wo 20187188919 A1 | 0K 000

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

World Intellectual P <
O remiation > 0 0 0 00 0
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 2018/188919 A1

18 October 2018 (18.10.2018) WIPOIPCT

(51) International Patent Classification: lutions and Networks GmbH & Co. KG, Thurn and Taxis
H04J 3/16 (2006.01) H04J 3/14 (2006.01) Strasse, 90411 Nuremberg (DE).
(21) International Application Number: (74) Agent: WETZEL, Emmanuelle et al.; Nokia Solutions
PCT/EP2018/057113 and Networks GmbH & Co. KG, Lorenzstrasse 10, 70435
Stuttgart (DE).

(22) International Filing Date:

21 March 2018 (21.03.2018)  (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(26) Publication Language: English CA,CH,CL,CN,CO, CR,CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(25) Filing Language: English

(30) Priority Data:

17166502.9 13 April 2017 (13.04.2017) EP KR.KW.KZ. LA, LC, LK, LR, LS. LU. LY, MA, MD, ME.
(71) Applicant: NOKIA SOLUTIONS AND NETWORKS MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OY [FI/FIJ; Karaportti 3, 02610 ESPOO (FI). OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(72) Inventors: THOMAS, Wolfgang; Nokia Solutions and TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Networks GmbH & Co. KG, Thurn and Taxis Strasse,
90411 Nuremberg (DE). LOSCHER, Juergen; Nokia So-  (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

(54) Title: METHOD FOR OPERATING A NETWORK ELEMENT OF AN OPTICAL TRANSPORT NETWORK, OTN, AND
NETWORK ELEMENT

100

702
513 523

——
4
>

Sy
p——

713
101A 704 723 101B

Fig. 7

(57) Abstract: It is proposed a method for operating a network element of an optical transport network, OTN; wherein a general
communication channel employs a transmission of one or more pre-determined idle patterns at idle times of general communication
channels; wherein the method comprises: receiving (602) data on the incoming general communication channel; determining a deteri-
oration of the incoming general communication channel; and transmitting (606) a deterioration pattern at idle times on the outgoing
general communication channel in dependence on the determination of the deterioration of the incoming general communication chan-
nel, wherein the deterioration pattern is different from the pre-determined idle pattern.

[Continued on next page]



WO 2018/188919 A1 {100V VA0 0 00O

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))
—  of inventorship (Rule 4.17(iv))

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

35

40

45

WO 2018/188919 PCT/EP2018/057113

Title: Method for operating a network element of an
optical transport network, OTN, and network
element

Specification

Field of the invention

The present document relates to Optical Transport Networks
(OTNs) . In particular, the present document relates to the
detection of a failure within a general communication
channel of an OTN.

Background

The communication between OTN network elements may be
performed using embedded general communication channels
called GCC (General Communication Channels). The OTN
standards do not define any supervision for these general
communication channels on the physical layer, i.e. it is
assumed that either the complete signal, in which the GCCs
are embedded, is impaired, or that the detection of a

failure of a GCC is left to a higher communication layer
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(e.g. to layer 2 using PPP (Point-to-Point Protocol) or to
layer 3 using OSPF (Open Shortest Path First Protocol)).

In a case where a GCC is impaired, but the server signal
(e.g. an Optical channel Data Unit, ODU, comprising the
GCC) 1is not impaired, the failure detection is typically
slow (in the range of several seconds), as only the link
layer or higher layer software protocols supervise the
general communication channel. This can lead to slow
reactions (e.g. for triggering GCC protection, or for
triggering rerouting). These self-healing actions should,
however, be executed within relatively short time intervals
(e.g. within 50 ms from the occurrence of a failure), which
currently is not the case (the triggering of self-healing
actions currently requires in the range of several seconds
from the occurrence of a failure). As a result of this, the
ability of the OTN network elements (NEs) to communicate
with other network components is impaired. This, however,
can lead to serious problems for a control plane of the
OTN, as the delay of the activation of self-healing
actions, such as ECC and/or rerouting, can delay network

traffic restoration.

Summary

According to an aspect, a method for operating a network
element of an optical transport network, OTN, is described.
A general communication channel employs a transmission of
one or more pre-determined idle patterns at idle times of
general communication channels. The method comprises:
receiving data on the incoming general communication
channel; determining a deterioration of the incoming
general communication channel; and transmitting a
deterioration pattern at idle times on the outgoing general

communication channel in dependence on the determination of
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the deterioration of the incoming general communication
channel, wherein the deterioration pattern is different

from the pre-determined idle pattern.

Advantageously, a communication can be re-established based
on a fast re-route, which will be initiated by a distant
network element, from which the incoming general
communication channel is received. Therefore, deterioration
can be counteracted very quickly and it is established a
high availability for network restoration events, traffic

management, alarming and a control plane.

According to an advantageous embodiment the determination
of the deterioration of the incoming general communication
channel comprises: determining a bit error rate in
dependence on the incoming general communication channel;
and determining the deterioration if the bit error rate

exceeds a bit error rate threshold.

According to an advantageous embodiment the method further
comprises: transmitting data on a second outgoing general
communication channel in dependence on the determination of
the deterioration of the incoming general communication

channel.

According to an advantageous embodiment the second outgoing
general communication channel is associated with another
optical transport unit, QOTU, trail than the outgoing
general communication channel for the transmission of the

deterioration pattern.

According to an advantageous embodiment the method further
comprises: stopping a transmission of data on the outgoing

general communication channel but maintains the
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transmission of the deterioration pattern on the outgoing

general communications channel.

According to an advantageous embodiment the general
communication channel is a General Communication Channel,

GCC, of an Optical channel Data Unit, ODU, Overhead.

According to an advantageous embodiment the general
communication channel employs a High-Level Data Link
Control, HDLC, framed data link protocol.

According to an advantageous embodiment the general
communication channel employs a HDLC-framed Point-to-Point

protocol, PPP.

According to an advantageous embodiment the pre-determined
idle pattern comprises a pre-determined bit sequence. The
pre-determined bit sequence comprises the bit sequence
'01111110°".

According to a further aspect, a network element for an
optical transport network, OTN, is described. A general
communication channel employs a transmission of one or more
pre-determined idle patterns at idle times of general
communication channels. The network element is configured
to: receive data on the incoming general communication
channel; determine a deterioration of the incoming general
communication channel; and to transmit a deterioration
pattern at idle times on the outgoing general communication
channel in dependence on the determination of the
deterioration of the incoming general communication
channel, wherein the deterioration pattern is different

from the pre-determined idle pattern.

Brief description of the figures
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Fig. 1 shows the information structure for OTN interfaces;
Fig. 2a, Fig. 2b shows the structure of an OTH or OTN
optical channel data unit;

Fig. 3 shows a flow chart of an example method for
detecting an impairment of a general communication channel
of an OTN;

Fig. 4 shows a block diagram of an example OTN; and

Fig. 5a shows a block diagram of an example OTN network
element;

Fig. 5b illustrates example data of a general communication
channel;

Fig. 6 shows a flow chart of a method to operate a network
element; and

Fig. 7 shows a block diagram of an example OTN.

Description of the embodiments

The present description addresses the technical problem of
fast impairment detection within a general communication
channel, notably within a GCC, of an OTN. An OTN may be
used to transport various different types of data traffic
(also referred to as client signals) over a DWDM (Dense
Wavelength Division Multiplex) network in a transparent
manner. This transparent transport method has been defined
in the ITU-T recommendation G.709 and is also known as
Optical Transport Hierarchy (OTH). OTH is positioned as a
server layer for various client signals, e.g. SDH/SONET,
ATM and/or Ethernet. The frame structure defined in G.709
comprises four parts: 1. the optical channel payload unit-k
(OPUk), where the payload is mapped into; 2. the Optical
channel Data Unit (ODUk), which contains the OPUk and
additional overhead bytes (referred to the ODU overhead)
which have particular services and functions attached to

them; The 0ODU overhead comprises two general communication
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channels; 3. the optical transport unit (OTUk), which
contains the ODUk plus additional framing bytes; and 4. a
forward error correction (FEC) code. The OTUk-OH comprises

one general communication channel.

It is to be noted that the parameter k represents the line
rate of the OTH, i.e. k = 1 stands for approx. 2.6 Gb/s, k
= 2 for approx. 10.7 Gb/s and k = 3 for approx. 43 Gb/s.
The different ODUs are able to transport e.g. STM-16, STM-
64 and STM-256 signals, respectively.

As an example, Fig. 1 illustrates the information structure
for OTN interfaces represented by information containment
relationships according to ITU-T G.709/Y,1331 (06/2016).
For supervision purposes in OTN interfaces with optical
layer overhead, the OTUk/OTUk-v/OTUkV signal is terminated
whenever the OCh signal is terminated and the OTUCn signal
may be terminated when the OTSiA signal is terminated. For
supervision purposes in OTN interfaces without optical
layer overhead, the OTUk/OTUk-v/OTUkV and OTUCn signals are

terminated whenever the interface signal is terminated.

Fig. 2a, Fig. 2b shows the structure of an ODUk overhead as
currently specified by ITU-T G.709. Similar to the overhead
bytes known from SDH, the ODUk overhead bytes are used to
provide services within an OTH network. Example ODU
overhead bytes provide General Communication Channels (GCC1l
and GCC2) for providing information or requests to the
control plane and for enabling a communication between
different OTN network elements; Automatic Protection
Switching coordination channel (APS) and/or Protection
Communication Control channel (PCC) for providing switching
capabilities at the OTH level; Bytes related to signaling
faults within an OTH network, such as the Fault Type and
Fault Location reporting channel (FTFL).
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Within the G.709 specification, these bytes or channels are
mainly used for services on the OTH network level. The OTH
network is therefore transparent with respect to the client

signals, such as SDH or Ethernet.

As outlined above, the OTH or OTN standards do not specify
a mechanism for detecting an impairment of channels within
the 0ODUk overhead, notably within the GCCs. A GCC failure
therefore needs to be detected by monitoring the quality of
the server signal (i.e. of the ODUs as a whole) and/or by
higher layer networking protocols, such as PPP and OSPF. As
a result of this, failure detection within the GCCs is

delayed.

The standard (notably ITU-T G.7712) defines that GCCs use
HDLC-framed PPP (as defined in RFC 1662) as a data link
protocol. PPP makes use of PPP frames comprising a protocol
field and an information field. In case of HDLC-framed PPP,
the framing mechanism of the synchronous data link layer
protocol High-Level Data Link Control (HDLC) is used, which
enables the resulting HDLC frames to be transmitted over
synchronous or asynchronous links. This is achieved by
using a frame delimiter, or flag, which comprises a unigue
sequence of bits that is guaranteed not to be comprised
within a HDLC frame. In a preferred example, this frame
delimiter sequence is '01111110', or, in hexadecimal

notation, O0Ox7E.

Fach HDLC frame begins and ends with a frame delimiter. A
frame delimiter at the end of a frame may also mark the
start of the next frame. When no frames are being
transmitted (notably on a simplex or full-duplex
synchronous link), a frame delimiter must be transmitted

continuously on the link.
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In other words, in order to separate PDUs (packet data
units) or frames, so called flag-sequences or frame
delimiter sequences are sent. These flag-sequences are
typically also sent in idle times. Consequently, the
absence or corruption of flag-sequences may be used as an
indicator that the corresponding GCC has failed. In other
words, 1t is proposed in the present document to enable a
network element to monitor the flag-sequences between PDUs
on a GCC of an OTN. It is determined whether at least one
valid flag-sequence is received within a pre-determined
period of time. If this is not the case, this may be taken
as an indication for the fact that the GCC has failed. This
detection works fast, reliable, and independent of the root
cause of the GCC failure, such as a server signal failure,
a corruption of the GCC connection, or a GCC source

failure.

In reaction to the detection of a GCC failure, counter-
measures, such as the triggering of ECC and/or the
triggering of rerouting mechanisms, may be initiated by the

network element.

It should be noted that even though the present document
focuses on the detection of a GCC failure, the failure
detection mechanism which is described in the present
document may be applied to general types of networking
interfaces, which make use of the transmission of pre-

determined idle patterns.

Fig. 3 shows a flow chart of an example method 300 for
detecting an impairment of a general communication channel
within an optical transport network (OTN). The general
communication channel may be a logical communication

channel. The general communication channel employs the



10

15

20

25

30

35

WO 2018/188919 PCT/EP2018/057113

transmission of one or more pre-determined idle patterns at
idle times of the general communication channel. The method
300 comprises receiving 301 data on the general
communication channel. Furthermore, the method 300
comprises detecting 302 an impairment of the general
communication channel by detecting that an idle pattern
within the received data is absent or is corrupted. For
this purpose, the received data may be compared with the
pre-determined idle pattern and it may be verified whether
the received data comprises a segment which corresponds to
the pre-determined idle pattern. If such a segment cannot
be identified, it may be detected that an idle pattern

within the received data is absent or is corrupted.

In particular, the received data subsegquent to a first PDU
and prior to a second PDU may be analyzed. The first and
second PDUs may be directly adjacent to one another within
a sequence of PDUs. It is expected that the data between
the first PDU and the second PDU corresponds to one or more
identical idle patterns. If it is detected that this is not
the case, then this provides an indication for the fact

that the general communication channel is impaired.

The method 300 may further comprise triggering 303 a
protection and/or rerouting mechanism for the general
communication channel, subject to detecting an impairment
of the general communication channel. By doing this, the
effects of the impairment of the general communication

channel can be eliminated in a rapid manner.

Fig. 4 shows a block diagram of an example optical
transport network 100. The OTN 100 comprises a plurality of
network elements 101 which are coupled with one another via

communication links 102. The communication links 102 may be
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used to carry the optical channel data units (0ODUs)

described in the present document.

A network element 101 of the optical transport network 100
may be configured to receive data on a general
communication channel of the OTN 100. The general
communication channel may be embedded within the ODUs
carried on the communication links 102. The general
communication channel may employ the transmission of one or
more pre-determined idle patterns at idle times of the
general communication channel. The network element 101 may
be configured to detect an impairment of the general
communication channel by detecting that an idle pattern
within the received data is absent or is corrupted. As a
result of this, impairments of the general communication

channel may be detected in a rapid manner.

Fig. 5a shows a block diagram of an example network element
101. The network element 101 comprises an add-drop unit 501
configured to extract one or more incoming general
communication channels 513 from the incoming ODUs 512 of a
sequence 513 of incoming 0ODUs. The extracted (i.e. dropped)
general communication channels 513 may be passed to a
processing unit 502. The processing unit 502 may be
configured to detect an impairment of the general
communication channel based on the data carried on the one
or more general communication channels 513. The add-drop
unit 501 may be further configured to add one or more
outgoing general communication channels 523 to the outgoing
ODUs 522 of a sequence 521 of outgoing ODUs. The data
carried on an outgoing general communication channel 523
may differ from the data carried on an incoming general

communication channel 513.
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The processing unit 502 is configured to determine a
deterioration of the incoming general communication channel
513 in order to submit this deterioration to the network
element 101 from which the incoming general communication
channel 513 originates. The submission of the deterioration
is done by transmitting the deterioration pattern 554 in
lieu of the wvalid idle pattern 544 on the outgoing general

communication channel 523.

Fig. 5b illustrates data 540, 550 carried on a general
communication channel. As outlined above, payload data is
typically carried within so called packet data units 541.
The packet data units 541 may comprise one or more flag-
bytes or idle patterns 544 which may indicate the beginning
and/or the ending of a packet data unit 541. Pauses between
packet data units 541 are typically filled with a sequence

of one or more idle patterns 544.

The processing unit 502 of a network element 101 may be
configured to monitor the received data 540, 550 of a
general communication channel within a time interval or
analysis window 543. The time interval 543 may be used for
a moving analysis window. In other words, the processing
unit 502 may be configured to monitor the received data
540, 550 within a moving analysis window having a length
which corresponds to the time interval 543. The time
interval 543 may correspond to the temporal length of a PDU
541. The received data 540 in the upper part of Fig. 5b is
valid and it can be seen that the moving analysis window
always comprises at least one valid idle pattern 544. On
the other hand, the received data 550 in the lower part of
Fig. 5b is partially corrupted. In particular, the received
data 550 comprises corrupted idle patterns 554 or
deterioration patterns 554 which differ from the valid idle

patterns 544. It can be seen that the received data 550
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within the analysis window 553 does not comprise any valid
idle patterns 554. This indicates to the processing unit
502 that the received data 50 and the general communication
channel are impaired. As illustrated by Fig. 5b , the

impairment detection can be performed in a rapid manner.

By using the method described in the present document, GCC
failures can be detected faster than when using higher
layer software protocol failure detection schemes. This
allows reducing the time for triggering GCC
protection/rerouting actions from several seconds down to
the 10 ms range. This is particularly beneficial for OTNs
which operate a control plane, as the control plain
typically requires the GCC communication to be restored

rapidly.

Figure 6 shows a schematic flow chart of a method 600 to
operate the network element 101. In a step 602 the network
element 101 receives data 540 on the incoming general
communication channel 513. In a step 604 the network
element 101 determines a deterioration of the incoming
general communication channel 513. In a step 606 the
network element 101 transmits a deterioration pattern at
idle times on the outgoing general communication channel
523 in dependence on the determination of the deterioration
of the incoming general communication channel 513, wherein
the deterioration pattern is different from the pre-

determined valid idle pattern 544.

The determination of the deterioration in step 604
comprises a determination of a bit error rate in dependence
on the incoming general communication channel 513. In order

to determine the bit error rate the received data 540, 550
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is observed in the analysis window 543, 553 and compared
with expected data. The deviations between the data in the
analysis window and the expected data result in the bit
error rate represented by a number of bit errors per time
unit. If the bit error rate exceeds a threshold the
deterioration of the observed incoming general

communication channel 513 i1s determined.

Figure 7 shows a schematic block diagram of an example OTN.
The network element 101B receives the general communication
channel 513 from the network element 101A and transmits the
general communication channel 523 to the network element
101A. Both of the general communication channels 513 and
523 are linked to a same OTU trail 702. Further general
communication channels 713 and 723 are linked to a same OTU
trail 704, wherein the OTU trails 704 and 702 preferably
differ. The general communication channels 713 and 723 can
be considered as backup channels for switching to when
determining a deterioration or complete shortfall of one of

the general communication channels 513, 523.

The general communication channel 513 is subject to a
deterioration, which comprises a still working general
communication channel 513 but under the impact of a certain
number of bit errors per time unit. When this deterioration
is determined the network unit 101B starts to send
deterioration patterns 554 instead of the idle patterns on
the general communications channel 523. The network unit
101A detects, that the deterioration patterns 544 are
different from the valid idle patterns 542 and immediately
initiates a fast re-routing by selecting the general

communication channel 713 for data transmission.

Upon detection of the deterioration of the general

communications channel 513 the network element 101B stops a
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transmission of data but maintains the transmission of the

deterioration pattern 554.

Instead of using the general communications channel 523
data 540 is transmitted on the general communication
channel 723 in dependence on the determination of the

deterioration of the general communication channel 513.
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Claims

A method (600) for operating a network element (101)
of an optical transport network, OTN, (100); wherein a
general communication channel (513; 523) employs a
transmission of one or more pre-determined idle
patterns (544) at idle times of general communication
channels (513; 523); wherein the method comprises:

- receiving (602) data on the incoming general
communication channel (513);

- determining (604) a deterioration of the incoming
general communication channel (513); and

- transmitting (606) a deterioration pattern (554) at
idle times on the outgoing general communication
channel (523) in dependence on the determination (604)
of the deterioration of the incoming general
communication channel (513), wherein the deterioration
pattern (554) is different from the pre-determined
idle pattern (542).

The method (600) according to claim 1, wherein the
determination (604) of the deterioration of the
incoming general communication channel (513)
comprises:

- determining a bit error rate in dependence on the
incoming general communication channel (513); and

- determining the deterioration if the bit error rate

exceeds a bit error rate threshold.

The method (600) according to claim 1 or 2, wherein
the method further comprises:

- transmitting data on a second outgoing general
communication channel (723) in dependence on the
determination (604) of the deterioration of the

incoming general communication channel (513).
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The method (600) according to claim 3, wherein the
second outgoing general communication channel (723) is
associated with another optical transport unit, OTU,
trail than the outgoing general communication channel
(523) for the transmission of the deterioration
pattern (554).

The method (600) according to claim 3 or 4, wherein
the method further comprises:

- stopping a transmission of data (540, 550) on the
outgoing general communication channel (523) but
maintains the transmission of the deterioration
pattern (554) on the outgoing general communications
channel (523).

The method (600) according to one of the preceding
claims, wherein the general communication channel
(513, 523) is a General Communication Channel, GCC, of

an Optical channel Data Unit, ODU, Overhead.

The method (600) according to one of the preceding
claims, wherein the general communication channel
(513) employs a High-Level Data Link Control, HDLC,

framed data link protocol.

The method (600) of claim 7, wherein the general
communication channel (513) employs a HDLC-framed

Point-to-Point protocol, PPP.

The method (600) of any previous claim, wherein the
pre-determined idle pattern (544) comprises a pre-

determined bit sequence.

The method (600) of claim 9, wherein the pre-
determined bit sequence comprises the bit seguence
'0l1111110".
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17

A network element (101) for an optical transport
network, QOTN, (100); wherein a general communication
channel (513; 523) employs a transmission of one or
more pre-determined idle patterns (544) at idle times
of general communication channels (513; 523); wherein
the network element (101) is configured to:

- receive (602) data (540; 550) on the incoming
general communication channel (513);

- determine (604) a deterioration of the incoming
general communication channel (513); and

- transmit (606) a deterioration pattern (554) at idle
times on the outgoing general communication channel
(523) in dependence on the determination (604) of the
deterioration of the incoming general communication
channel (513), wherein the deterioration pattern (554)
is different from the pre-determined idle pattern
(542) .

An optical transport network (100) comprising a
plurality of network elements with at least one of the

network elements (101) of the preceding claim.



PCT/EP2018/057113

WO 2018/188919

1/6

| "B

fuuonuow
UOHUU0D
wapue)
§Nao o
SpaAd] G 0f |

D80 i
3
O-SLO mm“ 1O
HIS)E BIpop jal
13
|5
O-SWO mw" SWO
]
“ " m m g §
I 1.
! i [ -
N 400
d-400 0400 | -
i ¥
i ¥
WEE| HO Uo19s
[As-INLo [As-HnIo| [AM-Mn1o
HOWOL m m
1Nao w M
wy DL 3Nao —
MWMWP HOROAUBOS WIPUE 3100
] i
HOWOL IMaL¥do/ | M
NGO : m m
e HOWd .
AN40 INAO wied YN0
i §
i H
cod v HO yn -
Peolfed N1dO |y 1 [1NdO
] H

waigD




PCT/EP2018/057113

2/6

ez ‘3id

ST 20d/SdY 7000 oo P

proymoao | dXH Wd TNDL TWOL | ENDL t
A0 - v — -

E Moy

BERK

§

WO 2018/188919

aaol

12 -
mﬂw:;
¢
“y
0‘7’5&

o

:P’E"é\

Hwnjo;)



PCT/EP2018/057113

WO 2018/188919

3/6

€0E
AN

0g
L

10€
L

/ 00E

Iefnuap] soelL], [ied],  JLL

SULIONIUOA UOTOAUUO.) WapUR] WO

smEs  LVILS

Jognuapy 1ulod §5200Y 92mo0S [dVS

UONBZIPIEPUR)S [BUOTBUISIUT JININY JOJ PaAISSY ST
2dL], projheg 1d

Joynuap] armonng peojied I8d

FuLONUO Yied NWd

TeuuByd [ONUOY) UOHEJIUNRUILIO) UONINO0L]  D0d

[oUURL) UONEIIUNIRNO,) [RISUSN)

jouueyd Sunaodor uonrao jjne. pue odL 1 Ine
reustpadNy

IOTJTUOP] U0 SSO00Y UOHRUNSS(]

§ [9A3] — AL ] paABdLIdIU] g

UOTIEPU] JIOLIF pPremyoeg]

UOTIEIIpU] 109Ja(] premyorg]

[pUnUBYD uonBUIPIO0d FUNSIME U090 S1jeIoINY
[AUUBYD [01JUOD UOIIBALIOBSP/UOIEATIOY

20D
JEAE
dXHd
IdvQ
8d1d
ad
Iag
Sdv
)4



WO 2018/188919 PCT/EP2018/057113

4/6

100\

101
U
X:lii)l

102

102

\101

Fig. 4

101\

5R1 513 SKI 573
O] 523
@ 2224\ 22 | ) (L) | zan sz

B
L

\ 513 \
512 \sm 522

Fig. 5a



PCT/EP2018/057113

5/6

WO 2018/188919

NN

544

Fig. 5b
600




WO 2018/188919

6/6

PCT/EP2018/057113

100

702
513 523
b |
( b
S f
\ 713
101A 704 723

101B

Fig. 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2018/057113
A. CLASSIFICATION OF SUBJECT MATTER
INV. HO4J3/16 HO4J3/14
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4J

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2015/128154 Al (ALCATEL LUCENT [FR]) 1-12
3 September 2015 (2015-09-03)
page 1, line 4 - page 5, line 1
page 8, line 18 - page 9, line 16
page 10, line 13 - line 17

page 11, Tine 12 - line 16

page 12, line 2 - line 13

figures 5a,5b

X EP 2 720 391 Al (ALCATEL LUCENT [FR]) 1-12
16 April 2014 (2014-04-16)
paragraph [0001]
paragraph [0014]
paragraph [0025]
paragraph [0040]
paragraph [0051]
paragraph [0065]
paragraph [0071]

paragraph [0044]
paragraph [0056]
paragraph [0068]
paragraph [0072]

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y* document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
14 May 2018 24/05/2018
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Marong1u, M

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2018/057113

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2008/267622 Al (LOPRIENO GILBERTO [IT])
30 October 2008 (2008-10-30)

paragraph [0001]

paragraph [0003] - paragraph [0004]
paragraph [0012]

paragraph [0032]

figures 3b,4b

US 2008/304822 Al (BIANCHI DAVID [IT] ET
AL) 11 December 2008 (2008-12-11)
paragraph [0001]

paragraph [0018]

figure 3

EP 1 271 822 A2 (LIGHTSCAPE NETWORKS LTD
[IL]) 2 January 2003 (2003-01-02)
paragraph [0009] - paragraph [0012]
paragraph [0026]

paragraph [0032]

figure 3

1-12

1-12

1-12

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2018/057113
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2015128154 Al 03-09-2015 EP 2911325 Al 26-08-2015
ES 2607496 T3 31-03-2017
WO 2015128154 Al 03-09-2015
EP 2720391 Al 16-04-2014  NONE
US 2008267622 Al 30-10-2008  NONE
US 2008304822 Al 11-12-2008 CN 101682459 A 24-03-2010
EP 2156592 Al 24-02-2010
US 2008304822 Al 11-12-2008
WO 2008154181 Al 18-12-2008
EP 1271822 A2 02-01-2003 CA 2390464 Al 18-12-2002
CN 1392683 A 22-01-2003
DE 1271822 T1 26-06-2003
EP 1271822 A2 02-01-2003
KR 20020096945 A 31-12-2002
US 2002191242 Al 19-12-2002

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report

