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Title: Adaptive HARQ for Half Duplex Operation for Battery and Antenna Constrained
Devices

FIELD

[0001] The present application relates to wireless communication, and more particularly,
adaptive hybrid automatic repeat request (HARQ) for half duplex operations for battery and

antenna constrained devices in a radio access technology such as LTE.

DESCRIPTION OF THE RELATED ART

[0002] Wireless communication systems are rapidly growing in usage. Additionally, there
exist numerous different wireless communication technologies and standards. Some examples of
wireless communication standards include GSM, UMTS (WCDMA, TDS-CDMA), LTE, LTE
Advanced (LTE-A), HSPA, 3GPP2 CDMA2000 (e.g., 1xRTT, 1xEV-DO, HRPD, eHRPD),
IEEE 802.11 (WLAN or Wi-F), IEEE 802.16 (WiMAX), Bluetooth, etc.

[0003] In cellular radio access technologies (RATs) such as LTE, the user equipment (UE)
requests uplink (UL) resources by means of a scheduling request (SR). In response to a SR, the
base station assigns UL resources to the UE with a UL grant. The base station can assign
resources to the UE on every sub-frame. After the UE receives a UL grant, the UE can transmit
data to the base station on the physical uplink shared channel (PUSCH).

[0004] Hybrid automatic repeat request (HARQ) is a technique used by a receiver to detect a
corrupted message and to request a new message from the sender. In LTE frequency division
duplexing (FDD) the UL HARQ is synchronous, i.e., if the UL grant for the initial transmission is
received by the UE at t=0, the UL transmission on PUSCH occurs at t=4, the ACK/NACK
feedback occurs on t=8 and the HARQ retransmission occurs on t=12. In order to obtain a grant,
the UE sends a scheduling request (SR) to the base station (e.g., at t=0), and the base station will
send a UL grant in the PDCCH at t >=4.

[0005] A device which is peak current limited (i.e., a device that has limited battery and/or
limited power amplifier capability) may not able to transmit continuously in the UL, e.g., it can
transmit only on a low duty cycle. A device may be peak current limited because of the size of its
battery (e.g., the device may only have a finite amount of current that may be drawn from the
batter) and/or because of the efficiency of its antenna (e.g., in order to maintain connectivity with
the base station, the antenna’s power amplifier may need to operate at maximum output).

Additionally, a device may have restrictions similar to a peak current limited device because of
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half duplex frequency division duplex (FDD) operation (e.g., when concurrent transmit and
receive is not supported).

[0006] For example, devices constrained due to battery size and/or antenna efficiency may
transmit during one sub-frame and then may remain silent for the next 7 sub-frames for FDD
transmissions and the next 9 sub-frames for time division duplexing (TDD) transmissions. Thus,
as one common example, such a device may transmit only in one sub-frame per L'TE radio frame.
The duty cycle in the FDD case is 12.5% and in the TDD case is 10%.

[0007] A mechanism is needed to enable UL transmissions in such scenarios and to make sure
that the UE may still transmit in the UL without violating the UL timeline. Therefore,

improvements in the field would be desirable.

SUMMARY

[0008] FEmbodiments are presented herein of, inter alia, a user equipment (UE), base station
(eNB), and improved communication methods which enable a UE that is peak current limited to
maintain an uplink timeline.

[0009] Sone embodiments relate to a user equipment device (UE) comprising at least one
antenna, at least one radio, and one or more processors coupled to the radio. The at least one
radio is configured to perform cellular communication using at least one radio access technology
(RAT). The one or more processors and the at least one radio are configured to perform voice
and/or data communications, as well as the methods described herein.

[0010] In some embodiments, the UE is configured to transmit first user data and a first
acknowledge / negative acknowledge (ACK/NACK) in a first sub-frame subsequent to receiving
first data from a base station Y sub-frames prior to the transmission of the first user data. The
first ACK/NACK may correspond to the first data from the base station and the UE has a transmit
duty cycle of X sub-frames, where X is greater than Y. Additionally, the UE is configured to
transmit second user data and a second ACK/NACK in a second sub-frame subsequent to
receiving second data from the base station Y sub-frames prior to transmission of the second user
data. The second ACK/NACK may correspond to the second data from the base station. The
second sub-frame is X sub-frames after the first sub-frame.

[0011] In another embodiment, the UE is configured to determine signal-to-interference-plus
noise ratio (SINR) for a channel between the UE and a base station and compare the SINR to a

threshold. When the SINR is greater than or equal to the threshold, the UE may transmit, in
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consecutive sub-frames, a first version and a second version of user data. Additionally, the UE
may transmit, in consecutive sub-frames, a third version and a fourth version of user data. The
transmission of the third version may occur X+1 sub-frames after transmission of the first
version, where the UE may have a transmit duty cycle of X sub-frames. Additionally, when the
SINR is less than the threshold, the UE may transmit the first version of the user data in a first
sub-frame and transmit the second version of the user data in a second sub-frame and the second
sub-frame may occur X sub-frames after the first sub-frame.

[0012] In some embodiments, the UE is configured to communicate, to a base station, a number
of uplink (UL) hybrid automatic repeat request (HARQ) processes supported by the UE, receive
first information from the base station in at least a first sub-frame, and send second information
to the base station X sub-frames after the first sub-frame. The first information may correspond
to at least a first downlink (DL) HARQ process and a number of DL. HARQ processes depends
upon the number of UL HARQ processes. The second information may include a first
ACK/NACK associated with the first DL. HARQ process.

[0013] Some embodiments relate to a base station comprising a radio and a processing element
operatively coupled to the radio. The radio and processing element are configured to perform
wireless communication with a wireless device (e.g. a UE), as well as the methods described
herein.

[0014] In some embodiments, the base station is configured to receive, from a wireless device, a
number of uplink (UL) hybrid automatic repeat request (HARQ) processes supported by the
wireless device, send first information to the wireless device in at least a first sub-frame, and
receive second information to the base station X sub-frames after the first sub-frame. The first
information corresponds to at least a first downlink (DL) HARQ process and a number of DL
HARQ processes depends upon the number of UL HARQ processes. The second information
includes a first ACK/NACK associated with the first DL. HARQ process.

[0015] This Summary is intended to provide a brief overview of some of the subject matter
described in this document. Accordingly, it will be appreciated that the above-described features
are merely examples and should not be construed to narrow the scope or spirit of the subject
matter described herein in any way. Other features, aspects, and advantages of the subject matter
described herein will become apparent from the following Detailed Description, Figures, and

Claims.



10

15

20

25

30

35

WO 2016/064573 PCT/US2015/054325

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] A better understanding of the present subject matter can be obtained when the following
detailed description of the embodiments is considered in conjunction with the following
drawings.

[0017] Figure 1 illustrates an exemplary wireless communication system, according to some
embodiments.

[0018] Figure 2 illustrates a base station ("BS", or in the context of LTE, an "eNodeB" or
"eNB") in communication with a wireless device, according to some embodiments.

[0019] Figure 3 illustrates a block diagram a wireless communication system, according to
some embodiments.

[0020] Figure 4 illustrates a block diagram of a base station, according to some embodiments.
[0021] Figure 5A illustrates traditional TTI bundling, according to the prior art;

[0022] Figure 5B illustrates an L.TE UL HARQ procedure, according to the prior art;

[0023] Figure 6 illustrates an exemplary timeline of a HARQ process, according to some
embodiments;

[0024] Figure 7 illustrates an exemplary timeline for improving the downlink budget, according
to some embodiments;

[0025] Figure 8 illustrates another exemplary timeline for improving the downlink budget,
according to some embodiments;

[0026] Figure 9 illustrates an exemplary timeline for multiple uplink HARQ processes,
according to some embodiments;

[0027] Figure 10 illustrates an exemplary timeline for multiple uplink and downlink HARQ
processes and TTI bundling, according to some embodiments;

[0028] Figure 11 illustrates an exemplary timeline for multiple downlink and uplink HARQ
processes, according to some embodiments;

[0029] Figure 12 illustrates a method for HARQ signaling, according to some embodiments;
[0030] Figure 13 illustrates a method for HARQ signaling, according to some embodiments;
[0031] Figure 14 illustrates an exemplary timeline for TTI bundling and connected
discontinuous reception cycle (C-DRX), according to some embodiments;

[0032] Figure 15 illustrates a method for distributed TTI bundling, according to some

embodiments; and
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[0033] Figure 16 illustrates a method for distributed TTI bundling, according to some
embodiments.

[0034] While the features described herein are susceptible to various modifications and
alternative forms, specific embodiments thereof are shown by way of example in the drawings
and are herein described in detail. It should be understood, however, that the drawings and
detailed description thereto are not intended to be limiting to the particular form disclosed, but on
the contrary, the intention is to cover all modifications, equivalents and alternatives falling within

the spirit and scope of the subject matter as defined by the appended claims.

DETAILED DESCRIPTION

Acronyms

[0001] Various acronyms are used throughout the present application. Definitions of the most
prominently used acronyms that may appear throughout the present application are provided
below:

[0002] UE: User Equipment

[0003] BS: Base Station

[0004] DL: Downlink (from BS to UE)

[0005] UL: Uplink (from UE to BS)

[0006] FDD: Frequency Division Duplexing

[0007] TDD: Time Division Duplexing

[0008] GSM: Global System for Mobile Communication

[0009] LTE: Long Term Evolution

[0010] TX: Transmission

[0011] RX: Reception

[0012] UMTS: Universal Mobile Telecommunication System

[0013] LAN: Local Area Network

[0014] WLAN: Wireless LAN

[0015] RAT: Radio Access Technology

Terminology

[0035] The following is a glossary of terms used in this disclosure:
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[0036] Memory Medium — Any of various types of non-transitory memory devices or storage
devices. The term “memory medium” is intended to include an installation medium, e.g., a CD-
ROM, floppy disks, or tape device; a computer system memory or random access memory such
as DRAM, DDR RAM, SRAM, EDO RAM, Rambus RAM, etc.; a non-volatile memory such as
a Flash, magnetic media, e.g., a hard drive, or optical storage; registers, or other similar types of
memory elements, etc. The memory medium may include other types of non-transitory memory
as well or combinations thereof. In addition, the memory medium may be located in a first
computer system in which the programs are executed, or may be located in a second different
computer system which connects to the first computer system over a network, such as the
Internet. In the latter instance, the second computer system may provide program instructions to
the first computer for execution. The term “memory medium” may include two or more memory
mediums which may reside in different locations, e.g., in different computer systems that are
connected over a network. The memory medium may store program instructions (e.g., embodied
as computer programs) that may be executed by one or more processors.

[0037] Carrier Medium — a memory medium as described above, as well as a physical
transmission medium, such as a bus, network, and/or other physical transmission medium that
conveys signals such as electrical, electromagnetic, or digital signals.

[0038] Programmable Hardware Element - includes various hardware devices comprising
multiple programmable function blocks connected via a programmable interconnect. Examples
include FPGAs (Field Programmable Gate Arrays), PLDs (Programmable Logic Devices),
FPOAs (Field Programmable Object Arrays), and CPLDs (Complex PLDs). The programmable
function blocks may range from fine grained (combinatorial logic or look up tables) to coarse
grained (arithmetic logic units or processor cores). A programmable hardware element may also
be referred to as "reconfigurable logic™.

[0039] Computer System — any of various types of computing or processing systems,
including a personal computer system (PC), mainframe computer system, workstation, network
appliance, Internet appliance, personal digital assistant (PDA), television system, grid computing
system, or other device or combinations of devices. In general, the term "computer system" can
be broadly defined to encompass any device (or combination of devices) having at least one
processor that executes instructions from a memory medium.

[0016] User Equipment (UE) (or “UE Device”) — any of various types of computer systems

devices which are mobile or portable and which performs wireless communications. Examples
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of UE devices include mobile telephones or smart phones (e.g., iPhone™, Android™-based
phones), portable gaming devices (e.g., Nintendo DS™, PlayStation Portable™, Gameboy
Advance™, iPhone™), laptops, wearable devices (e.g. smart watch, smart glasses), PDAs,
portable Internet devices, music players, data storage devices, or other handheld devices, etc. In
general, the term “UE” or “UE device” may be broadly defined to encompass any electronic,
computing, and/or telecommunications device (or combination of devices) which is easily
transported by a user and capable of wireless communication.

[0040] Base Station — The term "Base Station" (also called “eNB”) has the full breadth of its
ordinary meaning, and at least includes a wireless communication station installed at a fixed
location and used to communicate as part of a wireless telephone system or radio system.

[0041] Processing Element — refers to various elements or combinations of elements that are
capable of performing a function in a device, such as a user equipment or a cellular network
device. Processing elements may include, for example: processors and associated memory,
portions or circuits of individual processor cores, entire processor cores, processor arrays, circuits
such as an ASIC (Application Specific Integrated Circuit), programmable hardware elements
such as a field programmable gate array (FPGA), as well any of various combinations of the
above.

[0042] Channel - a medium used to convey information from a sender (transmitter) to a
receiver. It should be noted that since characteristics of the term “channel” may differ according
to different wireless protocols, the term “channel” as used herein may be considered as being
used in a manner that is consistent with the standard of the type of device with reference to which
the term is used. In some standards, channel widths may be variable (e.g., depending on device
capability, band conditions, etc.). For example, L'TE may support scalable channel bandwidths
from 1.4 MHz to 20MHz. In contrast, WLAN channels may be 22MHz wide while Bluetooth
channels may be 1 MHz wide. Other protocols and standards may include different definitions of
channels. Furthermore, some standards may define and use multiple types of channels, e.g.,
different channels for uplink or downlink and/or different channels for different uses such as data,
control information, etc.

[0043] Band - The term "band" has the full breadth of its ordinary meaning, and at least
includes a section of spectrum (e.g., radio frequency spectrum) in which channels are used or set

aside for the same purpose.
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[0044] Automatically — refers to an action or operation performed by a computer system (e.g.,
software executed by the computer system) or device (e.g., circuitry, programmable hardware
elements, ASICs, etc.), without user input directly specifying or performing the action or
operation. Thus the term "automatically” is in contrast to an operation being manually performed
or specified by the user, where the user provides input to directly perform the operation. An
automatic procedure may be initiated by input provided by the user, but the subsequent actions
that are performed “automatically” are not specified by the user, i.e., are not performed
“manually”, where the user specifies each action to perform. For example, a user filling out an
electronic form by selecting each field and providing input specifying information (e.g., by typing
information, selecting check boxes, radio selections, etc.) is filling out the form manually, even
though the computer system must update the form in response to the user actions. The form may
be automatically filled out by the computer system where the computer system (e.g., software
executing on the computer system) analyzes the fields of the form and fills in the form without
any user input specifying the answers to the fields. As indicated above, the user may invoke the
automatic filling of the form, but is not involved in the actual filling of the form (e.g., the user is
not manually specifying answers to fields but rather they are being automatically
completed). The present specification provides various examples of operations being
automatically performed in response to actions the user has taken.

[0045] Configured to — Various components may be described as “configured to” perform a task
or tasks. In such contexts, “configured to” is a broad recitation generally meaning “having
structure that” performs the task or tasks during operation. As such, the component can be
configured to perform the task even when the component is not currently performing that task
(e.g., a set of electrical conductors may be configured to electrically connect a module to another
module, even when the two modules are not connected). In some contexts, “configured to” may
be a broad recitation of structure generally meaning “having circuitry that” performs the task or
tasks during operation. As such, the component can be configured to perform the task even when
the component is not currently on. In general, the circuitry that forms the structure corresponding
to “configured to” may include hardware circuits.

[0046] Various components may be described as performing a task or tasks, for convenience in
the description. Such descriptions should be interpreted as including the phrase “configured to.”
Reciting a component that is configured to perform one or more tasks is expressly intended not to

invoke 35 U.S.C. § 112, paragraph six, interpretation for that component.
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Figure 1 — Wireless Communication System

[0047] Figure 1 illustrates a wireless cellular communication system, according to some
embodiments. It is noted that Figure 1 represents one possibility among many, and that features
of the present disclosure may be implemented in any of various systems, as desired.

[0048] As shown, the exemplary wireless communication system includes a base station 102A
which communicates over a transmission medium with one or more wireless devices 106A,
106B, etc., through 106N. Wireless devices may be user devices, which may be referred to
herein as “user equipment” (UE) or UE devices.

[0049] The base station 102 may be a base transceiver station (BTS) or cell site, and may
include hardware that enables wireless communication with the UE devices 106A through 106N.
The base station 102 may also be equipped to communicate with a network 100 (e.g., a core
network of a cellular service provider, a telecommunication network such as a public switched
telephone network (PSTN), and/or the Internet, among various possibilities). Thus, the base
station 102 may facilitate communication between the UE devices 106 and/or between the UE
devices 106 and the network 100.

[0050] The communication area (or coverage area) of the base station 102 may be referred to as
a “cell.” The base station 102 and the UEs 106 may be configured to communicate over the
transmission medium using any of various radio access technologies (RATs) or wireless
communication technologies, such as GSM, UMTS (WCDMA, TDS-CDMA), LTE, LTE-
Advanced (LTE-A), HSPA, 3GPP2 CDMA2000 (e.g., 1xRTT, 1xEV-DO, HRPD, eHRPD), Wi-
Fi, WiMAX etc.

[0051] Base station 102 and other similar base stations (not shown) operating according to one
or more cellular communication technologies may thus be provided as a network of cells, which
may provide continuous or nearly continuous overlapping service to UE devices 106A-N and
similar devices over a wide geographic area via one or more cellular communication
technologies.

[0052] Thus, while base station 102 may presently represent a “serving cell” for wireless
devices 106A-N as illustrated in Figure 1, each UE device 106 may also be capable of receiving
signals from one or more other cells (e.g., cells provided by other base stations), which may be
referred to as “neighboring cells”. Such cells may also be capable of facilitating communication

between user devices and/or between user devices and the network 100.
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[0053] Note that at least in some instances a UE device 106 may be capable of communicating
using multiple wireless communication technologies. For example, a UE device 106 might be
configured to communicate using two or more of GSM, UMTS, CDMA2000, WiMAX, LTE,
LTE-A, WLAN, Bluetooth, one or more global navigational satellite systems (GNSS, e.g., GPS
or GLONASS), one and/or more mobile television broadcasting standards (e.g., ATSC-M/H or
DVB-H), etc. Other combinations of wireless communication technologies (including more than
two wireless communication technologies) are also possible. Likewise, in some instances a UE
device 106 may be configured to communicate using only a single wireless communication
technology.

[0054] Figure 2 illustrates UE device 106 (e.g., one of the devices 106A through 106N) in
communication with base station 102. The UE device 106 may have cellular communication
capability, and as described above, may be a device such as a mobile phone, a hand-held device, a
media player, a computer, a laptop or a tablet, or virtually any type of wireless device.

[0055] The UE device 106 may include a processor that is configured to execute program
instructions stored in memory. The UE device 106 may perform any of the method embodiments
described herein by executing such stored instructions. Alternatively, or in addition, the UE
device 106 may include a programmable hardware element such as an FPGA (field-
programmable gate array), or other circuitry, that is configured to perform any of the method
embodiments described herein, or any portion of any of the method embodiments described
herein.

[0056] In some embodiments, the UE device 106 may be configured to communicate using any
of multiple radio access technologies and/or wireless communication protocols. For example, the
UE device 106 may be configured to communicate using one or more of GSM, UMTS,
CDMAZ2000, LTE, LTE-A, WLAN, Wi-F, WiMAX or GNSS. Other combinations of wireless
communication technologies are also possible.

[0057] The UE device 106 may include one or more antennas for communicating using one or
more wireless communication protocols or technologies. In some embodiments, the UE device
106 might be configured to communicate using a single shared radio. The shared radio may
couple to a single antenna, or may couple to multiple antennas (e.g., for MIMO) for performing
wireless communications. Alternatively, the UE device 106 may include two or more radios. For

example, the UE 106 might include a shared radio for communicating using either of LTE or

10
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IxRTT (or LTE or GSM), and separate radios for communicating using each of Wi-Ii and

Bluetooth. Other configurations are also possible.

Figure 3 — Example Block Diagram of a UE

[0058] Figure 3 illustrates one possible block diagram of a UE 106. As shown, the UE 106
may include a system on chip (SOC) 300, which may include portions for various purposes. For
example, as shown, the SOC 300 may include processor(s) 302 which may execute program
instructions for the UE 106, and display circuitry 304 which may perform graphics processing
and provide display signals to the display 340. The processor(s) 302 may also be coupled to
memory management unit (MMU) 340, which may be configured to receive addresses from the
processor(s) 302 and translate those addresses to locations in memory (e.g., memory 306, read
only memory (ROM) 350, NAND flash memory 310). The MMU 340 may be configured to
perform memory protection and page table translation or set up. In some embodiments, the
MMU 340 may be included as a portion of the processor(s) 302.

[0059] The UE 106 may also include other circuits or devices, such as the display circuitry 304,
radio 330, connector I/F 320, and/or display 340.

[0060] In the embodiment shown, ROM 350 may include a bootloader, which may be executed
by the processor(s) 302 during boot up or initialization. As also shown, the SOC 300 may be
coupled to various other circuits of the UE 106. For example, the UE 106 may include various
types of memory (e.g., including NAND flash 310), a connector interface 320 (e.g., for coupling
to a computer system), the display 340, and wireless communication circuitry (e.g., for
communication using LTE, CDMAZ2000, Bluetooth, WiFi, GPS, etc.).

[0061] The UE device 106 may include at least one antenna, and in some embodiments
multiple antennas, for performing wireless communication with base stations and/or other
devices. For example, the UE device 106 may use antenna 335 to perform the wireless
communication. As noted above, the UE may in some embodiments be configured to
communicate wirelessly using a plurality of wireless communication standards.

[0062] As described herein, the UE 106 may include hardware and software components for
implementing a method for responding to enhanced paging according to embodiments of this
disclosure.

[0063] The processor 302 of the UE device 106 may be configured to implement part or all of

the methods described herein, e.g., by executing program instructions stored on a memory
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medium (e.g2., a non-transitory computer-readable memory medium). In other embodiments,
processor 302 may be configured as a programmable hardware element, such as an FPGA (Field
Programmable Gate Array), or as an ASIC (Application Specific Integrated Circuit).
Alternatively (or in addition) the processor 302 of the UE 106, in conjunction with one or more
of the other components 300, 304, 306, 310, 320, 330, 340, 350, 360 may be configured to
implement part or all of the features described herein.

[0064] In addition, as described herein, processor 302 may be comprised of one or more
processing elements. In other words, one or more processing elements may be included in
processor 302. Thus, processor 302 may include one or more integrated circuits (ICs) that are
configured to perform the functions of processor 302. In addition, each integrated circuit may
include circuitry (e.g., first circuitry, second circuitry, etc.) configured to perform the functions of
processor 302.

[0065] Further, as described herein, radio 330 may be comprised of one or more processing
elements. In other words, one or more processing elements may be included in radio 330. Thus,
radio 330 may include one or more integrated circuits (ICs) that are configured to perform the
functions of radio 330. In addition, each integrated circuit may include circuitry (e.g., first

circuitry, second circuitry, etc.) configured to perform the functions of radio 330.

Figure 4 — Base Station

[0066] Figure 4 illustrates a base station 102, according to some embodiments. It is noted that
the base station of I'igure 4 is merely one example of a possible base station. As shown, the base
station 102 may include processor(s) 404 which may execute program instructions for the base
station 102. The processor(s) 404 may also be coupled to memory management unit (MMU)
440, which may be configured to receive addresses from the processor(s) 404 and translate those
addresses to locations in memory (e.g., memory 460 and read only memory (ROM) 450) or to
other circuits or devices.

[0067] The base station 102 may include at least one network port 470. The network port 470
may be configured to couple to a telephone network and provide a plurality of devices, such as
UE devices 106, access to the telephone network as described above.

[0068] The network port 470 (or an additional network port) may also or alternatively be
configured to couple to a cellular network, e.g., a core network of a cellular service provider. The

core network may provide mobility related services and/or other services to a plurality of devices,
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such as UE devices 106. In some cases, the network port 470 may couple to a telephone network
via the core network, and/or the core network may provide a telephone network (e.g., among
other UE devices serviced by the cellular service provider).

[0069] The base station 102 may include a radio 430, a communication chain 432 and at least
one antenna 434. The base station may be configured to operate as a wireless transceiver and
may be further configured to communicate with UE devices 106 via radio 430, communication
chain 432 and the at least one antenna 434. Communication chain 432 may be a receive chain, a
transmit chain or both. The radio 430 may be configured to communicate via various RATs,
including, but not limited to, GSM, UMTS, LTE, WCDMA, CDMA2000, WiMAX, etc.

[0070] The processor(s) 404 of the base station 102 may be configured to implement part or all
of the methods described herein, e.g., by executing program instructions stored on a memory
medium (e.g., a non-transitory computer-readable memory medium). Alternatively, the processor
404 may be configured as a programmable hardware element, such as an FPGA (Field
Programmable Gate Array), or as an ASIC (Application Specific Integrated Circuit), or a
combination thereof. Alternatively (or in addition) processor(s) 404 of the base station 102, in
conjunction with one or more of the other components 430, 440, 450, 460, and 470 may be
configured to implement part or all of the features described herein.

[0071] In addition, as described herein, processor(s) 404 may be comprised of one or more
processing elements. In other words, one or more processing elements may be included in
processor(s) 404. Thus, processor(s) 404 may include one or more integrated circuits (ICs) that
are configured to perform the functions of processor(s) 404. In addition, each integrated circuit
may include circuitry (e.g., first circuitry, second circuitry, etc.) configured to perform the
functions of processor(s) 404.

[0072] Further, as described herein, radio 430 may be comprised of one or more processing
elements. In other words, one or more processing elements may be included in radio 430. Thus,
radio 430 may include one or more integrated circuits (ICs) that are configured to perform the
functions of radio 430. In addition, each integrated circuit may include circuitry (e.g., first

circuitry, second circuitry, etc.) configured to perform the functions of radio 430.

Channels in LTE

[0073] LTE uses various channels so that data can be transported across the L'TE radio

interface. These channels are used to segregate the different types of data and allow them to be
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transported across the radio access network in an orderly fashion. The different channels
effectively provide interfaces to the higher layers within the L'TE protocol structure, and enable
an orderly and defined segregation of the data.

[0074] There are three categories or types of LTE data channels as follows.

[0075] Physical channels: These are transmission channels that carry user data and control
messages.

[0076] Transport channels: The physical layer transport channels offer information transfer to
Medium Access Control (MAC) and higher layers.

[0077] Logical channels: Provide services for the Medium Access Control (MAC) layer
within the L'TE protocol structure.

[0078] LTE defines a number of physical downlink channels to carry information from the base
station to the UE. The L'TE downlink comprises a physical downlink shared channel (PDSCH), a
physical downlink control channel (PDCCH), and a physical hybrid automatic repeat request
(HARQ) indicator channel (PHICH). The PDSCH is the downlink channel that carries all user
data and all signaling messages. The PDSCH is the main data bearing channel which is allocated
to users on a dynamic and opportunistic basis. The PDCCH carries the layer one control for the
shared channel. Thus, the PDSCH is the key channel for communicating information to the UE,
and the PDCCH communicates metadata for the information, e.g., “who” the data is for, “what”
data is sent, and “how” the data is sent over the air in the PDSCH. Further, the PHICH is the
downlink channel that carries HARQ acknowledgments (ACK/NACK) for uplink data tranfers.
[0079] LTE also defines a number of physical uplink channels to carry information from the
UE to the base station. The LTE uplink comprises a physical uplink shared channel (PUSCH)
and a physical uplink control channel (PUCCH). The PUSCH is the uplink counterpart to the
PDSCH. The PUCCH provides the various control signaling requirements for uplink
communications including carrying the channel quality indicator (CQD), the rank indicator (RI),
and the pre-coding matrix indicator (PMI), as well as, HARQ acknowledgments (ACK/NACK).
[0080] As described above, in LTE the base station (eNB) assigns UL resources using the
PDCCH, wherein this assignment of resources is called a UL grant. The UL grant may be a type
of persistent UL grant such as a semi-persistent scheduling (SPS) UL grant. The persistent or
semi-persistent UL grant may be configured by radio resource control (RRC) layer signaling and
the UE may be configured with SPS by the base station, and then the base station may activate

the UE to use SPS. Persistent or semi-persistent UL grants, such as SPS, allows for a persistent,
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periodic UL grant. Thus, the UE may transmit new information periodically without receiving a
new UL grant for each transmission. Alternatively, the UL grant may be for a specified amount
of information, and the base station may send additional UL grants based on scheduling requests

from the UE.

TTI Bundling

[0081] In normal operations, a transport block is converted to multiple redundancy versions
after coding and the first redundancy version is sent in a sub-frame. If this first redundancy
version is not properly received, the receiver will return a negative acknowledge (NACK), which
results in a hybrid automatic repeat request (HARQ), i.e., a retransmission of a new, typically
different, redundancy version. One common type of automatic repeat request is HARQ (hybrid
automatic repeat request). The HARQ ACK/NACK is sent 4 sub-frame durations or more after
the first transmission. Thus in normal operations subsequent transmissions of the transport block,
i.e., subsequent transmissions of another redundancy version, are dependent on non-receipt
(NACK) of the first redundancy version that was transmitted.

[0082] TTI bundling is a technique used to send a transport block multiple times in consecutive
sub-frames without waiting for HARQ ACK/NACK messages. In TTI bundling, a plurality of
the redundancy versions can all be sent in consecutive (adjacent) sub-frames without waiting for
the HARQ ACK/NACK feedback. In addition, a combined ACK/NACK can be sent after
processing all the transmissions of a transport block, i.e., after all of the consecutive redundancy
versions have been sent. One motivation for TTI bundling is the low transmission power of some
handsets, short T'TT length. TTI bundling is designed to improve the UL coverage of applications
like VOIP over L'TE wherein low power handsets are likely to be involved.

[0083] Thus, TTI bundling is used to achieve successful transmissions from power limited UEs
and range limited UEs. The TTI bundling process, for these new types of devices might be
triggered by the UE informing the base station about its current power limitations via radio
resource control (RRC) layer signaling. For example, this situation may arise at the edge of a cell
when the UE is required to transmit at high power, but where the UE has limited power
capability. After the base station is notified about the UE’s limited power capability, the UE may
transmit the various redundancy versions of the same transport block in consecutive sub-frames
or TTIs to the base station, giving rise to the name TTI bundling. These multiple consecutive

transmissions may provide for reduced overhead. A single HARQ ACK/NACK for the combined
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transmissions is generated by the base station after processing the TTI bundle. The transmission
of a TTI bundle, instead of merely a single redundancy version transmission, may reduce the error
rate of the transport block. This approach can also reduce the delay in the HARQ process
compared to transmissions of the redundancy versions separated in time using the normal (non-
TTI bundling) approach.

[0084] Figure SA illustrates an example of TTI bundling, i.e., contiguous retransmissions of
different redundancy versions of an UL packet. As shown, the UE transmits four different
redundancy versions of the data consecutively, these being redundancy versions (RVs) 0, 3, 2 and

1. The base station will send an ACK/NACK feedback after the fourth retransmission, as shown.

LTE Uplink HARQ Procedure

[0085] In normal LTE operations, the uplink (UL) procedure may proceed as illustrated in
Figure 5B. A UE (e.g., UE 106) may receive a new uplink grant at 502 on the PDCCH. At 504,
4 sub-frames after receiving the grant, the UE mays send data on the PUSCH using redundancy
version 0 (RV0). At 506, the UE may receive a NACK on the PHICH 4 sub-frames after sending
RVO. In response, at 508, the UE may send RV1 4 sub-frames after receiving the NACK. The
procedure continues with the 4 sub-frame spacing at 510 with the UE receiving another NACK
from the base station. After another 4 sub-frames, the UE sends RV2 at 512 and receives an
ACK on the PHICH at 514 4 sub-frames after sending RV2. In addition, at 514, the UE receives
a new grant. The procedure is then repeated with the new grant until the UE receives a NACK.
However, a peak current limited devices that may have a reduced duty cycle (e.g., 1 transmission
every 8 sub-frames) may not be able to maintain the L.TE uplink timeline. Hence, a mechanism is
needed to enable UL transmissions in such scenarios and to make sure that the UE may still

transmit in the UL without violating the UL timeline,

Figure 6: HARQ Timeline

[0086] Figure 6 illustrates an exemplary timeline of a HARQ process, according to some
embodiments. As discussed above, a peak current limited device (i.e., a device that has limited
battery and/or limited power amplifier capability), such as UE 106, may be unable to transmit
continuously in the uplink. In other words, the peak current limited device may operate on a low
duty cycle such as 1 transmission (1X) every 8 milliseconds (ms) in a frequency division

duplexing (FDD) system and/or 1 TX every 10 ms in a time division duplexing (TDD) system.
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[0087] In the embodiment illustrated in Figure 6, transmission of HARQ ACK/NACK on the
PUCCH may be aligned with data transmitted on the PUSCH. Thus, as shown, base station 102
(i.e., eNB 102) may transmit data on the PDSCH in sub-frame 601 and UE 106 may receive the
data in sub-frame 602. Four sub-frames after receiving the data on the PDSCH the UE may
transmit both user data and HARQ ACK/NACK on the PUSCH in sub-frame 604. In other
words, the data and control information may be multiplexed on the PUSCH.

[0088] Note that in some embodiments, the base station may limit the number of HARQ
processes to one in both uplink and downlink. Limiting the HARQ processes to one may allow
the peak current limited device to maintain the uplink timeline, which in this instance (e.g., for an
FDD system) may be one transmission every eight sub-frames. Note that for a TDD system, the
peak current limited device may maintain the uplink timeline for a single HARQ process by
transmitting once every ten sub-frames. One example would be to use type2 sub-frame
configuration 5 as defined by 3GPP TS 36.211. Further, in some embodiments, the base station
may offset downlink and uplink HARQ processes by four sub-frames such that PUSCH and
PUCCH may be aligned. Consequently, in the downlink, the PHICH and PDSCH may be aligned
as well.

[0089] Returning to Figure 6, after sending the user data and HARQ ACK/NACK in sub-frame
604, the UE may not transmit again for the next seven sub-frames (i.e., the next UE transmission
may occur at sub-frame 608). However, in the fourth sub-frame after transmission (sub-frame
606), the UE may receive data on the PDSCH and HARQ ACK/NACK on the PHICH sent from
the base station at sub-frame 605. Then, at the eighth sub-frame after the prior transmission (i.e.,
sub-frame 608), the UE may transmit user data and HARQ ACK/NACK on the PUSCH to the
base station and the base station may receive the user data and the HARQ ACK/NACK at sub-
frame 607. In certain embodiments, such a timeline may allow the UE to conserve transmission
power while maintaining the HARQ process timeline.

[0090] In some embodiments for a TDD system, after sending the user data and HARQ
ACK/NACK, the UE may not transmit again for the next nine sub-frames. However, in the fifth
sub-frame after transmission, the UE may receive data on the PDSCH and HARQ ACK/NACK
on the PHICH. Then, at the tenth sub-frame after the prior transmission, the UE may transmit
user data and HARQ ACK/NACK on the PUSCH.

Figures 7-8: Improved Downlink Budget Timeline
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[0091] Figure 7 illustrates an exemplary timeline for improving the downlink budget, according
to some embodiments. As shown in Figure 7, in order to improve the link budget, downlink
transmit time interval bundling (TTL-B) as described above may be used without compromising
the low duty cycle of a peak current limited device. Note that in some embodiments, the peak
current limited device may not support full duplex FDD and may still maintain the low duty
cycle.

[0092] As shown, the base station (i.e., eNB 102) may transmit data on the PDSCH in sub-
frame 601 and the UE (i.e., UE 106) may receive the data in sub-frame 602. As described above
with reference to Figure 6, in order to maintain the uplink timeline, the UE may transmit HARQ
ACK/NACK and user data on the PUSCH four sub-frames (i.e., sub-frame 604) after receiving
data on the PDSCH sent from the base station at sub-frame 603. Additionally, the UE may then
receive data in the next four sub-frames (sub-frames 606a - 606d) sent from the base station in
consecutive sub-frames 605a - 605d. As shown, in the three sub-frames after transmission (i.e.,
sub-frames 606a - 606¢), the UE may receive redundancy versions of the data according to TTI-B
on the PDSCH. Howeyver, in the fourth sub-frame after transmission (i.e., sub-frame 606d), the
UE may receive both a redundancy version of the data on the PDSCH and HARQ ACK/NACK
on the PHICH as shown in order to maintain the HARQ process timeline. Then, the UE may
transmit user data and HARQ ACK/NACK four sub-frames later (i.e., sub-frame 608) according
to the HARQ process timeline and the base station may receive the user data and the HARQ
ACK/NACK at sub-frame 607.

[0093] Figure 8 illustrates another exemplary timeline for improving the downlink budget,
according to some embodiments. As shown in Figure 8, multiple downlink HARQ processes
(i.e., Tx_i-2, Tx_i-1, Tx_i) may be used without compromising the low duty cycle of a peak
current limited device. Note that in some embodiments, the peak current limited device may not
support full duplex FDD and may still maintain the low duty cycle.

[0094] As shown, the base station (i.e., eNB 102) may transmit data on the PDSCH in sub-
frame 601 and the UE (i.e., UE 106) may receive the data in sub-frame 602. In order to maintain
the uplink timeline, the UE may transmit user data on the PUSCH as well as HARQ ACK/NACK
in the fourth sub-frame (sub-frame 604) after receiving data from the base station sent in sub-
frame 603. In order to support multiple downlink HARQ processes, the UE may receive data
(Tx_i-2, Tx-i-1, and Tx_i) from the base station (sent in sub-frames 605d - 605f) in the second,

third, and fourth sub-frames (i.e., sub-frames 606d - 606f) after transmission. Note that in some
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embodiments the UE may not be able to transmit data in the first sub-frame after receiving data
because of propagation delay. In other words, the UE may not be able to fully decode the
downlink (received) transmission within the duration of the sub-frame; hence, the UE may not be
ready to transmit in the next sub-frame. Thus, in some embodiments, in order to maintain the
uplink timeline, an uplink transmission may not be preceded by a downlink transmission (in the
immediately preceding sub-frame). However, it is contemplated that in some embodiments, the
uplink transmission may be preceded by a downlink transmission in the immediately preceding
sub-frame. Additionally, and similar to the embodiments described in Figures 6 and 7, the UE
may also receive HARQ ACK/NACK on the PHICH in the fourth sub-frame (sub-frame 606f).
The UE may then wait three sub-frames (eight sub-frames after last transmission) before
transmitting user data on the PUSCH in sub-frame 608 that may be received by the base station in
sub-frame 607.

[0095] In some embodiments, the UE may additionally send HARQ ACK/NACK for each
HARQ process on the payload of the PUSCH at sub-frame 608. Alternatively, or in addition to,
the UE may combine the HARQ ACK/NACK for each HARQ process into a single ACK/NACK
carried on the PUSCH and sent at sub-frame 608. In such embodiments, the UE may send an
ACK only when each HARQ process is successfully received and may otherwise send a NACK if
any of the HARQ processes is not successfully received. Thus, in such instances, the UE may
transmit a NACK if any one of the HARQ processes fails, and, in response, the base station may

retransmit all the HARQ processes.

Figures 9 - 11: Multiple Uplink HARO Processes

[0096] Figures 9, 10 and 11 illustrate exemplary timelines for multiple uplink HARQ
processes, according to some embodiments. As shown in Figure 9, in instances when the peak
current limited device may have enough power to transmit more than once per duty cycle (e.g.,
under improved channel conditions such that the power requirements for transmitting are
reduced), multiple downlink HARQ processes may be used (i.e., HARQ_1 and HARQ_2).
Alternatively, uplink distributed TTI bundling may be used as described below in reference to
Figures 14 and 15. Note that in some embodiments, the peak current limited device may not be
able to simultaneously transmit and receive. In other words, the peak current limited device may
still be constrained to half duplex. Further, in some embodiments, to keep the uplink timeline of

all UEs that may be in communication with the base station, an uplink transmission may not be
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preceded by a downlink transmission without a sub-frame in between because the UE may not be
able to fully decode a downlink transmission that is preceding an uplink transmission due to
propagation delay. Note that it is contemplated that in some embodiments, the uplink
transmission may be preceded by a downlink transmission in the immediately preceding sub-
frame without compromising the uplink timeline.

[0097] As shown in Figure 9, the base station (i.e., eNB 102) may transmit data on the PDSCH
in sub-frame 601 and the UE (i.e., UE 106) may receive the data in sub-frame 602. In order to
maintain the uplink timeline, the UE may transmit user data on the PUSCH as well as HARQ
ACK/NACK in the fourth sub-frame (sub-frame 604) after receiving data from the base station
sent at sub-frame 603. Note that this receive/transmit pair (sub-frame 602, 604, 606, and 608 on
the UE side and sub-frame 601, 603, 605, and 607 on the base station side) may be associated
with both a first uplink HARQ process and a first downlink HARQ process (i.e., HARQ_DL, 1
and HARQ_UL_1). In addition, the UE may have a second uplink HARQ process
(HARQ_UL_2) and may transmit user data associated with the second HARQ process via
another transmit/receive pair (sub-frame 614, 616, and 618 on the UE side and sub-frame 613,
615, and 617 on the base station side). Thus, the UE may transmit user data on the PUSCH as
well as HARQ ACK/NACK (associated with HARQ_DL_2) in the second sub-frame (i.e., sub-
frame 614) after receiving data from the base station associated with HARQ_DI._1 at sub-frame
602. In this manner, the UE may maintain the same duty cycle for each HARQ process. In other
words, the UE maintains the HARQ timeline of one transmission every eight sub-frames for each
HARQ process.

[0098] Note that in an embodiment supporting TDD, the UE may support two uplink HARQ
processes with a HARQ timeline of one transmission every five sub-frames in accordance with
the HARQ timeline for TDD.

[0099] In some embodiments, the number of downlink and uplink processes may be equivalent.
In other words, the HARQ processes may be symmetric in some embodiments. However, it is
envisioned, as further described below, that in some embodiments, the HARQ processes may be
asymmetric (e.g., the number of downlink HARQ processes is not equivalent to the number of
uplink HARQ processes). Thus, for example, as shown in Figure 9, there may be two downlink
HARQ processes and two uplink HARQ processes. In certain embodiments, the uplink HARQ
processes may be limited to two. In some embodiments, this may be due to battery and/or power

constraints.
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[00100] Figure 10 illustrates an exemplary HARQ timeline supporting multiple uplink HARQ
processes and downlink TTI bundling. As shown, the base station (i.e., eNB 102) may send a
first TTI bundle (Tx0 and Tx1) for a first downlink HARQ process (HARQ_DL._1) at sub-frames
901a and 901b and the UE (i.e., UE 106) may receive the first transmission of the TTT bundle
(Tx0) at sub-frame 902a on the PDSCH. Additionally, the UE may receive the second
transmission of the TTI bundle (Tx1) at sub-frame 902b on the PDSCH. As discussed above, a
TTI bundle may include multiple redundancy versions of the same data. Thus, in this instance,
Tx0 and Tx1 may be the same data encoded with differing versions of redundancy.

[00101] In addition, the PDSCH may include an ACK/NACK (A/N) from a previous
transmission from the UE. In certain embodiments the ACK/NACK may be sent on the PHICH
as described above. In some embodiments, the ACK/NACK may be an aggregated ACK/NACK
as described above.

[00102] At sub-frames 903a and 903b, the base station may send a second set of TTI bundled
transmissions and the UE may receive the transmissions on the PDSCH at sub-frames 904a and
904b. As with the first set of TTT bundled transmissions, the UE may receive ACK/NACK
included in the PDSCH from a previous transmission at sub-frame 904b.

[00103] The first HARQ process (HARQ_DI._1) may continue at sub-frame 906 (4 sub-frames
after receipt of the second transmission of the TTI bundle associated with HARQ_1) and the UE
may transmit user data (associated with HARQ_UL_1) and ACK/NACK (A/N) (associated with
HARQ_DL._1) on the PUSCH which may be received by the base station at sub-frame 907.
[00104] Similarly, the second HARQ process (HARQ_DI._2) may continue at sub-frame 908
and the UE may transmit user data (associated with HARQ_UL,_2) and A/N (associated with
HARQ_DL._2) on the PUSCH which may be received by the base station at sub-frame 909.
[00105] At sub-frames 911a and 911b, and similarly, at sub-frames 913a and 913b, the base
station may send TTI bundled transmissions and the UE may receive the transmissions on the
PDSCH at sub-frames 912a and 912b, and similarly, sub-frames 914a and 914b. Note that the
UE may receive an ACK/NACK associated with HARQ_UL_1 at sub-frame 912b and an
ACK/NACK associated with HARQ_UL_2 at sub-frame 914b. The ACK/ANCKs may be
included in the PDSCH. The communications may continue as shown. The UE may transmit
additional user data and ACK/NACK associated with HARQ_DIL._1 and HARQ_DL_2 at sub-
frames 916 and 918 which may be received by the base station at sub-frames 917 and 919,

respectively.
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[00106] Figure 11 illustrates an exemplary HARQ timeline supporting multiple uplink and
downlink HARQ processes. As noted above, the uplink and downlink HARQ processes may be
symmetric (i.e., equivalent in number) or asymmetric (i.e., not equivalent in number). In some
embodiments, the uplink and downlink HARQ processes may be asymmetric because the UE is
peak current and/or link budget limited. In other words, the UE may not have enough power to
perform transmissions for more than one or two UL HARQ processes.

[00107] As shown, a UE (UE 106) may support four downlink HARQ processes (HARQ_DI_1
- HARQ_DIL_4) and two uplink HARQ processes (HARQ_UL_1 and HARQ_UL_2). Thus, in
some embodiments, the UE may transmit or receive in each sub-frame. For example, the base
station (eNB 102) may transmit data on the PDSCH at sub-frames 1101, 1103, 1105, and 1107
and the UE may receive the data at sub-frames 1102, 1104, 1106, and 1108, respectively.

[00108] As illustrated, the UE may transmit ACK/NACK information on the PUCCH at sub-
frames 1121 (received at sub-frame 1122) and 1125 (received at sub-frame 1126). In some
embodiments, the UE may support format 1a for the PUCCH while in other embodiments the UE
may additionally support format 3 for the PUCCH. Note that format la includes on 1 bit for
ACK/NACK whereas format 3 may support up to 10 bits for ACK/NACK. Additionally, the UE
may transmit user data and ACK/NACK on the PUSCH at sub-frames 1123 (received at sub-
frame 1124) and 1125 (received at sub-frame 1126). In other words, the UE may alternate
transmitting on the PUSCH and PUCCH depending on whether or not the UE has data to send.
Thus, when the UE has data to send, the ACK/NACK may be included in the payload of the
PUSCH. Additionally, in some embodiments, the power required to transmit on the PUCCH
may be lower than the power required to transmit on the PUSCH. Therefore, the UE may
conserve power in some embodiments by transmitting on the PUSCH. Note that, in accordance
with the HARQ timeline, respective ACK/NACKSs for a HARQ process (uplink or downlink)
may be sent four sub-frames after receipt of data associated with the HARQ process.

[00109] The signaling may be repeated for a second set of sub-frames as shown. Thus, the base
station may transmit data at sub-frames 1111, 1113, 1115, and 1117 (respectively received at the
UE in sub-frames 1112, 1114, 1116, and 1118). Note that the base station may include the
ACK/NACKSs associated with HARQ UL_1 and HARQ_UL_2 on the PDSCH at sub-frames
1113 and 1117 in accordance with the HARQ timeline. Similarly, the UE may transmit
ACK/NACKSs on the PUCCH at sub-frames 1131 and 1135 (received by the base station at sub-
frames 1132 and 1136, respectively). Further, the UE may transmit user data and ACK/NACKs
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on the PUSCH at sub-frames 1133 (received by the base station at sub-frame 1134) and 1137

(received by the base station at sub-frame 1138).

Figures 12-13: Methods for HARQ Signaling

[00110] Figures 12 and 13 illustrate methods for HARQ signaling according to embodiments.
The methods may include the signaling operations between a base station, such as eNB 102, and
a user equipment, such as UE 106, shown in Figures 12 and 13. Note that the methods may also
include any subset of the features, elements and embodiments described above. Thus, in some
embodiments the UE may be a peak current limited device and in some embodiments, the UE
may have a transmit duty cycle of X sub-frames.

[00111] Turning to Figure 12, at 1210 the UE may receive first data from the base station. The
first data may be received on the PDSCH as described in the above Figures.

[00112] At 1220, the UE may send first user data and a first ACK/NACK Y sub-frames after
receiving the first data from the base station. In some embodiments, X may be two times Y.
Further, in some embodiments, Y may be four sub-frames and X may be eight sub-frames. In
such embodiments, the UE may be configured to transmit using frequency division duplexing
(FDD). Additionally, in some embodiments, Y may be five sub-frames and X may be ten sub-
frames and the UE may be configured to transmit using time division duplexing (TDD).

[00113] In some embodiments, X may be the sum of Y and Z, where Y is a number of sub-
frames between the UE receiving and transmitting and Z is a number of sub-frames between the
UE transmitting and receiving. In such embodiments, Y and 7 may not be equal.

[00114] At 1230, the UE may receive second data from the base station on the PDSCH and, at
1240, the UE may send second user data and a second ACK/NACK Y sub-frames after receiving
the second data from the base station and X sub-frames after transmitting the first data at 1220.
[00115] In certain embodiments, the first and second user data may be transmitted on the
PUSCH and the first and second ACK/NACKs may be transmitted on the PUSCH. In such
embodiments, the PUSCH and the PUCCH may be aligned.

[00116] In some embodiments, the first data may include first information and the second data
may include second information and a third ACK/NACK that may correspond to the first user
data. In such embodiments the second information may be received on the PDSCH and the third
ACK/NACK may be received on the PHICH and the PDSCH and PHICH may be aligned.
Additionally, the PUSCH and PHICH may be offset by X sub-frames.
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[00117] In some embodiments, the UE may be configured to receive up to Y-1 redundancy
versions of the first data in consecutive sub-frames prior to receiving the first data and Y-1
redundancy versions of the second data in consecutive sub-frames prior to receiving the second
data. Tor example, if X is eight sub-frames and Y is four sub-frames, then the UE may be
configured to receive up to three redundancy versions of the first/second data in three consecutive
sub-frames prior to receiving the first/second data. Note that the first/second data may itself be a
different redundancy version that the prior redundancy versions. Thus, the UE may receive up to
Y redundancy versions of first/second data in some embodiments.

[00118] In one embodiment, the UE may be configured to receive up to Y-1 additional data in
consecutive sub-frames prior to receiving the first data and Y-1 additional data in consecutive
sub-frames prior to receiving the second data. In other words, the UE may support more than 1
downlink HARQ process in certain embodiments. For example, if X is eight sub-frames and Y is
four sub-frames, then the UE may be configured to receive up to three additional data (each data
being associated with a different downlink HARQ process) in 3 consecutive sub-frames prior to
receiving the first/second data. Note that the first/second data may be associated with a downlink
HARQ process. Thus, the UE may support up to Y downlink HARQ processes in some
embodiments.

[00119] In embodiments in which multiple downlink HARQ processes may be supported, the
first/second data may include the first/second ACK/NACK as well as respective ACK/NACKs
for each additional downlink HARQ process. Thus, in some embodiments, the ACK/NACK for
the HARQ processes may be included in the payload of the PUSCH.

[00120] Alternatively, in embodiments in which multiple downlink HARQ processes may be
supported, the first/second ACK/NACK may serve as an ACK/NACK for all the downlink
HARQ processes. In other words, the ACK/NACK for all the downlink HARQ processes may be
aggregated into a single ACK/NACK sent on the PUCCH. In some embodiments, the
ACK/NACKs for all the downlink HARQ processes may be NAND together such that if any of
the downlink HARQ processes result in a NACK, then the UE may send a NACK and the base
station may retransmit all HARQ processes. Alternatively, if all HARQ processes were received
successfully, the UE may send a single ACK.

[00121] In certain embodiments, the transmit duty cycle of the UE may correspond to a single
uplink HARQ process. In such embodiments, the UE may be configured to support multiple

uplink HARQ processes. Thus, in some embodiments, the first and second user data may

24



10

15

20

25

30

35

WO 2016/064573 PCT/US2015/054325

correspond to a first uplink HARQ process and the UE may be further configured to transmit
third user data and a third ACK/NACK in a third sub-frame subsequent to receiving third data
from the base station X sub-frames prior. The third ACK/NACK may correspond to the third
data and the third sub-frame may be two sub-frames after the first sub-frame. Further, the UE
may be configured to transmit fourth user data and a fourth ACK/NACK in a fourth sub-frame
subsequent to receiving fourth data from the base station X sub-frames prior, The fourth
ACK/NACK may correspond to the fourth data and the fourth sub-frame may be X sub-frames
after the third sub-frame.

[00122] Now, turning to Figure 13, at 1310 a UE (i.e., UE 106) may communicate to a base
station (i.e., eNB 102) a number of uplink (UL) HARQ processes supported by the UE. In some
embodiments, the UE may send a message that includes the number of UL HARQ processes
supported to the base station. The message may be sent via a medium access control (MAC)
layer control element (CE).

[00123] In some embodiments, the UE may determine the number of UL HARQ processes
supported using at least one metric and send the number of UL HARQ processes supported to the
base station. Thus, in some embodiments, the UE may determine available power headroom and
compare the available power headroom to a first threshold. If the available power headroom is
less than the first threshold, the UE may only support one UL HARQ process. However, if the
available power headroom is greater than a second threshold, the UE may support two UL HARQ
processes.

[00124] Note that in certain embodiments, the UE may report to the base station its power
headroom and the base station may determine the number of UL HARQ processes supported by
the UE based on the power headroom. In other words, the base station may implicitly determine
the number of UL HARQ processes support without any explicit signaling from the UE.

[00125] In another embodiment, the at least one metric may include one or more of UL block
error ratio (BLER) and UL signal to interference plus noise ratio (SINR). Further, the UE may
compare one or more of the at least one metric to a threshold to determine the number of UL
HARQ processes supported.

[00126] In some embodiments, the number of UL HARQ processes may be equal to the number
of DL. HARQ processes. In other words, the UL and DL, HARQ processes may be symmetric. In
some embodiments, the base station may not support ACK/NACK bundling as described above,

thus the number of DL processes may be linked to the number of UL processes, i.e., the base
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station may constrain the UL and DL. HARQ processes to be symmetric in number. Note that in
such embodiments, the channel conditions may be such that the UE’s power may not be limited.
[00127] In other embodiments, the number of UL HARQ processes may not be equal to the
number of DL. HARQ processes. In other words, the UL and DL. HARQ processes may be
asymmetric. In such embodiments, the UE may be power constrained (e.g., peak current limited)
and/or link budget limited. Therefore, as further discussed below, the UE may transmit
ACK/NACKSs on both the PUSCH and the PUCCH in order to conserve power. Alternatively, or
in addition, in some embodiments the UL and DL HARQ processes may be asymmetric in
number and the UE may utilize any of ACK/NACK bundling, PUCCH format 3, or multiple
ACK/NACKSs in the PUSCH as described above.

[00128] At 1320, the UE may receive first information from the base station. The first
information may be received in at least a first sub-frame. Additionally, the first information may
correspond to at least a first downlink (DL) HARQ process and a number of DI. HARQ processes
may depend upon the number of UL HARQ processes. Further, in some embodiments, the
number of DI. HARQ processes may also depend upon the DL channel conditions. Thus, if
channel conditions are below a first threshold, the first information may include a plurality of
redundancy versions of first data and the UE may receive the plurality of redundancy version in
consecutive sub-frames. In such embodiments, the first data may be associated with the first DL
HARQ process. Further, in some embodiments, the UE may have a transmit duty cycle of X sub-
frames and may support only one DL. HARQ process and one UL HARQ process. Thus, the base
station may send a T'TT bundle for the DI. HARQ process and the UE, X sub-frames later, may
send user data and an ACK/NACK on the PUSCH as described above.

[00129] In addition, if channel conditions are above the first threshold, the first information may
include a plurality of DL. HARQ processes and the UE may receive the plurality of DI. HARQ
processes in consecutive sub-frames.

[00130] At 1330, the UE may send second information to the base station X sub-frames after the
first sub-frame. The second information may include a first ACK/NACK associated with the first
DL HARQ process. Additionally, in some embodiments, the UE may support format la and
format 3 for sending ACK/NACKSs on the PUCCH.

[00131] In embodiments including multiple DL. HARQ processes, the UE may send an
ACK/NACK corresponding to each DI. HARQ process and each corresponding ACK/NACK

may be sent X sub-frames after a sub-frame in which each DL HARQ process was received.
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Thus, in some embodiments, the UE may include a first ACK/NACK for at least one of the
plurality of DI. HARQ processes on a payload of second data associated with a first UL HARQ
process. 'The second data and the first ACK/NACK may be sent on a physical uplink shared
channel (PUSCH). In addition, the UE may send a second ACK/NACK for at least one other of
the plurality of DL. HARQ processes on a physical uplink control channel (PUCCH) using format
la or format 3. Note that in some embodiments, a power to transmit on the PUCCH may be

lower than a power to transmit on the PUSCH.

Figure 14: HARQ Timeline for VoLTE

[00132] Figure 14 illustrates an exemplary timeline for TTI bundling and connected
discontinuous reception cycle (C-DRX), according to some embodiments. In VoLTE (Voice
over LTE), a C-DRX cycle of 40 milliseconds is used to make sure that the packet delay budget is
obtained. Durther, a device that is link budget limited may need to use TTI bundling as described
above in reference to Figure 5A to achieve successful decoding at the base station. However, a
peak current limited device may not be able to perform standard TTI bundling since it may not be
able to transmit in more than two consecutive sub-frames as required by standard TTI bundling,
thus improvements in the field are needed.

[00133] Turning to Figure 14, an exemplary timeline for a C-DRX cycle of 40 milliseconds with
distributed TTI bundling is illustrated. As shown, the UE (i.e., UE 106) may receive an uplink
grant on PDCCH at sub-frame 0. At sub-frame 4, the UE may send the first of two consecutive
transmissions of user data. The transmissions may be sent using different redundancy versions as
assigned by the base station (i.e., base station 102). Four sub-frames after the second
transmission (i.e., sub-frame 9) the UE may receive a NACK on the PHICH. Note that in
between the transmission at sub-frame 5 and the receive at sub-frame 9, the UE may be inactive.
Then, at sub-frame 13, the UE may again send two consecutive transmissions. Thus, the UE may
transmit 2 times in 9 sub-frames. The UE may then receive another NACK at sub-frame 18 and
continue the procedure until the end of the C-DRX cycle at sub-frame 40. Thus, the UE may
have transmitted the user data 8§ times with various redundancy versions.

[00134] In some embodiments, four sub-frames after the first transmission (i.e., sub-frame 8) the
UE may receive a NACK on the PHICH. Then, at sub-frame 12 (i.e., four sub-frames after
receiving the NACK on the PHICH), the UE may again send two consecutive transmissions.

Thus, the UE may transmit 2 times in 8 sub-frames.
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[00135] In some embodiments, the UE may not monitor the PHICH in between transmissions
and may only monitor the PHICH at sub-frame 36 in order to further conserve power. In another
embodiment the UE may determine whether a signal-to-interference-plus noise ratio (SINR) for a
channel between the base station and the UE is greater than or equal to a threshold. In such
embodiments, if the UE determines that the SINR is below the threshold, the UE may not
transmit in consecutive sub-frames and may instead transmit in only 1 sub-frame out of 8.
However, if the SINR is greater than or equal to the threshold, the UE may continue to transmit in

consecutive sub-frames and transmit in 2 sub-frames out of 9 as described above.

Figures 15-16: TTI-Bundling
[00136] Figures 15 and 16 illustrate a method for distributed TTI bundling, according to some

embodiments. The method may include the signaling operations between a base station, such as
eNB 102, and a user equipment, such as UE 106, shown in Figure 15. Note that the method may
also include any subset of the features, elements and embodiments described above.

[00137] As shown, at 620 the UE may determine that it has data (e.g., first information)
available in its buffer and a regular BSR (buffer status report) may be triggered. Thus if the UE
has data to transmit to the base station, the BSR is triggered. Here it is presumed that the UE is
peak current limited and hence is not able to transmit continuously in the UL. For example, the
UE may be only able to perform UL transmissions with a low duty cycle. One example of a low
duty cycle is 30% or less. In some embodiments, the UE is capable of transmission during only
one out of ten sub-frames, i.e., it can transmit during one sub-frame and remains silent for the
next 9 sub-frames, resulting in a duty cycle of 10%. In other embodiments, the UE may be
capable of transmission during only one out of 8 sub-frames or one out of 4 sub-frames.
Additionally, in certain embodiments, the UE may be capable of transmitting in two or three sub-
frames out of a group of sub-frames. For example, the UE may utilize TTI-bundling as described
herein and transmit in contiguous sub-frames for a single HARQ process. As another example,
the UE may transmit in multiple sub-frames in support of multiple uplink HARQ processes as
described herein.

[00138] At 625, if the UE does not have UL resources it will send an SR (scheduling request) to
the base station). The SR may request to begin a UL transmission at a prescribed time, such as
TTI (0). Prior to sending the SR to the base station, e.g., upon joining with the base station, the

UE may signal the base station that it is peak current limited, and hence may have a low
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transmission duty cycle. The base station will then ensure that the SR and SRS transmitted by the
UE are aligned. In other words, upon learning that the UE is peak current limited, the base
station may ensure that the UE operates such that the periodicity of the SR and SRS are aligned.
Alternatively, the UE may explicitly signal the base station that it desires to send one or more
sounding reference symbols (SRS) in the same sub-frame as the scheduling request (SR) sent in
625. Sounding reference symbols are transmitted by the UE to the base station in the UL to
provide the base station an indication of UL channel quality, and also to convey timing
information. Thus, at 625, the UE may transmit the SR and the SRS simultaneously in the same
sub-frame. In some embodiments, the duty cycle (periodicity) of SR and SRS is preferably
smaller or equal to the duty cycle of the UL transmission as dictated by the peak current
limitation.

[00139] In response to receiving the SR at 625, the base station may configure the bundle size of
the distributed transmit time interval based at least in part on the SRS information, as described
below in Figure 16. In other words, the bundle size information may be dynamically determined
by the base station based on current conditions such as the quality of the UL channel between the
UE and the base station and/or the power characteristics of the UE. Note that the power
characteristics of the UE may be conveyed by the UE to the base station in an RRC message. A
length of the distributed transmit time interval (T'TI) bundling may effectively correspond to the
maximum number of HARQ retransmissions, as reflected in the maxHARQ-Tx parameter.
[00140] The bundle size specifies the number of retransmissions of the redundancy versions.
Thus, for example, if the base station determines that each redundancy version (RV) should be
sent once based on the SRS information, then the bundle size would be four. In another example,
if the base station determines that only three redundancy versions are desired to receive the
transmission, then the bundle size would be three. As yet another example, if the base station
determines that eight redundancy versions are desired, then the four redundancy versions may be
each sent twice for a total of eight.

[00141] Additionally, in response to receiving the SR at 625, the base station may send an UL
grant at 635. The UL grant may be a dynamic and/or persistent UL grant. In some embodiments,
the UL grant may be a semi-persistent UL grant such as a SPS (semi-persistent scheduling) UL
grant. In other words, the uplink grant received from the base station may include information
specifying periodic uplink grants. Thus, in some embodiments, the periodicity of the UL grants

may be based on the duty cycle of the UE transmissions and the bundle size.
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[00142] In response to receiving the UL grant 635, the UE may send data (e.g., first information)
via an UL transmission using RV 0 at time zero corresponding to TTI (0) (e.g., at sub-frame 602).
In other words, the UE may send the data using a first redundancy version. Then, the UE may
wait a period of X milliseconds (X ms) before sending another UL transmission using RV 2 at
645 (e.g., at sub-frame 614 or 606 depending on channel conditions), i.e., the UE may send the
data using a different redundancy version. The UE may then proceed to periodically send the
remaining transmissions of the bundle every X ms. Thus, at 650, UL transmission of RV 1 may
be sent X ms after UL transmission using RV 2. Similarly, at 655, UL transmission of RV 3 may
be sent X ms after UL transmission using RV 1.

[00143] In some embodiments, the UE may send first and second redundancy versions in
consecutive sub-frames and then wait a period of X milliseconds before sending third and fourth
redundancy versions. Por example, the UE may send RV 0 and RV 2 at sub-frames 0 and 1,
respectively and then wait X milliseconds before sending before sending RV 3 and RV 1 in sub-
frames X+2 and X+3, respectively.

[00144] At 660, the base station may send an acknowledge (ACK) or negative acknowledge
(NACK) message. Thus the base station may send only a single ACK/NACK message after all of
the RV transmissions of the bundle (the distributed bundle) have been sent by the UE (and
received by the base station). This may result in increased transmission efficiency for UEs that
are peak current limited. In some embodiments, the UE may not perform retransmission of the
UL transmission in response to receiving a NACK. In other words, if none of the RV
transmissions of the distributed bundle were received properly by the base station, and the base
station sends a negative acknowledge, the UE may not retransmit the first information.

[00145] Additionally, if the UL grant at 635 was a persistent or semi-persistent UL grant, such
as a SPS UL grant, the UE may begin transmission of new data (e.g., second information) via a
new distributed TTI bundled UL transmission X ms after the last UL transmission using RV 3
has been sent at 655. Alternatively, if the UL grant at 635 was dynamic, but not a persistent or
semi-persistent UL grant, the base station may send a new UL grant at least X — 4 ms after the
last retransmission, i.e., within X - 4 ms of the UL transmission of RV 3 at 655. Upon receiving
the new UL grant, the UE may begin transmission of the new data via the new distributed TTI
bundled UL transmission at least X ms after the last UL transmission of RV 3 has been sent at

655.
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[00146] As described above with respect to Figure 15, in some embodiments the method may
use a form of “distributed” TTI bundling (TTI-B). The actual form of one example of distributed
TTI bundling is shown in Figure 16. For UEs that are peak current and/or power limited and
which cannot transmit on consecutive sub-frames, and which hence cannot take advantage of
traditional prior art TTI bundling as shown above in Figure 5A, the distributed TTI bundling
method described herein (e.g., described in Figure 15 and illustrated in Figure 16) allows such
UEs to achieve similar benefits to traditional T'TI bundling.

[00147] In particular, in the embodiment described above in Figure 15, the UE may send
multiple non-consecutive (and hence distributed) UL redundancy version (RV) transmissions of
data (e.g., first information) and does not receive an ACK/NACK feedback from the base station
to retransmit until all of the non-consecutive RVs have been sent. In other words, instead of
sending multiple UL transmissions of (typically different) redundancy versions in consecutive
sub-frames (normal TTI bundling as shown if Figure 5A), the UE may send multiple UL
transmissions of (typically different) redundancy versions over multiple non-consecutive sub-
frames. As shown in Figure 16, a single ACK/NACK is generated by the base station only after
all of the redundancy versions have been transmitted. This enables avoidance of violation of the
HARQ timeline in the UL.

[00148] Thus, in some embodiments, the distributed TTI-B may be defined as follows:

[00149] The UE may send the data (e.g., HARQ Process# () via UL transmissions with different
redundancy versions (RVs) every X ms, where X is the periodicity of the retransmission. Thus, as
shown in Figure 16, HARQ Process# 0 encoded using redundancy version (RV) 0 may be
transmitted by the UE at TTH (e.g., time) 0. The UE may then wait X sub-frames (e.g., TTI
periods), where each sub-frame corresponds to a unit of time such as one millisecond, before
sending HARQ Process#0 encoded using RV 2, thus sending the second transmission of the TTI-
B in a non-consecutive sub-frame. TPurther, the UE may wait another X sub-frames prior to
sending HARQ Process# 0 encoded using RV 3. Similarly, the UE may wait another X sub-
frames prior to sending HARQ Process# 0 encoded using RV 1. Thus, the TTI-B may be
distributed over 3X sub-frames as shown. Additionally, after sending the HARQ Process# 0
encoded using RV 3, the UE may receive an ACK/NACK from the base station. As shown, in
some embodiments the UE may not retransmit HARQ Process# 0 after receiving a NACK.

Furthermore, if the UE received a dynamic or persistent UL grant as described above, the UE
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may transmit data, e.g., HARQ Process #1 X sub-frames after transmitting the final RV version
of HARQ Process# 0.

[00150] In some embodiments X may be the round trip time (RTT) of the HARQ. In current
LTE specifications, the HARQ RTT is 8 ms and each TTI is 1 ms. Thus, the RV versions may be
sent every 8 ms (i.e., every 8 TTIs or sub-frames). In some embodiments, the X ms used
corresponds to the duty cycle imposed by the peak current limitation. For example, in some
embodiments X =10ms, and the RV versions of the distributed TTI-B may be sent every 10 ms
(i.e., every 10 TTIs or sub-frames). It is noted that other values of X are also contemplated. In
one example implementation, the periodicity X may range between 4-12 ms, among other
possible values. Additionally, the periodicity X may correspond to a peak current limitation of
the UE. If X is larger than 8ms, then the RTT could be changed and becomes equal to X. For
example, if X = 10 ms, then RTT may also be 10, and the number of HARQ processes is 10.
[00151] In another embodiment, the bundle size may correspond to the parameter maxHARQ-
Tx as defined by an RRC (radio resource control) message provided by the UE to the base
station. The maxHARQ-Tx parameter may be determined at least in part based on the current
uplink channel quality, as indicated by an SRS received by the base station, as well as the current
power limitations of the UE. Thus, the base station may dynamically adjust the bundle size based
on the channel condition between the base station and the UE and the current power state of the
UE. This dynamic bundle size operation is described in greater detail with respect to Figure 8.
Alternatively, the bundle size may be fixed and may be further prescribed by the RAT. For
example, in current LTE specifications, the bundle size is fixed at 4.

[00152] The base station may send an ACK/NACK feedback only after the last UL HARQ
transmission. However, since the maxHARQ-Tx is reached with the last transmission, a NACK
that is received may be ignored by the UE since, similar to normal HARQ, the HARQ buffer is
flushed. Thus, the UE may proceed to send a second distributed TTI-B (e.g., starting with
HARQProcess# 1 transmitted at TTI# 4X-1) as shown in Figure 16.

[00153] Embodiments of the present disclosure may be realized in any of various forms. For
example some embodiments may be realized as a computer-implemented method, a computer-
readable memory medium, or a computer system. Other embodiments may be realized using one
or more custom-designed hardware devices such as ASICs. Still other embodiments may be

realized using one or more programmable hardware elements such as FPGAs.
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[00154] In some embodiments, a non-transitory computer-readable memory medium may be
configured so that it stores program instructions and/or data, where the program instructions, if
executed by a computer system, cause the computer system to perform a method, e.g., any of a
method embodiments described herein, or, any combination of the method embodiments
described herein, or, any subset of any of the method embodiments described herein, or, any
combination of such subsets.

[00155] In some embodiments, a device (e.g., a UE 106) may be configured to include a
processor (or a set of processors) and a memory medium, where the memory medium stores
program instructions, where the processor is configured to read and execute the program
instructions from the memory medium, where the program instructions are executable to
implement a method, e.g., any of the various method embodiments described herein (or, any
combination of the method embodiments described herein, or, any subset of any of the method
embodiments described herein, or, any combination of such subsets). The device may be realized
in any of various forms.

[00156] Although the embodiments above have been described in considerable detail, numerous
variations and modifications will become apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that the following claims be interpreted to embrace

all such variations and modifications.

Further Embodiments

[00157] In some embodiments, a user equipment device (UE), may include at least one antenna,
at least one radio, and one or more processors coupled to the at least one radio. The at least one
radio may be configured to perform cellular communication using at least one radio access
technology (RAT). Additionally, the one or more processors and the at least one radio may be
configured to perform voice and/or data communications.

[00158] The UE may be configured to communicate to a base station, a number of uplink (UL)
hybrid automatic repeat request (HARQ) processes supported by the UE, receive first information
from the base station in at least a first sub-frame, and send second information to the base station
X sub-frames after the first sub-frame. The first information may correspond to at least a first
downlink (DL) HARQ process and a number of DI, HARQ processes may depend upon the
number of UL HARQ processes. In addition, the second information may comprise a first

ACK/NACK associated with the first DL. HARQ process.
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[00159] In some embodiments, the UE, to communicate the number of UL HARQ processes
supported by the UE, may be further configured to send a first message to the base station and the
first message may comprise the number of UL HARQ processes supported by the UE. In some
embodiments, the UE, to send the first message, may be further configured to send the first
message via a medium access control (MAC) layer control element (CE).

[00160] In some embodiments, the UE, to communicate the number of UL HARQ processes
supported by the UE, may be further configured to determine, based on at least one metric, the
number of UL HARQ processes supported and send the number of UL HARQ processes
supported to the base station. In some embodiments, the at least one metric may comprise power
headroom and to determine the number of UL HARQ processes, the UE may compare
determined power headroom to a first threshold. In some embodiments, if the determined power
headroom is less than the first threshold, the UE may support one UL HARQ process and if the
determined power headroom is greater than a second threshold, the UE may support two UL
HARQ processes. In some embodiments, the at least one metric may comprise one or more of
UL block error ratio (BLER) and UL signal to interference plus noise ratio (SINR).

[00161] In some embodiments, the number of UL HARQ processes may be equal to the number
of DL HARQ processes. In some embodiments, the number of UL HARQ processes may not be
equal to the number of DI. HARQ processes. In some embodiments, the number of DL HARQ
processes may be further dependent upon DL channel conditions and, in some embodiments, if
the DL channel conditions are below a first threshold, the first information may comprise a
plurality of redundancy versions of first data. In such embodiments, to receive the first
information, the UE may be further configured to receive the plurality of redundancy version in
consecutive sub-frames, and the first data may be associated with the first DL. HARQ process. In
addition, the UE may have a transmit duty cycle of X sub-frames and may support only the first
DL HARQ process and a UL HARQ process.

[00162] In some embodiments, if the DL channel conditions are above a first threshold, the first
information may comprise a plurality of DL HARQ processes. In such embodiments, the UE, to
receive the first information, may be further configured to receive the plurality of DL HARQ
processes in consecutive sub-frames. In addition, the UE may be further configured to send an
ACK/NACK corresponding to each DI. HARQ process and each corresponding ACK/NACK
may be sent X sub-frames after a sub-frame in which each DLL HARQ process was received. In

such embodiments, the UE, to send an ACK/NACK corresponding to each DL. HARQ process,
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may be further configured to include a first ACK/NACK for at least one of the plurality of DL
HARQ processes on a payload of second data associated with a first UL HARQ process and send
a second ACK/NACK for at least one other of the plurality of DI. HARQ processes on a physical
uplink control channel (PUCCH). The second data and the first ACK/NACK may be sent on a
physical uplink shared channel (PUSCH). In addition, a power to transmit on the PUCCH may
be lower than a power to transmit on the PUSCH.

[00163] In some embodiments, the UE, to send the second information, may be further
configured to send the second information on a physical uplink control channel (PUCCH) using
format 3.

[00164] In some embodiments, a method may include a UE performing communicating, to a
base station, a number of uplink (UL) hybrid automatic repeat request (HARQ) processes
supported by the UE, receiving first information from the base station in at least a first sub-frame,
and sending second information to the base station X sub-frames after the first sub-frame. The
first information may correspond to at least a first downlink (DL) HARQ process and a number
of DL HARQ processes depends upon the number of UL HARQ processes. The second
information may comprise a first ACK/NACK associated with the first DI, HARQ process.
[00165] In some embodiments, communicating the number of UL HARQ processes supported
by the UE may comprise the UE performing sending a first message to the base station and the
first message may comprise the number of UL HARQ processes supported by the UE.
Additionally, sending the first message may comprise the UE performing sending the first
message via a medium access control (MAC) layer control element (CE).

[00166] In some embodiments, communicating the number of UL HARQ processes supported
by the UE may comprise the UE performing determining, based on at least one metric, the
number of UL HARQ processes supported and sending the number of UL HARQ processes
supported to the base station. In some embodiments, the at least one metric may comprise power
headroom, wherein determining the number of UL HARQ processes may comprise the UE
performing comparing determined power headroom to a first threshold. Additionally, if the
determined power headroom is less than the first threshold, the UE may support one UL HARQ
process and if the determined power headroom is greater than a second threshold, the UE may
support two UL HARQ processes. In some embodiments, the at least one metric may comprise
one or more of UL block error ratio (BLER) and UL signal to interference plus noise ratio

(SINR).
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[00167] In some embodiments, the number of UL HARQ processes may be equal to the number
of DL HARQ processes. In some embodiments, the number of UL HARQ processes may be not
equal to the number of DI. HARQ processes. In some embodiments, the number of DL HARQ
processes may be further dependent upon DL channel conditions. In some embodiments, if the
DL channel conditions are below a first threshold, the first information may comprise a plurality
of redundancy versions of first data and receiving the first information may comprise the UE
performing receiving the plurality of redundancy version in consecutive sub-frames.
Additionally, the first data may be associated with the first DI. HARQ process. In some
embodiments, the UE may have a transmit duty cycle of X sub-frames, and wherein the UE
supports only the first DL HARQ process and a UL HARQ process. In some embodiments, if the
DL channel conditions are above a first threshold, the first information may comprise a plurality
of DL. HARQ processes and receiving the first information may comprise the UE performing
receiving the plurality of DL. HARQ processes in consecutive sub-frames. In such embodiments,
the method further may comprise the UE performing  sending an ACK/NACK corresponding
to each DL. HARQ process and each corresponding ACK/NACK may be sent X sub-frames after
a sub-frame in which each DL. HARQ process was received. In such embodiments, sending an
ACK/NACK corresponding to each DL HARQ process may comprise the UE performing
including a first ACK/NACK for at least one of the plurality of DL HARQ processes on a
payload of second data associated with a first UL HARQ process and sending a second
ACK/NACK for at least one other of the plurality of DI. HARQ processes on a physical uplink
control channel (PUCCH). The second data and the first ACK/NACK may be sent on a physical
uplink shared channel (PUSCH) and a power to transmit on the PUCCH may be lower than a
power to transmit on the PUSCH.

[00168] In some embodiments, sending the second information may comprise the UE
performing sending the second information on a physical uplink control channel (PUCCH) using
format 3.

[00169] In some embodiments, a base station may be configured to perform wireless
communication with a wireless device and may comprise a radio and a processing element
operatively coupled to the radio.

[00170] In some embodiments, the base station may be configured to receive, from a wireless
device, a number of uplink (UL) hybrid automatic repeat request (HARQ) processes supported by

the wireless device, send first information to the wireless device in at least a first sub-frame, and
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receive second information to the base station X sub-frames after the first sub-frame. The first
information may correspond to at least a first downlink (DL) HARQ process and wherein the
second information may comprise a first ACK/NACK associated with the first DI. HARQ
process. A number of DL. HARQ processes may depend upon the number of UL HARQ
processes.

[00171] In some embodiments, the base station, to receive the number of UL HARQ processes
supported by the wireless device, may be further configured to receive a first message from the
wireless device and the first message may comprise the number of UL HARQ processes
supported by the wireless device. In some embodiments, to receive the first message, the base
station may be further configured to receive the first message via a medium access control
(MAC) layer control element (CE).

[00172] In some embodiments, the base station, to receive the number of UL HARQ processes
supported by the wireless device, may be further configured to receive at least one metric from
the wireless device and determine, based on the at least one metric, the number of UL HARQ
processes supported by the wireless device. The at least one metric may comprise power
headroom and to determine the number of UL HARQ processes, the base station may be
configured to compare determined power headroom to a first threshold. Additionally, in some
embodiments, if the determined power headroom is less than the first threshold, the wireless
device may support one UL HARQ process and if the determined power headroom is greater than
a second threshold, the wireless device may support two UL HARQ processes. In some
embodiments, the at least one metric may comprise one or more of UL block error ratio (BLER)
and UL signal to interference plus noise ratio (SINR).

[00173] In some embodiments, the number of UL HARQ processes may be equal to the number
of DL HARQ processes. In some embodiments, the number of UL HARQ processes may be not
equal to the number of DI. HARQ processes. In some embodiments, the number of DL HARQ
processes may be further dependent upon DL channel conditions. Additionally, if the DL channel
conditions are below a first threshold, the first information may comprise a plurality of
redundancy versions of first data. Further, to send the first information, the base station may be
further configured to send the plurality of redundancy version in consecutive sub-frames and the
first data may be associated with the first DL. HARQ process. In some embodiments, the wireless
device may have a transmit duty cycle of X sub-frames and the wireless device supports only the

first DL HARQ process and a UL HARQ process.
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[00174] In some embodiments, if the DL channel conditions are above a first threshold, the first
information may comprise a plurality of DL. HARQ processes and to send the first information,
the base station may be further configured to send the plurality of DL. HARQ processes in
consecutive sub-frames. In such embodiments, the base station may be further configured to
receive an ACK/NACK corresponding to each DL. HARQ process, wherein each corresponding
ACK/NACK may be received X sub-frames after a sub-frame in which each DL HARQ process
was sent. Durther, to receive an ACK/NACK corresponding to each DL HARQ process, the base
station may be further configured to receive, on a physical uplink shared channel (PUSCH), a
first ACK/NACK for at least one of the plurality of DI. HARQ processes on a payload of second
data associated with a first UL HARQ process and receive a second ACK/NACK for at least one
other of the plurality of DL. HARQ processes on a physical uplink control channel (PUCCH).
[00175] In some embodiments, to receive the second information, the base station may be
further configured to receive the second information on a physical uplink control channel
(PUCCH) using format 3.

[00176] In some embodiments, a method may comprise a base station performing receiving,
from a wireless device, a number of uplink (UL) hybrid automatic repeat request (HARQ)
processes supported by the wireless device, sending first information from the base station in at
least a first sub-frame, and receiving second information to the base station X sub-frames after
the first sub-frame. The first information may correspond to at least a first downlink (DL) HARQ
process, a number of DI. HARQ processes may depend upon the number of UL HARQ
processes, and the second information may comprise a first ACK/NACK associated with the first
DL HARQ process.

[00177] In some embodiments, a user equipment device (UE), may include at least one antenna,
at least one radio, and one or more processors coupled to the at least one radio. The at least one
radio may be configured to perform cellular communication using at least one radio access
technology (RAT). Additionally, the one or more processors and the at least one radio may be
configured to perform voice and/or data communications.

[00178] In some embodiments, the UE may have a transmit duty cycle of X sub-frames and may
be configured to transmit first user data and a first acknowledge / negative acknowledge
(ACK/NACK) in a first sub-frame subsequent to receiving first data from a base station Y sub-
frames prior and transmit second user data and a second ACK/NACK in a second sub-frame

subsequent to receiving second data from the base station Y sub-frames prior. The first
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ACK/NACK may correspond to the first data from the base station and X may be greater than Y.
The second ACK/NACK may correspond to the second data from the base station and the second
sub-frame may be X sub-frames after the first sub-frame.

[00179] In some embodiments, X may be two times Y. In some embodiments, Y may be 4 sub-
frames and the UE may be further configured to transmit and receive using frequency division
duplexing.

[00180] In some embodiments, X may be the sum of Y and 7, Y may be a number of sub-frames
between receive and transmit and Z may be a number of sub-frames between transmit and
receive. In such embodiments, X may be 10 sub-frames and the UE may be further configured to
transmit and receive using time division duplexing. In some embodiments, Y and Z may be not
equal.

[00181] In some embodiments, the first and second user data may be transmitted on a physical
uplink shared channel (PUSCH), the first and second ACK/NACKs may be transmitted on a
physical uplink control channel (PUCCH), and the PUSCH and PUCCH may be aligned.

[00182] In some embodiments, the first data may comprise first information and the second data
comprise second information and a third ACK/NACK. The third ACK/NACK may correspond
to the first user data. In addition, the first and second user data may be transmitted on a physical
uplink shared channel (PUSCH), the first and second ACK/NACKs may be transmitted on a
physical uplink control channel (PUCCH), the PUSCH and PUCCH may be aligned, second
information may be received on a physical downlink shared channel (PDSCH), the third
ACK/NACK may be received on a physical hybrid automatic repeat request (HARQ) indicator
channel (PHICH), the PDSCH and PHICH may be aligned, and PUCCH and the PHICH may be
offset by X sub-frames.

[00183] In some embodiments, the UE may be further configured to receive up to Y-1
redundancy versions of the first data in consecutive sub-frames prior to receiving the first data
and receive up to Y-1 redundancy versions of the second data in consecutive sub-frames prior to
receiving the second data.

[00184] In some embodiments, the UE may be further configured to receive up to Y-1 additional
data in consecutive sub-frames prior to receiving the first data and receive up to Y-1 additional
data in consecutive sub-frames prior to receiving the second data. In addition, the second user
data may comprise the second ACK/NACK and respective ACK/NACKS for each of the Y-1
additional data. In some embodiments, the second ACK/NACK serves as an ACK/NACK for the
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second data and the Y-1 additional data. The second ACK/NACK may be a NACK if the second
data or the Y-1 additional data may be not successfully received and the second ACK/NACK
may be an ACK if all of the second data and the Y-1 additional data may be successfully
received.

[00185] In some embodiments, the transmit duty cycle may correspond to using a single HARQ
process. Additionally, the UE may be further configured to support two HARQ processes and
transmitting first user data and second user data corresponds to a first HARQ process. Further,
the UE, for a second HARQ process, may be configured to transmit third user data and a third
ACK/NACK in a third sub-frame subsequent to receiving third data from the base station X sub-
frames prior, wherein the third ACK/NACK corresponds to the third data and transmit fourth
user data and a fourth ACK/NACK in a fourth sub-frame subsequent to receiving fourth data
from the base station X sub-frames prior, wherein the fourth ACK/NACK corresponds to the
fourth data. The third sub-frame may be two sub-frames after the first sub-frame and the fourth
sub-frame may be X sub-frames after the third sub-frame. In some embodiments, the UE may be
further configured to not transmit in a next sub-frame after receiving data from the base station.
[00186] In some embodiments, a method may include a UE performing transmitting first user
data and a first acknowledge / negative acknowledge (ACK/NACK) in a first sub-frame
subsequent to receiving first data from a base station Y sub-frames prior and transmitting second
user data and a second ACK/NACK in a second sub-frame subsequent to receiving second data
from the base station Y sub-frames prior, wherein the second ACK/NACK corresponds to the
second data from the base station, and wherein the second sub-frame may be X sub-frames after
the first sub-frame. The first ACK/NACK may correspond to the first data from the base station
and the UE may have a transmit duty cycle of X sub-frames. In some embodiments X may be
greater than Y.

[00187] In some embodiments, X may be two times Y. In such embodiments, Y may be 4 sub-
frames and the UE may perform transmitting and receiving using frequency division duplexing.
Alternatively, X may be 10 sub-frames, wherein the UE performs said transmitting and receiving
using time division duplexing. In some embodiments, X may be the sum of Y and Z and Y may
be a number of sub-frames between receive and transmit and Z may be a number of sub-frames
between transmit and receive. In such embodiments, Y and Z may be not equal.

[00188] In some embodiments, transmitting the first user data may comprise transmitting the

first user data on a physical uplink shared channel (PUSCH), transmitting the second user data
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may comprise transmitting the second user data on the PUSCH, transmitting the first
ACK/NACK may comprise transmitting the first ACK/NACK on a physical uplink control
channel (PUCCH), transmitting the second ACK/NACK may comprise transmitting the second
ACK/NACK on the PUCCH, and the PUSCH and PUCCH may be aligned.

[00189] In some embodiments, the first data may comprise first information and the second data
comprise second information and a third ACK/NACK and the third ACK/NACK may correspond
to the first user data. In some embodiments, transmitting the first user data may comprise
transmitting the first user data on a physical uplink shared channel (PUSCH), transmitting the
second user data may comprise transmitting the second user data on the PUSCH, transmitting the
first ACK/NACK may comprise transmitting the first ACK/NACK on a physical uplink control
channel (PUCCH), transmitting the second ACK/NACK may comprise transmitting the second
ACK/NACK on the PUCCH, and the PUSCH and PUCCH may be aligned. Further, receiving
second information may comprise receiving the second information on a physical downlink
shared channel (PDSCH) and receiving the third ACK/NACK on a physical hybrid automatic
repeat request (HARQ) indicator channel (PHICH), and the PDSCH and PHICH may be aligned.
Additionally, PUCCH and the PHICH may be offset by X sub-frames.

[00190] In some embodiments, the method further may comprise the UE performing receiving
up to Y-1 redundancy versions of the first data in consecutive sub-frames prior to receiving the
first data and receiving up to Y-1 redundancy versions of the second data in consecutive sub-
frames prior to receiving the second data.

[00191] In some embodiments, the method further may comprise the UE performing receiving
up to Y-1 additional data in consecutive sub-frames prior to receiving the first data and receiving
up to Y-1 additional data in consecutive sub-frames prior to receiving the second data. In some
embodiments, the second user data may comprise the second ACK/NACK and respective
ACK/NACKS for each of the Y-1 additional data. In some embodiments, the second
ACK/NACK may serve as an ACK/NACK for the second data and the Y-1 additional data. In
some embodiments, the second ACK/NACK may be a NACK if the second data or the Y-1
additional data may be not successfully received and the second ACK/NACK may be an ACK if
all of the second data and the Y-1 additional data may be successfully received.

[00192] In some embodiments, the transmit duty cycle of the UE may correspond to a single
HARQ process. In such embodiments, the UE may support two HARQ processes and

transmitting first user data and transmitting second user data may correspond to a first HARQ
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process. Additionally, the method further may comprise the UE performing, for a second HARQ
process, transmitting third user data and a third ACK/NACK in a third sub-frame subsequent to
receiving third data from the base station X sub-frames prior and transmitting fourth user data
and a fourth ACK/NACK in a fourth sub-frame subsequent to receiving fourth data from the base
station X sub-frames prior, wherein the fourth ACK/NACK corresponds to the fourth data. The
third ACK/NACK may correspond to the third data and the third sub-frame may be two sub-
frames after the first sub-frame. The fourth sub-frame may be X sub-frames after the third sub-
frame.

[00193] In some embodiments, a non-transitory computer readable memory medium may store
program instructions executable by at least one processor of a user equipment device (UE) to
transmit first user data and a first acknowledge / negative acknowledge (ACK/NACK) in a first
sub-frame subsequent to receiving first data from a base station Y sub-frames prior and transmit
second user data and a second ACK/NACK in a second sub-frame subsequent to receiving
second data from the base station Y sub-frames prior. The first ACK/NACK may correspond to
the first data from the base station, the UE may have a transmit duty cycle of X sub-frames, and
X may be greater than Y. The second ACK/NACK may correspond to the second data from the
base station and the second sub-frame may be X sub-frames after the first sub-frame.

[00194] In some embodiments, a user equipment device (UE), may include at least one antenna,
at least one radio, and one or more processors coupled to the at least one radio. The at least one
radio may be configured to perform cellular communication using at least one radio access
technology (RAT). Additionally, the one or more processors and the at least one radio may be
configured to perform voice and/or data communications.

[00195] The UE may have a transmit duty cycle of X sub-frames and may be configured to
determine signal-to-interference-plus noise ratio (SINR) for a channel between the UE and a base
station and compare the SINR to a threshold. If the SINR is greater than or equal to the
threshold, the UE may be configured to transmit, in consecutive sub-frames, a first version and a
second version of user data and transmit, in consecutive sub-frames, a third version and a fourth
version of user data. Further, the transmission of the third version may occur X+1 sub-frames
after transmission of the first version. If the SINR is less than the threshold, the UE may be
configured to transmit the first version of the user data in a first sub-frame and transmit the
second version of the user data in a second sub-frame. The second sub-frame may occur X sub-

frames after the first sub-frame.
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[00196] In some embodiments, if the SINR is greater than or equal to the threshold, the UE may
be further configured to receive a first acknowledge / negative acknowledge (ACK/NACK) from
the base station Y sub-frames after transmitting the second version of the user data and receive a
second ACK/NACK Y sub-frames after transmitting the fourth version of the user data.
Additionally, if the SINR is less than the threshold, the UE may be further configured to receive
the first ACK/NACK from the base station Y sub-frames after transmitting the first version of the
user data and receive the second ACK/NACK Y sub-frames after transmitting the second version
of the user data. In some embodiments, X may be eight sub-frames and Y may be four sub-
frames.

[00197] In some embodiments, if the SINR is greater than or equal to the threshold, the UE may
be further configured to enter a connected discontinuous reception cycle (C-DRX) in between
consecutive transmissions and if the SINR is less than the threshold, the UE may be further
configured to enter the C-DRX in between transmissions. Further, the UE may be further
configured to receive a first acknowledge / negative acknowledge (ACK/NACK) from the base
station Y sub-frames from an end of the C-DRX. In some embodiments, the C-DRX may
comprise forty sub-frames. In some embodiments, Y may be four sub-frames.

[00198] In some embodiments, a method may comprise a UE performing determining signal-to-
interference-plus noise ratio (SINR) for a channel between the UE and a base station and
comparing the SINR to a threshold. If the SINR is greater than or equal to the threshold, the UE
may perform transmitting, in consecutive sub-frames, a first version and a second version of user
data, wherein the UE may have a transmit duty cycle of X sub-frames and transmitting, in
consecutive sub-frames, a third version and a fourth version of user data. The third version may
occur X+1 sub-frames after transmission of the first version. If the SINR is less than the
threshold, the UE may perform transmitting the first version of the user data in a first sub-frame
and transmitting the second version of the user data in a second sub-frame, wherein the second
sub-frame occurs X sub-frames after the first sub-frame.

[00199] In some embodiments, if the SINR is greater than or equal to the threshold, the UE may
perform receiving a first acknowledge / negative acknowledge (ACK/NACK) from the base
station Y sub-frames after transmitting the second version of the user data and receiving a second
ACK/NACK Y sub-frames after transmitting the fourth version of the user data. Further, if the
SINR is less than the threshold, the UE may perform receiving the first ACK/NACK from the

base station Y sub-frames after transmitting the first version of the user data and receiving the
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second ACK/NACK Y sub-frames after transmitting the second version of the user data. In some
embodiments, X may be eight sub-frames and Y may be four sub-frames.

[00200] In some embodiments, if the SINR is greater than or equal to the threshold, the UE may
perform entering a connected discontinuous reception cycle (C-DRX) in between consecutive
transmissions and if the SINR is less than the threshold, the UE may perform entering the C-DRX
in between transmissions. Additionally, the UE may perform receiving a first acknowledge /
negative acknowledge (ACK/NACK) from the base station Y sub-frames from an end of the C-
DRX. In some embodiments, the C-DRX may comprise forty sub-frames. In some
embodiments, Y may be four sub-frames.

[00201] In some embodiments, a non-transitory computer readable memory medium may store
program instructions executable by at least one processor of a user equipment device (UE) to
determine signal-to-interference-plus noise ratio (SINR) for a channel between the UE and a base
station and compare the SINR to a threshold. If the SINR is greater than or equal to the
threshold, the program instructions may be further executable to transmit, in consecutive sub-
frames, a first version and a second version of user data, wherein the UE may have a transmit
duty cycle of X sub-frames and transmit, in consecutive sub-frames, a third version and a fourth
version of user data. The transmission of the third version may occur X+1 sub-frames after
transmission of the first version. If the SINR is less than the threshold, the program instructions
may be further executable to transmit the first version of the user data in a first sub-frame and
transmit the second version of the user data in a second sub-frame. The second sub-frame may

occur X sub-frames after the first sub-frame.
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CLAIMS

What is claimed is:

1. A user equipment device (UE), comprising:
at least one antenna;
at least one radio, wherein the at least one radio is configured to perform cellular
communication using at least one radio access technology (RAT);
one or more processors coupled to the at least one radio, wherein the one or more
processors and the at least one radio are configured to perform voice and/or data
communications;
wherein the UE is configured to:
communicate, to a base station, a number of uplink (UL) hybrid automatic repeat
request (HARQ) processes supported by the UE;
receive first information from the base station in at least a first sub-frame, wherein
the first information corresponds to at least a first downlink (DL) HARQ process, wherein a
number of DL. HARQ processes depends upon the number of UL HARQ processes; and
send second information to the base station X sub-frames after the first sub-frame,
wherein the second information comprises a first ACK/NACK associated with the first DL

HARQ process.

2. The UE of claim 1,

wherein to communicate the number of UL HARQ processes supported by the UE, the
UE is further configured to:

send a first message to the base station, wherein the first message comprises the number

of UL HARQ processes supported by the UL.

3. The UE of claim 1,

wherein to communicate the number of UL HARQ processes supported by the UE, the
UE is further configured to:

determine, based on at least one metric, the number of UL HARQ processes supported;

and
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send the number of UL HARQ processes supported to the base station.

4. The UE of claim 1,
wherein the number of UL HARQ processes are equal to the number of DL HARQ

Processes.

5. The UE of claim 1,
wherein the number of UL HARQ processes are not equal to the number of DI. HARQ

Processes.

6. The UE of claim 1,
wherein the number of DL HARQ processes are further dependent upon DL channel

conditions.

7. The UE of claim 6,

wherein if the DL channel conditions are below a first threshold, the first information
comprises a plurality of redundancy versions of first data, wherein to receive the first
information, the UE is further configured to:

receive the plurality of redundancy version in consecutive sub-frames, wherein the first

data is associated with the first DI. HARQ process.

8. The UE of claim 6,

wherein if the DL channel conditions are above a first threshold, the first information
comprises a plurality of DL. HARQ processes, wherein to receive the first information, the UE is
further configured to receive the plurality of DI. HARQ processes in consecutive sub-frames;

wherein the UE is further configured to:

send an ACK/NACK corresponding to each DL HARQ process, wherein each
corresponding ACK/NACK is sent X sub-frames after a sub-frame in which each DL. HARQ

process was received.

9. An apparatus comprising:

a processing element, wherein the processing element is configured to:
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transmit first user data and a first acknowledge / negative acknowledge
(ACK/NACK) in a first sub-frame of a transmit duty cycle of X sub-frames subsequent to
receiving first data from a base station Y sub-frames prior, wherein the first ACK/NACK
corresponds to the first data from the base station, and wherein X is greater than Y; and

transmit second user data and a second ACK/NACK in a second sub-frame
subsequent to receiving second data from the base station Y sub-frames prior, wherein the second
ACK/NACK corresponds to the second data from the base station, and wherein the second sub-

frame is X sub-frames after the first sub-frame.

10. The apparatus of claim 9,

wherein X is two times Y.

11. The apparatus of claim 9,
wherein X is the sum of Y and Z, wherein Y is a number of sub-frames between receive

and transmit and Z is a number of sub-frames between transmit and receive.

12. The apparatus of claim 9,

wherein the first and second user data are transmitted on a physical uplink shared channel
(PUSCH), wherein the first and second ACK/NACKSs are transmitted on a physical uplink control
channel (PUCCH), and wherein the PUSCH and PUCCH are aligned.

13. The apparatus of claim 9,
wherein the first data comprises first information and the second data comprise second
information and a third ACK/NACK, wherein the third ACK/NACK corresponds to the first user

data.

14. The apparatus of claim 9,
wherein the processing element is further configured to:
receive up to Y-1 redundancy versions of the first data in consecutive sub-frames
prior to receiving the first data; and
receive up to Y-1 redundancy versions of the second data in consecutive sub-

frames prior to receiving the second data.
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15. The apparatus of claim 9,
wherein the processing element is further configured to:
receive up to Y-1 additional data in consecutive sub-frames prior to receiving the
first data; and
receive up to Y-1 additional data in consecutive sub-frames prior to receiving the

second data.

16. The apparatus of claim 9,

wherein the transmit duty cycle corresponds to using a single HARQ process.

17. The apparatus of claim 9,
wherein the processing element is further configured to:

not transmit in a next sub-frame after receiving data from the base station.

18. A non-transitory computer readable memory medium storing program instructions
executable by at least one processor of a user equipment device (UE) to:
determine signal-to-interference-plus noise ratio (SINR) for a channel between the
UE and a base station; and
compare the SINR to a threshold,
wherein if the SINR is greater than or equal to the threshold,
transmit, in consecutive sub-frames, a first version and a second version of
user data, wherein the UE has a transmit duty cycle of X sub-frames; and
transmit, in consecutive sub-frames, a third version and a fourth version of
user data, wherein transmission of the third version occurs X+1 sub-frames after transmission of
the first version; and
wherein if the SINR is less than the threshold,
transmit the first version of the user data in a first sub-frame; and
transmit the second version of the user data in a second sub-frame, wherein

the second sub-frame occurs X sub-frames after the first sub-frame.
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19. The non-transitory memory medium of claim 18,
wherein, if the SINR is greater than or equal to the threshold, the program instructions are
further executable to:
receive a first acknowledge / negative acknowledge (ACK/NACK) from the base
station Y sub-frames after transmitting the second version of the user data; and
receive a second ACK/NACK Y sub-frames after transmitting the fourth version
of the user data; and
wherein, if the SINR is less than the threshold, the program instructions are further
executable to:
receive the first ACK/NACK from the base station Y sub-frames after transmitting
the first version of the user data; and
receive the second ACK/NACK Y sub-frames after transmitting the second

version of the user data.

20. The non-transitory memory medium of claim 18,

wherein, if the SINR is greater than or equal to the threshold, the program instructions are
further executable to enter a connected discontinuous reception cycle (C-DRX) in between
consecutive transmissions;

wherein, if the SINR is less than the threshold, the program instructions are further
executable to enter the C-DRX in between transmissions; and

wherein the program instructions are further executable to receive a first acknowledge /
negative acknowledge (ACK/NACK) from the base station Y sub-frames from an end of the C-
DRX.
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