility

e Sidelink-based ICAS for mobile devices, use
cases for vehicles and drones

e Contribution of MLE: PTP-based application
layer time synchronization over sidelink
mode 2

* Enables:
* collaborative sensing

* interference avoidance

6G-Conference 2025, Berlin, 2025-07-03

Vs

-

\_ I)U/

ICAS Node

~

SyncRefUE

. J

v

[ PTP Switch }

e

PTP-enabled
Sensing Devices

A

Vs

N

Mode 2
Sidelink

N

[
J

V

-
-

\\jl

ICAS Node

UE

. J

v

PTP Switch }

e

PTP-enabled
Sensing Devices

/)

Synchronized Time

Time Synchronization Session

Public

D

\1—@7 6G-ICAS4Mahilit




PTP Synchronization Mechanism

Determining Clock Offset

(t2 —t1) — (4 — t3)

offset =
2

PTP timeTransmitter‘ @

PTP Sync

PTP timeReceiver‘ @
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PTP Delay_Req

(f

Time Synchronization Session

Determine offset of PTP
timeReceiver clock from PTP
timeTransmitter clock and
adjust accordingly

Requires accurate TX/RX
timestamps of PTP messages

Timestamp 'beginning of the
first symbol after the start of
frame delimiter’
[IEEE1588-2018]

How to apply this to Sidelink
communication?
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Summary of the Approach

Steps towards PTP over Sidelink Mode 2

1. Establish relationship between PTP Messages in the

. . PTP Application 1
Application Layer and frame structure of the PHY layer

N
=> Keep track of PTP messages through the protocol stack @sﬁ
[ PDU (IP/Eth) |
2. Choose appropriate timestamps in the PHY layer and [ SDAP | o
assign them to the PTP packets on the application layer . ocp ) |E
=> |dea: Benefit from the existing PHY layer time domain > 2 2
synchronization > RUE ) |F
MAC
PHY ‘j;
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Time Domain Synchronization of the 5G NR PHY in Sidelink Mode 2

PHY layer already is synchronized in the time domain (frame/slot boundaries) — this is
fundamental for the transmission of data!

SyncRefUE ' f /

Slot Boundary
of SyncRefUE

@ —

Slot Boundary
of UE

l l l
1 1 1 >

=> Leverage the PHY synchronization: use timestamps of slots containing PTP messages
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Integration of Timestamping for PTP

Using Slot Boundaries for Timestamps

t1, t3 (TX):
\/ matches moment of
physical transmission

2XTOF.-.
SyncRefUE . | I’_H e Rk t2 (RX at UE):
PTP timeTransmitter ' @ I ' \/ matches physical Time
PTP Sync PTP Delay_Req of Arrival (TOA) due
to PHY layer sync
UE . . '
PTP timeReceiver ' @' @' — t4' (RX at SyncRefUE):

does not match
physical ToA (t4),
Error = 2*ToF

D
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Implications of using Slot Timing for PTP Timestamps

ToA Error = 2*ToF

* ToA error increases with distance by 2*ToF Distance
* For the PTP offset calculation, this corresponds
to an error = 1*ToF (assuming symmetric RTT) 1m
* For low distances, the error is negligible when
aiming for ps-level accuracy 10m
* For ns-level accuracy, the ToA has to be 100 m
determined...
1000 m

6.671 ns

66.71 ns

667.1 ns

6671 ns
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ToA Estimation using SL-PRS

%Fraunhofer & m-l_e

Improving the Timestamping Accuracy missing link electronics

* Determining ToA possible with pilot symbols, e.g. Sidelink Positioning Reference
Signal (SL-PRS)

* Integration of SL-PRS to improve timestamp accuracy currently being researched by
MLE and Fraunhofer HHI in a joint MA Thesis
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Demonstrator Setup

In Collaboration with Fraunhofer HHI
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) Mode 2
Ettus USRP Sidelink Ettus USRP
X310 X310 .

ASUS NUC 14
Pro :

PPS _ °
Raspberry Pi / Raspberry Pi
Rohde & Schwarz
i RTO2024 e A
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Experimental Resul

Diagram1: C1,C2 X
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Diagram2: Histogram1 X
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| 3 ps 4 ps
B Meac Recnlic %

Current Min
Meas Group 1 c1]

Mean o (5-dev)

Event count
Delay

Wave count
970.75 ns

-1.8474 ps 335.77 ns 623.32 ns 525.18 ns 15018 15018
Statistics: Reset
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Summary and Implications for 6G

6G-ICAS4Mobility

12

Convenient, PTP-based time synchronization for applications

us-level time synchronization achieved by deriving PTP timestamps from NR PHY slot
timing

ns-level synchronization requires precise ToA determination and optimized system
architecture

No additions to 6G standard required:

Implementation relies on existing mechanisms and doesn't require changes to
hardware...

... but must be integrated with the PHY hardware clock and into Sidelink protocol stack

()7 SG-1cASaMobil
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