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The Architecture of Future Integrated Network of Mobile into B-ISDN
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ABSTRACT

Next generation mobile networks will be demanded to support high speed data and multimedia services in ad-
dition to existing services including voice communications. In this paper, we discuss the requirements of the wireless
service with broad range of applications, and present several types of architecture for future mobile network. After
a brief comparative analysis, we propose a most practical and feasible one. And also, we discuss possible interwork-
ing scenarios between radio access system and intelligent network. In consideration of the selected infrastructure
and scenario, we present protocol architectures and basic functions of radio access system. Based on the architec-
ture, we belicve that the integrated system can be realized with such advantages of easy interworking, high feasi-

bility on common services, easy introduction to new services, and unified operation.
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I . Introduction On-going worldwide rescarches for future mobile

systems aim af supporting various types of services

A GEANA LY o) E T such as voice, data, still and moving image, and multi-
- ’J (81 ST AR PSP s
o 3 Tk 96304-0930

P H T 19967 97 30H ventional cellular systems. In order to provide com-

media communications beyond the capability of con-
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mon services both for wired and wireless users, it may
be essential that future mobile systems be integrated
into B-ISDN. In addition, considering current world-
wide activitics for development of future mobile
systems such as future public land mobile telecom-
munications system(FPLMTS) and universal personal
telecommunications(UPT), it is expected that integr-
ated broadband networks will be established 1o sup-
port mobility functions with an enhanced intelligent
network(IN) capability [1]. Whereas, on the stand-
point of the fixed network, the asynchronous transfer
mode(ATM) has been taken as a transfer technique
for B-ISDN by ITU-T because of its flexibility and
cfficiency. This indicates that the future mobile net-
work will be based on the ATM infrastructure [2, 3].

At present, most of worldwide researches in ad-
vanced mobile systems have been mainly focused on
the study for logical aspects such as the requirements
of integrated broadband services and the gencral
concepts of integrated network [1, 2]. We believe that
it is timely to start designing physical network archi-
tecture and protocol standardization. As a research of
such physical aspects, this paper presents an architec-
ture of the integrated mobile network into fixed
B-ISDN. We first consider several issues for designing
the architecture of future mobile networks. The char-
acteristics and quality of broadband mobile services
would be similar to those of B-ISDN/ATM except
the maximum allowable bit rate in which the restr-
iction is due to the bandwidth limitation of radio
interface. The diversity of traffic has a direct impact
on the multiple access method of the air interface.
Thus, it becomes an important issue in the design
how to develop multiple access technique by which
various wireless broadband services such as voice,
data, and image are effectively integrated. Another
issue is implementation options between standalone
and integrated system. We rather recommend the
integrated network than the standalone network in
consideration of several factors.

Future mobile networks consist of RAS(Radio Ac-
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cess System), IN, and B-ISDN. The fixed B-ISDN is
responsible for call and bearer control in cooperation
with ‘RAS. Whereas, IN supports mobility features.
We discuss several infrastructures capable of provid-
ing broadband services for wireless users in Section
I11. The choice among different interworking scenarios
depends on a full consideration of various factors
such as flexibility, casiness of interworking, cost ef-
fectiveness, domestic environments, and so on. After
a brief review of mobile access infrastructure based
on ATM, we discuss the mterworking scenarios be-
tween radio access system and IN. And finally, we
present protocol architectures and basic functions of
wireless access system in Section 1V. Based on the
architecture we proposed, we believe that the WATM
system can be realized with such advantages of easy
interwoking, high feasibility on common services, casy

introduction to new services, and unified operation.
II. Design issues

1. Services

Next generation wireless systems will support user
data services based on constant and variable bit rates.
The first and second gencration mobile systems in
worldwidel service have been implemented to sup-
port speech and limited data services. Whereas the
third generation mobile system such as FPLMTS is
currently being designed to support further services
such as multimedia service with bit rates up to 2 Mb/
s in microcellular coverage areas. It is expected that
users’ demand on the transport capability with higher
speed data will grow continuously. However, wireless
broadband service would be restricted by the follow-
ing two constraints in relation to radio environments;
Firstly, the required spectrum on the radio interface
will be incrcased in proportion to the amount of
transmission data through air, and, consequently, the
maximum allowable bit rate will be restricted by the
limited bandwidth on the radio interface. In order to

acquire  bandwidth efficiency under these limited
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spectra, more efficient source coding techniques such
as speech and image coding(e.g. VSELP, MPEG) are
essentiall4]. However, these techniques with com-
pressed coding scheme bring forth more strict require-
ments on the performance. These also will influence
on the compatibilily of communications between
wireless and wired user which result in adding some
load(e.g. transcoding) to the wireless access node. The
other constraint is that wireless users will expect a
quality of service similar to that provided by fixed
network. However, it is impossible for the wircless
network to emulate the performance of B-ISDN in
the physical link layer because of the radio propa-
gation environment and inherent terminal mobility. In
order to overcome these constraints, more powerful
error correction such as ARQ should be employed in
high protocol above layer 2.

Typical applications of integrated broadband ser-
vices include mobile specific applications such as
emergency medical service, city guidance as well as
mobile extension services of the fixed B-ISDN such as
videotelephony, multimedia library access. Table 1
summarizes characteristics and quality of typical wire-
less boradband services. As shown in Table |, the
characteristics and quality of applications are highly
various. For example, voice transmitted with bitrates
less than 32Kbps is sensitive to delay, but insensitive
to bit error rate(BER). But, file transfer carried out
with various bit rates, and is insensitive to delay, but
sensitive to BER. These various requirements make a

great impact on the design of wireless access system,

especially multiple access and traffic control techn-

iques.

2. Multiple Access Techniques

The multiple access technique used in wireless net-
works is of great importance for the design. To con-
trol various applications and to effectively utilize lim-
ited radio resources, the multiple access approach
should be based on the packet switched method. It is
impossible to reuse circuit based TDMA or CDMA,
which are currently used in digital cellular networks,
because of their inefficiency and non-flexibility. At
present, many of algorithms, such as dynamic TDMA,
packet CDMA, enhanced PRMA, are available in the
literature [2, 5, 6, 7, 8]. All of them are based on the
packet access method to support integrated transmis-
sion of voice and data. The detailed explanation on
the algorithm is beyond the scope of this paper. But,
it is only assumed to be the ATM-like packet access
method in consideration of compatibility between
wired and wireless user interface, and easiness in pro-

tocol conversion in the interworking node.

3. Implementation options

Future mobile system can be implecmented either as
standalone system or integrated system with a fixed
network. The relative advantages and disadvantages
among the two implementation options are summar-
ized in Table 2. The former corresponds to the one
evolved from the current PLMN, which has an ad-

vantage of independence on the fixed systems in its

Table 1. Characteristics and quality of wireless services

. bit-rate -
services type delay delay variation| max. BER
(bps)
. CBR/ "

voice telephony 24-32 K sensitive less sen. 10-3E
VBR

G4 Fax . CBR 64 K less sen. less sen. 10-6E

high-quality audio | CBR 128-940K | insensitive less sen. ~10-6E

video conl. . .
VBR 1-6 M sensitive sensitive 10-7E

(compressed VCR)

HDTV(compressed)| VBR 15-20 M sensitive sensitive 10-7E

file transfer VBR 0.1-10 M insensitive insensitive 10-8E
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implementation. Accordingly, in the viewpoint of
wireless network, the standalone system can be imple-
mented with optimized functions, infrastructure, pro-
tocols, and so on. However, this system may not be a
effective solution, as it requires expensive cost and a
great deal of efforts due to giving up most of fixed
environments. Although standalone system has the
severe disadvantage, it may be as a best candidate in
cases that the fixed network and radio network are
operated separately by different operators.

On the other hand, one main advantage with the
integrated system is cost reduction in the implement-
ation [9].

functions as well as infrastructure can be reused [10].

By the integration. the protocols and

Therefore, we prefer the integrated network 1o the
standalone network because it provides cost savings,
unified network maintenance and operation, and

common service both for wircd and wireless users.

Table 2. Relative comparisons between standalone and in-
tegrated network

Iétqg[ation
Cost B ~ _ Inexpensive
T)Eaiﬁon &lga{ilﬁcnnncc ” _‘Sunplc

|_Introduction_of common services | _Difficult sy

| Wireless access network Efficient

LNetwork evolution __Negative

Positive

. The Architectures of Integrated Broad-
band System

Figure | shows the conceptual model of future
integrated mobile system. These networks consists of
RAS, IN, and B-ISDN. RAS is responsible for radio
resource management. And also, RAS have relation-
ship with fixed B-ISDN for call and bearer control.
Whereas, IN is applied to support mobilily features.

1. Overall network architectures

Figure 2 shows three differcnt overall architectures
of the integrated broadband system. As shown in fig-
ure 2, the radio access sysiem is constitute of RAP,

Multiplexer, and ATM switch in type A and B;
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MM : Mobility Management
RRM : Radic Resource Management

CC Call Control
RAS . Radio Access System

Fig. 1 The conceptual model of future integrated mobile net-

work

Whereas, lype C shows a distributed architecture
based on IEEE 802.6 MANs [1]. Type A and B have
several advantages such as (1)easy interworking with
ATM Dbackbone network, (2)the capability large
enough 1o support services to the extent that the fixed
B-ISDN provides, and (3) less difficultics in the evol-
ution toward unified wired and wireless functions.
Whercas, type C suffers from the limited capacity due
to shared medium and non-commonality of access
system between wired and wireless, even though it is
possible to avoid bottleneck of signalling processing
by distributing wircless control functions to each node
interface unil. Therefore, type C can be applied as an
intermediale phase in the course of the evolution {12].

The difference between type A and B is in the depth
of integration. Radio access system of type B is incor-
porated into B-ISDN user access system. Whereas,
type A supporls only radio access subscribers and
cmploys B-ISDN UNI profocols for the communic-
ation with ATM switch in the backbone network. Of
course, type B is the best system {rom the viewpoint
of the integration, but it scems impossible that this
type can be practically used in the near future. This is
because it requires functions and protocols among
different access points, namely, wircless and wired ac-
cess points Lo be unified, and accordingly, B-ISDN
UNI protocol to be newly established. These impose
an extra burden on the local exchange. Il may also

cause an undesirable result even to degrade overall
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B-TE : Terminal Equipment for B-ISDN

IP : Intelligent Peripheral

MAN : Metropolitan Area Network
PMDB : Personal Mobility DataBase
RAP : Radio Access Port

SCP : Service Control Point

TMDB : Terminal Mobility DataBase

DSS2 : Digital Subsrciber Signalling 2
HLR : Home Location Register

MCU : Mobile Control Unit

RAC : Radio Access Controller

RAS : Radio Access system

SSP :Service Switching Point

VLR : Visitor Location Register

Fig. 2 Three different types of architectures of the integrated broadband system

network capacity. Of course, the decision to select an
architecture among different network architectures
mainly depends on domestic network evolution. How-
cver, careful considerations of several situations dis-
cussed above lead to a conclusion that type A is an
realistic and promising architecture to support inte-
grated broadband services by the time B-ISDN starts

operation.

2. Interworking scenarios between RAS and IN

It is also noted that future mobile network will be
based on enhanced IN capabilities as well as B-ISDN
in order to ensure easy introduction of new services
and separated control of mobile specific features. Fig.
3 addresses three interworking scenarios between RAS

and IN. Type A presents indirect interaction scheme

via local exchange. The others present direct interac-
tion scheme by Permanent Virtual Circuit(type B) or
physical trunk(type C). Table 3 summarizes relative
comparison of three cases. Scenario A is simple and
may work with conventional signalling network, but
it has several defects as considering a great deal of
mobility signalling traffic. Especially, it brings {orce
higher delay due to indirect path and extra burden to
local exchange. Whereas scenario B and C have rela-
tively small delay compared to A. Scenario C in con-
trast with B has the severc disadvantage of inefficient
resource utilization due to redundant physical path. It
may be not realized because of expensive costs and
impact on network planing. As compared in Table 3,
though B imposes an extra load on RAS, we believe

that type B is an practical and optimistic scenario by
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offering several significant advantages such as low de-
lay, efficient resource utilization, and promising archi-

tecture for common UNI protocol.

B-UNI"' INAP
RAS (ex. service AI:M : SCp
req.) 4
(A) Via Local Exchange(CCF/SSF)
B-UNI'
- ATM
RAS INAP LE SCp

(using PVC)
(B) Using PVC(Permanent Virtual Circuit)

SCP

! IN.ﬂP

B-UNI’
RAS ATM LE

(C) Directly using physical interface

Fig. 3 Interworking scenarios between RAS and IN

Table 3. Relative comparisons of three interworking scenarios

e S o S P
Type A I'vpe B ) Type € !

],ESL‘“L“”J!‘“EE _ Indireet Direct _ Direct
JImplementation Load in ATM; i j
| Inerease f Not change | Not change !

1F due to mobility services l | )
Implementation Load in RAS) } T !
Not change , Increase I Increase |

.duL to_mobility services
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—f g )
lmp ton nn,mor]\ p]dnmn‘ Jlnsx”m(x ant 5 Significant !
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Imput on  common  UNI]
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IV. Protocol Architectures and Basic Fun-
ctions

Wireless access network transfers user data units
and signalling messages between Radio Terminal(RT)
and ATM LE/SCP. Based on the sclected infrastruct-
ure and scenario above, figure 4 shows protocol arch-
itectures of the wireless access system, focused on CC

signalling, user data, and MM signalling respectively.
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The basic approach for these structure is to align with
ATM protocol stack. It provides unified modular str-
ucture and easy interworking. The signalling for wire-
less access will consists of most of current B-ISDN
signalling and some radio specific part. The functions
of cach layers except B-ISDN protocol and physical
layer are summarized below.
e MAC
- Shared medium access control
- Burst level admission control (including prior-
ity control)
- Macro-diversity/Multi-bearer connection, ctc.
e LLC
- ATM/AAL-like functions
- Logical link establishment, rclease, and main-
tenance
« Error control such as ARQ
* RSS
- DSS2 L3-like functions
Radio specific functions (e.g. LR, authentic-
ation)
e DSS2 L3
- Enhanced DSS2 L3 for mobility control

In figure 4, RAC is responsible only for bearer con-
trol function and makes over call control function to
ATM LE. Accordingly, RT has directly relationship
with ATM LE for call control. It is also noted that
interworking in wireless controller during data trans-
fer phase will be much simpler by performing VP/VC
(Virtual Path/Virtual Channel) routing if ARQ scheme
is not employed and ATM cell is used over radio. If
s0, RAC will support the same capability as Network
Terminalion(NT) in case of connection handling. As
shown in figure 4 (C), RAS has directly relationship
with SCP using VP switching of local exchange in or-
der to handle the signalling for mobility functions
such as location management, authentication, and so
on. It implics ATM LE has no share in mobility con-
trol.

Overload in radio access system results in loss and
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(a) Signalling Protocol Architecture for Call Control

RT RAP RAC ATM-MSC
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(c) Signalling Protocol Architecture for Mobility Management

AAL : ATM Adaptation Layer AP : Application Process BC : Bearer Control

B-ISUP : Broadband ISDN User Part CC . Call Control IP : Interworking Process
INAP : Intelligent Network Application Part LLC : Logical Link Control .
MAC : Medium Access Control MM : Mobility Management MTP : Message Transfer Part
PL : Physical 'Laycr RAP : Radio Access Port RAC : Radio Access Controller
RSS : Radio Subscriber Signalling RT : Radio Terminal SALL : Signalling AAL

SCCP : Signalling Connection Control Part TCAP : Transaction Capabilities Application Part

Fig. 4 Protocol Architectures of Radio Access System

delay of traffic. In order to prevent the allocated
radio resources per RAP from becoming overloaded,
some resource management and congestion control
scheme for future wireless system will be required.

Like Connection Admission Control(CAC) function

in ATM network, some negotiation between radio
terminal and RAS will be needed when connection is
initially established, or reestablished during handover.
Usage Parameter Control(UPC) is also provided with

a view to assuring mobile terminal’s conformity to the
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Fig. 5 Functional Architecture of Radio Access Controller.

negotiated values.

Figure 5 illustrates the functional model of RAC. It
consists of four functions such as Connection Control
Funclion(CCF), Non-Connection Control Function
(NCCF), Traffic Control FunctionfTCF). and Re-
source Control Function(RCF). CCF is responsible for
establishing, maintenance, and releasing the connecl-
ions, handover and paging exccution, ctc.. Whereas,
NCCF handles mobility control functions such as lo-
cation updating. As shown in figure 5, RCF which is
responsible for the management of overall transmis-
sion resources can be divided into two parts, Radio
RCF(RRCF) and Network RCF(NRCF). The RRCF
also handles dynamic resource assignmenl among
RAPs. The TCF performing congestion conlrol is
composed of CAC that judges whether the requesling
connection can be accepted or not, UPC, and Cell
Priority Control(CPC) that resides in the output buf-
fer. Of course, the decision of connection admission

depends on both radio and network available resources.

V. Conclusion

Future mobile network will be required to cover
broadband services including multimedia applications.
A basic approach for wireless broadband services was
presented in this paper. For cost savings and common

services, future mobile networks will be integrated
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into B-ISDNs rather than standalone system. In ad-
dition, these networks will be based on an enhanced
IN capability to support mobility functions.

In this paper, we presented several possible network
architectures in a network evolution point of view.
After a brief comparative analysis, we proposed a
most practical and feasible one. And also, we dis-
cussed possible interworking scenarios between RAS
and IN. In consideration of the sclected infrastructure
and scenario, we presented protocol architectures and
basic functions of radio access system. Based on the
architecture we proposed, we believe that the integr-
aled system can be realized with such advantages of
casy interworking, high feasibility on common ser-
vices, casy introduction to new services, and unified
operation. Finally, we note that future efforts should
be made lo clanfy the fundamental issues such as
multiple access, radio traffic control technique, and

signalling requirements in detail.

References

1. M. H. Callendar. “Future Public Land Mobile
Telecommunication Systems,” IEEE Personal Com-
munications, pp. 18-22, Fourth Quarter 1994.

2. Davide Grillo, ¢t al., special issue on “The Eur-
opean Path Toward Advanced Mobile Systems,”
IEEE Personal Communications, pp. 2-63, Feb.
1995.

3. D. Raychaudhuri, “ATM Based Transport Archi-
lecture for Multi-services Wireless Personal Com-
munication Networks,” Proc. ICC, pp. 559-365,
May 1994,

4. P. Mermelstein, et al., “Integrated Services on
Wircless Multiple Access Networks,” Proc. 1CC,
pp. $63-867, May 1993,

5. Newman D. Wilson, et al., “Packet CDMA Versus
Dynamic TDMA for Multiple Access in an Inte-
graled Voice/Data PCN,” IEEE JSAC, Vol. 11,
No. 6, pp. 870-884, Aug. 1993.

6. Fayun Li and Lazaros F. Merakos, “Voice/Data



WA e FeA Bl 2 44

10.

Channel  Access Integration in TDMA Digital
Cellular Networks,” IEEE Trans. on Vchicular
Tech., Vol. 43, No. 4, pp. 986-996, Nov. 1994.

. D. J. Goodman, ct al., “Network Control for

Wircless Communications,” IEEE Comm. Mag,

pp. 116-125, Dec. 1992,

. M. J. McTiffin, et al., “Mobile Access to an ATM

Network Using a CDMA Air Interface,” 1EEE
JSAC, Vol. 12, No. 5, pp. 900-908, June 1994,

. J. A. Korinthios, et al., “Scenarios for Integration

of the Universal Mobile Telecommunication System

(UMTS) into Broadband ISDN,” Proc. VTC'94,

pp. 1596-1600, Jun. 1994.

Toon Norp, “Aspects of Integrating Mobile and

Fixed Communications,” Proc. ICUPC, pp. 281-

285, Sep. 1994.

. D. J. Goodman, “Cellular Packet Communiat-
ions,” IEEE Trans. Comm., Vol. 38, No. 8, pp.
1272-1243, Aug. 1990.

. K. Kang, et al., “A study on the architecture of
future mobile network toward integrated broad-
band services,” ICEIC, pp. 235-238, Aug. 1995.

4 4 —f—(l(ycong Hoon Kang) & 3] ¢
24

19843 o) MAera) &
?J(E}A})

19863 29 : BB Axprsly &
A(gAh

19861 1 g~ A - FFH2EAA
74 o)l ngd A
Aolelzel
19929 3Y~A A 5o tishe) dxbs st by
X%i&ﬂ%O}.IMT-zooo, WATM, ISDN, No.741%.
]

5 M Z(Jea-Hoon Yoo) A3
EAHE R 207 105 #F2

0] 8 F(Yoon-Ju Lee) 3] 9
£ 2188 =54 #2009 63 HA
2 & Z(Soo-Joong Kim) 23] 9

B A8 =L A20E 15

UZ‘J
N

1651



