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At issue here is the practical need to separate the downstream optical data carrier from the downstream optical broadcast carrier at the ONT.  Since this is the end of the circuit at the subscribers’ location, cost is of utmost importance.  Also, we must take into account that in some countries (e.g., North America), it is popular to place ONTs out of doors, where they are susceptible to temperature extremes of up to 100 degrees C.

The downstream optical carriers are separated in a wavelength division multiplexer (WDM) that is integral to the optical subassembly (OSA) in the front end of the ONT.  We illustrate the WDM here as independent filters, though more integration is common.  The undesired signal on each downstream wavelength must be attenuated more than 30 dB as shown.  At issue is the need for a wide enough flat region in each filter so that, if the filter center frequency is off, or if the center frequency drifts due to temperature changes, the desired signal will pass, but the undesired signal will be attenuated sufficiently to prevent interference.  In present-generation EPON and GPON, the undesired attenuation is 30 dB or more, and we would expect a few more decibels to be needed in the next generation.

We have assumed that the center wavelength (centroid) of the filter can be held in high volume production to +/- 6 nm (3 sigma), and that the maximum temperature drift is 3 nm.  Note that, of the several numbers we got from different vendors, these are the most optimistic numbers.  Other vendors quoted us more pessimistic numbers, which would make the situation even worse.



Wavelength Establishing View
(Wavelength is to Scale)
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For reference, this chart shows the actual wavelength bands specified by both 802.3ah (and ITU), and the wavelength bands proposed for 802.3av.  The scale is rigorous - this is a graph of the actual wavelength numbers.  We shall concentrate on the wavelengths from 1550 nm up for the remainder of this analysis.

Note that the filter that separates the 1490 nm downstream data wavelength from the broadcast wavelength is very wide – 50 nm nominal.  We know from years of producing product conforming to the 802.3ah specification, that this transition band is feasible.  Unfortunately, with 802.3av, the transition band must narrow considerably, possibly to the point of being impractical.



But Wait!  It Gets Worse
When we take tolerances and temperature drift into account, the 
situation gets worse

So we will make certain concessions to the real world
Broadcast (extended services) band

Was 1550 - 1560 nm (existing transmitters)
Make it 1550 - 1555 nm

1577 nm data down
Was and is 1577 +/-3 nm

1590 nm data down (currently not in standard)
Was 1590 +/-10 nm
Make it 1590 +/-3 nm

Makes OLT somewhat more expensive, but maybe not 
prohibitively so.  Makes ONT easier

We shall make these assumptions and look at the implication for 
using broadcast with downstream data.  We will not look at 
upstream data transmission at this time.

Those messy, practical details
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The previous slide assumed nominal values for wavelengths, but did not take into account the needs of practical, low-cost filters that can be incorporated into consumer-priced equipment, and which might go out-of-doors.  Note, however, that if we restricted the temperature range to indoor ranges, the situation would be only marginally improved.



Assume we try to use 1577 nm 
with broadcast
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This shows the reduced broadcast wavelength, where we have restricted the wavelength to 1550 to 1555 nm in order to try to produce a practical system.  We have tried this idea on some cable operators.  While we received some push-back, we feel that this restriction is not going to seriously limit deployment of systems.  High-quality broadcast optical transmitters are generally available at various wavelengths between 1550 and 1560 nm, corresponding to the flat amplification range of erbium-doped fiber amplifiers (EDFAs).

Note that, while the wavelength range specified for the 1577 nm downstream data laser is narrow, the filter at the ONT must be quite a bit wider in order to compensate for the centroid (center wavelength) variation of the filter and the temperature drift of the filter.  This chart shows the practical filter centered on the laser wavelength band.



Assume we try to use 1577 nm 
with broadcast
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Compare with the previous chart.  This shows a filter that is at the low end of its production range according to the most optimistic information we have gotten.  The filter has also drifted low in wavelength due to temperature.  Note that it can still pass the data carrier regardless of where in the data carrier band the OLT is emitting.

Note also that the low end of the filter is only 1 nm from the high end of the broadcast wavelength band, even though we have reduced that wavelength band.  This 1 nm transition band (to achieve over 30 dB of attenuation) is not feasible.  Compare with the earlier slide that showed we have a 50 nm transition band with present-generation specifications.



Now try it with a downstream 
wavelength of 1590 nm

1540 1550 1560 1570 1580 1590 1600 1610

Wavelength (nm)

Reduced 
broadcast 

wavelength

1.  Specified 1590 nm 
data wavelength 

(reduced bandwidth)

2.  Practical filter bandwidth 
after taking into account 

temperature drift and initial 
center frequency

Presenter
Presentation Notes
Here is the same condition with a 1590 nm downstream data wavelength.  We had to restrict the 1590 nm wavelength to the same +/- 3 nm band as is imposed for the 1577 nm downstream in order to have any realistic chance of making this work.  This restriction is believed to increase the cost of the OLT, but maybe not excessively in a few years.
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Now here is what happens when we have the worst-case centroid combined with the worst-case temperature.  We now can design the filter in the ONT for a 14 nm transition region.  This is not as good as the 50 nm transition we have with present-generation ONTs, but is much better than the situation with a 1577 nm data carrier, where we had a completely impractical 1 nm transition.



Conclusion

Use of the broadcast overlay with a 1577 
nm data carrier is impossible
Use of the broadcast overlay with a 1590 
nm data carrier is difficult, but should be 
feasible
We do not object to use of 1577 nm for 
PR(X)30
We seek reinstatement of the 1590 nm 
wavelength in order to preserve use of the 
broadcast overlay, which we have agreed is 
still important
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