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Goals of the 5" RCN (NC State 2019)

* Address research problems at the intersection of hardware and
antenna design and communication and sighal processing
techniques, including development of prototypes and testbeds.

* RCN testbed development involves
e i) HW: mmW hardware and circuits, including antennas,
* ii) CSP: communication and signal processing algorithms
* iii) NET: networking protocols, and

* iv) prototype development, including FPGA-based implementation, user
interfaces and associated software.

 What is the roadmap to accomplishing this in an academic setting?



Definitions for this Discussion

Hardware:
DSP/FPGAs / Test Equipment

Antennas: Circuits:
Packaging of Arrays, IC — RF Transmitters, Receivers,
Antenna Transitions Beamformers, typically ICs
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GaN device is suitable from dense urban to rural.
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Power consumption: RF: PA 2.52Wx16 (PAE=20%)+ LNA 0.15Wx16 = 42.7W (Urban macro)
Digital: DA 3Wx16+ AD 0.6Wx16 +FPGA 30W =87.6W
Power Loss: Main supply 9% x DC-DC 7.5% = 16%

» 28/24GHz MMIC is required for low power consumption RF FE.
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Changes for the Beter

28GHz M-MIMO Antenna

CTHA-181225-01

Example of a compact 28GHz active antenna (Urban Macro EIRP=60dBm)

M2 =5.3mm at 28GHz M- MIMO antenna

40cm
Antenna pitch >5.3mm - Y

Antenna size 40cmx50cmx16cm \ 50cm
(Compact for realistic space) \

Power consumption '
< 160W (Natural cooling)

PAE of PA for natural cooling
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1) Best semiconductor for frequency and power
GaN is suitable for 2) Wide band width from low Cout and ideal Vdd

high power M-MIMO power amplifier 3) High efficiency with device technology

Semiconductor products for mobile communication
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2stage Doherty : Large-signal performances
(Modulated signal) CTHA181225.01

A Ka-Band High Efficiency Doherty Power Amplifier MMIC using GaN-HEMT for 5G Application
K. Nakatani et al.,2018 IEEE MTT-S International Microwave Workshop Series on 5G Hardware and System Technologies (IMWS-5G) ,
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Changes for the Better
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Summary: GaN technology is promising for 28GHz M-MIMO
1. High power: 1730W

2. Wide bandwidth: more than 3GHz

3. High efficiency: 10~20% (back-off), 50% (saturated)
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RF & Mixed-signal
U C S B m&k&lntegragz S)S/'s%':ns
Silicon-Germanium Solutions for mm-wave Bands

High-power (>23 dBm) 28 GHz  Multiband 71-86 GHz E-band TX/RX
outphasing PA i) Operationin 71-76 or 81-86 band
i) high peak PAE results 41% ii) Low LO tuning range requirement
i) high 6 dB PAE > 34.7% * 64 QAM at 9 Gb/s with < 4% EVM.
Supports 64-QAM  16-QAM at 12 Gb/s with < 8% EVM.

Efficiency improved by 20%

Ref: Rabet and Buckwalter, ISSCC 2018

Ref: Ebrahimi and Buckwalter, JSSC 2018
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140-340GHz: ComSenTer target applications

MIMO hub: 128 beams/face, 1/10Gb/s/user Point-point MIMO: 340: Tb/s links
140 GHz massive spatial multiplexing
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100-340GHz: benefits & challenges

Large available spectrum Massive # parallel channels - TR T
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100-1000 GHz transistors and ICs

f.« GoodICs complexity LNAs PAS increased
GHz to (GHz) bandwidth ?
CMOS 350 150/200 multichannel transceivers ok poor: 1-5 mW not looking good

Production SiGe 300 200/250 multichannel transceivers good OK:20-100 mW depends on SS
R&D SiGe 700 300/500 multichannel transceivers good OK:20-100 mW 2-3THz

R&D InP HBT 1150 400/650 PA, frequency converters poor good: 100-200 mW 2-3THz

R&D InP HEMT 1500 500/1000 LNA great weak: 20-50 mW 2-3THz

R&D GaN 400 120/140 PAs good excellent: 0.1-1W  600GHz

CNT, 2D, plasmonics etc. : no evidence or theory suggesting that these are useful or superior for 100-2000GHz
ICs with useful performance, hero experiments

THz transistors exist today; further R&D will further extend their bandwidth
The challenge: driving the (reduced cost—> larger market—> reduced cost) cycle



The key challenges

Massive spatial multiplexing:
computational complexity, eynamicrange
Ultra-high-resolution imaging systems
standard arrays: # pixels = # RF channels
need reduced-complexity imaging: #pixels >> # RF channels
many established techniques
Packaging
Some systems need A/2 element spacing: hard to make it fit.
high-frequency parasitics
Spectral allocation
gaining FCC access to useful frequency bands



Discussion



A Sisyphean Challenge: MM-Wave
Prototyping

How do we avoid an increasingly difficult
test and prototype model for mm-wave
hardware?

MM-WAVE
Testing

MM-WAVE
Antennas/Packaging

MM-WAVE ICs (TX/RX, _ —
Beamformers) N i

MM-WAVE Building Blocks
(DISCRETE VCOs, PAs, mixers)



Advances in Baseband and DSP

e ZCU-111 UltraScale+™ RFSoC
Evaluation Kit

* 8x 4GSPS 12-bit ADCs

* 8x 6.5GSPS 14-bit DACs

» 8 soft-decision forward error
correction (SD-FECs).

e ARM Cortex A53 and ARM Cortex-
R5 subsystems

* UltraScale+ programmable logic

* Highest siﬁnal processing
bandwidth in a Zyng UltraScale+
device.




Advances in mm-wave Testing

* NI mm-wave Transceivers

* Base configurations for bidirectional
and unidirectional systems that scale
from SISO to MIMO

* Flexible multi-FPGA architecture
maximizes performance for
computationally intensive algorithms

e 2 GHz real-time bandwidth
throughout the entire system

* Modular radio heads with support for
24.25-33.4, 37-43.5, and 71-76 GHz

 Form factor that allows for lab work as
well as outdoor field trials

MM-WAVE




Academic Research Challenges

Hardware components for a mm-wave prototype testbed

RFIC/MMIC
Packaging

Long-lead time development
High-cost (without fab

Multiphysics design requires
time

Moderate-cost
Customizable/low-scale

ACADEMIC INVESTMENTS

e Off-the-shelf
* Relatively low-cost

subsidization
e Extremely reconfigurable )

Highly customized




Research Challenges and Opportunities for
Testbed Development and Usage

1. Do we need a different training model for students across
hardware/signal processing/network verticals?

2. Can the NSF facilitate the capture and repository for hardware (e.g.
CMOS chip) designs developed through NSF funding?

3. Can the NSF help create a packaging service/foundry to support
mm-wave hardware prototyping and testing? (We need to get
hardware from chips into modules to enable testbeds!)

4. What is the NSF roadmap for addressing prototyping at 28 GHz, 60
GHz, 71-86 GHz, and > 100 GHz?

5. What can MRI investment due to help this issue?




