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(57) ABSTRACT

In this invention, a novel vertical handover control algo-
rithm, consisting of a throughput-based mapping function,
QoS-based dynamic handover thresholds, and performance-
based trigger timers, are proposed to resolve uncommon
pilot problem, QoS requirements, and ping-pong effects,
respectively. An analytic model based on a finite state
machine is developed to evaluate the proposed algorithm in
terms of the handover frequency and achievable throughput.
A numerical analysis is also provided to further quantify the
performance impacts.
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VERTICAL HANDOVER CONTROL
ALGORITHM FOR WLAN AND UMTS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a vertical handover control
algorithm, especially a vertical handover control algorithm
for integrated WLAN and UMTS system, which consists of
a throughput-based mapping function, QoS-based dynamic
handover thresholds, and performance-based trigger timers
for improving the transmission throughput of non-real-time
services and substantially reducing the packet loss rate of the
real-time services by reducing the vertical handover fre-
quency.

2. Discussion of Related Art

The wireless local area network (WLAN) has been stan-
dardized in the TEEE 802.11. It is characterized by high-
speed transmission (up to 54 Mbps) and low deployment
cost. On the other hand, with higher deployment cost, the
third generation wireless system, Universal Mobile Tele-
communications System (UMTS), has the advantage of a
wider coverage but lower transmission rates (up to 384 kbps
outdoor and 2.3 Mbps indoor). The complementary charac-
teristics between the mobility and data rates of these two
systems make the integrated WLAN and UMTS system
essential to future wireless systems. To establish this new
heterogeneous wireless network while disregarding inner-
network resource management problems, the initial network
selection and the vertical handover control between net-
works are also critical. In vertical handover, there are three
design challenges: (1) no common pilot, (2) QoS support
between networks, and (3) ping-pong effect.

Several aspects of the vertical handover algorithms have
been investigated for solving those challenges. Due to the
lack of standard for vertical handover between UMTS and
WLAN systems, those studies and proposed schemes have
different considerations and principles for designing this
integrated system. That causes deficiency of complete and
exact methods suiting for the integrated systems; for
example, some may focus on the network layer design while
some may pay attention to physical study. Most important,
those studies usually consider the different characteristics
for UMTS and WLAN systems only and skip the QoS
control for achieving different applications’ requirements.

Referring to US Patent Publication No. 20040067754,
“System and Method for Supporting Quality of Service in
Vertical Handovers between Heterogeneous Networks”, a
system and a method have been disclosed to support vertical
handover between heterogeneous networks, which is char-
acterized by establishing handover paths to accommodate a
plurality of QoS properties. In this method, several block
units are utilized to make up the vertical handover proce-
dure, where each block handles the individual works; how-
ever, the relationship between each block are ignored, which
may cause the degradation of the QoS performance for
different requirements. Also, the frequency of the signal
transmission and the overhead may be higher due to the
numerous blocks and will degrade the real-time services
affected by the delay issues. Besides, this invention focuses
on the designs of the network layer (upper layer) but
regardless of the physical layer (RF condition, throughput
performance, mobile speed, etc).

US Patent Publication No. 20040076179, “Hybrid
UMTS/WLAN Telecommunication System”, has proposed
a system in which an interface or an inter-working unit
(IWU) is coupled to the radio network controller (RNC) of
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2

a 3GPP/UMTS-type system. In this design, however, the
controls consider only the load condition for WLAN system
but omit the QoS issues, and the procedure for making
decisions after RNC receiving the report from IWU is not
specified either. This application only provides a rough
concept and lacks substantial technical contents, which thus
1s difficult to implement.

“Policy-Enabled Handoffs Across Heterogeneous Wire-
less Networks” by Z. H. J. Wang, R. H. Katz, and J. Giese,
WMCSA, 1999, also describes a policy-enabled handoff
system which allows users to express policies on what is the
“best” wireless system at any moment, and make trade-offs
among network characteristics such as cost, performance
and power consumption. However, this invention only con-
siders the system characteristics without any services, and
the bandwidth measurements and quantifications are differ-
ent for different systems thus cannot be directly used as a
comparable value due to the heterogeneous network envi-
ronment.

So those desired algorithms cannot achieve the goal of the
integration (support users the higher QoS environment with
all kinds of services). This is the current defect for designing
the related schemes for this area.

SUMMARY OF THE INVENTION

Due to the deficiency of complete and exact method for
the integrated systems, a novel vertical handover control
algorithm for use in between the WLAN and UMTS systems
is proposed. In this invention, there are three major functions
included, which are:

A. Throughput-based mapping function—this function can
provide a comparable value based on the actual through-
put performance for making the handover decisions.

B. QoS-based dynamic handover thresholds—it adjusts the
handover trigger to suit for all kinds of the services, which
allows users to enjoy the best quality.

C. Performance-based trigger timer—it sets the length of
trigger timer to make the handover worthwhile even the
ping-pong effect occurs.

These and other features of the present invention will be
described in more detail below in the detailed description of
the invention and in conjunction with the following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example,
and not by way of limitation, in the figures of the accom-
panying drawings and in which like reference numerals refer
to similar elements and in which:

FIG. 1 shows the mapping relationship between the
throughput and effective SNR in WLAN system including
link adaptation according to present invention;

FIG. 2 shows the trigger time functionality for downlink
handover according to present invention; and

FIG. 3 shows the proposed vertical handover procedure.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention will now be described in detail with
reference to a few preferred embodiments thereof as illus-
trated in the accompanying drawings. In the following
description, numerous specific details are set forth in order
to provide a thorough understanding of the present inven-
tion. It will be apparent, however, to one skilled in the art,
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that the present invention may be practiced without some or
all of these specific details. In other instances, well known
process steps and/or structures have not been described in
detail in order to not unnecessarily obscure the present
invention.

This vertical handover algorithm is composed by three
related schemes and the functions of those schemes are
stated as follows:

A. Throughput-based mapping function

Referring to FIG. 1, based on a WLAN performance
curve, a mapping between the achievable rates from UMTS
and WLAN, R, and Ry, .., and the corresponding
effective SNR values, S; 5,75 and Sy; - can be identified. In
short, the original SNR measurements are first used to
estimate the achievable throughput. Through the mapping
module, the corresponding effective SNR, Sy, ., and
S s, are calculated based on a WLAN performance curve,
A dynamic vertical handover control algorithm can then be
derived based on the effective SNR.

Basically, the vertical handover is triggered when the
differences between the S;;; - and S, 75 values exceed or
drop below a threshold, H for a period of time. As stated in
Eq. (1), the downlink handover from UMTS to WLAN is
triggered when the effective SNR from WLAN is greater
than that of the UMTS by H for AT,z seconds. From
Eq. (2), for the WLAN to UMTS handover, the uplink
handover is triggered when the effective SNR from the
UMTS is greater than that from the WLAN by H for AT, ;..
seconds, where the threshold, H and the trigger timer
AT o iiintspii- €0Uld be a function of QoS requirements.

Syran-Svars>H 108 AL ygppinic (1

Swran—Spnars<H for AT, g5 2

B. QoS-based dynamic handover threshold

To reflect the benefit of the vertical handover in various
aspects, besides the effective SNR values, the algorithm
needs to consider dynamic thresholds and the associated
timers to achieve the QoS requirements. In the proposed
vertical handover algorithm, the dynamic threshold, H, will
depend on service types of non-real time services or real-
time services. For non-real-time services, the transmission
packets come at a burst and are not sensitive to the delay. In
this case, the user transmission rate becomes the priority for
the vertical handover. On the other hand, for real-time
services, the services have a stringent requirement in the
delay bound. Besides, for WLAN-to-UMTS uplink han-
dover, since WLAN has a smaller coverage, the connectivity
becomes essential in the uplink handover.

To achieve above design goals, the dynamic threshold is
defined as

Ryrav

(A + ATuplink )

H:af—mx( N

) +nXB+kX
Rumrs /g5

5
/dB

where o. and [} are weighted factors to decide the signifi-
cance of the associated measurements. Ry, 4 and Ry 7
are the supported data rates from WLAN and UMTS respec-
tively. A is the handover latency (the process delay for a
vertical handover). The m, n, and k are values of 0 or 1
which will be decided based on following conditions:
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, for non-real time services}

, otherwise

. . A-D;
for real-time services and

{ 1’
n= i
0, otherwise

‘ for uplink handover
- 0, otherwise ’

>B;]

where D; is the packet delay bound for application i, T, is the
packet inter-arrival time for application i, and B, is the
maximum allowable burst errors (lost packets) within a time
of interest.

Under this design, for non-real-time services, the through-
put ratio provides additional weight on the threshold, H,
calculations. The dynamic threshold will be decreased if the
throughput ratio of WLAN and UMTS becomes larger. This
will make the UMTS-to-WLAN handover easier. Thus, a
mobile with non-real-time services can achieve higher
throughput. For real-time services, besides the over-air-
error, the packet loss happens only when the delay bound
expires, the excessive handover delay, A-D,, will also cause
the loss packets in the real-time services. With the allowable
number of lost packets B, for application i, the number of
lost packets due to the vertical handover, (A-D,)/T, should
be less than B,. If the resulting error performance exceeds B,,
the effect of the degradation will be considered in the
dynamic threshold, H. To emphasize the connection quality,
the weighted factor, 3, as expressed in Eq. (5) will increase
proportionally to the increase of the packet loss rates.

—_

A-D;

T; /B")

Finally, a timer hysteresis, Toptint is considered to avoid
the ping-pong effect. However since the coverage in WLAN
is small, any excessive delay might result in the disconti-
nuity of the connection. To resolve this potential problem,
the dynamic threshold, H, will include (A+AT, . J/A for an
earlier uplink handover trigger if the time hysteresis T
is larger.

C. Performance-based trigger timer

The objective of the trigger timer is to resolve the ping-
pong effect. In the proposed algorithm, a performance-based
trigger timer is used to control the ping-pong effect in which
the length of the trigger timer depends on whether the
resulting performance can be improved afier the handover.

To determine the vertical handover trigger timer, as
shown in FIG. 2, the following equation is used:

A+2AT 2A+2AT
f RWLAN([)d[>f Rumrs(Ndt
A+AT AT

&)

Jigs ln(

uplink

©)

From Eq. (6), the handover from UMTS to WLAN is
worthwhile only when the user can transmit more data in
WLAN than that in the UMTS after the handover process is
finished.

To calculate the downlink handover timer, AT ;,,,.;;.4 1t 18
assumed that the R;;; ,,- and R, .. are stable during this
handover period. In this case, the timer AT ;.. is calcu-
lated in Eq. (7):

2A
AT ovnting Z P
r— Ruurs

Rupay 7
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The same argument can apply to the uplink handover
timer calculation. The uplink handover is worthwhile when
Eq. (8) is satisfied:

W+2AT OA+2AT (8)
f Ruurs(nd1 > f Rwran(n)dt
A+AT AT
The uplink handover timer, AT, is calculated by Eq.
©).
A Rwran ©)
AT ptink = — 7= Ronmrs

The handover timers are not fixed and will be updated
based on the value r from time to time.

To sum up, the total procedure based on three above
schemes for the handover control between UMTS and
WLAN systems is specified in FIG. 3.

What is claimed is:

1. A method for making handover decisions between
UMTS and WLAN systems, comprising the steps of?

a) obtaining a signal strength measurement for estimating

a throughput performance;

b) using the estimated throughput performance to create a

comparable SNR value;

¢) dynamically adjusting a handover threshold H to effec-

tively control a handover trigger according to different

applications, wherein the dynamic handover threshold
is defined as

R A+ AT ik
H:a/—mx( WLAN) +n><,8+k><(—whnk , where
Rumrs /g A
{ 1, for non-real time services}
m= a
0, otherwise
. . A-D;
{ 1, for real-time services and > B; }
n= i X
0, otherwise
‘ 1, for uplink handover
" 10, otherwise '
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where o and  are weighted factors to decide significance
of associated measurements, Ry 5 and Rypro are
supported data rates from WLAN and UMTS respec-
tively, A is handover latency, D, is a packet delay bound
for application 1, T, is a packet inter-arrival time for
application i, and B, is a maximum allowable burst
error within a time of interest; wherein the handover
threshold H will be undated every sampling time;

d) using set trigger timers AT ;e AT, t0 avoid a
ping-pong effect and making the handover decisions
worthwhile even when the ping-pong effect happens,
wherein the trigger timers for downlink handover and
uplink handover are defined as

2 Rupay
ATdowntink 2 —, T'= ,
r-1 Runers
2A R
Mg _ Rwran

. = 5
1 Ruurs

r

where A 1s the handover latency and the trigger timers will

be undated every sampling time; and

e) creating two equations which combine steps b, c and d

to make handover decisions between UMTS and
WLAN systems.

2. The method according to claim 1, wherein the compa-
rable SNR value is defined as effective SNR value (S, /75,
Syz.anv), Which represents an SNR value required to achieve
throughput performance in the same system environment.

3. The method according to claim 1, wherein the downlink
handover and uplink handover are triggered by the following
equations:

Swzan-Suarrs>H 101 AT gorpasinss

Swran—Sumrs<H for AT, uplink:



