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Abstract—In this paper we present a novel framework for
spectral efficiency enhancement on the access link between relay Relay Station
stations and their donor base station through Self Organization
(SO) of system-wide BS antenna tilts. Underlying idea of frame- o b B o .
work is inspired by SO in biological systems. Proposed solution
can improve the spectral efficiency by upto 1 bps/Hz.

. INTRODUCTION

Future Wireless Cellular Systems (WCS) are marked by
increasing use of Relay Stations (RS) to meet the ever rising
demand for better QoS and capacity. Compared to conven-
tional BS’s (macro or micro cells), RS (usually Pico or Femto
cells) are generally cheaper solution to extend coverage and
capacity of WCS [1]. RS’s cost effectiveness lies in the fact
that they are constituted of very basic hardware needed to
only relay the user traffic to their donor BS. Therefore, most
of the complexity and cost remains confined to BS’s. HOWeVQrig. 1. System model for problem formulation. Small circles show location
RS need additional radio resources to relay the traffic to theirRelay Stations based cells within each sector (macro cell).
donor BS through an over the access linkSuch additional

partitioning of resources is bound to have negative impact i o , )
on the over all spectrum reuse efficiency of the system aHif Proposed solution. Pragmatic implementation aspects in

hence capacity. Therefore, it is very desirable to optimi§t§’”teXt of LTE and LTE-A are also highlighted in this section.
the spectrum efficiency of access link so that less fraction 1I. SYSTEM MODEL AND PROBLEM FORMULATION

of radio resources have to be allocated to the access linkyeg consider a multicellular WCS with each BS having three
and more radio resources are available to provide servicesiors as shown in figure 1. L&f denote the set of locations
the users. In this paper we present a novel framework fgf the transmission antenna of all sectors &hdenote the set
spectral efficiency enhancement on the access link throughints representing arbitrary locations in the system e.g.
optimization of system-wide BS antenna tilts in a distribute@l -5tion of RSs. ThegeometricSignal to Interference Ratio
manner. i.e. SIR—i.e.SIR with only pathloss based channel model with

A significant number of works have embarked on filh, fading and correlation assumegberceived at a locatioh
optimization for coverage and capacity enhancement in Magj@ing served byt sector can be given as:

cellular networks [2]-[4]. However to the best of our knowl- B
edge, thls concept of spectral efﬁuency gnhqncement ogg _ PrGpa(dy) m,neN,kek (1)
access link through BS antenna tilt adaptation is novel an ZVmeN\n (PmGga (d?),,@>

the solution presented here is first attempt in this particular

direction. Furthermore, another novelty of solution is its S@here P is transmission power/ is distancea and 3 are
nature enabled by its distributed design inspired from SO R@thloss coefficient and exponet.is antenna gain and for
biological systems; which makes it very suitable solution fotGPP WCS like LTE and LTE-A it is modelled in dB as:

emerging WCS e.g. LTE-A. The rest of paper is organised as g _gn \ 2
(Gmw — min (12 (k tilt) ,Amw>> +
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follows. In section Il we present system model, assumptionsG7 = \,
and problem formulation. In order to achieve a SO solution, in

section 11l we propose a way to decompose the system-wide no_ gn\ 2
A | Gmae —min | 12 (¢k ¢a> s Amaz (2)

v

problem into local subproblems as inspired by SO systems in B,

nature. Solution methodology for local subproblems is also
presented in this section. Section IV concludes this paper Wered?,, and ¢7 aretilt and azimuthangles ofn'* sector
presenting numerical results to demonstrate the potentialwith respect to thehorizon and x-axis used as reference.



Similarly, 67 and ¢} are angles ok" location inn'" sector,

with respect to horizon and positive x-axis respectively, as
illustrated in figure 1. Subscripts a andv denote horizontal,
azimuth and vertical, respectively3 represents beamwidth
and )\ is weighting factor to weight horizontal and vertical
beam pattern of the antenna in 3D antenna model. For sake
of simplicity we can neglect the the maximum attenuation
factor A,... in (2). Without loss of generality we assume 8 N T
maximum gain of0 dB. Thus by puttingG,,.. = 0dB in NEQe) T s st oanain
(2), converting it fromdB to linear it can be simplified as:

» Interfering signals

Fig. 2. A pictorial illustration of how system wide optimization of tilts can
B or—or,, \? o —on 2 be decomposed into optimization of tilts within each triplet independently.
n_1g TR T (3)
k = v

For ease of expression we use following substitutions: Whereasy shows that SIR here is approximate SIR as it

B2\, (&} — ¢, 2_ m —— —1.2X, considers interference from the two most interfering adjacent

Ao ( B, ) shi' = a(dy) " ip= B2 sectors only. Ifi” = C is throughput in a given triplet then
(4) (subscripti dropped for generalisation over all triplets):

Assuming that all the BS have same transmit power and . " 3

using (3) and (4) in (1), the SIR can be finally written as; € = 1082 (1+41) +1log, (1+42) +log, (L +45)  (8)

d, =

hglou((eg—eg”)%cg) where postscript denote sector number and subscripts denote
= P (5) RS within a triplet, as shown in figure 2. Notice (7) is a small
ZVmEN\n (h;ym”“ E Ot ek >> scale optimization problem now, as number of optimization

parameters is only three and their range is also finité ke.
Note thaty is function of vector of tilt angles of all sectors i.e.y < 90, so the solution of (7) can be easily determined using
6, where N = |V, but for sake of simplicity of expressiona non linear optimization techniques that can tackle a non
we will show this dependency only where necessary. convex optimization objective or even by exhaustive search.
Given the small sector size we safely assume that a sectorgf sake of clarity, we drop the subscript tilt. Instead we use
most can have one RS within it at random location. We assu\gpscript to present the association with a sector in the triplet.

all RS have omnidirectional antennas and tHus3 gain. Then the problem in (7) can be written in the standard form:
With this system model and assumptions, our problem can

be stated asoptimize system wide antenna tilts to maximize min - —C(6) 9)
the aggregate bandwidth normalised throughput i.e. spectral _ )
efficiencyn at access link of all the RSMathematically: subject to: 9;(0;) < 0 ,j = 1,2,3

N N where 8 = [01,0,,03] and g;(6;) = 6; — 5. Noticing
max 1) (0:) = max > logy (1497 (64))  (6) that, the objective function is twice differentiable table and

it fitt Vses constraint is differentiable we can solve (9) using Sequential
whereS is set of all points identifying locations of all RSs. Quadratic Programming (SQP). To this end, the Lagrangian

1. DESIGNING ASO SOLUTION of constrained optimization problem in (9) can be written as:

The formulation in (6) is a nonlinear large scale multi L(O,XN)=C(0)-ATg (20)

variable optimization problem. Its solution would requir

global cooperation among all BS’s in the WCS and heni H denotes the approxmate of the Hessian maikh
would not be distributed and therefore, would lack SO. If'€" W€ can define quadra't|c subproblem to be solved’at
order to achieve a SO solution, this problem need to be ﬁllg%ratlon of SQP as follows:

decomposed into subproblems, such that its solution can be . 1 7=

executed locally in a distributed manner [5]. To this end, we ‘521127 P H(£(0,2)), w+vC(6),w (1)
propose taaim for a suboptimal solutioms suggested in [5]. subject to:
By not aiming for optimal solution, the tilt optimization can be
done with local coordination only . To enable this Iocalisatiori3r
we propose the concept trfiplet. The triplet is fixed cluster
of three adjacent and hence mutually most interfering sect
as shown in figure 2. Lef’:, denote vector of tilt angle of
sectors withinit® triplet, now the local optimization problem
to be solved and executed within a triplet is given as:

w;+0;, —2<0 j=1,2,3
At each iteration the value dfl can be updated using the
oyden-Fletcher -Goldfarb -Shanno (BFGS) approximation
method. Once the Hessian is known the problem in (11) is
%{Squadratic programming problem that can be solved using
standard methods e.g. gradient projection method in [6].
Through the above steps of SQP, the problem in (7) can
be solved within each triplet independently to determine the
max 7T (ggt) = max 3 log, (1 AT (gﬁt» (7) optimal tilt angles to be adapted and maintained by each triplet

0%, 0,5 vses, for given locations of RS within that triplet. The execution of



these solutions in each triplet in the whole WCS independent
results in achievement of the system wide objective in (€
approximately We call this framework SOT (SO of Tilts,
as the basic idea of decomposing global objective into loc ™ o
objective is inspired from SO systems in nature [7]). Althoug
the system wide optimal performance is neither aimed forn
achieved by SOT, however its just like the case that in natL 2]
SO systems do not aim for perfectly optimal objectives e. ,
common cranes never fly in perfect V-shape, but even ma I
taining a near V-shape increases their group flight efficien — *[T]
significantly [7]. Furthermore, as postulated in [5], one of th
four main paradigms for designing SO into a system is the ™
for perfect SO perfect objectives should not be aimed for. ¢ &
here the SO nature of the proposed solution is perfect but
cost of sub-optimal global objective

S
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IV. NUMERICAL RESULTS

In order to demonstrate the gain SOT can vyield, spect
efficiency for four different set of locations of RS’s in a triple Fiss’
are plotted, as shown in figure 3. A single triplet WCS witl; soof*
8 = 4,B, = 10°,B;, = 70° and cell radius of 600m, is
assumed with BS and RS height of 30m and 10m respective
Since, it is not possible to show a 4-D plot, therefore, or® o 1000 ! 1000
of the tilt angles?;, is fixed to 0° for ease of graphical o o a0 g o 70 o 10001000 ¢
illustration. Therefore, the actual gain achievable by the SC ‘ e e e
by allowing it to set all the three tilts to optimal values, can
be anticipated to be much higher then that shown in figure Bg. 3. Average spectral efficiency (SE) per link within a triplet i.is

Note that for each set of RS location ttiferenttilt angles Plotted as function of tilt angles of two sectors whiig;, = 0° .
give optimal spectral efficiency. This highlights the practical

need and use for SOT, particulary in scenarios of increasin Q/ . . . .
impromptu deployment of RS e.g. in emerging WCS Iik% shion to cope with even mobile RS, as tilts can be changed
= %ectronically and remotely [2], [4].

LTE-A. The gain of SOT is compared against two other se
of tilts i.e. arbitrarily low and high tilts of @°,1°,1°) and ACKNOWLEDGMENT
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