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Abstract -- End-to-end signaling of Quality of Service delivery. Similar alternatives, i.e. direct versus indirect deliv-
(QoS) requests provides an interface for end systems toery, exists for the reverse direction of delivering packets from
specify certain performance characteristics for transmit- a mobile node to a correspondent node, as well. As part of the
ting data flows across communication networks. If routing IETF standardization activities, extensions for mobile connec-
and packet forwarding is enhanced by capabilities to sup- tivity are defined for IPv4 in [1], [2] and for IPv6 in [3],
port mobile end systems, this imposes new challenges forrespectively. These proposals employ the aforementioned
intermediate nodes to handle end-to-end signaling. In this mechanisms. In case of IPv4, an additional, dedicated entity is
paper, we investigate these challenges and identify a cru-defined to support and control a mobile node in a foreign
cial set of abstract functions to augment certain nodes access network. This entity is callddreign agent In this
along the data path, in order to deliver an end-to-end sig- case, two additional orthogonal mechanisms can be distin-
naling service for mobile end systems. Opposite to previ- guished: the mobile node obtains the topological correct sub-
ous approaches, we do not incorporate such enhancementset address from a foreign agent, which is calleate-of
into basic building blocks of the system, but instead we address or it obtains aco-located care-of addredsy using
present the design of two additional independent compo- services like DHCP [4], DHCPvV6 [5], or neighborhood dis-
nents to carry out the new functionality. One component is covery [6] with address autoconfiguration [7].
given by an extension to QoS signaling, which allows to The proposals to enable QoS in the Internet can be distin-
handle service requests in advance. The second compo-guished by whether the QoS model relies on adequate capacity
nent, the Third-Party Signaling Protocol (TPSP), provides provisioning in combination with rather statgervice level
a generic set of primitives to request enhanced signaling agreementse.g. based oBifferentiated Servicef8]. Alterna-

functionality at intermediate nodes. tive proposals include the explicit signaling of QoS require-
ments along the end-to-end data path, e.g. ltitegrated
. I NTRODUCTION Servicesarchitecture [9] in combination with thResource

The current service model of the Internet is to deliver bed@SerVvation Protoco(RSVP) [10]. Relying on coarse-grained
effort connectivity to stationary end systems. This servidB€chanisms and capacity provisioning might conflict with the
model is currently being enhanced in two directions. orfbjective of efficient resource utilization in certain scenarios
extension is given by approaches to offer predictable and sthll: [12] and [13], depending on the level of service that is
ble transmission performance, term&uality of Service going to be provided. Basic uncertainties about the actual
(Q0S). The second enhancement is to enable seamless endi¥gge and traffic patterns give rise to this conflict, which
end transmission to and from mobile end systems. In tH}§comes even more apparent, when taking into account the
paper, we investigate the relationship between both enhan@bility of end systems. We therefore focus on signaling-
ments and identify the crucial basic mechanisms that needd@sed QoS provisioning in this work.
be added, in order to accommodate QoS requests from mobil€articularly, we investigate the issue of providing continu-
end systems. ous signaling-based QoS to mobile end systems. While others

A mobile nodés characterized by the fact that it changes it3ave proposed ad-hoc extensions to existing mechanisms (see
topological network access point over time and consequentBgction V for details), we approach the problem in a more fun-
the routing path to other so calledrrespondent nodehere damental fashion. First, we formulate a simple model to
are four fundamental mechanisms to enable connectivity §¢Scribe mobility. Based on this model, we identify two basic
this case. One mechanism is termegngle routing and mechanisms, which are required to enable continuous QoS-
describes the fact thatme agenintercepts packets sent tobased transmission to and from a mobile end system. Such a
a mobile node’s regular network address. These packets gyedel is both useful and necessary to avoid confusion about
then forwarded to the mobile node by using its temporary/hich functionality should be implemented as basiecha-
topologically currently valid network address. The othdpisSmand which is part of astrategy Thereby, we can show
mechanism is calletbute optimizatioror binding updateand that all other proposals are encompassed by this model. We
denotes the ability of a correspondent node to cope with tHten specify and discuss the respective technology to imple-
change of a mobile node’s network address by directly fofd€nt these mechanisms. In particular, this technology is given
warding application-generated packets to the temporary nBy.extending RSVP to accommodate advance service requests
work address. Therefore, no home agent is needed for d@fl @ new protocol, calledhird-Party Signaling Protocol



(TPSP). A mobile node will regularly encounter a situation, in Let A; represent a set of assumed access nodes at the point
which it is unable to signal its future service requests, because of timet;, which is guaranteed to contain the actual access
it is topologically not at the right location to do so. TPSP nodea. Themovement closur®! of the mobile end sys-

allows to signal such indirect requeststtord party agents tem can then be formalized as the relation:
which then carry out the actual signaling on behalf of a mobile  M(m) = {(ty, dg, Ag), ... (te_1, de_1, Ae_1)} fored 0, (3)
node. We envision that a dedicated protocol can be used forand it appliesd; = t,, ,—t; forall0[0e-1] 4)

other purposes, as well, for example as described in [14].  Note that this relation (3) can be transferred into a represen-
The remainder of the paper is organized as follows. In Segtion similar to (1) by relaxing (4). For relation (3), the fol-
tion Il, we present our general model, which is the basis @wing statement applies:

TPSP. In Section Ill, the realization of the QoS mechanisms The relation (3) can be found for every mobile end system
are described. An example how to use these mechanisms iSgnd movement. (5)

given in Section IV. The related work is discussed in SectionThis is true, because obviously for every mobile end system
V. The paper is wrapped up by a summary and an outlook 484 every movement, the following relation exists:
future work in Section V. M(m) = {(t,, dg Ag)} for d, = @ andA, contains all the
access nodes of the Internet. (6)
_ ) ) ) In other words, relation (1) can be considered as the optimal
In this section, we introduce our general mobile QoS modelase for a movement assumption of a mobile end system and
which is the basis of our approach to offer end-to-end QQRe relation (6) as the worst case. The relation might be

lI. GENERAL MOBILE QOS MODEL

signaling to a mobile end system. derived from movement measurement by GPS, or prediction
Strategy profiles given by the end-user or other mechanisms. How to
obtain this relation and how to give an optimal prediction is

Connectivity mechanisms | QoS mechanisms beyond of the scope of this paper. For further details, see [15]
IPand ° triangle routing | Rgyp ang * in @dvance and [16] and references contained therein. In this paper, we
« binding update * third party investigate the case, that it is possible to generate a realistic

* care-of and tractable relation (3), which (6) is not.

» co-located

B. Mobile Signaling Strategy

FIGURE 1 Mechanisms and Strategy Fields According to statement (5), the relation (3) can be assumed

As shown Figure 1, the basimechanismso provide con- to be known and the following strategy to offer QoS to a
nectivity and QoS to a mobile end system have to be complaobile end system can be derived:
mented by appropriatgtrategies which give the rules how to QoS can be offered to every mobile end system by estab-
apply them and compose continuous service invocations out of lishing a reservation in advance according to the relation
them. For example, even in a traditional, i.e. “non-QoS”, con- (3), that means to all of the access nodes of thésatthe
nectivity scenario, it has to be decided under what circum- given timet; for the duratiord;. @)
stances the mechanism of binding update is used in favor ofn the following section, we show, that this strategy can be
triangle routing. When considering QoS as an additionfllly utilized for the given connectivity mechanisms binding
domain, the range of possible strategy decisions becomes exptate, triangle routing and foreign agent by the two QoS
larger. In order to describe the full gamut of such strategiagechanisms reservation in advance and third party signaling.
we first formulate a simple mobility model and then continughereby, a correlation between the connectivity and the QoS
by refining the model in terms of a strategy. mechanisms domains is established.

A. Simple Mobility Model C. Mobile Signaling Mechanisms

The movement of a mobile end system can be described as According to the connectivity mechanisms, four cases can
relation of triples specifying the time period when a mobilee distinguished, as shown in the matrix of Figure 2.

end system is connected to an access node:
co-located

Let m denote a mobile end systel ,be the movement of care-of care-of
a mobile end systerty its starting time, ant} its end address  address
time. Further, le be the access node at titpandd; the

duration the mobile end system is connecteg].tdhe Binding | I
movement of the mobile end system can then be formal- Update

ized as the relation of the triples:

M(m) = {(to do, ), (t3, dy, &), ... (t;, d;, &),

(typdiypas) (e de_180_9)1} Triangle

folr é|:| ||:|01 i+1 e-1 “Ye-1 -1 (1) Routing “I IV
and it appliesd; = t;,.,—t; forallO[0e-1] )

In reality, such a precise relation can usually only be estab-
lished a posteriori, however an assumption about the move-
ment might exist a priori. Therefore, an extension to relation First we consider the binding update mechanism. As already
(1) is given, to describe an assumption of the movement: shown in (7), reservation in advance can be used to keep the

FIGURE 2 Matrix of the connectivity mechanisms



communication service alive. But obviously, a mobile nodehether some intermediate router should fulfill third party
can only be the endpoint of a reservation, when it has acces$unctionality like it is shown in the example of Figure 3(b).
the network. Therefore, third party entityis needed, which

takes care of the reservation when the mobile does not access

logical layer
the network. . . end-to-end flow
In casel, any host, which has access to the foreign network | | R

can offer thesehird party servicego the mobile node. This 'S mappedto

one logical layer
host has to obtain a co-located care-of address for establishi |
the reservation with the correspondent node. The mobile node _ layer Stw
takes over the address and reservation after accessing the nefata flow R
work. network layer
In casell , the foreign agent offers its own interface address (a)
to the visited network as a care-of address to the mobile node.
Therefore, the foreign agent has to establish the reservationIogical layer
But, because of the binding of the care-of address to an interend-to-end ﬂ(N\\HR
face of the foreign agent and the mismatched topology of the'iS mapped to | N :
home address, the mobile node can not be addressed directlyseveral D /| logical layer

That means, the mobile node cannot take over the reservati
when it arrives at the network. The foreign agent remains asnetwork layer
the reservation endpoint. In this case, an additional reservatiorata flows
between foreign agent and mobile node has to be established.

In cased andll, third party signaling functionality has also (b)
to be added to the correspondent node. The mobile node
requests to establish a reservation to a certain network address
and it does not take over the reservation while connectionBut, as discussed above, the network layer flow is split and
time. therefore, mapping rules are needed for the following cases:

By introducing triangle routing mechanisms, the end-to-erfld Themapping of the reservation endpoiritsm the logical
transmission path is split into multiple network connections. layer to the network layer.

The reservation path between a mobile node to its corresp@n- Themapping of the reservation paffom the logical layer
dent node has to be separated at least into two network reser+o the network layer.

vations: the reservation between the correspondent node &ndThemapping of the reservation starting time and the dura-
the home agent and the reservation between home and foreigrtion from the logical layer to the network layer.

agent respectively the third party entity. According to the con- The information, which is needed to do this mapping can be
cepts of RSVP, aata flowis a sequence of data packets folachieved by combining relation (3) with the matrix drawn in
lowing the same path through a network from the same sourigure 2. Obviously, the mobile node has the ability to collect
host and port to the same destination address and port usamgl combine the needed information for formulating the map-
the same protocol ID. Aeservation sessiois identified by ping. Therefore, it is called thiaitiator of the third party sig-
the destination address, destination port and the protocol IDr&fling. The initiator assigns the roles to the concerned
the data flow. Consequently, the mobile node and the correstwork entities, which are calletird party agentsAccord-
spondent node are still the two end points of a reservatidng to Section I1.C two roles have to be assigned:

But, on the network layer, the home agent has to use the hoine Whether the third party agent is enderor thereceiver

IP address of the mobile node as an identifier for the reserva- of a reservation session

tion session. Therefore, a new role as a third party entity haszo Whether the third party agent is using its own IP address

network layer

FIGURE 3 Logical Layer Mapping

be provided for the home agent andanapping rulefrom the for signaling, this role is calledroxy. Or whether the agent
application layer to the network layer has to be defined (see uses another IP address (e.g. the home IP address or the
Section D). co-located care-of address of a mobile node). This role is

Caselll andlV differ only with respect to the details of  calledcommissary
MAC layer reservations applied to the last hop. This is beyondNow, the mapping can be done initiating a
the scope of this paper. Further information can be found ¢m agent_configuratiodrom the initiator to the third party
the web page of the IETF working group Integrated Servicegient with the following parameters:

over Specific Link Layers (issll) [17]. » sender ) or receiveri() role
)  proxy (p) or commissaryd) role
D. Mapping Rules « correspondent reservation endpoire)

Additionally to relation (3), mapping rules have to be given, ¢ starting time )
to define the roles of certain entities. Therefore, a so called® duration ¢l)
logical layeris introduced. In the basic RSVP model, the logi- * parameter set (e.g. TSPE@}\(
cal layer end-to-end flow is mapped to one network layer flow, See Figure 4 as an example: This mapping is initiated
which is depicted in Figure 3(a). Due to the independency between the mobile node as a sender and the correspondent
routing decision and path reservation, there is no possibility f@de as a receiver. While a mobile node has no access to its
specify the network layer endpoints of the reservation, nbpme network, the home agent has to take care of the IP pack-



ets, which are directed to the mobile node. Therefore, asalls 2 - 4 are foreign networks.

third party agent it has to fulfill the role assender commis-
sary. : /\

tp_agent_configuration
(sceefdpy  — — — — — initiator

\J

third party reservation build up by

receivel

senderf- — -
agent sender commissary and receiyer

FIGURE 4 Example of the Mapping

lll. R EALIZATION OF THE QOS MECHANISMS

Resource reservation in advance and its realization, particu-
larly as an extension to RSVP, has been extensively discussed,
for example in [18], [19] or [20] and references therein. We o
propose to realize the third party signaling mechanism as 4n Movement Prediction
own protocol - the Third Party Signaling Protocol (TPSP). The relation (3) developed in Section Il.A is given as fol-

TPSP, as described by the general model in Section Il.Pws (withd; in minutes and, ashhmn).
intrpqlgces four entitiesendgrrgceiverthird party agentand N (m) = {(080Q 6011), (0900 30 (1,111 )),
theinitiator. The sender entity is the sender of a data flow now (0930 30111)(100Q 30 (111 IV ))}
or in the future. The receiver entity is the receiver of a data '
flow now or in the future. The direction of the daFa flow 'SB Strategy
always form sender to receiver. Sender and receiver entities ) )
are the endpoints of the logical layer reservation initialized by T nerefore, according to Section I1.B, the strategy can be for-
an application. For establishing the corresponding netwofilated by deriving the needed reservations in advaeca)(
reservation, the initiator is able to perform third party ager era(ll): at 8 am for 90 minutes.
configuration. Therefore, parameters are transmitted to the "€ra(lll): at 9 am for 90 minutes.
third party agent, which define the roles, described in Sectign rera(IV): at 10 am for 30 minutes
I1.D, and the characteristics of the reservation. c

According to these entity definitions, protocol functions for
the initiator and the third party agent have to provided. The!n cell 2, the mobile node receives a care-of address from
initiator has to derive the needed information for the netwotke foreign agent (F), while in cell 3 and 4 it has to obtain a co-
reservation from the given relation (3), the strategy (7) and tHcated care-of address by an agent (A). So, the cases |, Il and
knowledge of the used connectivity mechanisms described!¥adistinguished in Section II.C are covered by the example.
Section 1I.C. Thereafter, third party configuration has to
initiated to the correspondent agents and nodes. T
tp_agent_configuration primitive with its parameters, The mobile node requests an end-to-end QoS guarantee to a
described in Section I1.D, is sent and the agent, which strikegrrespondent node (CN). As defined in Section I1.D the logi-
the assigned role. The requested reservation is signaled byGaklayer end-to-end flow can be given from the sender corre-
third party agents using RSVP due to the given paramete$ondent node to the receiver mobile node. Mapping rules
The result of the RSVP signaling procedure is replied to thive to be defined and the agents have to be configured
initiator by a tp_agent_response. The initiator collects trecording to Section I1.D.
agents responses and forwards the result as shown in F|gu5§ 1Configuration of the foreign agent in cell 2

to the entity, which is responsible for the strategy. Now th | 12 2 forei F) off ¢ add h
entity has to decide whether the results of the third party sigén cell 2, a foreign agent (F) offers a care-of address to the

FIGURE 5 Example of a Mobility Scenario

. Connectivity Mechanisms

A QoS Mechanisms

naling process are suitable or not. This approach guarant Qg:nle node, which is its own interface to the subnet. There-

the separation of the mechanisms and strategy, which ‘?ie' the foreign agent can do the signaling as a proxy and
es care of the reservation until the mobile node arrives in

claimed in Section Il. In the following, an example is given, 12

‘g : the subnet.
show how this third party mechanism can be used.
pary F: tp_agent_configuration (r, p, MN(1), 0800, p§),

V. EXAMPLE 2) Configuration of the agent in cell 3

Consider Figure 5 as a mobility scenario example. A mobile Within cells 3 and 4, no foreign agent offers network access.
node is moving through different cells 2 to 4 depicted by thgowever, other agents (A) offer third party signaling services
dotted arrow. In this example, we assume that the routingdad network access. The agents receive IP addresses on behalf
supported by Mobile IPv4, including the option for route optiof the mobile node. When the mobile node enters the cell, it
mization, so that both connectivity mechanisms, triangle routikes over the IP address as wall as the reservation. Therefore,
ing and binding update, are possible. Cell 1 is the honige agents are commissaries. Within cell 3, triangle routing is
network of the mobile node with the home agent (H), whereased. Therefore the correspondent reservation endpoint is the



home IP address of the mobile node. mobile node are established by extending the path of the origi-

A(3): tp_agent_configuration (r, ¢, MN(1), 0900, 96, nal reservation. All passive reservations outside the QoS-
_ ) ) domain are done by partial re-routing. Therefore, in a single
3) Configuration of the agent in cell 4 routing-domainroute changes are done with the help of rout-

Because, within cell 4 route optimization is used, the cOrgg taple updates. Inter-domain routing is carried out through
spondent reservation endpoint is the correspondent node. popile IP. Similar to other work, this approach contains the

A(4): tp_agent_configuration (r, ¢, CN, 1000, B8, basic mechanisms identified in our work, but in an implicit
and integrated fashion. Furthermore, it requires to extend the
Cantionality of all IP routers within the routing domain.
FHNS98]] identifies the challenge of RSVP supporting
bile IPv6 as thechange of routeand theflow-mismatch
which both have impact on the operation of RSVP. While
Mobile IP provides transport layer transparency, there is no
5) Configuration of the home agent possibility to interoperate seamlessly with QoS signaling pro-

The home agent has to take care of the reservation to #R€0!S. like RSVP. To enable the correct routing of RSVP mes-
correspondent node, while triangle routing is used and to th@ges between a correspondent and a mobile node, changes to
respective agent within the actual visited cell. The reservati§fher RSVP or Mobile IP are required. In the first case, all
to the correspondent node can be held on, while the mobiteVP-capable routers learn the mapping between the mobile

4) Configuration of the correspondent node
On the other side, the correspondent node is requeste
establish the reservation in advance to the IP address of m
) . o
mobile node in cell 4.
CN: tp_agent_configuration (s, p, MN(4), 1000, 39,

node moves within cell 2 and 3. node’s home address and current (co-located) care-of address.
H: tp_agent_configuration (r, c, CN, 0800, 165§, In th_e second case, which is preferred in the proposal, Fhe
H: tp_agent_configuration (s, ¢, F, 0800, 9§, !VIob|Ie_IP modules nee.d to become RSVP aware, by prowd-
H: tp_agent_configuration (s, ¢, MN(3), 0900, 8§, ing an interface for looking up the home address to obtain cor-
rect routing information. Additionally, to avoid an extra delay
V. RELATED WORK between the mobile node’s binding update, the respective mes-

. . sage must trigger an immediate transmission of the next PATH
[21] concentrate on problems that arise by mobile end sys- . . o
. . ’Mmessage from the correspondent node. This work identifies
tems and their unpredictable movement. To support rapi

. . LT e basic problems, such as the mismatch between the end-to-
moving users with a small staying time in each cell, the basic . . i
end logical layer and the actual transmission path, which are

addressed by our work.
In [23], a simple QoS signaling protocol for mobile end sys-
destined forc; are then multicasted to all the cells ga and tems is proposed. In contrast to the work _descnbed above, itis
not assumed that the movement of mobile nodes can be pre-

buffered for the mobile node. This method is calfgddictive . . : . .

) o oo .dicted in advance. The potential for signalling guaranteed ser-
buffering It can be optimized by taking into account addi- . : : -
. . . vices is traded off against achieving a low control overhead.
tional information, e.g. about walls between cells or the move; : .

S ) . he approach is based on RSVP tunnels, established between

ment direction of a mobile user. This model can be mapped {0 ) . )

) . .5~ "the home agent and the foreign agent, which are triggered by

our general model. Since in our model no geographical infor-

h o the end-to-end RSVP messages exchanged between the
mation about the cells are needed, it is even more general.

o ; mobile and the correspondent node. For the original end-to-
In [16], mobility independent service guarantees are . . . :
. ! . ., .end RSVP session, the tunnel appears as a single (logical) link
obtained in an Integrated Services Network by establishin =
; . afong the path between the source(s) and the destination(s).
advance resource reservations towards all locations a mohilé . ! X .
is work focuses on the technical details of implementing a

end system may visit during the lifetime of a connection, . ; : : !
; . : certain scenario for mobile services. The concept of third
Since RSVP is not directly adequate to make such reserva-

tions, a new reservation protocol MRSVP is proposed. ThF|)arty S'gna"r?g is implicitly encompgssed in this approach,
although not in a very structured fashion.

protocol offers the functionality to establish advance reserva-[ls] took an approach of an extended RSVP protocol, which

tions for a givenspecificationof a locations set. A mobile . . : . .
is also based on active respectively passive reservation and the

node makes amctive reservation from its current location, . ;
whereagassivereservation are established by so caltealxy group concept._j’he protogol IS proposgd to_enable a higher
degree of flexibility for mobile nodes, which might not be able

agentsm_the Iocatlc_ms given by the specm(?ann. Althougreo adhere to a pre-defined mobility specification. Three differ-
both basic mechanisms, advanced reservation and third party, . ; o) oh

) . ) R . . - ent kinds of reservations are distinguished, best effort, guaran-

signaling, are included in this protocol, they are tightly inte: : . .

; 2 teed service and active handover. Therefqorities are

grated and focused on mobile communications. Such an.. . L )

. efined with diminishing values and a so calldgnamic

approach does not allow the re-use of these mechanisms 10r . . .

; o ; resource-sharinglgorithm is proposed to make use of these

different application scenarios.

. priorities. Theprogressive resource reservati@offered to a
The proposal [22] is also based on the concepts of active . . o
. . . o mobile node by a foreign agent and distributes RSVP mes-
and passive reservations and shared regions. Additionally, an . ) . . .
! . : L sages to the neighboring cells for installing a path state in the
architecture based on a hierarchical connectivity structure’|S

introduced, which is aimed to keep the balance bet | cOrrespondent node. The prl_orltlzatlon ensures, that the.
. . reserved resources for the mobile node are available as soon it
routing updatesfor faster handoffs and Mobile IP for long

i . ' > enters the cell, but it also enables other mobile nodes to con-
range mobility. Two management domains are defined. Within . .

: . ; . sume reserved but still unused (passive) resources.
a QoS-domairpassive reservations for the shared region of a

concept ofgroupsis introduced. For every cet|, which is vis-
ited by a mobile end system at tirhea surrounding collection
of cellsg; can be given, the so callesthared regionAny data



The approaches in [24] as well as [23] use tunnels, whi¢9]
are triggered by the end-to-end RSVP messages between the Services in the Internet Architecture: an Overview. Information-
mobile node and the correspondent node. But in contrast to the &l RFC, June 1994.
first proposal, the routing is based on Cellular Mobile L0l
which is basically an adaptation of Mobile IP to an architec-
ture of base stations. Compared to our work, these proposals
implicitly identify and approach similar problems, but fail to[11
clearly structure the problem space. Instead, the propose
solutions are integrated and targeted to specific scenarios.

[12]
VI. SUMMARY AND FUTURE WORK

In this paper, we have investigated the challenge to enable
signaling-based QoS in a mobile environment. We have devE®

oped a simple mobility model in order to theoretically com-

prehend and express the fundamental issues related to ﬂl? G. Huston. Next Steps for the IP QoS Architecture. Internet

work. Based on this model, it can be concluded that two basic
mechanisms, advance reservation and third-party signalipgs
are necessary in order to accommodate QoS signaling for
mobile end systems. In fact, it turns out that almost all previ-

ous work produced similar or a subset of these results. How-
ever, previous work has failed to clearly structure and

decouple these mechanisms from the rest of the overall system

architecture. By doing so, we identified that in case of advan

reservations, existing approaches can be reused. Unfortu-

nately,
approaches exist, such that we decided to propose a new 9{9}

for third-party signaling no suitable previous

tocol.

Future work must be directed to a variety of work items. A

complete theoretical mobility model is needed to formally g
prove that indeed all technical proposals for achieving mobile
connectivity can be expressed by the four basic mechanisms,
described in Section 11.C. Much algorithmic and optimization
work can be carried out, aimed at finding and processing a

tractable movement closure. Last but not least, we are clh®

rently in the process of designing and realizing an experimen-
tal implementation of TPSP and integrating it that in a QoS-
enabled system architecture, based on an existing versior\[z%ﬁ
RSVP [25], in order to demonstrable the practicability of our
approach.

(1]
(2]

(3]

(4]

(5]

(6]

[7]
(8]
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