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The TereScope Fusion was designed to combine the best features of two transport mediums,
laser light and radio waves, to form a single, seamless wireless communication link between
network devices.

The overall system consists of three elements: (1) a laser link, (2) a switch and (3) a radio
frequency (RF) link. In its basic configuration, data is transmitted over the laser link during normal
operation (se figure 1 below). The laser provides a Fast Ethernet connection at 100 Mbps, ful
duplex. When the laser signal becomes degraded, presumably due to fog or similar weather, it
will stop transmitting data to the switch. The switch will detect a signal loss on the port dedicated
o the laser and automatically switch over to the RF link. The RF link wil then become the primary
link until a solid connection can be reestablished on the laser system. While using the RF back-
Up, the data link will operate at 3 Mbps, full duplex, providing Ethernet connectivty.

More information on each component of the solution is provided below.
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Figure 1. Standard TereScope Fusion Architecture.

1. Laserlink

At the present time, only the following TereScope systems are compatible with the standard
Fusion configuration: the TereScope 1000, 1000X and 3000. When the receive signal for
these three systems falls below a certain threshold, they stop outputting signals to the
‘connected switch. This loss of signal is the basis for the switchover 1o the altemate RF
channel.

We do not recommend the Fusion solution with laser systems supplied by other vendors.

2. Suitching




[image: image2.png]‘Successful switching is critcal to the operation of the Fusion solution. The current version of
the Fusion is optimized to work with Optical Access’ OptiSwitct? products. The OptiSwitch is
‘equipped with a feature that gives the laser link higher priority over the RF link on the Layer 2
platiorm. Therefore, the network traffic is routed to the laser link when itis properly operating,
and re-routed to the RF link when the laser link is down.

This feature, called UEC2 (Unbalanced
EtherChannel), allows the user to configure the
delay time to switch from laser to RF
(recommended delay time is 1 second) and from
RF to laser (recommended delay time is 5
seconds) independently. This feature prevents.
the switch from sither becoming “Stuck” on a
single channel or switching back and forth
sporadically.

When placing an order, we recommend an
OptiSwitch 200, 400 or 800,

When used with an RF system, the user needs a
hybrid module (laser on the fiber port, radio on
the copper port): EM2003-4T+F/M or EM2003-
AT+2FIM.

‘The current firmware version supporting the
Iaser/RF switchover is 2.45 UEC2. When fulfling
an order, please make sure that your OptiSwitch
has this fimware or a more recent version.

We do not recommend the Fusion solution with

switches provided by other vendors using
protocols such as Spanning-Tree.

3. RElnk

Why not use Spanning-Tree Protocol?
“This is an often-asked question. Given the ability
of Spanning-Tree Protocol 10 negotiate redundant
100ps, it seems like a perfect mechanism for the
‘Fusion back-up scheme. However,the approach
has afew significant flaws:

e Spanning-Tree Protocol may not
always seek the path with the most
bandwidih availabl. This means
that the protocol may seftle on the
slower channel and never switch
over o the laser.

= Similarly, Spanning-Tree Protocol
‘may not automatically switch back
1o the laser once it becomes
available.

£ Spanning-Tree Protocol i slow o
switch over and canallow
significant down ime.

& Inlarge networks, Spanning-Tree
Protocolis unstable and ineficient,
reqiring ime 10 relearn network
paths, adding a delay.

The RF link runs in parallel to the laser system, but does not carry traffic during normal
operation. The RF link is used only when the switch detects a break in the laser ink.

‘The data rate on the microwave link is 3 Mbps, full duplex, through an Ethernet interface. The
unit consists of an indoor adapter connected to the switch on one side and to the outdoor unit
through a CATS cable on the other side (see figure 2 for RF system architecture).

Brief RF specifications:

. RF Frequency range: 2.412-2.4835 GHz (center channels 1-14)

¢ Compliant with: IEEE 802.11b HR

= RF Channel Step Size: 5 MHz

= Adjustable Output power level
dependent)

. Selectable Channels:

Fce 111
ETS 113
Japan TELEC 14

France 10-13

4,2,4,6,12, 14,20, 24 dBm (Country Domain
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Figure 2. RF system architecture.

Back-up alternatives

There are times when the customer may require a back-up channel, but cannot use our RF
Solution for this purpose. This may be due to spectrum congestion in the area or a need for
greater bandwidth. I principle, the OptiSwitch can allow for a variety of alteratives; however,
these options need to be discussed with an Optical Access pre-sales engineer.

For example, what about using DSL as a back-up to the TereScope? If the DSL modem can be
connected ta the capper port of the hybrid modules, this seems ke a natural possibily.

Problems may arise, however, if the DSL modem connects to the public network, Because the
OpliSwitch expects to find the other network node on the same subnet, and uses MAC addresses
for this purpose, it needs a local router to negotiate the gateways between the two switches. This
will obviously add expense and complexity to the problem.

As with all network equipment, the Fusion can be used in a variety of ways. Since the problems.
with a back-up solution will be unique to the particular network, you are encouraged to involve an
Optical Access pre-sales engineer from the earliest stages of such discussions.

99.999% avalabilty?

One big question that we encounter i the field concerns how many nines we can provide to the.
customer. The base-ine expectation for an Enterprise or Service Provider network is the oft-
quoted “five-nine” availability. Because of the inherent unpredictabilty of the weather, this is
problem for many applications of free space optics. The Fusion is obviously intended as an
answer to this concern

When used in combination, laser and RF systems create a very robust ink. Our studies indicate
that it would be very rare for neither the laser nor RF link to be available at any one time. This is
because the transmission mediums are susceptible to different types of weather effects
Therefore, the TereScope Fusion can offer 99.999% statistical availabilty in most areas.

Of course, the TereScope Fusion does not guarantee that a specific data rate can be maintained
9.999% of the time. The Fusion merely provides that a back-up channel will exist. The actual
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Figure 3. Expected data rate as a function of distance and channel availability.

As seen above, the actual data rate s a function of distance and weather conditions. Note that
the maximum range of the Fusion will til be determined by the TereScope used. If you go
beyond the maximum range of the TereScope, you decrease ts availabilty and may lower overall
link availabilty. For this reason, do not recommend tha the Fusion be used to extend the.
maximum range of the TereScope.

When used in isolation, the maximum range of the Fusion RF link is up 1o 26 km (FCC) or 8 km.
(ETSI), depending on the local country requirements.

Conclusion

‘The TereScape Fusion was designed to combine the speed of free space optics with the.
resilience of RF communication. By leveraging both technologies, we can provide the 99.999%
availabiliy that many of our customers expect. While the current solution is based on Ethernet
and can only be used for a subset of the TereScope family, we are exploring other avenues as
wel. Future developments willinclude alternative protocol support and faster back-up links for
Gigabit products. AS with all product development,the system evolution will follow the demands
of the market. Therefore, continuing feedback from the field will be critical as we move ahead.
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