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Introduction

Although Coarse wavelength-division multiplexing (CWDM) technology was first deployed in the early 1980s, it has only
gained significant interests among service providers since a few years, as a cost alternative to Dense wavelength-division
multiplexing (DWDM) for metro core and metro access, the main bottleneck of today’s networks.

The main assets of CWDM technology is to allow to increase bandwidth on existing fiber architectures, with flexibility and
scalability, with a total transparency to protocols, and with a cost saving of 30% to 50%, in comparison with the DWDM
alternative. Therefore, it is becoming the preferred choice for large and medium-sized carriers, but also for cable TV
companies and for enterprise network operators to carry higher bandwidth services to the residential market and to interconnect
Storage-Area-Network.

To ensure vendors interoperability, the International Telecommunication Union (ITU) issued in 2003 a dedicated
recommendation for CWDM application, providing optical parameter values for physical layer interfaces. This ITU-T G.695
standard complements the previous ITU-T G.694.2 recommendation, defining a wavelength grid with 20 nm channel spacing
which includes 18 wavelengths between 1271 nm and 1611 nm.

This application note presents the main items of the ITU-T G.695 standard, and explains how the network conformity to the
recommendation can be easily checked with the Anritsu MU909020A Optical Channel Analyzer.

ITU-T G.695 recommendation summary

The ITU-T G.695 recommendation aims to enable multi-vendor interfaces compatibility, defining and providing values for
optical interface parameters of physical point-to-point and ring CWDM system applications.

Applications are defined using two different methods, one using multichannel interface parameters, in a “black-box” approach,
and the other using single-channel interface parameters, in a “black-link” approach, both in unidirectional and bidirectional
applications, with up to 16 channels and up to 2.5 Gbit/s modulation rate.

Figure 1 represents a scheme of the “black-box” approach for bidirectional applications, with the reference measurement points
to assess the CWDM link.
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Figure 1. "Black-box" approach for bidirectional applications.



Figure 2 represents a scheme of the linear “black-link” approach for bidirectional applications, which may include one or
several Optical Add-Drop Multiplexers (OADMs), with the reference measurement points to assess the CWDM link.
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Figure 2. Linear"Black-link" approach for bidirectional applications.

Figure 3 represents a scheme of the ring “black-link” approach for bidirectional applications, with the reference measurement
points to assess the CWDM link.
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Figure 3. Ring""Black-link" approach for bidirectional applications.

Based on these representations, the ITU-T G.695 recommendation defines application codes to identify the network, its
implementation and architectural characteristics. The application code notation is constructed as follows:
CnWx-ytz ,
where:
e C is the indicator of CWDM applications
¢ n is the maximum number of channels supported by the application code (4, 8, 12 or 16)
e W is a letter indicating the span distance such as:
= S indicating short-haul (with a typical target distance up to 37 km)
= L indicating long-haul. (with a typical target distance from 38 km to 90 km)
e X is the maximum number of spans allowed within the application code (x = 1 in this recommendation)
ey indicates the highest class of optical tributary signal supported:
= 0 indicating up to NRZ 1.25G
= 1 indicating up to NRZ 2.5G
e tis aplaceholder letter indicating the configuration supported by the application code. In the current version of this
recommendation, the only value used is D indicating that the application does not contain any optical amplifiers.



e zindicates the fiber types, as follows:
= 2 indicating G.652 fiber
= 3 indicating G.653 fiber
=  Sindicating G.655 fiber
A bidirectional system is indicated by the addition of the letter B at the front of the application code: B-CnWx-ytz.
A system using the "black-link" approach is indicated by the addition of the letter S at the front of the application code:
S-CnWx-ytz.

The following tables list the application code supported by ITU-T G.695 recommendation, and the associated parameters and
values for CWDM applications. In table 1 are indicated the target distance, the maximum number of channels, the supported
bit rate, the wavelength range and the maximum and minimum channel output power at Tx reference points, for each
application code. In table 2 are indicated the maximum and minimum attenuation of the link, the maximum tolerated optical
path penalty, the wavelength range and the maximum and minimum channel input power at Rx reference points, for each
application code.

Minimum
) Mazimum )
Tarzet Maximum Bit mean channel fean Central
Class . .| number of chanmnel wavelength
diztance (lm) rate output power
channels output nm
dBum
power dBm
C481-1D2 37 4 25 45 -3 15311591
C481-1D3 37 4 2.5 45 -3 1531-1591
C481-1D5 37 4 25 45 -3 1531-1591
C4L1-1D2 B9 4 2.5 45 -3 1531-1591
C4L1-1D3 72 4 25 4.5 -3 1531-1591
C4L1-1D5 72 4 2.5 45 -3 1531-1591
B-C4L1-0D2 20 4 1.25 5 0 1531-1591
B-C4L1-0D3 g0 4 1.25 5 0 1531-1591
B-C4L1-1D2 2o 4 25 5 0 15311591
B-C4L1-1D3 3 4 2.5 5 0 1531-1591
B-CBL1-0D2 Gd 8 1.25 4 3.5 1471-1611
B-CBL1-0D3 i) 8 1.25 4 -3.5 1471-1611
B-CBL1-1D2 55 8 25 4 3.5 1471-1611
B-CBL1-1D3 b 8 2.5 4 -3.5 1471-1611
CBL1-1D2 55 8 25 4 —3.5 1471-1611
C831-1D2 27 8 2.5 4 -3.5 1471-1611
B-C&51-1D2 27 8 25 4 3.5 1471-1611
. A - 2.5 — 1291-1351
B-C12L1-0D2 42 12 1.25 15 5 14711611
_ 2.5 - 1291-1351
B-ClaLi-1D2 = = =2 15 6 1471-1611
3.5 -4 13111371
C16281-1D2 20 16 25 25 -5 1391-1451
i —6.5 14711611
35 -4 13111371
B-C1631-1D2 20 16 25 = -5 1391-1451
i —6.5 1471-1611
5 -4 13111371
Cil6L1-1D2 42 16 25 15 —& 13911451
—0.5 -8 1471-1611
3.5 -4 1311-1371
B-C16L1-1D2 42 16 25 15 —& 1391-1451
—0.5 -8 1471-1611
3-CBS1-1D2 2 2.5 5 0 1471-1611
8-CBS1-1D3 2 25 5 0 1471-1611
8-CBS1-1D5 2 2.5 5 0 1471-1611
8-CEL1-1D2 2 25 5 0 1471-1611
S-CEL1-1D3 g 2.5 5 0 1471-1611
8-CEL1-1D5 2 25 5 0 1471-1611

Table 1. Application codes, physical layer parameters and values at Tx reference points



Maximum Minimum
Central Maximum Minimum mean mean Maximum
Clacs wavelength | attenuation | attenuation | channel channel optical path
nm dB dB Input power | input power | penalty dB
dBm dBm
C431-1D2 1531-1591 10.5 4 05 -13.5 15
C431-1D3 1531-1591 10.5 4 0.5 -13.3 1.5
C431-1D5 1531-1591 105 4 0.5 -13.5 1.5
C4L1-1D2 1531-1591 15.5 13 -85 —-22.5 2.5
C4L1-1D3 1531-1591 205 13 -85 -23.5 15
C4L1-1D5 1531-1591 20.5 13 -85 -23.5 1.5
B-C4L1-0D2 1531-1591 265 12 =7 255 1.5
B-C4L1-0D3 1531-1591 255 12 =7 -2h5 15
B-C4L1-1D2 1531-1591 225 12 e -22.5 2.5
B-C4L1-1D3 1531-1591 233 12 -7 -23.3 1.5
B-CEBL1-0D2 1471-1611 21 12 - 245 1.5
B-CBL1-0D3 1471-1611 21 12 -3 2435 1.5
B-CEBL1-1D2 1471-1611 18 19 -2 -215 2.5
B-CEL1-1D3 1471-1611 12 12 -8 225 1.5
CBL1-1D2 1471-1611 18 12 -8 -21.5 2.5
CE31-1D2 1471-1611 a 3 1 =125 15
B-CE31-1D2 1471-1611 g 3 1 -12.5 1.5
1291-1351 20 11 -1.5 -24 1
B-CL2L1-0D2 | 471 1611 147 7 -5.5 -20.7 1
1291-1351 18 13.3 7.5 -22
B-clilLi-1Dn2 1471-1611 11 7 -5.5 -19.3 15
1311-1371 B.5 3.5 0 -12.5 1
C1681-1D2 1391-1451 7.5 25 0 -125 1
1471-1611 6.5 0.5 0.5 -13 1
1311-1371 B.5 3.5 0 -12.5 1
B-C1631-1D2 | 1391-1451 7.5 2.5 0.5 -125 1
1471-1611 6.3 0.5 0.5 -122.8 1
1311-1371 18 11 -7.5 —22 1
C16L1-1D2 1391-1451 158 9 -7.5 -21.8 1.5
1471-1611 133 7 -7.5 -21.3 2
1311-1371 18 11 -T7.5 -22
B-C16L1-1D2 | 1391-1451 158 9 =75 =218 15
1471-1611 13.3 7 —i.5 -21.3 2
3-CE31-1D2 1471-1611 16.5 b 0 —18 1.5
3-C831-1D3 1471-1611 16.5 5 0 -18 1.5
3-C831-1D5 1471-1611 165 b 0 -18 1.5
S-CEL1-1D2 1471-1611 255 14 -9 —28 2.5
S-CEL1-1D3 1471-1611 265 14 -9 —28 2.5
S-CBL1-1D5 1471-1611 255 14 -9 -28 2.5

Table 2. Application codes, physical layer parameters and values at Rx reference points

Checking these parameters and associated values enable to ensure compatibility of interfaces having the same application code
and supplied by different vendors. It also defines the rules for the joint engineering necessary to interconnect aggregate
interfaces with different application codes, taking a particular care with the critical parameters such as the Tx output power and
the Rx input power, the central channel wavelengths, and bit rate coding.

As to the central channel wavelengths, the grid is defined in ITU-T G.694.2 recommendation, with 18 channels from 1271 nm
to 1611 nm, with a 20 nm channel spacing. In addition to the parameters and values summarized in tables 1 and 2, ITU-T
(G.695 standard recommends a maximum central wavelength deviation of + 6.5 nm with regard to G.694.2 grid. As low-cost
uncooled distributed-feedback (DFB) lasers are deployed in CWDM networks, with large centering tolerances at nominal
temperature and big thermal drift on operating temperature range, the measurement of channels wavelength deviation with
temperature is highly recommended to prevent network breakdown issues.



Fast and easy assessment of CWDM networks

To facilitate the verification of CWDM network compliancy with ITU-T G.695 recommendation, Anritsu has developed a
dedicated CWDM test instrument, called Network Master Optical Channel Analyzer (OCA). The Network Master OCA is a
field modular device designed to measure power and wavelength over the 18 CWDM channels, and to monitor their drift over
time. Coming in a small, light and rugged handheld format, this easy to use instrument is particularly well adapted to help field
technicians for installation, maintenance and troubleshooting of CWDM access networks.

Figure 3. Network Master Optical Channel Analyzer

Providing a global vision of all the CWDM channels displayed in a graph or a table window on the large screen of the
instrument, complemented with several drift functions to allow a long-term characterization of the channels, the Network
Master OCA enables fast and reliable measurement of CWDM network parameters in every environment. The software
interface has been carefully developed to ease the qualification of CWDM links, and will require quite no training to
characterize a CWDM network at a glance.

In particular, alarm thresholds for all configurations defined in ITU-T G.695 recommendations are stored in the OCA for an
easy Go / No Go testing. Figure 4 shows the interface of the [Settings / Alarms] menu, where can be activated the appropriate
alarm thresholds at the CWDM network reference measurement point.
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Figure 4. [Settings / Alarms] menu on Network Master OCA

The application code of the network under test can be selected in the [Settings / Alarms] menu of the OCA. Red indicators will
be then displayed in every graph and table displays, in accordance with the power and wavelength boundary values
recommended by ITU-T G.695, as we can see on figure 5 hereafter.
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Figure 5. Alarms indicators in the different OCA displays:
[top, left]: normal graph display
[top, right]: normal table display
[bottom, left]: drift graph display
[bottom, right]: 1-channel drift plot display

On the above figure, one channel was simulated out of the target values, according to B-C8S1-1D2 application code, at the
beginning of the test, with an excessive power of +7 dBm on a central wavelength of 1544.0 nm, out of the authorized band for
the 1551nm CWDM channel. The detected channel power and wavelength values both appear in red on OCA graph and table
displays. They are also displayed in alarm at the beginning of the drift test, and we can see on the OCA drift displays that the
channel is going out of the alarm areas after a period, due to environmental changes for example. With these clear displays, the
OCA can give the full picture of a CWDM network, both instantaneously and versus time, to facilitate the commissioning and
the troubleshooting of the link.

All the alarms boundaries for the whole ITU-T G.695 application codes can be seen in the [Settings / Alarms] menu of the
OCA, by selecting “Power Alarms” or “Wavelength Alarms” button. The maximum and minimum tolerated values are
displayed in a table format, as we can see on figure 6. Operators can choose to change these alarms limits, to be more or less
restrictive than the ITU-T standard. This can be done directly in the tables shown on figure 6.
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Figure 6. Power and wavelength alarms values relative to B-C8S1-1D2 application code, Tx side

Thanks to these alarms menu, operators can choose to compare their CWDM network performance with the target values
defined in ITU-T recommendations, or to define their own criteria, depending on their architecture and objective.



Conclusion

Because of its flexibility, scalability, protocol transparency and cost effectiveness, CWDM is the preferred technology to
increase bandwidth in metro and access networks. In 2003, the International Telecommunication Union set up a framework to
ensure interoperability of CWDM systems from the different vendors on this market, with the ITU-T G.694.2 and ITU-T
G.695 recommendations. To ease the installation, the commissioning, the troubleshooting of CWDM networks in the field,
Anritsu released a new field tester, the Network Master Optical Channel Analyzer. This handheld instrument provides fast and
accurate measurements of the wavelength and power of the 18 CWDM channels, and monitors their drift over time. With
stored alarm threshold values, in accordance with the application codes defined in the ITU-T G.695 recommendation, the
Network Master OCA can characterize any CWDM network at a glance with an easy Go / No Go testing.
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