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Abstract 
In vehicular communications network heterogeneity is most 
important feature. In heterogeneous networks various radio access 
network coexist with each other so the mobile users can move 
between diverse networks using terminals with multiple access 
interfaces. But in In vehicular communications where multiple 
mobile equipment in the vehicle are moving at the same time gives 
more attention towards Group Vertical Handover (GVHO). In 
GVHO scenario, multiple VHO decisions need to be made 
simultaneously, and to make the decision new decision schemes have 
to use because if the traditional VHO scheme was applied in this 
scenario then decision-making MT does not know the results of other 
concurrent VHO users, so it may selfishly select the best networks 
which may cause the network congestion. So in this paper we will 
study some schemes and propose a policy which is used to improve 
one of the existing scheme. 
Keyword:  Group Vertical Handoff, Handover Decision, 
Network Selection, EVM. 
 

I.   Introduction 
 
        Future wireless network will be envisioned as a 
convergence of different wireless networks such as wireless 
area networks (WLANs), Universal Mobile 
Telecommunications, Vehicular networks(VANETs), 
Worldwide Interoperability for Microwave Access (WiMAX), 
etc. Integration of these technologies can provide multiple 
interfaces users with seamless mobility through effectively 
vertical handover management scheme in which a connection 
can be handed over among multiple wireless networks. 
Vertical handover management becomes more problematic for 
high speed users when they are taking the same vehicle and 
moving together. In the vehicular communication 
environment, a group handover is likely to occur [1]. GHO 
takes place when two or more Mobile Nodes (MNs) intend to 
request handover at the same time to the same base station 

[7]., so they tend to decide to handover simultaneously and 
select the same network, which will bring long handover 
latency for users or even cause handover to be blocked due to 
increased congestion at the selected network [1]. During 
GHO, MNs are not necessarily aware of the presence of each 
other. Thus, GHO procedures must carry out load balancing. 
To achieve this, criteria such as energy saving, available 
bandwidth, and type of service may be considered [7]. 
Therefore it is necessary to design some effective network 
selection mechanisms for group handover in heterogeneous 
vehicular communication environment [1].   
       The current literatures on vertical handover (VHO) 
mainly focus on when to trigger handover and how to select 
the best target network for single user, if these VHO schemes 
were applied in vehicular communication scenario, it may 
lead to system performance degradation or network 
congestion, because the MTs with these VHO decision-
making methods selfishly select the best networks regardless 
of the influences from other concurrent VHO users.Therfore 
in this we study some VHO decision- making schemes for 
multiuser in section-II, Section-III gives some idea about the 
Reference scheme and a brief detail of proposed scheme is 
given in conclusion Section-IV. 
 

  II. GVHO Decision Schemes  
  
    There are three stages in a group vertical handoff process: 
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       Fig. 1 Three Phases of Group Vertical Handover[3] 
 
A. Handover Information Gathering 

It collects all the contextual information required to apply 
handover policies stored in Handover Policies Repository, 
through monitoring and measurements. It is responsible 
to keep the repository up to date [3]. Some of contextual 
information or decision criteria are as follows: 

• Network-related: Network-related parameters such as 
traffic, available bandwidth, network latency and 
congestion may need to be considered for effective 
network usage. Use of network information in the 
choice to handoff can also be useful for load 
balancing across different networks, possibly 
relieving congestion in certain systems. 

• Terminal-related: It includes dynamic factors such as 
velocity, moving pattern, moving histories, and 
battery power and location information. 

• Service-related: It includes QOS, service capabilities 
etc. different types of services require various 
combinations of reliability, latency, and data rate. 

• User- related: It includes user profile, use 
preferences and user satisfaction. User preference can  
be used to cater to special requests for one type of 
 

of system over another [4]. 

These criteria can be classified into Static and Dynamic 
depending on the frequency and causes of changes. Typically 
static criteria are user profile and the cost of the different 
access networks. Cost is always major consideration to users, 
as different networks may employ different billing strategies 
that may affect the user’s choice of handoff. Whereas the 
MT’s velocity and RSS are typically dynamic criteria. 
 
B. Handover Decision 

It is used to determine whether and how to perform the 
handover by selecting the most suitable access network 
(taking into account some criteria such as user 
preferences). 

 
(1)  Handover Policies Repository 

This repository stores a set of policies expressing 
decision rules that govern the choices in the whole 
process. These policies can be user (based on user 
preferences), corporate (such as enterprise 
specifications) or network (based on network 
operator rules) policies [3]. Some of the decision 
policies for multiuser defined is given below: 

 
� Decision schemes for multiuser: In the Group 
Vertical handover (GVHO) scenario, many mobile 
terminals (MTs) send handover requests almost at the 
same time. The traditional vertical handover (VHO) 
schemes assume that the VHO user is coming one by 
one, so the current user knows the decision results of 
previous users, then the optimal result can be 
obtained. In GVHO scenario, multiple VHO 
decisions need to be made simultaneously, if the 
traditional VHO scheme was applied in this scenario, 
it may lead to system performance degradation or 
network congestion; because the decision-making 
MT does not know the results of other concurrent 
VHO users, so it may selfishly select the best 
networks just like in common VHO scenario [6]. 
There may be many different decision criteria for 
GVHO such as available bandwidth, expected QoS, 
or battery consumption. The type of service (voice or 
data) is a determinant factor for choosing the most 
suitable criterion for GVHO decision. Decisions 
made without network analysis and without 
considering the MNs in the neighbourhood may 
bring disastrous performance results. Wrong 
handover decisions may cause MNs to choose the 
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same PoA, overloading it, or to choose an inadequate 
network for the application in use. The main 
handover decision approaches found in GVHO 
research include: 

i.) Centralized entities - A relay station handles      
GVHO management, removing Complexity from 
MNs. This approach also reduces the uncertainty 
level and ensures better performance than 
decentralized approaches [2]. But in the real vehicle 
communication environment, the mobile relay station 
may not exist and cannot be used in group handover 
[1]. 
 

ii.)  Distributed algorithms - The decision Algorithm 
makes use of well-known parallelism and 
synchronization techniques. Distributed algorithms 
are usually simple to understand. However, they are 
not built to adapt themselves to new scenarios. 
 

iii.)  Random delays - MNs attempt to handover after a 
random delay. This procedure minimizes 
simultaneous handover attempts and is considered a 
subtype of the distributed algorithm approach. 
 

iv.) Reinforcement learning - It employs Artificial 
Intelligence (AI) techniques to make MNs learn 
about their surrounding environment as they make 
handover attempts. This approach does not require 
message exchange among users. However, learning 
algorithms can cause performance issues. 

 
   v.)       Game theory- This approach maps handover 

Scenarios in cooperative or non-cooperative games in 
which MNs are players interested in getting the best 
payoff as possible. The payoff may be a larger 
bandwidth, energy saving, or better security. Nash 
equilibrium is the desired stable state in which all 
MNs do not have any more strategies to obtain better 
payoffs. The main advantage of this approach is the 
almost perfect match between a GVHO scenario and 
the Game Theory competitive models. On the other 
hand, it is not always possible to model additional 
parameter. 

.  
vi.) Mathematical optimization problems – Mathematical  

Equations are used to describe the handover decision 
under predetermined conditions. Then, the problem is 
solved by finding the ideal value for the equation 

variables. This approach requires a more complex 
modelling and is more flexible than Game Theory-
based models. 
     For any GVHO approach, the MN or the serving     
PoA may determine if it is possible to request 
handover in a certain time, or if it is preferable to 
postpone it, given the network conditions. Policies 
for handover attempts can influence handover 
performance, for better or for worse, depending upon 
the adopted solution [1]. 

 
(2) Handover Initiation 

It decides if a handover is needed at this point of time 
or not (the appropriate moment to initiate the 
handover). 

 
(3) Network Selection 

It chooses the best target access network. Three steps 
have to be performed before the network selection 
process itself: 

• Criteria Scoring in which the importance of each 
decision criteria is evaluated according to user 
preferences.       

• Network Scoring in which the available networks 
are evaluated and compared for each handover 
decision criteria. 

• Decision Making in which the best access 
network of all available networks is chosen 
according to network scoring [3]. 

 
C.    Handover Execution  

 
Networks and MNs exchange control messages to make 
channel switching. This phase should minimize service 
interruption in order to appear imperceptible to the user.  
          Among the handover phases of discovery, 
decision and execution, the decision phase interests us 
the most. The decision process may impact the GVHO 
overall performance, not only the decision algorithm 
itself, but the policy for GVHO attempts [2]. 

 

III. Reference GVHO Scheme  
 

        The Reference scheme [5] is based on optimal network 
selection. In this network is discovered by measuring error 
vector magnitude (EVM) which can be mobile controlled or 
network controlled. In the conventional GVHO scenarios, the 
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VHO schemes for single user may lead to system performance 
degradation such as inefficient resource utilization, larger 
transmission delay and low network availability rate, because 
those schemes make decision for current user without the 
knowledge of other user’s decision, in a non-cooperative 
manner. Therefore GVHO users selfishly select the network 
but ignore the influences from other concurrent VHO users. 
As a result, most users select same target network and 
degrades the performance due to network congestion. 
  
�     EVM 

 
Error Vector Magnitude (EVM) is defined as the Error in 
modulation due to impairments in any wireless system 
[8]. EVM measurement can be done before and after 
demodulator section of the wireless system. From the 
measured value of EVM SINR can be estimated reliably 
which reduces the system complexity by eliminating the 
need for modules that are required to separately estimate 
the SINR.   

 
� EVM-SINR Relation 

 
Proposed model considers square QAM signals (i.e., with 
even number of bits per symbol such as Quadrature Phase 
Shift Keying (QPSK), 16-Quadrature Amplitude 
Modulation (QAM), 64-QAM, etc.). EVM for QAM 
signals defined as[9], 

 
 

EVM(QAM) 
=

 
 
 
 
 
 
        1st Part                   2nd Part  
 
 
1st Part: 
  

                               EVM=1/SINR  
represents Ideal EVM when no errors are introduced to the 
symbol detection. 
  
2nd Part: 
 
                Exponential Function +Error Function    
represents the reduction in measured EVM due to detection  
error. 
 
� Use of EVM in this Model 

 
 In this model EVM is used to obtain the network cost 
and it eliminates the need to compute BER/Delay/Jitter 
simultaneously. These models are difficult to realize 
because the measurement and acknowledgements of these 
QoS metrics across a HetNet radically increases the 
overheads, computational time and overall VHO latency 
including network congestion. RSSI is the principle 
trigger to initiate VHO process based on which final 
network selection is made. A poor RSSI/SINR may lead 
to a wrong selection. Considering these critical aspects, 
EVM proves to be a better QoS metric. In [5] three 
schemes are proposed: 

 
a)   VHO- I Procedure (MC-Selfish)- 

  
MN just selfishly selects the “best” network regardless of 
the influences from other concurrent handover MNs. This 
procedure is selfish or non-cooperative as it doesn’t wait 
for AN’s load status. VHO-I procedure completes without 
considering bandwidth requirements and based on EVM 
measurement only, MN sends request to AN target. After 
measuring EVMs from neighbouring ANs this algorithm 
separates these simultaneous arrived VHO requests in 
time sequence[10] . The different time windows are 
defined for RT and NRT services respectively due to the 
various service characteristics. 

 
b) VHO- II Procedure(MC- Probabilistic Non-  

cooperative approach) – 
 

The second proposed algorithm distributes concurrent 
VHO requests into available networks according to the 
predefined probability distribution. In second phase the 
bandwidth is gathered from neighbouring ANs, retaining 
the earlier measured EVM. Considering both the 
parameters, network selection is made for VHO. During 
this phase, MN completely exploits the merits of EVM, 
bandwidth and ubiquitous heterogeneity but the entire 
process is still non-cooperative. Due to the non-
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cooperative approach the overall HetNet performance 
degrades. 
 
c)   VHO- III Procedure((NAMC Cooperative Approach)-  

 
In VHO- III Procedure the selected target AN is requested 
for VHO and AN finally allocate available resource block 
units (Time slot/ bandwidth etc.) and updates its resource. 
Finally, MN performs VHO and VHO Process completes. 

 
After Performance analysis it results that VHO- III procedure 
performs better than other two procedures because: 
 
i.  Packet Loss Rate: NAMC proposed model gives 

relatively low PLR as compared to other models as 
number of VHO requests increases. 

ii.  Availability Rate: NAMC outperforms other two 
schemes in terms of higher availability rate which is the 
probability that a MN will sucked in availing the 
resource blocks(RBs) from candidate AN. Due to 
ubiquitous heterogeneity the probability of successful 
guaranteed VHO increases. 

iii.  Transmission Delay: Delay is less by 50% &70% to the 
other schemes. 

iv. Resource utility: NAMC being cooperative has 
sufficient RBs to cater simultaneous VHO requests. 
Utility is gradually and optimally utilized with the 
increase in VHO requests.   

    Although by using this scheme all these parameters are 
improved but it increases complexity of MN due to use of 
NAMC VHO Procedure. So we can use Centralized Scheme 
which can reduce the complexity of MN and can analyse these 
parameters.   
 

IV. Conclusion 
 
In Future the Centralized entities scheme can be applied for 
VANET to WLAN GVHO by using any government vehicle i.e 
Police jeep, Ambulance etc. as mobile relay station that can be 
analysed by given parameters. 
 

Reference 
 

[1] Guoxia Zhangand and Fuqiang Liu,“ Optimization 
Network Selection for Group Handover in Heterogeneous 
Vehicular network”,January(2012).   

[2] Nivia cruz Quenta and Paulo Andreda Goncalves,“A 
Policy for Group Vertical Handover 
attempts”,Iaria,ISBN:978-161208-318-6,(2014). 

[3] M.  Kassar,  B.  Kervella  and  G.  Pujolle, “An Overview  
of  Vertical  Handover  Decision  Strategies in 
Heterogeneous Wireless networks”, Computer 
Communication, pp. 2607-2620, (2008). 

[4] Janise Mcnair,“Vertical handoffs in fourth-generation 
multi network environments”, Wireless Communications, 
IEEE 11.3 (2004): 8-15. 

[5] Rajender Kumar et. al. , “Enhanced Availability Rate and 
Load Balance in Emerging Heterogeneous Wireless 
Network Using Proactive Group Vertical Handover 
Algorithm”, International Journal of Future Generation 
Communication and Networking ,Vol. 6, No. 1, February, 
2013. 

[6] Sun Lei,Tian Hui and Hu Zheng ,“ Group Vertical 
Handover in Heterogeneous Radio Access 
Networks”,IEEE(2010). 

[7] W. Lee and D. Cho, “Enhanced Group Handover Scheme 
in Multi-Access Networks,” IEEE Transactions on 
Vehicular Technology, vol. 60, no. 5, 2011, pp. 2389–
2395. 

[8] K. M. Gharaibeh, K. G. Gard and M. B. Steer, “Accurate 
estimation of digital comm. system metrics-SINR, EVM 
and rho in a nonlinear amplifier environment”, IEEE 
Transaction on Communication, (2005), pp. 734-739. 

[9] R. A. Shafik, M. S. Rahman, A. R. Islam and N. S. Ashraf, 
“On the Error Vector Magnitude as a performance metric 
and comparative analysis”, International Conference on 
Emerging Technologies (ICET), (2006), pp. 27–31. 

[10] X. Cai and F. Liu, “Network selection for group 
handover in multi-access networks”, in Proceedings of 
IEEE ICC, (2008), pp. 2164– 2168.    


