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Time shift and frequency shift operator

) time f
TroTows(t) = s(t — 7)ed?mv(t=7) red
, 7o8(t) = s(t — 7)el?mv(t-3)
Tous(t) = s(t)e>" \l%/ T
{ pRunk Phase distortion:e/™7
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. : TowTros(t) = s(t — 1)ei?™
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Non-commutativity of operators: 7., Ty, = e 72™7 - Ty, T,
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Time shift and frequency shift operator
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Time and Frequency shift operator

Kohda et al defind time shift and frequency shift operator 1

Definition (Time and Frequency shift operator)

7_"7',1/2('[3) = Z(t = T)ej27ru(t—§)’
T—]c'r//Z(f) =Z(f — [/)e_jQﬂ'T(f—%) 1)

Then the following property is hold.

Time and frequency symmetry

T2, = FTuFt (2)

1T .Kohda, Y.Jitsumatsu, and K.Aihara,"Signals that can be easily
time-frequency synchronized from their ambiguity function,"
Proc.ITW2013, (2013).
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Equvalency between TD and FD shift
operation

FD D TD
Fl | T, e 7
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These operators make manipulation on TD and FD plane
equivalent!
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)
z(t) = Ce "tg

2T. Kohda et al, “ 2D Markovian SS codes flatten time-frequency
distribution of signals in asynchronous Gabor division CDMA systems,
2011 IEEE ICASSP , 2011.

”

12 /41
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TD signature 4R

N =4 ##liCLT. TD template 5 signature #4mWd %
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FD template D4R
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FD signature M4

N = 4 #HliCLT. FD template 5 signature #4433
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Block diagram of transmitter and receiver
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Correlation calculation on TD and FD

On TD

3

e (0u; Fa) = (AT, vlk; X], TS W ToomYs uS [k YD)
22T () BTILI— MR, Ae™ MEEBROREER, vlk; X] %
BIES, FAEREECAVS U BOVICZOESOBERE, #5
X, Xy ORDYIZY, Y, TRLTWS,
On FD
iV (ko Bo) = (AT, VIE X1, TR 732 veUsY e Y]

Vg, X) REEESO FT, 2-HEEECAV5 USY RoTiczals
SOERIE, B2 X/, X, DRHYIZ Y, Y, TRLTWA3.
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Estimation of delay and Doppler

Find out a pair of (p’v*,éﬂ), (p*, k%) which maximize their

real part according to the following equations.

3) &
Cc., (Zu, /Cd S)
/% gk 0 , ,
(0", ) = argmaxpfvzﬂﬂ%—X;/A,gK

(4) 7

C (/{:Uy‘eD S)
p*, ki) = argmax, 5, R—2 il
( 0’) 0.k XpAem
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Phase Updating Loop Process

-, - (P70
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( k)
(pz, )
(py
b (p' k)

Von Neumann’ s APA (Alternative Projection Algorithm)

guarantees the conversion to target (tq4, fp).
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Performance evaluation with N = N/ =

N=N =207—R TD & FD TOKK

FD V figure

TD v figure

Figure: TD EFDH. Figure: FD R DA,
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Performance evaluation with N = N’ =

N=N =20D5—ATIk, BWEEMkEERLE 3
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with N = N’ =

Performance evaluation
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Ambiguity function with N = N’ = 4.
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Restriction of search range in case of

N =N =4
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Estimation of delay and Doppler

HEHEEMETHML TWH, T TIREDGETHEMT S
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(e, k
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L, = argmaxlul—A,gm
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Estimation Performance in case of N = N’ =
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RET/NS A =4 DHI

Table: B&Et/XS A —49 D—4l

[ BREE, | FREGES,

BRIXREY Y TV 4096 4096
EREOY > TILE 64 64

H D R 16 16
(ke itolidn 34 usec -
Y7V TR 33 nsec -
e 0 - 30 MHz
ERRH S AR RE 10 m

R R AR 6.9 m/s
AEIERE 80GHz
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