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ABSTRACT

This paper is offered for information in helping the committee reach a decision on the interleaver for VDSL2 illustrating via numerous examples the various tradeoffs that are possible.. It summarizes the various factors that influence the choice of an interleaver for VDSL2, deals with the complexity issue of various types of “triangular” interleavers as well as the differential delay and resultant bonding memory requirements. 
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1. Introduction

This paper documents the various tradeoffs that are possible in the choice of an interleaver for VDSL2.  It documents a number of issues and scenarios via detailed examples with the aim of helping the committee reach a decision on the interleaver for VDSL2. 

2. The convolutional interleaver
All the interleavers considered are convolutional interleavers defined by the relationship
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where
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is the distance between two interleaved bytes 

D
is the interleaver depth

I
is the interleaver block size

The only requirement is that D and I are co-prime, i.e. that they have no common factor.

In ADSL this restriction is enforced by making
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where N is the code word length and using only odd code word lengths.

In VDSL1 the restriction is enforced by making
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breaking the code words into 
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 integer fragments.

For VDSL2 Infineon has proposed using a so called Generalized Convolutional Interleaver (GCI) with
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with the restriction that D and I must be co prime. While this is not generally easy to guarantee except in the case that I is prime, in which case we can use the simple rule
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Note that in VDSL1 q is an integer, while in VDSL2 there have been suggestions of making it a fractional value. This leads to some interesting possibilities as we shall see below.

In order to compute the derived parameters of the interleaver we need the following additional definitions
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is the number of parity bytes added to the data bytes to form a Reed Solomon codeword
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is the number of data bytes in a Reed Solomon codeword, hence
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is the line rate including overhead in kb/sec
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is the number of DMT symbols per Reed Solomon codeword, which for a 


DMT symbol rate of 4 kHz gives
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is the (approximate) data rate (ignoring framing overhead)
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In ADSL and VDSL1 
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 has a maximum value of 255 and 
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. Thee are no proposals to change these values.

2.1 Triangular interleaver implementations

Much has been made of the fact that the VDSL1 interleaver is “triangular”. This comes from an implementation using I delay lines with delay line 
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bytes. This is illustrated in Figure 1for the case of M=2, I=5, D=11, N=5, q=1. In this case we have 0,2,4,6 and 8 bytes in the delay line as shown, and the total number of delay elements is (D-1)(I-1)/2 = 20. The interleaved output samples are separated by 10 samples as required by the definition of the convolutional interleaver. This is shown in Figure 2.

Note that in Figure 1the bytes are read into the shift register column wise in natural order and read out column wise also in natural order. This is different for the general convolutional interleaver as we shall see below.

The case where q = 2 is illustrated in Figure 3and Figure 4. In this case the byte at index 
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 is not interleaved, resulting in a pattern of q bytes separated by D bytes in the interleaver as mentioned by Infineon.

[image: image21.wmf]Example of triangular interleaver
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Figure 1 Implementing the triangular interleaver of VDSL1
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Figure 2 Output of the triangular interleaver of Figure 1

[image: image23.wmf]Example of triangular interleaver
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Figure 3 Implementation of the triangular interleaver of VDSL1 with q=2
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Figure 4 Output of the triangular interleaver of Figure 2

[image: image25.wmf]Example of general interleaver
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Figure 5 Implementation of the general convolutional  interleaver of VDSL1 with q=2
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Figure 6 Output of the generalized convolutional interleaver

An equivalent implementation of the generalized convolutional interleaver is shown in Figure 5 and its output in Figure 6. Note that this takes the general shape of a triangular interleaver with some important differences. The number of delays per row is 
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Note that this reduces to 
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 so that the VDSL1 interleaver is a special case. In addition while the input bytes are read into the shift register in natural order, the output at index j needs to be delayed by an additional number of bytes given by
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This is accomplished by reading the output bytes in the sequence defined by
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In the example of Figure 5 we have 
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as shown in Figure 5.  Note that again the VDSL1interleaver is a special case with
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The total number of delay elements in this example is (D-1)*(I-1)/2 = 14, the same formula as for the VDSL1 case.

We conclude this section with the observation that in some sense all interleavers are “triangular” as pointed out by Infineon and the amount of memory required is always (D-1)*(I-1)/2.  Implementing a general convolutional interleaver is somewhat more complex than the VDSLO1 interleaver, although the extra complexity is a modulo and remainder operation, not a serious issue in terms of MIPS.  Finally to guarantee that D and I are mutually prime, one could use prime I values that make this easy to implement. As will be shown below, such a choice also minimizes the necessary bonding delay,

2.2
Delay and impulse noise protection

The delay of the modem when an interleaver is used is given by
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The impulse noise protection (INP) is
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From the above we see that we can express delay as a function of INP as follows
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This yields the surprising result that delay is an approximate function on INP (in ms) and the ratio of N over R.  This relationship may be used to set the value of delay needed for a given INP.

On the other hand the relationship


[image: image38.wmf]ms

lr

q

N

x

q

N

M

ms

lr

I

x

I

M

ms

lr

I

D

delay

8

)

1

(

)

(

8

)

1

(

)

(

8

)

1

(

)

1

(

-

+

=

-

+

=

-

-

=


tells us that to keep the delay constant the interleaver depth or I has to increase as lr increases. Using the VDSL1 interleaver with x =1, the only degrees of freedom are to vary M and I or equivalently M, N and q.

First we look at the case where N is fixed and I is fixed (hence q is fixed) and we vary M. In this case for large I we get a large variation in delay as shown in Figure 7, where we have also included the case of the generalized convolutional interleaver with I = 37 (a prime number).  Clearly the GCI gives a much lower variation in both delay and INP.  In Figure 8 we show the case for I=19 and q =8 (giving nearly the same value of N) where the variation of delay for the VDSL1 interleaver is clearly less.
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Figure 7 Delay and INP as a function of line rate for VDSL1 and GCI
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Figure 8 Delay and INP as a function of line rate for VDSL1 and GCI

Let us now relax the restrictions on I and M, keeping N constant. The result for this case is given in Figure 9 where we also give the case where N is also allowed to vary in order to minimize the delay difference as pointed out by Ikanos.  Note that in this case N varies over 100 to 160, a large range and that the only way to find each setting is by a global search that is computationally intensive (although it is done at startup). Nonetheless if this complexity and variation of N is accepted, this method also gives small bonding memories as shown in Figure 10.  The GCI interleaver gives the smallest bonding memory if an prime value of I is used as shown Figure 10.
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Figure 9 VDSL1 interleaver with fixed N and all parameters relaxed

Finally we compute the bonding memory needed for all these cases as the largest latency at rate 1 minus the latency at some rate 2 > rate 1 thimes the line rate at rate 2. These are plotted in 
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Figure 10 Bonding delay needed for 2 lines for the different interleaver cases

| Introduction | First Heading | Second Heading |  Summary |

3. Summary:

This contribution is to be presented as part of the VDSL2 interleaver ad hoc that was conducted via e mail, as well as in the general session on VDSL2. It outlined the various tradoffs available when constructing an interleaver for VDSL2. It is presented for information.
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