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• TDECQ is a power penalty metric to assess the quality of a PAM4 optical transmitter.

• TDECQ aggregates various transmitter impairments including non-ideal waveforms and dispersion

• TDECQ describes how much extra is required to compensate for the transmitter’s non-ideal performance.

• TDECQ is measured on an oscilloscope used as a virtual receiver with an equalizer and decision circuit.  

• TDECQ is intentionally pessimistic using a “worst-case” reference receiver and “mistimed” sample locations

What a Transmitter Dispersion Eye Closure Quatenary (TDECQ) Is

Transmitter under test
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TDECQ According to the Standard
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Goal of TDECQ: Find the maximum intrinsic receiver noise that still achieves 
the desired error performance (currently specified as SER).

The methodology specified in the standards:

• Combines samples from each level, 𝑙, into histograms which represent an 
estimated pdf, 

𝑓𝑦𝑘|𝐿(𝑦𝑘|𝐿 = 𝑙)

• Let 𝑛~𝑁 0, 𝜎2  be a normal gaussian, then the SER is a function of 𝜎 
defined as:
 

𝑆𝐸𝑅 𝜎 = ෍

𝑙=0

𝑙=3

Pr 𝐿 = 𝑙 𝑓𝑦𝑘|𝐿(𝑦𝑘|𝐿 = 𝑙) 𝑄
𝑦𝑘 − 𝑡ℎ𝑙−1

𝜎
+ 𝑄

𝑡ℎ𝑙 − 𝑦𝑘

𝜎
 

• The maximum 𝜎 is found such that 𝑆𝐸𝑅 𝜎 ≤ 𝑆𝐸𝑅𝑡𝑎𝑟𝑔𝑒𝑡

IEEE 802.3bs – Clause 121.8.5.1
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• TDECQ is a transmitter quality metric measured on an oscilloscope used 
as a virtual worst-case reference receiver 

• Transmitters does not make bit errors; BER (Bit Error Ratio) is a system 
level metric

• TDECQ is designed to target the minimum power/highest error rate 
transceiver setup 

• The target SER for TDECQ is a theoretical pre-FEC BER value that 
assumes errors are not correlated and randomly distributed

• TDECQ is not intended to correlate to BER or BER floor (blue area)

TDECQ Correlation to Link Performance (BER)
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• TDECQ was designed to correlate with receiver sensitivity by targeting 
the minimum power/highest error rate (red area)

• TDECQ describes the power penalty for a transmitter under test compared 
to an ideal reference transmitter at the target SER (4.56e-4) 

• By design, TDECQ does not have a 1:1 correlation with receiver 
sensitivity

• TDECQ is intentionally pessimistic using a “worst case” reference 
receiver and “mistimed” sample locations

• Improving TDECQ correlation to receiver sensitivity is an area for further 
study

TDECQ Correlation to Receiver Sensitivity
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Experimental Data: Test Setup

• Setup: Module TX => Keysight (Line rate is PAM4 100Gbit/sec)

• Module is 400-DR4, One lane sends SSPRQ pattern to N1092C 

• Another lane generates a clock trigger for N1092C.

• Pattern Gen: On chip SSPRQ pattern generator

• AOP for TDECQ measurement is about +1.5dBm

• Rise Time is 20-80% 

• Ceq is measured by Keysight scope using the IEEE 802.3 draft option from pulldown menu
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Experimental Data: “Good” TDECQ, “Bad” Link Performance
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Experimental Data: “Bad” TDECQ, “Good” BER
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• Appears to be some lack of correlation between test methodology (TDECQ) and actual performance (post FEC errors).

• Reference receiver does not match real receiver

• CDR loop bandwidth, sampler bandwidth, “mistimed” and “jittered” sample timing, equalizer configuration

• Reference receiver does not try to emulate non-linearities, overload conditions, or other imperfections in a real receiver

• Any post processing/FEC is ignored, assumed to be covered by target SER

• Lots of ways to get the same TDECQ value; All impairments are treated equally.
• SRS testing may not accurately predict performance

• SRS repeatability/reliability can be an issue depending on impairments used to achieve target SECQ

TDECQ Challenges
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• Improving the “Bad” TDECQ but “Good” Transmitter Case:
•  Improve the “worst-case” reference receiver to more closely match real receiver capabilities

• More equalization (more FFE taps, add DFE, etc)
• Reduce mistiming of sampling locations (bring the histograms closer together) 

• Improving the “Good” TDECQ but “Bad” Transmitter Case:

• Better Specification of the CDR and transmitted jitter characteristics
• Current specification is limited to loop bandwidth
• ran_3dj_02a_2407 and oif2024.449.02 demonstrated receivers with performance issue related to bandlimited random jitter in OIF
• There are currently no specs related to jitter

• Model Non-linearities and overload conditions of real receivers
• Not really a feasible option 
• Most likely too specific to individual receivers; not really fit for a standard

• Use Codeword Error Rate (CER) instead of SER for TDECQ targets
• Variations of this have been proposed separately in ghiasi_3dj_03_2501
• Removes the need to assume uncorrelated codeword symbol errors
• Captures correlation of errors due to effects that are present in the waveform

Areas for Further Study
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https://www.ieee802.org/3/dj/public/24_07/ran_3dj_02a_2407.pdf
https://www.oiforum.com/bin/c5i?mid=4&rid=5&gid=0&k1=54499
https://www.ieee802.org/3/dj/public/25_01/ghiasi_3dj_03_2501.pdf
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Thank you
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