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Method for managing a wireless telecommunication network

The present invention relates to a method for managing a wireless
telecommunication network.

Telecommunication operators develop their network management in
order to ensure high quality of service and high data rates to their end users.
For that purpose, small cells networks are increasingly used since such
small cells —i.e. cells of a size generally comprise between 100 or 200 m —
are interesting for delivering high per-user data rates, uniformly across a
coverage area, while providing greater overall throughput via higher spatial
reuse.

In addition, a small cells network can be operated in both an indoor
and an outdoor environment which allows, for instance, a continuity of ser-
vice between an indoor area and an outdoor area.

Since communication resources of a small cells telecommunication
network are shared between said small cells, it is primordial to share effi-
ciently said available radio resources among the small cells of the network.
In other words, the employed resource allocation procedure highly impacts
the performance of the overall communication network.

One of the main issues when deploying small cells communication
networks is to guarantee a continuity of service and an efficient handover
between neighboring cells, a "neighboring cell" being a cell which is adjacent
or proximate to the considered cell. For that purpose, a neighboring cell list
(NCL) is set by each cell in order to identify different neighboring cells that
can be seen (captured or received) by the terminal and responding to a set
of predefined criteria (mainly the level of received signal), a communication
handover being possible for a terminal communication from the cell owning
the list to a cell listed thereon.

The optimization of said neighbor cell list (NCL) is a crucial issue that
targets to provide seamless mobility and satisfactory quality of end user ex-
perience. As reflected by the publication of David Soldani and Ivan Ore,
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“Self-optimizing neighbor cell list for UTRA FDD networks using detected set
reporting”, published in IEEE 65th Vehicular Technology Conference, 2007.
VTC2007-Spring, it is known to consider an efficient optimization procedure
of the Neighbor Cell List establishment mainly on the radio communication
quality indicators.

The invention results from the finding that the small cells are sup-
ported by base stations whose backhauling connection to the core commu-
nication network - i.e. the wired connection between the radio base station
and the telecommunication network - should be taken into account for shar-
ing the communication resources sharing among the different small cells.

More precisely the invention results from the finding that the quality of
a base station backhauling should be considered in the distribution of the
telecommunication network resources, for instance to establish NCLs or dis-
tribute radio frequencies between base stations.

Indeed, a small cell base station can be connected with different types
of backhauling, for instance depending on the base station location, to the
core network, such as an optical fiber connection, a Digital Subscriber Line
connection, a power transmission line and/or a cooper line, each one of said
connection having its own particularities to be considered in order to improve
the telecommunication network operations.

Thus, the invention relates to a method for managing cells of a tele-
communication network, said cells being supported by radio base stations
aimed to provide wireless communication support to mobile terminals con-
nected to said communication network, each radio base station being linked
to a core of the telecommunication network through an associate backhaul,
characterized in that it comprises the step of managing dynamically commu-
nications resources of the telecommunication base stations by considering a
dynamical backhaul quality parameter for each base station and comparing
different backhaul quality parameters of different base stations in order to
optimize the communication resources operations of the telecommunication

network.
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By implementing the invention, a telecommunication network can be
managed in order to consider the backhaul operating conditions, so that the

overall telecommunication network operation can be optimized.

[Copy/paste of sub-claims after inventor’s agreement on sub claims]

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 whose scope is de-
fined by the claims and not limited by the description wherein:

- Figure 1 is a schematic view of a telecommunication network ac-
cording to the invention,

- Figure 2 and 3 are diagrams of an assessment of a base station as-
sessment according to one embodiment of the invention,

- Figure 4 is a table of an assessment of a base station assessment
according to one embodiment of the invention,

- Figure 5 is a diagram representing a possible distribution of fre-
quency distribution among different interfering base stations, and

- Figure 6 depicts a graphical distribution of resources in a telecom-

munication network according to the invention.

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, the invention relates to a method for manag-
ing small cells 100i of a telecommunication network 102, each small cell 100i
being supported by a radio base station 104i aimed to provide wireless/radio
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communication support to mobile terminals 106i connected to said telecom-
munication network 102.

Each small cell covers an area which does not extend further to 200
meters from the base station, typically no further to 100 meters, and each
base station 104i is linked to a core 106 of the telecommunication network
102 through an associate backhauling wired connection 105i whose nature
might vary from one base station to another. For instance, a backhaul might
use a connection based on an optical fiber, a digital subscriber line, a cooper
line or a power transmission line.

According to the invention, the telecommunication network comprises
means to manage dynamically communication resources of the telecommu-
nication base stations by considering a dynamic backhauling quality BQ pa-
rameter for each base station and comparing different BQ parameters of dif-
ferent base stations in order to optimize the communication resources op-
erations of the telecommunication network.

In a first embodiment, the communications resources are managed
when setting a neighboring cell list (NCL) for each base station so that said
NCL setting takes into account the dynamic BQ parameter of the neighbor-
ing cells considered into said list.

Indeed, as already explained, in mobile communications networks,
the base stations 104i are deployed to connect user terminals 106i to a wire-
less network. Each user terminal is initially connected to a base station when
it is located within the cell area served by the base station. Nevertheless,
due to mobility or when the base station experiences congestion, the user
terminal communication is handed off to a different base station which is se-
lected from the Neighboring Cell List (NCL).

In other words, the NCL identifies the different cells declared by the
terminal as valid (according to preset criteria such as the minimum received
power) whereto a handover is possible from the cell owning the list to the
cell listed. But since backhaul are different or heterogeneous, the backhaul
105i of a base station 104i might be more limited or congested as compared
to other another base station 104j backhauling 105j in similar conditions.
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Thus, the handover of telecommunication should consider the availability
and the occupancy of the neighboring cells backhauls to be optimized.

Also, a user terminal should select a base station by taking into ac-
count important parameters such as:

- The received signal quality,

- The real offered bandwidth by comparing the available wireless
bandwidth and the available backhaul bandwidth,

- The requirement of its service (Quality of service). Typically the de-
lay is the more important feature.

For that purpose, each mobile terminal 106 might take select a base
station by considering the above mentioned three parameters through a
score S which depends on:

- A received signal quality parameter SQ as the signal power. For instance,
said SQ parameter could be considered as per-interval function wherein SQ
equals:

- 0 if the received signal of the target cell is above a threshold1.

- 1 if the received signal of the target cell is between threshold1 and a
threshold2.

- 2 if the received signal of the target cell is between threshold2 and a
threshold3.

- A measured minimum bandwidth MB between the wireless segment and
the backhaul. For instance, said MB parameter could be considered through
a membership function of the available bandwidth as depicted in Figure 2.
More precisely, by defining some thresholds (B1.B4), the available band-
width could be qualified as low, medium or high depending on the require-
ment of the service searched by the terminal. For instance, for real time traf-
fic, a minimum bandwidth depending on the requested resolution is required
[Please explain; for instance, video conference imposes a minimum of
data bandwidth ?] whereas, for example, a high bandwidth is required to
ensure a high quality for a CIF format.

- A delay D [could you please define more precisely such “delay”? Is it
the transmission delay between a BS and the terminal or a BS and the
core network ? thank you].
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As for the bandwidth parameter, the delay D could be qualified as low,
medium or high depending on the requirement of the service and through
some thresholds (D1.D4). For instance, the delay is not a stringent require-
ment for a http traffic so that its service could be performed through the low,
the medium or the high region.

In one embodiment wherein it is consider that the received signal
quality indicator is the more important parameter, the score function is split
up into two parts as the following:

S = SQ x F(min (MB, BQ), Quality of Service requirement)

Wherein the “quality of service parameter” is an indicator which varies
according to the service required by the terminal. For instance, considering
two users requiring, for one, a web service (http) and, for the other, a real
time traffic, it is known that the http traffic tolerate a large delay so that, even
when a base station backhauling is congested, the terminal should be con-
nected to the cell offering the best radio connectivity while the terminal re-
quiring real time traffic (e.g. mobile TV), which is delay dependent, should be
connected to a cell having a non congested backhaul.

The score S is assigned to each cell, for instance through a table as
represented in figure 4 relating to the MB and BQ parameters, and it is upon
its values that the ranking of the neighbor cells list is realized so that the
terminal tends to select the cell having the higher score number.

After computing the score of the different received cells (declared eli-
gible by comparing their received signals to the defined thresholds, the indi-
cator function), it selects the cell having a score different from O.

According to another embodiment of the invention, the backhaul qual-
ity parameter is required for the distribution of resources between different
base stations independently of the neighboring cell list establishment.

Indeed, the telecommunication network resources should first be allo-
cated and shared between the different small cells and this issue appears to
be more critical in the case of a small cells network where the number of in-

terfering cells is high (due to high density and low coverage area).
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Considering the two base station BS1 104i and BS2 104 of figure 1,
respectively connected to the backhauls Bh1 105i and Bh2 105j, they may
operate in the same band and interfere (low separating distance).

In this case, there is a need that each base station 104i and 104 se-
lects its radio resources in the way that the overall generated interference is
minimized, as depicted for instance in figure 5. At each period Tk, a part of
the total available frequency band is allocated to a given cell. In the prior art,
the resource allocation procedure is performed on the basis of:

- the total available band,

- the needs of each base stations, generally deduced from the num-
ber of attached users and the type of service / traffic,

- the usage/needs of the neighboring cells,

Thus, the resource allocation procedure of the prior art takes into ac-
count only the wireless link characteristics. Nevertheless, this method can be
proved to be weak in the case of heterogeneous/various backhaul connec-
tion of each involved base station.

For example, a given conventional resource allocation procedure can
be applied at a time t and will continue for a duration T, resulting in a first
average data rate DR1 for the base station BS1 104i and an average data
rate DR2 for the base station BS2 104;.

If at an instant the backhaul connection of the base station BS1 104i
allows an average data rate DR_Bh1 inferior the previous average DR1, the
effective average data rate of the base station BS1 104i to be considered is
DR_Bh1.

The different base stations determine the backhaul characteristics ei-
ther with a probing based on TCP principle (to fix the bandwidth) or by op-
erator configurations. One way to sent backhaul information occupancy is to
use the common channels to the users.

To summarize, the invention discloses the consideration of a back-
haul quality (BQ) parameter in combination with other parameters, such as a
typical delay parameter, in order to optimize the distribution of communica-

tion resources within a telecommunication network.
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The invention can be implemented through an unlimited number of
embodiments and functions. For instance, by coupling the two parameters, a
terminal could select an appropriate target cell offering a quality of service
adapted to said parameter while a load equilibrium between the cells could
be achieved in the communication network.

Indeed, by exploiting classically only the radio information, all the user
terminals tend to select the same cell i.e. the best candidate while, thanks to
the invention, the users tend to select the appropriate cell offering them a
required quality of service at the base station backhauling level, as depicted
in Figure 6 which represents three parameters to be considered for a cell
selection. In an allowed zone, at a certain level of received signal (axis 600)
should be based on an acceptable combination of delay (axis 602) and
available transmission rate (axis 604), which is limited by the minimum
bandwidth of the backhaul or the wireless segment.

The invention can also be implemented according to different em-
bodiments regardless of the network topology and type (macro, femto cells
...) despite the fact that the description focus on the example of small cells

network where the heterogeneity of backhaul is most explicit.
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CLAIMS

1. Method for managing cells (100i, 100j) of a telecommunication
network (102), said cells (100i, 100j) being supported by radio base sta-
tions (104, 104)) aimed to provide wireless communication support to
mobile terminals ((106i) connected to said communication network
(102), each radio base station (104i, 104j) being linked to a core (108)
of the telecommunication network through an associated backhaul
(105i, 104j), characterized in that it comprises the step of managing dy-
namically communications resources of the telecommunication base
stations by considering a dynamical backhaul quality BQ parameter for
each base station (104i, 104j) and comparing different backhaul quality
BQ parameters of different base stations (104i, 104j) in order to opti-
mize the communication resources operations of the telecommunica-
tion network (102).

2. Method according to claim 1 wherein each cell (100i, 100j) is a
small cell that does not cover an area which extends further to 200 me-
ters from the base station (104i, 104j), typically no further than 100 me-
ters.

3. Method according to claim 1 or 2 wherein the communications
resources are managed by setting a neighboring cell list NCL for each
base station (104i, 104j) which takes into account the dynamical back-
hauling quality BQ parameter of the neighboring cells considered into
said list.

4. Method according to claim 3 wherein the backhauling quality
(BQ) parameter is considered to set the neighboring cell list (NCL) si-
multaneously to at least one of the following other parameters: a re-
ceived signal quality (SQ), a minimum bandwidth (BM) radio parameter,
a requirement of service parameter.

5. Method according to claim 4 wherein a score S is determined
for each base station (104i, 104j) on the basis of a function F such as:
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S = SQ x F(min (MB, BQ), Quality of Service requirement)

So that the score of each base station (104i, 104j) considers the data
rate transmission limit fixed by either the wireless part or the backhaul-
ing part of the considered base station (1041, 104j).

6. Method according to claim 5 wherein the quality of service QS
parameter is an indicator which varies according to the nature of the
data to be transferred in a communication established by a terminal
(106i).

7. Method according to claim 1 or 2 wherein the communication
resources are managed by setting the distribution of the network re-
sources distribution between base stations (104i, 104j) by selecting ra-
dio ranges for each base station (104i, 104j) depending on the dynamic
backhauling BQ parameter.

8. Method according to claim 7 wherein the radio ranges relate to
frequencies allocated to a base station (104i, 104;).

9. Radio base station (104i, 104j) aimed to provide wireless
communication support to mobile terminals (106) connected to a com-
munication network (102) based on cells (100i, 100j), said radio base
station (104i, 104)) being linked to a core (108) of the telecommunica-
tion network through an associate backhaul, characterized in that it
comprises means to manage dynamically communications resources of
the telecommunication base stations (104i, 104j) by considering a dy-
namical backhaul quality BQ parameter for each base station (104,
104j) and comparing different backhaul quality BQ parameters of differ-
ent base stations (104i, 104j) in order to optimize the communication
resources operations of the telecommunication network following a me-
thod according to any of the previous claims.

10. Telecommunication network (100) based on cells (100i, 100j)
supported by radio base stations (104i, 104j) aimed to provide wireless
communication support to mobile terminals (106i) connected to said
communication network (102), each radio base station (104i, 104)) be-
ing linked to a core of the telecommunication network through an asso-



WO 2011/157486 PCT/EP2011/057413

11

ciate backhaul (108), characterized in that it comprises means to man-
age dynamically communications resources of the telecommunication
base stations by considering a dynamical backhaul quality parameter
for each base station (104i, 104j) and comparing different backhaul
quality BQ parameters of different base stations in order to optimize the
communication following a method according to any of the claims 1 to
8.
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