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Introduction
Generalized Frequency Division Multiplexing (GFDM)
• Generalization of traditional OFDM
• Low out-of-band (OOB) emissions
• Relaxed time-frequency synchronization requirements
• Potential inter subcarrier interference (ICI) w/ most prototype filters
• ICI-free↔ frequency-domain (FD) decoupling

Figure 1: GFDM block

Contribution
• Propose a class of ICI-free prototype filters for MIMO-GFDM.
• Evaluate the depth-first sphere decoding (DFSD) with this class of

prototype filters for MIMO-GFDM spatial multiplexing (SM).

System Model & Problem Formulation
MIMO-GFDM SM (w/ T Tx and R Rx antennas)
• GFDM transmitter matrix (D = K×M)

A = [g0,0...gK−1,0 g0,1...gK−1,1...gK−1,M−1]

– GFDM prototype filter: g ∈ CD (FD prototype filter: g f =
√

DWDg)
– Pulse-shaping: [gk,m]n = [g]〈n−mK〉Dej2πkn/K, n = 0, 1, ..., D − 1, m =

0, 1, ..., M− 1, k = 0, 1, ..., K− 1
• The signal at receive antennas y1

...
yR


︸ ︷︷ ︸

y

=

H1,1A · · · H1,TA
... . . . ...

HR,1A · · · HR,TA


︸ ︷︷ ︸

H̃

 d1
...

dT


︸ ︷︷ ︸

d

+n (1)

– Maximum likelihood (ML) solution to (1): d̂ = arg min
d∈D
‖y− H̃d‖2 [4]

∗ Exhaustive search is infeasible due to the huge size of D.
∗ FD decoupling splits the original problem into K subproblems.

Proposed Method
MIMO-GFDM Detection

Theorem (FD Decoupling)
Let A be a GFDM matrix derived from its FD prototype filter g f and
assume that g f contains at most M consecutive nonzero entries
(i.e., there exist g1 ∈ CM and an integer l, 0 < l ≤ D) such that

g f = Πl
D

[
gT

1 0T
(K−1)M

]T
.

Consequently, the matrix H̃ as defined in (1) can be decomposed
into the form

H̃ = UHblkdiag({Fk}K−1
k=0 )P,

where U = (ΠKR ⊗ IM)(IR ⊗ Π−l
D WD), P = (ΠKT ⊗ IM)(IT ⊗ ΠKM),

and Fk, k = 0, ..., K− 1, are some MR×MT matrices.

• Notations: ΠA =

[
0T 1

IA−1 0

]
, [ΠAB]mB+p,qA+n = δmnδpq, ∀m, n ∈

{0, 1, ..., A− 1}, ∀p, q ∈ {0, 1, ..., B− 1}.
– MIMO-GFDM w/ Dirichlet filter: g1 =

√
K× 1M and l = D− bM/2c

– MIMO-OFDM: M = 1
• Step 1: Multiply both sides of (1) with U.

ȳ = Uy = blkdiag({Fk}K−1
k=0 )d̄ + n̄

• Step 2: Split into K subproblems and apply sorted QR decomposi-
tion (SQRD).

ȳk = Fkd̄k + n̄k = QkRkPT
k d̄k + n̄k, k = 0, 1, ..., K− 1 (2)

• Step 3: Multiply both sides of (2) with QH
k .

˜̄yk = QH
k ȳk = Rk

˜̄dk + ˜̄nk, k = 0, 1, ..., K− 1 (3)

• Step 4: Find the ML solution ˆ̄̃dk to (3) with DFSD.

Complexity Analysis
• Complexity: # of complex multiplications (CMs) required to detect

KMT symbols at the receiver
Table 1: Computational Complexity of SQRD and successive inter-
ference cancellation (SIC)
Scheme SQRD SIC
OFDM KMT2R + KMTR + (KMT2− KMT)/2 (Using

SQRD)
0

Near-ML MIMO-
GFDM [4]

K3M3T2R + K2M2TR + (2K3M3T3 +
3K2M2T2 + KMT)/6 (Using MMSE-SQRD)

K2T2M2

Proposed KM3T2R + KM2TR + (KM2T2− KMT)/2 (Us-
ing SQRD)

0

Simulation
• Modulation: QPSK, symbol energy: Es = 1, and CP length: L = D/8
• # of SM-mode MIMO spatially uncorrelated Rayleigh-fading multi-

path channel realizations: 500
• Chan. power delay profile: exponential from 0 to -10 dB with L taps
• # of independent data blocks for each channel realization: 100
• (T, R) = (2, 2)
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Figure 2: Performances for K = 256, M = 4, T = 2

0 4 8 12 16

SNR (dB)

10-3

10-2

10-1

100

S
E

R

SER Performance K512M2T2

[4] with Dirichlet

[4] with RCα=0.9

Proposed w/ Dirichlet

OFDM(K=1024)

(a) SER

0 4 8 12 16

SNR (dB)

105

1010

M
u
lt
ip

lie
rs

Mean Complex Multiplication K512M2T2

[4] with Dirichlet

[4] with RCα=0.9

Proposed w/ Dirichlet

OFDM(K=1024)

(b) Complexity

Figure 3: Performances for K = 512, M = 2, T = 2
• Symbol error rate (SER): MIMO-GFDM (FD decoup.) > MIMO-GFDM

([4]) > MIMO-OFDM (subcarrier spacing↔ frequency diversity)
• Complexity: MIMO-GFDM significantly improves via FD decoupling.

Conclusion
• MIMO-GFDM achieves FD decoupling w/ proposed prototype filters.
• Dirichlet filter w/ proposed scheme outperforms widely-applied RC fil-

ter in terms of SER and complexity performances for MIMO-GFDM.
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