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AESTRACF 

The tele-no&% behaviour of Enhonced UMIS (E -UMT)  U addressed in fhree diferenf scenorios @&hess city cenlre. 
BCC. urban and rod) .  E-UMIS will ollow ochiwe dolo rofa up IO 8-10 Mh. fm beyond fhe values for UMIS. In 
the obsence of mobility, fhe diierence between the supported users in each of the scen@as is no1 relevant. H o w M ,  
when mobility is consider4 from BCC IO the other hvo scenorios, fhe diierence in fhe number of users is higher than 
50% with 75 chonnelsper link @er cell). ond desreasa oround 40% wifh 100 chonneb.. Wifhin each of fhe scmorias, 
while in BCC the diierence is smoll(l7% reduetion), in fhe ofher scenarios fhe reduction w higher than 50 56. When 
l e  number of chonneb incremes 33%,fim 75 lo 100 channels, the number,ofsupprfedusers incremes - 1 W 4 f m m  
15.6 to 32.5 in the urbon scenorio ondjiom IS lo 30 in the r o d  one, i.e., there is o slofisficol mulIipl@tggoin. 

. .  

1. INTRODUCTION 

One of the possibilities for the evolution of third 
generation WCDMA systems is high-speed downlink 
packet access, HSDPA [I]. It will try to satisfy the fuhue 
demands for packetdata, video, and multimedia services, 
increasing substantially data rates, especially in downlink. 
The w i n  goal of HDSPA is to allow WCDMA to support 
downlink peak data rates in the range of approximately 
8-10 Mbls for bkst effort packetdata smrices (within the 
ament 5 MHz WCDMA bandwidth), far beyond the 
LMTS 2 W s  requirements, via the use of higher order 
modulation (IGQAM and 64-QAM). Enhanced UMTS 
(E-UMTS) researeh wilhin IST-SEACORN (Simulation 
of Enharid UMTS Aeeess and Core Networks) will lake 
these ideas of HDSPA as a starting point. However, the 
objective of this research is to extend maximum data rates 
in bath directions (up- and downlink). As it will be 
introduced before 4G, it will be called a 3.5G syslem, and 
will support, high capacity wide- and broadband 
communications. 
In this paper, hypothesis is equivalent to consider a 64- 
QAM type of modulation. 'Ihus, 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 caniem multiplied by four 
'cornsponds to support, approximately, 50 channels of 
128 kh/s. Hence, it is necessary to assume future 
allocation of new bands to support 75-100 channels, the 
values assumed in this work. Threc scenarios have been 
considend: Business City Centre, BCC, Uhan, URB, and 
Roads, ROA, each of them with a given mixture of 16 
applications. Scenarios and applications have k e n  
analysed in [2], with a typical mixhue of mostly real-time 
applications. In WCDMA systems, distinct data rates are 
supported on the traffic channels through the use of 
diffgrmt spreading, fnclors. Dedicated channels are 

usuaUy 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, are 
handled as scheduled, packel data over either common, 
shared, or dedicated channels; for the purpose of our 
computations, only the minimum data rate is wnsidrred 
for beSt-efforV ABR applications. 
This paper is organised as follows. Section ll gives a brief 
overview of the model used to get traffic mcasurrs' of 
interest, and of the way applications and servjce 
wmponents behave. Section III presents service; 
components and their wrrespondencc with applicationS 
via different paramelm. ~n k t i o n  W, tmnina,mobiliiy 
is addressed, and the impact of the handover rate on the 
maximum handover probability is d y s e d .  Results for 
the ihrec scenarios are analysed in Section V, both 
considering 75 and 100 channels wr cell. Conclusions are 
e x w e d  in Section VI. 

11. TWEORETICAL MODEL 

A. Blocking 
The Markov-Modulated Poisson Recess, MMPP. is 
wnsidered, whilst assuming that Inlerrupted Poisson 
Roccsses model the various types of traffic ~ u n c s .  The 
w n s i d d  model is a loss syslcm, w h m  a customer 
arrival at the resources follows a specific random process. 
In E M S  one cnn wnsider that r e sbdchanne l s  
serve applications via different service components, i.e., 
the system itself serves service components, wbich, in 
turn, xrve applications. Different applicitions have 
diffmnt duration, and differ& associated data ratcs. 
Each application data rale is obtained by weighted sums 
of the data rates of the supporting service wmponcnts, 
where the weights are the proportion of lime they are 
active during the application, on average. 
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As the wnsidered applications are mostly real-time ones, 
the performancc measures that one is intensted in are the 
time blocking probability, P, the customer or connection 
blocking probability, Pb and, due to terminal mobility. 
the hnndover failure probability. Pw the probability of an 
user notpuffieed in hansferring its CoDnCction from a cell 
to another. The probability of forced terminntion of a 

dropping probnbility, can he derived from the latter. 

&Hn. 
H.m 

avo HO. 

conneon  during ita duration, i.e., the wnnection ux) 

._ 
when asinglc service is wnside.rcd, if guard channels for 
handover are not used, the handover failure pmbability is 

Fig. 1 -Model for applications activation. 

cqunl to the blocking probability [3]. Here, this a p p w h  
is gendised, as an approximation, for multi-service 
traffic. too. Besides. it was shown in [4] hut, for long 
duration WMCC~~OUS, there is no practical advantage in 
using guard!channels for hnndover. Because more than nn 
half of our applications havc'long average duration, we 
did not consider g u d  chunnels for bandover. 
Service wmponents users (i.e., customers) request a fixed 
number of channels, which nrc granted if available. If 
not, the request is c l d  and the customer is blocked. 
The classification of customers is done on lhe basis of 
their arrival omeess. caoacitv muirement and mean 

"",@*a Active "Fd by qQruhont1 - "mpolrml 

~ i ~ .  2 ~ o d ~ l  for dvhon, 

me dce rate of&ce wmponentjis, . . _ .  
bolding lime. 
Service wmponents me generuled according to the 
Bernoulli Case of a Bernoulli-Poisson-Pnsd , (BPP) 
process 151. The capacity vector A giva the number of 
codc chunnels that each application demands and it is of 
thew, 

A - b , L / = I  ,___, J ,  (1) 
where a, is the service componi0t j eaplcity dema?d 
Blocking sipons,ocnu when the +uest of a new user 
cannot he granted, i.e., they take plum when the systcm is 
within the set 

w h m  Nis the set of possible channels [6], upper-bounded 
by the f4litc channel capacity (c lcsourees available). If 
thm are no resources available the request will be cleared 
and thc user blocked, and the system will ,mnain. in the 
samc state. The blocking probqbility of the service 
wmponcnt j is given by the ratio bec(vem the expectation 
of the n d  of blocked requcats, per time unit, and the 

B , = ~ E N : ~ . A + Q , D C ) ,  (2) 

If lmnid mobility is wnsidered [7], 4 has to be 
r c p l d  by A,,, times I fnctor o&+?j,)/&, w h m  )I, and q. 
me the service and the cmss-over rates associated with 
application k, respectively [6]. 
This is a loss system, whose pcrformnnce can be meawed 
by the blocking probability of each service component, 
which simplifies thc d y s i s  @ecaupe one only needs to 
wnsider the most limiting s+ce components, and not 
eacb application). 
The system average load'is [a] 

where/. is thc &tion of active users and bl is $e 
maximum loud per user, given by 

(9 

b, is the nmlication k data ntc. and the values for the 

L =/..4, Mr 9 (4) 

, . 4 = Z p m p i  4. 
A-, 

which am b c i  uscd by bfr upivalen~ users. Consider: 
h g  tho t d 6 c  mixhrns dcW in [ Z ] ; f d  by atoW of 
16 applicatibns. the model for applicabbns activation is 
tho one prrsmtcd in Figs. 1-2, whnC murcca are uscd 
via thc v s  to audio, data and video m i c e  am- 
ponenw (sa W o n  III for details. and Scronyms). 
@acb user,canbe either in an idle state or using one ofthe 

.The fundamental service wmponcnts PIC audio; data and 
vi@, which caa be aubdirided into eight di&nnt kin&. 
distinguished in trims of types and data rates. B& 
Besides,'th& is a Mmgpondence b a n  t y p  of 
idtormation supporting applications (such as sound, text, 
mpving p i m ,  multimedia) and the service wm- 
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Table 1. Smice Componenfs: types and data rates, 
' The use of service component j serving application k, is 

charamrised by parameters nAi, the number of times it is 
accessed during application k, and its service rate 
given application k. .Values, agreeing with the seryice 
characteristics, are presented in Tables 3 4 .  Application k 
data rate is given by [61 

(6) 
. .  

KNP n .p; 

I -  pi' 
b, = k . a l .  

In the context of this work, IVI is the basic channel, BAS; 
hence, the basic data rate is 128 kb/s, and,' in Table I ,  
LOD replaces IV2, while MD3 stands both for lV3 and 
MD3 itself. This replacement is possible by assuming that 
both scyice eomponcnts in each pair, LOD-IVZ and 
MD3-IV3, have the same characteristics, and that 
applications do not use components of these paik 
simultaneously. g is the number of channels requested by 
each service component. 
The 'set of considered applications is defined by the 
deployment scenarios of [Z], where MM and HIMM mean 
multimedia and high interactive MM, respectively : 
VIZ Vi&c-lelqbny M?w MabilcTelbworklng 
HYI HD VidcO-Blqby  EMB Elmrmic Mailbox for MM 
HVC ~ V i d c o s o n f a c n e c  ECO E o -  
VCYJ V i h d -  TIN TavirtldomuPion 
MVS MobilcVidmSumilhncc RPC RnnMcRocsdursclll 
FTP h u P i k T m f c r ( F I P )  UGD UrbanGuidwm 

DMM Oawop Multimdia ATR I\rsiruulu In Tnvel 
CWO C o ~ v s w a k i m  ENP E-nmp- 

Their &nice charaaerisation parameters are the 
following [2]. [SI, Table 2 

intrinsic time dependency (time-based, TB, or non time- 

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

directionality (the flow of information can be bi - or 

e symmehy of the connections, 
interactivity, 
number of parties. 

All these applications are bi-directional and interactive, 

based, NTB, information), 

MT), 

unidirectional), 

Table 3. Service comwnent i eiven anolication k. wlink. 

Table 4. Service compon. j given application k, downlink. 
I - 

r,. 1-1 

while almost everyone is oneto-one (except rideo- 
confemce and e-newspapcr, which are one.to-my). Permanent service components are only activated on=, 

and have the same duration of the application they are 
~ a b l ~  2. service characteristics and average duration. serving, while the characteristics of, non-+aent 

the average duration of service component j given 
application k is G= (.,)'= 0.055 min, and refers 
to the IPP model for Web Browsing [9], i.e., odoff 
average duration of 3.3 and 22.8 s, respectively. 
other vaiues refer to the characterisation given in 
[IO]: average duration of 0.0083 min for data access. 

service components can be summarised as follows; 

IV. INFLUENCE OF TERMINAL MOBILITY 
In the considered deployment scenarios, the characteris- 
tics for terminal mobility are the following: static (ST), 
pedestrian (F'D), urban WE), main roads WR) or 
highways 0. Different types of mobility are assumed 
for each application in each of the scenarios. A triangulai 
distribution is considered for the velocity, with average 
V, and deviation A, Table 5. 
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Table 5 .  Terminal mobility. 

In qhomogenwus distribution of users, although mobility 
docs not S e c t  the computation of blocking probability 
(for given densit): of users and fraction of active,users), it 
imposes the' proportion of newbandover connections. 
Hence;for each servic component, it has influence on the 
handover failure probability threshold, given by 

' . 

(7) 
. .  

where (Pd)- is the maximum allowed comeetion 
dropping probability. The handover rate of service 
componentj is the ratio between the respective cross-over 
and setvice rates, r/ = dp,, and increases as the users 
move fast, depending also on the coverage distance, R, of 
the cells. Fig. 3 presents I, 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. 

I 

Fig. 3 ~ Handover rate as a function of R (BCC Scenario). 

Comparing the graphs among differed scenarios, I, 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, (Pd-, 
using (7). For a maximum cotpection dropping 
probability (PJ- = 0.5 %, !he 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 
mobilitv. while data and multimedia ones are static. 

Fig. 4 - (Pd- as a function ofR (URB scenario). 

In the BCC scenario a handover failure thrcsbold of, e.g., 
0.02, is achieved for R = 100 m. However, in URB and 
ROA d o s ,  the corresponding R has to be higher than 
1000 m, while smaller cells would correspond to s h g m t  
conditions, i.e., very low values of (Pd-. 
These results will be used to obtain the supported traffic. 
The most limiting service component will be considcrcd, 
which is different h m  a scenario to another, and for each 
of the links, upBrdown-. 

V. RESULTS 
Results have been obtained for 75 and LOO channels p a  
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 
symmetry on the supported fraction of active wrs. 
Blocking probability was calculated as a function of/., 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, M ,  and the coverage distance, R 
Mr=250, 100and100us~,whileR=100,100and150m 
in BCC, URB and ROA scenarios, respectively. 
Fig. 5 and Table 6 present results for 75 channels per link. 
In Fig. 5 ,  an example of P&) is presented for the BCC 
scenario, uplink. From this, it is straightforward to obtain 
f.  (by an inversion procedure, extracting values off. for a 
fured Ph or Ps Table 6. 

I h 1 
Fig. 5 - Blocking probability as a function off. (BCC 

scenario, uplink). 

Table 6 - Results for the swuorted I, and the number of 
users per ~rm with 75 c G &  per link. 

As in BCC the terminal mobility is low, the difference 
between the number of supported users in absence and 
presence of mobility (i.e., between the cases P, = 2% and 
Ph/ = &4-) is negligible (a 4% reduction only). 
However, in the URB and ROA scenarios the difference 
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 usm 
among the three scenarios. In the pnscnce of mobility, 
however, a difference arises. &ults arc 37.5, 15.6 and 
IS w r h  in BCC, URB and ROA scenarios, 
respxtively. In this case, the difference in the,number of 
supported users per kilometm bdween BCC and the otbcr 
two scenarios is higher ulan 50%. Fig. 6 shows results for 
100 channels per link, in the case of ROA scenario, 
uplink. 

Fig. 6 -Blocking probability as a function off. (ROA 
scenario, uplink). 

Comparing the results between the absence and presence 
of mobility, Table 7, one concludes that there is a shong 
degradation in,  high mobility scenarios. Wbile the 
reduction is only 17% in the BCC scenario, in the URB 
and ROA ones the reduction is 4545%. 

Table 7 - Results for the supportedf. and the number of 
supportedusns per km with 100 channels pcrlink. 

In the absence of mobility results for the number of 
supported users are: €4 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 highcr maximum load per user in 
the downlink, the link with lower/. (btwm = 469.9 kbh 
in the BCC scenario, against 437.7 and 309.3 kWs in the 
URB and ROA ones). In the presence of mobility, results 
are: 50.25, 32.5 and 30 u s e r h  in the BCC, URB and 
ROA scenarios. In this case, there is also a high nduction 
of users betwan BCC scenario and the other ones. 

VI. CONCLUSIONS 

One can exhact conclusions h m  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 scmarios is 
not relevant. However, wben mobility is considered, 
h m  BCC to the other two scenarios, the difference in the 
number of users is higher ulan 50% with 75 channels per 

link (each with a dah rate of 128 kb/s), and dwrasca 
around 40% with 100 channels per link. Witbin cschpf . . 

absence of mobility, while in the BCC one thc diffscncc 
is small (17% reduction). in the 0th two Scmarios the 
difference is higher than 50 % (example for 100, 
ChanneVcell). Finally, it is worthwhile to note that m-~ 
URB and ROA Scmarios. the number of sqyatal usm 
is incremental in I O W  (from -15 to -30) when the 

comspondtng to a statistical multiplexing gain. 
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