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Introduction
In this note we detail the need for an intra-block codeblock information bit re-ordering function to mitigate the effects of burst interference from high priority channels such as the ULRRC.
Simulation assumptions
The simulation settings are for an QC-LDPC code as described in [1]. AWGN is added in all cases along with a burst interferer of a certain power level either puncturing away the eMBB channel or bursting over the top of the eMBB channel. When bursting over the top, this is simulated as a second AWGN generator acting as an interferer. The burst is positioned to either start at the start of the systematic information bit stream or at the start of the parity information bit stream and run for a defined fraction, f, of the codeblock.
Three different fractions, f ϵ {1/3, 1/6, 1/12}, are simulated to represent an interferer such as the ULRRC.
Performance results
BLER performance results are provided with and without the use of bit re-ordering to highlight the effect of re-ordering. Both scenarios of a burst puncturing away a fraction of an eMBB channel and of a burst interfering with a fraction of an eMBB channel are presented.
In both of these where bit-re-ordering is not applied, the burst is positioned to only interfere with systematic information bits or to only interfere with parity information bits. This same positioning is used for the burst when bit-re-ordering is used, except due to the re-ordering the burst is then positioned over a rate dependant blend of parity and systematic information bits.
For reference a final set of performance curves is presented for the case where no burst is present.
Interferer puncturing eMBB channel
The figure below is one isolated example of the gains obtained by using an intra-codeblock information bit re-ordering scheme. The scheme used here is a pseudo-random interleaver. It can be seen from the curve below that the use of bit re-ordering has up to 0.5dB improvement in the BLER performance of the decoder for burst over parity information only and up to 0.75dB improvement for burst over systematic information only. The remainder of the simulation results for other code rates and burst fractions can be found in the appendix. In some other tests a significant fraction of a dB of improvement can also be seen. This effect is most prominent at lower code rates.
In the key of these figures the use of “no int” is to mark when no bit re-ordering was done and “int” is to mark when bit re-ordering using a pseudo-random interleaver was used. 
[image: ]
Interferer bursting over the top of eMBB channel
In the case of a burst interferer bursting over the top of the eMBB channel, this will amount to a higher effective SNR for the codeblock. This effective SNR plotted below is calculated as

The figure below is one isolated example of the gains obtained by using bit an intra-codeblock information bit re-ordering scheme. The scheme used here is a pseudo-random interleaver. It can be seen from the curve below that the use of bit re-ordering has up to 0.25dB improvement in the BLER performance of the decoder. The remainder of the simulation results for other code rates and burst fractions can be found in the appendix. In some other tests a significant fraction of a dB of improvement can also be seen.
This effect is most prominent at lower code rates and when the burst interferer is covering the parity bits only. The parity specific sensitivity may well arise from parity bits of the high rate core carrying more significance due to their increased column weight.
In the key of these figures the use of “no int” and “int” is to mark when no bit re-ordering was done and when bit re-ordering using a pseudo-random interleaver was used.
[image: ]
It should be noted that for the 16.7% and 33.3% burst fraction cases there is insufficient parity information bits in the high code rate cases to account for these bursts, in which case the burst is cut short to the end of the parity information stream resulting in a reduced burst fraction, f = 1-r. A subsequent reduction in effective SNR is assumed. These cases can be seen in the appendix. No wrapping around to interfere with systematic information bits is simulated. The reasoning here is to attempt to find the worst case interferer, which appears to be a parity only interferer. This does, however, mean that one should not attempt to compare systematic vs. parity cases for these high rate tests, but rather focus on the with and without bit re-ordering comparisons.
Bit re-ordering using interlacing
An interleaver, especially a pseudo-random one, is a well known good way to spread out data loss through fading and to break up correlations in related data streams. It may also be overblown for this particular usage as LDPC codes inherently do not have bit order properties that would result in correlated data. They do, however, have different data streams which appear to favour not being exclusively targeted by interference if the curves already presented are to be believed. This has led us to implement instead an interlacing bit re-ordering function that is rate dependant. The results of this interlace function relative to the pseudo-random interleaver are presented here for the burst interferer bursting over the top of an eMBB transmission.
The figure below is the same isolated example used in the previous section showing the gains obtained by using an intra-codeblock information bit re-ordering scheme. The scheme used here is an interlacing function. The same curve presented in the previous section for the pseudo-random interleaver is used to compare to the interlacing performance. It appears that interlacing actually performs marginally better by < 0.1dB than the previously presented pseudo-random interleaver results.
The remainder of the simulation results for other code rates and burst fractions can be found in the appendix.
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The parity interlace (blue curve) in the above figure is not visible because it has practically identical performance to the systematic interlace curve.
Conclusions
We have shown the need for an intra-block bit re-ordering scheme for QC-LDPC codes. This re-ordering is as simple as interlacing systematic and parity information streams at a ratio that is code rate dependant within the transmission.

The following summarizes the observations and proposals in this contribution.
Observation 1: An intra-codeblock information bit re-ordering scheme is required to maintain good performance of QC-LDPC codes when subject to bursty interference of the type expected from ULRRC.
Observation 2: The re-ordering scheme could be as complex as a full interleave or as simple as an interlacing of systematic and parity.
Observation 3: To keep maximum separation of systematic and parity information the interlacing function should be intra-codeblock code rate dependant.
Proposal 1: A bit re-ordering scheme should be considered in NR channel coding to boost performance when subject to bursty interferers of the type expected from ULRRC.
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Interferer bursting over the top of eMBB channel
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