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 Advantages
◦ No electromagnetic interference
◦ High security
◦ Low cost

 Multiple LED units are usually installed in a 
single room
◦ Provide sufficient illumination
◦ Bandwidth of off-the-shelf LED is limited
◦ MIMO can be naturally used to boost the data rate



 Precoding
◦ Zero forcing
◦ Dirty paper coding
◦ Minimum mean-squared error (MMSE)
◦ Block diagonalization

 OFDM  High spectral efficiency
 MIMO-OFDM



 Nt LED units
 Nr users with single PD



 DC channel gain

◦ : responsivity coefficient of PD
◦ : distance between the qth LED unit and the pth

user
◦ : incidence angle of the light
◦ : receiver FOV 

 Noise

◦ : the average received optical power at the pth
user
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 In existing MU-MIMO VLC systems, single-
carrier modulations are utilized

 Time domain precoding
 Distances of the multiple transmitter-receiver 

links are different  different delays

 Frequency-domain channel response

 Complex-valued
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 Precoding is performed on each subcarrier to 
eliminate multiuser interference
◦ Data:
◦ Precoding weights:
◦ Frequency-domain singal:

 After IFFT

 CP is added to eliminate ISI
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 At the receiver of the pth user

 Rewrite in the matrix form

 Two simple precoding methods
◦ Zero-forcing

◦ MMSE
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 Intensity modulation with direct detection
 Non-negative real signals are transmitted
 DC bias is added  DCO-OFDM

 Low DC bias  clipping distortion
 High DC bias  inefficient in terms of power
 Define a minimum DC bias ratio     to avoid 

clipping distortion
 Average optical power: P
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 Minimum DC bias scheme
◦ Each transmitter use different DC biases

◦ Optical power: 

◦ Scaling factor: 

◦ DC bias:
 Unified DC bias scheme
◦ Each transmitter use the same DC bias
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 Only odd subcarriers are modulated

 Asymmetrically clipping at zero
 No DC bias: better performance?
 Optical power:
 Scaling factor:  
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 Case 1
◦ User 1: [2.5 2.5 0.85]
◦ User 2: [3.2 3.9 0.85]

 Case 2:
◦ User 1: [2.05 1.6 0.85]
◦ User 2: [2.05 1.4 0.85]



 Spectral efficiency of each subcarrier with the 
average emitted optical power P=0 dB



DCO-OFDM-based MU-MIMO VLC ACO-OFDM-based MU-MIMO VLC
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Case1, ZF, Minimum DC Bias
Case1, ZF, Unified DC Bias
Case1, MMSE, Minimum DC Bias
Case1, MMSE, Unified DC Bias
Case2, ZF, Minimum DC Bias
Case2, ZF, Unified DC Bias
Case2, MMSE, Minimum DC Bias
Case2, MMSE, Unified DC Bias
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Case1, ZF, Minimum DC Bias
Case1, ZF, ACO-OFDM
Case2, ZF, Minimum DC Bias
Case2, ZF, ACO-OFDM



 MU-MIMO-OFDM is investigated for indoor
VLC systems

 The distance differences of the multiple
transmitter-receiver links are considered

 DCO-OFDM with minimum and unified DC
bias, and ACO-OFDM are compared in the
proposed system




