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Abstract - This paper enquires an approach of location aided
handover for next generation system integration. For the fu-
ture only the combination of heterogeneous networks can ful-
fill the expectations of customers in the sense of ubiquity and
bandwidth. Therefore, sophisticated handover and interwork-
ing strategies are necessary. In our approach a new entity,
called Hybrid Information System (HIS), gathers status infor-
mation, like C/I values or free medium capacity, of all asso-
ciated networks. Thus, a terminal willing to handover has no
need to scan the other systems but can simply requests the
information from the HIS.

To be always connected to the best network regarding the
user requirements and to maximize the overall performance
it is important to find efficient handover algorithms. In this
paper we introduce a simulative investigation of the efficiency
of a HIS enabled system compared to a legacy solution with
direct scanning of potential destination networks.
Keywords - Location Aided Handover, System Integration,
Hybrid Information System

I. I NTRODUCTION

The emerging of different wireless communication stan-
dards like 802.11 and UMTS made people expectant of a
ubiquity combined with high data rate Internet access which
cannot be performed by one single system. While Wireless
Local Area Networks (WLANs) can offer throughputs com-
parable to those in wired systems, cellular mobile radio net-
works provide the expected omnipresence.

To exploit the complementary system capabilities termi-
nals must make use of both networks. But at the end only
a tight interworking and a sophisticated handover mechanism
can yield a convenient heterogeneous system.

The handover of ongoing connections between different
networks, referred to as vertical handover, implies some ba-
sic knowledge about the destination system. Contrary to a
horizontal handover, where switching of links is performed
between neighboring stations of the same network, the gath-
ering of information from a different network is not easily
achievable holding the own connection. In Section II the Hy-
brid Information System (HIS) for vertical handover support
is introduced. The evaluation of the interworking approach
is carried out in a simulator which is presented in Section III
together with the scenario setup. The achieved results and
their relevance in a comparison to legacy concepts is given in

the subsequent Section. Finally, the paper is completed by a
summary and a conclusion in Section V.

II. I NTERWORKING BY HYBRID INFORMATION SYSTEM

To highlight the benefits and potentials of the HIS it is use-
ful to take a look at legacy approaches in this field. Current
concepts follow the strategy that the terminal surveys the en-
vironment for other reachable networks. Thus, it continu-
ously tries to detect e.g. beacons of UMTS cells or 802.11
signals. If two or more systems are available a handover to
the most promising one would be suitable. Therefore, all pos-
sible links need to be assessed and compared. This requires
direct scanning of the signal strength or the interference level
in the corresponding frequency band.

For a terminal with limited resources with respect to com-
plexity, size and power capability this comes up with vari-
ous problems and could have an impact on the system per-
formance itself. Only equipped with one transceiver the de-
vice has to hold simultaneously the ongoing connection while
scanning the air for other wireless networks. In systems like
802.11 [7] or HiperLan2 [1] the protocol provides idle gaps
between transmitting phases which can be used to perform
scanning procedures.

But this only applies for techniques with non-continuous
links. TDD or TDMA systems can employ the uplink slots
or the periods when other terminals are served. However, a
problem occurs if the medium capacity is shared by means of
FDD like in W-CDMA. To avoid the employment of a sec-
ond receiver the standard offers the Compressed Mode (CM)
technique [3] [5]. By compressing the data stream before and
after an idle period it can reach the same throughput as in
an equally distributed stream. Nevertheless, the compression
comes along with an increase in transmission power due to
the higher C/I requirements. Studies [2] [4] has shown that
this leads to an increased global interference level within the
cell. As UMTS-FDD is an interference limited radio system
this has a direct impact on the overall network performance.
However, the installation of a second receiver for intersys-
tem scanning features the drawback of additional hardware
design effort and development costs as well as raising power
consumption. The latter leads to a shorter battery time and
thus to a reduced stand-by time.

To preserve terminals from the function of direct informa-
tion gathering and all the resulting problems we propose an



approach where such data is provided through the backbone
by foreign participants. In every associated network all termi-
nals collect performance relevant information of their home
system and forward this to the HIS. Here the data is prepro-
cessed and stored so that now every user can get access to
the status of the other networks by querying the HIS. This in-
band signaling has only minor effects on the overall perfor-
mance of a network contrary to the direct scanning method.
Furthermore, the collection of data can base on regular proto-
col messages like power control reports. Hence, the HIS can
provide an internal representation like a map of the system
status of every involved network and provide it to possible
handover candidates. But therefore it is necessary to estimate
the position of every terminal, on the one hand to establish
the map and on the other hand to request the exact datagram
within the database of the HIS.

This localization can be performed by the user equipment
itself, by one or more base stations, or by an additional GPS
receiver. It strongly depends on the supported network and
the construction of future terminals. An overview about lo-
calization techniques and the currently achievable accuracy
levels is given in [6].

If a user moves through a city with patchy WLAN access
and full GSM/UMTS coverage a seamless interchange be-
tween both networks can be expected. For sophisticated han-
dover managers it is important to choose the network with
the best performance for the customer as soon it comes into
range. Usually, this implies that the terminal periodically tries
to detect other RANs. Hence, the algorithm strongly depends
on the taken period. The higher the interval the later a new
system is detected.

In our approach the terminal only needs to request the re-
quired data from the HIS, which can be undertaken more fre-
quently due to the ongoing connection between terminal and
backbone. If the localization is network based or executed by
an additional GPS receiver the terminal is shielded from this
burden and does not affect the overall system performance.

III. VHO SCENARIO

A scenario is inquired with two wireless networks, which
have different supported data rates and ranges of coverage.
The first one (A) could offer full coverage and inherently
small data rates as known from cellular systems. A typcial
candidate air-interface could be GSM or UMTS. Contrary
to that the other one (B) provides high bandwidth but only
within a small area at the center of our scenario. The latter
could be a WLAN.

During the life-time of an active session a mobile user tran-
sits the scenario from the left to the right. Starting in network
A the terminal is associated to AP1 (collocated with AP2).
After coming into range of AP2 a downward vertical han-
dover (VHO) takes place. After passing the inner network
and the following upward VHO the terminal remains in the
overlaying system (cf. Figure 1). Hence, it never leaves the
coverage zone of the combined network according to future
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Fig. 1. Simulation Scenario for VHO

UMTS/WLAN scenarios where the gaps between hot-spots
are bridged by the cellular system.

Important in such a scenario is to find this optimal position
for the upward as well as the downward VHO. In the latter
case it is necessary to detect the alternative system as soon
as possible to benefit from the much higher bandwidth. For
the upward VHO the handover decision strongly depends on
the supported and ongoing services. For real-time traffic and
bi-directional connections like video-conferences an almost
seamless interchange between RANs is necessary. This re-
quires establishing a new connection to the destination before
the existing one breaks down. Contrary to that unidirectional
links for data downloads or even Web surfing can tolerate
short service interruptions. This implies that the handover de-
cision for the upward VHO can be implemented quite easily.
As long as possible the connection to AP2 is used and after a
certain number of failed transmissions the link is detected as
broken and a new connection to the overlaying network is set
up. In the seamless case the terminal would miss the time be-
fore the expected breakdown in the inner cell due to the early
interchange but on the other side gains the period which needs
the protocol to detect the broken link.

In our evaluation we focus on the interruptive case where
the traffic is not delay sensitive in means of a few seconds. As
the upward VHO can be triggered by the connection break-
down to AP2, it is necessary to optimize the downward han-
dover for maximizing the reached dwell time and therefore
the amount of transferred data.

For the operation of a HIS enabled system it is necessary
that, within a training phase, a database of network informa-
tion is established. Relevant for an 802.11 WLAN terminal
are the received transmission power, which corresponds to the
achievable PHY mode and furthermore to the appointed data
rate, and the degree of utilization of the channel. The more
the channel is detected as idle the more transmission opportu-
nities occur fur terminals and access points. The combination
(”product”) of both, data rate and idle transmission time re-
sults in an expecting throughput. Therefore, every terminal
reports the detected reception power, the fraction the chan-



nel was busy within a certain interval, and its actual position
(if this is not already known by the AP) back to the access
point where it is forwarded to the HIS. After an initial phase
the HIS contains then an overview about the probable link
condition at every position. Depending on the punctuality of
datasets different averaging algorithms need to be employed.
For pathloss constraint values a rather long term treatment is
suitable while the utilization can rapidly vary in time which
requires short-term averaging.

Hence a terminal, which needs information about other
available networks can directly access the HIS through its
own access point for this purpose. By estimating its position
the HIS can provide the existence and the expectant perfor-
mance of neighboring RANs.

For the location-aided VHO scenario this means that the
approaching terminal at the beginning is associated to AP1.
It continuously inquires the HIS for other available networks.
A new request is only reasonable if the position has changed.
Therefore the interval of the localization has a major impact
on the suitability of the HIS enabled system. The longer the
last localization is in the past the farther a terminal has moved.
But it is also subject to the users velocity. Hence, a higher
velocity requires smaller localization intervals to achieve the
same exactness. If the terminal now comes into range of the
inner access point several factors influence the handover de-
cision. The first factor is the aforementioned localization pe-
riod. A long period combined with a fast moving user leads
to a handover far inside the cell, whereas short intervals can
determine the cell edge much more accurately. Secondary,
all these results are subject to the accuracy of the localization
method. If the position is estimated within the range of AP2
but the actual location is outside a handover takes place al-
though no connection can be established. On the other hand
the converse failure would suspend the handover at least for
one localization interval.

After the inner cell is traversed the terminal tries to hold
the connection to AP2 as long as possible. After is detects
the link as broken it automatically falls back to the overlaying
system where it remains until the end of the simulation.

IV. SIMULATION RESULTS

A. Simulation Environment and Parameters

The performance evaluation of the location-aided VHO has
been performed with an 802.11 WLAN protocol simulator,
which models the IEEE 802.11a specification [8]. To em-
ulate two independent systems with oppositional properties
in means of range and bandwidth the inner AP2 was con-
figured to support only the highest PHY mode with a max-
imal throughput of 54 Mbit/s while AP1 was fixed to the
QPSK mode with a 12Mbit/s transmission rate. The latter
comes close to the performance of an 802.11b [9] system (11
Mbit/s). Thus the investigated network contains a low-rate
WLAN access point for full scenario coverage and a high-
speed one only at the center of the cell. For a mobile terminal

this denotes a possible fallback solution regardless its position
combined with a hot-spot area desired for high performance
services. For the 64 QAM3/4 in the inner cell the minimum
sensitivity level of -65 dBm, out of the 802.11a extension,
results in a sharp edge for the coverage area. Therefore the
optimal points of handover only depend on the propagation
model and the transmission power.

In our simulations we varied the speed of the terminal be-
tween 3, 7, and 14 m/s and the localization interval between
0.1, 0.5, 1.0, 2.0, 3.0, 4.0, and 6.0 seconds. The failure in
position determination was assumed to be normal distributed
with an accuracy of 10m and a precision of 67%. This means
that 67% of the volume under the Gaussian distribution curve
is within a circle of 10 meters around the center, in our case
the exact position of the terminal.

The continous gathering of the HIS data base for other
available networks is emulated in the simulation environment
by a preliminary initialization with calculated values.

B. Performance Results for Handover Position

In Figure 2 the Cumulative Distribution Function (CDF) of
the distance between the first handover and the optimal han-
dover point out of 100 simulations is presented. The optimal
point is exactly on the edge of the coverage area of AP2. In
Figure 2 the lower axis is the base for our calculation. For
a velocity of 14 m/s each localization interval was inquired,
where the period increases from the left to the right. Important
to notice is that a lot of handovers take place even before cell
B is reached. These early handovers are caused by the inaccu-
racy in the position estimation The exact position is outside
cell B while it is estimated to be within. Also smaller in-
tervals result in more premature interchanges as simply more
positions are estimated per time interval and the probability
to calculate a position within the inner cell, although it is not
yet reached, simultaneously raises with the number of estima-
tions.

−20 −10 0 10 20 30 40 50 60 70 80 90
0

10

20

30

40

50

60

70

80

90

100

Distance D from optimal Handover Point [m]

C
um

ul
at

iv
e 

D
is

tri
bu

tio
n 

Fu
nc

tio
n 

[%
]

CDF of Error−Distance (V=14m/s, Accuracy=10m, Precision=67%)

I =0.1 s
I =0.5 s
I =1.0 s
I =2.0 s
I =3.0 s
I =4.0 s
I =6.0 s

early
handover 

late
handover 

Fig. 2. CDF of Handover Position

But contrary to that, the longer intervals lead to the fact
that the handover point is delayed (late handover) far into the



cell, especially for terminals with high velocity. For an inter-
val of 6.0s in some simulations even no handover takes place
as within none measurement the position was detected to be
inside cell B. It is indicated by the saturation of the CDF after
a distance of 80m.

C. Throughput Performance
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Fig. 3. Averaged Throughputs

To decide which effect, the early or the late handover, has
more impact on the system performance the averaged overall
throughput of every simulation parameter set is assessed. In
Figure 3 the average throughput depending on the localiza-
tion interval size is shown. The adjusted offered traffic was
approximately 15 Mbit/s which is more than the outer cell
can carry but less than data rate of AP2. The changing pa-
rameter for the three curves is the terminal velocity. The first
point to notice is that in no case more than 10.5 Mbit/s are
reached although even AP1 has a higher data rate. This is
due to the overhead in the 802.11protocol and its distributed
medium access procedure.

Since the throughput decrease with larger interval for all
velocities it is obvious that an early handover has less influ-
ence than a late one. This can be explained by the different
network performances. In the case of an early handover the
terminal falls back to cell A after the connection could not
be established. But the short interval has the advantage that
the user does not deeply penetrate cell B before the network
is detected. So the loss due to the interrupted link needs to
be compared with the gain of coming close to the optimal
handover point. As all graphs in Figure 3 are decreasing the
win in cell B overcomes the reduction because of failed han-
dovers. Also important is that the distance between the curves
increases with bigger localization periods. With higher veloc-
ity the terminal comes deep into the coverage area of AP2 be-
fore the handover takes place. Hence for fast moving vehicles
it is necessary to adjust the interval to this fact and reduce it
for higher velocity.
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Fig. 4. Realistic Comparison of System Performance

To get a realistic impression on the performance of the HIS-
enabled system it is necessary to compare it to legacy ap-
proaches with direct scanning of alternative systems. To emu-
late this technique in the simulator only some minor changes
are required. First of all an exact localization (accuracy =
0m) is used and the HIS database is initialized with precise
data computed out of the pathloss model and the transmission
power. Therefore every request in the database gives back the
same values as measured on the direct way. Instead of send-
ing data requests and reports through the channel now every
terminal has immediate access to the HIS, so that the delay
is avoided as well. In Figure 4 the simulation results of both
approaches are presented.

In the HIS-enabled system we assumed an accuracy of 10m
and a precision of 67%. This means that the distance between
estimated and exact position is smaller than 10m with a prob-
ability of 67%. For a direct scanning system localization has
no relevance. But as it means the frequency of investigating
other possible networks it corresponds to the scanning inter-
val. If both periods are equal the scanning approach always
outperforms the HIS system. But assuming that a scan of
the environment puts much more effort to a terminal then a
simple database inquiry it is reasonable to assume different
intervals. With a scanning interval which is twice as big as
the localization interval the HIS system can achieve better re-
sults. For the one second and two second pair the advantage is
just 0.03 Mbit/s, but for 2s/4s it increase to 0.1 Mbit/s. Hence
besides the other aforementioned drawbacks of scanning ap-
proaches only high scanning frequencies can guarantee better
performance than the HIS-enabled system.

V. SUMMARY AND CONCLUSIONS

Within this paper a new approach for the handover support
between heterogeneous networks is presented. Compared to
other methods where terminals are responsible for detecting
and assessing alternative systems here the information is pro-
vided by the Hybrid Information System (HIS). It is located



in the backbone and connected to all RANs so that it estab-
lishes a common connection point for the exchange of system
and link level information between the networks. This indi-
rect way of system monitoring, although entailing problems
and drawbacks, proved within the simulations as a promising
alternative.

The simulation results have shown that the HIS-enabled
system can outperform direct scanning approaches under cer-
tain circumstances. Especially for a combination of ubiqui-
tous cellular mobile radio access and a patchy wireless LAN
coverage the advantages of our solution could be pointed out.
Also, we differentiated between one and two directional com-
munication traffic and its impact on the handover decision and
the resulting performance. Although our approach is affected
by imprecise localization techniques it has only a minor in-
fluence on the overall throughput which can be further min-
imized if mobile terminals are equipped with very accurate
GPS receivers. Furthermore it would facilitate a velocity es-
timation and thus an adjustment of localization intervals as
well as prediction of user movements for a even more exact
handover decision.

Besides all shown advantages the HIS can be used for fur-
ther purposes like network management and position based
services. Also it is easily applicable for connecting more than
two kinds of wireless networks which in the direct scanning
case would burden the terminal with much more surveillance
work. Altogether one can conclude that the Hybrid Informa-
tion System is a most promising approach for the integration
of existing as well as future 4G networks.
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