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Abstract

Traditionally, Multi Input Multi Output-Orthogonal Frequency Division Multiplexing (MIMO-OFDM) technique is
utilized to increase the diversity gain and to suppress the Inter Carrier Interference (ICl) to some extent. The problem
of the existing system is to solve the sum rate maximization due to non-convexity. This paper aims to minimize the
computational cost at the transceiver side and improve the spectral efficiency. This paper presents a minimum mean
square error (MMSE) approach for partially connected Hybrid beam forming (HBF) weighted sum rate maximization.
Since the feedback of the BF system is more complicated, one-bit training is used to minimize the complications rather
than a large bit training method. The paper gives more attention on BF technique for an IEEE802.11ad standard to
transmit and receive the data. The proposed method focuses on the reduction of the complexity level, increases the
spectral and power efficiency with an optimal number of radio frequency (RF) links. The MMSE estimation validates
the results by comparing with various methods such as analog BF and fully digital in terms of loss calculation, sum
rate and normalized MSE. The analysis results are showed that MMSE attains optimal spectral and power efficiency.
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Introduction

In recent days, advanced wireless technologies have become
important part in people’s lives because it makes the life very simple
and more convenient. Presently, the number of users is significantly
increased and it makes it difficult for limited bandwidth and need of
high-speed communications in terms of Gbps. The advancements in
technical development brought a challenge to wireless communications
as the number of network devices is increased exponential. Although
different approaches have been developed to achieve higher data rate,
the availability of low bandwidth in current scenario restricts the
channel capacity.

Due to the adverse channel features, beam forming (BF) techniques
have been introduced in the MIMO systems for directing the beam
with high array gain. With the help of smaller wavelength with higher
frequencies, it is possible to carry more amounts of antennas in small
areas and asymptotically attain the channel capability [1]. The main aim
of BF technique is to achieve the directionality of signal transmission
(Direction of Arrival (DOA) and Angle of Arrival (AOA)) as well as
power variations. It is utilized to minimize the interference as well as
to increase diversity gain, antenna gain and array gain. An efficient
beam selection method should provide high interference rejection. It
is attained by the combination of antenna element in the phased array.
The BF again can be classified into two ways: analog and digital. The
analog BF is a simpler way, which receives the signal from various
antenna arrays and every signal is co-phased as well as summed to
maximize the gain. Here, the RF chain is restricted with a large number
of antenna arrays are being used [2,3]. The limitations of analog BF are
the difficult of controlling the signal amplitude and the low-resolution
signal phase control [4]. Next, the digital BF is not easier than analog
technique, but, it sums all weights indicated by the complex weighing
function and gives an output, using various radiating antennas which
can simply decorrelates the signal and noise for N users. It has some
advantages like it can control multiple beams, amplitude as well as
phase of the signals are easily controllable, and it supports for low rate
sampling signals [3]. It can provide a good solution but with the cost
of high complexity.

Though two kinds of BF techniques offer various advantages,

the package of many antennas comes with the sacrifice of energy
utilization. It is impractical for implementing end to end RF chains
for every antenna at a transmitter because of the limitations of energy
and space. So, hybrid beam forming (HBF) techniques are introduced
which make use of the benefits of analog BF and digital BF. Using
HBF approaches, it is probable to get advantageous from the gain of
a massive amount of antennas by the consumption of lower energy
with less number of RF chains compared to antennas. In addition,
HBF supports multi-stream and multiuser transmissions in easier
manner. So, it is needed to increase the benefit of HBF with perfect
channel estimation. Numerous methods have been presented on HBF
integrating fully and partially connected structures based on heuristic
ones to optimization algorithms [3]. Partially connected HBF (PCHBF)
model is a practical choice for a massive MIMO type of implementation
as it needs only a limited number of lossy connections between RF
chains and antenna elements [5]. Two processing mechanisms are
considered in the context of PCHBF namely full array and sub-array
based ones. Channel state information (CSI) acquisition is one of the
significant aspects of a (massive) MIMO system. Generally, a wireless
channel has a nonzero coherence time in case of channel is considered
as static. Some of the previous works on HBF with the consideration
of perfect CSI is found in the literature [6-10]. In addition, the works
[11,12] have considered both channel estimation and BF with hybrid
architecture with no consideration of channel coherence time. The
LMS algorithm is preferred [13] and is practically unsuitable for the
wireless communication system. Power control or normalized LMS
algorithm is the faster converging algorithm employed in mobile
communication. The restricted capacity and the essential precision
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arithmetic in hardware have implementation problems and cause
statistical instability in the normalized LMS algorithm. In multi-user
massive MISO systems, lower complexity transmission methods, like
zero forcing (ZF) is commonly used as it gives better results [14].
Similarly, in a study [15], the linear minimum mean square error
(LMMSE) estimator is used as the optimal linear estimator in the
MSE sense. Regardless of the precise channel estimator, the LMMSE
requires high computation cost, and it needs the prior knowledge of
the channel covariance matrix and that of the noise level, which limits
its implementation.

This paper mainly focused on the intention to minimize the
complexity level of the model, increase the spectral and power
efficiency with an optimal number of RF links. We present a minimum
mean squared error (MMSE) based hybrid analog-digital channel
estimator by considering the channel covariance matrix for perfect and
imperfect path. It is presented for partially connected HBF to maximize
the weighted sum rate. We utilize a one-bit feedback to estimate the
sparse channel. So, the feedback overhead is reduced at the transmitter
side and can easily estimate the channel conditions. Then, the MMSE
estimation is validated by comparing its results with various methods
such as analog BF and fully digital interms of loss calculation, sum rate
and normalized MSE. The experimental analysis showed that MMSE
attains optimal spectral and power efficiency. It also offers various
benefits like reduced feedback overhead, low computation cost and
power utilization.

The upcoming portion of the paper is arranged as follows: System
model is explained in Section 2. The with partially connected Hybrid
Beamforming-MMSE (PCHBF-MMSE) is presented in Section 3 and
the results are validated in Section 4. Finally, the paper is concluded in
below Section 5.

System Model

This section deals with Multi user-MIMO (MU-MIMO) system
with PCHBF architecture with channel estimation technique shown
in Figure 1. The architecture consists of BS with N antenna elements
for serving multiple users equipped with 2or 4 antennas. Here, the
CSI is present at the BS, which employs a hybrid model with N, RF
chains. The PCHBF structure of the BS has the capability to control
the amplitude as well as phase in the analog part. The antenna array of

the BS is partitioned to N, subarrays, with n =— antenna elements.

A
The number of RF chains is assumed to be same as the number of

users, i.e. N, =K (Figure 2) describes a typical MU-MIMO system, the
transmitted signal is received by an antenna array each described by
the AoD delay and AoA. Unlike the fast fading, the angles and delay
are almost stationary over a considerable number of frames. The
receiver estimates the channel and determines whether it is flat fading
or frequency fading. Based on the analysis of mmwave, the channel
has typically one to three clusters with random power allocation and
random geographic area [16]. The channel fading index (CI=0) for
flat fading and CI=1 for frequency selective fading) is fed back to the
transmitter. Sparsity structure and compressed sensing technique
has been utilized to reduce the overhead of training data to estimate
the channel [17]. Instead of transmitting large amount of data as a
feedback, the received symbol is quantized into one-bit value and then
it sent back as feedback to the transmitter. Since the feedback of the
BF system is more complicated, one-bit training is used to minimize
the complications rather than a large bit training method. This scheme
has more advantageous like it reduces the feedback overhead and it
correctly estimates the AoA signal direction.

The antenna element of the serving station is divided into
leubarrays, with each antenna element n=N/N X and the RF chains a
NA=K. The HBF structure is functioned with partially connected BF,
where N, is the number of RF chains, and a low-dimension digital
beam former F e CN **

For full array-based processing, where all data streams are conveyed
to every RF chain, the digital precoder v, € C** can be defined as:

d, ... dy
V= ¢+ (1)
d d

For subarray based processing, every data stream is transmitted
to only one RF chain, so that the digital pre:oder can be written as a
diagonal matrix as Vdpzdiag(daa,d dcc,..,dkk) Next, the analog precode
Vv, € CN+*K can be defined as:

a ... 0
vo—|r o 2

NA1 NaN

bb’

Na

Where a, € c™, =1, 2,.,N, is the analog precoder of the ith
subarray.

Given S an W, for all k, let us first consider the fully digital BF
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Figure 1: Basic structure PCHBF with multi user interference.
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Figure 2: Transmitter and receiver block for system model.
The inter-pair interference at wuser (ki) 1is given as

matrix v[v v,V ]vs—[vl,s ,vk,wk] and v —[vl,w vk,wk] ’ both are
the sub-matrices corresponding to strong and weak users, and v,
the beamformer for k user. Then, the received signal at user k can be
indicated as:

ki hkzzvk 7k +ZZ’% Vit G)

I=k j=1
The output of the hybrid beam former of the k™ user is given as:
- H o H H o H H o H
V= FypbppGy + FopFrp H g + Fyp i )
Where F denotes digital beam signal, and F,, denotes analog
beam signal, G=[g .g,,...g ] represents the data-channel with g, € c™

corresponding to the link between the k™ user and BS.

It is assumed that the incident interference contains different
dominant rays, each one represents to an AoA. Then, the interference

channel can be written as h; =a,v(®,) where scalar o, accounts for

the path loss of h , and Nx1 vector v (@i) is the phase response for the
linear receiver array in the eqn. (5).

V(@i)z [1, e,

The user uses the multi-path model for capturing the low
rank and spatial correlation features of an mm Wave channel. The
communication links between the users and the BS are exposed to
interference arriving from M dominant AoA.

%;‘hlv(@/) Q)

Where L is the random number of independent and identically
distributed (i.i.d.) routes o, ~CA(0,5}) indicates the ii.d path gain
respective to the user index k and path index L,8, is the k™ channel’s
average attenuation.

Channel Estimation for PCHBF-MMSE

Given S, and W, for all k, let us first consider the fully digital BF
v[ve v LV =[V,S Vs and V. =[V,, .. Vi ,J are the sub matrices
correspondlng to strong and weak users, and v,  is the beamformer for
k user. Then, the received signal at user, 1nd1cates in the equation:

Vi = hk,ZvA X +Zth,vl L (7)

I=k j=1

. T
N—-1)O;
.., elN=ne;

®)

I, = Z[ = kzlj.:1|h/fﬂ’z,/|2 and the attainable rates of user (k,s,)

and (k,w,) are represented as:

v ’
ks ks

RS (V) =log 1+|

A ®)
k,s; + Un
And
W o Wv,,
RZ% (V') =min{log 1+”M$ - ‘1’ S‘V* ”‘ - )]
‘hk,wk’/k_wk‘ o +a; ‘hk seVks, Lo 0,
The weighted sum rate maximization can be formulated as:
Dig Dig
maxz Cos R (V)+CuRS (V) (10)
Subject to
H Dig Dig
VisVise T l/k,Sk R, S (V) +C R W, (V) an

For establishing the relationship between MMSE and SINR, let

A H . .
us first define Visow, = Vi, h, 5 Vi, X, 38 the efficient received
signal at S, after cancellation of the signal intended for W , and assume

the estimate:

Y Iw, (12)

lsk™ Yis.sY ksk

Where Yy ;.5 is selected for the minimization of MSE.

H
x . View, M s,
Viws =argmin (’y,ms, ) % ; (13)
- ‘hk Wy Vk,sk + [/c,s,{ + Un
and the resulting MSE is:
-1
) A | k,sy k JS) (14)
Urv’yss’V_mln’Yvr’

kMA( s ) ’kw< , ) Ikvk +0'
And
P' k,S,S l/csz,S(Yk,S,S*’V) (15)

The MSE of the estimate on x,, at the strong and weak users using
observations are y, y and y, , respectively. Therefore, the achievable

rate of user k,,, can be expressed and the optimal value for y,and
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Hy,,, are given by:

p*k,s,w: l/czk,s,w(y*k,s,w’v) ( 16)
H*k,w,w: 1 /o.zk,s,w(y*k,w,w’v) ( 17)
The optimal y, _ andy,  are given by:
H
. v b
’Yk s 2 - 21{”{ (18)
>S5 " 5
Zi:l |hk‘.vk vk,[| + [kv"k + Un
And
H
* v, W, h W,
’yk,w,w = Lo (19)

2
2
vk,i| + [k,wk + an

>
i=1| KWy

We have validated the analytical expressions by performing
numerical and extensive Monte Carlo simulations. The eigen values of

the covariance output signal with the covariance of the error signal is
describe the information in the system. The achievable rate of user k
can be expressed as:

2
Pk|fBIEI;kFRI1[rgk|

H pH2

L+ L+ NS Frr

R, =log, |1+ (20)

Rk is gives the maximum data rate of the receiver. The achievable
maximum sum-rate of the multi user system is attained by:
F,=Sand F, =(GD GU"+N F' F )'G

REF™ RF

(21)
where G denotes the effective channel BF.
Performance evaluation

Parameter settings: To validate the performance analysis of the
PCHBF-MMSE channel estimation methods, a comparison is made
with analog BF and fully digital BF. A set of parameters used for
simulation are provided in Table 1.

Results

This section shows the comparative analysis of analog BF (ABF),
fully digital (FD), and PCHBF-MMSE with 4 and 8 number of RF
links. The metrics used to analyze the results are MIMO-OFDM with
different subcarriers, sum rate, average sum rate and loss calculation.
In this section, we provide numerical simulations to demonstrate

the effectiveness of the proposed MMSE scheme. Figure 3 shows the
comparative results of varying number of sub carriers with varying
number of antennas in PCHBF. From the figure, it is clearly shown
that the poor performance is attained for lower number of SC with
less number of antennas. Similarly, the performance is significantly
improved for higher number of SC with more number of antennas.

It can be seen from the figure that poor performance is obtained
with 64SC with 32*2 antennas and the performance is slightly
increased when the 64SC with 32*2 antennas is changed to 128SC with
64*2 antennas. At the same time, it is observed that the performance is
found to be even better for 64 SC with 32*4 antennas compared to 64SC
with 32*2 and 128SC with 32*2. Likewise, the maximum performance
is achieved for the increased number of 128 SC with 64*4 antennas.
These values imply that better performance is achieved for increased
number of sub carriers with more number of antennas.

Figure 4 shows the comparative results of various BF techniques
with varying number of RF links. From the figure, it is noted that 8
RF links excels the performance compared with 4RF links. Among
the compared methods, analog BF attains poor performance for 4 RF
links. At the same time, the analog BF with 8RF links achieves better
performance than analog BF with 4 RF links. And, it is shown that
the fully digital achieves superior results compared to all the other
methods. But, the PCHBF-MMSE achieves a better tradeoff between
complexity and performance. The results depicted that the fully digital
HBF with 8 RF links outperforms all the other methods. It is noted that
the performance of the fully digital HBF with 8 RF links is higher than
fully digital with 4 RF links indicating that the results can be enhanced
by the increased number of RF links. If the BS is equipped with massive
MIMO, then the efficiency is more; here the proposed work analysis is
done in two more cases, case 1 with 4 RF chains and case 2 with 8 RF
chains with partially connected BF with 64 antennas. From the graph

Parameter Value

Nt, no. of antennas arrays 64
Number of RF chains (L) 3

The number of clusters (K) 3

The number of channel paths (M) 4
Distance 100, 500
Estimation MMSE
Channel Rayleigh fading

Table 1: Parameter setup.
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Figure 3: General system model.
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(Figure 4), it is observed that the sum rate is achieved in very good
manner for less number of RF chains. In the case 1, the sum rate value
of PCHBF-MMSE is nearly above 60 to 70% than the analog BF and
almost nearly equal to the fully digital. At the same time, in case 2, the
sum rate value PCHBE is nearly above 70 to 80% more than the analog
BF and almost nearly equal to the fully digital BF.

The performance analysis is done based on antennas used in the
base station and the results compared between fully digital and PCHBF
depends on number of antennas used in the system. The sum rate
performance is analyzed for N number of antennas and is showed in
Figure 5 and the results are compared for different methods in terms
of SNR. Several observations are made and it is found that the PCHBF
- MMSE gives better solution which exhibits a linear increasing in user
SNR signal, here sum rate is increased and interference is reduced
simultaneously. From this figure, it is clear that the fully digital achieves
better performance whereas the analog BF with 4 RF links. In addition,
it is noted that the fully digital with 4 RF links performance seems
better than analog BF with 8 RF links and not greater than partially
connected with 8 RF links. These values indicate that the sum rate can
be increased with an increase number of antenna and RF links.

Next, an in depth analysis in terms of path loss calculation is shown
in Figure 6. Here, a comparison is made between the PCHBF and fully
digital with 4 and 8 RF links. From the figure, it is clear that the loss is
only around 3dB for partially connected with 4 RF links. At the same
time, it is noted that almost similar performance is attained by fully digital
with 4 RF links. Similarly, for the 8 RF links, the signal loss is much lower
than the analog BF by approximately 0.5 to 1dB. Interestingly, the fully
digital BF with 8 RF links attains minimum loss but with the cost of high
computation complexity and power consumption.

In Figure 7, a comparison is made between analog BF, partially
connected MMSE and fully digital BF interms of a normalized MSE
value. From this figure, it is clear that analog BF attained higher
MSE compared proposed MMSE and fully digital. At the same time,
it is noted that MMSE achieved lower MSE and found to be efficient
compared to analog BF. But, the fully digital showed better results
compared to MMSE. These results showed that the MMSE achieves
a better tradeoff between computational complexity and efficiency
(Figure 8).

Bit Error Probability

= = =64 SC with 32°2
e 128 SC with 64*2
_____ 64 SC with 324

e 128 SC with 64*4

105 L I I
0 2 4 6 8

Signal to Noise Ratio(dB)

Figure 4: BER vs. SNR Comparison with 32 and 64 antennas arrays.
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Figure 8: Normalized MSE of the HBF.

Conclusion

To mitigate the interferences in MIMO-OFDM systems, PCHBF
gives a significantly improved performance than analog BF. An
extensive set of experimental analysis is carried out to analyze the
efficiency of the PCHBF-MMSE for MIMO-OFDM systems. It is
investigated with varying number of antennas, sub carriers and RF
links. The results indicated that the efficiency of the applied model is
increased with an increased number of subcarriers, antennas as well as
RF links. It is also noted that PCHBF is found to be better than analog
BF but not than fully digital BF. The experimental results showed
that the MMSE achieves a better tradeoff between computational
complexity and efficiency.
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