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Special Issue on Massive MIMO

Thomas L. Marzetta, Giuseppe Caire, Mérouane Debbah, Chih-Lin I, and Saif K. Mohammed

Demand for wireless communications is projected to grow by more than a factor of forty or more over the next
five years. A potential technology for meeting this demand is Massive MIMO (also called Large-Scale Antenna
Systems, Large-Scale MIMO, ARGOS, Full-Dimension MIMO, or Hyper-MIMO), a form of multi-user multiple-
antenna wireless which promises orders-of-magnitude improvements in spectral-efficiency over 4G technology,
and accompanying improvements in radiated energy-efficiency. The distinguishing feature of Massive MIMO is
that a large number of service-antennas — possibly hundreds or even thousands — work for a significantly smaller
number of active autonomous terminals. Upsetting the traditional parity between service antennas and terminals in
this manner is a game-changer: The simplest multiplexing pre-coding and de-coding algorithms can be nearly
optimal, expensive ultra-linear forty-Watt power amplifiers are replaced by many low-power units, and the

favorable action of the law of large numbers can greatly facilitate power-control and resource-allocation.

Massive MIMO is still an emerging field. There are many unanswered theoretical questions and much remains
to be done to obtain a reduction to practice. The six papers in this Special Issue are a sampling of the types of
problems that are topics of active research. The papers logically fall into three categories: a) Acquisition of Channel

State Information, b) Spatial Multiplexing Algorithms, and ¢c) Massive Array Issues and Architectures.

Acquisition of Channel State Information

The acquisition of channel state information (CSI) is perhaps the central activity of any Massive MIMO
system since possession of CSI by the massive array enables selective focusing of power on the down link and
selective collection of power on the up link. Much of the Massive MIMO work has adopted the convenient block
fading model. “Effects of Channel Aging in Massive MIMO Systems” by Truong et al. makes the more realistic
assumption that CSI degrades gradually rather than abruptly: the performance of the Massive MIMO system does
degrade with time, but in a graceful manner. TDD operation permits Massive MIMO to be scalable in the number
of service-antennas to any desired extent. Nevertheless there remains considerable interest in making Massive
MIMO work for FDD systems which predominate in Europe and North America. “A Channel State Information
Feedback Method for Massive MIMO-OFDM” by Kudo et al. investigates an FDD scheme that entails down link
pilots and digital CSI feedback on the up link.

Spatial Multiplexing Algorithms

Spatial multiplexing/de-multiplexing algorithms enable every active terminal to have full access to all of the
time/frequency resources and are ultimately responsible for the impressive spectral efficiency of which Massive

MIMO is capable. Shannon theory tells us that optimal operation on the down link is obtained by dirty-paper
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coding, and on the up link by joint de-coding. Massive MIMO permits the use of vastly simpler multiplexing/de-
multiplexing algorithms such as zero-forcing and conjugate beam-forming/matched-filtering. “Optimum Number
of Users in Zero-Forcing Based Multiuser MIMO Systems with Large Number of Antennas” by Jung et al. utilizes
random matrix theory to obtain formulas for predicting the optimum number of terminals to serve when zero-
forcing is employed. Most of the Massive MIMO literature concerns concentrated arrays of service antennas. An
alternative deployment for Massive MIMO 1is a distributed one, in which users over a large area are served
simultaneously by a random distribution of access points. “Low Complexity Zero-Forcing Beamforming for
Distributed Massive MIMO Systems in Large Public Venues” by Li et al. devises computationally efficient ways

of performing zero-forcing for a system of distributed service antennas.

Massive Array Issues and Architectures

To make Massive MIMO a practical solution it is desirable to develop scalable architectures for massive arrays
that are based on inexpensive modular blocks. It is tempting to think that the Law of Large Numbers will
compensate for the imperfections of the individual modules. “Widely-Linear Beamforming and RF Impairment
Suppression in Massive Antenna Arrays”, by Hakkarainen et al. studies the sensitivity of large antenna arrays to
RF 1I/Q imbalance. Additionally, RF aware beamforming methods are proposed to reduce the unwanted effects of
RF 1/Q imbalance. “Before/After Precoded Massive MIMO in Cloud Radio Access Networks” by Park et al.
studies the impact of constraints on backhaul throughputs between the digital unit and the multiplicity of radio units
that comprise the massive array. This impacts both the architecture of the array as well as the functionality of the

radio units.

In summary, Massive MIMO is a vital, exciting research field as evinced by the papers in this Special Issue,

however much remains to be done.
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