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System and Method for Transmitting and Receiving Acknowledgement
Information

[0001] This application claims the benefits of U.S. Provisional Application No. 61/317,196,
filed March 24, 2010, entitled “Methods and Devices of Transmitting and Receiving
Acknowledge Information” and U.S. Non-provisional Application No. 13/007,302 , filed January
14, 2011, entitled “System and Method for Transmitting and Receiving Acknowledgement

Information”, which applications are hereby incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates generally to wireless communications, and more

particularly to a system and method for transmitting and receiving acknowledgement information.

BACKGROUND

[0003] Generally, in a wireless communications system, such as a Third Generation
Partnership Project (3GPP) Long Term Evolution (LTE) compliant communications system,
there are physical data channels and physical control channels. The physical control channels
may convey information to assist data communications, which occur over the physical data

channels.

[0004] Figure 1 illustrates a communications system 100. Communications system 100 may
be a 3GPP LTE compliant communications system. Communications system 100 includes an
enhanced NodeB (eNB) 105, which may also be commonly referred to as a base station, base
transceiver station, controller, communications controller, and so forth. eNB 105 may control
communications to and from a user equipment (UE) 110. UE 110 may also be referred to as a
mobile station, terminal, user, subscriber, and so on. Communications from eNB 105 to UE 110
may occur over a downlink (DL) channel, while communications from UE 110 to eNB 105 may

occur over an uplink (UL) channel.
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[0005] A hybrid automatic repeat request (HARQ) mechanism is a mechanism in a 3GPP

LTE compliant communications system that allows a transmitter of a data packet (e.g., an eNB)
to retransmit the data packet if a receiver of the data packet (e.g., a UE) fails to decode it. The
eNB may add a cyclic redundancy code (CRC) to a transport block and transmit the data packet.
Upon receipt, the UE may attempt to decode the data packet. If the data packet passes CRC
check, then the UE may feed back an acknowledgement (represented as ACK or A) to the eNB.
If the data packet fails CRC check, then the UE may feed back a negative acknowledgement
(represented as NACK or N) to the eNB. If the eNB receives a NACK, the eNB may retransmit

the data packet.

[0006] If the UE fails to locate a transmission intended for it, the UE may feed back a
discontinuous transmission (represented as DTX) to the eNB. The DTX state may be fed back in
a manner that the UE feeds back nothing (e.g., keep silent) to the eNB transmitter. If the eNB
receives a DTX and if the eNB transmitted a data packet that corresponds to the DTX from the
UE, the eNB may retransmit the data packet. However, if the eNB receives a DTX from the UE

and it did not make a transmission to the UE, then the eNB may chose to not respond to the DTX.

[0007] Figure 2 illustrates a prior art physical channel structure of a 3GPP LTE compliant
communications system. As discussed previously, communications systems communicate over a
DL channel (shown in Figure 2 as channel 205) and an UL channel (shown in Figure 2 as

channel 210).

[0008] In a 3GPP LTE compliant communications system, multiple channels may be
multiplexed over a single set of physical channel resource(s). Both control signaling and data
may be carried over a single set of network resources. As shown in DL channel 205, control
signaling may be carried in a first portion of network resources (shown as physical downlink
control channel (PDCCH)) and data may be carried in a second portion of network resources

(shown as physical downlink shared channel (PDSCH)). The PDCCH may include indications of
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network resources assigned to UEs. For example, indicator 215 may be an indication to network
resources 216 assigned to a first UE, and indicator 218 may be an indication to network
resources 219 assigned to a second UE, and so forth. In general, a UE detects its PDCCH and
then determines a location of network resources allocated to it by the eNB and detects data

transmitted to it at the location of the network resources.

[0009] If the UE fails to detect its PDCCH, the UE cannot receive a transmission since it
does not know where to locate the transmission. The UE may feed back a DTX to the eNB. Ina
3GPP LTE compliant communications system, the DTX state is fed back from a UE by
transmitting nothing on PUCCH, which does not distinguish the case where there is no PDCCH
for the UE in the subframe and the case that there is PDCCH for the UE but the UE failed to
detect it. If the eNB has not scheduled any transmissions to the UE, then there may not be a

PDCCH intended for the UE.

[0010] UL channel 210 may be used to convey HARQ acknowledgements from the UEs in
the 3GPP LTE compliant communications system, potentially with other information. As an
example, network resources 225 may be used to convey HARQ acknowledgements from the first
UE and network resources 226 may be used to convey HARQ acknowledgements from the

second UE.

[0011] ACK/NACK feedback control signaling may consume a considerable amount of
overhead, especially when higher bandwidth (i.e., more data packets) deployments are utilized,
and may therefore negatively impact the overall performance of the communications system.
Therefore, there is a need for a system and method to reduce the negative impact on performance

due to a larger overhead associated with ACK/NACK control signaling.
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SUMMARY OF THE INVENTION

[0012] These and other problems are generally solved or circumvented, and technical
advantages are generally achieved, by preferred embodiments of the present invention which

provides a system and method for transmitting and receiving acknowledgement information.

[0013] In accordance with a preferred embodiment of the present invention, a method for
communications device operations is provided. The method includes determining a hybrid
automatic repeat request (HARQ) response for each CC in a set of configured CCs, thereby
producing a set of HARQ responses, generating an information vector from the set of HARQ
responses, encoding the information vector, and transmitting the encoded information vector. A
sub-vector of one or more bits selected from the information vector is assigned a fixed vector
value independent of HARQ responses for CCs not in a set of CCs when the set of CCs is not

empty, where the set of CCs comprises at least one CC whose HARQ response is equal to DTX.

[0014] In accordance with another preferred embodiment of the present invention, a method
for communications device operations is provided. The method includes decoding a received
encoded information vector, the encoded information vector includes a hybrid automatic repeat
request (HARQ) response for each component carrier (CC) in a set of configured CCs, and
generating individual HARQ responses from the information vector. The decoding makes use of
a priori information about a subset of CCs from a set of configured CCs used to transmit

information from the communications device, thereby producing an information vector.

[0015] In accordance with another preferred embodiment of the present invention, a method
for transmitting multiple hybrid automatic repeat request (HARQ) responses is provided. The
method determining a first set of component carrier (CC), determining a second set of CC, which
does not contain any CC in the first set of CC, assigning a set of bits of an information vector to
a fixed vector value, wherein the fixed vector value is based on the first set of CC, assigning

remaining bits in the information vector to values based on the second set of CC, encoding the

4.
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information vector, and transmitting the encoded information vector. The first set of CC includes

CC for which a HARQ response is DTX.

[0016] In accordance with another preferred embodiment of the present invention, a
communications device is provided. The communications device includes a response unit, a
mapper coupled to the response unit, and an encoder coupled to the mapper. The response unit
determines a hybrid automatic repeat request (HARQ) response for each transport block (TB) of
each component carrier (CC) in a set of configured CCs assigned to the communications device,
and the mapper generates an information vector from HARQ responses produced by the response
unit and the set of configured CCs. A sub-vector of one or more bits selected from the
information vector is assigned a fixed vector value regardless of HARQ responses for CCs not in
a set of CCs when the set of CCs is not empty, where the set of CCs is a set of CCs whose

HARQ response is equal to a specified value. The encoder encodes the information vector.

[0017] In accordance with another preferred embodiment of the present invention, a
communications device is provided. The communications device includes a decoder, a generator
coupled to the decoder, and a processor coupled to the generator. The decoder is coupled to an
information source and decodes an encoded information vector provided by the information
source. The decoder makes use of a priori information about a subset of component carriers (CC)
from a set of configured CCs used to transmit information. The generator produces individual
hybrid automatic repeat requested (HARQ) responses from an output of the decoder, and the

processor processs each of the individual HARQ responses.

[0018] An advantage of an embodiment is that a receiver of an encoded ACK/NACK vector,
such as an eNB, may be able to use a priori information regarding allocated component carriers

(CC) to help improve decoding performance.

[0019] A further advantage of an embodiment is that a transmitter of an encoded

ACK/NACK vector, such as a UE, may be able to utilize ACK/NACK information in
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conjunction with a configured CC set to encode the ACK/NACK vector in such a way that may

help a receiver (e.g., an eNB) of the encoded ACK/NACK vector realize improved decoding

performance.

[0020] The foregoing has outlined rather broadly the features and technical advantages of
the present invention in order that the detailed description of the embodiments that follow may
be better understood. Additional features and advantages of the embodiments will be described
hereinafter which form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and specific embodiments disclosed may be readily
utilized as a basis for modifying or designing other structures or processes for carrying out the
same purposes of the present invention. It should also be realized by those skilled in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set forth

in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] For a more complete understanding of the present invention, and the advantages
thereof, reference is now made to the following descriptions taken in conjunction with the

accompanying drawing, in which:
[0022] Figure 1 is a diagram of a communications system;

[0023] Figure 2 is a diagram of a prior art physical channel structure of a 3GPP LTE

compliant communications system;

[0024] Figure 3a is a diagram of a first technique for transmitting multiple ACK/NACK

feedbacks;

[0025] Figure 3b is a diagram of a second technique for transmitting multiple ACK/NACK

feedbacks;
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[0026] Figure 4 is a diagram of a relative relationship of a configured CC set, an

activated/deactivated CC set, and a scheduled CC set;
[0027] Figure 5 is a diagram of information processing of ACK/NACK information by a UE;

[0028] Figure 6 is a flow diagram of UE operations in transmitting ACK/NACK

information to an ¢NB;

[0029] Figures 7a and 7b are diagrams of an ACK/NACK information vector with and

without a bit set to a fixed value;

[0030] Figure 8 is a diagram of information processing of ACK/NACK information by an

eNB;

[0031] Figure 9 is a diagram of a relationship of a whole code space and a reduced code

space based on a priori knowledge of scheduled CCs;

[0032] Figures 10a through 10e are diagrams of possible combinations of ACK/NACK

information vectors for one to five CCs;

[0033] Figure 11 is a flow diagram of eNB operations in transmitting information based on

ACK/NACK information fed back to an eNB by a UE;
[0034] Figure 12 is a diagram of an alternate illustration of a communications device; and

[0035] Figure 13 is a diagram of an alternate illustration of a communications device.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0036] The making and using of the presently preferred embodiments are discussed in detail
below. It should be appreciated, however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed are merely illustrative of specific ways to make and use the invention,

and do not limit the scope of the invention.
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[0037] The present invention will be described with respect to preferred embodiments in a
specific context, namely a 3GPP LTE-Advanced (LTE-A) compliant communications system
that supports component carriers. The invention may also be applied, however, to other
communications systems, such as WiMAX compliant communications systems, that support the
use of multiple carriers to convey transmissions to a single user and an aggregation of

ACK/NACK responses onto a single channel.

[0038] In a 3GPP LTE-A compliant communications system, support for greater bandwidth
through carrier aggregation is provided. Generally, in carrier aggregation, two or more
component carriers (CC), with each having a bandwidth of up to 20 MHz, may be aggregated. A

maximum of five CCs may be aggregated for a total bandwidth of up to 100 MHz.

[0039] In a 3GPP LTE compliant communications system, DL spatial multiplexing of up to
four multiple input, multiple output (MIMO) layers is supported, while up to eight MIMO layers
are supported in a 3GPP LTE-A compliant communications system. In case of spatial
multiplexing, up to two transport blocks (TB) may be transmitted to a scheduled UE in a
subframe per DL CC. Correspondingly, for HARQ ACK/NACK operation in the UL, one UL

ACK/NACK feedback is needed per DL TB.

[0040] There may be several cases wherein only one ACK/NACK feedback exists for one
CC. They include, but are not limited to:
- Only one TB is sent on the DL

- Only one TB is transmitted to a UE on a CC in an initial transmission
and/or retransmission,

- Two TBs are scheduled in a first transmission and a first TB is correctly
received (decoded) by the UE while a second TB is not. Then, when the eNB schedules a
retransmission, only the incorrectly received TB is retransmitted without rescheduling a new TB

to be transmitted with it. Therefore, only one ACK/NACK feedback in response to the
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retransmission of the previously incorrectly received TB is needed.
- When spatial ACK/NACK bundling is used due to limited UL channel quality,

there will be only one bundled ACK/NACK feedback for the two TBs in the case of TDD.

[0041] In a 3GPP LTE-A compliant communications system, there may be an independent
HARQ entity for each CC, which enables the HARQ processes of each CC to be implemented
independently. Furthermore, there may be one PDCCH for each PDSCH located on each CC.
The PDCCH may be located in the same CC as its corresponding PDSCH or may be in a
different CC from its corresponding PDSCH (refer to Figure 2 for an overview of the PDCCH
and PDSCH). Accordingly, the ACK/NACK information corresponding to the TBs on each CC
may be processed independently. If a UE has multiple DL CCs to receive transmitted data, then
multiple simultaneous ACK/NACK feedbacks may be generated and transmitted to the eNB

from the UE.

[0042] As discussed previously, in a 3GPP LTE-A compliant communications system, each
CC may have up to two TB, therefore, there are up to two ACK/NACK feedbacks per CC per
UE, and a maximum of five CCs may be aggregated for a single UE, therefore, there may be up
to ten ACK/NACK feedbacks from a single UE for frequency division duplexed (FDD)
operations. With time division duplexed (TDD) operations, there are up to two ACK/NACK
feedbacks per CC corresponding to one DL subframe from a UE, and there are several UL-DL
configurations, among which there may be up to eight (4 * 2) ACK/NACK feedbacks in the case
of a configuration with four DL subframes and one UL subframe for one CC. Furthermore, the
maximum number of aggregated CCs for a single UE is five. Therefore, there may be up to 40 (5

* 4 *2) ACK/NACK feedbacks from a single UE.

[0043] For a single CC with one TB, there may be a total of three states of the form (TB1):
(ACK)

(NACK) and
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(DTX).

For a single CC with two TBs, there may be a total of five possible state two-tuples of the form
(TB1, TB2):

(ACK, ACK)

(ACK, NACK)

(NACK, ACK)

(NACK, NACK) and

(DTX).

[0044] Figure 3a illustrates a technique 300 for transmitting multiple ACK/NACK
feedbacks. As shown in Figure 3a, technique 300 may reuse the PUCCH format #2 as described
in the 3GPP LTE technical standards, wherein the UE separately modulates coded ACK/NACK
information bits with Zadoff-Chu-like sequences, and places the modulated signals into multiple
symbols in a single slot (one subframe comprises two slots). Technique 300 may be able to

transmit up to 13 ACK/NACK information bits that are encoded into 20 coded bits.

[0045] Figure 3b illustrates a technique 350 for transmitting multiple ACK/NACK
feedbacks with DFT-S-OFDM. As shown in Figure 3b, technique 350 employs a spreading
factor {w[0],w[1],...,w[K-1]} to spread the ACK/NACK information bits. Technique 350 may

be able to support 48 or more coded bits for transmission from UE to the eNB.

[0046] If there are multiple DL CCs for a UE data transmission, the UE needs to feed back
to eNB the ACK/NACK information corresponding to the TBs on the multiple CCs. A number
of joint ACK/NACK states (a combination of ACK/NACK states to be fed back to the eNB)
depends on the number of CCs, as well as the number of ACK/NACK feedbacks for each CC, as
described previously. The UE needs to map the ACK/NACK information (e.g., the joint
ACK/NACK states) of the multiple CCs to a plurality of ACK/NACK information bits (i.e., an

ACK/NACK information vector), and then encode the plurality of ACK/NACK information bits

-10-
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by, for example, linear block coding to form code word(s) for transmission purposes. Then the
UE transmits the code word(s) after modulation in a UL channel, such as UL control channel

(PUCCH).

[0047] As an example, a simplest way to map the joint ACK/NACK states to binary digital
information bits is to denote the number of all the possible states as x, where x is an integer; and

then use a combination of k = ceil(log, x) bits to denote each state. If y is an integer, where

(y —1)<x <y, then function ceil(x) = y.

[0048] If there are N (1< N <5) DL CCs for a UE, then an upper end case is that there will

be a total of (5 —1) possible ACK/NACK states to feed back to the eNB when the UE is
scheduled dual TBs on each the N CCs (here, a “-1” term may be used to represent that nothing

will be transmitted if DTX occurs on all the CCs). On a lower end case, there will be a total of

(3" —1) possible ACK/NACK states that need to be encoded and feed back when single TB is
schedule on each of the N CCs or spatial bundling is used on all CCs. Then £, where £ is an

integer, bits are needed to transmit each ACK/NACK state to eNB according to the equation

k = ceil[log,(5" —1)] for the upper end case (or k = ceil[log,(3" —1)] for the lower end case).

[0049] In general if there are p CCs needing five ACK/NACK feedback states per CC, and ¢

CCs needing three ACK/NACK feedback states per CC (where p and ¢ are integers), a total of
ceilllog, (5% -3? —1)]bits are needed. As an example, consider a situation with two CCs and two
ACK/NACK feedbacks for each CC case, then x = 24 states, and

k = ceil(log, x) = ceil(log, 24) =5 bits,
which can represent up to 2° =2° = 32 states. A rule may then be constructed to select 24

combinations of the & bits to indicate the 24 ACK/NACK states.

-11-
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[0050] Table 1 lists a number of CCs, number of ACK/NACK states, and number of

ACK/NACK information bits needed to represent the states for a configuration where there are

two TBs per CC per UE.

Table 1. Number of joint ACK/NACK states, and number of bits needed to represent the joint
ACK/NACK states for a variety of CCs wherein there are two TBs per CC per UE.

N (number of CCs) N=1 N=2 N=3 N=4 N=5
Number of joint ACK/NACK statesof | §'_1= | 52 —1= $_1= | 5-1= | §¥-1=
the N CCs 4 24 124 624 15624
Number of ACK/NACK information 2 5 7 10 12

bits

(k = ceilllog, (5" —=1D])

[0051] The number of ACK/NACK information bits in a communications system operating
in TDD mode also depends on a ratio of DL subframes and UL subframes, as discussed

previously.

[0052] A UE may have multiple DL CCs for data transmission depending on the radio
resource control (RRC) configuration and the media access control (MAC) activation. The RRC
layer configures a CC set. The MAC layer may activate or deactivate CC(s) to adapt to a UE’s
real traffic from the perspective of power savings, for example. The UE feeds back the

ACK/NACK information bits for the CC set configured by RRC and/or MAC.

[0053] A scheduler in the eNB performs scheduling within the CC set according to the
channel condition and other factors. For example, in a communications system supporting carrier
aggregation, some of the CCs may be in lower frequency band which provides relatively larger
coverage. The eNB (scheduler) may schedule some UEs only in the CCs in lower frequency
band to gain better channel quality when other CCs in the higher frequency band experience poor
channel quality. A special case may be to schedule a UE only on its DL primary CC which is

linked to the UL CC on which its UL control signaling is transmitted.
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[0054] When the eNB schedules a CC to transmit data packet(s) to a UE, the UE may fail to

obtain the PDSCH because it misses the corresponding PDCCH. The UE can not distinguish two
situations: (a) there is no data packet scheduled for it in the subframe; or (b) there is data packet
scheduled but it misses the corresponding PDCCH. The UE may respond with DTX in both
situations. Therefore, it may be difficult to make a UE map the ACK/NACK feedbacks based on
the scheduled CC set since it is difficult for a UE to know the scheduled CC set since the
scheduled CC set may be dynamic in nature and continued signaling of the scheduled CC set
may consume a significant amount of overhead. So the UE will map the ACK/NACK feedbacks

based on the configured CC set, as configured by RRC and/or MAC.

[0055] If N DL CCs are configured by MAC and/or RRC for a UE, the ACK/NACK
feedbacks are mapped based on a configured CC set, but if only M CCs are scheduled in a time
transmission interval, where M is an integer and M < N, it may not be efficient to transmit the
ACK/NACK feedbacks using a ACK/NACK transmission scheme generally designed for N
configured CCs. So a problem is how to efficiently transmit the possible ACK/NACK feedbacks
to eNB if multiple DL CCs are activated and/or configured for a UE, but only a subset of the
multiple activated and/or configured DL CCs is scheduled in a certain time transmission interval.
Figure 4 illustrates a relative relationship of a configured CC set, an activated/deactivated CC set,

and a scheduled CC set.

[0056] Similarly, for TDD, there will multiple DL subframes but the ACK/NACK
feedbacks should be fed back in only one single UL subframe, so there will be multiple
ACK/NACK feedbacks for multiple DL suframes. Carrier aggregation is also supported in TDD,
so there will be multiple subframes and/or component carriers to feedback ACK/NACK
feedbacks. For simplicity, the ACK/NACK feedbacks for a CC in multiple subframes in a TDD
system may be regarded as ACK/NACK feedbacks for multiple CCs in a subframe. The

definition may be applicable for the following description for multiple component carriers.
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[0057] Figure 5 illustrates information processing 500 of ACK/NACK information by a UE.

Information processing 500 may be illustrative of processing of ACK/NACK information at a
UE as the UE processes ACK/NACK information of transmissions made by an eNB to the UE

for HARQ operation.

[0058] The UE may begin by performing a state mapping 505 of ACK/NACK feedbacks in
the form of ACK/NACK states generated by the UE based on its error checking of transmissions
from the eNB. Based on the error checkings of transmissions, the UE may designate the
ACK/NACK feedback of a transmission as being an ACK if the UE successfully error checked
the transmission without error, a NACK if the UE unsuccessfully error checked the transmission
with error, or a DTX if the UE did not detect a control channel indication related to the
transmission. State mapping 505 may be performed by a state mapper and may take as input joint
ACK/NACK information (e.g., the ACK/NACK states) and produce an ACK/NACK

information vector(s).

[0059] State mapping 505 may follow mapping rules defined by the UE, the eNB, an
operator of a communications system in which the UE operates, a technical specification, or so
on. According to an embodiment, state mapping 505 may also make use of a configured CC set

in the mapping of the ACK/NACK information into the ACK/NACK information vectors.

[0060] The UE may then perform a channel encoding 510 of the ACK/NACK information
vector(s) to produce a code word(s). According to an embodiment, a linear block code may be
used by a channel encoder to channel encode the ACK/NACK information vector(s). A detailed
description of channel encoding 510 and the linear block code is provided below. The UE may
then perform a modulating on the code word(s) to prepare the code word(s) for transmission to

the eNB.

[0061] As discussed above, a linear block code may be selected to encode the ACK/NACK
information vector(s). A block code of length » and 2° codewords is called a linear (», k) code if
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and only ifits 2* codewords form a k-dimensional subspace of the vector space of all the »-

tuples over the field GF(2). It is possible to find & linearly independent generator matrix vectors,
g(; , §[ yeers g—ki , in an (n, k) linear code C such that every codeword v in C'is a linear
combination of these & generator matrix vectors,

V= UGy + 1y 8, F Uy 18y s

where u, =0 or 1 for 0 <i <k. Arrange these k linearly independent generator matrix vectors as

the rows of &k x»n matrix as follows:

8o _goo ot ot ]
&1 g1 &1 a1

5 = = !
| k1 | _gkfl,O ka1 k11 ]

where g = (80581 &ipy) for 0<i <k, If 1= (uy,u,,...u, ;) 1s the information vector to be
encoded, the corresponding codeword can be given as follows:

v=uxG.
Clearly, the rows of G generate the (n, k) linear code C, so the matrix G iscalled a generator

matrix for C.

[0062] The minimum distance is an important parameter of a block code, which determines
the random-error-detecting and random-error-correcting capabilities of a code. The (Hamming)
weight of vectory, denoted by w(;) , 1s defined as the number of nonzero components of v. The

minimum distance of a linear block code is equal to the minimum weight of its nonzero

codewords and vice versa.

[0063] For linear block encoding method, such as Reed-Muller code or modified Reed-
Muller code, the minimum distance is determined by it’s the generator matrix. In 3GPP TS

36.212, there are two block code designs originated from Reed-Muller codes. A first block code
-15-
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is referred to as (20, A) code and is shown in Table 2. Table 3 shows the minimum distance of

(20, A) code with various values of A.

Table 2. Basis sequences for (20, A) code.

i Mo | Myy | Mip | Mizg | Miy | Mis | Mg | Mi7 | Mg | Mio | Mo | Mis | Mig2
0] 1 1 ol oo oo ] o] o] o] 1 1 0
1|1 1 1 oo oo | o] o 1 1 1 0
2] 1 0| o 1 0| o |1 0 1 1 1 1 1
301 0 | 1 1 o[ oo o 1 0 | 1 1 1
41 1 1 1 1 o[ oo 1 o[ o |1 1 1
50 1 1 0| o 1 0 | 1 1 1 0 | 1 1 1
6| 1 0 | 1 0 1 0 | 1 0 1 1 1 1 1
71 1 0| o 1 1 0| o 1 1 0 | 1 1 1
8| 1 1 0 1 1 0| o 1 0 1 1 1 1
91 1 0 | 1 1 1 0 | 1 0| 0 1 1 1 1
10| 1 0 | 1 0| o 1 1 1 0 1 1 1 1
1n| 1 1 1 0| o 1 1 0 1 0 | 1 1 1
12| 1 0| o 1 0 1 0 1 1 1 1 1 1
13| 1 1 0 1 0 1 0 1 0 1 1 1 1
14| 1 o[ o] o 1 1 0 1 o[ o |1 0 1
15| 1 1 0| o 1 1 1 1 0 1 1 0 1
16| 1 1 1 0 1 1 1 0| o 1 0 1 1
17| 1 0| o 1 1 1 0| o 1 0| o 1 1
18| 1 1 0 1 1 1 1 1 o[ oo 0 0
19| 1 0|l o] o] o 1 1 oo ]| oo 0 0
Table 3. The minimum distance of the (20, A) code with various A.
A 1 2 4 5 6 7 8 9 10 11 12 13
n=20 | 20 10 8 8 8 6 6 6 6 4 4 4
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A second block code is referred to as (32, O) code and is shown in Table 4. Table 5 shows the

minimum distance of (32, O) code with various values of O.

Table 4. Basis sequences for (32, O) code.
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Table 5. The minimum distance of the (32, O) code of various O.

O 1 2 3 4 5 6 7 8 9 10 11 12 13

n=32 |32 16 16 16 16 16 12 12 12 12 10 10

[0064] If the scheduled CCs are a subset of the configured CC set, and the code words after

channel encoding for the scheduled CCs have the bigger minimum distance than the minimum
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distance of whole code book of the configured CC set, better decoding performance of

ACK/NACK information will be obtained for the scheduled CCs.

[0065] For example, in the (32, O) Reed-Muller code, if O = 1, the codeword generated by
the first vector in the generator matrix has the biggest minimum distance of 32 and if O =2, ...,
6, the codeword generated by the first vector through the sixth vector in the generator matrix
have the bigger minimum distance of 16 than the code words generated by any other O vectors in

the matrix, at least equal. If O > 6, the codeword have relatively smaller minimum distance.

[0066] As shown in Tables 3 and 5, smaller values of A and O result in codewords with a
larger minimum distance, which may yield better decoding performance of codewords encoded

with the linear block code.

[0067] Figure 6 illustrates a flow diagram of UE operations 600 in transmitting
ACK/NACK information to an eNB. UE operations 600 may be indicative of operations
occurring in a UE as the UE generates and transmits ACK/NACK information to an eNB in
response to transmissions made to the UE by the eNB. The transmissions made to the UE may be
over multiple CCs with one or more TBs per CC. UE operations 600 may occur while the UE is

in a normal operation mode.

[0068] UE operations 600 may begin with the UE detecting its PDCCH (block 605). The
UE may detect its PDCCH in order to determine if there are any transmissions scheduled for it
over the associated CCs in the subframe. Furthermore, if there are transmissions scheduled for
the UE, the UE may be able to determine locations of the transmissions, such as frequencies

and/or times, using the information carried by the PDCCH.

[0069] If the UE failed to detect its PDCCH for a certain CC, where a PDCCH may or may
not have been transmitted by the eNB, then the UE may not be able to detect its corresponding
PDSCH and therefore be unable to receive the transmissions scheduled for it. The A/N feedback

for the CC corresponding to the failed PDCCH detection is then DTX.
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[0070] If there are data transmissions scheduled for the UE on a CC, the UE may (at

specified frequencies and/or times) receive the transmissions, which are carried by PDSCH for
3GPP LTE, for example. After receiving the transmissions, the UE may decode the
transmissions (block 610) then check the transmissions for errors, e.g., using a CRC. For each
transmission, the UE may determine an ACK/NACK feedback based on results of the error
check. For example, if the error check passed for a transmission, then the UE may set the
ACK/NACK feedback to an ACK for the transmission. If the error check failed for a
transmission, then the UE may set the ACK/NACK feedback to a NACK for the transmission.
One or more A/N information may exist for a CC, since one or more transmissions may have

been sent simultaneously over a CC.

[0071] Based on the joint ACK/NACK feedback for each of the transmissions over the
configured CC set, the receiver may set bits of an ACK/NACK information vector(s) using
mapping rule(s) (block 615). The setting of the bits of the ACK/NACK information vector(s)

may be set based on state mapping rules.

[0072] According to an embodiment, failure to detect its PDCCH may be represented with
an ACK/NACK feedback of DTX (or a NULL value) for the associated CC. The UE may then
set bits in the ACK/NACK information vector(s) that correspond to CCs in a configured CC set
with the DTX ACK/NACK feedback to a fixed value. The fixed value may be a vector of one or
more bits in length. The fixed value vector may be a known vector value or an otherwise
specified vector value. Parameters such as what bits the first set comprises and the value of the
first set of bits vary depending on scenario, for example, which combination of CCs have DTX,
the number of TBs scheduled on a CC, and so forth. As an example, the values can be predefined
in a technical standard. The ACK/NACK information of the CC(s) with ACK or NACK
responses (i.e., not DTX) may be mapped to the second set of bits in the information vector,

where the second set and the first set do not overlap for a given combination of CCs with DTX.

-19-



WO 2011/116668 PCT/CN2011/071944
[0073] As an example, the bits corresponding to undetected CCs in the CC set may be set to

a binary zero or some other prespecified or predefined value. For discussion purposes, if one bit
in an ACK/NACK information vector corresponds to a CC in the configured CC set with the
DTX state, then the one bit may be set to a fixed value (e.g., either a binary one or a binary zero).
As discussed previously, the fixed value may be a prespecified or predefined value. If two bits in
an ACK/NACK information vector corresponds to a CC in the configured CC set with the DTX
state, then the two bits may be set to a fixed value (e.g., either a ‘00°, ‘01°, ‘10, or *11°). If three
bits in an ACK/NACK information vector corresponds to a CC in the configured CC set with the
DTX state, then the three bits may be set to a fixed value (e.g., either a ‘000°, “001°, ‘010°, “011°,
‘100°, ‘101°, “110°, or 1117).

[0074] Although the above examples illustrate situations wherein a single CC in the
configured CC set is determined to be in the DTX state, the embodiments presented herein may
be operable with any number of CCs in the configured CC set being determined to be in the
DTX state as long as the number of CCs in the DTX state is smaller than a total number of CCs
in the configured CC set. Therefore, the discussion of a single CC being determined to be in the
DTX state should not be construed as being limiting to either the scope or the spirit of the

embodiments.

[0075] Furthermore, the above examples illustrate situations wherein one, two, or three bits
of an ACK/NACK information vector corresponds to a CC in the configured CC set with the
DTX state. However, any number of bits less than the total number of information vector bits
may correspond to a set of CCs. Therefore, the discussion of one, two, or three bits should not be

construed as being limiting to either the scope or the spirit of the embodiments.

[0076] As an example, consider a situation wherein there are three CCs in a configured CC
set and two TBs are transmitted on each CC. The ACK/NACK states for two TBs on a single CC

may be {(ACK, ACK), (ACK, NACK), (NACK, ACK), (NACK, NACK), (DTX)}. There is a
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total of 124 joint ACK/NACK states for the three CCs, thereby requiring seven ACK/NACK

information bits, b, bb,b,b,b.b,, to denote the 124 states, as shown in Figure 7a. As shown in

Figure 7a, the seven ACK/NACK information bits may be set to any of the 124 values based on

receiver’s detection of transmissions occurring on the CCs in the configured CC set.

[0077] However, if the ACK/NACK state for one CC is DTX (e.g., CC #3), then the
ACK/NACK feedbacks with at least the ACK/NACK state for CC #3 being DTX may be

mapped to the combination of ACK/NACK information bits b, bb,b,b,bb, out of which at least

one of the bits (e.g., be) is set to a fixed value ¢, as shown in Figure 7b. As shown in Figure 7b,
bit b is set to the fixed value ¢ (as an example, the fixed value ¢ may be equal to zero or one),
while the remaining bits (bits by through bs) may be set to values dependent on the UE’s
ACK/NACK feedbacks for transmissions occurring on the remaining CCs in the configured CC

set.

[0078] In other words, all ACK/NACK states where the ACK/NACK feedback
corresponding to CC #3 is DTX, but ACK/NACK feedback for other CCs may be or may not be

DTX, are mapped to the ACK/NACK information vector(s) whose bit b, (as an example) is fixed

with value ¢ (e.g., zero). The ACK/NACK feedbacks for CC #1 and CC #2 (which may be
{(ACK, ACK), (ACK, NACK), (NACK, ACK), (NACK, NACK), (DTX)} for each CC) are

represented by bits b, bb,b,b,b; (as an example). The first set of bits comprises { b; }, the fixed

value is b, = 0, and the second set comprises { b, b,b,b,b,b, }.

[0079] Although the illustrative examples shown in Figures 7a and 7b show that the last bit
(be) 1s set to a fixed value in case of the DTX state of ACK/NACK feedback corresponding to
CC #3, any bit position may be set to the fixed value in case of the DTX state of ACK/NACK
feedback corresponding to CC #3. Furthermore, more than one bit may be set to fixed value(s) in
case of the DTX state of ACK/NACK feedback corresponding to CC #3. The actual bit

position(s) set to fixed value(s) in case of the DTX state of ACK/NACK feedback of
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corresponding CC(s) may be dependent on the mapping rules used to map the ACK/NACK

states to the ACK/NACK information vector(s). Therefore, the discussion of the illustrative
examples should not be construed as being limiting to either the scope or the spirit of the

embodiments.

[0080] In general, the joint ACK/NACK states wherein the ACK/NACK feedback for a CC
subset CCprx (a CC set such that the ACK/NACK feedback to the CCs in the CC set is DTX) of
component carrier(s) is DTX, are mapped to a combinations of the information bits with a first
set of bits being assigned fixed value(s). For example, CCprx may be {CC #1}, {CC #1, CC #3},
and so forth. Each different CCprx may correspond to a different first set of bits, and/or a

different fixed value for the first set of bits.

[0081] In another example, the joint ACK/NACK states wherein the ACK/NACK feedback
for at least one CC is DTX, are mapped to the ACK/NACK information vectors whose bit b, is
the fixed value 0. In this example, if ACK/NACK feedback corresponding to CC #1 and/or CC
#2 and/or CC #3 {excluding the case where all CCs are DTX which implies no UL transmission
for ACK/NACK feedback} is DTX, then the joint ACK/NACK states are mapped to the
combinations of ACK/NACK information bits wherein the bit b is the fixed value c. In general,
the joint ACK/NACK states with ACK/NACK feedback having at least M CCs in the DTX state
are mapped to the combinations of information bits with a first set of bits assigned fixed values.
For example, if 3 CCs are configured and M = 1, then the information vector corresponding to
joint ACK/NACK states of three CCprx sets, {CC1}, {CC2}, {CC3}, share the feature that a
first set of bits are assigned the same fixed value. The three CCprx sets may not be differentiated

by the first set of bits.

[0082] Referring back to the examples shown in Figures 7a and 7b, the number of possible

ACK/NACK states where the ACK/NACK feedback includes at least one of the CCs being
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determined to be DTX, is 60. If b, is fixed, there are 64 possible combinations

for {b, b,b,b;b,b.b | b, = c}, which is sufficient to denote the 60 possible ACK/NACK states.

[0083] Returning back to Figure 6, after state mapping, the ACK/NACK information
vector(s) may then be encoded (block 630). Preferably, a linear block code, such as a Reed-
Muller code, a punctured Reed-Muller code, or so on, may be used to encode the ACK/NACK

information vector(s).

[0084] For discussion purposes, let a mother code defined for the configured N CCs be a

(n, k) linear block code. Let the size of a first set of bits be L; bits, 0 < L; < k. Fixing the value of
the first set of bits in the information vector may be equivalent to expurgate the (», k) mother
block code to a (n, k - L;) block code. The bits in the first set of bits may be arranged such that
the code performance of the resulting (», k£ - L;) block code is optimized. For example, the (», & -
L) code may be optimized to have the highest minimum distance, or the lowest block error rate

at a given SNR in AWGN channel.

[0085] In order to achieve this goal, the first set of bits may be selected to correspond to
arbitrary rows of the generator matrix. Depending on which bits are in the first set of bits, a
different (n, k - L1) code may result. For example, if k=7, L; = 1, different (n, 6) codes are
derived from the same (#, 7) mother code depending on if the first set of bits comprises {bg or b;}
or {b, or b4}, and the fixed values assigned to the first set of bits (e.g., by or by =0 or by or b; =

1}.

[0086] As an example, within the linear block code (20, A) generator matrix, the minimum
distance of the (20, 7) code is smaller than the (20, 6) code due to the addition of a 7" row of the
generator matrix. However, setting the 7™ bit of the ACK/NACK information vector to be a fixed
value, for example, effectively expurgates the (20, 7) code to the (20, 6) code when the

ACK/NACK feedback corresponding to some CCs is DTX. For these ACK/NACK states, a
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larger minimum distance (corresponding to the (20, 6) code) is obtained comparing to using the

(20, 7) code without such structure.

[0087] Suppose that a length-k ACK/NACK information vector is used to represent the joint
ACK/NACK states on N configured CCs. A subset of the N configured CCs may be determined
to have the feedback DTX due to either (a) certain configured CCs are not scheduled with data
packets or (b) the PDCCH on certain configured CCs are missed by the UE. When a subset of
the N configured CCs has the DTX feedback state, there are no longer (5"-1) states to be
presented. Thus it may be sufficient to use a subset of the information vector to represent the
remaining CCs that may or may not have the DTX feedback state. The number of bits with fixed
values (i.e., the size of the first set of bits) out of & bits should not be bigger than an integer x,
where (k - x) bits should be enough to represent the all the joint ACK/NACK states with at least
the ACK/NACK states of CCs in a group CCprx being DTX. In other words, 2* ™ must be
bigger or equal than the number of all possible joint ACK/NACK states for the remaining CCs

which may or may not have the DTX feedback state.

[0088] As an example, when three CCs are configured (e.g., configured CC set = 3), there is
a need for a total of seven bits to represent all the joint ACK/NACK states. The number of joint
ACK/NACK states when one of the CCs (e.g., CC #1) is DTX is 5* —1 (= 31). Since

2° =32> 5% —1, five bits are enough to represent all the joint ACK/NACK states with one of the
CCs having the DTX property (i.e., with CC #1 having the DTX ACK/NACK state). Therefore
all the joint ACK/NACK states with the A/N information of CC #1 being in the DTX
ACK/NACK state can be mapped to the length-7 ACK/NACK information vector with two bits

(e.g., biby) being assigned fixed values.

[0089] Returning back to Figure 6, after encoding the ACK/NACK information vector(s),
the encoded ACK/NACK information vector(s) may then be modulated and transmitted back to

the transmitter (block 635). Receiver operations 600 may then terminate.
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[0090] Figure 8 illustrates information processing 800 of ACK/NACK information by a

communications device. Information processing 800 may be illustrative of processing of
ACK/NACK information at a communications device, such as an eNB, that originally
transmitted information resulting in the ACK/NACK information as the eNB processes
ACK/NACK information received from a UE (a communications device that received the

transmitted information from the eNB) for HARQ operation.

[0091] The eNB may begin with a received signal received from the UE. According to an
embodiment, the UE may transmit the signal to the eNB over a PUCCH. The received signal
may include an encoded (and modulated) ACK/NACK information vector(s). The eNB may
perform channel decoding 805 on the received signal. However, instead of performing channel
decoding 805 over an entirety of a code space of the received signal, the eNB knows which CCs
it scheduled (out of a configured CC set) and it may be able to potentially reduce the size of the
code space of the received signal. Decoding the received signal in a smaller code space may
simplify the decoding of the received signal. The eNB may make use of probability information
810, which is based on its a priori knowledge of which CCs have been scheduled. Figure 9
illustrates a relationship 900 of a whole code space that is based on the configured CC set and a

reduced code space based on a priori knowledge of scheduled CCs.

[0092] Returning now to Figure 8, expurgating the (n, k) mother block codeto a (n, k- L))

block code implies that the code space is reduced from 2* codewords to 2* ™ codewords. As L,
increases, the number of possible codewords decreases exponentially. A decoder in the eNB may

leverage this property to reduce the decoder complexity and improve decoding performance.

[0093] Since the eNB knows exactly which CCs are scheduled out of the configured CC set,
the eNB can use the CC scheduling information as a priori knowledge for decoding an encoded
ACK/NACK information vector carried on a PUCCH, where the encoded ACK/NACK

information vector includes the joint ACK/NACK states. If the eNB doesn’t transmit TBs to a
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UE on some CCs, a probability is close to one that ACK/NACK feedback corresponding to those

CCs is DTX (or a combination NACK/DTX state). With the a priori information, the eNB may
use an a priori probability of 100%, or slightly less than 100% (e.g., 90% or 95%), in its decoder
implementation. An actual probability used in the decoder is an implementation issue and may
be different depending on design and performance choices. The probability may be adjusted
based on the performance requirement, depending on a false positive probability of the receiver’s
detection of the PDCCH, for example. A detailed description of channel decoding 805 is

provided below.

[0094] After channel decoding 805 and producing a decoded ACK/NACK information
vector, the decoded ACK/NACK information vector may undergo a de-mapping 815 to produce
joint ACK/NACK states. De-mapping 815 may make use of mapping rule(s) that correspond to
mapping rules used by the UE in its mapping of ACK/NACK states to the ACK/NACK
information vector. The mapping rule(s) may be prespecified or predefined. The eNB may then
process the joint ACK/NACK states. For example, if there is a NACK corresponding to a CC

and/or TB, the transmitter may schedule a retransmission on the CC and/or TB.

[0095] For Reed-Muller code or other codes related to first order Reed-Muller code, a Fast
Hadamard Transform (FHT) may be used to reduce the complexity of decoding. The received
signal may first be multiplied by one mask out of all masks which are all linear combinations of
the last several rows of the generator matrix for the code. Then the FHT may be applied to the
received signal to get the correlation values. A different mask may then be chosen and the same
procedure reapplied, thereby producing the correlation values. The correlation values may then

be compared to produce results of the channel decoding.

[0096] Therefore for a linear block code, if the information bits include M bits that are
selected to have fixed values, then there may be fewer masks. Hence the complexity of decoding

1s reduced.
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[0097] Considering a linear block code of different lengths, for example a Reed-Muller code,

the addition of vectors into the generator matrix causes a decrease in the minimum distance. It
can be seen that there are several levels of minimum distances as the size of the generator matrix
grows. Referencing Table 2 as an example, when there is only a first vector in the generator
matrix, the minimum distance is 20, while with the addition of extra vectors, the minimum

distance decreases monotonically from 20 to 10, 8, 6, and 4.

[0098] As discussed previously, selecting (k - L)) bits from the length-f ACK/NACK
information vector to build a second set of bits (the set of bits that optimizes the resulting (#, & -
L) code) is based on a mother code. If there are multiple levels of expurgation built into the
information vector, e.g., L11> L12> L; 3, and so forth, the mother code may be progressively
reduced toatoa (k- L;;)code,a(k-Liz)code, a(k-L;s)code, and so on. In this case, the
second set may be grown progressively, which corresponds to a progressive shrinking of the first
set. For example, if a criteria that the minimum distance of the block code should be maximized,
then the following procedure may be used. It is straightforward to substitute other performance
criteria other than maximizing dpmin.

1. Selecting (k - L; ;) bits from the ACK/NACK information vector as the second set
of bits. The second set of bits are selected to maximize the duyi, of the (n, k - L1 1) code from the
(n, k) mother code. Let the L;; bits not selected be the first set of bits and assign them a fixed
value;

2. Selecting (L1,; — L1,j.1) bits from the first set of bits and move them to the second
set of bits, where the dyin of the (n, k - L1 j.1) code derived from the (», k) mother code is
maximized. Let the remaining L; ;. bits be the first set and assigned it a fixed value; and

3. Repeat step 2 until desired levels are obtained.

[0099] According to the binomial theorem:

N o 4 !
(l+b)N =ZCJ’VIN7’b’ , where C, =L.
i=0 (N -l
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Let positive integer N be the number of CCs in the configured CC set. Denote the combination of
the possible ACK/NACK states for two TBs on one CC as {(ACK, ACK), (ACK, NACK),
(NACK, ACK), (NACK, NACK), (DTX)}. Set b =4, then for i CCs with ACK or NACK

feedback (i.e., N - i CCs have the ACK/NACK state DTX ), where 0 <i < N, the total number of
possible joint ACK/NACK states, is Cy 1" 7b' =CL 4.
[0100] Ifi=0, N-i= N, which means ACK/NACK feedback states for all the CCs is DTX,

nothing will be transmitted by the UE, and there is no need to denote this state. If i =N, N-i=0,

no DTX occurs, and ACK/NACK states feedback corresponding to TBs on all CCs is needed.

Table 6. The number of CC for a UE is 2, N=2.

N=2 Number of ACK/NACK | Total number of Number of bits needed
states that the ACK/NACK to denote the scenario:
ACK/NACK feedback to | states(statenum): ceil(log, statenum)
(N-1) CCs 1s DTX: C, 4 ch{fél'j_l the
=0
ACK/NACK feedback to

{(N-1),(N-2),...,(N-1)| 0
<i<=N }CCs is DTX

=1 (N-i=1, 8 3
ACK/NACK feedback to
1 CC out of total 2 CCs
is DTX)

8

1=2 (N-1=0, 24 = (8+16) 5
no DTX occurs)
16

Table 7. The number of active CC for a UE is 3, N=3.

N=3 Number of ACK/NACK Total number of Number of bits
states that the ACK/NACK | ACK/NACK needed to denote the
feedback to (N-1) CCs is states(statenum): scenario:

DTX: C, 4 ZC§4j 1the ceil(log, statenum)
j=0
ACK/NACK feedback to
{(N-1),(N-2),...,(N-1)| 0 <i
<=N }CCs is DTX
i=1 (N—-i=2, 12 4
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DTX to 2 CCs out of total 3
CCs)
12

=2 (N-1i=1, 60 6
DTX to 1 CC out of total 3
CCs)
48

i=3 (N-i=0, 124 7
no DTX to any CCs occurs)

64
Table 8. The number of active CC for a UE is 4, N=4.

N=4, Number of ACK/NACK | Total number of ACK/NACK | Number of bits needed
states that the states(statenumy): to denote the scenario:
é)(éﬁ/l_li\;é%ls{igeedback Z;,Cfﬂj —1the ACK/NACK ceil(log, statenum)

igi J=
prx: Cvé feedback to {(N-1),(N-
2),...,(N-1)| 0 <i <=N }CCs is
DTX

i=1 (N—-1=3, 16 4
DTX to 3 CCs out of
total 4 CCs)

16

=2 (N-1=2, 112 7
DTX to 2 CCs out of
total 4 CCs)

96

i=3 (N-1i=1, 368 9
DTX to 1 CC out of
total 4 CCs)

256

i=4 (N-1=0, 624 10
no DTX to any CCs
occurs)

256
Table 9. The number of active CC for a UE is 5, N=5.

N =15, Number of ACK/NACK Total number of Number of bits needed to
states that the ACK/NACK denote the scenario:
ACK/NACK feedback to | states(statenum): ceil(log, statenum)
(N-1) CCs is DTX: C,, 4 Z’:C]]ﬂj 1 the

7=0
ACK/NACK feedback to
{(N-1),(N-2),...,(N-1)] 0 <i
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<=N }CCs is DTX

=1 (N-1=4, 20 5
DTX to 4 CCs out of total
5 CCs)

20

=2 (N-1=3, 180 8
DTX to 3 CCs out of total
5 CCs)

160

=3 (N-1=2, 820 10
DTX to 2 CCs out of total
5 CCs)

640

=4 (N-1=1, 2100 12
DTX to 1 CC out of total
5 CCs)

1280

_
I
)

(N-1=0, 3124 12
no DTX to any CCs

occurs)
1024

[0101] Consider a situation with three CCs in the configured CC set for a single UE. A total

of seven bits is needed to represent all possible joint ACK/NACK states. The seven bits may be

denoted as b,b,b,b,b,b.b,. Suppose that d,d,d,d,d,d.d is a permutation of b,b,b,b.b,b.b,, if the

block code shown in Table 2 is used for channel coding, then the first six vectors have the

minimum distance of eight. If the seventh vector is included, the minimum distance is reduced to

SIX.

[0102] Wheni=N-1=2, ZC3j4j ~1=C; 2> +C; -2%.2° =60, then a total of six bits
j=0

are needed to represent all states as shown in Table 7, which means the number of ACK/NACK

states in the case that ACK/NACK feedback includes at least one CC with the ACK/NACK state

of DTX. So set an information bit, e.g., d, to be a fixed binary value, either 0 or 1, denoted by
¢, . There are a total of 64 combinations left when {d,d,d,d,d,d;d, |ds = c,}, hence there are

enough combinations to denote each of the ACK/NACK states in the case that ACK/NACK

feedback includes at least one CC that is DTX.
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[0103] By setting the seventh bit (ds), for example, to be fixed value ¢,, all the joint

ACK/NACK states containing the DTX information can be denoted by the combinations of the
first six bits which correspond to the subset of larger minimum distance within the generator

matrix row vector groups. This may enhance the decoding performance.

[0104] If more than one of the ACK/NACK states within all of the joint ACK/NACK states

contain DTX information need further decoding performance enhancement, for example, when

i=1,> C{4’ —1=C;-2° =12, atotal of 4 bits is needed to indicate the number of

=0
ACK/NACK states in the situation where ACK/NACK feedback includes to two CCs in the
DTX state as shown in Table 7. Therefore, (7 - 4) = 3 bits may possibly be fixed. Thus, in
addition to assigning ds = c1, the information bits { d,,d; }, for example, may be set to a fixed
binary value denoted by {c,,c, }, c; and ¢; may be 1 or 0. There are a total of 2* =16
combinations left when {d,d,d,d,d,d.d, |d, =c;.d; =c,,d, =c,} , hence there are enough
combinations to denote joint ACK/NACK states that ACK/NACK feedback includes two CCs
that are in the DTX state.

[0105] For a case with two CCs in the configured CC set, a total of five bits d,d,d,d,d, are

needed to represent the possible joint ACK/NACK states. As shown in Table 6, the last two bits

d,d, may be set to be fixed value, then the combinations of d,d,d, can represent all the joint

ACK/NACK states where the ACK/NACK feedback includes one CC that is in the DTX state.

[0106] For a case with four CCs in the configured CC set, a total of 10 bits

d,d,d,d,d ddd,d,d, are needed to represent the possible joint ACK/NACK states. As shown
in Table 8, the last one bit d, (for example) can be set to be fixed value, then the combinations of
dydd,d,d,d.d.d,d, can denote all the possible ACK/NACK states containing one CC that is in
the DTX state. Also, bits d,d; (for example) may be set to a fixed value, the combinations of
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d,dd,d,d,d,d, can denote all the possible ACK/NACK states for the ACK/NACK states

containing two CCs that are in the DTX state, and bits d,d.d, (for example) may be set to a
fixed value, the combinations of d,d,d,d; can denote all the possible ACK/NACK states for the

ACK/NACK feedback containing three CCs that are in the DTX state.

[0107] Similarly, in a case with five CCs in the configured CC set, 12 bits

dydd,d,d,d.d.d.d,d,d, d, are needed to represent all of the possible ACK/NACK states. As

shown in Table 9, bits d,,d,, (for example) may be set to fixed values in order to achieve
decoding performance enhancement of all the possible ACK/NACK states for the ACK/NACK
feedback containing two CCs, three CCs, or four CCs that are in the DTX state. Furthermore,
bits dyd, (for example) may be set to fixed values in order to achieve decoding performance
enhancement of all the possible ACK/NACK states for the ACK/NACK feedback containing
three CCs or four CCs that are in the DTX state, and bits d,d.d, (for example) may be set to

fixed values in order to achieve decoding performance enhancement of all the possible

ACK/NACK states for the ACK/NACK feedback containing four CCs that are in the DTX state.

[0108] Suppose dyd,...d, | is a permutation of byb,...b, |, then for the first y bits dyd,...d, ,

(where y is a natural number and y < k) out of the £ bits, the particular value of y depends on the
number of ACK/NACK states to be indicated ( y = ceil[llog,(statenum))] ), and are to denote the
ACK/NACK states needing high decoding performance. While the remaining (% - v) bits

dd,, ..d,_, aresetto be fixed values to increase the minimum distance.

[0109] In a scenario where there are only a few ACK/NACK states to be fed back and the
ACK/NACK information should provide high decoding performance, such as when the
ACK/NACK feedback corresponding to a certain CC while the ACK/NACK feedback
corresponding to other CCs is the DTX state, or a bundling of the ACK/NACK feedback

corresponding to one or more CCs, or a single TB is scheduled (including for retransmission) on
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multiple CCs, and so forth, if there are a total of N CCs for a single UE, then a total of

k = ceilllog, (5" —1)] or k = ceil[log,(3" —1)] (where k is a natural number) bits are needed to

represent all the ACK/NACK states.

[0110] If there are three DL CCs assigned to a single UE, then £ =7 bits. Set the first two
bits d,d, to denote the ACK/NACK states that there are three CCs in the configured CC set but
only a first CC, for example, a primary CC, is scheduled or only a PDCCH corresponding to a
PDSCH on the first CC is successfully detected, thereby implying that the ACK/NACK feedback
for the other two CCs is DTX. Assuming that value one is for ACK and value zero is for NACK,
then the remaining 5 (= 7 - 2) bits may be set to values (e.g., 00000) known both by eNB and
UEs. All the remaining ACK/NACK states, totaling 120 (= 5° - 1 - 2°) ACK/NACK states, are
mapped to the 124 (= 27 —27) remaining combinations. Since the number of the remaining
combinations is larger than the number of the remaining ACK/NACK states, every state can
have a corresponding bit combination. Table 10 displays a number of possible ACK/NACK

information bit combinations.

Table 10. Possible ACK/NACK information bit combinations.

The
ACK/NACK
information bit
combination 1

(=
(=
(e
(e
(e
(e
(e

The
ACK/NACK
information bit
combination 2

e
=
=
=
=
=
=

The
ACK/NACK
information bit
combination 3

[
=3
o
o
o
o
o

The
ACK/NACK
information bit
combination 4

it
[
<o
<o
<o
<o
<o

The X X X X X X X
ACK/NACK
information bit
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| combination... | | | | | | |
[0111] In a situation with N CCs assigned to a single UE, where N is an integer value, a

specified order of all N CCs for purpose of ACK/NACK feedback may be known by both the

eNB and the UE. For example, an ordering may be based on CC priority, frequency band, CC

index, and so forth. To simplify notation, the CCs may be denoted CC1, CC2, CCN after

ordering.

[0112]

In order to improve the decoding performance of the ACK/NACK states when the

ACK/NACK states are for i CCs, i <N, a priority may be set such that the smaller values of i

correspond to higher ACK/NACK state priority. In other words, the joint ACK/NACK states

corresponding to larger sized CCprx (a CC set such that the ACK/NACK feedback for the CCs

in the CC set is DTX) should correspond to a block code with better decoding performance when

deriving the block code from the mother code. In fact, any ACK/NACK state needing high

decoding performance has a high priority to map in the former space. An example is shown in

Table 11 below.

Table 11. Exemplary Priority Configuration for various V.

i : natural number

feedback to C1,...CN-1 is
DTX)

CC combination irs Number of states in a
0<i<N considering DTX state i is the CC CC combination
the number of combination group group: 4’

CC(s) to which number; s indicates

the ACK/NACK thes” {0 <s<C' |}

feedback is not CC combination in the

DTX out of N S

CCs CC com‘pmaﬂon group

number i

1 C1 (ACK/NACK 1:1 4
feedback to C2,...CN is

DTX)

1 C2 (ACK/NACK 1:2 4
feedback to C1,C3,...CN

is DTX)

1: s 4
1 CN (ACK/NACK 1:C), 4
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2 Cl, C2 (ACK/NACK 2:1 16
feedback to C3,...CN is
DTX)
2 Cl1, C3 (ACK/NACK 2:2 16
feedback to C2,C4,...CN
is DTX)
2.8 16
2 CN-1,CN (ACK/NACK 2: C2 16
feedback to C1,C2,...CN-
2 is DTX)
4
N CL,C2,...CN (No DTX N:1 4V
occurs)

[0113] Assume the ACK/NACK feedback for multiple CCs is in the same order as an
ordering of CCs in the set CCyop-prx (2 CC set such that the ACK/NACK feedback to the CCs in
the CC set is not DTX), for example, ACK/NACK information for two CC, CCponprx ={CCI,
CC2}, if (ACK, NACK) is for the CC1, and (ACK, ACK) for CC2, then the ACK/NACK

feedback of the two CCs is (ACK, NACK, ACK, ACK).

[0114] Assume value 0 corresponds to ACK and value 1 corresponds to NACK, then it is
ecasy to denote a set of ACK/NACK by a set of binary bits of 0 and 1. For example (ACK,
NACK, ACK, ACK) may be denoted by set (0100). Although the preceding uses the notation

ACK =0 and NACK = 1, it is equivalent to use ACK = 1 and NACK = 0.

[0115] Generally, if there are N CCs configured for a UE (i.e., there are N CCs in the
configured CC set), in the scenario of ACK/NACK feedback corresponding to i (0 <i < N ) CCs,
the CC combination is the s (s is a positive integer, s < Cl, ) combination in its CC
combination group i, and the ACK/NACK feedback for the i-th CCs is (/oo 1o 1},---1; o1, ), then
for the ACK/NACK information, the index Ljuiy of the joint ACK/NACK state in decimal
notation is expressible as (where the index numbering starts from number zero)

i1
Lioine = (Z G =D+ (s—DA +Upolod o1,y 1 o1 ) (1)
=0

With the index calculated as above, the ACK/NACK information vector representing the joint

ACK/NACK states may simply be the binary representation of the index Ijgin:.
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[0116] Denote the k-bit direct binary representation of Liginc by byb,...5, , . The information
vector d,d,d,d,d,d.d,, which is the input to the linear encoder, may be simply obtained as

d, =b,,,0<1<k,if b,is the Most Significant Bit (MSB). The vector d,d,...d, ; may be
obtained by d, =5,,0 </ <k, if b, is the Least Significant Bit (LSB). If desired, b b,...h, , may be
converted to the ACK/NACK information vector with bit manipulation. The bit manipulation
may be designed to achieve better coding performance, ¢.g., by mapping joint ACK/NACK
states corresponding to larger-size CCprx (i.e., smaller i in Equation (1)) to a block code with

better decoding performance where the block code is expurgated from a mother code by

assigning a fixed value to a first set.

[0117] Consider a situation with three CCs assigned to a single UE and a priority ordering
of the CCs for ACK/NACK feedback purposes may be as follows: C1, C2, and C3, with the
priority ordering of the CCs known by both the UE and the eNB. The order of the ACK/NACK

feedback is shown in Table 12.

Table 12. Exemplary Ordering of ACK/NACK Feedback.

i : positive integer | CC combination i s Number of states in a
0<i<3 considering DTX state i is the CC CC combination

the number of combination group group: 4

CC(s) to which number; the s” CC

the ACK/NACK L.

foedback is not combination in the

CC combination

DTX out of 3 .

CCs group number i

1 C1 (DTX to C2,C3) 1:1 4
1 C2 (DTX to C1,C3) 1:2 4
1 C3 (DTX to C1,C2) 1:3 4
2 Cl1, C2 (DTX to C3) 2:1 16
2 Cl, C3 (DTX to C2) 2:2 16
2 C2, C3 (DTX to C1) 2:3 16
3 Cl, C2, C3 (no DTX) 3:1 64

[0118] For example, referencing Table 12, in the scenario with three CCs per UE, and

ACK/NACK feedback for one CC, the UE has the ACK/NACK feedback (NACK, ACK) to

36-




WO 2011/116668 PCT/CN2011/071944
CChonnrx ={CC3}, the s =3 (one of the CC combination in CC combination group 1), then

according to the order and number of states in Table 12, the combination number of the

ACK/NACK information bits in decimal notation is expressible as (starting from number 0)

i—1
Q.CiA =D+ (s—D4' +2(10) =1-1+2*4' + 2= 10.

=0
Denote the decimal 10 using seven binary bits as b,b,b,b;b,b;b, = 0001010 (with b, being the
MSB) or 0101000 (with b, being the LSB). If b, is the MSB, d,d,d,d,d d.d, may be found by
d, =b,,,0<1<7,while if b, is the LSB, d,d,d,d,d,dd, = 0101000 may be found by
d,=b,,0<[/<7. Whenusing d, =5,,0<7/<7,the ACK/NACK feedback is concentrated into

the first four bits of the ACK/NACK information vector, and the last three bits of the information
vector is fixed regardless of the actual ACK/NACK feedback {(ACK, ACK), (ACK, NACK),
(NACK, ACK), or (NACK, NACK)} of C3. Thus, it can be viewed as the (n, 7) mother code
being expurgated to a (n, 4) block code. The four information bits of the (#, 4) code is located at
the beginning of the information vector so that the (n, 4) code has the largest possible dyi, by

properly designing the generator matrix of the mother code.

[0119] Similarly, in another scenario with three CCs per UE, ACK/NACK feedback is for i
=2 CCs, the UE has the ACK/NACK feedback {ACK, ACK, NACK, NACK} of CCpon-nrx =
{CC2, CC3}, then according to the order in the table 12, combination of CCponprx = {C2, C3} i
the s = 3™ one in the CC combination group 2, the combination number of ACK/NACK

information vector in decimal notation is expressible as (starting from number 0)

i—1=1
(D CL¥ =D +(s— D4 +3(001) =1+ C; *4' -1+ (3-1)4* +3=47.

j=0
Denote the decimal 47 using seven binary bits as b,5,0,0,0,b.b,= 00101111 (with b, being the
MSB) or 11110100 (with b, being the LSB). If b,is the MSB, d,d,d,d,d,d.d; may be found by

d =b,,,0<1<7, while if b, is the LSB, d,d,d,d,d,dsd, = 11110100 may be found by
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d,=b,0<1<7.Whenusing d, =b, ,,0</<7,the ACK/NACK feedback is concentrated into

the first six bits of the ACK/NACK information vector, the last one bit of the information vector
is fixed regardless of the actual ACK/NACK feedback to CCpon-prx = {CC2, CC3}. Thus it can
be viewed as the (n, 7) mother code being expurgated to a (n, 6) block code. The six information
bits of the (n, 6) code are located at the beginning of the information vector so that the (#, 6)

code has the largest possible dmin by properly designing the generator matrix of the mother code.
[0120] According to an alternative embodiment, the labeling of the ACK/NACK states
based on Table 11 may be as follows:

i—1
> Ci4 -1
Toint = 4 x ceil ”4— +(s=DA" + ULy Lol yy - 1o1) . (2)

The labeling of the ACK/NACK states as shown in Equation (2) has a property that for CCpgp.
prx set of size 1 CCs, the ACK/NACK information bits can be viewed as two parts:

- A first part indicating CC combination.

- A second part indicating the ACK/NACK feedback on each CC within the i CCs.
The ACK/NACK feedback for each CC directly corresponds to a bit. Therefore, the
ACK/NACK results from a CRC check may be directly assigned to the ACK/NACK information
bits.
Since the ACK/NACK feedback of each TB is directly mapped to a bit of the ACK/NACK
information vector, it may be simple to indicate the ACK/NACK feedback if a single TB is
transmitted on a CC instead of two TBs. For example, it may be defined that the ACK/NACK

feedback for one TB maps to the first TB if only one TB is transmitted on a CC.

[0121] Figures 10a through 10e illustrate possible combinations of ACK/NACK
information vectors for one to five CCs, according to the embodiment expressed as Equation (2).

In Figures 10d, 10e-1, and 10e-2, there are shown boxes representing different combinations of

-38-



WO 2011/116668 PCT/CN2011/071944

CCs actually used to transmit information, such as boxes 1005 and 1010 in Figure 10d. Each box
may be representative of a different combination of CC ACK/NACK states. For example, boxes
1005 and 1010 are labeled both labeled “ALL A/N COMBS OF THREE CCS”. However, box
1005 may correspond to a first possible combination of three CCs (e.g., CC#1=A/N, CC#2=A/N,
CC#3=A/N, and CC#4=DTX) and box 1010 may correspond to a second possible combination
of three CCs (e.g., CC#1=DTX, CC#2=A/N, CC#3=A/N, and CC#4=A/N). Each such box
shown in Figures 10d, 10e-1, and 10e-2 is representative of a different and unique combination

of CC ACK/NACK states.

[0122] According to an alternative embodiment, if there are N active CCs for a UE, then a
total of » bits are needed for the ACK/NACK information vector. In a situation where
ACK/NACK information vector corresponding to i (0 <i < N ) CCs, the CC combination is the
s-th combination in its CC combination group, and the ACK/NACK information vector for the 1

CCs is (Lglo 1 1,1, 41 ;,) then for the ACK/NACK information vector, the information bits

1
numbered in decimal notation is

2" 1= loliolyy. 1 o1;,) wheni= N, and
2" —1-4( ZC}V41) +(Cy =4 + Uyl Lol 1,01, )} wheni <N.

j=i+l

N .
[0123] Obviously, » Cj47)+(Cy —s)4'is a multiple of4', and 1o,/o, 1,010, 01, <4, 50

I=n
the ACK/NACK information vectors have the property that the there are n—2-i bits to be fixed
values, and 2-i bits are varied values to represent the 4 ACK/NACK information vectors.
There are two bits per component carrier in the case of two feedbacks to each CC. If there is only
one feedback to each CC, the bits of the ACK/NACK information vector can be derived by
setting one of bits to be fixed value, for example, the bit corresponding to the ACK/NACK

information vector causing less reduction in the minimum distance. The one feedback case
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happens when one of two TBs is decoded correctly or ACK/NACK bundling is used or the

number of TBs has been changed to 1.

[0124] In case of single TB on some of the CCs and/or use of spatial bundling. In the
scenario of three ACK/NACK states (ACK, NACK, DTX) corresponding to a CC from a UE, for
example, single TB on a CC including retransmission or use of spatial bundling, assume there

are p (a natural number) CCs out of N CCs needing three states feedback and ¢ (a natural number)

CCs out of N CCs needing five states feedback, p + ¢ = N.

[0125] One possible method for high performance is: according to the binomial theorem:
N N i N . N! .
a+b)" = ZC V17 7b" ,wherein C}, = (N—)" , NV is a natural number, and a number of
i=0 -

ACK/NACK states is four {(ACK, ACK), (ACK, NACK), (NACK, ACK), (NACK, NACK)}
and two {(ACK, NACK)}, so set b =4 and 2, respectively. If p=¢ =0, N- (p + q) = N, which
means ACK/NACK feedback for all the CCs is DTX, nothing will be fed back by the UE, so

there is no need to denote this state. Then
Totalstatemum = (1+2)" (1+4)? —1

- (ic;y)(qucjyvép)_l = iqucjzzxcjyvé‘y 1
x=0 =0

¥=0 y=0
The index sum of (x + y) denotes the number of CC(s) to which the ACK/NACK feedback is not
DTX out of N CCs, similarly as the previous examples show: &k = ﬂog2 totalstatenum—|;

Total number of states (statenum) means ACK/NACK feedback to {(N-1),(N-2),...,(N-1)| i = (x +

y),0<i< N} CCsis DTX, is equal to a sum of all the coefficients satistying (x + y) = i;

and x< p,y<gq.
[0126] The information bit vectors can be represented in decimal notation by
D> Cr27Cra" 1+ > 24 o+,
0<x+y<i,x<p,y<q X+Y=i, X$P,YSG,C; 15 Cy 255Cs, -1 '

where ¢, ;is the j-th case that the ACK/NACK feedback for each of the i CCs is not DTX, and
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ACK/NACK feedback to N-i CC is DTX. x and y depend on that how many CCs are with two

feedback and how many CC are with 1 feedback for the case ¢, ;.

[0127] These embodiments described herein may be sorted by some specified ordering. For

example, assume N component carriers, a vector of N elements (¢, q,,..., a,_,;) may be defined, if
the ACK/NACK feedback to component carrier j is DTX, thena, =0, otherwise a;=1. Then for

each case there will one vector of N elements. There will be a natural ordering to sort the all the

vectors of NV elements to those cases, for example, by the values in decimal.
[0128] I, is the bit of the ACK/NACK information vector that represents the ACK/NACK

feedbacks for the i component carriers without DTX. The bit number is x(c;,)+2y(c,,) . For x

component carriers, each CC has one feedback, hence one bit. For y CCs, each CC has two
feedbacks, hence two bits.

[0129] The principle of labeling the ACK/NACK states is similar to those said in the
embodiment examples, those ACK/NACK states needing high decoding performance have the
higher priority to map in the former part. And then the same combination number calculation and
permutation method is used.

[0130] To maintain the ACK/NACK information vector’s property that only

x(c; )+2y(c;,) bits are varied to represent the ACK/NACK states of the case ¢, ;. The

following modification mapping of information vector is needed

Do -1+ PIPALY
2k . Ceil 0<x+y<i,x<p,y<q 2k x+y:i,x§p,y§q,ci'1, CiaseeCi o1 i [Ci .
where kis x(c; ) +2y(c;,).
[0131] Another simple method that offers sub-par performance compared to the first one

may be described as: Map the set {ACK, NACK} to the set {(ACK, ACK), (ACK, NACK),
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(NACK, ACK), (NACK, NACK)}, for example, ACK/NACK state ACK is mapped to state

(ACK, ACK); ACK/NACK state NACK is mapped to state (NACK, NACK), afterwards, though
three ACK/NACK states occur in some CCs, the implementation algorithm is same as five states
occurs in all the CCs. Note that the mapping between set {ACK, NACK} and the set {(ACK,

ACK), (ACK, NACK), (NACK, ACK), (NACK, NACK)} may have other mapping choices.

[0132] In a scenario that ACK/NACK bundling occurs to » CCs (7 is a natural

number, 0 < < N'), the bundling of ACK/NACK feedback for the CCs may be deemed as
ACK/NACK feedback to one CC, the CC can be a CC within the bundling CC group of size 7,
for example, the CC with the highest priority within the bundling CC group, or the CC can be a
new CC by redefining CC order in a reduced CC set of size (N - » + 1), or the CC can be a new
CC replacing a CC in the CC set by redefining the CC order in a CC set of size N, or so forth.
Currently, the CC combination when ACK/NACK bundling occurs among CCs can overlap with
those without ACK/NACK bundling among CCs. The principle of labeling the ACK/NACK
states is similar to those described in the embodiment examples, those states needing to gain high
decoding performance have the higher priority to map in the former part. And then the same

combination number calculation and permutation method is used.

[0133] Figure 11 illustrates a flow diagram of eNB operations 1100 in transmitting
information based on ACK/NACK information fed back to an eNB by a UE. eNB operations
1100 may be indicative of operations occurring in an eNB as the eNB receives ACK/NACK
information fed back to the eNB by a UE, and processes the ACK/NACK information. The
ACK/NACK information received from the UE may have been encoded to help improve
decoding performance. Additionally, the eNB may make use of a priori information to also help
improve decoding performance. The eNB may transmit information to the UE based on the
contents of the ACK/NACK information. eNB operations 1100 may occur while the eNB is in a

normal operating mode.
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[0134] eNB operations 1100 may begin with the eNB receiving a transmission from the UE,

wherein the transmission includes an encoded ACK/NACK information vector (block 1105).
According to an embodiment, the ACK/NACK information vector may be encoded in such a
way as to help improve the decoding performance of the eNB. As an example, if the
ACK/NACK states fed back to the eNB includes CCs with the ACK/NACK state DTX, then one

or more bits in the ACK/NACK information vector may be set to a fixed value prior to encoding.

[0135] The eNB may then decode the encoded ACK/NACK information vector (block
1110). In order to help improve decoding performance, the eNB may make use of a priori
information based on a configured CC set that it used to transmit information to the UE (block
1115). For example, if the eNB did not use all CCs of the configured CC set to transmit
information to the UE, the eNB may make use of information related to unused CCs to help

improve decoding performance.

[0136] After decoding the encoded ACK/NACK information vector in block 1110, the eNB
may process ACK/NACK information contained in the decoded ACK/NACK information vector
(block 1120). As an example, if the eNB received a NACK corresponding to a CC wherein the
eNB transmitted information to the UE, then an error occurred and the eNB may need to
retransmit the information. If the eNB received a NACK corresponding to a CC wherein the eNB
did not transmit any information to the UE, then the UE likely determined that the CC had a
DTX state. If the eNB received an ACK corresponding to a CC that it used to transmit to the UE,
then the UE was able to correctly receive and error check the transmission. eNB operations 1100

may then terminate.

[0137] Figure 12 provides an alternate illustration of a communications device 1200.
Communications device 1200 may be an implementation of an eNB. Communications device
1200 may be used to implement various ones of the embodiments discussed herein. As shown in

Figure 12, a receiver 1205 is configured to receive information (such as an encoded ACK/NACK
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information vector) and a transmitter 1210 is configured to transmit information. A decoder 1220
is configured to decode the ACK/NACK information vector and may make use of a priori
information, such as a prior probabilities provided by an a priori probability unit 1230. Decoder
1220 is configured to decode using a linear block code decoder. A de-mapper unit 1225 is
configured to apply mapping rules to a decoded ACK/NACK probability vector to produce
ACK/NACK states for transmissions made by communications device 1200. 4 priori probability
unit 1230 is configured to compute the a priori probabilities based on a set of CCs allocated for
use (i.e., a configured CC set) and actual CCs scheduled for use, which may be a subset of the
configured CC set. A memory 1235 is configured to store information, as well as mapping rules,

a priori probabilities, configured CC set, actual CCs scheduled, and so on.

[0138] The elements of communications device 1200 may be implemented as specific
hardware logic blocks. In an alternative, the elements of communications device 1200 may be
implemented as software executing in a processor, controller, application specific integrated
circuit, or so on. In yet another alternative, the elements of communications device 1200 may be

implemented as a combination of software and/or hardware.

[0139] As an example, receiver 1205 and transmitter 1210 may be implemented as a
specific hardware block, while decoder 1220, de-mapper 1225, and a priori probability unit 1230
may be software modules executing in a microprocessor (such as processor 1215) or a custom

circuit or a custom compiled logic array of a field programmable logic array.

[0140] Figure 13 provides an alternate illustration of a communications device 1300.
Communications device 1300 may be an implementation of a UE. Communications device 1300
may be used to implement various ones of the embodiments discussed herein. As shown in
Figure 13, a receiver 1305 is configured to receive information and a transmitter 1310 is
configured to transmit information (such as an encoded ACK/NACK information vector). An

encoder 1320 is configured to encode the ACK/NACK information vector using a linear block
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code, for example. Mapper unit 1325 is configured to map individual ACK/NACK states into an

ACK/NACK information vector using mapping rules. A HARQ unit 1330 is configured to
determine HARQ responses for transmissions received or not received at communications device
1300. A modulation unit 1335 is configured to modulate an encoded ACK/NACK information
vector for transmission purposes. A memory 1340 is configured to store information, as well as

mapping rules, and so on.

[0141] The elements of communications device 1300 may be implemented as specific
hardware logic blocks. In an alternative, the elements of communications device 1300 may be
implemented as software executing in a processor, controller, application specific integrated
circuit, or so on. In yet another alternative, the elements of communications device 1300 may be

implemented as a combination of software and/or hardware.

[0142] As an example, receiver 1305 and transmitter 1310 may be implemented as a
specific hardware block, while encoder 1320, mapper unit 1325, and HARQ unit 1330 may be
software modules executing in a microprocessor (such as processor 1315) or a custom circuit or
a custom compiled logic array of a field programmable logic array. Similarly, modulation unit
1335 may be implemented as a specific hardware block or a software module in a processor or a

custom circuit or a custom compiled logic array of a field programmable logic array.

[0143] Advantageous features of embodiments of the invention may include: a device of
transmitting the ACK/NACK information, in communication system, comprising scheme of
mapping ACK/NACK information states into information bit vector, encoding the information
bit vector into codeword by linear block code, is characterized by the mapping have the property

of method said above.

[0144] Advantageous features of embodiments of the invention may include: a device of
receiving the ACK/NACK information, in communication system, comprising module of

determining the a prior probability based the scheduling information, decoding the received
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signal, then de-mapping the decoded information vector into ACK/NACK state, 1s characterized

by the reception method said above.

[0145] Advantageous features of embodiments of the invention may include: an
ACK/NACK information transmission method and device, the mapping from joint ACK/NACK
information states to information bits vectors is characterized by for a subset of ACK/NACK
information states of multiple component carriers and/or multiple transmission time intervals that
the ACK/NACK feedback to one or more certain component carriers and or multiple
transmission time intervals is DTX, the information bits vectors to represent those said subset of

joint ACK/NACK information states have fixed values in one or more certain positions.

[0146] Advantageous features of embodiments of the invention may include: a method
comprising at least one of the positions of bits with fixed values is corresponding to one of the
last rows of linear block coding, where removing the said one of the last rows will increase the

minimum distance of the expurgated liner block code.

[0147] Advantageous features of embodiments of the invention may include: a method
comprising at least one of the positions of bits with fixed values is corresponding to one of the

last rows of linear block coding, which is not the rows to be applied the FHT.

[0148] Advantageous features of embodiments of the invention may include: a method
comprising an ACK/NACK information for multiple component carriers that the ACK/NACK
feedback of at least M component carriers and/or TTIs is DTX, is mapped to combinations of

information bits that some certain bits have the fixed values.

[0149] Advantageous features of embodiments of the invention may include: a method
comprising a number of bits with fixed values out of the n bits should not be bigger than x (an
integer value), where (n-x) bits should be enough to represent the all the ACK/NACK
information states that least ACK/NACK feedback of one or more certain component carriers are

DTX, where n is a total number of bits to represent the ACK/NACK information states and
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2" must be larger than or equal to the number of all the ACK/NACK information states to

encode with the DTX property said above.

[0150] Advantageous features of embodiments of the invention may include: a method
comprising a mapping method for the ACK/NACK information of some component carriers

where the ACK/NACK feedback of each component is not DTX. One ACK/NACK feedback is

represented by 1 bit.

[0151] Advantageous features of embodiments of the invention may include: a mapping
method for 1 transport blocks derived from a mapping method for 2 transport blocks by assign

the one of two bits to be fixed value.

[0152] Advantageous features of embodiments of the invention may include: a method
comprising a mapping method to make more zeros in the information bits vectors, where
ACK/NACK information with DTX to more component carriers has more zero bits by mapping

the ACK/NACK information to the less value in decimal.

[0153] Advantageous features of embodiments of the invention may include: a method for
transmitting multiple HARQ comprising obtaining the set CCall of the multiple HARQ response
groups; obtaining the set CCprx of HARQ response groups wherein the HARQ responses in set
CCprx 1s DTX; assigning a first set of bits of an information vector a fixed vector value wherein
the fixed vector value is determined by the set CCprx if CCprx is a2 non-empty proper subset of

CCall; encoding the information vector; and transmitting the encoded information vector.

[0154] The method could further include, wherein the first set of bits corresponding to a
smaller CCprx is a subset of the first set of bits corresponding to a larger CCprx. The method
could further include, wherein a second set of bits of the information vector represents the
HARQ response of the set CCponprx 0f HARQ groups, the set CCpon-prx 18 the complement of
the set CCprx such that set CCyy is the union of set CCprx and set CCponprx, and the information

vector is the aggregate of the first set of bits and the second set of bits. The method could further
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include, wherein the set CC,j corresponds to the HARQ response groups of the configured
component carrier set. The method could further include, wherein the size of HARQ response
group of a component carrier is equal to the expected number of the HARQ response(s) of the
component carrier. The method could further include, wherein the first set of bits is further
determined by the number of HARQ responses on a component carrier. The method could
further include, wherein a single HARQ response is defined for a single transport block
transmission on a component carrier. The method could further include, wherein a single HARQ
response is defined for multiple transport block transmission on a component carrier. The
method could further include, wherein the set CCprx is the superset of component carriers where
no data transmission is scheduled for a transmitter. The method could further include, wherein
the receiver receives the encoded information vector; and extracts the HARQ response from
encoded information vector using the knowledge that the first set of information bits take the
fixed value corresponding to the set CCprx o, Wherein set CCprx 1s set of component carriers

where no data transmission is scheduled for the transmitter.

[0155] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein

without departing from the spirit and scope of the invention as defined by the appended claims.

[0156] Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presently existing or later to be developed,
that perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.
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WHAT IS CLAIMED IS:

I. A method for communications device operations, the method comprising:

determining a hybrid automatic repeat request (HARQ) response for each CC in a set of
configured CCs, thereby producing a set of HARQ responses;

generating an information vector from the set of HARQ responses, wherein a sub-vector
composed of one or more bits selected from the information vector is assigned a fixed vector
value independent of HARQ responses for CCs not in a set of CCs when the set of CCs is not
empty, where the set of CCs comprises at least one CC whose HARQ response is equal to DTX;

encoding the information vector; and

transmitting the encoded information vector.

2. The method of claim 1, wherein generating an information vector comprises applying a

mapping rule based on the set of configured CCs to the set of HARQ responses.

3. The method of claim 1, wherein the sub-vector with the fixed vector value corresponds to
CCs in the set of CCs.
4. The method of claim 3, wherein remaining bits in the information vector are set to values

based on HARQ responses associated with CCs not in the set of CCs.

5. The method of claim 1, wherein generating the information vector is by mapping a set
{ACK, NACK} to a set {(ACK, ACK), (ACK, NACK), (NACK, ACK), (NACK, NACK)} in

case of a single transport block transmission for a CC.

6. The method of claim 1, wherein encoding the information vector comprises encoding the

information vector with a linear block code.
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7. The method of claim 6, wherein the linear block code comprises a Reed-Muller code, a

modified Reed-Muller code, a punctured Reed-Muller code, or a combination thereof.

8. The method of claim 1, further comprising detecting an existence of a transmission over

each CC in the set of configured CCs.

9. The method of claim 8, wherein a HARQ response for a CC is set to a DTX value if a

transmission is not detected over the CC.

10.  The method of claim 8, wherein detecting an existence comprises detecting a control
channel.
11. A method for communications device operations, the method comprising:

decoding a received encoded information vector, the encoded information vector
comprises a hybrid automatic repeat request (HARQ) response for each component carrier (CC)
in a set of configured CCs, wherein the decoding makes use of a priori information about a
subset of CCs from a set of configured CCs used to transmit information from the
communications device, thereby producing an information vector; and

generating individual HARQ responses from the information vector.

12.  The method of claim 11, wherein the a priori information indicates that one or more

HARQ responses for the set of configured CCs takes a DTX value.

13.  The method of claim 12, wherein the set of configured CCs is configured by radio source

control configuration or media access control activation.

14.  The method of claim 12, wherein the a priori information further comprises information

that no data transmission was scheduled over the subset of CCs in the previous transmission.
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15.  The method of claim 11, wherein decoding a received encoded information vector

comprises applying a linear block code to the received encoded information vector.

16.  The method of claim 15, wherein the decoding operates in a subspace of the linear block

code wherein the subspace is determined based on the subset of CCs.

17. The method of claim 11, wherein a set of bits in the information vector takes a known

vector value.

18.  The method of claim 17, wherein the a priori information determines the set of bits.

19. A method for transmitting multiple hybrid automatic repeat request (HARQ) responses,
the method comprising:

determining a first set of component carrier (CC), wherein the first set of CC comprises
CC for which a HARQ response is DTX

determining a second set of CC, which does not contain any CC in the first set of CC;

assigning a set of bits of an information vector to a fixed vector value, wherein the fixed
vector value is based on the first set of CC;

assigning remaining bits in the information vector to values based on the second set of

CC;
encoding the information vector; and
transmitting the encoded information vector.
20. The method of claim 19, wherein the sct of bits of the information vector is used to

represent HARQ responses for CCs in the first set of CC.

21.  The method of claim 19, wherein the first set of CC and the second set of CC belong to a

set of configured CC.
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22.  The method of claim 19, wherein the set of bits is based on a HARQ response in a CC.

23.  The method of claim 22, wherein a HARQ response is defined for one or more transport

blocks transmitted over a CC.

24, A communications device comprising:

a response unit configured to determine a hybrid automatic repeat request (HARQ)
response for each transport block (TB) of each component carrier (CC) in a set of configured
CCs assigned to the communications device;

a mapper coupled to the response unit, the mapper configured to generate an information
vector from HARQ responses produced by the response unit and the set of configured CCs,
wherein a sub-vector composed of one or more bits selected from the information vector is
assigned a fixed vector value regardless of HARQ responses for CCs not in a set of CCs when
the set of CCs is not empty, where the set of CCs is a set of CCs whose HARQ response is equal
to DTX; and

an encoder coupled to the mapper, the encoder configured to encode the information

vector.

25.  The communications device of claim 24, wherein the mapper is configured to apply a

mapping rule to the HARQ responses produced by the response unit.

26.  The communications device of claim 24, wherein the encoder is configured to encode the

information vector using a linear block code.

27. A communications device comprising:
a decoder configured to be coupled to an information source and to decode an encoded
information vector provided by the information source, wherein the decoder makes use of a

priori information about a subset of component carriers (CC) from a set of configured CCs used
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to transmit information;

a generator coupled to the decoder, the generator configured to produce individual hybrid
automatic repeat requested (HARQ) responses from an output of the decoder; and

a processor coupled to the generator, the processor configured to process each of the

individual HARQ responses.

28.  The communications device of claim 27, wherein the a priori information indicates that

one or more HARQ responses for the set of configured CCs takes a DTX value.

29.  The communications device of claim 27, wherein the decoder is configured to decode the

encoded information vector with a linear block code.
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