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Abstract:

Taylor series is useful mathematical formula in many applications, even in the wireless
communication. It is used in some papers to create converged algorithms to find the location of
mobile, the attacked sensor nodes, etc... However, the paper uses the Taylor series to predict the
transmit beam vector as a function of time through a limited observations of MIMO channels at the
receiver in the multipath environment having the obstacles in a rotation around the transmitter. The
simulation shows if using beam vector at any time using value of the proposed function of beam that
can make higher capacity (bits/s/Hz) compared using SVD (Singular Value Decomposition) at the
beginning of moving receiver.
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Toém tat:

Chubi Taylor 1& mét cong thirc toan hoc hitu ich trong nhiéu (ing dung, thdm chi trong truyén thong
vb tuyén. N6 dugc dung cho mét s bai bdo dung tao céc thuét toadn hdi tu dé tim ra vi tri chinh xac
cla di déng, cAc nit cam bién bi tdn cong... Tuy nhién, bai bdo nay sir dung chudi Taylor dé du
doan burc xa phat nhu mét ham thdi gian thong qua mot sO [an quan sat kénh truyén tai may thu
trong mdi trudng da dudng khi ¢ chudng ngai vat di chuyén tron quanh tram phat. M6 phéng
chirng minh néu dung vector birc xa tai bt c gia tri nao trong ham thgi gian cai tién trén, dung
lugng kénh truyén (bit/s/Hz) cao hon viéc chi st dung truyén thong vector bilfc xa dung phan tich
gia tri riéng SVD tai thdi di€ém may thu bat dau di chuyén.

Tur khoa:
Chubi Taylor, MIMO, du doén birc xa, dung lugng kénh truyén.

1. INTRODUCTION where the scatterers are static for
In [1], [2], they describes MIMO channel proadb_and mobile or massive MIMO, t_)ut
in reality, some scatterers may move like
. L . . . air blocks, autos, motorcycles, etc... When
Ngay nhan bai: 11/11/2017, ngay chap nhan th tt the ti d .
dang: 8/12/2017, phan bién: TS. Nguyén Lé _e Scatterers move’ € 'me_' omain
cudng. signal vector received by the mobile:

8 S6 14 thang 12-2017



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG DAI HOC BIEN LUC

YR ()= H(EsT (1) +n() "
where s (t) is the time- varying transmit
signal vector.

H(t) is the N x M channel matrix where

each entry h”m(t), IS a composite time
varying channel response between the m
th transmit element and the nth receive

element at the receiver. It can be
determined by [3]:

|_ i
ham(®) = Zaye 10 (2)

=1
o~ ix((m-)singyst +(n-1)sin¢sR ), jx coseyvt

where ¢ , 4 are the transmit and the
receive angles of the |th physical path,
correspondingly, the transmit angles are
functions of time due to the motion of

. 27 .
scatterers and the receiver; x = 77[ is the

wave number where 4 is the wavelength

of the carrier signal and % is the
composite  complex  valued I th
propagation path strength, defined in [3].

The SVD (Singular Value
Decomposition) is often applied to form
the beams at the transmitter. If channel
matrix is known by the receiver, it will
use the SVD to find the eigenvectors and
the eigenvalues by using the analysis
below [3]:

HH ()= zzvH ®)

It is assumed that there are L physical
paths between the transmitter and the
receiver, therefore matrices of
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eigenvectors Z,V has sizes of M x L and
N x L, matrix of eigenvalues X has size
of LxL. Matrix Z has L columns
z),1 =1:L, called eigenvectors which the

receiver feeds back to the transmitter.
The transmitter creates beam eigenvectors

up,l=1:L to increase the channel
capacity, based on:

H
up =z, (4)

The direction of
receiver
movement

Scatterer l

-
= -
-

M elements

N elements
Scatterer L

Figure 1. The multipath environment
where a scatterer 1 moves in a circle

2. TAYLOR SERIES

In mathematics, a Taylor series is a
representation of a function as an infinite
sum of terms that are calculated from the
values of the function's derivatives at a
single point [4]. Based on characteristics
of Taylor series, any signal can be
determined through its higher deviation. It
can be described as below:

()= 1O o) g,
f"(a) "(a)
2 (=) + 3 (=2

()
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Some papers [5], [6] use to create
converged algorithms to finds the location
of mobile, the attacked sensor nodes,
etc... However, the paper uses Taylor
series to predict the transmit beam vector
as a function of time through a limited
observations of MIMO channels at the
receiver in the multipath environment
having the obstacles in rotation around the
transmitter. When physical path changes,
the beam vector has to be changed
direction to track on this movement of the
path. If the 2" path changed gradually
with a constant velocity in a rotation
around the base station, beam vector

U, (t) should be rotated the same velocity.
Other beams vectors u,;, i=1:Ki=1to

K are assumed relating to original beam
vector up(t) as its derivatives with the
order of 0 to K-1, where K is the times the
receiver observes the channel matrix.
Therefore, after K times of observations,
the transmitter has K eigenvectors uj ;

that are fed back from the receiver in the
new method, it forms U, (t) and will uses

this beam for further time (in a long
term). The receiver stops feed back the
eigenvectors to the transmitter. This is
different to the SVD which requires the
instantaneous update the eigenvectors.
This proposal can be proved exactly for
increasing by the simulation presented in
Section 3.

3. THE COMPARISON WITH THE
USE OF THE BEAM VECTOR AT
THE BEGINNING OF MOVING THE
RECEIVER

The simulations have been conducted to

show the relationship between vectors
uzj, 1 =1 : K of the matrix U (applying the
SVD to matrix H(t) ) and how to predict
the beam. Here, we present the MIMO
two-path model in which there are 4
antenna elements at both the ends of the
model and only one moving physical
path. The signal departs from the
transmitter at the beginning angle of
315°(beam 2 in figure 2,u,(t)) then the

path moves anticlockwise with a constant
angular speed. The signal also arrives to
the receiver at the constant angle of 120°
(considered far-field to the receiver). The
carrier wavelength is defined as 1 (m).
Inter- element spacing at both the
transmitter and the receiver are 0.5 (m).
The proposed covariance matrix is built
by the receiver using K =8 observations
with the rate at 1 per second to extract the
vectors upj, i =1 : K. The new discovery
is illustrated in figures 3 (the path moves

with a speed of 15(°/s)) and 4 (2(°/s))
wherein we see, at the convex points of
i th array factor, values of the (i+1)th

array factor are concave or convex and
vice verse. Based on a Taylor series
expansion, the future transmit vector

uz(t)can be described as a function of
time, through the vectors u,;, i=1: K:

up(t)=upq +tup o +%t2u2,3 +...

1 K-1,
K!

(4)
2,K

This prediction can inform and lead to
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predicted the transmitter know and form
the optimum beam pattern at a future time
t then can maintain the accepted channel
capacity for a longer time, for example,
for the model in Figure 1 comparing with
the beam vector extracted from the SVD
of the channel matrix.

Beam pattern Beam pattern
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array factors
array factors

transmit angle transmit angle
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Figure 2. Two beams are simulated
at the beginning of moving the receiver
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Figure 3. Beam 2 is simulated at 8 times of moving the scatterer 2 with velocity of 15%s
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Figure 4. Beam 2 is simulated at 8 times of moving the scatterer 2 with velocity of 2°/s
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Figure 5. Channel capacities using beam
vectors uUj atthetimeofls,2s,3s,4s,10s

(predicted) and 15 s (predicted) compared
use of u; at the beginning
of moving the receiver (0 s)

Based on figure 3 and 4, we consider the
other beam vectors at 8 times of
observations as the derivatives of u; and

can apply Taylor series to generalise the

beam vector u)(t) as a function of time.

This helps the transmitter to determine the
beam vector for the 2" path in a long
term.

The channel capacity can be given by the
beam vector taken at any time. In figure
5, times to determine are 1, 2, 3, 4, 10
and 15 s. The capacity can be improved
when not using Taylor series and using
only u,(t) at the time of moving the
receiver t=0, especially good at the
further times.

4. CONCLUSION

The paper has used Taylor series to
predict the beam vector along with time
as a funtion. The environment has some
physical paths in which a physical path
moving a circle around the transmitter.
The paper shows if the transmitter uses
any value of the proposed beam vector
take a specific time, the channel capacity
can be higher than the case just use of
SVD of channel matrix at the beginning
the receiver moves.
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