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ABSTRACT

The tele-traffic behaviour of Enhanced UMTS (E-UMTS) is addressed in three different scenarios (business city centre,
BCC, urban and roads). E-UMTS will allow achieve data rates up 1o 8-10 Mb/s, far beyond the values for UMIS. In
the absence of mobility, the difference between the supported users in each of the scenarios is not relevant. However,
when mobility is considered, from BCC to the other two scenarios, the difference in the number of users is higher than
50% with 75 channels per link (per cell), and decreases around 40% with 100 channels.. Within each of the scenarias,
while in BCC the difference is small (17% reduction). in the other scenarios the reduction is higher than 50 %. When
the number of channels increases 33%, from 75 to 100 channels, the number of supported users increases ~100%, from
" 15.6 to 32.5 in the urban scenario and from 15 to 30 in the roads one, i.e., there is a statistical multiplexing gain.

L INTRODUCTION

. One of the possibilities for the evolution of third
generation WCDMA systems is high-speed downlink
" packet access, HSDPA [1]. It will try to satisfy the future
demands for packet-data, video, and muitimedia services,
increasing substantially data rates, especially in downlink.
The main goal of HDSPA is to allow WCDMA to support
downlink peak data rates in the range of approximately
8-10 Mb/s for best effort packet-data services (within the
current 5 MHz WCDMA bandwidth), far beyond the
UMTS 2ZMb/s requirements, via the use of higher order
modulation (16-QAM and 64-QAM). Enhanced UMTS
"(E-UMTS) research within IST-SEACORN (Simulation
of Enhariced UMTS Access and Core Networks) will take
these ideas of HDSPA as a starting point. However, the
objective of this research is to extend maximum data rates
in both directions (up- and downlink). As it will be
introduced before 4G, it will be called a 3.5G system, and
will support high. capacity wide- and broadband
communications.
In this paper, hypothesis is equivalent to consider & 64-
QAM type of modulation. Thus, all data rates are four
times higher than in UMTS, leading to a higher capacity
- for the new services and applications. The nowadays
UMTS capacity of two carriers multiplied by four
‘corresponds to support, approximately, 50 channels of
128 kb/s. Hence, it is necessary to assume future
allocation of new bands to support 75-100 channels, the
values assumed in this work. Three scenarios have been
considered: Business City Centre, BCC, Urban, URB, and
Roads, ROA, each of them with a given mixture of 16
applications.  Scenarios and applications have been
analysed in [2}, with a typical mixture of mostly real-time
applications. In WCDMA systems, distinct data rates are
supported on the traffic channels through the use of
different spreading factors. Dedicated channels are

. usually allocated for real-time applications such as

conversational and streaming classes, although full IP

solutions for real-time applications are ‘expected to be

supported in the future. Non-real-time applications ar¢

handled as scheduled packet data over either common,

shared, ot dedicated channels; for the purpese of our

computations, only the minimmum data rate is consldcred

for best-effort/ ABR applications.

This paper is organised as follows. Section Il givesa bnef
overview of the model used to get traffic measures' of
interest, and of the way applications and service

components behave. Section IIl presents service.
components and their correspondence with applicatioris

via different parameters. In Section IV, terminal: mobility
is addressed, and the impact of the handover rate on the
maximumn handover probability is analysed. Results for
the three scenarios are analysed in Section V, both
considering 75 and 100 channels per cell. Conclusions are
extracted in Section VI.

II. THEORETICAL MODEL

A. Blocking

The Markov-Modulated Poisson Process, MMPP,
considered, whilst assuming that Interrupted Pmsson
Processes model the various types. of traffic sources. The
considered model is a loss system, where a customer
arrival at the resources follows a specific random process.
In E-UMTS one can consider that resources/channels
serve applications via different service components, i.e.,
the system itself serves service components, which, in
turn, serve applications. Different applications have
different duration, and different associated data rates.
Each application data rate is obtained by weighted sums
of the data rates of the supporting service components,
where the weights are the proportion of time they are
active during the application, on average.
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" As the considered applications are mostly real-fime ones,
the performance measures that one is interested in are the
time blocking probability, Py, the customer or connection
blocking probability, P, and, due to terminal mobility,
the handover failure probability, Py, the probability of an
usér not succeed in transferring its connection from a cell
to another. The probability of forced termination of a
connection during its duration, i.e., the connection
dropping probability, can be derived from the latter.

When a single service is considered, if guard channels for
handover are not used, the handover failure probability is

. equal to the blocking probability [3). Here, this approach
is generalised, as an approximation, for multi-service
traffic, too. Besides, it was shown in {4] that, for long
duration connections, there is no practical advantage in
using guard:channels for handover. Because more than an
half of our applications have 'long average duration, we
did not consider guard channels for handover.

Service components usets (i.¢., customers) request a fixed
number of channels, which are granted if available. If
not, the request is cleared and the customer is blocked.
The classification of customers is done on the basis of
their arrival process, capacity requirement and mean
holding time. ‘
Service components are generated according to the

Bemoulli case of a Bemoulli-Poisson-Pascal (BPP)

process [5]. The capacity vector A gives the number of
code channels that each application demands and it is of

the type
T A=ko)}jmtonds ®

where a; is the service component j capacuy demand.
Blocking situations occur when the request of a new user
cannot be granted, i.¢., they take place when the system is

. within the set .
B,=peN:n-A+a,>cf, @

where N'is the set of possible channels [6], upper-bounded
by the finite channel capacity (¢ resources available). If
there are no resources available the request will be cleared
and the user blocked, and the system will remain in the
same state. The blocking probability of the service
component j is given by the ratio een the expectation
of the number of blocked requests, per time unit, and the
total number of service component requests, per time unit,
The algorithm for its computation is given in [5].

B. User model ] '
There are ¢ resources {or channels) available in each cell,
which are being used by Mr equivalent users. Consider-
ing the traffic mixtures defined in {2], formed by a total of

16 applications, the model for applications activation is
theonepresemedml?lgs 1-2, where resources are used
via the access to audio, date and video service com-
ponents (see Section I for details, and acronyms).

Each user can be either in an idle state or using one of the
16 applications, with generation rate, A,, and total service
rate, Hy, respectively. Once application & is active, the six
service components can be activated with rate Ay and
extinguished with total service rate Hy,, j= 1, ..., J.
-They can be simultancously active, or not, and some can
even not be activated for a given application.

Service ' Ay p
(umcdty | ldle “@
application k) H, U
A A

mp j Idle Active

. H, u
Fig. 2 - Mode] for service component activation.

The service rate of service component j is .

e A B Ap A
- Ay Ap Ay
Hy= X An Hn/[xg‘n“# Hn]

*a¥VTE

3

If terminal mobility is considered [7], Ay has to be
replaced by Ay times a factor (z4+ )44, where 24 and 7,
are the service and the cross-over rates associated with
application k; respectively [6]. ’
This is a loss system, whose performance can be measured -
by the blocking probability of each service component,
which simplifies the analysis (becaus¢ one only needs to
consider the most limiting service components, and not
cach application).
The system average load‘is [6]

 L=f, b My, @ -
where f; is the fraction of active users and & is the
maximum load per user, given by

K,

b= 2?"’?1 by
=
b, is the application k data rate, and the values for the
usage, prop;, are a characteristic of each speclﬁc
deploym-t scenario [2]. Thé product propy by gives the
maximum load per apphcatlon

&)

. SERVICE COMPONENTS

The fundamental service components are uuho, data md
video, which can be sub-divided into ight different kinds,
distinguished in terms of types and data rates, B;.
Besides, ‘there i3 a correspondence between types of
information supporting applications (such as sound, text,
moving pictures, multimedia) and the service com-
ponents themselves, Table 1: :
¢ Interactive video: IV1 at 128 kb/s, IV2 at 384 kb/s,
V3 at 1536 kb/s, and IV4 at 1920 kb/s.
o Medium bit rate data: MD1 at 768 kb/s, MD2 at 1024
kb/s and MD3 at 1536 kb/s.
« Low bit rate data: LOD at 384 kb/s,
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Table 1. Service Components: types and data rates.

Service component i a; B, [kb/s]
BAS 1 1 -128
LOD =1V2 2 3 384
-MD 3 6 768
MD?2 4 8 1024
MD3 =1V3 5 12 1536
V4 3 15 1920

In the context of this work, IV is the basic channel, BAS;
hence, the basic data rate is 128 kb/s, and, in Table 1,
LOD replaces IV2, while MD3 stands both for IV3 and
MD3 itself. This replacement is possible by assumning that
both service components in each pair, LOD-IV2 and
MD3-IV3, have the same characteristics, and that
applications do not mse components of these pairs
simultaneously. g, is the number of channels requested by
each service compaonent.

The set of considered applications is defined by the
deployment scenarios of (2], where MM and HIMM mean
multimedia and high interactive MM, respectively :

VTE Video-telephony MTW Mobile Tele-working

HVT HD Video-telephony EMB Electronic Mailbox for MM
HYC HIMM Vid f ECO E
" VOO Videoconference TIN * Tourist Information
MVS Mobile Video Surveillance RPC  Remote Procedure Call
FIP Data File Transfer (FTP)  UGD Urban Guidance
DMM Deskiop Multimedia ATR Assistance in Travel
CWO Collaborative working ENP E-ncwspaper

‘Their service characterisation

following [2], [8], Table 2:

e intrinsic time dependency (time-based, TB, or non time-
based, NTB, information),

e delivery requirements (real-time, RT, or non real-time,

o directionslity (the flow of information can be bi - or
unidirectionat),

» symmetry of the connections,

e interactivity,

® number of parties.

parameters” are the

All these applications are bi-directional and interactive,
while almost cveryone is one-to-one (except video-
conference and e-newspaper, which are one-to-many).

Table 2. Service characteristics and average duration.
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The use of service component j serving application k, is
characterised by parameters ny;, the number of times it is
accessed during application k, and sy, its service rate
given application k. .Values, agreeing with the service
characteristics, are presented in Tables 3-4. ‘Application k
data rate is given by [6]

P ———— Coe
By = Z M a %
#TE  Hi
Table 3. Service component j given application k, uplink.
Agpli- e o T [min]
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Table 4. Service compon. j given application k, downlink.
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Permanent service components are only activated once,
and have the same duration of the application they are
serving, while the characteristics of non-permanent
service components can be summarised as follows:

o the average duration of service component j given
application k is ;;: (y " )"= 0.055 imin, and refers |
to the IPP model for Web Browsing [9), i.c., on/off
average duration of 3.3 and 22.8 s, respectively.

"e other values refer to the characterisation given in
[10]: average duration of 0.0083 min for data access.

- IV. INFLUENCE OF TERMINAL MOBILITY

In the considered deployment scenarios, the characteris-
tics for ferminal mobility are the following: static (ST),
pedestrian (PD), urban (UB), main roads (MR) or
highways (HW). Different types of mobility are assumed
for each application in each of the scenarios. A triangular
distribution is considered for the velocity, with average
V,, and deviation A, Table 5.
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Table 5. Terminal mobility.
A|m-s"}
Static -0 0
Pedestrian 1. .7
Urban 1 1 7.2
Main rosds 1 15 i 10..

| Highways 22.5 12.5 21.2

In a_homogeneous distribution of users, although mebility
does not affect the computation of blocking probability
(for given density of users and fraction of active, users), it
imposes the proportion of new/handover connections.
Hence, for each service component, it has influence on the
handover failure probability threshold, given by

AN (74T

where (Pjpe is the maximum allowed connection
dropping probability. - The handover rate of service
component 7 is the ratio between the respective cross-over
and service rates, 3 = 7/4, and increases as the users
move fast, depending also on the coverage distance, R, of
the cells. Fig. 3 presents y as a function of R for the BCC
scenario, uplink. A pedestrian type of mobility was
considered for the majority of moving pictures and sound
applications; while most data and MM ones are static.

Scenario Vo[ ] YJ‘[IE 5]

——

Yy

W i

—a Mt
2 \ & M2
15 L\ —a— N4
K : Y

ey
o b N
““"-«—_,_1“—————-_‘
[]
! [ 1% o 300 400 500
Rim

Fig. 3 - Handovcr rate as a function of R (BCC Scenirio).

Comparing the graphs among different scenarios, y takes
higher values for higher mobility scenarios, and is a
decreasing function with R. From these curves, one can
obtain the maximum handover failure probability, (Py)me,
using (7). For a maximwn connection dropping
probability (P = 0.5 %, the value of the handover rate
has important consequences on the handover failure
probability threshold. An example is given in Fig. 4,
URB scenario, uplink. In this scenario the majority of
moving pictures, and sound applications have urban

In the BCC scenario a handover faiture threshold of, e.g.,
0.02, is achieved for R = 100 m. However, in URB and
ROA scenarios, the corresponding R has to be higher than
1000 m, while smaller cells would correspond to stringent
conditions, i.e., very low values of (Py)wa.

These results will be used to obtain the supported traffic.
The most limiting service component will be considered,
which is different from a scenario to another, and for each
of the links, up-&down-.

V.RESULTS

Results have been obtained for 75 and 100 channels per
cell (both in up- and downlink). For each situation, the
influence of mobility was studied by comparing results in
presence and absence of mobility. In both cases, resources
were distributed between the links in order to get
symmelry on the supported fraction of active users.
Blocking probability was calculated as a function of f;, the
fraction of active users (for both links). However, only the
most limiting service component is presented in the results
and graphs, i.e., IV4 for BCC and URB scenarios, and
MD3 for roads. -

Assumptions were made for each scenario for the number
of potential users, Mr, and the coverage distance, R:
Mr=1250, 100 and 100 users, while R =100, 100 and 150 m
in BCC, URB and ROA scenarios, respectively.

Fig. 5 and Table 6 present results for 75 channetls per link.
In Fig. 5, an example of Py(f,) is presented for the BCC
scenario, uplink. From this, it is straightforward to obtain
fa (by an inversion procedure, extracting values of . for a
fixed P; or Py, Table 6.

oa@s N4
—_ [
0z -
oS /
i
o /
//
H
o oot oo [ oM
3

Fig. 5 - Blocking probability as a function of £, (BCC
scenario, uplink).

Table 6 - Results for the supported f; and the number of
users per km with 75 channels per link.

= . L. oH . ISce— [Link/ o [%] T . Users per km
rgoblhty, while data and multimedia ones are static. io |Chan [72 5% F = o] Prme  [rrmemes o
L 'IBCC u7s] 3. 0 X7 EACA DY 35 | 318
| T D 75| 3. 0 |7ezxi00] :
~#--L0D U 75 84 4.7 77 x 10 4 156
0,008 ] —— MD1 — D 13] 87 4.9 T7 x 10°
g . - ROA Ju 76] 118 4.5 206x10° | 394 15
£ oo —nt— MDY . i -+ ”: n
—— '/.4 /"). F‘-i-‘-’ - - ) g . I3
002 w ),,_/‘/-»/,— i As in BCC the terminal mobility is low, the difference
£ i N N between the number of supported users in absence and
0 e m e presence of mobility {i.c., between the cases Py = 2% and
Rim) Py = (P,,é)w) is negligible (a 4% _reductiop only).
However, in the URB and ROA scenarios the difference

Fig. 4 - (Py)mc8S 2 function of R (URB scenario).

becomes relevant (the reduction is higher than 60%).
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Analysing the results in absence of mobility, there is no
[important difference in the number of supported users
among the three scenarios. In the presence of mobility,
however, a difference arises. Results are 37.5, 15.6 and
15 user/km in BCC, URB and ROA scenarios,
respectively. In this case, the difference in the number of
supported users per kilometre between BCC and the other
two scenarios is higher than 50%. Fig. 6 shows results for
100 channels per lmk in the case of ROA scenario,
uplink.
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Fig. 6 - Blocking probability as a function of £, (ROA
scenario, uplink).
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Comparing the results between the absence and presence .

of mobility, Table 7, one concludes that there is a strong
degradation in high mobility scenarios. While the
reduction is only 17% in the BCC scenario, in the URB
and ROA ones the reduction is 45-55%.

Table 7 - Results for the supported £, and the number of
supported users per km with 100 channels per link.

e ik A | . Users per kim
ario Jchan |7, = 2%1Py = (Pignal (P 1 rence | presence
B0 0 e o o B
- ;:1 :_:_: 6:2 ;’;: L 605 | 325
s - [~

In the absence
supported users are: 60 for the BCC scenario, 60.5 for the
URB one, and 67 for roads, i.e., in the BCC scenario,
fewer users are supported than in the other two scenarios.
This is because of the higher maximum load per user in
the downlink, the link with lower f, (bipowy = 469.9 kb/s
in the BCC scenario, against 437.7 and 309.3 kb/s in the
URB and ROA ones). In the presence of mobility, results
are: 50.25, 32.5 and 30 user/km in the BCC, URB and
ROA scenarios. In this case, there is also a high reduction
of users between BCC scenario and the other ones.

V1. CONCLUSIONS

One can extract conclusions from three different points of
view: mobility, scenarios, and number of channels.
When no mobility is taken into account, the difference
between the number of users in each of the scenarios is
not relevant. However, when mobility is considered,
from BCC to the other two scenarios, the difference in the
number of users is higher than 50% with 75 channels per

6]

of mobility results for the number of

link (each with a data rate of 128 kb/s), and decreases
around 40% with 100 channels per link. Within each of
the scenarios, comparing the cases of presence and
absence of mobility, while in the BCC one the difference
is small (17% reduction), in the other two scenarios the
difference is higher than 50 % (example for 100 _.

channel/cell). Finally, it is worthwhile 1o note that in

URB and ROA scenarios, the number of sup users
is incremented in 100% {(from ~15 to ~30) when the
number of channels i increases only 33% (from 75 to 100),
correspondmg toa slatlstlcal multiplexing gain.
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