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1. Introduction 

Background 

At San Antonio meeting in Nov. 2014, there were 

many discussion regarding PAPR penalty. 

- Band limited PAM4 may induce intra-baud peaking 

- PAPR penalty might be introduced at Tx 
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Based on our investigation regarding relation 

between signal bandwidth and PAPR penalty of 

PAM4, we provide the following information; 

-PAPR penalty vs. Tx signal bandwidth 

-Consideration on Rx filtering penalty 

This presentation 
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Simulation model & Parameter 

2. Assumption and Setup 

- Band limitation at Tx is assumed to be adjusted by using roll-off factor. 

  a ~ 0 : Band-limited signal, a ~ 1 : Broad band signal 

- Other Tx filtering (DAC, Driver, Modulator) are included in the above. 

- LPF represents a concatenation of all devices in Rx (PD-TIA, ADC). 

Parameters Values Remarks 

Modulation format PAM4 56 Gbaud  

Pattern length 32768 

Roll-off factor a 0.1 ~ 1.0 Bw : 28*(1+a) GHz 

Clipping ratio 2.33 s 
Assuming amplitude 

clipping or nonlinearity 

LPF bandwidth 20, 25, 28 GHz @ 3dB down Linear phase FIR filter 

Signal gen. Clip. 

Random Noise 

Dec. LPF 
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3. Simulation result - Transmitter side 

- Band limitation in Tx causes PAPR penalty, which should be included in Tx budget 

because of OMA reduction. 

Pav 

Power 

OMAa=1 

Fig. 2 Definition of PAPR penalty 

OMAa≠1 

PAPR penalty=OMAa≠1-OMAa=1 

Fig.1 PAPR penalty vs. Roll-off factor 
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(56) 28 33.6 39.2 44.8 50.1 

Tx Signal bandwidth (GHz) 

- Relation between PAPR penalty and roll-off factor (signal bandwidth) is investigated.  

 Fig.1 implies that moderate bandwidth limitation such as 45-GHz driver causes ~0.5-dB 

PAPR penalty. 

(Tx Signal bandwidth) 
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3. Simulation result - Receiver side 

 Practically the channel bandwidth would be ~ 20 GHz due to narrow band components like 

ADCs. Therefore, digital equalization is required to reduce Inter-symbol interference. 

- Impact of Tx-signal bandwidth on Rx filtering penalty is investigated.  
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 Band limited signals does not suffer Rx filtering than broad band signals. It is necessary to 

relax penalty accumulation in case of band limited signal.  (See the next slide) 

(56) 28 33.6 39.2 44.8 50.1 

Tx Signal bandwidth (GHz) 

w/o EQ 

w/ EQ* 

w/ 25-GHz LPF 

w/ 28-GHz LPF 

w/ 20-GHz LPF 

w/ 25-GHz LPF 

Fig.3 Rx filtering penalty vs. Tx signal bandwidth 

1.4dB penalty reduction by using 

band-limited signaling in case of 

28-GHz LPF without digital EQ 

* Digital equalization is performed 

in 2-Sample / symbol (sps) 

 Significant mitigation of Rx filtering penalty is confirmed by using 2-sps digital equalization 

improved 
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4. Proposal of Net PAPR penalty 

In penalty accumulation, simultaneous consideration of both Tx-side PAPR 

penalty and Rx-side filtering penalty is needed.  

a = 1.0  (Base) 

w/ 28-GHz LPF 

a = 0.1  

w/ 20-GHz LPF 

Tx-side PAPR penalty (dB) 0 2.5 

Rx-side filtering penalty (dB) 0 -1.5 

Net PAPR penalty - 1.0 

To simplify penalty accumulation, “Net PAPR penalty” should be introduced at 

Tx-side, which includes both Tx-side and Rx-side filtering effect.  
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5. Conclusion 

Relation between PAPR penalty and Tx signal bandwidth of PAM4 is investigated. 

Any band limitation at Tx causes more or less PAPR penalty. 

We propose “Net PAPR penalty” which includes both Tx-side and Rx-side 

filtering effect 



7 

Thank you 


