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Abstract. We sketch a QoS framework for adaptive mobile multi-media 
. environments that integrates mobility- and quality-of-service manage-
ment with new connection admission control (CAC) schemes. Refering 
to measurement-based CAC procedures applied in mobile access net-
works, we discuss their extension to adaptive mobile applications and 
describe the integration of corresponding resource reservation and CAC 
policies in our framework. Furthermore, we evaluate the performance of 
several CAC schemes by a simulation study. 

1 Introduction 

Currently, the integration of 3rd generation (3G) wireless networks into high-
speed next generation networks (NGNs) based on the IP technology and its 
corresponding resource reservation and QoS-management mechanisms are some 
of the most challenging tasks of network design and engineering. These 3G net-
works like UMTS or IEEE802.lla/b compatible wireless LANs (WLANs) are 
realized on top of new WCDMA or DSSS transmission technology. The fast con-
vergence of these wireless and wired IP networks coincides with the planned 
deployment of new integrated location-aware multi-media and interactive Web 
services. The latter are independent of the realized mobility patterns of the termi-
nals and users and derived from a unified personal mobility concept. At present, 
there are different proposals to realize such new mobile quality-of-service (QoS) 
architectures which integrate both \vircd core net\vorks and \Vireless scgnients 
at the: edges. In the IST-project I\loby Dick, for instance, a Diffserv approach 
is extended to the \virelcss segrnents. H.cccntly, an alten1a.,tive rnethodology has 
been discnssed that is derive~l fron1 the Intserv service rnodel and its resource 
marrngernent and signaling protocol RSVP (cf. [10/, [11}). SincP nov,radays the 
closely rcL_i.,tecl rvlPLS partt~ligrn '\Vith IlS\TP-signaling rind tnnncling cornponents 
is US('d in tlic core neb,vork, we follo\v the c:orrc~ponding; resource-rnanagenwnt 
conccT)t du rived fro1n a rnobilc RSVP (l'vlRSVP) approach ( cf. [121, [201) • 

Using the cnrrently avai lab1c inexpensive IEEE802. l 1 b cornpatible radio ac-
cess netv,·ork (ItAN) tcchnolog:y and a ~'1obilc IP rx1sed data cornrnunication, 
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,vc have iinplc111e11tPd a uew integrat<•d uwbility ,u1d q11ality-of-se1Tice man-
agernent concept for 1nohile ndaptiYe nmlti-uH~dia t-11Yiru1111w11ts. HPforing to 
1ncasure1ncnt-bascd connection ad111ission coutrol (C.-\C) sd1<•llt<.'S applied in ra-
dio access networks, we sketch their extension to adaptive u1ubik applications 
and the integration of the corresponding resource reservation and CAC policies 
into our developed fra1ncwork. Furthennore, we describe several CAC schemes 
and evaluate their pcrforn1ance by a sin1ulation study. The paper is organized 
as follows. In Section 2 we discuss 111obility and QoS 1nauage111cnt as well as 
measurement-based CAC in mobile networks. Section ~.J is devoted to the inte-
gration of micro-mobility, resource managc1nent an<l ad111ission control policies. 
In Section 4 we present the results on the perfonnance con1.parison of the inte-
grated resource reservation and adapted CAC strategics. Finally, son1.e findings 
are summarized. 

2 Mobility- and QoS-Management in Mobile Networks 

2.1 Mobility Management in IP Networks 

Considering multi-media and advanced Web communication of mobile hosts 
(MHs), we can distinguish two different mobility scenarios: 

M aero-mobility: MHs move among different address domains of IP subnet-
works with changes of the address space. 

- Micro-mobility: MHs move within the same address domain. 
Looking at macro-mobility issues, changing the access point (AP) or base 

station (BS) of the radio access network (RAN) may result in a new RAN op-
erator. This type of movement is called inter-domain mobility. Such a change 
of the RAN operator causes, in general, a change of the IP address of the mov-
ing MH, since different Internet (subnetwork) domains are normally managed in 
distinct RANs. To guarantee the connectivity of an MH, the latter is assigned 
a local address of the related domain. The corresponding mobility and address 
management functions are provided by enhanced variants of the IPv4 protocol 
such as Mobile IP (MIP) or by an integral part of 1Pv6 not studied here ( cf. 
{161). 

Normally, an MH moving within its home network is registered at a home 
agent with its permanent address called home address. Considering the delivery 
of datagrams to an TvfH moving outside its borne network, apa.rt fr01n its fixed 
honw address a second tcrnpora.ry local address, called care-of-address, is ad-
ditionally a.ssigncd to the r-U-I by the Tvlobi1e IP protocol after its handover to 
a ne\v dornain. It is provided by a corresponding n1obility 1nanagen11:~nt a.gent, 
called foreign agent, and registered in its data base together with the other 
routing inforrnation. Then it is used to for\vard the inccnning clatagrarns to the 
corresponding 1\!1H residing outside of its hon1e nct\vork (cf. Fig. I). 1\Jobilc appli-
cations identify the mobile clients by the hon1e address. During the rnoverncnt of 
an J\lF[ address tra,nslation is provided in a transparc~nt rnanner by clianffiHP' the 

£ 0. 11 " ,-, care-o -a( ( re.ss and its registration using a cornrnunication over tunnels bet\vccn 
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Fig. 1. Roaming and packet forwarding \:vith I\fobile IP 

the involved home and foreign agents (cf. Fig. 1). However, a large overhead is 
required to guarantee a transparent communication among the peer instances 
resulting in a considerable performance degradation during the handover pro-
cess. Therefore, specialized procedures have been developed to in1prove the latter 
procPsses by effectivP detection and realization of fast hancloff control with QoS 
and security support (cf. (19], see Fig. 1). 

Micro-mobility captures a scenario in a micro-cellular network where an MH 
detaches from. its current AP, is handed over to a new radio cell and attaches 
to a ne-.,;v AP while residing within the managernent domain of the same H.AN 
openitor (cf. (17,18,19]). This scenario is called intn1.-dom,ain mobility. The :\1H 
keeps its IP address assigned after a handoff in the domain of a RAN. The con-
nectivity of the MH is guaranteed within a don1ain applying specific routing 
rnechanisms (cf. [17,18,19]). Since the rnohility nranagement and corresponding 
registration procedures are perfonned within the san1e domain, the required lo-
cation updates and signaling of address binding information of an MH can be 
efficiently realized compared to the inter-domain mechanisms used by !v1obile IP. 

2.2 QoS lVIanagement in Mobile Networks 

IP communication in wireless segments of advanced n1obile networks like the 
RAN of an IEEE802.lla WLAN with 54 IVIbps is substantially different fron1 
c:urrcnt inter-networking in the high-speed brtckbonc. Norm::-tlly, the protocol 
functions of the error control and 1rIAC sub-layers of the data link layer (DLL) 
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Fig. 2. Active and passive reservation of resources in the RAN 

are decoupled of those procedures invoked at upper layers during data trans-
fer. Moreover, distributed environments of contemporary IP networks do not 
offer any integrated controls that support the information exchange between the 
network layer and its lower layers. The latter, however, is a common approach 
during handoffs in 2+ and 3rd generation networks such as GPRS and UMTS 
where the radio resource management performs corresponding tasks. 

To provide an efficient solution of micro-mobility management issues, opti-
mized handoff and QoS management procedures are required (cf. (2,121). It is the 
objective to minimize the disruption phase of connectivity while an MH detaches 
from its current AP and registers at the mobility agents after attaching to a new 
AP. In an advanced mobile network the corresponding handoff and registration 
processes affect several layers of the protocol stack (cf. Fig. 3). First, the move-
ment detection functions a.t the MAC layer of the DLL are invoked to deterrnine 
the required change of the 1\P and to identifv the destination of a handoff. To 
maintain the con1~ection and the effective flc;,v of data.g::rarns, registration gnd 
control insb1.nces at the upper layers arc involved. For in~tance, hy protocohi Eke 
Ha\vai; cellular IP or hierarchical Tviobile IP in a ,vav sirnilar to :vlohilc IP appro-
priate IP address and routing inforrnation is genc~:atcd and routing agents arc 
notified to guarantee a scarnless flow of d,i_ta after co1nplebon of a· handoff ( cf. 
[ 1 7, 18,191). Furthern1ore) the resources of the tr::-rnsfcrrccl connections required 
in the llC\V cell have to be re-r1.(~gotiated and the Hc)\V rates ha-.r(~ to be adjusted. 
Then the a~sociatcd rnobile applications can adapt to the resource utilization 
\Vithin the new cell (cf. p,121, see Fig. :3). 
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Fig. 3. Protocol stack of an NGN 

After a handoff among radio cells the following situations can arise that re-
sult in quite different effects on the resource allocation and seizure by active 
connections of adaptive mobile applications; 

In the visited cell more resources are available than in the left. Hence, the 
MH can seize this additional capacity, distribute it among the active con-
nections and trigger the invoked applications to increase their sending rates 
accordingly. 
In the new cell less resources are available than before. In this case, the MH 
has to reduce its consumption and to notify the active applications on the 
required adaptation processes. 
After a handoff no changes of the resource allocations are required. 

In all cases an information exchange between the MH and a resource manage-
ment component in the RAN about the required and granted resources and QoS 
objectives is necessary. Depending on the previous status of the resource allo-
cation to the active connections of an Tv1H corresponding adaptation processes 
have to be invoked at the trn.nsport and application la.ycrs (cf. [2,12], see Fig. 
')' 
,) ) . 

2.:3 :rvieasurernent-I3ascd Adaptive Connection Adrnission C~ontrol 

Considering rnobilc users with their n1obilc hosts (l'vIHs) roarning \Vithin an ad-
vanced n10bile network, the corresponding connections have different QoS re-
quircmf:llts. The latter are characterized in terrns of a quadruple: the rninirnal 
rind n1axirual required banchvidth, a 1naxirnal end-to-end (E2E) delay and an 
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upper bound on the packet loss. Based on a ~hosen serv~ce 1nodel,, nor~nally ~e 
distinguish between those connections belonging to service class Cl with strin-
gent QoS guarantees, i.e. guaranteed or premium ~ervice, a class C2 ~vith soft 
requirements, i.e. predictive, assured or elastic service, and the best effort class 
C3 without any QoS requirements. 

To maintain the QoS guarantees of active connections of roa1ning ~-II-Is during 
handover processes and to check ·whether new connections of fresh and handoff 
calls can be established without violating the guarantees of existing ones ·within 
a specific radio cell, a connection admission control (CAC) sche1ne constitutes 
a necessary ingredient of the resource management syste1n (cf. [5,G,7,8,9,14,15, 
21,221). This decision process has to distinguish between both the connections 
of the sketched three service classes and the type of a call, i.e. ,vhcthcr it is a 
fresh call just triggering a new connection set-up in a cell or an already active 
connection requiring further connectivity in a neighbor cell after a handoff. Since 
the latter process may fail due to a lack of resources or a violation of existing 
QoS guarantees, a constraint on the corresponding dropping probability can be 
formulated as additional QoS criterion of a connection. For fresh calls the block-
ing probability of a connection is the basic QoS term apart from delay and loss 
constraints for real-time traffic of the premium class Cl and apart from the loss 
constraints for the elastic traffic of class C2. Furthermore, the utilization of the 
bandwidth offered by a cell constitutes the basic efficiency metric that has to be 
maximized by the network operator. 

To achieve these performance objectives in the dynamic environ1nent of a 
RAN, the corresponding CAC components comprise three building blocks: means 
to handle the traffic specification including the QoS requirements, a bandwidth 
reservation and admission control policy (ACP) and related decision algorithms 
as well as measurement functions to monitor the actual load and utilization of 
the resources managed by a specific resource management entity (RMC) of a 
RAN (cf. [21,22], see Fig. 4). 

In the following we focus on the relationship of micro-mobility management 
and the corresponding CAC functionality. Regarding the QoS demands at the 
c:3-ll level w_e restrict ourselves to the blocking and dropping probabilities in a 
81_ngle cell ~1nce the concatenation (i.e. convolution) of the latter performance in-
dices prov1<:1es _a convenient tool to determine the E2E performance. Therefore, 
local and distributed control architectures are under consideration as ACP if we 
corn:;ider a target cell and its in1rnecliate ncighbors. 
. The ~i~nple_st ACP disregards the service classes and trafFtc t_ypcs as well as 
~he mobility (1.e. hanclofI) patterns and accepts fresh or handoff caJls if there 
1s enough capacitv C ·1va1·1,· l l • • • 11 F · • 1- · · · 
. _ . ,. ,, _,, c - < d J e 111 a ce.. •ur t 1at purpose, a continuous rnon1-
tonng of the load and 11t1·11·zr t1· • • - • ·l · 11· - '\('sdw _•P. • . _ • • _ • • -__ ,cL' on 18 1 cquirec y1e c 1ng rneasurc1nent-based C1. -1 

• - -llLs: Due t? the 1andorn n1overnent of the rvIHs dvnarnic ACPs arc 1nore 
appropnate policies Sin , l - ··t ff- t · . _ ..... _- , . -. • • .. '. c-=.. )es -e or• connections can be dropped -.x..rithout an}' 
constr .unts, 1t 1s sufhcient to stu ·l · tl· • - . , - f - · - · · · · _ f 1 , . _ . . _ • - { } ie 1111P<tct o nucro-rnolnht:y on connections 
o t K pre1nnnn and elastic ··I. -~ ·, - c·t C''> s· - · l 

1· (' l . 1 _ .' ' • casd::S "~- 1-..1nce real-tune traJiic is txansportcc
1n. ., cLl1( non-rea1-tnne ir ("') • .· . . 

, 

· -- · - · · - • 1 ---'~, we cJssun1c that only handoff calls of C;1 specify 
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a maximal dropping probability IP{drop}. The latter has to be guaranteed by 
the ACP during handoff to the new cell whereas C2 handoff calls do not require 
such treatment due to the elasticity and delay-insensitivity of the corresponding 
sources. The actual realization of IP{drop} is estimated by the ratio of rejected 
and the overall number of occuring handoff calls of the corresponding class. 

To achieve the required protection of handoff calls compared to fresh calls, 
two elements of a protection strategy can be applied based on resource pooling 
and bandwidth reservation for handoff calls: reservation of a bandwidth por-
tion in a specific handoff buffer and different threshold mechanisms (cf. [21,22]). 
They extend the concepts previously known as guarded channel schemes. Con-
sidering the simplest threshold schemes, bandwidth resources (BW) are reserved 
for calls potentially handed over to a cell. The reserved bandwidth is reflected by 
a threshold value. The latter is determined by the difference of the BW available 
in the cell and the required BW reserved for handoffs (i.e. a reservation index). 
A fresh call is accepted if the sum of the BW occupied by active calls and the 
applying fresh one does not exceed the threshold level, whereas a handoff call 
is allowed to exceed the threshold as long as enough capacity is available in the 
cell. In the case of a buffer scheme the sum of the BW occupied by active calls, 
the applying fresh one and the junk of bandwidth reserved for hando:ff calls is 
not allowed to exceed the cell capacity (cf. (5], see Fig. 2). 

3 Integrating Micro-Mobility and Adaptive Connection 
Admission Controls 

3.1 Integrated Mobility-, Resource-, and CAC-Management 

In our approach we assume that mobility-aware multi-media and real-time 
applications are capable to adapt their required bandwidth by means of an 
advanced coding technology to a certain extent according to control signals 
emitted by data-stream and resource management components of our new 
QoS architecture ( cf. [2,12]). To satisfy the diverse requirements of co-existing 
adaptive and standard applications, the developed programming model uses 
an abstraction with three layers: the standard and adaptive applications, the 
resource-management and QoS-adaptation level called QoS-services-trading, 
and the integrated connection and flow layer (see Figs. 3, 4). The latter is called 
network interface. It provide:::; an al)straction of the transport and net\vork 
layers and their corresponding signaling and data flo\vs at the rnobile nodes 
and the nodes of the access infrastructure such as the APs. Data flo-ws of the 
appljcations arc transported across these co1nponents. IVIoreover, the control 
functionality of these lovvcr layers, e.g. reservation agents and banchvidth broker1 
traffic classifier, n1cte:r a.nd shaper, packet scheduling and n1arking c1s well as 
buffer 1nanagerncr1t, that i::; irnplerncntcd in a. di::;tributed 1nanncr at the nctv,rork 
dcrncnts to handle the QoS rcquircrnents at the connection: i1o-w and pa.cket 
levels cru1 be adjusted by the net\.vork intcTfacc. 



36 

It is the goal of this 1nobilc QoS (IvIQoS) n1;uwgc11u•11t ~ysrp111 t.o alloca~e, 
monitor and nianage the resources of the wirele:--,s network elu1H•11ts a11d to dis-
tribute ;heir capacities in a fair rnanner an1ong the co1npet ing ;1pplicatio11s and 
the associated data flov1s of their connections. The basic uJ111putH"llt s perform-
in,,- these tasks are called data-stream rnanagen1c11t at the ~I?\"s a11d re:-;ourcc 
in:nagenient (RI\1C) at the nodes of the access infrastruet.llr<' (s(_'e Fir~. •l). Tl.1ey 
handle the signaling of the requirements, the resource allocat1on, adaptation 
and 1nanagern.ent processes. To get the inforrnation required for the adaptation 
processes, they are supported by a 1nonitoring component called environ1nent 
rr10nitor (E1.1C). It is an abstraction of those components nlreacly available in 
mobile terminals of second generation networks, e.g. the control processes 1non-
itoring the signal-strength, noise, BER and PDU-lo::c:s along t be for,vard and 
backward paths of data flows over the air interface, and the n1ovcn1e11t-dctection 
and location-identification proce:::;ses. By these mcaus the locatiun of a terminal 
and the potential change of a 1nicro-cell and its ,1ssoci::i.tion to i1 n AP duP to 
a horizontal, or even vertical, handoff can be idcntifir:d. Hence, the 1nuni1 oring 
component can also provide control information and an interface for lo<'ation-
n1anagement and service-management cornponents at higher layers below the 
applications if location-dependent services are supported (see Fig. 3). 

Considering the actual actors at the distributed control instances residing 
at the session, flow and packet levels of the protocol stack of the l'vlN s D nd the 
active nodes of the access network, appropriate control con~n1andos and their 
parameters are passed by n1eans of an intermedirtte n1e<liator cornponcnt called 
network-interface control. It translates the invocation n1essages of the 1nanage-
ment component into corresponding control actions that ::ue transferred to the 
network-interface. Changes of the allocations, e.g. the addition of nc"v band width 
after the handoff of a fiow to a new AP at the old interface and the reduction of 
the latter at the new interface among all con1peting flo-ws due to the fair-share 
concept, are signalled by the data- and resource-managem.ent and translated into 
control actions of the network interface by the network-interface control. 

Evaluating the experience gained in a new WLAN testbed (cf. [2,12,13]), 
we have realized that a re-negotiation of the resources after the completion of 
handoff procedures at the physical, :J\1AC and IP layers con.surues too 1nuch tirne. 
Therefore, a measurement-based CAC functionality is incorporated in our MQoS 
frarnework as connection access control (CON) con1ponc~nt in the RAN (cf. Fig. 
4) • For this purpose, we have extended the existing i\CPs to incorporate the 
adapti:ity of _a<lvanced mobility-aware multi-media and real-time applications, 
e.g. voice services 1vith Al\IR codecs and video applications with variable bit-r,1te 
codecs based on lv1PEG4 etc. This rneans that the corresponding handoff calls of 
~1 can adapt their Sf-mding rate or bandwidth requirements based on notification 
signals that are dynamically generated by the R.1-IC and CON during a handoff 
proc~ss. The corresponding architecture is depicted in Fig. 4. This integration 
of micro-nwbility m~nagement: bandwidth rescn'ation and adaptive adrnission 
c?ntrol_ proceeds as follows. In each cell a variable proportion of resource~ is as-
sinned 1n a pro-act1·ve rr ann r b d ·d h b · •.i:r 

• 1 e as an w1 t . UHer to handle handoff calls arising 0 
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Fig. 4. Integration of mobility and resource management as well as connection admis-
sion control 

from neighbor cells. The reservation processes are coordinated by the interwork-
ing of RMC, EMC and CON evaluating the micro-mobility patterns arising to 
and from as well as among neighbor cells (cf. [3,4,22,23]). For this purpose, the 
corresponding instances communicate by control messages with each other and 
the CON has interfaces to EMC, RMC and other CONs. The RMC determines 
the requested and granted resources for each call and CON, which implements 
the ACP, reserves an appropriate number of BW units for a potential handoff 
call in the neighbor cells. 

To implement this process in a way similar to the mobile RSVP model, each 
connection of a service class is characterized by a bandwidth interval of minimal 
and claimed BW units (up to a maximal value) that are required to realize a call 
with sufficient service quality. Dropping of a handoff call is prevented or, at least, 
relieved by reserving an appropriate number of BW units in potential target cells 
surronding the current residence of an MH before a handoff. To avoid the waste-
fo1 pa.s::;ive rcsf>rvation of banchvidth, the n1ovcrncnt of JV[lls is anticipated and a 
portion of the actually de1nandcd B\V units is reserved for a.11 potential calls and 
put into a B\V pool called handoff DvV buffer. It is exch1sivcly used for handoff 
calls. To prevent incfficicut B\V use and to avoid high blocking probabilities of 
fresh calls, its size is lirnitcd . 

.:\Iorcover: it is dynarnically controlled depending on the experienced drop-
ping probabilit.v. U the dropping probability that is rnonitorcd in a cc~ll by the 
ETvIC'. a11d COI\ components cxc;eed:c:: a prescribed QoS level, rnorc resources arc 
granted in advanc<: for future bandoff calls in the cell. If a fresh call arrives and 
Ginnot b<) adrnittcd due to a lack of capacity subject to these B\V reservations 
applying a specified AC'T">, it is blocked. If a h,rndoff call deruands admission and 
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the required BW units are not available, then a two stage process is initiated. 
First, its requirements are reduced to the specified n1inin1al value and adrnission 
control is applied again based on the specified ACP. Only if it fails, the handoff 
call is dropped. Thereby, the congestion of handoff calls is relieved exploiting 
the elasticity of the sources belonging to the premium cla.:;s. 

3.2 Admission Control Policies for Adaptive Mobile Applications 

Considering the ACP for calls arising from adaptive mobile applications, we gen-
eralize the schemes discussed in [5J. We assume that class Cl comprises MHs 
running delay-sensitive applications whereas C2 includes delay-insensitive con-
nections of elastic services, e.g. arising from http and plain tcp data transport. 
Regarding the performance targets of micro-mobility management Cl calls are 
characterized by maximal dropping probabilities 1P{drop} during han<loff while 
no QoS objectives are specified for C2 calls. 

Prediction of Mobility. The prediction of local movements of MHs between 
cells uses a list of handoff patterns observed in the past ( cf. [3,4,5 ,22,23]). They 
are stored in an appropriate data structure. It comprises a list of quadrupels 
Q = (t, k, i, d) related to a previous handoff event into the current cell O from a 
predecessor cell k. At time t after the dwell time d in the current cell O the MH 
has been handed over into the successor cell i. Regarding a new call arriving at 
cell O the tasks include the computation of the transition probabilities (t.p.s) Ph 
and the epochs t of its corresponding handoff events to successor cells i. 

For the j-th connection Co,j handed over from a predecessor cell k into 
the current cell O a histogram-type estimate of the corresponding movement-
dependent t.p.s can be calculated as follows: 

Ph(Co . i) = # quadrupels with predecessor cell k and successor cell i (l) 
'3 # quadrupels with predecessor cell k 

Regarding the conditional average dwell-times th(Co . i) of the 1·-th call C 0 j
• f ll '1 ,cor~ung rom ce k before handoff into cell i a similar empirical mean is used as 

estimate: 
IQ(k,i)[ 

th(Co,j -> i) c:c= L dz/!Q(h,i)l (2) 

I_Ic,r_c ~(~:, i) c~enotes the ~et of all quadrupels v.rith predecessor cell k and snc-
c~~sor 2 / 11 d cl the. dwell tune of the l-th quadrupcl. To lirn.it the cornputationa1 
criort, tne order of the list should not exceed an upper bound JVquod and ont-
dated quadrupels are substituted by recent ones. 

Bandwidth TI,escrvatior1 ·,ncl Ad1·111·ss1·011 C t l St t · - · l · _ _ _ _ _ _ - n • , on .ro , ,ra eg1es. Cons1c enn1:; 
the passive resource n1anagre1r1Pnt frJI' c·~illc c·)f' (_'l·~- ;;;:-c- c~1 1 L),' (_-'()N.T - ft . - 1· -.1--.cl . . -- - - -··- •" -- , u._,.:-, - l_1 _,, -. :-1 ·pr arrive,. ;_\ ,_ 
adrmssic)_,n to a cell O a portion bpre of the dernandcd n\v is n:~crv~d in_ the B\V 
pool of Cl-handoff calls in its 11Pio-} t - , • -,11 • I - -11 - -1 · · - · 

• " 1::c- lL)UI cc s. n cu 'l t 11s passrve B\V rescrvat1on 
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of a call Co.; adn1itled in Cl'.ll O is determined by the product of the seized BW 
b(Co,j) and the t.p. Ph(Co,j i) to the successor cell i: 

bpre = b(Co,j) * Ph ( Co,j --+ i) (3) 

Together with the expected n1can dwell tinic th (Co,j i) as ti1nc-to-activatc 
(TTA) value, this an1ount bpre is signalled by CON to cell i. Receiving the passive 
reservation 111essage, the R1JC of cell i b notified by its CON. It calculates the 
reservation epoch by t = to + th (Co,j i) - T where to is the actual time of 
a reservation receipt and T denotes a correction term. The latter adjusts the 
mobility predictions and is dynamically updated. 
Following [7) the proce<lure quoted here has been incorporated in the ACP 

approach to adjust the corresponding
SP = 1/P(Drop) ; LP = SP; correction 'T of the reservation epochSH = O; SHD = O; LH = O; LHD 

""' 0 ; that influences a passive reservation.T = O; 
llere the variable STEP_SIZE controlsIF (MH handed over) 
the speed of the adaptation. It is re-{ 

SH++; LH++; quired to correct errors of thA 1110-

IF (MH connection dropped) bility predictions that yield over- or 
{ under-estimates of the handoff BW 

SHD++; LHD++; and: hence, a performance degradation 
IF (LHD > 1) of the admission policy. A positive T 
{ will increase the reserved passive BvV if 

LP += SP; the dropping level is exceeded. If one is 
T += STEP_SIZE; in a regin1e far below this level, T < 0 

} shall reduce te1nporary the current por-} 
tion of passive reservations.IF (SH == SP) 
Storing the capacity requests and TTA{ 
values of passive reservations in a listIF(SHD < 1) 

T -= STEP_SIZE; and traversing the latter periodically, 
SH = O; SHD = o; CON and RMC of a RAN can deter-
IF (LH === LP) mine the actual number of active reser-
{ vations in a cell i. Activating a passive 

LH = O; LHD = O; reservation 1 the reservation index Bi of 
LP = SP; a cell i is increased by the correspond-

} ing nurnber bpre of BW units. It deter-
} 

mines the number of BW units in the} 
handoff buffer serving the calls handed 
over fro1n other cc11s. 

If the connection Co,j leaves the cell O, CON notifies the neighbor cells to 
release the corresponding reservations. If a reservation has not been activated, it 
is simply <lelcted fron~ the list. Otherwise, the reservation index is decremented 
accordingly. 

CON has the task ~o implement an ACP that guarantees a specified QoS level 
for a fresh or handoff call of classes Cl and C2, respectively. In our approach 
we use a scheme with this sketched distributed inforrnation state and a local 
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· • . ass Reaardi·na fresh calls of C2 and ha.ndoff calls of t"'ither type thed ec1s1011 proc,. . . . o o _ . . . . 
. i· lec·1~1•0 n 1·s onlv determined hv 

v 
the utilization status of a <.:ons1deredaccep,,ance c . . • , • 

cell o. For fresh calls of C 1 it is additionally detcnnmed by the state of the 
neig;hbor cells. vVe denote the reservation index of ~his ~~rgct cdl 0_ \Yith cap~city 
C(0) by Bo- Let Co be the set of all connection indices i 111 cc~l 0 with bandw1_dth 
deinan<ls b(i) = b(Co,i) and let bnew be the BvV demand of a ne\v co1111e<.:t1on. 
Then the ACP is detennine<l by the following rules: 

1. adn1ission of fresh calls of type C 1: 

check I:iEC b('i) + bnew < C(0) - Bo 
check wheth0er an overshooting of reservations exists in neigbhor cells (cf. 
[5]) 

2. admission of handoff calls of type C1: 
- check I:iECo b( i) + bnew < C(0) 

a. admission of fresh and handoff calls of type C2: 
- check LiEGo b(i) + bnew < C(O) - Bo 

Applied Adaptive Admission Control Policies. To identify the 1nost ap-
propriate ACP subject to a micro-mobility regirne, several known bandwidth 
reservation and adn1ission control schemes have been adapte<l to the new con-
text of adaptive mobile connections arising frmn the pren1iun1 and ela..stic services 
classes Cl an<l C2. There are three basic B,v reservation schenies inherited fro1n 
the class library of the tool Cellular Network Simulator (CNS) (cf. (1]): 

Scheme A: Neither passive reservations nor CAC are applied. Fresh calls (PCs) 
are accepted as long as enough I3W is available, whereas hando:ff calls (HOCs) 
ure a<ln1itted if the minimal BW requiren1ent can be satisfied. 

8cheme B: It is similar to A. However, if BW is rnissing for a Cl-HOC, it is 
grasped from the contingent of active C2 calls. Only the 1ninirnal requirerncnt of 
a C1-HOC is seized. The reduction is uniformly distributed ainong all C2 calls. 

UBB: This scheme applies passive B'\~T reservations. A Cl-FC is a.ccepted if in 
the current and all neighbor cells there is enough BvV applying the ACP therein. 
The n1a:xi1nal B\V of all Cl ea.Us is reserved in the neighbor cells. 

A Cl-HOC is adn1itted if enough B\V can be provided to satisfy its n1inirrw.1 
requirement in the current cell and all passive reservations in neighbor cells are 
grante,d. In contrast to Cl-FCs or C2 calls, a Cl-HOC is allowed and forced to 
seize a portion of the reserved BvV in the handoff buffer. If the latter exceeds 
the capacity of the buffer partially or completely, the B\V can be ta.ken from the 
com1non resource pool if possible. If the call leaves the cell, the seized BvV is put 
to the co1nrnon pool and not added to the handoff pool. The latter is changed 
by future reservatjon or deletion requests. 

'I'hcse basic schen1es have been combined with the following adjusted variants 
of some proposed adaptive distributed ACPs (cf. [5,6,7,15}): 
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UBB_adapt: It is similar to UBB, but applies a dynamic adjustment of the BW 
pool (cf. [15]). If a prescribed dropping level is exceeded or the utilization of 
the handoff pool exceeds a threshold, the latter is increased. If these control 
parameters fall below some thresholds, it is reduced. 

Prob_Thres: For each Cl call a random portion of BW is reserved in neighbor 
cells and reduces the threshold levels (cf. [6]). A Cl-FC is blocked if the modified 
threshold value cannot be granted in a neighbor cell. A Cl-HOC can seize the 
overall available BW. Fresh calls and C2-H0Cs are only admitted if the sum of 
their BW demand and the already seized BW does not exceed the threshold. 

AC2: It is a threshold-based scheme with similar ACP like Prob_Thres regarding 
C2-FCs and C2-HOCs (cf. (7)). For Cl-FCs and HOCs no passive reservations 
are performed in neighbor cells. It is only checked whether the seized BW does 
not exceed the thresholds there. In this case, the cell is too crowded and Cl-calls 
are rejected. 

A C3: It is similar to AC2, but additionally thresholds are adjusted between 
neighbor cells to increase inter-cell fairness ( cf. [7)). 

4 Performance Analysis of Adaptive CAC Schemes 

4.1 An Enhanced Cellular Network Simulator (CNS) 

Using the existing Java class library [1], we have enhanced the corresponding 
Cellular Network Simulator (CNS). The related tool incorporates the sketched 
ACP variants of the bandwidth reservation and CAC schemes that have been 
adapted to adaptive mobile applications of classes Cl and C2, respectively. To 
enable a comprehensive investigation of these policies and their ability to guar-
antee both a maximal dropping probability of Cl-HOCs and a high utilization of 
the bandwidth provided by a micro-cellular network subject to different handoff 
scenarios, the tool has been further enhanced by a unique graphical user inter-
face (see Fig. 5). The latter offers the specification of all relevant network, load 
and simulation parameters. By these means it is possible to specify the network 
structure (called Network Specification) in terms of its size, i.e. as a grid of N 
micro-cells ,.vith a cornrnon capacit_y of C B,V units each. By a J\:fobile Host 
Specification the para.rncters of both service classco Cl, C2 can be detennincd. 
A connE:·ction of each class is p·iven in tcnns of a rninirna.l a.nd a den1ancled B\V• • (Cc, 

levd. Furthern1ore, the rnovenwnt pattern of the :v1Hs can be set. The attribute 
DIRECTED ch:1.racterizes those .:\1Hs which select a random direction on the cell 
grid at connection set-up whereas R.ANDOlVI governs )./fHs selecting IW\V cells at 
handoff events in a randorn manner. The grid is wrapped around, i.e. reaching 
its edge a uew cell is sc~lcctcd at ranclorn. The S'imulation Specifications a.llcnv to 
control the sinrnlation rum:- ~.:i.nd the used load 1nodcl in terrns of the arrival rate 
,\, the 1ncan call durations p.- 1 , and the mean cJwcll tirne "(- 1 in a cell. 

https://rum:-~.:i.nd
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Fig. 6. Results of n. simulation of a 10 x 10Fig. 5. GUI of a CNS enhancement 
grid 

The arrival of MHs to a cell are governed by a Poisson distribution, and the 
call and dwell times arc independent exponentially distributed. Furtherrnore, 
three different load scenarios can be studied: 

UNIFORM: F'or each cell the rnean arrival rate is identical. 
SINGLE_SoURCE: New calls arc always initiated in the same cell. l\•1ovement 
patterns can be tracked easily to trace a run. 
BURSTS: A target cell and its neighbors are the active zone of the nct\vork. 
After the expiration of a. Burst Cycle Timer all niH-Is n1ove simultaneorn:.;ly 
into the neighbor cells. 

After the simulation runs all observed performance rnetrics, i.e. captured statis-
tics of ACTIVE-, IDLE-, DROPPED- and BLOCKED calls~ can be <lepicted and 
evaluated (cf. Fig. 6). 

4.2 Perforn1ance Results of a Co1nparison 

To investigate the pcrfonnance of the developed ACPs and to detennine which 
schen1e should he implemented in the MQoS framework. a sirnulation stu<ly ha..s 
been executed by the enhanced CNS tool. It uses a grid vdth 25 cells wrapped 
around at the edgei:; yielding 6 neighbors of each cell. 

The load is specified in terms of the denrand of BW units (BU). Cl calls 
require 4 BU, C2 l BU. Each cell can carry C =- 100 BU. Two load scenarios 
are studied: either an equal number of Cl and C2 calls (Fer = 0.5) is generated 
in a run or only Cl calls (Fc1 = 1) are generated. 
, Two mobility patterns are studied: high rnobility of MHs yielding on average 
3.5 handoffs and low mobility resulting in 1.5 handoffs per call. The average call 
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duration is µ- 1 = 120 sec, the average dwell time in a cell ,,-1 = 34 sec for high 
mobility and ,,- 1 = 80 sec for low mobility. The maximal utilization of a cell is 
determined by: 

It is the objective of the ACP simulation to compare the achieved QoS met-
rics, i.e. the mean blocking probabilities of calls and dropping probabilities of 
Cl handoff calls and the gained average utilization of a cell as well as the coor-
dination costs of the control algorithms for adaptive mobile applications. 

First, the impact of the sketched adapted local admission control schemes 
has been studied. Typical results for a scenario with load bursts show that AC2 
is the worst scheme regarding the dropping and utilization objectives. The mod-
ifications exhibit a higher utilization. However, they cannot guarantee appropri-
ate dropping levels. The second set of experiments compares the uncontrolled 
Scheme A with AC2 for a uniform load scenario. As shown in Figs. 7, 8 the uti-
lization of Scheme A is only slightly higher than that achieved by AC2. However, 
Scheme A cannot guarantee the QoS objectives as expected. Hence, it is obvious 

(4) 

OEiS L-__...____..,____...1.-___.____.____.___........___.____,.___ ___, 

3 J. s l::i 

Pig. 7. C\-,l] ntilization for a uniform load scenario applying AC2 (lmvcr curve) and 
Sche1ne A (upper curve) 

that distributed ACPs arc required t:o relieve congestion of handoff calls. 
To evaluate further the benefits of those corresponding ACP proposals, mod-

erately loaded cdb wiLh utilization o.:3 S p S 0.5 are studied. Due to space 
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·p.cJ_QRO.PC1.da\' B·'Sci-iif.meA:,_..POOPC'hdat' ~. 
'.AC2 _ELOCl<x::1. d~I' ---1+-~~,W(.;_SLUC~l.i;i-1;1'. ·--·r--··· 

Fig. 8. Blocking and dropping probabilities of Cl calls given a uniform load scenario 
applying the AC2 and Scheme A 

limitations only results of Cl calls are depicted here for the high mobility sce-
nario. AC3 denotes the adapted scheme of Lee et al. [7], CHOI the variant of [5] 
and CHOLagg_besserHoRes its enhanced version with reduced overhead devel-
oped here. While AC3 adjusts the reservation index Bi of a cell i mainly by the 
monitored dropping levels, and CHOI considers only BW requests of potential 
incoming handoff calls within a reservation window, CHOl_agg_besserHoRes rep-
resents a simplification of the latter. It works with the presented T-adjustment 
for the initial value STEP_SIZE = 1. 

Focussing on the UNIFORM load model, a typical relationship of the dropping 
probabilities of Cl for different loads is shown in Fig. 9. We observe that all 
three schemes can guarantee the maximal dropping value of 0 .1 and perform 
even better. Considering the average utilihation of a cell, Fig. 10 illustrates thnt 
the- proposed sclH:n1e CJIIOLagg_besserl-IoRes outpcrfonns the others. The reason 
is that it r:nakes less passive reservations a.nd distributes the saved B\V among 
other calls. 'ThPrdorc, the resulting dropping, probability slightl:v increases ns 
shmvn in Fig. S). Finally7 the cornrnnnication overhcncl of a typical cell is de-
picted in Fig. 11. As expected CHOI experiences the highest and AC:3 the least 
co"t ,d1ik the proposed scheme, lies in bet1.\'eeu. The reasnn is that AC:3 and 
CHOLag:g_bcsscrHuHcs require a test of the load status of all ne.i,ghbor cells lry 
the admis:-:,ion algorithm. If a cr1ll is cornplct1~d or a handoff occurs, the latter 
sd1eme '-':ill caned all I-lending res<:crvations 1n these ncighbor cells.· Therefore: 
the comm1mication overhead is tv:ice as high a;-; in AC'.3. -

https://p.cJ_QRO.PC1.da
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S.5 

In conclusion, we realize that our proposal of the distributed ACP CHOI_agg-
_besserHoRes with passive resource reservation can be effectively implemented 
in our MQoS framework to improve the QoS management of adaptive mobile 
applications subject to micro-mobility regimes. 
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Conclusion 

Currently, the integration of 3rd generation wireless networks such as \¥LANs 
and UMTS into high-speed IP core networks and its corresponding resource 
reservation and QoS-management mechanisms are some of the most challenging 
tasks of network design and engineering to support the deployment of new inte-
grated location-aware multi-media and interactive Web services. 

In our paper we have sketched a mobile QoS framework for adaptive mo-
bile multi-media environments that integrates mobility- and quality-of-service 
management with new connection admission control (CAC) schemes. Refering 
to measurement-based CAC procedures applied in mobile access networks, we 
have discussed their extension to adaptive mobile applications and described the 
integration of the corresponding resource reservation and CAC policies into our 
framework. Furthermore, we have evaluated the performance of several CAC 
schemes by a simulation study. The results provide guidelines for further studies 
and an implementation in QoS architectures of next generation mobile networks. 
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