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Abstract 
Multiple-input multiple-output (MIMO) systems in wireless communications are developed to 

improve spectral efficiency, composed of wireless nodes equipped with multiple antennas. Spatial 

signal processing is a technology used to exploit spatial resources on MIMO systems. With some 

spatial signal processing, wireless local area networks (LANs) compliant with the IEEE 802.11 

standard have been evolved so as to meet global demand for higher throughput. Specifically, the 

IEEE 802.11n and 802.11ac standards employ singleuser and multiuser MIMO systems respectively, 

to increase cell throughput. 

Next generation wireless LANs are expected to rise to three challenges, i.e., to increase cell and 

area throughput, and to extend coverage areas. First, to increase cell throughput, there can be room 

for improvement on multiuser MIMO systems in the 802.11ac. The multiuser MIMO system in the 

802.11ac employs explicit feedback to acquire channel state information at the transmitter (CSIT) 

for transmit beamforming. The drawback to explicit feedback is large overhead of downlink channel 

state information (CSI) feedback frames transmitted from users to the access point (AP). Implicit 

feedback is a promising approach for decreasing the overhead. The system with implicit feedback 

exploits uplink CSI for downlink transmit beamforming, relying on over-the-air channel reciprocity 

on time division duplex (TDD). However, it is necessary for the implicit feedback to calibrate 

circuitry responses that uplink CSI includes, because actual downlink and uplink channel responses 

do not match due to different transmit and receive circuitry chains. Since the CSIT error severely 

degrades performance, the calibration accuracy is the key to developing multiuser MIMO systems 

with implicit feedback. Second, to increase area throughput, i.e., throughput per unit area, schemes 

that suppress intercell interference (ICI) in high density scenarios of APs are needed. Simultaneous 

transmission from multiple access points (STMAP) is a modified variant of downlink multiuser 

MIMO transmission, to suppress ICI. Although existing literature has proposed STMAP systems 

with explicit feedback, the overhead of CSI feedback is significantly large. Similarly to multiuser 

MIMO systems, implicit feedback is promising for STMAP systems. Last but not least, to extend 

coverage areas, sophisticated relaying systems are needed. Cooperative relaying realizes cooperative 

diversity gain with distributed wireless nodes, the source, relay and destination, as virtual multiple 

antennas. In order to extend coverage areas as much as possible with limited wireless resources, 

demodulators that fully exploit gain of the cooperative relaying should be investigated. 

This thesis proposes schemes of spatial signal processing on distributed MIMO systems, for next 

generation wireless LANs to increase cell and area throughput, and to extend coverage areas. The 

proposed schemes are evaluated with one or some of the theoretical, simulated, and actual 

radio-experimental approaches.  
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WCC on Multiuser MIMO Systems with Implicit Feedback 

To increase cell throughput, weighted-combining calibration (WCC) with high accuracy on 

multiuser MIMO systems with implicit feedback is proposed. In WCC, the AP calculates multiple 

calibration coefficients and combines them with minimum mean square error (MMSE) weights. 

Radio experiments are performed on a multiuser MIMO system with implicit feedback based on 

orthogonal frequency division multiplexing (OFDM), built using measurement hardware. 

Experimental results verify that the channel reciprocity can be exploited on the developed multiuser 

MIMO-OFDM system, and that WCC is effective.  

 

Real-time Multiuser MIMO-OFDM System with Implicit Feedback 

A developed real-time multiuser MIMO-OFDM system with implicit feedback, built using field 

programmable gate arrays (FPGAs), is presented. Experimental results show that the developed 

system employing WCC offers stable real-time throughput even in moving environments.  

 

STMAP System with Implicit Feedback 

To increase area throughput, a STMAP system with implicit feedback is proposed. Computer 

simulations based on the IEEE 802.11ac standard show that the proposed system with implicit 

feedback increases medium access control (MAC) throughput compared with the conventional with 

explicit feedback. In order to evaluate performance of the proposed STMAP system in practical 

environments with ICI, sum rate evaluations employing channel responses measured in an actual 

apartment building are executed.  

 

ML Demodulators on AF Cooperative Relaying Systems 

To extend coverage areas, maximum likelihood (ML) demodulators on amplitude-and-forward (AF) 

cooperative relaying systems are proposed. The thesis evaluates simulated performance of 

cooperative relaying and non-cooperative (direct) systems in terms of the packet error rate (PER) 

and throughput versus the distance in various situations. Evaluations reveal the optimal relay 

location and power setting. 




