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Method for improving the quality of service of a cellular telecom-

munication network

The present invention relates to a method for improving the quality of
service of a cellular telecommunication network and allowing for new types
of subscriptions.

It is known that traditional cellular telecommunication networks present at
least the two following performance limitations:

o A first performance limitation due to re-using the same frequency
band in each cell, which causes a significant drop of performance levels
(e.g. signal to interference and noise ratio, user throughputs) at crossing
cells or sector edges wherein different radio signals, generated by the same
or different base stations, might interfere one with each other.

. A second performance limitation due to in-door performance levels
(e.g. signal to interference and noise ratio, user throughputs) which are usu-
ally reduced, and are the result of a trade-off between cost, outdoor interfer-
ence level and indoor coverage. Indeed, for economical reasons, wireless
networks are traditionally designed to provide outdoor coverage while indoor
coverage is offered only to limited areas (e.g. up to 10dB to 20dB extra
losses are afforded within buildings, which quite often is not enough to prop-
agate deep inside buildings).

To alleviate interference levels at cell crossing edges and to provide a
more uniform quality of service and quality of experience, several solutions
have been proposed:

. The “interference solution”, which introduces a frequency re-
use pattern, inside a re-use one frequency scheme; this method, called ICIC
for Inter Cell Interference Coordination, attenuates the transmitted power
over a given fraction of the frequency band. As a consequence, it may result
in limiting the interference levels generated on the adjacent cells over the
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same given fraction of the frequency band. This method is also known as

fractional frequency reuse.

. The “capacity solution” which is based on increasing the num-
ber of cells. It has been observed by simulation experiments that without
specific methods aimed at limiting the interference, by decreasing the inter-
site distance the individual site capacity is decreased as well, resulting in an
overall loss in system capacity.

. The “indoor solution”, by introducing femto cells which are low-
cost, low-power base stations, designed to provide cellular service in resi-
dential and enterprise environments and operate in licensed spectrum.
However, a large density of femto cells creates a significant level of interfer-
ence, which in turn limits the overall system capacity.

None of the previous solutions provide the desired uniformity in the qual-
ity of service and in the quality of experience, especially for bandwidth inten-
sive applications (e.g. mobile video), across the whole geographical area of
interest. Indeed, the bandwidth intensive applications require in general a
level of Signal to Interference and Noise Ratio (SINR) that is significantly
higher than the SINR levels required by the traditional narrow band applica-
tions (e.g. voice, low bit data rates).

Since nowadays wireless cellular networks are typically engineered for
such narrow band applications, bandwidth intensive applications such as
mobile video could eventually be offered only in a much limited coverage
compared to the narrow band applications. Therefore, there is a need for a
method which delivers uniformity on quality of service, and quality of experi-
ence as perceived from the end user point of view, in a wireless cellular net-
work.

Accordingly, the present invention is directed to a method for improv-
ing the quality of service and the quality of experience offered by a cellular
telecommunication network, mainly by controlling more efficiently cell edge
interferences.

To achieve this and other advantages, and in accordance with the
purpose of the invention as embodied and broadly described herein, the
present invention relates to a method for improving the quality of service of a
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cellular telecommunication network wherein cells are irradiated by radio

beams generated by base stations, each base station comprising means to
irradiate at different time different areas of an associated cell by forming dif-
ferent radio beams, characterized in that it comprises the step of synchroniz-
ing a first sequence of radio beams, generated by a first base station, with at
least one other sequence of radio beams, generated by at least one other
base station, in order to limit the radio interferences between said first base
station and said at least one other radio-adjacent base station.

Thereby, the invention describes a simple and efficient method to
provide a more uniform quality of service and quality of experience to the
end users, since radio beams sequences can be generated in a way that
completely or partially avoid interferences as described thereafter.

In one embodiment, the synchronization of said first base station’s ra-
dio beams sequence with said at least one other base station’s radio beams
sequence comprises the step for both said first base station and said at least
one other base station of following predetermined sequences of radio beams
generation according to predetermined schedules and patterns.

In one embodiment, the predetermined radio beam schedules and
patterns are modified depending on quality of service reports received by
said first base station and/or said at least one other base station.

In one embodiment, the quality of service reports are generated by
said first base station, said at least one other base station and/or by mobile
terminals.

In one embodiment, said first base station and said at least one other
base station transmit to each other received communications from mobile
terminals in order to implement coordinated multi-site MIMO communica-
tions.

In one embodiment the first base station and the at least one other
base station implement one of the following radio beam sequences:

- a fixed predetermined sequence of radio beams,
- a dynamically modified sequence of radio beams,
- an adapted sequence of radio beams aimed to generate multisite MI-

MO communications,
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Depending on a level of radio interferences between base stations.

In one embodiment, the number and/or the patterns of radio beam(s)
formed by said first base station and/or said at least one other base station
are modified depending on a level of radio interference between said first
base station and said at least one other base station.

In one embodiment the radio beams are adjusted in elevation.

The invention also relates to a base station for a cellular telecommuni-
cation network wherein cells are irradiated by radio beams generated by
base stations, each base station comprising means to irradiate at different
time different areas of an associated cell by forming different radio beams,
characterized in that it comprises means for synchronizing a first sequence
of radio beams with at least one other sequence of radio beams, generated
by at least one other base station, in order to limit its radio interferences with
said at least one other base station following a method according to any of
the previous embodiments.

The invention also relates to a cellular telecommunication network
comprising cells irradiated by radio beams generated by base stations, each
base station comprising means to irradiate at different time different areas of
an associated cell by forming different radio beams, characterized in that it
comprises means for synchronizing a first sequence of radio beams, gener-
ated by a first base station, with at least one other sequence of radio beams,
generated by at least one other base station, in order to limit the radio inter-
ferences between said first base station and said at least one other base
station following a method according to any of the previous embodiments.

The accompanying drawings are included to provide a further under-
standing of the invention and are incorporated in and constitute a part of this
specification, to illustrate embodiments of the invention and, together with
the description, to explain the principles of the invention:

- Figure 1, 2, 3 and 4 are radio beam diagrams of a first base station
implementing one embodiment of the invention, and

- Figure 5, 6 and 7 represent the functioning of two adjacent base sta-

tions implementing one embodiment of the invention.
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Reference will now be made in detail to the present preferred em-

bodiment of the invention, an example of which is illustrated in the accom-
panying drawings. Wherever possible, the same reference numerals will be
used throughout the drawings to refer to the same or like parts.

In reference to figure 1, a first base station 100 according to the in-
vention might be able to generate, or activate, one or more different radio
beams 102, 104, 106, 108, 110 or 112 at different time, each radio beam
irradiating a different area of an associated cell.

In other words, each radio beam is associated with a central azimuth,

or horizontal angle, as summarized in the table herein below:

Beam Azimuth (°)
102 270°
104 320°
106 40°
108 90°
110 140°
112 220°

Note that the azimuth values are just provided as examples here. The
maximum number of radio beams can be any positive integer number as
long as it is technologically feasible and justifiable by the level of system per-
formance.

Also note that, in one embodiment, the radio beams are adjusted in
elevation i.e. perpendicularly to the horizontal surface in order to adapt their
generation to the environment. Indeed, this adaptation might be done con-
sidering the high level of scattering which exists in urban and in indoor envi-
ronments.

Moreover the base station 100, according to this embodiment of the
invention, comprises means to activate different number of radio beams si-
multaneously as represented in figure 2, 3 or 4 for, respectively, one, three
and six radio beams. The beams which are illuminated are represented by
shaded areas in all these figures.

Independently of the number of radio beams generated by the first
base station 100 at the same time, said first base station 100 comprises
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means to synchronize a first sequence of radio beams with at least one oth-

er sequence of radio beams generation, performed by at least one other
base station which may irradiate an area overlapping an area irradiated by
the said first base station 100. Thereafter, such at least one other base sta-
tion might be called radio-adjacent base station.

As illustrated in figures 5, 6 and 7, such synchronization can easily
be implemented when both the said first base station 100 and the said at
least one other radio-adjacent base station follow predetermined sequences
of beam generation according to predetermined schedules and patterns.

In this example, which illustrates only two base stations 100 and 120
for the sake of clarity, the first sequence of radio beams associated with the
first base station 100 and the at least one other sequence of radio beams
associated with the at least one other base station 120 are identical and
comprise seven periods:

- A first period (figure 5) wherein both the said first base station 100
and the said at least one other radio-adjacent base station 120 generate si-
multaneously their six radio beams (102, 104, 106, 108, 110 and 112 for the
base station 100; 202, 204, 206, 208, 210 and 212 for the base station 120).

- A second period (figure 6) wherein both the said first base station
100 and the said at least one other radio-adjacent base station 120 generate
simultaneously their radio beams irradiating the azimuth at 320° (radio beam
104 for the base station 100; radio beam 204 for the base station 120).

- A third period (figure 7) wherein both the said first base station 100
and the said at least one other radio-adjacent base station 120 generate si-
multaneously their radio beams irradiating the azimuth at 40° (106 for the
base station 100; 206 for the base station 120).

- And four other periods — no represented for the sake of clarity - with
a 50° or 80° shift of the irradiating beams at each period transition (e.g. 106
to 108 for the base station 100 and 206 to 208 for the base station 120 dur-
ing the shift of the third period to the fourth).

For instance, such a sequence of predetermined radio beams - de-
fined by schedule(s) and pattern(s) - can be implemented in order to provide,
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7
during the first period, a general service to all mobile terminals within cells

101 and 201 associated to, respectively, base stations 100 and 120.

Thereafter, in the following periods, the base stations 100 and 120
provide successively a specific service to specific areas as 103 or 203 (fig-
ure 6) and, thereafter, 105 or 205 (figure 7), said specific areas not being
adjacent so that edge interference is considerably reduced or rendered prac-
tically inexistent.

Indeed, as illustrated, radio beams 103 and 203, or 105 and 205, do
not present common crossing edges for simplifying illustration purposes
even if, due to radio propagation properties and scattering properties of the
radio environments, it is possible to observe some level of interference
across some geographical area where radio beams 103 and 203 still over-
lap.

Nevertheless, such interference levels are expected to be considera-
bly lower compared to scenarios where base stations 100 and 120 would
radiate according to an omni-directional pattern for instance.

As a consequence, a more satisfactory quality of radio signal can be
achieved in the specifically irradiated areas as 103, 105, 203 and 205 with a
quality of radio signal considerably above the quality obtained when all the
six radio beams are generated simultaneously per base station or when
base stations have an omni-directional antenna pattern,

It might be underlined that, in figures 6 and 7, the invention is imple-
mented on the basis of a unique active radio beam per base station at any
given time. Nevertheless, several radio beams can be generated simultane-
ously during a period without creating significant edge interferences.

In this embodiment, the predetermined beam schedules and patterns
— e.g. form, deepness and/or wideness of the radio beam— can be modified
depending on quality of service reports received by the said first base station
and/or the said at least one other radio-adjacent base station.

For that purpose, quality of service reports generated by the said first
base station, the said at least one other radio-adjacent base station and by
mobile terminals are taken into account by each base station.



10

15

20

25

WO 2011/054768 PCT/EP2010/066529

8
On the basis of such quality of service reports, each base station

might generate a database indicating different beam interference levels with
other base stations.

As an example, considering thereafter that the " radio beam of the
said first base station 100 is referred to as BS1j, and that the k™ radio beam
of the said at least one other radio-adjacent base station 120 is referred to
as BS2k, multiple interference levels can be categorized so that, in a simpli-
fied approach, three different interference levels are considered, namely L
for Low, M for Medium and H for high

BS2 beams (BS2k); 1<=k<=6

1 2 3 4 5 6
1 L L L L M M

2 M L M L H H

BS1 3 L L L M H H
beams 4 L L L L M M
(BS1j); 5 L L L L L L
1<=j<=6 6 L L L L L L

As previously indicated, the radio beam sequences might also con-
sider the interference database from adjacent — or neighboring — base sta-
tions to determine the sequences of radio beams to be generated.

In one embodiment, such consideration is performed automatically by
each base station so that it can dynamically adapt the radio beam sequence,
e.g. to deliver a given quality of service.

For instance, referring to base stations 100 and 120, it could be that
users associated with beams 1 and 4 have high traffic activity while users
associated with beams 5 and 6 have moderate activity and those associated
with beams 2 and 3 have no traffic activity.

In this case, a sequence of radio beam generation across different pe-
riods for these base stations might become [all, 1, 1, 4, 4, 5, 6]. This pro-
vides some flexibility to adjust the radio beam switching pattern to accom-
modate either fluctuations in traffic demands or changes in radio environ-

ment.
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The beam switching sequence can be also formed by sub-bands (i.e.

fractions of the used radio carrier bandwidth). Usually, the number of sub-
bands is determined by propagation, channel response, or is specified by
standards. An example is shown below for a case of four sub-bands.

subband beam sequence
1 1 1 4 4 |void] 6
2 all 1 2 4 4 5 |void
3 1 1 4 4 |void] 6
4 1 1 3 4 | void |void

In this example, the radio beam sequence for sub-band 1 is [all, 1, 1,
4, 4, void, 6]. An example with “void” has been shown to illustrate the fact
that no radio beam may be associated to a sub-band for a given time slot.
Similarly, the beam sequence for sub-band 4 is [all, 1, 1, 3, 4, void, void].

Despite radio beam generation synchronization, it might be that cell
interference cannot be avoided. In this case, according to an embodiment,
the said first base station and the said at least one other radio-adjacent base
station might transmit to each other received communications of mobile ter-
minals in order to implement a coordinated multi-site MIMO communications
network.

In this case, at least three types of sequences of radio beams are
considered by said first base station and said at least one other radio-
adjacent base station, namely:

- A first type of radio beams wherein predetermined sequences of ra-
dio beams are generated,

- A second type of radio beams wherein dynamically modified se-
quences of radio beams are generated,

- A third type of radio beams, wherein a multi-site MIMO communica-
tions network is considered.

It is considered that the first type of sequencing is the easiest to im-
plement and the third level is the most complex so that their implementation

might be operated successively according to different levels of interference.
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Typically increasing levels of interference will correspond to increas-

ing levels of complexity in the implemented type of sequence.

In other embodiment, the number and/or the patterns of radio beam(s)
formed by the said first base station are modified depending on the level of
radio interference.

Different embodiments of the invention might be implemented. For in-
stance, in the Long Term Evolution technology, information about interfer-
ence is provided through X2 interface - as defined for instance in the 3GPP
consortium 36.42x specifications.

Also in one embodiment, each base station has means to modify au-
tomatically its radio beam generations to limit radio beam interferences. The-
reby radio beam patterns are adjusted dynamically according to, for in-
stance, evolution of traffic and user mobility, topology of the covered area,

nature of scattering environment, non uniformity of traffic.
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CLAIMS

1. Method for improving the quality of service of a cellular tele-
communication network wherein cells (101, 201) are irradiated by radio
beams (102, 104, 106, 108, 110, 112; 202, 204, 206, 208, 210, 212)
generated by base stations, each base station (100, 120) comprising
means to irradiate at different time different areas (103, 105; 203, 205)
of an associated cell by forming different radio beams, characterized in
that it comprises the step of synchronizing a first sequence of radio
beams (104, 106), generated by a first base station (100), with at least
one other sequence of radio beams (204, 206), generated by at least
one other base station (120), in order to limit the radio interferences be-
tween said first base station (100) and said at least one other base sta-
tion (120).

2. Method according to claim 1 wherein the synchronization of
said first base station’s radio beams sequence (104, 106) with said at
least one other base station’s radio beams sequence (204, 206) com-
prises the step for both said first base station (100) and said at least
one other base station (120) of following predetermined sequences of
radio beams generation according to predetermined schedules and pat-
terns.

3. Method according to claim 2 wherein the predetermined radio
beam schedules and patterns are modified depending on quality of ser-
vice reports received by said first base station (100) and/or said at least
one other base station (120).

4. Method according to claim 3 wherein the quality of service re-
ports are generated by said first base station (100), said at least one
other base station (120) and/or by mobile terminals.

5. Method according to claim 2, 3 or 4 wherein said first base sta-
tion (100) and said at least one other base station (120) transmit to
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each other received communications from mobile terminals in order to

implement coordinated multi-site MIMO communications.

6. Method according to claim 4 and 5 wherein the first base sta-
tion and the at least one other base station implement one of the fol-
lowing radio beam sequences:

- a fixed predetermined sequence of radio beams,

- a dynamically modified sequence of radio beams,

- an adapted sequence of radio beams aimed to generate multisite MI-

MO communications.

Depending on a level of radio interferences between base stations.

7. Method according to any of the previous claims wherein the
number and/or the patterns of radio beam(s) formed by said first base
station (100) and/or said at least one other base station (120) are modi-
fied depending on a level of radio interference between said first base
station (100) and said at least one other base station (120).

8. Method according to any of the previous claims wherein the ra-
dio beams are adjusted in elevation.

9. Base station for a cellular telecommunication network wherein
cells (101, 201) are irradiated by radio beams (102, 104, 106, 108, 110,
112; 202, 204, 206, 208, 210, 212) generated by base stations, each
base station (100, 120) comprising means to irradiate at different time
different areas (103, 105; 203, 205) of an associated cell by forming dif-
ferent radio beams, characterized in that it comprises means for syn-
chronizing a first sequence of radio beams (104, 106) with at least one
other sequence of radio beams (204, 206), generated by at least one
other base station (120), in order to limit its radio interferences with said
at least one other base station (120) following a method according to
any of the claims 1 to 8.

10. Cellular telecommunication network comprising cells (101, 201)
irradiated by radio beams (102, 104, 106, 108, 110, 112; 202, 204, 206,
208, 210, 212) generated by base stations, each base station (100,
120) comprising means to irradiate at different time different areas
(103, 105; 203, 205) of an associated cell by forming different radio
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beams, characterized in that it comprises means for synchronizing a

first sequence of radio beams (104, 106), generated by a first base sta-
tion (100), with at least one other sequence of radio beams (204, 206),
generated by at least one other base station (120), in order to limit the
radio interferences between said first base station (100) and said at
least one other base station (120) following a method according to any

of the claims 1 to 8.
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