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Abstract: - In this paper we study a new methodology in MIMO channel modeling based on scattering ring
beamwidth- clustering. We demonstrate how small cell MIMO channel correlation is estimable under a relative
virtual displacement of scatters by assigning a cluster of beamwidth to an arbitrary small cell. As the virtual
displacement of scatters results straightforward to a dynamic re-organization or distribution of scatters around
the scattering environment, dynamic probability function (PDF) of beamwidth are foreseen to derive the channel
properties. First, we observe in asymptotical analysis that the reference model and the Uniform PDF scattering
channel model are two extremes cases of the same version of dynamic scattering normal PDF. We further lay on
this particular feature of assigning an arbitrary geometrical parameter of cluster to a small cell, to extend the
channel model to a full and complete time-evolving channel for MIMO transmission modes(TM) adaptive control
design. Indeed, we also extract an optimal switching criterion for both spatial multiplexing TMs and transmit
diversity TMs by deriving the point of inflection of the multiplexing function under the channel correlation
constraint. Finally, using Vienna Institute LTE —A simulator, simulation results in terms of BLER and
Throughput for different receivers Zero Forcing (ZF), Minimum Mean Square Error (MMSE) and Soft Sphere
Decoding (SDD) are provided, corroborating the study.

Key-Words: - MIMO Adaptive, Small cell, Reference Model, Beamwidth, Transmission Mode, PDF,

Dynamic Scattering.

1 Introduction MIMO TM that matches the channel conditions will
be a key focus for 5G networks.
Modeling MIMO time-variant channels as real world However, until the ?ele.ase 9, it has been
of wave propagation environments dictates becomes obs.erv.ed [3] that the 3GPP is silent abouF on whether
crucial in wireless communication. The first ‘open switching scheme can be performed. For instance, the
problem’ is to shape a MIMO channel model that LTE channel model specified by the 3GPP is an
evolves with the motion of the UE and at the same Extenfied (ESCM) version of the SCM amputated of
time performing the selection of the optimal MIMO the time evolution features or the concept (?f
signal processing. Indeed, differentiation is required ‘dfol?s’[19][20] K .Consequently, the channel is
among transmit diversity, spatial multiplexing and specified and limited for well-known and fixed
beamforming —based TMs, so the capability of the propagation environments A, B, C, apd D [21].
eNodeB to dynamically and optimally select the However realistic scenario suggests dealing with the

motion of the mobile and then fast fading scenario.
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Moreover with the advent of the release 10, TM9
becomes the opened—discussion since this
transmission mode should support the spatial
multiplexing and beamforming SU-MIMO/MU-
MIMO switching on the rank 1 basis.

The second ‘open problem’ is to conceive the
format of the channel state information (CSI) that
could be efficiency exploited at the transceiver for
optimal signal processing. However the tracking of
full CSI requires accurate channel impulse response
and the knowledge of instantaneous location of the
UE. This may be feasible in slow fading scenario but
not in fast fading where the feedback mechanisms
often generate a delay in receiving information and
thus the loss[1][2]in throughput. However instead
of having unreliable and inefficiency instantaneous
channel state information, a transceiver can
efficiency exploit the partial channel state
information (PCSI) referred to as the channel
covariance or correlation [3].

In general correlations characteristics can be
obtained either by field measurements or geometrical
stochastic channel modeling [4].Mainly because of
their relative simplicity, accuracy and suitability in
any propagation environment, geometrical based
MIMO channel modeling is used for wireless
performance analysis. For instance, standard MIMO
channels as 3GPP Spatial Channel Model (SCM) and
WINNER Models [5]-[10] and non-standard
channels [11]-[18] are driven from this framework.
The main lack and limitation of geometrical based
models resides in the fact they are most suitable to
describe stationary scenario of the channel.

In this paper, both challenges are studied and
discussed. Our contribution is in three folders: first
we examine a new channel modeling for small cell
wireless communications taking into account the
stochastic features introduced by the rapidly time
variant component .Indeed consider each drop as the
channel realization R («,) observed as instant t

within a given small cell scattering environment Sy .
At t+dt, following to the motion of the mobile, the
channel realization experiences R ( @, ), o,

denoting the beamwidth seen at the base station and
generated from the scattering system Sy and. Finally
R (@, ) is distributed following the distribution

o, =laq,ay,03,....,00 ] - The channel R is then

estimated by averaging upon the overall channel
realizations following a given Probability Density
Function (PDF) of beamwidth. Second, by assigning
an arbitrary geometrical parameter of a cluster to a
small cell coverage, we extend the channel model to
a full and complete time-evolving channel for MIMO
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transmission modes(TM) adaptive control purpose.
Finally we propose a MIMO transmission mode
switching criterion based on the formulated channel.

The organization of the paper is as follows:
Section 2 formulates the channel model format, in
section 3, the time evolving channel modeling is
investigated. In section 4 we present the model in
details and analyze the correlation properties with
existing reference model. Section 5 introduces an
advanced MIMO TM selection. Section 6
implements the switching algorithm. In section 7 we
present simulation results corroborating our studies.
In section 8 we summarize the study.

2 System Model formulation

2.1 Small Cell Concept

The concept small cell as its name indicates, suggests
a small area of coverage of access an access point.
Hence microcell, microcells, picocells, femtocells,
relay nodes and WiFi access points are commonly
considered as small cells[41] characterized by the
shortness of the radius in comparison with
macrocells.

Base Station i:j,,,,,,ﬁ,ﬁ,,,f/o\

scatterer

Fig. 1 typical small cell: Coverage-based beamwidth

Herein, the coverage radius is not necessary a
sufficient condition.
Let assume a typical form of a coverage determined
by a beamwidth generated by scattering ring of radius
r,  canbe given as:

o=tang (r/L) (1)
From (5), it is clear the smallness of “ hold as long
as L is high and the coverage determined by the
beamwidth is depending on both radius r and L.
We define a small cell as a cell with a short coverage
shaped by a given geometry of scatterers. From this
definition it will be possible to envisage small cell
with short radius L as well as small cell with L
relatively high.
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2.2 Stationary channel Modelling

Let us consider a MIMO channel H with iy transmit
and n, received antennas, we can define the

correlation between channel H random entries by the
correlation matrix R as:

R =¢{vec(H)vec(H)} 2)
& denotes the expectation and () the conjugate
transpose . When R is known, H can be computed as:

H =GR 3)
R can explicitly be written in terms of matrix where
an arbitrary element I, stands for a correlation

between two arbitraries multipath channels hy (t, f)
and hys (t+At, f +Af ) defined by antennas K, ¢ at the

receiver side array and antennas |, s at the transmitter
array. It should be noted thatk,q [1,n,] and | [L,n,]

Let’s assume a transceiver within a subsystem n.
Under the assumption of Wide Sense Stationary
Uncorrelated Scattering (WSSUS) process, we can
write:

lags = F (At,Af) 4)
where F denotes a specific function which depends
on the geometry (sub-system) formed by scatterers
around the transceiver and the resulting distribution
of Angle of Arrival (AOA) and Angle of Departure
(AOD). Atand Af respectively stand for time and
frequency lags between two arbitrary MIMO sub
channels.

Since 14, 18 geometrical-based scattering model,

without lose any generality, let’s introduce a
parameter « of the geometry. We may rewrite:

(%)
Notice that (3) describes a stationary state and then is
only suitable to illustrate correlation for fixed
transceiver  (or  relative  fixed  scattering
environments). We assume here o delimits a small
coverage area that fits small cell concepts.

Ikl,qS = l‘\L\l,L\I ,b!}

2.3 Fading Scenario

Let’s now consider a scattering environment system
Sm. The relative mobility of scatterers implies a
relative and virtual displacement of scatters and then
a dynamic re-organization around the ring,
introducing straightforward a stochastic feature.

Within a given subsystem n, let’s associate the
corresponding channel correlation:

Imkl,qs =F (44, 4fn,00,vn)

(6)
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Following the motion of the mobile, the correlation
g may be born and died during each drop
evoking the concept of birth and dearth described in
[22]. Therefore, ry 4 experiences many intractable
realizations and as consequence of contribution by all
possible N channel realizations, (6) can be extended
as follows:

N
> nF(dty, Afyan,v)  (7)
n=1

PR
klas =7
Where 14 denotes the average correlation upon the

overall channel realization ", .. . As consequence it
should also be noted that from (7) ry, will be a

function of a typical form beamwidth referred to as
effective beamwidth o .

Equation (7) tempts to estimate the channel in fast
fading but do not bear any time-evolving
characteristic.

3 Time-Evolving Channel Model

Let’s now consider a base station where each cell is
equipped with multielement antenna transmission
systems. Let’s consider the coverage area dividable
in to m small cells Sp{m = 1,2,3,..m}, each one
governed by multi ring scattering objects given by
(7). Let us rewrite the channel properties for an
arbitrary small cell Sy as @\Sm , therefore

accordingly to the motion of the mobile over small
cells Sw{m = 1,2,3,..m}, the time- evolving channel
fas (1) of the cell is deduced as:

(®)

fags (1 =

n
klas|s, =s,.S,,..Sp

Base station

( )
N\ N|y 70 (el coverage
MS moving \ \ 4 /
e \\O//&O._O —O/O

Fig 2 small cell channel model
Since parameters Az and 4/ depend on the choice

of coding perspective than scattering environments
and the velocity v on the user prerogative,
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fa estimation will turn therefore to
8|S, =S,,S,,...5p,

estimate the physical beamwidth as :

e (EL: Oty (m) (9)
Euq (8) postulates " (t) as the sum of stationary

channels r .. . For a given MIMO configuration,

‘sm
the cell channel ™™ (t) can be estimated through the

codebook r .
klas|s =s,,s,,...5

MIMO TM Switching Mechanism Model

We examine in this section to a new formulation of
MIMO transmission modes adaption by study the
influence of channel state on the performance of
MIMO systems.

s (s, s, 5,5, 1s a typical form of partial channel

state information (CSI) which can be exploited at the
base . Within each small cell, for an n,x n, MIMO
configuration, the base station will need to estimate
within the channel correlation R, n.n, (n.n. —1)

elements of . , handling NN, (nt.nr —1) elements

can become huge for n,x n, high. Hence, to dispense

1 M2 ALz Mg 1,00,
*
f1,21 1 D2 Rigs o Rinn,
:
R=| L2 221 1 f2,gs 2,00,
AR
figs 21t T2 1 ki nn,
* * *
Minn,  2Lnn, M2pn, Tinn, o 1

with the study of the effect each element, we will
utilize the correlation measure metric of the total of
correlationy, , [34][35] which performs an average

on the overall element . Notice that high (resp.low)
amount of correlation implies high (resp. low)
correlated and its value extends from O to 1.

Let’s now investigate the error rate and capacity

performances of MIMO in terms of its diversity Jgq

and multiplexing gain {5 . The impact of the channel
quality on both performances will be described by:

gs = f (gd v‘!’ntnr) (10)
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Note that equ (10) rely the three fundamental
parameters of MIMO systems.

Proposition

Consider a base with both transmit diversity (tx_d)
and spatial multiplexing (tx_sm) capability. For an n,

x n, MIMO configuration within a given channel
conditiony, , , if Js (tx_d)> Qg (tx_sm), ENABLE
transmit diversity transmission modes.

Proof

Spatial multiplexing transmission modes are
capacity-motivated MIMO while transmit diversity
transmission modes are error-motivated MIMO

design, hence Jq (tx_d)> g4 (tx_sm) hold always.

If moreover (g (tx_d) > Jg (tx_sm), transmit

diversity transmission modes is optimally performing
in both diversity and multiplexing gain.

4 Practical Channel Model
4.1 Reference Model

Thanks to its accordance with experimental result
[23][24], the one ring scattering model is considered
suitable to simulate narrow band communication
systems as well as communication system using
MIMO- OFDM scheme. In this model, it is assumed
that a fixed mobile station is surrounded a ring of
scatterers while the base station is elevated and not
obstructed (Fig.1).

Considering a parallel Uniform Linear Array
(ULA) antenna between the transmitter and the
receiver , employing a uniform Probability Density
Function (PDF) of Angle of Arrival (AOA) and
following the method of computation used in
[25][Appendix I],we derive the general formulation
of the correlation function in an arbitrary one ring
scattering with a given radius r as:

ZTIE(S—D

Rdgs (A fa)=e 7 Jo[h(g(q*kﬁ%a(sfl)+fdAfH
A A

(11
Where D, d and 4 denote respectively the antenna
spacing at the base station, at the mobile station and
the wavelength. fy; =v/c is the maximum Doppler
spectrum, a stands for a parameter that is related to
the geometry (ring) formed by scatterers. It is also
referred to as the beamwidth seen at the base station
and is given as (1) . As reflected in (11), the reference
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model is suitable to describe the behavior of non-
frequency selective channels.

4.2 Proposed Dynamic Scattering Channel

In this section we will focus on the elaboration of a
channel model taking into account dynamic
scattering aspect.

As a template, the one ring scattering model will
be considered. An arbitrary scattering ring n wherein

the correlation properties is given by rqs(Aty,an. /s, )

Assuming a constant velocity v and time lags (which
can be seen as symbol period Ts), it follows that the
variation of rkms(Atn s S, ) with time or the motion

of the mobile, induces its variation with a, .Indeed,

from (1), anztan(%) (r, and L, stand
N

respectively for the radius of the scattering ring and
the distance between the base and the mobile)
depends on the distance between the base —mobile
and the radius of the scattering ring, both parameters
are subject of variation following the motion of the
mobile. Consequently the channel will experience the
distribution Td s (Ato, fg) with an =[ay,00,03,...ay] -

The expectation fygs Of ryqs(Atay.fy) can be

written following (4) as:
1 N
Tkigs :ﬁzln-rkl,qs (At,(ln,fd) (12)
n=

e In(12), % can be interpreted as the probability
p, of the of the correlation matrix channel
i gs (Atay, /4 ) to be occurred.

e According to the experiments result leaded at
different locations and frequencies in[26]-[32]
the beamwidth a, seen at the base in an arbitrary
one scattering ring scenario is generally small,
most often than1s5°, and some case, very small,
less than 5°.

e Hence, within the coverage zone of a small cell,
the range of the values that can be taken by the
beamwidth is an = [tang (0° ) tang (15°)].

4.2.1 Uniform Distribution of Beamwidth

In this section, we will assume that an arbitrary
scatterers Sy has the same probability to be born and
died. Therefore a uniform distribution of beamwidth
can be approximated by assuming the mobile moving
through a limited number of group of scatterers. In
this scenario, the formula (12) can be rewritten as:
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Omax

j Mkl gs (an )dan (13)

Tkigs =

O = Omax

From (10) we found r, as following:

, 3 (2n(M+ fdAtD
jon(s-n p

210 (s — Dty (s- x
fima Z‘]Zk+1( d(s_l)amaxj

k,ge[l,n] and sl e[l,n;]
k-g=0 s—1>0 (14)

Tkigs =€

More about the formulation of (12) can be seem from
the appendix

4.2.2 Normal Distribution of Beamwidth

Gaussian distribution has many interests because of
its accuracy and suitability in many systems dealing
with infinite numbers. This approach can be also used
in multiple scattering ring channels.

For N large [17], the central limit theorem allows to
approximate (12) by the integral form:

rk|'qs = J Pn .I'quS ((Xn )dO[n (1 5)

With
E e_cz (an ) )2

Jr (15)

de, =

where ¢, represents the location of the peak of de, .
Note that ¢ can be chosen in order to ensure thatd,

decreases rapidly beyond the interval of an. We found
the cross-correlation from (15):

e :ﬁ.ejh(s—l)d/l.\]o [27{ D( q,l_ k), fdeX

3o Zats-ty x5 L)

e (m)?

(17)
The transmit correlation is obtained:

T

( " [(m+)5)
Xz 207 (i)

(18)
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Where | (x) denotes the gamma function. The
receive correlation remains unchanged:

o D
Mgl = gl :JOLZE(I(q_k)ifdA[D (19)

4.2.3 Kronecker’s Representation validity

Kronecker’s model representation of MIMO channel
is often considered in correlation-based and analytical
based MIMO channel modeling because of the
simplicity offered in channel representation; the
channel is given as:

H = R/?GR!"? (20)
From this perspective, handling the correlation R
turns to handle transmit and receive correlation
separately.

Let’s investigate the validity of this assumption, the
requirement for a MIMO channel to be seen as
Kronecker’s’ model is given in [33] as:

Mags = Tkiks- Tkl

(21)
Discussion

e C(learly it can be observed that equations (14),
(17) do not respect the requirement of (21).

e Let’s now consider the case of static channel or
quasi-static channel, the multi element antenna
system is fixed or moving slowly ( fgAt=0)

within multiple scattering rings. We may state
Jo(2nfyAt) ~1, then the relationship in (21) holds.

e Antennas largely spaced may induce a
Kronecker’s representation of MIMO channel.
Indeed, let’s consider a systems with 2 antennas
spaced by (g-k) D at the receiver and two antenna
spaced (s-1) d at the transmitter in antenna arrays
as ULA.in equation(14),(17), it is obvious that
when (g-K) and (s-l) is large as well as possible
,the relation (13) holds fulfilling the Kronecker’s
requirement.

o Let’s assume o large, the close form of
Kronecker’s model is respected; however, this is
utopic due to the fact that o, is specified not
exceeding 15°.

e Antennas largely spaced induce a Kronecker’s
representation of MIMO channel.

4.2 Correlation Properties of channels
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4.2.1 Key Parameters of the Channel Model

One of the main useful parameter that should be
estimated in dynamic one ring scattering channel
(DORSC) as well as in a one ring scattering channel
is the beamwidth. However the characteristic of this
parameter is not necessary similar in different
channels models. In the reference model, « defines
uniquely the beamwidth seen at the base while a;, and

omax are effective beamwidth. ¢, and

@max
respectively specify the value of the angle spread o
for which the peak of number of scattering rings is
reached and the maximum value of the beamwidth
seen at the base respectively in Gaussian distribution
and in uniform distribution. The method of estimation

a is described in [26]-[32] for the reference model.

For the Gaussian PDF based DORSC, ¢, as well

as the nature of the parameter of dispersion C can be
estimated following the same process, however the
experimental measurements should be done
repeatedly and by changing the position of the mobile
station within the specified environment Sy.

In case of using the uniform PDF based channel
model it can be recommended to adopt ape = !5

without any need of experimental measurements since
previous experimental results show a = [0° 157].

4.2.2 Channels Performances

In this section, we analyze channels performance in
terms of their correlation proprieties. 2x2MIMO and
4x2 MIMO antenna configurations channels
performances are simulated in a dynamic

=

=

amount of correlation
amount of correlation
o
=

o

fading level 09

beamwidth(alpha) 00 00

beamwidth(alpha)

Fig.3: 2x2 MIMO correlation properties, (a) in Gaussian PDF (b)
in the reference model, (c) in Uniform PDF

Volume 16, 2017

beamwidth(alpha)



WSEAS TRANSACTIONS on COMMUNICATIONS

scattering environment system assuming both
Gaussian PDF and Uniform PDF (fig.3). Both
performances are in compared with the one- ring
scattering channel. The following the parameters of
the beamwidth aef = 6 = Oy -

The antenna spacing are D =2 £ at the eNodeB and d=
0.2 & at the mobile where A= 1/2GHz denotes the
wavelength (working frequency) as specified in LTE
transmission system.

In can be observed that, correlation levels in
different scattering channel scenario decrease with the
increase of the beamwidth and the fading speed.
However some similarities can be depicted. Indeed,
the amount of correlation in Dynamic scattering
Gaussian PDF model behaves approximately as a
translation (by a given factor) of the amount of
correlation of the reference model in fading level
fyAt <1 (slow fading), however in fast fading fyAt>1

, it behaves similarly as in uniform PDF dynamic
scattering rings. Therefore, we deduce that the
reference model and the Uniform PDF scattering
channel model are two extremes case of the same
version of dynamic scattering Gaussian PDF.

5. Dynamic Adaptive MIMO TM

5.1 Problematic of LTE/LTE-A TM Switching

For next generation of mobile networks as 5G
networks, the physical layers will be mapped into
multiple transmission modes(TM) and each TM
should be dynamically selected depending on the
time-varying MIMO channel. Besides the single
antenna SISO transmission (TM1), multielement
antenna (MIMO) technology such as Open Loop

Fig.4 Transmission Modes in release 10
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Spatial Multiplexing (OLSM) and Close Loop
Spatial Multiplexing (CLSM) transmissions are also
specified in release 9 by the 3GPP standard for
LTE/LTE-A transmission (fig.4). TM1 indicates the
single antenna port transmission SISO (Single Input
Single Output); TM2 and TM6 denote respectively
transmit diversity also referred to as open loop spatial
multiplexing (OLSM) and close loop spatial
multiplexing (CLSM) where in both case one data
stream is transmitted (Rank 1); TM3 and TM4 are
respectively OLSM and CLSM, both consisting in
transmitting two (rank2) data streams.TM7, TMS
implement one layer beamforming and dual layer
beamforming. In practice, most of mobile
communications deal with multi users sharing the
same resources. Hence, a high diversity gain can be
achieved by scheduling to users in high channel
quality conditions .This technic is commonly known
as multi-user diversity or TM5. TM9 and TMI10
enable multiple layers transmission up to 8 layers
in 3GPP Release 10.

52 MIMO TM Switching Processing

A complete switching scheme design involve taking
to account MIMO channel keys parameters indicator.
In this section we first analyse characteristics of
environment favourable or unfavourable to a given
transmission mode, further we re-visit the Rank
Indicator (RI) formulation accordingly to equation
(8) and switching criterion.

5.2.1 Transmission Modes strength and weakness

In this section we first browse the strength and
weakness of OLSM and complete the analysis with
CLSM processing in regards with the whims of
MIMO time-varying Channel.

5.2.1.1 TM based on SISO and MISO

Although transmissions are expected to be fully
based on MIMO, the transmission through a SISO
channel is also possible. In principle, SISO can be
enabled in case of bad MIMO channel condition or
one-rank scenario. In this case of degenerate MIMO
channel, the utilization of MIMO features become
wasting resources Indeed, this channel condition
corresponds to high MIMO channel correlation level
or the amount of correlation threshold (see Fig.5)
from which the diversity gain of MIMO, either
coincides (MIMO Orthogonal Space Time Block
Codes) SISO channel or decreases (MIMO spatial
multiplexing) below that of SISO channel.
Expectedly this channel condition is also favourable
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—%— 2x2-0STBC
—H—4x2 OSTBC
—<—2x2-SM
—5—4x2 SM
—><— 1x1- SISO

Effective Dlversiy Gain

0.6

0.4
Amount of Correlation

Fig.5 Amount of correlation versus diversity gain, multiplexing
gain=0

to beamforming rank 1 TM6 which can be enabled,
however with the requirement of the knowledge PMI.

5.2.1.2 Environments Favorable to OLSM

In this group, we may distinguish TM2 or OLSM
rank 1 which implements the well-known Alamouti
transmit diversity transmission mode implementable
with 2 transmit antennas (2xn:MIMO). However
Alamouti scheme is a simple version of orthogonal
space-time  block coding (OSTBC). This
transmission technic does not necessary require the
knowledge of CSI or PMI feedback. As shown in fig
5 the robustness of both beamforming and transmit.
diversity remains high even in high correlation A
Special case of spatial multiplexing is implementable
and without strictly need of the full knowledge of
CSI. With the support of diversity through LD-CDD
precoders this type of transmission mode is denoted
as TM3 or OLSM rank 2. From figure 7, OLSM rank
2 multiplexing gain is guaranteed in low correlation

l//ntnr '

multiplexing gain

effective diversity

amount of correlation

Fig.6 2x2 MIMO rank 1 multiplexing gain versus effective
diversity gain in the presence of correlation
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5.2.1.3 Environments Favorable to CLSM

This group of transmission requires the full
knowledge of the CSI or PMI feedback. In this group
differentiation is made between CLSM rank 1(TM6),
beamforming rank 2(TM7) and CLSM rank 2 (TM4).
CLSM rank1 and TM7 implement beamforming, its

multiplexing gain

0o o

effective diversity

amount of correlation

Fig.7 2x2 MIMO rank 2 multiplexing gain versus effective
diversity gain in the presence of correlation

diversity can be strengthen in the presence of high
correlation. In contrast, CLSM rank 2 multiplexing
gain is guaranteed only in low correlation
environment (fig 7).

5.2.2 Adaptive TM Switching Strategy

The TM switching point can be first
investigated in terms of group of transmission
modes (GT) selection from which an inner
selection can be performed.

5.2.2.1 Group of Transmission Modes Selection

As previously mentioned, from the signal processing
perspective, differentiation has to be made between
GT CLSM and GT OLSM and. The former requires
additional precoders whereas the latter can be blindly
used for data transfer. Those requirements take form
as the availability of channel state information (CSI).
Therefore, the knowledge of the CSI level becomes a
criterion for enabling a group of transmission (GT)
modes. Further the base station can start the inner
selection criterion within the selected GT of
transmission modes.

5.2.2.2 Inner Selection: New RI formulation
The inner selection will consist of providing some

KPI for the optimal link adaption strategy, rank
indicator and enabling optimal precoders. For
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maintaining the link quality of MIMO sub channel
acceptable, SNR-based link adaption can be
performed. Indeed, each sub channel instantaneously
quality is tracked through the Channel Quality
Indicator (CQI) mapped into multiple CQI _index
and relied to the variation of SNR by a compression
function. In practice, the eNodeB requests a
Measurement Report (MR) from the UE through the
reference signal. By decrypting this MR, the base
station has to judge and decides from the CQI index
table (1 to 15) which CQI _index is appropriate for the
next transmission. The requested CQI is done
fulfilling the requirement of a Block Error Rate <0.1.
Besides the link adaption, the user can be roughly
located for GT CLSM (spatial multiplexing and
beamforming) purpose by means of Phase Matrix
Indicator (PMI) precoders codebook. However,
complete MIMO systems performance hold only
when a RI feedback mechanism is also available.

The RI concept is used to estimate the number of
useful layers for data transmission. It will be useless
to transmit data by two layers whereas the actual
channel quality allows only one layer. Herein the
philosophy behind the proposed RI mechanism is to
continuously adapt the multiplexing gain while
keeping an acceptable diversity gain in scattering
environments. According to the above proposition
the switching criterion in scattering environment with
a given correlation y, , is as follows:

If §g(tx_d)> Jg (tx_sm), RI=1
Else RI=2

(18)

Equation (18) can be understood in the sense that it
will be resources wasting for the network to continue
transmitting spatial multiplexing transmission modes
when its multiplexing gain is decreasing below that
of the transmit diversity. Figure 8 depicts the

—¥%— 2x2 Transmit Diversity
—k— 2x2 Spatial Multiplexing

Switching point

0.4 0.6 0.8
Amount Of Correlation

0 0.2

Fig.8 Multiplexing gain versus Amount of correlation for 2x2
MIMO in constant diversity gain =1 (SISO channel)
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multiplexing gain for various correlation

environments with a constraint of diversity gain ( 9d

=1); the switching point from which the base can
decide for the RI is shown.

6. An Adaptive MIMO TM Algorithm

This section focuses on the implementing of the
switching algorithm skeleton. The summarization
can be done into two folders:

= The knowledge of the CSI
If CSl available TG= CLSM

Else TG=0LSM

» The RI switching point between MIMO spatial
multiplexing and MIMO transmit diversity at
threshold1 and switching point at the threshold 2
between MIMO transmit diversity and SISO.

If CSI available TG= CLSM [TM4, TM6]
For Channel state case=1:3
Case 1, y,, < Threshold 1

RI=2
PMI =PMI_index [1 2]
COI=CQI index [123....15]
TM=TM4
TM=TM4+ PMI_index+ CQI_index
Case 2, Threshold I <y, < Threshold 2
RI=1
TM=TM6
PMI =PMI_index [1 2]
COI=CQI index [123....15]
TM=TM6+ PMI_index+ CQI_index
Case 3; Yon, = Threshold 2
Rank one case (bad channel)
TM=TM1
COI=CQI index [123....15]

Volume 16, 2017



WSEAS TRANSACTIONS on COMMUNICATIONS

TM=TM1+ CQI_index
Else TG=0OLSM [TM2 TM3]

For Channel state case= 1:3

Case 1, y,, < Threshold 1

RI=2
TM=TM3
CQOI=CQI index [123....15]
TM=TM3+ CQI_index
Case 2, Threshold 1 < Yan, < Threshold 2

RI=1
TM=TM2
COI=CQI index [12 3....
TM=TM2+ CQI_index

15]

Case 3; y,, = Threshold2

Rank one case (bad channel)
TM=TM1
COI=CQI index [123....
TM=TM1+ CQI_index
End

15]

7. Simulation Results

We consider a normal distribution of beamwidth for
simulation purpose. As the switching criterion in
terms of the amount of correlation of MIMO channel
(see figure 7 and equ 18) can be derived, we first
simulate the channel properties (see fig.9) for 2x2
MIMO systems with different antenna spacing
D=tA2 , d=rA in different scattering
environment ¢, . By utilizing Vienna Institute

Simulator[42], we will analyse the transmission error
rate and the data rate for two small cells which
characteristic «, conducts to the channel total of

correlation respectively slightly below and above of
the switching criterion.

7.1 2x2 MIMO channel properties
Globally the total correlation decreases as both ¢,
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and antenna spacing increase. However MIMO
systems with high antenna spacing does not conduct
directly to low correlation since the total correlation

function behaves as a cosine function (better a Bessel

function) of variable (see equ 17,18,19). Hence, equ
18, 19 make possible a gauge betweena,,.dand D . In

other words, for some values of ¢, , MIMO systems

with low amount of correlation can be designed
without requirement of high antenna spacing.

7.1 Global Parameters for simulation

The channels are assumed slow fading or quasi static
ie. fyAt~0.2  fulfilling then  Kronecker’s

representation as demonstrated above. The antenna
spacing are D =2 £ at the eNodeB and d= 0.4 £ at the
mobile where A= 1/2GHz denotes the wavelength
(working frequency) as specified in LTE transmission
system. The bandwidth of 20 MHz is considered. We
assume that the UE requests the Channel Quality
Indicator (CQI) index 10 for both Close Loop Spatial
Multiplexing (CLSM)-based LTE/LTE-A
transmission mode and Open Loop Spatial
Multiplexing (OLSM)-based LTE transmission mode

7.2 Local Parameters for simulation

For a 2x2 MIMO systems with D =2 £ at the eNodeB
and d= 0.4 £ at the mobile, we consider a UE with
different receiver capability and moving over
different cells. The corresponding channel correlation
matrix can be generated following (18) and (19). The
above table presents the channel characteristic of the
same UE in two small cells controlled by the same
base station. Within the amount of correlation is
below the threshold 1 in the first one, and slightly
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above in small cell 2. According to the decision rule
availability of the CSI or not. This scenario is

Small Cell 1 Small Cell 2
Effective 0.18 0.1
beamwidth a,
Channel Yan 0.0974 0.405
Threshold 1 0.35 0.35

Swi'tc.hing Yon, < Threshold Yon > Threshold
decision
1 1

Receive [1 0.114 [1.0000 0.114
Correlation 0114 1 ] 0.114 1 ]
Transmit [1 0.075 [1 0.64

lati
Correlation 0075 1] 0.64 1]

Table: Local parameters

favorable to high data transmission with a reasonable
SNR. In contrast, CLSM rank 1 and OLSM rank will
be the optimal choice in small cell 2.

7.2 Throughput and BLER analysis.

In this section, transmission modes throughput and
Block Error Rate (BLER) are analyzed concomitantly
over small cells channels parameters (see above
table). We consider in this scenario MMSE
(Minimum Mean Square Error), ZF (Zero Forcing)
and SDD (Soft Square Decoding) UE receiver
capability.

By comparing the group of figures 1, 2 and 3, it
is clear that SDD receiver is the most performing
receiver, followed by the ZF receiver since it requires
less signal to noise ratio in comparison with MMSE.
Therefore by focusing on the transmission modes
performances through SDD receiver (group of figures
1) we note that in cell 1 OLSM rank 1 as well as
for CLSM, rank1 transmission modes remain robust
in terms of BLER (BLER < 0.1 in fig.10) while being
able to offer their maximum throughput in reasonable
Signal to Noise Ratio (throughput in fig.12) around 15
db. Indeed rank 1 TMs are diversity based MIMO
signal processing and there will be always performing
from low to high correlation, however they do not
bear high date rate in comparison with rank 2
transmission modes. Slightly more, around 17 dB
will be required for rank 2 transmission modes to
exceed the performances of rank 1 modes. In this
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posture, the base can simply chose in this favorable
channel condition high data transmission i.e. CLSM
rank 2 when the CSI is available or OLSM rank 2
when the CSI is not known.

In cell 2 where the amount of correlation is
slightly exceeding the decision criterion, rank 2
transmission modes BLER (fig.11) are catastrophic
and requires high SNR to perform a BLER < 0.1;
however for wireless communications which is a
power-limited system, high SNR cannot be performed
by increasing indefinitely the eNodeB B power.
Instead of selecting high data transmission modes
with extremely bad quality and with less throughput,
the base station can wisely and optimally rank 1
transmission modes i.e. CLSM rank 1 when the CSI
is available or OLSM rank 1 when the CSI is not
known.

The bad channel case corresponding to a
degenerated MIMO channel is a trivial case i.e. if
Yoo, =1, SISO mode should be activated since

MIMO channel behaves like SISO channel. Hence
coding MIMO over SISO becomes useless and
resource wasting.

8. Conclusion

For wwireless radio propagation environments
governed by scatterers, we present a channel
modelling in this paper through the study of
beamwidth generated scatterers. The framework
based on beamwidth clustering, consists of
associating an arbitrary beamwidth to a small cell. In
principle, the physical parameter of a geometrical
small ring of scatterers surrounding the User
Equipment (UE) can be known at the base, however
in fast fading scenario , the motion of the mobile
inducing a relative virtual displacement of scatters
and then a dynamic re-organization around the ring,
introduces straightforward a stochastic features. For
an arbitrary small cell, we extract MIMO channel
correlation properties taking into account the
stochastic features in terms of probability density
function (PDF) of beamwidth. Both normal
distribution and uniform distribution are considered
to derive MIMO channel. As result, asymptotical
characteristic in comparison with the reference model
(one ring scattering channel model) are derived. Both
BLER and throughput performances of MIMO
spatial multiplexing and transmit diversity
transmission modes are analysed over the channel
model, revealing the optimal MIMO adaptive
criterion.
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Appendix I

General Mathematical Formulation of the
One Ring Scattering Channel

In this appendix, we extend the formulation of the
one ring scattering MIMO channel often limited to a
2x2MIMO configuration into an arbitrary n, transmit

n, . .
and " received antenna. Assuming a plane wave

with frequency fc , the complex path gain between
the I" antenna at the mobile and the k™ antenna at
the base station is denoted by hy(t) is [36][37][25]:

N
he (t)= ﬁi—la“bik exp( jo )exp[—j27(fy cos(6-4 t]

With

a; =¢€

N — o0

(22)

jr(3- 2|)%[cos(yb) + asin(yy, ) sin(6; )]
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j;r(3—2k)9[cos(6*, —ym)} (24)
by = »
Where ym and vy, denotes respectively the angle
joining the mobile array and the x-axis at one side and

the angle joining the base array and the x-axis at the
other side.

The correlation rq(At) between two arbitrary

MIMO sub channels hy(t) and hgs(t) with a delay
difference At can be written:

M s (AD = €y (1).hg " (t+ AL} 25)

where € denotes the expectation.

Taking p(f) as the probability density function in the
angular domain of AOA, from (1), (3) we can rewrite
following the transformation in [38][39]:

T
Tgs(Ata, fy) = J- aya isbib i exp[ — /27 f4 cos(6-3 At |

2

X p(6; )do; 26)
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Where ajs and b, can be found simply by replacing Elaboration of the Dynamic One-Ring
in (23) and (24) | by s and k by g. Hence we can Scattering Channel (DORSC) formula
rewrite (26) as:

ions-1y9 % q In uniform PDF
M gs(Ata, fg) =¢ 4 I eXp[ﬂﬂE(S —Dasinyy, siné’i} In the reference model, an arbitrary one ring
- scattering channel in (24) 1o (a,) 18 given:
.. D . d
XeXp{ J2r = @- Kycos(8 - ym)} s (0n) = o0 s (21:(?(51 —k)+ %an(s ) fdAtD

X exp[—jZ;r fq cos(é:-8 )At] p(6,; )do;

Following [40], we can develop (27) in terms of
Summation as:
The AOA p(f) is often assumed following the Von o | % LG[E (@-k)+ Ty MJJ' % (2”9 o (5 ,)J
Mises distribution [39]. For the computation in 2n(s=D7- 4 #

Tklgs (an =e +oo b q
, o 23 ()N JN(Zn[—(q—kHfdAtj]XJN(Zﬂfan(s—l)J
(26), we assume the simple case of the distribution N=l A 4
i.e. a uniform probability ( p(¢) =1/n). Therefore, we
derive: 3D
Taking ;=0 and assuming the uniform PDF upon
S | N A an =[04,05,.....0,, ], and applying (31) in (13), the
_ . 7@ osinYm+ . correlation 1,4 of dynamic one ring scattering
gs (tas 73 )=e ) " | 22 %fd’l(»Y*l)Si“Yb ~Jahtsinf channel model is as (13):
D 2 Fmax
—(q—k)cosypy — fgAtcos g R 1
( 4 j hgs =———— Tkigs (an )dan
0 = Omax
27) “

conducting to the @ as:
Where Jy is the Bessel function of the first kind.

o0

q, k and s, | are integer numbers and can take values J0(2n(D(+7k)i g AtDZJZKH[Z—;d(S—I)amaXJJr
respectively from [1,n ] and [1,n, ].All combinations k=0
are feaéible and rk!,qs(At) can (.1€note a transmit qu:ejh(s—l)d; E 2[‘—’1ji N (27{M ‘fy Atn
correlation, a receive correlation or a cross (s =Dotmax | A 1)L g
correlation, by setting up respectively | #s , k=q; I=s, ©
kZq,and |#s .,k #9. The combination of s,I and {ZJZHNH[?“(S—UMMJJ
g,k should be done such that s>1 ,q>Kk. [\k=0
Considering a parallel (ym= y» = m /2) Uniform (32)
Linear Array (ULA), we found in downlink q=[1"]; k=[1,"1;
transmission, the transmit correlation: I=[1," ;s =[1, "];

jz“% [ (d D s—1
rkl,kS(At’a’fd) =e Jo| 2r| —a(s =1)+ fyAt i =
y) (28) {with s-l = 0}
where the variable i is only used for a generalization
purpose of the formula (32) . The value of the

The receive correlation:

gl (At f3) = Jo L gn[E(q_ )+ fy AIJJ multiplication between high orders Bessel function
’ A (29) of the first kind decreases rapidly, therefore, we will
And the cross-correlation as: only Take into account the first part of the equation
(32 ), conducting to the following simplification:
., d . d o
j2n— D d N 2m(s—1)— - b
flgs (At fy) =e Uo{h[;(q—k>+;a(s—l>+fdm)j D T I IE C e fdm]ijJZKH(id(su)amaxj
=0
k=ql#s
(30) (14)
Appendix II
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In Gaussian PDF Based DORSC

The correlation function ry 4 is computed assuming
a Gaussian PDF of beamwidth:

— 2 e_cz (lln —% )2

==

Following the same rule of development of the
computation methodology used above (for uniform
PDF), we found the cross correlation 1 as:

I'kl,qs =

XJ

p[%d(s-l)aoj z

()" [(m+55+))

(2.(;)2"”p m/(m + p)/

m=0

(33)
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1 jonts- D(a—K), . 2n £ (=)™ [(m+)) & Dig-k) . ,
ﬁeJZ( Wuo(zn(ﬂ»i'fdAtDJO[id(s-l)aojgo((z,c))zm 2 +>.Jp ZEK%ijdAtj

By neglecting the multiplication of high order of Bessel function, equation (30) respectively simplified like:

fags =127 3, [zn(D(q{k) + j;,AzD.
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