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A method and apparatus are described for allocating
resources for an enhanced physical hybrid automatic repeat
request (HARQ) channel (E-PHICH). A subset of an
enhanced physical downlink control channel (E-PDCCH)
may be allocated for use by the E-PHICH. The E-PDCCH
may be defined by at least one of enhanced resource element
groups (eREGs) and enhanced control channel elements (eC-
CEs). Each eCCE may be formed by grouping a plurality of
eREGs. Each eREG may contain at least one resource ele-
ment (RE). Alternatively, a subset of eREGs may be allocated
as E-PHICH resources. E-PDCCH physical resource block
(PRB) pairs may be selected as a resource for the E-PHICH.
An indication of the number of the eCCEs may be broadcast
to a wireless transmit/receive unit (WTRU).
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METHOD AND APPARATUS FOR
ALLOCATING RESOURCES FOR AN
ENHANCED PHYSICAL HYBRID
AUTOMATIC REPEAT REQUEST
INDICATOR CHANNEL

BACKGROUND

[0001] The uplink of a Long Term Evolution (LTE) system
supports two modes of hybrid automatic repeat request
(HARQ) operations: adaptive and non-adaptive HARQ. In
the case of non-adaptive HARQ, the retransmission request is
sent on a physical HARQ indicator channel (PHICH) through
the transmission of a negative acknowledgment (NACK) sig-
nal. In the case of adaptive HARQ, which is activated by
transmitting an acknowledgment (ACK) signal on the
PHICH, according to the previous transmissions and depend-
ing on the resource scheduling of other users in the system,
both the format and the frequency location of retransmissions
are signaled by the physical downlink control channel (PD-
CCH) while overriding the PHICH.

SUMMARY

[0002] A method and apparatus are described for allocating
resources for an enhanced physical hybrid automatic repeat
request (HARQ) channel (E-PHICH). A subset of an
enhanced physical downlink control channel (E-PDCCH)
may be allocated for use by the E-PHICH. The E-PDCCH
may be defined by at least one of enhanced resource element
groups (eREGs) and enhanced control channel elements (eC-
CEs). Each eCCE may be formed by grouping a plurality of
eREGs. Each eREG may contain at least one resource ele-
ment (RE). Alternatively, a subset of eREGs may be allocated
as E-PHICH resources. E-PDCCH physical resource block
(PRB) pairs may be selected as a resource for the E-PHICH.
An indication of the number of the eCCEs may be broadcast
to a wireless transmit/receive unit (WTRU).

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] A more detailed understanding may be had from the
following description, given by way of example in conjunc-
tion with the accompanying drawings wherein:

[0004] FIG. 1A shows an example communications system
in which one or more disclosed embodiments may be imple-
mented;

[0005] FIG. 1B shows an example wireless transmit/re-
ceive unit (WTRU) that may be used within the communica-
tions system shown in FIG. 1A;

[0006] FIG. 1C shows an example radio access network
and an example core network that may be used within the
communications system shown in FIG. 1A;

[0007] FIG. 2 shows physical control format indicator
channel (PCFICH) and physical hybrid automatic repeat
request (HARQ) indicator channel (PHICH) resource ele-
ment group (REG) allocation according to a physical cell
identifier (PCI);

[0008] FIG. 3 shows an orthogonal sequence according to a
sequence index and a spreading factor;

[0009] FIG. 4 shows HARQ indicator (HI) code words with
a repetition factor of 3;

[0010] FIG.5 shows HI code words with a repetition factor
of 4,
[0011] FIGS. 6 and 7 show evolved PHICH (E-PHICH)

signal construction;
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[0012] FIGS. 8A and 8B show localized and distributed
resource block allocation for E-PHICH,;

[0013] FIG. 9 shows implicit resource block allocation for
E-PHICH using an offset with respect to the E-PDCCH;
[0014] FIG. 10 shows E-PHICH resource mapping for two
different reference symbol configurations;

[0015] FIG. 11 shows available REGs for E-PHICH trans-
mission within a single resource block (RB); and

[0016] FIG. 12 shows an example of REG mapping with
interleaving and cyclic shift.

DETAILED DESCRIPTION

[0017] FIG. 1A shows an example communications system
100 in which one or more disclosed embodiments may be
implemented. The communications system 100 may be a
multiple access system that provides content, such as voice,
data, video, messaging, broadcast, and the like, to multiple
wireless users. The communications system 100 may enable
multiple wireless users to access such content through the
sharing of system resources, including wireless bandwidth.
For example, the communications systems 100 may employ
one or more channel access methods, such as code division
multiple access (CDMA), time division multiple access
(TDMA), frequency division multiple access (FDMA),
orthogonal FDMA (OFDMA), single-carrier FDMA (SC-
FDMA), and the like.

[0018] As shown in FIG. 1A, the communications system
100 may include wireless transmit/receive units (WTRUs)
102a, 1025, 102¢, 1024, a radio access network (RAN) 104,
a core network 106, a public switched telephone network
(PSTN) 108, the Internet 110, and other networks 112, though
it will be appreciated that the disclosed embodiments con-
template any number of WTRUs, base stations, networks,
and/or network elements. Each of the WITRUs 102q, 1025,
102¢, 102d may be any type of device configured to operate
and/or communicate in a wireless environment. By way of
example, the WTRUs 102q, 1025, 102¢, 102d may be con-
figured to transmit and/or receive wireless signals and may
include user equipment (UE), a mobile station, a fixed or
mobile subscriber unit, a pager, a cellular telephone, a per-
sonal digital assistant (PDA), a smartphone, a laptop, a net-
book, a personal computer, a wireless sensor, consumer elec-
tronics, and the like.

[0019] The communications systems 100 may also include
a base station 114a and a base station 1145. Each of the base
stations 114a, 1145 may be any type of device configured to
wirelessly interface with at least one of the WITRUs 1024,
10256, 102¢, 1024 to facilitate access to one or more commu-
nication networks, such as the core network 106, the Internet
110, and/or the other networks 112. By way of example, the
base stations 114a, 1145 may be a base transceiver station
(BTS), a Node-B, an evolved Node-B (eNB), a home Node-B
(HNB), ahome eNB (HeNB), a site controller, an access point
(AP), a wireless router, and the like. While the base stations
114a, 1145 are each depicted as a single element, it will be
appreciated that the base stations 114a, 1145 may include any
number of interconnected base stations and/or network ele-
ments.

[0020] The base station 114a may be part of the RAN 104,
which may also include other base stations and/or network
elements (not shown), such as a base station controller (BSC),
a radio network controller (RNC), relay nodes, and the like.
The base station 114a and/or the base station 1145 may be
configured to transmit and/or receive wireless signals within
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a particular geographic region, which may be referred to as a
cell (not shown). The cell may further be divided into cell
sectors. For example, the cell associated with the base station
114a may be divided into three sectors. Thus, in one embodi-
ment, the base station 114a may include three transceivers,
i.e., one for each sector of the cell. In another embodiment, the
base station 114a may employ multiple-input multiple-output
(MIMO) technology and, therefore, may utilize multiple
transceivers for each sector of the cell.

[0021] The base stations 114a, 1145 may communicate
with one or more of the WIRUs 1024, 1025, 102¢, 102d over
an air interface 116, which may be any suitable wireless
communication link, (e.g., radio frequency (RF), microwave,
infrared (IR), ultraviolet (UV), visible light, and the like). The
air interface 116 may be established using any suitable radio
access technology (RAT).

[0022] More specifically, as noted above, the communica-
tions system 100 may be a multiple access system and may
employ one or more channel access schemes, suchas CDMA,
TDMA, FDMA, OFDMA, SC-FDMA, and the like. For
example, the base station 114a in the RAN 104 and the
WTRUs 1024, 1025, 102¢ may implement a radio technology
such as universal mobile telecommunications system
(UMTS) terrestrial radio access (UTRA), which may estab-
lish the air interface 116 using wideband CDMA (WCDMA).
WCDMA may include communication protocols such as
high-speed packet access (HSPA) and/or evolved HSPA
(HSPA+). HSPA may include high-speed downlink packet
access (HSDPA) and/or high-speed uplink packet access
(HSUPA).

[0023] In another embodiment, the base station 114a and
the WTRUs 1024, 1025, 102¢ may implement a radio tech-
nology such as evolved UTRA (E-UTRA), which may estab-
lish the air interface 116 using long term evolution (LTE)
and/or LTE-advanced (LTE-A).

[0024] Inother embodiments, the base station 114a and the
WTRUs 1024, 1025, 102¢ may implement radio technologies
such as IEEE 802.16 (i.e., worldwide interoperability for
microwave access (WiMAX)), CDMA2000, CDMA2000 1x,
CDMA2000 evolution-data optimized (EV-DO), Interim
Standard 2000 (IS-2000), Interim Standard 95 (IS-95),
Interim Standard 856 (IS-856), global system for mobile
communications (GSM), enhanced data rates for GSM evo-
lution (EDGE), GSM/EDGE RAN (GERAN), and the like.
[0025] The base station 1145 in FIG. 1A may be a wireless
router, HNB, HeNB, or AP, for example, and may utilize any
suitable RAT for facilitating wireless connectivity in a local-
ized area, such as a place of business, a home, a vehicle, a
campus, and the like. In one embodiment, the base station
1146 and the WTRUs 102¢, 102d may implement a radio
technology such as IEEE 802.11 to establish a wireless local
area network (WLAN). In another embodiment, the base
station 1145 and the WTRUs 102¢, 1024 may implement a
radio technology such as IEEE 802.15 to establish a wireless
personal area network (WPAN). In yet another embodiment,
the base station 1145 and the WTRUs 102¢, 1024 may utilize
a cellular-based RAT, (e.g., WCDMA, CDMA2000, GSM,
LTE, LTE-A, and the like), to establish a picocell or femto-
cell. As shown in FIG. 1A, the base station 1145 may have a
direct connection to the Internet 110. Thus, the base station
1145 may not be required to access the Internet 110 via the
core network 106.

[0026] The RAN 104 may be in communication with the
core network 106, which may be any type of network config-
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ured to provide voice, data, applications, and/or voice over
Internet protocol (VoIP) services to one or more of the
WTRUs 102a, 1025, 102¢, 102d. For example, the core net-
work 106 may provide call control, billing services, mobile
location-based services, pre-paid calling, Internet connectiv-
ity, video distribution, and the like, and/or perform high-level
security functions, such as user authentication. Although not
shown in FIG. 1A, it will be appreciated that the RAN 104
and/or the core network 106 may be in direct or indirect
communication with other RANs that employ the same RAT
as the RAN 104 or a different RAT. For example, in addition
to being connected to the RAN 104, which may be utilizing an
E-UTRA radio technology, the core network 106 may also be
in communication with another RAN (not shown) employing
a GSM radio technology.

[0027] The core network 106 may also serve as a gateway
for the WTRUs 102q, 1025, 102¢, 1024 to access the PSTN
108, the Internet 110, and/or other networks 112. The PSTN
108 may include circuit-switched telephone networks that
provide plain old telephone service (POTS). The Internet 110
may include a global system of interconnected computer
networks and devices that use common communication pro-
tocols, such as the transmission control protocol (TCP), user
datagram protocol (UDP) and the Internet protocol (IP) in the
TCP/IP suite. The networks 112 may include wired or wire-
less communications networks owned and/or operated by
other service providers. For example, the networks 112 may
include another core network connected to one or more
RANSs, which may employ the same RAT as the RAN 104 or
a different RAT.

[0028] Some or all of the WTRUs 102a, 1025, 102¢, 1024
in the communications system 100 may include multi-mode
capabilities, i.e., the WIRUs 1024, 1025, 102¢, 1024 may
include multiple transceivers for communicating with difter-
ent wireless networks over different wireless links. For
example, the WTRU 102¢ shown in FIG. 1A may be config-
ured to communicate with the base station 1144, which may
employ a cellular-based radio technology, and with the base
station 1145, which may employ an IEEE 802 radio technol-
ogy.

[0029] FIG. 1B shows an example WITRU 102 that may be
used within the communications system 100 shown in FIG.
1A. As shown in FIG. 1B, the WTRU 102 may include a
processor 118, a transceiver 120, a transmit/receive element,
(e.g., an antenna), 122, a speaker/microphone 124, a keypad
126, a display/touchpad 128, a non-removable memory 130,
aremovable memory 132, a power source 134, a global posi-
tioning system (GPS) chipset 136, and peripherals 138. It will
be appreciated that the WTRU 102 may include any sub-
combination of the foregoing elements while remaining con-
sistent with an embodiment.

[0030] The processor 118 may be a general purpose pro-
cessor, a special purpose processor, a conventional processor,
a digital signal processor (DSP), a microprocessor, one or
more microprocessors in association with a DSP core, a con-
troller, a microcontroller, an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) cir-
cuit, an integrated circuit (IC), a state machine, and the like.
The processor 118 may perform signal coding, data process-
ing, power control, input/output processing, and/or any other
functionality that enables the WTRU 102 to operate in a
wireless environment. The processor 118 may be coupled to
the transceiver 120, which may be coupled to the transmit/
receive element 122. While FIG. 1B depicts the processor 118
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and the transceiver 120 as separate components, the processor
118 and the transceiver 120 may be integrated together in an
electronic package or chip.

[0031] The transmit/receive element 122 may be config-
ured to transmit signals to, or receive signals from, a base
station (e.g., the base station 114a) over the air interface 116.
For example, in one embodiment, the transmit/receive ele-
ment 122 may be an antenna configured to transmit and/or
receive RF signals. In another embodiment, the transmit/
receive element 122 may be an emitter/detector configured to
transmit and/or receive IR, UV, or visible light signals, for
example. In yet another embodiment, the transmit/receive
element 122 may be configured to transmit and receive both
RF and light signals. The transmit/receive element 122 may
be configured to transmit and/or receive any combination of
wireless signals.

[0032] In addition, although the transmit/receive element
122 is depicted in FIG. 1B as a single element, the WTRU 102
may include any number of transmit/receive elements 122.
More specifically, the WTRU 102 may employ MIMO tech-
nology. Thus, in one embodiment, the WTRU 102 may
include two or more transmit/receive elements 122, (e.g.,
multiple antennas), for transmitting and receiving wireless
signals over the air interface 116.

[0033] The transceiver 120 may be configured to modulate
the signals that are to be transmitted by the transmit/receive
element 122 and to demodulate the signals that are received
by the transmit/receive element 122. As noted above, the
WTRU 102 may have multi-mode capabilities. Thus, the
transceiver 120 may include multiple transceivers for
enabling the WTRU 102 to communicate via multiple RATs,
such as UTRA and IEEE 802.11, for example.

[0034] The processor 118 of the WTRU 102 may be
coupled to, and may receive user input data from, the speaker/
microphone 124, the keypad 126, and/or the display/touch-
pad 128 (e.g., a liquid crystal display (LCD) display unit or
organic light-emitting diode (OLED) display unit). The pro-
cessor 118 may also output user data to the speaker/micro-
phone 124, the keypad 126, and/or the display/touchpad 128.
In addition, the processor 118 may access information from,
and store data in, any type of suitable memory, such as the
non-removable memory 130 and/or the removable memory
132. The non-removable memory 130 may include random-
access memory (RAM), read-only memory (ROM), a hard
disk, or any other type of memory storage device. The remov-
able memory 132 may include a subscriber identity module
(SIM) card, a memory stick, a secure digital (SD) memory
card, and the like. In other embodiments, the processor 118
may access information from, and store data in, memory that
is not physically located on the WTRU 102, such as on a
server or a home computer (not shown).

[0035] The processor 118 may receive power from the
power source 134, and may be configured to distribute and/or
control the power to the other components in the WTRU 102.
The power source 134 may be any suitable device for pow-
ering the WTRU 102. For example, the power source 134 may
include one or more dry cell batteries (e.g., nickel-cadmium
(NiCd), nickel-zinc (NiZn), nickel metal hydride (NiMH),
lithium-ion (Li-ion), and the like), solar cells, fuel cells, and
the like.

[0036] The processor 118 may also be coupled to the GPS
chipset 136, which may be configured to provide location
information (e.g., longitude and latitude) regarding the cur-
rent location ofthe WTRU 102. In addition to, or in lieu of, the
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information from the GPS chipset 136, the WTRU 102 may
receive location information over the air interface 116 from a
base station, (e.g., base stations 114q, 1145), and/or deter-
mine its location based on the timing of the signals being
received from two or more nearby base stations. The WTRU
102 may acquire location information by way of any suitable
location-determination method while remaining consistent
with an embodiment.

[0037] The processor 118 may further be coupled to other
peripherals 138, which may include one or more software
and/or hardware modules that provide additional features,
functionality and/or wired or wireless connectivity. For
example, the peripherals 138 may include an accelerometer,
an e-compass, a satellite transceiver, a digital camera (for
photographs or video), a universal serial bus (USB) port, a
vibration device, a television transceiver, a hands free head-
set, a Bluetooth® module, a frequency modulated (FM) radio
unit, a digital music player, a media player, a video game
player module, an Internet browser, and the like.

[0038] FIG. 1C shows an example RAN 104 and an
example core network 106 that may be used within the com-
munications system 100 shown in FIG. 1A. As noted above,
the RAN 104 may employ an E-UTRA radio technology to
communicate with the WTRUs 1024, 1025, 102¢ over the air
interface 116. The RAN 104 may also be in communication
with the core network 106.

[0039] The RAN 104 may include eNBs 140q, 1405, 140c,
though it will be appreciated that the RAN 104 may include
any number of eNBs while remaining consistent with an
embodiment. The eNBs 140q, 1405, 140¢ may each include
one or more transceivers for communicating with the WTRUs
1024, 1025, 102¢ over the air interface 116. In one embodi-
ment, the eNBs 140q, 14056, 140¢ may implement MIMO
technology. Thus, the eNB 1404, for example, may use mul-
tiple antennas to transmit wireless signals to, and receive
wireless signals from, the WTRU 102a.

[0040] Each of the eNBs 140q, 1405, 140¢ may be associ-
ated with a particular cell (not shown) and may be configured
to handle radio resource management decisions, handover
decisions, scheduling of users in the uplink and/or downlink,
and the like. As shown in FIG. 1C, the eNBs 1404, 1405, 140¢
may communicate with one another over an X2 interface.
[0041] The core network 106 shown in FIG. 1C may
include a mobility management entity (MME) 142, a serving
gateway 144, and a packet data network (PDN) gateway 146.
While each of the foregoing elements are depicted as part of
the core network 106, it will be appreciated that any one of
these elements may be owned and/or operated by an entity
other than the core network operator.

[0042] The MME 142 may be connected to each of the
eNBs 140a, 1405, 140c in the RAN 104 via an S1 interface
and may serve as a control node. For example, the MME 142
may be responsible for authenticating users of the WIRUs
102a, 1025, 102¢, bearer activation/deactivation, selecting a
particular serving gateway during an initial attach of the
WTRUs 102a, 1025, 102¢, and the like. The MME 142 may
also provide a control plane function for switching between
the RAN 104 and other RANs (not shown) that employ other
radio technologies, such as GSM or WCDMA.

[0043] The serving gateway 144 may be connected to each
of the eNBs 140a, 1405, 140c¢ in the RAN 104 via the S1
interface. The serving gateway 144 may generally route and
forward user data packets to/from the WTRUs 102a, 1025,
102¢. The serving gateway 144 may also perform other func-
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tions, such as anchoring user planes during inter-eNB han-
dovers, triggering paging when downlink data is available for
the WTRUs 1024, 1025, 102¢, managing and storing contexts
of the WTRUs 1024, 1025, 102¢, and the like.

[0044] The serving gateway 144 may also be connected to
the PDN gateway 146, which may provide the WTRUs 1024,
1024, 102¢ with access to packet-switched networks, such as
the Internet 110, to facilitate communications between the
WTRUSs 1024, 1025, 102¢ and IP-enabled devices.

[0045] The core network 106 may facilitate communica-
tions with other networks. For example, the core network 106
may provide the WTRUs 1024, 1025, 102¢ with access to
circuit-switched networks, such as the PSTN 108, to facilitate
communications between the WITRUs 1024, 1025, 102¢ and
traditional land-line communications devices. For example,
the core network 106 may include, or may communicate with,
an [P gateway, (e.g., an IP multimedia subsystem (IMS)
server), that serves as an interface between the core network
106 and the PSTN 108. In addition, the core network 106 may
provide the WTRUs 102a, 1025, 102¢ with access to the
networks 112, which may include other wired or wireless
networks that are owned and/or operated by other service
providers.

[0046] A PHICH may be used to transmit an ACK signal or
a NACK signal corresponding to a physical uplink shared
channel (PUSCH) transmitted in an uplink subframe. A
PHICH may be transmitted in a distributed manner across the
system bandwidth and orthogonal frequency division multi-
plexing (OFDM) symbols within a downlink control channel.
The number of OFDM symbols may be defined as the PHICH
duration and may be configurable via higher layer signaling.
Unlike a physical control format indicator channel (PC-
FICH), the PHICH resource position may vary according to
the PHICH duration.

[0047] FIG. 2 shows PCFICH and PHICH resource ele-
ment group (REG) allocation according to a physical cell
identifier (PCI), (e.g., 40 resource blocks (RBs)).

[0048] As shown in FIG. 2, multiple PHICH groups are
defined in a cell. A PHICH group may contain multiple
PHICHs with orthogonal sequences. The PHICH for a
WTRU may be defined dynamically with resource informa-
tion in an uplink grant, such as by a lowest physical resource
block (PRB) index

i)

and a demodulation reference signal (DM-RS) cyclic shift
(0ppsrs)s Where PRBRA may denote the PRBs granted for
PUSCH transmission. Therefore, a two index pair (PHICH
group index: Npp-~5 ¢, PHICH sequence index: npp ez
*¢4) may indicate the PHICH resource for a specific WTRU. In
the PHICH index pair

group seq
(Tpuicy» Mpricn )

each index may be defined as follows:

group ( Jowestingex Equation (1)

— group
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where Ny~ ¢ may denote the number of the PHICH
group available in the system with following definition:

{ ( %ﬂ Equation (3)
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group
Npuicn =

where N_ is 2-bits of information transmitted via the physical
broadcasting channel (PBCH), and the information is within

Nge{é, % 1,2},

The orthogonal sequence according to the spreading factor is
shown in FIG. 3.

[0049] Some potential enhancements of the PDCCH may
be introduced in LTE, such as evolved PDCCH (E-PDCCH)).
Under these enhancements, the E-PDCCH may start at the
first symbol of the subframe, (i.e., symbol #0), which may
imply that there is no control region dedicated to the PDCCH
and/or PHICH transmission in the subframe. Moreover, there
is a general trend in LTE-Advanced (LTE-A) to move from a
cell-specific reference signal (CRS) centric design towards a
wireless transmit/receive unit (WTRU)-specific reference
signal-based transmission. This may imply that the PHICH
structure may not be supported in future deployments of
LTE-A.

[0050] The PHICH may support uplink data retransmis-
sions during a non-adaptive synchronous HARQ operation.
To extend the functionality of a synchronous uplink HARQ
protocol, a new mechanism may be required as an alternative
to PHICH for the HARQ ACK/NACK transmission in the
downlink. This mode of HARQ operation may be relevant for
semi-persistent scheduling (SPS) where the WTRU relies on
the PHICH to receive the ACKs in the absence of an uplink
grant.

[0051] A new physical channel, the enhanced PHICH
(E-PHICH), may be configured to transmit an HARQ ACK/
NACK in response to an uplink shared channel (UL-SCH)
transmission. A WTRU may receive ACKs on an E-PHICH
channel, which is transmitted on a legacy LTE physical down-
link shared channel (PDSCH) region.

[0052] Repetition coding is used to realize link adaptation
for the E-PHICH. The repetition factor may be a predefined
number. In this case, the repetition factor may be different
according to the system parameters including cyclic prefix
(CP) length, in which an extended CP may have a larger
repetition factor, since a larger cell range needs to be covered,
or duplex mode, whereby time division duplex (TDD) may
have a larger repetition factor than frequency division duplex
(FDD).

[0053] The repetition factor may be cell-specific and con-
figured by a broadcasting channel, (e.g., master information
block (MIB), system information block (SIB)). The repetition
factor may depend on the channel condition of the WTRU to
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which the E-PHICH is intended. To obtain a robust E-PHICH
design for the WTRUs at the cell edge, the repetition factor
may be increased.

[0054] An E-PHICH may be used to transmit multiple
ACK/NACK information bits according to the repetition fac-
tor. For example, if repetition factor 3 is used, one ACK/
NACK information bit may be transmitted per E-PHICH.
FIG. 4 shows an example of the HARQ indicator (HI) code-
word in case of repetition factor 3, which is the same as the
legacy PHICH, where HI=1 is for a positive ACK and HI=0is
foraNACK. As another example, if repetition factor 4 is used,
two ACK/NACK information bits may be transmitted per
E-PHICH as shown in FIG. 5.

[0055] Although two ACK/NACK information bits may be
transmitted per E-PHICH, one E-PHICH may be assigned for
a single WTRU. Therefore, if a WITRU expects only one
ACK/NACK information bit, a subset of HIs may used for the
WTRU. For example, {HI=0 and HI=3} may be used so that
the WTRU assumes that the HI code word is either HI=0 or
HI=3.

[0056] One example of the overall E-PHICH signal con-
struction scheme is shown in FIG. 6. As shown in FIG. 6, at
the first stage, a positive ACK may encoded as a binary ‘1’ and
a NACK as a binary ‘0’. Next, the HARQ ACK/NACK bit
may be repeated followed by binary phase shift keying
(BPSK) or quadrature phase shift keying (QPSK) modula-
tion, resulting in a single HARQ ACK/NACK modulation
symbol. The modulation symbols from multiple WTRUs may
be code multiplexed using orthogonal codes such as Walsh
codes or discrete Fourier transform (DFT) codes, (e.g., a
Walsh code of length 4), to form an E-PHICH group. The
combined signal may be scrambled with a unique cell-spe-
cific (i.e., cell ID), subframe-specific, and/or resource block
(RB)-specific scrambling sequence to randomize the inter-
cell interference, followed by resource mapping and precod-
ing operations.

[0057] An alternative E-PHICH signal construction
scheme is shown in FIG. 7. A cyclic redundancy check (CRC)
may be attached to the entire payload of ACK/NACK infor-
mation bits for multiple users. Then, the bits may be channel
encoded with a tail-biting convolutional code or turbo code
and rate matched to fit the amount of resources assigned for
E-PHICH transmission. The sequence of bits may be
scrambled by a cell-specific, subframe-specific, and/or RB-
specific scrambling sequence to randomize inter-cell interfer-
ence, followed by modulation, precoding, and mapping to
REs.

[0058] The E-PHICH region may contain a number of
localized or distributed RBs. Using distributed RBs may
exploit frequency diversity for better coverage. Two non-
limiting examples of resource block mapping for E-PHICH
are shown in FIGS. 8A and 8B.

[0059] For resource allocation, the WITRU may determine
the E-PHICH region according to localized allocation or dis-
tributed allocation. For localized allocation, the starting RB
location and the number of RBs allocated to the E-PHICH
transmission in the case of localized E-PHICH resource allo-
cation may be indicated, as shown in FIG. 8 A. For distributed
allocation, a bitmap may be signaled which indicates the RBs
or resource block groups (RBGs) allocated for E-PHICH
transmission, as shown in FIG. 8B.

[0060] Implicitly, through the E-PDCCH configuration, the
RBs that carry the E-PHICH may be determined using a
pre-defined offset with respect to the E-PDCCH region as
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shown in FIG. 9. In this example, there may not be a legacy
PDCCH region available in the subframe. The E-PDCCH
region may be the E-PDCCH common search space, which
may be configured in a cell-specific manner via broadcasting
channels, (e.g., MIB, SIB-x), or a fixed location according to
cell identity (cell-ID) and/or subframe number.

[0061] When shared with E-PDCCH, both the E-PHICH
and the E-PDCCH may be multiplexed and transmitted on the
same control region which includes multiple RBs. E-PHICH
resources may be multiplexed on all physical resource blocks
(PRBs) configured for E-PDCCH resources. E-PHICH
resources may be multiplexed on the PRBs configured for
either the E-PDCCH common search space or the E-PDCCH
WTRU-specific search space. E-PHICH resources may be
multiplexed on a subset of PRBs configured for E-PDCCH
resources. The subset may be predefined as the first PRB and
may be indicated to a WTRU via broadcasting channels, (e.g.,
MIB, SIB-x), together with a number of E-PHICH groups.
[0062] Alternatively, a set of N, ;= virtual resource
blocks (VRBs) may be configured for potential E-PHICH
transmission by higher layers using resource allocation types
0, 1 or 2. For resource allocation type 2, the VRB to PRB
mapping may be configured by higher layers. Configured
VRBs may be continuously numbered n ;= 7#<#=0, 1, . ..
, Nzt THCH 1 such that the VRB numbered with ny, 5~
prrcr=0 refers to the configured VRB with the smallest VRB
number 1, and such that the VRB numbered with n,,,,;*
prrcE=N , EFPHICH_] refers to the configured VR B with the
largest ny 5.

[0063] Resource blocks for the E-PHICH may be indicated
in an implicit manner within the resource blocks configured
for the E-PDCCH resources. For example, N_,5ccz PRB
pairs may be allocated for the E-PDCCH in a subframe and a
subset of E-PDCCH PRB pairs N,z may be used for the
E-PHICH. The subset of E-PDCCH PRB pairs for the E-PH-
ICH resource allocation may be selected.

[0064] A predefined PRB pair among the E-PDCCH
resources may be used. For example, the PRB pairs having the
lowest and highest index become the E-PHICH resources.
Higher layer signaling may be used to indicate which E-PD-
CCH resources may be used for the E-PHICH transmission.
An E-PHICH specific scrambling sequence may be used for
the E-PHICH resource detection.

[0065] A WTRU configured to monitor the E-PDCCH may
receive the configuration information for the E-PDCCH
reception and determine which PRB pairs are configured for
E-PDCCH reception. Among the PRB pairs for the E-PD-
CCH, the WTRU may determine the scrambling sequences of
the E-PDCCH PRB pairs and, on a condition that the WTRU
detects PRB pairs scrambled with E-PHICH specific scram-
bling sequences, the WTRU may assume that the PRB pairs
are notused for E-PDCCH transmission and be considered as
E-PHICH resources. The PRB pairs configured for the E-PH-
ICH may be used for the E-PHICH transmission, and not
multiplexed with the E-PDCCH. The PRB pairs configured
for the E-PHICH may be used for both the E-PHICH and the
E-PDCCH transmission. A partial resource within a PBR pair
may be used as an E-PHICH resource.

[0066] A subset of the E-PDCCH resources may be used
for the E-PHICH. The E-PDCCH resource may be defined
with an enhanced resource element group (eREG) and/or an
enhanced control channel element (eCCE), where an eCCE
may be formed by grouping multiple eREGs. The eREG may
contain one or more resource elements (REs). Assuming that
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N_zpcczr PRB pairs are allocated in a subframe, the E-PD-
CCH resources (i.e., N_zpcczz PRB pairs) may be split into
N,ccr €CCEs. Among the N, eCCEs, a subset of the
eCCEs may be defined as E-PHICH resources. The E-PD-
CCH resources may form an E-PDCCH common search
space.

[0067] The number of eCCEs used for the E-PHICH may
be indicated to a WTRU via broadcasting, (e.g., MIB, SIB-x),
dedicated signaling, or dynamic indication in each subframe.
The eCCEs for the E-PHICH may be configured with a pre-
defined eCCE number. A WTRU configured to monitor the
E-PDCCH may consider the eCCE used for the E-PHICH as
non-E-PDCCH resources, so that the WTRU may assume that
these resources are rate-matched for E-PDCCH reception.
The eCCEs for the E-PHICH may be configured via higher
layer signaling. The eCCEs for the E-PHICH may be indi-
cated in each subframe by explicit signaling.

[0068] Alternatively, a subset of E-PDCCH eREGs may be
defined as E-PHICH resources. The E-PDCCH eREGs may
be configured within a E-PDCCH common search space. For
example, if N_p. is defined within E-PDCCH resources
based on N_,,z PRB pairs, a subset of eREGs may be
defined as E-PHICH resources and the remaining eREGs are
used for the E-PDCCH. The number of eREGs used for the
E-PHICH may be indicated to a WITRU via broadcasting,
dedicated signaling, or dynamic indication. Alternatively,
predefined eREG numbers are used for the E-PHICH and the
eREG numbers may be defined according to the number of
PRB pairs configured for the E-PDCCH.

[0069] Alternatively, multiple E-PDCCH resource sets
may be defined and one or more PRB pairs may be used per
E-PDCCH resource set. The E-PHICH resource may be
located in one of the E-PDCCH resource sets. The multiple
E-PDCCH resource sets may be defined such that all WTRU-
specific search spaces may be partially or fully located in a
primary E-PDCCH resource set, and a secondary E-PDCCH
resource set may or may not be configured for a WTRU. In
this case, the E-PHICH resource may be defined within the
primary E-PDCCH resource set. The E-PDCCH resource set
may be configured as either a localized E-PDCCH or a dis-
tributed E-PDCCH, and the E-PHICH resource may be
defined within E-PDCCH resource set configured for distrib-
uted E-PDCCH.

[0070] The WTRU may receive an E-PHICH configuration
as part of the system information transmitted on the physical
broadcast channel (PBCH) and/or semi-statically through
higher layers, (e.g., system information blocks (SIBs)). The
E-PHICH configuration may indicate the number of E-PH-
ICH resources or E-PHICH groups configured in the cell, the
modulation and coding scheme, the precoder index used for
precoding of WTRU-specific reference symbols and E-PH-
ICH information, the antenna ports assigned for E-PHICH
transmission, (i.e., demodulation reference signal (DM-RS)
antenna port), the number of antenna ports transmitting the
cell-specific reference symbols, the boosting value for the
reference symbols, (e.g., cell-specific reference symbols), or
the repetition factor, (i.e., number of resource element groups
used for E-PHICH transmission).

[0071] When system information is transmitted on the
PBCH, the one information bit which was originally designed
to indicate the PHICH duration, (e.g., the number of OFDM
symbols used for PHICH transmissions), together with the
two bits assigned to indicate the number of PHICH groups
configured in the cell, (e.g., the number of resources reserved
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in the control region for PHICH transmission as a fraction of
the downlink bandwidth), may be used to explicitly signal the
configuration parameters for E-PHICH transmission. In other
words, the WTRU may receive partial information regarding
the configuration parameters from physical channels (e.g.,
PBCH) and the rest of the parameters through higher layer
signaling (e.g., MAC, RRC).

[0072] When the E-PHICH and the E-PDCCH are multi-
plexed and transmitted on the same control region consisting
of multiple RBs, and the configuration information transmit-
ted on the PBCH is not sufficient to extract the exact knowl-
edge regarding the E-PHICH resources, the WITRU may
blindly process the E-PDCCH under different E-PHICH con-
figuration hypotheses. As the outcome of the blind process-
ing, whenever one of the hypotheses holds true, the WTRU
may be able to gain knowledge regarding the exact resources
used for E-PHICH transmissions.

[0073] When the E-PHICH and the E-PDCCH are multi-
plexed and transmitted on the same control region consisting
ofmultiple RBs, the WTRU may implicitly derive some of the
configuration parameters for the E-PHICH from the E-PD-
CCH configuration. For example, when the WTRU has been
assigned a specific DM-RS antenna port for E-PDCCH trans-
mission, the WITRU may assume that the same DM-RS
antenna port has been used for E-PHICH transmission. Simi-
larly, whenever the WTRU has the knowledge regarding the
aggregation level used for E-PDCCH transmission, the
WTRU may assume that the repetition factor used for the
E-PHICH transmission is the same as the aggregation level
used for the E-PDCCH. This method may obviate the need for
additional signaling to indicate some of the E-PHICH con-
figuration parameters.

[0074] In one example of resource mapping for E-PHICH,
each E-PHICH group may be mapped to multiple E-PHICH
resource element groups (pREGs) within a resource block.
The number of pREGs used for transmission of a single
E-PHICH group may depend on the repetition coding used
for range extension. Each pREG may include multiple REs
(subcarriers) within the resource block allocated for E-PH-
ICH transmission.

[0075] The pREG may be the same as the eREG defined for
E-PDCCH distributed transmission. The pREG index may be
mapped onto a WTRU-specific antenna port. The antenna
port number may be one of antenna ports p&{107, 108, 109,
110}. The mapping rule between the pREG index and a
WTRU-specific antenna number may be predefined. The
antenna port p={107, 108, 109, 110} may have the same
reference signal patterns and/or sequence as an antenna port
pE{7, 8, 9, 10}. The number of REs per pREG may be the
same, irrespective of the number of available REs in a PRB-
pair for E-PHICH and/or E-PDCCH transmission. For
example, if multiple channel state information reference sig-
nals (CSI-RS) and zero-power CSI-RS are configured in a
subframe, the number of available REs for E-PHICH and/or
E-PDCCH transmission may be smaller than the subframe
not containing any CSI-RS assuming that the RE occupied by
CSI-RS, and zero-power CSI-RS may not be used for E-PH-
ICH and/or E-PDCCH transmission. If PRBs are shared for
E-PHICH and E-PDCCH transmission, the eREG for the
E-PDCCH may be defined within the remaining REs after
allocating REs for the pREG in a PRB-pair. For example, if
120 REs in a PRB-pair are available for E-PHICH and/or
E-PDCCH transmission and 20 REs are required for the
E-PHICH, assuming that 5 pREGs need to be defined and
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each pREGs contains 4 REs, 100 REs may remain for the
E-PDCCH. In this case, 100 REs may be divided into N
eREGs, where N may be one of {8, 12, 16, 24, or 36}. For
example, N may be a fixed number such as 16. The number of
REs for a pREG may be fixed (e.g., 4 REs) while the number
of REs for an eREG may vary according to the available
number of REs for the E-PDCCH in a PRB-pair (e.g., 6 REs
in subframe n, and 8 REs in subframe n+1).

[0076] The number of REs per pPREG may vary according
the number of available REs in a PRB-pair for E-PHICH
and/or E-PDCCH transmission. In this case, the number of
REs for a pPREG may be the same as that for an eREG in a
PRB-pair. If PRBs are shared for E-PHICH and E-PDCCH
transmission, a subset of the eREGs may be used for pREGs
definition. For example, if 120 REs in a PRB-pair are avail-
able for E-PHICH and/or E-PDCCH transmission and 5
PREGs need to be defined in the PRB-pair, the 120 REs may
be divided into N REGs and 5 REGs may be used as pREGs,
the rest may be used for eREGs, where N may be one of {8,
12, 16, 24, or 36}. The subset of REGs may be selected in a
predefined manner.

[0077] To guarantee the performance of the E-PHICH, the
REs located in OFDM symbols containing WTRU-specific
REs may be used for pREGs and the rest of the REs may be
used for E-PDCCH resources.

[0078] In another example, the WTRU may assume that a
pREG is composed of four consecutively available REs in one
OFDM symbol in a PRB-pair configured for potential E-PH-
ICH transmission counted in ascending order of subcarriers.
The WTRU may further assume that an RE is unavailable
with respect to mapping the E-PHICH ifthe RE is used for the
transmission of cell-specific reference signals. If the cell-
specific reference signals are configured to be transmitted
only on antenna port 0, the WIRU may assume that REs for
transmission of cell-specific reference signals on antenna port
1 are unavailable for a pREG. If zero power or non-zero
power channel state information reference symbols (CSI-RS)
occur in any RE of an eight-port CSI-RS configuration, the
WTRU may assume that all eight REs corresponding to the
eight-port CSI-RS configuration are unavailable for a pREG.

[0079] If the RE is used for the transmission of WTRU-
specific reference signals. The WTRU may assume that the
REs (k,1) are used for transmission of WTRU-specific refer-
ence signals on any of the antenna ports in the set S, where
S={7, 8, 11, 13} or S={9, 10, 12, 14}. The WTRU may
assume that the REs (k1) are used for transmission of WTRU-
specific reference signals on any of the antenna ports in the set
S, where S={7, 8, 9, 10, 11, 12, 13, 14}.

[0080] Depending on the reference symbol pattern trans-
mitted in a subframe and the size of the REG, the number of
REGs available within a PRB-pair may vary. For example, in
the case of an REG with a length of four, as shown in FIG. 10,
when a PRB-pair is configured to carry the WIRU-specific
reference symbols and the cell-specific reference symbols are
turned off, the maximum number of available REGs within a
subframe in the absence of CSI-RS is 38, as indicated in FIG.
11. Thus, for a given subframe, there may be three REGs per
OFDM symbol for those OFDM symbols that do not carry the
reference signals, while the number of REGs in those OFDM
symbols that carry reference signals is limited to two. Alter-
natively, as shown in FIG. 10, when a RB is configured to
carry the cell-specific reference symbols, the maximum num-
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ber of available REGs within a subframe is slightly lower
(36), due to the higher overhead of the reference symbols, as
indicated in FIG. 11.

[0081] When there is a legacy PDCCH region in the sub-
frame, the number of REGs within an RB available for E-PH-
ICH transmission may vary according to the size of the
PDCCH region. The number of REGs for an E-PHICH trans-
mission within a PRB-pair in the presence of a legacy
PDCCH region is shown in FIG. 11. The total number of
available REGs within a subframe may also be a function of
the number of RBs allocated to E-PHICH and/or E-PDCCH
transmission. For the latter, the REGs can be shared for both
E-PHICH and E-PDCCH transmission. For example, the
WTRU may extract and decode the E-PHICH from a dedi-
cated region for control transmission, and then may extract
and decode the E-PDCCH while skipping REGs used for
E-PHICH.

[0082] As for the mapping of the code multiplexed
sequence to the REGs, the sequence may be interleaved to
achieve diversity gain and/or cyclically shifted to randomize
inter-cell interference. The pattern of cyclic shift of the REGs
within a subframe may be a function of the cell ID, the
subframe-number, and/or the RB index. FIG. 12 shows an
example of REG mapping with interleaving and cyclic shift,
whereby one E-PHICH group is mapped on three REGs. The
REGs carrying a single E-PHICH group may be distributed
across both the time and frequency domains to maximize both
time and frequency diversity gains.

[0083] Although features and elements are described above
in particular combinations, one of ordinary skill in the art will
appreciate that each feature or element may be used alone or
in combination with any of the other features and elements. In
addition, the embodiments described herein may be imple-
mented in a computer program, software, or firmware incor-
porated in a computer-readable medium for execution by a
computer or processor. Examples of computer-readable
media include electronic signals, (transmitted over wired or
wireless connections), and computer-readable storage media.
Examples of computer-readable storage media include, but
are not limited to, a read only memory (ROM), a random
access memory (RAM), a register, a cache memory, a semi-
conductor memory device, a magnetic media, (e.g., an inter-
nal hard disc or a removable disc), a magneto-optical media,
and an optical media such as a compact disc (CD) or a digital
versatile disc (DVD). A processor in association with soft-
ware may be used to implement a radio frequency transceiver
foruse in a WTRU, UE, terminal, base station, Node-B, eNB,
HNB, HeNB, AP, RNC, wireless router or any host computer.

What is claimed:

1. A method of allocating resources for an enhanced physi-
cal hybrid automatic repeat request (HARQ) channel (E-PH-
ICH), the method comprising:

allocating a subset of an enhanced physical downlink con-

trol channel (E-PDCCH) for use by the E-PHICH,
wherein the E-PDCCH is defined by at least one of
enhanced resource eclement groups (eREGs) and
enhanced control channel elements (eCCEs), each
eCCE is formed by grouping a plurality of eREGs, and
each eREG containing at least one resource element
(RE).

2. The method of claim 1 further comprising:

selecting E-PDCCH physical resource block (PRB) pairs

as a resource for the E-PHICH.
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3. The method of claim 2 further comprising:
broadcasting an indication of the number of the eCCEs to
a wireless transmit/receive unit (WTRU).

4. The method of claim 2 further comprising:

indicating the number of the eCCEs in each of a plurality of

subframes.

5. The method of claim 2 further comprising:

configuring the eCCFEs via higher layer signaling.

6. The method of claim 1 further comprising:

transmitting HARQ positive acknowledgement (ACK)/

negative acknowledgement (NACK) information bits
via the E-PHICH in accordance with a repetition factor.

7. The method of claim 6 wherein two ACK/NACK infor-
mation bits are transmitted per E-PHICH.

8. The method of claim 1 wherein the E-PHICH contains
localized or distributed resource blocks (RBs).

9. The method of claim 8 further comprising:

a wireless transmit/receive unit determining an E-PHICH

region.

10. The method of claim 9 wherein a starting resource
block (RB) location and the number of RBs allocated to
E-PHICH transmission are indicated when the E-PHICH
contains localized RBs.

11. The method of claim 9 wherein a bitmap indicating
resource blocks (RBs) of resource block groups (RBGs) are
indicated when the E-PHICH contains distributed RBs.

12. A method of allocating resources for an enhanced
physical hybrid automatic repeat request (HARQ) channel
(E-PHICH), the method comprising:

allocating a subset of enhanced resource element groups

(eREGs) as E-PHICH resources, wherein each eCCE is

Apr. 4, 2013

formed by grouping a plurality of eREGs, each eREG
containing at least one resource element (RE).
13. The method of claim 12 further comprising:
using the remaining eREGs for an enhanced physical
downlink control channel (E-PDCCH).
14. The method of claim 13 further comprising:
broadcasting an indication of the number of the eCCEs to
a wireless transmit/receive unit (WTRU).
15. The method of claim 13 further comprising:
indicating the number of the eCCEs in each of a plurality of
subframes.
16. The method of claim 13 further comprising:
configuring the eCCEs via higher layer signaling.
17. A wireless transmit/receive unit (WTRU) comprising:
a receiver configured to receive an enhanced physical
hybrid automatic repeat request (HARQ) channel
(E-PHICH), wherein a subset of an enhanced physical
downlink control channel (E-PDCCH) is allocated for
use by the E-PHICH, the E-PDCCH is defined by atleast
one of enhanced resource element groups (eREGs) and
enhanced control channel elements (eCCEs), and each
eCCE is formed by grouping a plurality of eREGs, each
eREG containing at least one resource element (RE).
18. The WTRU of claim 17 wherein the receiver is further
configured to receive a broadcast indicating the number of the
eCCEs.
19. The WTRU of claim 17 wherein the E-PHICH contains
localized or distributed resource blocks (RBs).
20. The WTRU of claim 17 further comprising a processor
configured to determine an E-PHICH region.
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