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BackgroundBackground
Multi-user MIMO system

MIMO improves spectral efficiencyPerformance of 3 different transmissionMIMO improves spectral efficiency
Multi-user MIMO improves network throughput (user diversity)

Transmit ZF

Performance of 3 different transmission 
algorithms were investigated

As a result…

Dirty Paper Cording
EM-DPC has the best performance. however 

l i hi hMulti-antenna Multi-user MIMO 
system

A t S l ti ZF
Linear algorithm

results in higher PAPR. 

Antenna Selection -ZF
Iterative Joint Othogonalization
Eigenmode - DPCEigenmode DPC
Eigenmode - THP Non-linear algorithm

P l f Ei d T li H hi

Multi-antenna Multi-user MIMO system

Proposal of Eigenmode Tomlinson-Harashima 
Precoding (EM-THP)

MultiMulti--antenna Multiantenna Multi--user MIMO Broadcastuser MIMO Broadcast
system modelsystem modelsystem modelsystem model
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Antenna Selection Zero Forcing (ASAntenna Selection Zero Forcing (AS--ZF)ZF)
AS-ZF characteristics
・ Linear algorithm
・ Exhaustive search on selection of antennas・ Exhaustive search on selection of antennas

Antenna selection
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Iterative Joint Orthogonalization (IJO)
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IJO characteristics
・ Linear algorithm
・ Adaptive optimal weights
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EigenmodeEigenmode Dirty Dirty Paper Paper CodingCoding (EM(EM--DPCDPC) ) 

DPC characteristics & problem
•First user : full diversityy
Second user : Receiver diversity

•Increase of Peak Average to 
Power Ratio (PAPR)Power Ratio (PAPR)
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Power control (normalization)Power control (normalization)
Transmit signal should be normalized to meet 

the transmit power constraint
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the transmit power constraint.
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EigenmodeEigenmode Tomlinson Harashima Precoding Tomlinson Harashima Precoding 
(EM(EM--THP)THP)
EM-THP characteristicsEM-THP characteristics

•First user : full diversity
Second user : Receiver diversity

•Introduce modulo block to reduce•Introduce modulo block to reduce 
PAPR
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Simulation method & ParametersSimulation method & Parameters
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Modulation 
scheme

Adaptive modulation per user

(BPSK,QPSK,16QAM,64QAM)

∑ iTP

Throughput performanceThroughput performance

EM-DPC (un normalized) ≒EM-THP
＞EM-DPC (normalized)>IJO>AS-ZF 

Figure 1. Throughput performance in IID channel



Throughput performanceThroughput performanceg p pg p p
EM-THP (normalized)
EM-DPC (un-normalized)

EM-DPC (normalized)

EM-DPC (un normalized) and 
EM-THP have  almost the  same 
h h fthroughput  performance

Normalized EM-DPC has 
slight degradation inslight degradation in 

throughput performance
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Figure 2. Throughput performance in IID channel

CCDFCCDF performance (PAPR)performance (PAPR)p ( )p ( )

PAPR of EM-THP reduces 
i ifi tl i ithsignificantly comparing with 
that of un-normalized EM-

DPC
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Figure 3. CCDF performance



SummarySummaryyy
• We investigated throughput and PAPR performance of different 

transmission algorithm in multi-antenna multi-user MIMO 
broadcast channel.

Th lt h d th t EM DPC i d l ith th t• The results showed that EM-DPC is a good algorithm that 
achieves high throughput, however, increases  PAPR.

• EM-THP algorithm showed excellent performance in the 
meaning of throughput as well as PAPR.g g p

Future work
Analysis of increasing user numbers
Analysis of time correlation channel
implement of Hardware

• Extension to number of users larger than two
P f l i i ti i h l d l

Future work
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implement of Hardware …• Performance analysis in time-varying channel model.


