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speed of a rosimpletely atavens itheageadriapbical area of one or more microcells. In a
' multilayer radio coverage, macrocells represént coverage areas of a higher

20 level and microcells those of a lower level. The mobile station may move from

one cell to another and register with a new base station. When the mobile

station has a call in progress, switching the call (handover) to the new cell is

also involved.
Figure 1 of the accompanying drawings shows an example of a two-

25 layer radio coverage in a mobile communication system. The simplified cell
' areas in Figure 1 illustrate the areas in which the base station of each cell can
offer a sufficient signal level to the mobile station. In Figure 1, a large
macrocell M covers the areas of smaller microcells A, B and C. A mobile
station located in position x in cell A, for example, can in principle be served by
30 the base station of either the macrocell M or the microcell A.

In radio networks where multilayer radio coverage is employed, it is
advantageous to utilize the possibilities offered by the different cell layers by
commanding mobile stations, on the basis of a certain classification, to register

‘with the most suitable base station, avoiding however unnecessary handovers.
_ 35 One such classification criterion is the speed of a mobile station in a mobile
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with a base transceiver station BTS. A base station system BSS consists ofa -

20 base station controller BSC and base transceiver stations BTS under its control.

A plurality of base station controllers BSC usually operate under a mobile
services switching centre MSC. An MSC transmits messages to other MSCs.

A mobile station MS continuously measures signals from the base
stations BTS that are closest to its location for a possible handover. In the GSM

25 mobile communication network, for example, an MS may simultaneously
measure the signal level and/or quality of both the serving base station and up
to 32 other base stations. The serving base station informs the mobile station of
the neighbouring cells it should measure. The measurement results of each cell
are identified on the basis of a base station identity code BSIC. _

30 The mobile station MS sends the measuring resuits regularly as a
report message through the serving base station BTS to the base station
controller BSC. A report message contains the measurement results of the
serving base station and up to six best neighbouring base stations. The base
station controller BSC makes the decisions relating to handover. If the target cell

35 is controlled by another BSC, the handover is performed under the control of the
MSC. Handover decisions can also be made in a centralized rhanner in the
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w 20 returned there, in which case the system perfonns a handover from the
macrocell to the microcell. According to an embodiment of the system, the
measurement of time is stopped if the mobile station leaves the microcell area
and started again from the beginning when the mobile station returns to the
microcell area. The problem with this embodiment is that the solution is based

25 on instantaneous measurement results, which do not always fully correspond
to the reality. The timer will be reset, for example, if the mobile station moves
outside the coverage area of a microcell for a short while, or if a measurement

result is erroneous/missing.

BRIEF DESCRIPTION OF THE INVENTION

30 . The object of the present invention is to obviate the above-
described problems caused in mobile communication networks of overlapping
cell coverage when a handover decision is made on the basis of the speed of
the mobile station.

The new way of making a handover decision in a mobile communication

35 system of multilayer radio coverage is achieved with a method of the
invention, which is characterized by comprising determining a relative speed
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stati on t o b¥vgauntingathenglagsified measurement results for the base station signal of
each ‘microceli on the basis of their number and classification, and second
comparison means for comparing the relative speed of the mobile station with
a pre-set threshold value, and when the threshold value is exceeded, defining
20 the mobile station as a slow moving mobile station, means for commanding a
mobile station defined as a slow moving mobile station to switch to the base
station of a suitable microcell. '

According to the method of the present invention, a decision on
hénding a mobile station over to the base station of a microcell is made on the

25 basis of a variable representing the relative speed of the mobile station and
the signal level and/or quality of the microcell base station. The base station
signal of each microcell in the radio network is monitored independently of the
other cells. The method comprises determining the relative speed of the
mobile station in the area of a microcell on the basis of the number and

30 classification of measurement results reported by the mobile station. '

In the method of the invention, the measurement results of a base
station signal reported by a mobile station at regular intervals are classified by
comparing them with pre-set threshold levels for a base station signal. The
relative speed of the mobile station is determined by counting the classified

35 measurement results. For a handover decision, the value of the relative speed
of the mobile station is compared with a pre-set threshold value. When the
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Figure 1 llustrates two-layer radio coverage in a mobile
communication system, | :
Figure 2 is a block diagram of the structure of a mobile
20 communication system;
Figure 3 is a flow chart of a preferred embodiment of the method of
the invention,
' Figure 4 is a block diagram of a base station controller
implementing a preferred embodiment of the handover decision according to
25 the invention, and
Figure 5 illustrates an embodiment of the operation of a counter
suitable for implementing the method of the invention.
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DETAILED DESCRIPTION OF THE INVENTION

_ The present invention can be applied in any cellular mobile

30 communication system. In the following, the invention will be described in
greater detail with reference, by way of example, to the pan-European digital
mobile communication system GSM. Figure 2 illustrates the above-described
structure of a GSM network in a simplified manner. For a more accurate
descripton of the GSM system, reference .is made to the GSM
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In the following, with reference to Figure 4, the preferred embodiment -
of the invention will be described in a case where the handover decision is made
by the base station controller BSC. Figure 4 is a block diagram of a BSC of the
20 invention, illustrating only the components of the BSC that are relevant to the
invention. For reasons of clarity, the arrangement is illustrated only with regard
to monitoring one mobile station MS. The BSC of Figure 4 is connected to a
mobile services switching centre MSC and base stations BTS1-BTSM. The
handover procedure is controlled by a handover control unit 41. Each base
25 station BTS1-BTSM is associated with a dedicated register 42,-42,, which
contains the pre-set parameters for the respective base station: the threshold
level T of measurement results, and the threshold value N of the counter. In
addition, a dedicated counter 43,-43,, which counts the relative speed of the
mobile station is assigned for each base station BTS1-BTSM under the BSC.
30 When the measurement results of a plurality of mobile stations are monitored, a
dedicated counter 43 is required for each MS. The handover control unit 41
uses these registers and counters in accordance with the invention in making a
‘handover decision in a mobile communication system of multilayer radio
coverage, as will be described below.
35 Figure 3 illustrates in process steps the processing of measurement
results reported by one MS for one microcell (A, B or C). The measurement
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20 the measurement results to be compared. The threshold level T is preferably
~ proportional to the diameter of the area covered by the microcell and to the

transmission power of the base station.

In step 37 of Figure 3, the counter value in counter 43 is compared
with a pre-set threshold value N obtained from register 42. When the counter

25 value in counter 43 exceeds the threshold value N, the MS is concluded to
move at a sufficiently slow speed within the area of the microcell in question
(step 38). The network elements making handover decisions are informed of
the relatively slow speed of the MS. The selection of a suitable target cell can
be based on the signal level of a base station, the difference between the

30 signal levels of the serving cell and a neighbouring cell, or on some other
appropriate criterion.

The threshold value N may be set by the operator, and it may be
set separately for each microcell. The threshold value N is preferably
proportional to the diameter of the area covered by the microcell and to the

35 maximum speed of a slow moving mobile station.
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I ndi cat ed In this example, acceptable measurement results increment the counter value
in the counter 43 by two, whereas unacceptable measurement results
20 decrement it by one. This appears clearly from Figure 5. at the third
measurement result the value of the counter 43 decreases to 2, and at the
fourth measurement result the value of the counter 43 becomes 1. The
missing measurement result indicated by arrow A decrements the value of the
counter 43 by one in this case, i.e. from 10 to 9. When the value of the counter
25 43 exceeds a pre-set threshold value N, the MS is defined as slow moving, i.e.
it is preferably handed over to the base station BTS of the microcell (A, B or
C). In the case of Figure 5, the threshold value N is 15.
Mobile stations MS moving at a fast speed across the coverage
area of the microcell move outside the microcell before the value of the
30 counter 43 exceeds the pre-set threshold value N. Since measurement results
measured outside the coverage area of the microcell are classified as
unacceptable, i.e. they are below the threshold level T or completely missing
from the reported measurement resuits, they decrement the value of the
counter 43. Interpretation of a fast moving MS as a slow moving one is thus
35 prevented even if the MS should return to the area of the same microcell after

a while.




5 in Fi gure 5 by a horizontal broken Iine. The threshold level T may be
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registered in the counter 43 after each measurenent result is indicated

bel ow the horizontal 10 axis. It can be s§en fromFigure 5 that nmeasurement
results are normally received at regular Pntervals, in this case at
interval s of 480 ns.
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accept abl e nmeasurenent result+ et by the operator. The val ue

of 5 the counter increnment step is preferably greater than or equal to the

val ue of the decrenent step, in which case the significance of unacceptable
measure- nent results is not too nuch emphasi zed. The val ues of the

i ncrement and decrement steps to be set depend on the threshold val ue N of

t he counter é&;the above, the nmethod of the invention has been
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stations t basisi ofcthenumber pad clagsificaipn af the rogasirement sesulty 9eRived at A B,
C) . charackgpstantially Fajtlar mtéWals, and
15 defining a mobile station (MS) as a slow moving mobile station,
when‘the determined relative speed of said mobile station is lower than a
predetermined relative speed.
" 2. A method according to claim 1, characterized by
comparing measurement results with a pre-set signal threshold level (T), and
20 classifying measurement results above the threshold level (T) as acceptable
and measurement results below the threshold level (T) or missing measure-
‘ment results as unacceptable.
3. A method according to claim 2, characterized by
expressing the signal threshold level (T) as the signal level.
25 4. A method accordingtoclaim2or3,characterized by
incrementing the value representing the relative speed by a pre-set
increment step when the measurement result is acceptable,
decrementing the value representing the relative speed by a pre-set
decrement step when the measurement result is unacceptable,
30 comparing the value representing relative speed with a threshold
value (N), and
defining a mobile station (MS) as slow moving when the value
representing relative speed exceeds the threshold vaiue (N).
5. A method according to claim 4, characterized in that the
35 increment step is greater than or equal to the decrement step.
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report the urenent result at substantially regular intervals, c h ar a
cter tl52 e d i n tsexondheompéarisen awansnfoc zompargsthenrelative speed of the

mobile station (MS) with a pre-set threshold value (N), and when the threshold
value (N) is exceeded, defining the mobile station (MS) as a slow moving
mobile station, and _

_ means for commanding a mobile station defined as a slow moving

20 mobile station to switch to the base station (BTS) of a suitable microcell (A, B,
C).

7. An arrangement according to claim 6, characterized by
being provided in connection with the elements of the mobile communication
system which make handover decisions. |

25 8. An arrangement accordingtoclaim6or7, characterized
in that the first comparison means are arranged to classify measurement
results above the pre-set signal threshold level (T) as acceptable and
measurement results below the threshold level (T) or missing measurement
results as unacceptable. '

30 - 9. An arrangement according to claim 8, characterized in
that the counter means are arranged to increment the value representing the
relative speed by a pre-set increment step at an acceptable measurement
result, and to decrement the value representing the relative speed by a pre-set
decrement step at an unacceptable measurement resutt.
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(54) Title: METHOD AND ARRANGEMENT FOR MAKING A HANDOVER DECISION IN A MOBILE COMMUNICATION
SYSTEM _

(57) Abstract

The invention relates to a method and arrangement for making a handover decision in a mobile communication system of muitilayer
radio coverage, which comprises measuring at a mobile station (MS) a radio signal transmitted by a base station (BTS) of a microcell, and
reporting the measurement resuits at substantially regular intervals. The invention is characterized by determining 2 relative speed for the
mobile station on the basis of the number and classification of the measurement results received at substantially tegular intervals. Mobile
stations moving at a speed slower than the relative speed are defined as slow mcwmg and commanded to register in the base station of a
suitable microcell (A, B, C).




