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Abstract— The Universal Mobile Telecommunication System via FTP or Voice over IP, the kind of application itself
(UMTS) offers rate controlled radio bearers for best effort determines already the user behaviour and results either in
traffic. The purpose of rate control is to maximize resource a volume-based or a time-based source traffic model.

utilization and concurrently to provide best-effort users with an Kro o1 i . f . te allocati
acceptable grade-of-service. Due to the user behaviour or the roner [2] gives an overview of some generic rate allocation

used application of a mobile subscriber we distinguish between Principles for an UMTS network to assign the remaining power
two types of best-effort users. The time-based users stay for to the best effort users: equal rates, equal power, and Mir/M

a certain time within the network and download an arbitrary  rate allocation. In [3], an analytic method is proposed to
amount of data. Volume-based users leave the network after approximate the quality in terms of bandwidth that a bestreff

they have downloaded a specific data volume. The contribution . . ) . .
of this work is an evaluation of time-based and volume-based USEr €Xperiences in an environment with heterogeneodi traf

best-effort traffic over rate-controlled DCHs by analytic means \We use the equal rate algorithm and calculate the optimal rat
and with a detailed packet-level simulation. The results of allocations as in [3].

both approaches are qualitative equal: while the rate control  Qur contribution is a performance evaluation of volume and

mechanism works effectively for time-based users and allows any time-based services like web traffic over rate-controll€2-3
rate, the assigned rates for the volume-based users take values

between two extremes, either the minimal or the maximal rate. USING an equal rate allocation strategy. We implemented a
discrete-event simulation with TCP New Reno and rate and

I. INTRODUCTION power control according to the 3GPP standard. The resulting

The purpose of thé&kate Controlmechanism in UMTS is distributions of the assigned bit rates and NodeB transmit
to maximize the utilization of resources and concurrently powers show that the benefit of rate control depends strongly
provide best-effort users with an acceptable grade-ofismr on the user behaviour. We conclude further that in some cases
Users of the conversational and streaming classes (QoS)uskate control is dispensable or even to the disadvantagénéor t
have stringent resource requirements and thus have prezedgrade-of-service.
before users of the interactive and best-effort classes (BEThe rest of this paper is organized as follows. In Section I,
users). The rate control distributes the remaining capdoit we illustrate the rate control mechanism and introduce the
the BE users by adapting the bit rate of each user. optimal rate control model. The effect of the different smur

Web browsing is a typical application for the best-effomt setraffic models on the performance and the achieved bit rates i
vice. On the downlink the web traffic is currently transmrdtte analytically derived in Section Ill. Section IV shows thelwe
over dedicated channels (DCHs) which are typically slowlyaffic model and, in particular, how time-based and volume-
rate-controlled. In future best-effort traffic will be main based web users are modelled. The analytical observatiens a
exchanged via the high-speed downlink shared channel (H®nfirmed for web traffic with its complex request response
DSCH). pattern. The numerical results are obtained by a detailed

A web user is mostly described with a volume-based sourdiscrete-event simulation. Finally, we conclude this wark
traffic model. It is assumed that the user stops browsingen tBection V and give an outlook on future work.
web after successfully downloading the required infororati
on different web pages, i.e. after downloading the corredpo
ing data volume. However, if we consider measurements ofThe capacity limiting link due to the asymmetry of web
Internet user traffic depending on the access speed [1], thaffic is the downlink on which the UMTS system capacity
observed traffic volumes were found to increase with the limited by the NodeB transmit power. The maximal amount
access speed and the session duration was almost indepenafethe NodeB transmit power i%),00. Every NodeBa tries
of the access speed. This means that the users stay fdo dransmit with a target powef: which is consumed by
certain time within the network and download an arbitrargommon channels with constant powércy and by QoS
amount of data. Hence, a time-based source model migisers with powefl;, ,s. Thus, the best effort users share the
better fit the emerging traffic. Considering rate control, weemaining powerT, sz = To — Teom — Tr.gos. The basic
therefore distinguish between two types of users, timedbagate control principle is illustrated in Figure 1. The packe
and volume-based. For other applications, like data exgdarscheduler which is typically located in the Radio Network

Il. RATE CONTROL MODEL



Controller (RNC) implements the particular rate controkime can replacel;, and T, by T.. Thus, this term depends only
anism. In our model, we consider the equal rate allocatiam the propagation gains to the various NodeBs, hence on its
location. We define the variable
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Tx Transmission Power for BE3

% as the expectation of this term for a user with random locatio
in the cell area and obtain the mean transmit pogiefor a
’.0s Mobile with services as

Transmission Power FE [§5i| = Ws - Z. (4)
QoS4 for QoS user? Constant Transmission Power for DPCCH fCCH
= Rate for BE user! . . .
Time Now, consider again the total power of a NodeB. It comprises
the power for common channels, the power for themobiles
Fig. 1. Rate control illustration with a QoS services € QoS, and the power for the.z best

effort mobiles:

strategy since it follows the same principle of fairnessduse s p

for the QoS users, i.e. all web users are assigned the saene rat To =Tocn + 2 (ZSEQOS
irespectively of the radio channel conditions and thetiooa  consequently, the maximum load for the best-effort mobiles
of the users. The transmission rate is mainly determined Rya functionwp (n,, n) of the number of mobiles:

the users who experience bad radio channel conditions or
are located at the edge of the cell. These users consume
considerably more power than users near the NodeB.

In order to determme the.opt|r_nal rate for the web users Rfssume further, that the best effort mobiles can adapt only a
a NodeBz at an arbitrary time instant, we use tbetimal set of predefined rate®; — { R Rar} with correspond-
rate control algorithm[3] which utilizes knowledge of the ; gq target £,/ No vaIuesBé’-‘ Thelﬁmt’heMIoad of a best effort
e

) " n
cwrrenL_EMTS_system dstar:e, I:Ihij raBdlo chan_nel cond:cuons iﬁ‘ r can be mapped to the bit rate which is consequently also
all mobile stations, and the NodeB transmit power for ea function of the number of mobiles in the cell

NodeB of the network. R .
The required transmit powes; ;. of the dedicated channel R(n,,np) = maz{R; € 9%&% <wp(ns,np)}.

from NodeBz to mobile k is ' ©)

& Risn  (W-Ng Py -~ ) Note that in the following numerical studies we assume data

Sek = Wik ( da i +Zy;éz Ty de x taln), (@) rates which are multiples of 16kbps up to a maximum of
where R, and é,* are the bit rate and the targéf,/N; 128kbps and a common targe} /N, value of 3dB.
value of a mobilek that entirely specify a mobile’s service. |,
Accordingly, we introduce the variable ]

NsWs + anB) . 5)

Te —TocH — Y ecqos™s " Ws 2
ng - Z )

(6)

wp(ns,np) =

A NALYTICAL APPROACH FORFULLY ACTIVE USERS

. This section is intended to demonstrate the impact of the

Wk = Rt (2)  source traffic model — time-based or volume-based — on the
for the load of a mobile. wher&l is the SyStem bandwidth performance of a UMTS cell with rate control. Therefore, we
of 3.84Mcps. Note, that the load, of all mobiles with the assume a very si_mple sce_nario where the NodeB serves only
same services is equal. In particular, applying the equa|best effort users, i.e. there is no power spent for QoS ushes.
rate allocation strategy leads to equal loads for all befsttef @r9€t power for the rate contrét is set to 8W and the power
users which we denote as;. Furthermore NV, is the thermal for_ common channel¥ccy is 2W. The orthogonahty faCtF’r
noise spectral density of -174dBm/H, is the total emitted © is 0.4. The best effort users arrive according to a Poisson
power of a NodeBy including the power for common andProcess with rate\. The departure process is different for the
dedicated channels, is the orthogonality factor that spt—zcifiest'me'basecj model and the volume-based model. In the t'"_‘e'
the part of the power from the own cell that is received 4&5€d model, the users leave the system after an expohential
interference. And finallyd, ; is the propagation gain from distributed service time with meglr)/u. Accordingly, the time
NodeB z to mobile k. Now, consider the term in brackets in® USEr stays in the system is independent of her data rate,

Eq. (1). It corresponds to the total interference at the tedbi but the data rate determines the volume she can transmit. In

divided by the propagation gahﬁr . from its serving NodeB contrast to that, the volume-based model specifies thatste u
; ves the system just after she has transmitted a certtan da

and consequently depends on the transmit powers of its olfA A i L )
NodeBz, other NodeBg, and on the radio conditions to thes¢/0lume which is exponentially distributed with med#{V].

NodeBs. If we assume optimal rate control, i.e. every NodeB'US: the time she stays in the system depends on the data

manages to transmit always with its target poier, then we '€ She obtains.
In the following, we show how to compute the steady-state

INote thata marks a linear value ang is the corresponding decibel value. distribution for the time-based and the volume-based servi
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times, and how to derive the distribution of the data ratensee —time—-based
by a random user. Since we consider only best effort use s ~volume based
we denote the rate that a best effort obtains wharsers are
in the system byRpz(n) omitting the number of QoS users
compared to the notation in Eq. (7).
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A. Time-Based Source Traffic Model . o
A UMTS cell is modelled as an M/M/n-0 queue whereés O Amber of active users 16 3§s§%n%ﬁ %?e?fbéi]ms
the maXImum number Of users that Stl” a"OWS the m|n|mum (a) number of active users (b) assigned rate
rate R, = 16kbps. The steady-state probability is then given
by Fig. 2. For time-based/;. = 8s and for volume-basefl[V'] = 1000kbit

p(i) = %Z ’ (Z;;O %) - (8) 02 1

—time-based
. . . . —-vol based
with @ = \/u. The distribution of the best effort rates at a o.1s WTESEE 08
random instance of time is = Zose Voume Dase
< 0.1 <
n o] o]
P{Rp time = Ri} =Y 6(i,k) - p(i), @ & 804
1=0 0.05 02
with 6(i, k) = 1 if Rg(i) = Ry and (i, k) = 0, otherwise. . . Lo
The distribution of the best effort rates for a random user is 0 20 40 60 80 16 32 48 64 80 96 112128
number of active users assigned rate [kbps]
P{Rp =Ry} = Zi:l i-6(i, k) - p(i) (10) (a) number of active users (b) assigned rate
,<user — - n . . .
' > iy i p(i)
B. Volume-Based Source Traffic Model Fig. 3. For time-based/p = 9.5s and for volume-baseB[V] = 1148kbit
For the volume-based source traffic model the departure rs 92 —tro—based 1 Jime—based
for a single user is state dependent. Accordingly, the ttians 015 \M‘ 0.8 \M
rateq(i,i — 1) from state(:) with i users to stat¢; — 1) with 2 206
i — 1 users is given as g 01 g
<} 0.4
Rp(i = =
q(iyi—1)=1i- Z10 (11) 005 02
ElV] C : L
The transition for arrivals does not change, i@, i+1) = . O A e acieuser® 18 3 e ot e Teope 28
Consequently, we obtain the steady state distribution as (a) number of active users (b) assigned rate

n A
B [l q(i,i—1)
=2
L+ o g
The distribution of the best effort rates at a random inganc

of time or for a random user are derived analogous to Eq. (8me for the time-based model and the volume-based model
and Eqg. (10). as long as no blocking occurs.

C. Numerical Results of Analytic Approach Figures 2, 3, and 4 show the steady-state distribution and

. ' the resulting distribution of the data rate for a random -best
We now study the impact of the source-traffic model on - ) -
ffort user in the three load scenarios. For the time-based

the d|§tr|but|on of the number of users in the system and tféa%urce traffic model, the offered load determines the peak of
resulting best-effort rates. In order to vary the systend |oee

keep the arrival rate constant at 1 user per second and ch the probability functionp(i) for the number of active users.

. . OR(S:'gordingly, this peak can be shifted to any possible number
mean services timely/; of 8s, 9.5s, and 11s. For these valuegetween 0 and n ie. between no users and the maximal
we determine the distribution of the data rates for a random o

) number of users which are allowed to access the system due
user and determine the mean data volu¥,,..,] that a user o .
. . T to admission control. As a result, for the time-based source
is able to transmit during its life time:

traffic model the probability function of the assigned rate

B weer M ; may take positive probabilities for any rates accordingh® t

% = P{Rpuser = Ri}% (13)  offered load and the peak of this probability function isoals
i=1 shifted continuously over the set of available rates. Theans

The resulting mean data volume for a random user accorditigit the rate control mechanisms works effectively for time

to the time-based model is then used to define the mean daased users and allows any rate. In the three examples,ymainl

volume that a user in the volume-based model has to transrttie highest data rates are assigned. Thus, we should expect

Thus, the system load and the long-term throughput is thesimilar behaviour for the volume-based model as the rate

p(2) (12) Fig. 4. For time-based/u = 11s and for volume-baseB[V] = 1260kbit

E[Vuser} -



control has only a small impact on the data rate. the users arrive according to a Poisson process. During a web
For the lowest load resulting in a mean data volume skssion a user downloads and views a numbé¥ efeb pages
1000kbit, we achieve the expected result: In Figure 2 tlhehere N is lognormally distributed. A web page consists
number of active users and thus the assigned bit rates afehe main object and a random number of optional inline
nearly identical for both models. If we consider, howevke t objects. The main object is the HTML code and an inline
scenarios with higher load resulting in mean data volumebject is a file or script and referenced in the main object.
of 1148kbit and 1260kbit, respectively, we obtain completeHTTP opens a TCP connection and sends a getRequest for
different results for time-based and volume-based userthd the main object. After receiving the main object, the inline
volume-based scenarios, only extreme values for the actigjects are requested from the server and sent back in up to
number of users and therefore for the assigned bit rate éover parallel TCP connections. The volume for both main and
obtained. The rate control mechanism tends towards asgigninline objects is also lognormally distributed. In betweam
either the minimal or the maximal bit rate. The bit rateweb pages there is a viewing time during which the user is
in between are not used. This is due to the fact that tpassive. For the exact values and distributions please tefe
probabilities to have a 'medium’ number of active users if#] or [5].
the system is close to zero. Either a small number of best-In order to specify an analogous time-based model for the
effort users is active which share the available transmitggo web user we measured the session time in a simulation with
and get the maximal rate, or the number of users is so high tatume-based web users and five QoS users on average, and
only the minimal bit rate can be assigned, cf. Figure 3. Witlitted it by a Gamma distribution with a mean of 7.28 minutes
a slightly higher load, the blocking probability increades and a standard deviation of 11.38 minutes. The simulation of
the volume-based users, cf. Figure 4, while in the time-tbasthe time-based web-users then generates the sessionodurati
scenario no user is blocked at all. at the arrival of a new session according to this distributiod
This effect can be explained by the fact that the voluméhe user downloads web pages until the end of the session.
based users stay in the system until they have downloaded .
a certain amount of data. If the number of volume-bas&y Simulative Results
users increases, the assigned bit rate decreases whidts resuln Section llI, the effect of time-based and volume-based
in longer download times. Nevertheless, new users arritle wisource traffic models was demonstrated for fully active siser
rate A and thus the bit rate has to be decreased by the NodeBder the assumption that the required service, eitherrimste
In Fig. 3, the system becomes stable for the maximum rasétime or volume, has the Markov property. In this section,
of 128kbps and the minimum rate of 16kbps where we cave consider web traffic which is transmitted over TCP/IP. The
observe Poisson distributions around the expected nunalbersctivity factor of a web user depends on several factors thike
8.97 and 71.75 users. The transition from the lowest rate amount of downloaded data volume (due to TCP’s flow control

the highest rate occurs both rarely and fast. mechanisms), the round trip time between the web server and
the client, the packet loss probability on the link, the kalde
IV. 'WEB TRAFFIC SIMULATION bandwidth, and last but not least the ratio between the idarat

In order to study the impact of the basic characteristic ef ttof a web page download and the viewing time. We assume the
source traffic model in a more realistic scenario, we comsidair interface to be the bottleneck in this scenario and hence
a hexagonal UMTS cell with three surrounding tiers. In thtéhe assigned bit rate by the NodeB determines the throughput
center cell two kinds of users are served: (1) QoS users onf the web users transmit with a constant bit rate (e.g. via
dedicated channels with a fixed rate of 64kbps, a tafg¢tV, not rate controlled dedicated channels), the time-basedran
value of 4dB, and an exponentially distributed service timelume-based source traffic model are equal and lead to the
with mean120s, and (2) best-effort web users on rate corsame results. Figure 5(a) shows the number of web users in
trolled dedicated channels. The source traffic model of thle wthe system for a given Poisson arrival rate= 1/10s and
users is either volume-based or time-based. The packetibadifferent fixed transmit rates. It has to be noted that the web
discrete event simulation includes an exact implementatiosers do not necessarily contribute to the required transmi
of the TCP stack with version New Reno, the UMTS powegrower, since they are not active on the air interface for the
control, and the optimal rate control as defined in Section Whole session duration. This is expressed by the activitipfa
The location of the users is chosen randomly within the cefllhich denotes the ratio of time being active on the air iatesf
area and the users remain at that location, i.e. mobilityots rto the total time the web user stays in the system. The higher
simulated. Users in the surrounding cells are not simulatétk bit rate is the smaller the activity factor is, see Fidb(ts).
in detail. Instead, perfect rate control is assumed and theéWe proceed to consider now the web traffic model for
surrounding NodeBs transmit with constant power = 8W. time-based and volume-based users in a UMTS system with

) rate-controlled channels. In order to vary the power aktgla
A. Web Traffic Model for the web users, circuit-switched (CS) QoS users arrive

The web traffic model for volume-based users is chosewcording to a Poisson process resulting in a load of 1,3,5,
according to an adapted version of [4]. It is structured intor 7 users. Figure 6(a) shows the distribution of the bestreff
three layers: session, page, and TCP layer. On session layaes for the time-based users. We can see that the rat®lcontr
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assigned assigned

utilizes the full spectrum of possible rates. So in this ctise e= ) D
rate control works to the benefit of the users. ﬁ % ﬁ %
In contrast, the rate probabilities for the volume-baseztsis S N R /
as shown in Figure 6(b) are cumulated at the marginal values umberor number of duration o
e G B & G

of the rate spectrum. Even in a medium loaded system, the  increases
assigned rates are either at the maximum of 128kbps or at the
minimum of 16kbps. This effect results from the interactiorrio. 7. Interaction of assigned rate, session duration,ramdber of users
between the assigned bit rate and the number of web users

in the system as shown in Figure 7. The figure shows two .
interaction cycles. The assigned rate influences the sesdf@yf Volume-based source traffic models only a degenerated ra

duration, which in turn determines the number of current§PNtrol mechanism is required with only two possible rates,
active users. So, in a highly loaded system with short sassiihile for time-based users the whole spectrum of bit rates ca

interarrival times, the left cycle leads to rate assignmeritich € assigned.
tend to the minimum rates. With lower load, the right cycle V. CONCLUSIONS ANDOUTLOOK
leading to high rate assignments is most probable. However

; : . . . The goal of this work is the performance evaluation of
even if the system is medium loaded in terms of sessign .

- - N . Ime-based and volume-based web traffic over rate-coattoll
arrivals, the instantaneous load situation leads eithethéo

i . L . dedicated channels with the equal rate allocation strategy
rate-increasing or rate-decreasing interaction cyclepie

the probability for the rates in between very low. The effec The numerical results suggest that the use of rate control
; . .sthould be planned with consideration of the user behaviodr a
that decreasing the data rate leads to an increased actm% . o .
. . with a proper designed admission control in order to soften t
means that decreasing the data rate does not automat|cal¥v N L e
unwanted effects in high load situations. More specificaily
reduce the load to the system. Consequently, for the volume-

. }:]ase of volume-based user behaviour, rate control degesera
based web traffic model the tendency to assume only the : .
In_such a way that the rate control mechanism only switches

xtreme bit rates is even stronger than for the alw tiy - . )
extre ne b ales 1S eve stronger than for the always ac ¥etween the minimal and the maximal possible rate.
case in Section lll.

In all scenarios, the effect of the rate control for the voddm We further conclude that the selection of the appropriate

. . rce m | for investigatin m or mechanism, lik
based traffic model differs significantly from the effect tbe source mode of est gat_ ga s;_/ste or mecnanism, like
. . ) the rate control in UMTS, is very important and has to be
time-based traffic model. Further, in case of volume-based u. . .

. . . . .~“independent of the evaluated mechanism. Future work might
behaviour the rate control mechanism is not efficient, smtf‘

e . ;
. . o cus on the development of different rate control straegi
it leads to very low bit rates or to very unequal distributeg ~ .

or time-based and volume-based web users. However, the rea

bitrates for high and medium loads. For lower loads, the rate . . .
. user behaviour lies in between those two extremes leading to

control has no effect at all. As a result, it can be stated tha . X

another approach, the user-experienced WWW source traffic

model. It does not determine the user behaviour a priori, but

015 128 — s  also considers the user perceived quality of the serviceea u
112 og 112 tends to stay longer in the system if it perceives a bettelitgua
z 01 decreasing Zg o6 2g This model will be specified and investigated in future work.
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