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ABSTRACT

Previous presentations (NF-084 and BM-087), provide theoretical and simulated results comparing the uncoded
ADSL data stream with Reed-Solomon FEC, with Reed-Solomon plus Trellis and Reed-Solomon and multiple concatenated
Convolutional Codes (MCCC).

In these presentations, the power penalty when using Reed-Solomon was not taking into account, because it did not
affect the presentations’ conclusions, namely, that the use of inner coding, whether Trellis or MCCC, with Reed-Solomon
provides better performance than the use of only Reed-Solomon.

In this paper we present the mathematics for calculating the power penalty of error correction codes and apply this
mathematics to Reed-Solomon FEC codes.

1. Introduction:

Previous presentations (NF-084 and BM-087), provide theoretical and simulated results comparing the uncoded
ADSL data stream with Reed-Solomon FEC, with Reed-Solomon plus Trellis and Reed-Solomon and multiple concatenated
Convolutional Codes (MCCC).

In these presentations, the power penalty when using Reed-Solomon was not taking into account, because it did not
affect the presentations’ conclusions, namely, that the use of inner coding, whether Trellis or MCCC, with Reed-Solomon
provides better performance than the use of only Reed-Solomon.

In this paper we present the mathematics for calculating the power penalty of error correction codes and apply this
mathematics to Reed-Solomon FEC codes.

2. Estimating the power penalty:

Error correcting codes are judged by their coding gain. The coding gain is the ratio of the inherent gain of the error
correction codes over its power penalty. The power penalty results from the need to send a larger constellation which
include the extra parity or check bits of the error correcting code.

The power penalty, for ADSL tone constellation, is defined as
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where b is the number of data bits and b’ is the number of data bits plus parity or check bits. For example in the

Trellis encoder of NF-084 one parity bit is required for every two tones (4-D Trellis encoding). This means b’ is equal to
b+0.5 and the power penalty for this Trellis encode will be:

o(b+05) _ 1
-1
Of course this power penalty of the Trellis encoding was already included in the results of the previous presentations.

3. Application to the Reed-Solomon case:

Reed-Solomon codes al so have a power penalty and this power penalty also depends on the number of bits per tone.

Let’'s assume that we have K octets and that we use R octets for Reed-Solomon FEC. In this case, the information bits

are 8*K and the total data is 8*(K+R), so 100*R/K=100*p is the percentage of redundancy in our data stream, and the
percentage of datainformation datais (K+R)/K* 100=(1-R/K)* 100=(1-p)* 100.

Ones p has been defined, we can defineb’ = b (1 + p). The power penalty will then be as:
2 b(1+ p) - 1
-1
For example, if we have K=50 data octets and we use R=8 check octets, p=0.16, and we need 16% more bits to
transmit the additional 8 check octets.

Scenario A

This scenario will represent the previous data presented previous presentations for K=50 and R=8, the results for
uncoded, Reed-Solomon, Reed-Solomon plus Trellis and Reed-Solomon plus MCCC were:
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Scenario B



In this case, assuming a communication link of speed 1.6 Mbps. If we use 100 tones, the average number of bits per tone
(using 4000 DMT symbols) will be 400/100=4 bits. For b=4, R=8 and K=50, the power penalty of using The Reed-Solomon
encoder will be2 dB. Sointhiscaseall the curves, except the uncoded signal, will move closer to the uncoded signal by 2 dB
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Scenario C

In this case, assuming acommunication link of speed 4.8 Mbps. If we use 200 tones, the average number of bits per tone
(using 4000 DMT symbols) will be 1200/200=6 bits per tone. For b=6, R=8 and K=50, the power pendty of using a Reed-

Solomon encoder will be 2.92 dB. So in this case all the curves, but the uncoded signal, will move closer to the uncoded signal
by 2.92 dB.
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4.

Summary:

Previous presentations have provided theoretical and simulated results showing the advantages of Trellisand MCCC
inner encoders. They neglected to include the power penalty of the Reed-Solomon encoding since it did not affect the

conclusions of these presentations.

This presentation provides simulation results including the power penalty of the Reed-Solomon. These results

confirm the conclusions of the earlier presentations.

In summary:

1. This paper shall be presented in G.dmt.bis “modulation and coding” and G.lite.bis “modulation and coding”.

2. We propose to the committee to a provisional agreement in the mandatory capability use of MCCC in G.992.1.bis and
(G.992.2.bisin the transmitter for manufacture interoperablity
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