Complexity of accurate timestamping
on Ethernet
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Timestamping in 1588 |EEE Standard for a Precision Clock Synchronization Protocol for Networked Measurement and Control Systems Latency and timestamping characterization
 Per IEEE Std 1588-2019 timestamps are supposed to e * Connect test equipment to the DUT such that the time the frame starts can be ascertained at MDI interface
be aligned to the reference plane o mar> JJTPRat anressGaptuedTmesamps « Both Tx and Rx direction measurements are needed
implementation captured at this point by . . Precise Frame
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| at en Cy Event message & reforance plans
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L Implemented message timestamp point—

Figure 26—Definition of latency constants

Timestamp Measurement Setup

Zoom on MDI Probe including directional couplers and probes
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MIl = Media Independent Interface (defined in IEEE Std. 802.3)
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MDI = Media Dependent Interface (defined in IEEE Std. 802.3)
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PHY latency variation
 PHY latency relates to the delay from MDI to Mll in the Rx direction and from MIl to MDI in the Tx direction

* PHY latencies vary due to multiple factors including
Different clock rates used

Buffers of varying length

Clock domain crossings

Insertion / removal of idles, alighment markers, and codeword markers IMD'
For PHYs including FEC, the position of the start of frame vs. the FEC block start
For multi-lane PHYs, buffer delays to align the lanes

* The timestamp insertion can compensate for PHY latency if the PHY latency is known
* There is no defined external interface for the PHY and MAC to share this latency information
* Timestamping in the PHY (instead of the MAC / gRS) may improve this as the PHY can compensate for its internal state (i.e.
relationship of start of frame to start of FEC block)
* 802.3cx provides guidelines and modifications to 802.3 allowing this to be done
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Exemplary PHY transmit path Sample Results

* Each of the following blocks except scramble changes data rates and Introduces potential timestamp inaccuracies Tx (SGMII to 100BASE-T1): Rx (100BASE-T1 to SGMII):
Min: 1028.1 ns Range: 70.0 ns Min: 1275.2 ns Range: 202.6 ns
Ave: 1059.2 nsStd Dev: 14.5 ns Ave: 1316.7 nsStd Dev: 17.3 ns
—-> match —> Scramble —> Encode —> Marker —> Lane Distribution —> ' !
(i.e., 64B65B) Insertion

Exemplary PHY receive path

* Each of the following blocks except descramble changes data rates and Introduces potential timestamp
inaccuracies

—-> Align lanes _> Maélilegrnlgneer::gval —> Dchchde —> Descramble —> Decode —>
T 1.03ps 1.04ps 1.05ps 1.06ps 1.07ps 1.08ps 1.09ps Llps 111 ps ' 1.3 ps 1.35 pis 1.4 ps 1.45 pis = |
PHY timestamp variation on 100BASE-T1 PHY

Proposed 802.3cx Ethernet timestamping improvements
 802.3cx aims to improve 802.3 timestamping, aligning with the 1588 requirements, removing ambiguity, and

increasing both precision and accuracy
e Supports bit-level timestamps at the xMIl interface (rather than timestamping the entire xMll word)
* Provides a mechanism in the 802.3 spec for a PHY to report the dynamic PHY delay changes to the MAC | |
* Enables configuration of either the first symbol of frame data or first symbol of SFD as the delay measurement gl & i_ :5 113 'q‘. f ra_. \

point in the frame L R T Y R AT AT A O L A 1
* Clarifies timestamps behavior on multi-lane PHYs l’. ““i*“‘l} \ I 'fi-t RINTIRIRY |\ W . i ol e
* Maintains timestamp accuracy with insertion/removal of IDLE * ‘ % 2 |: \ : h 1'1 Wl |\ tts: a, B | [: 1 / r'
* Specifies recommendations for handling different symbol sizes at the MDI (see below) 2 | i‘q | 1 '; \l I“'%_L I‘*._i : é | . '-'.%"v | \ "~,,.E | __fw'-‘“ |' | ;
* Adds support for sub-ns (units of 2-16 ns) timestamping resolution = !ii BN ALY 2’*&-1 h il ol / 1

Limits of 802.3cx

* To maintain backwards compatibility, most of 802.3cx changes are only recommendations (normative “should”
statements or, more often, just informative text)

 Multiple such recommendations are in an informative annex (annex 90A)

e Except for delay measurement point (SFD or first symbol after SFD), there is no management interface determining
which of the options are used for a given implementation

L VO

. . . . PHY timestamp variation in 10GBASE-X causing poor sync performance in local servo
 Without internal knowledge, a 1588 or 802.1AS implementation cannot compensate
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