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1

MESSAGE REARRANGEMENT FOR
IMPROVED WIRELESS CODLE
PERFORMANCE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 13/268,255 filed Oct. 7, 2011, entitled “Mes-
sage Rearrangement For Improved Wireless Code Perfor-
mance”, which 1s a continuation of PCT Patent Application
No. PCT/US2010/052075 filed Oct. 8, 2010, entitled “Mes-
sage Rearrangement for Improved Code Performance™, both
of which are incorporated herein by reference as 1f repro-
duced 1n their entirety.

FIELD

The present disclosure generally relates to data transmis-
sion 1n mobile communications systems and more particu-
larly to message rearrangement for improved code perfor-
mance.

DESCRIPTION OF THE RELATED
TECHNOLOGY

In known wireless telecommunications systems, trans-
mission equipment 1n a base station or access device trans-
mits signals throughout a geographical region known as a
cell. As technology has evolved, more advanced equipment
has been 1ntroduced that can provide services that were not
possible previously. This advanced equipment might
include, for example, an E-UTRAN (evolved universal
terrestrial radio access network) node B (eNB), a base
station or other systems and devices. The term “E-UTRAN
node B can also be interchangeably referred to as “evolved
node B” or “enhanced node B” in the context of this
document. Such advanced or next generation equipment 1s
often referred to as long-term evolution (LTE) equipment,
and a packet-based network that uses such equipment 1is
often referred to as an evolved packet system (EPS). An
access device 1s any component, such as a traditional base
station or an LTE eNB (Evolved Node B or Enhanced Node
B), that can provide a user agent (UA) (alternatively referred
to as user equipment (UE)) with access to other components
in a telecommunications system.

In mobile communication systems such as an E-UTRAN,
the access device provides radio accesses to one or more
UAs. The access device comprises a packet scheduler for
allocating uplink (UL) and downlink (DL) data transmission
resources among all the UAs communicating to the access
device. The functions of the scheduler include, among
others, dividing the available air interface capacity between
the UAs, deciding the resources (e.g. sub-carrier frequencies
and timing) to be used for each UA’s packet data transmis-
s1on, and momitoring packet allocation and system load. The
scheduler allocates physical layer resources for physical
downlink shared channel (PDSCH) and physical uplink
shared channel (PUSCH) data transmissions, and sends
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2

scheduling information to the UAs through a control chan-
nel. The UAs refer to the scheduling information for the
timing, frequency, data block size, modulation and coding of
uplink and downlink transmissions.

In many wireless communications systems, both the
transmitter and receiver assume no apriori (1.€., presupposed
by experience) knowledge on the message bits. However, in
certain cases aprior1 knowledge of message bits does exist
and can be taken advantage of by the decoder. Examples of
such cases include an acknowledgement/negative acknowl-
edgement (ACK/NACK) transmission and channel quality
information (CQI) transmission 1n Carrier Aggregation (CA)
in the Long Term Evolution-Advanced (LTE-A) system.

In the LTE-A system, communication 1s temporally
divided 1nto subirames of 1 ms duration 1n which bidirec-
tional communication between the UE and eNB may occur
on one or more component carriers (CCs). Additionally, the
ratio of downlink to uplink subframes may vary up to a ratio
of 4:1 according to traflic needs 1n the case of Time Division
Duplex (TDD).

Prior to a data transmission on the Physical Downlink
Shared CHannel (PDSCH) 1n a subirame, the eNB encodes
control information on the Physical Downlink Control
Channel (PDCCH) and transmits 1n a control region (which
may have a length of up to four orthogonal frequency
division multiplexing (OFDM) symbols 1n the beginning of
the subframe). A UE attempts PDCCH decoding at the
beginning of each subirame. Once a UE detects a PDCCH
scheduled to 1tselt, the UE performs PDSCH decoding of the
same subiframe according to the scheduling information
included 1n a detected PDCCH. If a cyclic redundancy check
(CRC) check of the PDSCH data i1s successiul, the UE
transmits ACK on the Physical Uplink Control Channel
(PUCCH) four subirames after PDSCH reception. If the
CRC check of PDSCH data i1s not successtul, the UE
transmits NACK on PUCCH to request a retransmission.
Typically 11 no PDCCH 1s detected for 3GPP Release-8 (i.e.
a single downlink carrier) then no acknowledgement (either
positive or negative) 1s indicated in the uplink PUCCH; this
1s referred to as discontinuous transmission (DTX).

In carrier aggregation, a UE may recerve on a multiple of
up to five downlink component carriers (DL CCs) depending
on the UE’s capabilities and deployment scenario. Multiple
PDSCHs can be scheduled to one UE 1n the same subirame
and multiple PDSCHs may be decoded 1n parallel. However,

to save the UE battery power, 1t has been agreed that the UE
may transmit multiple ACK/NACKSs for multiple PDSCHs

on one¢ PUCCH 1n the UL PCC (Primary Component Car-
rier). When multiple hybrid automatic repeat request
acknowledgements (HARQ-ACKSs) are transmitted on one
PUCCH, one of the 1ssues relating to the transmission 1s to
define the iformation bit size (or number of information
bits) in the PUCCH format. One method of defining the bit
s1ze 1s that the number of ACK/NACK bits 1s determined
based on the number of PDCCHs that the UE detects.
However, this method can cause a mismatch problem when
the UE misses one of the PDCCHs and the eNB 1s not aware
of that situation. If the number of ACK/NACK bits assumed
in the eNB and the UE 1s different, the eNB will fail to
correctly receive all of the ACK/NACK bits. Another
method of defiming the bit size 1s that the number of
ACK/NACK bits 1s determined 1n a semistatic manner based
on the number of configured CCs and the number of
configured transport blocks (1Bs) per configured CC. Since
the number of configured CCs 1s signaled by RRC signaling
and hence remains constant 1n a semi-static sense (1.e. does
not change dynamically), the mismatch problem can be
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avoided or minimized Alternatively, the number of CCs may
be suflicient if a maximum number of TBs 1s used for all
CCs. If less than this maximum number 1s needed 1n a CC
for ACK/NACK signaling, then the remaining bits can be set
to a fixed value. In a TDD system, ACK/NACK bits can be
determined by the number of configured CCs, the number of
configured TBs per configured CC and the number of
downlink subirames to support the case when the ACK/
NACKs of multiple DL subirames are multiplexed and
transmitted in one UL subirame.

When the number of ACK/NACK bits 1s determined
based on the number of configured CCs and number of
configured transport blocks (TBs) per configured CC, 1t a
PDCCH 1s received on at least one of the configured CCs,
then NACKSs are sent for all CCs for which no PDCCH has
been detected. If a PDCCH 1s detected then the UE makes
an attempt to receive the corresponding PDSCH data. If
PDSCH decoding 1s successtul, the UE sends an acknowl-
edgement (ACK) message to the eNB; otherwise a negative
acknowledgement (NACK) 1s indicated. In the case a CC 1s
configured for dual-transport block multiple input multiple
output (MIMO) transmission, two ACK/NACK bits per
subframe are needed for that CC, whereas for a carrier
configured for a single transport block only one ACK/

NACK bit per subirame may be necessary.
Since the eNB knows in which CCs and subframes

PDCCH and PDSCH transmissions did not occur, it has
aprior1 knowledge that NACKs will be indicated for those
resources provided at least one PDCCH and therefore one
PDSCH was scheduled on at least one of the configured
CCs. That 1s, the UE will signal NACKSs for both a non-
detection of a PDCCH and an unsuccessiul PDSCH decod-
ing when a PDCCH was detected. However, the eNB knows
which CCs on which a PDCCH was transmitted and there-
fore knows that any ACK/NACK bits corresponding to CCs
and subiframes where a PDCCH was not transmitted must
have a value of NACK.

An example 1s shown 1 FIG. 1, labeled Prior Art, for
message size of 5 bits. It 1s assumed that the ratio of uplink
to downlink subirames 1s 1:1 but that PDCCH/PDSCH
transmissions can be scheduled on subirames of up to 5 CCs
and that each CC 1s configured for one TB. In the example

PDCCH/PDSCH transmissions are scheduled on CC2, CC3
and CC4 only. Therefore, during the decoding of this ACK/
NACK message, the eNB can treat the ACK/NACK value
on these component carriers as unknown while 1t can assume
the values of CC1 and CC5 are known (1.e. the ACK/NACK
teedback bits for CC1 and CCS must necessarily have a
value of NACK 1n this example).

A further example of transmissions containing apriori
knowledge may be 1n the case of CQI multiplexing for
carrier aggregation (CA) which may occur both 1n TDD and
Frequency Division Duplexing (FDD). CQI 1s reported
periodically for each CC; however, these periodic reports
may overlap. One option under discussion in LTE-A for CA
1s to concatenate 1nto one report several CQI reports from
different CCs 1n the case of overlap. To have the same
understanding of the CQI payload between the eNB and UE
when the number of activated CCs 1s changed, it also has
been proposed that all overlapping CQI reports be included
in the message payload regardless of whether the CC
corresponding to a CQI report 1s being activated or deacti-
vated.

In the case where a CQI report from a deactivated CC 1s
included 1 the overall CQI payload, the UE need not
calculate the channel quality of the deactivated CCs because
the CQI mformation of the deactivate CC 1s not required in
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the eNB. In this case the UE may transmit a known sequence
in place of the deactivated CQI report. As shown 1n FIG. 2,
labeled Prior Art, some of the CC CQI reports may be
disabled and a known sequence can be included. One
purpose of this known reserved sequence 1s to indicate that
the CC of the corresponding CQI report has been deacti-
vated 1n UE side. As soon as the eNB recognizes the known
sequence, the eNB will understand any future CQI reports
on the corresponding CC from the mobile during the recon-
figuration period will also contain the known sequence and
thus the eNB may treat the known sequence as apriori
knowledge.

In evolved umversal terrestrial radio access (EUTRA),
when more than eleven payload bits exist for control infor-
mation feedback (e.g. ACK/NACK bits or CQI feedback),
either a tail-biting convolutional code or dual Reed-Muller
code will be used rather than the single Reed-Muller block
code used for payload sizes of less than or equal to eleven
bits. With carrier aggregation for FDD, the maximum num-
ber of ACK/NACK bits that might need to be reported in
3GPP Release-10 1s ten (five carriers, each carrier with two
transport blocks) per downlink subirame. However, 1n a
TDD system, the ACK/NACK information from multiple
downlink subirames may need to be reported together within
one uplink subframe (assuming a DL:UL subirame ratio up
to 4:1), and hence 1t 1s quite possible that up to 40 ACK/
NACK bits (5CCx2 TBx4 UL/DL ratio=40) may need to be
reported 1n one uplink transmission (convolutional coding or
dual Reed-Muller coding would be used 1n this instance).
Future EUTRA releases may support more than five aggre-
gated downlink carriers, which would similarly increase the
total number of ACK/NACK bits being reported at one time
even 1n FDD.

In addition, CQI information generally consists of several
bits per carrier, and 1t 1s therefore likely that if CQI nfor-
mation Irom multiple downlink carriers 1s aggregated
together that the total control information payload size will
be greater than eleven bits, and hence convolutional coding
or dual Reed-Muller coding could be used here as well,
although convolutional coding 1s more likely 1n this case for
case ol implementation.

Known coding techmques can be improved when apriori
information 1s available. Such techniques include convolu-
tional code and dual component codes such as dual Reed
Muller codes. Known message bits can aid 1n decoding, but
their positioning 1 message vector 1s closely tied to their
utility. For an edge case, consider the situation in which only
two bits 1n a message vector are not known apriori. The
subcode formed by the codewords associated with the four
possible messages may have better distance properties than
the ambient code. Such an increase would provide greater
error correction capabilities.

Consider the example shown in FIG. 3. Assume all of the
zeros 1n the message are known to be zero at the receiver
while the 1s are unknown ACK/NACK bits. Since the
unknown bits are adjacent, these bits lead to a total convo-
lutional codeword weight of 6, or 6 non-zero elements 1n
total 1n the two convolutional code parity streams.

For a tail-biting convolutional code, such as the one used
within E-UTRA, an important separation consideration 1s
cyclical separation rather than strict linear separation. For
example, an eight-bit binary sequence 10000001 has the two
1s separated by seven bit positions 1n a linear sense. How-
ever, 1n a cyclical sense (1.e. 1f this bit sequence 1s assumed
to occur 1n a cyclic or circular form), then the first and last
bits (which are both 1s) are actually considered to be
adjacent. Consequently, the maximum cyclical bit separa-
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tion that can be achieved for this example bit sequence 1s
10001000, where each of the 1s 1s four bit positions away
from the other 1 in either direction.

The example shown 1n FIG. 3 raises a more general 1ssue.
Given a partition of a message into known and unknown
bits, what class of permutations of the message bits induces
a subcode with optimal distance properties? Furthermore, 1n
the case message bits are structured in groups of blocks
where each block of bits are either known or all unknown,
1s there a class of permutation that performs well regardless
of which blocks are known or unknown?

Although the above analysis 1s for the case of ACK/
NACK bits, similar arguments can also be used for the
improved codeword performance 1n the case the transmitted
message contains CQI mformation where at least one CQI
report 1s disabled and consists of a known sequence (see
FIG. 2). Here the known sequence should be used in some
beneficial manner by the eNB.

SUMMARY

In accordance with the present invention, a method for
permuting known and unknown message bits before encod-
ing to provide a beneficial rearrangement of bits 1s set forth.
Alternatively a method for reading message bits out of
sequence to an encoder to provide a beneficial order of
encoding bits 1s set forth. Such methods can improve dis-
tance properties in the resulting subcode. In various embodi-
ments, the structure of a beneficial rearrangement 1s depen-
dent on the parameters of how known and unknown bits are
grouped and on the specific type of code being used. Given
these two parameters, the message bits can be rearranged to
more efliciently leverage any apriort knowledge.

In certain embodiments, two applications 1n which reor-
dering bits are beneficial are set forth. More specifically, 1n
a first application, reordering bits for ACK/NACK signaling
1s set forth and 1n a second application reordering bits for
CQI signaling 1s set forth. The applications lend themselves
to rearranging message bits containing apriort knowledge.
Furthermore, 1n certain embodiments, the ACK/NACK
application and CQI application use either a convolutional
code or dual component encoding.

Also, although certain examples have been set forth with
respect to message payloads comprising ACK/NACK 1nfor-
mation and CQI information, it will be appreciated that
similar arguments can be used for improved codeword
performance for message payloads in general containing
aprior1 information.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and its
numerous objects, features and advantages made apparent to
those skilled in the art by referencing the accompanying
drawings. The use of the same reference number throughout
the several figures designates a like or similar element.

FIG. 1, labeled Prior Art, shows an example of apriori
knowledge 1n an ACK/NACK application.

FIG. 2, labeled Prior Art, shows an example of apriori
knowledge 1n a CQI application.

FI1G. 3, labeled Prior Art, shows a parity stream example.

FIG. 4, shows another parity stream example with sepa-
rated unknown bit locations according to one embodiment.

FIG. 5, shows a table of pairwise distances between
codewords according to one embodiment.

FIG. 6 shows a block diagram of a convolutional encoded
reordered message block according to one embodiment.
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FIG. 7 shows a block diagram of a dual component code
encoded reordered message block according to another

embodiment.

FIG. 8 shows a block diagram of a two-dimensional
interleaver according to one embodiment.

FIG. 9 shows an example of permutations according to
one embodiment.

FIG. 10 shows a block diagram of a dual component code
with message bits being read out of sequence to encoders
according to one embodiment.

FIG. 11 shows an example of apriori knowledge i an
ACK/NACK application according to one embodiment.

FIG. 12, shows an example reordering of message bits
before encoding with a dual component encoder according
to one embodiment.

FIG. 13 shows a diagram of a wireless communications
system 1ncluding a UE operable for some of the various
embodiments of the disclosure.

FIG. 14 shows a block diagram of a UE operable for some
of the various embodiments of the disclosure.

FIG. 15 shows a diagram of a software environment that
may be implemented on a UE operable for some of the
various embodiments of the disclosure.

FIG. 16 shows a block diagram of an 1llustrative general
purpose computer system suitable for some of the various
embodiments of the disclosure.

DETAILED DESCRIPTION

The present invention generally relates to a system and
method for permuting or reading out of sequence known and
unknown message bits before encoding to provide a ben-
eficial rearrangement of bits. The system and method can
improve distance properties in the resulting subcode. More
specifically, the structure of the beneficial rearrangement 1s
dependent on the parameters of how known and unknown
bits are grouped and on the specific type of code being used.
(Given these two parameters, the message bits can be rear-
ranged to more efliciently leverage any aprior1t knowledge.

Although the rearrangement of the message bits 1s per-
formed at the transmitter before encoding the receiver 1s also
aware ol the rearrangement used both to determine the
position of the known bits to use as apriori knowledge
during decoding and to correctly reconstruct the message
alter decoding.

In certain embodiments, the system and method are
applied to two applications 1 which reordering bits are
beneficial. More specifically, 1 a first application, reorder-
ing bits for ACK/NACK signaling 1s set forth and in a
second application reordering bits for CQI signaling 1s set
torth. The applications lend themselves to rearranging mes-
sage bits containing apriort knowledge. Furthermore, 1n
certain embodiments, the ACK/NACK application and CQI
application use either a convolutional code or dual compo-
nent encoding.

FIG. 4 shows how by separating the unknown bit loca-
tions, the convolutional codeword weight may be increased
to 10 compared to a convolutional codeword weight of 6 1n
FIG. 3.

More specifically the pairwise hamming distance between
cach of the four possible convolutional codewords for each
of the two ACK/NACK bit combinations 1s shown 1n the
table of FIG. 5. These distances increase after reordering,
resulting in a more robust encoding structure.

FIG. 6 shows how 1n a convolutional code approach, the
reordered message bits 610 can be provided directly to the
convolutional encoder 620.
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FIG. 7 shows how 1n the case where a dual component
code 1s used, the first m reordered message bits (10, . . .,
rm-1) 710, may be encoded by a first component encoder
720 (or equivalently read sequentially to the first component
encoder 720) while the remaining n-m reordered message
bits (rm, . . . , rn—-1) 730 may be encoded by a second
component encoder 740 (or equivalently read sequentially to
the second component encoder 740). In other words, when
a dual component code 1s used, the reordered message bits
can be separated into two portions. A first portion of the
reordered message bits can be provided to a first encoder,
and a second portion of the reordered message bits can be
provided to a second encoder. An example component
encoder may be the Reed Muller encoder.

More specifically, when applying the method to ACK/
NACK signaling application, ACK/NACK message payload
may be formed with either a single bit, which 1s associated
with a CC, or with two bits, which are associated with a CC.
These single or multiple bit formations correspond to where
a CC 1s configured for single or dual transport block trans-
missions, respectively. All bits pertaining to a particular CC
are generally either simultaneously known or unknown by
the eNB. (That 1s, 1f no PDCCH 1s transmitted for a
particular carrier, then either the single (single transport
block carrier) or both (dual transport block carrier) ACK/
NACK bits are known at the eNB to be equal to NACK).
Ensuring the two ACK/NACK bits from a dual transport
block carrier are separated after reordering aids in code
performance when some of the total payload bits are known
(or, 1n the more general case, separating the N ACK/NACK
feedback bits from a carrier configured for N transport
blocks). This separation (or equivalently reordering) can be
accomplished 1n a variety of different ways.

When applying the method to the CQI application, the
transmitted message contains CQI information and when at
least one CQI report 1s deactivated and therefore contains at
least one known reserved sequence, the known reserved
sequence 1s used as an indicator of the UE’s knowledge of
CC reconfiguration to the eNB. This 1s the first step in being
able to use the known reserved sequence as apriori knowl-
edge.

After first detecting the known reserved sequence, the
¢NB may treat each subsequent transmission (until the CC
1s reactivated) of the known sequence (from each deacti-
vated CQI report) as apriort knowledge during decoding.
The method reorders the complete CQI message payload to
improve code performance when at least one of the CQI
reports 1n the message 1s known. If the CC 1s later reacti-
vated by the eNB, then the eNB will no longer expect the
known sequence to be used for the CQI report for the CC and
will therefore not have any aprioni knowledge for that CC
during decoding.

It 1s desirable to increase the pairwise distance between
bits from the same CQI report of a CC to maximize coding,
performance. This can be accomplished via a striping pro-
cedure.

There are a plurality of embodiments relating to the
ACK/NACK application. In each of the ACK/NACK
embodiments, ACK/NACK feedback for an arbitrary num-
ber of single transport block CCs (1.e. one ACK/NACK bit)
and an arbitrary number of dual transport block CCs (i.e. two
ACK/NACK bits) 1s considered. This ACK/NACK feedback
may extend over multiple downlink subframes (e.g. in a
TDD system with a DL: UL subirame ratio greater than 1:1),
and hence multiple ACK/NACK feedback bits may exist for
a particular carrier over multiple subiframes. However, these
can be considered as distinct ACK/NACK messages because
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scheduling of each subirame i1s performed independently.
That 1s, eachACK/NACK message being considered
includes between 1 and N bits, where N 1s the maximum
number of transport blocks that may be transmitted on one
downlink carrier in one subiframe (N=2 for LTE-A).

More specifically, in certain embodiments relating to the
ACK/NACK application, an even-odd striping operation 1s
performed. With the even-odd striping operation, the opera-
tion lets x be the vector of length n formed by concatenating
any arrangement of single- and dual-per CC ACK/NACK
messages. The operation further defines a permutation as
follows: list all even-indexed bits followed by all odd-

indexed bits. For instance, the vector, x, (012345678) maps
to (024681357). This permutation necessarily (cyclically)
separates all adjacent bits by at least

bits. Since all paired dual transport block ACK/NACK bits
are necessarily adjacent, this separation 1s (cyclically) opti-
mal. Furthermore, the permutation’s effectiveness does not
depend on the length of x. In a more general case of N
transport blocks per CC, this solution may be extended to
Mod-N striping. The operation further defines a permutation
as follows: list all index bits that satisty 1 mod N=0 first, and
then list all index bits that satisty 1 mod N=1 second and so
on up to 1 mod (N)=N-1.

In other embodiments relating to the ACK/NACK appli-
cation, a two-dimensional interleaver operation 1s per-
formed. With the two-dimensional interleaver operation, the
operation considers the two-dimensional interleaver shown
in FIG. 8. The operation further lets the message bits be a
vector X of size n. Message bits enter column-wise. After the
message has been entirely entered, the interleaved version 1s
read ofl row-wise. Since all paired dual transport block
ACK/NACK bits are necessarily adjacent, this separation 1s
(cyclically) optimal. This operation 1s similar to the even-
odd operation but may require the use of dummy variables
during the interleaving operation if the message length 1s
odd.

In the case of two transport blocks per CC, the first row
corresponds to even bits in the original message and the
second row corresponds to odd bits in the original message.
In a more general case of N transport blocks per CC, this
operation can be extended to an interleaver of N rows and
n/N columns.

While references may be made herein to an interleaving,
operation or to an interleaver, 1t should be understood that
similar concepts could apply to a deinterleaving operation or
to a deinterleaver.

In other embodiments relating to ACK/NACK applica-
tion, a binary representation reversal operation 1s performed.
With the binary representation reversal operation, the opera-
tion lets be the vector x of length 2°22" formed by concat-
enating a total number n of any numbers of single- and
dual-transport block ACK/NACK message bits and of length
2legl_pn dummy bits (if n is not an exact integral power of
2). Let x, be the i” bit of x, i€{0, 1, 2, . . ., 2I°¢2"1=11 and
let (b,, b,, ..., b,), k=[log, n], be the binary representation
of the index 1 where each b, value represents a single bit
position 1n the binary representation of 1. The operation
defines a permutation 1n the following way:

ax(by,bs, . . . b)—=x(b,, . .. by
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For 1instance, with n=16, a permutation 15 mn(X;)=
:n:(x(ﬂ 101y X((1010y"X10- A benefit ot this approach 1s that it
1s easily implementable in hardware. A disadvantage of this
approach 1s 1t may require the inclusion of dummy baits
during the binary representation reversal operation if n does
not happen to be an exact integral power of two.

In other embodiments relating the ACK/NACK applica-
tion, a turbo encoder interleaving operation 1s performed.
With the turbo encoder interleaving operation, a turbo code

interleaver (such as that defined 1 Section 5.1.3.2.3 o1 3GPP
TS 36.212 V9.0.0) is defined as: m(i)=(f,i+f,i*)modulo K,

where 1, and 1, are parameters chosen based on the block

s1ze K. However, 1n the turbo code interleaver defined by
Section 5.1.3.2.3 of 3GPP TS 36.212 V9.0.0, {, and {1, are

only specified for values of greater than or equal to 40. Thus
new values for 10<K<40 are defined by the present turbo
encoder interleaving operation.

Novelty of this solution 1ncludes 1ts application to reor-
dering message bits before encoding. Furthermore, the reor-
dering may result 1n a random like reordering rather than a
structured reordering. A random reordering of bits with
aprior1 knowledge may not maximize code performance;
however, 1t would at least result 1n improved code pertor-
mance as compared to no reordering.

In other embodiments relating to the ACK/NACK appli-
cation, a separate second bit operation 1s performed. With
the separate second bit operation, the operation lets X be the
vector of length n formed by concatenating any numbers of
single- and dual-transport block ACK/NACK messages. The
operation further permutes x using the following iterative
construction: reading leit to right along x, remove the second
bit from each dual-transport block ACK/NACK, shiit the
remaining bits to the left, and sequentially replace the
removed bit(s) to the right-most positions of x. This opera-
tion eflectively separates dual-transport block ACK/NACKSs
in most cases, and 1s equivalent to even-odd striping opera-
tion 1n the case where all bits correspond to dual-transport
block ACK/NACKS.

In other embodiments relating to the ACK/NACK appli-
cation, a separate first-TB, single-TB and second-TB bit
operation 1s performed. The separate first-TB, single-TB and
second-TB bit operation 1s a variation of the separate second
bit operation. With the separate first-1B, single-TB and
second-TB bit operation, the operation lets x be the vector
of length n formed by concatenating any numbers of single-
and dual-transport block ACK/NACK messages. The opera-
tion further permutes x using a rearrangement of ACK/
NACK bits with an order of the first ACK/NACK bits of all
dual-transport block carriers, ACK/NACK bits of all single-
transport block carriers, and, second ACK/NACK bits of all
dual-transport block carriers.

Within each group of single or dual transport block
carriers, the carriers are arranged into a predetermined order
which 1s known at both the UE and eNB (e.g. ascending
frequency, ascending Carrier Indicator Field (CIF) (af CIF
values are unique per carrier), also ordered by subirame).
This operation achieves maximum non-cyclical separation
of the ACK/NACK bits for dual transport block carriers.

To achieve maximum cyclical separation of the ACK/
NACK bits for dual transport block carriers, a rearrangement
of ACK/NACK bits may be used, where there are N1TB
single transport block carriers (note that N1TB may equal
zero 1f all carriers are configured as dual transport block

carriers). More specifically the rearrangement has an order
of first ACK/NACK bits of all dual-transport block carriers,

ACK/NACK bits of the first [N, /2] single-transport block
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carriers, second ACK/NACK bits of all dual-transport block
carriers, and ACK/NACK bits of the last [N, ../2| single-

transport block carriers.

In other embodiments relating to the ACK/NACK appli-
cation, pairs of ACK/NACK bits are transmitted per com-
ponent carrier. I a scheduled component carrier supports

two transport blocks then both ACK/NACK bits are used.
Otherwise 11 a scheduled carrier supports the transmission of
only a single transport block then only the first bit carries the
ACK/NACK 1information while the second bit 1s fixed as a
NACK. As before, 11 a component carrier 1s not scheduled
then NACKSs are transmitted for that component carrier.

Examples of these three cases are shown 1n FI1G. 11 for CC1,
CC2, CC3 and CC4. Shifted pairs of elements can be

constructed from this message as shown 1n FIG. 12. In the
case the encoder 1s a dual component encoder such as a dual
Reed Muller encoder, the even pairs could be read directly
to the first encoder and the odd pairs read directly to the
second also shown i FIG. 12. This could be implemented
by non-sequential reading of message bits to each encoder as
shown 1n FIG. 10.

While the disclosed operations have concentrated on the
case where 1s composed of blocks of size 1 or 2, there exist
direct analogues of many of these schemes for other non-
homogeneous collections of blocks.

There are a plurality of embodiments relating to the CQI
application. More specifically, when the transmitted mes-
sage contains CQI information and at least one CQI report
1s deactivated and includes a known reserved sequence, the
known reserved sequence can be used as an indicator of the
UE’s knowledge of CC reconﬁguratlon to the eNB. This
operation 1s the first step 1n being able to use the known
reserved sequence as apriori knowledge.

On recognizing the transmission of each indicator, the
eNB may thereaiter treat each known sequence (from each
deactivated CQI report) as apriori knowledge during decod-
ing. The resulting code performance can be further enhanced
through reordering of the message bits prior to encoding.

More specifically, 1n certain embodiments relating to the
CQI application, a striped reordering operation 1s performed.
With the striped reordering operation, the operation lets b the
channel CQI block size and ¢ be the total number CQI
reports. If x 1s the vector formed by concatenating the CQI
reports and X, is the k” component (bit) of x where O<k<b*c,
the operation defines mw:x;,, —X, ...

The oniginal ordering of x,1=0, 1, . . ., c—1 1s the channel
number and 1=0, . . ., b—1 1s the component number within
a given CQI report. Then m stripes x, (1.e., 1n 71(x) the zeroth
components ol every CQI report appear sequentially, fol-
lowed by the first components of every CQI report, and so
on). Adjacent bits from any CQI report are separated by
exactly b bits. This pairwise separation 1s maximal.

This operation provides a good chance for increased
minimum distance 1n the induced subcode. Also, this opera-
tion can be generalized to the case where a message consists
ol the concatenation of ¢ blocks all of the bits 1n a block
either being known or unknown.

In this operation, all CQI reports are of equal size whereas
in the following operation the individual CQI reports may be
of unequal size (indeed, 1n the ACK/NACK solutions in the
previous section the per CC ACK/NACK were also of
unequal size, that 1s 1 bit per CC and/or 2 bits per CC).

In other embodiments relating to CQI application, a block
interleaving operation 1s performed. With the block inter-
leavng operation, the operation lets b1 be the channel CQI
block size for the ith CQI report and ¢ be the total number
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of CQI reports. CQI message bits are read column-wise nto
a two-dimensional interleaver of depth ¢ rows and width ¢

columns.
If the CQI block size 1s different for each CC, b, .
the size of the smallest CQI payload and ¢ can be

can be

(=

b

(or c=ceil(N,__ /b__ ) where ceil 1s the ceiling or round up
function), where N,__ .1s the total number of CQI bits. In this
case dummy bits can be used to fill the interleaver before
reading out the interleaved version row-wise. Alternatively,
bmin can be defined with the size of CQI of a certain CC,
be define with the size of biggest CQI payload, predeter-
mined with a fixed value or configured by higher layers.
The operation further lets the message bits be a vector x
of size n. After the message has been entirely entered, the
interleaved version 1s read ofl row-wise and any dummy bits
are removed. FIG. 9 shows an example of the permutation

of  1n this operation.
FIG. 13 illustrates a wireless communications system

including an embodiment of user agent (UA) 1301. UA 1301

1s operable for implementing aspects of the disclosure, but
the disclosure should not be limited to these implementa-
tions. Though illustrated as a mobile phone, the UA 1301
may take various forms including a wireless handset, a
pager, a personal digital assistant (PDA), a portable com-
puter, a tablet computer, a laptop computer. Many suitable
devices combine some or all of these functions. In some
embodiments of the disclosure, the UA 1301 1s not a general
purpose computing device like a portable, laptop or tablet
computer, but rather 1s a special-purpose communications
device such as a mobile phone, a wireless handset, a pager,
a PDA, or a telecommunications device 1installed in a
vehicle. The UA 1301 may also be a device, include a
device, or be included 1n a device that has similar capabili-
ties but that 1s not transportable, such as a desktop computer,
a set-top box, or a network node. The UA 1301 may support
specialized activities such as gaming, inventory control, job
control, and/or task management functions, and so on.

The UA 1301 includes a display 1302. The UA 1301 also
includes a touch-sensitive surface, a keyboard or other input
keys generally referred as 1304 for mput by a user. The
keyboard may be a full or reduced alphanumeric keyboard
such as QWERTY, Dvorak, AZERTY, and sequential types,
or a traditional numeric keypad with alphabet letters asso-
ciated with a telephone keypad. The mput keys may include
a trackwheel, an exit or escape key, a trackball, and other
navigational or functional keys, which may be inwardly
depressed to provide further mput function. The UA 1301
may present options for the user to select, controls for the
user to actuate, and/or cursors or other indicators for the user
to direct.

The UA 1301 may further accept data entry from the user,
including numbers to dial or various parameter values for
configuring the operation of the UA 1301. The UA 1301 may
turther execute one or more software or firmware applica-
tions 1n response to user commands. These applications may
configure the UA 1301 to perform various customized
functions in response to user interaction. Additionally, the
UA 1301 may be programmed and/or configured over-the-
atr, for example from a wireless base station, a wireless
access point, or a peer UA 1301.
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Among the various applications executable by the UA
1301 are a web browser, which enables the display 1302 to
show a web page. The web page may be obtained via
wireless communications with a wireless network access
node, a cell tower, a peer UA 1301, or any other wireless
communication network or system 1300. The network 1300,
which includes a base station 1320 (which may be a Node
B or eNB type base station), 1s coupled to a wired network
1308, such as the Internet. Via the wireless link and the
wired network, the UA 1301 has access to information on
various servers, such as a server 1310. The server 1310 may
provide content that may be shown on the display 1302.
Alternately, the UA 1301 may access the network 1300
through a peer UA 1301 acting as an intermediary, 1n a relay

type or hop type of connection.

FIG. 14 shows a block diagram of the UA 1301. While a
variety of known components of UAs 1301 are depicted, in
an embodiment a subset of the listed components and/or

additional components not listed may be included in the UA
1301. The UA 1301 includes a digital signal processor

(DSP) 1402 and a memory 1404. As shown, the UA 1301
may further include an antenna and front end unit 1406, a
radio frequency (RF) transceiver 1408, an analog baseband
processing unit 1410, a microphone 1412, an earpiece
speaker 1414, a headset port 1416, an input/output interface
1418, a removable memory card 1420, a universal serial bus
(USB) port 1422, a short range wireless communication
sub-system 1424, an alert 1426, a keypad 1428, a liguid
crystal display (LCD), which may include a touch sensitive
surface 1430, an LCD controller 1432, a charge-coupled
device (CCD) camera 1434, a camera controller 1436, and
a global positioning system (GPS) sensor 1438. In an
embodiment, the UA 1301 may include another kind of
display that does not provide a touch sensitive screen. In an
embodiment, the DSP 1402 may communicate directly with
the memory 1404 without passing through the mnput/output
interface 1418.

The DSP 1402 or some other form of controller or central
processing unit operates to control the various components
of the UA 1301 in accordance with embedded software or
firmware stored in memory 1404 or stored in memory
contained within the DSP 1402 itself. In addition to the
embedded software or firmware, the DSP 1402 may execute
other applications stored in the memory 1404 or made
available via information carrier media such as portable data
storage media like the removable memory card 1420 or via
wired or wireless network communications. The application
soltware may comprise a compiled set of machine-readable
instructions that configure the DSP 1402 to provide the
desired functionality, or the application soitware may be
high-level software mstructions to be processed by an inter-
preter or compiler to indirectly configure the DSP 1402.

The antenna and front end unit 1406 may be provided to
convert between wireless signals and electrical signals,
enabling the UA 1301 to send and receive information from
a cellular network or some other available wireless commu-
nications network or from a peer UA 1301. In an embodi-
ment, the antenna and front end umit 1406 may include
multiple antennas to support beam forming and/or multiple
iput multiple output (MIMO) operations. As 1s known to
those skilled in the art, MIMO operations may provide
spatial diversity which can be used to overcome difficult
channel conditions and/or increase channel throughput. The
antenna and front end unit 1406 may include antenna tuning
and/or impedance matching components, RF power ampli-
fiers, and/or low noise amplifiers.
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The RF transceiver 1408 provides Irequency shifting,
converting received RF signals to baseband and converting
baseband transmit signals to RF. In some descriptions a
radio transceiver or RF transceiver may be understood to
include other signal processing functionality such as modu-
lation/demodulation, coding/decoding, interleaving/deinter-
leaving, spreading/despreading, inverse fast Fourier trans-
forming (IFFT)/fast Fourier transforming (FFT), cyclic
prefix appending/removal, and other signal processing func-
tions. For the purposes of clarity, the description here
separates the description of this signal processing from the
RF and/or radio stage and conceptually allocates that signal
processing to the analog baseband processing unit 1410
and/or the DSP 1402 or other central processing unit. In
some embodiments, the RF Transceiver 1408, portions of
the Antenna and Front End 1406, and the analog base band
processing unit 1410 may be combined i1n one or more
processing units and/or application specific integrated cir-
cuits (ASICs).

The analog baseband processing unit 1410 may provide
various analog processing of inputs and outputs, for example
analog processing of mputs from the microphone 1412 and
the headset 1416 and outputs to the earpiece 1414 and the
headset 1416. To that end, the analog baseband processing,
unit 1410 may have ports for connecting to the built-in
microphone 1412 and the earpiece speaker 1414 that enable
the UA 1301 to be used as a cell phone. The analog baseband
processing umt 1410 may further include a port for con-
necting to a headset or other hands-free microphone and
speaker configuration. The analog baseband processing unit
1410 may provide digital-to-analog conversion in one signal
direction and analog-to-digital conversion in the opposing
signal direction. In some embodiments, at least some of the
functionality of the analog baseband processing unit 1410
may be provided by digital processing components, for
example by the DSP 1402 or by other central processing
units.

The DSP 1402 may perform modulation/demodulation,
coding/decoding, interleaving/deinterleaving, spreading/de-
spreading, inverse fast Fourier transforming (IFFT)/fast
Fourier transtorming (FFT), cyclic prefix appending/re-
moval, and other signal processing functions associated with
wireless communications. In an embodiment, for example in
a code division multiple access (CDMA) technology appli-
cation, for a transmitter function the DSP 1402 may perform
modulation, coding, interleaving, and spreading, and for a
receiver function the DSP 1402 may perform despreading,
deinterleaving, decoding, and demodulation. In another
embodiment, for example 1n an orthogonal frequency divi-
sion multiplex access (OFDMA) technology application, for
the transmitter function the DSP 1402 may perform modu-
lation, coding, interleaving, inverse fast Fourier transforms-
ing, and cyclic prefix appending, and for a recerver function
the DSP 1402 may perform cyclic prefix removal, fast
Fourier transforming, deinterleaving, decoding, and
demodulation. In other wireless technology applications, yet
other signal processing functions and combinations of signal
processing functions may be performed by the DSP 1402,

The DSP 1402 may commumnicate with a wireless network
via the analog baseband processing unit 1410. In some
embodiments, the communication may provide Internet con-
nectivity, enabling a user to gain access to content on the
Internet and to send and receive e-mail or text messages. The
input/output iterface 1418 interconnects the DSP 1402 and
various memories and interfaces. The memory 1404 and the
removable memory card 1420 may provide software and
data to configure the operation of the DSP 1402. Among the
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interfaces may be the USB interface 1422 and the short
range wireless communication sub-system 1424. The USB
interface 1422 may be used to charge the UA 1301 and may
also enable the UA 1301 to function as a peripheral device
to exchange information with a personal computer or other
computer system. The short range wireless communication
sub-system 1424 may include an infrared port, a Bluetooth
interface, an IEEE 1102.11 compliant wireless interface, or
any other short range wireless communication sub-system,
which may enable the UA 1301 to communicate wirelessly
with other nearby mobile devices and/or wireless base
stations.

The mput/output interface 1418 may further connect the
DSP 1402 to the alert 1426 that, when triggered, causes the
UA 1301 to provide a notice to the user, for example, by
ringing, playing a melody, or vibrating. The alert 1426 may
serve as a mechanism for alerting the user to any of various
events such as an mncoming call, a new text message, and an
appointment reminder by silently vibrating, or by playing a
specific pre-assigned melody for a particular caller.

The keypad 1428 couples to the DSP 1402 wvia the
interface 1418 to provide one mechamsm for the user to
make selections, enter information, and otherwise provide
input to the UA 1301. The keyboard 1428 may be a full or
reduced alphanumeric keyboard such as QWERTY, Dvorak,
AZERTY and sequential types, or a traditional numeric
keypad with alphabet letters associated with a telephone
keypad. The mput keys may include a trackwheel, an exit or
escape key, a trackball, and other navigational or functional
keys, which may be mmwardly depressed to provide further
input function. Another input mechanism may be the LCD
1430, which may include touch screen capability and also
display text and/or graphics to the user. The LCD controller
1432 couples the DSP 1402 to the LCD 1430.

The CCD camera 1434, if equipped, enables the UA 1301
to take digital pictures. The DSP 1402 communicates with
the CCD camera 1434 via the camera controller 1436. In
another embodiment, a camera operating according to a
technology other than Charge Coupled Device cameras may
be employed. The GPS sensor 1438 1s coupled to the DSP
1402 to decode global positioning system signals, thereby
cnabling the UA 1301 to determine its position. Various
other peripherals may also be 1included to provide additional
functions, e.g., radio and television reception.

FIG. 15 illustrates a software environment 1500 that may
be implemented by the DSP 1402. The DSP 1402 executes
operating system drivers 1504 that provide a platform from
which the rest of the software operates. The operating
system drivers 1504 provide drivers for the UA hardware
with standardized interfaces that are accessible to applica-
tion software. The operating system drivers 1504 include
application management services (AMS) 1506 that transfer
control between applications running on the UA 1301. Also
shown 1n FIG. 15 are a web browser application 1508, a
media player application 1510, and Java applets 1512. The
web browser application 1508 configures the UA 1301 to
operate as a web browser, allowing a user to enter informa-
tion 1nto forms and select links to retrieve and view web
pages. The media player application 1510 configures the UA
1301 to retrieve and play audio or audiovisual media. The
Java applets 1512 configure the UA 1301 to provide games,
utilities, and other functionality. A component 1514 might
provide functionality described herein.

The UA 1301, base station 1320 (including Node B and
eNB type base stations), and other components described
above might include a processing component that 1s capable
of executing instructions related to the actions described
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above. FI1G. 16 1llustrates an example of a system 1600 that
includes a processing component 1610 suitable for imple-
menting one or more embodiments disclosed herein. In
addition to the processor 1610 (which may be referred to as
a central processor umt (CPU or DSP), the system 1600
might include network connectivity devices 1620, random
access memory (RAM) 1630, read only memory (ROM)
1640, secondary storage 1630, and input/output (I/O)
devices 1660. In some cases, some of these components may
not be present or may be combined 1n various combinations
with one another or with other components not shown.
These components might be located in a single physical
entity or 1n more than one physical entity. Any actions
described herein as being taken by the processor 1610 might
be taken by the processor 1610 alone or by the processor
1610 1n conjunction with one or more components shown or
not shown 1n the drawing.

The processor 1610 executes instructions, codes, com-

puter programs, or scripts that it might access from the
network connectivity devices 1620, RAM 1630, ROM 1640,

or secondary storage 1650 (which might include various
disk-based systems such as hard disk, tloppy disk, or optical
disk). While only one processor 1610 1s shown, multiple
processors may be present. Thus, while instructions may be
discussed as being executed by a processor, the instructions
may be executed simultaneously, serially, or otherwise by
one or multiple processors. The processor 1610 may be
implemented as one or more CPU chips.

The network connectivity devices 1620 may take the form
of modems, modem banks, Ethernet devices, universal serial
bus (USB) interface devices, serial interfaces, token ring
devices, fiber distributed data interface (FDDI) devices,
wireless local area network (WLAN) devices, radio trans-
ceiver devices such as code division multiple access
(CDMA) devices, global system for mobile communications
(GSM) radio transcerver devices, worldwide interoperability
for microwave access (W1IMAX) devices, and/or other well-
known devices for connecting to networks. These network
connectivity devices 1620 may enable the processor 1610 to
communicate with the Internet or one or more telecommu-
nications networks or other networks from which the pro-
cessor 1610 might receive information or to which the
processor 1610 might output information.

The network connectivity devices 1620 might also
include one or more transceiver components 1625 capable of
transmitting and/or receiving data wirelessly in the form of
clectromagnetic waves, such as radio frequency signals or
microwave frequency signals. Alternatively, the data may
propagate 1 or on the surface of electrical conductors, in
coaxial cables, in waveguides, in optical media such as
optical fiber, or 1n other media. The transceiver component
1625 might include separate receiving and transmitting units
or a single transceiver. Information transmitted or received
by the transceiver 1625 may include data that has been
processed by the processor 1610 or istructions that are to be
executed by processor 1610. Such information may be
received from and outputted to a network 1n the form, for
example, of a computer data baseband signal or signal
embodied 1n a carrier wave. The data may be ordered
according to different sequences as may be desirable for
either processing or generating the data or transmitting or
receiving the data. The baseband signal, the signal embed-
ded 1n the carrier wave, or other types of signals currently
used or hereaiter developed may be referred to as the
transmission medium and may be generated according to
several methods well known to one skilled 1n the art.
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The RAM 1630 might be used to store volatile data and
perhaps to store instructions that are executed by the pro-
cessor 1610. The ROM 1640 1s a non-volatile memory
device that typically has a smaller memory capacity than the
memory capacity of the secondary storage 1650. ROM 1640
might be used to store instructions and perhaps data that are
read during execution of the instructions. Access to both
RAM 1630 and ROM 1640 i1s typically faster than to
secondary storage 1650. The secondary storage 1650 1s
typically comprised of one or more disk drives or tape drives
and might be used for non-volatile storage of data or as an
over-flow data storage device if RAM 1630 is not large
enough to hold all working data. Secondary storage 1650
may be used to store programs that are loaded into RAM
1630 when such programs are selected for execution.

The I/O devices 1660 may include liqud crystal displays
(LCDs), touch screen displays, keyboards, keypads,
switches, dials, mice, track balls, voice recognizers, card
readers, paper tape readers, printers, video monitors, or other
well-known 1mnput/output devices. Also, the transceiver 16235
might be considered to be a component of the I/O devices
1660 1nstead of or 1n addition to being a component of the
network connectivity devices 1620. Some or all of the I/O
devices 1660 may be substantially similar to various com-
ponents depicted in the previously described drawing of the
UA 1301, such as the display 1302 and the input 1304.

While several embodiments have been provided in the
present disclosure, 1t should be understood that the disclosed
systems and methods may be embodied in many other
specific forms without departing from the spirit or scope of
the present disclosure. The present examples are to be
considered as 1llustrative and not restrictive, and the inten-
tion 1s not to be limited to the details given herein. For
example, the various elements or components may be com-
bined or integrated 1n another system or certain features may
be omitted, or not implemented.

As used herein, the terms “component,” “system” and the
like are intended to refer to a computer-related entity, either
hardware, a combination of hardware and software, soft-
ware, or software 1n execution. For example, a component
may be, but 1s not limited to being, a process running on a
Processor, a processor, an object, an executable, a thread of
execution, a program, and/or a computer. By way of 1llus-
tration, both an application runming on a computer and the
computer can be a component. One or more components
may reside within a process and/or thread of execution and
a component may be localized on one computer and/or
distributed between two or more computers.

As used herein, the terms “user equipment” and “UE” can
refer to wireless devices such as mobile telephones, personal
digital assistants (PDAs), handheld or laptop computers, and
similar devices or other user agents (“UAs”) that have
telecommunications capabilities. In some embodiments, a
UE may refer to a mobile, wireless device. The term “UE”
may also refer to devices that have similar capabilities but
that are not generally transportable, such as desktop com-
puters, settop boxes, or network nodes.

Furthermore, the disclosed subject matter may be imple-
mented as a system, method, apparatus, or article of manu-
facture using standard programming and/or engineering
techniques to produce software, firmware, hardware, or any
combination thereof to control a computer or processor
based device to implement aspects detailed herein. The term
“article of manufacture” (or alternatively, “computer pro-
gram product”) as used herein 1s intended to encompass a
computer program accessible from any computer-readable
device, carrier, or media. For example, computer readable

- 1
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media can include but are not limited to magnetic storage
devices (e.g., hard disk, floppy disk, magnetic strips . . . ),
optical disks (e.g., compact disk (CD), digital versatile disk
(DVD) . .. ), smart cards, and flash memory devices (e.g.,
card, stick). Additionally 1t should be appreciated that a 5
carrier wave can be employed to carry computer-readable
clectronic data such as those used 1n transmitting and
receiving electronic mail or 1n accessing a network such as
the Internet or a local area network (LAN). Of course, those
skilled 1n the art will recognize many modifications may be 10
made to this configuration without departing from the scope
or spirit of the claimed subject matter.
Also, techniques, systems, subsystems and methods
described and 1illustrated i1n the various embodiments as
discrete or separate may be combined or integrated with 15
other systems, modules, techniques, or methods without
departing from the scope of the present disclosure. Other
items shown or discussed as coupled or directly coupled or
communicating with each other may be indirectly coupled or
communicating through some interface, device, or interme- 20
diate component, whether electrically, mechanically, or oth-
erwise. Other examples of changes, substitutions, and altera-
tions are ascertainable by one skilled 1n the art and may be
made without departing from the spirit and scope disclosed
herein. Although the present invention has been described in 25
detail, 1t should be understood that various changes, substi-
tutions and alterations can be made hereto without departing,
from the spirit and scope of the invention as defined by the
appended claims.
What 1s claimed 1s: 30
1. A non-transitory computer medium storing computer
readable instructions executable by a processor to 1mple-
ment a method comprising:
rearranging, by a user equipment, a plurality of control
information bits; and 35

encoding, by the user equipment, the rearranged control
information bits[,] using a dual component encoding
operation, wherein the dual component encoding
operation comprises encoding a portion of the rear-
ranged control information bits by using a first com- 40
ponent encoder and encoding the remaining portion of
the rearranged control information bits by using a
second component encoder,

wherein rearranging the control information bits com-

prises interleaving even indexed bits and odd indexed 45
bits of the control information bits, and

wherein the plurality of control information bits com-

prises a first plurality of bits associated with a first
component carrvier of a carrier aggregation, and a
second plurality of bits associated with a second com- 50
ponent carrier of a carrier aggregation.

2. The non-transitory computer medium of claim 1,
wherein rearranging the plurality of control information bits
comprises rearranging the plurality of control information
bits[,] based upon at least one grouping of the information 55
bits.

3. The non-transitory computer medium of claim 2,
wherein the at least orne grouping of the information bits
comprises a number of consecutive control information bits
corresponding to a carrier. 60

4. The non-transitory computer medium of claim 1,
wherein the control information bits are indicative of an
acknowledgement/negative  acknowledgement (ACK/
NACK) of hybrid automatic repeat request (HARQ).

5. The non-transitory computer medium of claam 1, 65
wherein the control information bits are imndicative of chan-
nel quality information (CQI).
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6. The non-transitory computer medium of claim 1,
wherein the dual component encoding operation comprises
a Reed Muller encoding operation.

7. The non-transitory computer medium ol claim 1,
wherein rearranging the plurality of control information bits
comprises separating adjacent bits of the control information
bits.

8. The non-transitory computer medium of claim 1,
wherein the dual component encoding operation comprises
producing a first sequential code portion by using a first
component encoder and producing a second sequential code
portion by using a second component encoder.

9. A base station configured to:

decode, using a dual component decoding operation, a

plurality of control information bits transmitted from a
user equipment; and

rearrange the decoded control mformation bits, wherein

the control information bits ave indicative of an
acknowledgement/negative acknowledgement (ACK/

NACK) of hvbrid automatic vepeat vequest (HARQ).

10. The base station of claim 9, wherein the base station
rearranges the decoded control information bits based upon
at least one grouping of the information bits.

[11. The base station of claim 9, wherein the control
information bits are indicative of an acknowledgement/
negative acknowledgement (ACK/NACK) of hybrid auto-
matic repeat request (HARQ) ]

12. The base station of claim 9, wherein the dual com-
ponent decoding operation comprises a Reed Muller decod-
ing operation.

13. The base station of claim 9, wherein the dual com-
ponent decoding operation comprises producing a first
sequential decoded portion by using a {first component
decoder and producing a second sequential decoded portion
by using a second component decoder.

14. A non-transitory computer medium storing computer
readable instructions executable by a processor to 1mple-
ment a method comprising:

decoding, by a base station, a plurality of control infor-

mation bits transmitted from a user equipment, using a
dual component decoding operation; and

rearranging, by the base station, the decoded control

information bits, wherein the control information bits
are indicative of an acknowledgement/negative
acknowledgement (ACK/NACK) of hybrid automatic
repeat request (HARQ).

15. The non-transitory computer medium of claim 14,
wherein rearranging the decoded control information bits
comprises rearranging the decoded control information
bits[.] based upon at least one grouping of the information
bits.

[16. The non-transitory computer medium of claim 14,
wherein the control information bits are indicative of an
acknowledgement/negative  acknowledgement  (ACK/
NACK) of hybrid automatic repeat request (HARQ).}

17. The non-transitory computer medium of claim 14,
wherein the dual component decoding operation comprises
a Reed Muller decoding operation.

18. The non-transitory computer medium of claim 14,
wherein the dual component decoding operation comprises
producing a first sequential decoded portion by using a first
component decoder and producing a second sequential
decoded portion by using a second component decoder.

19. A user equipment configured to:

rearrange a plurality of control information bits; [and}

encode the rearranged control information bits, using a

dual component encoding operation, wherein the dual
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component encoding operation comprises [producing a
first sequential code portion] encoding a sequential
portion of the rearranged control information bits by
using a first component encoder and [producing a
second sequential code portion] erncoding the remain-
ing portion of the rearranged control information bits
by using a second component encoder, wherein the
plurality of control information bits comprises a first
plurality of bits associated with a first component
carrier of a carrier aggregation, and a second plurality

of bits associated with a second component carrier of

a carrvier aggregation, wherein the first and second
plurality of bits comprise hybrid automatic repeat
request (HARQ) acknowledgements or negative
acknowledgements (ACK/NACKSs); and

set the first plurality of bits to predetermined values if a

transmission to the user equipment on the first compo-
nent carrier was not detected.

20. The user equipment of claim 19, wherein the user
equipment 1s configured to rearrange the plurality of control
information bits|,] by rearranging the plurality of control
information bits based upon at least one grouping of the
information bits.

21. The user equipment of claim 19, wherein the control

information bits are indicative of an acknowledgement/
negative acknowledgement (ACK/NACK) of hybrid auto-

matic repeat request (HARQ).

22. The user equipment of claim 19, wherein the dual
component encoding operation comprises a Reed Muller
based encoding operation.

23. The user equipment of claim 19, wherein the user
equipment 1s configured to rearrange the plurality of control
information bits by interleaving even indexed bits and odd
indexed bits of the control information bits.

24. The non-transitory computer medium of claim 1,
wherein the first and second plurality of bits comprise hybrid
automatic vepeat request (HARQ) acknowledgements or
negative acknowledgements (ACK/NACKs), the method fur-

ther comprising:

setting the first plurality of bits to predetermined values if

a transmission to the user equipment on the first
component carrier was not detected; and

setting the second plurality of bits based on the outcome

of a cvclic redundancy check if a transmission to the
user equipment on the second component carrier was
detected.

25. The non-transitory computer medium of claim 24,
wherein the predetermined values, signal to the wireless
communication network, a negative acknowledgement
(NACK) for the first component carrier.

26. The non-transitory computer medium of claim 1,
wherein rearranging the plurality of control information bits
comprises using a multi-dimensional interleaver or a block
interleaver:
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27. The base station of claim 9, wherein the plurality of
control information bits comprises a first plurality of bits
associated with a first component carrvier of a carrier
aggregation, and a second plurality of bits associated with
a second component carrier of a carrier aggregation.

28. The base station of claim 27, wherein the first and
second plurality of bits comprise hybrid automatic repeat
request (IHARQ) acknowledgements or negative acknowl-

edgements (ACK/NACKs).

29. The base station of claim 27, wherein the first plurality
of bits are set to predetermined values if a transmission to
the user equipment on the first component carrier was not
detected.

30. The base station of claim 29, wherein the predeter-
mined values, signal to the base station, a negative acknowl-
edgement (NACK) for the first component carrier.

31. The non-transitory computer medium of claim 14,
wherein the plurality of control information bits comprises
a first plurality of bits associated with a first component
carrvier of a carrier aggregation, and a second plurality of
bits associated with a second component carrier of a carrier
aggregation.

32. The non-transitory computer medium of claim 31,
wherein the first and second plurality of bits comprise hybrid
automatic repeat request (HARQ) acknowledgements or

negative acknowledgements (ACK/NACKs).

33. The non-transitory computer medium of claim 31,
wherein the first plurality of bits are set to predetermined
values if a transmission to the user equipment on the first
component carrier was not detected.

34. The non-transitory computer medium of claim 33,
wherein the predetermined values, signal to the base station,
a negative acknowledgement (NACK) for the first compo-
nent carrier.

35. The user equipment of claim 19, whevein the control
information bits are indicative of channel guality informa-
tion (CQOI).

36. The user equipment of claim 19, wherein the user
equipment is configured to rearrange the plurality of control
information bits by separating adjacent bits of the control
information bits.

37. The user equipment of claim 19, wherein the user
equipment is configured to rearrange the plurality of control
information bits using a multi-dimensional interleaver.

38. The user equipment of claim 19, wherein the user
equipment is configured to rearrange the plurality of control
information bits using a block interleaver.

39. The user equipment of claim 19, wherein the grouping
of the information bits comprises a number of consecutive
control information bits corresponding to a carrier.
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