
(12)
(19)

PATENT
AUSTRALIAN PATENT OFFICE

(11) Application No. AU 199532603 B2 
(10) Patent No. 712633

(54) Title
A method for selecting the way to perform a handover, and a cellular radio 
system

(51)6 International Patent Classification(s)
H04Q 007/38

(21) Application No: 199532603 (22) Application Date: 1995.08.31

(87) WIPONo: W097/08910

(43) Publication Date : 1997.03.19
(43) Publication Journal Date : 1997.05.15
(44) Accepted Journal Date : 1999.11.11

(71) Applicant(s)
Nokia Telecommunications Oy

(72) Inventor(s)
Anu Virtanen

(74) Agent/Attorney
SPRUSON and FERGUSON,GPO Box 3898,SYDNEY NSW 2001

(56) Related Art
WO 93/21739
US 5267261
US 5402451



Al

INT

OPI DATE 19/03/97 APPLN. ID 32603/95
AOJP DATE 15/05/97 PCT NUMBER PCT/F195/00465

AU9532603

(51) International Patent Classification 6

H04Q 7Z38
(11) International Publication Number:

(43) International Publication Date:

WO 97/08910

6 March 1997 (06.03.97)

JP

(21) International Application Number: PCT/FI95/00465

(22) International Filing Date: 31 August 1995 (31.08.95)

(71) Applicant (for all designated States except US): NOKIA 
TELECOMMUNICATIONS OY [FI/FI]; Mflkkylttn puis- 
tOtlO 1; ΓΙΜ·θ2ύ00 EspOO (FI)· CS” fit A**/vt f~(Fi+ j gg i ),

-Pl Ρτλ/
(72) Inventor; and
(75) Inventor/Applicant (for US only): VIRTANEN, Anu [FI/FI]; 

Kauppaneuvoksentie 10 A 1, FIN-00200 Helsinki (FI).

(74) Agent: TEKNOPOLIS KOLSTER OY; c/o Oy Roister AB, 
Iso-Roobertinkatu 23, P.O. Box 148, FIN-00121 Helsinki 
(FI).

(81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA, CH,
CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IS, JP, KE, 
KG, KP, KR, KZ, LK, LR, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, TJ, TM, TT, UA, UG, US, UZ, VN, ARIPO patent 
(KE, MW, SD, SZ, UG), European patent (AT, BE, CH,
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR,

, NE. SN, TD, TG). ,

Publishedσ2 'S°
With international search report.
In English translation (filed in Finnish).

ί

/J? 'V'/ V

NT Ο'/’ fA/γ O’ y

(54) Title: A METHOD FOR SELECTING THE WAY TO PERFORM A HANDOVER, AND A CELLULAR RADIO SYSTEM

i
(57) Abstract

The invention relates to a method for selecting a way to perform a handover in a cellular radio system, and a cellular radio system 
employing code division multiple access. The system comprises in each cell at least one base station (100, 102) transmitting a pilot signal, 
and subscriber terminal equipments (110-118) that may be connected to one or more base stations simultaneously, said terminal equipments 
comprising means (320, 326) for measuring pilot signals received by them, and comprising means (320, 310) for performing handovers of 
at least two types. For saving the capacity and the resources of the system, the terminal equipment of the system in accordance with the 
invention comprises means (326) for selecting, on the basis of the pilot signals it has received, the handover technique which is used on 
the connection between the terminal equipment and the base station each time.
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A method for selecting the way to perform a handover, 
and a cellular radio system

Field of the Invention
5 The invention relates to a method for selecting

a way to perform a handover in a cellular radio system 
employing code division multiple access, and comprising 
in each cell at least one base station transmitting a 
pilot signal, and a number of subscriber terminal

10 equipments that may be simultaneously connected to one
or more base stations, said terminal equipments measur­
ing pilot signals received, and being capable of per­
forming handovers of at least two types.

Background Art
15 The present invention is suited to be used in

radio systems utilizing code division multiple access, 
and in particular in so-called WLL (Wireless Local Loop) 
systems. Code Division Multiple Access, CDMA is a multi­
ple access method, which is based on the spread spectrum

20 technique, and which has been applied recently in cellu­
lar communication systems, in addition to the prior FDMA 
and TDMA methods. CDMA has several advantages over the 
prior methods, such as spectral efficiency and the simp­
licity of frequency planning.

25 In CDMA, the narrow-band data signal of the
user is multiplied to a relatively wide band by means 
of a spreading code having a remarkably broader band 
than the data signal. Bandwidths used in known test 
systems are e.g. 1.25 MHz, 10 MHz and 25 MHz. In connec-

30 tion with the multiplication, the data signal spreads
onto the whole of the band used. All users transmit 
simultaneously by using the same frequency band. An 
individual spreading code is used on each connection 
between the base station and the mobile station, and the

35 signals of different users may be distinguished from
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each other in the receivers on the basis of the spread­
ing code of each user.

Adapted filters in the receivers are synchron­
ized with the desired signal, which is identified on the

5 basis of the spreading code. The data signal is returned
in the receiver onto the original band by multiplying 
it by the same spreading code as in connection with the 
transmission. The signals which have been multiplied by 
some other spreading code neither correlate nor return

10 to the narrow band in an ideal case. They thus appear
as noise from the point of view of the desired signal. 
It is endeavoured to select the spreading codes of the 
system so that they are not mutually correlated, in 
other words, they are orthogonal. In practice, the spre-

15 ading codes are not non-correlated, and the signals of
other users complicate the detection of the desired 
signal by distorting the received signal. This interfer­
ence caused by the users for each other is termed as 
multiple access interference.

2 0 In several CDMA systems in accordance with the
prior art, a so-called pilot signal is used, which is 
transmitted by each base station and utilized in identi­
fication of base stations, power measurement, and for 
enabling coherent reception in a mobile station. The

25 pilot signal is a data unmodulated spreading coded sig­
nal, and it is transmitted to the coverage area of the 
base station in the same way as the actual traffic chan­
nels. The coverage area of the pilot signal in fact 
determines the size of the cell of the base station,

30 since the terminal equipments utilize it in call es­
tablishment .

The base stations continuously transmit the
pilot signal, and the spreading codes used in the trans­
mission of the pilot signal of different base stations

35 differ from each other, so that a terminal equipment may
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identify the base stations on the basis of the pilot 
transmitted by them.

Systems in which a radio telephone network is 
used for replacing a conventional fixed telephone net-

5 work are termed as WLL systems. In a WLL system, sub-
scriber terminal equipments are fixed on the premises 
of the user, like a conventional telephone. In all data 
transmission methods utilizing a radio channel, inter­
ference occurs on the radio path, such as multipath

10 fading of the signal, which is due to summing of such
a signal in the receiver that has propagated several 
different ways. Since in a WLL system both the transmit­
ter and the receiver are stationary, multipath fading 
is caused by the movements of the objects located in the

15 surroundings. Thus, radio technically speaking, fading
is very slow. A fading period usually varies from one 
second to a few seconds. Moreover, the fading depths may 
be so remarkable that they have an effect on the quality 
of the connection, in particular if the subscriber ter-

20 minal equipment is located in the peripheral area of two
cells .

A terminal equipment located in a peripheral 
area may meet with a situation in which a signal 
received from its own base station is fading just when

25 a signal arriving from an adjacent base station is sev­
eral decibels stronger than the desired signal. The 
signal-to-interference ratio of the signal received from 
its own base station, i.e. the quality of the connection 
may then decrease significantly. It is thus necessary

3 0 to use a handover method of some kind between different
base stations in the peripheral areas of a cell, which 
also takes multipath fading into account.

Known cellular radio systems, such as GSM, 
employ so-called hard handover, in which the terminal

35 equipment communicates only with one base station at a
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time. If the quality of the connection weakens, a 
handover is performed to a new base station, the signal 
received from which is stronger.

CDMA cellular radio systems usually employ so- 
5 called soft handover. In soft handover, the terminal

equipment may simultaneously communicate with more than 
one base stations during the handover. The base stations 
with which the terminal equipment may communicate are 
referred to as an active group. All the base stations

10 with which the terminal equipment communicates transmit
the same signal to the terminal equipment, which may 
select from said signals the strongest signal compo­
nents, and advantageously combine them. The signal-to- 
interference ratio of the received signal may thus be

15 maximized.
A parallel international application "Handover 

method and a cellular radio system" PCT/FI95/00467 dis­
closes a method in which the terminal equipment directly 
controls the transmission power of the base stations

20 during a soft handover. By means of the method, it is
possible to switch only the necessary base stations of 
the active group to transmit the signal to the terminal 
equipment.

Known methods, however, are attended by numer-
25 ous drawbacks. If a hard handover is employed in a WLL

system, taking multipath fading into account, it may 
result in a so-called ping-pong phenomenon, in which the 
connection is continuously switched between two base 
stations. This causes relatively much signalling on the

30 radio path.
The drawback of soft handover in the WLL system

is that extra interference power may unnecessarily be
sent onto the radio path. Since the fading process of
the signals sent from different base stations is not

35 correlated, the signal received from one base station
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may be at its strongest simultaneously when the signal received from another base station 

is fading. If the fading is several decibels, the signal received from the latter base station 

is hardly of avail in the terminal equipment. Said signal, however, causes interference in 

the coverage area of said base station, and the capacity of the cell thus decreases. In 

conventional cellular radio systems, this problem is not relevant, as the fading processes 

are much faster. The disclosed situation may, however, last several seconds in the WLL 

system.

The method disclosed in a parallel international application “Handover method 

and a cellular radio system” PCT/FI95/00467 is well suited for a WLL environment if the 

fading dynamics is relatively high, and the need for handover does not arise too 

frequently. It must be taken into account in the WLL system, however, that different 

directions of transmission are processes independent of each other. If the power control 

commands in the uplink direction are sent to the terminal equipment on the basis of the 

best connection in the uplink direction, it may be the case that the base station the 

downlink signal received from which is the best, does not hear the signal in the uplink 

direction.

Each of the above mentioned handover methods has its drawbacks that waste 

capacity and resources if the same method is used in the whole system.

Summary of the Invention

It is an object of the present invention to overcome or at least substantially 

ameliorate one or more disadvantages of the prior art.

Therefore, the invention discloses a method for selecting a handover technique in 

a cellular radio system employing code division multiple access, and

comprising in each cell at least one base station transmitting a pilot signal, and 

a number of subscriber terminal equipments that may be connected to one or

more base stations simultaneously,

said terminal equipments measuring pilot signals received by them, and 

being capable of performing handovers of at least two types, said method

comprising the steps of:

making the decision by the terminal equipment on the basis of the pilot signals

received by said terminal equipment on the handover technique used on the connection

between the terminal equipment and the base station each time.

30
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The invention further discloses a cellular radio system employing code division 

multiple access, and

comprising in each cell at least one base station transmitting a pilot signal, and 

a number of subscriber terminal equipments that may be connected to one or

more base stations simultaneously,

said terminal equipments comprising means for measuring pilot signals received 

by them, and

comprising means for performing handovers of at least two types, wherein 

the terminal equipment of the system comprises:

means for selecting on the basis of the signals received by it the handover 

technique which is used on the connection between the terminal equipment and the base 

station each time.

By means of the method of the invention, transmission and processing of extra 

data connected with conventional methods may be avoided. On the basis of the 

measurements of the pilot signals, the terminal equipment may find out in advance which 

handover technique is the most advantageous each time. The terminal equipment 

measures pilot signals during a time period the length of which is essentially greater than 

the fading period of the radio channel. In WLL systems, the measuring time period may 

be as long as a half an hour. By means of the measurements during the connection, the 

way to perform the handover may also be changed during the connection. In a preferred 

embodiment of the invention, the terminal equipment calculates the power difference 

between the weakest and the strongest signal of the pilot signals received by it. In 

addition, the terminal equipment calculates on the basis of the pilot signals measured by it 

what is the estimated time distribution

[n \libk]00839:iad
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of handovers when only hard handovers are performed. On 

the basis of these parameters, the terminal equipment 

may conclude which handover technique is the most advan­

tageous each time.

Brief Description of the Drawings

In the following, the invention will be 

described in greater detail with reference to the 

examples in the attached drawings, in which

Figure 1 shows a WLL system in which the method 
of the invention may be applied,

Figure 2 illustrates in greater detail the 
criteria for the division into soft handover, and hard 
handover in which part of the base station are turned 
off,

Figure 3 is a block diagram illustrating the 
structure of the terminal equipment of the cellular 
radio system of an embodiment , and

Figure 4 is a block diagram illustrating the 
structure of the base station of the cellular radio 
system of an embodiment -

The Preferred Embodiments of the Invention
Figure 1 shows a schematic picture of a WLL 

system in which the method of the embodiment may advan­
tageously be applied. WLL systems refer to systems in 
which a radio telephone system is used for replacing a 
conventional fixed telephone network. In a WLL system, 
the subscriber terminal equipments are fixed on the 
premises of the user like a conventional telephone. The 
structure of the system is like that of a conventional 
cellular radio system. The exemplary system of Figure 
1 comprises two base stations 100, 102, which are con­
nected via digital transmission links 106, 108 to a base 
station controller 104, and further to the other 
elements of the system, and to the fixed telephone net-
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The system further comprises a number of sub­
scriber terminal equipments 110-118, which are fixed 
e.g. in the dwelling of each user like a conventional 
telephone. The terminal equipments communicate over the

5 radio path with the base stations, typically with the
base station that provides the connection of the best 
quality. In the example of the figure, terminal equip­
ments 110, 112 and 116 communicate with base station
100, and terminal equipments 114 and 118 with base sta-

10 tion 102. Terminal equipment 118, however, is located
in the boundary area of the coverage areas of base sta­
tions 100 and 102, and the probability of handovers is 
high, in particular when this terminal equipment is con­
cerned. It must be noticed that in a real system the

15 number of the terminal equipments is naturally essen­
tially larger than in the example shown in Figure 1. The 
CDMA system typically uses the same frequency band in 
all the base stations within the area, and the users are 
distinguished from each other by means of a pseudorandom

20 sequence given to each user, the signal of each user
being multiplied by said sequence.

Each base station 100, 102 transmits a pilot 
signal which is a data unmodulated signal, coded in ad­
vance with a previously known pseudorandom sequence, on

25 the basis of which signal the terminal equipment may
identify each base station. By measuring said signal it 
is possible to select the base station providing the 
best connection. In the case of the example in Figure 
1, terminal equipment 118 has the highest probability

30 to encounter with a situation in which the signal coming
from base station 102 is fading, but simultaneously, the
signal coming from base station 100 is not fading, but
it may be significantly stronger than the signal of base
station 102.
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In the solution in accordance with the embodi­
ment, each terminal equipment thus measures pilot sig­
nals received by it, and decides on the basis of the 
measurements which handover technique would be the most 
advantageous for it on the following or the present 
connection. In a preferred embodiment of the invention, 
the terminal equipments do not necessarily continuously 
measure all pilot signals received by them, but only the 
ones that belong to a so-called active list, which con­
tains the base stations that are worth performing a 
handover from the point of view of the terminal equip­
ment. In practice, this refers to the nearest base sta­
tions . The terminal equipment measures the pilots of the 
active list for a sufficiently long time, i.e. remarkab­
ly longer than an average fading period, e.g. for a half 
an hour, and on the basis of the measurement, it makes 
the decision whether it wishes to use hard handover, 
soft handover, or soft handover in which part of the 
base stations may be turned off on the following conn­
ection .

In a preferred embodiment of the invention, the 
terminal equipment may calculate different parameters 
on the basis of the measurements. On the basis of said 
parameters, it is possible to evaluate the most advan­
tageous handover technique.

The terminal equipment calculates on the basis 
of the measurements what would be the time distribution 
of time-slots Tslot between successive handovers if the 
terminal equipment would perform hard handovers on the 
basis of the strengths of the pilot signals measured by 
it. In the WLL system, the size of the active list, i.e. 
the number of the base stations to be measured is most 
preferably 1-3 base stations. There are several alterna­
tives for the criterium for performing a hard handover. 
One possibility is to always select the strongest pilot
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signal in terms of the power level. Another alternative 
is to select a pilot, the power level of which exceeds 
a certain threshold, and simultaneously, is not lower 
than any other pilot with a certain threshold value.

5 The terminal equipment further calculates, on
the basis of the measurements, what is the distribution 
of the power difference Pdiff between the strongest and 
the weakest pilot signal in the active group measured 
in decibels. The fading is not averaged out when the

10 distribution is calculated.
In the preferred embodiment of the invention,

the terminal equipment makes, on the basis of the time- 
slot and power difference distributions, the decision 
on the desired handover technique for the following con-

15 nection. The terminal equipment may naturally continue
the measurements, and update the distribution results, 
and update the desired handover technique on the basis 
of the changed results if the conditions on the radio 
path change.

20 The decision on the handover technique may be
made in several ways on the basis of the distributions. 
One preferred method is illustrated in the attached 
table. In accordance with the method, cumulative proba­
bility values Pcumi (P_diff>5 dB) and Pcum2(Pslot>l s) of Tslot and

25 Pdiff are used in the decision-making. In addition, a cum­
ulative probability parameter Pcum3 (Tslot>30 min) is deter­
mined for hard handover. Depending on the system, other 
parameter values than the exemplary values of the table 
are possible.

30
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Pcuml (Pd.ff>5dB) ,

Pcum2 θ)

Pcum3 (Islot > 0 0 

min)

Handover

technique

Pcuml < 10 % OR

Pcuml < 10 %

- Soft (1)

Pcuml > 10 % AND

Pcuml > 10 %

- Soft, part

turned off (2)

Pcuml > 10 % AND

Pcuml = 100 %

< 1 % Hard (3)

Figure 2 illustrates in greater detail the 
division into hard handover, and soft handover in which 
part of the base stations may be turned off. The unshad­
ed area 200 in the figure shows a parametric area in 
which part of the base stations may be turned off, and 
the shaded area 202 shows a parametric area in which 
soft handover is performed. It must be noticed that the 
parameters shown in the figure are not intended to show 
the optimal parameter alternative, but only to illustra­
te the present embodiments In accordance with the method, 
if the power difference between the strongest and the 
weakest pilot signal in the active group remains within 
the margin of 5 dB for the most of the time, or if the 
interval of successive handovers is smaller than one 
second for the most of the time, soft handover is thus 
used. If, again, the power difference between the 
strongest and the weakest pilot signal in the active 
group is above 5 dB for a relatively large part of the 
time, and the interval between successive handovers is 
sufficiently long, it is advisable to use soft handover 
in which part of the base stations may be turned off .

Hard handover may be selected in accordance
with the example of the table when the interval between

TS' vO J:
o//
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handovers is more than one second each time, and when 
there is a high probability (99 %) that the interval is 
e.g more than a half an hour.

When the terminal equipment next time wishes 
5 to send a call establishment message to the base sta­

tion, it will send it to the base station that has the 
strongest pilot signal. In the call establishment mess­
age, the terminal equipment reports which handover tech­
nique it wishes to use on the connection to come. It may 

10 report this by using two bits (handover technique =
1/2/3). In the call establishment message, the terminal 
equipment does not need to determine the active group, 
i.e. the list of the base stations it wishes to use in 
the handover. This is due to the fact that in the WLL 

15 system, the terminal equipment may have reported it
already before, and said information is stored in the 
base station controller. If no changes occur in the 
surroundings, the terminal equipment always uses the 
same active group, and there is no need to transmit new 

20 information. If the situation has changed, however, the
information on the new active group may be recorded in 
the base station controller in place of the old active 
group. The same applies to the frame phase difference 
between the base stations belonging to the active group. 

25 The WLL terminal equipment sends it once upon establish­
ing a call, whereafter the information is recorded in 
the base station controller. After this, the terminal 
equipment sends the information on the frame phase dif­
ference only if the old information has changed.

In the following, let us study different 
handover techniques from the point of view of the inve­
ntion. If the desired handover technique is soft 
handover (alternative 1 in the above table), the network 
will thus immediately establish a connection from all

30
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the base stations belonging to the active group of the 
terminal equipment to the WLL terminal equipment.

If the desired handover technique is hard 
handover (alternative 3 in the above table), the network

5 will establish a call only via the base station to which
the terminal equipment has sent a call establishment 
message. If a need for handover arises after this, which 
is probably rather unusual, conventional handover is 
used. If, however, it becomes apparent during the

10 connection that the need for handover increases, the
change of the handover technique may be signalled to the 
base station controller. If, for instance, the terminal 
equipment wishes to change over to use soft handover 
(handover technique 1), this information is signalled

15 to the base station controller, which establishes a call
via the base stations belonging to the active group to 
the terminal equipment.

If the desired handover technique is soft 
handover in which part of the base stations may be

20 turned off (alternative 2 in the above table) , the net­
work will then immediately establish a call via all base 
stations belonging to the active group to the WLL ter­
minal equipment. In other words, the call is started in 
the same way as in the case of conventional soft

25 handover. Once the call has been established, the ter­
minal equipment starts to transmit, in the uplink dire­
ction of transmission, selection symbols of the base 
station in each frame. By means of said symbols it dete­
rmines which base stations it wishes to transmit in

30 future. The terminal equipment may select either one
base station or a desired number of base stations from
the active group. In the selection, it may utilize an
adaptive algorithm, which predicts fading processes of
the pilot signals of the base stations. In the uplink

35 direction of transmission, all base stations of the
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active group receive the same signal transmitted by the 
terminal equipment. The frames received by different 
base stations are combined in the base station control­
ler, which also receives and interprets the selection

5 symbols of the base stations frame by frame. The task
of the base stations controller is to see to that the 
base stations determined by the selection symbols trans­
mit the signal to the terminal equipment in the downlink 
direction of transmission. If a certain base station is

10 to transmit in a downlink direction of transmission in
accordance with the selection symbols, the base station 
controller transmits the frames to be transmitted to the 
base station, which sends them onto the radio path. If, 
in turn, the base station is to terminate the trans-

15 mission, the base station controller no longer transmits
frames to it.

It may be assumed that the description of the 
selection symbols of the base stations takes place e.g. 
so that when the terminal equipment at some point has

20 sent the information on the active group to the base
station controller, this list is used as a reference 
both at the terminal equipment and the base station 
controller. If the active group contains two base sta­
tions, for instance, the first base station is deter-

25 mined to be number 01 and the second one is determined
in the active list as 10. If they are both to transmit 
in the downlink direction of transmission, selection 
symbols 11 are used.

By means of the above-described method it is
30 thus possible to select the most advantageous handover

technique for each connection. Transmission of extra
data on the radio path, and processing in the trans­
ceivers may thus be minimized. If it is known in advance
on the basis of the measurements, for instance, that

35 handovers probably take place infrequently, it is advis-
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able to establish the call so that the required 

handovers are performed by means of hard handover. The 

amount of interference power on the radio path is thus 

minimized, since the procedure does not remain in the 

state of soft handover, and neither are extra selection 

symbols transmitted in the frames.

In the following, let us study one possible 
structure of the terminal equipment of the cellular 
radio system in accordance with the embodiment by means 
of the block diagram shown in Figure 3.

The terminal equipment comprises means 300 for 
coding the signal to be transmitted, said means being 
used for applying the coded signal to means 302 for 
interleaving the coded signal. The output signal of the 
interleaving means is connected to the input of means 
3 04, in which means the burst to be transmitted is 
formed. The thus obtained signal is applied to modula­
tion means 308, the output signal of which is applied 
via a transmitter unit 310 and a duplex filter 312 to 
an antenna 314.

The terminal equipment further comprises in the 
direction of reception radio frequency elements 316, in 
which the signal received with the antenna 314 is con­
verted onto an intermediate frequency, and converter 
means 318, in which the signal is converted into a digi­
tal form. The converted signal is applied to detection 
means 320, from which the detected signal is further 
applied to deinterleaving means 322 and means 324, in 
which the received signal is decoded, i.e. both channel 
and speech decoding are carried out. The apparatus fur­
ther comprises control and calculation means 326, which 
control the operation of the other above-mentioned 
blocks. The control and calculation means are typically 
implemented by means of a processor. The terminal equip­
ment naturally comprises other components than those
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shown in the figure, such as filters and converters, as 

is obvious to a person skilled in the art, but for clar­

ity they are not shown in the figure.

The terminal equipment in accordance with the 

embodiment comprises means 316-320, 326 for receiving and 

measuring the pilot signals transmitted by the base 

stations belonging to the active group, and further 

means 326 for selecting on the basis of the pilot sig­

nals received by it, the handover technique used on the 

connection between the terminal equipment and the base 

station each time. The terminal equipment detects the 

pilot signals multiplied by known spreading codes and 

measures their strengths in the detection means 320, and 

transmits the required data to the control means 326 in 

which the required calculation of parameters is carried 

out for selecting the handover technique. The terminal 

equipment of the system further comprises means (326, 

310) for transmitting the information on the selected 

handover technique to the base station.

Figure 4 illustrates the structure of the base 
station of the cellular radio system in accordance with 
the embodiment by means of a block diagram. The base 
station comprises means 400 for coding the signal to be 
transmitted, said coded signal being applied to means 
402, in which interleaving and burst forming is carried 
out for the coded signal. The thus obtained signal is 
applied to modulation means 404, the output signal of 
which means is applied via radio frequency elements and 
a duplex filter 406 to an antenna 408.

The base station further comprises in the dire­
ction of reception detection means 410, in which the 
signal received with the antenna 408 and converted in 
the radio frequency elements 406 is detected. The 
detected signal is further applied to deinterleaving 
means 412 and means 414, in which the received signal
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is decoded, i.e. both channel and speech decoding is 

carried out. The apparatus further comprises control and 

calculation means 416, which control the operation of 

the other above-mentioned blocks. The base station fur-

5 ther comprises means (412, 416) for receiving and recor­

ding the information on the selected handover technique .

Although the invention has been described above 

with reference to the example in accordance with the 

attached drawings, it is obvious that the invention is

10 not limited thereto, but it may be modified in various 

ways within the scope of the inventive idea..

• · 9 · · ·

« · ·• · ·• · · ·
• ·· • ·• · · ·

• ·• · · ·• · ·• · ·• ·

• ·«• · 4
• · I
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The claims defining the invention are as follows:

1. A method for selecting a handover technique in a cellular radio system 

employing code division multiple access, and

5 comprising in each cell at least one base station transmitting a pilot signal, and

a number of subscriber terminal equipments that may be connected to one or

more base stations simultaneously,

said terminal equipments measuring pilot signals received by them, and 

being capable of performing handovers of at least two types, said method

1 o comprising the steps of:

making the decision by the terminal equipment on the basis of the pilot signals 

received by said terminal equipment on the handover technique used on the connection 

between the terminal equipment and the base station each time.

15 2. A method as claimed in claim 1, comprising the further steps of:

calculating by the terminal equipment of the distribution of the power

difference between the strongest and the weakest signal of the pilot signals it has 

received.

20 3. A method as claimed in claim 1, comprising the further steps of:

calculating by the terminal equipment, on the basis of the pilot signals

measured by it, of what is the estimated time distribution between handovers when only 

hard handovers are performed.

4. A method as claimed in claim 1, comprising the further steps of: 

making the decision on the handover technique prior to establishing a call.

5. A method as claimed in claim 1, comprising the further steps of: 

making the decision on the handover technique during a call.

[n:\libk)00839:MXL
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6. A method as claimed in claim 4, comprising the further steps of: 

transmitting by the terminal equipment of the information on the selected

handover technique to the base station in the call establishment message.

5

7. A method as claimed in claim 5, comprising the further steps of: 

transmitting by the terminal equipment of the information on the selected

handover technique by using the control channel during the connection.

io 8. A method as claimed in claim 1, comprising the further steps of:

maintaining by each terminal equipment of a list of the base stations located

near the terminal equipment, and

measuring by each terminal equipment only the pilot signals transmitted by the 

base stations belonging to the list.

15

9. A method as claimed in claim 1, comprising the further steps of: 

measuring by the terminal equipment of pilot signals during a time period, the

length of which is substantially longer than the fading period of the radio channel.

20 10. A cellular radio system employing code division multiple access, and

comprising in each cell at least one base station transmitting a pilot signal, and 

a number of subscriber terminal equipments that may be connected to one or

more base stations simultaneously,

said terminal equipments comprising means for measuring pilot signals

25 received by them, and

comprising means for performing handovers of at least two types, wherein 

the terminal equipment of the system comprises:

[n:\libk]00839:MXL
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means for selecting on the basis of the signals received by it the handover 

technique which is used on the connection between the terminal equipment and the base 

station each time.

5 11. A cellular radio system as claimed in claim 10, wherein the terminal

equipment of the system comprises:

means for calculating the distribution of the power difference of the strongest 

and the weakest signal of the pilot signals received by it.

• · ·
• ·· ·

• · * · · ·

io 12. A cellular radio system as claimed in claim 10, wherein the terminal

equipment of the system comprises:

means for calculating, on the basis of the pilot signals measured by it, what is 

the estimated time division between handovers when only hard handovers are 

performed.

15

13. A cellular radio system as claimed in claim 10, wherein the terminal 

equipment of the system comprises:

means for transmitting the information on the selected handover technique to 

the base station.

20

14. A cellular radio system as claimed in claim 13, wherein the base 

station of the system comprises:

means for receiving and recording the information on the selected handover 

technique.

25

15. A method for selecting a handover technique substantially as described 

herein with reference to the accompanying drawings.

[n:\libk]00839:MXL
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16. A cellular radio system substantially as described herein with 

reference to the accompanying drawings.

DATED this Thirtieth Day of March 1998 

5 Nokia Telecommunications OY

Patent Attorneys for the Applicant 

SPRUSON & FERGUSON
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