Coexistence of narrow band power line communication technologies in the unlicensed FCC band

Introduction
Narrow band power line communication technologies use the spectrum in the unlicensed FCC band from 9 kHz to 534 kHz, while broadband power line technologies use the spectrum above 2MHz.

Coexistence is the capability for multiple technologies to share the same bandwidth. To say that a technology in one frequency range coexists with another in a very different frequency range isn’t really coexistence. That approach only supports the first users of different subsets of the available spectrum.

 The only SDO approved coexistence mechanism that exists and is known to work in the narrow band range is defined in the CENELEC EN 50065-1 standard. However, the CENELEC standard itself applies to a range of frequencies that are a subset of the FCC band. Therefore, there is a need to develop a technology neutral power line coexistence standard along the lines of EN 50065-1 that can work in the unlicensed US FCC band below 534 kHz that does not hinder product differentiation or future innovation
EN 50065-1 Primer
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The EN 50065-1 standard was developed under the CENELEC Technical Committee TC 205, Home and Building Electronic Systems (HBES) in 1991 and has been updated a few times with the most recent version published in 2001. 

The standard applies to electrical equipment using signals in the frequency range 3kHz to 148.5kHz to transmit information on low voltage electrical systems, either on the public supply system or within installations in consumer’s premises.
It specifies that the 3 kHz to 95 kHz band be restricted to electricity suppliers and their licensees and the band above 95 kHz to 148.5 kHz be restricted to consumer use. It also defines sub-bands in the 95 kHz to 148.5 kHz range and mandates the use of a clearly described access protocol based on CSMA/CA in the sub-band from 125 kHz to 140 kHz, which is commonly called the C band. The CSMA/CA protocol requires devices to transmit a ‘band in use signal’ and limits the maximum amount of time that a transmitter or a group of transmitters can occupy the line at a time to provide fair use of the power line to other users.
EN 50065-1 also defines disturbance limits, transmitter output voltage and test conditions.

Any power line technology that does not comply with EN 50065-1 cannot be used in any of the CENELEC countries. In addition, a power line technology that uses only the CENELC A band cannot be used for consumer use in CENELEC countries. One must also note that the consumer sub-bands are very narrow. In the analog domain of the real world, adjacent bands will have an effect on each other even if power line technologies in those bands are compliant with relevant emission standards. In other words, channel separation is problematic.
Tradeoffs in coexistence approaches
Time Division Multiplexing

Pure TDM can be thought of as a round-robin method that requires each transmitter to take turns to own the line irrespective of the transmitter’s need to transmit. This results in obvious inefficiencies.

Pros:

· Power efficiency - transmitters can be in sleep mode and wake up only during their allotted slot

Cons

· Inefficient use of spectrum

· Wasteful of time

· Does not address multiple markets

Frequency Division Multiplexing

If the FCC band can be divided in to a few sub-bands with adequate guard bands, Frequency Division Multiplexing enables more efficient utilization of the spectrum, but pure FDM by itself does not address co-existence. It only allows a single technology to exist in a given band. 
Pure FDM still leaves a co-existence mechanism to be defined.
Pros:

· Allows simultaneous of multiple transmitters in the FCC band at different frequencies resulting in efficient use of spectrum

Cons

· Does not address coexistence within the same band
Frequency Notching

Frequency notching does not provide for a technology independent coexistence mechanism. For example, it does not allow two power line technologies to coexist without making assumptions about the other technology. Notching can be used to work around a narrow band, assuming a wide enough notch to prevent channel interference. While notching may be helpful under certain circumstances, it cannot be the only coexistence mechanism for narrow band power line communication.
If frequency notching is used around the C-band with adequate guard bands, it would not allow that power line communication technology to address the consumer band in CENELEC countries. 
Pros:

· Offers a way to work around an already installed power line technology that is using a very narrow band

Cons:

· Spectrum requirements have to be known in advance and assumed not to change

· Does not offer a way for new technologies vying for wider spectrum use  to co-exist

· Requires adequate margins to minimize channel interference

· Not optimal if the ‘notch’ has to be very wide

· Cannot be used where transmission in CENELEC C band is required

· Mandates use of a programmable DSP

Use of a single band-in-use signal

One way to solve the co-existence problem would be to agree upon a single ‘band in use’ signal for the roughly 500 kHz US FCC band that everybody could detect. If we adopted the use of the same 132.5 kHz signal described in EN 50065-1 and maintained full compatibility with EN 50065-1, then chip providers could offer a common silicon solution for both the US & European markets. However, this may not utilize the available spectrum to the fullest extent. This proposal does not require the US to follow or apply the EN-50065-1 standard as is, but it requires us to re-use much of the work done to leverage the commonality between markets so that solution providers could offer a solution that meets the needs of both the US & European markets.

Pros:

· Equal access to spectrum; Multiple technologies can share the full FCC band

· Quick; No need to allocate spectrum to any application

· Meets the needs of multiple markets; Use of 132.5 kHz band-in-use signal allows solution to be used in Europe (C-band) or the US

· Technology neutral. Does not mandate a common modulation technology

· Allows both  programmable DSP based and non-DSP based solutions to implement coexistence
· Allows differentiation and future innovation

· Offers the least channel interference

Cons

· Does not allow simultaneous use of separated portions of the spectrum, but allows sequential use.

Proposed solution for the FCC band
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This proposal calls for the FCC band to be conceptually divided in to three bands, each with its own ‘band-in-use’ signal. The three bands could be called the A band, B/C/D bands and the extended E band to maintain compatibility with the CENELEC EN 50065-1 standard to some extent. The B and D bands are mentioned here just to maintain backwards compatibility with the CENELEC standard but there would be no distinction between the B/C & D bands in the unlicensed FCC band. Also, the bands need not be tied to any application, thereby allowing free access to the spectrum to any user as long as they follow the coexistence method being proposed. 
FCC need not allocate any new spectrum, but a SDO approved coexistence standard could still be developed along these lines.

This proposal requires the transmission of a band-in-use signal at 86 kHz for the A band, transmission of a 132.5 kHz band-in-use signal for the B/C/D bands and transmission of a 265 kHz band-in-use signal for the extended E band, all following the same timing specification mentioned in the CENELEC EN 50065-1 access protocol, so that multiple power line technologies can coexist using CSMA/CA.  Leveraging the work done on the CENELEC standard allows the same modem to be used to address multiple markets. A technology wanting to utilize the entire FCC band could do so by looking for the absence of the three band-in-use signals and by transmitting those signals while using the line .
 The B and D bands are unregulated in the CENELEC world and provide some separation between the A and C bands. The D band has been extended to 160 kHz to provide a guard band between the C and E bands.

Pros
· Multiple technologies can share each of the three major band types within the FCC band

· Meets the needs of multiple markets; Use of 132.5 kHz band-in-use signal allows solution to be used in Europe (C-band) or the US

· Combines advantages of FDM and makes good use of spectrum

· Technology neutral. Does not mandate a common modulation technology

· Allows both programmable DSP based and non-DSP based solutions to implement coexistence
· Allows differentiation and future innovation.
· Does not tie an application to a band

Cons
· Channel separation will not be perfect at the boundaries

If the outlines of this proposal are accepted, a standards body could start to work on adding details & introducing a new coexistence standard for narrow band power line communication technology for the US.
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