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Decision Factors for Selection of Modulation Schemes

« The top factor in modulation selection is the target performance
feasibility

—Do the selected modulations deliver the target performance (Data
rate & BER) over the target medium?

« Among the feasible modulations choices, the next decision factor is to
determine the choice with minimum PHY cost. The main PHY cost
factors are:

e Power
« Area
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Salz SNR Margins over 802.3 d0.2.1 Limit Line: 2.5G/5G/10Gbps
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 RF Interferences

o 2.5G/5Gbps = Large SNR margins across all modulations
e 10Gbps = Evaluate Performance vs. Power/Area Tradeoff
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RMS Voltage (dBUV)

RFI Assumption Based on ALSE Measurements on STP/H-MTD

Scaled to ALSE Field Strength =100 Vorts!Meter Corrected for Test Fixture Loss
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PHY Analog Power/Area Tradeoff versus Modulations/Baud

« Analog Front-End (AFE)

— Analog circuitry introduce device noise generally in form of AWGN
« At fixed power, AFE AWGN PSD (dBm/Hz) is fixed
=>» Noise power increases with higher Baud/BW

— Higher Baud (lower PAM) leads to more high-frequency insertion loss
=>» More high-freq noise amplification after equalization
=>» More ADC guantization noise

— ADC power increases with its ENOB (effective number of bits) and Baud
« ADC Power = K. Baud. 2ENOB 5 Baud2/Baud1 = 2(ENOBL-ENOB2)
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Uncoded PAM Salz SNR Margin (dB)

10Gbps Performance Feasibility

SNR Margin vs. Baud Rate for ADC with Fixed ENOB
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« Data rate + Coding overhead=~11Gbps
— Higher PAM - Lower Baud

« Minimum ADC performance to provide
positive SNR margin = ~6.1ENOB

— An ADC with fixed 6.1ENOB leads to PAM3
having highest (non-zero) SNR margin

« Simulation assumption:
— 15m Cable with 802.3ch d0.1 IL & RL
— 15dB echo reduction before receive ADC
— AWGN at receiver input -150dBm/Hz
— FEC coding gain fully used by SNR degradation of
« Finite DSP Filters Length/Resolutions

« RF Interferences
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Salz SNR Margin (dB)

Effect of ADC Power vs. ENOB on 10Gbps SNR Margin

SNR Margin vs. Baud Rate for ADC with Fixed Power « ADC with Constant Power

=>» Higher ENOB with Lower Baud

ENOB2= ENOB1+ log,(Baudl/Baud?2)
PAM3: 6.1IENOB -> PAM4: 6.5ENOB
- DSQ32: 6.8BENOB

DSQ32 PAM4 PAMS3

Adjustment to ENOB (bits relative to 5600 MBd)
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= ADC power fixed at 6.5ENOB/5.5Gbaud

SNR Margin: 2.2dB 2.1dB 0.6dB
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PHY Digital Power/Area Tradeoff versus Modulations/Baud

« DSP Cancellation Filters (1S, Echo, etc)
— Higher Baud (lower PAM) leads to higher clocking frequency for FIR filters

« Power per FIR tap increases at least proportional to Baud (clock frequency) - P=C.V2f
— Higher clock rate usually needs larger logic gates, leading to large capacitances

— Higher Baud (lower PAM) leads to more FIR taps over the same channel

« Higher Baud - Higher signal BW - Higher interference (ISI/Echo) to cancel
« Higher Baud - Shorter symbols = Proportionally more taps to cover same channel length
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PHY Power/Area Tradeoff versus Modulations/Baud

— Higher PAM can lead to higher bits/Sym resolution (e.g. DFE & Echo)
« Each symbol in PAM3 or PAM4 are represented by 2bits
« Each one of two symbols in DSQ32 is represented by 3bits

= PHY DSP Estimates

« Power = oL x Baud? x Bits/Symbol

« Area = 3 x Baud x Bits/Symbol
- PAM3 vs. PAM4
Power(PAM3)= 1.78 x Power(PAM4) Power Advantage Area Advantage

Area(PAM3) = 1.33 x Area(PAM4) } FAMA4 PAM4

— PAM4 vs. DSQ32
Power(PAM4)= 1.04 x Power(DSQ32)
Area(PAM4) = 0.8 x Area(DSQ32)

Power Advantage Area Advantage
Neither PAM4
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