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Abstract. The goal of future mobile communication systems will be to incorpo-
rate and integrate different wireless access technologies and mobile network
architectures in a complementary manner so as to achieve a seamless wireless
access infrastructure. To support this seamless user mobility across different
wireless access technologies it is needed to design reconfigurable multistandard
receiver architecture. This paper presents the system-level design of a wireless
receiver’s baseband architecture, which supports two wireless access technolo-
gies: Wideband Code Division Multiple Access (WCDMA) and Orthogonal
Frequency Division Multiplexing (OFDM). In this paper, efficient method of
Fast Fourier Transform (FFT) algorithm for OFDM standard and Rake Receiver
design for WCDMA standard were implemented. This architecture efficiently
shares the resources needed for these two standards while reconfiguring. The
proposed architecture is simulated using ModelSimSE v6.5 and mapped onto a
Spartan 3E FPGA device (3s5000epq208) using the tool Xilinx ISE 9.2. Simu-
lation results show that the proposed architecture can be efficiently reconfi-
gured in run-time and proved as area efficient.

Keywords: FPGA, WCDMA, OFDM, FFT/IFFT, Rake Receiver, Reconfigur-
able.

1 Introduction

The need to support several standards in the same handheld device, associated with
the power consumption and area restrictions, created the necessity to develop a porta-
ble, power efficient, integrated solution [1]. Users carrying an integrated open termin-
al can use a wide range of applications provided by multiple wireless networks, and
access to various air interface standards. The continuous evolution of wireless net-
works and the emerging variety of different heterogeneous, wireless network plat-
forms with different properties require integration into a single platform [2]. This has
lead to an increased interest in the design of reconfigurable architecture. The idea of
the reconfigurable architecture is that it should be possible to alter the functionality
of a mobile device at run-time by simply reusing the same hardware for different
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wireless technologies and ultimately for users to connect to any system that happens
to be available at any given time and place.

2 Reconfigurable Architecture

Multistandard wireless communication applications demand high computing power
[3], flexibility, and scalability. An Application-Specific Integrated Circuit (ASIC)
solution would meet the high computing power requirement, but is inflexible [4] and
the long design cycle of ASICs makes them unsuitable for prototyping. On the other
hand, general purpose microprocessors or Digital Signal Processing (DSP) chips are
flexible, but often fail to provide sufficient computing power. Field Programmable
Gate Arrays (FPGAs) [5] signal processing platforms are now widely being accepted
in base_station designs. However, low power and form factor requirements have pre-
vented their use in handsets. Reconfigurable hardware for Digital Base-Band (DBB)
[6] processing is rapidly gaining acceptance in multi-mode handheld devices that
support multiple standards. In Reconfigurable Hardware tasks that are required initial-
ly can be configured in the beginning. When another task is required, the configura-
tion to load it can then be triggered. In this paper we present the design methodology
for reconfigurable baseband signal processor architecture that supports WCDMA and
OFDM wireless LAN standards.

During recent years, a number of research efforts focused on the design of new re-
configurable architectures. In [7] the flexibility of the MONTIUM architecture was
verified by implementing HiperLAN/2 receiver as well as a Bluetooth receiver on the
same architecture. In [8], a broadband mobile transceiver and a hardware architecture
which can be configured to any cyclic-prefix(CP) based system reconfigurable archi-
tecture for multicarrier based CDMA systems is proposed. Reconfigurable Modem
(RM) Architecture targeting 3G multi-standard wireless communication system was
proposed in [3]. This architecture targeted two 3G wireless standards WCDMA and
CDMA 2000 and the design objectives are scalability, low power dissipation and low
circuit complexity. It is seen that though different functions can be reconfigured on a
reconfigurable hardware, the major challenge is to have an efficient system configura-
tion and management function which will initiate and control the reconfiguration as
per the different application requirements.

3 Reconfigurable Receiver Architecture

Figure 1 shows the Block Diagram of Reconfigurable Receiver System. This Receiver
System is able to reconfigure itself to the WCDMA or OFDM Wireless LAN
(WLAN) standard. The Proposed architecture comprises functional blocks, which is
in the form of reusable, reconfigurable [9-12] functional blocks for use in implement-
ing different algorithms necessary for OFDM and WCDMA standards. One or more
reusable functional blocks as given in Fig. 1, can be configured to implement a
process including multiplication, addition, subtraction and accumulation. By
accommodating the above mentioned capabilities, the architecture should be
configured to support WCDMA and WLAN OFDM Standards. For example Fast
Fourier Transform (FFT) (basic butterfly function) for WLAN OFDM and Rake.
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Fig. 1. Block Diagram of Reconfigurable Receiver System

Demodulation
Data in
»  Memory >
Rake FFT
finger
Delay Code Twiddle
generators factors

Fig. 2. Block Diagram of Reconfigurable Receiver Architecture

Receiver algorithms (multiply and accumulate select function) for WCDMA are
implemented in the architecture as shown in Fig.2. This architecture allows for trans-
formation of the chip from WCDMA chip to WLAN Wi-Fi chip on-demand wherein
new algorithms can be accommodated on-chip in real time via different control sets.

3.1 Rake Finger Implementation

In WCDMA receivers, the demodulation is performed in the Rake fingers by correlat-
ing the received signal with a spreading code over a period corresponding to the
spreading factor. The output of the i Rake finger can be expressed as

Lsp—1 , .

0;(n) =37 Cs (i + nLgp)R(i + nLgy) . (1)
where C; is the combined spreading and scrambling code and R is the received signal
and both are complex numbers [3]. Since the scrambling and spreading codes are
always of +/-1, the multiplication and addition of each correlation stage are simpli-
fied. So the equation(1) is simplified to

(Rr+jRi)(Csr_sti) = (chsr+ RiCsi)+j(RiCsr_ RrCsi) . (2)
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If the value +1 is represented as logic ‘0’ and the value -1 is represented as logic ‘1°,
the equation (4) is simplified as follows

R+R+j(R;-R;), when Cy =0, C43=0
R-Ri#j(Ri+R;), when Cy =0, C4=1
= | -(R-R)-j(Ri-Ry), when Cy=1, C4=0
-(R+R))-j(R;-R,), when Cy=1, C4=1 3)

Since the code input is binary valued, the complex multiplication in the correlations is
simplified to one real addition/subtraction and one imaginary addition/subtraction.
Selection of addition or subtraction is done with the help of multiplexer. So the total
resources required to implement Rake Receiver using (3) are two adders, two subtrac-
tors and one multiplexer.

3.2 FFT Implementation

In OFDM, the demodulation is performed by applying 64-point FFT. The twiddle
factor is calculated and put in a table in order to make the computation easier and can
run simultaneously. The Twiddle Factor table is depending on the number of points
used. During the computation of FFT, this factor does not need to be recalculated
since it can refer to the Twiddle factor table, and thus it saves time. Figure 3 shows
the 2 point Butterfly structure [13] where multiplication is performed with the twiddle
factor after subtraction.

A=a+b

v

Wx

b -1 . B=(a-b)Wy

Fig. 3. 2 Point Butterfly Structure

Multiplication is certainly the most vital operation in Communication processing,
and its implementation in an integrated circuit component requires large hardware
resources and significantly affects the size, performance, and power consumption of
a system [14]. So an efficient way of multiplier reduction in FFT processing is done
as follows. Consider the problem of computing the product of two complex numbers
R and W

X' =RW = (RHR)(W+jW;)
= (RWrRW)+H(RWi+RWy) “

From equation (4), the direct architectural implementation requires total of four mul-
tiplications and one real subtraction and one imaginary addition to compute the com-
plex product. However, by applying the Strength Reduction Transformation we can
reformulate equation (4) as:
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X=(R-R)Wi+R(W-W;) (5a)
Xi=(R-R)W;i+R;(W+W;) (5b)

As can be seen from Equations (5a) and (5b), by using the Strength Reduction Trans-
formation the total number of real multiplications is reduced to only three. This how-
ever is at the expense of having two additional subtractors and one adder.

4 Processing Element

Figure 4 shows the Processing Element(PE) and its resources required for the imple-
mentation of FFT in WLAN OFDM and figure 5 shows the Processing Element(PE)
and its resources required for the implementation of Rake finger in WCDMA. 1t is
shown that the two adders and subtractors(red coloured) are shared by both the stan-
dards. So the proposed Reconfigurable Architecture consists of processing units ,their
computational elements are shared by both the Rake Receiver operation of WCDMA
and FFT operation of OFDM. The processing units perform the multiply-accumulate
operation in the Rake mode as described in section 3.1 and butterfly operations in the
FFT mode as described in section 3.2. The computational resources required by the
proposed architecture are 5 adders, 4 subtractors, 3 multipliers and multiplexers.
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\ add/ \add / \ sub / sub /
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Fig. 4. PE and its Resources of WLAN OFDM
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Fig. 5. PE and its Resources of WCDMA

5 Results and Discussion

The proposed reconfigurable architecture described in section 3 and 4 were simulated
using ModelSimSE v6.5 and mapped onto a Spartan 3E FPGA device
(3s5000epq208) with speed grade (-5) using the tool Xilinx ISE 9.2 and synthesized.
The proposed Reconfigurable Architecture with Resource sharing is compared with
Reconfigurable Architecture without Resource sharing. Table 1 and Figure 6 show
the Resources utilized by the proposed Architecture(Reconfigurable Architecture with
Resource sharing) and the Reconfigurable Architecture without Resource sharing.
From the results presented above it seems that there is a significant reduction in large
number of computational resources which forms the proposed architecture which is
more efficient than the conventional Architecture in terms of area.

Table 1. Resource utilization of Reconfigurable Architecture without and with Resource
sharing

Resources Utilized Reconfigurable Architecture Reconfigurable
without Resource Sharing Architecture with
Resource Sharing
Number of Slices 1172 out of 4656 (25%) 1070 out of 4656
(23%)
Number of 4 input 2195 out of 9312 (23%) 2048 out of 9312
LUTs (22%)

Number of IOBs 140 out of 158 (88%) 140 out of 158 (88%)




A Novel Design of Reconfigurable Architecture 93

100

80 B Reconfigurable

60 — Architecture without

40 - Resource sharing

20 ‘:. 1 — Reconfigurable

0 - . . . Architecture with

No.of  No.of LUTs No. of IOBs Resource sharing
Slices

Fig. 6. Comparison of the percentage of resources utilized by Reconfigurable Architecture
without Resource Sharing and with Resource Sharing

6 Conclusion

An architecture which can reconfigure itself to wireless LAN OFDM and WCDMA
standards, was presented in this paper. While configuring these two standards, it was
also presented to implement FFT operation for OFDM and Rake Receiver functioning
for WCDMA efficiently. To lower the number of multipliers in FFT and eliminate the
multipliers in Rake Receiver, we adopted Strength Reduction Transformation
technique and multiplier-less technique. The proposed architecture was simulated
using ModelSimSE v6.5 and mapped onto a Xilinx Spartan 3E FPGA device and
synthesis report was generated. Simulation results demonstrated that the proposed
architecture can reduce hardware overhead, enhance circuit efficiency and
significantly reduce area. Moreover, the proposed architecture can be improved to
reconfigure to various other advanced wireless standards.
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