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Abstract: This paper proposes a YANG model to describe a sliceable transponder with
variable rate, code, modulation formats, and monitoring capabilities. The model is introduced
into NETCONF, which is experimentally demonstrated in a testbed.
OCIS codes: 060.4250, 060.1660.

1. Introduction
In the recent years, the continuous increase of traffic has driven relevant advances in the data and control planes for
optical networks. Emerging data plane transponder technologies are going to support high bit rates such as 1 Tb/s,
possibly looking at downscaling power consumption and costs per bit, and offering high spectral efficiency, thus in-
creasing network life [1, 2]. Such transponders, thanks to coherent detection, also enable monitoring of transmission
parameters (e.g., pre forward error correction bit error rate —pre-FEC BER) [3]. Then, Software Define Networking
(SDN) is emerging as a control plane able to remotely set network devices, thus programming transmission character-
istics (such as bit rate) and switching [4, 5]. However, while data and control planes have experienced such advances,
the innovations in the management plane have not followed these trends yet [6]. A key point in the management is
related to the presence of network devices from different vendors. The lack of standard solutions (e.g., for opera-
tion administration and maintenance — OAM [7, 8]) complicates the management of a network. NETCONF [9] is
emerging as SDN protocol providing both control (e.g., data plane device configuration) and management (e.g., access
to monitoring information) functionalities. NETCONF (which is based on XML language) may exploit YANG data
model to describe network elements to be controlled/managed. YANG model [10, 11] and NETCONF are of interest
for operators since they provide a standard way to control and manage network elements, independently from the
vendor.

This paper presents and demonstrates a YANG model describing transponders supporting slice-ability, variable rate,
and monitoring functionalities. The control plane experimental demonstration is carried out as follow: first, NETCONF
message exchange is shown for the configuration of transmission characteristics for transmitter and receiver; then, a
signal degradation is emulated to trigger the OAM system and the alarms (or notifications).

2. NETCONF protocol and Transponder YANG
Main NETCONF messages are described in Fig. 1a with reference to sliceable transponder [1] control and manage-
ment. First, the central controller (NETCONF client) sends a Hello message to the transponder device (NETCONF
server) to create a session (1). The device replies with a Hello message (2) with a reference (through a namespace) to
the YANG model, which lists all the parameters describing a sliceable transponder. In this phase, the controller and the
device agree on the parameters to be set. Part of the proposed YANG model will be detailed later in Fig. 1b. Once the
model is agreed, the controller has to be informed about the transponder capabilities (e.g., supported bit rate values).
Thus, the controller sends a Get message to the device (3), which replies with a Rpc-reply message containing
information about its supported transmission parameters such as bit rate (e.g., 100 and 200 Gb/s) or modulation for-
mat (e.g., polarization multiplexing quadrature phase shift keying —PM-QPSK) (4). Then, the controller, based on
connection request, sets the parameters of the transponder by sending an Edit-conf message (5). If no error occurs,
the device replies with an Ok message (6). NETCONF also provides a way to generate alarms in case a monitored
parameter falls in a critical range. In this case, the device sends a Notification message to the controller when
a particular event occurs (e.g., pre-FEC BER over a given threshold). Notifications supported by the device must be
defined in the YANG model. The controller needs to subscribe to the device notifications in order to receive them
(7-8) and may decide to subscribe to all the device notifications or only to specific notification streams. A filter can
be applied to the subscription in order to receive only those notifications satisfying certain criteria (e.g., threshold
exceeding). When an event satisfying the filtering criteria occurs, the device sends a Notification message to the
controller (9). Finally, when the connection is released, the controller closes the session (10-11).



Top level transponder YANG
container transponder {
      list subcarrier-module {
        key "subcarrier-id";
        leaf subcarrier-id {
          type uint32;
        }
        uses subcarrier-module;
      }
      …...
      container connections {
        uses connections;
      }
  }

Sub-carrier module state
grouping subcarrier-module-state {
 container supported-bit-rates{ 
      leaf-list bit-rate {
        type bit-rate-type;
      }
    }
    container supported-baud-rates {
      leaf-list baud-rate {
        type baud-rate-type;
      }
    }
    container supported- modulations {
      leaf-list modulation {
         type modulation-type;
      }
    }
    uses fec-state;}

Supported parameters example
<supported-bit-rates>
   <bit-rate>112</bit-rate>
   <bit-rate>124</bit-rate>
   <bit-rate>224</bit-rate>
   <bit-rate>248</bit-rate>
</supported-bit-rates>
<supported-baud-rates>
   <baud-rate>28</baud-rate>
   <baud-rate>31</baud-rate>
</supported-baud-rates>
<supported-modulations>
   <modulation>mf:bpsk</modulation>
   <modulation>mf:qpsk</modulation>
</supported-modulations>
<supported-fec>
   <fec>fec:ldpc</fec>
</supported-fec>

Controller
(NETCONF Client)

Device
(NETCONF Server)

<hello>

<hello>

1

2

3

4

5

6

7

8

9

10

11

<edit-config>

<ok>

<get>

<rpc-reply>

<create-subscription>

<ok>

<notification>

<close-session>

<ok>

b)a)

Fig. 1. (a) NETCONF message exchange; (b) YANG model.

A portion of the proposed YANG model describing the transponder is shown in Fig. 1b. The sliceable transponder
–supporting several sub-carriers– has been modelled as a list of sub-carrier modules and a list of connections (Fig. 1b,
Top level transponder YANG). Sub-carrier modules and connections have configuration and state data (Fig. 1b, Sub-
carrier module state). The configuration data are set by the controller through Edit-conf messages. The state data
are updated by the device and monitored by the controller through polling or notifications. In the model, a sub-carrier
module can be used either in transmission or in reception. The configuration data of the sub-carrier module are the
following: bit rate, baud rate, modulation, FEC, central frequency, and bandwidth. Some additional fields may appear
depending whether the sub-carrier is used in reception (e.g., local oscillator, sampling rate, and analog bandwidth [1])
or in transmission (e.g., the launch power). The state data of the sub-carrier module are the following (Fig. 1b, Sup-
ported parameters example): supported bit rates, baud rates, modulation formats, and FEC. Then, an additional field
is proposed for monitoring capabilities, i.e. listing the parameters that can be monitored by the transponder itself:
e.g., input power at the receiver, pre-FEC BER, polarization mode dispersion, chromatic dispersion, and Q-factor.
Regarding the connections, the configuration data are the following: a list of sub-carriers module ids referring to those
sub-carriers involved in the connection, and the frequency slot composed by the nominal central frequency (n) and the
slot width (m), according to ITU-T [5].

3. Experimental demonstration
The controller runs a python implementation of a NETCONF client. The device runs ConfD, a NETCONF server
implementation made by Tail-f (CISCO), and a C program we made to emulate the monitoring capabilities of the
device. Our program communicate with ConfD through specific APIs provided by the latter. The transponder YANG
model, as in the previous section, has been included in the capabilities of both client and server. In the experiment,
a 100 Gb/s connection request has been considered. We derived supported transmission parameters from [12]: e.g., a
baud rate of 28 Gbaud PM-QPSK supports 100 Gb/s net rate and 7% FEC, while 31 Gbaud around 20% FEC. Fig. 2a
shows the capture of the NETCONF message exchange. The Edit-config message is generated containing the
information to configure the involved sub-carrier and the parameters of the connection. The sub-carrier is configured
by setting the values of all the fields, such as bit-rate (112 Gb/s), modulation format (PM-QPSK), FEC (7%), baud rate
(28 Gbaud) and so on (Fig. 2b). The connection is then inserted in the connections list, specifying the id of the involved
sub-carrier (id=2 in the experiment), the nominal central frequency (193.1 THz, i.e. n=0) and the frequency slot width
(37.5 GHz, i.e. m=3). Moreover, the controller subscribes to the transponder Notification stream specifying,
through a filter, that it is interested on pre-FEC BER exceeding 9× 10−4 threshold (Fig. 2c). We emulated pre-FEC
BER threshold exceed so that the device sent a Notification message to inform the controller (Fig. 2d).

4. Conclusions
This paper proposed and demonstrated a NETCONF protocol including YANG model describing a transpon-
der with monitoring capabilities. Two use cases have been considered: transponder configuration and notification
upon BER threshold exceed. NETCONF message capture is provided for Edit-config, Subscription, and
Notification messages.



Info

53106 > 2023 [SYN] Seq=0 Win=29200 Len=0 MSS=1460 SACK_PERM=1 TSval=253933 TSecr=0 WS=128

2023 > 53106 [SYN, ACK] Seq=0 Ack=1 Win=28960 Len=0 MSS=1460 SACK_PERM=1 TSval=203711958 TSecr=253933 WS=128

53106 > 2023 [ACK] Seq=1 Ack=1 Win=29312 Len=0 TSval=253933 TSecr=203711958

53106 > 2023 [PSH, ACK] Seq=1 Ack=1 Win=29312 Len=40 TSval=253933 TSecr=203711958

2023 > 53106 [ACK] Seq=1 Ack=41 Win=29056 Len=0 TSval=203711958 TSecr=253933

53106 > 2023 [PSH, ACK] Seq=41 Ack=1 Win=29312 Len=271 TSval=253933 TSecr=203711958

2023 > 53106 [ACK] Seq=1 Ack=312 Win=30080 Len=0 TSval=203711958 TSecr=253933

2023 > 53106 [PSH, ACK] Seq=1 Ack=312 Win=30080 Len=2752 TSval=203711960 TSecr=253933

53106 > 2023 [ACK] Seq=312 Ack=2753 Win=34816 Len=0 TSval=253936 TSecr=203711960

53106 > 2023 [PSH, ACK] Seq=312 Ack=2753 Win=34816 Len=150 TSval=253937 TSecr=203711960

53106 > 2023 [ACK] Seq=462 Ack=2753 Win=34816 Len=1448 TSval=253937 TSecr=203711960

2023 > 53106 [ACK] Seq=2753 Ack=1910 Win=34048 Len=0 TSval=203711961 TSecr=253937

53106 > 2023 [PSH, ACK] Seq=1910 Ack=2753 Win=34816 Len=224 TSval=253937 TSecr=203711961

2023 > 53106 [ACK] Seq=2753 Ack=2134 Win=36992 Len=0 TSval=203711971 TSecr=253937

2023 > 53106 [PSH, ACK] Seq=2753 Ack=2134 Win=36992 Len=140 TSval=203711972 TSecr=253937

53106 > 2023 [PSH, ACK] Seq=2134 Ack=2893 Win=37632 Len=153 TSval=253948 TSecr=203711972

2023 > 53106 [ACK] Seq=2893 Ack=2287 Win=39808 Len=0 TSval=203711972 TSecr=253948

53106 > 2023 [PSH, ACK] Seq=2287 Ack=2893 Win=37632 Len=4 TSval=253948 TSecr=203711972

2023 > 53106 [ACK] Seq=2893 Ack=2291 Win=39808 Len=0 TSval=203711972 TSecr=253948

2023 > 53106 [PSH, ACK] Seq=2893 Ack=2291 Win=39808 Len=140 TSval=203711973 TSecr=253948

2023 > 53106 [FIN, ACK] Seq=3033 Ack=2291 Win=39808 Len=0 TSval=203711973 TSecr=253948

53106 > 2023 [FIN, ACK] Seq=2291 Ack=3034 Win=40576 Len=0 TSval=253948 TSecr=203711973

2023 > 53106 [ACK] Seq=3034 Ack=2292 Win=39808 Len=0 TSval=203711973 TSecr=253948

53107 > 2023 [SYN] Seq=0 Win=29200 Len=0 MSS=1460 SACK_PERM=1 TSval=263527 TSecr=0 WS=128

2023 > 53107 [SYN, ACK] Seq=0 Ack=1 Win=28960 Len=0 MSS=1460 SACK_PERM=1 TSval=203721553 TSecr=263527 WS=128

53107 > 2023 [ACK] Seq=1 Ack=1 Win=29312 Len=0 TSval=263527 TSecr=203721553

53107 > 2023 [PSH, ACK] Seq=1 Ack=1 Win=29312 Len=40 TSval=263527 TSecr=203721553

2023 > 53107 [ACK] Seq=1 Ack=41 Win=29056 Len=0 TSval=203721553 TSecr=263527

2023 > 53107 [PSH, ACK] Seq=1 Ack=41 Win=29056 Len=2752 TSval=203721553 TSecr=263527

53107 > 2023 [ACK] Seq=41 Ack=2753 Win=34816 Len=0 TSval=263528 TSecr=203721553

53107 > 2023 [PSH, ACK] Seq=41 Ack=2753 Win=34816 Len=601 TSval=263529 TSecr=203721553

2023 > 53107 [PSH, ACK] Seq=2753 Ack=642 Win=30208 Len=136 TSval=203721557 TSecr=263529

53107 > 2023 [ACK] Seq=642 Ack=2889 Win=37632 Len=0 TSval=263541 TSecr=203721557

2023 > 53107 [PSH, ACK] Seq=2889 Ack=642 Win=30208 Len=350 TSval=203729495 TSecr=263541

53107 > 2023 [ACK] Seq=642 Ack=3239 Win=40576 Len=0 TSval=271468 TSecr=203729495
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<?xml version="1.0" encoding="UTF-8"?>
                <rpc xmlns="urn:ietf:params:xml:ns:netconf:base:1.0"
                     message-id="1">
<edit-config xmlns:nc='urn:ietf:params:xml:ns:netconf:base:1.0'>
<target><running/></target><config>
<transponder xmlns="http://sssup.it/transponder"
             xmlns:nc="urn:ietf:params:xml:ns:netconf:base:1.0">
    <subcarrier-module>
        <subcarrier-id>2</subcarrier-id>
        <config>
            <direction>TX</direction>
            <bit-rate>112</bit-rate>
            <baud-rate>28</baud-rate>
            <modulation xmlns:mf="http://sssup.it/modulation-formats">
                mf:pm-qpsk
            </modulation>
            <fec-in-use>
                <name xmlns:fec="http://sssup.it/fec-types">
                    fec:ldpc
                </name>
                <rate>
                    <message-length>14</message-length>
                    <block-length>15</block-length>
                </rate>
            </fec-in-use>
            <central-frequency>193100</central-frequency>
            <bandwidth>33.6</bandwidth>
            <transmitter>
                <output-power>0</output-power>
            </transmitter>
        </config>
    </subcarrier-module>
    <connections>
        <connection nc:operation="create">
            <connection-id>2</connection-id>
            <config>
                <connection-id>2</connection-id>
                <transmission-scheme>NWDM</transmission-scheme>
                <subcarrier>
                    <subcarrier-id>2</subcarrier-id>
                </subcarrier>
                <frequency-slot>
                    <n>0</n>
                    <m>3</m>
                </frequency-slot>
            </config>
        </connection>
    </connections>
</transponder>
</config></edit-config>
</rpc>

<?xml version="1.0" encoding="UTF-8"?>
<rpc xmlns="urn:ietf:params:xml:ns:netconf:base:1.0" message-id="1">
  <create-subscription xmlns="urn:ietf:params:xml:ns:netconf:notification:1.0">
    <stream>transponder</stream>
    <filter type="xpath" xmlns:tran="http://sssup.it/transponder"
    .select="/tran:pre-fec-ber-change[tran:pre-fec-ber>=0.0009]"/>
  </create-subscription>
</rpc>
]]>]]>

<?xml version="1.0" encoding="UTF-8"?>
<rpc-reply xmlns="urn:ietf:params:xml:ns:netconf:base:1.0" message-id="1"><ok/></rpc-reply>]]>]]>
<?xml version="1.0" encoding="UTF-8"?>
<notification xmlns="urn:ietf:params:xml:ns:netconf:notification:1.0"><eventTime>2015-10-12T13:11:58.306596+00:00</eventTime>
<pre-fec-ber-change xmlns='http://sssup.it/transponder'>
  <subcarrier-module-id>1</subcarrier-module-id>
  <pre-fec-ber>0.00096</pre-fec-ber>
</pre-fec-ber-change>
</notification>]]>]]>
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Fig. 2. Capture of NETCONF messages.
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