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Abstract
In this paper, we use in-band full-duplex (IBFD) operation to provide dynamic spectrum management for broadband
power line communications (BB-PLC). By transmitting data and sensing the spectrum at the same time, we eliminate the
sensing-only time and other wait times associated with a cognitive PLC operation. Further, we provide three different solutions
to counter the issue of insufficient echo cancellation gain provided by the state-of-the-art IBFD BB-PLC solution. In this way,
we achieve 100% transmission efficiency and increase the overall data rates, by completely utilizing the currently restricted,
but idle, frequency bands.
Index Terms
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I. I NTRODUCTION
Since power lines were not built for high-frequency data communication, the unshielded nature of the lines and the
presence of asymmetric power line communication (PLC) signals cause undesired electromagnetic interference (EMI)
between PLC and non-PLC applications [1], [2]. To co-exist with non-PLC services, such as broadcast and amateur radio,
in the presence of EMI, traditional broadband PLC (BB-PLC) modems permanently notch out overlapping frequencies in
the operating frequency band of 2 − 100 MHz [3]. This leads to a significant loss in data rates of up to 93 Mbps [4]. To
counter this, cognitive PLC methods, also referred to as “smart-notching” or “dynamic notching” or “dynamic spectrum
management”, have been proposed to transmit PLC data on any unused bands [4]–[7]. But these solutions are fairly
inefficient since they function in a half-duplex (HD) manner, where the secondary user1 (i.e., PLC transceiver) suspends
its transmission at regular intervals to sense the spectrum to verify availability of the medium. In this paper, we propose
the use of in-band full-duplex (IBFD) operation to remove the wait times by simultaneously transmitting data as well as
sensing the availability of the spectrum on the line.
II. S MART-N OTCHING USING IBFD
A. Spectrum Sensing with IBFD
For the purposes of spectrum sensing to detect short-wave broadcast radio services, ETSI specifies a frequency domain
power spectral density (PSD) monitoring technique and also proposes the following detection criteria under HD operation [9].
A radio broadcast signal is detected if both the following conditions are met:
The interference signal is 14 dB above the adjacent noise floor

(1)

The interference signal power is at least -95 dBm.

(2)

In our previous works, we have shown that bidirectional communication at the same time in the same frequency band
over the same power line can be accomplished with the use of an operational amplifier based analog hybrid, and a digital
echo cancellation circuit to estimate and cancel the self-interference (SI) [10]–[12]. With such a solution, PSD monitoring
is performed on the new “noise floor”, which comprises of the overall noise floor at the receiver, as well as the residual
self-interference (RSI) resulting from non-ideal echo cancellation (EC). The difference in power levels between the HD
and IBFD noise floor is determined by the extent of echo cancellation gain (ECG) achieved by the IBFD solution.
1 We refer to a PLC transceiver as a secondary user only in the interfering bands, i.e., bands that are recommended to be notched out by the current
standards [8].
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Fig. 1: PSD of the signal monitored on the line for half-duplex, and IBFD with only digital cancellation (DC) [12].

B. Increasing Echo Cancellation Gain
Preliminary simulation results shown in Fig. 1 indicate that the ECG provided by the current IBFD BB-PLC solution is
insufficient to bring the level of RSI to the HD noise floor. Since this solution performs active cancellation in the digital
domain, the limited dynamic range of the ADC at the receiver restricts the maximum achievable ECG. To overcome this
constraint, we propose the use of one or more of the following three solutions.
1) Increase ADC Resolution: The dynamic range of an ADC is directly proportional to the number of bits (m) it uses
to quantize the signal. For a full-range operation, the signal-to-quantization-noise ratio (SQNR) of the ADC in dB is given
by SQNR = 6.02m + 4.77 − PAPR, where PAPR is the peak-to-average-power ratio, in dB, of the signal entering the
ADC. By increasing m, the dynamic range of the ADC can also be increased, thereby providing higher ECG.
2) Use Additional Wire Pairs: Most in-home wiring installations have more than two wires available. By exploiting the
coupling loss between the two wires, passive isolation between the bidirectional signals can be increased. This reduces the
echo power entering the ADC, which leads to lower quantization noise.
3) Analog Cancellation (AC): Apart from increasing passive isolation, lower quantization noise at the ADC can also
be obtained by active cancellation in the analog domain. This reduces the quantization noise at the ADC, and thereby
increases the maximum ECG.
III. S IMULATION R ESULTS
For all simulations, including the result presented in Fig. 1, we use the HomePlug AV specifications for transmission [8],
and the spectrum sensing procedure detailed in ETSI TS 102 578 [9].
We first show the impact of ADC resolution on the resulting RSI PSD in Fig. 2. With a 16-bit ADC, the RSI can almost
be brought down to −130 dBm/Hz, which is typically the minimum PSD of the overall noise in an in-home power line
environment [13], [14]. Next, Fig. 3 clearly shows that by using an additional wire-pair for spectrum sensing, the RSI
PSD can be brought down to the HD noise floor using the higher passive isolation obtained at the line-modem interface.
Finally, we observe in Fig. 4 that AC provides sufficient ECG for the RSI PSD to match the HD noise floor.
IV. C ONCLUSIONS
In this paper, we used IBFD operation to enable power line modems to continuously sense any idle spectra, while also
simultaneously transmitting data. In this way, we achieve 100% transmission efficiency in cognitive PLC operations, by
eliminating the sensing-only time, and other waiting times. Further, we proposed three different solutions to counter the
insufficient ECG provided by the state-of-the-art IBFD BB-PLC solution.
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Fig. 2: PSD of the signal monitored on the line for IBFD operation with DC for different ADC resolutions.
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Fig. 3: PSD of the signal monitored on the line for half-duplex, and IBFD operation using two wire-pairs.
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Fig. 4: PSD of the signal monitored on the line for half-duplex, IBFD with only DC, and IBFD with the proposed AC.
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