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(57) Abstract: The invention concerns a method for en
hancing the handover of a mobile station (20-23) from a
serving base station (1) of a cellular network to a new base
station, the new base station is selected among a neighbor
list including neighboring base stations, the radio coverage
cell (r2-r8) of which overlaps the radio coverage cell (rl)
of said serving base station (1). It is also provided the base
station for carrying out the method. According to the in

vention it is determined a current sector (sl-s3; sl-s6) in
which said mobile station (20- 23) is located among a plu
rality of sectors (sl-s3; sl-s6) partitioning the radio cover
age cell (rl) of said serving base station (1), and the neigh
bor list includes only the neighboring base stations the ra
dio coverage cell (r2-r8) of which overlaps said current
sector (si -s3; sl-s6).



Method for enhancing the handover of a mobile station and base
station for carrying out the method

The invention relates generally to wireless communications, in

particular, t o a method for enhancing the handover of a mobile station from a

serving base station of a cellular network to a new base station. The invention

also relates t o a particular base station for the implementation of the method.

A communication performed from a mobile station implies that the

mobile station is located in the radio coverage cell of a base station. The base

station performing radio exchanges with the mobile station so that it can

perform the communication is commonly called the serving base station.

However, during a communication, cellular network may have to

perform transfers of the communication from a serving base station t o a new

base station, in order to avoid loosing a call when, for instance, the mobile

station gets outside the area covered by the serving base station.

This automatic transfer of the communication from the serving base

station to a new base station is called handover.

With system based on large cells, the probability that a handover

event occurs during a communication is small. However, the achievement of

high capacities for transmitting both voice and data communications with very

high throughput has required a continuous reduction of cells size. Therefore, it

is very common that one or even a plurality of handovers occurs during a

communication performed by a user through his mobile station.

A handover is necessary when a mobile station carrying out a

communication is getting out of the serving base station or if no capacity is

remaining in the cell associated with the serving base station for connecting a

new communication.

More precisely, a mobile station carrying out a communication

periodically performs quality and power measurements to determine if the

channel conditions associated with the serving base station are satisfactory.



The measurement results are transmitted in parallel of the communication to

the base station. I f the results indicate that the quality of the transmission is

to much altered or that a too high power is needed t o transmit signals to the

serving base station, the serving base station gets the mobile station t o

perform a handover to another base stations.

Alternatively, the serving base station can detect that no capacity is

remaining in its associated cell for connecting a new communication and thus

prompts some mobile stations which are currently using it t o perform a

communication, to carry out a handover to a new base station.

A handover typically includes two phases. The first phase, commonly

called observation phase, is used t o select a base station neighboring the

current serving base station which is the most appropriate to continue the

communication with the mobile station. The second phase consists in

automatically transferring the communication to the selected base station.

The fact that the communication performed from the mobile station

must not be altered during the handover leads the two above quoted phases

to be carried out in a very short delay.

During the observation phase, the mobile station measures, for each

base station of a specific list, the signal strength which it receives from the

base station. This specific list, currently named neighbor list, is transmitted t o

the mobile station by the serving base station when this one prompts the

mobile station to perform an observation phase. The list comprises all the

neighboring base stations such that the coverage area of which overlap the

coverage area of the serving station.

Each signal strength measured by the mobile station is sent to the

serving base station which then selects, according to the result of the

measurements performed and sent by the mobile station in combination with

other knowledge of the cellular network, the new base station among the base

stations most adapted to continue the communication. The communication is

then automatically transferred t o the selected base station.

The selection of the new station is facilitated when strength signal

measurements are performed with accuracy.

Actually, the neighbor list comprises all the neighboring base stations



the coverage of which overlap the coverage area of the serving base station.

Consequently, the number of station comprised in the list may be high and it

leads the mobile station to perform a large number of strength signal

measurements. This is specifically the case in urban area in which the cells

have small sizes.

A minimum of delay is necessary to perform each strength signal

measurement with a satisfactory accuracy. Consequently, when a serving base

station has a great number of neighboring bases stations, the observation

phase may take a long time to be correctly performed.

However, as mentioned above, the observation phase has t o be carried

out in the shortest delay as possible.

This situation leads either to extend the delay of the observation phase

in order t o enable the mobile station to perform all the measurements with a

sufficient degree of accuracy or to perform the selection of the new base

station from measurements of lesser accuracy. Both alternatives are not

satisfactory to ensure handover of the communication without risking t o alter

or to lose the communication.

Document WO 99/27657 discloses a method for enhancing the

handover of a mobile station according to the preamble of claim 1.

Other method are known, such as the method disclosed in Document

US 7 092 722 for cellular network in which each cell is divided in a plurality of

sectors, for instance three sectors arranged as pie pieces, thanks to the use of

a plurality of directional antennas or antenna components for the respective

base station.

The aim of the present invention is t o enable the handover of a mobile

station in a short delay while enabling the mobile station to perform accurate

strength signal measurements.

I n a first aspect it is provided a method for enhancing the handover of

a mobile station from a serving base station of a cellular network to a new

base station, as claimed in claim 1 .

When the radio coverage cell of the serving base station corresponds

to the radio coverage beam of at least one directional transmitting/receiving

antenna, the radio coverage beam extending along a main axis, then the radio



coverage beam is partitioned in a succession of ring portions extending

concentrically with respect to said antenna along the main axis and each

sector of the plurality of sectors partitioning the radio coverage beam

corresponds t o one of said ring portion.

I n this case, the current sector is determined based on an estimation

of the distance between the mobile station and the antenna.

Alternatively, when the radio coverage cell of the serving base station

corresponds to the radio coverage beam of at least one directional

transmitting/receiving antenna, the radio coverage beam extending along a

main axis, then the radio coverage beam is partitioned in a succession of ring

portions extending concentrically with respect to the antenna along the main

axis and each sector of the plurality of sectors partitioning said radio coverage

beam corresponds to half part of one of said ring portion with respect to said

main axis.

I n this case, the current sector is determined based on estimation of

the angle and of the distance between said mobile station and said antenna.

I n a second aspect it is provided a base station for carrying out the

method disclosed in the first aspect. The base station is characterized in that it

comprises:

- tracing means adapted to determine a current sector in which is located

said mobile station; and

- partitioning means adapted to include in said list only the neighboring

base stations the radio coverage cell of which overlaps said current

sector.

The features and advantages of the invention will become more

apparent from the following detailed description with reference to the attached

figures wherein:

- Figures I a and I b represent, schematically, two examples of a radio

coverage cell of a base station divided into a plurality of sectors

according t o the method of the invention.

- Figures 2a and 2b represent tables showing, for each sector disclosed

respectively in figure I a and Ib, the associated list of neighboring base

stations computed according to the method of the invention.



- Figure 3 represents, schematically, processing components located in a

base station and their interactions for enabling a handover of a mobile

station from the base station according t o the method of the invention.

As shown in figure I a a plurality of mobile stations 20, 21, 22, 23, 24

are located within the radio coverage cell r l of a base station 1. It is assumed

that mobile stations 20, 21, 22 and 23 are presently in communication and

that the communications are achieved by performing at least wireless

transmissions/receptions with base station 1. Thus, base station 1 is

considered as the serving base station for mobile stations 20, 21, 22 and 23.

It is further assumed that mobile station 20 is moving and presently

getting out of radio coverage r l during its communication. It is thus necessary

to enable a handover of this mobile station from serving base 1 to one of the

neighboring stations station without altering its communication.

For enabling the handover of mobile station 20 from serving base

station 1 with an appropriate new base station, serving base station 1

transmits to mobile station 20 a list including neighboring base stations, each

neighboring base station included in the list having its radio coverage r2, r3,

r8 overlapping radio coverage rl of serving base station 1. Then, a new

base station is selected among the neighboring base stations included in the

list according t o measures performed mobile station 20.

As already explained above, commonly applied method for enabling

the handover of a mobile station uses a unique list comprising all the

neighboring base stations of serving base station 1. More precisely, all mobile

stations getting out of radio coverage cell r l receive same unique list and

perform signal strength measures with all neighboring base stations.

The method according to the invention differs from the commonly

applied method in that serving base station 1 transmits a list selected among

a plurality of lists according to the location of the mobile station.

More precisely, as shown on figure Ia, radio coverage cell r l is divided

into a plurality of sectors si, s2..., s3. For each sector si, s2, s3, it is

computed a list which only includes the neighboring base stations which have

their radio coverage cell overlapping the radio coverage cell r l of serving base

station 1 within the sector.



Before transmitting the list to the mobile station, the sector in which is

located the mobile station is determined. Serving base station then transmits

the list computed for the sector in which the mobile station is located. Since

each computed list includes only a limited number of neighboring base

stations, mobile base station is able t o perform strength signals measures with

all the neighboring base station included in the computed list in a short time

and with a satisfactory accuracy.

Referring to figures Ia, Ib, 2a, 2b and 3, the various features involved

in the division of the radio coverage cell into a plurality of sectors, the

computation of a plurality of lists and the transmission of one list among the

plurality of lists to the mobile station will be detailed in the case the serving

base station comprises at least one directional antenna.

The present invention is in no way limited to the particular example

embodiments explicitly shown in figures 1 and 2 and described herein.

As shown on figure Ia, when serving base station 1 comprises at least

one directional antenna (not shown) for transmitting/receiving wireless

communications, the radio coverage cell r l corresponds to the

transmission/reception diagram of the directional antenna. The diagram of

such a directional antenna is approximately an ellipse which corresponds to

the main lobe of the directional antenna. The main axis of the ellipse

corresponds to the direction of the main lobe.

As shown on figure Ia, in this particular configuration, base station 1 is

not located in the middle of the radio coverage cell r l but at one extremity of

the ellipse, which corresponds t o the location of the directional antenna.

In this case, dividing radio coverage cell r l into sectors comprises

defining a succession of circles c0, cl,..., cN the center of which is serving base

station 1. Each circle of the successions of circles cl, c2,..., cl\l has a radius

comprised between zero and the value corresponding to the broadcast range

of the directional antenna in the direction of the main axis.

For the purpose of a better understanding of the invention, it is

considered that the first circle cO of the successions of circles has a radius

equal t o zero and consists in the point at which the base station is located.



The last circle cN of the successions of circles has a radius equal to the

broadcast range.

Each sector corresponds to the area defined as the intersection of the

ellipse and the ring limited by two successive circles.

I n the particular example shown on figure Ia, a succession of four

circles c0, cl,..., c3 has been defined and radio coverage area cell r l of serving

base station 1 has been divided into three sectors si, s2, s3.

According to the method of the invention, after the sectors have been

defined, for each sector, a particular list is computed. Each particular list,

computed and associated t o a sector, only includes the neighboring base

stations which have their radio coverage cell overlapping the radio coverage

cell r l of serving base station 1 within this sector.

Figure 2a represents a table comprising computed lists II, 12, 13

respectively associated with sectors si, s2 and s3 as illustrated on figure Ia.

As shown in the table, sector si is associated with list Il including the

neighboring base stations respectively associated with radio coverage cells r7,

r8 and r2 since only these radio coverage cells overlap radio coverage cell r l

in sector si. Similarly, list I2 associated with sector s2, includes the four

neighboring base stations respectively associated with radio coverage cells r6,

r7, r2 and r3 and list I3 computed for sector s3 only comprises the four

neighboring base stations the radio coverage cells of which are respectively r3,

r4, r5 and r6.

Advantageously, serving base station 1 may comprise a dedicated

neighbor list computation module 10 which is in charge of computing the

different lists once the sectors have been defined. Such a module 10 may have

knowledge of the topology of the wireless network. More precisely, neighbor

list computation module may be implemented with geographical information

such that location of the neighboring base station and broadcast range of the

antenna implemented in the neighboring base station. According to the

geographical information, neighbor list computation module 10 determines the

neighboring base stations the respective radio coverage cell of which overlaps

radio coverage cell rl within a particular sector.



I n addition, the number and size of sectors may be set by the

management system (not shown) of serving base station 1. The number of

sectors may be different in each base station of the wireless network. A great

number of sectors leads to a small number of base stations per list.

Consequently, it is better to define a great number of sectors such that the

mobile station will have to perform few signal strength measures during a

handover.

As shown in the table represented on figure 2a, two different lists may

comprise a different number of neighboring base station and redundancy is

permitted since a neighboring base station may be included in two different

lists.

Advantageously, the number and the size of the sectors are set such

that the means size of all the lists is minimized. Depending of the topology of

the wireless network (i.e. number and location of the neighboring base

stations), it may be advantageous that the rings used to define the sectors

have different width. (The width of the ring is the difference between the

radius of two successive circles).

I n addition, it may be advantageous that the difference between the

number of neighboring base stations of the list including the largest number of

neighboring base stations and the number of neighboring base stations of the

list including the smallest number of neighboring base stations is minimized.

The adjustment of the size or of the number of sectors enables to

avoid some sectors having a list including a very small number of neighboring

base stations whereas some other sectors having large lists. Consequently,

mobile station will be provided with lists including approximately the same

number of neighboring base stations no matter the sector within which it is

located when performing a handover.

Alternatively, the number or the size of the sectors is set to minimize

the redundancy between the different lists.

According to the method of the invention, for enabling the handover of

a mobile station from the serving station to one of the neighboring base

stations, the sector within which the mobile station is located is determined

and the list associated to this sector is transmitted to the mobile station.



I n the case the serving base station comprises at least a directional

antenna, as it has already been considered in the example illustrated by figure

Ia, the determination of the sector is performed by determining the distance

between the mobile station and the serving base station.

The determination of such a distance may be performed by a

measurement module 11 of serving base station 1, by interpreting, for

instance, the results of power signal measures periodically performed and

transmitted by a mobile station when performing a communication via a base

station.

After measurement module 11 has determined the distance between

the mobile station and the serving base station, the determined distance may

be transmitted to a neighbor list computation module 12 which uses this

information to identify the sector within which the mobile station is located.

I n one embodiment, the determined distance is compared with the

different radius of the circles used to define the sectors. More precisely, when

the determined distance is comprised between the radius circle ci and the

radius of circle ci+1, the mobile station is considered to be located in the

sector si corresponding to the intersection of the ellipse and the ring limited by

circles ci and ci+1.

Alternatively, neighbor list selection module 10 first computes, for each

sector, the means value of the two radius of the successive circles used to

defined the sector. Module 10 then computes the difference between the

determined distance and each means value. The mobile station is considered

to be located in the sector the means value of which minimizes the difference

with the determined distance.

Referring to figure I a and assuming that mobile stations 20, 21, 22

and 23 are getting out of radio coverage cell rl. Since distances d20 and d21

between mobile stations 20 and 21 and serving base station 1 are comprised

between radius of circles c2 and c3, serving base station determines that they

are both located in sector s3 and transmit list 13 to them. Mobile base station

will then perform strength signal measurement only with base station

associated with radio coverage cells r3, r4, r5 and r6.



Conversely, mobile station 22 and 23 are provided with list Il which

only includes three base stations. Since only a limited number of neighboring

base stations is provided to mobile stations 20, 21, 22 and 23, strength

measures with these neighboring base stations can be performed in a short

and with a satisfactory accuracy.

As well illustrated on figure Ia, it is to be noticed that when such

sectors are defined, the mobile station will be provided with a list which only

includes the base stations under the radio coverage cell of which the mobile

station is more likely to be located when definitively getting out of the radio

coverage cells of the serving base station.

As described above with reference to figure I a and 2a, all the mobile

stations located at the same distance from the serving base station will be

provided with the same list of neighboring base stations.

However, as shown on figure I a although mobile stations 20 and 21

are provided with the same list I3, considering their respective current location

in sector s3, it will be reasonably believed that the selected base station from

the list t o continue the communication will be different. Indeed, considering

the location of mobile station 20, one can considers that the most adapted

new base station is the base station associated with radio coverage r5. On the

contrary, the future base station used to enable the continuation of the

communication performed by mobile station 21 is certainly the base station

associated with radio coverage r3.

Although the distances between serving base station and mobile

stations 20 and 21 are approximately the same, they are located at two

opposite border of radio coverage cell rl. The use of the direction of signal

transmitted by mobile stations 20 and 21 and received by the antenna of

serving base station 1 would be useful to reduce the number of neighboring

base station included in the list without risking to remove from the list the

most likely neighboring base station to be selected.

Figure I b represents the same radio coverage cell than figure I a in

which each sectors disclosed in figure I a has been divided into two sectors

according t o the mains axis of the transmission/reception diagram of the

directional antenna.



More precisely, as shown on figure Ib, a sector corresponds t o the part

of the intersection, as defined when referring t o figure Ia, which is located on

the left side, respectively on the right side, of the main axis of the

transmission/reception diagram of the directional antenna.

Thus, with the same succession of circles c0, cl,..., c3, radio coverage

cell r l of serving base station is divided into six sectors si, s2, ..., s6.

I n the case each sector is only located on the left side or on the right

side of the main axis, as illustrated by figure Ib, the determination of the

sector in which is located the mobile station further comprises the direction of

the signal transmitted from the mobile station and received at the serving

base station.

Consequently, mobile stations 20 and 21, which were provided with

the same initial list when only the distances between mobile stations and

serving base station were taking into account, are, in the present case,

providing with two different lists. These two different lists correspond t o the

initial list from which neighboring base station located on the other side of the

main axis with respect to the side in which is located mobile station 20,

respectively mobile station 21, have been removed.

Figure 2b represents a table comprising computed lists II, 12, ..., 16

respect ively associated with sectors si to s6 as illustrated on figure Ib. As

shown in the table, sector s3 is associated with the list 13 including the

neighboring base stations respectively associated with radio coverage cells r3

and r4. Similarly, list 14, associated with sector s4, includes the three

neighboring base stations respectively associated with radio coverage cells r4,

r5 and r6.

When radio coverage base station r l is divided in the manner

illustrated on figure Ib, determining the sector in which the mobile station is

located consists on performing an estimation of the distance between the

serving base station and the mobile base station and performing an estimation

of the direction of the signal transmitted from the mobile and received by the

antenna.

The direction of the received signal may be performed by determining

the angle existing between the direction of the received signal and the



direction of the main axis of the transmission/reception diagram of the

antenna.

I n case the antenna consists in a plurality of transmission/reception

radiating elements enable to be used according to a beamforming technique,

the angle may be computed by an estimation of the time difference between

the reception times of the signal emitted by the mobile station on two different

radiating elements of the antenna.

Although the different technical features and advantages of the

invention have been described with referring to the transmission/reception

diagram of one specific directional antenna implemented in a base station, the

invention is not limited to base station using only one directional antenna.

Indeed, currently used base stations are bisectorial or trisectorial. These base

stations are implemented with two or three directional antennas and the radio

coverage cell of the base station correspond to sum of the

transmission/reception diagrams of each directional antenna. Dividing the

radio coverage cell of the base station consists then in dividing each

transmission/reception diagram respectively associated with one of the

directional antenna implemented in the base station according to what have

been disclosed when referring to figures I a and Ib.

A commonly located process can be used t o determine both the

position angle and the distance of the terminal from the antenna of the base

station.

I n other embodiment, the radio coverage cell of the serving base

station may correspond to the transmission/reception diagram of an omni-

directional antenna. I n this case, each of said plurality of sectors corresponds

to an angular sector of said transmission/reception diagram, and said current

sector is determined based on an estimation of the angle between said mobile

station and said omni-directional antenna.



CLAIMS

1. A method for enhancing the handover of a mobile station (20-23) from

a serving base station (1) of a cellular network to a new base station,

said new base station being selected among a neighbor list including

neighboring base stations, the radio coverage cell (r2-r8) of which

overlaps the radio coverage eel! (rl) of said serving base station (1),

said method comprising the steps of:

- Determining at the serving base station (1), the location of said mobile

station (20-23) within the radio coverage cell (rl) of said serving base

station (1) and

- Transmitting to said mobile station (20-23) a reduced neighbor list

based on said location,

characterized in that, said step of determining the location of said

mobile station (20-23) comprises the sub-steps of:

- partitioning the radio coverage cell (rl) of said serving base station (1)

in a plurality of sectors (sl-s3 ; sl-s6); and

- determining a current sector (sl-s3; sl-s6) in which said mobile

station (20-23) is located among said plurality of sectors (sl-s3 ; sl-

s6);
and in that said reduced neighbor list includes only the neighboring base

stations the radio coverage cell (r2-r8) of which overlaps said current

sector (sl-s3; sl-s6).

2. The method as claimed in claim 1, characterized in that, the radio

coverage cell (rl) of said serving base station (1) corresponding t o the

radio coverage beam of at least one directional transmitting/receiving

antenna, said radio coverage beam extending along a main axis (al),

said radio coverage beam is partitioned in a succession of ring portions

extending concentrically with respect t o said directional

transmitting/receiving antenna along said main axis (al), in that each

of said plurality of sectors (sl-s3) partitioning said radio coverage



beam corresponds t o one of said ring portion, and in that said current

sector (sl-s3) is determined based on an estimation of the distance

between said mobile station (20-23) and said directional

transmitting/receiving antenna.

3. The method as claimed in claim 1, characterized in that, the radio

coverage cell (rl) of said serving base station (1) corresponding to the

radio coverage beam of at least one directional transmitting/receiving

antenna, said radio coverage beam extending along a main axis (al),

said radio coverage beam is partitioned in a succession of ring portions

extending concentrically with respect to said directional

transmitting/receiving antenna along said main axis (al), in that each

of said plurality of sectors (sl-s6) partitioning said radio coverage

beam corresponds to half part of one of said ring portion with respect

to said main axis (al), and in that said current sector (sl-s6) is

determined based on an estimation of the angle and of the distance

between said mobile station (20-23) and said directional

transmitting/receiving antenna.

4 . The method as claimed in claims 2 or 3, characterized in that said

estimation of the distance is based on results of signal strength

measurements sent by said mobile station (20-23) to said serving base

station (1).

5. The method as claimed in claim 3, characterized in that, said directional

transmitting/receiving antenna including an array of radiating elements

adapted to perform a transmission/reception according a beamforming

technique, said estimation of the angle is based on the time difference

between the reception times of the signal emitted by said mobile station

(20-23) on two different radiating elements of said directional

transmitting/receiving antenna.

6 . The method as claimed in anyone of the preceding claims, further



comprising the step of determining, for each sector of said plurality of

sectors (sl-s3; sl-s6), a sector list including only the neighboring base

stations the radio coverage cell (r2-r8) of which overlaps said sector.

7. The method as claimed in claim 6, further comprising:

- determining the number of neighboring base stations included into

each sector list;

- modifying the size or the number of the sectors partitioning the

radio coverage cell (rl) of said serving base station (1) in order

t o balance the number of neighboring base stations of each

sector list.

8. The method as claimed in claim 2 to 5, characterized in that, the radio

coverage cell (rl) of said serving base station (1) corresponding to a

plurality of radio coverage beams of a plurality of directional

transmitting/receiving antennas, the method is performed with the

antenna of said plurality of directional transmitting/receiving antennas

via which said mobile station (20-23) is carrying out the

communication.

9. The method as claimed in claim 1, characterized in that, the radio

coverage cell (rl) of said serving base station (1) corresponding to the

transmission/reception diagram of an omni-directional antenna, each

of said plurality of sectors corresponds to an angular sector of said

transmission/reception diagram, and in that said current sector is

determined based on an estimation of the angle between said mobile

station (20-23) and said omni-directional antenna.

10. A base station (1) of a cellular network for carrying out the method as

claimed in any one of claims 1 to 9, characterized in that it comprises

- tracing means (12) adapted to determine a current sector (sl-s3;

sl-s6) in which is located said mobile station (20-23); and

- partitioning means (11, 13) adapted to include in said reduced



neighbor list only the neighboring base stations the radio

coverage cell (r2-r8) of which overlaps said current sector (sl-s3;

sl-s6).

11. The base station (1) as claimed in claim 10 for carrying out the

method as claimed in claim 6, characterized in that said partitioning

means (11, 13) are further adapted to determine, for each sector of

said plurality of sectors (sl-s3; sl-s6), a sector list including only the

neighboring base stations the radio coverage cell (r2-r δ ) of which

overlaps said sector.

12. The base station (1) as claimed in claim 11 for carrying out the

method as claimed in claim 7, characterized in that said partitioning

means (11, 13) are further adapted to :

- determining the number of neighboring base stations included

into each sector list;

- modifying the size or the number of the sectors partitioning the

radio coverage cell (rl) of said serving base station (1) in order

to balance the number of neighboring base stations of each

sector list.
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