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AbstrAct
5G-specific features, such as massive deploy-

ment, heterogeneity, and coexistence, call for 
innovative dynamic spectrum management mech-
anisms. Context-aware interoperability and interfer-
ence control, and their integration, may be crucial 
to comply with spectrum efficiency and service 
optimization 5G requirements. Moving from the 
analysis of research and standardization activities, 
this article proposes an integrated platform, called 
C-MIANS, that embeds interference control in 
standardized context-aware interoperability pro-
cedures, toward integration of context awareness 
into dynamic spectrum management, network 
selection, and resource allocation.

IntroductIon
Improving spectrum efficiency by favoring coex-
istence is inherent to the fifth generation (5G), 
where dynamic spectrum access (DSA) is the 
founding access strategy of the wireless resource, 
allowing different systems to dynamically share 
the spectrum [1]. Coexistence is present in cellu-
lar and complementary networks, forming the 5G 
architecture.

As regards the cellular network, this will con-
sist of heterogeneous and overlapping segments, 
referred to as tiers or heterogeneous networks 
(HetNets). Traditional outdoor macro base stations 
(MBSs) will be massively overlaid with power-lim-
ited small base stations (SBSs), that is femto, pico, 
and micro BSs, in both the space and frequency 
domains, with low-priority small cell tiers sharing 
the wireless resource with high-priority macrocell 
peers. Resource sharing will also eventually occur 
among equal-priority tiers. Under tiers’ coexistence, 
spectrum efficiency may be improved by adopting 
dynamic spectrum management (DSM) mecha-
nisms, such as interoperability between tiers (e.g., 
offloading and handover) and control of intranet-
work interference between different- vs. same-pri-
ority tiers, so-called crosstier vs. cotier interference, 
respectively [2, 3].

Beyond the cellular network, the 5G architec-
ture foresees a mixture of different radio access 
technologies (RATs) [4]. 5G users will be able 
to dynamically switch from one RAT to another 
within the same connection; 5G devices will not 
only support 3G, 4G, and WiFi, but also 5G stan-
dards and device-to-device (D2D) operation mode, 
which may or may not be coordinated with the 

cellular network, and will operate across licensed 
vs. unlicensed frequency bands. The concept of 
HetNets naturally combines with RAT diversi-
ty, leading to multi-RAT HetNets  the core of the 
5G network, with the inevitable need for imple-
menting DSM toward internetwork interference 
control and interoperability among networks. As 
a matter of fact, interoperability between Third 
Generation Partnership Project (3GPP) networks, 
and between 3GPP and non-3GPP networks, has 
appeared since 3G, and was further developed 
in 4G, as filed in 3GPP standardization activities. 
In particular, 3GPP Releases 6 and 7 addressed 
interoperability between 2G and 3G, and between 
2G/3G and WiFi, and introduced the I-WLAN 
framework. Releases 8 and 9 addressed LTE 
interoperability with previous cellular generations, 
either 3GPP (GSM/UMTS), 3GPP2 (cdma2000), 
or IEEE (WiMAX), and with WiFi. Releases 10 to 12 
addressed interoperability with LTE-Advanced (LTE-
A). Finally, in 2016, the concept of coexistence 
applied to cellular networks, appearing in Release 
13 and reflected in the possibility for a cellular 
technology to access the unlicensed industrial, sci-
entific, and medical (ISM) bands, which is a prerog-
ative of WiFi and other non-cellular RATs, paved 
the way for striking and innovative interoperability 
schemes.

Massive deployment, as foreseen in 5G, exac-
erbates both intranetwork and internetwork inter-
ference, making interoperability and interference 
control two crucial components of DSM design. 
The introduction of awareness, based on the col-
lection of context information, may bring benefit 
to DSM, and give rise to context-aware dynamic 
spectrum management (CA-DSM) [5]. Informa-
tion can be retrieved from time, environment, net-
work, user, and other domains, including temporal 
stamps, positions, distances, mobility patterns, spec-
trum occupation, active RATs and their quality of 
service (QoS), traffic type, quality of experience 
(QoE), power consumption, battery state, and 
CPU load, to mention a few. Figure 1 shows the 
domains identified as enablers for the implementa-
tion of CA-DSM in 5G.

Cognitive radio (CR) is one of the most prom-
ising enablers of CA-DSM. Generally speaking, 
CR is an intelligent radio, capable of autonomous 
reconfiguration by learning and adaptation to 
the surrounding context [1]. Traditionally, CR is 
most often intended as spectrum sensing. Recent 
advances in characterizing the environment and 

Giuseppe Caso, Luca De Nardis, and Maria-Gabriella Di Benedetto 

Toward Context-Aware 
Dynamic Spectrum Management for 5G

DYNAMIC SPECTRUM MANAGEMENT FOR 5G

The authors are with Sapienza University of Rome.
Digital Object Identifier:
10.1109/MWC.2017.1700090



IEEE Wireless Communications • October 2017 3

user/device features, in particular accurate local-
ization, as well as user-centric communication par-
adigms, are strong add-ons in CR implementation 
and related context-aware capabilities.

Beyond CA-DSM, recent research activities 
highlight the need for integrating, and jointly 
designing, interoperability and interference control, 
toward the definition of optimal procedures of 
network selection and related resource allocation. 
Existing standardized procedures focus, however, 
on either one aspect or the other. In particular, 
with the introduction of CA, interoperability stan-
dards propose user-centric network selection 
schemes that are designed in order to satisfy QoE 
user requirements, and do not consider the effect 
of the selection in terms of intranetwork and inter-
network interference. As a matter of fact, standard-
ized network selection procedures do not embed 
interference control, which is instead devoted to 
preserving network status quo, and do not rank 
admission of new incoming users with high priority.

This article attempts to address this dichotomy 
by proposing a new platform, referred to as cog-
nitive media independent access network selection 
(C-MIANS), that considers interoperability vs. inter-
ference control, by merging the 3GPP Access Net-
work Discovery and Selection Function (ANDSF) 
[6], and IEEE 802.21 Media Independent Handover 
(MIH) [7] network selection protocols, and embed-
ding those with spectrum sensing functionalities, 
provided by IEEE 1900.6, “Spectrum Sensing Inter-
faces and Data Structures for Dynamic Spectrum 
Access and Other Advanced Radio Communica-
tion Systems” [8]. The proposal follows from the 
analysis of research and standardization activities 
toward the definition of CA-DSM for 5G.

The article is organized as follows. Interoper-
ability and interference control for DSM are first 
analyzed, underlying the benefit of introducing 
CA and CR paradigms. A description of existing 
protocols for interoperability, interference control, 
and their complementarity is also reported. The 
C-MIANS platform, which integrates the above 
protocols, is then presented, and its application to 
network selection is discussed. Final remarks and 
open challenges conclude the article.

context-AwAre InteroperAbIlIty
The analysis of the offloading procedure, sup-
ported by the handover function, provides inter-
esting insight in the evolution of interoperability 
between cellular and other networks [9]. Offload-
ing refers, in general, to the possibility of deliver-
ing data on different networks, while handover 
enables the actuation of switching a device from 
one access network to the other without drop-
ping the connection. Both functions have been 
extensively analyzed under different aspects: the 
dichotomy between network- vs. user-driven pro-
cedures, the type of context information and deci-
sion algorithms, and the degree of cooperation 
between network entities [10]. In 3G times, off-
loading and handover were not designed as DSM 
mechanisms, since DSA and spectrum sharing 
were not even conceivable for commercial appli-
cations, and were basically adopted for improving 
performance of the cellular network. The status 
of supporting networks, such as WiFi, was not 
taken into account; thus, interoperability was con-
text-unaware, and switching was transparent to 

status and users’ requirements. Small cell offload-
ing was introduced in 4G, with the advantage of 
no technology switching, leading to management 
and experience continuity for both operators and 
users. Novel offloading schemes are currently 
under investigation in 5G based on the introduc-
tion of D2D, as shown in Fig. 2, for downlink off-
loading onto WiFi vs. small cell vs. D2D.

With the advent of DSA and spectrum sharing, 
offloading and handover procedures must be envi-
sioned as CA-DSM mechanisms, where operator 
and user perspectives converge toward the com-
mon goal of optimizing access network selection 
and resource allocation. From this perspective, a 
trade-off between context retrieval and resource 
exploitation is required, as analyzed in [11].

CA network selection is currently under anal-
ysis in both HetNets and multi-RAT HetNets. In 
network-driven HetNets, macro and small cell 
BSs may exchange users with low signal-to-inter-

FIGURE 1. Identification of domains for the implementation of CA-DSM mech-
anisms in 5G.
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ference-plus-noise ratio (SINR) [2]. In user-driven 
HetNets, the selection criterion can be refined by 
adopting reference signal received power (RSRP) 
and quality (RSRQ), as has been well known since 
4G [3]. Network assistance, through the concepts 
of cell breathing and cell range expansion, is also 
proposed, where the coverage of BSs is adapt-
ed to traffic loads. Regarding multi-RAT HetNets, 
a cognitive approach for SBSs was proposed in 
[12] where, based on traffic type, a reinforcement 
learning algorithm lets SBSs learn and use optimal 
parameters to access licensed vs. unlicensed bands 
for delay-sensitive vs. delay-tolerant data, respec-
tively. Position information was included in offload-
ing delay-tolerant traffic in [13].

In terms of standards, increased activity is 
underway within 3GPP and IEEE toward the defi-
nition of CA network selection. In particular, 3GPP 
proposed the founding concept ANDSF in Release 
8 (2011) [4]. The following 3GPP releases further 
discussed ANDSF, adding procedural schemes and 
architectural elements, toward its full application. 
A dedicated entity within the Evolved Packet Core 
(EPC) was added, called the ANDSF server, which 
communicates with users via a specific interface 
named S14. In the user-driven case, once queried 
by users, with a message containing their positions 
and capabilities (e.g., supported RATs), the ANDSF 
server provides three types of so-called services:
• Access network discovery information, consist-

ing of a list of available networks in the user’s 
neighborhood, with corresponding points of 
attachment (PoAs), which are the physical enti-
ties providing connection to users, and adopt-
ed carrier frequencies

• Intersystem mobility policy (ISMP), containing 
the operator policies for selecting the most 
preferable network when users may activate 
only one RAT at a time

• Intersystem routing policy (ISRP), containing 
the operator policies for selecting different net-
works when users may activate more than one 
RAT at the same time
The above information is completed with the 

degree of reliability of the services. This is crucial 

considering that ANDSF services are not updat-
ed in real time, and operator policies only pro-
vide coarse indications. For this reason, users may 
want to perform context retrieval measurements 
for each candidate network, and collect indicators 
such as QoS parameters and position of PoAs.

The efforts within the IEEE community date back 
to 2009, with the 802.21 standard, also known as 
MIH [5], which defines three types of services:
• Event services (ES), which specify the events 

triggering a handover request
• Command services (CS), which enable users to 

deliver handover messages
• Information services (IS), which provide the 

capability of context retrieval
Similar to ANDSF, MIH specifies the charac-

teristics of an information server and the PoAs. 
Moreover, MIH introduces the concept of points 
of service (PoSs); PoSs are virtual entities, co-lo-
cated with PoAs in the simplest configuration, that 
provide message exchange between users and 
candidate networks, and also manage the context 
retrieval phase. In user-driven handover, users first 
send a request to the server in order to obtain 
preliminary information regarding the surrounding 
networks, and then connect to the PoSs of their 
current network. The PoSs initiate a query with 
PoSs of candidate networks and collect informa-
tion on network state to be sent back to users, who 
in turn autonomously select the best network. MIH 
has been embedded into other IEEE standards, 
such as WiFi 802.11u, and WiMAX 802.16g. A 
comparison of the main functionalities of ANDSF 
against MIH is given in Table 1.

context-AwAre Interference control
DSA and spectrum sharing boost the need for 
intranetwork and internetwork interference con-
trol. Besides static interference control, mainly 
devoted to coordinated frequency reuse, the 
adoption of CR, supported by spectrum sensing, 
is currently under investigation for dynamic con-
trol.

In the case of HetNets, small cell tiers may 
access the spectrum in either an overlay or under-

TABLE 1. ANDSF (3GPP) against MIH (IEEE).

Functionality ANDSF MIH Comment

Triggers -— Event service (ES)

ANDSF does not define handover events, but it uses the 
event reporting function already deployed within the EPC. 
MIH defines the events, at both user and network sides, 
through the ES.

Policies
Intersystem mobility and routing  
policies (ISMP and ISRP)

-—
ANDSF defines the operator policies with respect to 
handover requests through ISMP and ISRP. MIH does not 
define policies.

Coarse CA ANDSF server Information server
Both ANDSF and MIH define servers in the core network with 
initial information on the user neighborhood.

Fine CA User
Network (point of 
service, PoS)

ANDSF requires context retrieval by users. MIH requires 
that the users trigger the process, while context retrieval is 
performed by its PoS.

Final decision User with operator policies User
In a user-driven procedure, both standards let the user make 
the final decision, adopting vendor-specific algorithms. Within 
ANDSF, the decision also depends on the operator policies.

DSA and spectrum 
sharing boost the need 
for intranetwork and 
internetwork interfer-
ence control. Besides 
static interference con-
trol, mainly devoted to 
coordinated frequency 
reuse, the adoption 
of CR, supported by 
spectrum sensing, is 
currently under inves-
tigation for dynamic 
control.



IEEE Wireless Communications • October 2017 5

lay fashion. In both cases, small cell tiers first sense 
the spectrum shared with macrocell tiers. If seg-
ments of the spectrum are temporarily free, small 
cells may occupy them in an overlay mode. Small 
cells may also adopt an underlay access, that is, 
use segments already occupied by macrocells, if 
the generated crosstier interference, which can 
be adjusted by changing transmission param-
eters at small cells, is acceptable for macrocells 
[14]. Regarding cotier interference, cognitive car-
rier sense multiple access was proposed in [14], 
where small cells access spectrum segments that 
are unoccupied by macrocells after further sensing 
them as free from contending small cells.

Cooperative spectrum sensing (CSS) was also 
proposed in order to increase reliability of sensing 
by pooling sensing measurements among neigh-
bors or central units. Measurements are commonly 
performed by those devices looking for transmis-
sion opportunities, mainly SBSs and small cell user 
equipments (SUEs) in 5G scenarios. For energy 
efficiency, selecting a subset of cooperating enti-
ties, based on device energy status and position, 
may be crucial. It is possible, however, to consider 
dedicated sensing entities, activated by SBSs, SUEs, 
or central units [15].

As regards multi-RAT HetNets, the adoption of 
additional unlicensed spectrum segments for small 
cells, such as ISM bands at 5 GHz, toward large-
scale deployment has been proposed in 4G, and 
referred to as LTE-unlicensed (LTE-U) or licensed-as-
sisted access using LTE (LAA-LTE). This scenario 
introduces internetwork interference between LTE 
and WiFi. Dynamic time-domain resource sharing 
has been proposed, in which the LTE-U network 
istantiates time frames with reduced data and 
power; the WiFi APs apply sensing to detect those 
frames and use them for transmission. The scheme, 
referred to as almost blank subframes (ABSs), can 
be improved by optimizing sensing thresholds and 
duration, as well as by enabling LTE cells to esti-
mate interference levels of nearby WiFi APs in a 
listen-before-talk approach [16][17]. The knowl-
edge of the interference space distribution can, in 
fact, further optimize resource allocation among 
heterogeneous entities. In [16], the interference 
measured by a sensor at known distance from a 
reference BS was mathematically related to the 
space distribution, density, and transmitted power 
of neighboring APs/BSs; this allowed evaluation of 
the interference at any location within BS coverage 
and optimization of downlink resource allocation 
without the need for preliminary coordination with 
neighboring APs/BSs. In 5G, the challenge raised 
by coexistence of HetNets and WiFi expands 
beyond ISM bands, in particular to the 60 GHz 
mmWave bands, where the IEEE 802.11ad stan-
dard, also known as WiGig, is expected to coexist 
with 5G backhaul links between SBSs and the core 
network, which are required to support the dense 
deployment of small cells. Interoperability between 
cellular and WiFi must therefore be supported by 
cognitive interference control.

Standardization of CR functionalities is pursued 
by IEEE, as addressed by the IEEE P1900 Standards 
Committee (2005), reorganized in 2010 as the 
Dynamic Spectrum Access Networks Standards 
Committee (DySPAN-SC). Their activities led to the 
definition of a suite of standards named IEEE 1900, 
defining CR methods and application scenarios. In 

particular, IEEE 1900.6 (2011) defined spectrum 
sensors, data archives, and cognitive engines, as 
well as their procedures, protocols, and interfaces, 
and may thus play a major role in interference con-
trol in 5G [6].

combInIng InteroperAbIlIty And 
Interference control: c-mIAns

The main goal of the C-MIANS platform is to 
embed interference control in standardized CA 
interoperability procedures toward the integra-
tion of CA-DSM mechanisms in network selection 
and resource allocation. The proposal is to merge 
ANDSF and MIH standards, and to embed within 
the spectrum sensing provided by IEEE 1900.6.

c-mIAns procedure And plAtform ArchItecture
The C-MIANS procedure consists of either net-
work- or user-driven network selection, and fore-
sees three phases:
• Network discovery and context retrieval, during 

which candidate networks are discovered, and 
their status is collected. Furthermore, their asso-
ciated spectrum is sensed in order to derive 
information on the interference currently affect-
ing each resource segment.

• Network decision, during which the involved 
entity selects one of the candidate networks. 
This is done by considering acquired context 
information, expected QoE, and operator poli-
cies.

• Connection execution is the phase during 
which the entity switches its connection toward 
the selected network.
The corresponding architectural components 

are:
• The user vs. the access node of the current net-

work, which are the physical entities triggering 
user vs. network-driven procedures

• A context retrieval system, composed of entities 
collecting information related to candidate net-
works and corresponding spectrum segments

• A control system, composed of entities dedi-
cated to information dissemination during the 
procedure

compAtIbIlIty wIth stAndArds
C-MIANS components are compatible with 
ANDSF, MIH, and IEEE 1900.6 standards. The 
user is ANDSF/MIH compatible, while the access 
node of the current network, which acts as PoA/
PoS, data archive, and cognitive engine, is MIH/
IEEE 1900.6 compatible. The context retrieval 
system also includes an ANDSF server and other 
MIH/IEEE 1900.6 entities. Some of these entities, 
called spectrum agents (i.e., energy detectors in 
the simplest configuration) collect spectrum infor-
mation only, acting as MIH non-PoSs and IEEE 
1900.6 sensors, while others collect candidate 
networks’ information and act as PoSs. The con-
trol system does not require any additional phys-
ical component, since it is formed by the same 
entities as the context retrieval system, exchang-
ing information via ANDSF, MIH, and IEEE 1900.6 
interfaces.

The C-MIANS procedure is compatible with 
standards as well, since it considers, as triggers, 
events that are specified in the MIH event service 
and can be roughly classified in physical (PHY)/

The main goal of the 
C-MIANS platform is 

to embed interference 
control in standardized 

CA interoperability 
procedures, towards 

the integration of 
CA-DSM mechanisms 

in network selection 
and resource alloca-
tion. The proposal is 

to merge ANDSF and 
MIH standards, and to 

embed, within, spec-
trum sensing provided 

by IEEE 1900.6.
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medium access control (MAC) vs. higher layer 
events, such as link up and link down vs. QoS 
decrease and QoE request.

Without loss of generality, consider the case 
of user-driven network selection, illustrated in Fig. 
3. As shown in figure, the procedure includes 
ANDSF, MIH, and IEEE 1900.6 functions.

Step 1 (ANDSF Activation): The user con-
nects to the ANDSF server via S14 interface, and 
receives coarse context information and operator 
policies in the form of access network discovery 
information and intersystem mobility/routing pol-
icies.

Step 2 (MIH and IEEE 1900.6 Activation): A 
MIH message is used by the user to trigger fine 
context retrieval to its PoS, and spectrum sens-
ing to its nearby spectrum agents. The message 
is sent through MIH RP1 and RP3 interfaces, that 
connect users with PoSs and non-PoSs, respec-
tively.

Step 3 (Context Retrieval and Candidate Net-
works Evaluation): The PoS connect to PoSs of 
candidate networks and receives context infor-
mation via MIH RP5 interfaces that connect the 
PoSs. The PoS also receives sensing results from 
spectrum agents via MIH RP4 interfaces that con-
nect PoSs with non-PoSs, and combines them in 
order to evaluate the status of each segment. RP4 
interfaces also act as IEEE 1900.6 CE/DA-S inter-
faces, connecting cognitive engines to sensors. 
Finally, the PoS deactivates spectrum agents via 
RP4 and transfers the full acquired information to 
the user via RP1.

Step 4 (Network Decision and Connection 
Execution): The user selects the best network 
by applying a decision algorithm, possibly ven-
dor-specific, that combines information provided 
by its PoS, ANDSF policies, and its own QoE pref-
erences. Then it initiates the connection execution 
procedure by informing the ANDSF server via 
S14, and current and selected PoSs via RP1.

When confronted with standards, the platform 
requires limited signaling overhead due to the use 
of spectrum agents for sensing. Moreover, energy 
consumption of the communication network is not 
increased since spectrum sensing is performed by 

a dedicated infrastructure. Table 2 summarizes the 
components and involved standards within each 
phase of the procedure.

c-mIAns context AwAreness
The C-MIANS platform allows the application of 
enhanced schemes of dynamic network selection 
and resource allocation through the collection of 
heterogeneous context information, such as:
• User parameters: position, distance from PoAs, 

required QoE, and power load
• Network parameters: QoS indicators, such as 

data rate, delay, jitter, loss, and throughput
• Spectrum parameters: indicators of the inter-

ference affecting the candidate spectrum seg-
ments
Considering ANDSF and MIH standards, the 

proposed innovation lies in the use of information 
related to interference levels within the network 
selection procedure. Most often, interference mea-
surements, such as RSRQ at the user side vs. SINR 
and received interference power (RIP) at the BS 
side, are used in network-driven cellular offloading 
and resource allocation once a serving network is 
selected [2, 3, 16]. A few proposals do take into 
account interference-related metrics in handover 
decision algorithms by comparing the measured 
SINR of the current network against the estimated 
SINR of candidate networks before a final deci-
sion [10]. C-MIANS extends this concept, since 
it is capable of operating with interference levels 
that are measured rather than estimated for all 
candidate networks. A beneficial win-win mecha-
nism between users and candidate networks may 
also be triggered by the C-MIANS procedure. In 
the user-driven case, for example, after the PoSs 
receive the interference information, users are like-
ly to select networks with low, rather than high, 
interference levels, with the benefit of limited 
impact on networks affected by high interference.

CA network decision can be integrated in 
C-MIANS and enhanced by the sensing function-
alities offered by the platform. The collection of 
multiple context information allows the applica-
tion of multi-criteria, multi-attribute decision making 
(MCDM, MADM) algorithms, which are proved 

FIGURE 3. C-MIANS protocol, including message exchange and involved network entities.
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to perform better than common RSRP ones in 
terms of QoS, QoE, and ping-pong effects [10]. 
In C-MIANS, MCDM and MADM algorithms can 
incorporate interference measurements in the deci-
sion, allowing for the definition of different, pos-
sibly vendor-specific, utility and cost functions for 
network selection.

conclusIon
This article analyzes research and standardiza-
tion activities in the context of DSM for 5G, and 
discusses the need for integrating context-aware 
interoperability and interference control toward 
the optimization of dynamic network selection 
and resource allocation. An integrated platform, 
called C-MIANS, is proposed. The platform 
merges, in a potentially energy-efficient manner, 
3GPP ANDSF and IEEE MIH network selection 
protocols, embedding, within, the IEEE 1900.6 
spectrum sensing protocol. C-MIANS procedure, 
architecture, and compatibility with standards are 
analyzed, and the advantage of using the platform 
is discussed, underlying the possibility of enabling 
network selection based on a win-win mecha-
nism between users and networks. The possibili-
ty of applying different CA multi-criteria decision 
algorithms within the platform, and of enhancing 
those through interference measurements, is also 
highlighted.

Several research lines toward CA-DSM, are 
open for future investigation. In particular, inter-
ference dynamics and related spatial distribution 
should be explored in light of their application to 
physical layer optimization, such as link adaptation 
and signal precoding, up to service optimization, 
such as network slicing, and massive MIMO 5G 
scenarios. 

As regards the platform, experimental analysis is 
needed in order to quantify the performance gain 
that can be obtained with interference-enhanced 
network decision algorithms at both the user and 
network sides. Moreover, the trade-off between 
context retrieval, signaling overhead, and resource 
exploitation should be experimentally tested, and 
optimal platform configurations should be derived 
for different application scenarios, such as high 
mobility and ultra-dense coexistence.

Acknowledgment
This work was partly funded by Sapien-
za University of Rome, research project 
RM116155068578FB. The authors wish to thank 
the anonymous reviewers for their very insightful 
comments, which greatly helped improve the pre-
sentation of our work.

references
[1] I. F. Akyildiz et al., “NeXt Generation/Dynamic Spectrum 

Access/Cognitive Radio Wireless Networks: A Survey,” 
Comp. Net., vol. 50, Sept. 2006, pp. 2127–59.

[2] C. Yang et al., “Advanced Spectrum Sharing in 5G Cognitive 
Heterogeneous Networks,” IEEE Wireless Commun., vol. 23, 
no. 2, Apr. 2016, pp. 94–101.

[3] S.-Y. Lien et al., “Cognitive Radio Resource Management for 
Future Cellular Networks,” IEEE Wireless Commun., vol. 21, 
no. 1, Feb. 2014, pp. 70–79.

[4] B. Bangerter et al., “Networks and Devices for the 5G Era,” 
IEEE Commun. Mag., vol. 52, no. 2, Feb. 2014, pp. 90–96.

[5] M. Alam et al., “Towards 5G: Context Aware Resource Allo-
cation for Energy Saving,” J. Signal Processing Systems, vol. 
83, May 2016, pp. 279–91.

[6] 3GPP TS 24.302 v10.4.0, “Access to the 3GPP Evolved 
Packet Core (EPC) via non-3GPP Access Networks,” 2011.

[7] A. De La Oliva et al., “An Overview of IEEE 802.21: Media-In-

dependent Handover Services,” IEEE Wireless Commun., vol. 
15, no. 4, Aug. 2008, pp. 96–103.

[8] M. Murroni et al., “IEEE 1900.6: Spectrum Sensing Interfaces 
and Data Structures For Dynamic Spectrum Access and 
Other Advanced Radio Communication Systems Standard: 
Technical Aspects and Future Outlook,” IEEE Commun. 
Mag., vol. 49, no. 12, Dec. 2011, pp. 118–27.

[9] F. Rebecchi et al., “Data Offloading Techniques in Cellular 
Networks: A Survey,” IEEE Commun. Surveys & Tutorials, vol. 
17, no. 2, 2nd qtr. 2015, pp. 580–603.

[10] A. Ahmed, L. M. Boulahia, and D. Gaiti, “Enabling Vertical 
Handover Decisions in Heterogeneous Wireless Networks: 
A State-of-the-Art and a Classification,” IEEE Commun. Sur-
veys & Tutorials, vol. 16, no. 2, 2nd qtr. 2014, pp. 776–811.

[11] T. Z. Oo et al., “Offloading in HetNet: A Coordination of 
Interference Mitigation, User Association and Resource Allo-
cation,” IEEE Trans. Mobile Comp., vol. 16, no. 8, Aug. 2017, 
pp. 2276–91.

[12] M. Bennis et al., “When Cellular Meets WiFi in Wireless 
Small Cell Networks,” IEEE Commun. Mag., vol. 51, no. 6, 
June 2013, pp. 44–50.

[13] S. Dimatteo et al., “Cellular Traffic Offloading through WiFi 
Networks,” Proc. IEEE Int’l Conf. Mobile Ad-Hoc and Sensor 
Systems, Oct. 2011, pp. 192–201.

[14] H. ElSawy, E. Hossain, and D. I. Kim, “HetNets with Cog-
nitive Small Cells: User Offloading and Distributed Channel 
Access Techniques,” IEEE Commun. Mag., vol. 51, no. 6, 
June 2013, pp. 28–36.

[15] Z. Zhang et al., “Cognitive Radio Spectrum Sensing Frame-
work Based on Multi-Agent Architecture for 5G Networks,” 
IEEE Wireless Commun., vol. 22, no. 6, Dec. 2015, pp. 
34–39.

[16] H. Zhang et al., “Coexistence of WiFi and Heterogeneous 
Small Cell Networks Sharing Unlicensed Spectrum,” IEEE 
Commun. Mag., vol. 53, no. 3, Mar. 2015, pp. 158–64.

[17] G. Guanding et al., Guest Eds., IEEE Wireless Commun., 
Special Issue on LTE in Unlicensed Spectrum, vol. 23, no. 
6, 2016.

bIogrAphIes
Giuseppe Caso [M] (caso@diet.uniroma1.it) (Ph.D. 2016) is a 
postdoctoral fellow in the Department of Information Engineer-
ing, Electronics and Telecommunications at Sapienza University 
of Rome. In 2012–2015, he held visiting positions at Leibniz 
University of Hannover, King’s College London, and the Techni-
cal University of Berlin. He has been involved in two European 
COST Actions on cognitive radio (IC0902 and IC0905), and in 
the FP7 ACROPOLIS NoE. His research interests include indoor 
positioning and channel modeling, UWB communications, cog-
nitive radio, context-aware networking, and 5G.

LuCa De NarDis [M] (luca.denardis@uniroma1.it) (Ph.D. 2005) 
is an assistant professor in the Department of Information Engi-
neering, Electronics and Telecommunications at Sapienza Uni-
versity of Rome. Since 2000, he has been involved in several 
international projects on UWB and cognitive radio, including 
COST Actions IC0902 and IC0905, and FP7 ACROPOLIS 
NoE. He has co-authored over 100 publications in international 
journals and conferences, and edited one book. His research 
interests focus on indoor positioning, UWB communications, 
cognitive radio, and routing protocols for wireless networks.

Maria-GabrieLLa Di beNeDetto [F] (mariagabriella.dibenedetto@
uniroma1.it) (Ph.D. 1987) is a full professor in the Department 
of Information Engineering, Electronics and Telecommunications 
at Sapienza University of Rome. She has held visiting positions 
at the Massachusetts Institute of Technology, the University of 
California, Berkeley, and the University of Paris XI. In 1994, she 
received the Mac Kay Professorship award from the University 
of California, Berkeley. From 1995 to 2000, she directed several 
European projects on the design of UMTS and the development 

TABLE 2. C-MIANS platform: phases, involved architectural components, and 
standards (with corresponding interfaces).

Phase Architectural components Standards (interfaces)

Network discovery 
and cContext retrieval

User and current PoA/PoS, context 
retrieval system, control system

ANDSF (S14), MIH (RP1, RP3, RP4, 
RP5), IEEE 1900.6 (CE/DA-S)

Network decision User and current PoA/PoS (Vendor-specific)

Connection execution
User and current PoA/PoS, control 
system

ANDSF (S14), MIH (RP1)



IEEE Wireless Communications • October 20178

of UWB communications in Europe. During the last decade, 
she has been involved in the development of coexisting and 
cognitive networks and coordinated the European COST Action 
IC0902 on cognitive radio, involving the participation of over 
30 countries worldwide. In October 2009, she received the 
Excellence in Research award “Sapienza Ricerca” under the 
auspices of the President of Italy, Giorgio Napolitano. She has 
authored and co-authored over 150 publications in international 
peer-reviewed journals and conferences, and authored and 
edited seven books. Her research interests include wireless com-
munication systems, in particular impulse radio communications, 
and speech.


