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Disclaimer

This presentation should be considered as the personal views of the presenters
not as a formal position, explanation, or interpretation of IEEE.

Per IEEE-SA Standards Board Bylaws, August 2020:

At lectures, symposia, seminars, or educational courses, an individual presenting
information on IEEE standards shall make it clear that his or her views should be

considered the personal views of that individual rather than the formal position of
IEEE.
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Overview

Purpose

This slide set is intended to encourage discussion between IEEE 802.1 and IEEE
802 MAC/PHY groups on time measurement reference points used in IEEE 802.1
protocols and protocol mechanisms (see also ) and
discussed in [EEE 802.1 Maintenance Iltem #314.

Contents
* A view on IEEE 802.1 (Specht)

e What: The reference points
 Why: Use in IEEE 802.1 Standards
* Where: Standards Relationships

* A view on |IEEE 802.15.4 (Beecher)
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https://1.ieee802.org/tsn/

What: The reference points
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What: The reference points
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* Desire (cmp. IEEE 802.1 Maintenance Iltem #314)

 Definitions of the reference points for the IEEE 802 MAC/PHY stacks, needed for other operations specified
in IEEE Stds 802.1AS and 802.1Q.

* Current situation: Defined in IEEE Stds 802.1AS and 802.1Q, but with some issues and not applicable for all
IEEE 802 MAC/PHY standards.

* Direction: Pointers into IEEE 802 MAC/PHY Standards from IEEE Std 802.1AC,
allowing a single pointer into IEEE Std 802.1AC from other IEEE 802.1 Stds

* Reference points details

* Low delay variation from egress to ingress reference points enhances precision

* The exact reference point positioning in IEEE 802 MAC/PHY stacks may be flexible to a certain extent (i.e.,
not necessarily limited to “the boundary between PHY entity and physical medium”), as long as it is defined
and delay variation is “sufficiently” low.
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Why: Use in IEEE 802.1
Standards




Reference points in 802.1Q: Delay Calculation
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 Typically Static/non-Plug&Play arrival Selectability
* SDN / YANG <Loc-£ilrglgck> <LocTai.;?.‘ﬁ>ck>

* End_z_End Delay = * xProagationDela " [independentDeIayMin, independentDelayMax] g
... + Bridge delay + Link delay + Real Times | (dependentDelayMin, dependentDelayMax]
+ Brldge delay + Llnk delay * .. Timestamp point Timestamp point Timestamp point
. . <LocalClock> <LocalClock> <LocalClock>
* Link delay is between two subsequent reference
points Source:
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Reference points in 802.1Q: Gate Configuration

| |E1 11 |E2

Variances (PTP, L

802.1Qby, ...)
E2: gate \1 }\ I'_=
E1:egress i
Scheduling: ot — / —
* Ingress and egress gates, conflgured by Egress windows

periodic open (pass) and close (block) events  alnesiotecna

corresponding
ingress windows (or

* Can synthesize TDMA schemes later) prevents i ——= e

increasing window E2: gate L, i L,

E2: egress 1171 ! : I
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ut ...

... the open/close timing is configured
relative to the reference points

Source:
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Reference points in 802.1AS: Time Sync., Link Delays

N

e Actual time continuously transferred from Grandmasters
to clients

* Compensates delays - Device-/Buffer- and Links-Delays

* Lower delay variation (non-compensable):
— higher precision/less time deviation between clients
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Figure 7-7—Conceptual medium delay measurement

Source: IEEE Std 802.1AS-2020
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Where: Standards Relationships




Pointers to Reference Points

Future direction
Current Situation (Maintenance Item #314)
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A view on |IEEE 802.15.4
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302.15.4 Frame Timing

Two distinct timing schemes

 ERDEV - enhanced ranging capable device
* non-ERDEV - ranging not supported

This presentation describes Data Frames for non-ERDEV implementation only

 Summary of IEEE Std 802.15.4-2024 Paragraph 6.5.3 Timestamps

» Several primitives include a Timestamp parameter to indicate when a frame was transmitted / when a frame was received.
* The timestamp value is that of the local clock of the device at the time of the symbol boundary.

* Note, the timestamp is intended to be a relative time measurement that may or may not be made absolute, at the discretion of the
implementer.

* For non-ERDEV, the timestamps will be expressed in symbol periods.
e The symbol boundary is described by macSyncSymbolOffset, as described in Table 8-35.

e Thisis a minimum of 24-bit value, and the precision of this value shall be a minimum of 20 bits, with the lowest 4 bits being the least
significant.

For ERDEV, timestamps are expressed as the time in ranging scheduling time units (RSTU), as defined in 10.29.1.5, corresponding to the start of
the received packet (preamble) for the frame.

Extract from IEEE Std 802.15.4-2024
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302.15.4 Frame Timing

MAC PIB attributes from Table 8-36

e i e oo osaut__

macSyncSymbolOffset Integert 0x000—-0x100 - for the 2.4 GHz The offset, measured in symbols,
band, 0x000—-0x400 for the 868 between the symbol boundary at
MHz and 915 MHz bands, and which the MLME captures the
the SUN FSK and SUN OFDM timestamp of each transmitted or
PHYs received frame, and the onset of the

first symbol past the SFD.

macTimestampSupported Booleant  TRUE, FALSE Indication of whether the MAC
sublayer supports the optional
timestamping feature for
incoming and outgoing Data
frames.

PHY Frame Timing reference point in frame
(transmitted over the air)

=

Extract from IEEE Std 802.15.4-2024
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302.15.4 Frame Timing: non-ERDEV

Sync between PHY layer, MAC layer and NHL.
Data transmission - Transmitting Device

MCPS-DATA.confirm ( MsduHandle, Timestamp,... ) — confirmation to NHL that
data was transmitted

Timestamp - Integer 0Ox000000—-0xffffff - The time when the data were
transmitted. The format of timestamp is specified in 6.5.3. The value of this

parameter will be considered valid only if the value of the Status parameter is
SUCCESS.

Data transmission — Receiving Device
MCPS-DATA.indication ( ...Msdu,...Timestamp, ... )

The MCPS-DATA.indication primitive indicates the reception of data from
another device or, when ranging information is available, upon reception of a
packet from another device.

Timestamp - Integer 0x000000—-0xffffff -The time at which the data were
received. The format of timestamp is specified in 6.5.3.

29/07/2025

Next higher layers
MCPS-SAP MLME-SAP
MAC
PD-SAP PLME-SAP
PHY
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Figure 5-2—LR-WPAN device architecture
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lugher layer MAC MAC higher layer
L ] L ] L 1 L ]
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Data (AR =1) N
. Acknowledgment ]
MCPS-DATA. confirm < MCPS-DATA indication
| | | |

Figure 6-6—Successful data transmission with an acknowledgment

Extract from IEEE Std 802.15.4-2024
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Summary

1. 802.15.4 non-Enhanced Ranging Devices - data exchange

* Implementations can provide sufficient information for NHL to
calculate time relationship between any 2 nodes to a resolution of
1 symbol (16 us for OQPSK) , (20 us for SUN-FSK at 50 kbps), (120
us for SUN OFDM)

 Similar mechanism with MLME commands (beacon scanning and
notification) to same resolution.

2. 802.15.4 Enhanced Ranging Devices

* Additional mechanisms for high accuracy timing between 2 nodes
- outsides scope of this presentation
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Thank You for Your Attention!

Questions,
Comments,

|ldeas?
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