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Description
Background of the invention
Field of the invention

[0001] The solution according to embodiments of the invention generally relates to wireless communication networks,
such as cellular networks (e.g., 2G, 3G and LTE/LTE-Advanced cellular networks). More particularly, the presentinvention
relates to heterogeneous cellular networks, and to a method for efficiently and dynamically managing activation and/or
deactivation of (e.g., small) nodes within such cellular networks.

Overview of the related art

[0002] Cellular networks (e.g., 2G, 3G and LTE/LTE-Advanced cellular networks) allow data traffic (also referred to
as traffic load) to be high-speed conveyed between a fixed-location transceiver base station (or node) radiating radio
waves over arespective land area (cell) and user equipments (e.g., userterminals, such as cellular phones) within the cell.
[0003] Cellular networks have experimented a significant growth in terms of spread and performance, and have recently
evolved into heterogeneous cellular networks. Specifically, each heterogeneous cellular network comprises both rela-
tively high-power and wide-coverage nodes (hereinafter, primary or macro nodes), identifying so-called macro cells, and
anumber of lower-power, smaller-coverage nodes (hereinafter, secondary or small nodes, e.g. micro, pico, femto nodes)
identifying small cells within the macro cells for enhancing overall coverage and capacity.

[0004] However, due to the growing number of cellular network users and to the growing demand for services requiring
very high traffic load (such as multimedia and real-time services) and very demanding "Quality of Service", multiple small
nodes are typically deployed within each macro cell, inindoorand outdoor locations and anywhere high capacity is needed.
[0005] Thus, compared to traditional homogeneous cellular networks, which are based on macro nodes of comparable
power and coverage, in heterogeneous cellular networks high density small nodes may also be deployed without full
planning or even in entirely uncoordinated manner.

[0006] As known, this can sharpen power consumption issues.

[0007] Inorderto better manage cellular network capacity and performance, and optimize power consumption, solutions
are known aimed at properly managing small nodes activation and/or deactivation.

[0008] US2012157002 discloses amaobile network controlapparatus and an energy saving method. The mobile network
control apparatus may calculate a first amount of total consumed power consumed by m base stations to provide a first
cell as a coverage range, and a second amount of total consumed power consumed by n base stations to provide a
second cell including the first cell as a coverage range. The mobile network control apparatus may save energy by
initiating an operation of the n base stations on a high power mode, and by suspending an operation of a remaining
base station excluding the n base stations if the first amount of total consumed power is greater than the second amount
of total consumed power.

[0009] WO2012167817 discloses a method for managing power cansumption of a radio access network. The method
comprises: defining a cluster comprising at least two radio resource units of the radic access network; defining a parameter
indicative of a performance of the cluster and of a power consumption of the cluster, the parameter being expressed as
a function of traffic throughputs carried by the radio resource units of the cluster; calculating optimum traffic throughputs
as values of the traffic throughputs carried by the radio resource units of the cluster which optimize the parameter; and
distributing traffic amongst the radio resource units of the cluster such that the radio resource units of the cluster carry
the calculated optimum traffic throughputs.

[0010] GB2501718 discloses a cell ranking algorithm for power saving in a cellular wireless network having a heter-
ogeneous network structure of macro and micro cells. The algorithm determines when and which micro cells can be
deactivated, by which the power consumption of the network can be reduced. A micro cell having a traffic load below a
threshold value is deactivated and its load is assigned to adjacent macro cells acting as compensation cells. The proposed
algorithm is based on a comprehensive consideration of factors that have influence on the power saving of the network
and the balance between the traffic load (or quality of service) and the energy saving. A prioritized list of micro cells may
be compiled and cells deactivated on the basis of the list. The list may rank the cells based on a weighted sum of a
power saving gain and a resource efficiency gain.

Summary of invention
[0011] The Applicant has recognized that none of the cited prior art solutions is satisfactory.

[0012] Indeed, in such solutions, small nodes activations/deactivations are relatively frequent, which has a negative
impact on parameters such as longevity of the cellular network apparatus and Mean Time Between Failures (MTBF),
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and hence on maintenance costs. Moreover, frequent small nodes switching on/off causes massive handovers, whose
effects often ripple in the cellular network at large, thereby causing instability and/or unpredictable performance.
[0013] Last but not least, such solutions are not adapted to manage extremely dynamic conditions caused by high
density of small nodes, due to latencies (e.g., caused by long processing times).

[0014] In view of the above, the Applicant has tackled the problem of efficiently reducing power consumption (while
increasing satisfaction in terms of exchanged traffic load) of heterogeneous cellular networks, and, in order to achieve
that, has devised an algorithm capable of dynamically managing small nodes activation/deactivation (i.e., activation
and/or deactivation) based both on history and current traffic load conditions.

[0015] One or more aspects of the solution according to specific embodiments of the invention are set out in the
independent claims, with advantageous features of the same solution that are indicated in the dependent claims, whose
wording is enclosed herein verbatim by reference (with any advantageous feature being provided with reference to a
specific aspect of the solution according to an embodiment of the invention that applies mutatis mutandis to any other
aspect).

[0016] More specifically, an aspect of the solution according to one or more embodiments of the invention relates to
a method for managing a cellular network comprising a plurality of macro nodes defining respective macro cells and a
plurality of small nodes within said macro cells. The method comprises, at each current time snapshot of a plurality of
time snapshots and for each macro cell:

providing, according to a history traffic load of the cellular network, an overload probability in a first configuration of
the cellular network with only macro nodes activated,

identifying, among said plurality of time shapshots, first candidate time snapshots for small nodes deactivation, in
each first candidate time snapshot the overload probability being lower than a threshold overload probability, and

if the current time snapshot is one among the first candidate time snapshots, deactivating each small node

- having a current number of allocated radio resources lower than a threshold number, and
- being within a macro cell currently having no macro or small nodes in overload condition.

[0017] According to an embodiment of the invention, said identifying comprises, for each macro cell, grouping the first
candidate time snapshots into groups of adjacent first candidate time snapshots, and ordering said groups of adjacent
first candidate time shapshots by decreasing time length, and said deactivating each small node comprises, for each
macro cell, deactivating each small node further if the current time snapshot belongs to agroup of adjacent first candidate
time snapshots having longest time length.

[0018] According to an embodiment of the invention, the method further comprises, for each macro cell:

identifying, among said plurality of time snapshots, second candidate time snapshots for small nodes activation,
according to said history traffic load and to power consumption models of the cellular network, and
activating at least one small node within the macro cell

- ifthe macro cell currently has at least one macro or small nodes in overload condition, or
- ifthe current time snapshot is one of the second candidate time snapshots.

[0019] According to an embodiment of the invention, said identifying, among said plurality of time snapshots, second
candidate time snapshots for small nodes activation further comprises providing, according to said history traffic load
and to said power consumption models of the cellular network, a first average power consumption in the first configuration
of the cellular network, and a second average power consumption in a second configuration of the cellular network with
both macro and small nodes all activated. In each second candidate time snapshot, the first average power consumption
is lower than the second average power consumption.

[0020] According to an embodiment of the invention, each second candidate time snapshot further belongs to a group
of consecutive time snapshots adjacent to a time snapshot being not among said first candidate time snapshots.
[0021] According to an embodiment of the invention, said providing first and second average power consumptions
comprises:

according to said history traffic load, providing, for each macro cell, first and second average numbers of allocated
radio resources in the first and second configurations, respectively, of the cellular network, and

applying said power consumption models of the cellular network to said first and second average numbers of
allocated radio resources thereby obtaining said first and second average power consumptions, respectively.

[0022] According to an embodiment of the invention, said deactivating each small node having a current number of
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allocated radio resources lower than a threshold number comprises:

providing a list of small nodes of the cellular network whose current number of allocated radio resources is lower
than said threshold number, said list being ordered by increasing number of allocated radio resources, and
iterating the following operations:

selecting a first small node of said list,
deactivating the selected first small node

if the selected first small node is within a macro cell currently having no macro or small nodes in overload
condition, otherwise removing the last small node from said list, and

if the current time snapshot is one of the first candidate time snapshots, otherwise removing the last small
node from said list, and removing the last small node from said list,

until said list is empty.
[0023] According to an embodiment of the invention, said power consumption models comprise:

- minimum power consumption of each macro and small nodes of the cellular network, when activated;
- power consumption of each macro and small nodes of the cellular network, when deactivated,;
- power consumption for radio resource allocation by each macro and small nodes of the cellular network.

[0024] According to an embodiment of the invention, for each macro cell said threshold number of radio resources
depends on the difference in power consumption for allocation of said threshold number of radio resources by each
macro and small nodes, and on the difference between power consumptions of the small nodes in activated and deac-
tivated configurations.

[0025] Another aspect of the solution according to one or more embodiments of the invention relates to a computer
program comprising code means adapted to implement said method when the program is run on a computer.

[0026] A further aspect of the solution according to one or more embodiments of the invention relates to a managing
system for managing a cellular network comprising a plurality of macro nodes defining respective macro cells and a
plurality of small nodes within said macro cells. The managing system comprises:

a first module configured to, at each current time snapshot of a plurality of time snapshots and for each macro cell,
provide, according 1o a history traffic load of the cellular network, an overload probability in a first configuration of
the cellular network with only macro nodes activated,

a second module configured to, at each current time snapshot and for each macro cell, identify, among said plurality
of time snapshots, first candidate time snapshots for small nodes deactivation, in each first candidate time snapshot
the overload probability being lower than a threshold overload probability, and

a third module configured to, at each current time snapshot and for each macro cell, deactivate each small node if

the current time snapshot is one among the first candidate time snapshots,
the small node has a current number of allocated radio resources lower than a threshold number, and
the small node is within a macro cell currently having no macro or small nodes in overload condition.

[0027] According to an embodiment of the invention, the third module is also configured to, at each current time
snapshot and for each macro cell:

identify, among said plurality of time snapshots, second candidate time snapshots for small nodes activation, ac-
cording to said history traffic load and to power consumption models of the cellular network, and
activate at least one small node within the macro cell

- ifthe macro cell currently has at least one macro or small nodes in overload condition, or
- if the current time snapshot is one of the second candidate time snapshots.

[0028] A still further aspect of the solution according to one or more embodiments of the invention relates to a cellular
network comprising a plurality of macro nodes defining respective macro cells and a plurality of small nodes within said
macro cells, the cellular network further comprising the above-said managing system.

[0029] According to an embodiment of the invention, the small nodes define respective small cells smaller than the
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macro cells.

[0030] According to an embodiment of the invention, said small nodes comprise micrg, pico, and or femto nodes.
[0031] The proposed solution allows dynamically managing small nodes activation/deactivation for reducing power
consumption, while meeting traffic load satisfaction, within heterogeneous cellular networks.

[0032] Moreover, the proposed solution, as requiring low processing times, is adapted to be used in large-scale
heterogeneous scenarios having a large number of macro and small nodes and a large number of users.

Brief description of the annexed drawings

[0033] These and other features and advantages of the invention will be made apparent by the following description
of some exemplary and non limitative embodiments thereof. For its better intelligibility, the following description should
be read making reference to the attached drawings, wherein:

Figure 1 schematically shows a portion of a cellular network wherein the solution according to embodiments of the
invention may be applied,;

Figure 2 schematically shows an activity flow of an algorithm adapted to be used in the cellular network, according
to an embodiment of the invention;

Figure 3 schematically shows an activity flow of an analysis procedure of said algorithm according to an embodiment
of the invention, and

Figures 4-5 schematically show activity flows of activation/deactivation procedures of said algorithm according to
an embodiment of the invention.

Detailed description of preferred embodiments of the invention

[0034] With reference to the drawings, a portion of a cellular network 100 according to an embodiment of the invention
is schematically illustrated in Figure 1. The cellular network 100 (e.g., compliant with the 3GPP LTE/LTE-Advanced
standard) comprises a number N of relatively high-power and wide-coverage transceiver stations (hereinafter, primary
or macro nodes) 105; (i=1,2,3,4,...N, with N=12 in the example at issue).

[0035] Each macro node 109; is configured to provide radio coverage over a relatively wide geographic area, also
referred to as macro cell 105; (for example, hexagonal in shape), for allowing user equipments within the macro cells
105¢;(e.g., mobile phones, not shown) to exchange data traffic (e.g., web browsing, e-mailing, voice, or multimedia data
traffic), hereinafter traffic load.

[0036] As visible in the figure, the cellular network 100 also comprises, within each i-th macro cell 105¢; a number M;
of lower-power, smaller coverage nodes (e.g., pico, micro, and/or femto nodes), in the following referred to as secondary
or small nodes and denoted by the number reference 110,-,]- (=1,2,..M,, with M, ranging from 3 to 4 in the example at
issue), each one identifying a respective small cell for increasing cellular network 100 capacity.

[0037] For ease of description, the j-th small nodes within the i-th macro cell 105¢; (exactly, the small nodes 110,-,1-)
will be considered as pertaining to (i.e., handled by) the respective i-th macro node 105;.

[0038] Forthe sake of completeness, as well known by those having ordinary skill in the art, the macro 105; and small
110,-,1- nodes form the radio access network. In turn, the radio access network is generally communicably coupled with
one or mare core networks (not shown), which may be coupled with other networks, such as the Internet and/or public
switched telephone networks (not illustrated).

[0039] According to the invention, an algorithm is provided for effectively managing small nodes 110,-Jactivations/de-
activations. As should be readily understood, the algorithm may be performed by proper code means included in a
computer program, when the program is run on a computer.

[0040] As visible in Figure 2, operation of the proposed algorithm (globally denoted by the number reference 200),
can be logically identified by three different operative procedures (or modules), namely trainer 205, analyzer 210 and
decider 215 modules. The use of the term "module” is herein intended to highlight that the trainer 205, analyzer 210 and
decider 215 modules may also reflect, at least conceptually, the physical structure of a managing system intended to
implement the proposed algorithm 200. As will be best discussed in the following while progressively detailing the
algorithm/managing system operation, the trainer 205, analyzer 210 and decider 215 modules may have, by the physical
viewpoint, distributed nature (i.e., each one of them may be implemented in network apparatus physically located inside
and/or outside the cellular network 100), it being understood that, by the logical viewpoint, the trainer 205, analyzer 210
and decider 215 modules are all part of the cellular network 100, wherever (and anyhow) their physical implementation
takes place.

[0041] The trainer module 205 receives, as input, a history traffic load matrix H; ,, indicative of a history traffic load of
the cellular network 100. Specifically, the history traffic load matrix H,-,k, having i=1,2,3... Nrows and k=1,2,3, ... K
columns, provides, for each i-th macro cell 105¢; (among the N macro cells 105;) of the cellular network 100 and for
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each k-th time snapshot (among the Ktime snapshots) of e.g., a day, an indication of the history traffic load of the cellular
network 100, such as history number of user equipments and history requests thereof for radio resources (e.g., physical
resources blocks, or PRBs, in 3GPP LTE/LTE-Advanced standard). In other words, the (K) h,-,k elements of each i-th
row of the history traffic load matrix H; , define, as a whole, a daily traffic load curve for each i-th macro cell 105¢; of the
cellular network 100. However, different history traffic load matrices may be used to represent different load conditions
and distribution in the cellular network 100 (e.g., history number of user equipments and history requests thereof for
radio resources during working days, holidays, week-ends, and any other periods of interest), as should be readily
apparent to anyone with ordinary skill in the art.

[0042] By time snapshot it is herein meant a time span (selected for management purposes) wherein the number of
active macro 105; and small 110;; nodes is constant, and may be arbitrarily of the order of minutes or hours.

[0043] Without losing generality, each daily traffic load curve can be determined, in a known manner, according to
actual (i.e., real) and/or estimated measures, e.g. before and/or during operation of the cellular network 100.

[0044] Based on the history traffic load matrix H; ,, the trainer module 205 is configured to provide:

- anoverload matrixO; ,. Each element o; , of the overload matrix O; , represents the probability that, in a first boundary
configuration of the cellular network 100 with only macro nodes 105; activated, the i-th macro node 105; is in an
overload condition during the k-th time snapshat (in the following, overload probability);

- afirstallocation matrix A; ;. Each element a; ; of the first allocation matrix A; , denotes the average number of PRBs
allocated by the i-th macro node 105; during the k-th time snapshot, in the first boundary configuration;

- asecond allocation matrix B; ,. Each element b; , of the second allocation matrix B;, comprises the number of
PRBs allocated for each small node 110, ;and for the macro node 105; (belonging to the same i-th macro cell 105¢;),
during the k-th time snapshot, in a second boundary configuration with both macro 105; and small 110,-,j nodes
activated.

[0045] The trainer module 205 may be physically implemented within the cellular network 100, for example, at each
macro node 105; thereof. As a result, each macro node 105; may be allowed to dynamically determine/update the
overload probability for the respective /-th macro cell 105¢; according to periodic information from the small nodes 110,-,]-
belonging to (i.e., within) the same i-th macro cell 105,;.

[0046] Alternatively, the trainer module 205 may be physically implemented outside the cellular network 100, for
example at a data center thereof (not shown). As a result, the overload probability for each i-th macro cell 105¢; may
be determined (e.g., predicted) according to periodic information from the cellular network 100.

[0047] As visible in Figure 2, the analyzer module 210 receives, as input, the overload O; , and allocation A, ;, B; x
matrices from the trainer module 205, as well as power consumption models of the (macro 105; and small 110,-,]-) nodes.
Preferably, such power consumption models comprise, for each macro 105; and small 110,-,!- nodes:

- pgffcw pgijL_L . minimum power consumption of the macro 105; and small 110,-j nodes, respectively, when
i ’ i, &

activated;

- POMF‘;CZ_RO, p;;?% : power consumption of the macro 105; and small 110;; nodes, respectively, when deactivated;

- PR PP%AZL]L : power consumption for each PRB allocated by macro 105; and small 110; ; nodes, respectively,

wherein addition of indexes i and ij is intended to indicate that the power consumption models may be different for each
macro node 105; of the cellular network 100, and for each small node 110;; belonging to a same macro node 105;.
[0048] Although, for ease of description, the above power consumption models for each macro 105; and small 110,-,1-
nodes will be assumed constant over time, this should not be construed limitatively for the invention. Indeed, by means
of a few changes that would be apparent by anyone with ordinary skill in the art, the principles of the invention may also
be applied to power consumption models varying over time (e.g. due to a different cost of energy within the day, or
according to energy provider policy).

[0049] Basedontheoverload O; andallocation A; x,B;  matrices, and on the power consumption models, the analyzer
module 210, in order to achieve traffic load satisfaction and power consumption optimization, determines candidate time
shapshots wherein it would be more suitable (e.g., favorable) to activate/deactivate the small nodes 110,-J, and provides
(as better detailed below) a load matrix LM,, a binary consumption matrix C;, and a threshold number Npgg 73, ; of
allocated PRBs.

[0050] Specifically, the analyzer module 210 operates as follows (with joint reference to the activity flow of Figure 3).
[0051] Atthe activity block 305, the k-th time snapshot in the i-th macro cell 105; is marked as "possible” (hereinafter,
possible time snapshot) if the overload probability in that k-th time snapshot and in the first boundary configuration of
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the cellular network 100 (i.e., only macro nodes 105; activated), given by the respective element o; ; of the overload
matrix O; 4, is lower than a predefined overload threshold probability Op; (received by the analyzer module 210, as
visible in Figure 2), namely if

0;1<Orp;

[0052] Then, at the activity block 310, consecutive (i.e., adjacent) possible time snapshots are grouped, for each i-th
macro cell 105¢;, into A=0, 1, 2, ... G possible time snapshots groups.

[0053] The possible time snapshots groups of each i-th macro cell 105¢; are preferably ordered by decreasing time
length. In the example at issue wherein same time-length time snapshots have been considered, the possible time
snapshots groups of each i-th macro cell 105¢; are ordered by decreasing number of time snapshots within the groups.
[0054] Thereafter, all the possible time snapshots groups for all the /-th macro cells 105¢; are gathered in the corre-
sponding load matrix LM;, such that each element of the load matrix LM; comprises an indication of (e.g., a list of or a
pointer to) all the possible time snapshots groups of the j-th macro cell 105¢;, ordered by decreasing time length.
[0055] As will be understood by the following description, ordering by decreasing time length of the possible time
shapshots allows minimizing the overall amount of small nodes 110,-,1- switching (i.e., activations and deactivations).
[0056] Instead, the k-th time snapshots not marked as "possible” are grouped, for each i-th macro cell 105, into
respective non-possible time snapshots groups (complementary to the respective possible time snapshots groups).
[0057] At the activity block 315, the power consumption models are applied. Specifically, the allocation matrices
A; 1-B;  are composed with the power consumption models, thereby obtaining corresponding power consumption ma-

trices P ; 1,Pg;j x Indicative of the average overall power consumption in each j-th macro cell 105¢;in the first and second
configurations, respectively. Preferably, the composition operation comprises summing the power consumption of the

H H H H MACRO SMALL MACRO SMALL
macro 105; and small 110;; nodes relevant to their activation status (ie., P,/ "™, ) and p, ", B,y forthe

first and second boundary configurations, respectively) with the product between the elements the allocation matrices

A; 1,B; x and the power consumption for each PRB allocated by macro 105;and small 110;;nodes (i.e., plicko - pridis )
[0058] Thereafter, a threshold PRB number Npgg 71 is calculated for each small node 110;; from the power con-

sumption models as follows:

MACRO _ SMALL SMALL SMALL
NPRB,TH,-,“,- x 'DPRB,. = (NPRB,TH,-’] X PPRB,-,J- )+ PON,-,]- - POFF“].

[0059] In cther words, the threshold PRB number Npgg 74;; denotes the number of PRBs below which small node
110, ;deactivation is energetically favarable, being the difference in power consumption for allocation of Npgpg 7;; PRBs
by the j-th macro node 105; and the j-th small node 110,-,1- lower than the difference between power consumptions of the
Jj-th small node 110,-J in activated and deactivated configurations.

[0060] Atthe activity block 320, each element p;  (associated with the i-th macro cell 105¢; and the k-thtime snapshot)
of the power consumption matrix P,; x is compared to the corresponding element pg;  of the power consumption matrix
Pg,« (i.e., the one associated with the same i-th macro cell 105¢; and the same k-th time snapshot). According to a
result of such comparisons, a sub-optimal time snapshot group is formed (for each i-th macro cell 105¢;), which comprises
all the k-th time snapshots (hereinafter, sub-optimal time snapshots) such that the elements py; , of the power consump-
tion matrix Py; , are lower than the respective elements pg; ; of the power consumption matrix Pg;  (i.e., all the k-th
time snapshots wherein the first boundary configuration is, in terms of power consumption, better than the second
boundary configuration).

[0061] Then (activity block 325), for each i-th macro cell 105¢;, removal from the sub-optimal time snapshot group of
all the k-th sub-optimal time snapshots not belonging to groups or sets (of two or more) of consecutive sub-optimal time
snapshots adjacent to non-possible time snapshots takes place, thereby obtaining, for each i-th macro cell 105¢;, a
corresponding time snapshot group of optimal snapshots (or optimal time snapshot group Ggpt;). In other words, each
considered k-th sub-optimal time snapshot is removed from the sub-optimal time snapshot group (in case of removal
the snapshot would become an optimal time snapshot of the optimal time snapshot group Gopr;) if all the consecutive
(i.e., adjacent) k-th sub-optimal time snapshots from the closest non-possible time snapshot (as indicated by the non-
possible time snapshotgroups) back tothe considered k-th sub-optimal time snapshot are still sub-optimal time snapshots.
[0062] Finally (activity block 330), a binary matrix C; is generated, whose elements c; , have first/second binary
values if, for the i-th macro cell 105, the k-th time snapshot belongs/does not belong, respectively, to the optimal time
snapshot group Gopt;: thereafter the activity flow ends (activity block 335)

[0063] As betterdiscussed inthefollowing whendiscussing exemplary deactivation/activation procedures implemented
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by the analyzer module 215, the possible time snapshots (within the possible time snapshot groups, in the load matrix
LM,) represent candidate time snapshots for small nodes (1 10,-,1-) deactivation (without incurring in overload conditions),
whereas the optimal time snapshots (within the optimal time snapshot group Ggpr;) represent candidate time snapshots
for small nodes (1 10,-,j) activation (intended to overcome overload conditions or to decrease power consumption of the
cellular network 100).

[0064] The analyzer module 215 may be physically implemented at any part of the cellular network 100 that is able
to communicate with the trainer 210 and decider 220 modules. Indeed, direct communication of the analyzer module
215 with other apparatus of the cellular network 100 is not strictly necessary (especially when static power consumption
models, .e. not requiring updating over time, are provided). However, direct communication of the analyzer module 215
with other apparatus of the cellular network 100 could be provided, e.g. when dynamic power consumption models (i.e.
power consumption models subject to updating over time) are desirable.

[0065] Back to Figure 2, the decider module 215 receives, as input, the load LM; and binary C; , matrices, as well as
the threshold PRB number Npgg 73 from the analyzer module 210, and, according to them (and to the network measures
NM indicative of the current state of the cellular network 100, e.g. including the number Npgp; ;of PRBs actually allocated
by the macro 105; and small 110,-,1- nodes) decides, for each k-th time snapshot, whether to deactivate/activate the small
nodes 110;;.

[0066] Specifically, small node 110,-,1- deactivation is decided by the decider module 215 as follows (with joint reference
to Figure 4, showing an activity flow of a deactivation procedure according to an embodiment of the invention).

[0067] At the activity block 405, the decider module 215, based on said network measures NM, generates:

- acurrent underload list (L) comprising (an indication of) all the small nodes 1 10,-,!- having a (current) number NPRB,-J-
of allocated PRBs lower than the threshold PRB number Npgg 71y;; (denoting an underload condition of the small
nodes 110i,j). Preferably, the small nodes 110,-’1- in the current underload list Ly are ordered by increasing number
Npgg;; of allocated PRBs. In other words, the small nodes 110; ; of the current underload list Ly comprise any j-th

N

small nodes 110,-J- among the ZMZ. small nodes 110,-,1- of the cellular network 100 whose (current) number NPRB,-J-
i=1

of allocated PRBs is lower than the threshold PRB number NPRB,TH,-,/-; and

- acurrentoverload list (L,) comprising an indication of all the j-th macro cells 105, of the cellular network 100 having
at least one (macro 105; or small 110; ;) node in averload condition.

[0068] Broadly speaking, in the considered k-th time shapshot, the small node 110,-,jthat, during the ongoing (current)
iteration, has the lowest number Nppg; ; of allocated PRBs in the current underload list L4 is deactivated if all the following
conditions are met:

= Npgrg;<Npgp 1ij

- the i-th macro cell 105¢; which the small node 110;; belongs to is not in the current overload list L, (i.e., no macro
105; or small 110;; node of the i-th macro cell 105¢; is in the averload condition);

- the considered k-th time snapshot is a possible time snapshot (i.e., it belongs to the possible time snapshot group,
preferably, as discussed below, to one of the first possible time snapshot groups in the load matrix LM; 4).

[0069] Specifically, at decision block 410, a check is performed for checking whether the current underload list L4 is
empty, or not.

[0070] Inthe negative case, exit branch N of the decision block 410, the small node 110,-’1- that, at the current iteration,
has the lowest number Npgg;; of allocated PRBs (i.e., the first small node 110;; of the current underload list Ly, in the
example at issue) is selected, thereafter another check is performed (decision block 420) for checking whether the i-th
macro cell 105¢; which the selected small node 110;; belongs to is within the current overload list Ly (i.e., if the i-th
macro cell 105¢; which the selected small node 110;; belongs to has at least one macro 105; or small 110, ;node in the
overload condition).

[0071] Inthe affirmative case, exit branch Y of the decision block 420, the small node 110,-,1- is removed from the current
underload list L4 (activity block 425), thereafter the activity flow jumps back to activity block 410, whereby a new (first)
small node 110,-,1- of the current (updated) current underload list L4 is selected, and a new iteration is started.

[0072] If instead the i-th macro cell 105¢; has at least one macro 105; or small 110;; nodes in the overload condition
(exit branch N of the decision block 420), a check is performed (decision block 430) for evaluating whether the number
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Npgp;;of allocated PRBs of the considered small node 110;;is (still) lower than the threshold PRB number Npgp 71/;
and, in the negative case (exit branch N of the decision block 430), the small node 110,-,1- is removed from the current
underload list L4 (activity block 425) and the operation flow atblock 410-430 is iterated, as such, until the current underload
list Lq is empty.

[0073] As should be understood, the decision block 430 may be also omitted in a basic implementation, as being
redundant (indeed, the current underload list L4 already comprises the small nodes 110, ; having the number Npgg; ; of
allocated PRBs lower than the threshold PRB number Npgg 71 /.€. in underload condition). However, in the preferred
embodiment herein disclosed, the decision block 430 is provided for avoiding that small nodes 1 10,-Jare selected whose
number Npgg;; of allocated PRBs becomes higher than the threshold PRB number Npgp 73;; while the deactivation
procedure is running. This is conceptually illustrated in Figure 4, with the decision block 430 that, preferably, also
receives, as input, the network parameters NM, and, hence, an updated number NPRB,,jofallocated PRBs for the selected
small node 110; ;.

[0074] Back to the activity flow, if instead the number of allocated PRBs Npgg; ; of the selected small node 110, ; is
lower than the threshold PRB number Nppg 115 (i.€., the small node 110;; is in underload condition), another check is
performed for evaluating whether the current k-th time snapshot is a possible time snapshot (decision block 435), namely
if the considered k-th time snapshot is one among the possible time snapshots for deactivation of the selected small
node 110; ;.

[0075] Preferably, according to performance to be achieved, the check performed at the decision block 435 is aimed
atevaluating if, for the macro cell 105¢; which the selected small node 110;; belongs to, the considered k-th time snapshot
belongs to one of the first f (among the G) possible time snapshot groups in the load matrix LM; (with =1, 2, 3,... F,
F<G). As mentioned above, being the possible time snapshot groups ordered by decreasing (time), small nodes deac-
tivations take place during (and for all the durations of) the longest time snapshots. As a result of that, small nodes
switching minimization is achieved.

[0076] If the current k-th time snapshot is a passible time snapshot, exit branch Y of the decision block 435, the small
node 110,-J is deactivated (activity block 440), and the activity flow jumps back to the activity block 425 (with removal of
the deactivated small node 1 10,-Jfrom the current underload list L4), and the operation flow at block 410-440 is iterated,
as such, until the current underload list L4 is empty. As illustrated, the activity block 425 is reached even if the considered
k-th time snapshot is not a possible time snapshot for deactivation of the selected small node 110,-,1- (exit branch N of
the decision block 435).

[0077] As discussed above, the activity flow ends (activity block 445) as soon as the current underload list L4 is empty
(exit branch Y of the decision block 410).

[0078] Small node 110,-,1- activation is decided by the decider module 215 as follows (with joint reference to Figure 5,
showing an activity flow of an activation procedure according to an embodiment of the invention).

[0079] Broadly speaking, in the considered k-th time snapshot, and for each i-th macro cell 105;, a small node 11°i,j
is activated if at least one of the following conditions is met:

- the considered /-th macro cell 105; is in the current overload list L, (i.e., one or more macro 105; or small 110;;
nodes of the /-th macro cell 105; is in the overload condition);

- the k-th time snapshot is an optimal time snhapshot for activation of a small node 110,-,1- in the considered i-th macro
cell 105¢; (i.e., the k-th time snapshot belongs to the optimal time snapshot group Ggpy;, as indicated by the element
¢;  of the binary matrix C; ,).

[0080] Specifically, at decision block 505 a check is performed for checking whether the considered i-th macro cell
105¢; is in the current overload list L.

[0081] In the affirmative case, exit branch Y of the decision block 505, one or more j~th small nodes 110,-,1- of the
considered /-th macro cell 105¢; are selected and activated (activity block 510). In other words, small nodes 110, ;
activation occurs, in any case, for meeting traffic load demands (and overcoming overload conditions). All small nodes
110;; of the considered i-th macro cell 105¢; may be selected and activated. Alternatively, small nodes 110;; of the
considered /-th macro cell 105¢; may be selected, and activated, according to users parameters, for example according
to information of users position within the macro cell 105¢; (with such position information that can be based on GPS,
historical and/or statistical data).

[0082] In the negative case, exit branch N of the decision block 505, another check is performed (decision block 515)
for checking whether the element c; . of the binary matrix C; , has the first value, indicating that the k-th time snapshot
(for the i-th macro cell 105;) belongs to the optimal time snapshot group Ggpr;

[0083] In the affirmative case, exit branch Y of the decision block 515, a j-th small node 110,-,1- of the considered i-th
macro cell 105¢; is selected and activated (activity block 510). In other words, small nodes 110, ; activation occurs as
being energetically favorable (so as to reduce overall power consumption of the cellular network 100).
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[0084] Then, the activity flow goes on to decision block 520 - as illustrated, the decision block 520 is reached even if
the element c; , of the binary matrix C; , has the second value, indicating that the k-th time snapshot (for the i-th macro
cell 105¢;) does not belong to the optimal time snapshot group Ggpr;-

[0085] At the decision block 520 a check is performed for evaluating whether the considered i-th macro cell 105¢; is
the last (considered) macro cell 105; of the cellular network 100. In the negative case, exit branch N of the decision
block 520, the following, (i+1)-th, macro cell 105.; among the N macro cells 105¢; is selected (activity block 525),
thereafter the activity flow discussed at blocks 505-525 is repeated, as such, for each (i+1)-th macro cell 105¢; of the
cellular network 100.

[0086] As discussed above, the activity flow ends (activity block 530) as soon as the considered macro cell 105¢; is
the last one (exit branch Y of the decision block 520).

[0087] Additionally, according to another embodiment, not shown, a quality check is finally performed for evaluat-
ing/checking the correct execution of the algorithm 200 (or parts thereof pertaining to trainer 205, analyzer 210, and/or
decider 215 modules).

[0088] The decider module 215 may be physically implemented within one or more macro nodes 105;. In this case,
the decider module 215 may both receive information from other macro nodes 105; of the cellular network 100 and send
activation/deactivation commandsto the small nodes 110,-,1-, preferably via X2 interface (e.g., by means of "Load Indicator”,
X2AP - TS 36 423, and Cell Activation Request, X2AP - TS 36.423, messages, respectively).

[0089] Alternatively, the decider module 215 may be physically implemented as an external module connected to one
ore more macro nodes 105; and to one or more small nodes 110, ;. In this case, dedicated communication "channels"
may be provided between the decider module 215 and the macro nodes 105;(so as to take advantage of the X2 interface
for communication with the small nodes 110; ).

[0090] Naturally, in order to satisfy local and specific requirements, a person skilled in the art may apply to the solution
described above many logical and/or physical modifications and alterations. More specifically, although the present
invention has been described with a certain degree of particularity with reference to preferred embodiments thereof, it
should be understood that various omissions, substitutions and changes in the form and details as well as other em-
bodiments are possible. In particular, different embodiments of the invention may even be practiced without the specific
details set forth in the preceding description for providing a more thorough understanding thereof; on the contrary, well-
known features may have been omitted or simplified in order not to encumber the description with unnecessary details.
Moreover, it is expressly intended that specific elements and/or method steps described in connection with any disclosed
embodiment of the invention may be incorporated in any other embadiment as a matter of general design choice.
[0091] More specifically, the solution according to an embodiment of the invention lends itself to be implemented
through an equivalent method (by using similar steps, removing some steps being not essential, or adding further optional
steps); moreover, the steps may be performed in different order, concurrently or in an interleaved way (at least partly).
[0092] In addition, analogous considerations apply if the wireless communication network has a different structure or
comprises equivalent components, or it has other operating features. In any case, any component thereof may be
separated into several elements, or two or more components may be combined into a single element; in addition, each
component may be replicated for supporting the execution of the corresponding operations in parallel. It should also be
noted that any interaction between different components generally does not need to be continuous (unless otherwise
indicated), and it may be both direct and indirect through one or more intermediaries.

[0093] Moreover, although explicit reference has been made to wireless communication network based on the
LTE/LTE-Advanced standard, it should be understood that it is not in the intentions of the Applicant to be limited to the
implementation of any particular wireless communication system architecture or protocol. Inthis respect, it is also possible
to provide that, with suitable simple modifications, the proposed method for dynamic activation/deactivation of the small
nodes may be applied to any other wireless communication network (e.g., 2G and 3G wireless communications networks)
featuring deployment heterogeneity.

Claims

1. Method (200) for managing a cellular network (100) comprising a plurality of macro nodes (105;) defining respective
macro cells (105¢;) and a plurality of small nodes (110; ) within said macro cells (105¢;), the method (200) comprising,
at each current time snapshot of a plurality of time snapshots and for each macro cell (105;):

providing (205), according to a history traffic load (H; ) of the cellular network (100), an overload probability
(0, ) in afirst configuration of the cellular network (100) with only macro nodes (105)) activated,

identifying (305-310), among said plurality of time snapshots, first candidate time snapshots (LM;) for small
nodes (1 10,-,]-) deactivation, in each first candidate time snapshot (LM;) the overload probability (O; x) being lower
than a threshold overload probability (O;), and

i
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7. Method (200) according to any of the preceding Claims, wherein said deactivating (440) each small node (110; ;
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if (435) the current time snapshot is one among the first candidate time snapshots (LM;), deactivating (440)
each small node (110,-,]-)

- having (430) a current number (NPRB,-J) of allocated radio resources lower than a threshold number
(Npgg, 714i), and

- being (420) within a macro cell (105¢;) currently having no macro (105 or small (110,-,]-) nodes in overload
condition.

Method (200) according to Claim 1, wherein
said identifying (305-310) comprises, for each macro cell (105¢;),

grouping the first candidate time snapshots into groups of adjacent first candidate time snapshots, and
ordering said groups of adjacent first candidate time snapshots by decreasing time length, and wherein

said deactivating each small node (440) comprises, for each macro cell (105¢;), deactivating (440) each small node
further if (435) the current time snapshot belongs to a group of adjacent first candidate time snapshots (LM;) having
longest time length.

Method (200) according to any of the preceding Claims, further comprising, for each macro cell (105¢;):

identifying (305-330), among said plurality of time snapshots, second candidate time snapshots (Gopr;,C; &) for
small nodes (1 10,-,1-) activation, according to said history traffic load (H, ;) and to power consumption models of
the cellular network (100), and

activating (510) at least one small node (110,-,]-) within the macro cell (105¢;)

- if (505) the macro cell (105¢;) currently has at least one macro (105;) or small (110,-,1-) nodes in overload
condition, or
- if (515) the current time snapshot is one of the second candidate time snapshots (Gopr;,C; 4)-

4. Method (200) according to Claim 3, wherein said identifying (305-330), among said plurality of time snapshots,

second candidate time snapshots (Gopr;,C; &) for small nodes (110; ;) activation further comprises:

providing (205,315), according to said history traffic load (H; ) and to said power consumption models of the
cellular network (100), a first average power consumption (P, g) in the first configuration of the cellular network
(100), and a second average power consumption (Pg; ;) in a second configuration of the cellular network (100)
with both macro (105;) and small (110,-,1-) nodes all activated,

in each second candidate time snapshot (Gopr;,C; i) the first average power consumption (Cp; 4) being lower
than the second average power consumption (Cg; )-

Method (200) according to Claim 4, wherein each second candidate time snapshot (Gppr;,C; ) further belongs to
a group of consecutive time snapshots adjacent to a time snapshot being not among said first candidate time
snapshots (LM,).

Method (200) according to Claim 4 or 5, wherein said providing (205,315) first (P; ) and second (Pg; ;) average
power consumptions comprises:

according to said history traffic load (H; ;) providing, for each macro cell (105, first (A, x) and second (B, ;)
average numbers of allocated radio resources in the first and second configurations, respectively, of the cellular
network (100), and

applying said power consumption models of the cellular network (100) to said first (A; ) and second (B; ;)
average numbers of allocated radio resources thereby obtaining said first (P,;,) and second (Pg; x) average
power consumptions, respectively.

ij
having a current number (Npgg; ) of allocated radio resources lower than a threshald number (Npgg 114;)) comprises:

providing (405) a list (L4) of small nodes (1 10,-,1-) of the cellular network (100) whose current number (NPRB,-,/-) of
allocated radio resources is lower than said threshold number (Npgg 714), said list being ordered by increasing
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number (Npgg; ) of allocated radio resources, and
iterating the following operations:

selecting (415) a first small node (110,-,1-) of said list (L4),
deactivating (440) the selected first small node (1 10,-,1-)

if (420) the selected first small node (110,-,1-) is within a macro cell (105¢;) currently having no macro
(105;) or small (1 10,-,]-) nodes in overload condition, otherwise removing the last small node (1 10,-’!-) from
said list (L4), and

if (435) the current time snapshot is one of the first candidate time snapshots (LM;), otherwise removing
the last small node (110,-’1-) from said list (L,), and

removing the last small node (110,-’1-) from said list (Ly),
until (410) said list (L4) is empty.

Method (200) according to any Claim from 3 to 7, wherein said power consumption models comprise:
- minimum power consumption (Pg{fCRO ,POS]]\‘,[ALL) of each macro (105;) and small (110,-j) nodes of the
N, o .

cellular network (100), when activated;

MACRO  pySMALL
P P

- power consumption
( OFF,  »*OFF,

) of each macro (105;) and small (1 10,-,!-) nodes of the cellular network

(100), when deactivated;

- power consumption (P}fgc‘w , P};gRA;ALL) for radio resource allocation by each macro (105;) and small (110ij)
H 1 '

nodes of the cellular network (100).

Method (200) according to Claim 8, wherein, for each macro cell (105¢;) said threshold number (Npgp 73, ) of radio
resources depends on the difference in power cansumption for allocation of said threshold number (Npgp r1y;,) of
radio resources by each macro (105;) and small (110,-J-) nodes, and on the difference between power consumptions
of the small nodes (110,-,]-) in activated and deactivated configurations.

A computer program comprising code means adapted to perform the steps of anyone of the preceding Claims when
the program is run on a computer.

Managing system (200) for managing a cellular network (100) comprising a plurality of macra nodes (105;) defining
respective macro cells (105¢;) and a plurality of small nodes (110,-,]-) within said macro cells (105¢;), the managing
system (200) comprising

a first module (205) configured to, at each current time snapshot of a plurality of time snapshots and for each macro
cell (105¢;),

provide (205), according to a history traffic load (H; ;) of the cellular network (100), an overload probability (O; ;) in
a first configuration of the cellular network (100) with only macro nodes (105;) activated,

a second module (210) configured to, at each current time snapshot and for each macro cell (105¢;),

identify (305-310), among said plurality of time snapshots, first candidate time snapshots (LM;) for small nodes
(110,-,1-) deactivation, in each first candidate time snapshot (LM;) the overload probability (O; ;) being lower than a
threshold overload probability (Or,,), and

a third module (215) configured to, at each current time snapshot and for each macro cell (105;), deactivate (440)
each small node (110iJ) if

the current time snapshot is one among the first candidate time snapshots (LM;),

the small node (110,-,]-) has (430) a current number (NPRB,-J) of allocated radio resources lower than a threshold
number (Npgp 714;), and

the small node (110,-,!-) is (420) within a macro cell (105¢;) currently having no macro (105;) or small (110,-,1-) nodes
in overload condition.

i

Managing system (200) according to Claim 11, wherein the third module (215) is also configured to, at each current
time snapshot and for each macro cell (105¢;):

identify (305-330), among said plurality of time snapshots, second candidate time snapshots (Ggp1;,C; 4) for

i,
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small nodes (110,-,1-) activation, according to said history traffic load (H; ;) and to power consumption models of
the cellular network (100), and
activate (510) at least one small node (110,-,]-) within the macro cell (105¢;)

- if (505) the macro cell (105¢;) currently has at least one macro (105;) or small (110,-,1-) nodes in overload
condition, or
- if (515) the current time snapshot is one of the second candidate time snapshots (Gopr;,C; -

13. Cellular network (100) comprising a plurality of macro nodes (105;) defining respective macro cells (105¢;) and a

plurality of small nodes (110, ;) within said macro cells (105¢;), the cellular network (100) further comprising the
managing system (200) according to Claim 11 or 12.

14. Cellular network (100) according to Claim 13, wherein the small nodes (110,-,]-) define respective small cells smaller

than the macro cells (105¢;).

15. Cellular network (100) according to Claim 13 or 14, wherein said small nodes (110,-,1-) comprise micro, pico, and or

femto nodes.

Patentanspriiche

1.

Verfahren (200) zum Verwalten eines zellenférmigen Netzes (100), umfassend eine Vielzahl von Makroknoten
(105;), die jeweilige Makrozellen (105;) definieren, und eine Vielzahl von kleinen Knoten (110”-) innerhalb der
Makrozellen (105;), das Verfahren (200) umfassend, zu jedem aktuellen Zeitschnappschuss einer Vielzahl von
Zeitschnappschissen und fir jede Makrozelle (105¢;):

Bereitstellen (205), gemal einer Verlaufsverkehrslast (H; ) des zellenférmigen Netzes (100), einer Uberlast-
wahrscheinlichkeit (O; ) in einer ersten Konfiguration des zellenférmigen Netzes (100), in dem nur Makroknoten
(105;) aktiviert sind,

Identifizieren (305-310), unter der Vielzahl von Zeitschnappschiissen, erster Kandidatenzeitschnappschiisse
(LM;) fur Deaktivierung kleiner Knoten (1 10i_j), wobei die Uberlastwahrscheinlichkeit in jedem ersten Kandida-
tenzeitschnappschuss (LM;) (O; ) geringer ist als eine Grenzlberlastwahrscheinlichkeit (Oryy;), und

wenn (435) der aktuelle Zeitschnappschuss einer unter den ersten Kandidatenzeitschnappschissen (LM,) ist,
Deaktivieren (440) jedes kleinen Knotens (1 10”»)

- der eine aktuelle Anzahl (NPRBiJ) zugeordneter Funkressourcen aufweist (430), die geringer als eine
Grenzwertanzahl ist (Nprg 71 ), und

- der sich innerhalb einer Makrozelle (105¢;) befindet (420), die aktuell keine Makro- (105;) oder kleine
(1 10”-) Knaten in der Uberlastbedingung aufweist.

2. Verfahren (200) nach Anspruch 1, wobei

das Identifizieren (305-310) fir jede Makrozelle (105¢;) umfasst:

Gruppieren der ersten Kandidatenzeitschnappschisse in Gruppen aneinander angrenzender, erster Kandida-
tenzeitschnappschisse, und

Ordnen der Gruppen aneinander angrenzender, erster Kandidatenzeitschnappschiisse durch Verringerung der
Zeitdauer, und wobei

das Deaktivieren jedes kleinen Knotens (440) fir jede Makrozelle (105.;) das Deaktivieren (440) jedes kleinen
Knotens ferner umfasst, wenn (435) der aktuelle Zeitschnappschuss zu einer Gruppe aneinander angrenzender,
erster Kandidatenzeitschnappschiisse (LM;) gehort, die die langste Zeitdauer aufweisen.

3. Verfahren (200) nach einem der vorhergehenden Anspriiche, fur jede Makrozelle (105¢;) ferner umfassend:

Identifizieren (305-330), unter der Vielzahl von Zeitschnappschiissen, zweiter Kandidatenzeitschnappschiisse
(GopTinCi) fur die Aktivierung kleiner Knoten (110;;), gemaf der Verlaufsverkehrslast (H; ) und Energiever-
brauchsmodellen des zellenférmigen Netzes (100), und

Aktivieren (510) von mindestens einem kleinen Knoten (1 10i_j) innerhalb der Makrozelle (105¢;)
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- wenn (505) die Makrozelle (105,;) aktuell mindestens einen Makro- (105;) oder kleine (110i’j) Knoten in
der Uberlastbedingung aufweist, oder

-wenn (515) der aktuelle Zeitschnappschuss einer der zweiten Kandidatenzeitschnappschusse (Gopr;,Ci i)
ist.

4. Verfahren (200) nach Anspruch 3, wobei das Identifizieren (305-330), unter der Vielzahl von Zeitschnappschissen,

zweiter Kandidatenzeitschnappschisse (Gpr;,C; i) flr die Aktivierung kleiner Knoten (110; ) ferner umfasst:

Bereitstellen (205,315), gemaR der Verlaufsverkehrslast (H; ) und den Energieverbrauchsmodellen des zel-
lenformigen Netzes (100), eines ersten durchschnittlichen Energieverbrauchs (Py; ) in der ersten Konfiguration
des zellenférmigen Netzes (100) und eines zweiten durchschnittlichen Energieverbrauchs (Pg; ) in einer zweiten
Konfiguration des zellenférmigen Netzes (100), in dem die Makro- (105;) und kleinen (1 10i,j) Knoten alle aktiviert
sind,

wobei in jedem zweiten Kandidatenzeitschnappschuss (Gppr;Ci) der erste durchschnittliche Energiever-
brauch (Cy; ) geringer ist als der zweite durchschnittliche Energieverbrauch (Cg; ).

5. Verfahren (200) nach Anspruch 4, wobei jeder zweite Kandidatenzeitschnappschuss (Gopr;,C; ) ferner zu einer

6.

Gruppe aufeinanderfolgender Zeitschnappschiisse gehdrt, die an einen Zeitschnappschuss angrenzen, der nicht
unter den ersten Kandidatenzeitschnappschiissen (LM;) ist.

Verfahren (200) nach Anspruch 4 oder 5, wobei das Bereitstellen (205,315) der ersten (Py; ) und zweiten (Pg; )
durchschnittlichen Energieverbrauche umfasst:

Bereitstellen, gemal der Verlaufsverkehrslast (H; ) flr jede Makrozelle (105¢) , erster (A, () und zweiter (B; )
durchschnittlicher Anzahlen zugeordneter Funkressourcen in den ersten bzw. zweiten Konfigurationen des
zellenférmigen Netzes (100), und

Anwenden der Energieverbrauchsmodelle des zellenfdrmigen Netzes (100) auf die ersten (A; ) und zweiten
(Bi ) durchschnittiichen Anzahlen zugeordneter Funkressourcen, und dadurch Erhalten der ersten (Pp; ) bzw.
zweiten (Pg; ) durchschnittlichen Energieverbrauche.

7. Verfahren (200) nach einem der vorhergehenden Anspriiche, wobei das Deaktivieren (440) jedes kleinen Knotens

(1 10”-), der eine aktuelle Anzahl (NPRBi_J-) zugeordneter Funkressourcen aufweist, die geringer ist als eine Grenz-
wertanzahl (Npgg 1pij), umfasst:

Bereitstellen (405) einer Liste (L;) kleiner Knoten (110”) des zellenférmigen Netzes (100), dessen aktuelle
Anzahl (Npgg; ;) zugeordneter Funkressourcen geringer ist als die Grenzwertanzahl (Npgg 11;j), wobei die Liste
nach steigender Anzahl (Nprg;;) zugeordneter Funkressourcen sartiert ist, und

Wiederholen der folgenden Vorgénge:

Auswihlen (415) eines ersten kleinen Knotens (1 10”») der Liste (L),

Deaktivieren (440) des gewahlten ersten kleinen Knotens (110”-),

wenn (420) sich der gewahlte erste kleine Knoten (110”-) inn.farhalb einer Makrozelle (105¢;) befindet, die
aktuell keine Makro- (105;) oder kleine (110i_j) Knoten in der Uberlastbedingung aufweist, andernfalls Ent-
fernen des letzten kleinen Knotens (110”-) aus der Liste (L4), und

wenn (435) der aktuelle Zeitschnappschuss einer der ersten Kandidatenzeitschnappschisse (LM;) ist, an-
dernfalls Entfernen des letzten kleinen Knotens (1 10i,j) aus der Liste (L), und

Entfernen des letzten kleinen Knotens (1 10”) aus der Liste (L4),
bis (410) die Liste (L4) leer ist.

8. Verfahren (200) nach einem der Anspriiche 3 bis 7, wobei die Energieverbrauchsmodelle umfassen:

- Mindestenergieverbrauch (Pg’I\‘,quRO, Pg}\‘flfiu ) jedes Makro- (105;) und kleinen (1 10”-) Knotens des zellen-

formigen Netzes (100) bei Aktivierung;
- Energieverbrauch ( PgﬁyciRO, g%,‘%]‘ ) jedes Makro- (105;) und kleinen (110i_j) Knotens des zellenférmigen

Netzes (100) bei Deaktivierung;
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- Energieverbrauch ( PrB. 1 LPPRB. .,
i Lj

) fur die Funkressourcenzuordnung jedes Makro- (105;)

und kleinen (110”) Knotens des zellenférmigen Netzes (100).

9. Verfahren (200) nach Anspruch 8, wobei die Grenzwertanzahl (Nppg T1j;) der Funkressourcen fur jede Makrozelle

10.

(105¢;) von der Differenz des Energieverbrauchs fir die Zuordnung der Grenzwertanzah! (Npgg 11j;) der Funkres-
sourcen durch jeden Makro-(105;) und kleinen (1 10”-) Knoten und von der Differenz zwischen den Energieverbrau-
chen der kleinen Knoten (1 10”-) in aktivierten und deaktivierten Konfigurationen abhangt.

Computerprogramm, umfassend Codemittel, die angepasst sind, die Schritte eines der vorhergehenden Anspriiche
auszufithren, wenn das Programm auf einem Computer ausgefiihrt wird.

11. Verwaltungssystem (200) zum Verwalten eines zellenfdrmigen Netzes (100), umfassend eine Vielzahl von Makro-

knoten (105,), die jeweilige Makrozellen (105¢;) definieren, und eine Vielzahl von kleinen Knoten (110”») innerhalb
der Makrozellen (105.,;), das Verwaltungssystem (200) umfassend:

ein erstes Modul (205), konfiguriert, zu jedem aktuellen Zeitschnappschuss einer Vielzahl von Zeitschnapp-
schiissen und fir jede Makrozelle (105¢;)

geman einer Verlaufsverkehrslast (H; ) des zellenférmigen Netzs (100) eine Uberlastwahrscheinlichkeit (Oi)
in einer ersten Konfiguration des zellenférmigen Netzes (100) bereitzustellen (205), in dem nur Makroknoten
(105,) aktiviert sind,

ein zweites Modul (210), konfiguriert, um zu jedem aktuellen Zeitschnappschuss und fir jede Makrozelle (105
unter der Vielzahl von Zeitschnappschiissen erste Kandidatenzeitschnappschisse (LM)) fiir die Deaktivierung
kleirler Knoten (1 10”-) zu identifizieren (305-310), waobei in jedem ersten Kandidatenzeitschnappschuss (LM;)
die Uberlastwahrscheinlichkeit (O; () geringer ist als eine Grenzuberlastwahrscheinlichkeit (Oryy;), und

ein drittes Modul (215), konfiguriert, um zu jedem aktuellen Zeitschnappschuss und fiir jede Makrozelle (105
jeden kleinen Knoten (1 10”-) zu deaktivieren (440), wenn der aktuelle Zeitschnappschuss einer unter den ersten
Kandidatenzeitschnappschissen (LM,) ist,

derkleine Knoten (1 10i_j)eine aktuelle AnzahI(NPRBi’j) zugeordneter Funkressourcen aufweist (430), die geringer
als eine Grenzwertanzahl ist (Nprg 1H;), Und

- sich der kleine Knoten (1 10i,j) innerhalb einer Makrozelle (105;) befindet (420), die aktuell keine Makro-
(105;) oder kleine (1 10”-) Knaoten in der Uberlastbedingung aufweist.

12. Verwaltungssystem (200) nach Anspruch 11, wobei das dritte Modul (215) ebenfalls konfiguriert ist, zu jedem ak-

tuellen Zeitschnappschuss und fur jede Makrozelle (105¢;):

unter der Vielzahl von Zeitschnappschlissen zweite Kandidatenzeitschnappschisse (Gopr;,C; ) fur die Akti-
vierung kleiner Knoten (11 Oi‘j), gemanl der Verlaufsverkehrslast (H, ,) und Energieverbrauchsmodellen des zel
lenfédrmigen Netzes (100), zu identifizieren (305-330), und

mindestens einen kleinen Knoten (110”-) innerhalb der Makrozelle (105¢;) zu aktivieren (510)

- wenn (505) die Makrozelle (105;) aktuell mindestens einen Makro- (105;) oder kleine (110”-) Knoten in
der Uberlastbedingung aufweist, oder

-wenn (515) der aktuelle Zeitschnappschuss einer der zweiten Kandidatenzeitschnappschisse (Gopr;,C; )
ist.

13. Zellenférmiges Netz (100), umfassend eine Vielzahl von Makroknoten (105), die jeweilige Makrozellen (105

definieren, und eine Vielzahl von kleinen Knoten (1 10”-) innerhalb der Makrozellen (105¢,;), das zellenférmige Netz
(100) ferner umfassend das Verwaltungssystem (200) nach Anspruch 11 oder 12.

14. Zellenférmiges Netz (100) nach Anspruch 13, wobei die kleinen Knoten (110”-) jeweilige kleine Zellen definieren,

die kleiner sind, als die Makrozellen (105¢;).

15. Zellenférmiges Netz (100) nach Anspruch 13 oder 14, wobei die kleinen Knoten (110”) Mikro-, Piko- und/oder

Femtoknoten umfassen.
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Revendications

Procéde (200) destine a la gestion d’un réseau cellulaire (100) comprenant une pluralité de macronoeuds (105;)
définissant des macrocellules respectives (105.;) et une pluralite de petits noeuds (110,7) a lintérieur desdites
macrocellules (105.;), le procédé (200) comprenant, & chaque moment instantané actuel, parmi une pluralité de
moments instantanés et pour chaque macrocellule (105.,) :

la fourniture (205), selon un historique de charge de transfert (H; ;) du réseau cellulaire (100), d’'une probabilité
de surcharge (O;,) dans une premiere configuration du réseau cellulaire (100) comportant seulement des
macro-noeuds (105;) activés,

l'identification (305-310), parmi ladite pluralité de moments instantanés, de premiers moments instantanés
candidats (LM;) pour la désactivation des petits noeuds (110,-,1-), dans chaque premier moment instantané can-
didat (LM,), la probabilité de surcharge (O; ;) étant inférieure a une probabilité de surcharge seuil (Opy), et

si (435) le moment instantané actuel est un moment parmi les premiers moments instantanes candidats (LM;),
la désactivation (440) de chaque petit noeud (110,-,]-)

- présentant (430) un nombre actuel (NPRB,-J) de ressources radio attribuées, inférieur a un nombre seuil
(Npgp, 1ij): et

- se trouvant (420) a l'interieur d’une macrocellule (105;) n'ayant actuellement pas de macronoeuds (105))
ni de petits noeuds (110,-’!-) en état de surcharge.

Procédé (200) selon la Revendication 1, dans lequel

ladite identification (305-310) comprend, pour chaque macrocellule (105;),

le groupement des premiers moments instantanés candidats en groupes de premiers moments instantanés candi-
dats adjacents, et

I'ordonnancement desdits groupes de premiers moments instantanés candidats adjacents par durée décroissante,
et dans lequel

ladite désactivation de chaque petit noeud (440) comprend pour chaque macrocellule (105.), la désactivation (440)
de chaque petit noeud supplémentaire, si (435) le moment instantané actuel appartient a un groupe de premiers
moments instantanés candidats adjacents (LM;) ayant la durée la plus longue.

Procédé (200) selon 'une quelconque des Revendications précédentes, comprenant, en outre, pour chaque macro-
cellule (105, :

I'identifiation (305-330), parmi ladite pluralité de moments instantanés, de seconds moments instantanés can-
didats (Ggpr),C; ¢) pour I'activation des petits noeuds (110,-,1-), selon ledit historique de charge de transfert (H, ;)
et des modéles de consommation électrique du réseau cellulaire (100), et

I'activation (510) d’au moins un petit noeud (110,-,1-), a l'intérieur de la macrocellule (105;)

- si (505) la macrocellule (105.;) comprend actuellement au moins un macronoeud (105;) ou de petits
noeuds (110,-,1-) en condition de surcharge, ou
- si (515) le moment instantané actuel est un des seconds moments instantanés candidats (Gopr,C; -

4. Procédé (200) selon la Revendication 3, dans lequel ladite identification (305-330), parmi ladite pluralité de moments

instantanés, de seconds moments instantanés candidats (Gopy,C;4) pour l'activation de petits noeuds (110;))
comprend, en outre :

la fourniture (205, 315), selon ledit historique de charge de transfert (H; ;) et lesdits modéles de consommation
électrique dureseau cellulaire (100), d’une premiere consommation électrique moyenne (P; «) dans la premiere
configuration du réseau cellulaire (100), et d’une seconde consommation électrigue moyenne (Pg; ) dans une
seconde configuration du réseau cellulaire (100) avec les macronoeuds (105;) et les petits noeuds (1 10,-,1-) tous
activés,

dans chaque second moment instantané candidat (Ggpr),C; &), la premiére consommation électrigue moyenne
(Caj k) étant inférieure a la seconde consommation électrique moyenne (Cg; ).

5. Procéde (200) selon la Revendication 4, dans lequel chaque second moment instantané candidat (Ggp),C; )

appartient, en outre, a un groupe de moments instantanés consécutifs adjacents a un moment instantané ne se
trouvant pas parmi lesdits premiers moments instantanés candidats (LM;).
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Procédé (200) selon la Revendication 4 ou 5, dans lequel ladite fourniture (205,315) de la premiére (Pp; ) et de la
seconde (Pg; ;) consommations électriques moyennes comprend :

selon ledit historique de charge de transfert (H; ), la fourniture, pour chague macrocellule (105;), d’un premier
(A; ) et d'un second (B; ;) nombres moyens de ressources radio attribuées dans la premiére et la seconde
configurations, respectivement, du réseau cellulaire (100), et

I'application desdits modéles de consommation électrique du réseau cellulaire (100) auxdits premier (A, ;) et
second (B; ;) nombres moyens de ressources radio attribuées, pour obtenir, de ce fait, lesdites premiere (Py; 4)
et seconde (Pg; ;) consommations électriques moyennes, respectivement.

Procédé (200) selon I'une quelconque des Revendications précédentes, dans lequel ladite désactivation (440) de
chaque petit noeud (110,-J) ayant un nombre actuel (NPRB,-J-) de ressources radio attribuées, inférieur a un nombre
seuil (Npgg 134;j) comprend :

la fourniture (405) d’une liste (L4) de petits noeuds (110,-,1-) du réseau cellulaire (100) dont le nombre actuel
(Npgg;,) de ressources radio attribuées est inférieur audit nombre seuil (Npgg 71;)), ladite liste étant ordonnée
par nombre croissant (Nppg; ) de ressources radio attribuées, et

I'itération des opérations suivantes :

sélection (415) d’'un premier petit noeud (1 10,-,!-) de ladite liste (L4),

désactivation (440) du premier petit noeud sélectionné (110,-,]-)

si (420) le premier petit noeud sélectionné (110,-,]-) se trouve a l'intérieur d’une macrocellule (105 ;) n'ayant
actuellement pas de macronoeuds (105;) ni de petits noeuds (110,-J) en état de surcharge, retrait autrement
du dernier petit noeud (1 10,-J) de ladite liste (L), et

si (435) le moment instantané actuel est un des premiers moments instantanés candidats (LM;), retrait
autrement du dernier petit noeud (1 10,-,!-) de ladite liste (L4), et

retrait du dernier petit noeud (1 10,-,1-) de ladite liste (L4), jusqu'a ce que (410) ladite liste (L4) soit vide.

Procédé (200) selon I'une quelconque des Revendications 3 a 7, dans lequel lesdits modéles de consommation
électrique comprennent :

- une consommation électrique minimale ( Py#%¢  po#Ey de chaque macronoeud (105) et petit nosud
‘ e

(1 10,-,1-) du réseau cellulaire (100), lorsgu’ils sont activés ;
- une consommation électrique ( Py P M*4y de chaque macronoeud (105)) et petit noeud (110, ;) du
i [ b
réseau cellulaire (100), lorsqu’ils sont désactivés ;
- une consommation électrique (Pmmo SM”*‘”‘) pour I'attribution de ressources radio par chaque ma-
rre, 2 Lprp
cronoeud (105)) et petit noeud (110,-J-) du réseau cellulaire (100).

Procédé (200) selon laRevendication 8, dans lequel, pour chaque macrocellule (105, leditnombre seuil (Npgg TH,-J)
de ressources radio dépend de la différence de consommation électrique pour I'attribution dudit nombre seuil
(NPRB,TH,-J-) de ressources radio par chaque macronoeud (105;) et petit noeud (1 10,-,!-), et de la différence entre les
consommations électriques des petits noeuds (1 10,-,1-) dans les configurations activées et désactivées.

Programme informatique comprenant un moyen de code congu pour exécuter les étapes de I'une quelconque des
Revendications précédentes, lorsque le programme tourne sur un ordinateur.

Systeme (200) destiné 3 la gestion d’un réseau cellulaire (100) comprenant une pluralité de macronoeuds (105;)
définissant des macrocellules respectives (105.;) et une pluralite de petits noeuds (110,7) a lintérieur desdites
macrocellules (105;), le systéme (200) destine & la gestion comprenant :

un premier module (205) configuré, a chague momentinstantané actuel d’une pluralité de moments instantanés,
et pour chaque macrocellule (105,;), pour

fournir (205), selon un historique de charge de transfert (H; ;) du réseau cellulaire (100), une probabilit¢ de
surcharge (O; ) dans une premigre configuration du réseau cellulaire (100) comportant seulement des macro-
noeuds (105;) activés,
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un deuxieéme module (210) configuré, & chaque moment instantané actuel, et pour chaque macrocellule (105 ),

pour

identifier (305-310), parmi ladite pluralité de moments instantanés, des premiers moments instantanés candidats

(LM;) pour la désactivation des petits noeuds (110,-,]-), dans chaque premier moment instantané candidat (LM;),
5 la probabilité de surcharge (O; () étant inférieure a une probabilité de surcharge seuil (O7), et

un troisiéme module (215) configuré, & chaque moment instantane actuel, et pour chague macrocellule (105 ),

pour désactiver (440) chaque petit noeud (1 10,-J-) si

le moment instantané actuel est un moment parmi les premiers moments instantanés candidats (LM;),

le petit noeud (1 10,-,!-) présente (430) un nombre actuel (NPRB,-J) de ressources radio attribuées, inférieur a un
10 nombre seuil (Npgp 714 ), €t

le petit noeud (110,-J) se trouve (420) & lintérieur d’une macrocellule (105,,) n'ayant actuellement pas de ma-

cronoeuds (105;) ni de petits noeuds (110,-,1-) en état de surcharge.

12. Systéme (200) destiné a la gestion, selon la Revendication 11, dans lequel le troisiéme module (215) est également
15 configuré, a chaque moment instantane actuel, et pour chaque macrocellule (105, pour :

identifier (305-330), parmi ladite pluralité de moments instantanés, des seconds moments instantanés candidats
(Gopr):Cj k) Pour I'activation des petits noeuds (1 10,-J), selon ledit historique de charge de transfert (H; ) et des
modéles de consommation électrique du réseau cellulaire (100), et

20 activer (510) au moins un petit noeud (110,-’!-), a l'intérieur de la macrocellule (105 ;)

- si (505) la macrocellule (105.;) comprend actuellement au moins un macronoeud (105;) ou de petits

noeuds (110,-,1-) en condition de surcharge, ou

- si (515) le moment instantané actuel est un des seconds moments instantanés candidats (Gopr,C; -
25

13. Reéseau cellulaire (100) comprenant une pluralité de macronoeuds (105;) définissant des macrocellules respectives
(105,;) et une pluralité de petits noeuds (11 0,-J-) a lintérieur desdites macrocellules (105.;), le réseau cellulaire (100)
comprenant, en outre, le systéme de gestion (200) selon la Revendication 11 ou 12.

30 14. Réseau cellulaire (100) selon la Revendication 13, dans lequel les petits noeuds (110,-,!-) définissent de petites
cellules respectives plus petites que les macrocellules (105;).

15. Réseau cellulaire (100) selon la Revendication 13 ou 14, dans lequel lesdits petits noeuds (1 10,-,1-) comprennent des

noeuds micro, pico, et/ ou femto.
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