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• This prototype demonstrates a MIMO receiver with
reduced number of RF chains

• The prototype employs 4 antennas and 2 RF chains
• The analog combiner consists of a controllable

network of gains and phase shifters
• The complex-gain combiner (CGC) and phase-shifter-

only combiner (PSOC) are implemented.
• A LMMSE channel estimator is performed for the

Kronecker channel model in a single-cell multi-user
MIMO scenario.

• The RF chain reduction does not increase the MSE of
channel estimation by exploiting the low rank fact of
the channel.

Main Contributions

• Each antenna is followed with a dictated RF chain
• All analog inputs from the antennas are

accessible at the baseband
• All signal processing operations are performed in

baseband (fully-digital)

Conventional MIMO Receiver

• An analog combiner projects the high number of analog
inputs from antennas onto the low number of RF chains

• The analog combiner consists of a controllable network
of gains and phase shifters

• Only a low number of measurements are accessible in
baseband

Hybrid MIMO Receiver

• The single-cell multi-user MIMO scenario contains
𝐾 = 3~10 user terminals (UTs) and a base station
(BS) with 𝑁𝑏𝑠 = 4, 8, 16 antennas and 𝑁𝑟𝑓 = 2, 4, 8

RF chains
• The UTs transmit known, orthogonal pilot sequences

of length 𝜏 to the BS, over a TDD uplink channel
• Received signals at the baseband

• Kronecker channel model

• Vectorized received signal

• LMMSE channel estimator

• Mean squared error

Problem Formulation
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Technical Specification

Parameters Value

Carrier frequency 𝑓𝑐 = 1 GHz

Baseband bandwidth 𝐵𝑊 = 125 MHz

DAC 4 channels, each 250 MSPS

ADC 4 channels, each 𝑓𝑠 = 250MHz

• Consider some power constrained analog combiner
on its rows, minimize the MSE is equivalent to
maximize the following problem without considering
the AWGN

• Due to the separable structure of the Kronecker
model, an optimal analog combiner is derived as

• The phase-shifter-only combiner is a projection of
the optimal analog combiner on the feasible set
determined by the controllable network

Analog Combiner Design

First 𝑁𝑟𝑓 eigenvectors of 𝐐

Projection operator 𝑒𝑗2𝜋∠𝐔

Overview of Prototype Architecture 

• 16-bit 8-channel digitizer
for I and Q streams

• 16-bit 4-channel DAC for
waveform generation

• Analog signal phase shift
resolution -0.5º

• Amplitude modulation

Digital Receiver and Waveform Generator

FMC 204 DAC FMC 168 ADC

Xilinx VC707
FPGA Board

• The analog combiner
board combines the
received data coming
from 4 input channels
into 2 RF-Chains

• Gains and phase shifters
are easily configured by
FPGA controller

• Each RF-Chain has 2
outputs, I and Q

• The analog combiner
board is mounted on a
single chassis
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Measurement Results
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