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Description
Background of the invention
Field of the invention

[0001] The present invention generally relates to wire-
less communications networks, such as cellular net-
works. Maore particularly, the present invention relates to
wireless communication networks comprising relay
nodes, generally intended to increase network capacity
and extend radio coverage.

Overview of the related art

[0002] Evolution of wireless communication networks
has experimented a significant growth in terms of spread
and performance, and has recently brought to 3GPP
LTE-Advanced ("Third Generation Partnership Project
Long Term Evolution Advanced") standard, which repre-
sents a major advance in cellular technology, as being
designed to meet needs for high-speed data and media
transport as well as high-quality voice and video commu-
nications support into the next decade.

[0003] More particularly, the 3GPP LTE-Advanced is
a standard capable of conveying data between a fixed-
location transceiver radiating electromagnetic or radio
waves over a respective land area called network cell
(which is delimited by electromagnetic radiating power
of the of radio wave itself, and often drawn as a hexagon
for convention), and typically referred to as Donor eNo-
deB (DeNB), and User Equipments (UEs, e.g., user ter-
minals, such as cellular phones) within the network cell.
[0004] As known, the 3GPP LTE-Advanced employs
some advanced technologies, such as Orthogonal Fre-
quency Division Multiplexing (OFDM) or Multiple Input
Multiple Output (MIMO) signal transmission technique.
As far as 3GPP LTE-Advanced incorporating OFDM
technology is concerned, to which reference will be made
in the following by way of example only, and wherein
downlink access scheme, based on OFDMA - Orthogo-
nal Frequency Division Multiple Access -, differs from
uplink access scheme, based on SC-FDMA - Single Car-
rier Frequency Division Multiple Access -, the need of
developing solutions for providing improved user expe-
rience while reducing infrastructure costs has brought to
the deployment, within the network cells, of one or more
relay nodes (or simply relays) each one generally asso-
ciated with, and supporting, the DeNB of the correspond-
ing network cell.

[0005] In general terms, relay nodes ensure coverage
extension of the network cells in which they are used, as
well as deployment costs reduction of the same, and may
enhance the capacity of the network cell and the effective
throughput thereof.

[0006] More particularly, the operation of the relay
nodes within a given network cell is such that the DeNB
of the cell communicates with a UE of a subscriber that
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at that time requires a service in the same network cell
(e.g., voice call) through a selected relay node (for ex-
ample, the one relay node within the cell that is closest
to the UE), thereby possibly allowing the UE to be better
served via a two-hop path than a single-hop one (thus
overcoming, for instance, possible quality degradation of
the transmission channel).

[0007] Qualitydegradationofthe transmissionchannel
is a relatively frequent occurrence happening when ob-
structions are present between the DeNB and the user
equipment of the subscriber - as those experienced in
the presence of physical barriers (e.g., high shadowing
environments, such as indoor locations), or interference
signals (for instance, radio frequency signals) -, or in case
of an excessive distance therebetween, e.g. as a conse-
quence of a restricted radio coverage with respect to the
radio coverage theoretically provided by the DeNB. In
fact, accounting all gains and losses between the DeNB
and the user equipment, a generic user equipment that
is located at cell boundaries could experience poor radio
channel conditions, and thus it may often be incapable
of communicating at all or by making use of reasonably
high data rates.

[0008] Asitisknown,access sub-frames and backhaul
sub-frames are used for transmission purposes in the
presence of relay nodes. More specifically, the access
sub-frames are sent over a setof mutually non-interfering
wireless access communication links (in both directions,
i.e., downlink and uplink), henceforth access links, for
interconnecting the relay nodes to the UEs associated
thereto, whereas the backhaul sub-frame is sentover the
(single) shared wireless backhaul communication link (in
both directions, i.e., downlink and uplink), henceforth
backhaul links, through which all the relay nodes com-
municate with the DeNB.

[0009] The backhaul sub-frame is scheduled by the
DeNB, which selects which relays transmit (in uplink) or
receive (in downlink), and on which radio resources,
whereas the access sub-frames are scheduled by each
relay node, that selects which UEs can transmit/receive
and on which radio resources. Hereafter, it will be exem-
plary assumed (for ease of explanation) that UEs can
only be associated to relays nodes.

[0010] Being unable to perform reception and trans-
mission operations at the same time using the same fre-
quencies, which would result in strong interference, relay
nodes are physically subject to the constraint of having
to activate the access link and the backhaul link over
separate radio resources. Such physical limitation, fre-
quently referred to as "relay duplexing problem"”, requires
that access and backhaul link activations be scheduled
s0 asto avoid time-frequency overlapping that could gen-
erate high interference levels. In this respect, two differ-
ent approaches are possible, namely radio resources
separation in either the frequency domain (FDD relaying)
or the time domain (TDD relaying).

[0011] Inthe FDDrelaying approach, access and back-
haul sub-frames can be scheduled simultaneously, since
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signals transmission and reception are carried out using
two different frequency intervals. In the TDD relaying ap-
proach, instead, access and backhaul sub-frames are
assigned to separate time resources with the full frequen-
cy spectrum available for each one of them. In this way,
both the transmitter and the receiver can operate on a
same single frequency, but allocating different time slots
for transmission and reception (i.e., transmission and re-
ception signals share the same full frequency spectrum
channel, and are spaced apart by multiplexing them on
a time basis).

[0012] As TDD relaying may better exploit frequency
diversity than FDD relaying (due to its using the full spec-
trum), the former has been deemed as best suited for
traffic applications such as Internet or other services. For
this reason, the TDD relaying approach has been ac-
knowledged by the present LTE Advanced standard re-
lease 10, and to it reference will be exemplarily made in
the rest of this document.

[0013] In a TDD relaying approach, the decisions of
activating, for each relay node, the access links or the
backhaul link (referred to as duplexing decision or link
scheduling decision in the following) are updated every
predeterminedtime interval, also referred to as duplexing
pattern refresh interval (or simply refresh interval),
whereas, regardless of the time extension of such refresh
interval, the radio resources are allocated within data
sub-frames, each one having a time extension of 1 TTI
(Transmission Time Interval).

[0014] In particular, according to a semi-static link
scheduling approach, the duplexing decisions of whether
to activate (the uplink and downlink of) the access link or
of the backhaul link of a determined relay node are taken
at longer time intervals (typically, with the refresh interval
of the order of ten TTI), since the frame patterns, com-
municated through RRC (Radio Resource Control) level
signaling, decide in which sub-frames the backhaul link
and the access links are activated, whereas in a dynamic
link scheduling approach the link scheduling decisions
are taken ateach sub-frame (with the refresh interval that
is equalto 1 TTI).

[0015] In the state of the art, solutions are known that
provide for link scheduling schemes.

[0016] In deliverable D 3.5.3 "Final assessment of re-
laying concepts for all CGs scenarios under considera-
tion of related WINNER L1 and L2 protocol functions" of
WINNER Il IST-4-027756 project, 2007, it is shown that
the relay solution outperforms the base-stations-only de-
ployment. The relay concept is also applied to some dif-
ferent topological scenarios and it is shown that relay
nodes are a cost-effective solution, which provide a high
service level. Moreover the FDD and TDD schemes are
presented as possible radio resource partitioning solu-
tions.

[0017] InR. Schoenen, W. Zirwas, and B. Walke, "Ca-
pacity and coverage analysis of a 3GPP-LTE multihop
deployment scenario,” in Communications Workshops,
2008.1CCWorkshops 08. IEEE International Conference
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on, pp. 31-36, IEEE, May 2008, the relay performance
for coverage and capacity is analyzed in a real urban
scenario. The document shows the benefits of relay de-
ployment to extend the cell coverage and increase the
spectral efficiency.

[0018] InR.Schoenen, R. Halfmann, and B. H. Walke,
"An FDD Multihop Cellular Network for 3GPP-LTE,"VTC
Spring 2008 - |EEE Vehicular Technology Conference,
pp. 1990-1994, May 2008, the authors present a per-
formance analysis for relay nodes, for both coverage and
capacity, using the TDD scheme. More particularly a pat-
tern for link scheduling which alternates access and
backhaul transmissions is defined. Odd sub-frames are
dedicated to "hop-1" (i.e., directly connected to the
DeNB) users and the relay nodes, while even sub-frames
are dedicated to "hop-2" users, i.e., those connected to
the relay nodes.

[0019] InM.Kaneko and P. Popovski, "Radio resource
allocation algorithm for relay-aided cellular OFDMA sys-
tem,” in ICC’07. IEEE International Conference on Com-
munications, 2007, pp. 4831-4836, IEEE, 2007, the au-
thors propose a Max C/|-based resource scheduling al-
gorithm for a relay enhanced cell with the OFDMA tech-
nology. The access and backhaul interleaving is initially
as in the previous cited solution, thus the access and
backhaul links are alternated: one sub-frame for the
backhaul and one sub-frame for the access. A time ad-
aptation algorithm is then introduced: one sub-frame is
subtracted from the backhaul and assigned tothe access
(or vice versa) if this choice produces a throughput in-
crement. The performance of the proposed algorithm is
then compared with that of a (theoretical, but unimple-
mentable) upper bound algorithm.

[0020] InW. Nam, W. Chang, S. Chung, and Y. Lee,
"Transmit optimization for relay-based cellular OFDMA
systems,” in ICC’07. IEEE International Conference on
Communications, 2007, pp. 5714-5719, IEEE, 2007, two
resource allocations problems are formulated for an
OFDMA system with relay nodes. The first one uses a
fixed power assignment for each subcarrier, the second
one proposes a joint power and subcarrier allocation. The
interleaving of access and backhaul is the same as inR.
Schoenen, R. Halfmann, and B. H. Walke solution, with
alternating frames assigned to base stations and relay
nodes.

[0021] InC.-Y.Hong, A.-C. Pang, and P.-C. Hsiu, "Ap-
proximation algorithms for a link scheduling problem in
wireless relay networks with QoS guarantee”, |IEEE
Transactions on Mobile Computing, vol. 9, pp.
1732-1748, 2010, a scheduling algorithm for bandwidth
and delay guarantee is investigated in a wireless network
using relay. The scheduling algorithm operates on a
frame-by-frame basis and it is designed to support Qual-
ity of Service (QoS) and real-time services. The proposed
algorithm provides a schedule assignment for traffic flows
by determining the frame in which the transmission of a
subset of flows should occur. This is done by ordering
the traffic flows using an EDD (Earliest Due Date) rule.
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[0022] Patent application US 2008/188231 provides
efficient partitioning and assignment of radio resources
(transmission time slots) among multiple wireless com-
munication nodes, for example, among a base station
(BS) and relay stations (RS) in a WIMAX Mobile Multi-
hop Relay-Based network (MMR-cell). The embodi-
ments of said patent application provide balancing wire-
less communication bandwidth capacity in a single chan-
nel cascading link(s) in a wireless communication cell
and managing the wireless communication bandwidth
capacity in the single channel across two or more virtual
cells within the cell.

Summary of invention

[0023] The Applicant has recognized that in most of
the above-referenced works a link scheduling which de-
pends on the dynamic conditions of the network is not
taken into account.

[0024] Moreover, the Applicantidentifies that, although
in M. Kaneko and P. Popovski work a link scheduling
algorithm taking into account the dynamic conditions of
the network is actually proposed, it considers only one
relay node, and selects whether to activate its backhaul
link or its access link.

[0025] Generally speaking, regardless of the time res-
olution at which link scheduling decisions are made, i.e.,
whether at each sub-frame (for the dynamic link sched-
uling approach), or group thereof, (for the semi-static link
scheduling approach), the Applicant has recognized that
a known critical aspect substantially common to both
such approaches relates to the sub-frame on the back-
haul link (or backhaul sub-frame for the sake of simplic-
ity), and that effectively managing the backhaul sub-
frame could lead to a considerably improved network cell
throughput.

[0026] More specifically, the Applicant believes that
the backhaul sub-frame represents a relevant system
bottleneck, as it is a single, shared sub-frame that must
carry all transmissions coming from (in the uplink direc-
tion) or directed to (in the downlink direction) the multiple,
dedicated access links between each relay node and all
UEs connected to it. In fact, in general the capacity re-
quired along the backhaul path may be potentially larger
than the maximum capacity of the backhaul link (just be-
cause each relay node connected to the DeNB can serve
a plurality of UEs connected thereto). For this reasons,
activating the backhaul link for all the relay nodes (or
even for some of them), thereby preventing them from
activating their respective access links, could be a dis-
advantageous chaice, as it would unduly increase com-
petition on the backhaul link while leaving potential ca-
pacity in all or some access links unexploited. This would
decrease the overall throughput of the cell.

[0027] Hereafter we generically call capacity the max-
imum amount of data that can be transmitted in a sub-
frame, depending on the radio channel conditions be-
tween transmitters and receivers, and on the amount of
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data available at the transmitters. For instance, in the
uplink direction of the access link, the capacity is com-
puted as the maximum amount of data that can be fitted
in the uplink access sub-frame, given the available radio
resources in the latter, the modulation and coding
scheme that each UE is going to use, and the amount of
data buffered at the UEs.

[0028] As an example of ineffective exploitation of the
radio resources in a wireless communication network of
the type above described, and withreference to the uplink
direction, the following scenario will be considered: a re-
lay is activated in the backhaul link (thereby preventing
transmissiononits access link, due to the relay duplexing
praoblem) when possibly experiencing a temporarily poor
radio channel condition on the backhaul link itself. This
being the case, the relay only transmits few data on its
radio resources. At the same time the same relay has a
large access link capacity (or access capacity), due to
many of its associated UEs having a large amount of
data and good radio channel conditions on that relay’s
access link. Clearly, the global network throughput would
be larger if the access link (instead of the backhaul link)
had been scheduled at that time for that relay, as a con-
sequence of a smarter link scheduling decision.

[0029] As another example, possibly a direct conse-
quence of the previous one, resources on the backhaul
sub-frame could be no longer available for another relay
node, which could then be forced to remain idle, being
unable to activate its access link once the link scheduling
decision has been made.

[0030] In view of the above, the Applicant has tackled
the problem of devising a solution suitable to provide a
new simple and effective link scheduling algorithm that,
making link scheduling decisions on a per-relay node ba-
sis (assuming aplurality of relay nodes), avoids the above
undesired scenarios as well as other undesirable condi-
tions possibly connected to inadequate link scheduling
decisions. Generally, this is achieved by identifying those
relay nodes for which activating the backhaul (respec-
tively: the access) link(s) is beneficial from a throughput
perspective.

[0031] 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. According to an aspect, each relay is activated
on the link (whether backhaul or access) that allows the
highest amount of data to be transmitted, taking into ac-
count the amount of data queued at each point in the
network, the state of the radio channels, the available
queue space at the relays, and the amount of radio re-
sources on the backhaul and access sub-frames.
[0032] Moreover, the link scheduling algorithm allows
both dynamic and semi-static link scheduling decisions
to be implemented, which makes the algorithm suitable
for different applications of the LTE-advanced standard,
or also for other communications standards.
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Brief description of the annexed drawings

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

Figure 1 schematically shows a wireless communi-
cations network portion wherein the solution accord-
ing to one or more embodiments of the present in-
vention may be applied;

Figure 2 schematically shows a high-level scheme
of a link scheduling algorithm according to an em-
bodiment of the present invention;
Figure 3 schematically shows aflow chartillustrating
a sequence of operations of a first procedure of the
link scheduling algorithm according to an aspect;
Figure 4 schematically shows a high-level flow chart
illustrating a sequence of operations of a second pro-
cedure of the link scheduling algorithm according to
an aspect;

Figure 5 schematically shows in a more detailed way
the flow chartof Figure 4 according to anaspect, and
Figure 6 schematically shows aflow chartillustrating
a sequence of operations of a third procedure of the
link scheduling algorithm according to an aspect.

Detailed description of preferred embodiments of the
invention

[0034] With reference to the figures, a wireless com-
munications network 100 wherein the solution according
to one or more embodiments of the present invention
may be applied includes, as schematically shown in Fig-
ure 1, a plurality (only one depicted in the figure) of fixed-
location transceiver units, known as donor eNodeB
(DeNB), such as the DeNB 105; one or more DeNBs,
such as the DeNB 105, provide for radio coverage over
a geographic area, also referred to as network cell, such
as the network cell 110, for allowing user equipments
(UEs) within the network cell (such as the user equip-
ments 115 - e.g., mobile phones - within the network cell
110) to receive a required service (e.g., a phone call). In
examples described, the wireless communication net-
work 100 is a cellular communication network (or briefly
cellular network), compliant with the developing Long
Term Evolution (LTE) Advanced of the Third Generation
Partnership Project (3GPP) Universal Mobile Telecom-
munications System (UMTS) protocol, or Release-10
3GPP LTE, wherein the DeNB 105 transmits using an
orthogonal frequency division multiplexing (OFDMA)
modulation access scheme for downlink transmissions
(i.e., from the DeNB 105) and the user equipments 115
perform uplink transmissions (i.e., towards the DeNB
105) using a single carrier frequency division multiple
access (SC-FDMA) scheme.
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[0035] As visible inthe figure, the cellular network 100
also includes a plurality (three, in the example at issue)
of relay nodes 120 of a known type, i.e., transceiver sta-
tions each one generically intended to increase the net-
work capacity of the cellular network 100. More specifi-
cally, eachrelay node 120 is configured for autonomously
facilitating communication between some, or all, the UEs
115 within the network cell 110 and the DeNB 105, for
example, by independently scheduling communications
with the DeNB 105, over a backhaul link (by receiving
data over a downlink and transmitting data over an up-
link), and with a UE, over an access link (by transmitting
data over a downlink and receiving data over an uplink).
[0036] Inthe examplesdisclosed, eachrelay node 120
represents an intermediate station between the DeNB
105 and a set of UEs 115 (two or three, in the example
depicted in the figure) within the network cell 110, so that
the cellular network 100 implements a multi-hop system
having, in the case at issue, a number of hops equal to
two (and hence only one level of relay nodes).

[0037] Moreover, for the sake of simplicity, it will be
assumed that all UEs 115, although possibly being able
to communicate directly with the DeNB 105, communi-
cate with the DeNB 105 only through a corresponding
relay node 120.

[0038] For the sake of completeness, as well known
by those having ordinary skill in the art, the DeNBs, such
as the DeNB 105, are generally part of a radio access
network (not depicted), which typically includes one or
more radio network controllers (not shown) communica-
bly coupled to, and for controlling, respective DeNBs; in
turn, the radio access network is generally communicably
coupled to one or more core networks (not shown), which
may be coupled to other networks, such as Internet
and/or public switched telephone networks (not illustrat-
ed).

[0039] According to an aspect, the DeNB 105 (typical-
ly, through a scheduler unit, or scheduler, thereof) and
the relay nodes 120 (for example, through an estimation
unit thereof) are configured for implementing respective
procedures of a link scheduling algorithm aimed to opti-
mize and maximize network cell throughput, and partic-
ularly to select the backhaul link for those relay nodes
towards which resource allocation would produce the
highest possible gain in terms of cell throughput. in fact,
as briefly discussed in the introductory portion of the
present description, the backhaul sub-frame represents
a critical resource for effectively managing the wireless
communication networks such as cellular networks, as
it is a single, shared sub-frame that supports all trans-
missions coming from multiple, dedicated access sub-
frames for eachrelay node; therefore, as eachrelay node
120 connected to the DeNB 105 could serve concurrently
a plurality of UEs 115 of the network cell 110, the back-
haul sub-frame could represent the bottleneck in the
communication network.

[0040] Turning now to Figure 2, the latter schemati-
cally shows a high-level scheme of a link scheduling al-
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gorithm 200 according to an embodiment of the present
invention. As previously discussed, the object of the link
scheduling algorithm 200 is throughput maximization of
the network cell by properly activating either the backhaul
or the access link of the various relay nodes within the
network cell, and particularly activating the backhaul link
to those relay nodes towards which radio resource allo-
cation would produce the highest possible gain in terms
of cell throughput. It should be understood that the term
"radio resources” may have specific meaning according
to the technology used for the cellular network (for ex-
ample, the technology used for modulation and coding
scheme for implementing transmissions over channels
or links); for the cellular network herein exemplarily dis-
closed, such term should be generically construed as,
and thus referred in the following as, radio "Physical Re-
source Blocks" (PRBs), i.e., groups of elementary re-
source allocations, such as transport carriers (e.g. sub-
carriers), assigned by the DeNB scheduler for data trans-
mission purposes (e.g., a PRB for UMTS LTE may com-
prise 12 sub-carriers when the sub-carrier bandwidth is
15kHz or 24 sub-carriers when the sub-carrier bandwidth
is 7.5 kHz).

[0041] In the disclosed embodiment, for example, at
each Transmission Time Interval (or TTI) - e.g., with ref-
erence to a dynamic link scheduling approach -, the link
scheduling algorithm 200 is run (with a portion thereof
that is executed within each relay node and another por-
tion thereof within the DeNB) for making the decision
whether to activate the access or backhaul link for each
relay; such decision, or link scheduling decision or du-
plexing decision, is based on the throughput the relay
nodes could generate, given the radio resources that
such relay nodes could have at their disposal, which in
turn depends on the policy with which the radio resources
in the backhaul sub-frame are allocated to relay nodes.
[0042] More particularly, as visible in the figure, the link
scheduling algorithm 200 includes three procedures,
namely:

- access procedure (block 205); such procedure, im-
plemented within and performed by each relay node,
receives asinputs feedback information coming from
UEs and indicative of a status of the UEs associated
to the relay node, and gathers and aggregates such
feedback information into a summarized control in-
formation, referred to as access capacity value in
the following. The latter will be provided to the DeNB
as further input for the following procedures of the
link scheduling algorithm 200. In order to provide the
required access capacity to the DeNB, a signaling -
which is currently not enclosed in the last (release
10) LTE Advanced - is required (e.g. obtained by
introducing transmission of new uplink control mes-
sages over backhaul sub-frame, by using standard
LTE PUCCH and/or PUSCH control channels). As
far as feedback information is concerned, they may
include uplink and/or downlink feedback information,
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which can be used alone or in combination to each
other for performing the access procedure 205; in
the following of the present description, reference
will be made, by way of example only, to uplink feed-
back information (and hence the access capacity to
which reference will be made hereinafter is an uplink
access capacity). More particularly, the latter relates
to buffer status, such as BSR - Buffer Status Report,
which is considered in the last (release 10) LTE
standard and is transmitted by the UEs to the relay
they are associated to. Furthermore, the relay pos-
sesses UCQ - Uplink Channel Quality estimation
through reference signals;

- backhaul procedure (block 210); such procedure,
implemented within and performed by the DeNB, re-
ceives as inputs:

i) the access capacity values provided by the
access procedure 205 for each relay node af-
ferent to the DeNB, which are sent to the DeNB
through whichever available means - the latter
being not limiting for the present invention. For
merely exemplary purposes, it is possible to
have the access capacities conveyed through
BSR control elements having unused logical
channel group identifiers;

ii) the BSRs of the relay nodes (conveyed as
standard feedbacks in release 10 of LTE), and
iii) the UCQinformation for eachrelay. The back-
haul procedure computes the backhaul capacity
value for each relay node; and

- link scheduling procedure (block 215); such proce-
dure, implemented within and performed by the
DeNB, receives as inputs the access capacity values
and the backhaul capacity values provided by the
access procedure 205 and the backhaul procedure
210 respectively, and, based on such values, makes
the link scheduling decision of which link, whether
the access or the backhaul one, to activate for each
relay node.

[0043] An operation flow of the access procedure 205
of the link scheduling algorithm according to an aspect
is schematically shown in Figure 3. As previously dis-
cussed, the access procedure 205 is the same executed
on each relay node, and therefore hereinafter reference
will be made to a generic relay node of the cellular net-
work for the sake of simplicity. The access procedure
computes how many bytes would be transmitted on the
relay’s access link if the latter was activated and the UEs
were scheduled by the relay node according to an ex-
haustive Max-Throughput algorithm, which allocates the
PRBs ofthe access sub-frame to the backlogged UE with
the best channel quality up to exhaustion of that UE’s
backlog, or of the PRBs, or of the relay node’s available
queue space. The access procedure performs this only
for the sake of computing the access capacity, and with-
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out actually performing resource allocation of PRBs on
the access sub-frame, the latter being a task which is not
limiting for the present invention.

[0044] More specifically, the access procedure 205 of
the link scheduling algorithm starts at block 305, wherein
the relay node receives, at each TTl, the feedback infor-
mation coming from the UEs, i.e. the BSR, the latter rep-
resenting the amount of data queued at the UE. Further-
more, the relay node possess a UCQ parameter for each
UE, and knows the available queue space at the relay
node itself. More particularly, the UCQ parameter de-
notes the uplink channel quality measured by the relay
nodes (relative to the UEs) - in the present implementa-
tion it will be assumed that such measurement is of wide-
band type and that its value is expressed as the number
of bytes allocable for each physical resource block or
PRB (i.e., number of sub-carriers, for a predetermined
amount of time, allocated for the UEs). A virtual BSR
(vBSR) parameter, instead, denotes a variable for each
UE, whose initial value is the one reported in the BSR
feedback for that UE.

[0045] A PRB counter (counting the PRBs to be allo-
cated) is initialized to the number of PRBs present within
the access sub-frame (block 310). At this point, the ac-
cess procedure 205 executes, at the decision block 315,
a test for verifying whether there are un-allocated PRBs
(i.e., whether the PRB counter is greater than zero), and
the vBSR parameter of all the UEs associated to that
relay is not null, and the available queue space at the
relay is not null.

[0046] Ifthere are no un-assigned PRBs, orthe vBSRs
is null or the relay available queue space is null (exit
branch N of the decision block 315), the access proce-
dure 205 returns, at block 320, the access capacity of
the relay node (that is obtained, as will be best under-
stood shortly, by the access capacity, updated at each
PRB allocation occurring during a corresponding reiter-
ation of a virtual PRB allocation routine, which executed
while PRBs are available in the access sub-frame, the
vBSR parameter is not null and queue space at the relay
node is available).

[0047] If instead there are un-assigned PRBs and the
vBSRs and the relay available queue space are not null
(exit branch Y of the decision block 315), the access pro-
cedure 205 implements the virtual PRB allocation routine
(blocks 325-370), until the conditions checked at the de-
cision block 315 are verified.

[0048] More specifically, the virtual PRB allocation rou-
tine, at block 325, prepares a UE list (i.e., all UEs con-
nected to the considered relay node are taken into ac-
count)and verifies atthe decision block 330 whethersuch
UE list is empty or not. If the UE list is not empty (exit
branch N of the decision block 330), then a block usage
capacity parameter (also referred to as BUC parameter
- with the term block that, as previously discussed, is
intended to mean block of radio resources - and denoting
the capability of a considered UE of the UE list to use a
given PRB assigned thereto, specifically the number of
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bytes thatthe considered UE can transmitif using agiven
PRB assigned thereto) is calculated (block 335) for each
UE as the minimum between that UE’s UCQ and vBSR
parameters. At this point, block 340, the UE whose BUC
parameter has just been calculated is removed from the
UE list, and the virtual PRB allocation routine returns to
the block 330 and executes the same operation of the
blocks 330,335, 340 until the UE list results empty.
[0049] When the latter condition is verified (exit branch
Y of the decision block 330), the virtual PRB allocation
routine selects the UE having the maximum BUC param-
eter (block 345), and the corresponding value is then
limited to the available relay node queue space, thereby
obtaining the corresponding LBUC - Limited BUC - value
(block 350), which is smaller than, or equal to, the BUC
parameter. The PRB is then (virtually) allocated to the
UE and the LBUC value is added to, for updating, the
access capacity value of the relay node (block 355).
[0050] Then, the vBSR parameter ofthe UE is updated
too (block 360), by subtracting from it the value of the
LBUC parameter, and the space of the queue of the relay
node is decremented as well of the same value (block
365). The PRB counter is then decreased by one, since
the PRB has been assigned and the PRB counter must
be updated accordingly before passing to the next itera-
tion (back to the block 315 from which a new virtual PRB
allocation routine 325-370 can take place for the next
PRB allocation at the same relay node).

[0051] Therefore, the reiteration of the virtual PRB al-
location routine 325-370 for a given relay node ends
when one of the following conditions occurs, whichever
occurs first:

i) all the PRBs have been assigned, or

i) the vBSR of all the UEs associated to that relay
is null, or

iii) the available queue space at the relay becomes
null.

[0052] At that time, the access procedure 205 com-
putes the relay node access capacity (given by the ac-
cess capacity value updated during the last reiteration of
the virtual PRB allocation routine), block 320. The latter
is to be conveyed to the DeNB as a feedback information
{(which is not defined in the current standard release 10
of LTE Advanced) by the relay node (and so as for each
one of the relay nodes connected to the DeNB).

[0053] Figure 4 schematically shows a high-level flow
chart illustrating a sequence of operations of the back-
haul procedure 210 of the link scheduling algorithm ac-
cording to an aspect. The backhaul procedure computes
the backhaul capacities for each relay node, i.e. how
many bytes would be transmitted on the common back-
haul link by each relay if the backhaul link was activated
for that relay and all the relay nodes were scheduled by
the DeNB according to a score-based procedure (defined
hereafter), which virtually allocates the PRBs of the back-
haul sub-frame to the backlogged relay node with the
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highest score up to exhaustion of that relay node’s back-
log or of the available PRBs. The backhaul procedure
performs this only for the sake of computing the backhaul
capacities, and without actually performing resource al-
location of PRBs on the backhaul sub-frame, the latter
being an aspect that is not limiting for the present inven-
tion.

[0054] More specifically, as visible in the figure, the
backhaul procedure 210 starts at block 405, wherein, giv-
en the list of the relay nodes to which possibly assign the
PRBs (initially all), relay nodes are eliminated that, even
if given all remaining, not yet allocated PRBs, would not
have a backhaul capacity larger than their access capac-
ity.

[0055] Then, the backhaul procedure 210 prosecutes
at block 410, by ordering the relay nodes that are in the
relay nodes list (thus, not previously eliminated) based
on ascore parameter (i.e., an indication of the advantage
of assigning backhaul radio resources at a certain relay
node). The score is obtained by calculating a gain deriv-
ing by activating the backhaul link instead of that relay’s
access link, and dividing the result by the quantity of
PRBs necessary for obtaining it (or required PRBs).
Then, the PRBs are assigned to the relay node having
the highest score (block 415).

[0056] The operations above described at the blocks
405, 410 and 415 are repeated until the relay nodes list
is empty. Such condition is checked at the decision block
420 of the backhaul procedure 210; more specifically, as
long as the relay nodes list is non empty (exit branch N
of the decision block 420), the backhaul procedure re-
turns to block 405, and hence to blocks 410, 415 and
420, whereas when the relay nodes list is detected as
empty (exitbranchY of the decision block 420), the back-
haul procedure 210 outputs atthe block 425 a listof back-
haul capacities for each relay node, which will be evalu-
ated by the link scheduling procedure for making the link
scheduling decision.

[0057] Figure 5 schematically shows in a more de-
tailed way the flow chart of the backhaul procedure 210
according to an aspect. The backhaul procedure 210 re-
ceives as inputs (block 505) the relay nodes BSRs pa-
rameters (conveyed as standard feedback in LTE), the
relay nodes UCQ parameters (computed at the DeNB),
the relay nodes access capacity values (output by the
access procedure of each relay node), as well as the
number of PRBs of the backhaul sub-frame. The remain-
ing PRBs (also referred to as rPRB parameter) are ini-
tialized to the latter number.

[0058] In such phase, backhaul capacities values for
each relay node are initialized to zero (so that all relay
nodes are considered in the backhaul procedure, regard-
less of their score, as will be best understood in the fol-
lowing).

[0059] While the relay node list is non empty and the
rPRB parameter is above zero (exit branch Y of the de-
cision block 510), a next relay node of the list is consid-
ered (block 515), the relay node maximum capacity and
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gain are calculated (block 520) assuming that the latter
is able to use all the (available) remaining PRBs, i.e., the
remaining PRBs whose number is represented by the
rPRB parameter. The gain of a given relay node is the
difference between the maximum capacity and the ac-
cess capacity for that relay node. At decision block 525,
a test is performed for evaluating, according to the just
calculated gain and the maximum capacity values for the
presently considered relay node, whether the considered
relay node is a "backhaul-capable relay node" or "back-
haul-incapable relay node", i.e., it is capable or not of
achieving a higher backhaul capacity than its access ca-
pacity.

[0060] More specifically, if the gain is lower than zero
or the maximum capacity is equal to zero, then (exit
branch Y of the decision block 525) the relay node is
recognized as being a backhaul-incapable relay node
(block 530), it is assigned a null backhaul capacity, and
it is removed from the relay nodes list (block 535). Oth-
erwise (exit branch Y of the decision block 525), the relay
node is deemed as backhaul-capable, and hence the
backhaul procedure 210 calculates, at block 540, the
score parameter for the backhaul-capable relay node,
the score parameter being thus able to provide, as pre-
viously introduced, an indication of the advantage deriv-
ing from allocation of PRB to the backhaul path of agiven
backhaul capable relay node with respect to another
backhaul capable relay node.

[0061] More specifically, the score parameter for the i-
th relay node is calculated in the following way:

- the maximum capacity (in the following, denoted by
capacity;) that would be obtained by serving the i-th
relay node with all the remaining PRBs is obtained
as:

capacity;=min (vBSR;, UCQ; * rPRB),

- fromthe maximum capacity capacity;and the access
capacity value (in the following denoted by
access_capacily;), the relay node gain gain; is com-
puted as:

gain; = capacity; — access_capacity;

- therefore the score is then obtained by dividing the
gain gain; by the PRBs that would be assigned to the
i-th relay node (required PRBI) to obtain it:

score;= gain; /required PRB;

wherein required PRB; is the number of PRBs that the
presently considered relay node would exploit to have
the maximum capacity capacity, and specifically is cal-
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culated as the ratio between the capacity capacity; and
the UCQ; parameter associated with the i-th relay node.
[0062] At this point, regardless of whether the relay
node is backhaul-capable or backhaul-incapable, the
backhaul procedure 210 resumes from either blocks 540
or 535 towards the same operations flux. Specifically an-
other testis executed at the block 545 for verifying wheth-
er the just managed relay node is the lastone in the relay
nodes list. Based onthe result of such test, the operations
of above are executed, relay node by relay node, for all
the subsequent relay nodes of the relay nodes list (in this
respect, see arrow connection from the exit branch N of
the decision block 545 back to the block 515, indicating
that the just managed relay node is not the last one of
the relay nodes list).

[0063] When all the relay nodes have been subjected
to the operations of above, another test can be executed
atthe decision block 547 for checkingif all the relay nodes
have been considered as backhaul-incapable relay
nodes. In the affirmative case, exit branch Y of the deci-
sion block 574, the backhaul procedures continues tothe
block 580, whereas, on the contrary (exit branch N of the
decision block 547), a virtual PRB allocation routine on
the backhaul link (blocks 550-575) is executed for virtu-
ally assigning PRBs to the backhaul link of each selected
backhaul-capable relay node and determining the back-
haul capacity for each selected backhaul-capable relay
node.

[0064] More specifically, the virtual PRB allocation rou-
tine on the backhaul link selects, at the block 550, the
relay node with the highest score (i.e., the selected relay
node is the one, among the backhaul-capable relay
nodes, having the highest score), assigns to it the PRBs
(block 555) based on which the score thereof was previ-
ously calculated (i.e., the number required PRB; of PRBs
of the sub-frame, for a backhaul capacity equal to the
maximum capacity capacity;), and thus obtains the relay
node backhaul capacity (block 560).

[0065] The number of assigned PRBs is then subtract-
ed by the rPRB parameter (block 565), and the i-th relay
is removed from the relay nodes list (block 575), and the
procedures goes back to the block 510.

[0066] During the virtual PRB allocation to a relay
node, the last assigned PRB may be exploited partially
(i.e., also include padding besides data). If that last PRB
is evaluated as being non necessary (i.e., the relay node
would still have a backhaul capacity higher than its ac-
cess capacity), it is revoked (block 570) and put into a
temporary list of unassigned PRBs to be possibly as-
signed later on. If, at the end of the backhaul procedure
210, un-assigned PRBs still exist (exit branch N of the
decision block 510), a last re-assignment step can be
provided (block 580) before providing in output the back-
haul capacities of the relay nodes (block 585). This last
reassignment step takes place as follows: for each re-
maining PRB, the relay node that might have transmitted
onthat PRB the highest amount of bytes is assigned that
PRB.
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[0067] It should be noted that the decision block 547
is not strictly necessary, since, if all the relay nodes has
been deemed as backhaul-incapable relay nodes, no re-
lay node having maximum score exists to be selected at
the block 550; therefore, the operations executed at the
blocks 550-575 would have no effect and when the back-
haul procedure goes back to the block 510, being at that
time the relay node list empty, the operation flow would
still continue on block 580.

[0068] Summarizing, the backhaul procedure iterates
through all the relay nodes. At each iteration, those relay
nodes whose backhaul capacity cannot be higher than
their access one (backhaul-incapable relay nodes), even
if the whole remaining PRBs were allocated to them, are
removed from the relay nodes list. Then the backhaul-
capable relay nodes in that list are ordered by score and
PRBs are assigned to the backhaul-capable relay node
with the highest score, which will be subsequently re-
moved from relay node list. In order to reduce the occur-
rence of padding, the last assigned PRB is revoked to a
relay node if, even without it, its backhaul capacity would
still be higher than its access capacity. At the end of the
procedure then, if some PRBs are still available, they are
assigned to those backhaul-capable relay nodes who
had been revoked before. A list containing the residual
amount of bytes that were not transmitted due to revo-
cation of the last PRB, is kept to perform a (possible) final
assignment, and PRBs are assigned in decreasing order
of said amount of bytes. This process is repeated until
the relay nodes list is empty or no backhaul PRBs are
available.

[0069] It should be noted that, by initializing at zero the
backhaul capacity of each relay node (as mentioned be-
fore), the backhaul procedure 210 does not omitthe back-
haul capacity values (equal to zero) of the relay nodes
that have been deemed as backhaul-incapable relay
nodes and of the relay nodes that, having a low score,
have not been in a condition to be (virtually) assigned
the remaining PRBs before the latter are depleted.
[0070] Figure 6 schematically shows a flow chartillus-
trating a sequence of operations of the link scheduling
procedure 215 of the link scheduling algorithm according
to an aspect. This is the final procedure of the link sched-
uling algorithm, in which the DeNB makes the link sched-
uling decision. Generally, for each relay node, the access
capacity and backhaul capacity thereof are compared to
each other and the (access or backhaul) link with the
highest capacity is activated.

[0071] More particularly, with reference to the flow
chart of the figure, during the link scheduling procedure
205, arelay nodes listis first prepared (block 605). Then,
foreach relay node of the list, comparison operations are
carried out relay node after relay node until the list is
found to be empty. This last test is performed at the de-
cision block 610, wherein the link scheduling procedure
checks whether the relay nodes list is empty or not; if the
relay nodes list results empty (exit branch Y of the deci-
sion block 610), then the link scheduling procedure ter-
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minates. If, instead, the relay nodes list is not empty (exit
branch N of the decision block 610), then the link sched-
uling procedure 215 considers the next relay node of the
relay nodes list (block 620), performs a comparison (de-
cision block 625) between the backhaul capacity of the
considered relay node and the access capacity thereof
(with both the access and backhaul capacities being pro-
vided by the previous access and backhaul procedures).
If the backhaul capacity of the relay node is greater than
the access capacity of the same relay node (exit branch
Y of the decision block 625), then the link scheduling
procedure 215 schedules the backhaul link as the one
to be activated (block 630); otherwise (exit branch N of
the decision block 625), corresponding to the fact that
the access capacity is greater than (or equal to) the back-
haul capacity, then the link scheduling procedure 215
schedules the access link as the one to be activated
(block 635). In both cases, i.e., regardless of whether the
access link or backhaul link is scheduled for a relay node,
the relay node is finally removed from the relay nodes
list(block 640), and hence the link scheduling procedures
215 moves to considering the nextrelay node of therelay
nodes list, if one such node exists (connection to the de-
cision block 610), so that the link scheduling procedures
iterates through all the remaining relay nodes.

[0072] As explained above, for the above description
of the invention it has been assumed by way of simplifi-
cation that the UEs are never directly connected to the
DeNB, being instead connected to the relay nodes; this
assumption has merely the purpose of simplifying the
description and is not to be considered as a limitation of
the present invention. In fact, it should be understood
that the UEs that are directly connected to the DeNB can
be regarded, for the purposes of the procedure here de-
scribed, as "virtual relay nodes" with a constantly null
access capacity, and incorporated as such in the back-
haul and link scheduling procedures. As a conseguence
of the above procedure, their link to the DeNB (which is,
in fact, the backhaul link) will always be activated by the
link scheduling procedure.

[0073] As should be easily understood, the link sched-
uling algorithm of above involves a dynamic approach,
as duplexing decision (i.e., the decision of activating, for
each relay node, the access path or the backhaul path)
are based on a time resolution of each sub-frame, cor-
responding to 1 TTIl. However, this should not be con-
strued in a limitative way, since the link scheduling algo-
rithm may also be implemented according to a semi-static
approach, e.g., by executing the link scheduling algo-
rithm ateachrefreshinterval (i.e., the predetermined time
interval at which link scheduling decisions are updated,
possibly muchlonger than the TTI) including a respective
group of consecutive sub-frames. For example, this can
be achieved by using as inputs to the link scheduling
algorithm aggregated data related to the entire last re-
fresh interval (i.e., the one just expired), so as to deter-
mine the link scheduling patterns for each relay node, to
be used in the next refresh interval. More specifically, in
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order to obtain this, for the computation of the access
capacities for each UE, a vBSR parameter equal to the
sum of all BSRs received by the relay node (relative to
that UE) during the refresh interval, and a UCQ parameter
equal to the average value of all the UCQ parameters
measured during the refresh interval can be used. Sim-
ilarly, for the computation of the backhaul capacities, for
each relay node, a vBSR parameter equal to the sum of
all PRBs received by the DeNB relative to that relay node
during the refresh interval, and a UCQ parameter equal
tothe average value of all the UCQ parameters measured
during the refresh interval can be used.

[0074] This way, a number of virtual executions (equal
to the number of TTls in the refresh interval) of the link
scheduling algorithm can be run for making the link
scheduling decision to be applied to the next refresh in-
terval (the output of each virtual execution is used for
calculating the input for the next one).

[0075] Moreovert, although the present link scheduling
algorithm has been described as having as inputs uplink
feedback information, this should not be understood in a
restricting way. In fact, the link scheduling algorithm ac-
cording to the invention may be equivalently applied for
downlink feedback information; in this respect, in an al-
ternative embodiment, not shown, said feedback infor-
mation from the UEs to the relay nodes (as well as from
the relay nodes to the DeNB) may include a downlink
channel quality parameter denoting the downlink channel
quality, whereas the equivalent of the BSR, i.e. the infor-
mation on the length of the queue of the UEs and of the
relay nodes, would already be available at the relay and
at the DeNB respectively. Therefore, the corresponding
access capacity (thatin the presentdescription has been
assumed as an uplink access capacity because of the
uplink feedback information from which it is derived) is,
in such alternative embodiment, a downlink access ca-
pacity, which can be calculated by using the downlink
channel quality parameters for the access link and down-
link queue length information on each relay node. Simi-
larly, the corresponding downlink backhaul capacity
computed by the DeNB would be based on the downlink
channel quality information fed back by the relay nodes
(in lieu of their UCQ), and on the status of the downlink
queues at the DeNB (in lieu of the BSRs).

[0076] In such alternative embodiment, the BUC pa-
rameter for the UE can be calculated as the minimum
between the uplink channel quality parameter and buffer
status information indicative of the status of the downlink
queues at the DeNB, whereas the maximum relay node
capacity can be calculated as the minimum between such
buffer status information and the product of the downlink
channel quality parameter and the remaining physical
resource blocks.

[0077] Moreover, nothing prevents from implementing
the link scheduling algorithm in such a way that the link
scheduling decision is based on both uplink and downlink
feedback information, or any combination thereof.
[0078] In addition, analogous considerations apply if
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the wireless communication network has a different
structure or includes 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 el-
ement; in addition, each component may be replicated
for supporting the execution of the corresponding oper-
ations in parallel. 1t should also be noted that any inter-
action 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.

[0079] Moreover, although for the present invention
explicit reference has been made to wireless communi-
cation network based on the 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 par-
ticular wireless communication system architecture or
protocol. Inthis respect, itis also possible to provide that,
with suitable simple modifications, the presentlink sched-
uling algorithm may be applied also to other open or pro-
prietary communication protocols, for example, WiMAX,
among them.

Claims

1. A method (200) for scheduling link activations for
use in a wireless communications network (100) in-
cluding at least one network cell (110), the at least
one network cell comprising a base station (105) pro-
viding radio coverage over the network cell and at
least one relay node (120) for putting into communi-
cation the base station with at least one correspond-
ing user equipment (115) within the network cell, said
at least one relay node communicating with the user
equipment over an access link and with the base
station over a backhaul link, the method including:

for each predetermined time interval,
estimating (205) by the at least one relay node
(120), an access link capacity indicative of the
amount of data that can be transmitted over the
access link in the predetermined time interval
according to feedback information which may
include uplink and/or downlink feedback infor-
mation, said uplink feedback information being
information about the buffer status and the up-
link channel quality, UCQ, said downlink feed-
back information being information about the
status of downlink queues and the downlink
channel quality, related to the user equipments,
UEs, associated to the relay node;

estimating (210) by the base station (105) a
backhaul link capacity of the at least one relay
node (120) indicative of the amount of data that
can be transmitted over the backhaul link in the
predetermined time interval according to infor-
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mation about the access link capacity value, the
buffer status reports and the uplink channel
quality for the at least one relay node, and
scheduling (215) by the base station, for the at
least one relay node, either a backhaul link ac-
tivation or an access link activation such that
either one of the backhaul link and the access
link is activated, in a predetermined time interval,
based on a comparison between the access ca-
pacity and the backhaul capacity,

characterized in that

the phase of estimating (210) a backhaul link capac-
ity of the at least one relay node further comprises
virtually assigning (415, 515-575) on the backhaul
link physical block resources of the at leastone relay
node, andwherein, in case more than onerelay node
is present, said virtually assigning on the backhaul
link is iterated on each relay node until all physical
resource blocks have beenvirtually assignedtorelay
nodes or until all the relay nodes have been consid-
ered, each iteration including:

evaluating (520-530) backhaul-capable relay
nodes as relay nodes that would be capable of
achieving a backhaul link capacity higher than
the respective access link capacity;

calculating (540), for each given backhaul-ca-
pable relay node, a score parameter indicative
of the advantage deriving from allocating cur-
rently available physical resource blocks to said
given backhaul-capable relay node with respect
to another backhaul-capable relay node;
selecting (545-550) the backhaul-capable relay
node having the greatest score parameter, and
virtually assigning (555) required physical re-
source blocks to said selected backhaul-capa-
ble relay node, said required physical resource
blocks representing the amount of physical re-
source blocks able to achieve a maximum ca-
pacity for that selected backhaul-capable relay
node, and

obtaining (560) the backhaul link capacity of the
selected backhaul capable relay node based on
the assigned required physical resource blocks,
the backhaul-capable relay node selected at a
given iteration being no longer taken into ac-
count in the successive iterations (575).

The method according to Claim 1, wherein the phase
of estimating (205), for the at least one relay node,
an access link capacity comprises virtually assigning
(330-370), on the access link, physical resource
blocks to the at least one user equipment associated
with the relay node, and iterating said virtually as-
signing on the access link for each physical resource
block to be assigned, said virtually assigning on the
access link comprising, for each iteration:
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calculating (335), for the atleast one user equip-
ment, a block usage capacity parameter indic-
ative of the capability of the considered user
equipment to use a given physical resource
block assigned thereto;

in case more than one user equipments are as-
sociated with the relay node, selecting (345) the
user equipment having maximum block usage
capacity parameter,;

limiting (350) the block usage capacity param-
eter of the selected user equipment to an avail-
able relay node queue space, thereby obtaining
a limited block usage capacity parameter being
lower than, or equalto, the block usage capacity
parameter of the selected user equipment;
assigning (355) the physical resource block to
the selected user equipment, and

updating (355) the access link capacity of the
relay node according to the assigned physical
resource block.

The method according to Claim 2, wherein, for each
iteration successive to the first one, the access link
capacity of the at least one relay node is given by
the access link capacity updated during a last itera-
tion of said virtually assigning physical resource
blocks on the access link.

The method according to any one among the pre-
ceding Claims, wherein the step of evaluating
(520-530) backhaul-capable relay nodes further in-
cludes, for each relay node:

calculating (520) the maximum capacity as the
capacity that would be obtained by assigning to
the relay node all remaining physical resource
blocks;

calculating (520) a gain as a difference between
the maximum capacity of the relay node and the
respective access link capacity, and
evaluating (525-530) as backhaul-capable relay
nodes those relay nodes whose gain is non neg-
ative.

The method according to Claim 4, wherein said vir-
tually assigning on the backhaul link further includes,
after obtaining (560) the backhaul link capacity of
the selected backhaul-capable relay node:

updating (565) a value of the remaining physical
resource blocks by subtracting from it a value
corresponding to the assigned required physical
resource block, and

revoking (570) the last assigned required phys-
ical resource block from the corresponding se-
lected backhaul-capable relay node if, even
without it, the condition of having the backhaul
link capacity higher than the access link capacity

15

20

25

30

35

40

45

50

55

12

10.

1.

is still verified for the relay node.

The method according to Claim 5, wherein the step
of calculating backhaul link capacity of each back-
haul-capable relay node further includes, after com-
pleting said virtually assigning on the backhaul link:

evaluating (580) the presence of revoked phys-
ical resource blocks, and

assigning (580) the revoked physical resource
blocks to the backhaul-capable relay nodes from
which the required physical resource blocks
were revoked.

The method according to any one among the pre-
ceding Claims, wherein the score parameter for each
backhaul-capable relay node is obtained by dividing
the gain by the required physical resource blocks
necessary for obtaining it.

The method according to any of the preceding
Claims, wherein the phase of scheduling (215), for
the relay node, either the backhaul link activation or
the access link activation further comprises:

comparing (625) the backhaul link capacity to
the access link capacity of the relay node;
scheduling (630) the backhaul link activation if
the backhaul link capacity is greater than the
access link capacity, or viceversa (635).

The method according to any Claim from 2 to 8,
wherein the block usage capacity parameter for the
at least one user equipmentis calculated as the min-
imum between a channel quality parameter and a
buffer status information.

The method according to Claim 9, wherein the step
of evaluating backhaul-capable relay nodes further
includes:

considering the buffer status parameter and the
access link capacity of the at least one relay
node;

calculating (520), for the at least one relay node,
the maximum relay node capacity as the mini-
mum between the buffer status parameter and
the product of the channel quality parameterand
the remaining physical resource blocks,
calculating (520) the gain of the atleastone relay
node as difference between the maximum ca-
pacity of the relay node and the access link ca-
pacity for the relay node.

The method according to Claims 9 or 10, wherein
the access link capacity is an uplink access link ca-
pacity indicative of the amount of data that can be
transmitted in uplink over the access link, said chan-
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nel quality parameter being an uplink channel quality
parameter denoting the uplink channel quality eval-
uated by the relay node in respect of the at least one
user equipment associated therewith and by the
base station in respect of the relay node, said buffer
status information being a buffer status report infor-
mation, and wherein the status information include
the uplink channel quality parameter, the buffer sta-
tus report information and a relay node available
queue space parameter.

The method according to Claim 9 or 10, wherein the
access link capacity is a downlink access link capac-
ity indicative of the amount of data that can be trans-
mitted in downlink over the access link, said channel
quality parameter being a feedback downlink chan-
nel quality parameter denoting the downlink channel
quality, wherein the status information include the
downlink channel quality parameter and a downlink
gueues length information, the access link capacity
being calculated by using the downlink channelqual-
ity parameters for the access links and downlink
queues length information on the at least one relay
node.

A computer program loadable into at least one inter-
nal memory of a computer system (100) with input
units and output units as well as with processing
units, the computer program comprising executable
software adapted to carry out the method phases
according to any of the preceding Claims, when run-
ning in the computer system.

A wireless communications network (100) including
at least one network cell (110), the at least one net-
work cell comprising a base station (105) providing
radio coverage over the network cell and at leastone
relay node (120) for putting into communication the
base station with at least one corresponding user
equipment (115) within the network cell, said at least
one relay node communicating with the user equip-
ment over an access link and with the base station
over a backhaul link, wherein

the at least one relay node includes an estimation
unit for estimating, for each predetermined time in-
terval, for the at least one relay node, an access link
capacity indicative of the amount of data that can be
transmitted over the access link inthe predetermined
time interval according to feedback information
which may include uplink and/or downlink feedback
information, said uplink feedback information being
information about the buffer status and the uplink
channel quality, UCQ, said downlink feedback infor-
mation being information about the status of down-
link queues and the downlink channel quality, related
to the user equipments, UEs, associated to the relay
node, and in that

the base station includes a scheduler unit for
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estimating, for each predetermined time interval, a
backhaul link capacity of the at least one relay node
indicative of the amount of data that can be trans-
mitted over the backhaul link in the predetermined
time interval according to information about the ac-
cess link capacity value, the buffers status reports
and the uplink channel quality for the at least one
relay node, and

scheduling, for each predetermined time interval, for
the at least one relay node, either a backhaul link
activationoran access link activation such that either
one of the backhaul link and the access link is acti-
vated, in a predetermined time interval, is activated
based onacomparison between the access capacity
and the backhaul capacity,

characterized in that

the scheduler unit is further configured to:

virtually assign (415, 515-575) on the backhaul link
physical block resources of the at least one relay
node, andwherein, in case more than onerelay node
is present, said virtually assigning on the backhaul
link is iterated on each relay node until all physical
resource blocks have beenvirtually assignedtorelay
nodes or until all the relay nodes have been consid-
ered, each iteration including:

evaluate (520-530) backhaul-capable relay
nodes as relay nodes that would be capable of
achieving a backhaul link capacity higher than
the respective access link capacity;

calculate (540), for each given backhaul-capa-
ble relay node, a score parameter indicative of
the advantage deriving from allocating currently
available physical resource blocks to said given
backhaul-capable relay node with respect to an-
other backhaul-capable relay node;

select (545-550) the backhaul-capable relay
node having the greatest score parameter, and
virtually assigning (555) required physical re-
source blocks to said selected backhaul-capa-
ble relay node, said required physical resource
blocks representing the amount of physical re-
source blocks able to achieve a maximum ca-
pacity for that selected backhaul-capable relay
node, and

obtain (560) the backhaul link capacity of the
selected backhaul capable relay node based on
the assigned required physical resource blocks,
the backhaul-capable relay node selected at a
given iteration being no longer taken into ac-
count in the successive iterations (575).

Patentanspriiche

Verfahren (200) zur Planung von Verbindungsakti-
vierungen zur Verwendung in einem drahtlosen
Kommunikationsnetzwerk (100) einschlieBlich min-



25 EP 2 681 960 B1 26

destens einer Netzwerkzelle (110), wobei die min-
destens eine Netzwerkzelle eine Basisstation (105),
die Funkabdeckung Uber die Netzwerkzelle bereit-
stellt, und mindestens einen Relaisknoten (120), um
die Basisstation mit mindestens einem entsprechen-
den Benutzergerat (115) innerhalb der Netzwerkzel-
le in Verbindung zu bringen, umfasst, wobei der min-
destens eine Relaisknoten mit dem Benutzergerét
Uiber eine Zugriffsverbindung und mit der Basissta-
tion Uber eine Backhaul-Verbindung verbunden ist,
wobei das Verfahren Folgendes beinhaltet:

fir jeden vorbestimmten Zeitraum,

Schétzen (205) durch den mindestens einen
Relaisknoten (120) einer Zugriffsverbindungs-
kapazitat, die die Menge an Daten angibt, die
Uiber die Zugriffsverbindung indem vorbestimm-
ten Zeitraum gemal Feedbackinformationen,
welche Uplink- und/oder Downlinkfeedbackin-
formationen beinhalten kdnnen, 0bertragen
werden kénnen, wobei die Uplink-Feedbackin-
formationen Informationen Uber den Puffersta-
tus und die Uplink-Kanal-Qualitat, UCQ, sind,
wobei die Downlink-Feedbackinformationen In-
formationen Uber den Status von Downlink-War-
teschlangen und die Downlink-Kanal-Qualitat
sind, im Zusammenhang mit Benutzergeraten,
UEs, die mit dem Relaisknoten verkniipft sind;
Schétzen (210) durch die Basisstation (105) ei-
ner BackhaulVerbindungskapazitat des min-
destens einen Relaisknotens (120), die die Men-
ge an Daten angibt, die Uber die Backhaul-Ver-
bindung in dem vorbestimmten Zeitraum gemaf
Informationen tber den Zugriffsverbindungska-
pazitatswert, die Pufferstatusberichte und die
Uplink-Kanal-Qualitat fir den mindestens einen
Relaisknoten Ubertragen werden kénnen, und
Planen (215) durch die Basisstation fir den min-
destens einen Relaisknoten einer Backhaulver-
bindungsaktivierung oder einer Zugriffsverbin-
dungsaktivierung, so dass eine der Backhaul-
verbindung und der Zugriffsverbindung ineinem
vorbestimmten Zeitraum auf Grundlage eines
Vergleichs zwischen der Zugriffskapazitat und
der Backhaul-Kapazitat aktiviert wird,

dadurch gekennzeichnet, dass

die Phase des Schatzens (210) einer Backhaul-
verbindungskapazitdt des mindestens einen
Relaisknotens ferner das virtuelle Zuordnen
(415, 515-575) auf der Backhaulverbindungvon
physischen Blockressourcen des mindestens
einen Relaisknotens umfasst, und wobei fir den
Fall, dass mehr als ein Relaisknoten vorhanden
ist, das virtuelle Zuordnen auf der Backhaulver-
bindung auf jedem Relaisknoten wiederholt
wird, bis alle physischen Ressourcenblécke vir-
tuell Relaisknoten zugeordnet worden sind,
oder bis alle Relaisknoten berlicksichtigt wor-
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den sind, wobei jede Wiederholung Folgendes
beinhaltet:

Auswerten (520-530) von backhaulfahigen
Relaisknoten als Relaisknoten, die in der
Lage waren, eine Backhaulverbindungska-
pazitat zu erzielen, die gréRer als die jewei-
lige Zugriffsverbindungskapazitat ist;
Berechnen (540) fiir jeden gegebenen
backhaulfahigen Relaisknoten eines Punk-
teparameters, der den Vorteil angibt, der
sich aus dem Zuordnen von aktuell verflig-
baren physischen Ressourcenbldcken zu
dem gegebenen backhaulfahigen Relais-
knoten beziglich eines anderen backhaul-
fahigen Relaisknotens ableitet;
Auswahlen (545-550) des backhaulfahigen
Relaisknotens, der den gréfiten Punktepa-
rameter aufweist, und virtuelles Zuordnen
(555) von bendtigten physischen Ressour-
cenblécken zu dem ausgewahlten back-
haulfahigen Relaisknoten, wobei die bend-
tigten physischen Ressourcenbldcke die
Menge an physischen Ressourcenblécken
darstellt, die in der Lage sind, eine maxima-
le Kapazitat fir jenen ausgewéhlten back-
haulfahigen Relaisknoten zu erzielen, und
Erhalten (560) der Backhaulverbindungs-
kapazitat des ausgewahlten backhaulfahi-
gen Relaisknotens auf Grundlage der zu-
geordneten bendtigten physischen Res-
sourcenblécke, wobei der backhaulfahige
Relaisknoten, der bei einer gegebenen
Wiederholung ausgewahlt wird, nicht mehr
bei den darauffolgenden Wiederholungen
(575) beriicksichtigt wird.

Verfahren nach Anspruch 1, wobei die Phase des
Schétzens (205) flr den mindestens einen Relais-
knoten einer Zugriffsverbindungskapazitat das virtu-
elle Zuordnen (330-370) auf der Zugriffsverbindung
von physischen Ressourcenblécken zu dem min-
destens einen Benutzergerat, das mit dem Relais-
knoten verknipft ist, und Wiederholen des virtuellen
Zuordnens auf der Zugriffsverbindung fur jeden phy-
sischen Ressourcenblock, der zuzuordnen ist, um-
fasst, wobei das virtuelle Zuordnen auf der Zugriffs-
verbindung flr jede Wiederholung Folgendes um-
fasst:

Berechnen (335) fiir das mindestens eine Be-
nutzergerat eines Blocknutzungskapazitatspa-
rameters, der die Fahigkeit des berlicksichtigten
Benutzergerats, einen diesem zugeordneten
gegebenen physischen Ressourcenblock zu
verwenden, angibt;

fur den Fall, dass mehr als ein Benutzergerét
mit dem Relaisknoten verknlpft sind,
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Auswahlen (345)des Benutzergerats, das einen
maximalen Blocknutzungskapazitatsparameter
aufweist;

Einschranken (350) des Blocknutzungskapazi-
tatsparameters des ausgewahlten Benutzerge-
rats auf einen verflgbaren Relaisknotenwarte-
schlangenraum, wodurch ein eingeschrankter
Blocknutzungskapazitatsparameter  erhalten
wird, der niedriger oder gleich groRR wie der
Blocknutzungskapazitatsparameter des ausge-
wahlten Benutzergerats ist;

Zuordnen (355) des physischen Ressourcen-
blocks zu dem ausgewahlten Benutzergerat,
und

Aktualisieren (355) der Zugriffsverbindungska-
pazitatdes Relaisknotens gemafl dem zugeord-
neten physischen Ressourcenblock.

Verfahren nach Anspruch 2, wobei flir jede Wieder-
holung, die auf die erste folgt, die Zugriffsverbin-
dungskapazitadt des mindestens einen Relaiskno-
tens durch die Zugriffsverbindungskapazitat gege-
benist, die wahrend einer letzten Wiederholung des
virtuellen Zuordnens von physischen Ressourcen-
bldcken auf der Zugriffsverbindung aktualisiert wird.

Verfahren nach einem der vorherigen Anspriiche,
wobei der Schritt des Auswertens (520-530) der
backhaulfahigen Relaisknoten ferner fiir jeden Re-
laisknoten Folgendes beinhaltet:

Berechnen (520) der maximalen Kapazitat als
die Kapazitat, die durch Zuordnen zu dem Re-
laisknoten aller verbleibender physischer Res-
sourcenblécke erhalten werden wirde;
Berechnen (520) einer Verstarkung als eine Dif-
ferenz zwischen der maximalen Kapazitat des
Relaisknotens und der jeweiligen Zugriffsver-
bindungskapazitat, und

Auswerten (525-530) als backhaulfahige Re-
laisknoten jener Relaisknoten, deren Verstér-
kung nicht negativ ist.

Verfahren nach Anspruch 4, wobei das virtuelle Zu-
ordnen auf der Backhaul-Verbindung nach dem Er-
halten (560) der Backhaulverbindungskapazitit des
ausgewahlten backhaulfahigen Relaisknotens fer-
ner Folgendes beinhaltet;

Aktualisieren (565) eines Werts der verbleiben-
den physischen Ressourcenbldécke durch Sub-
trahieren von diesem eines Werts, der dem zu-
geordneten bendtigten physischen Ressour-
cenblock entspricht, und

Zurlicknehmen (570) des letzten zugeordneten
bendtigten physischen Ressourcenblocks von
dem entsprechenden ausgewahlten backhaul-
fahigen Relaisknoten, wenn, selbst ohne dies,
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die Bedingung, dass die Backhaulverbindungs-
kapazitat gréRer als die Zugriffsverbindungska-
pazitat ist, immer noch fiir den Relaisknoten ve-
rifiziert ist.

Verfahren nach Anspruch 5, wobei der Schritt des
Berechnens der Backhaulverbindungskapazitat je-
des backhaulfahigen Relaisknotens nach dem Ver-
vollstandigen des virtuellen Zuordnens aufder Back-
haulverbindung ferner Folgendes beinhaltet:

Auswerten (580) des Vorhandenseins von zu-
riickgenommenen physischen Ressourcenbl&-
cken, und

Zuordnen (580) der zurlickgenommenen physi-
schen Ressourcenblécke zu den backhaulfahi-
gen Relaisknoten, von welchen die bendtigten
physischen Ressourcenbldcke zuriickgenom-
men wurden.

Verfahren nach einem der vorherigen Anspriiche,
wobei der Punkteparameter fir jeden backhaulfzhi-
gen Relaisknoten durch Teilen der Verstarkung
durch die bendtigten physischen Ressourcenbld-
cke, die zum Erhalten derselbigen notwendig sind,
erhalten wird.

Verfahren nach einem der vorherigen Anspriiche,
wobei die Phase des Planens (215) fur den Relais-
knoten entweder der Backhaulverbindungsaktivie-
rung oder der Zugriffsverbindungsaktivierung ferner
Folgendes umfasst:

Vergleichen (625) der Backhaulverbindungska-
pazitdt mit der Zugriffsverbindungskapazitat
des Relaisknotens;

Planen (630) der Backhaulverbindungsaktivie-
rung, wenn die Backhaulverbindungskapazitat
gréler als die Zugriffsverbindungskapazitat ist
oder umgekehrt (635).

Verfahren nach einem der Anspriiche 2 bis 8, wobei
der Blocknutzungskapazitatsparameter fiir das min-
destens eine Benutzergerat als Minimum zwischen
einem Kanalqualitatsparameter und einer Puffersta-
tusinformation berechnet wird.

Verfahren nach Anspruch 9, wobei der Schritt des
Auswertens von backhaulfahigen Relaisknoten fer-
ner Folgendes beinhaltet:

Beriicksichtigen des Pufferstatusparameters
und der Zugriffsverbindungskapazitat des min-
destens einen Relaisknotens;

Berechnen (520) fiir den mindestens einen Re-
laisknoten der maximalen Relaisknotenkapazi-
tat als Minimum zwischen dem Pufferstatuspa-
rameter und dem Produkt des Kanalqualitats-
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parameters und der verbleibenden physischen
Ressourcenblocke,

Berechnen (520) der Verstarkung des mindes-
tens einen Relaisknotens als Differenz zwi-
schen der maximalen Kapazitat des Relaiskno-
tens und der Zugriffsverbindungskapazitat fir
den Relaisknoten.

Verfahren nach Anspruch 9 oder 10, wobei die Zu-
griffsverbindungskapazitat eine Uplink-Zugriffsver-
bindungskapazitét ist, die die Menge an Daten an-
gibt, die in einem Uplink Uber die Zugriffsverbindung
Ubertragen werden kénnen, wobei der Kanalquali-
tatsparameter ein Uplink-Kanalqualitatsparameter
ist, der die Uplink-Kanalqualitdt anzeigt, die von dem
Relaisknoten beziiglich des mindestens einen Be-
nutzergerats, das mit diesem verknipft ist, und von
der Basisstation beziglich des Relaisknotens aus-
gewertet wird, wobei die Pufferstatusinformationen
Pufferstatusberichtinformationen sind, und wobei
die Statusinformationen den Uplink-Kanalqualitats-
parameter, die Pufferstatusberichtinformationen
und einen an dem Relaisknoten verfiigbaren Warte-
schlangenraumparameter beinhalten.

Verfahren nach Anspruch 9 oder 10, wobei die Zu-
griffsverbindungskapazitat eine Downlink-Zugriffs-
verbindungskapazitét ist, die die Menge an Daten
angibt, die in einem Downlink Uber die Zugriffsver-
bindung Ubertragen werden kénnen, wobei der Ka-
nalqualitdtsparameter ein Feedback-Downlink-Ka-
nalqualitdtsparameter ist, der die Downlink-Kanal-
Qualitat anzeigt, wobei die Statusinformationen den
Downlink-Kanalqualitatsparameter und eine
Downlinkwarteschlangenlangeninformation  bein-
halten, wobei die Zugriffsverbindungskapazitat
durch Verwenden der Downlink-Kanalqualitatspara-
meter flr die Zugriffsverbindungen und Downlink-
Warteschlangenlangeninformation aufdem mindes-
tens einen Relaisknoten berechnet wird.

Computerprogramm, das in mindestens einen inter-
nen Speicher eines Computersystems (100) mit Ein-
gabeeinheiten und Ausgabeeinheiten sowie mit Ver-
arbeitungseinheiten geladen werden kann, wobei
das Computerprogramm ausfiihrbare Software um-
fasst, die angepasst ist, um die Verfahrensphasen
nach einem dervorherigen Anspriiche auszufiihren,
wenn sie in dem Computersystem |auft.

Drahtloses Kommunikationsnetzwerk (100), das
mindestens eine Netzwerkzelle (110) beinhaltet, wo-
bei die mindestens eine Netzwerkzelle eine Basis-
station (105), die Funkabdeckung Uber die Netz-
werkzelle bereitstellt, und mindestens einen Relais-
knoten (120), um die Basisstation mit mindestens
einem entsprechenden Benutzergerat (115) inner-
halb der Netzwerkzelle in Verbindung zu bringen,
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umfasst, wobei der mindestens eine Relaisknoten
mitdem Benutzergerat Uiber eine Zugriffsverbindung
und mit der Basisstation tiber eine Backhaulverbin-
dung verbunden ist, wobei

der mindestens eine Relaisknoten eine Schétzein-
heit zum Schatzen flr jeden vorbestimmten Zeit-
raum flr den mindestens einen Relaisknoten einer
Zugriffsverbindungskapazitdt beinhaltet, die die
Menge an Daten angibt, die Uber die Zugriffsverbin-
dung in dem vorbestimmten Zeitraum geman Feed-
backinformationen, welche Uplink- und/oder Down-
link-Feedbackinformationen beinhalten kd&nnen,
Ubertragen werden kénnen, wobei die Uplink-Feed-
backinformationen Informationen lber den Puffer-
status und die Uplink-Kanalqualitat, UCQ, sind, wo-
bei die Downlink-Feedbackinformationen Informati-
onen Uber den Status von Downlink-Warteschlan-
gen und die Downlink-Kanalgualitat im Zusammen-
hang mit Benutzergeraten, UEs, sind, die mit dem
Relaisknoten verknlpft sind, und wobei die Basis-
station eine Planereinheit zum

Schétzen flr jeden vorbestimmten Zeitraum einer
Backhaulverbindungskapazitat des mindestens ei-
nen Relaisknotens, die die Menge an Daten angibt,
die Uber die Backhaulverbindung in dem vorbe-
stimmten Zeitraum gemaB Informationen Uber den
Zugriffsverbindungskapazitétswert, die Puffersta-
tusberichte und die Uplink-Kanalqualitat fir den min-
destens einen Relaisknoten (ibertragen werden kén-
nen, und

Planen fur jeden vorbestimmten Zeitraum flr den
mindestens einen Relaisknoten entweder einer
Backhaulverbindungsaktivierung oder einer Zu-
griffsverbindungsaktivierung, so dass eine der Back-
haulverbindung und der Zugriffsverbindung in einem
vorbestimmten Zeitraum auf Grundlage eines Ver-
gleichs zwischender Zugriffskapazitdt und der Back-
haulkapazitat aktiviert wird, beinhaltet,

dadurch gekennzeichnet, dass

die Planereinheit ferner konfiguriert ist, um:

auf der Backhaulverbindung physische Blockres-
sourcen des mindestens einen Relaisknotens virtu-
ell zuzuordnen (415, 515-575), und wobei flr den
Fall, dass mehr als ein Relaisknoten vorhanden ist,
das virtuelle Zuordnen auf der Backhaulverbindung
auf jedem Relaisknoten wiederholt wird, bis alle phy-
sischen Ressourcenbldcke virtuell Relaisknoten zu-
geordnetworden sind, oder bis alle Relaisknoten be-
rucksichtigt worden sind, wobei jede Wiederholung
Folgendes beinhaltet:

Auswerten (520-530) von backhaulfahigen Re-
laisknoten als Relaisknoten, die in der Lage wa-
ren, eine Backhaulverbindungskapazitat zu er-
Zielen, die gréRer als die jeweilige Zugriffsver-
bindungskapazitat ist;

Berechnen (540) fir jeden gegebenen back-
haulfahigen Relaisknoten eines Punkteparame-
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ters, der den Vorteil angibt, der sich aus dem
Zuordnen von aktuell verfligharen physischen
Ressourcenblécken zu dem gegebenen back-
haulfahigen Relaisknoten bezlglich eines an-
deren backhaulfahigen Relaisknotens ableitet;
Auswahlen (545-550) des backhaulfahigen Re-
laisknotens, der den gréfiten Punkteparameter
aufweist, und virtuelles Zuordnen (555) der be-
nétigten physischen Ressourcenblécke zu dem
ausgewahlten backhaulfahigen Relaisknoten,
wobei die bendtigten physischen Ressourcen-
blécke die Menge an physischen Ressourcen-
blécken darstellt, die in der Lage sind, eine ma-
ximale Kapagzitat fUr jenen ausgewahlten back-
haulfahigen Relaisknoten zu erzielen, und
Erhalten (560) der Backhaulverbindungskapa-
zitat des ausgewahlten backhaulfahigen Relais-
knotens auf Grundlage der zugeordneten bend-
tigten physischen Ressourcenblécke, wobeider
backhaulfahige Relaisknoten, der bei einer ge-
gebenen Wiederholung ausgewahlt wird, nicht
mehr bei den darauffolgenden Wiederholungen
(575) beriicksichtigt wird.

Revendications

Procédé (200) de programmation d’activations de
liaison destiné a étre utilisé dans un réseau de com-
munications sans fil (100) incluant au moins une cel-
lule de réseau (110), la au moins une cellule de ré-
seau comprenant une station de base (105) fournis-
sant une couverture radio sur la cellule de réseau et
au moins un noeud de relais (120) pour mettre en
communication la station de base avec au moins un
équipement utilisateur correspondant (115) dans la
cellule de réseau, ledit au moins un noeud de réseau
communiquant avec I'équipement utilisateur sur une
liaison d’acces et avec la station de base sur une
liaison de raccordement, le procédé incluant :

pour chaque intervalle de temps prédéterminé,
I'estimation (205) par le au moins un noeud de
relais (120), d’une capacité de liaison d’accés
représentative de la quantité de données qui
peut étre transmise sur la liaison d’acces dans
I'intervalle de temps prédéterminé selon des in-
formations en retour qui peuvent inclure des in-
formations en retour en liaison montante et/ ou
en liaison descendante, lesdites informations en
retour en liaison montante étant des informa-
tions sur I'état tampon et la qualité du canal de
liaison montante, UCQ, lesdites informations en
retour en liaison descendante étant des infor-
mations sur l'état de files d’attente en liaison
descendante et de la qualité du canal de liaison
descendante, relatif aux équipements utilisa-
teurs, UE, associés au noeud de relais,
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I'estimation (210) par la station de base (105)
d’'une capacité de liaison de raccordement du
au moins un noeud de relais (120) représenta-
tive de la quantité de données qui peut étre
transmise sur la liaison de raccordement dans
Pintervalle de temps prédéterminé selon des in-
formations sur la valeur de la capacité de liaison
d'acces, les rapports d’état tampon et la qualité
du canal de liaison montante pour le au moins
un noeud de relais et

la programmation (215) par la station de base,
pour le au moins un noeud de relais, d'une ac-
tivation de liaison de raccordementou d’'une ac-
tivation de liaison d’acceés, de sorte que I'une de
la liaison de raccordement et de la liaison d’ac-
cés estactivée, dans un intervalle de temps pré-
déterminé, sur la base d’'une comparaison entre
la capacité d’acceés et la capacité de raccorde-
ment,

caractérisé en ce que

la phase d’estimation (210) d’'une capacité de liaison
de raccordement du au moins un noeud de relais
comprend, en outre, l'affectation virtuelle (415,
515-575) sur la liaison de raccordement, de ressour-
ces de blocs physiques du au moins un noeud de
relais, etdans laquelle, si plusieurs noeuds de relais
sont présents, ladite affectation virtuelle sur la liaison
de raccordement est itérée sur chaque noeud de re-
lais jusgqu’a ce que tous les blocs de ressources phy-
siques aient été affectés virtuellement a des noeuds
de relais ou jusqu’a ce que tous les noeuds de relais
aient été considérés, chaque itération incluant :

I’évaluation (520-530) de noeuds de relais ca-
pables de raccordement comme noeuds de re-
lais qui seraient capables d’atteindre une capa-
cité de liaison de raccordement supérieure a la
capacité de liaison d’acceés respective,

le calcul (540), pour chaque noeud derelais don-
né, capable de raccordement, un parameétre de
notation représentatif de I'avantage dérivant de
I'affectation de blocs de ressources physiques
actuellement disponibles audit noeud de relais
donné capable de raccordement par rapport a
un autre noeud de relais capable de raccorde-
ment,

la sélection (545-550) du noeud de relais capa-
ble de raccordement ayant le paramétre de no-
tation le plus élevé, et 'affectation virtuelle (555)
de blocs de ressources physiques requis audit
noeud de relais capable de raccordement sé-
lectionné, lesdits blocs de ressources physiques
requis représentant la quantité de blocs de res-
sources physiques capables d’atteindre une ca-
pacité maximale pour ce noeud de relais capa-
ble de raccordement sélectionné et

I’obtention (560) de la capacité de liaison de rac-
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cordement du noeud de relais capable de rac-
cordement sélectionné sur la base des blocs de
ressources physiques requis, affectés, le noeud
de relais capable de raccordement sélectionné
auneitérationdonnée n'étant plus pris encomp-
te dans les itérations successives (575) .

Procédé selon larevendication 1, dans lequel la pha-
se d’estimation (205) pour le au moins un noeud de
relais, d’'une capacité de liaison d’accés comprend
une affectation virtuelle (330-370), sur la liaisond’'ac-
cés, de blocs de ressources physiques a le au moins
un équipement utilisateur associé avec le noeud de
relais, et l'itération de ladite affectation virtuelle sur
la liaison d’accés pour chaque bloc de ressource
physique a affecter, ladite affectation virtuelle sur la
liaison d’accés comprenant, pour chaque itération :

le calcul (335), pour le au moins un équipement
utilisateur, d’'un paramétre de capacité d'usage
de blocs représentatif de la capacité de I'équi-
pement utilisateur considéré, a utiliser un bloc
deressources physiques donné, affecté a celui-
ci;

si plusieurs équipements utilisateurs sont asso-
ciés avec le noeud de relais, la sélection (345)
de I'équipement utilisateur ayant un paramétre
de capacité d’usage de blocs maximum ;

la limitation (350) du paramétre de capacité
d'usage de blocs de I'équipement utilisateur sé-
lectionné a un espace de file d’attente de noeud
de relais disponible, pour obtenir, de ce fait, un
parameétre de capacité d'usage de blocs limité
inférieur a ou égal au paramétre de capacité
d'usage de blocs de I'équipement utilisateur sé-
lectionné,

I'affectation (355) du bloc de ressources physi-
ques a I'équipement utilisateur sélectionné et
la mise a jour (355) de la capacité de liaison
d'accés du noeud de relais selon le bloc de res-
sources physiques affecté.

Procédé selon la revendication 2, dans lequel, pour
chaque itération successive a la premiére, la capa-
cité de liaison d’accés du au moins un noeud de re-
lais est donnée par la capacité de liaison d’accés
mise a jour au cours d’une derniére itération de ladite
affectation virtuelle de blocs de ressources physi-
gues sur la liaison d’accés.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel [étape d'évaluation
(5620-530) de noeuds de relais capables de raccor-
dement inclut, en outre, pour chaque noeud de
relais :

le calcul (520) de la capacité maximale comme
la capacité qui serait obtenue en affectant au

15

20

25

30

35

40

45

50

55

18

noeud de relais tous les blocs de ressources
physiques restants,

le calcul (520) d’'un gain comme une différence
entre la capacité maximale du noeud de relais
et la capacité de liaison d’accés respective, et
I’évaluation (525-530) comme noeuds de relais
capables de raccordement, des noeuds de re-
lais dont le gain est non negatif.

Procédé selon la revendication 4, dans lequel ladite
affectation virtuelle sur la liaison de raccordement
inclut, en outre, aprés obtention (560) de la capacité
de liaison de raccordement du noeud de relais ca-
pable de raccordement sélectionné :

la mise a jour (5665) d’'une valeur des blocs de
ressources physiques restants en en sous-
trayant une valeur correspondantau blocde res-
sources physiques requis affecté, et

le retrait (670) du dernier bloc de ressources
physiques requis affecté du noeud de relais ca-
pable de raccordement sélectionné correspon-
dant si, méme en son absence, la condition
d'avoir la capacité de liaison de raccordement
supérieure a la capacité de liaison d’acces est
toujours vérifiée pour le noeud de relais.

Procédé selon larevendication 5, dans lequel 'étape
de calcul de la capacité de liaison de raccordement
de chaque noeud de relais capable de raccordement
inclut, en outre, aprésréalisation de ladite affectation
virtuelle sur la liaison de raccordement :

I’évaluation (580) de la présence de blocs de
ressources physiques retirés, et
I’affectation (580) des blocs de ressources phy-
siques retirés aux noeuds de relais capables de
raccordementdesquels les blocs de ressources
physiques requis ont été retirés.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le paramétre de notation
pour chague noeud de relais capable de raccorde-
ment est obtenu en divisant le gain par les blocs de
ressources physiques requis, nécessaires pour I'ob-
tenir.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la phase de programma-
tion (215), pour le noeud de relais, de I'activation de
la liaison de raccordement ou de l'activation de la
liaison d'accés comprend, en outre :

la comparaison (625) de la capacité de liaison
deraccordementalacapacitédeliaisond’accés
du noeud de relais,

la programmation (630) de lactivation de la
liaison de raccordement si la capacité de liaison
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de raccordement est supérieure a la capacité
de liaison d’acces ou vice-versa (635).

Procédé selon I'une quelconque des revendications
2 a 8, dans lequel le paramétre de capacité d'usage
de blocs, pour le au moins un équipement utilisateur,
est calculé comme le minimum entre un paramétre
de qualité de canal et une information d’état tampon.

Procédé selon larevendication 9, dans lequel 'étape
d’évaluation des noeuds de relais capables de rac-
cordement inclut, en outre :

la considération du paramétre d’état tampon et
de la capacité de liaison d’accés du au moins
un noeud de relais,

le calcul (520), pour le au moins un noeud de
relais, de la capacité maximale du noeud de re-
lais comme le minimum entre le parametre d’état
tampon et le produit du paramétre de qualité de
canal etdes blocs de ressources physiques res-
tants,

le calcul (520) du gain du au moins un noeud de
relais comme différence entre la capacité maxi-
male du noeud de relais et la capacité de liaison
d’acces pour le noeud de relais.

Procédé selon la revendication @ ou 10, dans lequel
la capacité de liaison d’accés est une capacité de
liaison d’acces en liaison montante représentative
de la quantité de données qui peut étre transmise
en liaison montante sur la liaison d’acceés, ledit pa-
rametre de qualité de canal étant un paramétre de
qualité de canal en liaison montante représentant la
qualité de canal en liaison montante évaluée par le
noeud de relais par rapport a le au moins un équi-
pement utilisateur qui y est associé et par la station
de base par rapport au noeud de relais, lesdites in-
formations d’état tampon étant une information de
rapport d’état tampon, et dans lequel les informa-
tions d’étatincluent le paramétre de qualité de canal
en liaison montante, les informations de rapport
d'état tampon et un parametre d’espace de file d’at-
tente disponible dans le noeud de relais.

Procédé selon la revendication @ ou 10, dans lequel
la capacité de liaison d’accés est une capacité de
liaison d'accés en liaison descendante représenta-
tive de laquantité de données quipeut étretransmise
en liaison descendante sur la liaison d’accés, ledit
paramétre de qualité de canal étant un paramétre
de qualité de canal en liaison descendante en retour
représentant la qualité de canal en liaison descen-
dante, dans lequel les informations d’état incluent le
paramétre de qualité de canal en liaison descendan-
te et une information de longueur de files d’attente
en liaison descendante, la capacité de liaison d’ac-
cés étant calculée en utilisantles parameétres de qua-
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lité de canal en liaison descendante pour les liaisons
d’acces et les informations de longueur de files d’at-
tente en liaison descendante sur le au moins un
noeud de relais.

Programme informatique chargeable dans au moins
une mémoire interne d’'un systéme informatique
(100) avecdes unitésd'entrée etdes unités de sortie,
ainsi qu’avec des unités de traitement, le programme
informatique comprenantun logiciel exécutable con-
¢u pour réaliser les phases du procédé selon 'une
guelconque des revendications précédentes, lors-
gu’il tourne dans le systéme informatique.

Réseau de communications sans fil (100) incluant
au moins une cellule de réseau (110), la au moins
une cellule de réseau comprenant une station de
base (105) fournissant une couverture radio sur la
cellule de réseau et au moins un noeud de relais
(120) pour mettre en communication la station de
base avec au moins un équipement utilisateur cor-
respondant (115) dans la cellule de réseau, ledit au
maoins un noeud de réseau communiguant avec
'équipement utilisateur sur une liaison d’accés et
avec la station de base sur une liaison de raccorde-
ment, dans lequel :

le au moins un noeud de relais inclut une unité
d'estimation pour estimer, pour chaque interval-
le de temps prédéterminé, pour le au moins un
noeud de relais, une capacité de liaison d’accés
représentative de la quantité de données qui
peut étre transmise sur la liaison d’'accés dans
I'intervalle de temps prédéterminé, selon des in-
formations en retour qui peuvent inclure des in-
formations en retour en liaison montante et/ ou
en liaison descendante, lesdites informations en
retour en liaison montante étant des informa-
tions sur I'état tampon et la qualité du canal de
liaison montante, UCQ, lesdites informations en
retour en liaison descendante étant des infor-
mations sur 'état de files d'attente en liaison
descendante et de la qualité du canal de liaison
descendante, relatif aux équipements utilisa-
teurs, UE, associés au noeud de relais et en ce
que

|a station de base inclut une unité de program-
mation pour

estimer, pour chaque intervalle de temps pré-
déterminé, une capacité de liaison de raccorde-
ment du au moins un noeud de relais représen-
tative de la quantité de données qui peut étre
transmise sur la liaison de raccordement dans
Pintervalle de temps prédéterminé, selon des in-
formations sur la valeur de la capacité de liaison
d'acces, les rapports d’état tampon et la qualité
du canal de liaison montante pour le au moins
un noeud de relais et
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programmer, pour chaque intervalle de temps
prédéterminé, pour le au moins un noeud de re-
lais, une activation de liaison de raccordement

ou une activation de liaison d’accés, de sorte
gue I'une de la liaison de raccordementetdela 5
liaison d’accés est activée, dans unintervalle de
temps prédéterminé, sur la base d’une compa-
raison entre la capacité d’accés et la capacité

de raccordement,

caractérisé en ce que
I'unité de programmation est configurée, en outre,
pour :

affecter virtuellement (415, 515-575) sur la 15
liaison de raccordement, des ressources de
blocs physiques du au moins un noeud derelais,

et dans laquelle, si plusieurs noeuds de relais
sont présents, ladite affectation virtuelle sur la
liaison de raccordement est itérée sur chaque 20
noeud de relais jusqu’a ce que tous les blocs de
ressources physiques aient été affectés virtuel-
lement a des noeuds de relais ou jusqu’a ce que
tous les noeuds de relais aient été considérés,
chaque itération incluant : 25
I'évaluation (520-530) de noeuds de relais ca-
pables de raccordement comme noeuds de re-

lais qui seraient capables d’atteindre une capa-

cité de liaison de raccordement supérieure a la
capacité de liaison d’acces respective, 30
le calcul (540), pour chaque noeud de relaisdon-

né, capable de raccordement, d’un paramétre

de notation représentatif de I'avantage dérivant

de l'affectation de blocs de ressources physi-
ques actuellement disponibles audit noeud de 35
relaisdonné, capable de raccordement, par rap-

port & un autre noeud de relais capable de rac-
cordement,

la sélection (545-550) du noeud de relais capa-

ble de raccordement ayant le paramétre de no- 40
tationle plus élevé, et I'affectation virtuelle (555)

de blocs de ressources physiques requis audit
noeud de relais capable de raccordement sé-
lectionné, lesdits blocs de ressources physiques
requis représentant la quantité de blocs de res- 45
sources physiques capables d’atteindre une ca-
pacité maximale pour ce noeud de relais capa-

ble de raccordement sélectionné et

I'obtention (560) de la capacité de liaison de rac-
cordement du noeud de relais capable de rac- 50
cordement sélectionné sur la base des blocs de
ressources physiques requis, affectés, le noeud

de relais capable de raccordement sélectionné
auneitérationdonnée n’étant plus pris encomp-

te dans les itérations successives (575) . 55
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