
COMMUNICATION @ 60 GHz

• High speed directional links

• 802.11ad: 4.6 Gbps

• High spatial reuse

• Main Challenges

A. Vulnerability to blockage

B. Non-resilience to mobility

Most Research is Experimentally Driven!

X60
NI mmWave Transceiver System

WIDEBAND TRANSMISSIONS
Transmission over 2 GHz ultra-wide channel

PROGRAMMABLE PHY/MAC
Use of FPGAs allows for fully programmable 

PHY/MAC layers

PHASED ANTENNA ARRAY
User-configurable 12-element antenna array

COTS HARDWARE SDR PLATFORMS

https://ubwins.cse.buffalo.edu/projects/x60.htmlThis work was funded in part by NSF grant CNS-1629929.

X60: A Programmable Testbed for Wideband 60 GHz 
WLANs with Phased Arrays
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• Standard compliance

• Realistic measurements

• Ease of use

• But…

A. NO access to PHY parameters

B. NO control over beam/rate adaptation

• Access to lower-layer PHY information

• Control over beam direction

• Deeper insights into link behavior

• But, typically…

A. Limited to few 100 MHz of bandwidth

B. Use mechanically steerable horn antennas

National
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BASEBAND Tx/Rx

• High performance FPGAs 

• NI PXIe Express Chassis

• Utilizes TURBO codes

• 2 GHz wide DC input/output from 
ADC/DAC

• Perform modulation/demodulation

• Host-machine generates source bits

• Host-machine can configure all Tx/Rx 
parameters (e.g., MCS) in runtime

PHY/MAC STRUCTURE (Slotted TDD)

ANTENNA ARRAY

Interested in using X60?
Fill a quick survey…

• Each element allows 4 phase values:

0, 𝜋/2, 𝜋, 3𝜋/2

• Tx Power 30 dBm EIRP over 2 GHz

• Reference codebook
 Covers -60 to +60 degrees in azimuth
 Total 25 beams in 5 degree increments

PLANNED EXPANSIONS
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• Each slot has 92 codewords, each with an 
attached CRC

• Configure for every slot
 Uplink/Downlink/Sync

 MCS

 Beam index

• Communication at 28 GHz

• Bi-directional 2x2 MIMO at 60 GHz and 
28 GHz

• OFDM PHY Layer at 60 GHz and 28 GHz

 Based on Rel. 15 5GNR PHY

• SDN capabilities

• Community accessible

SUPPORTED MCS

MCS
Bit Rate 
(Gbps)

1/5 BPSK 0.30

1/4 QPSK 0.66

1/2 QPSK 1.36

3/4 QPSK 1.98

1/2 16 QAM 2.86

3/4 16 QAM 4.04

7/8 16 QAM 4.75


