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Design of 256/64 point FFT for MIMO
system

Yun-Ching Tang, Shi-Jie Zhou

Abstract

The IEEE 802.11n protocol had the preliminary mutual recognition in two big camps'
coordinations. To reach high effective transmission rates, there are two approaches, OFDM
modulation/demodulation and MIMO transmitter/receiver technologies, have been proposed
by many authors.

For MIMO-OFDM topology, due to synchronous transmission of the multiple data, it
requires high throughput of FFT processors. Reduction of chip area and power consumption
of FFT circuits will become an important issue. The proposed radix-2> algorithm by
integrating the conventional four paralleled R2°SDF structure provides two modes (256 and
64 points) with configurations of 2x2 and 4x4.

By reconfiguring its operation structure, we can use the same amount of registers
similar to parallel processes of four groups of the traditional R2°SDF structures, while
generate up to 4x throughputs. The architecture makes the hardware utilization ratio
reaching 100% after the pipelined process. It increases hardware utilization rate and reduces
the number of multipliers in comparison with the traditional R2*SDF structure. Moreover,

the improved register access method reduces power consumption.
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1. Introduction

The new generation of wire/wireless
communication systems usually employs
OFDM architecture

signal  process

combining with multiple inputs and
multiple outputs (MIMO). In order to
enhance the FFT/IFFT signal processing
capability, an efficient high throughput
FFT/IFFT processor will be one of the key
issues. The proposed structure can be
applied to any multiple-input wireless LAN
system based on the quad-rate OFDM, such
as the IEEE 802.11 MIMO OFDM system
shown in Fig. 1 [1]. It is appropriate not
only for IEEE 802.11 OFDM system with

256/64-point FFT/IFFT, but also for any

multiple-input 2"-point FFT/IFFT with the
similar design technique. [2]

With the concept of hardware sharing,
it reduces the operation time for each data
and keeps the same number of registers.
Moreover, the number of multipliers is also
reduced.

This approach can be applied to
various FFT/IFFT computation algorithms
3] It

architecture.

is a very efficient operation
This the

conventional FFT/IFFT algorithm in the

paper describes

next section. In Section 3, the 4-path FFT

processor architecture 1is presented. It
shows the simulation and compares with
the FFT/IFFT

Section 4 gives the comparison of the

conventional structure.
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Figure 1. block diagram of the MIMO OFDM system
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proposed architecture with the conventional

design.

2. The pipelined FFT/IFFT
Algorithm

The N-point FFT derived from the

digital signal process (DFT) can be

expressed as
X[k]= Nz_ix[n]W,{,"‘ for k=0,1,....,N-1
(1)
The N-point IFFT is

(9]
ak _ —i Gk
Where Wy =e
The computation of a N-point FFT/

IFFT requires O(N?)

arithmetic operations. It occupies a lot of
chip area. An alternative approach is the
radix-r fast Fourier formulation which
reduces to O(Nlog,N) arithmetic operations
in log;N stages. The value of r could be 2, 4
or 8. [4] Since N is an integer of power of
two, the radix-2 algorithm is obtained

by decomposing Eq. (1). The even terms
can be expressed as

X[2r]= S (afnle s (V)2
@)

While the odd ones are

N/2-1

x2r+1]= D" (n]—xln+(N/2)DWyWw"

(C))

We can decompose the Eq(3), Eq(4) to
get the radix-4 algorithm. The four terms of
radix-4 are expressed as Eq(5)~(8).

(N/4)-1

Xias]= Y {(dnl+qn+N/2)+({n+N/ 4+ xn+ 3N/ 4D}, 5)
n=0

(N/4)-1

X[4s+2]= Z {(Mn]+x{n+N/2])—(dn+N/ 4)+x{n+3N/4])}I/V§','W:/ . ©

(N/4)-1

XdsHT > {Glnl-dn+N/2)~ jin+ N/ A-x{n 3N AW . W, ()
n=0

(N/4)-1

Xidst3= ; (Gl —a{n+N/2)+ jin+ N/ 41 ~{n+ 3N LA W, ®)

Enven though the stage number of
radix-4 is less than radix-2, the butterfly
unit of radix-4 is more complicated than
that of radix-2. If the numbers of stages are
doubled for radix-4, the complexity of
butterfly units can be reduced. Which
method is called radix-2® algorithm. The
based on
shorter

register

proposed architecture was
radix-2*

propagation delay and fewer

algorithm, it has

oS s

Figure 2. architecture
diagram

accCcess.

3. THE PROPOSED
ARCHITECTURE

To develop higher data rate OFDM

system, we the conventional FFT operation
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and the hardware architecture that
processing four individual data sequences
has been used. [6][7] Here, the architecture
of our design in Fig.2 employing 3 kinds of
architectures to reduce multiplier numbers
and register access. We will give the

individual explanation below.

3.1. Register access method:

A good deal of power consumption is
the main issue in convention pipeline
structure. In order to reduce the redundant
power consumption of shift operation, we
use the register access method to replace
FIFO (first in first out).[5] The key issue of
the mechanism are
(1). Reading after writing in the same

address must be fellowed.
(2). The addresses of reading and writing
must be next to each other.

By using the dual-port register file of
Artisan, the complete operation can be
performed. Fig. 3 is the behavior diagram
of register access method. A simple control
unit is needed to complete the operation of

our architecture.

3.2. Architecture 1

Fig. 4 is the
architecture 1.

detail diagram of
The operation can be
divided into 2 steps. When individual data
sequence was received serially from the

receiver at 4x4 mode, architecture 1 does

the following works,

Register file access

write
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Figure3. The behavior of register access method
Step 1:
(a)Odd data sequence:(data_1, data_3)

When x[0]~x[N/2-1] are loaded, data
are stored in ffl 1, {fl 3. When
x[N/2]~x[3N/4-1] are loaded, data 1,
data_3 are switched to net c1, c2 and net b1,
b2 is the data from ff1 1, ff1 3. Data 1,
data_3 complete the butterfly operation.

a[k]=x[k]+x[N/2+K]
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Figure 4. The diagram of Architecture 1

b[k]=x[k]-x[N/2+k]
k=0,1,2....N/2-1

a[k] are stored in ff2 1, ff2 3 and
b[k] are stored in ff2 2, ff2 4. When
x[3N/4]~x[N-1] are loaded, the data in net
k1, k2 are from ff2 1, {f2 2(a[k], b[k],
k=0,1,...N/4-1) and m1, m2 are from 11 _1,
gl 1 (a[k], b[k], k= N/4, ...N/2-1) . At the
same time, ff2 3, ff2 4 are hold on and
12 1, g2 1 are switched to f1, hl and stored
in ff2 1, ff2 2. The second butterfly
operation is performed by (k1, m1) and (k2,
m2).

They are processed by complex
number multipliers with  appropriate
twiddle factors. The utilization of complex
number multipliers in our design is up to
100%. After FFT/IFFT is processed, the
output feeds to the next stage.

(b)Even data sequence:(data_2, data_4)
When x[0]~x[N/2-1] are loaded, data

are stored in ffl 2, ffl 4. When
x[N/2]~x[N-1] are loaded, data 2, data 4
are switched to net al, a2 and are stored in
ff1 1, ff1_3. At the same time, ff1 2, ff1 4
are hold on.

Step 2:

When the next x[0]~x[N/4-1] are
loaded, the data that stored in
ff2 1~ff2 4 are pushed to do the second
butterfly operation and are processed by
complex number multipliers to finish the
computation of data 3. At the same time,
the first butterfly operation of data 2,
data_4 stored in ff1 1~ff1 4 are performed
and stored in ff2 1~ff2 4. When x[N/4-1]
goes to x[2N/4-1] and x[2N/4-1] goes to
x[3N/4-1], the second butterfly operation of
data 2 and data 4 is performed. This the
complete data flow of architecture 1 in our

design.
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3.3. Architecture 2

We take the architecture 2 as stage 3.
The utilization of complex multiplier in the
conventional pipeline structure based on
radix-2? are always up to 75%. We propose
the architecture and enhance the utilization
up to 100% by adjusting the order of
twiddle factors for different paths. Fig. 5
shows the butterfly operation that pushes
data into the corresponding multiplier at the
same time.

The symbol cmx in the figure is the
corresponding twiddle factor W.". In Fig.

5-(a), each data sequence is pushed into 4
different multipliers with the same twiddle
factor at the same timing slot. However,the
proposed method only needs multipliers
with different twiddle factors at the same
time as shown in Fig. 5-(b).
In the
multipliers are needed and the utilization
rate is 75%. On the other hand, 3

multiplier are needed and the utilization of

conventional version, 4

each multiplier is up to 100% in the
proposed method.

Fig.6-(a) is the general structure based
on Fig. 5-(b). The difference of (a), (b),
(c), (d) are the location of butterfly unit.
These changes are the key point to make
our design more efficient.
fewer

Because memory units are

required, the register based FIFO was used

in placed of register files.
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Figure 5. Timing diagram of
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Figure 6. The diagram of Architecture 2
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3.4. Architecture I1I:

Because the last stage is not
processed by complex number multipliers,
it only requires butterfly operation . We can

use the conventional structure for the last

multipliers, adders and memory units in the
proposed architecture is less than the

conventional approaches.

Table I Comparison of the conventional

and proposed architectures with 4

stage. parallel paths
3.5. Data out:
: : : Memor
Fig. 7 is the output diagram of | srchitecture | Multiplier | Adder . Y
FFT/IFFT. We show that the operation s1ze
cycle time for each data sequence is just a R2SDF 24 64 1020
quarter of the conventional method. Due to R4SDF 12 128 1020
the proposed paralled algorithm. R2MDC 24 64 1528
4. Comparison R4MDC 36 64 2544
R2%SDF 12 64 1020
4 groups of conventional structures R 22 MDC 24 64 1528
are ‘ compared .Wiﬂ'l our proposed Proposed 5 » 1020
architecture and list in Table 1. (FIFO
structures in our design are all replaced by
register access method.) The amount of
Tim_e____l?g 2?1 3f4 3s|g7 45|0 .
On On On On
2n 2n 2n 2n o 06 060 00 00 00 o 0
Stage'I 3 3 3n 3n
T @mr . Y damz data3  dawd
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Figure 7. The timing diagram of 256 point FFT/IFFT
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5. Conclusion

Our design of FFT/IFFT is proposed
for MIMO-OFDM system. Due to multi
paths, architecture duplication will increase
the area cost. In addition, large amount of
data processing is the key issue of larges
power consumption. In this paper, the
parallel architecture with more hardware
sharing concept is proposed to reduce area
cost and power consumption. Register
access method mechanism is the key issue
to reduce power consumption. We also use
fewer multipliers in comparison to the

conventional version.
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