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ABSTRACT

In mobile broadcasting networks, handover is an important issue to support scamless mobility. DVB-H(Digital Video Broadcasting for
Handheld) standard was developed to enhance mobile features for DVB-T(Digital Video Broadcasting -Terrestrial) standard. This paper
proposes new approaches for improving handover performance in the DVB-H networks. The proposed handover schemes are targeted to two
different DVB-H receivers: One is for the receivers equipped with GPS devices. The other is for ones without GPS support. The first handover
approach modities the cell description table (CDT) proposed in the literature [1]. The second proposes a novel estimation technique of
predefined handover region based on a new handover map table (HMT). This new handover approach estimates a predefined handover region
with the measured RSSI(Received Signal Strength Indication) signal patterns. Using proposed handover algorithm, we can reduce time and
power consumption. Through the computer simulations, we evaluate the performance of handover algorithm.
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I. Introduction

DVB-H is a standard built on DVB-T to enhance mobile
features. In the mobile reception of services such as Mobile
Phone TV, a seamless mobility is mandatory for enabling an
uninterrupted service experience. Even though mobile
reception of DVB-T transmissions has been shown possible,
it leaves the special problems of handheld reception.
DVB-H enables more robust reception and the use of the
time-slicing technique. Time-slicing is a kind of time
division multiplexing that was first introduced as a way to
achieve power saving, later its use of for loss-free handover
was discussed in[2]. It is an efficient solution to both of these
problems, making DVB-H a viable technology for handheld
reception of multimedia service broadcast.

Handover in DVB-H is rather different from handover in
cellular telecom-communications systems. This is mainly
due to the unidirectional nature of DVB-H networks and the
difference in the physical medium. Unlike DVB-T, DVB-H
transmits data streams using a burst mode called time slicing
instead of a continuous mode. Depending on the
transmission bit rate, the o® time in the transmission stream
can vary. The DVB-H receiver can use the off time to
synchronize and initialize soft handover when it moves from
one cell to another.

Handover in DVB-H consists of three stages: the
handover measurement process, the handover decision
process and the handover execution process [2][3]1[6].An
instantaneous RSSI(Received Signal Strength Indication)
value based handover scheme was proposed in [2]. This is
the earliest publicly available handover algorithm for
DVB-H. The paper presented a soft handover algorithm for
DVB-T/H networks. In the literature [3], they investigated
and proposed many handover decision-making algorithms.
Finally, they suggested a hybrid method without
measurement of RSSI. But, the hybrid method has much
difficulty in real implementation compared to the RSSI
value based handover scheme[2].

The signaling of cell coverage area information [4] can be
used to improve handover performance for DVB-H receivers
equipped with a GPS receiver. The method for signaling cell

coverage areas by means of bitmap data was proposed in the
literature [1]. This paper proposed a new feature for DVB-H,
a new method for signaling cell coverage area, thus
improving performance for loss-free handovers. But, the
proposed method is targeted at DVB-H handhelds that have
GPS receivers. Even though the method can increase the
handover performance, that can not be used without GPS
receivers. Furthermore, we should consider the power
consumption of GPS receiver. Therefore, this paper proposes
two different handover approaches: One scheme is for the
receivers equipped with GPS devices. The other is targeted
to those that don’t have GPS receivers. As with the DVB
standard method, the proposed solutions aim at improving
handover performance in DVB-H receivers. A new addition -
Handover Map Table (HMT) - is proposed for the set of
PSISI tables in DVB-H, similarly for the CDT(cell
description table) in the paper [1]. The principle for the
proposed approaches is given. Moreover, the advantages and
disadvantages of the proposed methods are discussed with
some simulation results. Finally, conclusions are drawn.

II. Location based handover using GPS

When the DVB-H receiver notices that the currently
received signal is fading and a handover must be performed,
there are three things to consider [6]: How to determine
signals carrying wanted services, how to limit the number of
tested frequencies, and how to verify that the tuned signal
really is suitable. The naive method is to go through every
possible frequency, trying to tune and if a tuning lock is
achieved, checking PAT to find out if the signal is carrying
the same transport stream as the current signal. Another
simple, but more flexible, method is to go through the
signals as previously, but checking the PAT for the
service-ids of the currently received services. However,
these methods are highly inefficient, consuming a great
amount of time on known-bad sigpals.

The set of tested signals can be reduced to nearby cells by
examining the geographical dimensions of cells retrieved
from terrestrial delivery descriptors in NIT, and only testing
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the cells that have adjacent locations to the current one.
Further reduction can be achieved if the receiver is equipped
with a GPS device, in which case only cells overlapping the
current receiver position can be tested.

Signaling of four different signal levels, as illustrated in
Fig. 1(a), can be provided in the CDT(Cell Description
Table) proposed in the literature [1]. Fig. 1{a) shows a
simulation data which was evaluated in the literature [1] for
one DVB-H cell coverage area from the Helsinki. It was
based on estimates of the signal propagation affected by the
different terrain shapes and obstacles. The rectangle
enclosing the cell coverage area is in accordance with the
DVB specifications and has dimensions of 25 km x 15 km.
The simulated signal levels vary from ’no signal’ to
“excellent’. Different shades of grey were used to indicate
four different signal levels.

1 No signat (85%) [ Poor (9%
Intermediate{14%) [l Excelient (11%)
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Fig.1 (@) Simultation of four signal levels within a DVB-TH
cell coverage arealt], (b} A concept of predefined handover
regions and handover frequencies in the modified CDT.
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As Fig. 1(a) illustrates, the majority (65 %) of the cell
coverage area has no sigpal, resulting in gratuitous signal
strength measurement, which increase power consumption.
The signal level can be detected with a CDT receiver
without measuring the signal strength. Therefore, the
DVB-H receivers equipped with a GPS receiver can
determine the handover moment based on the CDT.
However, the DVB-H receiver can not directly determine
the handover frequency, because the current CDT table
doesn’t have the handover frequency information in the
handover candidate regions (for example, no signal or poor
signal regions in the Fig. 1{a)).

Even though the previous handover scheme [1] based on
CDT can determine the handover decision moment without
measuring the instantaneous RSSI value, and can reduce the
testing signal frequencies aided by the GPS device, there are
still three things to consider: How to determine signals
carrying wanted services, how to limit the number of tested
frequencies, and how to verify that the tuned signal really is
suitable. Furthermore, in the current method, there are no
means for indicating handover frequencies within the
different areas of the cell coverage area.

As illustrated in Fig. 1(b), if we include some predefined
handover regions and the relevant handover frequencies of
the specific handover regions in the current CDT, especially
the handover map information, we don’t have to consider the
three questions any more: How to determine signals carrying
wanted services and how to limit the number of tested
frequencies, and how to verify that the tuned signal really is
suitable. We can determine an exact handover frequency
based on the modified CDT, directly when the DVB-H
receiver moves into the predefined handover regions with
the help of a GPS receiver.

Fig. 1(b) illustrates an example of the predefined
handover regions and the predetermined relevant handover
frequencies of the handover regions. The other cells in the
DVB-H networks also have their own predetermined
handover regions and their own predetermined handover
frequencies. The handover information(predetermined
handover tegions and frequencies) for each cell are
predefined and signaled to the receivers. Then, when the
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receiver is on the move in the handover regions, eliminating
the needless searching for a handover frequency, this
modified CDT-based handover scheme can choose directly
a predetermined handover frequency without consuming a
great of time and power.

. : Predefined handover region at a corgunction
of three cells .
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Fig. 2 (a) Handover decision at a conjunction of
three cells in different networks, (b} The bitmap
mapping principle for the handover region and the
relevant handover freguencies.
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Fig. 2 illustrates an example of the handover decision and
measurement when the receiver is located at the conjunction
of three cells in three different networks. The receiver is
moving away from a cell fl in network I to a cell {7 in
network III across the conjunction of three cells. And, let’s
assume that the cell f5 of network II does not provide the
current receiving service of f1 and the cell £7 of network HI
provides the same DVB-H service of network 1. If the
decision was made only on the basis of signal strength and
even the current CDT, it would be obvious that the receiver

would lock and synchronize to the cell f5 frequency in
network I, since it may have agood signal strength and is a
neighbor cell. And, even according to the current CDT, it
would favor the selection cell £5 of network II because the
current CDT only describes the actual signal strength level
without handover information for the handover candidate
regions.

If the current CDT of the cell fl includes handover
frequency {7 at the conjunction of three cells, the handover
frequency will be directly 7 instead of 5. And, if the current
CDT of cell £7 includes handover frequency information f1
at the same position, when the receiver is moving away from
the cell {7 of network IH to the cell f1 of network I, then, the
handover frequency will be directly determined into f1
instead of f5.

When a handover is done to follow IP services using INT,
the simple method for IP services would require the
reception of NIT and INT on every signal. This would be
unacceptably slow, consuming up to 40 seconds on bad
signals. Even though we know the exact handover frequency
without searching for a good handover candidate frequency,
it will usually consume up to 8 seconds. Therefore, in case of
the DVB-H receiver equipped with a GPS receiver, the
current CDT will be very useful to find a good bandover
frequency comparing to the conventional handover method
based on the instantaneous RSSI value. And, if the current
CDT additionally includes the handover information,
namely the handover map information (handover region and
the relevant handover frequency), the handover performance
will be more increased. Fig. 2(b) illustrates a modified CDT
which includes handover bitmap information instead of
signal level. The handover bitmap information is related to
the HMT (Handover Map Table) which will be described in
next section.

In case of the DVB-H receiver not equipped with a GPS
receiver, how can we ufilize the good benefits of the
modified CDT information in the handover situation? We
will propose a novel approach in order to estimate the
predefined handover region based on simple RSSI signal
patterns in the next section. For this purpose, we will
propose a new HMT (Handover Map Table).

1259



G YA R ENEGH =EA 4129 AT

. HMT based handover scheme

In the previous section, the proposed method can not be
used without GPS device because the receiver cannot know
the current receiver’s location. If there is a proper location

estimation technique, espécially if we have a good method to.

estimate the predetermined handover region without GPS,
the proposed handover scheme can still be used.

Table 1 shows an example of HMT (handover map table)
which is consist of handover bitmap value, handover
frequency and the RSSI patterns in each predefined
handover region. Fig. 3 illustrates an example of the
predefined handover regions at cell borders. We assume that
the maximum radius of the cell is 20 km and a maximum
transmitter power is assumed 800 watt, The RSSI value can
be modelled as followings [7]:

RSSI = F,~[10nlog,,(d)+ L, + &) 4B )

L= 2010g|0(47”} )

where £ means a transmitted power and ¢ is the
lognormal fading effect with Gaussian distribution, the
standard deviation 8.3 dB, and d is the distance between
transmitting and receiving antennas in meters. The value of
n intrinsically embeds the effects of all propagation

mechanisms: attenuation, diffraction, reflection, ete. Lo is
the attenuation at Im in free space and Ais the wavelength
in meters.

Table 1 An example of HMT,

E 1. HMTE| of
Bitmap Handover RSSI Pattern {(dB) =
Value frequency [fOf1 12 f3 f4 {5 f6 7]
0 No No
1 f1 [al bl cldlel fl gi}
2 2 [a2 b2 c2 d2 €2 £2 g2
3 3 [a3 b3 c3d3e3 3 3]
4 4 - [ad4 b4 c4 d4 e4 14 g4]
5 3 [a5 b5 c5 d5 5 £5 g5
6 6 [a6 b6 c6 d6 6 {6 g6]
7 1 [a7 b7 c7d7 7 £7 g7}

Using the RSSI model equation (1), Fig. 4 (a) shows the
RSSI patterns at the predefined handover regions. The RSSI
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values are the averages of 100 instantaneous ones. In the
handover region 1, the RSSI signal values of the f1 and the
f2 frequencies are larger than those of other frequencies.
Even though the real instantaneous RSSI values are much
fluctuated due to various environmental effects, the RSSI
pattern values represent the reference RSSI values in each
region and can be considered distinctive features in order to
estimate a specific handover region. Even though we use the
simulated signal values in this paper, the real measured RSSI
values should be utilized in real applications. The HMT
tables will be designed in the same way for all the different
cells with the real measured data in each predefined
handover region,

4D : predefined handover region

Fig. 3 Predefined handover regions at cell borders.
T8 3 4 dAHoAMe pjg| MYE HEHPY

If a DVB-H receiver doesn’t have a GPS device, we need
to estimate which handover region the receiver is moving
into after the handover decision making. We will propose a
proper estimation technique based on the RSSI signal
pattern and the HMT. We will use a simple RMSE (Root
Mean Square Etror) criterion to determine an exact
handover region, k*, as followings:

[Handover region k'}=arg Min, RMSE, 3)

RMSE, = \/(RSS . —RSSI,) +---+(RSSI,—RSSI, @

where RSSI,,---,RSSI; means the reference RSSI

values stored in the HMT, and RSS5/,,---, RSSI; denotes the
instantaneous RSSI values at a test position.
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Fig. 4 (b) illustrates various test positions at the handover
tegion 1. The test positions of A, B, C and D are within a
radius of 1 km at the reference point of the handover region
1. And the test positions of E, F, G, H are within a radius of 2
km. After 5, 10 and 15-times signal scanning and testing, we
can determine the final handover region using the RMSE
criterion in equation (3) and (4). At each test point, we tested
100 times and evaluated the success rate of the exact
handover region. The simulation results are shown in Fig. 5
and Fig. 6. As illustrated in the simulation results, the
proposed scheme for handover region estimation based on
the RSSI reference signal pattern can be very effective when
the DVB-H receiver doesn’t have a GPS device.

IV. Conclusions and discussion

This paper addressed an improved CDT in the definition
and signaling for better handover performance. The
improved CDT includes the exact handover frequencies in
the predefined handover regions for the whole cell coverage
area, such as handover map information table. Therefore, the
DVB-H receiver equipped with a GPS device can switch off
an exact handover frequency when the receiver is moving
into the handover region without time and power consuming.
And, this paper also proposed a novel approach to estimate a
specific handover region. The proposed estimation of
specific handover region is based on the HMT and RSSI
signal pattern on each handover region. The HMT includes
the handover bitmap value, the handover frequency and the
RSSI reference patterns in each predefined handover region.
We used a simple RMSE criterion in order to determine the
exact handover region. The simulation results illustrate good

success rate up to 95% if we estimate the handover region by
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testing more than 10-time scanning. If we assume that the
signal strength can be measured in 20ms without the need to
synchronize, the total frequency scanning time will be 1.4
sec approximately for measuring the RSSI values of the
7-frequency. The required time for handover region
estimation is usually less than one off-burst time in the
DVB-H time-slicing mode. According to [2], the typical off
burst time is about 3 seconds. Therefore, we can deduce that
the proposed handover region estimation will consume very
little power in the handover process. But, we need to

elaborate good HMT tables for each cell in every network.
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