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TRANSMITTING ACKNOWLEDGEMENTS

FIELD
[0001] The subject matter disclosed herein relates to transmitting
acknowledgements.
BACKGROUND
DESCRIPTION OF THE RELATED ART
[0002] Communication devices such as mobile telephone user equipment transmit

acknowledgements to confirm receiving data.

BRIEF SUMMARY
[0003] A method for transmitting acknowledgements is disclosed. The method

receives at least one first data block in at least one of a first plurality of short-type subframes.
The method further transmits a first acknowledgement corresponding to the at least one first
data block received in the first plurality of short-type subframes using a first long-type subframe.
A duration of the first plurality of short-type subframes is equal to a duration of the long-type

subframe. An apparatus also performs the functions of the method.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] A more particular description of the embodiments briefly described above

will be rendered by reference to specific embodiments that are illustrated in the appended
drawings. Understanding that these drawings depict only some embodiments and are not
therefore to be considered to be limiting of scope, the embodiments will be described and
explained with additional specificity and detail through the use of the accompanying drawings,
in which:

[0005] Figure 1A is a schematic block diagram illustrating one embodiment of a
communication system;

[0006] Figure 1B is a schematic block diagram illustrating one embodiment of a

frame;
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[0007] Figure 1C is a schematic block diagram illustrating one embodiment of
long-type subframes;

[0008] Figure 1D is a schematic block diagram illustrating one embodiment of
short-type subframes;

[0009] Figure 2A is a schematic block diagram illustrating one embodiment of a

configuration parameter;

[0010] Figure 2B is a schematic block diagram illustrating one embodiment of
acknowledgements;
[0011] Figure 3A is a schematic block diagram illustrating one embodiment of

transmitted subframes;

[0012] Figure 3B is a schematic block diagram illustrating one alternative
embodiment of transmitted subframes;

[0013] Figure 4A is a schematic block diagram illustrating one embodiment of
transmitted subframes;

[0014] Figure 4B is a schematic block diagram illustrating one alternative
embodiment of transmitted subframes;

[0015] Figure 4C is a schematic block diagram illustrating one alternative
embodiment of transmitted subframes;

[0016] Figure 5 is a schematic block diagram illustrating one embodiment of a
transceiver; and

[0017] Figure 6 is a schematic flow chart diagram illustrating one embodiment of

a HARQ ACK transmission method.

DETAILED DESCRIPTION
[0018] As will be appreciated by one skilled in the art, aspects of the

embodiments may be embodied as a system, method or program product. Accordingly,

embodiments may take the form of an entirely hardware embodiment, an entirely software
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embodiment (including firmware, resident software, micro-code, etc.) or an embodiment
combining software and hardware aspects that may all generally be referred to herein as a

<

“circuit,” “module” or “system.” Furthermore, embodiments may take the form of a program
product embodied in one or more computer readable storage devices storing machine readable
code, computer readable code, and/or program code, referred hereafter as code. The storage
devices may be tangible, non-transitory, and/or non-transmission. The storage devices may not
embody signals. In a certain embodiment, the storage devices only employ signals for
accessing code.

[0019] Many of the functional units described in this specification have been
labeled as modules, in order to more particularly emphasize their implementation independence.
For example, a module may be implemented as a hardware circuit comprising custom VLSI
circuits or gate arrays, off-the-shelf semiconductors such as logic chips, transistors, or other
discrete components. A module may also be implemented in programmable hardware devices
such as field programmable gate arrays, programmable array logic, programmable logic devices
or the like.

[0020] Modules may also be implemented in code and/or software for execution
by various types of processors. An identified module of code may, for instance, comprise one
or more physical or logical blocks of executable code which may, for instance, be organized as
an object, procedure, or function. Nevertheless, the executables of an identified module need
not be physically located together, but may comprise disparate instructions stored in different
locations which, when joined logically together, comprise the module and achieve the stated
purpose for the module.

[0021] Indeed, a module of code may be a single instruction, or many instructions,
and may even be distributed over several different code segments, among different programs,

and across several memory devices. Similarly, operational data may be identified and
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illustrated herein within modules, and may be embodied in any suitable form and organized
within any suitable type of data structure. The operational data may be collected as a single
data set, or may be distributed over different locations including over different computer
readable storage devices. Where a module or portions of a module are implemented in software,
the software portions are stored on one or more computer readable storage devices.

[0022] Any combination of one or more computer readable medium may be
utilized. The computer readable medium may be a computer readable storage medium. The
computer readable storage medium may be a storage device storing the code. The storage
device may be, for example, but not limited to, an electronic, magnetic, optical, electromagnetic,
infrared, holographic, micromechanical, or semiconductor system, apparatus, or device, or any
suitable combination of the foregoing.

[0023] More specific examples (a non-exhaustive list) of the storage device
would include the following: an electrical connection having one or more wires, a portable
computer diskette, a hard disk, a random access memory (RAM), a read-only memory (ROM),
an erasable programmable read-only memory (EPROM or Flash memory), a portable compact
disc read-only memory (CD-ROM), an optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this document, a computer readable
storage medium may be any tangible medium that can contain, or store a program for use by or
in connection with an instruction execution system, apparatus, or device.

[0024] Code for carrying out operations for embodiments may be written in any
combination of one or more programming languages including an object oriented programming
language such as Python, Ruby, Java, Smalltalk, C++, or the like, and conventional procedural
programming languages, such as the "C" programming language, or the like, and/or machine
languages such as assembly languages. The code may execute entirely on the user's computer,

partly on the user's computer, as a stand-alone software package, partly on the user's computer
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and partly on a remote computer or entirely on the remote computer or server. In the latter
scenario, the remote computer may be connected to the user's computer through any type of
network, including a local area network (LAN) or a wide area network (WAN), or the
connection may be made to an external computer (for example, through the Internet using an
Internet Service Provider).

[0025] Reference throughout this specification to “one embodiment,” “an
embodiment,” or similar language means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at least one embodiment. Thus,
appearances of the phrases “in one embodiment,” “in an embodiment,” and similar language
throughout this specification may, but do not necessarily, all refer to the same embodiment, but
mean “one or more but not all embodiments” unless expressly specified otherwise. The terms

e

“including,” “comprising,” “having,” and variations thereof mean “including but not limited
to,” unless expressly specified otherwise. An enumerated listing of items does not imply that
any or all of the items are mutually exclusive, unless expressly specified otherwise. The terms
“a,” “an,” and “the” also refer to “one or more” unless expressly specified otherwise.

[0026] Furthermore, the described features, structures, or characteristics of the
embodiments may be combined in any suitable manner. In the following description, numerous
specific details are provided, such as examples of programming, software modules, user
selections, network transactions, database queries, database structures, hardware modules,
hardware circuits, hardware chips, etc., to provide a thorough understanding of embodiments.
One skilled in the relevant art will recognize, however, that embodiments may be practiced
without one or more of the specific details, or with other methods, components, materials, and

so forth. In other instances, well-known structures, materials, or operations are not shown or

described in detail to avoid obscuring aspects of an embodiment.
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[0027] Aspects of the embodiments are described below with reference to
schematic flowchart diagrams and/or schematic block diagrams of methods, apparatuses,
systems, and program products according to embodiments. It will be understood that each block
of the schematic flowchart diagrams and/or schematic block diagrams, and combinations of
blocks in the schematic flowchart diagrams and/or schematic block diagrams, can be
implemented by code. These code may be provided to a processor of a general purpose
computer, special purpose computer, or other programmable data processing apparatus to
produce a machine, such that the instructions, which execute via the processor of the computer
or other programmable data processing apparatus, create means for implementing the
functions/acts specified in the schematic flowchart diagrams and/or schematic block diagrams
block or blocks.

[0028] The code may also be stored in a storage device that can direct a computer,
other programmable data processing apparatus, or other devices to function in a particular
manner, such that the instructions stored in the storage device produce an article of manufacture
including instructions which implement the function/act specified in the schematic flowchart
diagrams and/or schematic block diagrams block or blocks.

[0029] The code may also be loaded onto a computer, other programmable data
processing apparatus, or other devices to cause a series of operational steps to be performed on
the computer, other programmable apparatus or other devices to produce a computer
implemented process such that the code which execute on the computer or other programmable
apparatus provide processes for implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks.

[0030] The schematic flowchart diagrams and/or schematic block diagrams in the
Figures illustrate the architecture, functionality, and operation of possible implementations of

apparatuses, systems, methods and program products according to various embodiments. In this
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regard, each block in the schematic flowchart diagrams and/or schematic block diagrams may
represent a module, segment, or portion of code, which comprises one or more executable
instructions of the code for implementing the specified logical function(s).

[0031] It should also be noted that, in some alternative implementations, the
functions noted in the block may occur out of the order noted in the Figures. For example, two
blocks shown in succession may, in fact, be executed substantially concurrently, or the blocks
may sometimes be executed in the reverse order, depending upon the functionality involved.
Other steps and methods may be conceived that are equivalent in function, logic, or effect to
one or more blocks, or portions thereof, of the illustrated Figures.

[0032] Although various arrow types and line types may be employed in the
flowchart and/or block diagrams, they are understood not to limit the scope of the
corresponding embodiments. Indeed, some arrows or other connectors may be used to indicate
only the logical flow of the depicted embodiment. For instance, an arrow may indicate a
waiting or monitoring period of unspecified duration between enumerated steps of the depicted
embodiment. It will also be noted that each block of the block diagrams and/or flowchart
diagrams, and combinations of blocks in the block diagrams and/or flowchart diagrams, can be
implemented by special purpose hardware-based systems that perform the specified functions or

acts, or combinations of special purpose hardware and code.

[0033] The description of elements in each figure may refer to elements of proceeding
figures. Like numbers refer to like elements in all figures, including alternate embodiments of

like elements.
[0034] Figure 1A is a schematic block diagram illustrating one embodiment of a

communication system 100. The system 100 includes a base station 105 and a communication
device 110. The base station 105 may communicate with the communication device 110
through transmissions 115. The base station 105 may be an evolved node B (eNB) Long Term

Evolution (LTE) base station. The communication device 110 may be a mobile telephone, a
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machine-type communications (MTC) device, a tablet computer, a laptop computer, and
embedded communication devices in automobiles, kiosks, appliances, and the like.

[0035] Figure 1B is a schematic block diagram illustrating one embodiment of a
frame 130. The frame 130 may be transmitted in a transmission 115. The frame 130 may have a
duration of 10 milliseconds (ms). In addition, the frame 130 may comprise one or more long-
type subframes 135b. In the depicted embodiment, the frame 130 includes 10 long-type
subframes 135b. A long-type subframe 135b may have a duration of one ms.

[0036] Figure 1C is a schematic block diagram illustrating one embodiment of a
long-type subframe 135b. Each long-type subframe 135b may include two slots 140. Each slot
140 may have a duration of 0.5 ms. For normal cycle prefixes, each slot 140 may comprise
seven Orthogonal Frequency Division Multiple access (OFDM) symbols 155 for downlink
transmissions and Single-Carrier Frequency Division Multiple Access (SC-FDMA) symbols
155 for uplink transmissions. The 14 symbols 155 may comprise the long-type subframe 135b.
Alternatively, for extended cycle prefixes, each slot 140 may comprise six symbols 155.

[0037] Figure 1D is a schematic block diagram illustrating one embodiment of an
interval 145. In one embodiment, the interval 145 may have a duration that is equal to a long-
type subframe 135b. The interval 145 may include four short-type subframes 135a. Each short-
type subframe 135a may include three or four symbols 155.

[0038] Figure 2A is a schematic block diagram illustrating one embodiment of
configuration parameters 250. The configuration parameters 250 may be organized as a data
structure in a memory. The configuration parameters 250 may specify how to transmit an
acknowledgement in response to combinations of data blocks and downlink control channels
that are transmitted via the short-type subframes 135a.

[0039] Figure 2B is a schematic block diagram illustrating one embodiment of

acknowledgements 240a-b. The acknowledgments 240a-b maybe organized a data structure that
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is transmitted between the communication device 110 and the base station 105. The
acknowledgments 240a-b may comprise at least one positive acknowledgments or at least one
negative acknowledgments. The acknowledgments 240a-b may include Hybrid Automatic
Repeat Request (HARQ) Acknowledgements (ACK) bits or HARQ Negative
Acknowledgements (NACK) bits.

[0040] A HARQ ACK bit may be generated if a data block is received. Similarly,
a HARQ NACK bit may be generated if a data block is not received. A plurality of HARQ
ACK bits and HARQ NACK bits may be encoded as an acknowledgement 240a-b. In one
embodiment, HARQ ACK bits and HARQ NACK bits for the data blocks of one or subframes
135a-b may be encoded in one or more acknowledgements 240a-b.

[0041] In one embodiment, the acknowledgment 240 may employ HARQ
bundling. HARQ bundling may calculate a logical AND of a plurality of HARQ ACK bits for a
plurality of data blocks to generate the HARQ ACK.

[0042] Alternatively, the acknowledgment 240 may employ HARQ multiplexing.
One or more HARQ ACK bits or HARQ NACK bits may be transmitted via an uplink control
channel using a specified uplink control channel format.

[0043] The acknowledgment 240 may include one bit for each data block in a
short-type subframe 135a. For example, if the short-type subframe 135a includes two data
blocks, the acknowledgment 240 may include two bits for the two data blocks. Similarly, if the
short-type subframe 135a includes one data block, the acknowledgment 240 may include one bit
for the data block. As a result, each HARQ process may be represented by one bit.

[0044] When data blocks 220 are transmitted between the communication device
110 and the base station 105, the receiving device such as the communication device 110 or the
base station 105 generates a positive acknowledgement 240 such as a HARQ ACK bit to

acknowledge that the data block 220 is correctly received. In addition, the receiving device may
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generate a negative acknowledgement 240 such as a HARQ NACK bit to indicate that the data
block 220 is erroneously received. An acknowledgement 240a-b may be generated as a
function of the HARQ feedback such as the HARQ ACK bits and HARQ NACK bits. In one
embodiment, the acknowledgement 240a-b comprises a logical AND of the HARQ ACK bits
and HARQ NACK bits. Alternatively, each acknowledgement 240a-b may be encoded in an
uplink control channel. In one embodiment, each acknowledgement 240a-b may comprise one
or more acknowledgement bits.

[0045] Figure 3A is a schematic block diagram illustrating one embodiment of
transmitted subframes 135. The examples herein illustrate transmissions between the base
station 105 to the communication device 110 using downlink control channels 205 and uplink
control channels 210. In the depicted embodiment, at least one first data block 220 is received in
at least one of a plurality 125a of short-type subframes 135a that is equivalent in the duration of
a long-type subframe 135b. For example, if the duration of the long-type subframe 135b is 1 ms,
the duration of the first plurality 125a of short-type subframes 135a may be 1 ms. The at least
one first data block 220 may be transmitted in at least one of a first plurality 125a of four
consecutive short-type subframes 135a. An initial short-type subframe 135a of the first plurality
125a of short-type subframe 135a may be long-type subframe number n where n is an index of
long-type subframes 135b. The first plurality 125a of short-type subframes 135a may include M
short-type subframes 135a. M may be 4.

[0046] At least one uplink control resource for the HARQ feedback may be
determined for each downlink control channel 205 that is received by the receiving device. In
the past, the acknowledgments 240 may have been transmitted over one long-type subframe
135b and/or a plurality of short-type subframes 135a. Unfortunately, the bits carrying symbols
155 that are available for transmitting acknowledgements 240 in short-type subframes 135a may

be reduced, reducing the reliability of the acknowledgement 240. The embodiments described
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herein transmit the acknowledgments 240 consolidated into a long-type subframe 135b.
Because more symbols 155 may be available in the long-type subframe 135b, the
acknowledgements 240 may be transmitted more reliably. Furthermore, since acknowledgement
240 transmission on uplink control channels 210 using short-type subframes 135a cannot be
multiplexed with legacy acknowledgement 240 transmission on uplink control channels 210
using legacy long-type subframes 135b, the uplink control overhead may be increased which in
turn reduces the amount of available resource for the uplink data transmission and reduces the
throughput of the uplink.

[0047] In the depicted embodiment, at least one first data block 220 in at least one
of a first plurality 125a of short-type subframes 135a is received. A first acknowledgement 240a
corresponding to the at least one first data block 220 received in the first plurality 125a of short-
type subframes 135a may be transmitted using a first long-type subframe 135b.

[0048] A first acknowledgment 240a of the HARQ ACKS corresponding to the at
least one first data block 220 that are received within the first plurality 125a may be transmitted
using a first long-type subframe 135b. The first long-type subframe 135b may be subframe
number n+k where k is 3 or 4. The first acknowledgment 240a may be transmitted as uplink
control channel resources via a first uplink control channel 210a of the first long-type subframe
135b. The first uplink control channel 210a may be a Physical Uplink Control Channel
(PUCCH) and may employ an uplink control channel format selected from the group consisting
of PUCCH format 1a, PUCCH format 1b, PUCCH format 3, PUCCH format 4, and PUCCH
format 5.

[0049] The first acknowledgment 240a may be transmitted via a first uplink
control channel 210a on the long-type subframe 135b. In one embodiment, the first
acknowledgment 240a may only be transmitted via the first uplink control channel 210a on the

long-type subframe 135b. A given uplink control channel 210 and/or long-type subframe 135b
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may communicate a maximum number of acknowledgement bits. The maximum number of
acknowledgement bits may be determined by an uplink control channel format.

[0050] In one embodiment, the first plurality 125a of short-type subframes 135a
is aligned with boundaries of long-type subframes 135b. Alternatively, the first plurality 125a of
short-type subframes 135a may not be aligned with boundaries of the long-type subframes 135b.
A boundary may be a start or end of a long-type frame 135b and/or a slot 140. A first plurality
125a of short-type subframes 135a may align with the boundary of a long-type subframe 135b if
a first short-type subframe 135b of the first plurality 125a a short-type subframes 135a starts
concurrently with the start of the long-type subframe 135b. However, if the first short-type
subframe 135a of the first plurality 125a of short-type subframe 135a does not start concurrently
with the start of the long-type subframe 135b, then the first plurality 125a of short-type
subframes 135a are not aligned with the boundaries of the long-type subframe 135b.

[0051] In one embodiment, an uplink control channel 210 such as the first uplink
control channel 210a may span an entire long-type subframe 135b. The uplink control channel
210 may span the entire long-type subframe 135b if the control channel 210 and the long-type
subframe 135b each start and end concurrently. Each uplink control channel 210 may be a
PUCCH.

[0052] A downlink control channel 205 containing downlink control information
may be received in at least one of the first plurality 125a of short-type subframes 135a. The
downlink control information may schedule the at least one first data block 220 in the at least
one first plurality 125a of short-type subframes 135a. In one embodiment, a plurality of
downlink control channels 205 are received with downlink control information that schedules a
plurality of data blocks 220. Each downlink control channel 205 may be a Physical Downlink
Control Channel (PDCCH) and each data block 220 may be transmitted via a Physical

Downlink Shared Channel (PDSCH).
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[0053] In one embodiment, each uplink control channel 210 is identified by and
associated with an uplink control channel resource. For example, the first uplink control channel
210a may comprise one uplink control channel resource. In one embodiment, the at least one
uplink control channel resource is derived from the downlink control channel 205. An uplink
control channel resource may be derived from the downlink control channel 205 as a function of
one or more identifiers from the downlink control channel 205 to the uplink control channel
resource. In one embodiment, the uplink control channel resource is derived from the
ACK/NACK Resource Indicator (ARI) of the downlink control channel 205. Alternatively, for
data blocks 220 scheduled by a downlink control channel 205, and uplink control channel 210
may be derived based on the lowest Control Channel Element (CCE) index of the downlink
control channel 205. In one embodiment, the uplink control channel 210 may employ PUCCH
format 1la/lb resource that is implicitly derived to transmit the acknowledgment 240
corresponding to the downlink control channel 205, based on the lowest s-CCE index of the
downlink control channel 205.

[0054] Figure 3B is a schematic block diagram illustrating one alternative
embodiment of transmitted subframes 135. In the depicted embodiment, data blocks 220 are
received in two intervals 145 that are each equivalent in the duration of a long-type subframe
135b. Each interval 145 may include four short-type subframes 135a. The first plurality 125a of
short-type subframes 135a are not aligned on a boundary of a long-type subframe 135b. The
short-type subframes 135a may be subframes number 135 n and n+1 respectively. The first
plurality 125a of short-type subframes 135b may include M short-type subframes 135b where
M is in the range of 1-14

[0055] The first acknowledgment 240a corresponding to the at least one first data
block 220 may be transmitted via uplink control channel resources using a first uplink control

channel 210a of a first long-type subframe 135b. The uplink control channel 210 may be
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transmitted in subframe numbers n+k, where k is 3 or 4. The uplink control channel 210 may
employ an uplink control channel format selected from the group consisting of PUCCH format
la, PUCCH format 1b, PUCCH format 3, PUCCH format 4, and PUCCH format 5.

[0056] Figure 4A 1is a schematic block diagram illustrating one alternative
embodiment of transmitted subframes. Figure 4A shows an example with a first plurality 125a
of M=4 short-type subframes 135a in long-type subframe n 135b. An uplink control channel
210 may be long-type subframe 210 n+k where k=4. Assume a communication device 110 is
configured with HARQ-ACK bundling and with single short-type subframe 135a scheduling.
The communication device 110 may receive 4 data blocks 220 which are scheduled by 4
downlink control channels 205 in subframe n. Each downlink control channel 205 may be used
to determine a PUCCH format la/1b uplink control channel resource 225 in subframe n+4
wherein the four PUCCH format 1/a/1b uplink control channel resources 225a-d are denoted as
PUCCH format la/lb uplink control channel resource 1 225a, PUCCH format la/1b uplink
control channel resource 2 225b, PUCCH format 1a/1b uplink control channel resource 3 225¢
and PUCCH format la/1b uplink control channel resource 4 225d respectively as shown in
Figure 4A. Assuming the communication device 110 receives all downlink control channels 205
and data blocks 220 in the first plurality 125a of 4 short-type subframes 135a in long-type
subframe n 135b, the communication device 110 may perform HARQ-ACK bundling by a
logical “AND” operation of the HARQ-ACK bits per data blocks 220 codeword or Transport
Block (TB) corresponding to the 4 received data blocks 220 in long-type subframe n 135b, and
then transmit the bundling HARQ-ACK bit(s) using the PUCCH format 1a/1b uplink control
channel resource 225 corresponding to the last short-type subframe 135a where a downlink
control channel 205 is received such as. the PUCCH format la/lb uplink control channel

resource 4 225d in Figure 4A.
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[0057] Figure 4B is a schematic block diagram illustrating one alternative
embodiment of transmitted subframes 135. Assume the communication device 110 is
configured with HARQ-ACK multiplexing by channel selection with PUCCH format 1b and is
configured with multiple short-type subframe 135a scheduling. Figure 4B shows an example
with pluralities 125a-b of M=4 short-type subframes 135a where an uplink control channel 210
is transmitted in long-type subframe n+k where k=4. There are N=5 data blocks 220 in a group
230 of 5 short-type subframes 135a scheduled by a single downlink control channel 205 for the
communication device 110 across subframe » and subframe n+/ as shown in Figure 4B.

[0058] Furthermore, assume the maximum number of the HARQ-ACK feedback
bits to be fed back by channel selection with PUCCH format 1b is 4 (i.e. the same as supported
by LTE), the downlink control channel 205 in the third short-type subframe 135a in subframe n
may be used to derive two PUCCH format 1b uplink control channel resources 225 (i.e.
PUCCH format 1b uplink control channel resources 3 and 4 225¢-d in Figure 4B) in subframe
n+3, and three PUCCH format 1b uplink control channel resources 225 (i.e. PUCCH format 1b
uplink control channel resources 5, 6, and 7 225e-g in Figure 4B) in subframe n+4. In addition,
the downlink control channel 205 in the first short-type subframe 135a in subframe n» may be
used to derive the PUCCH format 1b uplink control channel resource 1 225a in subframe n+3.
The downlink control channel 205 in the second short-type subframe 135a in subframe n may
be used to derive the PUCCH format 1b uplink control channel resource 2 225b in subframe
n+3 and the downlink control channel 205 in the fourth short-type subframe 135a in subframe
n+1 may be used to derive the PUCCH format 1b uplink control channel resource 8 225h in
subframe n+4.

[0059] The communication device 110 may use the 4 PUCCH format 1b uplink
control channel resources 1 — 4 225a-d in subframe n+3 to feedback the 4 HARQ-ACK bits

corresponding to the data blocks 220 received in the 4 short-type subframes 135a in subframe #.
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The communication device 110 may use the 4 PUCCH format 1b uplink control channel
resources 5 — 8 225e-h in subframe n+4 to feedback the 4 HARQ-ACK bits corresponding to
the data blocks 220 received in the 4 short-type subframes 135a in subframe n+1/. It is noted
that by channel selection, the communication device 110 may select one of the 4 PUCCH
format 1b uplink control channel resources 225 and transmit a QPSK symbol on the selected
PUCCCH format 1b uplink control channel resource 225 (i.e. the PUCCH format 1a/1b uplink
control channel resource 1 225a in subframe n+3 and the PUCCH format 1a/1b uplink control
channel resource 6 225f in subframe n+4 as shown in Figure 4B). Figure 4C is a schematic
block diagram illustrating one alternative embodiment of transmitted subframes 135. Assume
the communication device 110 is configured with PUCCH format 3 (or 4 or 5) for its HARQ-
ACK transmission and is configured with multiple short-type subframe 135a scheduling. Figure
4C shows an example with pluralities 125a-b of M=7 short-type subframes 135a where k=4.
[0060] A group 230 of N=8 data blocks 220 in 8 short-type subframes 135a may
be scheduled by a single downlink control channel 205 for the communication device 110
across subframe n and subframe n+/ as shown in Figure 4C. For the downlink control channel
205 in the fourth short-type subframe 135a in subframe n, the downlink control channel 205
schedules data blocks 220 in 4 short-type subframes 135a in subframe » and also 4 data blocks
220 in 4 short-type subframes 135a in subframe n+/. Therefore, the ARI bits in the downlink
grant transmitted on the downlink control channel 205 in the fourth short-type subframe 135a in
subframe n may indicate one PUCCCH format 3 (or 4 or 5) uplink control channel resource 225
(i.e. the PUCCH format 3/4/5 uplink control channel resource 1 225a in Figure 4C) in subframe
n+4 and one PUCCH format 3 (or 4 or 5) resource (i.e. the PUCCH format 3/4/5 uplink control
channel resource 2 225b in Figure 4C) in subframe n+5. In Figure 4C, the PUCCH format 3 (or
4 or 5) uplink control channel resource 1 and 2 225a-b in subframe n+4 and n+5 may be the

same or may be different. The communication device 110 may use the PUCCH format 3 (or 4
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or 5) uplink control channel resource 1 225a in subframe n+4 to transmit the HARQ-ACK bits
corresponding to all data blocks 220 received in subframe 7, and the communication device 110
may use the PUCCH format 3 (or 4 or 5) uplink control channel resource 2 225b in subframe
n+5 to transmit the HARQ-ACK bits corresponding to all data blocks 220 received in subframe
n+l.

[0061] Figure 5 is a schematic block diagram illustrating one embodiment of a
transceiver 430. The transceiver 430 may be embodied in the communication device 110.
Alternatively, the transceiver 430 may be embodied in the base station 105. In the depicted
embodiment, the transceiver 430 includes a computer 400, a transmitter 420, and receiver 425.
The transmitter 420 may transmit radio signals. The receiver 425 may receive radio signals.

[0062] The computer 400 may include a processor 405, a memory 410, and
communication hardware 415. The memory 410 may include a semiconductor storage device,
hard disk drive, an optical storage device, a micromechanical storage device, or combinations
thereof. The memory 410 may store code. The processor 405 may execute the code. The
communication hardware may manage communications between the processor 405 and the
transmitter 420 and the receiver 425.

[0063] Figure 6 is a schematic flow chart diagram illustrating one embodiment of
an acknowledgment 240 transmission method 500. The method 500 may transmit one or more
acknowledgments 240 corresponding to data blocks 220 received in short-type subframes 135a
using long-type subframes 135b. The method 500 may be performed by the transceiver 430.

[0064] The method 500 starts, and in one embodiment, the receiver 425 receives
505 at least one first data block 220 in at least one of a first plurality 125a of short-type
subframes 135a. Alternatively, the receiver 425 may receive 505 at least one second data block

220 in at least one of a second plurality 125b of short-type subframes 135a.
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[0065] The receiver 425 may further receive 510 a downlink control channel 205
containing downlink control information in at least one of the first plurality 125a of short-type
subframes 135a and/or the second plurality 125b of short-type subframes 135a. The downlink
control information may schedule the at least one first data blocks 220 or the at least one second
data blocks 220 in the short-type subframes 135a.

[0066] The transmitter 420 may transmit 515 a first acknowledgment 240a
corresponding to the at least one first data block 220 received in the first plurality 125a of short-
type subframes 135a using a first long-type subframe 135b and the method 500 ends.
Alternatively, the transmitter 420 may transmit 515 a second acknowledgment 240b
corresponding to the at least one second data block 220 received in the second plurality 125b of
short-type subframes 135a using a second long-type subframe 135b.

[0067] The embodiments may employ one or more long-type subframes 135b to
consolidate and transmit the acknowledgments 240 for the data blocks 220. Because more
symbols 155 may be available in the long-type subframe 135b, the acknowledgements 240 may
be transmitted more reliably.

[0068] Embodiments may be practiced in other specific forms. The described
embodiments are to be considered in all respects only as illustrative and not restrictive. The
scope of the invention is, therefore, indicated by the appended claims rather than by the
foregoing description. All changes which come within the meaning and range of equivalency of

the claims are to be embraced within their scope.
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CLAIMS

1. A method comprising:

receiving at least one first data block in at least one of a first plurality of short-type
subframes; and
5 transmitting a first acknowledgement corresponding to the at least one first data block
received in the first plurality of short-type subframes using a first long-type
subframe, wherein a duration of the first plurality of short-type subframes is equal

to a duration of the long-type subframe.

2. The method of claim 1, wherein the first plurality of short-type subframes are aligned
10 with boundaries of long-type subframes.
3. The method of claim 1, wherein the first plurality of short-type subframes are not aligned

with boundaries of long-type subframes.

4. The method of claim 1, wherein the first acknowledgement is transmitted via a first

uplink control channel of the first long-type subframe, wherein the first uplink control

15 channel is associated with an uplink control channel resource.
5. The method of claim 4, wherein the first uplink control channel spans the entire long-type
subframe.
6. The method of claim 1, the method further comprising receiving a downlink control

channel containing downlink control information in at least one of the first plurality of
20 short-type subframes, wherein the downlink control information schedules the at least

one first data block in the at least one of the first plurality of short-type subframes.
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7. The method of claim 6, wherein at least one uplink control channel resource in the first

long-type subframe is derived from the downlink control channel.

8. The method of claim 6, wherein the downlink control information schedules at least one
second data block in at least one of a second plurality of short-type subframes and a total
5 duration of the second plurality of short-type subframes equals a duration of a given

long-type subframe.

9. The method of claim 8, the method further comprising:

receiving at least one second data block in at least one of a second plurality of short-type
subframes;
10 transmitting a second acknowledgement corresponding to the at least one second data
block received in the second plurality of short-type subframes using a second

long-type subframe.

10.  The method of claim 9, wherein the second acknowledgement is transmitting on a second

uplink control channel using the second long-type subframe.

15 11.  The method of claim 10, wherein at least one uplink control channel resource in the

second long-type subframe is derived from the downlink control channel.

12.  The method of claim 1, wherein the acknowledgement comprises at least a positive

acknowledgement or a negative acknowledgement.

13.  An apparatus comprising:

20 a receiver that receives at least one first data block in at least one of a first plurality of

short-type subframes; and
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5 14.
15.
16.
10
17.
18.
15
19.

a transmitter that transmits a first acknowledgement corresponding to the at least one first
data block received in the first plurality of short-type subframes using a first long-
type subframe, wherein a duration of the first plurality of short-type subframes is

equal to a duration of the long-type subframe.

The apparatus of claim 13, wherein the first plurality of short-type subframes are aligned

with boundaries of long-type subframes.

The apparatus of claim 13, wherein the first plurality of short-type subframes are not

aligned with boundaries of long-type subframes.

The apparatus of claim 13, wherein the first acknowledgement is transmitted via a first
uplink control channel of the first long-type subframe, wherein the uplink control

channel is associated with an uplink control channel resource.

The apparatus of claim 16, wherein the first uplink control channel spans the entire long-

type subframe.

The apparatus of claim 13, wherein the receiver further receives a downlink control
channel containing downlink control information in at least one of the first plurality of
short-type subframes, wherein the downlink control information schedules the at least

one first data block in the at least one of the first plurality of short-type subframes.

The apparatus of claim 18, wherein at least one uplink control channel resource in the

first long-type subframe is derived from the downlink control channel.
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20.  The apparatus of claim 18, wherein the downlink control information schedules at least
one second data block in at least one of a second plurality of short-type subframes and a
total duration of the second plurality of short-type subframes equals a duration of a

given long-type subframe.

5 21.  The apparatus of claim 20, wherein:

the receiver further receives at least one second data block in at least one of a second
plurality of short-type subframes;

the transmitter transmits a second acknowledgement corresponding to the at least one
second data block received in the second plurality of short-type subframes using a

10 second long-type subframe.

22.  The apparatus of claim 21, wherein the second acknowledgement is transmitting on a

second uplink control channel using the second long-type subframe.

23.  The apparatus of claim 22, wherein at least one uplink control channel resource in the

second long-type subframe is derived from the downlink control channel.

15 24.  The apparatus of claim 13, wherein the acknowledgement comprises at least a positive

acknowledgement or a negative acknowledgement.

25. A method comprising:

transmitting at least one first data block in at least one of a first plurality of short-type
subframes; and
20 receiving a first acknowledgement corresponding to the at least one first data block

transmitted in the first plurality of short-type subframes using a first long-type
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subframe, wherein a duration of the first plurality of short-type subframes is equal

to a duration of the long-type subframe.

26.  The method of claim 25, wherein the first plurality of short-type subframes are aligned

with boundaries of long-type subframes.

5 27.  The method of claim 25, wherein the first plurality of short-type subframes are not

aligned with boundaries of long-type subframes.

28.  The method of claim 25, wherein the first acknowledgement is received via a first uplink
control channel of the first long-type subframe, wherein the first uplink control channel

is associated with an uplink control channel resource.

10 29.  The method of claim 28, wherein the first uplink control channel spans the entire long-

type subframe.

30. The method of claim 25, the method further comprising transmitting a downlink control
channel containing downlink control information in at least one of the first plurality of
short-type subframes, wherein the downlink control information schedules the at least

15 one first data block in the at least one of the first plurality of short-type subframes.

31.  The method of claim 30, wherein at least one uplink control channel resource in the first

long-type subframe is derived from the downlink control channel.

32.  The method of claim 31, wherein the downlink control information schedules at least one

second data block in at least one of a second plurality of short-type subframes and a total
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duration of the second plurality of short-type subframes equals a duration of a given

long-type subframe.

33.  The method of claim 32, the method further comprising:

transmitting at least one second data block in at least one of a second plurality of short-
5 type subframes;
receiving a second acknowledgement corresponding to the at least one second data block
transmitted in the second plurality of short-type subframes using a second long-

type subframe.

34.  The method of claim 33, wherein the second acknowledgement is transmitting on a

10 second uplink control channel using the second long-type subframe.

35.  The method of claim 34, wherein at least one uplink control channel resource in the

second long-type subframe is derived from the downlink control channel.

36. The method of claim 25, wherein the acknowledgement comprises at least a positive

acknowledgement or a negative acknowledgement.

15 37.  An apparatus comprising:

a transmitter that transmits at least one first data block in at least one of a first plurality
of short-type subframes; and
a receiver that receives a first acknowledgement corresponding to the at least one first
data block transmitted in the first plurality of short-type subframes using a first
20 long-type subframe, wherein a duration of the first plurality of short-type

subframes is equal to a duration of the long-type subframe.
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38.  The apparatus of claim 37, wherein the first plurality of short-type subframes are aligned

with boundaries of long-type subframes.

39.  The apparatus of claim 37, wherein the first plurality of short-type subframes are not

aligned with boundaries of long-type subframes.

5 40.  The apparatus of claim 37, wherein the first acknowledgement is received via a first
uplink control channel of the first long-type subframe, wherein the first uplink control

channel is associated with an uplink control channel resource.

41.  The apparatus of claim 40, wherein the first uplink control channel spans the entire long-

type subframe.

10 42.  The apparatus of claim 37, the method further comprising transmitting a downlink
control channel containing downlink control information in at least one of the first
plurality of short-type subframes, wherein the downlink control information schedules
the at least one first data block in the at least one of the first plurality of short-type

subframes.

15 43.  The apparatus of claim 42, wherein at least one uplink control channel resource in the

first long-type subframe is derived from the downlink control channel.

44.  The apparatus of claim 43, wherein the downlink control information schedules at least
one second data block in at least one of a second plurality of short-type subframes and a
total duration of the second plurality of short-type subframes equals a duration of a

20 given long-type subframe.
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45.

5
46.
47.

10
48.

The apparatus of claim 44, wherein:

the transmitter transmits at least one second data block in at least one of a second
plurality of short-type subframes;

the receiver receives a second acknowledgement corresponding to the at least one second
data block transmitted in the second plurality of short-type subframes using a

second long-type subframe.

The apparatus of claim 45, wherein the second acknowledgement is received on a second

uplink control channel using the second long-type subframe.

The apparatus of claim 46, wherein at least one uplink control channel resource in the

second long-type subframe is derived from the downlink control channel.

The apparatus of claim 37, wherein the acknowledgement comprises at least a positive

acknowledgement or a negative acknowledgement.
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