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ABSTRACT

[n this paper, we propose a new method io jointly cstimaie
the Mobile VWelocity (MY and the Direction of Movement
(DM We exploi the NLOS nultipsih envisonmend with
Lnifoom Linear Asrays (ULAs) ai the receiver. We consider
the Crausaian and the Laplacian angular distributions for the
incoming angle of amivals, for being the most vsed ones in
the literaiure. The proposed methed uses the mag nitudes and
the phases of the received signak Cross-Corelation Func-
tions {OCF). We take a5 a benchmark the Tow Rays (TR)
approach for the MY estimates. Perfomance s assessed via
Monte Carlo simulations. Using the Roed Mean Square Ernor
{ EMSE}) a5 a mesmsure of per formance, our new estimator per-
forms well over wide MY and DM ranges and owiperfoms
ihe TR one forihe MY estimation.

Tnelex Terims— mobile velocity, dire clion of movement, cnoss-
comrelation function, SIMO configuration, WNLOS multpath
CNV I onTent.

L INTRODUCTION

The mehile velecity etimation plays an imponant ole in
wireless applications. Indesd, it is used for dynamic channel
assignment, handofl and adaptive transmission. The knowl-
edge of the mobile spead provides ako infommation about
the fading severity and inprovies the link quality,  Different
technigues werne studied for the mobile speed estimation.
[n[1] & Maximum Likelihood method besed on a polynae-
mial approximation of the sute-cerelation function is used.
Level crossing rale approaches were also considerad in the
literature for the mobile velocily esimation as in [2]. In the
latier, a Doppler adaptive noise suppression prooess in the
frequency domain is adopted o educs the effect of the addi-
tive noise, These twoestimators {Le. [1] and [2]) shaosw high
computational complexity since they use heavy mathematical
resslution techniques while exploiting the auto-comnelation
Function ked o ow-complexity approaches & in [3] and [4].
In [3], the derwatives of the awio-cormelation Funclion are
considencd and the incoming waves distribution is taken into
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account. While, in [4] a Two-Rays (TR approximation offers
chsed-fomm expressions and considers the presence of resid-
ual camrier fequency offset. Becently, we proposed a joind
eatimator of the mean Angle of Arrival (Aody, the Angular
Sprcad (AS) and the maxinwm Doppler Spread (D8 [ 5], Our
eatimator is based on the ¢moss-comelation functions (CCFs)
and provides accusake esimates for the mean Ao, AS and
satisfactory nesulis for the maxinuwm DS, In [&], meaxinm
DS and mean Ao estimaton is deve lopad, based onthe char-
acter Blics in the power apecirum of mobike fading of Single
Inpud Single Cutput { SIS0 and Single Input Mu liple Outpod
{ SIMO) channels. Indeed, the spoctrum of the meceived signal
i waed 1o estimate the maximum DS by finding is peak.
In [7], & mobike station velocity esimator is developed. It is
based on the spatial comrelation of the shadow fading, azimuth
and delay spreads of a mobile station velocity, A mobile ve-
locity and direction of mevement approach is derived in [8]
for & moebile o mobile configuration in a MIMO sysiem. To
the beat of our knowledge, the direction of movement esti-
mtion has not been addressed Tor the mobile 1o base station
configuration.

In this work, we exploit the nagnides and phases of
the cross-coanelation marix at different tme lags in ooder 1o
calimate the mobile veloc ity with & low complexity approach.
Then, we deduce the disection of movement of the moehile.
The angular distribution of the incoming Aods is talen into
aocound in the crods-correlation cloded- femm dier ivation. With-
oul less of generaliy, only Caussian and Laplacian ang ulay
distributions versions of the algosithm ane presented in this
paper. The same appeoach can be applied for other ang ulay
distributions. This paper & organized & follows. In section
[L wee describe the considerad signal model, We also derive
chsed-foom expressions of the CCF of the receivad signals
ina SIMO configuration for both Caussian and Laplac ian an-
sular distributions. In section LIL we developihe new veloc ity
and direction of movement estimator densdad by OCFE. In
section IV, we present and discuss the obtained resulis b fore
drawing oul some oone luding remarks in section .
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Nowation: We use || for the magnitude and arg for phase.
The upparcase and lowerncase letlers e present, respectivaly,
the mairices and scalars. The T denoies the estimaied values.

L SHaMAL MODEL

We consider the uplink iransm sion ovier a NLOS multipath
envirenment from a single source 1o &, Uniform Linear Ar-
ray { ULAY al the receiver as shawn in Fig, 1. The reczived
th

signal at the " ankenna element & medelad a5 follows [9):
&=
wmnitl = & .'-'I—E-If-: y’_lF;');“" e [t oos [, )1 + iy
+ gl {13
where

"?f. peower of the received signal,

I e ber of ool paths,

randem unknown complex constanis nomalized

1;:.5;51j5|'],r [ ETTTF - o ! E::__ iy = 1, s thai

r.'.'fl = E[|x; ()% —ﬂ:ﬁl,

ar  power of the Additive White Gaussian Noise
(AWGNY, 10 1), at the &5 antenna,

iy

d,  Aeds of the received signals follow an angular
distribution with & mean and a standard deviation
defined by the mean Aod, &, and the AS, o, re-
apectively,

¢ phases uniformly distribued over [—= «,

wo neemalized maximum DS,

Py direction of movement defined as the angle be-
twezn the direction of the mobile and the antenna
x5,

Linilv ez

Fig. 1. Incoming waves mode ] for uplink transamission from a
aingle mohile source.

The normalized maximum DS, oy, 05 given by oy =

22F,T, = [Z2aof TN, where F is the Doppler fre-
quency, T, s sampling rate, §. B the carner frequency and
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O =3 =« 10° mfs & the spead of light. Hence, estimate
the mobile velocity, ©, is therefone equivalent to estima the
Doppder apread won.

The cross-comelation matrix of the eoeived signals is
given by
Elrp(f)efit + 7]

o B e 1 EE[e (0]

f .P[Ep; 1 .r::l axp (—_r Tﬂ'._u &l [ﬁ'p:l:]

™

Ry lr)

BX [ —jutpT cos (@), —o ] jaf,, 2
with 8y, 8y, o) s the Probability Density Function (FDEF)
of the incoming AoAs. dy; is the distance beween the &
and the ™" antenna elements. In this paper, we consider both
Craussian and Laplacian angular disiributions for the incom-
ing Moots | 10]. We recall that our estimator is based on the
COFs. Our appeoach is divided inotwo sieps. First, we derive
a closed-Tomm expressions of the OCF and, subsequently, we
aplve an equations ayslem whene the unknowns ane the pa-
ramaters o be edimated. In the remainder of this section, we
derive closed -form expressions of the OCF for cach ang ular
disiribution.

#  Crencisient evigaclerr elisirfaction:

The PDF of the Gaussian angular disiribution is giving by

Py, B, o] =

—a
[EJ-I E||| ] ] {3]

L
oo xp [— 323

ey oW
In this work, we mssume small ASs, . Indoed, in macro-
cell environments, the AS does ot exceed 107 [9] and [11].
In this case, the lingarization [slaldy,) = slufy,) + (8 —
By ) oo 8 1) is applied 1o ensure regular integrals, We obdain
the Tellewing closed-form expression, R (), For the Gaus-
sian angular distribution using the entity {eq. 1573 in [12]:

2
[ =—

Rualm)
2

i !
I: G T oo (i o= ) o= =l & 1 (i :.} J
A
. . -
| __II.']“ o | ) Ll T &IT 8 e, [}

o Lopbecdenn eongacdenr olisiviBuicrion:
The PDF of the Laplacian angular distribution is defined by

Ej.l - E|||
-
WE
Assuming a small AS, the approximation [eos (8] =
cos(f,) — (8, — &, 1du(#, 0) can be considerad.  After
some algebeaic manipulations and wsing {ag.15.68 in [12]3,
wi htain the cross-cmnelation coeflicient for the Laplacian
angular distribution Ry, (7] as follows:

{5

Py, a,fm) = —=exp | —
LT
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1
1+ 2 [worsin (fu —a) + 2 duy cos (8]

Rulr) =

e [—J' ET“iu () — wer oos [#, — n]] L@y

The ebiained ¢losed-fom e xpressions of the cross-come ltion
coefficient ane used inthe next section in oadar 1o jointly esti-
miake the mobile veloc iy and the dirsction of movement. The
eatimaned cross-oorne lation coelficiens are given by

W=7

Z Felm) w4+ 7],

=l

Ru(r) =

Ny —7 7

where N, is the numiber of the received signal sanples

3. FORMULATIONOF THE KEW MY AND DA
ESTIMATOR

[n this section, we derive the Cross-Cosrelation Funetion
based Estimaws (OCFE)L To this end, the cross-comelation
matrix is considerad at different time lags to estimate the
mehile velocity and then deduwce the direction of movement
using {43 and {&). Both Gaussian and Laplacian versions are
developed hene.

1.1 Gaussian Thistribution

The magnitudes and phases of e OCF closed-form expres-
sions ane exploiied separsiely ai a time lag v # ) o follows:

a o 4
|Raaf7d] = exp -?{Lﬂﬂﬂ'ﬂ“[ﬁ'm-L'l::|+Td.H\'-ﬂi[ﬁ'lu:|} .

(2}

2x
LRylr) = ——dydull, ) —wpreos(f, —a). @)
Considering the ssoond 2ere time lag ¢ = (), yvields o the
follvwing expressions:

]

b
\Raa(0)] = exp [—"? (—%’eﬁummnlj ] 10y

2z
LRy [0) = —=Fdysin (&, ). (1
Sinoe we take into socount the inceming waves angular dis-
iribution of the recaived signals, we nead 1o estimaie their
mean Mo and standard de viation AS. The obiained estimates
ane then used 1o deduce the mobile velocity, In that case,
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the mean Aod is expressed using the phase of the estimated
crpas-cone lation coelficient, Mg, in {11

# = aresin (—iﬁﬂ[m).

The standard deviation is then deduced from the magnimde of
the cross-coarelation ooefficient, fo(0], defined in (10) and

it given by
y o (| fal0])

Ry o)

{12}

(13

Lsing the mean Ao, AS eslimates and by differentiating the
magnitudes and phases of the cross-correlation coefficient at
the two considened time Tags, we obtain the Tellowing mohile
vekecity estimaier expression:

i, = 1,-'#( [aﬂu[ﬂl - i-fil'-ﬂ[ﬂ]'J

- [%{J—mﬂhtﬂﬂ:—\#’—muﬂu[rm)]“)

The nuebile direction of movenent is then deducod using the
mean Aot expression defined in {12) and e maxinum DS
catimate @5 follows

{14

. £ Ria(0) — £Rul7)
ﬁ_ﬂm—alﬁln( P )

AL Laplacian Disteibution

As fior the Gaussian version, we oonsider separaiely the mag-
nitude and the phase of the cross-oormelation coefficients o
Follows:

1

it = '
l H[T]l 14+ #T-:l [l-ﬂlﬂ-f il [Em. —l'l'] - %dum[ﬂm]]i

{13

The phase of the CCF £ He (7] admiis the same expression
as i (M. We also, consider the choss-come lation mawix ata
zeno lime lag v = (0 a5 follows:

1
L+ 2 [ -2y cos (8]

As for the Geussian phese of the cross-comrelstion coeffi-
cients, we obiain the same expressionof 28, (0] defined in
{11, which yvields tothe same cstimaie of the mean Aod, &5

Wi ()| =

{186)
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im {123,

The standard deviation, is then deduced using the mean Ao
eatimaie and the magnitude of the estimaked cross-comelation
ol hcient, fg(il), as:

L4
{0}

"—f—" g oo [

(17

o
[ —

The mehile velocity estimate is then ohainsd using the mag-
nitude s and phases of the cross-correlation oo ficient defined
im (B, o 1Oy, (9 and (11

(4> )]

T
O R Y (L T - P )_.-'.v’.

1

i B

Since we obtain the same expression of the cross-oome lation
cogliciens phases with both Gaussian and Laplacian angu-
lar digtributions defned (% and (11, the mobile direction
catimaie admits the same der ved expression & in (140,

4. SIMULATION RESULTS

We assess the performance of our approach by means of
Monte-Carlo simulations with &, = 1024 samples. We con-
sider a Bayleigh SIMO channe | with /v, elements spaced by
a hall wavelength at the receiver. In this work, we consider
Na = S butother configurations can be applied. We adopt the
channe] model deseribed in [9) for the SIMO con figusation
with Craussian and Laplacian angular distributions instead of
the Yon-Mises one. The signal 1o nose ratio s se al a0,
the camier frequency at . = 0% s and the sampling
time & T, = 1/ 1NN 5. We take a5 a benchmark the TR
approach [ 4) for the mobile velocity estimates.
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Fig. 2. RMSE of the mobile velocity estimation Dor the Gaus-
sian angu lar distribution.
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Fig. 3. RMSE of the mobile vielocity estimation for the Lapla-
cian angular distributicn.

In Fig. 2, we nvestigate the mobilke velocity estimation
for the Craussian angular distribution. This sinulation s per-
formed st a mesn Aod, &, = 107 for both low and high AS
valwes{ie. o = 17 and 6. Our estimaior & valid for any moes-
hile spead. Indeed, we study the mobilke veloc ity estimation a
a apead range between L R /e and B Ko {ie. wpT
between (U005 and (0012 rad). As one can notice, the CCFE
algorithm cutperfomms the TR one for both sudied scenar-
i, We nodice that the eror rate increases forhigh AS values
(e a = ) this is due 1o the considersd Taylor expansion
in the cloded- foom expression of the OCF. But, even for high
AR walwes the OCFE s1ill achieves accurae cslimales compar-
ing 1o the TR algorithm. We note that, our approsch provides
accurale estimates eapecially sl a high mobile velocity,
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Fig. 4. RMSE of the mobile diroction of nmowe ment estimation
ate = 1 for the Gausaian angular distribution.

W recall that cur approach i based onithe cross-cosrelation
cocfficient, which is function of the angk spread, distance
bemwvozn ankenna clements and the mean Aocd. Knowing that
A0S disribution gives similar spatial comrelation for the
same angular spread [ 10) and [13], we obtain clse RMSEs
fior the considered angular distributions as llustrated in Fig. 2
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and Fig. 3.
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Fig 5. BMSE of the mobile direction of musement estimation
al AS o = 17 for the Laplacian angular disiribotion.

The direction of movement estimation is evalusted Tor
hasth Graussian and Laplacian angular distributions in Fig. 4
and 5, respactively. W phst the resulis obtained with the es-
timatad velocities for Boih low and high mobile speads and a1
diffierent mean Aod valwes] Le, &, = " and 5. Since the
miehile direction estimatke expression is function of the mo-
bile velocity and we ohtain a lower emror rate of the mohile
vielocity edimates for high velocities, our approach performs
accurake RMEEs espacially a1 ahigh mobile speed.

E COMNCLUSION

Mo low comp ke xity approach is proposad in this paper for
e sy il vie ko ity @nd the direction of movemend @stimati on.
The magnitudes and phases of the 5 MO cross-comelationeo-
efficients are exploied o simultan: cusly estimate the desired
pammeters. Both Gaussian and Laplacian angular distribu-
tions are considensd noa NLOS muoltipath envisonment. Sim-
ulation resulis showed that, cur approsch cutperfomms the TR
algorithm fior the masimum DS estimation. Exhaustive oom-
puker simulations were performed for the direction of move-
ment estination and the resulis showed sccurae esimales.
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