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AHSTRACT

Wisen w/4 ofser DQIPSK signals are sulijeciod o thino
varying multi-palh reception, both amplitude and phase
of the algnal experionce severs dlstortion, This effect
le called far (in frequency) fading, which causes sud-
den nlgnnl wealanlng often obsorved in 0 moviog vahicls,
AGC {Aatomatic Gain Control) can compensate ampli-
Eidi Austuatkn albee Ue modulus af 704 affset THIPSK
is constant, On the other hand, phase fuctuation moust
b corrected based on Bl knowledge of amplitude Auctu-
ntiom, It I8 known that instantansous phse differential
can be eatimated from the amplitude, provided if signal i
of minlmuem {or masimum) phisss, This paper discusss
how to estimate the phase when flat foding obscures the
phase of conatant modulus QAM carrbor signnl by uiing
the Hilbert tranaform aod the amplitude infonmatbon.

[. InTROBUCTION

The emerging PCS atandard 15-54 has pdopled #74 affset
DQPSK digiial modulstion scheme for wirekss cellulsr
gystems, The n/4 offset DQPSK ks phase modulation of &
constant meduls. Mobile ILF chonnels experiencs shoet
tarm fading due to the standing wave sstablished by the
nuparpsition of waves travelliog over naultiple paths of
diffierent lengths, The nolls of the standing wave ocour
eviey linl! wavelength of the HF wawe, [L las besn me-
ported that a vehicle travelling a velocity of 100km,/h
whll eneounter & mill at every 6 3me If RE foquency B
al 850MHz. |2 The x/4 offset DPSK operating at &
Aub-carrier Grecuenoy o alfected by this Nat fading of BF
propagation channel. Flat fading implies that all [re-
quieticles cecelven Lhe same amoaniil of fuding at any Lime,
A comstant modulus QAM slgnal of the Nth order can
be represented by

anft) = Ag efbre R nitind iL)

solf) is p complex wave to be usually observed in the 1)
phase plane, Where, n{t) & one of the Integer number
mom 01,000 N~ ] pepresenting a aymbol of & poasllle
syimbols for the constat modolus QAM. # is an offsst
angle. In the case of 7/ offset DOPSK, N = 4 and
& = /4, When this sigmal is tramsmitted throogh A Ast

fading channel, it recelves pnplitude and phase distor-
Ly, The reesivid wsd domedulnisd sgund n L b
band is, theretore,

#lt) = At) o', 12

Where, Alf)] 1o pmplitude Buctuntbon snd @) beludes
the pll.l.un shilt |:|-].' :mdlnﬂ I | ph.p.nﬂlbnh'lnl.hh. [ Lhe
problom of etimating the carrier phose, the phase fuc-
Luatlon due b multl-path propagstion and the Doppler
ofect nesds to b estimated.  IF the corrier phase Auoce
tuation 18 estlmated entirely from the magnitude, and
oaly the special case of the constamt moedolus QAM &
eomsiderod, the ploss shilt incodseod by QAM modu-
lation can be kgnored, sibes the QAM modulation does
it affect the amplicude A(t). The phase fuctuakion,
now represantad by @(L) severaly afects the detoction of
the modulated phase of $Fn(r). Automatic gain control
(AGC] can koop A{f) reasonably constant so dhat the key
to the problem ia to estimate $(f}. Practical RF chan-
wiils mra pok Aat over tl frequeney range Lo f,02 (balf o
sampling frequency) or & raised cosine frequency respomss
which wareante th channel to be froe fvom bster-symbol
intecference (151, However, it is assumed here thot the
chanrml lsall 1a ldeal,

In oeder to separate the phase, we pow consider In alf)
instend of () and differentiante it with respect to e L.

j In sl =
Tlous, thie problom of astimating the pluso $L) pow be.
comest a problemn of fisding the Imaginary part j%ﬁ{f]
from the real part <che S A0, Theee s o feasibi so-
lution to the problem of fndivg the real part from the
limpginary parl of vice versa, prescaked In the arbleks
[1]{8]. A simllar work applied to the specific case of x /4

offsat DHQPSE problein estimating the phase differential
from the amplitude s reported I the arclele [2].

6y [ 1] i
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dt Alf)

whare W in the Hilbert teanaforms, A nsore detailed inver-
pretacion for this selation is given in the next section, [t



8 kwown thiai this solatlon requires slgiuls Lo satlsaly L
minimn or maximum phase condition,

M. REcovERY OF REAL OR IMAGIHARY PART OF &
CoMPLEX S1a8AL

Suppose we have o comnplex ggual s(nu} = 2in) + jyln],
for which a{n) bs dofined for the range of i o= 0,0, N =
L. Drefine s mirror image sequence Eq, and g i) such
that

Iminl =2l -t =1}, wymin)=pN -nu-1% (&)
We frst augiment the signnl =+ jy with e [n) and g, (nj
o doubbe the oglh to moke it twkee & long,

{zh+ Jlyl = 8 = {g.xm) + Jln ~tim) (6)

The resulting vector (2, T ) i5 apparently symmetcic and
by =l ) 10 maymmelrle, Dofion the oparstos 4530
that transforms o symmetric vector Lo 860 ASYMMetric
vietor ta make the subseguont discumion shimple,  Fos
exanmple, ASYMiT, ry) = (r,—35). Also, DFT and
ITET wre the diecrete Fourler transform and the b
vorae dlscrete Fourder transform aperntor, respectively.
Consider the following oporations:

TDFT{ASYMIDFT Iz, 2m1})

= (0,0) + f(2, 0 ) (7)
IDFT{ASYM{DFT (3, pa )} }

= (fh ~@m} + 3(0,0) (8)

Saee [ Euy ) 18 Aymmetsle, i DET posilis b s reml sy e
metric vector. Comverting the symmettic DFT into an
nsymunebric veotor, the lnst operator of IDFT produsos
an symmetrle lmaginary vector. Similarly, the DFT ap-
plied to the psymmatric (i, —je ) rosults in an imaginary
asymimsebTic vector. Forcing this lo becoms n symmelric
vector by the asymmetric operator, the last operator of
IDFT produces an real asvenmetrhe vector, Bloce ihe re
sult of Eg. T is imaginary and the result of Eq, 8 s real,
Lhess nre now combxined Lo moks a ew veolor,

ag = {ff =fm) + J{Z, 2m) ()

We now seek for a condition to reconstruct a sero paddod
orlginal algnal & having the size of 25 from the iwo sig-
nals 5 and s3. That is,

(.0} + j{3.0)
= %[ 5y = I:J

= Sl Ew) 5 =g )] 4 S8 =) + 32, 2]
" Z],[I:i' = ) ARy En )] (D)

Therefore, we find the necesanry condibong, rg = jiy
and Fpy = Y. This implies that £ = § and 2 = ¥,
Boraush Fe and o, ofe the mireor imoges of & asd
§. Becalling the fact that the thres singe operations of
TOFT{ASYM{DFT (L)} followed by swapping the
renl part wd the imaginary part s equivalent to the dis-
crete Hilbert transform H{.}, we have # = H{r} ond

zEbbbEz.

T

L

Figure B Amplitude and phess differoutial changes over
a course of time, (Phasa in logarithmic scale}

i = Mg} Thus, we can conchido with bl final pesld,

y == Hz} [ 3]

The real part and the lnaginary part of the signal
s(n) = zin) + jyin] ore related by the Hilbert trans-
form, However, ao eallsd mbnlmun phsss condibion must
be met for the above relationship to hold, I o zero of
the signal sequence s(nl, n o= 0,1, & = | [ locoted
ab Rel? the contribution of lts reciprocal zera B~ 1e™
is equal in moagnitude, but diffsrent in phass.  Thare-
fore, It & known that phess cannot be ualgeely deer-
mited from magnitude, unbess tle minimum phase oo
dition ks impossd to the signel sequence sin), Finding
the phase fronn the magnbtude in the polar coordinates,
or the imoginary part from the real part in tho carteshan
coopdinates ks possiblle only when all zeros of the slgnal
poguenis (8 confined within tha unkt cirale, e, minkom
phase. This condition causss probbems when the method
la lmapbomentid 1o & proctical problom,

I11. A Mobew oF Fuat Faotvdg OHANNELS

A model of the constant modulus signal encoded with
N opode words, recelved in & moving vebbkcle, affected by
multl-path propegation, can be represented by the fol-
lowlng equatlon,

s(t) = ¥ el T O o re e

(13)

The summation over the subscript { means b0 account
all paths of propagation, o represents the galn in path
£ o, 5, s snd & are the constants that depend om
the the locntlonn of the base stotion, refection surfaces
and the lecation and welocity of the wehicke, n(f) is an
Intager represonting oo symbel being tronsmitled, A caan
In which reflectlons core [fom Lhree near-by aorfaces i
sl in Fig 10 The anplitude shows dramatic changes
that pocompany changes in the phose differential {Arst
thine derlvative of the phasc), This Information of phase
differential can only be caleulated by the signal model
given in Eq. 13 but not available for practical receivers.
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Figure 2: A QPSK waveform affected by lat fuding

Large spikes can be observed in the graph of phase defar-
eiithal when the amplitude encounters Ui skl oe Lhe
mitkma. It s also apparent thot the time derivative of
ithe amplitide |8 reflected o the phase diferentisl, aupe
portlng the basse relationship given by Bqg, 4. Reorivid
constanl modulus QAM signaln affectsd by multh-patd
propagation 8 compersated In terms of amplibsde, per.
liagm by manns of autematic gain control (AGC), How-
aver, the phese Austuation due to the multl-path effect
can only ba compensated with the help of Eq. 4. Forthar-
moea, Che caboulated phess differential must be integrated
to obtain the phase.

IV, SimuLaTion Resuvrs

Using n QPSK signal genoreated socording to the slgnal
model represented by Fq. 13, the performance of the
phnse cotbmation method glven by By, 4 was studied,
The renl and the imaginary part of the complex wave
alf] and ke amplitude are aown i Pig. 2. In Fig 3,
The phase fuctuntion without the phese modolation is
shown in the top panel. The second panel showa the
phase pard of the modulated signal (). The third panel
from the top shows the phase after removing the phase
Nuctuation sbown In L top pane] from the second panel,
The fourth pamel is the same phase as the third panel,
bt platted In angls manaueed within the rangs of =% o
+x, which corresponds bo the angle of the randomly gen-
arated 4 possible QPEE code wards, The boltom panel
ls the amplitude, The graphs in Fig, 3 demonstrates that
avan if the QPSK algnal s sevarely affected by Aat fnd:
ing, the demodulated phass slgnal properly represents
the teanamitied code words as bong as we keep track of
the phase Auctuatlon, exactly.

Fodlowing Eq. 4, the magnitede differautinl 2408 wis
calculabed as shown in the top panel of Fig. 4, Dividing
this by the mageltudes alown in the second panal, the
third pane] showing the phase differential divided by the
magnitisde wis obtained. Then, the Hilbert transform
was applied to the graph o the third pamel, by using the
algorithim discussed in Section 1L The graph in the fourth
panel §s the phase differential signal necessary to caleo-
late the sccumulated total phese change. By integrating
the phase differential, the total phase acoumulated From
the cnaet of the glghanl was alstained as shown in the bot-
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Figure 3 Demodulation process of the CQFSK signal un-
der fiat fading using the known phaae,

EANANSVANNVAANN

i g = - ] =4 1ETm FEE MR FET

i\/\/\f\/vbif_fm\’r\ﬂ. s

Jma i bW R

_..—_—q_—_—_n—h

'-.—||.r\.|.|- _.,___

e .
-EI
S
L]

A
T —

il i P Tkl

- =)

£
L]
i
E

i
L = = A L L] i TEOD D PR OEN
1 s

j 1] T __-:'ﬁl:-*"

L] L T L L L

Figure 4: Estimation of the phase ander fat fading by
mesia ol Lhe Hilbert tenomform,

tai panel of Fig. 4. The known phase Auetuntien snd
that of the calculated are overladd im Ehis panrel,

The graph that starts out higher, tlen crosss over Lo
womne bekow the cdher line s thw cabeulnted total phese, in
the bottom panel of Flg. 4. The other s which ahows
n jump around 1900 in the horisontal seale & the known
phass, Compasing these two graphs, one can notice a
similarity between the two graphs. However, they do wot
sjulte ngres each otler, In this simulstien, te minimum
phase condition was not checked. The minbmum phase
condditlon |, gonerally speaking, satlafed lor o long sighel
aaquere sueh bl thils case. So, Wbk not diffealt oblain o
reascrsalile similarity of Lha caloulobed plinse to Lhe Lrue
phase. However, when the signal is segmented in much
snnller pignal ssuences, those ssquences that ocour el
nulls or pear gero in the magnitude tends to be nop-
minimum phase, The rewson fer thin disngreement s due
Lo Elose Tidden non-minimoimn phase ggial segmeits,
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Figure 5 The constellaton of QPSK code saguence,
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Flgure 6; The constollintion of demodulated QPSK code
sequence: after magnitude amd plase are conpensated.

The consellation of the QPSK code ssguence used in
L signal is shown I Fig. & The constallatlon obtalned
after demodulation ia shown in Fig. 6, where both of the
mingnitisde aml phase e compasated, Because of L
discrepancy observed in Fig. 4, the stars in Fig. 6 are
ilistrilauted to forn lour clustem,

V. CONCLUSION

The method to recover carrier phase Tor constant medu-
T QAM =signnli alfectel by Aat fading was diseusssd in
this paper. The baslc priociple given by Bqoa. 3 and 4
is a feasible approscl to the problem. Since this prob-
lemn is of the pon-linear channel equalizntben probbem,
other methods uaing higher order statistics such as third
or filth order cummulants wre applieabils, However, ihe
proposed method ks far simplar and requires much bess
oomnpailations, The simulation alwwn demonstrated thit
the method works reasonably well even in the severe fad-
ing diee o bhe Dopplor effect of o moving whicle, How-
ever, the weakoess bn recovering the imaginary part from
the real part by the Hillert teanaform la tha mlnlmuam
phase conditlon. Onee the mintmum phase condition is
viokated by & given signal soquenee, the result is incorreet.
This lnppens more lhely when the magnitude becones
near zero, However, calculated is fortunately the phase
differential, which ks to be integrated o yhold che plinse,
lguoring the periods where the magnitude suddenly drops
down ko near gero merely introduces an phase offset from
Eluad. thine and altorward. I = guite possible to estimate
Elils cffsat feom bl rototbonal shift of cliasters in the con-
stellation, The study of sduptive carrier phase recovery
biasd on Lhis nollon & currently under way. This paper
reported a compreleonsive simulation stady of ihe basic
prineipla,
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