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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. Specifically, the present invention relates to a
scheduling process adapted to select a smart transmis-
sion mode to be used in a MU-MIMO-aware FDPS algo-
rithm for LTE/LTE-A (or, more generally, for an Qrthog-
onal Frequency-Division Multiple Access (OFDMA) sys-
tem) downlink/uplink and perform QoS-aware scheduling
decisions.

Overview of the related art

[0002] The evolution of wireless communication net-
works has experienced a significant growth in terms of
diffusion and performance, and has recently brought to
the standard 3GPP LTE and its evolution LTE-Advanced
("Third Generation Partnership Project Long Term Evo-
lution Advanced"), which represent a major advance in
cellular technology, as being designed to meet needs for
high-speed data and media transport well into the next
decades.

[0003] More particularly, the 3GPP LTE/LTE-Ad-
vanced is a highly efficient standard capable of conveying
data information between a fixed-location transceiver ra-
diating electromagnetic or radio waves over a respective
land area called network cell, and typically referred to as
enhanced base station or enhanced Node B ("eNodeB"),
and user equipments ("UE"), e.g., user terminals, such
as a cellular phones, within the network cell.

[0004] Asknown,the 3GPPLTE andits evolution LTE-
Advanced employ advanced techniques, such as OFD-
MA and Multiple Input Multiple Output (MIMO) signal
transmission.

[0005] The article "Downlink MIMO with Frequency-
Domain Packet Scheduling for 3GPP LTE" by S.-B- Lee,
S. Choudhury, A. Khoshnevis, S. Xu, and S. Lu, The 28th
Conference on Computer Communications, April 2009,
addresses the problem of frequency domain packet
scheduling (FDPS) incorporating spatial division multi-
plexing (SDM) MIMO techniques on the 3GPP Long
Term Evolution (LTE) downlink. This article provides for
imposing the LTE MIMO constraint of selecting only one
MIMO mode (spatial multiplexing or transmit diversity)
per user per transmission time interval (TTI). First, the
optimal MIMO mode selection (multiplexing or diversity)
is addressed per user in each TTI in order to maximize
the proportional fair (PF) criterion extended to frequency
and spatial domains. It has been proved that the SU-
MIMO (single-user MIMO) FDPS problem under the LTE
requirement is NP-hard and therefore, it have been de-
veloped two approximation algerithms (one with full
channelfeedback and the other with partial channel feed-
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back) with provable performance bounds. Based on
3GPP LTE system model simulations, the approximation
algorithm with partial channel feedback is shown to have
comparable performance to the one with full channel
feedback, while significantly reducing the channel feed-
back overhead by nearly 50%.

[0006] The article "Evaluation for Various Resource Al-
location Methods for Multiuser MIMO OFDMA Systems”
by Jingon Joung and Yong H. Lee, IEEE 18th Interna-
tional Symposium on Personal, Indoor and Mobile Radio
Communications, September 2007, discloses a simple
algorithm to select user-pair and allocate frequency band
for multiuser-MIMO OFDMA systems. For sake of com-
parison, various resource allocation algorithms, such as
max-throughput, best-fit, first-fit, and random-fit algo-
rithm, are examined with regard to the system through-
put, computational complexity, and fairness among the
users. Computer simulation results show that the first-fit
algorithm can achieve a large reduction of computation
for resource allocation as well as good fairness among
users, with only a small reduction of throughput.

[0007] The article "A score-based Opportunistic
Schedulerfor Fading RadioChannels" by T. Bonald, Proc
European Wireless, page 2, 2004 discusses different re-
source sharing strategies and presents some shortcom-
ings of the classical Proportional Fair opportunistic
scheduler.

[0008] The paper "A Fair Score-Based Scheduler for
Spatial Transmission Mode Selection" by Malte Schell-
mann, Lars Thiele, Volker Jungnickel and Thomas
Haustein, PROC: OF ASILOMAR CONFERENCE ON
SIGNALS. SYSTEMS AND COMPUTERS, 4 November
2007, pages 1961-1966, discloses a score-based sched-
uling solution which enables to adapt the degree of fair-
ness supposed to be provided in the resource allocation
process, and which further supports spatial transmission
mode selection to attain a high overall throughput.

Summary of invention

[0009] Inview ofthe foregoing, the Applicant has found
that none of the presently known scheduling systems ful-
fill the following requirements:

- complying with an LTE standard configured to em-
ploy the transmission modes known as Spatial Mul-
tiplexing, Transmit Diversity and Multi-User MIMO
(MU-MIMO);

- beingin a cellular network with a single base station
and a plurality of active users, with a system band-
width that is divided in a plurality of resource blocks,
operating in such a way that on each transmission
time interval, the base station can allocate several
resource blocks to the same user (or to the same
pair, for MU-MIMO allocations), but a single RB can
be allocated to only one user (or only one pair);

- having a user in a transmission time interval to use
only one transmission mode in all the resource
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blocks assigned to it. - for MU-MIMO allocations, if
two users are paired during a transmission time in-
terval, pairing said users on each resource block as-
signed through the scheduling (this implies that a
MU-MIMO pair uses exactly the same time-frequen-
cy resources in a transmission time interval), and

- having the base station to use the same modulation
and coding scheme on all the resource blocks that
itallocates to agiven user, evenif the channel quality
indicators specified for those resource blocks are dif-
ferent.One or more aspects of the solution according
to an embodiment of the invention are set out in the
independent claims, with advantageous features of
the same solution that are set forth in the dependent
claims (whose wording is enclosed herein verbatin
by reference).

[0010] More particularly, the solution according to one
or more embodiments of the present invention relates to
a method to be carried out in a wireless communication
network comprising at least one base station associated
to a corresponding area for transmitting/receiving data
to/from corresponding user terminals located within said
area. The method comprises generating a user-rate ma-
trix for each base station. Each element of the user-rate
matrix provides a corresponding score, in terms of
achievable rate, to a user terminal or to a group of user
terminals located within the corresponding area when a
transmission is made to/from said user terminal or said
group of user terminals, respectively, from/to the base
station by employing a selected transmission mode
among a set of predetermined transmission modes. The
method further comprises processing the elements ofthe
user-rate matrix in order to create a scheduling listwhere
the elements are sorted by a decreasing score, and as-
sociating to each user terminal a corresponding selected
transmission mode based on the scheduling list for the
transmission/reception of data to/from the base station.
Said set of predetermined transmission modes includes
atleastaspatial multiplexing transmission mode, atrans-
mit diversity transmission mode and a multi-user multi-
ple-input multiple-output transmission mode.

[0011] Advantageously, being the bandwidth of each
area partitioned in a corresponding plurality of resource
blocks, said generating a user-rate matrix comprises
generating a plurality of corresponding sub-matrixes,
with each sub-matrix that corresponds to a specific re-
source block. Each element of a sub-matrix provides a
corresponding score to a user terminal or to a group of
user terminals located within the corresponding area
when a transmission is made to/from said user terminal
or said group of user terminals, respectively, from/to the
base station by employing a selected transmission mode
among the set of predetermined transmission modes us-
ing the corresponding resource block. Said group of user
terminals comprises a pair of user terminals.

[0012] According to an embaodiment of the present in-
vention, said generating a plurality of sub-matrixes in-
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cludes generating each sub-matrix by arranging the el-
ements thereof into afirst number of rows corresponding
to the number of user terminals within the corresponding
area and a second number of columns corresponding to
one plus the first number. Each row of the sub-matrix
corresponds to a respective user terminal and each col-
umn of the sub-matrix, with the exception of the last col-
umn, corresponds to a respective user terminal. Each
sub-matrix is such that:

- eachelementthereof belonging to the main diagonal
represents the score of the user terminal corre-
sponding to the row of the element when a transmis-
sion is made to/from said user terminal from/to the
base station by employing the spatial multiplexing
transmission mode using the corresponding re-
source block;

- each element thereof that do not belong neither to
the main diagonal nor to the last column represents
the score of the pair of user terminals including the
one corresponding to the row of the element and the
one corresponding to the column of the element
when a transmission is made to/from said pair of
user terminals from/to the base station by employing
the multi-user multiple-input multiple-output trans-
mission mode using the corresponding resource
block, and

- each element thereof belonging to the last column
represents the score of the user terminal corre-
sponding to the row of the element when a transmis-
sion is made to/from said user terminal from/to the
base station by employing the transmission diversity
transmission mode using the corresponding re-
source block.

[0013] According to an embodiment of the present in-
vention, said processing the elements of the user-rate
matrix in order to create the scheduling list comprises
generating a further matrix based on the user-rate matrix.
Said further matrix has a number of rows equal to the
first number and a number of columns equal to the sec-
ond number Each row of the further matrix is associated
with a corresponding row of each sub-matrix, and each
column of the further matrix is associated with a corre-
sponding column of each sub-matrix. Each element of
the further matrix belonging to a row and a column of the
further matrix depends on the values of the elements of
the sub-matrixes belonging to the corresponding rows
and the corresponding columns of the sub-matrixes as-
sociated with said row and column of the further matrix.
Said processing the elements of the user-rate matrix in
order to create the scheduling list further comprises re-
peating the steps of:

- finding the highest element of such further matrix;

- inserting in the scheduling list the elements of the
sub-matrixes located in the rows and columns asso-
ciated with the row and column of the highest ele-
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ment of the further matrix, said inserting being per-
formed according to a score decreasing order, and

- zeroing the elements of the further matrix belonging
to the row and column of the highest element and,
ifthe highestelementis located in a row of the further
matrix identified by a first row matrix index and in a
column of the further matrix identified by a first col-
umn matrix index with the first row matrix index that
is different from the first column matrix index and the
first column matrix index that is different from the
second number, zeroing also the elements of the
further matrix belonging to the row identified by a
second row matrix index equal to the first column
matrix index and to the column identified by a second
column matrix index equal to the first row matrix in-
dex,

until each one of the user terminals located within the
area has an element of each sub-matrix located in a row
or column corresponding thereto that is listed in the
scheduling list.

[0014] According to an embaodiment of the present in-
vention, said generating the further matrix based on the
user-rate matrix comprises setting each element of the
further matrix belonging to a row and a column of the
further matrix to a value depending on the sum of a group
of values. Each value of the group corresponds to the
quotient of the division between an element of a respec-
tive sub-matrix belonging to the corresponding row and
the corresponding column of such sub-matrix which are
associated with said row and column of the further matrix,
and a power of two.

[0015] According to a further embodiment of the
present invention, said generating the further matrix
based on the user-rate matrix comprises setting each
element of the further matrix belonging to a row and a
column of the further matrix to a value depending on a
setofthe highest elements ofthe sub-matrixes belonging
to the corresponding rows and the corresponding col-
umns of the sub-matrixes associated with said row and
column of the further matrix.

[0016] According to a still further embodiment of the
present invention, said processing the elements of the
user-rate matrixin order to create the scheduling listcom-
prises repeating the steps of:

- finding the highest element of the user-rate matrix,
said highest element belonging to a particular row
and a particular column of a particular sub-matrix of
the plurality;

- inserting in the scheduling list the elements of the
sub-matrixes of the plurality which are located in the
row and column corresponding to the user terminal
or the user terminals corresponding to said particular
row and said particular column, said inserting being
performed according to a score decreasing order,
and

- in each sub-matrix, zeroing the elements belonging

15

20

25

30

35

40

45

50

55

to the row and column corresponding to the user
terminal or the user terminals corresponding to said
particular row and said particular column and, if the
particular row is identified by a first row matrix index
and the particular column is identified by a first col-
umn matrix index with the first row matrix index that
is different from the first column matrix index and the
first column matrix index that is different from the
second number, zeroing also the elements belong-
ing to the row corresponding to the user terminal
corresponding to the row of the particular sub-matrix
identified by a second row matrix index equal to the
first column matrix index and to the column corre-
sponding to the user terminal corresponding to the
column of the particular sub-matrix identified by a
second column matrix index equal to the first row
matrix index,

until each one of the user terminals located within the
area has an element of each sub-matrix located in a row
or column corresponding thereto that is listed in the
scheduling list.

[0017] Preferably, said associating to each user termi-
nal a corresponding selected transmission mode based
on the scheduling list includes associating the same se-
lected transmission mode onto all the resource blocks
wherein said user terminal is allocated.

[0018] Preferably, the method further includes, for
each sub-matrix, scaling the value of each element with
aweightindicative of the amount of inter-cell interference
on the resource block corresponding to such sub-matrix.
[0019] According to an embodiment of the present in-
vention, the method further includes:

- basedontheschedulinglist, generating an allocation
list providing, for each user terminal, or pair of user
terminals, a corresponding group of resource blocks
to be assigned thereto, and

- basedonthe allocation list, assigning each resource
block to a specific user terminal, or to a pair of user
terminals, for the transmission/reception of data
to/from the base station taking into account quality
of service requirements.

[0020] According to a further embodiment of the
present invention, said generating the allocation list in-
cludes:

- having a group of classes of services, defining for
each class of service of the group a corresponding
urgent queue of user terminals having urgent data,

- for each user terminal in an urgent queue, updating
the corresponding group of resource blocks to be
assigned thereto with new free resource blocks until
at least one of the following conditions is fulfilled:

- the urgent data of such user terminal, or pair of
user terminals, are finished;
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- apredetermined maximum amount of allocable
data is reached, and
- there are no more free resource blocks.

[0021] According to an embaodiment of the present in-
vention, said generating the allocation list further in-
cludes, for each user terminal, updating the correspond-
ing group of resource blocks to be assigned thereto with
a new free resource block wherein such user terminal,
or pair of user terminals, has a local peak in its channel
quality.

[0022] According to a further embodiment of the
present invention, said generating the allocation list fur-
ther includes, for each user terminal, or pair of user ter-
minals, updating the corresponding group of resource
blocks to be assigned thereto with a new free resource
block according to a MaxCi-like behavior.

[0023] According to a still further embodiment of the
present invention, said assigning each resource block to
a specific user terminal, or to a pair of user terminals, for
the transmission/reception of data to/from the base sta-
tion further includes adaptively selecting a modulation
and coding scheme to be used onto a resource block in
such a way that all the resource blocks belonging to a
same codeword use the same modulation and coding
scheme, by verifying whether it is profitable for the cell
throughput to allocate a new resource block to a user
terminal, or pair of user terminals, that has already been
allocated at least one resource block.

[0024] Another aspect of the solution according to an
embodiment of the presentinvention relates to a wireless
communication network comprising at least one base
station associated to a corresponding area for transmit-
ting/receiving data to/from corresponding user terminals
located within said area.

Brief description of the annexed drawings

[0025] 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 wherein the solution according to
one or more embodiments of the present invention
may be applied;

Figure 2 is a schematic diagram illustrating the main
components of a scheduling process adapted to be
carried out by an eNodeB of the communication net-
work of Figure 1 according to an embodiment of the
present invention;

Figure 3 is a schematic diagram illustrating the main
components of a Transmission Mode Selection
(TMS) procedure of the scheduling process of Figure
2 according to an embodiment of the present inven-
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tion;

Figure 4 is a schematic diagram illustrating the main
components of a QoS-aware Scheduling (QS) pro-
cedure of the scheduling process of Figure 2 accord-
ing to an embodiment of the present invention, and
Figure 5 is a flow chart of a Modulation-and-Coding-
Scheme-Adaptive (MCS-adaptive) allocation func-
tion according to an embodiment of the present in-
vention.

Detailed description of preferred embodiments ofthe
invention

[0026] 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, one or mare base stations (only one illustrated),
referred to as eNodeB (enhanced Node B), and identified
with the reference 105. Each eNodeB 105 provides for
radio coverage over a corresponding geographic area
110 - referred to as network cell - for allowing user ter-
minals (e.g., mobile phones) within the network cell 110
to receive a required service. In the exemplary scenario
shown in Figure 1, the eNodeB 105 provides radio cov-
erage to a plurality of N user terminals UE(q) (q ranging
from 1 to N).

[0027] In the exemplary but not limiting embodiment
described, the wireless communication network 100 is
compliantwiththe Long Term Evolution (LTE) of the Third
Generation Partnership Project (3GPP) Universal Mabile
Telecommunications System (UMTS) protocol, wherein
the eNodeB 105 transmits using e.g. an orthogonal fre-
quency division multiple access (OFDMA) scheme for
the downlink transmissions, i.e., from the eNodeB 105
to the user terminals UE(q) within the network cell 110
pertaining to the eNodeB 105.

[0028] For the sake of completeness, as well known
by those having ordinary skill in the art, the eNodeBs,
such as the eNodeB 105, are generally part of a radio
access network (not depicted), which typically includes
one or more radio network controllers (not shown) com-
municably coupledtofurther respective eNodeBs; inturn,
theradio access network is generally communicably cou-
pled to one or more core networks (not shown), which
may be coupled to other networks, such as the Internet
and public switched telephone networks (not illustrated).
[0029] According to an embodiment of the present in-
vention, the eNodeB 105 is configured to implement a
scheduling process adapted to select the smart trans-
mission mode to be used (by the eNodeB 105 itself) for
transmitting data to the user terminals UE(q) within the
netwaork cell 110. Additionally, in order to maximize the
transmission performance, according to an embodiment
of the present invention the scheduling process is further
configured to efficiently allocate the user terminals UE(q)
in the system bandwidth by adaptively selecting the best
Modulation and Coding Scheme (MCS), taking into ac-
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count the Quality of Service (QoS) requirements.
[0030] Figure 2 is a schematic diagram illustrating in
terms of functional blocks the main components of the
scheduling process adapted to be carried out by the eN-
odeB 105 according to an embodiment of the present
invention.

[0031] Itisconsideredtohave a group of three possible
transmission modes, i.e., the Spatial Multiplexing (Sp-
Mux) transmission mode, the Transmit Diversity (TxD)
transmission mode, and the Multi user MIMO (MU-MI-
MO) transmission mode, and that the system bandwidth
is subdivided into a plurality of B resource blocks RB(b)
(branging from 1to B). Moreover, it is considered to have
a user-rate three-dimensional matrix M providing a cor-
responding score - reflecting the achievable rate, defined
inthe following - to each user terminal UE(q) (and to each
possible pair of user terminals UE(q)) when they are
scheduled by the eNodeB according to the various trans-
mission modes of the group onto each resource block
RB(b) of the system bandwidth. Furthermore, it is con-
sidered to have a weight array W, which provides, for
each resource block RB(b), a corresponding weight in-
dicative of the amount of inter-cell interference on the
resource block RB(b) itself.

[0032] According to an embaodiment of the present in-
vention, the scheduling process comprises a first proce-
dure 210, referred to as Transmission Mode Selection
(TMS) procedure, which, during each Transmission Time
Interval (TTI, where each TTllasts 1 ms), selects foreach
user terminal UE(q) the best transmission mode among
those of the group based on the received user rate matrix
M and the weight array W. As will be described in detail
in the following of the present description, the TMS pro-
cedure 210 outputs a schedule list S specifying for each
user terminal UE(q) - or, in case of MU-MIMO transmis-
sion mode, for each pair of user terminals UE(q) - the
selected transmission mode and the corresponding
score for each resource block RB(b).

[0033] According to an embaodiment of the present in-
vention, the scheduling process additionally comprises
a second procedure 220, referred to as QoS-aware
Scheduling (QS) procedure, which, during each TTI, as-
signs each resource block RB(b) to a specific user ter-
minal UE(q) (or, in case of MU-MIMO transmission mode,
a pair of user terminals UE(q)) taking into account the
QoS requirements. As will be described in detail in the
following of the present description, based on the sched-
ule list S generated by the TMS procedure 210, the QS
procedure 220 outputs an allocation list A specifying for
each user terminal UE(q) (or pair of user terminals in
case of MU-MIMO transmission mode) the resource
block RB(b) that has been assigned thereto, as well as
the amount of bytes that have been transmitted. The as-
signment of the resource blocks RB(b) indicated by the
allocation list A provides support to QoS policies, since
each traffic is taken into consideration based on its spe-
cific requirements.

[0034] Figure 3 is a schematic diagram illustrating in
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terms of functional blocks the main components of the
TMS procedure 210 according to an embodiment of the
present invention. The TMS procedure 210 comprises
two sub-procedures, namely a scaling sub-procedure
310 adapted to weigh the elements of the rate matrix M
based on the weightarray W for generating a correspond-
ing scaled rate matrix SM, and a selection sub-procedure
320 adapted to generate the schedule list S from the
scaled rate matrix SM.

[0035] The three-dimensional rate matrix M and its
scaled version, SM, have a dimension B*N*(N+1),
wherein B is the number of resource blocks RB(b) of the
system bandwidth and N is the number of user terminals
UE(q) within the network cell covered by the eNodeB that
carries out the scheduling process. The rate matrix M
can be subdivided into B two-dimensional matrixes, each
one having N rows and N+1 columns. For the sake of
conciseness, from now on N+1 will be indicated as G.
[0036] The generic element My (b ranging from 1 to
B, iranging from 1 to N, j ranging from 1 to G) of the rate
matrix M represents the score - in terms of achievable
rate - of a corresponding set SUE of user terminals UE(q)
identified by the index pair {i,j} when employing a specific
transmission mode on the resource block RB(b) accord-
ing to the following selection rule:

- i=]— SUE=userterminal UE(q =) in SpMux trans-
mission maode;

- i#]j,]2G — SUE = user terminal UE(q = i) and user
terminal UE(q = j) paired in MU-MIMO transmission
mode, and

- j=G — SUE = user terminal UE(q = i) in TxD trans-
mission mode.

[0037] The weight array W is an array of B weights Wy,
(b =1to B) each one with values comprised between 0.0
and 1.0 and providing an indication of the intercell inter-
ference occurring in the resource block RB(b). When the
interference is so high that the resource block RB(b) can-
not be used, the corresponding weight Wy, has a value
equal to 0.0. The lower the interference, the higher the
value of the weight Wy,. When the interference is null, the
corresponding weight W), has a value equal to 1.0. The
methods by which the weight array W is obtained are
outside the scope of this document. For merely exem-
plary purposes, we mention that it can be obtained
through suitable communication between coordinating
eNodeBs in a network or cluster.

[0038] According to an embodiment of the present in-
vention, the scaling sub-procedure 310 provides for
weighing the elements of the rate matrix M with the weight
array W so as to obtain a scaled version thereof (the
scaled matrix SM) to be provided to the selection sub-
procedure 320 for generating the schedule list S. The
generic element smy; of the scaled matrix SM is equal
to m,;*Wy,. This way, the scores provided by the rate
matrix M are adjusted taking into account the intercell
interferences of the resource blocks RB(b), so that the
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selection sub-procedure 320 will privilege the elements
corresponding to higher weight W, values, all else being
equal.

[0039] According to an embaodiment of the present in-
vention, based on the scores provided by the scaled ma-
trix SM, the selection sub-procedure 320 provides for se-
lecting the best transmission mode for each user terminal
UE(q) taking into account the following constraints:

- auser terminal UE(Q) must use the same transmis-
sion mode onto all the resource blocks RB(b) where-
in such user terminal UE(q) is allocated, and

- if two user terminal UE(q) are paired according to a
MU-MIMO transmission mode, said pairing must be
maintained onto each resource block RB(b) wherein
such user terminals UE(q) are allocated.

[0040] The schedule list S generated by the selection
sub-procedure 320 includes a plurality of tuples T{b, i, j,
sMy;}, wherein:

- bis the index of a resource block RB(b);

- iandjidentify a set SUE of user terminal(s) UE(q)
transmitted with the specific transmission mode se-
lected according to the abovementioned selection
rule, and

- smy; is the score of such set SUE of user terminals
UE(q) (scaled accordingto the intercellinterferences
in the corresponding resource block RB(b)).

[0041] The tuples T{b, i, |, mbij} are globally sorted ac-
cording to the score smy; in decreasing order, so as to
allow one to assess which transmission modes are better
suited for scheduling the various user terminals UE(q)
onto each resource block RB(b) (i.e., the ones corre-
sponding to the highest scores).

[0042] Different methods for generating the schedule
list S from the scaled matrix SM will be now described
according to various embodiments of the present inven-
tion.

[0043] According to a method herein referred to as
"sum method", a two-dimensional matrix X having a di-
mension N*G is generated starting from the scaled matrix
SM. Each elementxij of the matrix X is given by the sum
of the B elements smy,; (b = 1 to B) of the scaled matrix
SM. An iterative search is then performed on the matrix X.
[0044] Specifically, during afirst step of the search, the
element Xi of the matrix X having the highest value is
identified. A first group of B tuples of the schedule list S
is then generated by using the index pair {i, j} of such
elementéij for each resource block RB(b), i.e, the tuples
T{b, i, ], smbij}, with b =1 to B. At this point, the elements
of the matrix X corresponding to the set SUE of user
terminals UE(q) identified by the index pair {i, j} of the
previously calculated highest elementﬁj are set to zero,
in such away to exclude them from the search performed
in the following step. Specifically:
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* incasetheindex pair {i, j} of the previously calculated
highest element Xj has i = j, meaning that the user
terminal UE(i) has been selected to be transmitted
by using the SpMux transmission mode, orif j = G,
meaning that the user terminal UE(i) has been se-
lected to be transmitted by using the TxD transmis-
sion mode, the i-th row and the i-th column of the
matrix X are set to zero;

* iftheindex pair {i, j} of the previously calculated high-
est element Xj has i #jand j # G, meaning that the
pair formed by the user terminals UE(i) and UE()
has been selected to be transmitted by using the
MU-MIMO transmission mode, the i-th row, the i-th
column, the j-th row and the j-th column of the matrix
X are set to zero.

[0045] In other words all the elements of the matrix X
related to the row(s) and column(s) of the user terminals
for which the transmission mode has been selected are
set to zero.

[0046] The abovementioned operations are then reit-
erated at each subsequent step, with the matrix X that is
accordingly updated according to the highest elements
X; calculated in all the preceding steps, until all the matrix
elements are null.

[0047] A further method, herein referred to as "shift
and sum method", provides for performing the same op-
erations of the sum method, except the ones aimed at
generating the matrix X. More in particular, instead of
directly summing the elements smy;; of the scaled matrix
SM with the change in b (from 1 to B), this method pro-
vides for summing these same elements after having
right-shifted their binary representation by K positions,
wherein K is a configurable non negative value. This op-
erations corresponds to considering the quotient of the
integer division by 27K of each element.

[0048] Another variation of the sum method, herein re-
ferred to as "sum k-max method" provides for generating
each element Xjj of the matrix X by summing only the
highest k elements smy; of the scaled matrix SM (i.e.,
the highest elements found allowing b to range from 1 to
B, for a same pair of subscripts i,j), instead of using all
the elements SMy;j obtained by spanning b from 1 to B,
where k is a configurable positive value.

[0049] Astillfurther method, hereinreferred to as "max
local method", provides for generating a matrix L having
adimension N*G wherein each element I; is the highest
element (i.e., the highest elements found allowing b to
range from 1 to B, for a same pair of subscripts i,j) of the
elements smy; of the scaled matrix SM. The rest of the
operations are equal to those performed by the sum
method.

[0050] According to a method herein referred to as
"max method", an iterative search is directly performed
on the scaled matrix SM for finding the highest element
SMy; thereof. During each step, the index pair {i, j} cor-
responding to the element smy; of the scaled matrix SM
having the highest value is used for generating a corre-
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sponding group of B tuples of the schedule list S for each
resource block RB(b), i.e, the tuples T{b, i, j, smbij}, with
b =1toB. Like in the sum method, after generating each
group of tuples, the elements of the scaled matrix SM
corresponding to the set SUE of user terminals UE(q)
identified by the index pair {i, j} of the previously calcu-
lated highest element smy;; are set to zero, so as to ex-
clude them from the search performed in the following
steps. The abovementioned operations are then reiter-
ated at each subsequent step, until all the matrix ele-
ments are null.

[0051] A further method, herein referred to as "spatial-
multiplexing max method", provides for an iterative
search of the highest element by considering only the
elements smy; of the scaled matrix SM that are located
on the diagonals of the corresponding B two-dimensional
matrixes N*G forming the scaled matrix SM, i.e. those
with i=j. Having identified such highest element SMy; in
the b-th two-dimensional matrix SM(b), a further highest
element smy,, is searched among the elements smy,; of
the b-th two-dimensional matrix located in the i-th row
and in the j-th column. During each step, the index pair
{h, k} corresponding to the element smy,, is used for
generating a corresponding group of B tuples of the
schedule list S for each resource block RB(b), i.e, the
tuples T{b, h, k myy,}, with b ranging from 1 to B. In this
case as well, after generating each group of tuples, the
elements of the scaled matrix SM corresponding to the
set SUE of user terminals UE(q) identified by the index
pair {h, k} of the previously calculated highest element
sMypi are set to zero, so as to exclude them from the
search performed in the following steps. The abovemen-
tioned operations are then reiterated at each subsequent
step, until allthe possible user terminals UE(q) have been
considered.

[0052] Summarizing, the TMS procedure 210 of the
scheduling process according to an embaodiment of the
present invention outputs a schedule list S comprising
an ordered sequence of tuples T{b, i, j, smbij}. Eachtuple
provides a score smy; to a particular set SUE of user
terminals UE(q) transmitted on a particular resource
block RB(b) using a particular transmission mode.
[0053] Ifthe generictuple T{b,i,], smbij} ofthe schedule
list S hasi=j, it means that the corresponding score SMyij
is referred to a single user terminal UE(q = i) transmitted
with the SpMux transmission mode on the resource block
RB(b).

[0054] Ifthe generictuple T{b, i, ], smbij} ofthe schedule
list S has i=jand j= G, it means that the corresponding
score sMy; is referred to a pair of user terminals UE(q =
i), UE(qg =j) transmitted with the MU-MIMO transmission
mode on the resource block RB(b).

[0055] Ifthe generictuple T{b, i, ], smbij} ofthe schedule
list S has j = G, it means that the corresponding score
SMy; is referred to a single user terminal UE(q = i) trans-
mitted with the TxD transmission mode on the resource
block RB(b).

[0056] According to an embadiment of the present in-
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vention, the choice of which transmission modes are
used by the eNodeB towards each user terminal UE(q)
is carried out by selecting the {transmission mode - user
terminals} pairs provided by the tuples T{b, i, j, smbij} of
the schedule list S having the highest scores smy;.
[0057] Recalling Figure 2, the scheduling process may
additionally comprises the QS procedure 220, which is
a procedure configured to assign, during each TTI, each
resource block RB(b) to a specific user terminal UE(q)
{or, in case of MU-MIMO transmission mode, a pair of
user terminals UE(q)) taking into account the QoS re-
quirements.

[0058] As already mentioned, based on the schedule
list S generated by the TMS procedure 210, the QS pro-
cedure 220 outputs an allocation list A specifying for each
user terminal UE(q) (or pair of user terminals in case of
MU-MIMO transmission mode) the resource block RB(b)
that has been assigned thereto, as well as the amount
of bytes that have been transmitted. In other words, the
QS procedure 220 uses the information provided by the
schedule list S to make scheduling decisions that both
fulfill QoS requirements and use radio resources effec-
tively. In particular, when the QS procedure chooses to
perform an allocation for a set SUE of user terminals
UE(q), it uses the schedule list S in order know which
resource block RB(b) provides the highest achievable
rate, among the not yet allocated resource blocks RB(b).
According to an embodiment of the present invention the
allocation will be performed on that resource block RB(b)
using an MCS-adaptive allocation function that will be
described in the following of the present invention.
[0059] As will be described in the following, the QS
procedure 220 allows several goals to be achieved. First
of all, it manages real-time traffics (like voice and video),
and it is able to favor that the time constraints typical of
such traffics are met (i.e., deadline misses should be pre-
vented). Furthermore, the QS procedure 220 is "fair", in
the sense that different user terminals UE(q) belonging
to a same class of service are treated with equity, and
starvation does not occur. Finally, the QS procedure 220
uses radio resources effectively, exploiting multi user di-
versity in both frequency and spatial domains.

[0060] Toachievethesedifferentobjectives, according
to an embodiment of the invention illustrated in Figure 4
the QS procedure 220 comprises three sub-procedures:
a so-called urgency sub-procedure 410, a so-called fair-
ness sub-procedure 420, and a so-called efficiency pro-
cedure 430.

[0061] Each of said three sub-procedures aims at
achieving a different objective. Specifically, the urgency
sub-procedure 410 deals with time constraints of real-
time traffic, the fairness sub-procedure 420 ensures a
minimal service to each user terminal UE(q) taking into
account the effective use of resources, and the efficiency
sub-procedure 430 aims at maximizing cell throughput
on the residual resources. The urgency sub-procedure
410 has the task to avoid deadline misses for real-time
traffic, in order to allow data to be received within a max-
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imum radio delay budget. The urgency sub-procedure
uses the concept of Urgent Queue (UQ). Briefly, an UQ
is a First-In-First-Out (FIFO) queue of terminals UE(q)
having urgent data. There may be several UQs, e.g. one
for each class of service having real-time requirements.
When a user terminal UE(q) has data whose delay is
close to the radio delay budget defined for the corre-
sponding class of service, this user terminal UE(q) is con-
sidered to be in urgency and it is put in the UQ corre-
sponding to the above mentioned class of service. The
urgency sub-procedure 410 represents the first step of
the QS procedure 220, since in this way the user termi-
nals UE(q) requiring urgentreal-time data are served with
strict priority over all other user terminals UE(q). It should
be noticed that if a user terminal UE(q) is not considered
to be in urgency, this dosen’t mean that the packet isn't
transmitted (as described in the following).

[0062] Foreach UQ, the following parameters are de-
fined:

- Priority: it represents the service pricrity of a UQ re-
lated to the other UQs;

- Radio delay budget: defined as the upper bound of
the delay between the eNodeB and the UE(q) (e.g.,
derived from the PDB, Packet Delay Budget, defined
by the 3GPP standard);

- Max urgent burst: it specifies the maximum amount
of bytes that can be served by the sub-procedure
410 for a user terminal UE(q), and

- Slack time: it specifies how much time before the
deadline a data packet has to be considered urgent.

[0063] Asameretitle of example, by giving appropriate
values to said parameters, it is possible to map the QoS
Class Identifiers (QCI) provided by LTE onto the UQs.
By configuring the Priority parameter, it is possible to
differentiate both the classes of service (service differ-
entiation) and different users or classes thereof (user dif-
ferentiation), e.g. by defining additional proprietary QCls.
[0064] The urgency sub-procedure 410 serves the
UQs in descending order of priority. During the service,
the sub-procedure 410 allocates resource blocks RB(b)
to a user terminal UE(q) until:

- the urgent data of such user terminal UE(q) are fin-
ished;

- Max urgent burst is reached, or

- there are no more resources in the current TTI.

[0065] According to an embaodiment of the present in-
vention, the allocations of the resource blocks RB(b) car-
ried outby the urgency sub-procedure 410 are performed
using a novel MCS-adaptive allocation function that will
be described in the following of the description.

[0066] The fairness sub-procedure 420 provides for
keeping trace of the highest channel quality (among
those specified for all the resource blocks RB(b)) of each
user terminal UE(q) over a time window of T TTls. When
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a user terminal UE(q) has a local peak in its channel
quality, thatuserterminal UE(q) is served ontheresource
block RB(b) where the peak is reached. The fairness sub-
praocedure 420 provides for serving a user terminal UE(q)
when its relative channel conditions are good with re-
spect to its history. Even if a user terminal UE(q) never
exhibits absolutely good channel conditions (this is the
case, for instance, of user terminals UE(q), the fairness
sub-procedure 420 guarantees a minimal service to this
userterminal UE(q)too, choosing the besttime to serve it.
[0067] For each class of service, the following param-
eters are defined:

- the size T of the time window (i.e., the number of
TTls forming the time window), and

- thethresholdtbeyondwhichthe actualchannelqual-
ity is considered to be part of a peak.

[0068] Defining with "achievable rate" the rate obtain-
able by auserterminal UE(q) onto a resource block RB(b)
- given its channel quality - if such resource block RB(b)
was used for scheduling data of said user terminal UE(q),
the fairness sub-procedure 420 assesses that a user ter-
minal UE(qQ) has a local peak in its channel quality if its
actual best achievable rate(s) (corresponding to one or
more resource block(s) RB(b) that have not been allo-
cated yet) is higher than at least t historical achievable
rates (among the T achievable rates in the window). Par-
ticularly, by indicating with r, the achievable rate in the i-
th position of the time window, and by indicating with r,
the actual achievable rate on a given resource block
RB(b), the fairness sub-procedure 420 assesses that a
user terminal UE(qg) has a local peak on that resource
block RB(b) if

T
Zl{rm} 1.

i=1

[0069] According to an embodiment of the present in-
vention, like the urgency sub-procedure 410, also the
allocations of the resource blocks RB(b) carried out by
the fairness sub-procedure 420 are performed using the
MCS-adaptive allocation function that will be described
in the following of the description.

[0070] The last sub-procedure of the QS procedure
220 is the efficiency sub-procedure 430. Such sub-pro-
cedure provides for allocating the remaining resource
blocks RB(b) according to a MaxCi-like behavior, so as
to exploit those frequency resources that have been left
unused so far for maximizing the throughput.

[0071] According to an embodiment of the present in-
vention, also the allocations of the resource blocks RB(b)
carried out by the efficiency sub-procedure 420 are per-
formed using the MCS-adaptive allocation function used
by the urgency sub-procedure 410 and by the fairness
sub-procedure 420.

[0072] According to an embodiment of the present in-
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vention, the MCS-adaptive allocation function is config-
ured to adaptively select the MCS to be used onto a re-
source block RB(b) in such a way that all the resource
blocks RB(b) belonging to a same codeword use the
same MCS.

[0073] Making reference to the flow chart illustrated in
Figure 5, the first step of the MCS-adaptive allocation
function provides for checking if the set SUE of user ter-
minal(s) UE(q) identified by a considered index pair {i, j}
has been already allocated or not (block 510).

[0074] In the negative case (exit branch N of block
510), the user terminal(s) UE(q) corresponding to the in-
dex pair {i, j} is/are allocated (block 520) using the best
MCS for the given resource block RB(b). Indeed, since
said resource block RB(b) is the first block that is allo-
cated, it is possible to use the MCS corresponding to the
CQl for this resource block RB(b) without any problem.
[0075] In the affirmative case (exit branch Y of block
510), i.e., if user terminal(s) UE(q) corresponding to the
index pair {i, j} has/have been already allocated on one
or more different resource blocks RB(b), the new alloca-
tion could require the use of a MCS that differs from the
one used before, since the CQI for the new resource
block RB(b) could be different from the CQI of the previ-
ously allocated resource blocks RB(b). Since the sched-
ule list S is sorted by decreasing score, the MCS on the
new resource block RB(b) is smaller than or equal to the
MCS of previously allocated resource block RB(b). Given
that the use of different MCS schemes on different re-
source blocks RB(b) of the same codeword is prevented
by the standard, a viable, though conservative solution
would be to use on all allocated resource blocks RB(b)
the MCS corresponding to the RB having the smallest
CAQl, among the allocated resource blocks RB(b). How-
ever, this rule could lead to very poor performance, as it
overly favors small-rate MCSs. In general, also other
rules could be applied when choosing an unique value
of MCS for the allocated resource blocks RB(b) (for ex-
ample it's possible to use the average MCS among the
allocated resource blocks RB(b)).

[0076] Therefore, according to an embodiment of the
present invention, a check is made to assess whether
we may reap a gain by allocating a new resource block
RB(b) to the user terminal(s) UE(q) corresponding to the
index pair {i, j} (possibly) using a smaller MCS on all the
resource blocks RB(b) allocated to the user terminal(s)
UE(q) corresponding to the index pair {i, j}. According to
an embodiment of the present invention, in order to un-
derstand whether the allocation of a new resource block
RB(b) to the user terminal(s) UE(q) corresponding to the
index pair {i, j} is advantageous or not, the throughput
gain TG that can be obtained i) performing the new allo-
cation and ii) changing the (one and only) MCS used on
all previously allocated resource blocks to the one ob-
tained from the CQlI specified for the new resource block,
is computed (block 530). According to an embodiment
of the present invention throughput gain TG could be
defined as:
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— ; % _ ;
G = (NRBS @H+D MCSnew Bytes(i)

Where:

NRgs (i) is the number of previously allocated RBs
to useri

Bytes(i) is the number of previously allocated bytes
to user i

MCS,., is the number of bytes that can be transmit-
ted with the new MCS

[0077] Ifthe throughput gain TG is negative or null, the
allocation is immediately prevented (exit branch N of
block 540, going to block 550).

[0078] If instead the gain is positive (exit branch Y of
block 540), a check is made for assessing whether a
different index pair {h, k} exists such that the number of
bytes that the user terminal(s) UE(q) corresponding to
such index pair {h, k} can allocate on the resource block
RB(b) is larger than the above computed gain TG (block
560). In this search for better index pairs on the resource
block RB(b), only not already allocated pairs are consid-
ered, in order to avoid recursion.

[0079] In the affirmative case (exit branch Y of block
560), the allocation is immediately prevented (block 550).
[0080] In the negative case (exit branch N of block
560), the MCS is adapted on the resource block RB(b)
already allocated to the user terminal(s) UE(qg) corre-
sponding to the index pair {i, j} (block 570), and the re-
source block RB(b) is actually allocated to the user ter-
minal(s) UE(q) (block 520).

[0081] In the following of the present description an
exemplary operation of the proposed MCS-adaptive al-
location function is described. It is supposed thatthe sys-
tem bandwidth is subdivided in three resource blocks
RB(b) (b ranging from 0 to 2), and that there are two user
terminals UE(q) (q ranging from 1 to 2). Note that the
considered case is relative to three resource blocks just
for exemplification purposes (a person skilled in the art
is aware that in 3GPP standard the smallest number of
RBs in LTE is equal to 6 and it is relative to a bandwidth
of 1.4 MHz).

[0082] It is supposed that the schedule list S created
by the TMS algorithm is the following:

RB  Pair Score
1) 0 1,G 100
2) 1 2,G 80
3) 2 1,G 60
4) 2 2,G 55
5) 0 2,G 40
6) 1 1,G 30

[0083] Itcan be observed that for both users Transmit
Diversity has been chosen as transmission mode. It is
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hypothesized that a cycle is performed on the schedule
list S, invoking the MCS-adaptive allocation function for
each entry. The following steps are obtained:

1. Entry 1 is visited: RB 0 is free and it is the first
allocation for user

2. Entry 2 is visited: RB 1 is free and it is the first
allocation for user

3. Entry 3is visited: RB 2 is free but user 1 has been
already allocated on RB 0 so a check is made for
assessing whether a new allocation is profitable or
not.

a. First of all compute the throughput gain TG is
computed:

TG=(1+1)x 60 — 100 = 20

b. The gain is positive, so it is necessary to look
for better index pairs. The only other pair is {2,
G}, butithas been allocated yet, soitis excluded
from the search. As a consequence itis conclud-
ed that there are no better index pairs and RB
2 is allocated to user 1.

[0084] Since all the RBs have been allocated, the pro-
cedure ends.
[0085] In the following of the present description an

exemplary operation of the proposed scheduling process
is described. According to this example, the selection
sub-procedure is configured to generate the schedule list
S using the max local method.

[0086] Itis supposed thatthe system bandwidth is sub-
divided in three resource blocks RB(b) (b = 1 10 3), and
that there are four user terminals UE(q) (q =1 to 4). It
has to be noted that the considered case is relative to
three resource blocks just for exemplification purposes
(a person skilled inthe artis aware thatin 3GPP standard
the smallest number of RBs in LTE is equal to 6 and it’s
relative to a bandwidth of 1.4 MHz).

[0087] Moreover, all the user terminals UE(q) belong
to a same class of service, with a corresponding UQ hav-
ing the following parameters:

- Priority: 3;

- Radio delay budget: 50 ms;

- Maxurgent burst: 500 B, and
- Slack time: 10 ms.

[0088] It is supposed that the user terminal UE(3) has
in its buffer a packet of 100B that has already waited 41
TTI, while the other user terminals UE(1), UE(2) and
UE(4) have data in their respective buffers that are wait-
ing for 15 TTI.

[0089] The parameters related to the fairness sub-pro-
cedure are the following ones:
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- T=5,and
- t=3.
[0090] To keep this example simple all the weights W,

(b=1toB)aresetto1.
[0091] Itis supposed that the windows of the historical
values of the achievable rates are the following ones:

- UE(1):100, 100, 100, 120, 80;

- UE(2):130, 100, 80, 100, 100;

- UE(3):90, 110, 110, 110, 80;

- UE(4): 80, 100, 100, 100, 100.

[0092] Moreovert, it is supposed that the scaled rate

matrix SM (having a dimension equal to B*N*G = 3*4*5)
is the following (for the sake of readability, SM being
three-dimensional, we write it as three two-dimensional
matrixes, each one corresponding to a specific resource
block RB(b)):

85 50 45 60 40)
120 65 70 30
SM(b=1)=
0 20 75 60
0 0 0 70 60
85 50 75 80 50
80 30 90 30
SM(b=2)=
40 60 100
0 75 60
80 60 65 90 70
80 60 50 60
SM(b=3)=
80 30 70
0 70 60
[0093] Based on the abovementioned scaled matrix

SM, the selection sub-procedure generates the matrix L
whose elements Iij are the highest for a same parii,j and
over all the values of b, within the corresponding ele-
ments smy; of the scaled matrix SM:



21 EP 2 681 886 B1 22

85 60 75 90 70
0 120 65 90 60

"o 0 8 75 100]
0 0 0 75 60

[0094] At this point, the iterative search of the maxi-
mum value is initiated.

[0095] Atthe first step of the iterative search, the max-
imum is found to be equal to 120, therefore the index pair
{2,2} is chosen, corresponding to user terminal UE(2)
scheduled using the SpMux transmission mode. The
schedule list S is then updated with the following three
tuples T{b, i, j, smbij}:

{1,2,2,120} {2, 2, 2, 80}; {3, 2, 2, 80}.
[0096] Matrix L isthen updated by zeroing the row cor-

responding to i = 2 and the column corresponding to j =
2, so as to obtain the following matrix L":

85 0 75 90 70

L 000 0 0
0 0 80 75 100
0 0 0 75 60

[0097] At the second step of the iterative search, the
maximum is found to be equal to 100, therefore the index
pair {3,G} is chosen, corresponding to the case of user
terminal UE(3) scheduled using the TxD transmission
mode. The schedule list S is then updated with the fol-
lowing three tuples T{b, i, j, smbij}:

{1,3, G, 60}; {2, 3, G, 100}; {3, 3, G, 70}.
[0098] The matrix L’ isthen updated by zeroing the row

corresponding to i = 3 and the column corresponding to
j =3, so as to obtain the following matrix L":

& 0 0 9 70
00 0 O
LH:
00 0 O
0 0 75 60

[0099] Atthe third step of the iterative search, the max-
imum is found to be equal to 90, therefore the index pair
{1,4}is chosen, corresponding to the case of user termi-
nals UE(1) and UE(4) transmitted with the MU-MIMO
transmission mode. The schedule list S is then updated
with the following three tuples T{b, i, j, smbij}:
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{1,1,4,60}; {2,1, 4, 80}; {3, 1, 4, 90}.

[0100] Since the transmission mode has been already
selected for each one of the four user terminals UE(q),
the search is terminated.

[0101] The resulting schedule list S, ordered by de-

creasing score, is the following one:
RB(b) | Index pair | Score
RB(1) {2,2} 120
RB(2) {3.G} 100
RB(3) {1,4} 90
RB(2) {2,2} 80
RB(3) {2,2} 80
RB(2) {1,4} 80
RB(3) {3,G} 70
RB(1) {3,G} 60
RB(1) {14} 60

[0102] Based on the abovementioned schedule list S,
the QS procedure generates the allocation list A, per-
forming (in this order) the urgency, fairness and efficiency
sub-procedures. More in detail, when the QS procedure
chooses to perform an allocation for a set SUE of user
terminals UE(q), it uses the schedule list S in order know
which resource block RB(b) provides the highest achiev-
able rate, among not already allocated resource blocks
RB(b). The allocation will be performed on that resource
block RB(b) using the MCS-adaptive allocation function.
[0103] As an alternative embodiment, it is possible to
change the order of execution of the first two sub-proce-
dures of the QS procedure, thus executing the sub-pro-
cedures following the order: fairness, urgency, efficiency.
To use this variation it is necessary to execute a prelim-
inary step where the amount of resource block(s) RB(b)
necessary for the urgency sub-procedure is estimated,
in order to reserve such amount of resource block(s)
RB(b) for the urgency sub-procedure itself.

Urgency sub-procedure

[0104] Allthe user terminals UE(q) belong to the same
class of service, for which data are considered to be ur-
gentif they are waiting in the buffer for a time longer than
a Delay Threshold (DT) defined as follow:

DT = Delay Budget - Slack Time

[0105] Therefore, the only user terminal UE(q) having
urgent data is the user terminal UE(3), for which data are
waiting for 41 TTI. This user terminal UE(3) is thus
served, in a priority manner, on the resource block RB(b)
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more favorable for said user terminal, making use of the
transmission mode selected by the TMS procedure.
Therefore, using the MCS-adaptive allocation function,
100B are allocated to the user terminal UE(3) on the re-
source block RB(2) using the TD transmission mode.
[0106] Since the other user terminals are not consid-
ered urgent, the urgency sub-procedure is terminated.

Fairness sub-procedure

[0107] For each user terminal UE(q) a check is made
in order to assess whether its current highest achievable
rate (making reference to the schedule list S) is such to
consider the user terminal UE(q) itself in a channel peak.

- For the user terminal UE(1), the current highest
achievable rate is equal to 90 bytes (on the resource
block RB(3)); 90 isonly higher than a single historical
value, therefore the user terminal UE(1) is assessed
as not being in a channel peak (the threshold t being
equal to 3).

- For the user terminal UE(2), the current highest
achievablerateis equalto 120 bytes (on theresource
block RB(1)); 120 is higher than 4 historical values,
i.e., 4 is higher than the threshold t, therefore the
user terminal UE(2) is assessed as being in a chan-
nel peak. Thus, the user terminal UE(2) is served on
the resource block RB(1) (where it has the peak)
using the transmission mode selected by the TMS
procedure. Therefore, using the MCS-adaptive allo-
cation function, 120B (bytes) are allocated to the us-
er terminal UE(2) on the resource block RB(1) using
the SpMux transmission mode.

- For the user terminal UE(3), the current highest
achievablerate onaresource blockthathas notbeen
allocated yet is equal to 70 (on the resource block
RB(3)); 70 is lower than all the historical values,
therefore the user terminal UE(3) is assessed as not
being in a channel peak.

- For the user terminal UE(4), the current highest
achievable rate is equal to 90 (on the resource block
RB(3)); 90 is only higher than a single historical val-
ue, therefore the user terminal UE(4) is assessed as
not being in a channel peak.

Efficiency sub-procedure

[0108] The schedule list S is looked up for allocating
the resource blocks RB(b) that have been left unallocated
so far. Specifically:

- the first tuple of the schedule list refers to the re-
source block RB(1), which has been already allocat-
ed to the user terminal UE(2) in the SpMux trans-
mission mode;

- the second tuple of the schedule list refers to the
resource block RB(2), which has been already allo-
cated to the user terminal UE(3) in the TxD trans-
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mission mode, and

- the third tuple of the schedule list refers to the re-
source block RB(3), which is still free. Suchresource
block RB(3) is thus allocated to the user terminals
UE(1) and UE(4) in the MU-MIMO transmission
maode using the MCS-adaptive allocation function.

[0109] Therefore, the allocation list A produced by the
QS procedure is the following:

RB(b) | Index pair | Bytes
1 {2,2} 120
2 {3,G} 100
3 {1,4} 90

[0110] Naturally, in order to satisfy local and specific
requirements, a person skilled inthe art may apply to the
solution described above many logical and/or physical
modifications and alterations. More specifically, although
the present invention has been described with a certain
degree of particularity with reference to preferred em-
bodiments thereof, it should be understood that various
omissions, substitutions and changes in the form and
details as well as other embodiments are possible. In
particular, different embodiments of the invention may
even be practiced without the specific details (such as
the numeric examples) set forth in the preceding descrip-
tion for providing a more thorough understanding thereof;
on the contrary, wellknown features may have been omit-
ted or simplified in order not to obscure the description
with unnecessary particulars. Moreover, it is expressly
intended that specific elements and/or method steps de-
scribed in connection with any disclosed embodiment of
the invention may be incorporated in any other embodi-
ment as a matter of general design choice.

[0111] For example, although in the present descrip-
tion reference has been made to downlink transmissions
of an LTE system, similar considerations apply for the
uplink transmissions. In this case, the TMS procedure
operates in the same way as already described, allowing
to properly select the different transmission mode for the
uplink transmission. Regarding the MCS-adaptive allo-
cation function, it is sufficient to substitute the CQI re-
ported by the user terminals with an estimate of the uplink
channel carried out by the eNodeB. The QS procedure
needs to know the buffers statuses and the waiting time
of the HOL packet; this information may be obtained from
the BSR sent in uplink by the user terminals.

[0112] Moreover, the TMS procedure may be easily
extended in such a way to support additional transmis-
sion modes. In case said additional transmission modes
are of the single-user type, it is sufficient to add a new
column in the rate matrix for each additional transmission
mode. In case of additional multi-user transmission
modes, it has to be appreciated that the resulting rate
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matrix will have a number of dimensions equal to one
plus the highest number of user terminals that can be
grouped.

[0113] The solution according toan embodimentof the
invention lends itself to be implemented through an
equivalent method (by using similar steps, removing
some steps being notessential, or adding further optional
steps); moreover, the steps may be performed in different
order, concurrently or in aninterleaved way (at least part-

Iy).

Claims

1. A method for a wireless communication network
(100) comprising at least one base station (105) as-
sociated to a corresponding area (110) for transmit-
ting/receiving data to/from corresponding user ter-
minals UE(q) located within said area, comprises

- receiving at each base station a user-rate ma-
trix, each element of the user-rate matrix provid-
ing a corresponding score, in terms of achieva-
ble rate, to a user terminal or to a group of user
terminals located within the corresponding area
when a transmission is made to/from said user
terminal or said group of user terminals, respec-
tively, from/to the base station by employing a
selected transmission mode among a set of pre-
determined transmission modes,

- at the base station, processing the elements
of the user-rate matrix in order to create a sched-
uling list where the elements are sorted by a
decreasing score, and

- associating to each user terminal a corre-
sponding selected transmission mode based on
the scheduling listforthe transmission/reception
of data to/from the base station, wherein:

- said set of predetermined transmission modes
includes at least a spatial multiplexing transmis-
sion mode, a transmit diversity transmission
mode and a multi-user multiple-input multiple-
output transmission mode, and

the bandwidth of each area is partitioned in a corre-
sponding plurality of resource blocks (RB(b)), said
user-rate matrix comprises a plurality of correspond-
ing sub-matrixes, each sub-matrix corresponding to
a specific resource block, wherein each element of
a sub-matrix provides a corresponding score to a
user terminal or to a group of user terminals located
within the corresponding area when a transmission
is made to/from said user terminal or said group of
user terminals, respectively, from/to the base station
by employing a selected transmission mode among
the set of predetermined transmission modes using
the corresponding resource block, and wherein said
group of user terminals comprises a pair of user ter-
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minals.

The method of claim 1, wherein each sub-matrix has
the elements thereof arranged into a first number of
rows corresponding to the number of user terminals
within the corresponding area and a second number
of columns corresponding to one plus the first
number, each row of the sub-matrix corresponding
to a respective user terminal and each column of the
sub-matrix, with the exception of the last column,
corresponding to a respective user terminal, each
sub-matrix being such that:

- each element thereof belonging to the main
diagonal represents the score of the user termi-
nal corresponding to the row of the element
when a transmission is made to/from said user
terminal from/to the base station by employing
the spatial multiplexing transmission mode us-
ing the corresponding resource block;

- each element thereofthat do not belong neither
to the main diagonal nor to the last column rep-
resents the score of the pair of user terminals
including the one corresponding to the row of
the element and the cone corresponding to the
column of the element when a transmission is
made to/from said pair of user terminals from/to
the base station by employing the multi-user
multiple-input  multiple-output  transmission
mode using the corresponding resource block,
and

- each element thereof belonging to the last col-
umn represents the score of the user terminal
corresponding to the row of the element when
a transmission is made to/from said user termi-
nal from/to the base station by employing the
transmission diversity transmission mode using
the corresponding resource block.

3. The method of claim 2, wherein said processing the

elements of the user-rate matrix in order to create
the scheduling list comprises:

- generating a further matrix based on the user-
rate matrix, said further matrix having a number
of rows equal to the first number and a number
of columns equal to the second number, each
row of the further matrix being associated with
a corresponding row of each sub-matrix, and
each column of the further matrix being associ-
ated with a corresponding column of each sub-
matrix, each element of the further matrix be-
longing to a row and a column of the further ma-
trix depending on the values of the elements of
the sub-matrixes belonging to the correspond-
ing rows and the corresponding columns of the
sub-matrixes associated with said row and col-
umn of the further matrix, and
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- repeating the following steps:

- finding the highest element of such further ma-
trix;

- inserting in the scheduling list the elements of
the sub-matrixes located in the rows and col-
umns associated with the row and column of the
highest element of the further matrix, said insert-
ing being performed according to a score de-
creasing order, and

- zeroing the elements of the further matrix be-
longing to the row and column of the highest
elementand, if the highest element is located in
a row of the further matrix identified by a first
row matrix index and in a column of the further
matrix identified by a first column matrix index
with the first row matrix index that is different
from the first column matrix index and the first
column matrix index that is different from the
second number, zeroing also the elements of
the further matrix belonging to the row identified
by a second row matrix index equal to the first
column matrix index and to the column identified
by a second column matrix index equal to the
first row matrix index,

- until each one of the user terminals located
within the area has an element of each sub-ma-
trix located in a row or column corresponding
thereto that is listed in the scheduling list.

The method of claim 3, wherein said generating the
further matrix based on the user-rate matrix compris-
es setting each element of the further matrix belong-
ing to a row and a column of the further matrix to a
value depending on the sum of a group of values,
each value of the group corresponding to the quo-
tient of the division between;

- an element of a respective sub-matrix belong-
ing to the corresponding row and the corre-
sponding column of such sub-matrix which are
associated with said row and column of the fur-
ther matrix, and

- a power of two.

The method of claim 3, wherein said generating the
further matrix based on the user-rate matrix compris-
es setting each element of the further matrix belong-
ing to a row and a column of the further matrix to a
value depending on a set of the highest elements of
the sub-matrixes belonging to the corresponding
rows and the corresponding columns of the sub-ma-
trixes associated with said row and column of the
further matrix.

The method according to claim 5, wherein said
processing the elements of the user-rate matrix in
order to create the scheduling list comprises:
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- repeating the following steps:

-finding the highest element of the user-rate ma-
trix, said highest element belonging to a partic-
ular row and a particular column of a particular
sub-matrix of the plurality;

- inserting in the scheduling list the elements of
the sub-matrixes of the plurality which are locat-
ed in the row and column corresponding to the
user terminal or the user terminals correspond-
ing to said particular row and said particular col-
umn, said inserting being performed according
to a score decreasing order, and

- in each sub-matrix, zeroing the elements be-
longing to the row and column corresponding to
the user terminal or the user terminals corre-
sponding to said particular row and said partic-
ular column and, if the particular row is identified
by a first row matrix index and the particular col-
umn is identified by a first column matrix index
with the first row matrix index that is different
from the first column matrix index and the first
column matrix index that is different from the
second number, zeroing also the elements be-
longing to the row corresponding to the user ter-
minal corresponding to the row of the particular
sub-matrix identified by a second row matrix in-
dex equal to the first column matrix index and
to the column corresponding to the user terminal
corresponding to the column of the particular
sub-matrix identified by a second column matrix
index equal to the first row matrix index,

- until each one of the user terminals located
within the area has an element of each sub-ma-
trix located in a row or column corresponding
thereto that is listed in the scheduling list.

7. The method of any cne among the preceding claims,

wherein said associating to each user terminal a cor-
responding selected transmission mode based on
the scheduling list includes associating the same se-
lected transmission mode onto all the resource
blocks wherein said user terminal is allocated.

The method of any one among the preceding claims,
further including:

- for each sub-matrix, scaling the value of each
element with a weight indicative of the amount
of inter-cell interference on the resource block
corresponding to such sub-matrix.

The method of any cne among the preceding claims,
further including:

- based on the scheduling list, generating an al-
location list providing, for each user terminal, or
pair of user terminals, a corresponding group of
resource blocks to be assigned thereto, and
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- based on the allocation list, assigning each re-
source block to a specific user terminal, or to a
pair of user terminals, for the transmission/re-
ception of data to/from the base station taking
into account quality of service requirements.

The method of claim 9, wherein said generating the
allocation list includes:

- having a group of classes of services, defining
for each class of service of the group a corre-
sponding urgent queue of user terminals having
urgent data,

- for each user terminal in an urgent queue, up-
dating the corresponding group of resource
blocks to be assigned thereto with new free re-
source blocks until at least one of the following
conditions is fulfilled:

- the urgent data of such user terminal, or
pair of user terminals, are finished;

- a predetermined maximum amount of all-
ocable data is reached, and

- there are no more free resource blocks.

The method of claim 10, wherein said generating the
allocation list further includes:

- for each user terminal, updating the corre-
sponding group of resource blocks to be as-
signed thereto with a new free resource block
wherein such user terminal, or pair of user ter-
minals, has a local peak in its channel quality.

The method of claim 11. wherein said generating the
allocation list further includes:

- for each user terminal, or pair of user terminals,
updating the corresponding group of resource
blocks to be assigned thereto with a new free
resource block according to a MaxCi-like behav-
ior.

The method of any one among claims 10, 11 or 12,
wherein said assigning eachresource block to a spe-
cific user terminal, or to a pair of user terminals, for
the transmission/reception of data to/from the base
station further includes adaptively selecting a mod-
ulation and coding scheme to be used onto a re-
source block in such a way that all the resource
blocks belonging to a same codeword use the same
maodulation and coding scheme, by verifying whether
it is profitable for the cell throughput to allocate a
new resource block to a user terminal, or pair of user
terminals, that has already been allocated at least
one resource block.

A wireless communication network comprising at
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least one base station associated to a corresponding
area for transmitting/receiving data to/from corre-
sponding user terminals located within said area,
wherein the at least one base station includes a
scheduler configured to carry out the method of any
one of the preceding claims.

Patentanspriiche

Verfahren flr ein drahtloses Kommunikationsnetz-
werk (100), umfassend mindestens eine Basisstati-
on (105), die mit einem entsprechenden Bereich
(110) zum Ubertragen/Empfangen von Daten
an/von entsprechenden Benutzerendgeraten UE(q)
innerhalb des Bereichs verknlpft ist, das umfasst

- Empfangen, an jeder Basisstation, einer Be-
nutzerratenmatrix, wobei jedes Element der Be-
nutzerratenmatrix ~ einen  entsprechenden
Punktwert, in Form einer erreichbaren Rate, an
einem Benutzerendgeratoder einer Gruppe von
Benutzerendgeraten innerhalb des entspre-
chenden Bereichs bereitstellt, wenn eine Uber-
tragung an das/von dem Benutzerendgeratoder
entsprechend der Gruppe an Benutzerendgera-
ten von der/an die Basisstation unter Nutzung
eines ausgewahlten Ubertragungsmodus inner-
halb eines Satzes an vorbestimmten Ubertra-
gungsmodi durchgefiihrt wird,

- Verarbeiten der Elemente der Benutzerraten-
matrix an der Basisstation zur Schaffung einer
Ablaufplanungsliste, in der die Elemente nach
absteigendem Punktwert geordnet sind, und

- Zuweisen eines entsprechenden ausgewahl-
ten Ubertragungsmodus an jedes Benutzerend-
gerataufder Grundlage der Ablaufplanungsliste
fur die Ubertragung/den Empfang von Daten an
die/von der Basisstation, wobei:

- der Satz vorbestimmter Ubertragungsmodi
mindestens einen Raummultiplex-Ubertra-
gungsmodus, einen Sendediversitat-Ubertra-
gungsmodus und einen Mehrfachbenutzer-MI-
MO-Ubertragungsmodus umfasst, und die
Brandbreite jedes Bereichs in eine entsprechen-
de Mehrzahl an Ressourcenbldcken (RB(b))
aufgeteilt ist, wobei die Benutzerratenmatrix ei-
ne Mehrzahl an entsprechenden Untermatrices
umfasst, wobei jede Untermatrix einem be-
stimmten Ressourcenblock entspricht, wobei je-
des Element einer Untermatrix einen entspre-
chenden Punktwertan einem Benutzerendgerat
oder an einer Gruppe an Benutzerendgeraten,
die sich in dem entsprechenden Bereich befin-
den, bereitstellt, wenn eine Ubertragung an
das/von dem Benutzerendgerat oder entspre-
chend der Gruppe an Benutzerendgeraten von
der/an die Basisstation unter Nutzung eines
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ausgewahlten Ubertragungsmodus innerhalb
eines Satzes an vorbestimmten Ubertragungs-
modi unter Verwendung des entsprechenden
Ressourcenblocks durchgefihrtwird und wobei
die Gruppe an Benutzerendgeraten ein Paar
Benutzerendgerate umfasst.

Verfahren nach Anspruch 1, wobei die Elemente je-
der Untermatrix in eine erste Anzahl an Zeilen, die
der Anzahl an Benutzerendgeraten innerhalb des
entsprechenden Bereichs entsprechen, und einer
zweiten Anzahl an Spalten, die eins plus der ersten
Anzahl entsprechen, angeordnet sind, wobei jede
Zeile der Untermatrix einem jeweiligen Benutze-
rendgerat und jede Spalte der Untermatrix mit Aus-
nahme der letzten Spalte einem jeweiligen Benutze-
rendgerat entspricht, wobei jede Untermatrix derart
ist, dass:

- jedes Element davon, das zur Hauptdiagona-
len gehért, den Punktwert des Benutzerendge-
rats reprasentiert, das der Zeile des Elements
entspricht, wenn eine Ubertragung an das/von
dem Benutzerendgerat von der/an die Basissta-
tion unter Verwendung des Raummultiplex-
Ubertragungsmodus unter Nutzung des ent-
sprechenden Ressourcenblocks stattfindet;

- jedes Element davon, das weder zur Hauptdi-
agonalen noch zur letzten Spalte gehdrt, den
Punktwert des Paars Benutzerendgerate repra-
sentiert, das dasjenige enthilt, das der Zeile des
Elements entspricht, sowie dasjenige, das der
Spalte des Elements entspricht, wenn eine
Ubertragung an das/von dem Benutzerendgerat
von der/an die Basisstation unter Verwendung
des Mehrfachbenutzer-MIMO-Ubertragungs-
modus unter Nutzung des entsprechenden Res-
sourcenblocks stattfindet;

- jedes Element davon, das zur letzten Spalte
gehort, den Punktwert des Benutzerendgerats
reprasentiert, das der Zeile des Elements ent-
spricht, wenn eine Ubertragung an das/von dem
Benutzerendgerat von der/an die Basisstation
unter Verwendung des Sendediversitat-Uber-
tragungsmodus unter Nutzung des entspre-
chenden Ressourcenblocks stattfindet.

3. Verfahren nach Anspruch 2, wobei die Verarbeitung

der Elemente der Benutzerratenmatrix zur Schaf-
fung der Ablaufplanungsliste umfasst:

- Erzeugen einer weiteren Matrix auf der Grund-
lage der Benutzerratenmatrix, wobei die weitere
Matrix eine Anzahl an Zeilen aufweist, die gleich
der ersten Anzahl ist, und eine Anzahl an Spal-
ten, die gleich der zweiten Anzahl ist, wobei jede
Zeile der weiteren Matrix mit einer entsprechen-
den Zeile jeder Untermatrix verknupftist und wo-

15

20

25

30

35

40

45

50

55

17

beijede Spalte der weiteren Matrix mit einer ent-
sprechenden Spalte jeder Untermatrix ver-
knupftist, wobeijedes Element der weiteren Ma-
trix in Abhangigkeit von den Werten der Elemen-
te der Untermatrices, die zu den entsprechen-
den Zeilen und den entsprechenden Spalten der
mit der Zeile und Spalte der weiteren Matrix ver-
knlpften Untermatrices gehdren, zu einer Reihe
und einer Spalte der weiteren Matrix gehdrt, und
- Wiederholen der folgenden Schritte:

- Finden des héchsten Elements jeder weiteren
Matrix;

- Einflgen der Elemente der Untermatrices in
die Ablaufplanungsliste, die sich in den Zeilen
und Spalten befinden, die mit der Zeile und der
Spalte des hdchsten Elements der weiteren Ma-
trix verknipft ist, wobei das Einfigen geman ei-
nes absteigenden Punktwerts durchgefihrt
wird, und

- Nullsetzen der Elemente der weiteren Matrix,
die zu der Zeile und der Spalte des hdchsten
Elements gehéren und, falls sich das hdchste
Element in einer Zeile der weiteren Matrix be-
findet, die durch einen ersten Zeilenmatrixindex
identifiziert ist, und in einer Spalte der weiteren
Matrix, die durch einen ersten Spaltenmatrixin-
dex identifiziert ist, wobei sich der erste Zeilen-
matrixindex von dem ersten Spaltenmatrixindex
unterscheidet und sich der erste Spaltenmatri-
xindex von der zweiten Anzahl unterscheidet,
Nullsetzen auch der Elemente der weiteren Ma-
trix, die zu der Zeile gehoren, die durch einen
zweiten Zeilenmatrixindex identifiziert ist, der
gleich dem ersten Spaltenmatrixindex ist, und
Zu der Spalte, die durch einen zweiten Spalten-
matrixindex identifiziert ist, der gleich dem ers-
ten Zeilenmatrixindex ist,

- bis sich fir jedes der Benutzerendgerate, die
sich in dem Bereich befinden, ein Element jeder
Untermatrix in einer entsprechenden Zeile oder
einer entsprechenden Spalte befindet, die inder
Ablaufplanungsliste aufgefihrt ist.

Verfahren nach Anspruch 3, wobei das Erzeugen
der weiteren Matrix auf der Grundlage der Benutzer-
ratenmatrix das Zuweisen eines Werts an jedes Ele-
ment der weiteren Matrix, das zu einer Zeile oder
einer Spalte der weiteren Matrix gehért, in Abhan-
gigkeit von der Summe einer Gruppe von Werten
umfasst, wobei jeder Wert der Gruppe dem Quoti-
enten einer Division entspricht zwischen

- einem Element einer jeweiligen Untermatrix,
die zu der entsprechenden Zeile und der ent-
sprechenden Spalte dieser Untermatrix gehdrt,
die mit der Zeile und der Spalte der weiteren
Matrix verknipft sind, und

- einer zweiten Potenz.
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Verfahren nach Anspruch 3, wobei das Erzeugen
der weiteren Matrix auf der Grundlage der Benutzer-
ratenmatrix das Zuweisen eines Werts an jedes Ele-
ment der weiteren Matrix, das zu einer Zeile oder
einer Spalte der weiteren Matrix gehért, in Abhan-
gigkeit von einem Satz der hdchsten Elemente der
Untermatrices umfasst, die zu den entsprechenden
Zeilen und den entsprechenden Spalten der mitder
Zeile und der Spalte der weiteren Matrix verknipften
Untermatrices gehdéren.

Verfahren nach Anspruch 5, wobei die Verarbeitung
der Elemente der Benutzerratenmatrix zur Schaf-
fung der Ablaufplanungsliste umfasst:

- Wiederholen der folgenden Schritte:

- Finden des héchsten Elements der Benutzer-
ratenmatrix, wobei das hochste Element zu ei-
ner bestimmten Zeile und einer bestimmten
Spalte einer bestimmten Untermatrix der Mehr-
zahl gehdrt;

- Einfligen der Elemente der Untermatrices der
Mehrzahl in die Ablaufplanungsliste, die sich in
der Zeile und der Spalte befinden, die dem Be-
nutzerendgeratoder den einerbestimmten Zeile
und einer bestimmten Spalte entsprechenden
Benutzerendgeraten entsprechen, wobei das
Einflgen gemal einem absteigenden Punkt-
wert durchgefihrt wird, und

- Nullsetzen der Elemente, die zu der Reihe und
Spalte gehéren, die dem Benutzerendgerat
oder den einer bestimmten Zeile und einer be-
stimmten Spalte entsprechenden Benutzerend-
geraten entsprechen, und, falls die bestimmte
Zeile durch einen ersten Zeilenmatrixindex iden-
tifiziertist und die bestimmte Spalte durch einen
ersten Spaltenmatrixindex identifiziert ist, wobei
sich der erste Zeilenmatrixindex von dem ersten
Spaltenmatrixindex unterscheidet und sich der
erste Spaltenmatrixindex von der zweiten An-
zahl unterscheidet, Nullsetzen auch der Ele-
mente, die zu der Zeile gehdéren, die dem Be-
nutzerendgerat entspricht, das der Zeile der be-
stimmten Untermatrix entspricht, die durch ei-
nen zweiten Zeilenmatrixindex identifiziert wird,
der gleich dem ersten Spaltenmatrixindex ist,
sowie zu der Spalte gehdrt, die dem Benutze-
rendgerat entspricht, das der Spalte der be-
stimmten Untermatrix entspricht, die durch ei-
nen zweiten Spaltenmatrixindex identifiziert
wird, der gleich dem ersten Zeilenmatrixindex
ist,

- bis sich fur jedes der Benutzerendgerate, die
sichin dem Bereich befinden, ein Element jeder
Untermatrix in einer entsprechenden Zeile oder
einer entsprechenden Spalte befindet, die inder
Ablaufplanungsliste aufgefihrt ist.
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Verfahren nach einem der vorhergehenden Anspri-
che, wobei beim Verknlpfen mit jedem Benutze-
rendgerat ein entsprechend ausgewahlter Ubertra-
gungsmodus das Verknlpfen dieses gewahlten
Ubertragungsmodus mit all den Ressourcenblocken
enthalt, denen das Benutzerendgerdt zugewiesen
ist.

Verfahren nach einem der vorhergehenden Anspri-
che, ferner enthaltend:

- Skalieren des Werts jedes Elements in jeder
Untermatrix mit einer Gewichtung als Angabe
der Menge an Zwischenzellinterferenz in dem
einer solchen Untermatrix entsprechenden
Ressourcenblock.

Verfahren nach einem der vorhergehenden Anspri-
che, ferner enthaltend:

- Erzeugen einer Zuweisungsliste auf der
Grundlage der Ablaufplanungsliste, die flirjedes
Benutzerendgerat oder Paars Benutzerendge-
rate eine entsprechende Gruppe an diesen zu-
zuweisenden Ressourcenblécken bereitstellt
und

- Zuweisen jedes Ressourcenblocks an ein be-
stimmtes Benutzerendgerat oder an ein Paar
Benutzerendgerate auf der Grundlage der Zu-
weisungsliste fiir die Ubertragung/den Empfang
von Daten an die/von der Basisstation unter Be-
riicksichtigung der Anforderungen an die Ser-
vicequalitat.

10. Verfahren nach Anspruch 9, wobei das Erzeugen

der Zuweisungsliste enthalt:

- Vorhandensein einer Gruppe an Dienstklas-
sen, die fir jede Dienstklasse der Gruppe eine
entsprechende Dringlichkeitsschlange an Be-
nutzerendgeraten mit Dringlichkeitsdaten fest-
legt,

- wobei bei jedem Benutzerendgerat in einer
Dringlichkeitsschlange die  entsprechende
Gruppe andiesen zuzuweisenden Ressourcen-
blécken mit neuen freien Ressourcenblécken
aktualisiert wird, bis mindestens einer der fol-
genden Zustande erflillt es:

- die Dringlichkeitsdaten eines solchen Benut-
zerendgeréts oder eines Paares Benutzerend-
gerate sind abgearbeitet;

- eine vorbestimmte HOchstmenge an zuzuwei-
senden Daten ist erreicht und

- es sind keine freien Ressourcenblécke mehr
vorhanden.

11. Verfahren nach Anspruch 10, wobei das Erzeugen

der Zuweisungsliste ferner enthalt:
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- Aktualisieren der entsprechenden Gruppe an
zuzuweisenden Ressourcenblécken mit einem
neuen freien Ressourcenblock fiir jedes Benut-
zerendgerat, wobeiein derartiges Benutzerend-
gerat oder Paar Benutzerendgerite einen loka- &
len Spitzenwert der Kanalqualitat aufweist.

12. Verfahren nach Anspruch 11, wobei das Erzeugen

der Zuweisungsliste ferner enthalt:

10
- Aktualisieren der entsprechenden Gruppe an
zuzuweisenden Ressourcenbldcken fir jedes
Benutzerendgerat oder Paar Benutzerendgeri-
te mit einem neuen freien Ressourcenblock ge-
maR einem MaxCi-ahnlichen Verhalten. 15

13. Verfahren nach einem der Anspriiche 10, 11 oder

14.

12, wobeidas Zuweisen jedes Ressourcenblocks zu
einem bestimmten Benutzerendgerat oder Paar Be-
nutzerendgerite fiir die Ubertragung/den Empfang 20
von Daten an die/von der Basisstation ferner das
adaptive Auswahlen eines Modulations- und Codier-
plans enthalt, der derart flr einen Ressourcenblock
verwendet werden soll, dass alle zu einem bestimm-

ten Codewort gehrenden Ressourcenblécke den- 25
selben Modulations- und Codierplan verwenden,

und zwar durch Bestétigen, ob es fur den Zelldurch-
satz glnstig ist, einem Benutzerendgerat oder Paar
Benutzerendgerite, das bereits mindestens einen
Ressourcenblock zugewiesen hat, einen neuen 30
Ressourcenblock zuzuweisen.

Drahtloses Kommunikationsnetzwerk, umfassend
mindestens eine mit einem entsprechenden Bereich
verknlipfte Basisstation zum Ubertragen/Empfan- 35
gen von Daten an/von entsprechenden Benutze-
rendgeraten innerhalb dieses Bereichs, wobei die
mindestens eine Basisstation einen Ablaufplaner
enthalt, der zum Ausflihren des Verfahrens nach ei-
nem der vorhergehenden Anspriiche konfiguriertist. 40

Revendications

1.

Procédé pour : 45

unréseaude communication sansfil (100) com-
prenant au moins une station de base (105) as-
sociée a une zone correspondante (110) pour
transmettre/recevoir des données a des/de ter- 50
minaux utilisateurs correspondants UE(q) si-
tués dans ladite zone,

qui comprend :

- la réception a chaque station de base, 55
d’'une matrice de taux d’utilisation, chaque
élément de la matrice de taux d’utilisation
fournissant un score correspondant, expri-

19

mé en taux 4 atteindre, a un terminal utili-
sateur ou a un groupe de terminaux utilisa-
teurs situé dans la zone correspondante
lorsqu’une transmission estréalisée vers le-
dit/a partir dudit terminal utilisateur ou dudit
groupe de terminaux utilisateurs, respecti-
vement, a partir de/vers la station de base,
en employant un mode de transmission sé-
lectionné parmi un ensemble de modes de
transmission prédéterminés,

- 4 la station de base, le traitement des élé-
ments de la matrice de taux d’utilisation de
maniére a créer une liste de programmation
ol les éléments sont triés par score décrois-
sant, et

- I'association a chaque terminal utilisateur
d’'un mode de transmission sélectionné cor-
respondant, basé sur la liste de program-
mation pour la transmission/la réception de
données vers/a partir de la station de base,
dans lequel :

- ledit ensemble de modes de transmission
prédéterminé inclut au moins un mode de
transmission en multiplexage spatial, un
mode de transmission endiversité etun mo-
de de transmission a entrées multiples et
sorties multiples, multi-utilisateurs, et la
bande passante de chaque zone est seg-
mentée en une pluralité correspondante de
blocs de ressources (RB(b)), ladite matrice
de taux d’utilisation comprenant une plura-
lit¢ de sous-matrices correspondantes,
chaque sous-matrice correspondant a un
bloc de ressources spécifique, dans lequel
chaque élément d'une sous-matrice fournit
un score correspondant a un terminal utili-
sateur ou a un groupe de terminaux utilisa-
teurs, situé dans la zone correspondante
lorsqu’une transmission estréalisée vers le-
dit/a partir dudit terminal utilisateur ou dudit
groupe de terminaux utilisateurs, respecti-
vement, a partir de/vers la station de base,
en employant un mode de transmission sé-
lectionné parmi I'ensemble de modes de
transmission prédéterminés, utilisant le
bloc de ressources correspondant, et dans
lequel ledit groupe de terminaux utilisateurs
comprend une paire de terminaux utilisa-
teurs.

Procédé de la revendication 1, dans lequel chagque
sous-matrice a ses élémentsdisposés enun premier
nombre de lignes correspondant au nombre de ter-
minaux utilisateurs dans la zone correspondante et
un second nombre de colonnes correspondanta un,
plus le premier nombre, chaque ligne de la sous-
matrice correspondant a un terminal utilisateur res-
pectif et chaque colonne de la sous-matrice, a I'ex-
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ception de la derniére colonne, correspondant a un
terminal utilisateur respectif, chague sous-matrice
étant telle que :

- chacun de ses éléments appartenant a la dia-
gonale principale représente le score du termi-
nal utilisateur correspondant a la ligne de I'élé-
ment lorsqu’une transmission est réalisée vers
ledit/a partir dudit terminal utilisateur a partir
del/vers la station de base, en employant le mo-
de de transmission en multiplexage spatial uti-
lisant le bloc de ressources correspondant,

- chacun de ses éléments qui n'appartient ni a
la diagonale principale ni a la derniére colonne
représente le score de la paire de terminaux uti-
lisateurs incluant celui correspondant a la ligne
de I'élément et celui correspondant a la colonne
de I'élément, lorsgu’une transmission est réali-
sée vers/a partir de ladite paire de terminaux
utilisateurs a partir defvers la station de base,
enemployantle mode de transmission a entrées
multiples et sorties multiples, multi-utilisateurs,
utilisant le bloc de ressources correspondant, et
- chacun de ses éléments appartenant a la der-
niére colonne représente le score du terminal
utilisateur correspondant a la ligne de 'élément,
lorsqu’une transmission est réalisée vers ledit/
a partir dudit terminal utilisateur a partirde / vers
la station de base, en employant le mode de
transmission endiversité, utilisantle blocde res-
sources correspondant.

Procédé de la revendication 2, dans lequel ledit trai-
tement des éléments de la matrice de taux d'utilisa-
tion, pour créer la liste de programmation,
comprend :

- la génération d’'une autre matrice basée surla
matrice de taux d’utilisation, ladite autre matrice
ayantun nombre de lignes égalau premier nom-
bre, et un nombre de colonnes égal au second
nombre, chaque ligne de I'autre matrice étant
associée a une ligne correspondante de chaque
sous-matrice, et chaque colonne de l'autre ma-
trice étant associée a une colonne correspon-
dante de chaque sous-matrice, chaque élément
de 'autre matrice appartenanta une ligne etune
colonne de l'autre matrice dépendant des va-
leurs des éléments des sous-matrices apparte-
nant aux lignes correspondantes et aux colon-
nes correspondantes des sous-matrices asso-
ciées a ladite ligne et colonne de I'autre matrice,
et

- en répétant les étapes suivantes :

- larecherche de I'élément le plus élevé de ladite
autre matrice,

- l'insertion dans la liste de programmation des
éléments des sous-matrices situés dans les li-
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gnes et colonnes associées a la ligne et a la
colonne de I'élément le plus élevé de 'autre ma-
trice, ladite insertion étant réalisée selon un or-
dre décroissant de score, et

- la mise a zéro des éléments de I'autre matrice
appartenant a la ligne et a la colonne de I'élé-
ment le plus élevé et, sil'élément le plus élevé
est situé dans une ligne de 'autre matrice iden-
tifiée par unindex de matrice de la premiére ligne
et dans une colonne de l'autre matrice identifiée
par un index de matrice de la premiére colonne,
I'index de matrice de la premiére ligne étant dif-
férent de I'index de matrice de la premiére co-
lonne, et I'index de matrice de la premiére co-
lonne étant différent du second nombre, la mise
a zéro également des éléments de I'autre ma-
trice appartenant a la ligne identifiée par un in-
dex de matrice de laseconde ligne, égala'index
de matrice de la premiére colonne eta lacolonne
identifiée par un index de matrice de la seconde
colonne égal a I'index de matrice de la premiére
ligne,

- jusqu’a ce que chacun des terminaux utilisa-
teurs situés dans la zone ait un élémentde cha-
gue sous-matrice situé dans une ligne ou une
colonne correspondante, listée dans la liste de
programmation.

Procédé de larevendication 3, dans lequel ladite gé-
nération de l'autre matrice basée sur la matrice de
taux d’utilisation comprend la définition de chaque
élément de 'autre matrice appartenant a une ligne
et une colonne de l'autre matrice, a une valeur dé-
pendant de la somme d'un groupe de valeurs, cha-
que valeur du groupe correspondant au quotient de
la division enture :

- un élément d’une sous-matrice respective ap-
partenant a la ligne correspondante et a la co-
lonne correspondante de ladite sous-matrice,
associées a ladite ligne et colonne de l'autre ma-
trice, et

- une puissance de deux.

Procédé de larevendication 4, dans lequel ladite gé-
nération de l'autre matrice basée sur la matrice de
taux d’utilisation comprend la définition de chaque
élément de l'autre matrice appartenant a une ligne
et une colonne de l'autre matrice, a une valeur dé-
pendantd'un ensemble des élémentsles plus élevés
des sous-matrices appartenant aux lignes corres-
pondantes et aux colonnes correspondantes des
sous-matrices associées a ladite ligne et colonne de
I'autre matrice.

Procédé de larevendication 5, dans lequel ledit trai-
tement des éléments de la matrice de taux d’utilisa-
tion, pour créer la liste de programmation,
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comprend :

- en répétant les étapes suivantes :

- la recherche de 'élément le plus élevé de la
matrice de taux d’utilisation, leditélémentle plus
éleve appartenantaune ligne particuliére etune
colonne particuliere d’'une sous-matrice particu-
liere de la pluralité ;

- l'insertion dans la liste de programmation des
éléments des sous-matrices de la pluralité si-
tués dans la ligne et la colonne correspondant
au terminal utilisateur ou aux terminaux utilisa-
teurs correspondant a ladite ligne particuliére et
ladite colonne particuliere, ladite insertion étant
réalisée selon un ordre décroissant de score, et
- dans chaque sous-matrice, la mise a zéro des
éléments appartenant a la ligne et a la colonne
correspondant au terminal utilisateur ou aux ter-
minaux utilisateurs correspondant a ladite ligne
particuliere et ladite colonne particuliére et, sila
ligne particuliére est identifiée par un index de
matrice de la premiére ligne et la colonne parti-
culiére est identifiée par un index de matrice de
la premiére colonne, 'index de matrice de la pre-
miére ligne étant différent de I'index de matrice
de la premiére colonne, et I'index de matrice de
la premiere colonne étant différent du second
nombre, la mise & zéro égalementdes éléments
appartenant a la ligne correspondant au termi-
nal utilisateur correspondant a la ligne de la
sous-matrice particuliere identifiée par un index
de matrice de la seconde ligne, égal a 'index de
matrice de la premiére colonne, et a la colonne
correspondant au terminal utilisateur corres-
pondant a la colonne de la sous-matrice parti-
culiére identifiée par un index de matrice de la
seconde colonne, égal a I'index de matrice de
la premiére ligne,

- jusqu’a ce que chacun des terminaux utilisa-
teurs situés dans la zone ait un élément de cha-
gue sous-matrice situé dans une ligne ou une
colonne correspondante, listée dans la liste de
programmation.

Procédé de l'une quelconque des revendications
précédentes, dans lequel ladite association a cha-
que terminal utilisateur d’'un mode de transmission
sélectionné correspondant sur la base de la liste de
programmation inclut 'association du méme mode
de transmission sélectionné sur I'ensemble des
blocs de ressources, dans lequel ledit terminal utili-
sateur est affecté.

Procédé de l'une quelconque des revendications
précédentes, incluant, en outre :

- pour chaque sous-matrice, la mise a I'échelle
de la valeur de chaque élément avec un poids
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40

représentatif de la valeur d’'interférence intracel-
lulaire sur le bloc de ressources correspondant
a ladite sous-matrice.

9. Procédé de I'une quelconque des revendications
précédentes, incluant, en outre :

- sur la base de la liste de programmation, la
génération d'une liste d’allocation fournissant,
pour chaque terminal utilisateur ou paire de ter-
minaux utilisateurs, un groupe correspondant
de blocs de ressources a lui affecter, et

- sur la base de |a liste d’allocation, I'affectation
de chaque bloc de ressources a un terminal uti-
lisateur spécifigue ou a une paire de terminaux
utilisateurs, pour la transmission / réception de
données a / a partir de la station de base en
tenant compte de la qualité des exigences de
services.

10. Procédé de larevendication 9, dans lequel ladite gé-
nération de la liste d’allocation inclut :

- en ayant un groupe de classes de services, la
définition, pour chaque classe de service du
groupe, d'une file urgente correspondante de
terminaux utilisateurs ayant des données urgen-
tes,

- pour chague terminal utilisateur, dans une file
d'attente urgente, la mise a jour du groupe cor-
respondant de blocs de ressources a y affecter
avec de nouveaux blocs de ressources libres
jusqu’a ce qu’au moins une des conditions sui-
vantes soit remplié :

- les données urgentes dudit terminal utilisateur
ou de la paire de terminaux utilisateurs sont ter-
minées,

- une quantité maximale prédéterminée de don-
nées a allouer est atteinte, et

- il n'existe plus de blocs de ressources libres.

11. Procédé de la revendication 10, dans lequel ladite
génération de la liste d’allocation inclut, en outre :

- pour chaque terminal utilisateur la mise a jour
du groupe correspondant de blocs de ressour-
ces a y affecter avec un nouveau bloc de res-
sources libre dans lequel ledit terminal utilisa-
teur ou une paire de terminaux utilisateurs pré-
sente un pic local dans sa qualité de canal.

12. Procédé de la revendication 11, dans lequel ladite
génération de la liste d’allocation inclut, en outre :

- pour chaque terminal utilisateur ou paire de
terminaux utilisateurs, la mise a jour du groupe
correspondant de blocs de ressources a y af-
fecter avec unnouveau blocde ressources libre,
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14.

41 EP 2 681 886 B1

selon un comportement de type MaxCi

Procédé de I'une quelconque des revendications 10,
11 et 12, dans lequel ladite affectation de chaque
bloc de ressources a un terminal utilisateur spécifi-
gue ou a une paire de terminaux utilisateurs, pour la
transmission / réception de données vers / a partir
de la station de base, inclut en outre la sélection
adaptative d’'une modulation et d’'un schéma de co-
dage a utiliser sur un bloc de ressources, de telle
sorte que I'ensemble des blocs de ressources ap-
partenant & un mot code, utilise les mémes modu-
lation et schéma de codage, en vérifiant s'il est avan-
tageux pour le débit cellulaire d’allouer un nouveau
bloc de ressources a un terminal utilisateur ou a une
paire de terminaux utilisateurs, déja alloué a au
moins un bloc de ressources.

Réseau de communication sans fil comprenant au
moins une station de base associée a une zone cor-
respondante pour transmettre / recevoir des don-
nées vers des/ a partir de terminaux utilisateurs cor-
respondants situés dans ladite zone, dans lequel la
au moins une station de base inclut un programma-
teur configuré pour exécuter le procédé de l'une
quelconque des revendications précédentes.
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