Baseline considerations of link

segment & PHY modulation
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Outline

« Show measurement results of link segments @500m AWG18
and @200m AWG24 for T00BASE-T1L and provide baseline for
the Trunk IL.

« Provide simulation and comparison between different
modulations and suggest PAM3 as the choice for TO0BASE-T1L.

« Consideration on single pair PoE for intrinsically safe operation.
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1. Link segment
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Link segment settings
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8 UTP_AWG18_1000M_50MHz.S4P - i054

P REE) EIR0) =EV) EHH)
|! iTest VNA485 VNA485-60234 1.8.6.287
!Date: Mon Apr 18 15:07:59 2022

IData & Calibrationlof di
'Freq S11:SOLT4(ON) $12:50LT4(ON) $13:SOLT4(ON) S14:SOLT4(ON)
! S21:SOLT4(ON) S22:SOLT4(ON) S23:SOLT4(ON) S24:SOLT4(ON)
! S31:SOLT4(ON) $32:SOLT4(ON) S33:SOLT4(ON) S34:SOLT4(ON)
! S41:SOLTA(ON) S42:5OLT4(ON) S43:SOLT4{ON) S44:SOLT4(ON)

PortZ Port1:50+)0  Port2:50+)0 Port3:50+)0

Port4:50+)0

!Above PortZ is port z conversion or system Z0 setting when saving the data.
'When reading, reference impedance value at option line is always used.

#HzSdBR50

300000 -6.094760e+00 -2.033875e+00 -5.963624e+00 1.319064e+00 -1.156766¢
-5.948454e+00 1.283362e+00 -6.133171e+00 -1.885315e+00 -1.173841¢
-1.156045e+01 1.334676e+02 -1.174438e+01 -4.520792e+01 -6.043189%
-1.172066e+01 -4.518082e+01 -1.157345e+01 1.33644%¢+02 -5.976875¢

331063  -6.305785e+00 -2.284691e+00 -5.779355e+00 1.384760e+00 -1.181568¢
-5.770277e+00 1.347711e+00 -6.33165%e+00 -2.146228e+00 -1.212310e
-1.180699¢+01 7.539563e+01 -1.213425e+01 -1.046897e+02 -6.226988¢
-1.211372e+01 -1.046704e+02 -1.181754e+01 7.554540e+01 -5.821404¢

362125  -6.281459e+00 -9.727447e-01 -5.813847e+00 6.58496%e-02 -1.220051¢
-5.803910e+00 -2.156693e-02 -6.305846e+00 -8.297113e-01 -1.235179¢
-1.219401e+01 1.772032e+01 -1.236440e+01 -1.641262e+02 -6.143987¢

. -1.234643e+01 -1.640929e+02 -1.220050e+01 1.785788e+01 75.9104575 h

147, 15 100% Windows (CRLF) UTF-8

S11 812 S13 Sy
S21 S22 ®23 S
31 B33 B33 S
S41 B4z Saz Sy

Spp =812 - 8y + 8y Sy +83-8y -8

Sdd11 Sdc11 Sdd12 Sdc12
Scd11 Scc11 Scd12 Scel12
Sdd21 Sdc21 Sdd22 Sdc22
Scd21 Scc21 Scd22 Scc22

4

S13- 814~ Sp3+ 8y S13+3514-5p3 -5y

B3-Sy -Sy + 3y Sy +8y-8y -8p

2 2 2 2
Sy = Spp 8y - Sy S+ Syt Sy 8y Sy3-Sgt S-Sy Sy +St Sty
2 2 2 2

S33-534- 83+ 84y B33+ 334~ 845~ By

2 2
S31 =893+ 8y - Sy Sy + 55+ + 5

2 2
S33- 93+ 843 - Sy Syt Syt Syt Sy

«  We use customized 1000m AWG18 UTP (for trunk) and 200m AWG24 UTP (for spur) for the measurements

« No inline connectors are included

« Use VNA to measure the four-port network S parameters (each port has been calibrated to 50Q)
« Measurement frequency range is 300KHz~50MHz
« Cable IL and RL are derived from .S4P file
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Trunk segment IL@500m AWG18

AWG18 500m AWG18 500m
AWG18 1000m AWG18 1000m
cg limit cg limit

= = =dg limit by Steffen = = =revised dg limit
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The measured IL of AWG18 1000m cable meets the cg limit .
The measured IL of AWG18 500m cable does not meet the limit
proposed in graber 3dg 01 08302022, which is estimated based

on powering cable loss

0 5 10 15 20 25 30 35 40 45 50
frequency (MHz)

A revised IL limit proposal is given by changing the
factor of AWG16 to AWG18 at the length of 500m

« 10BASE-T1L defines the IL limit based on signal transmission feasibility.
10Base-T1L provides a transmission distance of 1000m with AWG 18 while if it works with class 15, the distance is reduced

to around 170m. Hence, it would be the choice of deployment to decide their power level and its corresponding distance.
« As such, using AWG18 500m as the reference for IL limit might be more reasonable.
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https://www.ieee802.org/3/dg/public/May_2022/graber_3dg_01_08302022.pdf

Spur segment IL@200m AW

AWG24 200m
AWG18 500m
-10 cg limit for spur |
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The measured IL of AWG24 200m cable meets the cg limit
The AWG24 200m cable has similar IL to the AWG18 500m
cable within 20MHz, but has some fluctuations in higher
band due to reflections in measurement
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The measured RL of AWG18 1000m cable meets the cg limit
The overall RL get worse at higher frequencies, so a non-flat
limit seems reasonable
Inline connectors are not included

Shall we consider T00BASE-T1L used at Spur?
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Does 802.3dg consider to cover Spur?

Other Industries SPE

Spur _
llH—l
=
[
-
=
Spur .
IIH—l

Harad Mueller, Endress + Hauser

Options for Spur usage:

IEEE SPE Bandwidth Enhancement

ethernet-apl™

Process Industries @

1 |
T r
Trunk ™ E

—| Spur

mmm= |EEE SPE point-to-point Bandwidth Enhancement

Bandwidth Enhancement use Case in Standard and EX-area !
Trunk (300...500m max. cable length TBD ) and Spur (200 m max. cable length)

« Option1: No, 100Mbps used only for the Trunk segement.

10

Option2: Yes, use the same IL and TX power as Trunk, but may have intrinsically safe issues.
Option3: Yes, but define better IL and lower TX power than Trunk, similar to 802.3cg.
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2. PHY

V2 HUAWEI



PHY architecture for TOOBASE-T1L simulation

DFE
Ml Echo Hybrid (OO
Canceller Channel
A

Show example PHY block diagram used for Matlab simulation, similar to 802.3cg model
To verify the feasibility of T00M@500m AWG18 channel, and evaluate different modulation performance
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PHY simulation setup

« Overhead: 20%, PAMn symbol rate is estimated as 100/log2(n)*1.2 (MBd), n =2, 3,4, 5
« Transmit power: 9dBm (2.4Vpp mode)
« Channel: measured AWG18 500m cable, connectors and hybrid are not considered yet
« Noise: -130dBm/Hz AWGN

« FFE tap: 35, DFE tap: 4, EC tap: 400

FFE Taps
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Some output results (PAM3 example)
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Suggest PAM3 for TOOBASE-T1L

Required SNR for BER@1e-10

Simulated system SNR for different PAM

PAM2 | ]
PAM3 | ]
PAM4 | 7
PAMS5 | ]

Case SNR/dB | Requirement/dB Margin/dB

PAM?2 21.6 16.1 5.5
PAM3 29.0 20.4 8.6 i 10°
PAM4 30.2 23.1 7.1 108
PAM5 31.1 25.1 6.0

0 5 10 15 20 25 30
« PAM3 has the best performance for SNR margin e
 IEEE always picked the lowest workable PAM
-A single symbol error leads to more bit errors for higher PAM levels
-DFE error propagation grows exponentially with PAM level
« Consistent with 802.3cg

-More resource of cg PHY can be reused
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3. Power supply
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Consideration on SPoE for intrinsically safe operation

Single Pair Ethernet PoDL classification levels
Intrinsically safe parameters for 2-WISE

PoDL Classification power source ports and power load ports
IEEE Std 802.3bu-2016 10Base-T1L
12V unreg. 12V reg. 24V unreg. 24V reg. 48V reg. IEEE Std 802.3cg-2019
power source ports power load ports
0 1 2 3 4 5 6 7 8 9 10 11 [12) 13| 14a] 15
Vpse(max)[V] | 18 | 18 | 18 | 18 | 36 | 36 | 36 | 36 | 60 | 60 | 30 | 30 | 30 | 58 | 58 | 58 Maximum voltage 1AV~17.5V 175y
Vpseminvy | 56 | 7 | T TR U T a6 | 26 | 48 | 48 | 20 | 20 | 20 | s0 | so | s0
Maxi t 380mA 380mA
. 10 | 22 | 24 | 47 33 [ 21 [ 46 | 73 | 13 24 | 63| 23 [ 60 | 15 aximum curren m m
lpimax)imAl | 4" | 7 | 9 | 1 [ [ 9 | 5 | 1 s [e0 | 2| ol 21| of 7
. 05 | 13 | 35| 67 | 11 | 39 | 55 35. | 65. | 1.8 12. | 11 Maximum power 5.32W 5.32W
Pclass(min)[W] 66 1 9 9 4 7 9 12 3 3 5 4.8 63 54 30 79
Ppd(max)[W] | 0.5 1 3 5 1 3 5 10 | 30 50 13'2 32 | 84 ) 77 | 20 52 Maximum internal capacitance 5nF 5nF
: 49 | 44 10. | 10. | 88 | 23. | 21. | 40. | 36.
Vpd(min)[V] 4 1 12 6 3 6 3 7 8 7 14 14 14 35 35 35 Maximum internal inductance 10uH 10uH
Cable[AWG] 18 | 14 ] 24 | 18 | 14| 24
Reference: IEC TS 60079-47-2021
10 | 10f] 30 ] 10| 10] 30
Cable Length[m] 00 00 0 00 00 0

Reference: https.//www.aimvalley.com/wp-content/uploads/AimValley Single-Pair-Ethemet 2021.pdf

« For process industry, it is assumed that Trunk is located in Zone2 (Non-intrinsically safe), while Spur is located in
Zone1/Zone0 (Intrinsically safe).

« According to IEC TS 60079-47-2021, for intrinsically safe 2-WISE system, the PSE/PD voltage, current and power are limited.

«  With this, should we consider to add extra classes for single pair PoE used as spur links in intrinsically safe environments, for
example: Upse of 15V, Ppd of 0.5W/1TW/2W...
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Summary

500m AWG18 / 200m AWG24 cable IL and RL have been measured

-S4P file can be shared if needed; more measurement (IS cable, with connectors) is

expected

14

It is shown that defining Trunk IL limit based on 500m AWGT18 is more reasonable, feasibility
of which for T00M transmission is also presented

Performance results are provided considering different PAM modulations, and PAM3 seems
to be the best choice

For Spur usage, it would be good for the group to define extra powering classes for TOBASE -
T1L and 100BASE-T1L deployed in intrinsically safe environment

An open question: shall we cover Spur bandwidth upgrading as well in the project?
-as IL of AWG24 200m is similar with AWG18 500m
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Thank you.
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