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Overview

Preliminary: MIMO precoding/equalisation problem
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Linear precoding/equalisation methods

poor performance
less degree of freedom (DoF)

Non-Linear methods: DFE, V-BLAST, THP

robust to interference & noise
higher DoF, ordering capability
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System model: DFE case via QR

MIMO DFE transceiver model
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H = QR (2)

R = QHH =
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G = diag
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22 , · · · , r−1
NN

]
(4)

B = I− GR (5)
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QR interpretation algorithm for V-BLAST ordering

V-BLAST using QR (projection method) [1, 2]

Initialisation:

find kN such that:

kN = arg max
1≤k≤N

∥∥∥∥(I−HkH
+
k

)
hk

∥∥∥∥2

compute: αN =
(
I−HkNH

+
kN

)
hkN

and then: qN = αN/ ‖αN‖
Recursion:

for i = N − 1,N − 2, · · · , 1 find ki such that:

ki = arg max
1≤k≤N

k 6=ki+1,...,kN

∥∥∥∥(I−Hk,ki+1,...,kNH
+
k,ki+1,...,kN

)
hk

∥∥∥∥2

compute: αi =
(
I−Hki ,ki+1,...,kNH

+
ki ,ki+1,...,kN

)
hki

and then: qi = αi/ ‖αi‖
compute: Q = [q1, · · · , qN ] and R = QHHPVB .
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QR efficient precoding ordering algorithm

QR using modified Gram–Schmidt process [3]

Initialisation:

Q = H, R = 0, p = [1, 2, · · · ,M]

Recursion:

for i = 1, 2, · · · ,M find ki such that:

ki = arg min
i≤k≤M

‖qk‖2

interchange columns i and ki in Q, R and p

rii = ‖qi‖
qi = qi/rii

for k = i + 1, · · · ,M
rik = qH

i · qk

qk = qk − rikqi

end

end
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System model: THP via QR

MIMO THP transceiver model [4]
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y = Hx + n (6)

QR = HP (7)

ỹ = WHP(I−B)−1u + Wn (8)

W = GQH

B = I− GR
(9)
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Simulation results

A 5x5 MIMO THP system with QPSK modulation, 2000 channel realisations:
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Figure: both “no order” and “arbitrary order” are chosen to signify sufficient channel realisations
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Computation complexity comparison

Analysis and results:

normal QR ordered QR QR V-BLAST
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Conclusions

Efficient precoding ordering algorithm is preposed.

Significant reduction in complexity is achieved compared to V-BLAST
ordering.

Precoding and detection ordering has to be reversed for efficient
performance.

BER improvement is achieved at the cost of slight computation
complexity.
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