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Base-Station Power Budget

* Base-station transmitters are classified based on their output power required to cover a certain area.
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BS overall power consumption is dominated by the RF radio unit.

The RF power amplifiers (PAs) are the most power-hungry components in the radio.
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Linearity Impairments in the Transmitter

* Transmitter linearity and efficiency is limited by the RF frontend.
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Starting from 4G, RF hardware capabilities are becoming more and more a performance limitation
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Hybrid Time-Frequency Transmitter Characterization

* [tis necessary to rethink the way transmitters are characterized = hybrid time-frequency characterization.

Gaussian decomposition [1]
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Gaussian pulse decomposition is
equivalent to the response with an
LTE signal (not a-priori known).

More powerful than the sinusoidal
and time-domain techniques.

Gaussian pulse is optimal for
capturing NL memory effects.

[1] T. Cappello, Z. Popovic, K. Morris and A. Cappello, "Gaussian Pulse

Characterization of RF Power Amplifiers," in IEEE Microwave and

Wireless Components Letters, April 2021.



Trapping Effects in GaN Doherty PAs

* GaN is a candidate technology to improve the bandwidth/efficiency of RF frontends.
* Doherty architecture is common in macro-cell base-stations.

* GaN PAs, however, are still affected by
trapping effects
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26th May 2021," in IEEE Int’| Microw. Symp. (IMS), June 2019.



PA Digital Pre-Distortion (DPD) with Temperature Correction

Because of the high power density of GaN transistors, temperature effects are particularly evident.

* In MIMO arrays, large heatsinks are
used and PAs experience wide .
temperature variations. S
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Multi-Band Power Amplification

* The congested spectrum requires flexible hardware solution capable to transmit on multiple bands.

® NOrma“y, a PA for each band is FQQUired. The DB-PA allows to « Characterization of the channel cross-Modulation
transmit on multiple bands simultaneously:
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Antenna Coupling in MIMO Arrays

 MIMO is used for high-capacity data links and it requires an high number of antennas in small volume.

 Typical MIMO antenna array * Coupling (|S21|) between * The PAs experience active load-pulling because of
two nearby elements the coupling between the antenna elements [1].
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LNA Linearization with Analogue Techniques

e Similarly to the RF transmitter, where the main limiting factor is the linearity-efficiency tradeoff in the PA, in receivers the
LNA sets the sensitivity-efficiency limit.

, , . , * LNA w/ feedforward performance (NF and OIP3):
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LNA Linearization with Digital Technigues (DPD)

* When extra digital complexity can be afforded, digital post-distortion (DPOD) can be used to simplify the RF hardware.
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Envelope-Tracking (ET) PA Architecture

« ET is candidate for improving the linearity-efficiency limitations of next generation transmitters.

e Unlike Doherty, ET can enhance the efficiency of very broadband PAs because the supply modulator
operates at low frequencies and so independent from the RF carrier.
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« Still research needs to be done to improve the supply modulator bandwidth.
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ET-PA for Base-Station Transmitters (5G)

e ET PAs are suitable for medium to high power PAs in the sub-6GHz spectrum.

e LTE waveforms with and without DPD

* LTE compliant ET-PA @ 1.84GHz using the Power-DAC supply modulator [1].
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Radar Pulse Shaping

* Pulse shaping in radars is used to reduce the detectability and/or allow the radar operation in a congested spectrum.

— Supply voltage pulse
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ET for Radar Pulse Shaping

* ET is an effective candidate to increase the efficiency of standalone or array PAs used with pulse-shaped waveforms.

* Typical and proposed way for PA supply * High-efficiency supply modulator
a. Rectangular supply voltage pulse b. Shaped supply voltage pulse N
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Conclusions & Take Aways

* Since 4G, hardware performance are becoming more and more a limiting factor.

Solutions to move forward:

[11-V semiconductor
technologies
(GaN/GaAs)

DPD-friendly
RF hardware

RF architectures
(multi-LNA, multi-PA, ET,...)

« Superior transceiver bandwidth, * Improve the single device * Most effective way to achieve large
linearity, efficiency, noise figure, and technological limits by using multi- bandwidths and linearity.
operating frequencies compared to transistor architectures to achieve * Reconfigurable and ‘upgradable’

Silicon technologies. the required specifications. RF hardware performance.

Fundamental research is required to develop next generation RF transceivers
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Active Circulator mm-Wave Front-Ends

* Magnetic circulators cannot be integrated in MMIC circuit operating at mmWaves.

e A possible alternative is to exploit the isolation introduced by transistors.
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Multi-Band Power Amplification

 When two PAs can be afforded, diplexed PA .
architecture is an alternative to improve the bandwidth 64
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diplexer, a simple 1-D pre-distortion is sufficient:
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ET-PA for Base-Station Transmitters (5G)

* With 5G, base-station PAs need to achieve wider bandwidths and efficiency with high PAPR signals.
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«  PAPRs 1-2dB higher than in LTE/LTE-A e Solution: !oad-modulated balanced amplifier (LMBA) for bandwidth
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