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Abstract—This paper presents a study of base station system
configurations for the Universal Mobile Telecommunication
System (UMTS). The base station system (BSS), being the in-
terface between the mobile terminal and fixed network, should
be capable of handling a huge amount of traffic, mobility, and
a high signaling load which is expected in the UMTS. Several
functions that should be supported by BSS are envisaged. Spe-
cial attention is given to the mobility functions (e.g., hand-
over). Functions that are needed to perform a handover are
identified. This results in a generic handover functional model.
Possible allocation scenarios are examined, taking into account
the interconnection methods for the BSS and considering the
efficiency and processing delay. The possible scenarios are fur-
ther evaluated for given traffic and mobility models in different
areas and environments.

1. INTRODUCTION

HE first generation analog mobile systems (e.g.,

NMT, AMPS, TACS, etc.) were introduced in 1980
and penetrated up to 10%, while the second generation
digital systems (e.g., GSM, ADC, JDC, etc.) were intro-
duced in several countries in 1992 and are targeted to pen-
etrate up to 30% of all calls. Looking at the fast increase
in the mobile communications services demand, there is
a general trend worldwide to develop third generation fu-
ture personal communications systems (PCS) which are
expected to be introduced by the end of 20th century and
penetrate up to 50% of all calls. The European commu-
nity is also supporting the development of a third gener-
ation PCS system called Universal Mobile Telecommu-
nication System (UMTS). A consortium of 26 European
institutions has started the development of this third gen-
eration system within the European RACE program (Re-
search and Development in Advanced Communications
technologies in Europe). UMTS intends: 1) to provide a
wide range of mobile services comparable to those offered
in the contemporary fixed network including high bit rate
services; 2) to be a standardized system, supporting mo-
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Fig. 1. Environment integration for UMTS subnetworks and fixed net-
works.

bile access in almost any environment, e.g., indoors, out-
doors, private, and public; and 3) to be used by a large
number of subscribers, using a range of terminals from
the basic pocket telephone to more sophisticated termi-
nals. Using the pocket telephone, communications ser-
vices will be available on almost any location, indoor or
outdoor, city or rural area, in home, office, or street. The
availability of cheap pocket telephones will lead to a mass
market where a large number of users will apply UMTS
for their voice communication. This fact, coupled with
the additional high bit rate services, means that UMTS
must support very high traffic densities. Fig. 1 shows the
integration of environments for UMTS networks and fixed
networks.

Four environments associated with these subnetworks
are: 1) home environment (Domestic Customer Premises
Network, DCPN), 2) office environment (Business Cus-
tomer Premises Network, BCPN), 3) vehicle environment
(Mobile Customer Premises Network, MCPN), and 4)
public environment. A more detailed introduction of
UMTS and its objectives is discussed in [1]-[6]. Fig. 2
shows the UMTS network architecture and the role of the
base station systems (BSS) within this architecture. In this
paper, first, the mobility functions to be supported by the
BSS are listed. Special attention will be given to the
handover function since it will have the most significant
impact on the BSS. The required network elements in the
BSS have been determined, as well as possible intercon-
nection topologies. In the next step, we have evaluated
the allocation of the functions onto the network elements.
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Fig. 2. UMTS network architecture.

Some allocation scenarios are proposed and analyzed with
respect to the processing delay and the load on interfaces.
Traffic and mobility characteristics for several environ-
ments obtained from previous studies [7], [8] are dis-
cussed. These data are used to evaluate the average pro-
cessing delay and the load on the interfaces. Finally,
recommendations for BSS network topologies in repre-
sentative environments are given.

II. BASE STATION SYSTEM FUNCTIONALITIES

Four types of services have been defined for the UMTS,
namely, conversational, distribution, collection, and
messaging services [2]. Five function groups providing
these services have been determined: call and connection,
mobility, charging, operation and maintenance (O&M),
and transport and conversion [5]. Some of these functions
need support of the BSS. This section, however, focuses
only on mobility functions by describing location updat-
ing, paging, and handover.

Location updating is a function by which the network
keeps track of the location of the user. In case the mobile
terminal leaves its location area, location updating takes
place between the mobile entity and the network. From a
previous study [6], it was concluded that the location area
will be larger than the cell site area since it reduces the
number of location updates that have to take place. The
BSS only has to transfer the signaling information. The
control of the location updating procedure is not likely to
be allocated in the BSS. To enable a mobile entity to iden-
tify its location, a BSS should periodically transmit the
area identifies to the terminal over the radio interface. The
objective of the paging procedure is to find the exact po-
sition of the called party within the location area. On re-
ceipt of the broadcast ‘‘paging request’’ from the net-
work, the mobile terminal of the called party responds by
sending a ‘‘paging response.’’ Like the location updating
procedure, the paging control entity can be located on the
MCN (Mobile Control Node). The BSS is instructed to
perform the paging and to receive the ‘‘paging response’’
from the terminal.

Handover is the change of the channel and/or the point
of attachment during a call. The purpose of the handover
procedure is to ensure the continuity of a call. Handover
can occur for several reasons, e.g., radio propagation

Analysis
and Control
Channel Link Functions
Monitoring

Functions

Control
Functions

Fig. 3. Generic handover functional model.

characteristics, traffic distribution, O&M activities, or
movement of the user. The number of handovers taking
place in a UMTS micro- and picocellular network will be
substantially larger than in pure macrocellular networks.
In order to avoid extensive signaling, the handover con-
trol should be performed on a low hierarchical level in the
network. Therefore, some of these functions will be al-
located in the BSS. Since handover will put the strongest
requirements on the design of the BSS, only the handover
functionality will be analyzed in more detail. This anal-
ysis will be used to evaluate several BSS options. In the
handover process, two phases can be distinguished. 1) The
monitoring phase: In this phase, the quality of the current
and possible candidate radio links are measured periodi-
cally. The results are compared with predefined threshold
values. A handover is initiated when necessary. 2) The
handover handling phase: In this phase, a new point of
attachment is determined, new links are set up, and old
links are released. Possibly, also, a rerouting procedure
is initiated.

According to these phases, a Generic Handover Func-
tional Model as presented in Fig. 3 has been derived. The
Broadcast Information Function (BIF), Measurement
Function (MEF), Handover Criteria Analysis (HCA), and
Old/Candidate Recognition (ORC) are performing the
monitoring phase. A handover request will be issued to
the Handover Initiator (HI) when necessary. The hand-
over request will be analyzed by the Handover and Rec-
ognition Analysis function (HRA). The HRA is supported
by the Call Continuity Analysis function (CCA) which
analyzes the call and handover parameters (e.g., break
time) and by the (Efficient) ANO Determination (EAD)
function which determines where the bridge/switch be-
tween the new and the old link should be located (ANO
= Attach New to Old). If an HRA cannot handle the
handover request, its task is passed to the next HRA. The
HRA also determines which entity controls the handover.
The Handover and Rerouting Control (HRC) supervises
the handover process. It requests for new links from the
ANO point to the mobile user through the new base sta-
tion. The link setup will be performed by the Bearer Con-
trol function (BC). Switching or Bridge (S/B) functions
are used in the fixed network ANO point and in the mobile
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terminal. If required, the transfer of control parameters
will be performed by the Call Continuity (CC) function.
After the mobile terminal has been instructed to change
its channel, the old links will be released.

III. BASE STATION SYSTEM ARCHITECTURE

Since a large number of BSS’s is needed, we should try
to reduce their costs by using all resources and functions
in the BSS as efficiently as possible. In this section, we
will evaluate possible network entities and their intercon-
nection schemes, as well as possible handover function
allocation scenarios.

1) BSS Network Entities: It is clear that at least a trans-
ceiver function is needed to cover a cell. All functions
related to the radio control will be collocated with the
transceiver function. The network entity containing at
least these functions will be further called the Base Trans-
ceiver Station (BTS). Each cell site has at least one BTS.
It has been mentioned before that some mobility functions
should be performed in the BSS. Allocating all mobility
functions in the BTS will increase the cost, size, and com-
plexity of the BTS. Therefore, a Base Station Controller
(BSQC) is defined which controls the BTS. The BSC will
include some functions commonly used by several BTS’s.
A BSC controls one or more BTS’s.

2) Interconnection Topologies: Several topologies can
be used to interconnect the BSS entities: mesh, tree, ring,
and bus topology. A full mesh topology for a BSS is not
economically feasible since only adjacent entities interact
directly. A partial mesh topology is probably more suit-
able. A tree topology is an option especially when the
control is centralized. A bus or ring topology employs a
fully shared broadcast transmission facility which can be
used to interconnect BSC’s. In this paper, we will only
consider two options for the evaluation of the intercon-
nection scenarios: 1) a direct connection between signal-
ing entities (e.g., BSC-BSC); and 2) signaling through a
higher hierarchical level (e.g., BSC-LE-BSC).

3) Allocation Scenarios of Handover Functions: Sev-
eral scenarios can be proposed to map the generic hand-
over functional model onto the network entities. We have
distinguished three groups of functions in the generic
functional model: the channel quality monitoring func-
tions, the analysis/control functions, and the link control
functions Since monitoring the channel quality is closely
related to the radio interface, the MT and BTS are con-
sidered to perform all related functions. The MCN and
BSC are considered to perform the handover control func-
tions. Such functions will not be allocated in the LE and
TX since they do not support mobility functions. As men-
tioned before, the BTS should be kept as simple as pos-
sible. Therefore, there will be no control functions allo-
cated in the BTS. Except for the MCN, all network entities
are assumed capable of setting up bearer links and con-
structing a bridge or switch. We have evaluated a number
of function allocation and interconnection schemes. The
performance of the handover procedure has been defined
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TABLE I
INTRA-BSC HANDOVER
interconnection handover control l switchi int | delay (a.u) #links
star BSC BSC 48 7
BTS-BTS BSC BTS 48 13
star MCN BSC 48 23
TABLE II
INTRA-LE HANDOVER
interconnection handover control | swilching g‘nt ﬂ delay {a.u. #links
star BSC LE 60 15
BSC-BSC BSC . BSC 60 11
BTS-BTS BSC BTS 58 13
star MCN LE 80 21
BSC-BSC MCN BSC 80 25
BTS-BTS MCN BTS 78 27

by two criteria: 1) the processing delay due to the exe-
cution of the functional entities, and 2) the number of
physical links involved. The delays, in arbitrary units
(a.u.), have been estimated by comparing the complexi-
ties of the functional entities. It is assumed that they are
independent of the allocation to physical entities. A num-
ber of options have been investigated. These options con-
cern the allocation of the handover control function (BSC
or MCN) and the interconnection of the BSS entities. The
location of the switching point follows directly from the
previous options. The performance of the handover pro-
cedure for various handover cases and options has been
obtained, and the most important results are summarized
in Tables I-III.

Table I shows that the processing delays are equal for
all three scenarios. However, the number of external sig-
naling links for the first scenario is smaller than for the
other two. It can be concluded that the first scenario is the
most efficient one for intra-BSC handover.

Table II shows some scenarios of intra-LE handover.
Both the processing delay and the number of links will be
smaller if the handover control functionality is allocated
in the BSC instead of in the MCN. Direct linking of the
BSC’s will further minimize the load of the interfaces.
The same conclusion could be drawn with respect to the
allocation of the handover control function in the inter-
LE handover cases, as depicted in Table III. However, it
would imply that the BSS should be able to control LE’s
(using Signaling System No. 7). For security reasons—
one of the reasons for separate network and access sig-
naling—inter-LE handover can only be controlled from
the fixed network (MCN). The performances and reason-
ing of the inter-MCN handover cases (not shown) are sim-
ilar to the ones of inter-LE handover.

From the results, we can conclude that it is preferred
to allocate the control functions in the BSC’s for intra-LE
handover cases since it will minimize the processing de-
lay and the load on the interfaces. However, some issues
concerning the capacity of the BSC, the handover and BSS
requirements with respect to the handover processing de-
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TABLE III
INTER-LE HANDOVER
interconnection handover control switching point delay (a.u. #links

star BSC LE 64 19
LE-LE BSC LE 62 17
BSC-BSC BSC BSC 60 L
BTS-BTS BSC BTS 38 13
star MCN LE 84 25
LE-LE MCN LE 82 23
BSC-BSC MCN BSC-BSC 80 25
BTS-BTS MEN BTS-BTS 78 27

lay, and the load of interfaces also have to be taken into
consideration. They have to do with the traffic, mobility,
and environment characteristics. In an environment where
the radio power drops rapidly, the constraints on the delay
will be more important. In an area with much traffic and
a huge number of mobile subscribers, the amount of sig-
naling and the load on the interfaces will be a crucial is-
sue.

IV. TRAFFIC AND MOBILITY CHARACTERISTICS

Traffic and mobility characteristics have a major impact
on the signaling load and on the mobility-related events
(e.g., location updating, handover, call attempt, etc.).
Since the UMTS will allow a large amount of services and
users in the future, a huge amount of traffic will load the
network far more than is the case with the current sys-
tems. A study of these aspects will give an important in-
put for designing the UMTS, especially in designing the
BSS.

Amsterdam, The Netherlands, is taken as an example
city for our study. The example city is represented by
concentric rings, labeled urban center, urban, suburban,
rural, and remote rural as illustrated in Fig. 4. Each ring
is further divided into a number of environments: busy
spots (in the center of a metropolitan area), business in-
door environments in a high-density office area, domestic
indoor environments, motorways, and public outdoors.
The present study is based on [7] and [8].

The city center area, i.e., urban center, is a circle with
a 1 km radius and consists primarily of busy spots, office
buildings, home environments, and a very small segment
of motorway environments and others. Call and subscri-
ber characteristics for this city center area are shown in
Table IV. The terminal subscribers are divided into three
types, namely, car (terminal mounted in a car), pedestrian
(handheld telephone), and seated subscribers (fixed ter-
minal in building). In Table IV, SDF, Vped, and Vcar
represent the service data function, the average speed of
a pedestrian, and the average speed of a car, respectively.

The number of call attempts, the handover rate, the lo-
cation updating, and the paging rate are given in Table V.

Assume that the UMTS will allow a base station in
home environments, integrated to the UMTS network, and
will allocate bandwidth to picocells. Then it is possible to
perform a handover to a public outdoor base station when

5%
&y
,W?, Urban Center 1 km
Urban 1-4 km
Suburban 4-10 km
Rural 10-40 km

Remote Rural 40-100 km

Busy spots
Business indoor
Domestic indoor
Motorways

Public outdoors

Fig. 4. Concentric model of a town.

TABLE IV
CELL AND SUBSCRIBER CHARACTERISTICS FOR THE CITY CENTER AREA
| Busy Spot Business
Topology:
Number of subscribers 30,000 47
Cell Type micro macro
Celt radius (km) 0.09 1
SDF({car:pedestrian: 3:4:3 3:4:3
seat)
Mobitity:
Vear (km/hour) 20 20
Vped (km/hour) 3 5

TABLE V
SIGNALING EVENT CHARACTERISTICS IN THE CITY CENTER AREA
Busy Micro Business Pico Macro
CALL ATTEMPT: (/hour)
Call attempt rate 130,000 4,200 7,000
HANDOVER: (/hour)
Inter cell handover/hour: Car 1,900 - 560
Pedestrian 320 180 20
Inter Area handover/hour: Car 14,000 - 560
Pedestrian 2,300 250 20
Intra Area handover/hour: Car 140,000 - -
Pedestrian 23,000 750 -
LOCATION UPDATING:
Location updating rate/hour: Car 58,000 - 2,100
Pedestrian 19,000 1,700 330
PAGING: (‘hour)
Paging rate 48,000 1,300 6,600

a subscriber is leaving the house. The number of subscri-
bers moving out a home environment is rather difficult to
estimate. But since the mobility of the subscribers in this
environment is very low, the number of handovers, lo-
cation updates, etc., is also small.

The busy environment will use bandwidth allocated to
microcells. Since 64% of the city center is a busy spot
environment [7], 80 cells with a radius of 90 m should be
implemented. Further, an overlay macrocell is employed,
not only to serve the subscribers on motorways and in
other environments, but also to be used in case the radio
capacity in microcells becomes insufficient to serve the
traffic demand. Table V shows the number of traffic and
mobility procedures per hour. Two types of handover are
shown in Table V, i.e., intraarea and interarea handover.
Intraarea handover rate reflects the number of calling sub-
scriber moving from one cell to another within the city
center area, while interarea handover is dealing with call-
ing subscribers moving out of the city center area. The
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TABLE VI
CELL AND SUBSCRIBER CHARACTERISTICS FOR ONE CIRCLED URBAN AREA
(RApIUS 1.5 km)

‘ Busy Spot I Business Domesxé: l Motorway Other
Topology:
Number of subscribers 2,700 39,000 21,000 850 550
Cell Type micro pico pico macro macro
Cell radius (km) 02 0.015 0.1 15 1.5
SDF (car:pedestrian:seat) 3:4:3 0:2:8 0:2:8 1:0:0 3:4:3
Mobility:
Vear (km/hour) 30 - - 30 50
Vg gkm/huur) 3 3 3 - 5

total intraarea handover rate in busy spot microcells is ap-
proximately 160 000/h. Such a number of events should
not be handled by a single concentrated MCN (Mobile
Control Node), but it would be better if it would be dis-
tributed over a number of control points.

The urban area is defined between 1-4 km from the city
center. Assume that the urban area shown in Fig. 4 can
be divided into a number of circled areas with a radius of
1.5 km. The number of subscribers in one circled area for
busy spot, business, domestic, motorway, and other areas
are 2700, 39 000, 21 000, 850, and 550, respectively.
The number of cars, pedestrians, and seated terminals is
1800, 5500, and 17 800, respectively. Some characteris-
tics for one circled urban area are presented in Table VI.

50% of the urban is domestic, 11% business, and 34 %
public. For office environments, a similar cell layout as
in the city center area is applied. Three microcells will
cover the busy spot environment. A macrocell of radius
1.5 km could cover the motorway and other environ-
ments. To cover the complete urban area, seven circled
areas as defined above are needed. The signaling event
characteristics for the business environment are similar to
the ones in Table V. Table VII presents the signaling event
characteristics for micro- and macro-cells. From Table
VIII, we see that the number of signaling events caused
by mobility is much lower than in the city center area.

Employing a dedicated macrocell for car subscribers
will further reduce the signaling events. The suburban area
is located between 4-10 km from the city center. The area
is mainly characterized by domestic and public outdoor
environments. We have divided the suburban area into a
" circled area with a radius of 3 km. The number of sub-
scribers in the business, busy spot, domestic, motorway,
and other areas is 1000, 71 000, 25 500, 1600, and 2400,
respectively. Table VIII shows the cell and subscriber
characteristics for the suburban area.

A similar scenario as in the city center area is used for
the office environments. For busy spots, three cells are
needed, and, similarly, for the motorway environment,
we assume that the overlay macrocell will cover this area.
Thus, we have an overlay macrocell which covers the
whole area under study, three microcells covering busy
spots, and a number of cells employed in the business and
domestic indoor environments.

Table IX gives the results of the call attempt rate, hand-
over rate, location updating rate, and paging rate in this
area. Ten circle areas identical to the circle area studied
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TABLE VII
SIGNALING EVENT CHARACTERISTICS IN AN URBAN AREA
| Bg Micro I Macro
CALL ATTEMPT: (/hour)
Call attempt rate 12,000 8,000
HANDOVER: (/hour)
Inter cell handover/hour: Car 3,200 2,700
Pedestrian 360 16
Inter Area handover/hour: Car 1,200 2,700
Pedestrian 130 16
Intra Area handover/hour: Car 8,400 -
Pedestrian 950
LOCATION UPDATING:
Location updating rate/hour: Car 5,000 11,700
Pedestrian 1,100 250
PAGING: (/hour)
Paging rate/hour 4,300 2,600
TABLE VIII
CELL AND SUBSCRIBER CHARACTERISTICS FOR ONE CIRCLED SUBURBAN
AREA
J Business Other
Topology:
‘Number of subscribers 2,400
Cell Type macro
Cell radius (km) 3

SDF (car:pedestrian:seat) 3:4:3

Mobility:

Vear (km/hour)
Vped (km/hour)

TABLE IX
SIGNALING EVENT CHARACTERISTICS IN THE SUBURBAN AREA
J Busy Micro )| Domest. Micro Macro Total
CALL ATTEMPT: (/hour)
Call attempt rate 4,400 62,500 18,000 84,900
HANDOVER: (/hour)
Inter cell handover/hour: Car 1,800 - 23,500 -
Pedestrian 150 20 70 -
Inter Area handover/hour: Car 30 - 2,700 2,730
Pedestrian 3 87 30 120
Intra Area handover/hour: Car 5,250 - - 5,250
Pedestrian 450 1,230 - 1,680
LOCATION UPDATING:
Location updating rate: Car 130 - 22,300 22,430
Pedestrian 23 1,600 500 2,123
PAGING: (/hour)
Paging rate 1,600 19,400 6,100 27,100

above are needed to cover the suburban area. In the rural
area, the public outdoor environment covers 90% of the
whole area. A number of macrocells with a radius of 7.7
km should be employed. The number of subscribers in
this area is 2800 (domestic), 1400 (motorway), and 5000
(other). The crossing rate/hour/cell is 24 000. The num-
ber of inter cell handovers is 3300/h, of location updating
12 000/h, and of call attempt 30 000. The paging rate is
9900/h.

The remote area has a very low population density con-
sisting mainly of public outdoor areas and a very small
area of motorway and domestic environments. Macrocells
with a radius larger than 25 km are used to cover the whole
area.
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V. CONCLUSIONS

Base station system functionalities, its architecture,
traffic, and mobility characteristics for the third genera-
tion UMTS system have been investigated in this paper.
A handover generic functional model is developed based
upon the assumption that a set of functions is common to
the variety of services. The definition of such a set of
generic functions would limit the complexity of the net-
work equipment.

Using intra-BSC, intra-LE, and inter-LE handover (Ta-
bles I, II, and III), it can be concluded that the delay and
load performances will be enhanced if the handover con-
trol function is allocated in the BSC’s. Direct intercon-
nection links between control nodes (BSC-BSC) will fur-
ther improve the performance. However, these solutions
will increase the complexity and costs of the network.
Therefore, this will only be implemented in an area where
it is really needed. The area with a large amount of traffic
and high mobility will benefit from this solution. In mi-
crocell areas which are surrounded by buildings, the sig-
nal power will decrease rapidly. In such areas, the hand-
over handling should be fast. Traffic and mobility char-
acteristics have been studied for a typical European city
in The Netherlands—Amsterdam. It has been observed
that the number of mobility events occurring in a city cen-
ter area is remarkably larger than in business, domestic,
or other areas. Therefore, the signaling loads and pro-
cessing delays at the interfaces will also be more strin-
gent. More attention should be paid to this area.

The amount of traffic in a business environment is, as
expected, large. However, the handover rate in this en-
vironment is low. Therefore, it is recommended to cen-
tralize the handover control in one BSC. In domestic en-
vironments with private subnetworks, the mobility of the
subscribers leaving the home is difficult to predict. The
‘‘mobility model’’ cannot be used here. However, the fre-
quency of people leaving or coming in their house while
having a call is low.

A possible solution to minimize the handover rate is to
use a separate base station for highly mobile subscribers.
Using this scenario, the amount of mobility-related sig-
naling can be significantly reduced, especially in a city
center area where a huge number of subscribers should be
served. However, this requires more bandwidth for the
macrocells than initially determined. The calculation re-
sults presented in this paper can be used to estimate the
traffic and signaling load on the BSS network. In the case
where the number of events in a particular area is ex-
tremely high, three solutions are proposed. First, use
larger cells to reduce the number of mobility procedures.
Second, direct connections between base stations on the
fixed network layer will reduce the load on the BSS inter-
faces. The third solution is to distribute the control func-
tions in a lower level of the network to improve the net-
work performance.
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