wo 2022/158194 A1 |0 00000 K000 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

19) World Intellectual Propert N
O orgmtation = O 00 T O
International Bureau / (10) International Publication Number
(43) International Publication Date g WO 2022/158194 A1l
28 July 2022 (28.07.2022) WIRPOIPCT
(51) International Patent Classification: (74) Agent: SOGA, Michiharu et al.; S. Soga & Co., 2nd
H04B 17/345 (2015.01) H04B 17/391 (2015.01) Floor, Keihanshin Onarimon Building, 16-12, Shimbashi 6-

(21) International Application Number:

chome, Minato-ku, Tokyo, 1050004 (JP).

PCT/IP2021/046655 (81) Designated States (unless otherwise indicated, for every

(22) International Filing Date:

10 December 2021 (10.12.2021)

(25) Filing Language:

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
English Dz, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,

(26) Publication Language: English KP, KR, KW, KZ. LA, LC, LK, LR, LS, LU, LY, MA, MD,
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
21305079.2 22 January 2021 (22.01.2021)  EP NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,

. _ SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,

(71) Applicant (for all designated States except JP): TR, TT, TZ. UA, UG, US, UZ, VC, VN, WS, ZA. ZM. ZW.

MITSUBISHI ELECTRIC CORPORATION [JP/JP];
7-3, Marunouchi 2-chome, Chiyoda-ku, Tokyo, 1008310 (84) Designated States (unless otherwise indicated, for every

(JP). kind of regional protection available): ARIPO (BW, GH,
. . GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
(71) Applicant (for JP only): MITSUBISHI ELECTRIC UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

R&D CENTRE EUROPE B.V. [NL/NL]; Capronilaan 46,

NS Schiphol Rijk, 1119 (NL).

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(72) Inventor: GRESSET, Nicolas; c/o MITSUBISHI ELEC- MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TRIC R&D CENTRE EUROPE, 1 allee de Beaulicu CS TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

10806, RENNES Cedex 7, 35708 (FR).

KM, ML, MR, NE, SN, TD, TG).

(54) Title: METHOD, DEVICE, COMPUTER PROGRAM PRODUCT, AND NON-TRANSITORY INFORMATION STORAGE
MEDIUM FOR ESTIMATING PERFORMANCE OF WIRELESS COMMUNICATION NETWORK

[ ]/ S300
Start

-
Obtaining at least one set of consecutive J/S302

observations of interference activation

|
' N\
Determining a frequency channel
sequence associated with the at least one /8304
set of consecutive observations from the
frequency hopping sequence

~
Identifying a markov chain associated I5306
with the determined frequency channel

sequence
N S/

~N
Updating a set of probabilities p(b, |b,_, /5308
..., buy) accordingly

I

S310
[ End ]/

Fig. 3

.

(57) Abstract: A method for estimating a performance of a wireless communication
network for a given time-frequency resource allocation is disclosed. The communi-
cations in said wireless communication network are subject to interferences whose
activation is modelled by a binary random variable by indicating whether an interferer
is active or not at a time instant t, the discrete-time stochastic process {b‘}te oo+oo]
being modelled by a Markov chain with memory M. A frequency channel sequence
associated with at least one set of consecutive observations of interference activation
is determined (S304) from a frequency hopping sequence. The Markov chain associ-
ated with the determined frequency channel sequence is then identified (S306) and a
set of probabilities of the identified Markov chain is updated (S308) according to the
obtained at least one set of consecutive observations of interference activation.
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[DESCRIPTION]
[Title of Invention]

METHOD, DEVICE, COMPUTER PROGRAM PRODUCT, AND
NON-TRANSITORY INFORMATION STORAGE MEDIUM FOR
ESTIMATING PERFORMANCE OF WIRELESS COMMUNICATION
NETWORK
[Technical Field]

[0001] |

At least one of the present embodiments generally relates to a method and
a device for estimating a performance of a wireless communication network for
a given time-frequency resource allocation, more particularly in the case where
said communications in said wireless communication network occurs on a
subset of time and frequency resources defined according to a frequency
hopping sequence. -

[Background Art]
[0002]

Wireless networks operated on CBTC systems uses public radio frequency
bands. In particular, the 2.4 GHz ISM (Industrial, Scientific and Medical)
frequency band has been considered for wireless networks deployed in CBTC
systems. However, this band is also widely used by many radio frequency
devices (e.g. WiFi hotspots, microwave equipment). Consequently, radio
transmissions in CBTC wireless networks may suffer from interferences caused
by such external devices. Because of such interferences, many packets sent by
one end of a CTBC system may be unreceived by another end.

[0003]

Yet, in some CBTC systems, at least one packet must be exchanged

between both ends within a predetermined time period (typically between 1s

and 1.5s), otherwise the CBTC system starts a train stop procedure. Since a
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train stop impacts the traffic of several trains, it is desirable that a train stop
does not occur more than once a year, once every 10 years, or even once every
20 years.

[0004]

Solutions have been developed to reduce the number of train stops in a
given time frame. For example, it is known to dynamically allocate time-
frequency resources according to a database of interference measurements to
reduce the amount of train stops. To this aim, it i1s known to assess the
performance of the CBTC system for a given resource allocation by estimating
a metric of the wireless network based on the respective estimated distributions
of the probabilities of radio transmission error during a time window. However,
this metric assumes a time/frequency independency of the interference signal.
Yet, this hypothesis is not valid in the case of wideband sporadic interferers
such as Wi-Fi interferers.

[0005]

It is thus desirable to appropriately define the metric to better assess the
performance of the wireless network especially in case where the inference
signals are correlated in time and frequency, e.g. in the case of wideband
sporadic interferers such as Wi-Fi interferers.

[Summary of Invention]

[0006]

According to a general aspect of at least one embodiment, a method for
estimating a performance of a wireless communication network for a given
time-frequency resource allocation is disclosed. The communications in said
wireless communication network occur on a subset of time and frequency
resources defined according to a frequency hopping sequence. The
communications are subject to interferences whose activation is modeled by a

binary random variable b, indicating whether an interferer is active or not at a
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time instant t, the discrete-time stochastic process {b}¢e[-co+oq being

modelled by a Markov chain with memory M on a finite space, M being an
integer. The method comprises at least on iteration of:

- Obtaining, from a receiver, at least one set of consecutive observations
of interference activation;

- Determining a frequency channel sequence associated with the at least
one set of consecutive observations of interference activation from said
frequency hopping sequence;

- Identifying a Markov chain associated with the determined frequency
channel sequence; |

- Updating a set of probabilities of the identified Markov chain according
to the obtained at least one set of consecutive observations of interference
activation.

[0007]

The above method improves the assessment of the performance of a
wireless network especially in the case of inference signals correlated in time
and frequency, e.g. in the case of wideband sporadic interferers such as-Wi-Fi
interferers. Indeed, the learnt Markov chains allow for estimating performance
of the transmission on given resources of a frequency hopping system taking
into account the time/frequency correlation of interference.

[0008]

In an embodiment, the method further comprises estimating a value of a
metric representing the performance of said wireless communication network
for a first given time-frequency resource allocation responsive to said updated
set of probabilities.

[0009]
In an embodiment, estimating a value of a metric representing the

performance of said wireless communication network for a first given time-
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frequency resource allocation {n, (p)}gil from said updated set of probabilities,
where Np is the number of packets to be transmitted during a given time
window divided into time slots and n;(p) being an index of a time slot during
which the p-th packet is transmitted comprises:

- for each interference activation configuration of at least a subset of
all possible interference activation configurations
[b ) e, wa,l]e{O,l}NW‘“M , N,,+M being a number of time slots:

- obtaining Np values p(bnt(p)lbnt(p)_l, s bnt(p)_M) from the
Markov chain with memory associated with a frequency channel sequence
ne(n.(p) — M), ...,nf(nt(p)) where p varies from 1 to Np, nf(nt(p)) is an
index of a frequency channel used for the transmission of the p-th packet

defined according to the frequency hopping sequence;

- computing a first value as the product of the obtained Np values
P(Br ) by =15 -+ Prp(p)-m):

- obtaining a second value equal to f ({g(bnt(p), nf(nt(p)))}:;)’
where f() is representative of a performance of the wireless communication
network at an application layer and g (bnt(p),nf (nt(p))) =
b,y Pactivensne@y) T (1= bry))- Pinactivensne@)) >  Pactivens(ne@))
being a signal to noise ratio measured on the frequency channel ng(n.(p))
when any interferer is active and pipqctiven () being a signal to noise ratio
measured on the frequency channel ns (nt (p)) when no interferer is active;

- computing a third value as the product of the first value and the
second value; and
- summing the third values over all interference activation configurations
of the subset.
[0010]
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In an embodiment, computing a first value as the product of the obtained
Np values p(bn @) | Pniy=1 = r Py (p)- M) for each interference activation
configuration of a subset of all possible interference activation configurations
[b_ Y wa_l]e{O,l}Nw+M comprises using a binary tree implementation.

[0011]

In an embodiment, f ({g (bnt(p)l Ny (n; (P)))}gil) -

ngl P, (g (bnt(p),nf(nt (p)))) , where P,(.) is a function representative of

the probability of error when receiving a packet.

[0012]

In an embodiment, wherein f({g(bnt(p),nf(nt(p)))}gil) =

I_[gzl D (g (bnt(p), ns (nt(p)))), where D(.) is a function representative of the

number of bits that can be transmitted on a time-frequency resource.
[0013]

In an embodiment, obtaining, from a receiver, at least one set of
consecutive observations of interference activation comprises for at least one
ﬁme slot:

- measuring an interference plus noise level;

- comparing said measured interference plus noise level with a threshold;

- deducing the presence of interference responsive to said comparison.
[0014]

In an embodiment, updating a set of probabilities of the identified Markov
chain according to the obtained at least one set of consecutive observations of
interference activation comprises:

- adding one unit to a value storing the number of all the occurrences of

an event corresponding to said at least one set of consecutive observations of

interference activation;



WO 2022/158194 PCT/JP2021/046655

- adding one unit to a total number of occurrences for the identified
Markov chain; and |

- computing the set of probabilities p(b¢|bs_1, ..., be_py) responsive to
these values. '

[0015]

In an embodiment, updating a set of probabilities of the identified Markov
chain according to the obtained at least one set of consecutive observations of
interference activation comprises in the case where at least one observation is
in an unknown state:

- for each event corresponding to said at least one set of consecutive
obsérvations of interference activation with said at least one observation being
in an unknown state, adding one unit to a value storing the number of all the
occurrences of said event;

- adding one unit to a total number of occurrences for the identified
Markov chain; and

- computing the set of probabilities p(b;|b;_4, ..., bs_p) responsive to
these values.

[0016]

In an embodiment, the method further comprises estimating a value of a
metric representing the performance of said wireless communication network
for a second given time-frequency resource allocation responsive to said
updated set of probabilities and selecting the given set of time-frequency
resource allocations associated with the best metric’s value.

[0017]

According to a general aspect of at least one embodiment, a device
configured to estimate a performance of a wireless communication network for
a given time-frequency resource allocation is disclosed. The communications

in said wireless communication network occur on a subset of time and



WO 2022/158194 PCT/JP2021/046655

frequency resources defined according to a frequency hopping sequence. The
communications are subject to interferences whose activation is modeled by a
binary random variable b, indicating whether an interferer is active or not at a
time instant t, the discrete-time stochastic process {b;}e[-a0+cq being
modelled by a Markov chain with rﬁemory M on a finite space, M being an
integer. The device comprises at least one processor configured to implement
at least on iteration of:

- Obtaining, from a receiver, at least one set of consecutive observations
of interference activation;

- Determining a frequency channel sequence associated with the at least
one set of consecutive observations of interference activation from said
frequency hopping sequence;

- Identifying a Markov chain associated with the determined frequency
channel sequence;

- Updating a set of probabilities of the identified Markov chain according
to the obtained at least one set of consecutive observations of interference
activation.

[0018]

In an embodiment, the processor is further configured to estimate a value
of a metric representing the performance of said wireless communication
network for a first given time-frequency resource allocation responsive to said
updated set of probabilities.

[0019]

The present invention also concerns a computer program that can be
downloaded from a communication network and/or stored on a non-transitory
information storage medium that comprises program code instructions that can
be read and executed by a processing device, such as a microprocessor, for

causing implementation of the aforementioned method in any one of its
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embodiments. The present invention also concerns a non-transitory information

storage medium, storing such a computer program.
[0020] |

The characteristics of the invention will emerge more clearly from a
reading of the following description of at least one example of embodiment,
said description being produced with reference to the accompanying drawings.
[Brief Description of Drawings]
[0021]
[Fig. 1]

Fig. 1 schematically represents a wireless communication network in
which the preseht invention may be implemented.
[Fig. 2]

Fig. 2 illustrates the impact of wideband sporadic interferences on a
frequency hopping system.
[Fig. 3]

Fig. 3 depicts a flowchart of a method for learning Markov chains with
memory according to a first embodiment.
[Fig. 4]

Fig. 4 depicts a flowchart of a method for learning Markov chains with
memory according to a second embodiment.
[Fig. 5]

- Fig. 5 depicts a flowchart of a method estimating the performance of a

wireless communication network according to an embodiment.
[Fig. 6]

Fig. 6 depicts a binary tree used for the selection of most relevant

conditional probabilities according to one embodiment.

[Fig. 7]
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Fig. 7 depicts a flowchart of a resource allocation method in a wireless
communication network according to an embodiment.
[Fig. 8]

Fig. 8 schematically represents a communication device of the wireless
communication network according to an embodiment.
[Description of Embodiments]

[0022]

Fig. 1 schematically represents a wireless communication network, e.g.
using CTBC signalling, in which the present invention may be implemented.
Communications-based train control (CBTC) is a railway signalling system
that makes use of communications between the train and track equipment for
the‘trafﬁc management and infrastructure control.l
[0023]

The wireless communication network comprises APs 110, 111 located
along a path, i.e. the track 170 on which the train 130 is running. The invention
disclosed in the context of a train may also apply to other types of vehicle such
as for example a bus, the path, in this case, being a predefined route followed
by the bus.

[0024]

The APs 110, 111 offer services of the wireless communication network
to communication devices, such as a communication device 131 located in the
train 130. The communication device 131 is for instance a mobile terminal or
a relay station allowing mobile terminals located in the train to access the
services of the wireless communication network via the APs.

[0025]

The wireless communication network may further comprise a server 100,

for instance implemented in a core network implementing centralized radio

resources management and/or mobility management functionalities.
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[0026]

The APs 110, 111 may be interconnected. one with each other, thus
implementing decentralized radio resources management and/or mobility
management functionalities.

[0027]

Static interferers 150, 151, 152, 153 may be located sufficiently close to
the track 170 of the train 130 to impact the downlink communications from the
APs 110, 111 to the communication device 131 located in the train 130. Such
interferers 150, 151, 152, 153 are for instance Wi-Fi (registered trademark)
access points, conforming to the IEEE 802.11 standards.

[0028]

Other static interferers 140, 141 may be located sufficiently close to the
AP 110 to impact the uplink communications from the communication device
131 located in the train 130 to the AP 110. Such interferers .140, 141 are for
instance WiFi (registered trademark) access points, conforming to the IEEE
802.11 standards.

[0029]

Fig. 2 illustrates the impact of wideband sporadic interferences on a
frequency hopping system. On Fig. 2, the frequency band is divided into Nc
frequency channels of equal size. For example, the frequency band is 80 MHz
wide and is divided into 16 channel of S MHz each. In other words, each row
of the grid shown in Fig. 2 represents a 5 MHz wide frequency band. The
frequency carrier is for example around 2.4 GHz. It should be noticed that Wi-
Fi interferers are the most probable users of the 2.4 GHz ISM band.

[0030]

Time is divided into frame periods. Each frame period is then divided into

time slots of equal size, e.g. of 4 ms. Usage of one such frequency channel

during one such time slot defines one time and frequency resource.
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[0031]

| The transmission is performed using time and frequency resources of said
grid according to a frequency hopping sequence, i.¢. the transmission of packets
occurs on a subset of time and frequency resource defined by a periodical
pattern. On Fig. 2, the black squares thus show an illustrative example of such
a periodic frequency hopping sequence over a represented frame of twenty time
slots. This pattern is usually a permutation of the sequential usage of all
channels defined in a given frequency band. Said otherwise, the frequency
hopping sequence defines a pattern usage of the frequency channels according
to the time slots. A time and frequency resource is thus identified by a time slot
index t and a corresponding frequency channel index nqt). The time slots are
indexed from minus infinity to plus infinity.
[0032]

On fig. 2, the gray rectangles P1 and P2 represent packets of a Wi-Fi
interferer using a 20MHz-band which corresponds to 4 adjacent SMHz-
channels of the frequency hopping system. In the case where the packets P1
and P2 of the Wi-Fi interferers are longer in time than the typical period of time
between two usage of any of the four above-mentioned adjacent channels as
defined by the frequency hopping system, the same Wi-F1 packet interferes on
at least two packets of the frequency hopping system transmitted in a given
time window. In the case where the Wi-F1 packets are shorter but transmitted
in bursts, the probability that interference occurs on at least two packets of the
frequency hopping system transmitted in a given time window is high.

[0033]

In- order to appropriately assess the performance of a wireless
communication network subject to interferers and that uses a frequency
hopping system for time-frequency resource allocation, it is thus desirable to

correctly model the time-frequency correlation of the interferers. To this aim,
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Markov chains with memory are used and learned responsive to measurements
on interferences made by receivers.
[0034] |

The performance at an application layer is representative of a probability
that at least one data packet is successfully transferred from one end to the other
during a given time window. For example, the application layer relates to
CTBC and at least one packet must be exchanged from one end to the other
during a given time window, otherwise a train stop procedure starts. In another
example, the application layer performs obstacle detection. In this specific case,
enough sensor data must be sent from the train to the server to allow the
detection of any obstacle in due time. In a last example, the application layer
relates to CCTV (Closed-Circuit TeleVision) and requires enough video data
to be transmitted between the train and the server.
[0035]

In the following, a time window starting at time index t=0 is considered
that 1s split into N, time slots. The signal to noise ratio experienced by a
receiver of a communication occurring during the t® time slot (and
consequently on-the frequency channel of index nft)) is denoted p,. One
transmission of a data set in the considered system is split into N, packets that

are transmitted on a subset of the N, time slots. The index of the time slot

P

during which the p-th packet is transmitted is denoted n;(p). {n.(p) }g=1 thus

denotes the set of N,, indices identifying the time slots on which the packets are

sent during the considered time window. Since a frequency hopping system is
used, the frequency channel on which each of the N, packets is transmitted
varies from one packet transmission to another. The index of the frequency

channel used for transmission of the p-th packet is denoted ns(n.(p))

[0036]
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In a specific embodiment, the activation of interferers is modeled by a
binary random variable b, indicating whether an interferer is active or not at a
time instant t. The discrete-time stochastic process {b;}¢e[-co+aq can be
approximatively modeled by a Markov chain with memory M defined on a
finite space, M being an integer. With a high value of M, typically between 10
and 20, the discrete-time stochastic process {b; }¢e[— oo+ o] is Well approximated.

The performance of the wireless communication network for a given time-
Np

pe1 is assessed by estimating the

frequency resource allocation {n.(p)}

following metric:

f(tne@h?,) =

Np
Np
Z Kﬂ G bnt(p)—M)> f ({Pnt(m,nf(nt(p))}p:l)]
[D-p b,y -1 |€{0,1}NWHM '

p=1

p=1

Np
B Kﬂp(bndmlbnz(m—v - bnt(v>—M)> ! ({g(bntcm'nf(nt(p)))}gil)}
(DD pyy~1)€{0,1} VWM

(Eq.1)
where:
Pre@)np(ne®) is a signal to noise ratio experienced during the time slot n,(p)
and on the frequency channel n (n:(p)), that relates to the random variable b,
and is defined as follows:
Pre)ns(n@) = 9 (Brypy 1 (e (D))

= bnt(p)- pactive,nf(nt(p)) + (1 - bnt(p))-pinactive,nf(nt(p))
(Eq.2)

where pgcrivern 18 @ reference signal to noise ratio observed when any

interferer is active on frequency channel n, and pj,qctive n 1S @ reference signal
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to noise ratio observed when no interferer is active on frequency channel n, and

wherein pgctive n (O and Pinactiven (0 do not depend on the time t.

[0037]

In a variant, pactiven () and pingctiveny(t) further depend on the time ¢t.

This may be the case if the receiver or the transmitter is moving. In this variant,
a fingerprint database of signal to noise ratio or a prediction algorithm may be

used to get Pactivens(t) and Pinactivens(t) for each time index t. Such a

fingerprint database stores data related to such signal to noise ratios for each
frequency channel index and regions of space associated with region of space

indexes. Thus, it is possible to obtain the two values of Pactivens(t) and
Pinactivens(t) from the train trajectory and the frequency hopping sequence.

Indeed, for a given time ¢, the frequency hopping sequence provides the
frequency channel index ny(t); and the train trajectory provides the train
position which allows to compute the index of the region of space to which the

position belongs. The two values of Pactivens(t) and Pinactiven () are read in
the database entries associated with the frequency channel index ns(t) and the

region of space index.

[0038]

Np

The function f ({pnt(p),n f(nt(p))} ) is for example defined as

p=1

I—[gil P, (pnt(p)’nf(nt(p))), where P,(.) is a function representative of the

probability of error when receiving a packet. Thus, this function represents the
probability that no packet is successfully received among the N, packets

transmitted during the considered time window. In a variant, f() is defined as

ZZLD(pnt(p),nf(ng(p)))= where D(.) is a function representative of the

number of bits that can be transmitted on the time-frequency resource. The
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probability p(bnt(p)|bnt(p)_1, ...,bnt(p)_M) inherently carries the structure of
the frequency hopping system. In other words, the time slots n.(p) — M to
n,(p) are associated with frequency channels ng(n.(p) — M),...,ns(n.(p))
according to the frequency hopping sequence. Thus, the function f() relates to
the performance of the wireless communication network at an application layer.
[0039]

In order to estimate the metric defined by (Eq. 1), it is desirable to learn
the Markov chains to get the probabilities p(bnt(p) [Dn, ()15 - » P () - M).
[0040]

Fig. 3 depicts a flowchart of a method for learning Markov chains with
memory according to a first embodiment. The communications in said wireless
communication network occurs on a subset of time and frequency resources
defined according to a periodical frequency hopping sequence. The frequency
hopping sequence has a periodicity of Try. In this first embodiment, the
receivers are able to make measurements on the interference on all time slots
following the frequency channel usage as predetermined by the frequency
hopping sequence.

[0041]

The method starts at S300.

[0042]

At S302, at least one set of consecutive observations of interference
activation b;_y,, ..., b; is obtained. In one specific embodiment, the consecutive
observations of interference activation are obtained from a receiver. Indeed, the
receiver is able to make measurements on the interference at all time slots
following the frequency channel usage as predetermined by the frequency
hopping sequence. From the measurements, the receiver is able to determine,

for each time slot t, an observation b, of interference activation for example by



WO 2022/158194 PCT/JP2021/046655

16

applying a threshold on the measured interference plus noise level to convert it
into a binary observation (presence of interference/no presence of interference).
In the case where the interference plus noise level is above the threshold,
interference is considered to be present and in the case where the interference
plus noise level is below the threshold no interference is considered to be
present.

[0043]

At 8304, a frequency channel sequence ns(t — M), ..., n;(t) associated
with the at least one set of consecutive observations of interference activation
bt _p, ..., by 1s determined from the frequency hopping sequence. Let ny - be
the number of distinct M+1—up1é of frequency channel sequences ng(t —
M), ... ,‘nf (t) resulting from the frequency hopping sequence. Each frequency
channel sequence ng(t — M), ..., ns(t) is associated with a Markov chain with
memory since each sequence models a specific configuration of time/frequency
correlation of interference. Thus, ny, . Markov chains with memory are defined,
where 2 < ny < Tpy Each Markov chain with memory is associated with a
set of probabilities p(b;|b;_4, ..., bt__ u)- Nyc is calculated in advance based on
the frequency hopping sequence. At S306, a Markov chain with memory
(among the ny - Markov chains) that is associated with the frequency channel
sequence determined at S304 is identified.

[0044]

At S308, a set of probabilities p(b;|b;—q, ..., br_p) of the identified
Markov chain are updated accordingly. As an example, in a specific
implementation, each Markov chain with memory is implemented by using a
vector with 2M*1 entries, each entry index corresponding to a given
configuration of the interference activation by_y,...,b; and storing the

estimated probability p(b;|b;_1, ..., br_p). In this case, the row of the vector
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associated with the identified Markov chain corresponding to the set of
consecutive observations of interference activation b;_, ..., by obtained at
S302 is identified and updated. Updating comprises adding one unit to a value
storing the number of all the occurrences of such event since the beginning of
the learning process, adding one unit to the total number of occurrences for the
given Markov chain with memory, and computing p(b;|bs_1, --., be_py) by
dividing these two values. At the beginning of the learning method, the
probabilities are initialized to 0 or 1/2M*1 and the number of occurrences is
initialized to 0. As an example in the case where M=1, a vector X=(X1, X2, X3,
X4) is stored, where X1 = p(b, = 0lb,_, =0), X2= p(b; = 0|b;_; =
1),X3 = p(b; = 1|b;—; =0) and X4 = p(b; = 1|b;_; = 1). In the case
where the set of consecutive observations of interference activation b;_; = 1
and b=0 is obtained at S302, X2 is updated. To this aim, one unit is added to
the value storing the number of occurrences of the event (b;~1 = 1, b=0) since
the beginning of the learning process, one unit is added to the total number of
occurrences for the given Markov chain with memory, and finally all
p(b¢|b¢-1, ..., br_p) are computed by dividing the number of occurrences of
the event by the total number of occurrences. |

[0045]

Nb_occurrence(by=0,bs1=1)

As an example, X2= p(b; =0|b;~, =1) =

Total_Nb_occurences
Since the value of Total_Nb_occurences is incremented by one, all the other
probabilities, i.e. X1, X3 and X4, are also updated to take into account the new
value Total_Nb_occurences.

[0046]

In a variant, an exponential smoothing function is used (if V is a stored
value, it is updated with a new value v by replacing Vby V x (1 — u) + v X u,

where u is a parameter typically small). In this case, the value stored in the
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identified row is updated using the new value v =1 while the other rows are
updated using the new value v =0. This allows not to store the total number of
occurrences and avoid making divisions. A normalization of the rows is then
necessary before usage of the probabilities since they must sum up to one.
[0047]

The method ends at step S310.
[0048]

The method of Fig 4 may be implemented in a transmitter, e.g. in the APs
110, 111, in the server 100, or in a receiver, €.g. in the communication device
131. As an example, the receiver may obtain and transmit the at least one set of
consecutive observations of interference activation b;_y,:..,b; to the
transmitter that is in charge on updating the Markov chains. In a variant, the
receiver obtains the at least one set of consecutive observations of interference
activation b;_y, ..., by, updates the Markov chains and transmits the updated
Markov chains to the transmitter.

[0049]

Fig. 4 depicts a flowchart of a method for learning Markov chains with
memory according to a second embodiment. The communications in said
wireless communication network occurs on a subset of time and frequency
resources defined according to a periodical frequency hopping sequence. The
frequency hopping sequence has a periodicity of Try. The method may be
@mplemented in a transmitter, e.g. in the APs 110, 111, in the server 100, or in
a receiver, e.g. in the communication device 131. At the beginning of the
method the probabilities are initialized to 0 or 1/2M*! and the number of
occurrences is initialized to 0. In this embodiment, the receivers are not able to
make measurements on the interference on all time slots of the N, time slots of
the considered time window. Indeed, the receiver may switch off during some

time slots, €.g. to save energy or to switch into transmit mode. In this case, the
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interference activation b;_y,, ..., by may not be uniquely defined because some
information is missing, i.e. some values among by, ..., by may be in an
unknown state.
[0050]

The method starts at S400.
[0051]

At S402, at least one set of consecutive observations of interference
activation b;_p, ..., bj, ..., by is obtained, wherein at least one observation b
of the set is in an unknown state. Being in an unknown state means that it is
unknown whether the value of b is 0 or 1. In one specific embodiment, the
consecutive observations of interference activation are obtained from a receiver.
Indeed, the receiver is able to make measurements on the interference at least
some time slots following the frequency channel usage as predetermined by the
frequency hopping sequence. From the measurements, the receiver is able to
determine, for at least some time slots, e.g. for each time slot except the j time
slot, an observation of interference activation. For example, the receiver
determines the observation of interference activation b; by applying a threshold
on the measured interference plus noise level to convert it into a binary
observation (presence of interference/no presence of interference). In the case
where the interference plus noise level is above the threshold, interference is
considered to be present and in the case where the interference plus noise level
is below the threshold no interference is considered to be present.

[0052] ’

At 8404, a frequency channel sequence n(t — M), ..., n(t) associated
with the at least one set of consecutive observations of interference activation
b¢_m, ., by is determined from the frequency hopping sequence. Each

frequency channel sequence ng(t — M), ..., ns(t) is associated with a Markov

chain with memory since each sequence characterizes a specific configuration
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of time/frequency correlation of interference. Thus, ny Markov chains with
memory are defined, where 2 < ny < Try. Each Markov chain with memory
is associated with a set of probabilities p(b;|b¢_1, -, br_pr)-

[0053]

At S406, a Markov chain with memory (among the n,,, Markov chains
with 2 < ny < Try) that is associated with the frequency channel sequence
determined at S404 1s identified.

[0054]

At S408, a set of probabilities p(b;|b;q, ---, bs—p) of the identified
Markov chain are updated taking into account the fact that b; is in an unknown
state. As an example, in a specific implementation, each Markov chain with
memory is implemented by using a vector (also called main vector) with 2¥+1
entries, each entry index corresponding to a given configuration of the
interference activation b;_p, ..., b; and storing the estimated probability
p(bs|be_q, ..., b_py) In this case, the rows of the vector associated with the
identified Markov chain compatible with the set of consecutive observations of
interference activation by_y, ..., bj, ..., by obtained at S402 are identified and
updated. In the case where only one observation b; is unknown, two rows
p(be|b—y, ..., bj =0, ...by_p) and p(b¢|by—y, ..., bj = 1, ... by_y ) are updated.
Updating comprises, for each of the above events, adding one unit to a value
storing the number of all the occurrences of the given above event since the
beginning of the learning process, adding one unit to the total number of
occurrences for the given Markov chain with memory, and computing the two

probabilities by dividing these two values.

[0055]
Since the total number of occurrences for the given Markov chain with

memory is incremented by one, all the other probabilities are also updated.
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[0056]

The method ends at step S410.
[0057]

In the method disclosed with respect to Fig. 4, a single observation b; is in
an unknown state. The present principles may be extended to more than one

unknown observation.
[0058]

In a specific embodiment, only a subset of the interference activation
configurations is considered relevant, namely those with a relevant contribution
to the metric in (Eq. 1). Taking into account only these relevant interference
activation configurations makes it possible to reduce the complexity and
memory usage. For example, an interference activation configuration
by_p, .-, by associated with an identified Markov chain with memory 1s not
considered relevant in the case where:

a) g(bnt(p),nf(nt(p))) is above a given threshold, for example 10dB.
Indeed, in this case the signal to noise ratio is so high that it has a low impact

on the error rate. Therefore, the value g(bnt(p), ne(n, (p))) or more precisely,

Pactivens(ne(p)) A Pinactiven (ny(py) Used to computed g(bn,p), nr(n:(p)))
are not stored; or

b) p(bs|b—y, ..., bs_py) is below a given threshold, for example 107
[0059]

Indeed, in this case, the interference activation configuration by_yy, ..., by
has no impact on the final value of the metric in (Eq. 1) even in the worst case
where all the other terms take a maximum value. Therefore, the probability
p(b;|bi_q, ..., br_p) is not stored in this case.

[0060]
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However, an interference activation configuration b;_y, ..., b, not
considered relevant at some point in time may become relevant in the future,
for examplé responsive to new measurerhents. Thus, in a variant, the
interference activation configuration is added as an entry in a temporary vector.
The associated probability p(b;|bs_4, ..., bs—p) of the identified Markov chain
is updated as for the main vector of the identified Markov chain with memory
during a predefined amount of time or for a predefined number of observations
of the interference activation configuration. Finally, the probability
p(b;|bi_q, ..., bs_p) is inserted in the main vector if it does not verify the
above-mentioned condition b).

[0061]
Fig. 5 depicts a flowchart of a method estimating the performance of a

wireless communication network for a given time-frequency resource
. N : :
allocation {nt(p)}pz1 according to an embodiment. From the learned Markov

chains, it is possible to compute the estimated metric defined by (Eq. 1).

[0062]

The method starfs at S500 with a given interference activation
configuration [b_y, ..., by,,—1]€{0,1}Mw*M.
[0063]

At S502, Np probability values p(bn,)|bn,p)-1 - Puypy-m) are
obtained from the stored Markov chain with memory associated with the
frequency channel sequence ns(n.(p) — M), ...,nf(nt(p)) with p varying
from 1 to Np.

[0064]
At S504, the following product is computed:

N
A= (1122, Do gty -1s - Brapr-us))
[0065]
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At S506, for all p between one and N, the values g(bnt(p),nf(nt (p)))

are obtained. These values g(bnt(p),nf(nt(p))) are obtained, as previously
disclosed in (Eq. 2), from the signal to noise ratios Pactivens(t) and

Pinactivens(t) that are either measured or read from a database. Then, the value

B = f({g(bnt(p),nf(nt(p)))}gil) is computed. In an example, B=

N ‘ N
Hpil P, (pnt(p),n f(nt(p)))' In another example, B= Zpil D (pnt(p),n f(nt(p))>'

[0066]
At S508, the product C=A*B is computed for the given interference

activation configuration.

[0067]

The steps S502 to S508 are repeated until all interference activation
configurations [b_y, ..., by, —1]€{0,1}"*M are considered (S510). Each time
the method runs through S502, a new interference activation configuration is

considered among the 28%*M) interference activation configurations.
[0068]

At S512, C is summed over all interference activation configurations.
[0069]

The method ends at S514.
[0070]

In a variant, only a subset of all interference activation configurations is

considered. Indeed, the list of all interference activation configurations can be
restricted to [bﬂ(l), . bﬂ(m,)]e{o,l}m' where the set Q defined as
o= | ) @ -M..n)
1<p<Np

[0071]
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In other words, the index a belongs to ) if and only if there exists a p in
[1, Np] and a m in [0, M] such that a = n.(p) — m. As a result, the maximum
cardinality |Q| of Q is (M + 1)N,, when all index sets [n.(p) — M, ...,n.(p)]
~ are disjoints, and its minimum value is M + N, when the n,(p) time index are
successive integers (They cannot be equal since they correspond to different
packet transmission time).
[0072]

Only || indices of time slots within the considered time window plus
memory M are actually useful for the computation of the metric’s value.
Therefore, the list of interference activation configurations may be restricted to

[bﬂ(l), ...,bQ(IQD]e{O,l}'Q' that is a subset of all possible interference

activation configurations.
[0073]

In this case, the steps S502 to S508 are repeated until all interference
activation configurations in the subset are considered (S510). In this variant, at
S512, C is summed over all interference activation configurations of the subset.
[0074]

In a specific embodiment, the most relevant probabilities
p(bt|bt_1, ..,b;_y) are selected using a binary tree implementation as
depicted on Fig. 6. This makes it possible to reduce the complexity of the
calculation of the metric of (Eq. 1). Indeed, the list of all interference activation

configurations can be seen as a binary tree on [bQ(l), e bQ(|Q|)]e{O,1}'m, each

leaf (ie. end of tree branch) being  associated  with

N
(szl p(bnt(p) |bre(py)-1 -+ bnt(p)—M))'
[0075]
Starting from a root node of the binary tree, carrying an initial probability

value “1”, two branches are generated for b1y = 0 and bq(;y = 1. Each child
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node thus  generated is associated  with a  probability
p(bg(l) |ba1y-1 -+ bag)- M). This operation is repeated recursively as follow.
From all the branches determined in a depth k-1 corresponding to bg 1y, two
additional branches are generated for boqy = 0 and bgy) = 1. After each
repetition of this operation, it is checked whether there exists pcurrent such
that Q(k) = n;(pcurrent). If not, the value carried by the parent node
resulting from the depth k — 1 is associated with the corresponding two child
nodes. If this is - the case, the probability
p(bnt(pcurrent) | b weurrent)—1s =+ bnt(pc-urrent)—M) is read from the Markov
chain with memory associated with the frequency channel sequence

ny(ny(pcurrent) — M), ..., ns (n.(pcurrent)) and interference activation

configuration by, (pcurrent)~m» -+ » Dny(peurrent)-
[0076]

The read value is multiplied by the value carried by the parent node
resulting from the depth k — 1 and the value resulting from this multiplication

is associated with the corresponding child node. If, for each new child node,

pcurrent

this value (i.e. [[;,2; p(bnt(p) |bn,(p)=15 -+ _bnt(p)_.M)) is below a given
threshold (e.g. P1, P2, P4, PS5 and P7 on Fig. 6), the branch is not continued and
thus cut. On Fig. 6, the branches corresponding to P1, P2, P4, P5 and P7 are cut

while the branches corresponding to P3, P6 and P8 are continued. At the end,

only the values of Hgilp(bnt(p)lbnt(p)_l, ...,bnt(p)_M) that are associated

with the leaves of the tree and that are above a given threshold remain.
Therefore, these values are computed in an efficient manner that keeps memory

and computational resource reasonable.

[0077]



WO 2022/158194 PCT/JP2021/046655

26

In a variant, instead of cutting branches via thresholding, only a
predetermined number of branches, e.g. 20, corresponding to the best values
associated with new children nodes is kept at each step.

[0078]
: N : :

Thresholding szlp(bnt(p)lbnt(p)_l, ...,bnt(p)_M) makes it possible to
limit complexity, but if the remaining branches are finally attached to a small

' N : :
value f ({g(bnt(p), ns (nt(p)))}pil) , it would be better to discard the
associated branch earlier. However, with a generic form of f(.), all the values
of by, p) are needed for its computation, and no branch can be cut that is

involved in the evaluation of f(.). Therefore, in another embodiment, the

procedure described above is applied to

N. N .
(1137, (B, | By py=15 -+ By ) £ ({g(bnt(p)'nf("t(P)))}pil) in the

case where f(.) can be decomposed as follows:

Np

O =] 1 (9bnwy ne@)))
p=1

The inner terms of the sum in (Eq.l1) can be written as

N :
(szl P(Breo) b )-15 -+ Prycoy-m ) fo (g (bry s (nt(P)))))- In this case,
the list of all interference activation configurations can be seen as a binary tree
on [bg(l), e bQ(mD]e{O,l}'Q' , each leaf (i.e. end of tree branch) being

associated , with

(Hﬁil P(br ) Brcor-1 - brocoy-1) fy (9 (B "f("t(P)))))-

[0079]
Consequently, instead of applying the thresholding procedure detailed

pcurrent

p=1 p(bnt(p) |Drp)=1s -+ bnt(p)_,p,), pcurrent being the current

above to []

depth, it is directly applied to
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(Hgil;rrent P(Br, o) brepy-15 -+ » bneoy-—ma) fo (g (Br vy, 1 (e (p)))))

by defining a threshold to cut some branches, or by saving only predetermined
number of branches corresponding to the best values at each step.

[0080] |
Np Np . .
The f ({nt(p)}p=1 ) =12, P (pnt(p)) verifies the above property with

fo(x) = P (x) and py, ) np(n, ) = 9 (bn, iy, np (n: (0))).
[0081] |

The learned Markov chains and consequently the estimated metric defined
by (Eq. 1) may be used in several applications, e.g. resource allocation.

[0082]

Fig. 7 depicts a flowchart of a resource allocation method in a wireless
communication network according to an embodiment.

[0083]
In a step S600, the transmitter 100 estimates a metric’s value for each

possible resource allocation, i.e., for several configurations of the set
N : :
{n, (p)}pzl. As an example, the transmitter has a codebook of predetermined

resource allocation.
[0084]

In an optional step S602, the transmitter 100 sorts the possible resource
allocations according to a predefined criterion, i.e. in increasing (or decreasing
depehding on whether the metric’s value is to be maximized or minimized)
order of the estimated metric values. Sorting the possible resource allocations
facilitate the execution of a following step S604.

[0085]
In a step S604, the transmitter 100 selects the resource allocation

associated with the best estimated metric’s value. The best metric value may be
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the highest or the lowest estimated metric’s value depending on whether the
metric’s value is to be maximized or minimized. In the case where f() is defined
from Pe(.), then the metric’s value is to be minimized while in the case where
f() is defined from D(.), then the metric’s value is to be maximized.

[0086] |

In another specific embodiment, a set of Markov chains is stored for each
geographical area of a given set of geographical areas in a database. In this case,
a feedback from a first receiver, e.g. a first train, may be used to update these
stored Markov chains, the updated Markov chains being used for resource
allocation of a second receiver, e.g. a second train, crossing the same
geographical area at a later time. More precisely, the measurements on the
interference made in the first receiver are transmitted to the database which
updates the stored Markov chains based on the transmitted measurements. In a
variant, new Markov chains are computed in the first receiver and transmitted
to the database. The database receiving the new Markov chain either replaces
the former stored Markov chains with the new ones or combines them. Indeed,
in the case where the receivers are moving, the feedback may be too long, i.e.
the receiver’s condition may have drastically changed between the time the
measurements are done and the time the Markov chains are updated. Storing,
in a database, a set of Markov chains per geographical area makes it possible
solves this problem.

[0087]

In another specific embodiment, resource allocation is performed
according to an online scheduling technique. In this case, several receivers may
be in communication with the transmitter. The transmitter has to decide to
which receiver to allocate a next time slot according to the past allocations. In
this case, an implementation using a K best tree computation may be used as it

is easy to start from the last status of remaining branches and compute the
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estimated metric corresponding to allocating the new resource to each one of
the receivers, deciding to which user the resource must be allocated by

maximizing the minimum value among the receivers. More precisely, the N, —

1 previous resource allocations n,(p), ..., (N, — 1) associated with the
considered receiver are recovered, and it 1s assumed that the next time resource

n; (Np) is allocated for a transmission towards said receiver. Thus, it is possible

to compute Eq.] and storing the metric f ({nt (p)}gzl) associated with said

receiver. The operation is repeated for each receiver. The implementation
complexity can be reduced by using a K best tree computation for each receiver
in parallel. After the computation of the metric for each receiver, the current
resource is allocated to the receiver exhibiting the best metric. The sets
n:(p), ..., nt(Np — 1) are updated accordingly.

[0088]

In a variant, the estimated metric values computed from Markov Chains
is only used in some specific configurations. In an example, a transmitter
estimates a first metric’s value classically, i.e. without using Markov chain with
memory. This first estimated metric’s value is transmitted to a receiver. The
receiver learns the Markov chains, e.g. using the method disclosed with respect
to Figs 3 or 4, and estimates a second metric’s value from these Markov chains,
¢.g. using the method disclosed with respect to-Fig. 5. In the case where the
absolute difference between the first and second estimated metric’s values is
above a threshold, the receiver informs the transmitter to use these Markov
chains in order to estimate a metric’s value. To this aim, the recetver may
transmit the learned Markov chains to the transmitter in order to improve
resource allocation. Otherwise, 1.e. the difference between the two estimated
metric’s values is below the threshold, the metric’s value is estimated

classically. In this variant, the learned Markov chains are only used in some
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specific cases where it is beneficial to use them which makes it possible to
decrease the overall complexity.
[0089]

The estimated metrics may be used for other applications such as for
monitoring radio conditions in a CBTC radio environment. Such monitoring
can be used to provide a prediction of train stop events and thus cope in advance
with undesirable situations. In another embodiment, the estimated metric may
be used to estimate the performance of a virtual deployment of receivers.
[0090]

Fig. 8 schematically represents a communication device 750 of the
wireless communication network according to an embodiment. The
communication device 750 may be a representation of an AP, such as the AP
110, and/or may be a representation of a communication device, such as the
communication device 131, and/or may be a representation of the server 100.
[0091]

According to the shown architecture, the corhmunication device 750
comprises the following components interconnected by a communications bus
710: a processor, microprocessor, microcontroller or CPU (Central Processing
Unit) 700; a RAM (Random-Access Memory) 701; a ROM (Read-Only
Memory) 702; an HDD (Hard-Disk Drive) or an SD (Secure Digital) card
reader 703, or any other device adapted to read information stored on storage
means; and, a set of at least one communication interface 704.

[0092]

The set of at least one communication interface 704 allows the
communication device 750 to communicate with at least one other
communication device of the wireless communication network.

[0093]
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CPU 700 is capable of executing instructions loaded into RAM 701 from
ROM 702 or from an external memory, such as an SD card. After the
communication device 750 has been powered on, CPU 700 is capable of
reading instructions from RAM 701 and executing these instructions. The
instructions form one computer program that causes CPU 700, and thus the
communication device 750, to perform some or all of the steps of the methods
described above.

[0094]

Any and all steps of the methods described above may be implemented in
software by execution of a set of instructions or program by a programmable
computing machine, such as a PC (Personal Computer), a DSP (Digital Signal
Processor) or a microcontroller; or else implemented in hardware by a machine
or a dedicated component, such as an FPGA (Field-Programmable Gate Array)
or an ASIC (Application-Specific Integrated Circuit). The communication
device 750 may comprise electronic circuitry configured to perform some or

all of the steps of the methods described above.
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[CLAIMS]
[Claim 1]

A method for estimating a performance of a wireless communication
network for a given time-frequency resource allocation, wherein said
communications in said wireless communication network occur on a subset of
time and frequency resources defined according to a frequency hopping
sequence characterized in that said communications are subject to interferences
whose activation is modeled by a binary random variable b, indicating whether
an interferer is active or not at a time instant t, the discrete-time stochastic

process {D¢} e[ co+ o) being modelled by a Markov chain with memory M on

a finite space, M being an integer, said method comprising at least on iteration
of:

- Obtaining (S302), from a receiver, at least one set of consecutive
observations of interference activation;

- Determining (S304) a frequency channel sequence associated with the at
least one set of consecutive observations of interference activation from said
frequency hopping sequence;

- Identifying (S306) a Markov chain associated with the determined
frequency channel sequence;

- Updating (S308, S408) a set of probabilities of the identified Markov
chain according to the obtained at least one set of consecutivve observations of
interference activation.

[Claim 2]

The method according to claim 1, further comprising:

- Estimating (S512) a value of a metric representing the performance of
said wireless communication network for a first given time-frequency resource
allocation responsive to said updated set of probabilities.

[Claim 3]
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The method according to claim 2, wherein estimating a value of a metric

representing the performance of said wireless communication network for a
: . : N :
first given time-frequency resource allocation {n; (p)}pi1 from said updated

set of probabilities, where Np is the number of packets to be transmitted during
a given time window divided into time slots and n,(p) being an index of a time
slot during which the p-th packet is transmitted comprises:

- for each interference activation configuration of at least a subset of all possible

interference activation configurations [b_y, ..., by, —1|€{0,1}"*M N, +M
being a number of time slots: |

- obtaining (S502) Np values p(bnt(p) |Drypy)—1s s bnt(p)_M) from the

Markov chain with memory associated with a frequency channel

- sequence ne(me(p) — M), ...,ns (nt (p)) where p varies from 1 to Np,

ns (nt (p)) is an index of a frequency channel used for the transmission

of the p-th packet defined according to the frequency hopping

sequence;

- computing (S504) a first value as the product of the obtained Np values

P (b, )| Prpy-1s -+ Pr()-m )

- obtaining (S506) a second value equal to
N : :
f ({g(bnt(p), ne(ng (p)))}pil) , where f() is representative of a
performance of the wireless communication network at an application
layer and g (bnt(p), ng(ng (p)))=

bnt(p)-'pactive,nf(nt(p)) + (1 - bnt(p))-pinactive,nf(nt(p))a pactive,nf(nt(p))
being a signal to noise ratio measured on the frequency channel ng(n:(p))

when any interferer is active and pinactive n £(e(D)) being a signal to noise ratio

measured on the frequency channel ng (nt (p))when no interferer 1is active;
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- computing (S508) a third value as the product of the first value and the

second value; and

- summing (S512) the third values over all interference activation
configurations of the subset.
([Claim 4]

The method according to claim 3, wherein computing (S504) a first value
as the product of the obtained Np values p(bnt(p)|bnt(p)_1, corr bry (o) - M) for
each interference activation configuration of a subset of all possible
interference activation configurations [b_y, ..., by, —1]€{0,13*w*M comprises
using a binary tree implementation.

[Claim 5]

The method according to anyone of claims 3 to 4, wherein

£ ({g(bneoy e e@NI)? ) = T2 P (9(breior iy (e @)+ where
P,(.) is a function representative of the probability of error when receiving a
packet.

[Claim 6]

The method according to anyone of claims 3 to 4, wherein

£ ({9 (neor me (e @D)Y? ) = T2 D (9 (B 1y (m: (@), where D()

is a function representative of the number of bits that can be transmitted on a
time-frequency resource.
[Claim 7]

The rﬁethod according to anyone of claims 1 to 6, wherein obtaining
(S302), from a receiver, at least one set of consecutive observations of
interference activation comprises for at least one time slot :

- measuring an interference plus noise level;

- comparing said measured interference plus noise level with a threshold;

- deducing the presence of interference responsive to said comparison.
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[Claim 8]

The method according to anyone of claims 1 to 6, wherein updating (S308)
a set of probabilities of the identified Markov chain according to the obtained
at least one set of consecutive observations of interference activation
comprises:

- adding one unit to a value storing the number of all the occurrences of
an event corresponding to said at least one set of consecutive observations of
interference activation;

- adding one unit to a total number of occurrences for the identified
Markov chain; and

- computing the set of probabilities p(b;|b;_1, --., br_p) responsive to
these values.

[Claim 9]

The method according to anyone of claims 1 to 6, wherein updating (S408)
a set of probabilities of the identified Markov chain according to the obtained
at least one set of consecutive observations of interference activation comprises
in the case where at least one observation is in an unknown state:

- for each event corresponding to said at least one set of consecutive
observations of interference activation with said at least one observation being
in an unknown state, adding one unit to a value storing the number of all the
occurrences of said event;

- adding one unit to a total number of occurrences for the identified
Markov chain; and

- computing the set of probabilities p(b;|b;—1, ..., be_py) responsive to
these values.

[Claim 10]

The method according to anyone of claims 2 to 9, further comprising

estimating a value of a metric representing the performance of said wireless
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communication network for a second given time-frequency resource allocation
responsive to said updated set of probabilities and selecting the given set of
time-frequency resource allocations associated with the best metric’s value.
[Claim 11]

A device configured to estimate a performance of a wireless
communication network for a given time-frequency resource allocation,
wherein said communications in said wireless communication network occur
on a subset of time and frequency resources defined according to a frequency
hopping sequence characterized in that said communications are subject to
interferences whose activation is modeled by a binary random variable b,
indicating whether an interferer is active or not at a time instant t, the discrete-
time stochastic process {bt}te[_aH@ being modelled by a Markov chain with
memory M on a finite space, M being an integer, said device comprising at least
one processor configured to implement at least on iteration of:

- Obtaining (S302), from a receiver, at least one set of consecutive
observations of interference activation,;

- Determining (S304) a frequency channel sequence associated with the at
least one set of consecutive observations of interference activation from said
frequency hopping sequence;

- Idenﬁfying (S306) a Markov chain associated with the determined
frequency channel sequence;

- Updating (S308) a set of probabilities of the identiﬁed.Markov chain
according to the obtained at least one set of consecutive observations of
interference activation.

[Claim 12]
The device according to claim 11, wherein the processor is further

configured to estimate (S512) a value of a metric representing the performance



WO 2022/158194 PCT/JP2021/046655

37

of said wireless communication network for a first given time-frequency
resource allocation responsive to said updated set of probabilities.
[Claim 13]

A computer program product comprising program code instructions that
can be loaded in a programmable device, the program code instructions cauSing
implementation of the method according to any one of claims 1 to 10 when the
program code instructions are run by the programmable device.

[Claim 14]

A non-transitory information storage medium storing program code
instructions that can be loaded in a programmable device, the program code
instructions causing implementation of the method according to any one of
claims 1 to 10 when the program code instructions are read from the non-

transitory information storage medium and run by the programmable device.
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