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Beamforming with Precoders Based Millimeter

Wave Communication System

L)

Chack far
updatas

Sarala Patchala, M .Sailaja

Abstract: The 5G communications are used with baseband
Precoders and Beamforming. The Technology is needed to
update, all available characteristics in the present Wireless
Communication System (WCS). The Hybrid Beamforming
systems are across in the RF and Digital domain. In the mmWave
MIMO system, the numbers of antennas hasincreased to improve
the Spectral Efficiency of the system. The proposed algorithms
observe that system performance for different SNR range.

Keywords: mmWave, MIMO, 5G

I. INTRODUCTION

In MIMO [1] systems a serious problem is introduced with
the number of antenna and the number of different users. The
5G involve the main goals for the High data rates & Lower
latency network access. The available bandwidth in the
spectrum used with sub 6GHz not satisfies these
requirements so that to meet the above requirements by using
mm wave range. Due to this problem its use was avoided by
using pre-coders in the system [2]. Here we proposed a full
baseband pre-coder, which compares the simulation results.
FOMP is the improved version of the OMP agorithm [3].

Il. SYSTEM MODEL

The MIMO Base Station with M antenna uplink /
downlink with K [4] uses channel coherence block S
symbols. The overall Spectral Efficiency roughly limits to

min (M, K%) In Future, MIMO with improved wide-area

coverage would & handle super complex scenarios.
Distributed for linear, Rectangular [7] & Cylindrical
collocated deployment 1D, 2D & 3D arrays. Zero forcing
processing cancelsinterference spatialy [6].
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Fig 1. Base station overview
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Hybrid Beamforming (HB) technique is used with a partition
of the beam between analog & digital domain. These HB
technique design are for combining multiple array elements
into a sub small array modules.
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Fig2. System M ode

Considering asingle user Hybrid mmwWave [7] MIMO every
RF chain connected to antennas at the transmitter with unit
magnitude phase shifters. Single user Hybrid mmWave
MIMO the baseband side is displayed in Fig.1. The Fig2
illustrates that downlink of baseband combiner. The Down
Link (DL) [9] on the Hybrid single-user Channel model
illustrated in Fig 4 Here proposed the dynamic sub-band
allocation to avoid DL interference [8]. The goals of the
Resource dlocation are to eiminate interference and
optimizing the capacity in the n/w. The transmitted vector is
given by
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Fig3. Single user RF chain after pre-coding

Where S=symbol vector, Ng < Ngzp < Np and
N < Nyr < Ny both the conditions are needed to satisfies
for the single user [17].
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Fig4. DL baseband combiner

s = Nyx1
Fpg = NppxNg
FH = Fé{BF}?F

The transmit symbol covariance asE{SS¥ } = Nil .

Here one ecifies that unity. .
. . . Pt Yo West and WepH Combiner.
I is the identity matrix. Ns is the number of
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trannsmission equally distributed
for all elements.

E{XXH} = E{(FBBFRFS)(FBBFRFS)H}
= E{SFlgIBF}gIFSHFBBFRF}
= E{SFFHSH}
= E{Tr(SFFHSH}
= Tr[FFH)E{SS"}

1
= —Tr[FF"
~-Tr[FF¥]

S
y = oW W HnFgpFpe + N

Where assumed that the Transmit power equal to unity. i.e.
E{XX"} =1.
Then NisTr[FF”] =1.
Tr[FFH"] = Nj.
vec(y) = \[p(FspFrp)"® WL Wik vec(H,) + vec(N)
By use property(4 x B) (C x D) = ACQ®BD
vec(y) = ﬁ{(FBBFRF)T(AI;)T@WBHB Wi Ag}vec(Hy,)
+ vec(N)
The transmitter array with receiver elementsis not known.
Qs = (FBBTFRFTA?®W153W$AR)-
vec(y) = \/p Qsvec(H,) + vec(N)
So that some of the components vaue of the equal to
non-zero and the large number of components of the values
are equal to zero. The millimeter wave frequency range and
these agorithms are more efficient to use the available
spectrum. The spatial channels models are in the range of
frequency >28 GHz.

The wavelength is small enables that MIMO signal
implementation. To achieve better Beamforming control and
flexibility by independent weight control for the entire array
element.

Now mmWave system
Y = HX + n Digita, RF and antenna subsystem includes
wideband power amplifiers MIMO antenna [12] arrays and
adaptive agorithms. 5G operate at mmWave.
By Friss’s equation, the received power is
P.G,G M?

" L(4nd)?

where the average SNR is:

SNR =

n
P, G.GA? 1
L(4nd)?> 'N,B

B,

SNR =
N,is unilateral PSD.

Milli meter Wave system model is
. s H =11?
mlnE {|| S - WBB WRFHY” }
1

R%y(WMMSE — Wrr Wgg)

2
=min

The Received signal matrix Y isgiven by
Y = \/ﬁ WBBH WRFHH nFRFFBB + ﬁ
/P is power constant.
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Frp and Fpp are precoders and N is noise. Where RF

. N N
chains= Npp . NBlock = L g NBlock = _K  For example
NRF NRF

N;=64, Npz=4 then NElock=16,

[Il.FORMATION OF PROPOSED ALGORITHMS
Beamforming is used for spatial signal Transmission filtering
with reception [13].

3.1. Zero Forcing:

Considering a zero-forcing MIMO channel model
y = Hx + n. Wherey isoutput of the system, H is channel; x
isthe input and nisthe noise [14]. The resulting receiver and
cost function are important for the system.

The Cost Function is given by

Xzr=arg{min [|ly — Hx||*]}
lly — Hx||> = (y — Hx)" (y — Hx)

= (" = x"H")(y — Hx)
=yHy —yHHx —xHHy + xHH¥ Hx
Wetake Gradient on function, gradient rule  V(.) = 0. Then
the function reduces to
ly — Hx||> = 0 — Hy — H¥y + 2H¥ Hx
= —2H"y + 2H" Hx

The ZF precoding that can impact on the unknown
interference null signaling & background known noise
signaling. The 5G which explicit MIMO can fully spatial
degree of freedom by configuring hundreds of the antennas
a the base stations to improve the spectral efficiency. For
avoiding this antenna can used with less spacing wavelength.
Less spacing which impact on the greater frequency then
resulting on system performance. The Channel Estimation in
the ZF and MMSE carried with a linear precoding. This
results on the limited number of antennas. It shows an
orthogonally between the subcarrier.
3.2.MMSE

Mean square error functions are basically two types
i.e. Minimum Mean Square Error (MMSE) and LMMSE
(Linear Minimum Mean Square Error)[18].
3.2.1.MM SE channel estimation
The received vector for the R" BS antenna, Q™ MS
antenna

YR = [y, (), 2" (), ..y O (W]

yRe(m) = Se(M)h*?(n) + wk(n)

MM SE channel estimation as:
hyumse = RuyRyyye(n)
3.2.1.LMM SE channel estimation:
Considering system model y = Hx + n. then
—_ -1

XpMmsE = My + (kxykyy) y+m,
my iSE[x] & m, isE [y].
k., is cross covariance and k,,,, is auto covariance.

H
kyy = E{(y - mx)(y - my) }
H
kxy = E{(x - mx)(y - my) }
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kyy = E[xy"] = E{x(Hx + n)"}
= E[xH"x" + xn"]

kyy, = Elyy"] = E{(Hx + n)(Hx + n)"}
= E[(Hx + n)(Hx! + nf)]
= E[HH" xx" + nH"x" + Hxn' + nn'"]

=PHH® + 0+ 0+ o2,
= PHH! + 021,
Then
(keykyy) 'y = PHY(PHH" + 021,) 1y

Here the functions are always invertible. Condition of
the invertible is based on zero forcing based on the rank
min(r, t)[17].

3.2.3. Kalman filtering

Consider Kalman baseband precoding for MIMO, the
system consisting of three single antenna terminals & one
base station with M antennas. The BS assumed CSI perfect
[15,16]. Three elements are to transmit the complex symbols
X1, X, & x5 With transmit power P simultaneously in the same
frequency band. Received signal strength at BS isy =

JpHx+Ww

y= \/5 [h1x1 + hyx; + h3xs]
hi, hy, & h; areindependent CN (0, I).

1. SSIMULATIONRESULTS

The numbers of iterations are considered were around 2000
iterations. The no. of paths used was 12. The SNR ranged
from -15 to 20 db. Hybrid precoding mmWave has the,
low-cost data transmission. Each antenna is connected with
RF precoding.The Fig5 illustrates, single user, hybrid
precoding and MMSE precoding. Figé shows that Kalman
and M SE precoding. The fig illustrates the response Spectral
Efficiency w.r.t SNR (dB).
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Fig9. Kalman precoders

V CONCLUSION

The communication on 5G with required baseband precoders
improves the transmission and compared with different
existing algorithms, the proposed algorithm also improved
the spectral efficiency. The SNR calculation for the different
ranges observes that the spectral efficiency of the system gets
improved.
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