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ABSTRACT

This paper propose to methodology for deciding suitable bit size that minimizes hardware complexity and
performance degradation from floating-point design the fixed-point implementation of downlink traffic channel of
IEEE 802.16e OFDMA TDD system. One of the major considering issues for implementing fixed-point design is
to select Saturation or Quantization properly with the knowledge of signal distribution by pdf or histogram. Also,
through trial and error, we should execute exhaustive computer simulation for various bit sizes, hence obtain
appropriate bit size while minimizing performance degradation. We carry out computer simulation to decide the
optimized bit size of downlink traffic channel under AWGN and ITU-R M.1225 Veh-A channel model.
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E 1. TDD F8 =] H

Table 1. Main frame parameters in TDD system.

Parameters Values
FFT Alo]= 1024
o= 8.75MHz
A e 10MHz
ks el 7HA 9.765KHz
zHsd 3 AlE 42
OFDM Al& A7t 11524
fE AlE A7E 102.4 s
Cyclic Prefix 12.8us
TTG A7t 87.2us
RTG A7k 74.4us
TDD =3l ZHe] 5ms

E 2. 7 A8 kst A
Table 2. Sub-carrier usage per each sub-channel.
Sub-carrier | PUSC | FUSC | OFUSC | AMC
Left-guard SC 92 87 80 80
Right-guard SC 91 86 79 79
Used SC 840 850 864 864
DC SC 1 1 1 1
Pilot SC 120 82 96 96
Data SC 720 768 768 768

o] dlole] A% 7k PUSC H-Al'd (Partial Usage
Sub-channel) 77tz tho]w A €] FAd (FUSC:
Full Usage Sub-channel, OFUSC : Optional-FUSC)
77t = AMC (Adaptive Modulation and Coding)
A PR v 4 oodek 2 A digk
Fukgule] s pUSC HAIEe] 7§ FelE
2 whelell IhelElat dHlelelrt ddEw, FUSC
AL E QAT Te] FukET FEelA Al
TR o] Feid glow], AMC FAEE Mo
2l o] 87he) dlole] wkest vk 17he) seled
Fakgar) gk

m. stefal3 Eaf= =9l Fixed-point
o
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OFDM DL Receiver

Fig. 1. Transmitter and receiver block diagram of OFDM system.

E 3. weo| Ag sfepvle,
Table 3. Simulation parameters.

Parameters Values
Used sub-channel OFUSC
dlole] ykEa} 4 768
TR kst 5 96
HE iy 2/3 64QAM
FFT Alo]= 1024
Cyclic Prefix 128
Channel 373 ITU-R M.1225 Veh-A
MS (Mobile Station) <%= 60km/h

2l 2. Saturation®] AREE= 7520 A5 EE
Fig. 2. Signal distribution for Saturanon
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Fig. 3. Signal distribution for Quantization.
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3.1 SaturationZ} Quantization2| =&

H|E Alo]z= ZAd| glela] aeslo & Algke
& Saturation¥} Quantization o] i}l o]& H]
E A]z2E &Y da7t s Al AMEE W
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7F$-A18F (Gaussian) #¥5 zZ+a1 918 739l A%
=, olel= w2 7] 3elM A7 Az H¥xI}
UAE £¥5 zZk3w 98 7d-%-o|E QuantizationS-
ARE3le] LSB (Least Significant Bit)E Aok
Eiz=t

3.2 ADC

ADCE AdS 5% ofd2 ASE tAg
Az2 WHIA7l= g s "ok sk aY
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Ry B ] e i e I 0 g 1
A EH, v]E Ale]=r} 2RE - st=dole] Hab
T Zashs vk opdE AlSE tRERE A
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Al e} weba] 0|21t TradeoffS weisix A

g v|E Alo]z=E ZAAdel gtk 13 4+
ADC?| H|E Alo|=F A3lr] $I5te] ADCO HH
136 dlg Dynamic Range 7342 vephdlch

Dynamic Range®] &% HWH-2 Floating-pointell
] Full-loadingS |43l vbg A2 Ad
AWGN (Additive White Noise Gaussian)< £33+
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12 4. ADC9] dynamic range =4.
Fig. 4. Measurement of ADC dynamic range.
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A15°] PAPR 1(Peak to Average Power Ratio) 3}
RMS (Root Mean Square) PowerS =A3d}o] o]
T Zkell tigt *}o]E Dynamic RangeZ ZAAg}
ADC®] B]E A}o]=9} Dynamic Range =32 A
Y Coding/DecodingS A&+ Alelloll4] Uncoded
BER (Bit Error Rate)d A% L& Alg-slo]
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Fig. 5. Amplitude of ADC input signal.

— Floating

—&~ Bigma:5, a+1 Bits
—&- Sigma:6, a Bits
—£— Sigma:5, a Bits
—#- Sigma:6, a+1 Bits

BER

45 51 452 463 454 5 465 57 460 58 45
SNR

2! 6. Dynamic range®} B]E Sl w}2 ADC A5

Fig. 6. ADC performance according to dynamic range.
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Noise®} Clippingell ®2 SNR-2> 4] (1)} %] o}
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2b
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(20
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21 ()ellA M = Clipping Leveld} 313 Al&9]
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3.3 FXP FFT

FFT+= AIZb <499 dloles Fak dYe=
W33k = DFT (Discrete Fourier Transform)E 37
o2 Asr] 93k duE]E o7 Radix-2E ©)
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DFTE v} 2] 3)3 o] & & 4 9lrh

x,(n) = x(2n), n= 0,1,...,%71

N

x,(n)=x(2n+1), n =0,1,.,.,7—1 3)

Al (3)% N-point DFTel tsle] duls} A]7]w
A @} Zol 28 4 9lvk

N/2-1 N/2-1
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0 n=0
—1 . P N/2-1 .
x,[nIW ), + Wy x,[nIW 7,
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X (k)
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kAl FFT #A2 A (59 2] 338 +
©1, N-point FFTS 7Ash= 7P 7]#2jel
9= 2-point FFTolH, o]& Hash= Z=2o
ButterﬂyF/}I_’ “?1'5}.[3]

X, (k) + WX, (k) 0<k<=—-1
(k)= N NN
X,(k—?)+W{fX2(k—?) ?sksN-l )

Butterfly:= 2712] 13 ABE wuholx A (6)3}
2 2709 &4 X, YE WEIch

X=A+WiB, Y=A-WJ B (5

Radix-2 ae]Fos <lg FFT 13 2 39
HE = A (el web AW, a3 7
£ vehdc

o

Nr. of FFT Out = Nr. of FFT Input+Nr. of State

Q)
. + 11 Bit
10 Bit
a m a+b*Wn
*
+
b a-b*Wn
10 Bit T 11 Bit
Wn

32 7. Butterfly %Akl wlE g]-=H w]E.
Fig. 7. Input and output bit size according to the butterfly
operation.
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FFTY A& 19 83 7t}

I
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! 1
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12! 8. Twiddle factorell W& FFT A%
Fig. 8. FFT performance according to twiddle factor.
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3.3.1 Convergent Block Floating Point (CBFP)
FFT3= Butterfly®} 244 FAlog A= o
A SAS AxHA] FFT Core & F7+43) zle
HE a7} s "dE 7R A qlvk wehA]
Fixed-point %d4kE AM83l= FFTel Qlol 7+ <4t
wAlS] T 3hE AR U vE A|=R
Algksljol gk 7+ o4l wHAle] &3S FFT %
H|E Alo]=z Arhfs il wbie FrbAal v
w7l F8 gle Aol AR e Aale] ©Jgh
FFT =3¢ A3%7} "oz} SQNR (Signal to
Quantization Noise Ratio)o] Jolx]+&= whdo] g}
o]& 7WAlsl7] 913 WO 2 Fixed-point %3
7} Floating-point *3S &3¢ BFP (Block
Floating Point) 2~A|Q# 7]Wo] Aleke]gley*
BFP 2A193-& 7+ A4k wiA|9] 71 A3} Hlo)
ES oo AAg & o
Fo2 dHolelE AL W BlE Alo]=E
Akshz whle|A R, AA dHolelE As wur}
dester A¥Lanrt & AL /R gk
CBFP= FFT2] SQNR &AlS- 913}o] Ak 714
o dlolee] ik HRAoR o]Foixng, 7}
dlole] E52 qite] F3¥ AT o] FolA] st
T w2 7IEeR® dolHE 2AdHEEe] Wt ¥
EE Fol= wHoR Wy Ae|=E A4 &d +
o] gl
7 99} A (8)2 CBFP2 SQNRS AKX
HEZ

—_

53 W 2 g )

_u.,

Random Ideal CFFT
‘ Generator Modulation H FET Core SQNR
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32 9. SQNR ZA& 9|8 &5 rioje]zsl
Fig. 9. Block diagram for SQNR measurement.
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ok =9 gro] MssdRE FFT 299] A3=s
FolAlel.
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g e
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Fig. 10. SQNR performance with/without CBFP.
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Fig. 12. FXP FFT performance.
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Fig. 13. Channel estimator structure.
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Fig. 14. Channel estimation method (Av. & Copy).
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Fig. 15. Channel estimation performance according to inter-
polation value.
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el (KT, DatarCH el (avic 1800, Pt o GH welre [a >< 15)Em
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T2 16. A B Wi HlE =27 e A
Fig. 16. Channel compensation performance according to
internal bit size.
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Fig. 17. FXP channel estimation performance.
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