
BPA Linearization Technology in 5G Small Cells PC-005171-DC

Joseph LIn, joseph.lin@picocom.com

PA Linearization Technology in 
5G NR Small Cells



Functional Blocks of 5G NR Small Cell

Importance of PA
PA efficiency
Linearity

Techniques to Enhance Efficiency & Linearity
CFR (Crest Factor Reduction)
DPD (Digital Pre-Distortion)

RF Front-End Design for DPD
OTA self-interference to DPD
OTA TX EVM simulation

Agenda
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5G Small Cell Disaggregated RAN
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Source: scf251_5g_nr_fr1_reference_design_DEC-2021

Option 8:    CPRI



4TX4RX Sub-6GHz example

Picocom PC802 in O-RU and O-DU

4

NG 

Xn

RF System
(Third party radio partner)

Transceiver 
RFIC

(ADC/DAC
WB DFE)

O-RU

LLS
Split 7.x

O-RAN Open Fronthaul
eCPRI transport over 

fibre

High-
PHY
(L1)

High-
PHY
(L1)

MAC
(L2)

RLC
(L2)

PDCP
(L2)

RRC
(L3)

Control

SDAP

Data

PC802
NPU 
(third party)

SON

O-DU

RFFE 
(LNA, PA, 
Band/CA 
specific 
filters)

O-CU  

HLS
Split 2 

F1

Network 
Management

Flash

Sync

eCPRI

Low-
PHY
(L1)

Low-
PHY
(L1)

JE
SD

20
4B

 S
er

D
es

N
B

 D
FE

 

Network
Monitor

FAPI
(P4
P5
P7

P19)

eCPRI

1588 SyncMemory

CPU (Third Party)DDR

PC802R



Picocom PC802 in 3GPP Split 2 gNB-DU
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5G Small Cell Functional Blocks – Option 2/6/7.2
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Source: scf251_5g_nr_fr1_reference_design_DEC-2021

Full PHY: Option 2/6
Lower PHY: Option 7.2



5G NR Small Cell PSU Options
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Source: scf251_5g_nr_fr1_reference_design_DEC-2021
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Pout = output power (Watts)
Pin = input power (Watts)
PDC = DC power consumption (Watts)

All are average power by RMS

The higher the output power, the higher the PAE
For single-carrier PM, Pout = P3dB (e.g IEEE 802.11b)
For OFDM, Pout = PAVG = P3dB – PAPR  Power Back-Off

The lower the PAPR, the higher the PAE

How to decide P3dB ?
P3dB = PAVG + PAPR, where PAPR is 8.5dB ~ 9.5dB. (e.g 36dBm = 4 Watts = 27dBm + 9dB)
An over-kill PA results in lower PAE

Power-Added Efficiency (PAE)
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OFDM Power vs. Time

PAPR (Peak-to-Average Power Ratio)
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Source: R&S®FSW-K96 OFDM VSA user manual
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How to measure PAPR?

CCDF (Complementary Cumulative Distribution Function)

10

Source: R&S FSV-K144 3GPP 5G NR Downlink Measurement Application



Why does OFDM have high PAPR?

Multi-Carrier Scheme
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Reference: Waveform Design for 5G and Beyond, Author: Ali Fatih Demir



The 3rd-Order and 5th-Order products
Spectral regrowth can’t be reduced by any filters
ACLR and EVM both degrade

Spectral Regrowth
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ACLR Limits Defined by 3GPP
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Source: 3GPP TS38.141-1 V15 Clause 6.6.3



EVM Limits Defined by 3GPP
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Source: 3GPP TS38.141-1 V15 Clause 6.5.3



Techniques to Enhance PA Efficiency
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Power Transistor: 
GaAs, GaN

PA Class:
Class-AB, Doherty

DPD

ET

CFR

Note: ET (Envelope Tracking) is currently applied to UE only



CAF (Clipping and Filtering)
the conventional method that clips the signal peak to achieve the desired PAPR
leads to sharp corners in a clipped signal which, in turn, leads to an unwanted out-of-band emission
to reduce this unwanted emission, the clipped signal is passed via a low-pass filter. The major drawback of 
clipping and filtering (CAF) is the peak regrowth caused by filtering

CFR (Crest Factor Reduction) Concept
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Source: https://www.everythingrf.com/community/what-is-crest-factor-reduction



PW (Peak-Windowing)
aims to provide a smooth peak signal with desired PAPR
clipping is implemented by multiplying the original signal in the region of the peak with a windowing function

CFR (Crest Factor Reduction) Concept
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Source: https://www.everythingrf.com/community/what-is-crest-factor-reduction



PC (Peak Cancellation)
reduces the PAPR of a signal by subtracting spectrally shaped cancellation pulses from original input signal 
peaks that exceed a specified threshold
these cancellation pulses are designed to have a spectrum that matches that of the input signal and 
therefore introduce less distortion

CFR (Crest Factor Reduction) Concept
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Source: https://www.everythingrf.com/community/what-is-crest-factor-reduction

Figure 3: Showing peak cancellation pulses, 
original signal & threshold limit

Figure 4: Showing peak cancellation pulse & 
signal before and after CFR



EfficiencyBandwidthComplexity

LowNarrowband, 15~20MHzLowBack-Off

HighNarrowband, 20MHzHigh since separation and 
combining signals is difficult

LINC (Linear Amplification 
with Nonlinear Components)

HighWideband, 25 to 65MHz high because it subtracts 
harmonic and intermodulation 
distortions from amplifier

Feedforward

LowNarrowband, 15 to 20MHz LowFeedback

HighWidebandLowPre-Distortion

Comparison of PA Linearization Techniques
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Source: PUNEETH S., RANGARAJU H. G., “Linearization Techniques to Overcome Nonlinear Effects of RF Power” Amplifier 
in Mobile Communication 



DPD (Digital Pre-Distortion) Principle
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AM-AM
The amplitude of output signal is a function of the amplitude of input signal

AM-PM
The phase of output signal is a function of the amplitude of input signal

Memory effect
The output signal is a function of the previous input signal

GaN
Charge trapping effect which self-bias the PA from Class B to deep Class C

Computational load of the Volterra Model, which is simplified into:
Memory polynomial model, diagonal terms are kept in Volterra Model

Challenges to DPD
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DPD Modeling
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RFIC Functional Blocks w/ DPD & CFR
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Source: scf251_5g_nr_fr1_reference_design_DEC-2021

ORX 
(Feedback 

Port for DPD)

Feedback to 
PHY



RFFE Functional Blocks - FDD
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Source: scf251_5g_nr_fr1_reference_design_DEC-2021
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RFFE Functional Blocks - TDD
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Source: scf251_5g_nr_fr1_reference_design_DEC-2021
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Budget of Signal-to-Interference Ratio at DPD Feedback
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ANT-to-ANT Isolation
(B-to-C) = 20dB

ANT-to-Coupler Isolation (C-to-F) = 2 + 18 + ( 18 + 20 ) = 58dB

PPAOUT =
28dBm

Coupling
loss = 20dB

PSignal = 28dBm – 20 = 8dBm

PANT_total = 24dBm +
10log(3) = 28.5dBm

PANT = 24dBm
per antenna

Pinterference = 28.5dBm - 20 - 58 = -49.5dBm

Single-to-Interference Ratio = 8dBm – ( -49.5dBm) = 57.5dBc

PA-to-ANT Loss (A-to-B) = 4dB

(A) (B)

(C)

(F)

50Ω

50Ω

(D)(E)

Directivity = 18dB

Isolation = 18dB

Loss = 2dB



Setup of OTA TX EVM Simulation
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Directivity > 30dB

This leak to VSA causes EVM degradation, and it is 
very sensitive to the VSWR at the antenna port.

This leak to ORX impacts 
DPD performance 
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Thank you


