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Abstract 
This paper describes the approaches taken within the 
AROMA project with respect to Quality of Service 
(QoS) support for heterogeneous mobile radio access 
networks. The first sections introduce general QoS 
definitions and the UMTS R5/R6 architecture. These 
concepts form the basis on which, in the remaining 
sections, the AROMA vision of QoS and the proposed 
QoS management functionalities are introduced and 
described. 
 
QoS Definitions and Related Terminology 

The term QoS is often used with different meanings, 
ranging for example, from the user’s perception of the 
service to a set of network parameters needed to achieve 
a particular service quality. In a wide sense, the meaning 
of the term QoS may include three interdependent 
notions: Intrinsic QoS, Perceived QoS (also called 
Quality of Experience, QoE) and Assessed QoS,  [1]. 

The Intrinsic QoS is determined by the design and 
provisioning of access network, termination network and 
transit networks. The quality is assured by the appropriate 
selection of protocols and QoS assurance mechanisms 
(like resource management functionalities, which can rely 
on measurement and monitoring tools) and proper 
configuration of their parameters. Intrinsic QoS can be 
unambiguously measured in terms of technical indicators 
(like the end-to-end delay, for example). User perception 
does not play any role in the definition of Intrinsic QoS. 

Perceived QoS is related to the user’s perception of the 
service, and it is influenced by the Intrinsic QoS achieved 
by the provider as well as by the user’s personal 
expectations. Providing a high level of perceived QoS 
implies a careful network design plus the tuning of some 
non-technical aspects like pricing and fittingness to 
market studies. A high Intrinsic QoS may not be 
sufficient to satisfy all the customers. 

Assessed QoS is related to the global evaluation of the 
provider by the users at the time of either renewing the 
contract or moving to another provider. 

In order to clarify the meaning of terms related to QoS 
it is useful to refer to the official definitions given by 
regulatory bodies, like ITU, ETSI and IETF. ITU and 
ETSI have a similar definition of QoS as “The collective 
effect of service performance which determines the 
degree of satisfaction of a user of the service”. This 
definition is clearly aligned with the concept of Perceived 
QoS. As well, both ITU and ETSI refer to the Intrinsic 
QoS as “Network Performance” and it is defined as “The 
ability of a network or network portion to provide the 
functions related to communications between users”. 

The IETF defines QoS as “A set of service 
requirements to be met by the network while transporting 

a flow”. This definition is clearly aligned with the 
concept of Intrinsic QoS. IETF has specified two 
important network architectures for QoS: IntServ and 
DiffServ. 

The Intrinsic and Perceived QoS must be expressed in 
terms of some parameters that allow the assessment of the 
provided QoS. As an example, a set of parameters for 
Intrinsic QoS that is meaningful for most networks is: 

• Throughput that can be achieved 
• Packet delay 
• Delay jitter 
• Packet loss rate 

These parameters can be mapped into parameters of the 
resource management functionalities used in the network 
to ensure QoS and finally mapped into the configuration 
of the network elements and protocols. Additionally the 
intrinsic QoS parameters may have different attributes 
like: 

• Guaranteed or statistical 
• Unidirectional or bidirectional 
• End-to-end or applied to a particular domain 
• Applied to all traffic or to a particular session or 

group of sessions 
With respect to the Perceived QoS, the ITU defines an 

extensive set of parameters. These parameters must be 
somehow translatable into specific Intrinsic QoS or 
Network Performance parameters. Perceived QoS 
parameters are classified by ITU into four subsets: 

• Service support 
• Service operability 
• Service servability 
• Service security 

Assessed QoS is not addressed at ITU, ETSI or IETF. 
In order to define a given QoS level resolution, an 

approach widely used in telecommunications networks is 
service classification. In this sense, it is useful to define a 
Class of Service (CoS) as the predefined set of 
quantitative or qualitative QoS parameters, and perhaps 
their range of allowable values (or bounds), that 
characterize a specific service. Services belonging to the 
same CoS are described by the same set of parameters. 
The IETF defines a CoS as “The definitions of the 
semantics and parameters of a specific type of QoS”. As 
an example, the IntServ architecture defines three Classes 
of Service: Guaranteed Service, Controlled Load and 
Best Effort. ATM defines also several Classes of Service: 
CBR, VBR, UBR and ABR. Diffserv architecture does 
not explicitly define CoS but a set of mechanisms for 
CoS design (e.g. EF and AF per-hop-behaviours). And 
UMTS defines Conversational, Streaming, Interactive 
and Background Classes of Service. It is worth noting 
that in 3GPP UMTS specifications, terms such as class of 
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service, QoS class and traffic class are used 
interchangeably.   

The relationship between the service provider and its 
customers has legal aspects that are formalized in a 
contract which is called the Service Level Agreement 
(SLA). Service level agreements can contain numerous 
service performance metrics with corresponding service 
level objectives. For example, it may specify the levels of 
availability, serviceability, performance, operation or 
other attributes of the service like billing and even 
penalties in the case of violation of the SLA. Within IETF 
an SLA definition is given for the Diffserv architecture 
[RFC2475] as “A service contract between a customer 
and a service provider that specifies the forwarding 
service a customer should receive”. In a mobile 
environment the SLA may be a dynamic concept, since 
the user will only wish to pay for a premium service in 
case that his/her mobile terminal is a PC (for example) 
which has a lot of capabilities, but not if the mobile 
terminal is a handset with limited bandwidth and display 
size. 

The technical part of the SLA is the Service Level 
Specification (SLS), which specifies the set of QoS 
parameters (and their values) that define the service. 
There is not a universal format of SLS that can be applied 
to all communication networks; its definition depends on 
the type of QoS supporting technology being applied. An 
SLS for DiffServ, for example, must include the 
following parameters,  [2]: 

• Flow specification. A flow is defined as a 
distinguishable stream of related data packets 
requiring the same QoS. 

• Traffic conditioning specification (TCS). The TCS 
describes the temporal properties of a traffic stream 
(like bit rate and burst size) that conform a traffic 
profile and to which the customer must adhere in 
order to receive the specified service. 

• Performance guarantees specification. Describes the 
services guarantees that the compliant packets of the 
specified flows will receive. 

The SLS may include, among other parameters, the CoS 
associated with the offered service. 

 
UMTS R5/R6 QoS Architecture 

In a general sense, QoS architecture comprises the 
definitions of offered CoS and related QoS attributes 
jointly with the set of functional entities and signalling 
protocols in charge of managing network resources so 
that QoS commitments can be satisfied. In UMTS, and in 
order to handle complexity, the final service seen by the 
end users is delivered through a stack of internal bearer 
services with a hierarchically layered organization. Each 
bearer service may be seen as an independent entity, with 
tuneable QoS parameters, offering interfaces (through 
service primitives) to neighbouring bearers and/or to 
external bearer services. Every bearer service may have 
its own set of adjustable QoS parameters (and range of 
values for each parameter), depending on the particular 
stack of user-plane protocols supporting that bearer and 
the bearers below it. Figure 1 shows the UMTS R5/R6 

QoS architecture. Among the required aspects included a 
bearer service we have: control signalling, user plane 
transport and QoS management functionality.  

With respect to the QoS management functionalities, a 
bearer service has a set of QoS functions that can be 
divided in two subsets: those belonging to the user-plane 
and those belonging to the control plane. 

In the UMTS R6 QoS architecture the functionalities in 
the user plane of a bearer service are: 
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Figure 1: UMTS R5/R6 QoS architecture 

 
• Marking function:  marks the data units in order that 

they can receive the intended QoS at the transfer 
through a given bearer service. 

•  Classification function: assigns data units to the 
already established bearer services of a network 
terminal according to the related QoS attributes of 
the data session. 

• Traffic conditioning: provides conformance between 
the negotiated QoS for a service and the real data 
traffic. Traffic conditioning can be based on traffic 
policing or traffic shaping. 

•  Resource managing function: distributes the 
available resources between all the instances 
(sessions) of a bearer service sharing the same pool 
of resources. Examples of resource managing are: 
scheduling, bandwidth management, power control 
of a radio bearer, etc. 

In the control plane of a bearer service we find these 
QoS management functionalities: 

• Service Manager: coordinates the control plane 
functions for establishing, modifying and 
maintaining the bearer service it is responsible for. 

• Subscription Control: checks the administrative 
rights of a user of a bearer service to use the 
requested service with the specified QoS. 

• QoS parameters translation function: to convert 
between the internal service primitives for a bearer 
service control and external (or lower layer) bearer 
service control. This function maps the values of the 
QoS parameters of a given bearer service to those of 
another bearer (which may have a different meaning 
and scope). 

• Admission/Capability control: maintains information 
of available/allocated resources and performs 



Workshop Trends in Radio Resource Management (3rd Edition)                        Barcelona 21st November 2007 

resource reservation/allocation in response to bearer 
service requests. 

• Congestion control: monitors network overload 
events and reacts to them in order to minimize its 
impact on the QoS of the established bearers. 

Depending on the type and complexity of QoS 
guarantees than must be provided, some QoS 
architectures use a limited subset of the above list of 
functions. For example, the DiffServ QoS architecture 
uses Traffic Conditioning, Marking and Classification 
functions and Resource Managing in the user plane while 
control plane functions are left outside of the scope of 
DiffServ. 

 
Management of Resources in Networks Supporting 
Intrinsic QoS 

Within a given QoS architecture, in order to support 
Intrinsic QoS requirements the network resources must be 
carefully designed, provisioned, configured and managed. 
In any network, the resource management strategies can 
be divided in two categories: 

• Overprovisioning 
• Explicit resource management 

Overprovisioning a communications system means to 
allocate network resources in such a way that they will 
never become a bottleneck. With this kind of QoS 
management all traffic flows receive the same treatment 
(there is a single CoS), and the architecture is very simple. 
Overprovisioning is mainly applied in fixed IP networks, 
and is based on the fact that current optical transmission 
technologies (like DWDM) provide very high bandwidth, 
but this argument can not be generalized to scenarios, like 
a mobile access network, that still rely mostly on 
microwave links.  

For the same reason, and due to the scarcity of available 
RF spectrum, radio networks use highly sophisticated 
explicit resource management techniques. Many fixed 
networks also use explicit resource management 
techniques, like ATM, Frame Relay, and IntServ or 
DiffServ in IP networks. Explicit resource management 
requires the introduction of traffic control mechanisms 
such as admission control, classification, policing, 
scheduling, etc., so that served flows can be assigned to 
appropriate traffic classes and served with various QoS 
levels. 

The Explicit resource management techniques can be 
further characterized according to additional criteria, like: 
1. Storage of QoS states (explicit reservations), i.e.: 

• Each node in the network holds QoS explicit 
resource reservations (like in IntServ) 

• Mainly the edge nodes hold QoS explicit resource 
reservations (like in DiffServ) 

2. QoS resource management granularity, i.e.: 
• Per-flow QoS management 
• Per-aggregate QoS management 

3. Location of the resource management entities, i.e.: 
• Distributed resource management (like in an IntServ 

domain) 
• Centralized resource management (like a DiffServ 

domain managed by a Bandwidth Broker) 

 
AROMA QoS Framework 

The concept of QoS in AROMA is aligned with the 
definition of Intrinsic QoS. Over such a basis, AROMA 
focuses on the development of efficient resource 
management strategies to be deployed in heterogeneous 
mobile radio access networks so that a given (intrinsic) 
QoS commitments can be satisfied. AROMA has 
considered the 3GPP QoS architecture as the basic 
framework to develop advanced resource management 
solutions. 

The current 3GPP QoS architecture focuses mainly on 
achieving End-to-Edge (that is from the UE to the UMTS 
gateway) QoS guarantees. The End-to-End (E2E) QoS 
provisioning in the current 3GPP standard, as specified in 
 [4] and  [5], uses DiffServ mechanisms on the IP bearer 
level, for example SLA’s, to ensure QoS. The involved 
networks are assumed to be at least statically 
dimensioned to cope with the agreed traffic volumes. 
Traffic exceeding these agreed limits is expected to be 
handled using normal DiffServ traffic control functions, 
e.g. dropping of random packets, which is not adequate 
for real-time traffic. 

The enhancement requirements that have been 
identified for the 3GPP E2E QoS interworking 
architecture are explained in  [3]. This reference 
recognizes and describes the different possibilities of QoS 
interaction with other administrative domains, even with 
domains that do not support QoS at all. Ref.  [3] states that 
static QoS interworking (based on static SLA and 
DiffServ) is not adequate in order to support real-time 
traffic, since the DiffServ standard mechanism for 
congestion avoidance relays on random packet discarding. 
The enhancements proposed in  [3] introduce dynamic 
QoS interworking between the different administrative 
domains based on QoS signalling. The preferred solutions 
are those aligned with ITU-T, TISPAN and IETF. 

The AROMA vision with respect to the E2E QoS 
framework is that, since dynamic QoS interworking 
between different administrative domains is still in the 
stage of identification of requirements within 3GPP,  [3],  
the research efforts should proceed in the direction of 
further improving the End-to-Edge (that is form the UE to 
the UMTS gateway) QoS management. The End-to-Edge 
QoS management faces important challenges in the 
medium-term with the introduction of IP-RAN and multi-
RAT support, and in the long-term with the introduction 
of flat network architectures. Since intra-domain QoS 
management is a must also for E2E QoS provision, the 
AROMA vision is to identify the key drivers that will 
impact intra-domain QoS management and focus mainly 
on those identified medium-term and long-term 
challenges for End-to-Edge QoS management. Obviously, 
the guidelines from  [3] for E2E QoS interworking, like 
the requirement to align the 3GPP QoS framework with 
works at ITU-T, TISPAN and IETF, are also relevant 
within AROMA and have also been taken into account. 

One of the main achievements of AROMA has been the 
proposal and evaluation of a set of QoS Resource 
Management functional entities and approaches that fit 
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within the 3GPP QoS Architecture framework and extend 
that architecture to include coordination between the 
transport network bearer service (Iub/Iur transport 
network service in R6) and the physical radio bearer 
service (WCDMA/GSM-EDGE physical layer service in 
UMTS/GERAN). Furthermore, the proposed functional 
models can be easily generalized to fit also into the 
UMTS SAE/LTE QoS architecture as well as into a 
heterogeneous network with multiple Radio Access 
Technologies (multi-RAT) QoS management 
environment. 
 
AROMA Scope and Key Drivers for Resource 
Management 

For the medium-term, the 3GPP network architecture 
will consist of a R6 scenario where the access network 

has been entirely migrated to IP transport (IP-RAN), and 
where the Iub interface, from radio network controllers to 
base stations, must still be fully supported over IP: see 
Figure 2. 

On the other hand, in the long-term evolution scenario 
the Radio Network Layer (RNL) consists only of the 
Evolved UTRAN Node-B (eNB). The Iub interface, with 
its stringent delay constraints, is no longer needed, see 
Figure 3. 

In both medium-term and log-term scenarios we assume 
that GERAN, WLAN and possibly other non-3GPP 
RAT’s are also present in the network architecture with 
specific degrees of coupling to UTRAN. The IP-backhaul 
provides the transport for all RATs.  
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Figure 2: E2E QoS approach in the medium-term network architecture 
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Figure 3: E2E QoS approach in the long-term network architecture 
 
 

The scope of End-to-Edge solutions over the medium-term 
network architecture is illustrated in Figure 2. As key drivers 
of such solutions we claim: 

• Common Radio Resource Management, devoted to 
coordinate and optimise the usage of the several 
heterogeneous radio access interfaces. 

• Radio and IP transport coordination, that is, the 
deployment of QoS control mechanisms (e.g. admission 
control, traffic engineering, etc.) considering both radio 
and IP transport resource availability. 

In the medium-term E2E scenario, the most critical part is 
the Radio Access Network (RAN). Managing QoS in the 
core network is viewed as a challenge, but large traffic 
volumes, statistical laws, DiffServ and sometimes the low 
marginal cost of over-dimensioning make it more 
manageable; however, managing QoS on a narrow-band 
n*2Mbit/s link to a multi-RAT base station site can be much 
more challenging. Furthermore, without good QoS control 
the system will not provide low latency. 

The main aspects of the long-term architectural framework 
are summarized in Figure 3. Although Figure 3 only 
reproduces network architecture for E-UTRAN, we assume 
that the IP-backhaul will also provide the transport for 
UTRAN, GERAN, WLAN and other non3GPP RAT’s. In 
this case, network architecture is more aligned to 3GPP SAE 
/LTE,  [6], so that new solutions for QoS and mobility 
management as well as a new 4G radio interface can be 
introduced. 

In such long-term vision context, E2E QoS solutions 
should rely on the following key drivers: 

• Multi-cell RRM. Current design trends towards flat 
network architectures make most RRM functionality to 

be moved towards the edge of the network (i.e. evolved 
Node-B). However, coordination of those evolved 
Node-Bs in terms of overall network QoS performance 
remains a crucial aspect (e.g. admission control 
decisions not just relying on the status of a single 
nodeB because of the potential movement of the 
terminal to another nodeB, support of fast handover 
mechanisms between nodeBs, etc.). 

• Introduction of QoS and mobility solutions based on 
IETF protocols. 

• Radio and IP transport coordination, that is, the 
deployment of QoS control mechanisms (e.g. admission 
control, traffic engineering, etc.) considering both radio 
and IP transport resource availability. 

It is worth to remark here that, even though the SAE/LTE 
network will avoid the need to support the Iub interface over 
the IP-based transport network, the mobile network will 
always require a high degree of capillarity to connect a lot of 
BS’s to the core network, so that the problem of achieving 
an efficient usage of resources in the transport network is 
expected to persist in the long-term evolution. Furthermore, 
increasing capacity improvements in the air interface of 
evolved BS’s will turn into a higher transport capacity 
demand. Thus, since overprovisioning the transport network 
may not be an economically feasible solution in most mobile 
network deployment scenarios, IP transport bottlenecks may 
appear in both medium-term and long-term scenarios. In this 
context, the proposed AROMA Coordinated Access 
Resource Management (CARM) functionalities aim to 
achieve efficient resource utilization and better support of 
QoS guarantees. 
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Figure 4: CARM approach versus a "decoupled" approach between RRM and TRM 
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AROMA CARM Functional Model 
Focusing on the IP-RAN, Figure 4 highlights the different 

pools of resources and their associated resource 
management functions for the radio interface: RRM and 
Common RRM, when heterogeneous RAT’s are considered; 
and the transport network layer (TNL): TRM, Transport 
Resource Management. In principle these functions could be 
conceived decoupled for both types of resource pools. With 
respect to RRM and CRRM, the proposed functions take 
into account, as a guideline, the functions proposed in  [7], 
and were already studied and validated in the EVEREST 
project,  [8], [9]. With respect to TRM, the proposed 
functions were identified by taking into account recent 
research efforts towards the introduction of QoS 
management in the context of DiffServ IP networks,  [10], 
 [11],  [12], and by realizing that the desirable overall 
resource management objectives claim for a set of functions 
in the transport network that mirror, to certain extent, those 
already familiar at the radio interface. Over such a basis, 
when trying to jointly optimise the use of resources, a strong 
interaction can be predicted among some of the functions. 
This leads to the definition of a set of coordinated functions 
that we refer to as CARM. Thus, under the CARM approach, 
the main resource management functions likely to be 
deployed in an IP-RAN, are split in three categories: CARM, 
RRM-specific functions and TRM-specific functions. Hence, 
CARM includes RAT Selection (RS), Admission Control 
(AC), Congestion Control (CC), Bearer Selection (BS) and 
Connection Mobility Control (MC). RRM-specific refers to 
those functions only related to the radio segment which only 
make sense within their own scope (or pool of resources), 
and includes Radio Link Control (LC) and Radio Packet 
Scheduling (RPS). Similarly, TRM-specific refers to those 
functions only related to the IP segment, and includes Route 
Control (RC) and Packet Scheduling (PS). All the resource 
management functions are described in more detail in next 
paragraphs, Figure 5. 

 
CARM Functions: 
• RAT selection: This function is in charge of selecting 

the most appropriate RAT, either at call establishment 
or during the session life-time through the so-called 
vertical handover procedure, given the requested 
service and QoS profile. The RAT selection decision 
could be influenced by many factors, including non-
technical issues like the Operator’s policies or business 
model. It is considered a CARM function due to the 
need to take into account the link load at the transport 
layer before making a RAT selection. For example, the 
operator’s initial choice for a voice service request 
could be the GERAN RAT, but an overloaded GERAN 
IP-backhaul could redirect the RAT selection towards 
UTRAN. 

• Bearer Selection: Bearer selection is in charge of 
selecting the required resources to support the requested 
QoS profile at the radio and transport bearer services. 
This implies the configuration of new radio and 
transport bearers given the requested QoS profile and 

selected RAT. It also includes dynamic mapping of 
requested QoS parameters to the transport QoS 
parameters. 

• Admission Control: maintains information of 
available/allocated resources in both the radio and the 
IP transport network and performs resource 
reservation/allocation in response to new service 
requests, at call establishment or during 
vertical/horizontal handover, with a given QoS profile. 
From the radio point of view it takes into account, for 
example, the interference level and the availability of 
codes (in a WCDMA radio interface), and from the 
transport network it can take into account, for example, 
the current occupation of the bottleneck link.  

• Congestion Control: It is in charge of taking the actions 
required to handle overload events in the radio or 
transport network side. This function will implement 
the Operator’s policy for congestion situations, for 
example, give priority to real-time/premium/business 
users over non-real-time/consumer users, etc, and take 
the necessary actions to reduce the duration of the 
congestion event. The methods used to handle 
congestion include a range of options, for the radio and 
for the transport part, which are 
operator/implementation dependant. Congestion 
Control needs coordinated actions from the radio and 
transport resource management. As an example, the 
possible actions range from changing the Transport 
Format Combination Set (TFCS, UTRAN specific) to 
some users in the RRM part, to setup alternative routes 
or enforce link-sharing strategies for packet scheduling 
in the transport part.  

• Mobility Control (Cell Selection): This function is 
basically in charge of deciding the best cell to be 
connected in a handover process. Handover decisions 
can take into account measurements from the UE and 
the node-B and may take other inputs, such as 
neighbour cell load, traffic distribution, transport and 
hardware resources and Operator defined policies into 
account. We envisage that the transport resource 
availability could be checked before making a handover, 
since it is possible that a given cell with free radio 
resources can not accept a handover call due to a 
congested link in the transport network. It is also 
possible that transport resource availability can 
influence the decision about which is the optimum cell 
to direct the handover to. 

 
RRM Specific Functions: 
• Radio Link Control: It is in charge of dynamically 

adjusting the radio link parameters of the mobile 
terminals in order to preserve the QoS for established 
sessions. This function will typically include power 
control and link adaptation mechanisms. Power control 
aims at dynamically adjusting the power transmitted by 
all the terminals in a given cell. The required power for 
each user depends on several factors like radio-link 
propagation losses, amount of interference in the cell 
and type of service and mobility of the user. Link 
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adaptation functions dynamically adjust modulation and 
coding to maximize the throughput given the radio 
channel conditions. 

• Radio Packet Scheduling: This function is in charge of 
maximizing resource occupation by scheduling packets 
for established sessions taking into account several 
factors, like the QoS of the session, the interference 
level of the cell and the channel quality for the 
particular user. Radio Packet Scheduling is a short term 
strategy that tries to use free resources that could 
otherwise remain underutilized. 

 
TRM Specific Functions: 
• TNL Route Control: This QoS management function is 

in charge of selecting the optimum routes in the 
transport network to guarantee the efficient use of TNL 
resources and the QoS requested by the TNL IP bearers. 
This function will be applied when setting up new QoS 
IP bearers and it is also envisaged that this function 
should continuously monitor the link utilization and 
buffer occupancy of the transport network nodes in 
order to prevent congestion and maintain efficient use 
of network resources. The implementation of this 
function will relay on appropriate load balancing 
techniques, path establishment with QoS constraints 
(like Constraint Routing- Label Distribution Protocol, 
CR-LDP), as well as network resiliency mechanisms in 
case of link/node failures. 

• TNL Packet Scheduling: This function is in charge of 
implementing, at the IP transport network nodes, the 
appropriate QoS queuing decisions so the different 
flows (or aggregates of flows) receive the right QoS 
treatment at every node. For that purpose the packets 
are marked at the ingress node with a mark that 
identifies them as belonging to a given QoS “Behaviour 
Aggregate” (assuming a DiffServ scheme, for example). 
The implementation of TNL packet scheduling could 
range from simple priority queuing to the more 
sophisticated link-sharing techniques. 
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Figure 5: CARM functions 

 
CARM example: Coordinated Cell Selection 

As a prove of concept, in this section we include results on 
Coordinated Cell Selection that show that an increased 
efficiency in the use of resources can be obtained by 
allowing radio and transport layers coordination. 

A trunking gain in the utilization of transport resources 
can be achieved by allowing terminals to be connected to 
cells other than their best radio server in case of transport 
overload. However, it is clear that such potential trunking 
gain would come at the expense of a certain amount of radio 
degradation in terms of e.g., increased path loss per 
connection and higher interference level. Under this analysis, 
it is demonstrated the feasibility to achieve a given trunking 
gain while reducing the amount of radio degradation that we 
would have in case of using traditional cell selection 
schemes based only on radio metrics. To that end, in  [13], a 
novel cell selection strategy that includes metrics related to 
transport resources occupancy in the cell selection decision 
is proposed and its performance analysed by means of a 
multidimensional Markov model.  

Analysis conducted in  [13] focuses on homogeneous RAN 
deployment scenario with a single RAT. This scenario is 
claimed to be the most critical in terms of using information 
different than radio metrics to control the cell selection 
process because the selection of the non best cell from the 
radio perspective can lead to some degradation in terms of 
e.g., increased path loss per connection and higher 
interference level. The reference scenario assumes multiple 
cell coverage in some locations of the service area. Thus, 
some terminals may have more than one candidate cell to be 
connected to. Three different cell selection strategies have 
been analysed: 

• Best Server Cell Selection (BS_CS): Under this strategy, 
terminals are always connected to their radio best-
server cell (defined, in this study, as the cell with 
minimum path-loss). Radio resources are used in the 
most efficient way, but some new sessions can be 
blocked, due to transport saturation of the best-server, 
while still having spare transport capacity in some 
neighbouring cells. Hence, this strategy does not exploit 
any transport trunking gain. This strategy is mainly 
used as the reference for the next two strategies. 

• Radio Prioritized Cell Selection (RP_CS): In this case, 
all the cells having a difference in path loss, with 
respect to the best-server cell, below a certain Path Loss 
Margin (PLM) are considered as candidate cells. Then, 
among the candidate cells whose transport is not 
saturated, the one showing minimum path-loss is 
selected. This mechanism clearly results in certain 
trunking gain in the use of the transport resources, but it 
comes at the expense of some radio degradation due to 
the potential selection of non-optimal cells. The radio 
degradation is computed in this work in terms of the 
mean and the 99%-percentile of the observed carrier to 
interference ratio (CIR) in the active sessions not 
connected to their radio best-server. Notice that the 
RP_CS strategy is the one commonly used in legacy 
networks with cell redirection support (e.g. cell 
redirection mechanism in UMTS). Notice also that this 
strategy is unaware of transport occupancy unless a 
transport blocking condition arises in the target cell.  
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• Transport Prioritized Cell Selection (TP_CS): This 
strategy works like the RP_CS strategy while transport 
occupancy is below a certain threshold. However, 
above that threshold the candidate cells are prioritized 
according to their transport occupancy. The goal behind 
this approach is to postpone as much as possible the 
transport saturation by means of a rational distribution 
of the terminals with more than one candidate cell. 

Assuming some simplifying hypothesis, like infinite 
population of users, single service, Poisson distribution of 
session arrivals and exponential session service time, the 
trunking gain -for a given transport blocking probability- 
can be obtained by solving the flow equations of a multi-
dimensional Markov model. Details on the model can be 
found in  [13] and in AROMA's deliverable D12,  [14]. 

The analysis is focused on the coverage region of three 
sector cells (see Figure 6) served by the base stations BS1 
(C1), BS2 (C2) and BS3 (C3) respectively. Transport 
constraints are considered by bounding the maximum 
number of connections in each BS attending to provisioned 
transport capacity. These transport constraints are referred to 
as Ci for BSi. It is assumed that users are uniformly 
distributed in the service area. 
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Figure 6: Regular cell deployment and regions within 
the PLM range 
 

Attending to the considered scenario illustrated in Figure 6, 
the global rate of arriving sessions (λ) can be decomposed 

into the following rates: λ=λ1+λ2+λ3+λ12+λ13+λ23+λ123, 
where the exact distribution of rates is found by numerical 
integration of the areas of overlapped coverage, that is, the 
dashed areas in Figure 6. An exponential power decay law 
has been assumed, i.e.: PR,i=PT·k·di -β. Where PR,i (i=1,2,3) is 
the power received from BSi at a terminal located at distance 
di from BSi, PT is the power transmitted by BSi  (due to the 
symmetry of the scenario we assume that the three BS 
transmit the same power), k is a constant in the propagation 
model and β=3.5.  

The trunking gain is defined here for both RP_CS and 
TP_CS strategies as the capacity increase compared to a 
BS_CS scheme. Notice that this capacity increase is mainly 
due to the possibility of using resources of cells other than 
the best radio server. Some illustrative results are 
reproduced in Figure 7 for the achieved trunking gain, mean 
path loss degradation and 99%-percentile path loss increase 
versus the path loss margin (PLM) parameter. In particular, 
a transport capacity equal to Ci=8 has been considered for 
the three cells (this can be a high number when focusing on 
high data rate services over cellular cells, e.g. 384 kbps in a 
UMTS cell). The curves are parameterized by the value of L, 
which accounts for the threshold referred to in the definition 
of the TP_CS strategy (L=n means that cell prioritisation 
according to transport occupancy is only performed within a 
candidate set when spare transport capacity is less than n 
connections; L=all means that transport prioritisation is 
always applied). As indicated in the figure, the CARM-
based cell selection can achieve the same trunking gain with 
lower PLM than a cell selection only based on radio criteria 
(RP_CS). It is also evident that the TP_CS strategy with 
L=3 achieves almost the same trunking gain as the TP_CS 
with L=all but leads to less path-loss increase. This trunking 
gain comes at the expense of a slightly higher mean path 
loss increase (<0.2dB) due to connecting terminals to non 
best radio servers. However, worst-case situations are 
avoided and this is well reflected in the 2dB reduction of the 
99-percentile of the path loss increase when using CARM 
cell selection. 
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Figure 7: Comparison of TP_CS and RP_CS cell selection strategies 
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Conclusions 
This paper has introduced the AROMA vision and 

proposals with respect to QoS resource management for 
heterogeneous wireless access networks. One of the 
identified keys drivers for medium-term and long-term 
evolution of 3GPP IP-RAN is transport and radio resource 
management coordination. This concept has been addressed 
within the AROMA project in the form of a set of proposed 
CARM functionalities. An example on Coordinated Cell 
Selection has been included to prove the potential increase 
in the resource usage efficiency that can be achieved. 
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