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Abstract

The objective of this work is to evaluate the Quality of SeeviQoS) of a
Universal Mobile Telecommunication System (UMTS) cell. &mg UMTS char-
acteristics, we focus the attention on two aspects stniethted with the identified
QoS measures: the random-access procedure and the adnussicol strategy.
Using a model-based approach, we model and evaluate a UMIMi&der several
service classes, thus providing useful insights on thegmeian of the QoS both
from the users’perspective and from the mobile telephormgatiprs’one.

1 Introduction

The telecommunication industry is continuously investimgnnovative and competi-
tive wireless services. In this paper, we concentrate otJtiigersal Mobile Telecom-
munications Systems (UMTS), which is the third generatiaybite communication
system standardized by 3GPP. High QoS is an always incggasiuirement which
absorbs significant effort by system suppliers. Quantigaissessment of the degree of
QoS offered by a UMTS network (as well as by other networkestiesyis) is therefore
of primarily importance.

Though the evaluation of the QoS of a UMTS network in a singleise scenario
is a widely discussed topic in the literature, only few waalks at analyzing the UMTS
system in presence of different traffic scenarios. [1] ex@ls the performance of Code-
Division Multiple-Access (CDMA) schemes with integrateshgces, namely real-time
voice services and non real-time data services. [2] foctmeattention on multimedia
services (real-time and non real-time) and it proposes aptae resource allocation
system to provide appropriate QoS according to serviceagtqiirom end users. In [3]
the performance of a mixed traffic scenario on the downling &DMA is evaluated,



taking into account speech traffic and web-browsing traffaring the same frequency
carrier.

This paper contributes to the analysis on the service aclisimpent level per-
ceived by UMTS users. The focus is on those UMTS charadtsiathich mainly im-
pact on the analyzed QoS measures, namely the random-g@coessdlure and the ad-
mission control strategy, and it accounts for differenssés of users behavior, mainly
distinguished by their throughput, the workload they addtancell, the duration of
the requested service, the duration of the idle period amdéh of sub-channels avail-
able for preamble transmission. Following a modular apgnoe build the UMTS
cell model as composition of more simple submodels repteggedifferent system
characteristics, and we solve it using a simulation method.

The rest of this paper is organized as follows. Section 2gmtsshe system under
analysis and the identified QoS indicators. Section 3 deth# modeling technique,
the list of assumptions used in the modeling definition amddiscription of the sub-
models that compose the UMTS cell model. In Section 4 the migadgesults of the
simulation studies are presented and discussed, whildusioes are drawn in Section
5.

2 The investigated system and the QoS indicators

In this paper we focus the attention on two UMTS characiesgtaving important
effects on the QoS, both from the users’perspective and fr@mobile telephone op-
erators’one: the random-access procedure and the admissidrol strategy. When
a user needs a service from the network, its User Equipmeg} 8dnds a channel
request to the network through the Physical Random Accessn@él (PRACH), a
specific channel dedicated to the uplink transmission ofickbrequest. Since the net-
work does not control the PRACH usage, the access methoel] basa random-access
procedure, may cause collisions among requests by diffeles, thus worsening the
expected QoS. Once the network receives the channel reguastforms the admis-
sion control procedure to decide if a traffic channel can loeated to this new request.
The goal is, in general, to ensure that the interferencdaeuesfter adding a new call
does not exceed a pre-specified threshold, thus preveh#nQaS to degrade below a
certain level. In this section we give an overview of these mechanisms detailing
only those aspects that will be used in the modeling phase.

The random-access transmission in the 3GPP specificatipbpi§ based on a slot-
ted ALOHA approach. It consists of several consecutiverpida transmissions with
increasing power at well-defined time-offsets, called asadots. The preambles are
sent through the PRACH depicted in Figure 1. It consists aiddess slots divided in
two frames (which are further divided into 12 sub-channdikg first frame is synchro-
nized with the even frames of the Primary Common Control Ray£Hannel (SFN
mod 2 = 0, where SFN is the System Frame Number) and it cortditite slots from
0 to 7; the second frame is synchronized with the odd frameéseoPCCPCH (SFN
mod 2 = 1) and it consists of the slots from 8 to 14. Before istathe random-access
procedure, the UE receives some information from the Brastdi€Hannel (BCH) like
available signatures, available slots in the availablechdnnels, maximum allowed
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Figure 1: PRACH structure

preamble retransmissionsf(,..), ramping factor, persistency value and initial pream-
ble power. Then the UE randomly selects one of the availalilechannels for trans-
mission SelSubCh), an access slot in that sub-channel, a preamble spreadifey ¢
from the set of available codes and it starts a preamblerrissgn using the selected
uplink slot, preamble signature and preamble transmigsoover. When the network
receives the preamble, it replies with a positive acquisitndicator (Ack) if the admis-
sion control procedure has been passed, otherwise withaginegcquisition indicator
(Nack). The network does not send any reply (NoAck) if it doesreceive the pream-
ble (e.g. in case of not enough preamble transmission pawen) case of preamble
collisions (more preamble transmissions over the same siog. In case of Nack
or NoAck signals, the UE selects the next available accessrsthe set of available
PRACH sub-channels, it randomly selects a new signatumegrieases the preamble
transmission power by the ramping factor obtained from BQ®@H, a the number of
transmission attempts is still less than the maximum althvitestarts a new preamble
transmission. In case no more transmission attempts ailalalea the random-access
procedure is terminatedahdom-access procedure failyrdf the UE receives an Ack
signal, it can finally start the transmission of the messagjeguthe allocated traffic
channel.

Call Admission Control (CAC) is one of the important meangt@arantee Quality
of Service (Qo0S) in the telecommunication systems. When asks for a service,
the CAC algorithm decides whether to accept or reject thi rexjuest. There are
several types of admission control algorithms studied éliterature, each one having
different properties and aiming at optimizing differentwerk parameters [6, 7, 8].
Here we consider an admission control algorithm based owdinkload of the UMTS
cell: a new call is accepted if the workload level reachedradtiding the call does not
exceed a pre-specified threshold, both in uplink and in dmknEquivalently:

Nul + ALul < TNul_threshold B (1)
Nar + ALy < Mdi_threshold (2
wheren,;, ALy andny_threshotd (OF Nar, ALg andng_threshola) are, respectively,

the cell workload before the admission of the new call, theklead increment due to
the admission of the new call and the pre-specified thredbedd in uplink (or down-
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Figure 2: Composed model

link).

The QoS indicators that we analyze are the following:

1. The call blocking probability/,;..x), that is the probability that a call is blocked
due to a random-access procedure failure.

2. The mean access timé&,(..ss), that is the mean duration of the random-access
procedure from the time a user sends a channel request tionthé receives a
traffic channel or the random-access procedure fails.

3. The cell workload in uplinkif,;) and downlink ;).

4. The number of traffic channels allocated, that corresptmthe average number
of served users.

The first two measures concern the QoS from the users’ pdigpewhile the others
are more mobile operators’ oriented.

3 The UMTS cell model

All the developed models are derived using the StochastiwifycNetworks [9] (SAN)
formalism. The UMTS cell model is built through the compmsitof three types of
submodels, each one capturing a different aspect of theraylsehavior (see Figure
2). Suppose to have N different service classes (e.g. csatienal, interactive, back-
ground, etc.) distinguished by the throughput, the wordlieey add to the cell{L.,;
andALy), the duration of the service requesté@{vTime), the duration of the idle
period ((dleTime), the duration of the idle period in case of random-accessquture
failure (BlockT'ime) and the set of sub-channels available for preamble treassom
(SelSubCh). For each service clasgwith i=1,...,N), we build one model capturing
the user’s behavior belonging to this class (“Usesubmodel) and one model repre-
senting the random-access procedure associated to thectasad“Random-Access
Procedurg” submodel). On the contrary, the traffic channel allocatible admission
control strategy and the collisions control on preamblegnaissions are shared by all
the service classes and are modeled in the “Resource-Cantbomodel.



As depicted in Figure 2, the models are then composed togesivey proper oper-
ators made available by the SAN formalism (naméatyn andRep® [10]).

The UMTS cell model is based on these assumptions:
o— The number of users camped in the cell is constant, and nocasepass from a
service class to another.
o— The admission control strategy is based on the workloadyrdoty to the previous
relations (1) and (2).
o— If the cell accepts the service request, a Dedicated CH4D&H) is assigned to
the user until the service is completed.
o— When the service is completed (or the random-access proeéalls) a user sends
a new service request to the network.
o— The cell uses two Frequency Division Duplex carriers.

3.1 Useri model

The “Useri” model depicted in Figure 3 represents the behavior of oeehslonging
to the service clasis with i€{1,...,N}, where N is the total number of service classes.
This model is replicated (through the Rep operatiif)times if the service class
consists ofi(; users. In this subsection we outline the meaning of its miaiments.

The “Useti” model shares the following places:

e prach_sent ., ready_iandf ai | _i, shared with the corresponding “Random-
Access Procedurg model;

e ok_ack_i,conn_fail .i,servi ce.channel _i,channel s_not _avai | abl e.i
andchannel s.i, shared with the “Resource-Control” model.

A token in place dl e represents a user whose service request has been satisfied
and completed. After an idle period, defined by the detestimiransitiont _i dl e
that fires inldleTime seconds, the token is moved in placeady _i (the user sends
a new channel request to the network) and a new random-apoessdure begins.
At this point the “Random-Access Procedutenodel removes the token from place
r eady i and, together with the “Resource-Control” model, deteesitihe outcome of
each channel request by putting a token in a specific placepdbsible outcomes of a
channel request are:

e channel request not sent. In this case the token in plaealy _i is moved to
placef ai | _i that represents a UE that cannot send the preamble tramsmiss
because the persistency check has not been passed. Theyatpuatf ai |
enables the instantaneous transitiohai | and the token is removed from place
fail _i and added to placeai t . Subsequently, after a time of 10 ms defined
by the deterministic transition.wai t , a new channel request is sent.

1The Join operator takes as input a) a set of submodels andn® slared places owning to different
submodels of the former set. Its output is a new model the cengmds all the joined submodels’ elements
(places, arcs, activities) but with the shared places ndemg@ unique one. The Rep operator allows the
composition of replicas of one SAN, with a subset of the @asgared among the SANs or all replicas.
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Figure 3: Useli model

e channel request sent to the network. In this case the tokplager eady.i is
moved to placer ach_sent _i that represents a UE that has sent the preamble
transmission through the PRACH. The input galteeck _pr ach_sent enables
the instantaneous transitiateci de_ack that fires. This transition has two
cases that model the probability that the network receikiespreamble from
the UE. Since the transmission power increases with the pupfliransmission
attempts, the probability that the network receives theumtde transmission
increases as well. When tideci de_ack transition fires, the token is removed
from placepr ach_sent _i and it is put:

in placeok_ack.i (and in placef | ag-1), if the network receives the
preamble transmission;

in placeconn_f ai | .i (and in placé | ag_2), if the network does not cor-
rectly receive the preamble (not enough transmission poveithis case
theinputgateheck_at t enpt s enablesthe transitidncheck_at t enpt s
that fires following a uniform distribution between 10 andmB§; then a to-
ken is removed from placeonn_f ai | _i and, based on the marking of
placeMrax representing the number of remaining preamble transnmissio
it checks if the UE can send further preamble transmissiom®b In the
first case a token is removed from plddeax (one attempt less) and a to-
kenis putin placeai t , otherwise a token is putin plae&i t bl ock_1
and then, after a time of 10 ms defined by the deterministigsttian

t .wai t bl ock_1, the token is moved to pladel ock that represents



the case of a random-access procedure failure. The expalteansition
t _bl ock fires with a mean oBlockTime seconds and then the token is
moved to place eady _i (the user sends a new channel request).

e channel request correctly received by the network but riesfesd due to the ad-
mission control policy. In this case the token in pla@ady i is moved to place
channel s_not _avai | abl e.i. Theinputgateheck_channel s_not _avai | abl e
enables the transition_channel s_not _avai | abl e that fires following a
uniform distribution between 10 and 30 ms; then a token isorexd from place
channel s_not _avai | abl e and, if there are other preamble transmission at-
tempts (the marking of pladérax is greater than zero), a token is put in place
wai t .channel s_avai | abl e, otherwise atokenis putin plae&i t _bl ock_2.
In the first case the UE sends a new channel request after adefireed by
the transitiort _wai t _.channel s_avai | abl e that fires following a uniform
distribution between 10 and 1000 ms, and then the token isethtw place
ready.i. In the other case, the user has no more transmission ageamgt
then, after a time defined by the transitiorwai t _bl ock_2 that fires follow-
ing a uniform distribution between 10 and 1000 ms, the tokenaved to place
bl ock.

e channel request not correctly received by the network dpegamble collisions.
In this case the token in placeady _i is moved to placeonn_f ai | _i (but not
in placef | ag-2). Therefore a token in placsonn _f ai | _i can representa non
correctly reception of the preamble transmission due t@notigh transmission
power or due to preamble collisions (distinguished thrathginumber of tokens
in placef | ag_2).

e channel request correctly received and satisfied by theamnktvin this case the
token in place eady _i is removed and one token is added to plaeevi ce_channel _i
andchannel s_i. A token in placeser vi ce_channel _i represents a dedi-
cated channel allocated to satisfy the service requeste Wte number of tokens
in placechannel s_i corresponds to the total number of traffic channels al-
located for the service classThe input gateheck _ser v_channel enables
the transitiont _check_channel that fires following a uniform distribution be-
tween 10 and 30 ms; then a token is removed from pésrevi ce_channel
and one tokenis putin placedi o_bear . The deterministic transition_r adi o_bear
represents the setup time for the radio bear creation areh wiires, the token
is moved to placst art _ser vi ce. Then the input gateheck_channel s
enables the deterministic transitibrser vi ce that fires inServ1ime seconds
(service time); then a token is removed from platart ser vi ce and from
placechannel s, and a token is added to placdl e.

3.2 The random-access proceduré model

The “Random-Access Proceduremodel for the service clagss depicted in Figure 4
and it represents the Physical RACH structure sketcheddtid®e?. In this subsection
we outline the meaning of its main elements.
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Figure 4: Random-access proceduraodel

The “Random-Access Procedufemodel shares the following places:

e prach_sent ., r eady.i andf ai | _i, shared with the corresponding “Usér
model;

e numsl ot andcount _sf r, shared with all the other “Random-Access Proce-
durej” model,Vje{1, ..., N} with j#i.

A token in placer eady i represents a new channel request belonging to service
classi. The input gatesync_prach is used to synchronize the channel requests
with the beginning of one of the two frames of the PRACH. Thenbar of tokens
in numsl ot identifies the current slot number in the current frame, avttie current
frame is identified by the number of tokens in pla@int _sf n. Based on the persis-
tency value received through the BCH, the UE decides whéthsend the preamble
on the PRACH or not. The preamble transmission is not allowitl a probability
(1 — Asc): in this case the instantaneous transittmtess_at t enpt puts a token
in placef ai | _i and a new persistency check is performed in the next trasgmis
time interval (the token is moved again to placeady -i). Otherwise, with probabil-
ity Asc, the preamble transmission is allowed and a token is putdngduccess.
Depending on the marking afount _sf r and on the available PRACH sub-channels
(SelSubCh), the instantaneous transitieel _sl ot selects the slot of the PRACH
that the UE can use to send its channel request. P¥daeisl, ...,sl ot 8 represent the
slots that can be selected during the random-access predgtiot 8 is never selected
if the current PRACH frame is the second). The input gated ot 1, ...,c_sl ot 8
synchronize the service requests with the selected slotvainen the selected access
slot is available, they enable the instantaneous transifiok1, ...,ack8 and the to-
kens are moved to plagz ach_sent _i, representing those users of service cidkat
have sent the preambles to the network. Tokens in ao¢ not _avai | abl e rep-
resent those UE that could send the preamble (they pass@etistency check) but
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they have to wait for the next frame because of slots unaaiia the current frame.
The input gatecheck_next _f r ane and the instantaneous transitinext Fr ane
synchronize the new channel requests with the next frame.

3.3 Resource-Control model

The resource control model is depicted in Figure 5. In thisseation we outline the
meaning of its main elements.
The “Resource-Control” model shares the following places:

e numsl| ot andcount _sf r, shared with the “Random-Access Procedtire
model,Vie{1, ..., N};

e ok_ack.,conn_fail _i,servi ce.channel _i,channel s_not _avai | abl e.i
andchannel s_i, shared with the corresponding “Usémodel, for each ser-
vice classe{1, ..., N}.

The input gateranage_pr ach is used to synchronize the channel requests with
the beginning of one of the two PRACH frames. The number oétskinnums| ot
(initially set to 8) identifies the current slot number in therent frame, while the cur-
rent frame is identified by the number of tokens in placeint _sf n (initially set to
0): it is the first frame (with 8 access slots) if the markcafunt _sf n is odd, other-
wise it is the second frame (with 7 access slots). The detestid transitiont _s| ot
fires in f—g ms (slot length), as each frame has a length of 10 ms, and tteken is
moved to places| ot . When all the tokens have been removed frooms| ot , the
input gatemanage _pr ach enables the instantaneous transittamanage _pr ach
that fires; consequently the marking of planemsl| ot is resetto 7, a token is added
to count _sf n (now it is odd), and so on. Once a token arrives in placet , the
instantaneous transitiamheck_r equest s fires and then the function defined in the
output gateranage _channel s is performed. This function is responsible to detect



preamble collisions and to allocate traffic channels basimghe admission control
policy. Here we briefly introduce the places involved in thadtion activation. For
eachie{1,...,N},

e atoken in placek_ack_i represents a preamble transmission received by the
network and issued by a user belonging to the service glass

e a token in placeconn_f ai | _i represents a preamble transmission issued by
a user belonging to service clasghat has not been received by the network
because of an inadequate preamble transmission power audeof preamble
collisions;

e atokenin placser vi ce_channel _i represents a dedicated channel allocated
to a user belonging to the service class

e the tokens in placehannel s_i represent the total number of traffic channels
allocated for the service clags

e atoken in placehannel s_not _avai | abl e_i represents a channel request
issued by a user belonging to service claisat cannot be accepted due to the
admission control strategy.

The function defined in the output gatenage_channel s works as it follows.
Once the instantaneous transitioheck _r equest s fires, it checks if then number
of preambles arrived in the same time slot is greater tham(mearking ofok _ai ch_1
+ ... + marking ofok _.ai ch_N> 0). In this case a preamble collision has occurred and
then the tokens are instantaneously moved to the corresgppldceonn_f ai | _1,
...,conn_fai | _N. Otherwise it checks if the service request can be accepteded
admission control policy. Basing on the type of requestedice (service clasy and
on the number of traffic channels already allocated (marifrige placechannel s i,
fori=1,...,,N), it verifies if the workload level reached with thew call ,,; +A L., and
nar + ALg) is still less than the maximum allowed.{_inreshoid, @NAN41_threshold)-

If this is the case, a token is added to the correspondingeplelcannel s_i and
servi ce_channel .. If the new call cannot be accepted, one token is added in
the corresponding plaacehannel s_not _avai | abl e.i.

4 QoS evaluation

We evaluated the identified QoS measures in a represensativerio with three ser-
vice classes. A steady-state simulation has been perfomasaty the simulator pro-
vided by the Mdbius tool, at varying of the number of usemmpead in the cell. Table 1
summarizes the settings for the main system parametetiagilisshed by service class.
In all the simulations we are assuming that each servica tlas the same number of
users % of the total number of users camped in the cell).

Figure 6(a) shows the uplinky{;) and downlink ¢4;) workload at varying of the
number of users camped in the cell. It can be noted that bothewhi increase lin-
early until the maximum workload level in uplink is reachedth about 80 users in
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Parameters Serv.Class 1| Serv.Class 2| Serv.Class 3

Throughput 12.2 kbps 32 kbps 64 kbps
ALy 0.016 0.037 0.050
ALyg 0.013 0.046 0.083
Nul_threshold 13

Ndl_threshold 1.6

Asc 60 % 50 %
SelSubCh 0123 4567 | 891011
Mmaz 8

ServTime 300 sec. 266 sec. | 131 sec.
IdleTime 150 sec. 300 sec.
BlockTime 30 sec.

Table 1: Main parameters'values

the cell). From this pointy,; remains constant while,; decreases. This trend can
be explained by analyzing the plots in Figure (6)(b) thatdbss the number of allo-
cated channels for each service class. It can be noted tiw tbe system reaches the
maximum uplink workload level, the number of channels alted to the first service
class increases, while decreases for the other two serldsses. This is due to the
chosen admission control strategy, that accepts a newf tadl workload level reached
after adding the call does not exceed a pre-specified thigggbath in uplink and in
downlink. Since the workload increment caused by the serwiass 1 is lower than
the others, than it is more likely that the system acceptsetitgpes of calls when the
workload of the cell is near its maximum level. Figures 6(a)l &(d) show, respec-
tively, the uplink ;) and downlink ;) workload variations for each of the three
service classes. Again, the workload contribution of sendglass 3 rapidly becomes
lower if the number of users in the cell increases beyond herits. Finally, Figures
6(e) and 6(f) show, respectively, the call blocking proligbénd the mean access time
for each service class. As expected, the users in the firdtearlass have a good QoS
perception as both measures are really low. On the contsxusn the cell reaches its
maximum workload level the two measures rapidly increasete users in service
class 2 and 3, thus worsening the perceived QoS.

5 Conclusions

This paper has presented a study on modeling and analysl$Mfl& cell, accounting
for different classes of services. QoS measures, relexamtihoth a user’ s and an op-
erator’s perspective, have been evaluated, to better stagherthe underlying processes
and get useful insights on proper configurations of UMT Sscékctually, this analysis
constitutes a first, necessary step towards the study of a ommplex scenario, in-
volving multiple cells and accounting for dependabilititicel conditions, such as cell
outages. These constitute the main directions for futuveldements.
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