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Objective

The purpose of this presentation is to

* Provide pros and cons for DME & NRZ
* Provide information for power spectral density
* Provide channel information for PHY analysis

* Provide supporting data for 10BASE-T1 line coding, and
line data rate for multipoint channels
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S
Pros & Cons

DME NRZ

PAM-2
Not DC Balanced

Scrambler required

« Manchester Encoded

* inherently DC balanced

« Scrambler would help emissions

« Does not require equalizer for 10BASE-T1S Requires Equalizer for 10BASE-T1S channels
channels (no DC) due to PoDL and low frequency noise

* Requires ~2x bandwidth of NRZ

Requires1 bit per baud
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Configuration for Channel Measurements

Multipoint configuration (8 nodes) per buntz_ 10SPE_05b_0329.pdf (Buntz) presentation on 29
March 2017.

Passive linear topology (max) as follows:
7.9m 1.9m 1.9m 7.9m 1.9m 1.9m .8m

1 2 3 4 5 6 7 H

Cable segments using 100BASE-T1 cable with 100mm stubs.
Evaluate frequency response under the following conditions:
 Nodes 1 and H terminated at 100 Q
* Nodes 2-7 terminated at 1KQ when silent and receiving
* Nodes 2-7 terminated at 10Q while transmitting
* |nvestigate frequency response
« With inner nodes TX/RX including adjacent nodes
« Worst-case attenuation
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Simulation Setup for Eye Diagrams

e e &

LPF  HPF AWGN CW  HPF LPF
2nd Order 1st Order 308 NB| 1stOrder 2nd Order
300mVpp
TX: 64 byte, 25Mbps random data frames « h(t) “Max” channels
— DME with 40ns data pulse width « CW of 300mV pk-pk 1-30MHz at RX input
— NRZ with 40ns data pulse width « RXHPF: 18t order
TX Voltage: 1Vpk-pk at transmitter (matched load?) — 1MHz for DME
TX LPF: 2 order Butterworth — 4 MHzfor NRZ
— 3dB cutoff of 27MHz for DME * RXLPF: 2 order
_ 3dB cutoff of 20MHz for NRZ * No equalization for simulation

— Matched Filter for DME receiver

TX HPF: 1st order, 3dB cutoff of 100kHz (for PoDL) _ Matched Filter for NRZ receiver

White noise 30dB SNR
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Automotive Noise
e Recall from buntz_3bp 01 _0313.pdf[1]:

-50 P &, Fassenger Seat, vehide state OFF, MAXPEAE, dlamp FCC F36-4 (BEFAHRERSITY HF_F30-4_NOISERDOR_PE)
— e, B, Doy Soat, webicle state OFF, MAKPEAK, clirp FOC FR6-4 (SITZ_HF_FRG-0_MOISEFLOCR_PR)
Pk, €, THuwvk, vehiche state QFF, MAXPLAK, Clams FOO F36-4 [KOFFERRALIM_HF_F35-0_NOESEFLOCR_PE)
o £, Trunk Groand Wire, vebicle state OFF, MAXREAR, clamp FOC FI6-4 (MASSE_RECHTS EOFFERRAUM HF F35.4 NOSEFLODR PR}
e s, A, Passpnger Sesl, vehicle state RUNBBNG, MOASEEAK, clenp FOC PG4 (BEFAMRERSITY MOTOR_WF_PE)
T P B, Dviver's Seal, vehicle state BUMNING, MAXPEAK, clamp FOU F24-4 [SITE_W0TOR_HF_Px}
— . T, TEUSTE, wrhiche stabe RLIMAENG, MAAOOPEN, camp FCO FA6-4 (KOFFERBALIW_ BAOTOR_HE_PY)| |
e . 3, Tirwank Gorosand Wine, vebvicle state RONNING, MAKPEAK, charmg FOC F36.0 [ROFFERRALIM MASSE_MOTOR_HF_PK)

emission {dBm/Hz]

-120
1 10 100 1000
Prbabry {MHz)

* In-car noise has a large low-frequency component.
[1] “Common Mode Noise on an automotive dataline” from buntz_3bp 01 0313.pdf on 13 Mar 2013
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Transmit Power Spectral Comparison

« 1 Volt pk-pk measured on 100Q
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 DME more spectrally compatible to automotive noise and PoDL than NRZ for 10BASE-T1S
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R —————
Channel Frequency Response Node 2->Node 3

?gm:H7 :IIOKOS 0 Cable IL Frequency response
.m L L L | ! L L L L | ! L L L L | ! L
1oml 6 1KQ
— 51K Q _
Node 2: Tx(10Q) g-1or
Node 3: Rx(1KQ) g /
L] H -c n -
7.9m Node 1: Termllnated(100§2) & -20 Relatively flat
Node H: Terminated(100Q2) insertion loss
All other nodes: 1KQ 30— A R A
oml 4 1KQ 10° 10’ 102
. m_» 3 1KQ Freq(MHz)
1.9m Cable RL Frequency response
— 2100 L B ) R
7.9m ) -10 -
2
3 20
— 1100 Q 2 Return loss makes
.1m e
-30 - EC difficult
10° 10’ 102
Freq(MHz)
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L ———
Eye Diagram for DME Node 2->Node 3

Version 1.0

Channel: Node 2->3 (buntz.. “Max”)

Matched Filter Output

Matched filter output DME No CW Node 2->Node 3

1 1 1 ]
-10 -5 0 5 10
Timing offset in ns

Matched Filter Output

4

Matched filter output DME 300mVpp CW 1-30MHz Node 2->Node 3

Timing offset in ns
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L ———
Eye Diagram for NRZ 2->Node 3

« Channel: Node 2->3 (buntz.. “Max”)

Matched Filter Output NRZ No CW Node 2->Node 3 i\llatched Filter Output NRZ 300mVpp CW 1-30 MHz Node 2->Node 3

Matched Filter Output
Matched Filter Output

Timing offset in ns Timing offset in ns

Version 1.0 |[EEE 802.3cg Task Force— December 20, 2017



L ———
Channel Frequency Response Node 1->Node H

osm—H 1000 o __ Cable IL Erggluency response
1om| 7 1K Q
1oml 6 1KQ _
— 51K Q % 10 - g
Node 1: Tx(100) g
7 om Node H: Rx(100<2) z-zo - i
All Others: 1KQ
_30 [ T N N | I I T S T N B | I 1 TR S T N A |
— 4 1KQO 10° 10’ 102
1.9m — 31KO Freq(MHz)
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L ———
Eye Diagram for DME Node 1->Node H

« Channel: Node 1->H (buntz.. “Max”)

Matched filter output DME No CW Node 1->Node H Matched filter output DME 300mVpp CW 1-30MHz Node 1->Node H

Matched Filter Output
Matched Filter Output

Timing offset in ns Timing offset in ns

Version 1.0 |IEEE 802.3cg Task Force— December 20,



L ———
Eye Diagram for NRZ Node 1 -> Node H

 Channel: Node 1->H (buntz.. “Max”)

15 Matched Filter Output NRZ no CW Node 1->Node H 2Matched Filter Output NRZ 300mVpp CW 1-30MHz Node 1->Node H

Matched Filter Output
Matched Filter Output

Timing offset in ns Timing offset in ns
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L ———
Channel Frequency Response Node 2->Node H

osm—H 1000 0 Cable IL Frequency response
19m| 71K Q
1.9m 6 1KQ _
— 51K Q g0 :
Node 1: Terminated (100Q) <
. T 90 - i
Z.om Node H: Rx(100C2) » -20
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1.9m Cable RL Frequency response
— 2 100 O S T T T T
7.9m o 10 -
Z
5 20 - b
°
— 1100 Q 2]
.1m
30 i
10° 10" 102
Freq(MHz)

Version 1.0 |IEEE 802.3cg Task Force— December 20, 2017



L ———
Eye Diagram for DME Node 2->Node H

« Channel: Node 2->H (buntz.. “Max”)

Matched filter output DME No CW Node 2->Node H

Matched Filter Output

| 1 | |
-10 -5 0 5 10
Timing offset in ns

« Eyeis open

Matched Filter Output

Matched filter output DME 300mVpp CW 1-30MHz Node 2->Node H

-10 -5 0 5 10

Timing offset in ns
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L ———
Eye Diagram for NRZ Node 2->Node H

« Channel: Node 2->H (buntz.. “Max”)

Matched Filter Output NRZ no CW Node 2-> Node H - Matched Filter Output NRZ 300mV CW 1-30MHz Node 2->Node H

Matched Filter Output
Matched Filter Output

_2 1 1 1 1 -2>5 1 1 1
-20 -10 0 10 20 -20 -10 0 10 20

Timing offset in ns Timing offset in ns
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Conclusions

* Link segments with end termination of 100Q have low attenuation and don't
nave deep spectral nulls for frequencies of interest in 10BASE-T1S.

 DME is spectrally compatible with PoDL and the noise environment of 10BASE-
T1S.

 DME does not require equalization for 10BASE-T1S while NRZ requires an
equalizer because of PoDL and low frequency noise.

« 20Mbps aggregated data rate plus SMbps for OAM/control will work fine for
10BASE-T1S, allowing full- duplex point-to-point operation at full 10Mbps line
rate without echo cancellation.
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Thank You!
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