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Abstract. Heterogeneous Wireless Converged Networks (HWCN) are expected to be the trends of 

next generation wireless network. It will pose great impacts on way of communication. HWCN is a 

brand new research area and many problems still need to be solved. Firstly, the background and 

development of HWCN are summarized, and its challenges and analyzed. Then from the perspective 

of network architecture, access selection algorithms, resource management algorithms and vertical 

handover strategies are discussed. Finally, the next step research suggestions of load balancing, green 

communications and intelligent characteristics are also proposed. 

Introduction 

Heterogeneous network convergence is the development direction of next generation wireless 

communication network, and is the result of the evolvement of wireless communication technology, 

the increase of communication service type and quantity for subscribers and the promotion of market 

demand[1]. It provides secure, reliable and real-time communication services by overlaying wireless 

access techniques, and the synergy and convergence between heterogeneous networks is to integrate 

and use these networks efficiently, not overlaying wireless access techniques simply[2]. Achieving a 

high network convergence needs to involve technical convergence at different levels of networks, and 

the heterogeneous networks that achieve such convergence will meet technical challenges, so relevant 

research institutions and organizations for standardization at home and abroad conduct intensive 

studies and standardization work on the key techniques in the field of heterogeneous wireless 

converged networks. And heterogeneous network convergence has gradually become one of the hot 

research fields throughout the world. 

Challenges of heterogeneous wireless converged networks 

Converged Network Architecture. 

In heterogeneous converged networks, the heterogeneity of networks and the diversity of their service 

types put forward higher requirements on converged network architecture, so it is necessary to design 

a secure, manageable and controllable heterogeneous converged network architecture which can 

provide personalized and diversified services for users, and can integrate the foundation structure of 

backward compatible wireless terminal equipment. How to fully mine and use the heterogeneous 

characteristics of networks, how to design the converged architecture of backward compatible 

heterogeneous network and how to resolve the effective interworking and efficient convergence of 

heterogeneous networks have become key problems in the research field of heterogeneous network 

convergence[3]. 

Access selection. 

In the future communication system, there are an increasing number of application contexts in 

which subscribers can share multiple available networks simultaneously. Due to diversified 

2015 The 5
th

International Workshop on Computer Science and Engineering 

553

admin
打字机文本
doi: 10.18178/wcse.2015.04.092



 

subscriber services, different personal information and diverse network performance, how to select a 

suitable network as a bearer of current application for subscribers becomes a key problem to 

guarantee the QoS of subscribers[4]. Currently, most of plans adopt multi-target optimization method. 

This method, although, has been greatly improved compared with traditional single-target selection, 

utility function evaluation and other methods, it still lacks universal property, is difficult to 

comprehensively and rationally evaluate network performance, and can not meet the demands of 

subscribers and networks. 

Vertical handover. 

Horizontal handover between homogeneous networks can be defined by each organization for 

standardization, while vertical handover technique is the foundation to achieve heterogeneous 

wireless converged network operation, that is, it ensures that subscribers can make a switch in 

heterogeneous access techniques on the premise of keeping current session according to wireless 

environment and type of service[5]. Vertical handover, due to involving different operators, network 

architectures and bearer modes, still has high cutting off rate and loss rate as well as long delay in 

applying traditional horizontal handover technique to heterogeneous wireless networks. Therefore, it 

is necessary to study more flexible and efficient vertical handover mechanisms and performance 

optimization algorithms to meet mobile subscribers’ demands on high transmission speed and 

high-quality service experience. 

Radio resource management. 

RRM (Radio Resource Management) in heterogeneous networks needs to coordinate resources of 

different access networks, improve compatibility of protocol, and provide QoS guarantee crossing 

heterogeneous networks[6]. Meanwhile, with abundant types of service and increasing application 

demands, especially with the emergence of high-bandwidth service demands[7], people require more 

and more wireless network resources, and the contradiction between increasing resource demand and 

limited network resource supply has become one of the main factors to restrict the development of 

wireless communication. Therefore, it becomes one of the technical challenges that need to be 

resolved to rationally and efficiently make use of wireless network resources for heterogeneous 

network convergence. 

End-to-end QoS guarantee. 

Providing QoS guarantee is to meet different service level agreements achieved with various 

subscribers by adopting suitable measures, and to optimize QoS parameters[8], such as serviceability, 

time delay, jitter, throughput capacity, and loss rate. Currently, the research on the QoS of most 

wireless networks mainly focuses on homogeneous wireless access networks. End-to-end QoS 

guarantee in heterogeneous networks is important both for the resource utilization of optimal 

heterogeneous networks and for the design of collaborative work between access networks[9]. In such 

background, how to guarantee end-to-end QoS for subscriber services in heterogeneous converged 

networks remains to be studied intensively. 

Correlation research 

Access Selection and Admission control Algorithms. 

Traditional Access Selection and Admission Control algorithms mainly include RA (Random 

Access), SAW (Simple Additive Weighting), MEW (Multiplicative Exponent Weighting), HBP 

(High Bandwidth Precedence), TOPSIS (Technique for Order Performance by Similarity to Ideal 

Solution), and GRA (Grey Relational Analysis)[10], most of which are based on static network 

parameters, without considering the dynamic and variation trend of these parameters. 

Research on modified Access Selection and Admission Control Algorithms mainly includes the 

following types: The first type is the algorithm based on type of service which selects network or 

controls admission according to the type of each request call. The fundamental point of this algorithm 

is that different wireless access techniques have their individual characteristics and that types of 

services suitable to be supported also differ, so it selects the most efficient network that can guarantee 
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QoS demands of subscribers to access. But this algorithm also easily causes the imbalance of load 

between networks; The other type is the algorithm based on utility function/cost function which 

selects target network to optimize resource allocation through maximal access utility or minimum 

access cost[11, 12]. 

Generally speaking, existing access selection and admission control algorithms always have 

incogitant access judgment index, strong fixed-subjectivity of parameters or weight, complex 

calculation and low universal property. Although these algorithms, to a certain extent, can improve 

system performance, they still have larger space to be optimized. 

Resource Management Architecture and Algorithms. 

Compared with traditional wireless network resource management, due to influences of multiple 

network resource forms in heterogeneous wireless converged network system, various service 

requirements for subscribers and different commercial operation modes, RRM in heterogeneous 

networks consists of the collection of a set of different wireless network control mechanisms[13]. 

According to different resource management strategies, the research on heterogeneous wireless 

network resources is divided into the following three types: 

The first type is the resource allocation algorithm based on user utility optimization which always 

selects the service parameters related to QoS of subscriber services to evaluate network performance, 

such as received signal intensity, bit error rate, access bandwidth, price and etc, and allocates 

resources on the premise of optimal system user utility[14, 15]; The second type is the algorithm 

based on system utility maximization which maximizes system interests through the allocation and 

distributed plans of services and the cooperative transmission service flow between multiple 

networks, such as power saving maximization, network system throughput maximization and 

network capacity utilization rate maximization; The third type is the algorithm based on fairness 

which quantizes the fairness of resource allocation through standardized formula and guarantees the 

fairness for different users, services and networks through mechanism, but other algorithms always 

cause damage to part of users’ fairness in improving system throughput and reducing time delay. 

Vertical Handover Strategies. 

Currently, most of the research on vertical handover mainly focuses on handover decision and 

handover execution. 

With regard to existing research, vertical handover technique still has the following shortages in 

performance[16], handover decision and inter-operational control. The first aspect is optimization of 

performance. Vertical handover must be achieved at high layer in order to ensure the independence 

with bottom layer access technique, but universal property at high layer may cause damage to network 

performance inevitably[17]. The second aspect is efficient and feasible handover decision method. 

Vertical handover decision is a typical multi-standard decision problem, but existing research has 

poor feasibility and ping-pong effect, and is not conductive to effective using of network resources. 

The third aspect is interoperability in vertical handover which is used to handle the differences of 

access techniques in QoS, AAA and other control techniques. 

Future research directions 

Load Balancing. 

Load balancing, an effective way to improve quality of network operation, can be used to relieve or 

resolve imbalance of resource distribution in heterogeneous converged networks[18, 19]. The 

research on load balancing in heterogeneous wireless converged networks is to select the most 

suitable network to serve new services based on some strategies of access selection and admission 

control, which avoids differences in load caused by unbalanced service arrival, improving system 

capacity, QoS and increasing radio resource utilization rate. 

Green Communications. 

In the development of wireless access networks, multi-standard heterogeneous networks overlay 

intensively, and a lot of base station is in the working condition of non-full load, which causes a low 
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radio resource utilization rate and a huge waste of energy consumption inevitably[20]. In view of less 

research on cooperative energy saving of base station in heterogeneous networks, the design objective 

of green communications network system is to reduce energy consumption of the system on the 

premise of meeting the QoS for users within networks[21]. Therefore, how to achieve efficient green 

communications to save the energy of wireless communication networks is one of the problems that 

need to be resolved in the future. 

Intelligent Characteristics. 

Current heterogeneous wireless converged networks lack intelligence or only have part of 

intelligence, and network function entities lack self-perception, self-configuration, self-learning and 

other performances, so that these networks can not adapt to more complex, heterogeneous and 

dynamic network environment[22]. In such environment, simple static configuration can not meet 

diversified needs, and simple integration and compromise always make various users unable to obtain 

satisfying services. Therefore, it is necessary to introduce intelligent characteristics into 

heterogeneous converged networks to study new network architecture and behavior model, and it is 

also necessary to greatly improve key techniques, which need to be further studied carefully[23]. 

Conclusions 

Next-generation wireless communication system will be a ubiquitous IP converged network which 

supports multiple access techniques, provides diversified services and has intelligent characteristics. 

The objective of converged techniques is to provide unified converged services in heterogeneous 

wireless networks, and the proposal of network convergence is to mask the heterogeneity of bottom 

layer network technique at different layers technically. Therefore, heterogeneous converged networks 

have a good prospect for research and development in academic sector and multi-industry application 

area. 

This paper presents the relevant background and development of heterogeneous wireless 

converged networks, discusses the challenges to these networks, summarizes the researches on such 

key technologies in these networks as interworking architecture, access selection, admission control, 

radio resource management as well as vertical handover, analyzes problems in these researches, and 

puts forward suggestions on further research and improvement in view of these problems. 
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