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(57) Abstract: Systems and methods for encoding and decoding check-irregular non-systematic IRA codes of messages in any com-
munication or electronic system where capacity achieving coding is desired. According to these systems and methods, improved IRA
coding strategies, including ones that employ capacity-approaching non-systematic IRA codes that are irregular and that exhibit a
low error floor, are employed. These non-systematic IRA codes are particularly advantageous in scenarios in which up to half of
coded bits could be lost due to channel impairments and/or where complementary coded bits are desired to transmit over two or
more communications sub-channels. An encoder includes information bit repeaters and encoders, one or more interleavers, check
node combiners, a check node by-pass and an accumulator. A decoder includes a demapper, one or more check node processors, an
accumulator decoder, a bit decoder, and one or more interleavers/deinterleavers.
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:’ Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions that are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group I: Claims 1-8 and 20-27 directed to a system for encoding check-irregular non-systematic irregular repeat accumulate codes, the
system comprising:

a. a plurality of information bit repeaters that produce a set of first stage coded bits;

b. an interleaver that interleaves said set of first stage coded bits;

c. two or more sets of check node combiners of different degrees, each degree being greater than or equal to 2, wherein a check node
combiner of degree M produces a set of second stage coded bits from said interleaved set of first stage coded bits, wherein at least one
of said check node combiners includes one or more modulo-2 adders;

d. a check node by-pass that passes said set of first stage coded bits to a further encoding stage as second stage coded bits; and

e. an accumulator decoder that encodes the second stage coded bits from the check node combiners and from the check node bypass.
See Continuation Sheet

1. | Asall required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. [:I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

& No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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Continuation of Box No. 1ll, Observations where unity of invention is lacking:

Group Ii: claims 9-19 and 28-30 directed to a system for decoding check-irregutar non-systematic irregular repeat accumulate codes, the
system comprising:

a. a demapper for soft-demodulating a received noisy symbol sequence to produce Log-Likelihood Ratios of a first set of coded bits from
received distorted channel symbols and that outputs said LogLikelihood Ratios to an accumulator decoder,

b. a first check node processor that: ‘

i. receives from the accumulator decoder incoming messages corresponding to a second set of coded bits,

ii. receives from a second check node processor a priori information corresponding to a third set of coded bits received, and

iii. produces outgoing messages corresponding to the third set of coded bits;

c. wherein the second check node processor receives from an interleaver interleaved extrinsic information corresponding to the third set
of code bits and:

i. passes said interleaved extrinsic information as a priori information corresponding to the third set of coded bits to the first check node
processor, and

ii. produces extrinsic information for the second set of coded bits that are passed to the accumulator decoder as a priori information for
the second set of coded bits; .

d. wherein the accumulator decoder produces, outgoing messages corresponding to the second set of coded bits obtained from:

i. the Log-Likelihood Ratios of the first set of coded bits produced by said demapper, and

ii. the a priori information corresponding to the second set of coded bits obtained from said second check node processor;

e. a bit decoder that processes deinterleaved messages corresponding to the third set of coded bits obtained from a deinterleaver to
produce extrinsic information for the third set of coded bits and information bits soft outputs, said bit decoder comprising a repetition bit
decoder;

f. wherein the interleaver interleaves extrinsic information for the third set of coded bits produced by the bit decoder and its output is
supplied to said second check node processor; and

9. wherein the deinterleaver deinterieaves the outgoing messages corresponding to the third set of coded bits obtained from said first
check node processor and passes said deinterleaved messages to the bit decoder.

The inventions listed as Groups | - Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical feature of Group | invention is directed to enceding check-irregular non-systematic irregular repeat accumulate
codes, the system comprising plurality of information bit repeaters; two or more sets of check node combiners; and a check node by-
pass, not required by the claims of Group II.

The special technical feature of Group Il invention is directed to decoding check-irregular non-systematic irregular repeat accumulate
codes, the system comprising a demapper for soft-demodulating a received noisy symbol sequence to produce Log-Likelihood Ratios of
a first set of coded bits from received distorted channel symbols and that outputs said LogLikelihood Ratios; a first check node
processor; a second check node processor; a bit decoder, not required by the claims of Group |.

Groups I-1l share the technical feature of check-irregular non-systematic irregular repeat accumulate codes, an accumulator decoder
and an interleaver.

However, these common technical features are anticipated by US 7,418,051 B2 to Kramer et al. (26 August 2008) thg check-irregular
non-systematic irregular repeat accumulate codes (col 3, In 21-23), and accumulator decoder (col 6, In 31-55)and an interleaver (col 3,
In 65).

Therefore, Groups I-l all lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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