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ABSTRACT

Orthogonal Frequency Division Multiplexing (OFDM) is a
modulation technique which is now widely used in various
high speed mobile and wireless communication systems. In
this paper we show the design and implementation of an
OFDM transceiver for the IEEE 802.20 standard, featuring
a variable length FFT, and targeting a low cost Xilinx®
Spartan™ 3A DSP Field Programmable Gate Array
(FPGA). The design includes dynamic FFT size, variable
length cyclic prefix, and different window combination
options to meet the requirements of the wideband Frequency
Division Duplexing (FDD) mode of IEEE 802.20. The
resources occupied by each part of the design are analysed.
The paper also features test and implementation results.

1. INTRODUCTION

The aim of any communication system is to transfer
information from one place to another. For many years the
conventional modulation techniques used for this purpose
have been AM, FM, PM, ASK, FSK, PSK, i.e. single carrier
modulation [1]. To increase the data rate and to combat the
frequency selective fading in the channel, the multicarrier
approach has recently been introduced in a number of IEEE
802.xx and 3G standards. OFDM is a multicarrier
modulation technique which is capable of achieving high
spectral efficiency in multipath fading channels. OFDM
essentially splits the available spectrum into number of
narrowband transmission channels known as subcarriers,
across which the transmitted data is distributed; the data rate
on each subcarrier is therefore at a lower rate. At the receiver,
the subcarrier data streams are multiplexed back together to
form a single data stream [2]. OFDM finds widespread
application in digital audio broadcasting, digital video
broadcasting, 802.11, 802.16 and 802.20 standards.

FPGAs are flexible and reconfigurable integrated circuits,
whose functionality is programmed by the designer rather
than the device manufacturer. Unlike an Application-
Specific Integrated Circuit (ASIC), FPGAs can be
reprogrammed multiple times, even after deployment. The
high speed, parallel architecture provides complete control
over the degree of parallelism in the design, and arithmetic

wordlengths. This flexibility is a key advantage of FPGAs
over traditional DSP processors. Many recent high speed
digital signal processing applications such as networking,
video and image processing and communications are
implemented by using FPGA [2]. This work investigates the
efficient FPGA implementation of an OFDM transceiver
design for the IEEE 802.20 physical layer. Xilinx System
Generator and ISE tools were used to design and implement
the OFDM transceiver, targeting the low cost Spartan 3A
DSP 1800A device.

2. RELATED WORK

Since the publication of the IEEE 802.20 [12] in June 2008
standard a number of papers have appeared in the literature
on both modelling , simulating and implementing the
standards. The simulation and analysis of a complete 802.20
are modelled in [3],[4] by using Matlab where an end_to_end
Reverse Link (from AT to AN) transmitter and receiver are
simulation for AWGN and Multipath Rayleigh fading
channel models.

A number of other published works address the
implementation of general OFDM based systems on FPGAs.
In [5], Wouters et al investigate implementation aspects of an
OFDM-based wireless LAN modem, together with adaptive
configuration of the FPGA. M.Jose Conet [6] deals with the
design and FPGA implementation of an Intermediate
Frequency (IF) transceiver for the IEEE802.11a OFDM-
based standard for Wireless Local Area Networks (WLANS).
In [7] and [8], Garcia presents the design, validation and
FPGA implementation of an OFDM modulator for IEEE
802.11a and IEEE 802.16 using a high level design tool, and
also reports the resources requirements for the developed
system. Serra [9] presents a prototype OFDM transmitter
using FPGA for the Hiperlan/2 standard (i.e. the European
equivalent of IEEE 802.11a). Also, Dick [10] reports on the
FPGA implementation of an OFDM transceiver, including
receiver synchronization and channel estimation as well as
Fast Fourier Transform (FFT)-based modulator and
demodulator. The FPGA resource requirements of the
various sub-systems are reported and the design
methodology employed for system design, verification and



FPGA implementation is described.

However, while all of the above work deals with OFDM
implementations in general, they do not consider the IEEE
802.20 standard specifically. Therefore in this paper we
present the design and implementation of OFDM transceiver
for IEEE 802.20. In particular the work will address issues
related to wordlengths, cost efficient implementations, and
setting FFT sizes, cyclic prefix lengths and windows
included within the standard.

3. THE IEEE 802.20 STANDARD

IEEE 802.20 is a standard for high-speed, reliable, cost
effective broadband communication, and includes an OFDM
wideband mode and a 625kHz Multi-Carrier (MC) mode.
Time Division Duplexing (TDD) is supported by both the
625k-MC mode and the OFDM wideband mode; FDD
duplexing is supported by the OFDM wideband mode only
[11]. This paper is concerned with the FDD variant of the
OFDM wideband mode.

Both the forward and reverse link use OFDM modulation.
Transmission on the forward link is divided into
superframes, where each Forward Link superframe consists
of a preamble followed by a sequence of 25 Forward Link
Physical Layer (NFLPHY) frames. The
FDDHalfDuplexTDDPartition field of the Overhead
Messages Protocol defines whether a guard interval is
inserted between each of the NFLPHY frames. The
alternative structures of an FDD forward link superframe are
therefore as shown in Figure 1.

Figure 1 - FDD Forward Link Superframe Structure

Transmission on the reverse link is also divided into units
of superframes, with each superframe consisting of a
sequence of 25 reverse link PHY frames, and the guard
interval defined by the FDDHalfDuplexTDDPartition
variable. The time corresponding to the forward link
superframe preamble is left blank on the reverse link. The
structure of an FDD reverse link superframe is shown in

Figure 2..

Figure 2 - FDD Reverse Link Superframe Structure

The design presented is this paper specifies that
FDDHalfDuplexTDDPartition = 1, i.e. that a guard interval
is present in each of the forward and reverse links.

The OFDM symbol parameters for the different FFT sizes
supported by IEEE 802.20 are given in Table 1, where N+
is the number of points in the FFT, T,,,p is the duration of
a chip, Np is the number of cyclic prefix, and Tp is the
duration of the cyclic prefix. The duration of the windowing
guard interval, and the overall symbol, are given by

- T
and T, respectively. WGl

Table 1: Forward Link OFDM Symbol Specifications

N = N = N =
Parameter FET FFT FET Units
512 1024 2048
Chip Rate 49152 | 9.8304 | 19.6608 | Mcps
1
Tenip
Subcarrier spacing 9.6 9.6 9.6 kHz
N S
TeripNeeT
Bandwidth of operation 25-5 5-10 10-20 MHz
Cyclic Prefix Duration 6.51, 6.51, 6.51, us
13.02, 13.02, 13.02,
Tep = NepNeprTenie 19.53, 19.53, 19.53,
or or or
26.04 26.04 26.04
Nep=1,2,3,0r4
Windowing Guard Inter- 3.26 3.26 3.26 us
val
1= TomipNeer
WGI — 32




Table 1: Forward Link OFDM Symbol Specifications

Nepr= | Nepr= | Nppr= :
Parameter n
aramete 512 1004 | 208 | UM
OFDM Symbol Duration 113.93, | 113.93, | 113.93, us
120.44, 120.44, 120.44,
T = NeprTenip « 12695 | 12695 | 126.95
T or or or
cp. 1
(1+-SB+ ’E) 13346 | 13346 | 13346
16 3
Ncp =1, 2, 3, or4

Figure 3 - Time Domain Processing
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Figure 4 - Overlap and add operation for EnableHalfDuplex = 0
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Figure 5 - Overlap and add operation for EnableHalfDuplex = 1
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Figure 6 - The Mapper

Figure 9 - Window generator circuit

Figure 7 - The IFFT Unit

IFFT output. The cyclic prefix circuit is shown in Figure 8.

Figure 10 - The demapper circuit

5. RESULTS

Figure 8 - Cyclic prefix adder circuit



Figure 11 -

6. DISCUSSION

Figure 12 -

7. REFERENCES

[1] Stremler, Ferrel G, Introduction to Communication Sys-
tem.Addison-Wesley Pub. Co., 1990.

[2] Steepest Ascent Ltd., The DSPedia (www.steepestas-
cent.com)

[3] A. Jalili, S. Mehdi Fakhraie, S. Nader-Esfahani,”Perfor-
mance and Evaluation of IEEE802.20 PHY Layer,”in Inter-
national Conference Computer Engineering and
Technology, 2009. ICCET '08, SingaporeJanuary 22-
24.2009,pp.161-165.

[4] A. Jalili, S. Mehdi Fakhraie, S. Nader-Esfahani,”Effects
of Different Mobile Channel conditions on IEEE802.20,”in
International Conference Computer Engineering and Tech-
nology, 2009. ICCET '08, SingaporeJanuary 22-
24.2009,pp.287-291.

[5] M. Wouters, G. Vanwijnsberghe, P. V. Wesemael, T.
Huybrechts, S. Thoen,” Real Time Implementation on FPGA
of an OFDM based Wireless LAN modem extended with
Adaptive Loading,”in Solid-State Circuits Conference, 2002.
ESSCIRC 2002.Proceedings of the 28th European , Flo-
rence, Italy, September 24 - 26. 2002,pp.531-534.

[6] M. J. Canetl, F. Vicedo2, V. Almenar3, J. Vallsl,” FPGA
IMPLEMENTATION OF AN IF TRANSCEIVER FOR
OFDM_BASED WLAN,”in IEEE Workshop on Signal Pro-
cessing Systems, 2004. SIPS 2004,Austin, Texas, USA,Octo-
ber 13-15. 2004,pp.227- 232.

[7] J. Garcia, R. Cumplido,“On the design of an FPGA-
Based OFDM modulator for IEEE 802.11a,”,in 2005 2nd In-
ternational Conference on Electrical and Electronics Engi-
neering (ICEEE) ,Mexico City, Mexico, September 7-9.
2005.pp.114- 117.

[8] J. Garcia, R. Cumplido,” On the design of an FPGA-
Based OFDM modulator for IEEE 802.16-2004,”in Recon-
figurable Computing and FPGAs, 2005. ReConFig
2005,Puebla City,Mexico,September 28-30.2005.

[9] M. Serra, J. Ordeix, P. Marti,J. Carrabina,”OFDM Dem-
onstrator:Transmitter,”in Proc 7th International OFDM
Workshop,2002,September2002.

[10] C. Dick,F.Harries, ” FPGA Implementation of an
OFDM PHY,” Signals, Systems and Computers, 2003. Con-
ference Record of the Thirty-Seventh Asilomar Confer-
ence,November9-12.2003,pp.905- 909 Vol.1.

[11] A. Greenspan,M. Klerer,R. Canchi,J.Wilson,”
IEEE802.20: Mobile Broadband Wireless Access for The
Twienty-First Century,” IEEE communication Maga-
zine,vol.46,pp.56-63,July2008.

[12] IEEE Standard for Local and metropolitan area net-
works” Part 20: Air Interface for Mobile Broadband Wireless
Access Systems Supporting Vehicular Mobility— Physical
and Media Access Control Layer Specification”, 2008

[13] System Generator for DSP User Guide Release 10.1
March, 2008.

[14] Spartan-3A DSP Starter Platform User Guide, UG454
(v1.0) October 3, 2007.

[15] Xilinx ISE 9.2i Manuals - PDF Collection. http:/
www.xilinx.com/itp/xilinx92/books/manuals.pdf





