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C O M P L E X  H A R D W A R E  A N D  S O F T WA R E  W O R K I N G  

T O G E T H E R

• The polarization diverse receiver detects optical magnitude and phase as electrical I 

and Q vectors from both polarization states (4 outputs total) 

• The ADC function is commonly implemented using a real-time oscilloscope

• The ADC outputs require significant processing to yield a meaningful EVM

• If the processing steps are not well defined, EVM results can be inconsistent
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F R O M  D I G I T I Z E D  S I G N A L  T O  E V M

What the Digitizer / Oscilloscope receives:

Waveforms for both I and Q 

What we expect to see 

and what is needed to evaluate EVM
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S TA R T I N G  P O I N T

What the Digitizer / Oscilloscope receives

Optical front-end

Digitizer / Oscilloscope

IF offset estimation

IF phase estimation

Clock frequency and phase recovery

Polarization de-multiplexing

EQ (trained with digitally noise loaded samples)

EVMRMS evaluation

Including front-end corrections of 

channel imbalances, IQ phase angle errors, 

timing skew and differential imbalance
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S T E P  1 :  P O L A R I Z AT I O N  D E - M U LT I P L E X I N G

After polarization de-multiplexing

Optical front-end

Digitizer / Oscilloscope

IF offset estimation

IF phase estimation

Clock frequency and phase recovery

This step should neither improve 

nor impair the signal quality.

Polarization de-multiplexing

EQ (trained with digitally noise loaded samples)

EVMRMS evaluation
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S T E P  2 :  F R E Q U E N C Y  O F F S E T  E S T I M AT I O N

Optical front-end

Digitizer / Oscilloscope

IF offset estimation

IF phase estimation

Clock frequency and phase recovery

Polarization de-multiplexing

EQ (trained with digitally noise loaded samples)

EVMRMS evaluation

After carrier frequency offset estimation Assumes constant frequency offset (linear 

phase over time) for given block length.
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S T E P  3 :  C A R R I E R  P H A S E  E S T I M AT I O N

Optical front-end

Digitizer / Oscilloscope

IF offset estimation

IF phase estimation

Clock frequency and phase recovery

Polarization de-multiplexing

EQ (trained with digitally noise loaded samples)

EVMRMS evaluation

After carrier phase estimation
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S T E P  4 :  C L O C K  F R E Q U E N C Y  A N D  P H A S E  R E C O V E R Y

Optical front-end

Digitizer / Oscilloscope

IF offset estimation

IF phase estimation

Clock frequency and phase recovery

Polarization de-multiplexing

EQ (trained with digitally noise loaded samples)

EVMRMS evaluation

After resampling and re-timing Includes normalization of the measured 

signal to the reference constellation as well 

as estimation and removal of IQ offset
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S T E P  5 :  N O I S E  L O A D I N G  A N D  E Q  T R A I N I N G

Optical front-end

Digitizer / Oscilloscope

IF offset estimation

IF phase estimation

Clock frequency and phase recovery

Polarization de-multiplexing

EQ (trained with digitally noise loaded samples)

EVMRMS evaluation

After noise loading and equalization Numerical result for EVMRMS is reported



10

• A common method has been used in both ITU and OIF to achieve the previously described 

processes for computing EVM from waveforms generated from the ADC blocks

• Used in ITU-T G.698.2 (Q6/SG15)

• Used in OIF 400ZR

• Propose that the reference receiver concept and signal processing method be used in 802.3 ct and 

adapted as needed
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• Consider the development of TDECQ for PAM4:  Steady evolution and improvement was 

achieved through frequent use of beta TDECQ and results shared from many contributors. 

• Unlike TDECQ we have a big head start.  The code has already been used and improved in ITU and OIF, 

so we are working with algorithms that are already working well for those standards.  (Operates on both 

QPSK and 16QAM formats)

• Important to relate EVM to system level performance (OSNR) and set EVM specifications.  EVM specs 

cannot be set without a clear definition of the measurement process

• The code does not include polarization demultiplexing.  Not complicated and easy to ‘plug’ into 

the current code 

• Available from participating T&M vendors or develop your own 
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