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Abstract— Resource sharing in commercial mobile networks will access home network services using a visited operator
may present operators with options to cut costs and prevent gccess network.
network churn. In resource sharing, when the network expe-  ag 3G networks evolve towards the Long Term Evolution
riences resource constraints, the operator can negotiate ith LTE) 131, th ilb t abund f h
other reachable networks to outsource the provision of netark ( . ) [3], there will be grea E_i un {:mC(-?o r_esources, (m_/,ev
access serveices. The revenue earned from user payments|wilPeriods of resource constraints will still arise. The doamh
be shared by the home operator and the serving operator. business scenario will involve operators bundling sewviice
Operators participating in service outsourcing are faced vith  subscription packages. The bundles will be composed of net-
financial challenges with regard to network revenue sharing work transport services, and services and applicatioresexdf

Moreover, an operator’s users are placed under service corul .
of the visited operator, a situation that may impact custome on top of the transport network. Charging for the bundled

experience. On the other hand, the visited operator allocats Services will be achieved using converged charging systems
network resources to visiting users, thus there is a risk ofervice Converged charging and billing systems are favorable tosuse
blockage for home users. In this paper we explore resource due to their simplicity. Predictability of service chargesilso
sharing in inter-domain frameworks, and investigate factas that - 5 jmportant aspect of a charging system for users. Thus, in
influence revenue distribution amongst involved operators We roaming scenarios subscribers may not understand therreaso
develop strategies for use by operators to maximize revenue . ; - ¢
from resource sharing. This work is done in the domain of IP  for incurring higher charges for access to the bundled servi
Multimedia Subsystem communications. In scenarios with multiple potential visited operatorse th
home operator may select a serving network for outsourced
user sessions based on predefined parameters and algorithms
Moreover, the potential visited operators may bid to offer
o ) ] __ services to the outsourced sessions in response to theiotgso

Resource sharing in commercial mobile communicatiopggyest. The home and visited operators will benefit from
(or network access service outsourcing) differs from caAveghared revenue accruing from user payments. However, they
tional roaming [1] in terms of revenue apportioning amongsgte also faced with critical challenges affecting the ndrma
involved operators [2]. Technologically, there is a diéece fioy of revenue in scenarios where service outsourcing is not
with regard to the outsourcing triggers and transactions. Lntorced. The home operator would lose potential income if
outsourcing, the home operator explicitly initiates a ré@n resources became available on his access networks, white so
transaction targeting a specific visited operator's ace®$s | ger sessions remain actively connected via a visited tpéra
work. Thus, a reference point is required between the homgnyork. On the other hand, a visited operator who admits
operator and the visited operator. An important aspect gfiisourced sessions may end up blocking sessions belonging
service outsourcing, as opposed to conventional roamitigis 15 home subscribers if they request services while network
imposition of the same service charge to the user regardl@ssyrces are allocated to outsourced sessions.
of using_the home network or the visited _network. Service 19 ensure the financial benefits of service outsourcing
outsourcing becomes necessary when a given operator exfigweigh the potential losses, appropriate values foicefit
riences resource constraints on an access r_1etwork on Wh'%’h?sourcing parameters may be used to influence the propor-
useris attached..'ll'he network will block service requestdeana;jgon of apportioned income for a given operator. This create
by the user requiring unavailable network resources. quugame theory scenario with a set of rules, strategies andfsayo
service request or call blocking may lead to user dissatisfary,g game depends on a set of outsource parameters, i.e.,
tion and eventual network churning. Service outsourcing Wine offer price, the outsource duration, and the require8 Qo
enable the home operator to handover unserviceable r&qugsfe| The offer price is the monetary amount the home (or
for network resources to federated operators. Thus, the USEstodian) operator intends to pay to the visited (or caateid
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outsourced to the candidate network; and the required Qs&vice$ via the visited network is achieved while utilizing
level is defined by a QoS class and up-link and down-lindubscription information stored in the infrastructure bét
bandwidth values [4]. home operator. In conventional roaming it is at the disoreti

By negotiating appropriate values of the outsource paf the user to initiate service access via a given visited net
rameters, either operator may maximize on the benefits wérk, and for that reason QoS and charging policies apfdkcab
service outsourcing. In this paper we present and analytwethe roaming user are not negotiated between the home and
parametrization aspects to be considered in making servidgited operators. However, roaming agreements existdmw
outsourcing decisions. We also present design considagatithe home and visited operators to facilitate the exchange of
for service outsourcing based on IMS transactions. Servigsgbscriber information for authentication, authorizatiand
outsourcing using IMS communications requires an IM8ccounting [1]. Accounting is done for service usage for the
charging platform. Hence, we present a testbed implemientatsake of charging and billing.
of service outsourcing and IMS charging. Analytical result Inter-domain service outsourcing differs from roaming in
of service outsourcing are presented; these are complechertéerms of the proportion of network revenue that is appogibn
by proof of concept IMS charging results. The rest of thi® the custodian and candidate operators, and also in the
paper is structured as follows: in section Il we briefly rewie amount of service charge that is levied to the user. Moreover
the aspects related to inter-domain network access servide custodian operator selects the candidate network and
outsourcing; in section Il we formulate solutions for thenegotiates service delivery terms for the user. There argyma
aforementioned challenges, we also present design caasidsimilarities and challenges facing service outsourcing an
tions for the deployment of service outsourcing mechanismsaming. Fundamental challenges facing roaming in 3G and
in a Next Generation Network scenario based on the IM8&ture IP networks are explored by A. Roos et. al [1]. Roaming
in section IV we explore implementation considerations fa@nables service delivery to subscribers via a visited dpesa
service outsourcing; in section V we present testbed esutetwork; in terms of financial implications the subscriber
and discussions; section VI concludes the paper. meets the cost of service delivery for the full path betwésn t
Home Operator (HO) network and the visited operator (VO)
network. Subscribers experience higher charges whenever
they roam to a VO network. In scenarios with two or more

The IP Multimedia Subsystem (IMS) is a service convelO networks, to which users could attach, users may choose
gence framework that provides a cost-effective and netwagikpreferred network.
controlled platform for the design and delivery of IP-based Service outsourcing requires a functional QoS and charg-
communications and media services [5]. It defines a horizang platform. In the IMS QoS and Charging mechanisms
tally layered structure that utilizes existing communimat have been standardized by various standards bodies. @bargi
networks and protocols. The structure is composed of 8pecifications for the IMS are contained in 3GPP TS 32.260
application (service) plane, a control (signaling) plamel @ [7] and 3GPP 23.203 [8]. Both online and offline charging
transport (media) plane. The application plane hostsreiffe are standardized. Online charging utilizes the Diameteditr
application servers e.g., presence, IPTV, conferencingléte control application; credit re-authorization is requirgzbn the
main components of the control plane are the call sessiexpiry of aninterim period. The frequency of thieterim mes-
control functions (CSCF), which perform registration otts sages exchanged across the Ro interface, between the @hargi
and the establishment and control of IMS sessions. There i3rgger Function (CTF) and the Online Charging System
home subscriber server (HSS) to store user and networledelafOCS) adds to the system overhead caused by charging. In
information, e.g., user profiles. Other entities belongmghe offline charging, the CTF starts charging processes upon the
control plane include gateways that perform the transiabb detection of a chargeable event. Accountstgrt, interim and
signaling information between different network architges. stopmessages are exchanged across the Rf interface between
The transport plane contains network nodes that lie in thie pahe CTF and a Charging Data Function (CDF) [6]. In offline
of media traffic between the communicating equipment, e.gharging credit usage supervision is not performed. Theotise
two or more user equipment (UE), or a UE and an applicati@ameter Attribute Value Pairs (AVP) [9] allows the exchang
server. QoS policy and charging control should be done &t easf any kind of information between the CTF and the online
plane of the IMS in order to enforce resource usage contanid offline charging systems. Interaction between charging
and charging [6]. The type of QoS and charging informatiosystems of the home and visited operator is required for
generated at each plane depends on the communication s&gvice outsourcing. For this project, the 3GPP standeddiz
nario being used, e.g., when a user is connecting via the ho8® reference point is considered [10].
or visited network. In our previous work [2] we introduced and explored the

When users connect to the IMS via the home netwofllasics of service outsourcing in Inter-domain framewolks.
their sessions are controlled by QoS policies defined by ttiés paper we explore optimization mechanisms to enable the
home operator only. Charging information is generated awcdstodian and candidate operators to maximize on the benefit
processed by the home operator. Roaming across networklf s o o 10 VS senv

H n i men vi I r rvi

belopglng to other operators enafbles u;ers to access rketWogThis iasc::ljac::eou:tz fc;:resonliea :ub-setsif tﬁzscharges, whialidwioe
services in areas where, or du”ng perlods when, the hom&er when the leg between the HO network and the user (reidbg other
operator does not provide network access. Access to netweiil of the communication is considered.

Il. SERVICE OUTSOURCINGASPECTS



Income Variation due to Service Outsourcing
For the Home and Visited Network
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Fig. 1. Service Outsourcing Scenario D~
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11l. OPTIMAL CONSIDERATIONS FOR SERVICE Fig. 2. Operator income patterns due to service outsourcing
OUTSOURCING

The following scenario is considered in modeling a scenarjgoyd trigger an outsourcing transaction to move the sassio
for the work reported in this paper. The home operator is thg AN2. The IMS session invite would proceed via IM2. This
operator with whom a user has an active subscription. Thgenario assumes that AN1 and AN2 overlap in terms of radio
HO (or custodian operator) aims to provide ubiguitous servi coverage; moreover a method is required to signal UE1 to
delivery to subscribers while maintaining the same level ®ferform a handover from AN1 to AN2.
charge for service usage. Limited capacity in access n&BvOr The fee paid by the HO to the VO can be set through several
and the absence of radio coverage are some of the reaseRans. It can be pre-set to a fixed monetary value for a given
that result in failed service delivery in mobile communioat get of QoS resources, e.g, a minute of a voice call using agive
networks. Instead of blocking unserviceable sessionstHtbe cggec. Alternatively, the operators may negotiate theroffe
negotiates with a VO (also referred to as a candidate opgraigyice for every outsource request. A candidate operator may
to offer network access services to users of these sessliong@nenge the initial offer price, thus requiring a subsatu

a fee. offer by the HO.
The service delivery framework allows a HO of a net-

work experiencing capacity constraints to request usageA)_f
a candidate operator’s network to provide IMS services to ) ) )
subscribers. QoS and charging policy negotiations betweerPc!ViCe outsourcing enables the HO operator to provide
the HO and the candidate operator include the required QB Vices to subscribers even when the network is congested,
in terms of session parameters, the required or availabi!S €nsuring customer satisfaction and minimizing therchu

access network type, service outsourcing offer price, pégte. Although the custodlap operatpr earns a sma_II income
unit charges for service delivery on the candidate opera{6?m_ every outsourced Session, the income earrjed is a small
network, duration of time the session would remain outsexdjrcfraCt!on of the amo_unt paid l:_)y the user. The candidate operat

to the candidate operator's network and intervals for repgr receives the remainder. This outsource income has an effect

session progress to the HO network. A general view of tlgé‘ the ne;c] mgome ?jf feach operator. If (;I]urlng angl outsourcek
service outsourcing scenario is given in Fig. 1. In the sdena uration the demand for resources on the custodian networ

the operator of IMS network 1 (IM1) negotiates a servicgmp,S considerably, it would be p_o;sible for some outsgijrce
outsourcing transaction with the operator of IM2 to providﬁesSlons to be served. However, it is expected that operiator

services to the user of IMS client UEL. Under conditions witA" ©utsourcing agreement will define the outsource duration
adequate capacity on the HO network UE1 would access Inpeer which an active outsourced session would be served on
services using access network 1 (AN1), and would be blockHtf candidate network. Thus, the custodian network may not
during congestion periods. However, after a successfulcger recall outsourced sessions when an abundance of resources
outsourcing transaction UE1 may access network servi@es grses: h_ence supstantlal income that C.OUI.d be_ ea_rned by not
access network 2 (AN2). outsourcing sessions would be lost. This situation is regtec

In Fig. 1 usage of AN1 and CN1 resources is controlldd Fig. 2 when the net income for the custodian operator is

by IM1, while IM2 controls resource usage in AN2 andess than the expected income if service outsourcing were
CN2 U’El invites another client UE3 located on IM3 to &°t done. On the other hand, the candidate operator would
media session with specific QoS resource requirements tﬁlzﬁe some marginal income if service requests from Kome
are negotiated ir! terms of session parameters. Severa_fga(:t 3Home subscribers in this case refers to users who are shidcto the
e.g., lack of sufficient resources for the IMS session in AN&ndidate network

Financial implications of service outsourcing



subscribers could not be admitted into the network due ignore such opportunities in anticipation of utilizing dva

serving outsourced sessions. This would happen when #ide network resources to serve home users. An optimistic
candidate operator’s outsourced sessions income is lags tbustodian operator would outsource any service request tha
the potential income of blocked sessions. cannot be admitted to the network at request time, while

Since the custodian operator only receives income thataspessimistic custodian operator may defer outsourcing of
a fraction of what subscribers pay, the outsourcing penaltypserviceable sessions in an attempt to avoid loss of income
revolves around the reduced net income for each session. Tfhresources became available during active outsourcegeri
difference between the net income received by the custodi@n the other hand, an optimistic candidate operator would
network and the charges levied to the user for a given seissioadmit any outsourced sessions if resources are available; a
termed and the Outsourcing Cost Margin (OCM). It is thus theessimistic candidate operator may reject these oppdigani
target of the custodian network to minimize this margin. OCNh anticipation of receiving resource requests from honegsis
can be eliminated by not outsourcing unserviceable sessiorrhus, it is clear that pessimistic operators prefer to kéep t
requests; however, the advantages of outsourcing would @EM as close to zero as possible. Call blocking is likely to
be exploited. be high on a pessimistic custodian operator’s network. lrowe

Delaying to outsource an unserviceable request, i.e., oafficiency in resource utilization might prevail on a pessii
source holding, can be used to avert the OCM. This requireandidate operator's network. It is therefore important to
determination of the holding duration, and other factorg,,e formulate mechanisms that would give more confidence to
the maximum number of service requests that may be heldssimistic operators to utilize outsourcing opportesitvhen
before outsourcing becomes inevitable. On the other hathey arise. In order to participate in an outsourcing tratisa,
the candidate operator may use mechanisms like increasingpessimistic operator would try to push the value of the
the acceptable outsource offer price with every blockeddorautsourcing offer/accept price in their favor.
service request in a given time frame. In a competitive multi A custodian operator may prefer to outsource the lower
candidate operator scenario setting a high acceptablewgts quality sessions that require lesser resources and argechar
offer price may result in loss of outsourcing opportunities at lower tariffs as a way of minimizing the overall OCM.
Various design features need to exist in the network for this
to be possible. Ultimately, an operator whether custodian o
candidate, optimistic or pessimistic will perform a stgate

The custodian operator may use a low offer price to guarafove that may enable them to maximize on the benefits of
tee the retention of a bigger portion of user payments. On tbgrvice outsourcing; overall achievement of higher servic
other hand the candidate operator would push the offer priggated income and network efficiency should be achieved as
higher, towards the amount home subscribers pay for netwqylki||.
transport services.

The final offer price for the outsourced session will be ) ) )
set after both parties agree to a given value. Operators nfay 1€ design of an IMS charging framework for service
minimize the OCM through selecting appropriate values giitsourcing
the outsource duration. When service quality differeidrats Service outsourcing based on the IMS requires a charging
effective on a given network, some users may opt for lowsystem built according to IMS specifications on the HO'’s
quality services if their decision would translate into Baw and VO’s networks. The charging system may support both
tariffs. Thus, operators may outsource sessions belongifjine and online charging. Essentially the charging sysie
to these users to accommodate higher quality sessions #@hposed of one or more Charging Trigger Functions located
generate more income. This may contribute to lowering thehere service usage control is enforced. The CTF performs
OCM. service usage charging and sends charging data records to th

A home network would benefit from network access outharging data function, for offline charging and the Online
sourcing by preventing call blocking; on the other hand a vi€harging System for online charging.
ited network would benefit from increased resource utii@at  In online charging, upon receiving a request for services
efficiency, and additional income from abundant resources.Credit Control Request (CCR) is sent to the OCS, which
The agreed offer price may be favorable to both operatorssponds with an allocation of credits to authorize service
to one operator or to neither operator. The outsource duratusage for a given time frame. Fig. 3 illustrates the internal
can be used to influence the ultimate value of revenue earrgeération of the OCS credit control functions. Service asag
from the outsourced session. If the outsource offer pricerfa is stopped on credit exhaustion, or as requested by the user.
an operator, the operator may prefer to negotiate a londaroffline charging, the CTF accounts for resource usage and
outsource duration for the session. On the other hand aeshosendsinterim reports to the CDF. Service usage stops only
outsource duration may be preferred when the offer price uen requested by the user.
not favorable. An operator’'s negotiation of a more favoegabl For the support of service outsourcing, interactions betwe
offer price or outsource duration may be influenced by theine HO and VO charging systems is required. We utilize the
optimism with regard to service outsourcing. 3G S9 reference point for these interactions. This interfac

An optimistic operator utilizes every opportunity that inis be based on Diameter. We develop service outsourcing
volves service outsourcing, while a pessimistic operatay mrequest and response methods to transfer the offer prices,

B. Operator strategies in service outsourcing
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Fig. 5. The IMS testbed layout

with a callee UE attached on the Ethernet switch served
by the WiMax subscriber station. The calling UE is then
triggered to handover to the imsnet domain. The media sessio

o | information of the active session is sent to the imsnet domai
in an outsourcing request. Upon accepting the request, the
|ttt imsnet network replies with network attachment informatio
o I - i.e., the IP address to be used by the calling UE to attach
e e to imsnet IP-CAN. The imscore network aliases the supplied

IP address to the UE’s current IP address and commands it to
associate with the imsnet IP-CAN. After successful assiocia

O i oo ien A Accomig s to the new network, the UE refreshes its registration with th

imscore domain; note the information now traverses the @nsn

IP network. Upon successful re-registration, the UE sends a

re-invite message to the callee UE to re-establish the VolP

outsource duration and session QoS information acrossgheS§SSion. _ _ o _
interface. An outsourcing transaction involves the exgespf ~ Charging for the session on the imsnet domain is required
several SIP and Diameter messages. Fig. 4 depicts the neesédghe media plane. Thus, IMS flow level charging is used.
exchange for a typical outsourcing session. Itis cleanttan The incurred charges are offset by payments received from
outsourcing involves many sessions the network overhed§ HO (imscore). When using online charging mechanisms,
would be very large. Bundled outsourcing may be used tjameter credit control is used in the HO’s network to alleca
minimize the signaling overhead. In bundled outsourcirg t¢redits to the VO for the session. The functionality of the
custodian network determines the need to outsource sevéf&dit control mechanism for online charging was assessed.
sessions in a time frame; instead of performing the proce5d€ System was used to exchange inter-domain credits for

sequentially for each session, it performs outsourcingliof £Utsourcing transactions set to different outsourceitifes.
the sessions using the same messages. The results of the system are given in the next section.

SRR - Sesslon Resource Request ORA - Outsource Resource Answer
‘SRA —Session Resource Answer 50D - Service Outsource Decislon

Fig. 4. Service outsourcing signaling messages

IV. IMPLEMENTATION AND TESTING V. RESULTS AND DISCUSSIONS

This paper utilizes an IMS prototype implemented using the Numerical analysis results of the expected financial distri
Open Source IMS (OSIMS) software from Fraunhofer Fokusutions for the HO and VO were given in Fig. 2. It can be seen
institute [11], and the UCT IMS client [12]. We developed athat both operators benefit from service outsourcing. Hewev
IMS charging system with an attempt to comply with 3GPR was pointed out that the possibility of financial loss &xis
standards; however, we also included optional mechanisfos both operators. Hence it is necessary for each operator t
that have not been standardized. We also created necessaply strategies to achieve maximization on the outsogrcin
Diameter AVPs that are yet to be defined by standardizatibenefits.
bodies. The testbed comprises of two IMS domains, with IP- The service outsourcing framework was subjected to proof
CANs deployed using, fixed Ethernet, WLAN and WiMaxof concept tests. Using online charging mechanisms, after
The testbed layout is shown in Fig. 5. The Ro, Rf, Rx, Geeceiving a Diameter Credit Control Answer (CCA) from
and S9 interfaces are developed and implemented using ¢h€ HO's OCS with appropriate credit allocations defined
Diameter peer (cdp) package. in the outsourcing transaction negotiations (i.e., a afte-

Before triggering service outsourcing, the calling UE isharge of 10 credits and a time-based charge of 1 credit
attached to the imscore domain. It establishes a VoIP sessper second) the VO network started offering services to
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the users. The outsource durations were varied for differdmo]
sessions; this implicitly defined tHaterim report periods for

the charging system. The outsourcing duration periodse@ngs 1
from 5 seconds and 30 seconds. The OCS was configured to
replenish the exact amount of consumed credits as contairfrl%(fl
in the reports. For initial tests, we used a scenario where
the outsourcing period is automatically renewed and resain
active until user credit exhaustion, or session termimatiith

an initial balance of 200 credits and the outsource durat&n

to 30 seconds, service termination due to credit exhaustion
occurred 8 seconds after the S5ititerim report (outsource
refreshing) was sent to the HO. This is shown in the graph in
Fig. 6, which also shows the number of Diameter outsourcing
messages sent to the HO for different outsource lifetimes.

VI. CONCLUSIONS

This paper has explored the concept of network access
service outsourcing in inter-domain scenarios based on the
IMS. This concept involves commercial network resource
sharing amongst competing mobile network operators. It has
been shown that every operator who patrticipates in service
outsourcing can benefit financially. The home operator would
benefit by serving service requests from subscribers during
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times when the home network lacks the capacity to service §¢,graphy

requests. This achieves the goal of minimization of network Vitalis Gavole Ozianyi (MSc) is a PhD candidate in the deparit of

churn probability. On the other hand the visited Operatsrectrlcal engineering at the University of Cape Town. Haiaéd an MSc in
ele

benefits from utilization of intermittent excess network cgy,
pacity; thus network efficiency and incomes are boosted.
Some potential financial implications for both operatorisiex
with regard to service outsourcing. Possible solutionhé&se
challenges have been discussed. An implementation of an IMS
charging framework, and service outsourcing was done.fProo
of concept tests were performed on the testbed, and results
have been presented and discussed.

The project work addressed in this paper is open to further
extension involving real mobile operators, to determine th
feasibility of service outsourcing.
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