
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization I

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2016/073591 Al
12 May 2016 (12.05.2016) P O P C T

(51) International Patent Classification: (74) Agents: PERDOK, Monique M. et al; SCHWEGMAN
H04L 1/00 (2006.01) H04L 1/18 (2006.01) LUNDBERG & WOESSNER, P.A., c/o CPA Global, P.O.

Box 52050, Minneapolis, Minnesota 55402 (US).
(21) International Application Number:

PCT/US20 15/0590 16 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
4 November 2015 (04.1 1.2015) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

(30) Priority Data: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

62/076,198 6 November 2014 (06. 11.2014) US PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(71) Applicant: INTEL IP CORPORATION [US/US]; 2200 TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Mission College Blvd., Santa Clara, California 95054
(US). (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(72) Inventors: CHATTERJEE, Debdeep; 2353 Pruneridge GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

Ave., Apt. 12, Santa Clara, California 95050 (US). TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
XIONG, Gang; 16682 NW Arizona Dr., Beaverton, Ore TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
gon 97006 (US). HAN, Seunghee; 1118 Mallard Ridge DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Cir., San Jose, California 95 120 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on nextpage]

(54) Title: EARLY TERMINATION OF REPEATED TRANSMISSIONS FOR MTC
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EARLY TERMINATION OF REPEATED TRANSMISSIONS FOR MTC

PRIORITY CLAIM

[0001] This application claims the benefit of priority to U.S. Provisional

Patent Application Serial No. 62/076,198 filed on November 6, 2014, and

entitled "METHODS FOR SUPPORT OF EARLY TERMINATION OF

REPEATED TRANSMISSIONS FOR MTC UES IN ENHANCED

COVERAGE MODE", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments pertain to systems, methods, and component devices for

wireless communications, and particularly to the use of early termination of

repeated transmissions with machine type communication (MTC).

BACKGROUND

[0003] MTC is an emerging technology related to the concept of the "Internet

of Things (IoT)." Existing mobile broadband networks were designed to

optimize performance mainly for human communications and thus are not

designed or optimized to meet MTC-related requirements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a block diagram of a system including an evolved node B

(eNB) and user equipment (UE) that may operate with MTC, according to

certain embodiments.

[0005] FIG. 2 illustrates aspects of system operation with early termination of

repeated transmissions with MTC communications, according to certain

embodiments.

[0006] FIG. 3 describes a method for early termination of repeated

transmissions, according to some example embodiments.



[0007] FIG. 4 describes a method for early termination of repeated

transmissions, according to some example embodiments.

[0008] FIG. 5 illustrates aspects of system operation with early termination of

repeated transmissions with MTC communications, according to certain

embodiments.

[0009] FIG. 6A illustrates aspects of intermediate hybrid automatic repeat

request (HARQ) acknowledgement (HARQ-ACK) operation in a system with

early termination of repeated transmissions, according to certain embodiments.

[0010] FIG. 6B illustrates aspects of intermediate HARQ-ACK operation in a

system with early termination of repeated transmissions, according to certain

embodiments.

[0011] FIG. 7 describes a method for early termination of repeated

transmissions, according to some example embodiments.

[0012] FIG. 8 describes a method for early termination of repeated

transmissions, according to some example embodiments.

[0013] FIG. 9 illustrates aspects of intermediate HARQ-ACK operation in a

system with early termination of repeated transmissions, according to certain

embodiments.

[0014] FIG. 10 illustrates aspects of a computing machine, according to some

example embodiments.

[0015] FIG. 11 illustrates aspects of a UE, in accordance with some example

embodiments.

[0016] FIG. 12 is a block diagram illustrating an example computer system

machine which may be used in association with various embodiments described

herein.

DETAILED DESCRIPTION

[0017] Embodiments relate to systems, devices, apparatus, assemblies,

methods, and computer readable media to enhance wireless communications,

and particularly to the use of early termination of repeated transmissions with

machine type communication (MTC) or extended machine type communication.

The following description and the drawings illustrate specific embodiments to

enable those skilled in the art to practice them. Other embodiments can



incorporate structural, logical, electrical, process, and other changes. Portions

and features of some embodiments can be included in, or substituted for, those of

other embodiments, and are intended to cover all available equivalents of the

elements described.

[0018] FIG. 1 illustrates a wireless network 100, in accordance with some

embodiments. The wireless network 100 includes a UE 101 and an eNB 150

connected via an air interface 190.

[0019] In some embodiments described herein, UE 101 or a component of UE

101 supports or is configured to support early termination of uplink

retransmissions using indication received via Downlink Control Information

(DCI) communications.

[0020] In some embodiments described herein, eNB 150 or a component of

eNB 150 performs or is configured for early termination of uplink

retransmissions using DCI communications.

[0021] In some embodiments described herein, UE 101 or a component of UE

101 performs or is configured for early termination of downlink retransmissions

using intermediate hybrid automatic repeat request (HARQ) acknowledgement

(HARQ-ACK) communications.

[0022] In some embodiments described herein, eNB 150 or a component of

eNB 150 performs or is configured for early termination of downlink

retransmissions using intermediate HARQ-ACK communications.

[0023] In some embodiments described herein, UE 101 or a component of UE

101 performs or is configured for early termination of uplink retransmissions

using intermediate hybrid automatic repeat request (HARQ) acknowledgement

(HARQ-ACK) communications, wherein the HARQ-ACK communications may

be conveyed using DCI communications.

[0024] In some embodiments described herein, eNB 150 or a component of

eNB 150 performs or is configured for early termination of uplink

retransmissions using intermediate HARQ-ACK communications, wherein the

HARQ-ACK communications may be conveyed using DCI communications.

[0025] Additional details of such embodiments and further embodiments are

described below.



[0026] The UE 101 and any other UE in the system may be, for example,

laptop computers, smartphones, tablet computers, printers, machine-type devices

such as smart meters or specialized devices for healthcare monitoring, remote

security surveillance, an intelligent transportation system, or any other wireless

devices with or without a user interface. The eNB 150 provides network

connectivity to a broader network (not shown) to the UE 101 via the air interface

190 in an eNB service area provided by the eNB 150. In some embodiments,

such a broader network may be a wide area network operated by a cellular

network provider, or may be the Internet. Each eNB service area associated with

the eNB 150 is supported by antennas integrated with the eNB 150. The service

areas are divided into a number of sectors associated with certain antennas.

Such sectors may be physically associated with fixed antennas or may be

assigned to a physical area with tunable antennas or antenna settings adjustable

in a beamforming process used to direct a signal to a particular sector. One

embodiment of the eNB 150, for example, includes three sectors each covering a

1 0 degree area with an array of antennas directed to each sector to provide 360

degree coverage around the eNB 150.

[0027] The UE 101 includes control circuitry 105 coupled with transmit

circuitry 110 and receive circuitry 115. The transmit circuitry 110 and receive

circuitry 115 may each be coupled with one or more antennas. The control

circuitry 105 may be adapted to perform operations associated with MTC. In

some embodiments, the control circuitry 105 of the UE 101 may perform

calculations or may initiate measurements associated with the air interface 190 to

determine a channel quality of the available connection to the eNB 150. These

calculations may be performed in conjunction with control circuitry 155 of the

eNB 150. The transmit circuitry 110 and receive circuitry 115 may be adapted

to transmit and receive data, respectively. The control circuitry 105 may be

adapted or configured to perform various operations such as those described

elsewhere in this disclosure related to a UE. The transmit circuitry 110 may

transmit a plurality of multiplexed uplink physical channels. The plurality of

uplink physical channels may be multiplexed according to time division

multiplexing (TDM) or frequency division multiplexing (FDM). The transmit

circuity 110 may be configured to receive block data from the control circuitry



105 for transmission across the air interface 190. Similarly, the receive circuitry

115 may receive a plurality of multiplexed downlink physical channels from the

air interface 190 and relay the physical channels to the control circuitry 105. The

uplink and downlink physical channels may be multiplexed according to TDM

or FDM. The transmit circuitry 110 and the receive circuitry 115 may transmit

and receive both control data and content data (e.g. messages, images, video, et

cetera) structured within data blocks that are carried by the physical channels.

[0028] FIG. 1 also illustrates the eNB 150, in accordance with various

embodiments. The eNB 150 circuitry may include control circuitry 155 coupled

with transmit circuitry 160 and receive circuitry 165. The transmit circuitry 160

and receive circuitry 165 may each be coupled with one or more antennas that

may be used to enable communications via the air interface 190.

[0029] The control circuitry 155 may be adapted to perform operations

associated with MTC. The transmit circuitry 160 and receive circuitry 165 may

be adapted to transmit and receive data, respectively, within a narrow system

bandwidth that is narrower than a standard bandwidth structured for person to

person communication. In some embodiments, for example, a transmission

bandwidth may be set at or near 1.4MHz. In other embodiments, other

bandwidths may be used. The control circuitry 155 may perform various

operations such as those described elsewhere in this disclosure related to an

eNB.

[0030] Within the narrow system bandwidth, the transmit circuitry 160

may transmit a plurality of multiplexed downlink physical channels. The

plurality of downlink physical channels may be multiplexed according to TDM

or FDM. The transmit circuitry 160 may transmit the plurality of multiplexed

downlink physical channels in a downlink super-frame that is comprised of a

plurality of downlink subframes.

[0031] Within the narrow system bandwidth, the receive circuitry 165 may

receive a plurality of multiplexed uplink physical channels. The plurality of

uplink physical channels may be multiplexed according to TDM or FDM. The

receive circuitry 165 may receive the plurality of multiplexed uplink physical

channels in an uplink super-frame that is comprised of a plurality of uplink

subframes.



[0032] As described further below, the control circuitry 105 and 155 may be

involved with measurement of a channel quality for the air interface 190. The

channel quality may, for example, be based on physical obstructions between the

UE 101 and the eNB 150, electromagnetic signal interference from other

sources, reflections or indirect paths between the UE 101 and the eNB 150, or

other such sources of signal noise. Based on the channel quality, a block of data

may be scheduled to be retransmitted multiple times, such that the transmit

circuitry 110 may transmit copies of the same data multiple times and the receive

circuitry 115 may receive multiple copies of the same data multiple times.

[0033] While repeated transmission of a block of data may be used to ensure

that the data is received correctly, the repeated transmission can consume

significant resources. In some embodiments, for example, each block of data

may be scheduled for 50 or 100 retransmissions based on the measured quality

of channels across the air interface 190. Reducing unnecessary transmissions is

one way to improve the performance of MTC communications, particularly with

integration into current and next generation mobile broadband networks such as

long term evolution (LTE) and LTE-Advanced.

[0034] The existing mobile broadband networks were designed to optimize

performance mainly for human communications and thus are not designed or

optimized to meet MTC-related considerations. Some MTC systems are

structured to lower human communication aspects and instead to focus on lower

device cost, enhanced coverage, and reduced power consumption. Embodiments

described herein operate to reduce cost and power consumption. In some

implementations of embodiments described herein, bandwidth for an MTC

system is reduced, for example, to 1.4MHz, the minimum bandwidth for an LTE

system. In such implementations, the transmission bandwidth for both control

and data channels can be reduced to 1.4MHz. In some embodiments, a large

number of MTC devices will be deployed in a system for specific services within

one cell. When such a massive number of MTC devices attempt to access and

communicate with the network, multiple MTC regions with 1.4MHz bandwidth

can be allocated by an eNB. In other embodiments, other bandwidths may be

used.



[0035] In some embodiments, coverage enhancement may be implemented

with reduced bandwith and repetition of data across multiple subframes for

various physical channels so that the energy can be accumulated at the receiver

side. However, using a large number of repeated transmissions across multiple

subframes increases the system resource usage inefficiency, and thereby reduces

system spectral efficiency. MTC UE power consumption is increased with

increasing number of retransmissions, which contradicts MTC UE power

consumption reduction goals which are 3GPP enhancement targets. In some

embodiments, for example, a single block of data may be retransmitted 50 or 100

times in order to achieve correct decoding at a receiver.

[0036] Embodiments described herein thus operate to improve resource usage

in the number of repetitions across subframes in a way that is targeted

specifically for different channels and signals in a UE-specific manner. In the

embodiments described herein, depending on instantaneous channel conditions,

a receiver may be able to successfully decode the transmitted transport blocks

with fewer repeated transmissions for the initial transmission or retransmission

than the number of repeated transmissions used at the transmitter side. To

improve resource usage, embodiments described herein use early termination of

transmission of physical channels, whereby the transmitter is informed that the

data has been successfully decoded before the set number of retransmissions

occurs. The transmitter then terminates the scheduled repeated transmissions of

the initial transmission or retransmission before the actual number of repetitions

originally intended based on long-term channel conditions or the enhanced

coverage level needed for the particular UE for a given physical channel.

[0037] Embodiments described herein realize the above concept of early

termination of repeated transmissions. Embodiments are described largely

within the context of uplink and downlink shared channels, but may be used with

different channels in different embodiments. Embodiments described herein

may particularly include early termination of physical uplink shared channel

(PUSCH) repetitions from the UE 101 based on Layer 1 control signaling from

the eNodeB 150 using downlink control information (DCI) format 0 in a way

that is supported by similar SPS release indications. Additional embodiments

described herein implement early termination of physical downlink shared



channel (PDSCH) and PUSCH repetitions based on an enhanced HARQ

feedback scheme, wherein the MTC UE lOlin enhanced coverage (EC) mode

transmits HARQ-ACK feedback at intermediate HARQ-ACK feedback

opportunities within the repeated transmission time window. Early termination

using HARQ-ACK feedback may be used to terminate both uplink transmissions

from the UE 101 to the eNB 150 and downlink transmissions from the eNB 150

to the UE 101

[0038] Such embodiments include benefits above and beyond the use of

Physical Hybrid ARQ Indicator Channel (PHICH) signaling PUSCH

transmissions. In particular, PHICH is not suitable for early termination as

described herein when used directly for early termination as the system will not

know which PUSCH transport block the early termination is intended for. In

particular, intermediate HARQ-ACK feedback that is transmitted before the

expected HARQ-ACK feedback in the absence of early termination sent via

PHICH can generate confusion about which PUSCH transport block a particular

HARQ-ACK message is associated with.

[0039] Thus, in accordance with the above, in some embodiments, the

transmit circuitry 110 and receive circuitry 115 may transmit and receive,

respectively, early or intermediate HARQ-ACK messages associated with early

termination of transmissions in addition to standard HARQ-ACK and/or

negative acknowledgement (NACK) messages across the air interface 190

according to a predetermined HARQ message schedule. Similarly, the transmit

circuitry 160 and receive circuitry 165 may transmit and receive, respectively,

early or intermediate HARQ-ACK messages as well as the standard HARQ-

ACK and/or NACK messages across the air interface 190. A predetermined

HARQ message schedule for standard HARQ-ACK messages may indicate

uplink and/or downlink frames in which the HARQ-ACK and/or NACK

messages are to appear. Intermediate HARQ-ACK messages, however, may be

associated with a different schedule, with an optional timing, or with no schedule

in various embodiments as described further below.

[0040] MTC is therefore implemented across the air interface 190 using the

circuitry of the UE 101 and the eNB 150. MTC enables a ubiquitous computing

environment to enable devices to efficiently communicate with each other. IoT



services and applications stimulate the design and development of MTC devices

to be seamlessly integrated into current and next generation mobile broadband

networks, such as long term evolution (LTE) and LTE-Advanced

communication systems that operate according to third generation partnership

project (3GPP) standards (e.g., 3GPP LTE Evolved Universal Terrestrial Radio

Access (E-UTRA) Physical Layer Procedures (Release 12) September 26, 2014).

As mentioned above, the early termination embodiments described herein may

then be integrated on top of such a standard, or may be implemented with minor

changes to such a standard in various different embodiments.

[0041] Embodiments described herein particularly reduce cost and power

consumption by reducing the system bandwidth, which corresponds to roughly a

single Physical Resource Block (PRB) of existing LTE design. This cellular IoT

using reduced system bandwidth could potentially operate in a re-allocated

global system for mobile communications (GSM) spectrum, within the guard

bands of an LTE carrier, or in a dedicated spectrum.

[0042] Although the embodiments described below use a 1.4 MHz

bandwidth, the design may be extended to other narrow bandwidths (e.g., 1.5

MHz, 1MHz, 2MHz, 200KHz, 180KHz, et cetera). In addition, MTC is used as

the initial target application for the proposed embodiments, but it will be

apparent that embodiments may be extended to other narrow-band deployed

applications, (e.g., Device-to-Device communications, hybrid IoT networks, et

cetera).

[0043] Various physical channels may be used as part of such an MTC,

including different channels for both download and upload paths across the air

interface 190. These physical channels include, but are not limited to, a

synchronization channel (SCH), a physical broadcast channel (PBCH), a control

channel, a physical downlink shared channel (PDSCH), a physical random

access channel (M-PRACH), a physical uplink control channel (PUCCH), and a

physical uplink shared channel (PUSCH). These channels and other potential

channels are described below. The MTC Synchronization Channel (SCH) may

include the MTC Primary Synchronization Signal (PSS) and/or MTC Secondary

Synchronization Signal (SSS). It may be used to support time and frequency

synchronization and provide the UE with the physical layer identity of the cell



and the cyclic prefix length. Note that the SCH may or may not be utilized to

distinguish a Frequency Division Duplex (FDD) and Time Division Duplex

(TDD) system, although the TDD may not be supported in some MTC systems.

The MTC Physical Broadcast Channel (PBCH) carries an MTC Master

Information Block (MIB), which consists of a limited number of the most

frequently transmitted parameters for initial access to the cell. The MTC control

channel includes an MTC Physical Downlink Control Channel (M-PDCCH) that

may be based on the LTE Physical Downlink Control Channel (PDCCH) or

Enhanced Physical Downlink Control Channel (EPDCCH) designs. The

PPvACH is used to transmit the random access preamble. For initial access, it is

utilized to achieve uplink synchronization. The PUCCH is used to carry UCL In

particular, scheduling requests and HARQ acknowledgements for received SCH

transport blocks can be supported in PUCCH transmission. An MTC Physical

Multicast Channel (PMCH) is used to support Multimedia Broadcast and

Multicast Services (MBMS).

[0044] The PDSCH is used for all user data transmitted between the UE 101

and the eNB 150 across the air interface 190, as well as for broadcast system

information which is not carried on the PBCH, and for paging messages. The

PUSCH is used for uplink data transmission. As mentioned above,

embodiments described herein primarily relate to early termination of

retransmissions for blocks of data sent via the PDSCH and PUSCH as primary

physical channels for data. In other embodiments, any channel mentioned

above, or other channels in other systems, may use early termination of

retransmissions as described herein.

[0045] FIG. 2 illustrates aspects of system operation with early termination of

repeated transmission with MTC communications, according to certain

embodiments. In particular, FIG. 2 shows early termination of an uplink

communication from UE a 201 to an eNB 250 using DCI layer 1 control

signaling.

[0046] Early termination of PUSCH repetitions can be realized by informing

the UE 201 of successful reception of the PUSCH transmissions even before the

PUSCH repetition window for the initial transmission or any retransmission. The

eNB 250 can use layer 1 downlink control signaling to inform the UE 201 to



terminate the repeated transmission for a given transport block. In some

embodiments, this is achieved by reusing the DCI format 0. In other

embodiments, newly designed DCI formats are used. In this invention, the

reference to "DCI format 0" is intended to imply the use of the DCI format used

to carry the uplink scheduling information (uplink grant) to MTC UEs - this

may be a new DCI format designed for MTC UEs designed based on DCI format

0. In contrast, the "newly designed DCI formats", as elaborated in the sequel,

refer to design of DCI formats customized to carry the HARQ-ACK or, in

general, the early termination indication information.

[0047] FIG. 2 thus begins with operation 210, where channel conditions and

performance are evaluated between the UE 201 and the eNB 250. Based on the

results of the channel performance measured in operation 210, repeated

transmissions of uplink data from the UE 201 to the eNB 250 are set and

scheduled at operation 212, as information is set to be communicated to the eNB

250 from the UE 201. This essentially sets a retransmission window 255. The

retransmission window 255 may be based on a scheduling time (e.g. 10

milliseconds, 50 milliseconds, et cetera), or may be directly associated with a set

number of retransmissions (e.g. 10, 50, 100, et cetera). An initial transmission

of the data occurs in operation 214, and retransmission of copies of the same

data occurs in operations 2 16A through 2 16N. In some embodiments, these

retransmission communications are not the only communications on a link

between the UE 201 and the eNB 250, but may be transmissions that occur

between other data transmissions or control channel transmissions on the

PUSCH or any other channel described above. In some embodiments, for

example, additional channel measurement communications may be made while

operations 2 16A-N are occurring, such that channel status and scheduling for

future PUSCH retransmissions is changed, or other aspects of UE 201 and eNB

250 communications are adjusted. Eventually, the eNB 250 successfully

decodes the data from the PUSCH retransmissions in operation 218. In a system

with no early termination of retransmissions, the UE 201 would simply continue

transmitting copies of the data on the PUSCH until the set number of

retransmissions had occurred. A standard HARQ-ACK or NACK

acknowledging successful receipt or requesting an additional retransmission



would then occur at the end of the retransmission window 255. In embodiments

described herein, however, when the PUSCH data is successfully decoded before

the end of the retransmission window 255, a DCI message indicating early

termination of retransmissions is sent from the eNB 250 to the UE 201 in

operation 220. This stops any remaining retransmissions from the UE 201,

thereby saving power and freeing up transmission resources. In some

embodiments, the eNB 250 may determine an amount of time or a number of

retransmissions remaining in the retransmission window 255 after the PUSCH

data is successfully decoded in operation 218. If a threshold amount of time or

number of retransmissions remains, operation 220 may be initiated, but if the

threshold is not met, the system may simply allow the retransmission operations

to occur with no early termination. In some embodiments, a calculation of

resource savings may be performed, including resources consumed in sending

the DCI and resources saved following reception of the DCI at the UE 201 in

operation 220, with operation 220 to be performed if a threshold amount of

resource savings is estimated.

[0048] FIG. 3 describes a method for early termination of repeated

transmissions, according to some example embodiments. FIG. 3 describes an

uplink communication from a UE such as the UE 101 or the UE 201 to an eNB

such as the eNB 150 or the eNB 250. In some embodiments, a non-transitory

computer readable medium comprises instructions that, when executed by one or

more processors, configure an eNB 150 for machine -type communications to

perform the method 300. In other embodiments, an eNB such as the eNB 150 or

the eNB 250 performs the method 300 in conjunction with a corresponding UE.

A particular eNB may simultaneously perform the method 300 with many

different UEs at the same time in some embodiments. The method 300 begins

with operation 305, which involves determining a channel connection quality to

a user equipment (UE) based on one or more measurements associated with a

Physical Uplink Shared Channel (PUSCH). This may, in some embodiments, be

managed by the control circuitry 155 scheduling and processing measurement

communications across the air interface 190 to the UE 101.

[0049] Following the measurement in operation 305, a retransmission value

based on the channel quality is selected in operation 310, wherein the



retransmission value is associated with a retransmission window. As discussed

above, the retransmission window may be based on a number of selected

retransmissions or another retransmission value. In some embodiments, a table

or some other calculated operation may be used to select a number of

retransmissions according to one or more measured quality or noise

characteristics for an air gap used for a channel between the eNB performing the

method 300 and an associated UE. The retransmission value may be selected by

the eNB, or may be set at a UE using a retransmission value selected at the eNB

and then communicated to the UE.

[0050] After the UE begins transmissions and subsequent retransmissions of

the data block, the eNB receives one or more transmissions of the block data on

the PUSCH from the UE during the retransmission window in operation 315. As

the block data is received, the eNB aggregates the energy from the transmissions

and processes them to identify symbols and decode the transmission. As

additional retransmissions are received, the eNB attempts to use the additional

transmissions if the previous transmissions have not been sufficient for a

successful decoding. Operation 320 involves determining that the block data has

been successfully decoded at the eNB using the one or more transmissions of the

block data. Once the successful decoding has occurred, this prompts the eNB, at

operation 325, to terminate the retransmissions from the UE by transmitting an

early termination of repeated transmissions message comprising a downlink

control information (DCI) message during the retransmission window. As

mentioned above, in some embodiments, a determination may be made that the

retransmission window is nearly over and that the early termination of repeated

transmissions message should not be sent, but that the system will simply use a

standard scheduled HARQ-ACK/NACK message. In some embodiments, if an

initial set of retransmissions was not successful, a HARQ-NACK message will

be sent at the end of the retransmission window, and another set of

retransmissions will begin. If the block data is successfully decoded before the

second retransmission window is over, then operations 320 and 325 may be

performed following the HARQ-NACK message and the second set of

retransmissions or the beginning of the second set of retransmissions if the

communication is successfully decoded during the second set of transmissions.



In other embodiments, other operations may similarly be performed between the

described operations.

[0051] FIG. 4 describes a method 400 that may be performed by a UE

corresponding to the UE of the method 300 communicating with the eNB

performing the method 300. Just as above for method 300, in some

embodiments, a non-transitory computer readable medium comprises

instructions that, when executed by one or more processors, configure a UE for

MTC to perform the method 400. In other embodiments, a UE such as the UE

101 or the UE 201perform the method 400 in conjunction with a corresponding

eNB. In some embodiments, the method 400 may be performed by a processing

integrated circuit apparatus of a mobile device in order to manage wireless

communications from the UE to a cellular network made up of many eNBs. In

such embodiments, the method 400 may be performed by a single integrated

circuit managing operations of the mobile device.

[0052] The method 400 begins with operation 405, in which an apparatus of a

UE is configured to receive retransmission information from an eNB associated

with a measured channel quality for a Physical Uplink Shared Channel

(PUSCH). This retransmission information may be measurement data that can

be used by the UE to select a number of retransmissions, or may be a number of

retransmissions selected by the eNB for the UE. In other embodiments, this may

be any other intermediate or final information used for a retransmission window.

[0053] In operation 410, the UE initiates transmission of block data to the

eNB on the PUSCH, with the transmission of the block data comprising repeated

transmission of the block data during a retransmission period based on the

measured channel quality. In operation 415, the UE receives an early

termination of repeated transmissions message comprising a downlink control

information (DCI) format 0 message or a custom DCI message. This message is

based on the eNB successfully decoding the block data prior to the end of a

retransmission window.

[0054] The UE then, based on the message from operation 415, terminates the

scheduled repeated transmission of the block data in operation 420 in response to

receipt of the early termination of repeated transmissions message during the

retransmission period.



[0055] This use of DCI for early termination may be considered to be similar

to usage of DCI format 0 in semi-persistent scheduling (SPS) release PDCCH

validation. In such embodiments, the UE validates reception of such a DCI

format 0 transmission as an indication of early termination of transmission of

copies of the transport block corresponding to the PUSCH transmission whose

first subframe satisfies a specified time relationship with respect to the reception

time of this DCI format 0 transmission. In one particular embodiment, a first

subframe of a downlink control channel transmission is in a particular timing

position to include the DCI format 0 communication. In these various

embodiments, the DCI communication carries data indicating early termination.

[0056] In some embodiments, the DCI communication association with early

termination of repeated transmissions is made only if a certain number of

conditions are satisfied. A first condition is that the CRC parity bits of the

downlink control channel payload are scrambled with the C - R TI or a similar

identification number. Another condition is that a new data indicator value of the

format 0 DCI is set to zero.

[0057] In still further embodiments, in addition to the conditions above, the

conditions described in table 1below are also used.

TABLE 1



[0058] Table 1 thus shows special fields for indication of early termination of

PUSCH repeated transmissions, according to some embodiments. In Table 1,

CS val is an originally assigned DM-RS cyclic shift value.

[0059] In certain other embodiments, instead of using a specified time

relationship between the first subframe of the PUSCH transmission and the

downlink control channel transmission indicating early termination of repeated

transmissions, an HARQ process number can be used. Such an HARQ process

number may be used to identify block data for PUSCH transmissions. This

identification by an HARQ process number can be introduced to enable the UE

to identify the appropriate block of data for which the early termination of

repeated transmissions is indicated. In other words, multiple blocks of data may

be communicated during interleaved retransmission windows. Because of this,

an early termination of retransmissions system needs to be able to distinguish

between different blocks of data which are being retransmitted. The use of an

HARQ process number to identify blocks of data may enable the system to

distinguish between these different blocks of data. This use of an HARQ process

number adds additional flexibility in transmitting the early termination indication

in an asynchronous manner but is associated with additional changes to the DCI

format in order to enable a new field for the HARQ process number.

[0060] In still other embodiments, rather than using the DCI format 0, a new

DCI format can be defined. In some such embodiments, an MTC-specific DCI

format can be used to inform UEs in an enhanced coverage mode of the early

termination of PUSCH transmissions. Such a compact DCI format may contain

the HARQ process number as described above. Other embodiments of such a

compact new DCI format may include a cyclic shift bit field and/or an NDI field.

The reduced size of such a compact DCI format may help to reduce the number

of repetitions for PDCCH or EPDCCH data transmissions and may consequently

allow MTC UEs in enhanced coverage mode to quickly receive the DCI

indicating early termination indication for PUSCH repetitions.

[0061] For UEs in an enhanced coverage mode, the starting subframe of an

EPDCCH transmission is limited to a subset of subframes in order to reduce the

blind decoding attempts of EPDCCH by UEs, which consume power. When an

eNB successfully decodes the PUSCH transmission, in some embodiments



described herein, the eNB will start to transmit the EPDCCH transmission in the

next available specified starting subframe, or according to a repetition level for

the EPDCCH transmission that can be derived or set according to predefined or

configured mapping rules for UE-specific coverage extension levels.

[0062] Further, in some embodiments operating in half-duplex frequency

domain duplexing (HD-FDD) with low complexity UEs in EC mode, the

PUSCH retransmission window can be interspersed with downlink subframes.

In other words, during the retransmission window, the retransmission widow

may be extended by the presence of downlink subframes on a shared channel

during retransmission of the block data. This enables a UE to receive layer 1

control signaling indicating early termination of repeated transmissions within a

retransmission window by using downlink frames that are otherwise scheduled

for HD-FDD operation.

[0063] FIG. 5 illustrates aspects of system operation with early termination of

repeated transmissions with MTC communications, according to certain

embodiments. In particular, FIG. 5 illustrates the use of early or intermediate

hybrid automatic repeat request (HARQ) acknowledgement (HARQ-ACK)

operation in a system with early termination of repeated transmissions, according

to certain embodiments. A UE 501 and An eNB 550 may, in some

embodiments, be similar to the UE 101 and the eNB 150 of FIG. 1, or any other

UE or eNB described herein. As mentioned above, while embodiments using

DCI messaging, including DCI format 0 messaging, may terminate uplink

retransmissions from a UE to an eNB, the use of early HARQ-ACK messaging

may be used to terminate both uplink and downlink retransmissions. Further,

various embodiments may use both DCI messaging and early HARQ-ACK

messaging for uplink and/or downlink termination of repeated messages. In one

such embodiment, the HARQ-ACK messaging in response to PUSCH

transmissions may be indicated using DCI carried by the M-PDCCH. Thus, in

some implementations, the embodiments described with respect to FIG. 2 may

be combined with the embodiments described with respect to FIG. 5.

[0064] Similar to the system operation of FIG. 2, FIG. 5 begins with the UE

501 and the eNB 550 measuring channel performance and selecting repetition

values based on the channel performance in operations 510 and 512. The



measured channel performance is used to establish a retransmission window 555

for retransmission of particular blocks of data. In embodiments that use both

DCI and early HARQ-ACK repetition termination, the same channel

performance measurements may be used in systems that perform the operations

of both FIG. 2 and FIG. 5.

[0065] In operations 514 and 516A-N, an initial transmission of block data

and subsequent retransmissions are performed. If the data is PUSCH data, it is

decoded by the eNB 550 in operation 518A, whereas PDSCH data is decoded by

the UE 501 in operation 518B. Whichever device verifies that the data has been

correctly decoded during retransmission window 555 then initiates

communication of an early HARQ-ACK message in operation 520 to let the

other device know that the additional scheduled retransmissions are not needed.

[0066] FIG. 6A illustrates aspects of HARQ-ACK operation, as well as the

use of HARQ process numbers or process identifiers to track transmission of

data. FIG. 6A shows transmissions (TX) 650 and 601 for both an eNB and a

UE, respectively, which may be similar to any UE or eNB described herein,

including the UE 501, 101, and 201 as well as the eNB 550, 150, and 250.

[0067] As illustrated, a PDCCH 62 1 may transmit control data associated

with a PDSCH 622. The PDCCH 621 may essentially schedule transmission of

data on the PDSCH 622, which may be tracked by an HARQ process number

620 associated with all the processes of transmission of a particular set of data.

An HARQ process number 630 similarly tracks the processes for a different set

of data. Although not illustrated, each transmission is associated with

corresponding receptions in the other device, such that the PDSCH 622 data is

transmitted from an eNB and received at a UE.

[0068] After a standard scheduled set of retransmissions associated with the

data in the PDSCH 622, which may include retransmissions on additional

scheduled frames of the PDSCH, the UE TX 601 may include a PUCCH 623

communicating either an HARQ-ACK or NACK to let the eNB know whether

the data from the PDSCH 622 was received successfully. In the illustrated

example of FIG. 6A, the PUCCH 623 includes an HARQ-NACK indicating that

the data from the PDSCH 622 was not successfully decoded, and so the HARQ



process number 620 is then associated with additional scheduling and

transmission of the same data in a PDCCH 624 and a PDSCH 625.

[0069] By contrast, a PUCCH 633A may be identified as including an

HARQ-ACK identifying that the data from a PDSCH 632 scheduled by a

PDCCH 63 1was successfully received, since there is no additional scheduling

of a subsequent PDSCH as part of the transmission associated with a HARQ

process number 630.

[0070] While the transmission channels are shown on a timeline in FIG. 6A,

in various embodiments, additional retransmissions may be included as part of

any transmission process illustrated in FIG. 6A as described above. Thus, in

some embodiments, additional frames of data including retransmission of the

data associated with the HARQ process number 620 may be transmitted between

the PDSCH 622 and the PUCCH 623. Similarly, additional frames including

retransmission data associated with the HARQ process number 630 may be

transmitted between the PDSCH 632 and the PUCCH 633A. Additionally, it

should be noted that in such embodiments as well as in the embodiment

specifically illustrated in FIG. 6A, transmissions associated with the different

HARQ process numbers 620 and 630 are active in the system at the same time,

such that in some embodiments, the PUCCH 623 may occur after the PUCCH

633A when the PDSCH 622 occurs before the PDSCH 632. This is the source

of the need for HARQ process tracking or timing of DCI messages used in early

termination of repeated transmissions, since the device performing the repeated

transmissions needs to know which retransmission process to terminate.

[0071] The above description of FIG. 6A describes standard HARQ-

ACK/NACK messaging, which is scheduled by a system when the number of

retransmissions is set prior to the first copy of a data block being transmitted.

FIG. 6B illustrates the use of an early or intermediate termination of

retransmissions.

[0072] FIG. 6B shows a comparison of the transmission process associated

with the HARQ process number 630 as illustrated in FIG. 6A with a system that

additionally includes an option for early termination via an intermediate HARQ-

ACK. As previously mentioned, scheduling occurs in the PDCCH 63 1 and

transmission or retransmission of a block of data associated with the HARQ



process number 630 occurs in the PDSCH 632. A standard HARQ-ACK or

NACK using the PUCCH 633A is scheduled when the initial number of

retransmissions is set. In embodiments described herein, however, an

intermediate HARQ-ACK 639 may be transmitted prior to the scheduled time

for the ACK/NACK for the PUCCH 633A. This intermediate HARQ-ACK 639

essentially preempts the standard HARQ-ACK/NACK of the PUCCH 633A. As

mentioned, early termination is always an ACK rather than a NACK, since the

HARQ-ACK 639 is transmitted in response to a determination that the data

block from the PDSCH 632 has been successfully decoded, and any additional

retransmissions scheduled between the timing of the HARQ-ACK 639 and the

PUCCH 633A are therefore unnecessary. In FIG. 6B, a retransmission window

as discussed above begins with the first transmission of a data block as part of

the eNB TX 650, and ends with the time scheduled for the standard HARQ-

ACK/NACK or with a threshold time period prior to the standard HARQ-

ACK/NACK where early termination following the threshold time is deemed to

be inefficient when compared with allowing the standard HARQ-ACK/NACK to

be used. It will also be apparent that, while FIGs. 6A and 6B illustrate an

embodiment with the eNB 650 TX transmitting data and the UE TX 601

transmitting the early termination of repeated transmissions message, a

corresponding system may similarly operate with the UE TX 60 1 transmitting

the data and the eNB TX 650 transmitting the intermediate HARQ-ACK as an

early termination of repeated transmissions message. Similarly, some

embodiments using DCI as described above may operate with timing that may

be seen to be similar to the timing illustrated herein.

[0073] Also, in FIG. 6B, just as in FIG. 6A, although the PDSCH 632 is

illustrated as a single continuous scheduled time, any number of separately

scheduled retransmissions may be set between the time scheduled for the

illustrated PDSCH 632 and the standard scheduled HARQ-ACK/NACK of the

PUCCH 633A.

[0074] Additional detail related to scheduling of early termination of repeated

transmissions within the context of standard HARQ-ACK/NACK scheduling is

included below with respect to FIG. 9.



[0075] FIG. 7 describes a method 700 for early termination of retransmissions

according some example embodiments. The method 700 may be performed by

an eNB such as the eNB 150, 250, 550, or any eNB described herein.

Additionally, it will be apparent that a corresponding method will be performed

by the UE receiving the transmitted signals described in the method 700. Details

of such operation are included in the examples below.

[0076] In the method 700, transmission of block data to a UE such as the UE

101, 201, or 501 on a PDSCH is initiated in operation 710, with the transmission

of block data comprising repeated transmissions of the block data during a

retransmission period based on a measured channel quality. The eNB then

proceeds with repeated transmission as scheduled based on the set number of

retransmissions over the retransmission period.

[0077] During the retransmission period, the eNB receives an early

termination of repeated transmissions message from the UE as part of operation

715. The early termination message in operation 715 is a hybrid automatic

repeat request (HARQ) acknowledgement (HARQ-ACK) message. This

message is always an ACK and not a NACK, since the early termination is due

to successful decoding of the message, and a NACK would indicate that the

message had not been successfully received. A NACK would instead be

communicated as part of a standard HARQ scheduled at the end of the

retransmission period, but this standard HARQ is preempted by the intermediate

HARQ-ACK received during the retransmission period. In operation 720, the

eNB terminates at least one additional repetition of the repeated transmission of

the block data in response to receipt of the early termination of repeated

transmissions message during the retransmission period.

[0078] In addition to the above operations, an eNB may similarly perform

operations to measure the channel quality in communication with the UE, and

select a retransmission value based on the channel quality, associated with or

used to generate the retransmission window. In some embodiments, the method

may be performed by an eNB similar to the eNB 150, with transmit circuitry

configured to communicate one or more transmissions of block data on a

PDSCH to the UE during a retransmission window, and control circuitry

configured to determine the channel quality associated with the PDSCH based



on one or more measurements prior to communication of the one or more

transmissions of the block data.

[0079] As mentioned above, the use of HARQ-ACK messages for early

termination of repeated transmissions may work for both uplink and downlink

channels. The method 700 of FIG. 7 describes early termination of repeated

transmissions for a downlink channel. FIG. 8, by contrast, describes early

termination of repeated transmissions for an uplink channel. This mirrors the

operations described above, with the downlink PDSCH replaced with an uplink

PUSCH, and the eNB and UE switching positions in the method.

[0080] Thus, in the method 800, transmission of block data to an eNB such as

the eNB 150, 250, or 550 on a PUSCH is initiated in operation 810, with the

transmission of block data comprising repeated transmissions of the block data

during a retransmission period based on a measured channel quality. The UE

then proceeds with repeated transmissions as scheduled based on the set number

of retransmissions over the retransmission period.

[0081] During the retransmission period, the UE receives an early termination

of repeated transmissions message from the eNB as part of operation 815. The

early termination message in operation 815 is a HARQ-ACK message received

due to successful decoding of the block data at the eNB. In operation 820, the

UE terminates one or more additional repetitions of the repeated transmission of

the block data in response to receipt of the early termination of repeated

transmissions message during the retransmission period.

[0082] The channel measurements in some embodiments may be managed by

the eNB for both the uplink and downlink early terminations. In some

embodiments, the same channel measurements and the same quality values

derived from these channel measurements may be used to set retransmission

values and periods for both the uplink and downlink communications. During

system operations, the eNB may manage updates or additional instances of such

channel measurements, such that retransmission values and retransmission

periods may change over time during system operation. In some embodiments,

when the channel quality is sufficiently good, or quality values are above a

predetermined threshold, early termination of repeated transmissions may be



disabled due to a limited number of retransmissions and a corresponding limited

benefit to early termination.

[0083] FIG. 9 describes aspects of early termination. The transmission

illustration of FIG. 9 is similar to the transmission illustration of FIG. 6B, but

FIG. 9 explicitly shows multiple transmissions of a block of data from an eNB

TX 950 occurring during PDSCH transmissions 932A-Z. In some embodiments,

when channel quality data is used to set a retransmission window 955 and a

channel 93 1 schedules a standard HARQ-ACK/NACK message 933 at the end

of the retransmission window 955, the channel 93 1may also be used to schedule

optional intermediate HARQ-ACK messages 939A-C which act as messages for

early termination of repeated transmissions. In such embodiments, rather than

interrupting a transmission schedule after a data block is successfully decoded,

the receiving device waits until the next scheduled HARQ-ACK message 939

following the successful decoding. This scheduled block is then used to send an

early termination message. For example, if the UE decodes the data block

successfully before the scheduled HARQ-ACK message 939A, then the UE TX

901will transmit an early termination of repeated transmissions message to the

eNB, and assuming that the message is received shortly thereafter, all

retransmissions in the PDSCH transmissions 932D-Z will be canceled, freeing

up resources for other transmissions.

[0084] If the UE decodes the data block after the timing for the scheduled

HARQ-ACK message 939A has passed, but before the timing for the HARQ-

ACK message 939B has passed, then then UE TX 901 will either skip

transmission during the timing for the HARQ-ACK message 939A, or may use

that transmission period for other data. The HARQ-ACK message 939B will be

used, and if successfully transmitted, results in the PDSCH transmissions 932N-

Z being canceled, with those resources freed for other transmissions.

[0085] If the UE does not decode the data block until after the timing for the

scheduled HARQ-ACK message 939C, then the UE TX 901 will not send an

early termination of repeated transmissions message, but will simply send the

standard HARQ-ACK/NACK message 933A at the end of the retransmission

window 955 indicating whether or not the data was successfully decoded.



[0086] In various embodiments, the HARQ-ACK message 939 scheduling

may be managed in different ways. In one embodiment, a table or other

specifically scheduled timing of pre-determined resources may be used within a

retransmission window, such that a standard pattern is used for all transmissions

that use early termination of repeated transmissions functionality.

[0087] In another embodiment, a device can transmit intermediate HARQ-

ACK feedback on a PUCCH la/ lb resource starting from the (n+4)th uplink

subframe, where the downlink subframe n corresponds to the f*Nth (rounded up

or down in different embodiments) repeated transmission of the PDSCH

transport block, where N is the total number of repeated subframes for the

transport block and the factor f is a value between zero and one.

[0088] In still further embodiments, multiple intermediate HARQ-ACK

feedback scheduling instances can be set on a cell-specific or UE-specific basis.

Given that PPUCCH transmissions carrying the intermediate HARQ-ACK

messages 939 may need to be repeated across multiple subframes as well given

channel conditions, some embodiments may be structured with the HARQ-ACK

messages 939 spread sufficiently to avoid collisions. In other words, the HARQ-

ACK message 939A should be sufficiently separated from the HARQ-ACK

message 939B to avoid collisions given repeated transmissions of the message.

[0089] For UE-specific configuration, the number and the location, given by

the factor with 0 <f < 1, for scheduled intermediate HARQ-ACK feedback

within a retransmission window can be configured explicitly or be specified as a

function of the EC level set for a UE operating in EC mode.

[0090] In order to avoid resource collisions between the regular HARQ-ACK

transmissions (e.g. standard HARQ-ACK/NACK message 933A) and

intermediate HARQ-ACK transmissions (e.g. intermediate HARQ-ACK

messages 939A-C) in a PUCCH, in some embodiments, separate regions can be

defined via configuration of different PUCCH starting offsets. In some

embodiments, N(1)PUCCH values or transmissions using the starting offset

value N(l)PUCCH_interm my operate where this parameter is configured in a

cell-specific or UE-specific manner using higher layer signaling. In some

embodiments, a starting CCE of the original downlink control channel



transmission carrying the downlink scheduling assignment or nCCE can be used

for this offset.

[0091] In embodiments with multiple intermediate HARQ-ACK feedback

reporting instances occurring with overlapping retransmission windows, multiple

starting offsets are configured corresponding to each data transmission and

associated HARQ-ACK feedback to avoid PUCCH resource collision between

different UEs transmitting different instances of intermediate HARQ-ACK

feedback.

[0092] Example 1 is an apparatus of an evolved node B (eNB) for machine-

type communications (MTC) comprising: receive circuitry configured to receive

one or more transmissions of block data on a Physical Uplink Shared Channel

(PUSCH) from a first user equipment (UE) during a retransmission window;

control circuitry configured to: determine that the block data has been

successfully decoded at the eNB using the one or more transmissions of the

block data; and generate an early termination of repeated transmissions message

comprising a downlink control information (DCl) message; and transmit

circuitry configured to transmit the early termination of repeated transmissions

message during the retransmission window.

[0093] In Example 2, the subject matter of Example 1 optionally includes

wherein the control circuitry is further configured to: determine a channel quality

associated with the PUSCH based on one or more measurements prior to

reception of the one or more transmissions of the block data; and select a

retransmission value based on the channel quality, wherein the retransmission

value is associated with the retransmission window.

[0094] In Example 3, the subject matter of any one or more of Examples 1-2

optionally includes wherein the DCl message comprises a DCl format 0 message

comprising: CRC parity bits scrambled with a C-RNTI; and a new data indicator

(NDI) value set to 0.

[0095] In Example 4, the subject matter of Examples 1-3 optionally includes

wherein the DCl format 0 message further comprises: a TPC command for the

PUSCH set to 00; a cyclic shift DM RS set to CS val; a modulation and coding

scheme redundancy version set to 11111; and a resource block assignment and

hopping resource allocation value comprising all Ί 's.



[0096] In Example 5, the subject matter of any one or more of Examples 1-4

optionally includes wherein the eNB is configured to receive data from a

plurality of transport blocks on the PUSCH during the retransmission window;

wherein the block data is associated with a first transport block of the plurality of

transport blocks; and wherein the control circuitry is configured to associate the

block data with the early termination of repeated transmissions message based

on a timing relationship between a first subframe of the one or more

transmissions of the block data and a first subframe of the early termination of

repeated transmissions message.

[0097] In Example 6, the subject matter of any one or more of Examples 1-5

optionally includes wherein the eNB is configured to receive data from a

plurality of transport blocks on the PUSCH during the retransmission window;

wherein the block data is associated with a first transport block of the plurality of

transport blocks; wherein the control circuitry is configured to associate each of

the plurality of transport blocks with a hybrid automatic repeat request (HARQ)

acknowledgement (HARQ-ACK) process number; and wherein the DCI

message comprises a first HARQ-ACK process number associated with the first

transport block.

[0098] In Example 7, the subject matter of Example 6 optionally includes

wherein the DCI message further comprises a cyclic shift bit field and a new

data indicator (NDI).

[0099] In Example 8, the subject matter of any one or more of Examples 1-7

optionally includes wherein the eNB is configured to communicate with the first

UE in a half-duplex frequency division duplex (HD-FDD) operation mode such

that the PUSCH is interspersed with downlink subframes during the

retransmission window.

[00100] In Example 9, the subject matter of any one or more of Examples 1-8

optionally includes wherein the transmit circuitry is further configured to

communicate one or more transmissions of second block data on a Physical

Downlink Shared Channel (PDSCH) to the first user equipment (UE) during a

second retransmission window; and wherein the control circuitry is further

configured to: initiate transmission of the second block data to the first UE on

the PDSCH, the transmission of the second block data comprising repeated



transmission of the second block data during the second retransmission window;

manage reception of a second early termination of repeated transmissions

message from the first UE comprising a hybrid automatic repeat request

(HARQ) acknowledgement (HARQ-ACK) message during the second

retransmission window, the second early termination of repeated transmissions

message based on a second decoding of the second block data at the first UE

prior to completion of the second retransmission window; and terminate the

repeated transmission of the second block data in response to receipt of the

second early termination of repeated transmissions message during the second

retransmission window.

[00101] In Example 10, the subject matter of Example 9 optionally includes

wherein the retransmission window and the second retransmission window are

both determined based on a same first channel quality measurement.

[00102] In Example 11, the subject matter of any one or more of Examples 1-

10 optionally includes wherein the HARQ-ACK message consists of a positive

acknowledgement message.

[00103] In Example 12, the subject matter of any one or more of Examples 1-

11 optionally includes wherein the second retransmission window is based on a

selected number of subframe retransmissions.

[00104] In Example 13, the subject matter of any one or more of Examples 1-

12 optionally includes wherein the PDSCH is associated with HARQ-ACK

feedback scheduled on a physical uplink control channel (PUCCH) starting from

an (n+4)th upload subframe of the second block data in the PDSCH, wherein a

downlink subframe n corresponds to (f*N) where N is a selected number of

subframe retransmissions and 0<f<l.

[00105] In Example 14, the subject matter of Example 13 optionally includes

wherein the HARQ-ACK feedback scheduled on the PUCCH is associated with

a plurality of subframes; wherein a first subframe of the plurality of subframes is

based on a first n where f=0.25; wherein a second subframe of the plurality of

subframes is based on a second n where f=0.5; and wherein a third subframe of

the plurality of subframes is based on a third n where f=0.75.

[00106] In Example 15, the subject matter of any one or more of Examples 1-

14 optionally includes wherein the receive circuitry is further configured to



receive one or more transmissions of third block data on a second Physical

Uplink Shared Channel (PUSCH) from the first user equipment (UE) during a

third retransmission window; wherein the control circuitry is further configured

to: determine that the third block data has been successfully decoded at the eNB

using the one or more transmissions of the third block data; and generate a third

early termination of repeated transmissions message comprising a second hybrid

automatic repeat request (HARQ) acknowledgement (HARQ-ACK) message;

and wherein the transmit circuitry is further configured to transmit the third early

termination of repeated transmissions message during the third retransmission

window.

[00107] Example 16 is a non-transitory computer readable medium comprising

instructions that, when executed by one or more processors, configure an

evolved node B (eNB) for machine-type communications (MTC) comprising:

determining a channel connection quality to a user equipment (UE) based on one

or more measurements associated with a Physical Uplink Shared Channel

(PUSCH); selecting a retransmission value based on the channel quality, wherein

the retransmission value is associated with a retransmission window; receiving

one or more transmissions of block data on the PUSCH from the UE during the

retransmission window; determining that the block data has been successfully

decoded at the eNB using the one or more transmissions of the block data; and

transmitting an early termination of repeated transmissions message comprising

a downlink control information (DCI) message during the retransmission

window.

[00108] In Example 17, the subject matter of Example 16 optionally includes

wherein the DCI message comprises a DCI format 0 message; and wherein the

block data is associated with the early termination of repeated transmissions

message based on a timing relationship between a first subframe of the one or

more transmissions of the block data and a first subframe of the early

termination of repeated transmissions message.

[00109] In Example 18, the subject matter of any one or more of Examples

above optionally includes wherein the DCI message comprises a custom DCI

format comprising a hybrid automatic repeat request (HARQ) acknowledgement

(HARQ-ACK) process number used to identify the block data.



[00110] Example 19 is an apparatus of an evolved node B (eNB) for machine-

type communications (MTC) comprising: receive circuitry configured to receive

one or more transmissions of block data on a Physical Uplink Shared Channel

(PUSCH) from a first user equipment (UE) during a retransmission window;

control circuitry configured to: determine a channel quality associated with the

PUSCH based on one or more measurements prior to reception of the one or

more transmissions of the block data; select a retransmission value based on the

channel quality, wherein the retransmission value is associated with the

retransmission window; determine that the block data has been successfully

decoded at the eNB using the one or more transmissions of the block data; and

generate an early termination of repeated transmissions message comprising a

hybrid automatic repeat request (HARQ) acknowledgement (HARQ-ACK)

message; and transmit circuitry configured to transmit the early termination of

repeated transmissions message during the retransmission window.

[00111] In Example 20, the subject matter of any Examples above optionally

includes wherein the retransmission window is based on a selected number of

subframe retransmissions; and wherein the PUSCH is associated with periodic

intermediate HARQ-ACK feedback scheduled on a physical uplink control

channel (PUCCH) starting from an (n+4)th upload subframe of the block data in

the PDSCH, wherein a downlink subframe n corresponds to (f*N) where N is a

selected number of subframe retransmissions and 0<f<l.

[00112] In Example 21, the subject matter of any one or more of Examples q-

20 optionally includes wherein the eNB is configured to schedule periodic

intermediate HARQ-ACK feedback in a cell-specific or UE-specific manner to

avoid collisions with regular HARQ-ACK feedback.

[00113] In Example 22, the subject matter of Examples 1-21 optionally

includes wherein the periodic intermediate HARQ-ACK feedback is scheduled

via higher layer signaling.

[00114] In Example 23, the subject matter of Examples 1-22 optionally

includes wherein PUCCH resources for the periodic intermediate HARQ-ACK

feedback are derived from a starting CCE index of an initial downlink control

channel transmission carrying a downlink scheduling assignment.



[00115] In Example 24, the subject matter of Examples 1-23 optionally

includes wherein the cell-specific or UE-specific scheduling manner is based on

varied starting offsets configured corresponding to each instance of the periodic

intermediate HARQ-ACK feedback to avoid PUCCH resource collisions

between different UEs communicating with the eNB.

[00116] Example 25 is a non-transitory computer readable medium comprising

instructions that, when executed by one or more processors, configure an

evolved node B (eNB) for machine -type communications (MTC) comprising:

determining a channel connection quality to a user equipment (UE) based on one

or more measurements associated with a Physical Uplink Shared Channel

(PUSCH); selecting a retransmission value based on the channel quality, wherein

the retransmission value is associated with a retransmission window; receiving

one or more transmissions of block data on the PUSCH from the UE during the

retransmission window; determining that the block data has been successfully

decoded at the eNB using the one or more transmissions of the block data; and

transmitting an early termination of repeated transmissions message comprising

a hybrid automatic repeat request (HARQ) acknowledgement (HARQ-ACK)

message during the retransmission window.

[00117] Example 26 is an apparatus of an evolved node B (eNB) for machine-

type communications (MTC) comprising: transmit circuitry configured to

communicate one or more transmissions of block data on a Physical Downlink

Shared Channel (PDSCH) to a first user equipment (UE) during a retransmission

window; control circuitry configured to: determine a channel quality associated

with the PDSCH based on one or more measurements prior to communication of

the one or more transmissions of the block data; select a retransmission value

based on the channel quality, wherein the retransmission value is associated with

the retransmission window; initiate transmission of the block data to the first UE

on the PDSCH, the transmission of the block data comprising repeated

transmission of the block data during the retransmission window based on the

measured channel quality; manage reception of an early termination of repeated

transmissions message from the first UE comprising a hybrid automatic repeat

request (HARQ) acknowledgement (HARQ-ACK) message during the

retransmission window, the early termination of repeated transmissions message



based on a decoding of the block data prior to completion of the retransmission

window; and terminate the repeated transmission of the block data in response to

receipt of the early termination of repeated transmissions message during the

retransmission window.

[00118] Example 27 is an apparatus of a user equipment (UE) for machine-

type communications (MTC) comprising: receive circuitry configured to receive

retransmission information from an evolved node B (eNB) associated with a

measured channel quality for a Physical Uplink Shared Channel (PUSCH); and

control circuitry configured to: initiate transmission of block data to the eNB on

the PUSCH, the transmission of the block data comprising repeated transmission

of the block data during a retransmission window based on the measured channel

quality; receive an early termination of repeated transmissions message

comprising a downlink control information (DCI) format 0 message; and

terminate the repeated transmission of the block data in response to receipt of the

early termination of repeated transmissions message during the retransmission

window.

[00119] Example 28 is an apparatus of a user equipment (UE) for machine-type

communications (MTC) comprising: receive circuitry configured to receive

retransmission information from an evolved node B (eNB) based on a measured

channel quality associated with a Physical Uplink Shared Channel (PUSCH);

and control circuitry configured to: initiate transmission of block data to the eNB

on the PUSCH, the transmission of the block data comprising repeated

transmission of the block data during a retransmission window based on the

measured channel quality; manage reception of an early termination of repeated

transmissions message comprising a hybrid automatic repeat request (HARQ)

acknowledgement (HARQ-ACK) message during the retransmission window;

and

terminate the repeated transmission of the block data in response to receipt of the

early termination of repeated transmissions message during the retransmission

window.

[00120] Example 29 is an apparatus of a user equipment (UE) for machine-type

communications (MTC) comprising: receive circuitry configured to: receive

retransmission information from an evolved node B (eNB) based on a measured



channel quality associated with a Physical Downlink Shared Channel (PDSCH);

and receive one or more transmissions of block data on a Physical Uplink Shared

Channel (PUSCH) from the eNB during a retransmission window; control

circuitry configured to: determine that the block data has been successfully

decoded at the UE using the one or more transmissions of the block data; and

generate an early termination of repeated transmissions message comprising a

hybrid automatic repeat request (HARQ) acknowledgement (HARQ-ACK)

message in response to the determination that the block data has been

successfully decoded; and transmit circuitry configured to transmit the early

termination of repeated transmissions message to the eNB before the end of the

retransmission window.

[00121] Example 30 is an apparatus of a user equipment (UE) for machine-type

communications (MTC) comprising: control circuitry configured to: process

retransmission information from an evolved node B (eNB) based on a measured

channel quality associated with a Physical Downlink Shared Channel (PDSCH);

and process one or more transmissions of block data on a Physical Uplink

Shared Channel (PUSCH) from the eNB during a retransmission window;

determine that the block data has been successfully decoded at the UE using the

one or more transmissions of the block data; and generate, in response to the

determination that the block data has been successfully decoded, an early

termination of repeated transmissions message comprising a hybrid automatic

repeat request (HARQ) acknowledgement (HARQ-ACK) message in response to

the determination that the block data has been successfully decoded.

[00122] Example 31 is an embodiment as any example above with an apparatus

comprising: receive circuitry coupled to an antenna and the control circuitry, the

receive circuitry configured to receive the retransmission information and the

block data from the antenna and communicate the retransmission information

and the block data to the control circuitry; and transmit circuitry coupled to the

antenna and the control circuitry, the transmit circuitry configured to transmit the

early termination of repeated transmissions message to the eNB before the end

of the retransmission window.



[00123] Further, in addition to the specific combinations of examples

described above, any of the examples detailing further implementations of an

element of an apparatus or medium may be applied to any other corresponding

apparatus or medium, or may be implemented in conjunction with another

apparatus or medium. Thus, each example above may be combined with each

other example in various ways both as implementations in a system and as

combinations of elements to generate an embodiment from the combination of

each example or group of examples.

[00124] FIG. 10 illustrates aspects of a computing machine according to some

example embodiments. Embodiments described herein may be implemented

into a system 1000 using any suitably configured hardware and/or software. FIG.

10 illustrates, for some embodiments, an example system 1000 comprising radio

frequency (RF) circuitry 1035, baseband circuitry 1030, application circuitry

1025, memory/storage 1040, a display 1005, a camera 1020, a sensor 1015, and

an input/output (I/O) interface 1010, coupled with each other at least as shown.

[00125] The application circuitry 1025 may include circuitry such as, but not

limited to, one or more single-core or multi-core processors. The processor(s)

may include any combination of general-purpose processors and dedicated

processors (e.g., graphics processors, application processors, etc.). The

processors may be coupled with the memory/storage 1040 and configured to

execute instructions stored in the memory/storage 1040 to enable various

applications and/or operating systems running on the system 1000.

[00126] The baseband circuitry 1030 may include circuitry such as, but not

limited to, one or more single-core or multi-core processors. The processor(s)

may include a baseband processor. The baseband circuitry 1030 may handle

various radio control functions that enable communication with one or more

radio networks via the RF circuitry 1035. The radio control functions may

include, but are not limited to, signal modulation, encoding, decoding, radio

frequency shifting, and the like. In some embodiments, the baseband circuitry

1030 may provide for communication compatible with one or more radio

technologies. For example, in some embodiments, the baseband circuitry 1030

may support communication with an evolved universal terrestrial radio access



network (EUTRAN), other wireless metropolitan area networks (WMANs), a

wireless local area network (WLAN), or a wireless personal area network

(WPAN). Embodiments in which the baseband circuitry 1030 is configured to

support radio communications of more than one wireless protocol may be

referred to as multi-mode baseband circuitry.

[00127] In various embodiments, the baseband circuitry 1030 may include

circuitry to operate with signals that are not strictly considered as being in a

baseband frequency. For example, in some embodiments, the baseband circuitry

1030 may include circuitry to operate with signals having an intermediate

frequency, which is between a baseband frequency and a radio frequency.

[00128] The RF circuitry 1035 may enable communication with wireless

networks using modulated electromagnetic radiation through a non-solid

medium. In various embodiments, the RF circuitry 1035 may include switches,

filters, amplifiers, and the like to facilitate the communication with the wireless

network.

[00129] In various embodiments, the RF circuitry 1035 may include circuitry

to operate with signals that are not strictly considered as being in a radio

frequency. For example, in some embodiments, the RF circuitry 1035 may

include circuitry to operate with signals having an intermediate frequency, which

is between a baseband frequency and a radio frequency.

[00130] In various embodiments, the transmitter circuitry or receiver circuitry

discussed above with respect to the UE or eNB may be embodied in whole or in

part in one or more of the RF circuitry 1035, the baseband circuitry 1030, and/or

the application circuitry 1025.

[00131] In some embodiments, some or all of the constituent components of a

baseband processor may be used to implement aspects of any embodiment

described herein. Such embodiments may be implemented by the baseband

circuitry 1030, the application circuitry 1025, and/or the memory/storage 1040

may be implemented together on a system on a chip (SOC).

[00132] The memory/storage 1040 may be used to load and store data and/or

instructions, for example, for the system 1000. The memory/storage 1040 for

one embodiment may include any combination of suitable volatile memory (e.g.,



dynamic random access memory (DRAM)) and/or non-volatile memory (e.g.,

flash memory).

[00133] In various embodiments, the I/O interface 1010 may include one or

more user interfaces designed to enable user interaction with the system 1000

and/or peripheral component interfaces designed to enable peripheral component

interaction with the system 1000. User interfaces may include, but are not

limited to, a physical keyboard or keypad, a touchpad, a speaker, a microphone,

and so forth. Peripheral component interfaces may include, but are not limited to,

a non-volatile memory port, a universal serial bus (USB) port, an audio jack, and

a power supply interface.

[00134] In various embodiments, the sensor 1015 may include one or more

sensing devices to determine environmental conditions and/or location

information related to the system 1000. In some embodiments, the sensors 1015

may include, but are not limited to, a gyro sensor, an accelerometer, a proximity

sensor, an ambient light sensor, and a positioning unit. The positioning unit may

also be part of, or interact with, the baseband circuitry 1030 and/or RF circuitry

1035 to communicate with components of a positioning network (e.g., a global

positioning system (GPS) satellite). In various embodiments, the display 1005

may include a display (e.g., a liquid crystal display, a touch screen display, etc.).

[00135] In various embodiments, the system 1000 may be a mobile computing

device such as, but not limited to, a laptop computing device, a tablet computing

device, a netbook, an ultrabook, a smartphone, and the like. In various

embodiments, the system 1000 may have more or fewer components, and/or

different architectures.

[00136] FIG. 11 shows an example UE, illustrated as a UE 1100. The UE

1100 may be an implementation of the UE 101, the eNB 150, or any device

described herein. The UE 1100 can include one or more antennas configured to

communicate with a transmission station, such as a base station (BS), an eNB, or

another type of wireless wide area network (WWAN) access point. The UE 1100

can be configured to communicate using at least one wireless communication

standard including 3GPP LTE, WiMAX, High Speed Packet Access (HSPA),

Bluetooth, and WiFi. The UE 1100 can communicate using separate antennas for

each wireless communication standard or shared antennas for multiple wireless



communication standards. The UE 1100 can communicate in a WLAN, a

WPAN, and/or a WWAN.

[00137] FIG. 11 also shows a microphone 1120 and one or more speakers

1112 that can be used for audio input and output to and from the UE 1100. A

display screen 1104 can be a liquid crystal display (LCD) screen, or another type

of display screen such as an organic light emitting diode (OLED) display. The

display screen 1104 can be configured as a touch screen. The touch screen can

use capacitive, resistive, or another type of touch screen technology. An

application processor 1114 and a graphics processor 1118 can be coupled to an

internal memory 1116 to provide processing and display capabilities. A n on

volatile memory port 1 1 10 can also be used to provide data I/O options to a user.

The non-volatile memory port 1110 can also be used to expand the memory

capabilities of the UE 1100. A keyboard 1106 can be integrated with the UE

1100 or wirelessly connected to the UE 1100 to provide additional user input. A

virtual keyboard can also be provided using the touch screen. A camera 1122

located on the front (display screen) side or the rear side of the UE 1100 can also

be integrated into the housing 1102 of the UE 1100.

[00138] FIG. 12 is a block diagram illustrating an example computer system

machine 1200 upon which any one or more of the methodologies herein

discussed can be run, and which may be used to implement the eNB 150, the UE

101, or any other device described herein. In various alternative embodiments,

the machine operates as a standalone device or can be connected (e.g.,

networked) to other machines. In a networked deployment, the machine can

operate in the capacity of either a server or a client machine in server-client

network environments, or it can act as a peer machine in peer-to-peer (or

distributed) network environments. The machine can be a personal computer

(PC) that may or may not be portable (e.g., a notebook or a netbook), a tablet, a

set-top box (STB), a gaming console, a Personal Digital Assistant (PDA), a

mobile telephone or smartphone, a web appliance, a network router, switch, or

bridge, or any machine capable of executing instructions (sequential or

otherwise) that specify actions to be taken by that machine. Further, while only

a single machine is illustrated, the term "machine" shall also be taken to include

any collection of machines that individually or jointly execute a set (or multiple



sets) of instructions to perform any one or more of the methodologies discussed

herein.

[00139] The example computer system machine 1 00 includes a processor

1202 (e.g., a central processing unit (CPU), a graphics processing unit (GPU), or

both), a main memory 1204, and a static memory 1206, which communicate

with each other via an interconnect 1208 (e.g., a link, a bus, etc.). The computer

system machine 1200 can further include a video display unit 1210, an

alphanumeric input device 1212 (e.g., a keyboard), and a user interface (UI)

navigation device 1214 (e.g., a mouse). In one embodiment, the video display

unit 1210, input device 1212, and UI navigation device 1214 are a touch screen

display. The computer system machine 1200 can additionally include a mass

storage device 1216 (e.g., a drive unit), a signal generation device 1218 (e.g., a

speaker), an output controller 1232, a power management controller 1234, a

network interface device 1220 (which can include or operably communicate with

one or more antennas 1230, transceivers, or other wireless communications

hardware), and one or more sensors 1228, such as a GPS sensor, compass,

location sensor, accelerometer, or other sensor.

[00140] The storage device 1216 includes a machine-readable medium 1222

on which is stored one or more sets of data structures and instructions 1224 (e.g.,

software) embodying or utilized by any one or more of the methodologies or

functions described herein. The instructions 1224 can also reside, completely or

at least partially, within the main memory 1204, static memory 1206, and/or

processor 1202 during execution thereof by the computer system machine 1200,

with the main memory 1204, the static memory 1206, and the processor 1202

also constituting machine-readable media.

[00141] While the machine-readable medium 1222 is illustrated in an example

embodiment to be a single medium, the term "machine-readable medium" can

include a single medium or multiple media (e.g., a centralized or distributed

database, and/or associated caches and servers) that store the one or more

instructions 1224. The term "machine-readable medium" shall also be taken to

include any tangible medium that is capable of storing, encoding, or carrying

instructions for execution by the machine and that cause the machine to perform

any one or more of the methodologies of the present disclosure, or that is capable



of storing, encoding, or carrying data structures utilized by or associated with

such instructions.

[00142] The instructions 1 24 can further be transmitted or received over a

communications network 1226 using a transmission medium via the network

interface device 1220 utilizing any one of a number of well-known transfer

protocols (e.g., hypertext transfer protocol HTTP). The term "transmission

medium" shall be taken to include any medium that is capable of storing,

encoding, or carrying instructions for execution by the machine, and includes

digital or analog communications signals or other intangible media to facilitate

communication of such software.

[00143] Various techniques, or certain aspects or portions thereof, may take

the form of program code (i.e., instructions) embodied in tangible media, such as

floppy diskettes, CD-ROMs, hard drives, non-transitory computer readable

storage media, or any other machine-readable storage medium wherein, when

the program code is loaded into and executed by a machine, such as a computer,

the machine becomes an apparatus for practicing the various techniques. In the

case of program code execution on programmable computers, the computing

device may include a processor, a storage medium readable by the processor

(including volatile and non-volatile memory and/or storage elements), at least

one input device, and at least one output device. The volatile and non-volatile

memory and/or storage elements may be a RAM, Erasable Programmable Read

only Memory (EPROM), flash drive, optical drive, magnetic hard drive, or other

medium for storing electronic data. The base station and mobile station may also

include a transceiver module, a counter module, a processing module, and/or a

clock module or timer module. One or more programs that may implement or

utilize the various techniques described herein may use an application

programming interface (API), reusable controls, and the like. Such programs

may be implemented in a high level procedural or object-oriented programming

language to communicate with a computer system. However, the program(s)

may be implemented in assembly or machine language, if desired. In any case,

the language may be a compiled or interpreted language, and combined with

hardware implementations.



[00144] Various embodiments may use 3GPP LTE/LTE-A, Institute of

Electrical and Electronic Engineers (IEEE) 1202.1 1, and Bluetooth

communication standards. Various alternative embodiments may use a variety

of other WWAN, WLAN, and WPAN protocols and standards in connection

with the techniques described herein. These standards include, but are not

limited to, other standards from 3GPP (e.g., HSPA+, UMTS), IEEE 1202.16

(e.g., 1202. 16p), or Bluetooth (e.g., Bluetooth 11.0, or like standards defined by

the Bluetooth Special Interest Group) standards families. Other applicable

network configurations can be included within the scope of the presently

described communication networks. It will be understood that communications

on such communication networks can be facilitated using any number of PANs,

LANs, and WANs, using any combination of wired or wireless transmission

mediums.

[00145] The embodiments described above can be implemented in one or a

combination of hardware, firmware, and software. Various methods or

techniques, or certain aspects or portions thereof, can take the form of program

code (i.e., instructions) embodied in tangible media, such as flash memory, hard

drives, portable storage devices, read-only memory (ROM), RAM,

semiconductor memory devices (e.g., EPROM, Electrically Erasable

Programmable Read-Only Memory (EEPROM)), magnetic disk storage media,

optical storage media, and any other machine-readable storage medium or

storage device wherein, when the program code is loaded into and executed by a

machine, such as a computer or networking device, the machine becomes an

apparatus for practicing the various techniques.

[00146] It should be understood that the functional units or capabilities

described in this specification may have been referred to or labeled as

components or modules in order to more particularly emphasize their

implementation independence. For example, a component or module can be

implemented as a hardware circuit comprising custom very-large-scale

integration (VLSI) circuits or gate arrays, off-the-shelf semiconductors such as

logic chips, transistors, or other discrete components. A component or module

can also be implemented in programmable hardware devices such as field

programmable gate arrays, programmable array logic, programmable logic



devices, or the like. Components or modules can also be implemented in

software for execution by various types of processors. An identified component

or module of executable code can, for instance, comprise one or more physical

or logical blocks of computer instructions, which can, for instance, be organized

as an object, procedure, or function. Nevertheless, the executables of an

identified component or module need not be physically located together, but can

comprise disparate instructions stored in different locations which, when joined

logically together, comprise the component or module and achieve the stated

purpose for the component or module.

[00147] Indeed, a component or module of executable code can be a single

instruction, or many instructions, and can even be distributed over several

different code segments, among different programs, and across several memory

devices. Similarly, operational data can be identified and illustrated herein

within components or modules, and can be embodied in any suitable form and

organized within any suitable type of data structure. The operational data can be

collected as a single data set, or can be distributed over different locations

including over different storage devices, and can exist, at least partially, merely

as electronic signals on a system or network. The components or modules can

be passive or active, including agents operable to perform desired functions.



CLAIMS

What is claimed is:

1. An apparatus of an evolved node B (eNB) for machine-type

communications (MTC) comprising:

receive circuitry configured to receive one or more transmissions of

block data on a Physical Uplink Shared Channel (PUSCH) from a first user

equipment (UE) during a retransmission window;

control circuitry configured to:

determine that the block data has been successfully

decoded at the eNB using the one or more transmissions of the

block data; and

generate an early termination of repeated transmissions

message for the data block following determination of successful

decoding, the early termination of repeated transmissions

message comprising a downlink control information (DCI)

message; and

transmit circuitry configured to transmit the early termination of repeated

transmissions message during the retransmission window.

2. The apparatus of claim 1 wherein the control circuitry is further

configured to:

determine a channel quality associated with the PUSCH based on one or

more quality evaluations prior to reception of the one or more transmissions of

the block data; and

select a retransmission value based on the channel quality, wherein the

retransmission value is associated with the retransmission window.

3. The apparatus of claim 1wherein the DCI message comprises a DCI

format 0 message comprising:

CRC parity bits scrambled with a C-RNTI; and

a new data indicator (NDI) value set to 0.



4. The apparatus of claim 3 wherein the DCI format 0 message further

comprises:

a TPC command for the PUSCH set to 00;

a cyclic shift DM RS set to CS val

a modulation and coding scheme redundancy version set to 11 1 11; and

a resource block assignment and hopping resource allocation value

comprising all Ts.

5. The apparatus of claim 1wherein the eNB is configured to receive data

from a plurality of transport blocks on the PUSCH during the retransmission

window;

wherein the block data is associated with a first transport block of the

plurality of transport blocks; and

wherein the control circuitry is configured to associate the block data

with the early termination of repeated transmissions message based on a timing

relationship between a first subframe of the one or more transmissions of the

block data and a first subframe of the early termination of repeated transmissions

message.

6. The apparatus of claim 1wherein the eNB is configured to receive data

from a plurality of transport blocks on the PUSCH during the retransmission

window;

wherein the block data is associated with a first transport block of the

plurality of transport blocks;

wherein the control circuitry is configured to associate each of the

plurality of transport blocks with a hybrid automatic repeat request (HARQ)

acknowledgement (HARQ-ACK) process number; and

wherein the DCI message comprises a first HARQ-ACK process number

associated with the first transport block.

7. The apparatus of claim 6 wherein the DCI message further comprises a

cyclic shift bit field and a new data indicator (NDI).



8. The apparatus of claim 1wherein the eNB is configured to communicate

with the first UE in a half-duplex frequency division duplex (HD-FDD)

operation mode such that the PUSCH is interspersed with downlink subframes

during the retransmission window.

9. The apparatus of claim 1wherein the transmit circuitry is further

configured to communicate one or more transmissions of second block data on a

Physical Downlink Shared Channel (PDSCH) to the first user equipment (UE)

during a second retransmission window; and

wherein the control circuitry is further configured to:

initiate transmission of the second block data to the first

UE on the PDSCH, the transmission of the second block data

comprising repeated transmission of the second block data during

the second retransmission window;

manage reception of a second early termination of

repeated transmissions message from the first UE comprising a

hybrid automatic repeat request (HARQ) acknowledgement

(HARQ-ACK) message during the second retransmission

window, the second early termination of repeated transmissions

message based on a second decoding of the second block data at

the first UE prior to completion of the second retransmission

window; and

terminate the repeated transmission of the second block

data in response to receipt of the second early termination of

repeated transmissions message during the second retransmission

window.

10. The apparatus of claim 9 wherein the retransmission window and the

second retransmission window are both determined based on a same first

channel quality measurement.

11. The apparatus of claim 9 wherein the HARQ-ACK message comprises a

positive acknowledgement message.



1 . The apparatus of claim 9 wherein the second retransmission window is

based on a selected number of subframe retransmissions.

13. The apparatus of claim 9 wherein the PDSCH is associated with HARQ-

ACK feedback scheduled on a physical uplink control channel (PUCCH) starting

from an (n+4)th upload subframe of the second block data in the PDSCH,

wherein a downlink subframe n corresponds to ( Ν ) where N is a selected

number of subframe retransmissions and 0<f<l.

14. The apparatus of claim 13 wherein the HARQ-ACK feedback scheduled

on the PUCCH is associated with a plurality of subframes;

wherein a first subframe of the plurality of subframes is based on a first n

where f=0.25;

wherein a second subframe of the plurality of subframes is based on a

second n where f=0.5; and

wherein a third subframe of the plurality of subframes is based on a third

n where f=0.75.

15. The apparatus of claim 9 wherein the receive circuitry is further

configured to receive one or more transmissions of third block data on a second

Physical Uplink Shared Channel (PUSCH) from the first user equipment (UE)

during a third retransmission window;

wherein the control circuitry is further configured to:

determine that the third block data has been successfully

decoded at the eNB using the one or more transmissions of the

third block data; and

generate a third early termination of repeated

transmissions message comprising a second hybrid automatic

repeat request (HARQ) acknowledgement (HARQ-ACK)

message; and



wherein the transmit circuitry is further configured to transmit the third

early termination of repeated transmissions message during the third

retransmission window.

16. A non-transitory computer readable medium comprising instructions

that, when executed by one or more processors, configure an evolved node B

(eNB) for machine-type communications (MTC), the instructions to configure

the eNB to:

determine a channel connection quality to a user equipment (UE) based

on one or more measurements associated with a Physical Uplink Shared Channel

(PUSCH);

select a retransmission value based on the channel quality, wherein the

retransmission value is associated with a retransmission window;

receive one or more transmissions of block data on the PUSCH from the

UE during the retransmission window;

determine that the block data has been successfully decoded at the eNB

using the one or more transmissions of the block data; and

configure, in response to the determination that the block data has been

successfully decoded, a transceiver for transmission of an early termination of

repeated transmissions message comprising a downlink control information

(DCI) message during the retransmission window.

17. The non-transitory computer readable medium of claim 16 wherein the

DCI message comprises a DCI format 0 message; and

wherein the block data is associated with the early termination of

repeated transmissions message based on a timing relationship between a first

subframe of the one or more transmissions of the block data and a first subframe

of the early termination of repeated transmissions message.

18. The non-transitory computer readable medium of claim 16 wherein the

DCI message comprises a custom DCI format comprising a hybrid automatic

repeat request (HARQ) acknowledgement (HARQ-ACK) process number used

to identify the block data.



19. An apparatus of an evolved node B (eNB) for machine-type

communications (MTC) comprising:

receive circuitry configured to receive one or more transmissions of

block data on a Physical Uplink Shared Channel (PUSCH) from a first user

equipment (UE) during a retransmission window;

control circuitry configured to:

determine a channel quality associated with the PUSCH

based on one or more measurements prior to reception of the one

or more transmissions of the block data;

select a retransmission value based on the channel quality,

wherein the retransmission value is associated with the

retransmission window;

determine that the block data has been successfully

decoded at the eNB using the one or more transmissions of the

block data; and

generate an early termination of repeated transmissions

message comprising a hybrid automatic repeat request (HARQ)

acknowledgement (HARQ-ACK) message; and

transmit circuitry configured to transmit the early termination of repeated

transmissions message during the retransmission window.

20. The apparatus of claim 19 wherein the retransmission window is based

on a selected number of subframe retransmissions; and

wherein the PDSCH is associated with periodic intermediate HARQ-

ACK feedback scheduled on a physical uplink control channel (PUCCH) starting

from an (n+4)th upload subframe of the block data in the PDSCH, wherein a

downlink subframe n corresponds to (f*N) where N is a selected number of

subframe retransmissions and 0<f<l.

2 1. The apparatus of claim 19 wherein the eNB is configured to schedule

periodic intermediate HARQ-ACK feedback in a cell-specific or UE-specific

manner to avoid collisions with regular HARQ-ACK feedback.



22. The apparatus of claim 2 1 wherein the periodic intermediate HARQ-

ACK feedback is scheduled via higher layer signaling.

23 . The apparatus of claim 22 wherein PUCCH resources for the periodic

intermediate HARQ-ACK feedback are derived from a starting CCE index of an

initial downlink control channel transmission carrying a downlink scheduling

assignment.

24. The apparatus of claim 23 wherein the cell-specific or UE-specific

scheduling manner is based on varied starting offsets configured corresponding

to each instance of the periodic intermediate HARQ-ACK feedback to avoid

PUCCH resource collisions between different UEs communicating with the

eNB.

25. An apparatus of a user equipment (UE) for machine-type

communications (MTC) comprising:

control circuitry configured to:

process retransmission information from an evolved node

B (eNB) based on a measured channel quality associated with a

Physical Downlink Shared Channel (PDSCH); and

process one or more transmissions of block data on a

Physical Uplink Shared Channel (PUSCH) from the eNB during a

retransmission window;

determine that the block data has been successfully

decoded at the UE using the one or more transmissions of the

block data; and

generate, in response to the determination that the block

data has been successfully decoded, an early termination of

repeated transmissions message comprising a hybrid automatic

repeat request (HARQ) acknowledgement (HARQ-ACK)

message in response to the determination that the block data has

been successfully decoded.



26. The apparatus of claim 25 further comprising:

receive circuitry coupled to an antenna and the control circuitry, the

receive circuitry configured to receive the retransmission information and the

block data from the antenna and communicate the retransmission information

and the block data to the control circuitry; and

transmit circuitry coupled to the antenna and the control circuitry, the

transmit circuitry configured to transmit the early termination of repeated

transmissions message to the eNB before the end of the retransmission window.
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