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(57) Abstract: An evolved Node B (eNB) for sending feedback information is described. The eNB includes a processor and instruc -
tions stored in memory that is in electronic communication with the processor. The eNB determines configuration parameters related
to an Enhanced Physical Hybrid-Automatic Repeat reQuest (ARQ) Indicator Channel (EPHICH). The eNB also sends an uplink
grant and an associated EPHICH resource indicator based on the configuration parameters. The eNB additionally receives data in a
Physical Uplink Shared Channel (PUSCH). The eNB further sends Hybrid Automatic Repeat Request Acknowledgement/Negative
Acknowledgement (HARQ-ACK) information based on the configuration parameters.
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Description

Title of Invention: DEVICES FOR SENDING AND RECEIVING

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

FEEDBACK INFORMATION
Technical Field

The present disclosure relates generally to communication systems. More
specifically, the present disclosure relates to devices for sending and receiving

feedback information.

Background Art

Wireless communication devices have become smaller and more powerful in order to
meet consumer needs and to improve portability and convenience. Consumers have
become dependent upon wireless communication devices and have come to expect
reliable service, expanded areas of coverage and increased functionality. A wireless
communication system may provide communication for a number of wireless commu-
nication devices, each of which may be serviced by a base station. A base station may
be a device that communicates with wireless communication devices.

As wireless communication devices have advanced, improvements in communication
capacity, speed, flexibility and efficiency have been sought. However, improving com-
munication capacity, speed, flexibility and efficiency may present certain problems.

For example, wireless communication devices may communicate with one or more
devices using a communication structure. However, the communication structure used
may only offer limited flexibility and efficiency. As illustrated by this discussion,
systems and methods that improve communication flexibility and efficiency may be
beneficial.

Summary of Invention

One embodiment of the present invention discloses an evolved Node B (eNB) for
sending feedback information. The eNB includes a processor. The eNB also includes
memory in electronic communication with the processor. Instructions stored in the
memory are executable to determine configuration parameters related to an Enhanced
Physical Hybrid-Automatic Repeat reQuest (ARQ) Indicator Channel (EPHICH). The
instructions are also executable to send an uplink grant and an associated EPHICH
resource indicator based on the configuration parameters. The instructions are further
executable to receive data in a Physical Uplink Shared Channel (PUSCH). The in-
structions are additionally executable to send Hybrid Automatic Repeat Request Ac-
knowledgement/Negative Acknowledgement (HARQ-ACK) information based on the
configuration parameters.

One embodiment of the present invention also discloses a User Equipment (UE) for
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receiving feedback information. The UE includes a processor and memory in

electronic communication with the processor. Instructions stored in the memory are ex-
ecutable to receive an uplink grant and an associated EPHICH resource indicator. The
instructions are also executable to determine configuration parameters based on the
EPHICH resource indicator. The instructions are further executable to send data in a
PUSCH. The instructions are additionally executable to obtain HARQ-ACK in-

formation based on the configuration parameters.
[0007]  One embodiment of the present invention also discloses a method for sending

feedback information by an eNB. The method includes determining configuration pa-
rameters related to an EPHICH. The method also includes sending an uplink grant and
an associated EPHICH resource indicator based on the configuration parameters. The
method further includes receiving data in a PUSCH. The method additionally includes
sending HARQ-ACK information based on the configuration parameters.

[0008]  One embodiment of the present invention also discloses a method for receiving
feedback information by a UE. The method includes receiving an uplink grant and an
associated EPHICH resource indicator. The method also includes determining con-
figuration parameters based on the EPHICH resource indicator. The method further
includes sending data in a Physical Uplink Shared Channel (PUSCH). The method ad-
ditionally includes obtaining HARQ-ACK information based on the configuration pa-
rameters.

Brief Description of Drawings

[0009] [fig.1]Figure 1 is a block diagram illustrating one configuration of one or more evolved
Node Bs (eNBs) and one or more User Equipments (UEs) in which systems and
methods for sending and receiving feedback information may be implemented.
[fig.2]Figure 2 is a flow diagram illustrating one implementation of a method for
sending feedback information.

[fig.3]Figure 3 is a flow diagram illustrating one implementation of a method for
receiving feedback information.

[fig.4]Figure 4 is a flow diagram illustrating another implementation of a method for
sending feedback information.

[fig.5]Figure 5 is a flow diagram illustrating another implementation of a method for
receiving feedback information.

[fig.6]Figure 6 is a block diagram illustrating an example of Enhanced Physical
Hybrid-Automatic Repeat reQuest (ARQ) Indicator Channel (EPHICH) group sets.
[fig.7]Figure 7 is a block diagram illustrating one implementation of EPHICH group
signaling.

[fig.8]Figure 8 is a block diagram illustrating one implementation of signaling a
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[0010]
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[0012]

Transmit Power Control (TPC) index, virtual cell ID (VCID) and EPHICH group set.
[fig.9]Figure 9 is a block diagram illustrating another implementation of signaling a
TPC index, VCID and EPHICH group set.

[fig.10]Figure 10 is a block diagram illustrating yet another implementation of
signaling a TPC index, VCID and EPHICH group set.

[fig.11]Figure 11 is a block diagram illustrating one implementation of signaling a
configuration set that may include at least one of a TPC index, VCID and EPHICH
group set.

[fig.12]Figure 12 is a thread diagram illustrating one example of EPHICH resource
signaling by an eNB and a UE.

[fig.13]Figure 13 illustrates various components that may be utilized in a UE.
[fig.14]Figure 14 illustrates various components that may be utilized in an eNB.
[fig.15]Figure 15 is a block diagram illustrating one configuration of a UE in which
systems and methods for sending feedback information may be implemented.
[fig.16]Figure 16 is a block diagram illustrating one configuration of an eNB in which
systems and methods for receiving feedback information may be implemented.
Description of Embodiments

An evolved Node B (eNB) for sending feedback information is described. The eNB
includes a processor. The eNB also includes memory in electronic communication with
the processor. Instructions stored in the memory are executable to determine con-
figuration parameters related to an Enhanced Physical Hybrid-Automatic Repeat
reQuest (ARQ) Indicator Channel (EPHICH). The instructions are also executable to
send an uplink grant and an associated EPHICH resource indicator based on the con-
figuration parameters. The instructions are further executable to receive data in a
Physical Uplink Shared Channel (PUSCH). The instructions are additionally ex-
ecutable to send Hybrid Automatic Repeat Request Acknowledgement/Negative Ac-
knowledgement (HARQ-ACK) information based on the configuration parameters.
The EPHICH resource indicator may include a field in downlink control information
(DCI) corresponding to the uplink grant.

At least one of a virtual cell ID (VCID) and a transmit power control (TPC) index
may be determined based on the EPHICH group set index. A TPC index may be de-
termined based on the EPHICH resource indicator. At least one of a VCID and an
EPHICH group set index may be determined based on the TPC index. There may be
multiple virtual cell IDs (VCIDs) configured for demodulation reference signals
(DMRS). A single VCID for generating a DMRS sequence may be determined based
on the EPHICH resource indicator.

The EPHICH resource indicator may include at least one of a physical resource block
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[0013]
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[0015]
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(PRB) index and a cyclic shift index. The EPHICH group index may be determined
based on at least one of the PRB index and the cyclic shift index. An EPHICH group
set index may be determined based on the EPHICH resource indicator. A configuration
set index may be determined based on the EPHICH resource indicator.

A User Equipment (UE) for receiving feedback information is also described. The
UE includes a processor and memory in electronic communication with the processor.
Instructions stored in the memory are executable to receive an uplink grant and an as-
sociated EPHICH resource indicator. The instructions are also executable to determine
configuration parameters based on the EPHICH resource indicator. The instructions
are further executable to send data in a PUSCH. The instructions are additionally ex-
ecutable to obtain HARQ-ACK information based on the configuration parameters.

An EPHICH group set index may be determined based on the EPHICH resource
indicator. At least one of a virtual cell ID (VCID) and a transmit power control (TPC)
index may be determined based on the EPHICH group set index.

The EPHICH resource indicator may include a field in downlink control information
(DCI) corresponding to the uplink grant. An EPHICH group index may be determined
based on the EPHICH resource indicator.

A method for sending feedback information by an eNB is also described. The method
includes determining configuration parameters related to an EPHICH. The method also
includes sending an uplink grant and an associated EPHICH resource indicator based
on the configuration parameters. The method further includes receiving data in a
PUSCH. The method additionally includes sending HARQ-ACK information based on
the configuration parameters.

A method for receiving feedback information by a UE is also described. The method
includes receiving an uplink grant and an associated EPHICH resource indicator. The
method also includes determining configuration parameters based on the EPHICH
resource indicator. The method further includes sending data in a Physical Uplink
Shared Channel (PUSCH). The method additionally includes obtaining HARQ-ACK
information based on the configuration parameters.

The 3rd Generation Partnership Project, also referred to as "3GPP," is a collaboration
agreement that aims to define globally applicable technical specifications and technical
reports for third and fourth generation wireless communication systems. The 3GPP
may define specifications for next generation mobile networks, systems and devices.

3GPP Long Term Evolution (LTE) is the name given to a project to improve the
Universal Mobile Telecommunications System (UMTS) mobile phone or device
standard to cope with future requirements. In one aspect, UMTS has been modified to
provide support and specification for the Evolved Universal Terrestrial Radio Access
(E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN).



WO 2014/109294 PCT/JP2014/000096

[0020]

[0021]

[0022]

[0023]

At least some aspects of the systems and methods disclosed herein may be described
in relation to the 3GPP LTE, LTE-Advanced (LTE-A) and other standards (e.g., 3GPP
Releases 8, 9, 10 and/or 11). However, the scope of the present disclosure should not
be limited in this regard. At least some aspects of the systems and methods disclosed
herein may be utilized in other types of wireless communication systems.

A wireless communication device may be an electronic device used to communicate
voice and/or data to a base station, which in turn may communicate with a network of
devices (e.g., public switched telephone network (PSTN), the Internet, etc.). In de-
scribing systems and methods herein, a wireless communication device may alter-
natively be referred to as a mobile station, a UE, an access terminal, a subscriber
station, a mobile terminal, a remote station, a user terminal, a terminal, a subscriber
unit, a mobile device, etc. Examples of wireless communication devices include
cellular phones, smart phones, personal digital assistants (PDAs), laptop computers,
netbooks, e-readers, wireless modems, etc. In 3GPP specifications, a wireless commu-
nication device is typically referred to as a UE. However, as the scope of the present
disclosure should not be limited to the 3GPP standards, the terms "UE" and "wireless
communication device" may be used interchangeably herein to mean the more general
term "wireless communication device."

In 3GPP specifications, a base station is typically referred to as a Node B, an eNB, a
home enhanced or evolved Node B (HeNB) or some other similar terminology. As the
scope of the disclosure should not be limited to 3GPP standards, the terms "base
station,” "Node B," "eNB," and "HeNB" may be used interchangeably herein to mean
the more general term "base station." Furthermore, one example of a "base station" is
an access point. An access point may be an electronic device that provides access to a
network (e.g., Local Area Network (LAN), the Internet, etc.) for wireless commu-
nication devices. The term "communication device" may be used to denote both a
wireless communication device and/or a base station.

It should be noted that as used herein, a "cell” may be any communication channel
that is specified by standardization or regulatory bodies to be used for International
Mobile Telecommunications-Advanced (IMT-Advanced) and all of it or a subset of it
may be adopted by 3GPP as licensed bands (e.g., frequency bands) to be used for com-
munication between an eNB and a UE. "Configured cells" are those cells of which the
UE is aware and is allowed by an eNB to transmit or receive information. "Configured
cell(s)" may be serving cell(s). The UE may receive system information and perform
the required measurements on all configured cells. "Activated cells" are those
configured cells on which the UE is transmitting and receiving. That is, activated cells
are those cells for which the UE monitors the physical downlink control channel
(PDCCH) and in the case of a downlink transmission, those cells for which the UE
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decodes a physical downlink shared channel (PDSCH). "Deactivated cells" are those
configured cells that the UE is not monitoring the transmission PDCCH. It should be
noted that a "cell” may be described in terms of differing dimensions. For example, a
"cell” may have temporal, spatial (e.g., geographical) and frequency characteristics.

The systems and methods disclosed herein describe devices for sending and
receiving feedback information. This may be done in the context of an Enhanced
Physical Hybrid-Automatic Repeat reQuest (ARQ) Indicator Channel (EPHICH). For
example, physical uplink shared channel (PUSCH) Hybrid Automatic Repeat Request
Acknowledgement/Negative Acknowledgement (HARQ-ACK) reporting on an
EPHICH is described.

In Release 8-11 specifications of 3GPP, a Physical Hybrid- Automatic Repeat reQuest
(ARQ) Indicator Channel (PHICH) is used for transmission of HARQ-ACK in-
formation to User Equipment (UE). By introducing a new carrier type, the legacy
control channels such as PHICH may not be available in future releases of 3GPP, such
as Release 12 and beyond. In this disclosure, systems and methods to indicate to the
UE the resources used for EPHICH are described.

One benefit of EPHICH for transmission of HARQ-ACK information is that it may
indicate to a UE whether the codewords sent from the UE are received at the eNB
(e.g., base station, eNode B, etc.) correctly or not. This indication may make adaptive
transmission available to the UE. The use of EPHICH may also reduce the overhead of
signaling in the downlink by removing the need for transmission of an uplink grant as
an implicit indication of a HARQ-ACK signal.

Various examples of the systems and methods disclosed herein are now described
with reference to the Figures, where like reference numbers may indicate functionally
similar elements. The systems and methods as generally described and illustrated in the
Figures herein could be arranged and designed in a wide variety of different imple-
mentations. Thus, the following more detailed description of several implementations,
as represented in the Figures, is not intended to limit scope, as claimed, but is merely
representative of the systems and methods.

Figure 1 is a block diagram illustrating one configuration of one or more evolved
Node Bs (eNBs) 160 and one or more User Equipments (UEs) 102 in which systems
and methods for sending and receiving feedback information may be implemented.
The one or more UEs 102 may communicate with one or more eNBs 160 using one or
more antennas 122a-n. For example, a UE 102 transmits electromagnetic signals to the
eNB 160 and receives electromagnetic signals from the eNB 160 using the one or more
antennas 122a-n. The eNB 160 communicates with the UE 102 using one or more
antennas 180a-n.

The UE 102 and the eNB 160 may use one or more channels 119, 121 to com-
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municate with each other. For example, a UE 102 may transmit information or data to
the eNB 160 using one or more uplink channels 121. Examples of uplink channels 121
include a physical uplink control channel (PUCCH) and a PUSCH, etc. The one or
more eNBs 160 may also transmit information or data to the one or more UEs 102
using one or more downlink channels 119, for instance. Examples of downlink
channels 119 include a PDCCH, a PDSCH, etc. Other kinds of channels may be used.
For example, an EPHICH is a downlink channel 119 that may carry HARQ-ACK in-
formation corresponding to a PUSCH transmission.

The eNB 160 may include one or more transceivers 176, one or more demodulators
172, one or more decoders 166, one or more encoders 109, one or more modulators
113, a data buffer 162 and an eNB operations module 182. For example, one or more
reception and/or transmission paths may be implemented in an eNB 160. For con-
venience, only a single transceiver 176, decoder 166, demodulator 172, encoder 109
and modulator 113 are illustrated in the eNB 160, though multiple parallel elements
(e.g., transceivers 176, decoders 166, demodulators 172, encoders 109 and modulators
113) may be implemented.

The transceiver 176 may include one or more receivers 178 and one or more
transmitters 117. The one or more receivers 178 may receive signals from the UE 102
using one or more antennas 180a-n. For example, the receiver 178 may receive and
downconvert signals to produce one or more received signals 174. The one or more
received signals 174 may be provided to a demodulator 172. The one or more
transmitters 117 may transmit signals to the UE 102 using one or more antennas
180a-n. For example, the one or more transmitters 117 may upconvert and transmit one
or more modulated signals 115.

The demodulator 172 may demodulate the one or more received signals 174 to
produce one or more demodulated signals 170. The one or more demodulated signals
170 may be provided to the decoder 166. The eNB 160 may use the decoder 166 to
decode signals. The decoder 166 may produce one or more decoded signals 164, 168.
For example, a first eNB-decoded signal 164 may comprise received payload data,
which may be stored in a data buffer 162. A second eNB-decoded signal 168 may
comprise overhead data and/or control data. For example, the second eNB-decoded
signal 168 may provide data (e.g., PUSCH transmission data) that may be used by the
eNB operations module 182 to perform one or more operations.

As used herein, the term "module” may mean that a particular element or component
may be implemented in hardware, software or a combination of hardware and
software. However, it should be noted that any element denoted as a "module" herein
may alternatively be implemented in hardware. For example, the eNB operations

module 182 may be implemented in hardware, software or a combination of both.
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In general, the eNB operations module 182 may enable the eNB 160 to communicate
with the one or more UEs 102. The eNB operations module 182 may include one or
more of configuration parameters 194, a configuration parameter determination
module 196, a configuration signal determination module 198 and an eNB HARQ-
ACK generation module 125. In one implementation, the eNB operations module 182
may include a configuration signal 123. In another implementation, the eNB operations
module 182 may include an EPHICH resource indicator 107. In yet another imple-
mentation, the eNB operations module 182 may include both a configuration signal
123 and an EPHICH resource indicator 107.

EPHICH time and/or frequency resources may be partitioned by the eNB 160 in
several non-overlapping groups. Through the systems and methods described herein,
the eNB 160 may indicate (to the UE 102, for instance) the resources used for an
EPHICH.

In one implementation, the configuration parameter determination module 196 may
determine configuration parameters 194 related to an EPHICH. The configuration pa-
rameters 194 may include the resources used for an EPHICH. For example, the con-
figuration parameters 194 may include the time and/or frequency resources and/or
scrambling sequence and/or spreading sequence related to an EPHICH. An EPHICH
may carry HARQ-ACK information for a PUSCH transmission. Multiple EPHICHs
may constitute an EPHICH group. For instance, multiple EPHICHs mapped to the
same set of resource elements may constitute an EPHICH group.

As used herein, a resource element is the smallest time and frequency resource unit
for uplink and/or downlink transmissions. A physical channel corresponds to a set of
resource elements carrying information originating from higher layers and is the
interface between the eNB 160 and the UE 102.

One or more EPHICH groups may be included in the configuration parameters 194.
An EPHICH group may have an associated EPHICH group index that may be used (by
the UE 102 and/or the eNB 160, for instance) to identify that particular EPHICH
group.

EPHICH groups may be further associated with one or more EPHICH group sets.
The EPHICH group sets may be overlapping (e.g., multiple EPHICH group sets may
include one or more of the same EPHICH groups). In one implementation, the con-
figuration of EPHICH group sets may be cell specific (e.g., all UEs 102 are informed
about all or the same EPHICH group sets). In another implementation, the con-
figuration of EPHICH group sets may be UE specific (e.g., UEs 102 may be
configured with different EPHICH group sets). In yet another implementation, the con-
figuration of one or more EPHICH group sets may be cell specific and the con-

figuration of one or more other EPHICH group sets may be UE specific. An EPHICH
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group set may have an associated EPHICH group set index that may be used (by the
UE 102 and/or the eNB 160, for instance) to identify that particular EPHICH group set.
The configuration of the one or more EPHICH group sets may be performed by the
configuration parameter determination module 196.

The configuration parameters 194 may additionally include Transmit Power Control
(TPC) parameters. The uplink transmit power may be determined by the TPC (also
referred to as a TPC loop). The TPC may be static, semi-static and/or dynamically
varying (depending on the channel, for instance). The TPC may depend on the long-
term and short-term wireless channel between the UE 102 and the reception point (e.g.,
the eNB 160). The UE 102 may dynamically switch the reception point, and therefore
the UE 102 may maintain multiple TPC sets (e.g., one TPC set for each reception
point). Dynamic switching between different TPC sets may be done dynamically by
transmission of a TPC index in a Downlink Control Information (DCI) field related to
an uplink grant (e.g., DCI formats O and 4 described below).

The downlink control information is sent in packets of pre-specified length known as
Downlink Control Information (DCI). A PDCCH may carry a DCI. DCIs may carry
different information. For example, one DCI may be used to inform multiple UEs 102
about downlink resource allocation and another may be used to inform a specific UE
102 about uplink resource allocation, etc. Thus, depending on the functionality of a
DCI, different DCIs with different functionality may have different lengths (e.g., bits).
A DCI may transport downlink or uplink scheduling information and/or requests for
aperiodic channel quality indicator (CQI) reports. It should be noted that a Cyclic Re-
dundancy Check (CRC) may be scrambled based on a Radio Network Temporary
Identifier (RNTI). In some configurations, functions such as a multicast control
channel (MCCH) change and uplink power control commands for one cell and one
RNTI may not be included in the DCI but may be part of other downlink control in-
formation.

Different DCIs may be distinguished by the way they are formatted and coded, which
may be referred to as DCI formats. A DCI format is a set of fields of DCI. For
example, the DCI format O may be used for the scheduling of a PUSCH in one uplink
(UL) cell. The DCI format 4 is used for the scheduling of a PUSCH in one UL cell
with multi-antenna port transmission mode.

The configuration parameters 194 may additionally include information related to
one or more demodulation reference signals (DMRS). A DMRS is a reference signal
specific to a UE 102. A reference signal is a predefined sequence that is known to both
transmitter and the receiver. The receiver, upon reception of the reference signal may
perform channel estimation and extract information (e.g., channel state information

(CSI), frequency shift, Doppler shift, delay spreading, etc.) that may be used for one or
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more of demodulation of the accompanying data performing mobility measurement
and CSI measurement. One of the parameters that may be used for generating the
sequence of a reference signal according to 3GPP specifications is a virtual cell ID
(VCID). One VCID may be used for generating a base sequence for DMRS for
PUSCH transmission, which also is referred to as a reference signal ID (RSID). For
example, there may be multiple virtual cell IDs (VCIDs) configured for demodulation
reference signals (DMRS). A single VCID for generating a DMRS sequence may be
determined based on the EPHICH resource indicator. Another VCID may be used for
generating a cyclic shift.

A cell ID (also referred to as a physical cell ID) may be obtained by the UE 102 in-
directly from synchronization signals at the time of cell search and synchronization. A
VCID may be configured by the eNB 160 via radio resource control (RRC) signaling
and may replace the cell ID in formulas in which the cell ID may be used (e.g., a
formula related to deriving the DMRS sequence). One DMRS sequence may be
referred to as the base sequence. Several other DMRS sequences can be generated
from the base sequence by applying a cyclic shift of the base sequence. Each sequence
generated by the cyclic shift of the base sequence can be determined by a cyclic shift
index. Therefore, the configuration parameters 194 may include a first VCID for
generating the base sequence for DMRS for a PUSCH transmission. For example,
there may be multiple virtual cell IDs (VCIDs) configured for demodulation reference
signals (DMRS). A single VCID for generating a DMRS sequence may be determined
(by the eNB 160 and/or the UE 102) based on the EPHICH resource indicator. The
configuration parameters 194 may also include a second VCID for generating the
cyclic shift and/or the cyclic shift index for DMRS for a PUSCH transmission.

The configuration parameter determination module 196 may configure one or more
sets of configurations for the UE 102. Each set of configurations may include a com-
bination of an EPHICH group set, an EPHICH group set index, an EPHICH group, an
EPHICH group index, a first VCID for generating the base sequence for DMRS for a
PUSCH transmission, a second VCID for generating the cyclic shift for DMRS for a
PUSCH transmission, one or more TPC parameters and a TPC index.

In one implementation, the eNB 160 may indicate the configuration parameters 194
to the UE 102 by higher layer signaling. For example, the eNB 160 may send a con-
figuration signal 123 to the UE 102 that may include higher layer signaling (e.g.,
System Information (SI) signaling and/or RRC signaling). The configuration signal
123 may include information elements that convey configuration parameters 194 (e.g.
one or more sets of configuration parameters). The configuration signal 123 (and the
associated information elements) may be broadcast or dedicatedly signaled. The con-

figuration signal 123 may include information elements that are cell specific or UE 102
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[0048]

[0049]

[0050]

specific.

The configuration signal 123 may also include an information element that indicates
whether EPHICH time and/or frequency resources may be configured or not. In other
words, the configuration signal 123 may indicate whether EPHICH may be used in the
downlink or not.

The configuration signal 123 may additionally include an information element that
indicates at least one of an EPHICH group and an EPHICH group set. As discussed
above, the EPHICH group may include multiple EPHICHs mapped to the same set of
resource elements, and the EPHICH group set may include one or more EHPICH
groups. The configuration signal 123 may include one or more information elements
that indicate one or more EPHICH group indexes. The configuration signal 123 may
also include one or more information elements that indicate one or more EPHICH
group set indexes.

EPHICH resources may be identified similarly to PHICH resources as provided by
the following equations. For example, the equations provide an approach for
identifying EPHICH resources (e.g., time-frequency resource elements). As described
above, an EPHICH may carry the HARQ-ACK. Multiple EPHICHs mapped to the
same set of resource elements constitute an EPHICH group, where EPHICHs within
the same EPHICH group may be separated through different orthogonal sequences. An
EPHICH resource may be identified by the index pair

( group seq )
"EpHICH T EPHICH
, where

group
"EPHICH

is the EPHICH group number and

seq
"EPHICH

is the orthogonal sequence index within the group.

For a frame structure type 1, the number of EPHICH groups

group
N EPHICH

is constant in all subframes and given by

NEE = NV 8)

for a normal cyclic prefix and
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NEoE =2 [Ny (VB Js)]

for an extended cyclic prefix, where

Ng €{1/6,1/2,1,2}

may be provided by higher layers (from the eNB 160, for instance). The index

group
NepHICH

may range from
0

to

group
N EPHICH 1

[0051]  For a frame structure type 2, the number of EPHICH groups may vary between

downlink subframes and may be given by

. aygroup
m;i - Ngprrcy

where
mij
is given by Table 1 and

group
NepricH

by the expression above. It should be noted that the frame structure type 2 is

equivalent to time-division duplexing (TDD). The index

g roup
PEPHICH

in a downlink subframe with non-zero EPHICH resources may range from
0

to

. group .
m; - Ngppep —1



WO 2014/109294 13 PCT/JP2014/000096

The factor m; for a frame structure type 2
UL-DL Subframe number i

configuration 0|1(2|83/4(5!6|7(8]|9
0 21 211

1 01 0|1 1

2 00 110010 10

3 10 00 1)1

4 00 00 1)1

5 010 0 010 10

6 11 1|1 1

Table 1

[0052] For PUSCH transmissions scheduled from serving cell
[

in subframe 'n', a UE 102 may determine the corresponding EPHICH resource of

serving cell

in subframe

n+kepricH

. For frequency-division duplexing (FDD),

keprICH

is always 4. For a TDD scenario, if a UE 102 is configured with one serving cell, or
if the UE 102 is configured with more than one serving cell and the TDD uplink-
downlink (UL-DL) configuration of all the configured serving cells is the same, for

PUSCH transmissions scheduled from serving cell
c

in subframe 'n', a UE 102 may determine the corresponding EPHICH resource of

serving cell

c

in subframe

n+kepaicH
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, where

kepricH

is given in Table 2. In another TDD scenario, if a UE 102 is configured with more than
one serving cell and the TDD UL-DL configuration of at least two configured serving

cells is not the same, for PUSCH transmissions scheduled from serving cell

in subframe 'n’, the UE 102 may determine the corresponding EPHICH resource of

serving cell

C

in subframe

n+kgpmicy
, where
kepHICH

is given in Table 2. For a subframe bundling operation, the corresponding EPHICH

resource may be associated with the last subframe in the bundle.

kpppicy for TDD

TDD UL-DL subframe index n
Configuration |0 | 1 | 2 415|617

0 4 6 4

1 4 416

2 6 6

3 6 6

4 6

5 6

6 466 4|7

Table 2
[0053]  The EPHICH resource may be identified by the index pair

group seq
("gprircr"EprICH)

where
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group
MEpHICH

is the EPHICH group number and
seq
"EPHICH

is the orthogonal sequence index within the group and may be defined according to
Equations (1) and (2).
[0054] [Math.1]

group  _ group group
nepmice = prp ra TPDMRSIMOAN pprien L pprien N pprcy M
[0055] [Math.2]
seqg group EPHICH
NEPHICH = (I.] Pre_ra' N EPHICH J+ npyprs)mod 2N g @

[0056] In Equations (1) and (2),
RDMRS

may be mapped from the cyclic shift for DMRS field (according to Table 6) in the
most recent PDCCH with uplink DCI format 4 for the transport block(s) associated

with the corresponding PUSCH transmission.

RDMRS

may be set to zero, if there is no PDCCH with uplink DCI format for the same
transport block, and if the initial PUSCH for the same transport block is semi-
persistently scheduled, or if the initial PUSCH for the same transport block is
scheduled by the random access response grant. It should be noted that the EPHICH
group may identify the EPHICH time and/or frequency resources and is different from
the EPHICH resources.

[0057]
N‘SZ%’HICH

is the spreading factor size used for EPHICH modulation. In particular, modulation
may be performed in accordance with 3GPP TS 36.211 as described hereafter. The
block of bits

b(O),, b(Mbit - 1)

transmitted on one EPHICH in one subframe may be modulated as described in
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Table 4 below (from Table 7.1.2-1 from 3GPP TS 36.211, for example), resulting in a

block of complex-valued modulation symbols
2(0),..., z2(M s —1)

, where
M =My

. In particular, Table 4 illustrates quadrature phase shift keying (QPSK) modulation
mapping. In the case of QPSK modulation, pairs of bits,

b(i), b(i +1)
may be mapped to complex-valued modulation symbols

x=I+j0

according to Table 4. Table 3 (from Table 6.9.1-1 from 3GPP TS 36.211, for example)
specifies the modulation mappings or schemes applicable for the enhanced physical
hybrid ARQ indicator channel.

Physical channel | Modulation schemes

EPHICH BPSK

Table 3

b(D),b(i+1) I 0

00 /N2 | /2

01 /N2 | -1/42

10 -2 | 12

11 ~1/N2 | -1/V2

Table 4

[0058] The block of modulation symbols

z(0),...,z(M4 1)
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may be symbol-wise multiplied with an orthogonal sequence and scrambled, resulting

in a sequence of modulation symbols
d(0),.... d(Mgymp—1)

according to
d(0) = wlimod NEPHICH ). (1 2c(7). (L/NEPHICHJ)

where

0= 0,00, Moy, ~1
_ EPHICH
symb = Ngp M

NEPHICH {4 normal cyclic prefix

M

2 extended cyclic prefix

and

c(@)

is a cell-specific scrambling sequence. The scrambling sequence generator may be ini-

tialized with

einie = (62 ]+1)- (2Nf5” + 1)- 27+ Nesl

at the start of each subframe. The subframe number is indicated by 'n,'. The orthogonal

sequences

w(0) -+ w(NgEICH L)

for an EPHICH is given by Table 5 (from Table 6.9.1-2 from 3GPP TS 36.211), where

the sequence index
seq
"EPHICH

corresponds to the EPHICH number within the EPHICH group.
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Sequence index Orthogonal sequence
nScd, | Normal cyclic prefix | Extended cyclic prefix
Ng‘}?HICH =4 NE;HICH -9
0 1 +1 +1 +1] [+1 +1]
1 [+1 -1 +1 -1] [+1 -1]
2 [+1 +1 -1 —1] 7 +7]
3 [+1 -1 -1 +1] 7 -/
4 [ej +j +J +]] -
5 [+j - +j -]l -
6 ki o+ - -l -
7 [ = =i +] -
Table 5

[0059]  In effect, each bit of Ack/Nack to be transmitted on the EPHICH after binary phase
shift keying (BPSK) modulation may be multiplied by an appropriate vector in Table 5
and as a result, the bit may be repeated 4 times for normal cyclic prefix and repeated
twice (considering the transformation via the vector multiplication) for extended cyclic
prefix.

[0060]

7 _ Ilowesz'_index
PRB_RA = "PRB_RA
for the first transport block of a PUSCH with associated PDCCH or for the case of no
associated PDCCH when the number of negatively acknowledged transport blocks is
not equal to the number of transport blocks indicated in the most recent PDCCH as-
sociated with the corresponding PUSCH, or

Ilowest _index

‘prB R4=TPRB R4 *!

for a second transport block of a PUSCH with associated PDCCH.

Ilowest _index
PRB_RA

is the lowest physical resource block (PRB) index in the first slot of the corre-

sponding PUSCH transmission.
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[0061]

[0062]

[0063]

group
NEPH] cH

is the number of EPHICH groups configured by higher layers as described above.

TgpricH =1

for TDD UL-DL configuration with PUSCH transmission in subframe 'n' =4 or 9, or

Tgppicy =0
otherwise.
Cyclic Shift for DMRS Field in
PDCCH with uplink DCI format NDMRS
in 3GPP TS 36.212
000 0
001 1
010 2
011 3
100 4
101 5
110 6
111 7
Table 6

The configuration signal 123 may additionally include linkages between con-
figuration parameters 194. For example, a linkage between items A and B represents a
dependency between A and B. The dependency may have various forms. In one imple-
mentation, the value of B may be identified from a lookup table based on the value of
A. In another implementation, the value of B may be identified from a formula that
takes at least the value of A as an input parameter. In yet another implementation, an
information element in which A is configured includes a parameter that takes its value
from the value of B that is stored in the information element in which B is configured.

One linkage that may be included in the configuration signal 123 may be between
one EPHICH group set and one or more EPHICH groups or a list of EPHICH groups.
In other words, the configuration signal 123 may indicate a dependency between one
EPHICH group set and one or more EPHICH groups.

Another linkage may be between an EPHICH group and an EPHICH group set. Yet
another linkage may be between an EPHICH group set and a DMRS setting (e.g., a
first VCID for generating the base sequence for DMRS for a PUSCH transmission
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[0064]

[0065]

[0066]

[0067]

and/or a second VCID for generating the cyclic shift for DMRS for a PUSCH
transmission). Another linkage may be between an EPHICH group set and a TPC
index. Yet another linkage may be between a VCID (e.g., a DMRS setting) and a TPC
index.

In some configurations, higher layer signaling, such as Radio Resource Control
(RRC) signaling, may configure whether the EPHICH is enabled or not. For example,
the eNB 160 may send RRC signaling to a UE 102 to configure an EPHICH. In one
implementation, if an EPHICH is configured, the eNB 160 may send an EPHICH
resource indicator 107 to one or more UEs 102. The EPHICH resource indicator 107
may be used instead of or in addition to the configuration signal 123. The eNB op-
erations module 182 may include an EPHICH resource indicator determination module
127. The EPHICH resource indicator determination module 127 may generate the
EPHICH resource indicator 107 based on the configuration parameters 194. In one im-
plementation, the EPHICH resource indicator 107 may be a field in a DCI corre-
sponding to an uplink grant. The uplink grant may be sent from the eNB 160 to the UE
102 to schedule a transmission on the uplink channel 121. The length of the field in the
DCI may be, for example, one to five bits (e.g., DCI bits). The DCI bits may be added
to one or more DCI formats for an uplink grant.

The DCI bits included in the EPHICH resource indicator 107 may be used to indicate
various resource parameters. In one implementation, the DCI bits may be used (by the
UE 102, for instance) to determine an EPHICH group set index. Upon determining the
EPHICH group set index, at least one of a VCID and a TPC index may be determined
based on the EPHICH group set index. The DCI bits may be used to determine either
or both of a first VCID for generating the base sequence for DMRS for a PUSCH
transmission and/or a second VCID for generating the cyclic shift for DMRS for a
PUSCH transmission.

In another implementation, the DCI bits may be used to determine a TPC index.
Upon determining the TPC index, at least one of a VCID and an EPHICH group set
index may be determined based on the TPC index. The TPC index may be used to
determine either or both of a first VCID for generating the base sequence for DMRS
for a PUSCH transmission and/or a second VCID for generating the cyclic shift for
DMRS for a PUSCH transmission.

In yet another implementation, the DCI bits may be used to determine one or more
VCIDs. The DCI bits may be used to determine either or both of a first VCID for
generating the base sequence for DMRS for a PUSCH transmission and/or a second
VCID for generating the cyclic shift for DMRS for a PUSCH transmission. Upon de-
termining the one or more VCIDs, at least one of a TPC index and an EPHICH group

set index may be determined based on the one or more VCIDs.
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The DCI bits may also identify an EPHICH group index. Therefore, the DCI bits
included in the EPHICH resource indicator 107 may indicate both the EPHICH group
index and the EPHICH group set index. As described above, the EPHICH group index
may be determined based on one or more of a PUSCH physical resource block (PRB)
number, a cyclic shift index for PUSCH DMRS and an nDMRS parameter (e.g.,

RDMRS

as described above).

The DCI bits may also identify a configuration set index. A configuration set may
include a combination of one EPHICH group set, one TPC index and a VCID.
Therefore, by indicating a configuration set, the DCI bits may indicate an associated
EPHICH group set, TPC index and a VCID. The configuration set is discussed in more
detail in connection with Figure 11 below.

The eNB HARQ-ACK generation module 125 may generate HARQ-ACK in-
formation based on data received in a PUSCH transmission. For example, the eNB 160
may receive data in a PUSCH transmission from the UE 102. The eNB HARQ-ACK
generation module 125 may generate HARQ-ACK information based on whether a
signal (e.g., data) in the PUSCH was correctly received or not. The eNB 160 may
receive one or more codewords in a PUSCH transmission from the UE 102. Therefore,
the eNB HARQ-ACK generation module 125 may generate HARQ-ACK information
corresponding to each codeword. The eNB HARQ-ACK generation module 125 may
generate an Acknowledgement (ACK) bit for each packet that is correctly received in a
PUSCH transmission. However, the eNB HARQ-ACK generation module 125 may
generate a Negative Acknowledgement (NACK) bit for each packet that is not
correctly received in a PUSCH transmission. In one implementation, the HARQ-ACK
information may be transmitted on an EPHICH.

Upon determining the HARQ-ACK information, the eNB HARQ-ACK generation
module 125 may send the HARQ-ACK information based on the configuration pa-
rameters 194. For example, the eNB HARQ-ACK generation module 125 may send
the HARQ-ACK information to the UE 102 using the resources indicated by the con-
figuration signal 123 and/or the EPHICH resource indicator 107. One or more
EPHICHs may be sent to the UE 102 corresponding to each codeword received in a
PUSCH transmission from the UE 102. The one or more EPHICHs may be included in
an EPHICH group. The one or more EPHICH groups may be included in an EPHICH
group set.

The configuration signal 123 and EPHICH resource indicator 107 may be sent before
an EPHICH transmission. For example, the eNB 160 may send the EPHICH resource
indicator 107 with an uplink grant. At a later time, the eNB 160 may receive the
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PUSCH transmission based on the uplink grant and may send an EPHICH using the
resources indicated by the configuration signal 123 and/or the EPHICH resource
indicator 107. Therefore, the configuration signal 123 and/or the EPHICH resource
indicator 107 may be transmitted in advance of the transmission of the EPHICH.

The eNB operations module 182 may provide information 190 to the one or more
receivers 178. For example, the eNB operations module 182 may inform the
receiver(s) 178 when or when not to receive transmissions based on the configuration
parameters 194.

The eNB operations module 182 may provide information 188 to the demodulator
172. For example, the eNB operations module 182 may inform the demodulator 172 of
a modulation pattern anticipated for transmissions from the UE(s) 102.

The eNB operations module 182 may provide information 186 to the decoder 166.
For example, the eNB operations module 182 may inform the decoder 166 of an an-
ticipated encoding for transmissions from the UE(s) 102.

The eNB operations module 182 may provide information 101 to the encoder 109.
The information 101 may include data to be encoded and/or instructions for encoding.
For example, the eNB operations module 182 may instruct the encoder 109 to encode
transmission data 105 and/or other information 101. The other information 101 may
include the configuration signal 123, the EPHICH resource indicator 107 and the
HARQ-ACK information generated by the eNB HARQ-ACK generation module 125.

The encoder 109 may encode transmission data 105 and/or other information 101
provided by the eNB operations module 182. For example, encoding the data 105 and/
or other information 101 may involve error detection and/or correction coding,
mapping data to space, time and/or frequency resources for transmission, multiplexing,
etc. The encoder 109 may provide encoded data 111 to the modulator 113. The
transmission data 105 may include network data to be relayed to the UE 102.

The eNB operations module 182 may provide information 103 to the modulator 113.
This information 103 may include instructions for the modulator 113. For example, the
eNB operations module 182 may inform the modulator 113 of a modulation type (e.g.,
constellation mapping) to be used for transmissions to the UE(s) 102. The modulator
113 may modulate the encoded data 111 to provide one or more modulated signals 115
to the one or more transmitters 117.

The eNB operations module 182 may provide information 192 to the one or more
transmitters 117. This information 192 may include instructions for the one or more
transmitters 117. For example, the eNB operations module 182 may instruct the one or
more transmitters 117 when to (or when not to) transmit a signal to the UE(s) 102. The
one or more transmitters 117 may upconvert and transmit the modulated signal(s) 115

to one or more UEs 102.
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Each of the one or more UEs 102 may include one or more transceivers 118, one or
more demodulators 114, one or more decoders 108, one or more encoders 150, one or
more modulators 154, a data buffer 104 and a UE operations module 124. For
example, one or more reception and/or transmission paths may be implemented in the
UE 102. For convenience, only a single transceiver 118, decoder 108, demodulator
114, encoder 150 and modulator 154 are illustrated in the UE 102, though multiple
parallel elements (e.g., transceivers 118, decoders 108, demodulators 114, encoders
150 and modulators 154) may be implemented.

The transceiver 118 may include one or more receivers 120 and one or more
transmitters 158. The one or more receivers 120 may receive signals from the eNB 160
using one or more antennas 122a-n. For example, the receiver 120 may receive and
downconvert signals to produce one or more received signals 116. The one or more
received signals 116 may be provided to a demodulator 114. The one or more
transmitters 158 may transmit signals to the eNB 160 using one or more antennas
122a-n. For example, the one or more transmitters 158 may upconvert and transmit one
or more modulated signals 156.

The demodulator 114 may demodulate the one or more received signals 116 to
produce one or more demodulated signals 112. The one or more demodulated signals
112 may be provided to the decoder 108. The UE 102 may use the decoder 108 to
decode signals. The decoder 108 may produce one or more decoded signals 106, 110.
For example, a first UE-decoded signal 106 may comprise received payload data,
which may be stored in a data buffer 104. A second UE-decoded signal 110 may
comprise overhead data and/or control data. For example, the second UE-decoded
signal 110 may provide data that may be used by the UE operations module 124 to
perform one or more operations.

In general, the UE operations module 124 may enable the UE 102 to communicate
with the one or more eNBs 160. The UE operations module 124 may include one or
more of configuration parameters 126, an interpreter module 128 and a UE HARQ-
ACK determination module 134. In one implementation, the UE operations module
124 may include a configuration signal 130. In another implementation, the UE op-
erations module 124 may include an EPHICH resource indicator 132. In yet another
implementation, the UE operations module 124 may include both a configuration
signal 130 and an EPHICH resource indicator 132.

In one implementation, the UE 102 may receive a configuration signal 130 related to
an EPHICH. The configuration signal 130 received by the UE 102 may be the con-
figuration signal 123 sent by the eNB 160. In another implementation, the UE 102 may
receive an EPHICH resource indicator 107. The EPHICH resource indicator 107
received by the UE 102 may be the EPHICH resource indicator 107 sent by the eNB
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160. The EPHICH resource indicator 107 may be associated with an uplink grant from
the eNB 160.

The interpreter module 128 may determine configuration parameters 126 based on
the configuration signal 130 and/or the EPHICH resource indicator 132. In one imple-
mentation, the interpreter module 128 may determine the configuration parameters 126
based only on the configuration signal 130. In another implementation, the interpreter
module 128 may determine the configuration parameters 126 based only on the
EPHICH resource indicator 132. In yet another implementation, the interpreter module
128 may determine the configuration parameters 126 based on a combination of the
configuration signal 130 and the EPHICH resource indicator 132.

The configuration parameters 126 may indicate the resources used for an EPHICH.
The configuration parameters 126 may be similar to the configuration parameters 194
determined by the eNB operations module 182. For example, the configuration pa-
rameters 126 may include the information about the time and frequency resources
related to an EPHICH determined by the eNB operations module 182. The con-
figuration parameters 126 may include one or more EPHICH groups with associated
EPHICH group indexes. The configuration parameters 126 may also include one or
more EPHICH group sets with associated EPHICH group set indexes. Additionally,
the configuration parameters 126 may include a first VCID for generating the base
sequence for DMRS for a PUSCH transmission, a second VCID for generating the
cyclic shift for DMRS for a PUSCH transmission, one or more TPC parameters and a
TPC index as described above.

The UE 102 may send data in a PUSCH transmission. The UE 102 may send the data
to the eNB 160 based on the uplink grant received from the eNB 160. The UE 102 may
include one or more codewords in the PUSCH transmission that may be used by the
eNB 160 for generating HARQ-ACK information. The HARQ-ACK information may
be included in an EPHICH sent by the eNB 160 to the UE 102.

The UE HARQ-ACK determination module 134 may obtain HARQ-ACK in-
formation based on the configuration parameters 126. For example, the configuration
parameters 126 may indicate the resources used for EPHICH transmission. Using these
resources, the UE 102 may receive one or more EPHICHs. The UE HARQ-ACK de-
termination module 134 may decode the information included in the one or more
EPHICHs based on the resources that are indicated in the configuration parameters 126
to obtain the HARQ-ACK information. The HARQ-ACK information may indicate
whether the data sent in the PUSCH transmission was successfully received by the
eNB 160 or not. If the HARQ-ACK information indicates that the data was not
received by the eNB 160 (e.g., if the EPHICH is NACK), the UE 102 may resend the
data in a PUSCH transmission to the eNB 160.
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The UE operations module 124 may provide information 148 to the one or more
receivers 120. For example, the UE operations module 124 may inform the receiver(s)
120 when or when not to receive transmissions based on the uplink grant.

The UE operations module 124 may provide information 138 to the demodulator
114. For example, the UE operations module 124 may inform the demodulator 114 of a
modulation pattern anticipated for transmissions from the eNB 160.

The UE operations module 124 may provide information 136 to the decoder 108. For
example, the UE operations module 124 may inform the decoder 108 of an anticipated
encoding for transmissions from the eNB 160.

The UE operations module 124 may provide information 142 to the encoder 150. The
information 142 may include data to be encoded and/or instructions for encoding. For
example, the UE operations module 124 may instruct the encoder 150 to encode
transmission data 146 and/or other information 142. The other information 142 may
include the data to be sent in a PUSCH transmission or retransmission in the event that
the HARQ-ACK information indicates that the data transmission was not successfully
received by the eNB 160.

The encoder 150 may encode transmission data 146 and/or other information 142
provided by the UE operations module 124. For example, encoding the data 146 and/or
other information 142 may involve error detection and/or correction coding, mapping
data to space, time and/or frequency resources for transmission, multiplexing, etc. The
encoder 150 may provide encoded data 152 to the modulator 154.

The UE operations module 124 may provide information 144 to the modulator 154.
For example, the UE operations module 124 may inform the modulator 154 of a
modulation type (e.g., constellation mapping) to be used for transmissions to the eNB
160. The modulator 154 may modulate the encoded data 152 to provide one or more
modulated signals 156 to the one or more transmitters 158.

The UE operations module 124 may provide information 140 to the one or more
transmitters 158. This information 140 may include instructions for the one or more
transmitters 158. For example, the UE operations module 124 may instruct the one or
more transmitters 158 when to transmit a signal to the eNB 160. The one or more
transmitters 158 may upconvert and transmit the modulated signal(s) 156 to one or
more eNBs 160.

It should be noted that one or more of the elements or parts thereof included in the
eNB(s) 160 and UE(s) 102 may be implemented in hardware. For example, one or
more of these elements or parts thereof may be implemented as a chip, circuitry or
hardware components, etc. It should also be noted that one or more of the functions or
methods described herein may be implemented in and/or performed using hardware.

For example, one or more of the methods described herein may be implemented in
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and/or realized using a chipset, an application-specific integrated circuit (ASIC), a
large-scale integrated circuit (LSI) or integrated circuit, etc.

Figure 2 is a flow diagram illustrating one implementation of a method 200 for
sending feedback information. An eNB 160 may determine 202 configuration pa-
rameters 194 related to an EPHICH. For example, the configuration parameters 194
may indicate the resources (including a combination of time, frequency, spatial layer,
code, scrambling or spreading sequence resources) used for an EPHICH. The con-
figuration parameters 194 may include information about the time and frequency
resources related to an EPHICH. The configuration parameters 194 may include one or
more EPHICH groups with associated EPHICH group indexes. The configuration pa-
rameters 194 may also include one or more EPHICH group sets with associated
EPHICH group set indexes. Additionally, the configuration parameters 194 may
include a first VCID for generating the base sequence for DMRS for a PUSCH
transmission, a second VCID for generating the cyclic shift for DMRS for a PUSCH
transmission, one or more TPC parameters and a TPC index as described above in
connection with Figure 1.

The eNB 160 may send 204 a configuration signal 123 based on the configuration
parameters 194. In one implementation, the configuration signal 123 may include
higher layer signaling (e.g., SI and/or RRC signaling). The configuration signal 123
may convey the configuration parameters 194 to the UE 102. For example, the con-
figuration signal 123 may include an information element that indicates whether
EPHICH time and/or frequency resources may be configured or not. The configuration
signal 123 may also include an information element that indicates one or more
EPHICH groups and associated EPHICH group indexes. The configuration signal 123
may additionally include one or more information elements that indicate one or more
EPHICH group sets and associated EPHICH group set indexes. In some imple-
mentations, the configuration signal 123 may indicate that the EPHICH is configured.

The configuration signal 123 may additionally include linkages between con-
figuration parameters 194. One linkage that may be included in the configuration
signal 123 may be between one EPHICH group set and one or more EPHICH groups
or a list of EPHICH groups. Another linkage may be between an EPHICH group and
an EPHICH group set. Another linkage may be between an EPHICH group set and a
VCID (e.g., a first VCID for generating the base sequence for DMRS for a PUSCH
transmission and/or a second VCID for generating the cyclic shift for DMRS for a
PUSCH transmission). Another linkage may be between an EPHICH group set and a
TPC index. Yet another linkage may be between a VCID (e.g., a DMRS setting) and a
TPC index.

The eNB 160 may receive 206 data in a PUSCH. The data may be received 206 from
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a UE 102. The PUSCH transmission may be scheduled by the eNB 160 through an
uplink grant sent to the UE 102.

The eNB 160 may send 208 HARQ-ACK information based on the configuration pa-
rameters 194. For example, the eNB 160 may send 208 the HARQ-ACK information
to the UE 102 using the resources indicated by the configuration signal 123. The
HARQ-ACK information may be included in an EPHICH. One or more EPHICHSs may
be sent 208 to the UE 102 that correspond to codeword(s) received in a PUSCH
transmission from the UE 102. The one or more EPHICHSs may be included in an
EPHICH group. The one or more EPHICH groups may be included in an EPHICH
group set.

Figure 3 is a flow diagram illustrating one implementation of a method 300 for
receiving feedback information. A UE 102 may receive 302 a configuration signal 130
related to an EPHICH. For example, the configuration signal 130 received by the UE
102 may be sent by an eNB 160. The configuration signal 130 may include higher
layer signaling. In some implementations, the configuration signal 123 may indicate
that the EPHICH is configured.

The UE 102 may determine 304 configuration parameters 126 based on the con-
figuration signal 130. The configuration parameters 126 may indicate the resources
used for an EPHICH. For example, the configuration parameters 126 may include in-
formation about the time and frequency resources related to an EPHICH. The con-
figuration parameters 126 may include one or more EPHICH groups with associated
EPHICH group indexes. The configuration parameters 126 may also include one or
more EPHICH group sets with associated EPHICH group set indexes. Additionally,
the configuration parameters 126 may include a first VCID for generating the base
sequence for DMRS for a PUSCH transmission, a second VCID for generating the
cyclic shift for DMRS for a PUSCH transmission, one or more TPC parameters and a
TPC index as described above in connection with Figure 1.

The UE 102 may send 306 data in a PUSCH. The UE 102 may send 306 the data to
the eNB 160 based on an uplink grant received from the eNB 160. The UE 102 may
include one or more codewords in the PUSCH transmission that may be used by the
eNB 160 for generating HARQ-ACK information. The HARQ-ACK information may
be included in an EPHICH sent by the eNB 160 to the UE 102.

The UE 102 may obtain 308 HARQ-ACK information based on the configuration pa-
rameters 126. For example, the configuration parameters 126 may indicate the
resources used for the EPHICH transmission. Using these resources, the UE 102 may
receive one or more EPHICHs. Therefore, the UE 102 may decode the information
included in the one or more EPHICHs based on the resources that are indicated in the
configuration parameters 126 to obtain 308 the HARQ-ACK information. The HARQ-
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ACK information may indicate whether the data sent 306 in the PUSCH transmission
was successfully received by the eNB 160 or not. The UE 102 may resend the data in a
PUSCH transmission if the HARQ-ACK information indicates that the data was not
successfully received by the eNB 160.

Figure 4 is a flow diagram illustrating another implementation of a method 400 for
sending feedback information. An eNB 160 may determine 402 configuration pa-
rameters 194 related to an EPHICH. This may be done as described above in
connection with Figure 2.

The eNB 160 may send 404 an uplink grant and an associated EPHICH resource
indicator 107 based on the configuration parameters 194. For example, eNB 160 may
generate the EPHICH resource indicator 107 based on the configuration parameters
194. In one implementation, the EPHICH resource indicator 107 may be a field in a
DCI corresponding to an uplink grant. The uplink grant may be sent 404 from the eNB
160 to the UE 102 to schedule a transmission on the uplink channel 121.

The EPHICH resource indicator 107 may convey the configuration parameters 194 to
the UE 102. For example, the EPHICH resource indicator 107 may indicate one or
more EPHICH group and associated EPHICH group indexes. The EPHICH resource
indicator 107 may additionally indicate one or more EPHICH group sets and as-
sociated EPHICH group set indexes. The EPHICH group index may be indicated based
on one or more of a PUSCH physical resource block (PRB) number, a cyclic shift
index for PUSCH DMRS and an nDMRS parameter.

The EPHICH resource indicator 107 may also indicate various dependencies between
resource parameters. In one implementation, the EPHICH resource indicator 107 may
indicate (to the UE 102, for instance) an EPHICH group set index. At least one of a
VCID and a TPC index may be determined based on a linkage to the EPHICH group
set index. The EPHICH resource indicator 107 may be used to determine either or both
of a first VCID for generating the base sequence for DMRS for a PUSCH transmission
and/or a second VCID for generating the cyclic shift for DMRS for a PUSCH
transmission.

In another implementation, the EPHICH resource indicator 107 may indicate a TPC
index. At least one of a VCID and an EPHICH group set index may be determined
based on a linkage to the TPC index. The TPC index may be used to determine either
or both of a first VCID for generating the base sequence for DMRS for a PUSCH
transmission and/or a second VCID for generating the cyclic shift for DMRS for a
PUSCH transmission.

In yet another implementation, the EPHICH resource indicator 107 may indicate one
or more VCIDs. The EPHICH resource indicator 107 may indicate either or both of a
first VCID for generating the base sequence for DMRS for a PUSCH transmission
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and/or a second VCID for generating the cyclic shift for DMRS for a PUSCH
transmission. At least one of a TPC index and an EPHICH group set index may be de-
termined based on a linkage to the one or more VCIDs.

The EPHICH resource indicator 107 may also indicate a configuration set. A con-
figuration set may include one EPHICH group set, one TPC index and a VCID.
Therefore, by indicating a configuration set, the EPHICH resource indicator 107 may
indicate an associated EPHICH group set, TPC index and a VCID.

The eNB 160 may receive 406 data in a PUSCH. The data may be received 406 from
a UE 102. The PUSCH transmission may be scheduled by the eNB 160 through an
uplink grant sent to the UE 102.

The eNB 160 may send 408 HARQ-ACK information based on the configuration pa-
rameters 194. This may be done as described above in connection with Figure 2.

Figure 5 is a flow diagram illustrating another implementation of a method 500 for
receiving feedback information. A UE 102 may receive 502 an uplink grant and an as-
sociated EPHICH resource indicator 132. For example, the EPHICH resource indicator
132 may be generated (by an eNB 160, for instance) as described above in connection
with Figure 4. In one implementation, the EPHICH resource indicator 132 may be a
field in a DCI corresponding to the uplink grant. The uplink grant may be sent from the
eNB 160 to the UE 102 to schedule a transmission on the uplink channel 121.

The UE 102 may determine 504 configuration parameters 126 based on the EPHICH
resource indicator 132. The EPHICH resource indicator 132 may convey the con-
figuration parameters 126 to the UE 102 as described above in connection with Figure
4.

The configuration parameters 126 may indicate the resources used for an EPHICH.
The configuration parameters 126 may include information about the time and
frequency resources related to an EPHICH. For example, the configuration parameters
126 may include one or more EPHICH groups with associated EPHICH group indexes.
The configuration parameters 126 may also include one or more EPHICH group sets
with associated EPHICH group set indexes. Additionally, the configuration parameters
126 may include a first VCID for generating the base sequence for DMRS for a
PUSCH transmission, a second VCID for generating the cyclic shift for DMRS for a
PUSCH transmission, one or more TPC parameters and a TPC index as described
above in connection with Figure 1.

The UE 102 may send 506 data in a PUSCH. This may be accomplished as described
above in connection with Figure 3.

The UE 102 may obtain 508 HARQ-ACK information based on the configuration pa-
rameters 126. This may be accomplished as described above in connection with Figure
3.
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Figure 6 is a block diagram illustrating an example of EPHICH group sets. As
described above in connection with Figure 1, an EPHICH may carry HARQ-ACK in-
formation corresponding to a PUSCH transmission. Multiple EPHICHs constitute an
EPHICH group. For example, multiple EPHICHs mapped to the same set of resource
elements may constitute an EPHICH group. EPHICH time and/or frequency resources
may be partitioned (by an eNB 160) in several non-overlapping groups. EPHICH
groups may be further associated with one or more EPHICH group sets. The EPHICH
group sets may be overlapping (e.g., multiple EPHICH group sets may include one or
more of the same EPHICH groups).

The EPHICH group sets may utilize different EPHICH time and frequency resources
as depicted in Figure 6. For example, an EPHICH group may be associated with one or
more resource sets 631a-g. A resource set 631 may include one or more resource
elements (e.g., units of time-frequency resources). The time and frequency resources
may correspond to a radio subframe. The subframe may span one millisecond. The
time resources may be divided into two slots 629.

In one example of an EPHICH group set, Set 1 includes three EPHICH groups.
Group 1 of Set 1 includes resource set A 631a and resource set B 631b. Resource set A
631a is in the first slot 629a and resource set B 631b is in the second slot 629b. Group
1 of Set 1 is non-contiguous. A non-contiguous group may be separated by one or
more resources elements and/or may be in different slots. For example, Group 1 of Set
1 is non-contiguous since part of the resources is in the first slot and part of it in the
second slot and some resource elements separate the two groups. Group 3 of Set 1 is an
example of a contiguous resource. Group 2 of Set 1 is associated with resource set C
631c in the second slot 629b. Group 3 of Set 1 is associated with resource set D 631d
in the first slot 629a. It should be noted that the EPHICH groups of Set 1 may use
different time and frequency resources, but are associated with the same EPHICH
group set 631.

In another example of an EPHICH group set, Set 2 includes two EPHICH groups.
Group 1 of Set 2 is associated with resource set E 631e in the first time slot 629a.
Group 2 of Set 2 is associated with resource set F 631f in the second slot 629b. It
should be noted that Group 1 of Set 2 overlaps Group 1 of Set 1 (e.g., Set 1 and Set 2
overlap). In other words, resource set A 631a overlaps resource set E 631e. However,
EPHICH groups in the same EPHICH group set may not overlap. Therefore, multiple
EPHICH group sets may include one or more of the same EPHICHs.

In yet another example of an EPHICH group set, Set 3 includes one EPHICH group.
Group 1 of Set 3 is associated with resource set G 631g in the first slot 629a. Set 3 il-
lustrates that an EPHICH group set may include one EPHICH group.

The EPHICH groups and EPHICH group sets may be indicated through a com-
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bination of configuration parameters 126, 194. This may be accomplished as described
above in connection with Figure 1.

Figure 7 is a block diagram illustrating one implementation of EPHICH group 739
signaling. In this implementation, four EPHICH groups 739a-d may each include eight
EPHICHs 737. Multiple EPHICHs 737 may be multiplexed in one EPHICH group 739
and each EPHICH 737 may use an EPHICH sequence that is orthogonal to the
sequences used by other EPHICHSs 737 in the same EPHICH group 739. The EPHICH
sequence may spread the EPHICH 737 over all or some of the time and/or frequency
resources of an EPHICH group 739.

A particular EPHICH 737 may be indicated by an index pair that may include an
EPHICH sequence number 743 (e.g., the EPHICH sequence index) and an EPHICH
group number 745 (e.g., the EPHICH group index). Different combinations of con-
figuration parameters 741a-b may indicate the EPHICH sequence number 743 and the
EPHICH group number 745. For example, the EPHICH sequence number 743 and the
EPHICH group number 745 may be indicated through different combinations of a
PUSCH PRB number, cyclic shift of the DMRS and/or an nDMRS parameter. In one
implementation, the lowest PRB index of the PUSCH may indicate the EPHICH group
number 745. Other configuration parameters 741 may also be used to generate the
EPHICH sequence number 743 and the EPHICH group number 745. In one imple-
mentation, the EPHICH groups 739a-d may be indicated through a combination of
configuration parameters 126, 194 as described above in connection with Figure 1.

In one implementation, the EPHICH sequence number 743 and an EPHICH group
number 745 may be generated by an eNB 160. The EPHICH sequence number 743 and
an EPHICH group number 745 may be signaled by sending a configuration signal 123
and/or an EPHICH resource indicator 107 to the UE 102.

Figure 8 is a block diagram illustrating one implementation of signaling a transmit
power control (TPC) index 847, VCID 849 and EPHICH group set 851. In this imple-
mentation, a TPC index 847 may be signaled. Furthermore, a VCID 849 and an
EPHICH group set 851 may be determined based on linkages 855, 857. For example,
multiple TPC indexes 847a-c, VCIDs 849a-c and EPHICH group sets 851a-c are
configured. The VCIDs 849 may be used for generating PUSCH DMRS as described
above in connection with Figure 1. The EPHICH group set 851 may include one or
more EPHICHs 837 and one or more EPHICH groups 839.

The TPC indexes 847, VCIDs 849 and EPHICH group sets 851 may be associated
through linkages 855a-c and 857a-c. For example, the first TPC index 847a and the
first VCID 849a may be associated with a first linkage 855a. The first VCID 849a and
the first EPHICH group set 851a may be associated with a second linkage 857a. In one
implementation, the TPC indexes 847, VCIDs 849, EPHICH group sets 851 and
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linkages 855, 857 may be indicated through a combination of configuration parameters
126, 194 as described above in connection with Figure 1.

In this implementation, a TPC index 847 may be indicated based on configuration
parameters 841. The configuration parameters 841 may be determined by an eNB 160
and sent to a UE 102 via a configuration signal 123, an EPHICH resource indicator
107 or a combination of the configuration signal 123 and EPHICH resource indicator
107. For example, the DCI bits of the EPHICH resource indicator 107 may dy-
namically select the TPS index 847.

Upon determining the indicated TPC index 847, the associated VCID 849 and
EPHICH group set 851 may be determined based on the linkages 855, 857. For
example, if the first TPC index 847a is indicated by the configuration parameters 841,
the first VCID 849a is indicated by the first linkage 8§55a and the first EPHICH group
set 851a is indicated by the second linkage 857a.

Figure 9 is a block diagram illustrating another implementation of signaling a TPC
index 947, VCID 949 and EPHICH group set 951. In this implementation, a VCID 949
may be signaled and a TPC index 947 and an EPHICH group set 951 may be de-
termined based on linkages 955, 957. For example, multiple TPC indexes 947a-c,
VCIDs 949a-c and EPHICH group sets 951a-c are configured. The EPHICH group set
951 may include one or more EPHICHs 937 and one or more EPHICH groups 939.

The TPC indexes 947, VCIDs 949 and EPHICH group sets 951 may be associated
through linkages 955a-c, 957a-c. For example, the first VCID 949a and the first TPC
index 947a may be associated with a first linkage 955a. The first VCID 949a and the
first EPHICH group set 951a may be associated with a second linkage 957a. In one im-
plementation, the TPC indexes 947, VCIDs 949, EPHICH group sets 951 and linkages
955, 957 may be indicated through a combination of configuration parameters 126, 194
as described above in connection with Figure 1.

In this implementation, a VCID 949a may be indicated based on configuration pa-
rameters 941. The configuration parameters 941 may be determined by an eNB 160
and sent to a UE 102 via a configuration signal 123, an EPHICH resource indicator
107 or a combination of the configuration signal 123 and EPHICH resource indicator
107. For example, the DCI bits of the EPHICH resource indicator 107 may dy-
namically select the VCID 949a.

Upon determining the indicated VCID 949, the associated TPC index 947 and
EPHICH group set 951 may be determined based on the linkages 955, 957. For
example, if the first VCID 949a is indicated by the configuration parameters 941, the
first TPC index 947a is indicated by the first linkage 955a and the first EPHICH group
set 951a is indicated by the second linkage 957a.

Figure 10 is a block diagram illustrating yet another implementation of signaling a
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TPC index 1047, VCID 1049 and EPHICH group set 1051. In this implementation, an
EPHICH group set 1051 may be signaled and a TPC index 1047 and a VCID 1049
may be determined based on linkages 1055, 1057. For example, multiple TPC indexes
1047a-c, VCIDs 1049a-c and EPHICH group sets 1051a-c are configured. The
EPHICH group set 1051 may include one or more EPHICHs 1037 and one or more
EPHICH groups 1039.

The TPC indexes 1047, VCIDs 1049 and EPHICH group sets 1051 may be as-
sociated through linkages 1055a-c, 1057a-c. For example, the first VCID 1049a and
the first TPC index 1047a may be associated with a first linkage 1055a. The first VCID
1049a and the first EPHICH group set 1051a may be associated with a second linkage
1057a. In one implementation, the TPC indexes 1047, VCIDs 1049, EPHICH group
sets 1051 and linkages 1055, 1057 may be indicated through a combination of con-
figuration parameters 126, 194 as described above in connection with Figure 1.

In this implementation, an EPHICH group set 1051 may be indicated based on con-
figuration parameters 1041. The configuration parameters 1041 may be determined by
an eNB 160 and sent to a UE 102 via a configuration signal 123, an EPHICH resource
indicator 107 or a combination of the configuration signal 123 and EPHICH resource
indicator 107. For example, the DCI bits of the EPHICH resource indicator 107 may
dynamically select the EPHICH group set 1051.

Upon determining the indicated EPHICH group set 1051, the associated VCID 1049
and TPC index 1047 may be determined based on the linkages 1055, 1057. For
example, if the first EPHICH group set 1051a is indicated by the configuration pa-
rameters 1041, the first TPC index 1047a is indicated by the first linkage 1055a and the
first VCID 1049a is indicated by the second linkage 1057a.

Figure 11 is a block diagram illustrating one implementation of signaling a con-
figuration set 1153 that may include at least one of a TPC index 1147, VCID 1149 and
EPHICH group set 1151. In this implementation, multiple TPC indexes 1147a-c,
VCIDs 1149a-c and EPHICH group sets 1151a-c are configured. An EPHICH group
set 1151 may include one or more EPHICHs 1137 and one or more EPHICH groups
1139. A TPC index 1147, VCID 1149 and EPHICH group set 1151 may be associated
with a configuration set 1153. In one implementation, the TPC indexes 1147, VCIDs
1149 and EPHICH group sets 1151 may be indicated through a combination of con-
figuration parameters 126, 194 as described above in connection with Figure 1.

In this implementation, a configuration set 1153 may be indicated based on con-
figuration parameters 1141. The configuration parameters 1141 may be determined by
an eNB 160 and sent to a UE 102 via a configuration signal 123, an EPHICH resource
indicator 107 or a combination of the configuration signal 123 and EPHICH resource
indicator 107. For example, the DCI bits of the EPHICH resource indicator 107 may
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dynamically select the configuration set 1153.

Upon determining the indicated configuration set 1153, the associated TPC index
1147, VCID 1149 and EPHICH group set 1151 may be determined. For example, one
of the configuration sets 1153a-c may be signaled by the configuration parameters
1141. If the first configuration set 1153a is indicated by the configuration parameters
1141, the first TPC index 1147a, the first VCID 1149a and the first EPHICH group set
1151a are also indicated based on their association with the first configuration set
1153a.

Figure 12 is a thread diagram illustrating one example of EPHICH resource signaling
by an eNB 160 and a UE 102. The eNB 160 and the UE 102 illustrated in Figure 12
may be similar to the eNB 160 and UE 102 described above in connection with Figure
1. The eNB 160 may determine 1202 configuration parameters 194 related to an
EPHICH. This may be done as described above in connection with Figure 2. The eNB
160 may send 1204 a configuration signal 123 to the UE 102 based on the con-
figuration parameters 194. The configuration signal 123 may indicate the configuration
of resources associated with at least one of an EPHICH, a VCID, a DMRS and a TPC.

The eNB 160 may also send 1206 an uplink grant and an associated EPHICH
resource indicator 107 to the UE 102 based on the configuration parameters 194. This
may be done as described above in connection with Figure 4. The EPHICH resource
indicator 107 may be sent 1206 at the same time as the configuration signal 123 or the
EPHICH resource indicator 107 may be sent 1206 after the configuration signal 123.

Upon receiving the uplink grant and the associated EPHICH resource indicator 132,
the UE 102 may determine 1208 configuration parameters 126 based on the EPHICH
resource indicator 132. The configuration parameters 126 may indicate the resources
used for an EPHICH. The configuration parameters 126 may include information about
the time and frequency resources related to an EPHICH. For example, the con-
figuration parameters 126 may include one or more EPHICH groups with associated
EPHICH group indexes. The configuration parameters 126 may also include one or
more EPHICH group sets with associated EPHICH group set indexes. Additionally,
the configuration parameters 126 may include a first VCID for generating the base
sequence for DMRS for a PUSCH transmission, a second VCID for generating the
cyclic shift for DMRS for a PUSCH transmission, one or more TPC parameters and a
TPC index as described above in connection with Figure 1.

The UE 102 may send 1210 data in a PUSCH. The UE 102 may send 1210 the data
to the eNB 160 based on the uplink grant received from the eNB 160. For example, the
UE 102 may include one or more codewords in the PUSCH transmission that may be
used by the eNB 160 for generating 1212 HARQ-ACK information.

Upon receiving the PUSCH transmission from the UE 102, the eNB 160 may
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generate 1212 the HARQ-ACK information. For example, the eNB 160 may generate
1212 an acknowledgement (ACK) bit for each packet that is correctly received in the
PUSCH transmission. However, the eNB 160 may generate 1212 a negative acknowl-
edgement (NACK) bit for each packet that is not correctly received in the PUSCH
transmission.

Upon generating 1212 the HARQ-ACK information, the eNB 160 may send 1214 the
HARQ-ACK information based on the configuration parameters 194. For example, the
eNB 160 may send 1214 the HARQ-ACK information to the UE 102 using the
resources indicated by the EPHICH resource indicator 107 (and/or the configuration
signal 123). The HARQ-ACK information may be included in an EPHICH. One or
more EPHICHs may be sent 1214 to the UE 102 corresponding to each codeword
received in the PUSCH transmission from the UE 102. The one or more EPHICHs
may be included in an EPHICH group. The one or more EPHICH groups may be
included in an EPHICH group set.

Upon receiving the HARQ-ACK information from the eNB 160, the UE 102 may
obtain 1216 HARQ-ACK information based on the configuration parameters 126. For
example, the configuration parameters 126 may indicate the resources used for the
EPHICH transmission. Using these resources, the UE 102 may receive one or more
EPHICHs. The UE 102 may accordingly decode the information included in the one or
more EPHICHs based on the resources that are indicated in the configuration pa-
rameters 126 to obtain 1216 the HARQ-ACK information. The HARQ-ACK in-
formation may indicate whether the data sent by the UE 102 in the PUSCH
transmission was successfully received by the eNB 160 or not. The UE 102 may
resend 1218 the data in another PUSCH transmission if the HARQ-ACK information
indicates that the data was not successfully received by the eNB 160.

It should be noted that in the flow of messages depicted in Figure 12, there may be at
least 'k' milliseconds roundtrip time. In an FDD configuration, 'k’ is normally four mil-
liseconds. If the UE 102 receives an uplink grant in subframe 'n', the UE 102 is
scheduled to transmit PUSCH in subframe 'n+k'. The eNB 160 may provide an
EPHICH with HARQ-ACK information for the PUSCH transmission. If the UE 102
transmits multiple codewords in the PUSCH transmission, multiple EPHICHs may be
provided to the UE 102. Once the UE 102 transmits PUSCH in subframe 'n+k', the UE
102 monitors for an uplink grant and/or an EPHICH in subframe ‘'n+k+k'. Therefore,
the EPHICH resource indicator 107 (e.g., the DCI corresponding to the uplink grant)
may be sent 1206 in advance of the sending 1214 the EPHICH (with the HARQ-ACK
information). Figure 12 is one example of a UL transmission procedure, but there are
several variations which are not shown.

Figure 13 illustrates various components that may be utilized in a UE 1302. The UE
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1302 described in connection with Figure 13 may be implemented in accordance with
the UE 102 described in connection with Figure 1. The UE 1302 includes a processor
1363 that controls operation of the UE 1302. The processor 1363 may also be referred
to as a central processing unit (CPU). Memory 1369, which may include read-only
memory (ROM), random access memory (RAM), a combination of the two or any type
of device that may store information, provides instructions 1365a and data 1367a to the
processor 1363. A portion of the memory 1369 may also include non-volatile random
access memory (NVRAM). Instructions 1365b and data 1367b may also reside in the
processor 1363. Instructions 1365b and/or data 1367b loaded into the processor 1363
may also include instructions 1365a and/or data 1367a from memory 1369 that were
loaded for execution or processing by the processor 1363. The instructions 1365b may
be executed by the processor 1363 to implement one or more of the methods 300, 500
described above.

The UE 1302 may also include a housing that contains one or more transmitters 1358
and one or more receivers 1320 to allow transmission and reception of data. The
transmitter(s) 1358 and receiver(s) 1320 may be combined into one or more
transceivers 1318. One or more antennas 1322a-n are attached to the housing and elec-
trically coupled to the transceiver 1318.

The various components of the UE 1302 are coupled together by a bus system 1371,
which may include a power bus, a control signal bus and a status signal bus, in addition
to a data bus. However, for the sake of clarity, the various buses are illustrated in
Figure 13 as the bus system 1371. The UE 1302 may also include a digital signal
processor (DSP) 1373 for use in processing signals. The UE 1302 may also include a
communications interface 1375 that provides user access to the functions of the UE
1302. The UE 1302 illustrated in Figure 13 is a functional block diagram rather than a
listing of specific components.

Figure 14 illustrates various components that may be utilized in an eNB 1460. The
eNB 1460 described in connection with Figure 14 may be implemented in accordance
with the eNB 160 described in connection with Figure 1. The eNB 1460 includes a
processor 1477 that controls operation of the eNB 1460. The processor 1477 may also
be referred to as a central processing unit (CPU). Memory 1483, which may include
read-only memory (ROM), random access memory (RAM), a combination of the two
or any type of device that may store information, provides instructions 1479a and data
1481a to the processor 1477. A portion of the memory 1483 may also include non-
volatile random access memory (NVRAM). Instructions 1479b and data 1481b may
also reside in the processor 1477. Instructions 1479b and/or data 1481b loaded into the
processor 1477 may also include instructions 1479a and/or data 1481a from memory

1483 that were loaded for execution or processing by the processor 1477. The in-
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structions 1479b may be executed by the processor 1477 to implement one or more of
the methods 200, 400 described above.

The eNB 1460 may also include a housing that contains one or more transmitters
1417 and one or more receivers 1478 to allow transmission and reception of data. The
transmitter(s) 1417 and receiver(s) 1478 may be combined into one or more
transceivers 1476. One or more antennas 1480a-n are attached to the housing and elec-
trically coupled to the transceiver 1476.

The various components of the eNB 1460 are coupled together by a bus system 1485,
which may include a power bus, a control signal bus and a status signal bus, in addition
to a data bus. However, for the sake of clarity, the various buses are illustrated in
Figure 14 as the bus system 1485. The eNB 1460 may also include a digital signal
processor (DSP) 1487 for use in processing signals. The eNB 1460 may also include a
communications interface 1489 that provides user access to the functions of the eNB
1460. The eNB 1460 illustrated in Figure 14 is a functional block diagram rather than a
listing of specific components.

Figure 15 is a block diagram illustrating one configuration of a UE 1502 in which
systems and methods for sending feedback information may be implemented. The UE
1502 includes transmit means 1558, receive means 1520 and control means 1524. The
transmit means 1558, receive means 1520 and control means 1524 may be configured
to perform one or more of the functions described in connection with Figure 3 and
Figure 13 above. Figure 13 above illustrates one example of a concrete apparatus
structure of Figure 15. Other various structures may be implemented to realize one or
more of the functions of Figure 3, Figure 5 and Figure 13. For example, a DSP may be
realized by software.

Figure 16 is a block diagram illustrating one configuration of an eNB 1660 in which
systems and methods for receiving feedback information may be implemented. The
eNB 1660 includes transmit means 1617, receive means 1678 and control means 1682.
The transmit means 1617, receive means 1678 and control means 1682 may be
configured to perform one or more of the functions described in connection with
Figure 2 Figure 14 above. Figure 14 above illustrates one example of a concrete
apparatus structure of Figure 16. Other various structures may be implemented to
realize one or more of the functions of Figure 2, Figure 4 and Figure 14. For example,
a DSP may be realized by software.

The term "computer-readable medium" refers to any available medium that can be
accessed by a computer or a processor. The term "computer-readable medium," as used
herein, may denote a computer- and/or processor-readable medium that is non-
transitory and tangible. By way of example, and not limitation, a computer-readable or
processor-readable medium may comprise RAM, ROM, EEPROM, CD-ROM or other
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optical disk storage, magnetic disk storage or other magnetic storage devices, or any
other medium that can be used to carry or store desired program code in the form of in-
structions or data structures and that can be accessed by a computer or processor. Disk
and disc, as used herein, includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and Blu-ray (registered trademark) disc where disks
usually reproduce data magnetically, while discs reproduce data optically with lasers.

It should be noted that one or more of the methods described herein may be im-
plemented in and/or performed using hardware. For example, one or more of the
methods described herein may be implemented in and/or realized using a chipset, an
application-specific integrated circuit (ASIC), a large-scale integrated circuit (LSI) or
integrated circuit, etc.

Each of the methods disclosed herein comprises one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with one another and/or combined into a single step without departing from the scope
of the claims. In other words, unless a specific order of steps or actions is required for
proper operation of the method that is being described, the order and/or use of specific
steps and/or actions may be modified without departing from the scope of the claims.

It is to be understood that the claims are not limited to the precise configuration and
components illustrated above. Various modifications, changes and variations may be
made in the arrangement, operation and details of the systems, methods and apparatus

described herein without departing from the scope of the claims.
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Claims
An evolved Node B (eNB) for sending feedback information,

comprising:

a processor;

memory in electronic communication with the processor, wherein in-
structions stored in the memory are executable to:

determine configuration parameters related to an Enhanced Physical
Hybrid- Automatic Repeat reQuest (ARQ) Indicator Channel
(EPHICH);

send an uplink grant and an associated EPHICH resource indicator
based on the configuration parameters;

receive data in a Physical Uplink Shared Channel (PUSCH); and

send Hybrid Automatic Repeat Request Acknowledgement/Negative
Acknowledgement (HARQ-ACK) information based on the con-
figuration parameters.

The eNB of claim 1, wherein the EPHICH resource indicator comprises
a field in downlink control information (DCI) corresponding to the
uplink grant.

The eNB of claim 1, wherein an EPHICH group set index is determined
based on the EPHICH resource indicator.

The eNB of claim 3, wherein at least one of a virtual cell ID (VCID)
and a transmit power control (TPC) index are determined based on the
EPHICH group set index.

The eNB of claim 1, wherein a transmit power control (TPC) index is
determined based on the EPHICH resource indicator.

The eNB of claim 5, wherein at least one of a virtual cell ID (VCID)
and an EPHICH group set index are determined based on the TPC
index.

The eNB of claim 1, wherein there are multiple virtual cell IDs
(VCIDs) configured for demodulation reference signals (DMRS), and
wherein a single VCID for generating a DMRS sequence is determined
based on the EPHICH resource indicator.

The eNB of claim 7, wherein at least one of a transmit power control
(TPC) index and an EPHICH group set index are determined based on
the virtual cell ID (VCID).

The eNB of claim 1, wherein an EPHICH group index is determined
based on the EPHICH resource indicator.
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[Claim 15]
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The eNB of claim 9, wherein the EPHICH resource indicator comprises
at least one of a physical resource block (PRB) index and a cyclic shift
index, and wherein the EPHICH group index is determined based on at
least one of the PRB index and the cyclic shift index.

The eNB of claim 10, wherein a configuration set index is determined
based on the EPHICH resource indicator.

A User Equipment (UE) for receiving feedback information,
comprising:

a processor;

memory in electronic communication with the processor, wherein in-
structions stored in the memory are executable to:

receive an uplink grant and an associated Enhanced Physical Hybrid-
Automatic Repeat reQuest (ARQ) Indicator Channel (EPHICH)
resource indicator;

determine configuration parameters based on the EPHICH resource
indicator;

send data in a Physical Uplink Shared Channel (PUSCH); and

obtain Hybrid Automatic Repeat Request Acknowledgement/Negative
Acknowledgement (HARQ-ACK) information based on the con-
figuration parameters.

The UE of claim 12, wherein the EPHICH resource indicator comprises
a field in downlink control information (DCI) corresponding to the
uplink grant.

The UE of claim 12, wherein an EPHICH group set index is determined
based on the EPHICH resource indicator, and wherein at least one of a
virtual cell ID (VCID) and a transmit power control (TPC) index are
determined based on the EPHICH group set index.

The UE of claim 12, wherein an EPHICH group index is determined
based on the EPHICH resource indicator.

A method for sending feedback information by an evolved Node B
(eNB), comprising:

determining configuration parameters related to an Enhanced Physical
Hybrid- Automatic Repeat reQuest (ARQ) Indicator Channel
(EPHICH);

sending an uplink grant and an associated EPHICH resource indicator
based on the configuration parameters;

receiving data in a Physical Uplink Shared Channel (PUSCH); and
sending Hybrid Automatic Repeat Request Acknowledgement/
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[Claim 21]
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[Claim 23]
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[Claim 26]

[Claim 27]
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Negative Acknowledgement (HARQ-ACK) information based on the
configuration parameters.

The method of claim 16, wherein the EPHICH resource indicator
comprises a field in downlink control information (DCI) corresponding
to the uplink grant.

The method of claim 16, wherein an EPHICH group set index is de-
termined based on the EPHICH resource indicator.

The method of claim 18, wherein at least one of a virtual cell ID
(VCID) and a transmit power control (TPC) index are determined
based on the EPHICH group set index.

The method of claim 16, wherein a transmit power control (TPC) index
is determined based on the EPHICH resource indicator.

The method of claim 20, wherein at least one of a virtual cell ID
(VCID) and an EPHICH group set index are determined based on the
TPC index.

The method of claim 16, wherein there are multiple virtual cell IDs
(VCIDs) configured for demodulation reference signals (DMRS), and
wherein a single VCID for generating a DMRS sequence is determined
based on the EPHICH resource indicator.

The method of claim 22, wherein at least one of a transmit power
control (TPC) index and an EPHICH group set index are determined
based on the VCID.

The method of claim 16, wherein an EPHICH group index is de-
termined based on the EPHICH resource indicator.

The method of claim 24, wherein the EPHICH resource indicator
comprises at least one of a physical resource block (PRB) index and a
cyclic shift index, and wherein the EPHICH group index is determined
based on at least one of the PRB index and the cyclic shift index.

The method of claim 25, wherein a configuration set index is de-
termined based on the EPHICH resource indicator.

A method for receiving feedback information by a User Equipment
(UE), comprising:

receiving an uplink grant and an associated Enhanced Physical Hybrid-
Automatic Repeat reQuest (ARQ) Indicator Channel (EPHICH)
resource indicator;

determining configuration parameters based on the EPHICH resource
indicator;

sending data in a Physical Uplink Shared Channel (PUSCH); and
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obtaining Hybrid Automatic Repeat Request Acknowledgement/
Negative Acknowledgement (HARQ-ACK) information based on the
configuration parameters.

The method of claim 27, wherein the EPHICH resource indicator
comprises a field in downlink control information (DCI) corresponding
to the uplink grant.

The method of claim 27, wherein an EPHICH group set index is de-
termined based on the EPHICH resource indicator, and wherein at least
one of a virtual cell ID (VCID) and a transmit power control (TPC)
index are determined based on the EPHICH group set index.

The method of claim 27, wherein an EPHICH group index is de-

termined based on the EPHICH resource indicator.



1/16

PCT/JP2014/000096

WO 2014/109294

[Fig. 1]

9G[ Ianiwisuel]| |«

$GL Jojeinpoypy

A

A

0G [ lapoouy

9% ejeQ uoissiwsuel |

A

.‘
-

o961 vl Nmr Lrzpl
| Z57 Jojeopul soN0SaY HOIHA |
% FET Uojeuluuajoa SOv-DuVHEN || OEF [eufis uopeinbyuoy |
8yl 9c [ lepaidiayl 9z[ sieyeweled uoneinbyuon

¥ZF suonesado AN

.%.q 1 02} Joneosy NN NZE 2 %€y tlon o
uzz L % gL Janoosuel] p| 7L [ l0)e|npows(] ¢ » G0[ Japooa( 4 »  FOL 1oyng eleq
ezglL 2oran
L2} (s)ipuueyn yudn ~ [if - - Z N 611 (s)Buuey) sujumoq
2 I !
lojeinpo < >| B0OJ lepoou 3 GO eleq uolssiwsuel
Gl CLL Jojemnpoy i) LLL 0} ispooug o7 G0} eje( uoissi L
. GZl uoneiausn MOv-DUVH IN@
= ZZ[ uojjeulwlalaq Jojesipu] 2inosay HOIHd3 uuumm m umyumm_ﬂum_. m.m_._,_wmmm_._um_._.ﬂm_:“
1 J7T 1opiwsuel | i« fylubrhphripisbrivbrbpipirbsivtptvtotylybutpbplobsiubeh
1 _ Nm@v 867 uoljeuiuwsle [eubig uonenbyuog m-:- [} ._mmm_uwu_wo.:._.mm_m@w:uow :--m
., 061 961 uoneujwis}a( Isjeweled uoleinbyuod PG Sloldweled uoneinfbiyuon
1 Zg7 suonelado gne
VT e
TS e —
u 977 lanoosuel] ¢/l ioje[npowsg P 99/ 19p0d8( Lv ¢91 Jayng eleq
omrmomr-r 09] dN®




2/16

PCT/JP2014/000096

WO 2014/109294

[Fig. 2]

¢ 'Old

sie)sweled uoneinbyuos ay) uo paseq UoljewLIoul
MOV-OuVH) uswabpamousoy aajebaN/ustuabpajmouoy 1senbay jeaday onewoiny puUgAH pues

" 80¢

A

(HOSNd) [puueyd paseys Muldn [edisAyd e ul ejep sAI809Y

902

A

sig)aweled uoijeinbljuod ey} uo paseq |eubis uoljeinbyuod e puag

—~ 702

A

(HDIHJ3T) |suuey) Jojedipu] (DY) 1senpai jeaday
onewoIny-plgAH |esisAyd paoueyus ue o} paje|al siajeweled uoneinbyuos suiwisio(g

20¢

00¢



3/16

PCT/JP2014/000096

WO 2014/109294

€ "Old

slojoweled uoneinBbiUoD Sy} UO paseq uonReuLIoul
O_O<-Om<_._v Juswiabpajmounoy aaijebaNAuswWabpamowoy 1sanbay jeaday oljewoiny pUgAH uleyqo

" 80€

A

(HOSNd) Isuuey) paleys yuldn [edisAyd e ui ejep pusg

" 90¢

A

[eubis uonelnBiuod ey} uo peseq siejaiueled uoneinbiuos sulwisla(

~Y0€

A

(HOIHJ3) 1suuey) Jojeolpu] (DYY) Isenpai jeaday
ojewoiny-pugiH jesisAyd pesueyug ue o} paje[al Jeubis uonelnbijuod e aAI808Yy

" 20¢

[Fig. 3]

00¢



4/16

PCT/JP2014/000096

WO 2014/109294

¥ "Old

sigjoweled uoneIinbyuoo sy} uo paseq
uoneuwuojut (HOV-DHVH) Juswebpamouxoy aneban/uswabpajmouoy Jsenbay jeaday oiewoiny pugiH pueg

" 80¥%

A

(HOSNd) 1euuey) paieyg yuldn [edisAyd e ui ejep o209y

" 90%

A

si9)eweled uoneinbijuod ay) uo paseq Jojedlpul 821n0sal HOHJT peleloosse ue pue juelb yulidn ue puag

0P

A

(HOIHJ3) 1IruueYD Jotedipul (DYY) 1senpal jeaday
olewoiny-pugAH [esisAyd paoueyug ue o} pajeal sialeweled uoneinbiyuos sullielag

0¥

[Fig. 4]

0oy



5/16

PCT/JP2014/000096

WO 2014/109294

G "Old

slojoweled uoneinbiuoo ay) uo paseq uonewloul
(MOV-ONVYH) Wawabpsmouyoy annefsNuswabpamouyoy 1sanbay jeaday onewoiny pugiAy uelqo

~" 805

i

(HOSNd) [euuey) paleys uldn [eaisAyd e ul ejep puag

909

i

Jlojeoipul @21n0sal HOlHJ3 @Ul uo paseq sisjaweled uoieinbyuod suiwlaleq

170G

A

Jojesiput 8ainosal (HO|H43) jsuuey)
Jo1eo1pu] (OYY) Isenpal jeaday oljewoiny-plgAH [edisAyd pasueyul pajeroosse ue pue juelb yuldn ue ane09y

09

[Fig. 5]

00§



6/16

PCT/JP2014/000096

WO 2014/109294

[Fig. 6]

9 "OId

4629
10|S puodsg J0IS Jsdi4
A
Y
L 188
¢ dnoio
¢18s
Z dnoig \
PLES
/ d 19S @%Inosay €19S
11€9 L dnoig
| 188 4 198 30IN0SaYy
Z dnoig) / /
31€9 6Lc9
D 18§ S2Inossy ©) 185 92IN0SaY
[AERY
| dnoig)
L 19SS L 18S
| dnoig) \ | dnoig
91€9

/ qi€9

g }19g @2Inosay

3185 80Inosay

/ =2 )

V 189S 90In0say

>

Y

puooasi||iw | 8wl

Uipimpueg
woalsAg

:Aouanbai4



716

PCT/JP2014/000096

WO 2014/109294

[Fig. 7]

L Old

PBEL
dnos9 HOIHJT yHnod

06EL
dnoi9 HOIHAT PIIYL ~

a6¢.
dnoi9 HOIHd3 puodag

B6S.
dnoio HOIHd3 18414~

A---------

. ¥/
JaquinN
aousanbag
H3IHd4

=387
sisjaweled uoneinbyuon

TTTTTTTTTX
qiy.
— slejoweled
uoneinbiyuo)
Gy.
Jaguinpy
dnoio
HOIHd3
. A
LEL
HOIHd3



8/16

PCT/JP2014/000096

WO 2014/109294

8 'Old

L ¥8
sia)eweled uoneinfiyuon

A

[Fig. 8]

o8
Xapul Od.L pPiIYL

T\;ommw

2678
AIOA piYL

{
~—0/68
]

Ooooodon

oo

Qoo

OOOooooo]|

>

9168 198 dnoig HOIHAT PIYL

q/v8

Xapu] O0dl1 puodag

e/v8
X9apu] Odl ¥s4id

T\,Qmmm L~ EGG8
Q@Vm B673
dIOA puo2ss aIonIsid

%\,Qmmm w\;mmmm
OO0O0000004d OO0 000
HiEEEENiEn OOOOd00m0 @ﬂm
OO0 0 DDDDDDDD\\\
HiENNiE|nEin DDDDDDDQP/%V

T C HOIHd3

q168 19S5 dnoig HOIHJT puodss

B1G8 19S dnoi9 HOIHJI 1sid



9/16

PCT/JP2014/000096

WO 2014/109294

[Fig. 9]

6 Old

L¥6 slajaweled uoneinbijuon

A

J676
AIoA pay1

A~ 0GG6

9676 B616
dIOA puodeg . dioOA1siid

ILV6
Xapu| Ddl PIUL

L~ 556 L~EG56

L~2/66

q/v6
Xapu| 0L puoodeg

B/v6
Xapu| Odl1 1414

Oooooonn

Qoooooon

Hjunnniniun

Qooogoon

>

9166
198 dnoi9 HOIHd3 pAUL

4156 | L~ elg6

OOOooocr] QOO0 ocic]

OO0 00CC Himjmninnininln &ﬁm

UOO000000 DDDDDDDD\\\

OOO000000 DDDDDDDQPz%%
> S HOIHd3
q16 €166

198 dnoio HOIHJT puodses 198 dnouo HOIHJT Isiid



10/16

PCT/JP2014/000096

WO 2014/109294

[Fig. 10]

9/v0L
Xapuj Odl1 piylL

0L "Old

m.\, 36501

q.v0}
Xapu] Dd1 puooses

96701
dIOA PilYyL

“,\, 95501

T;UBS

46701
dIOA puodsg

“(; a.501

oo

oo

Hinuinnininin

Qoo

)

21601
}08 dnoi9 HOIHJ3 PaYL

goooogog
poopogog
poooogog
Qoo

)

qL60l
}9S dnoi9 HOIHJ3 puodes

188 dnoi) HOIHJF 1si14

e/v0}
Xapu| Od1 isdid
mr\; BGGOl
B6v0/L
dIDA isiid
L~ B/G0)
OOoooodod
[Oooooood]| o
oooooooo] |~
L1
0oooooood., o
S HOIHd
eLGol

L0l
siajoweled uoneinbiuo)



11/16

PCT/JP2014/000096

WO 2014/109294

[Fig. 11]

Ll "Old

A

LY | siojeweled uoneinbyuon

qivil
Xopuj Od1 PIYL

43
AIOA PaIYL

0oodooan

podoodog

Qooododn

0odoodod

A

oeGLL

— 1S
uonjeinbyuon

paYL

)

oLGLL

198 dnois HOIHJT PIYL

q/v i} Xapuj
Od1 puodeg

qeril
dIOA puodes

nodooooo

nodoodog

pooododn

Qooodooo

A

qestl

—. 1S
uoneinbiyuos

puooag

)

qiGL1

188 dnoi) HOIHJT puodss

elril
Xspuj Od1 isiid

e6rLi
aIOA 3sdid

podoogog

podoodog

podoodod

0odooood;

1

ﬂ

ECGLl

— 19S

uoneinbiuon
}siiH

LELL
HOIHd43

v

6eLl
dnolg
HOIHd3

)

elGgll18s

dnol HOIHJT 1sdi4



12/16

PCT/JP2014/000096

WO 2014/109294

[Fig. 12]

¢l "Old

uolewou] YOVY-DYYH Puasay

olLcl
uoneuw.o|

- XOV-OdVH Uelo

clcl
uonewlIoU|

HNOV-DUVYH Sjeidusg e

)

axd)
uoneuLolU| YOY-D¥YVH puss

)

oLclL
HOSNd e U] eleq pusg

80¢t
slojpweled

&-—— uojjeinbiuon sulusdg

40145

)

9021
lojesipu] 801nosay HOIHd3 pue jueio yuidn puss

g

sloleweled
uoneinBblyuo) suwe}sq e

)

¥0cCl
|euBig uoneinbyuo) puasg

091
anNe

[41)"
an




13/16

PCT/JP2014/000096

WO 2014/109294

[Fig. 13]

€L "Old

LLEL

G/E | 3delaju]
SUOIJEDILUNWILLOY)

£/€1 dSd

e/9¢1 eled

0cel
RETELEN]

8GelL
Japiwisuel |

uccel

8LelL
Janl@osuel |

BGOE[ SUONONIISU|

69¢] Aoway

c0€t 9N

. GGoct
I
}

£9¢] Jossasold

eccel
euusjuy



14/16

PCT/JP2014/000096

WO 2014/109294

[Fig. 14]

vl "Old

g8yl

681 soelsiu]
SUOIJESIUNWWOYD

8%} 4Sd

eL8rl eled

8ivi
Janoay

Livi
Janwisuel |

9/vi
Jan@osuel |

uogyl

BG/F[ suononisu|

£8r[ Mowsp

77% L lossaoold

eosyl
euusjuy



15/16

PCT/JP2014/000096

WO 2014/109294

[Fig. 15]

gL "Old

cG L SUBIN |OJIUOD

0csl
SUBSJ\ 9A1900Y

844Gl
suea Jwsuel |




16/16

PCT/JP2014/000096

WO 2014/109294

[Fig. 16]

91 "Old

Zg9[ Sues|y [0nuog

8291
Sues|y aN2209Y

0991 dN®

L9l
suespy Jwsuel |




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2014/000096

A.  CLASSIFICATION OF SUBJECT MATTER
Int.Cl. HO4W72/04(2009.01)1i, HO04wW28/04(2009.01)1

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
Int.Cl. HO4B 7/24-7/26,H04W 4/00-99/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1871-2014
Registered utility model specifications of Japan 1996-2014
Published registered utility model applications of Japan 1994-2014

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y LG Electronics, Aspects on DL and UL Control (1,2,9-13,15-
Channels for HARQ with Enhanced PDCCH[online], |17,24-28,30
3GPP TSG-RAN WGl 67 R1-113921,
A Internet<URL:http://www.3gpp.org/ftp/tsg ran/ |3-8,14,18-23
WGl RL1/TSGR1 67/Docs/R1-113921.zip>, ;29

2011.11.10

Y Alcatel-Lucent Shanghai Bell, Alcatel-Lucent, [1,2,9-13,15-
PHICH Enhancements[online], 17,24-28, 30
3GPP TSG-RAN WG1H# 67 R1-114067,
Internet<URL:http://www.3gpp.org/ftp/tsg ran/
WGl RL1/TSGR1 67/Docs/R1-114067.zip>,
2011.11.14

{7} Further documents are listed in the continuation of Box C. {7} See patent family annex.

¥ Special categoﬁgs of cited documents: o “T” later document published after the international filing date or

“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention

«g» earlier application or patent but published on or after the inter-
national filing date
“L” document which may throw doubts on priority claim(s) or which

is cited to establish the publication date of another citation or other inventive step when the document is taken alone

special reason (as specified) “Yy” document of particular relevance; the claimed invention cannot
«0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is
means combined with one or more other such documents, such

“p” document published prior to the international filing date but later combination being obvious to a person skilled in the art

«“X” document of particular relevance; the claimed invention cannot
be considered novel or cannot be considered to involve an

than the priority date claimed “&” document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
29.01.2014 10.02.2014
Name and mailing address of the ISA/JP Authorized officer 5J|3984
Japan Patent Office Soichi KUWHARA
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3534

Form PCT/ISA/210 (second sheet) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - wo-search-report

