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Abstract— In this paper, a novel method for mobile terminal Although it is impossible to know beforehand theaex
session signal to interference ratio (SIR) predictin is presented. session SIR pdf of a user, it is possible to ptetidhis kind
The method is based on clustering and classificatioalgorithms ~ of prediction is the goal of the method proposethis paper.
configuring a fully-automatic process, highly adapable to the Therefore, this paper provides a method for préujcthe
deployment scenario. It is focused on the predictioof the session channel quaiity of a user in his future sessiothinform of a

SIR probability density function (pdf) of each user whose . . P .
knowledge will allow for the application of advance radio session SIR pdf. Clustering and classification meqies are

resource management (RRM) techniques. The proposedethod the basis of the method allowing an easy automatiothe
has been applied in simulated and real scenarios shing its Process and a great adaptability to different stesia
validity in both cases. The rest of the paper is organized as follows.datisn Il a
general description of the method is done. In eachil it is
. INTRODUCTION described the implementation of the method. IniSedy the
In a foreseeable future, evolution of wireless eyst will global operation of the method is summarized wrerée
be characterized by the joint operation of différemmain performance measurements are described iflo8ect
technologies in heterogeneous networks. These nietwoNext, Section VI presents some application exampfethe
perform a set of Common Radio Resource Managem@noposed method to simulated and real networkslllyithe
(CRRM) techniques, being one of their basic funwidies main conclusions of this paper are drawn.
the Call Admission Control (CAC).
CAC algorithms operate when a user tries to geheoted Il. FUNCTIONAL DESCRIPTION OFTHE METHOD
to the system deciding on whether the user cansacte The method presents three different parts deschibaiv.
network or not, based on a specific criterion. .
In an optimal CRRM CAC, the algorithm would caldela A !dentification of the most relevant user classes
the amount of resources needed by the user anefffinet of During user session, channel quality changes contisly
its acceptance on the rest of users. According his tproducing a specific SIR trace. Statistical prdpsrtof this
information, the CAC algorithm would decide to whiadio SIR trace can be expressed by means of its pdf.
access technology (RAT) the user should be condegiel The first function of the method is to find simitées
the exact amount of resources to be reserved. among the session SIR pdfs of all users in a getluping
In order to perform the calculation of the needesburces, them into a finite number of classes. Besides, finigtional
Equivalent Bandwidth models have been studied fon-n entity assigns a characteristic session SIR pdhth class.
heterogeneous fixed (see e.g. [1]) and wirelesworés (see  In the proposed method this function is carried lyta
[2]). These previous works highlight the importanoé clustering entity, which assigns a label to eacthefclusters.
knowing the statistical properties of the traffmad or the ) -
channel quality so as to perform in advance an rateu B. Predictor training
calculation of the required resources. Prediction of the characteristic session SIR psifiequired
However, nowadays CAC algorithms uniquely take inteefore admission. This prediction can be obtainasetl on
account the instantaneous value of the receivecepowthe Mmeasurements made by the mobile in the connectiasep
SIR to make decisions about user admission basgdomn  Once clustering is finished in the first phasethie second
some coverage criteria. But this information is eobbugh One the resulting class of each user is linked with initial
since, due to the user movement, channel conditilasnge Measurements made by the user. Those initial measmts
along the whole session and the allocated resocmed turn more representative of each class will be seletmechin the
out to be insufficient. An easy, well known and morpredictor.
complete way of describing the channel quality elpeed Training consists in the supervised learning oflassifier
by any user in his session is estimating the SiRipdughout N which each set of inputs (features of the mesbur
the whole call. In [3] it is commented the cleataten Parameters) is related to a class label (the ooiged by the
between the SIR and the quality of the transmission previous clustering phase).

C. Normal operation

During normal operation of the method the precedent
) o ) o functions can be disabled or may be working on gemknd.
© 2010 IEEE. Pers_onal use of this materla_l is paeni Permission frqm In this normal operation, when a user ask for cotioe he
IEEE must be obtained for all other uses, in angretu or future media, d d K h iotinef
including reprinting/republishing this material fadvertising or promotional sen S some measurements done in a s ort_peno er t
purposes, creating new collective works, for resaleedistribution to servers Predictor employs these measurements to assigrsa i the

or lists, or reuse of any copyrighted componerthisf work in other works.  user, which entails a class-characteristic sesSI&npdf. This
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predicted pdf will be used by the CAC to admit eject the
connection.

In the next section the implementation of this fiowal
scheme is detailed in depth.

[ll. IMPLEMENTATION OF THE METHOD

A. Obtaining Session SRPDFs

In this section it is explained the way session Bt are
obtained from real and simulated networks.

On the other hand, many different kinds of clustgri
methods can be found in the literature (see e]an8 [6]). In
this paper the K-means clustering has been choserndits
easy implementation and good performance. A contipara
analysis among different techniques has demonsdtthtd the
K-means method provides more similar results aspewad
with a human-made analysis than the others.

The number of classes considered in the clusteramgbe
fixed beforehand or automatically optimized by tkame
clustering process.

In a real network, user equipments perform contilsuo Fig 1 shows a set of session SIR pdfs obtainedUMaS

physical layer measurements. These measurements @ty
filtered and sent to the base stations in measurenegorts.

field measurement campaign in Valencia. The K-means
clustering has grouped the pdfs into 4 classes) eme of

Session SIR pdfs can be obtained from the measutsmgnem represented with a different color in the figu

performed by the mobile or from the information tife
measurement reports. In the former the mobileesaitly one
who can obtain the SIR pdfs and the informationnltered.
Therefore, the frequency and accuracy of the measemts is
high. In the latter, the base station can procesgself the
SIR pdfs, but the measurements are less frequehtisumally
the accuracy is lower. Both strategies have bagfied in this
paper employing the information provided by differesall
tracing tools.

In a simulated network, SIR measurements can bt
with a configurable filtering (frequency and averagg and

Since the goal of the method is to predict theisasSIR
pdf of a user, each class must be characterizea rptotype
or characteristic pdf. One further advantage of Khmeans
clustering is that no extra calculations are regglito obtain
this prototype, since its samples correspond to dluster
centroid, which is calculated as a part of the @igm. Fig 2
shows the centroids for the same scenario considereig 1.

C. Prediction of SR PDFs Through Classification of User
Session
Once clustering is completed, the next step isrédipt the

accuracy. Simulations have been conducted in a liftkvn yser session SIR pdfs by identifying the classutser belongs

environment for GPRS and UMTS.

to. Now, it is necessary to link the initial measments

A one-cell scenario has been considered for real aferformed by the user in the connection phase with
simulated networks, i.e. SIR measurements arersdrom prototypes of the session SIR pdfs.

a specific base station. The session duration bas fixed to

The tool employed to cope with this matter is asier. A

3 minutes and an initial set of measurements hamn bgood survey of classification can be found in [63 46].

collected by tracing a high number of controlletbdsessions.

B. ldentification Of Classes Based on Clustering Algorithms

Given a set of predefined pdfs corresponding testected
user classes, the proposed method makes a predaftithe
future session SIR pdf of a user by choosing oridrpch this
set. So, after obtaining all
measurements the next step is to divide theseipdfset oiN
most representative classes. Clustering technigees with
this matter.

Clustering is the classification of elements iniffedent
groups, or more precisely, the partitioning of dadset into
subsets, so that the data in each subset share cmmmaon
features measured with a specific similarity fuowcti

In this paper, each element of the data set isRa [®if
defined as a discrete function that provides a giodiby value
for a finite number of SIR points. In this casemgte values
can be obtained either directly from the measus=gion pdf
histogram or through the application of a pdf eation

First, the classifier is trained with data from g@mne users
employed in the clustering phase. Concretely, fache
training user it is necessary to inform the classifbout the
label class assigned by the cluster entity to #er and about
some parameters measured by the user in the cdomect
phase. This process is called ‘supervised learnéimge the

session SIR pdfs frolqa) classes of the classified elements are known

The parameters measured by the user depend orRédch
In GPRS, for example, the mean and variance ofrtbasured
Carrier to Interference Ratio (CIR) have proven @ody
election, while in UMTS it is interesting to considcthe mean
and variance of the energy-per-chip-to-noise-plus-
interference-density ratid/No.

Once the classifier has been trained, the systewaidy to
operate normally. When a new user enters the sykeewmill
send some initial measurements. Next, the classifiii
assign the user a class. The characteristic seSsRrpdf of
the assigned class is the session SIR predictiothiouser.

There are a lot of different classifiers in thedéture with

method such as the kernel spectral density metiid [yifferent characteristics. Among a number of differ

Therefore, the pdf can be expressed as a vector
probabilities.

Different strategies have been assessed regardn@iR
pdf features and the similarity functions employegerform
the clustering. The best option is to cluster tt&s gmploying
their samples as features and defining the sirylduinction
as the distance between probability vectors.

Different distance definitions can be employed &of@rm
clustering: the classical Euclidean distance (2mdistance),
the sum of absolute differences (cityblock or 1malistance),
one minus the sample correlation between points, letthis
paper the cityblock distance has been preferred.

c%{ssifiers under test, the K-nearest-neighborsiias has
proven the best performance, and therefore it hesnb
selected.

The K-nearest-neighbor classifier stores in menaryhe
inputs of the training: measured parameters args débels of
each user. When a new user is classified his vector
parameters is passed to the classifier which seartte K
nearest training vectors. Class assigned to theusewis that
presented by the majority of his neighbors.
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Fig. 1 Session SIR pdfs in a real UMTS network wiiifferent colors
representing the different classes after clustering
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Fig. 2 Session SIR pdfs prototypes as a resullustering.

IV. GLOBAL OPERATION
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Fig. 4 Scheme of the normal operation of the method

It is possible to tune the system to optimize thesion SIR

This section summarizes the functioning of the SIRrediction by adjusting conveniently these paransetén

prediction method proposed in this paper. A gldzddeme of

order to perform this optimization, some performanc

the method is shown in Fig. 3. A setMfcalls are employed measurement must be defined.

in the training phase. Session duration of eadhitrg call is

One possible performance indicator of the overedicpss

set to 3 minutes. In the connection phase the sesels some Consists in calculating the mean value of the dtxta

parameters obtained from initial measurements. riguthe
whole session, all users keep on reporting per@d®R
measurements.

At the end of the training phase, the Base StdtiasM

between the estimated SIR pdfs and the real SIR pfdthe
classified users, that should be minimum. Agaiis thistance
is calculated with the cityblock norm of the pdfcta.
Hereinafter this is going to be the employed penfance

session SIR traces aMiparameter vectors. Next, session Siidicator.

pdfs are calculated from session SIR traces. Theée are

Obviously, in order to obtain the performance iatit it is

clustered and, as a resul session SIR prototypes arel€cessary to use a group of test users, diffenemh fthe

obtained, one for each class. Besides, one cldss lia
assigned to each one of thletraining calls.

Next, the classifier is trained. Thé parameter vectors are
passed to the classifier together with the relatioatween the

M training calls and thBl clustering classes.

Fig. 4 shows the scheme of the normal operationeW\én
new mobile tries to get connected to the wirelestesn it
sends a set of measured parameters. The clasBifier these
parameters, allocates to the user a specific eladsherefore
its corresponding SIR pdf prototype. This pdf ie firedicted
session SIR pdf of the new user.

As a result of the proposed mechanism, the RRMyersti
provided with an estimation of the session SIRgdhe user,
which can be used as an input for advanced RRMrighgas
such as those based on Equivalent Bandwidth.

V. PERFORMANCEANALYSIS AND OPTIMIZATION

The SIR pdf prediction method presents a great rurob
configurable aspects: the number of user classes| &f
clustering, similarity function, election of theateires of the
measurements, type and parameters of the classiSeme of
these aspects can be fixed, but others can badefariable to
make the system highly adaptable to the environment

training group. The size of the test set must bgel@nough to
obtain valid results.

VI. CASES OFSTUDY

This section discusses the main scenarios whena¢tieod
has been developed and tested. Although it coukhbisaged
to apply this method to the improvement of both &dion
control and handover procedures, up to now resdastbeen
focused only on the first case. Therefore, in otdeavoid a
higher level of complexity, only single-cell sceiuwar have
been considered at the moment. The cases of shallyde
three different environments: a real UMTS environimand
both UMTS and GPRS simulated environments.

A. Real UMTSenvironment
The proposed method was developed starting froeriass

of measurements taken during an intensive measumteme

campaign carried out in an urban environment ineWeia
(Spain).

Several regions with differing levels of receptiqoality
have been distinguished within a cell and represkit a cell
coverage map. Afterwards, measurement data frommnebar
of sessions representing typical situations has lueptured
for further processing. These sessions include Iyain
stationary and pedestrian user sessions involviogement



within and among regions with different coverageels.
Moreover, a reduced number of vehicular user sessas
well as other sessions with non-typical movemerttepas
have also been measured.

This scenario has been paramount to develop theopeal
method, since the usage of typical user sessiosslhaved
for a simpler analytical study. Based on this asialyand
taking into account the different kinds of movememtd
coverage regions within the cell, it is possiblecarry out
manually a clustering of the available user sessiomo a
number of classes.

After carrying out the manual clustering, resulen dbe
compared with different clustering algorithms. Dte the
reduced complexity of this scenario, it is assumied manual
clustering is very close to be optimal and hencdopmance
of automated algorithms is considered higher tloser their
results are to those of manual clustering.

Following this procedure, the K-means clusterirgpethm
was selected as the one providing results mordasira the
direct inspection, but without any need for usgresuision.

With respect to classification algorithms, the amtoof
available data has allowed for a fast comparisotwéen
alternative classifiers, using as input differeatadtraces (SIR,
RSCP, RSSI). As a result of the study, it coulddbtermined
that the K-neighbors classifier was the one prawjdbetter
results, as compared with other alternative clessif
Moreover, the best results were achieved when tiiteli
measurements provided to the classifier includet BtR and
RSCP samples, although no relevant improvementdcbal
observed when also RSSI samples were provided.riiega
the value of the parameter K, the leave-one-outhotkf6]
was employed to calculate the optimum value eaule the
classifier was employed.

In order to fully automate the method, it is neeegdo
decide on the number of classes to be used. Im tvdind the
optimal number of classes and determine the exgpegaén
obtained from the method, a study has been caoigdby
varying the number of user classes and averagiagdsults
among a number of repetitions.

Performance can be measured by means of the dist

between the real session SIR pdf and the assigresibs SIR
pdf prototype. This distance is defined as the ayerof the
absolute differences between points or sampleshefreal
session SIR pdf and the assigned prototype pd& distance
can then be normalized with respect to the ave&Bepdf of

all users in the cell, which would be the only refece
available at the admission control entity in case propose
method would not be applied. Fig. 5 shows the tianeof the

normalized distance with the number of classes #&ad
relation to the cell average SIR pdf. The gainhef proposed
method within CAC is expected to be proportionalthe

difference between the normalized distance anddference
provided by the average SIR pdf.

In the figure, the optimal number of classes isdhe with
the lowest normalized distance (15 classes). lteaabserved
that normalized distance decreases initially whi tumber of
classes until it becomes stable around 10 clagsdarther
increase of the number of classes can even leadotse
results.
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Fig. 5 Normalized distance vs. humber of classek amparison with the
cell average SIR pdfin a UMTS real scenario.

B. Smulated UMTS environment

Although measurements carried out in a real UMTS
scenario have been essential for the evaluatiohhegbroposed
method, the amount of data available is not langeugh to
achieve statistical stability of certain resultdess a number
of executions of the algorithms are averaged. ®Hason is
that initialization of the clustering algorithm aws
introduces a certain degree of randomness, whopaciron
data stability is inversely proportional to the ambof data.

Therefore, in addition to real measurements, an SMT
environment has also been simulated in MATLAB, niettd
to a single cell, as in the real case.

In order to obtain statistically significant resylta large
amount of users has been generated in the simul@hay
have been divided into three equally numbered goup
differing only in their speed and correspondingstationary,
pedestrian and vehicular users.

Except for their different speeds, user movemengach
group has been generated according to the samel.niaidn
user presents a random movement pattern and isdne®ve
anywhere within the cell. User sessions have atiduraof
three minutes.

During each user session, traces for SIR, RSCPRSfI

are generated with samples every 10 ms. HowevBry&lues
are averaged over 1 second periods to emulatelBheeforts
sent by user equipments to the base stations. Thegaged
values are used to perform the clustering while dhiginal

ones are employed to perform the classification.

Clustering and classification algorithms showingttdre
results are those previously selected in the reahario, i.e.
K-means clustering and K-neighbors classifier, wikh
optimized by the leave-one-out method and usingirtitel
SIR trace and RSCP trace samples for the clagsifica

As in the real case, the optimal number of clagsesbe
determined through successive executions of thehadet
comparing them in terms of the normalized distarece
defined in the previous case of study. Resultsdeggcted in
Fig. 6, where also the reference provided by therage
session SIR pdf of all users of the cell is shown.

It can be observed that normalized distance deeseas
initially with the number of classes until the aptim value is
achieved (for 11 classes). A further increase efrihmber of
classes will lead to a worse performance. Anywaye t
normalized distance is always below the referemeeich
would be obtained when the method is not applied.
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average SIR pdf in a UMTS simulation scenario.

C. Smulated GPRS environment
Currently, no real GPRS measurements have been,made

although a measurement campaign will probably be_
performed before camera-ready submission deadhsea 3
result, for GPRS only simulation results are avdda 3

As in UMTS simulation, the scenario consists ofirgle *é

cell and uses the same mobility model with threeugs of
users: stationary, pedestrian and vehicular. Wétspect to
clustering and classification algorithms, the sasetections
carried out in previous sections have also beenh liexe.

average SIR pdf in a GPRS simulation.
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However. in contrast to the UMTS scenario. thereaisFig9- 8 PDF prototypes for the optimal number ofssks (class centroids

difference regarding the input parameters for treesgifier,
since the obtained results depend mainly on
measurements, but providing additional data dodsentail
any remarkable improvement.

As in previous cases, the number of classes has b
studied in terms of their normalized distance andepicted in
Fig. 7. An important aspect in GPRS is that theinopk
number of classes is considerably lower than in SMT
Moreover, if this number of classes is increasedvaba
certain threshold, the normalized distance willoallscrease
above the reference provided by the average seSdRmpdf
of all users in the cell. Consequently, the nhumtfeclasses
must be chosen carefully. Otherwise, results ca@dvorse
than those obtained when the method is not applied. 2l

Since the optimal number of classes is lower than i
previous cases, representing them visually is eaBig. 8 [3]
shows the centroids of the classes (i.e. the sesSIB pdf
prototypes).

SIR

the

(1

(4]
(5]
6]

VII. CONCLUSIONS

In this paper it has been detailed a complete ndetioo
predict the session SIR pdf of a user when he tdeget
connected to a wireless system. Clustering andsitilzetion
algorithms are used in the method allowing an eaBy
automation and a great flexibility of the process.

It has been proven the ability of the method todpoe
good SIR pdf predictions. This performance has been
compared with a hypothetical case in which the ioteuh
was the mean SIR pdf of the cell showing a clear
improvement.

As the proposed method can provide the radio resour
management entity with estimations of session SiiRs,pit
acts as an enabler for different kinds of advan&RrRM
methods and hence for an improvement in performahcall
admission control mechanisms.

provided by the clustering algorithm).
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