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( Phase Representation with Linearity for CORDIC based Frequency
Synchronization in OFDM Receivers )
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Abstract

Since CORDIC (COordinate Rotation Digital Computer) is able to carry out the phase operation, such as vector to phase
conversion or rotation of vectors, with adders and shifters, it is well suited for the design of the frequency synchronization
unit in OFDM receivers. It is not easy, however, to fully utilize the CORDIC in the OFDM demodulator because of the
non-linear characteristics of the direction sequence (DS), which is the representation of the phase in CORDIC. In this
paper a new representation method is proposed to linearize the direction sequence approximately. The maximum phase
error of the linearized binary direction sequence (LBDS) is also discussed. For the purpose of designing the hardware, the
architectures for the binary DS (BDS) to LBDS converter and the LBDS to BDS inverse converter are illustrated.
Adopting LBDS, the overall frequency synchronization hardware for OFDM receivers can be implemented fully utilizing
CORDIC and general arithmetic operators, such as adders and multipliers, for the phase estimation, loop filtering of the
frequency offset, derotation for the frequency offset correction. An example of the design of 22 bit LBDS for the T-DMB
demodulator is also presented.
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Fig. 1. Phase vs. binary direction sequence.
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Fig. 2. Binary direction sequence vs. phase difference.
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Table 1. Maximum phase error according to the bit

position of compensation, m when N = 22

m 6 7 8 9
max (|¢. )| 16414e-5 | 3.1883-6 | 2.04%e-6 | 2.0067e-6
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Fig. 5. Phase vs. LBDS when N=22 and m =8

2.5e-06

2¢-06

1.5e-06

= 1e-06
<

g se07
£

§ 0

s se07
2

[ -1¢-08

-1.5e-06

-28-06

-2.5¢-06 s .
0 411783 823566 1.23535¢+06 1.64713e4

Linearized Binary Direction Sequence (LBDS)

a8 6. N=22, m=8% m LBDSS}t At xie]
A

Fig. 6. LBDS vs. the phase error when N =22 and
m = 8.

m=8Y4 o Foi@ o) g LBDSE roFt}
—m~m9 94 — 1647131 ~ 16471319 & 7
T LBDSZ t&H™ ZAMHA A¥AHE Ad). 13
62 olwe] LBDSS 94 2ate] #AE HojFh
23 7& CORDICE ©]83 9233 7] (derotator) ¢
Egxolty, Y A2 ()8 FHHEA o
o]2WE AE (B, 9 By) o dE 934 4% (v,)

By —» — D
! CORDIC 4
i
Dy
=4
BDStoBDS | Yo 9 ul
Converter |~ 3 a
<
2 7. LBDS gAE 0|88 H3H7|
Fig. 7. Derotator adopting LBDS.
0
-20 H 1
_. 0 ]
3
£ 60 |
z
% 80 J
% -100
£
Z -120 .WWWVM
-140 ]
-160 . . :
0 500 1000 1500 2000

Frequency {in KH2)

a2 8. HEMY| £el MY U
Fig. 8. Power spectral density of the derotator output.

AR WE AEL2 W@ sl CORDICS Aot
By R Byt ¢,UF J3AH Fas 227 BA
W Dp % D7k 3, o]5& FFT <dlez ddd.

1Y 8& dE FEY N=22, m=89 LBDSE
AHEE 9317194 B R Byl BFE Utska ¢,
ol 32KHzE YRS W D; B D9 Fa5 A
1% RalFth A4y DMB (T-DMB) B27)¢A
At og -80dB o} £¥ (spur) FE& &7

e ol BERe o 4 gl

=
W

o

e ow

ol

v.a 8

OFDM zx7]9] F34= §7] gole thgd 944
dato]l srHh ¢4 oA WEst 289 AA4HEA
2ZRE 39 g4E ARSAY, 2 948 dE 2
Y, 283 349 Far oAF 9y 43E 92

ANE T4 F&ol F¥= o I CORDICE ©



OFDM £417/9] CORDIC 7i¢t Fa}

A

3 QA7 E AMete Fab¢ F7]d o3 ks
T8 5 Josz AAH vxx FH Ak
I3y CORDICSZ AXtd ek AlfA (direction
sequence, DS) © A& Ho|A] gdonz fihexte] ¥
ot g3l 4 ARt 59 ditdl AH 242
T Atk B =RdAe 3 Ad2EZEE A4S
zt= H¥ 49 (linearized binary direction sequence,
LBDS) & A, Hdl AF 24kl sl 43}
do}h. £ DSEEE LBDSE 9+ #8719 1 99
#2719 st=do} F2E AAE%Th LBDSE #4354
CORDIC # ¥t 2k&<d4t7|Z OFDM B&719 F3
F 57) fodog AAg + ok

[1] B. Floch, M. Alard, and C. Berrouy, “Coded
orthogonal frequency division multiplex,” Proc of
the IEEE, vol. 83, no. 6, pp. 982-996, June 1995.
M. Speth, S. Fechtel, G Fock, and H. Meyr,
“Optimum  receiver design for OFDM-hbase
broadband transmission - Part II: A case study,”
IEEE Trans., Communication, vol. 49, no. 4, pp.
571-578, Aprl 2001.

Y. H Hu, “CORDIC-based VLSI architectures
for digital signal processing,” IEEE Signal
Processing "Magazine, pp. 16-35, July 1992.

G. Gielis, R Plassche, and J. Valburg, “A
540-MHz 10-b polar-to-cartesian converter,”
IEEE ]. Solid State Circuits, vol. 26, no. 11, pp.
1645-1650, Nov. 191.

94, dAS, &7, “CORDICES o] &3
OFDM 3% $Al 5715 A4 € 74, JaF
33]=%A A45A SPH A5E, pp. 118-125 2008
g 99

A. Madisetti, A. Kwentus, and A. Willson, “A
sine/cosine direct digital frequency synthesizer
using an angle rotation algorithm” in ISSCC
1995 Digest of Technical Papers, Feb. 1995, pp.
262-263

S. Nahm and W. Sung, “A fast direction
sequgnce  generation method for CORDIC
processors,” in Proc o IEEE Conf on
Acoustics, Speech and Signal Processing, pp.
635-638, April 1997.

[2]

(3]

(4]

[5]

(6]

[7]

%

(362)

9t ME=Ol 9y B Y LA

A X 47

(A3
AETsta AlofAE
T3 AL £4.
AEER AAF
S8 AA 4.
AU AoAAF
T3 WAL &4,
199613 ~1997'd University of California,
Berkeley, Postdoctorate Researcher
19973 ~2001'@ LGA A}
2001d ~20100d ()9
20108 ~8A FLddE PR FAF5
<F@HAEE: OgAEFA, HEvugo] N5 Ae,
HrE A A A>

2 Al
1990

1992

1996



