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SYSTEMS AND/OR METHODS FOR PROVIDING EPDCCH IN A MULTIPLE
CARRIER BASED AND/OR QUASI-COLLATED NETWORK

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application Nos.
61/591,508 filed January 27, 2012; 61/612,834 filed March 19, 2012; 61/688,164 filed May 9,
2012; 61/644,972 filed May 9, 2012; 61/678,612 filed August 1, 2012; 61/706,119 filed
September 26, 2012; 61/720,646 filed October 31, 2012; and 61/753,279 filed January 16,

2013, the contents of which are hereby incorporated by reference herein.

BACKGROUND

[0002] Current communication systems (e.g., a LTE/LTE-Advanced system) may
provide multiple antennas, multiple component carriers, and/or quasi-collated antenna ports
to support transmissions. Such multiple antennas, multiple component carriers, and/or quasi-
collated antenna ports may be provided for various purposes including peak system
throughput enhancement, extended cell coverage, higher Doppler support, and the like.
Unfortunately, such communication systems may provide an ePDCCH design that may be
focused on a single component carrier (e.g., rather than multiple component carriers and/or
multiple antennas) and/or may not be suitable to support quasi-collated antenna ports such
that performance in a multiple carrier system may be limited and/or may not be adequately
designed to avoid errors in frames and/or subframes (e.g., special subframes), may have
tighter PDSCH and/or CSI reporting processing times, may not provide suitable PUCCH
resource allocation, may not provide a PDCCH indication during a configuration and/or
reference symbols that may be quasi-collated with an antenna port may not be provided at a

sufficient time for use by ePDCCH and/or the decoding thereof.

SUMMARY

[0003] Systems, methods, and instrumentalities may be disclosed to provide ePDCCH in
a multiple carrier communication system. For example, a UE or WTRU may receive a
configuration for monitoring an ePDCCH resource. Based on such a configuration, the UE or

WTRU may be configured to monitor the ePDCCH resource on a particular subframe. The
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WTRU may then monitor the ePDCCH resource on the subframe. In example embodiments,
the subframe may not be a special subframe, the configuration may be received via higher
layer signalling, the configuration may incudes one or more PRB sets for monitoring on the
¢PDCCH resource where the PRB sets may include a set of eCCEs that include eREGs,
further monitoring a PDCCH resource on a different subframe, demodulating the ePDCCH
resource, and the like

[0004] Systems, methods, and instrumentalities may also be disclosed for providing an
e¢PDCCH based on an aggregation level. For example, a UE or WTRU may derive an
aggregation level (e.g., an eCCE aggregation level) for a subframe. The UE or WTRU may
derive such an aggregation level based on an aggregation level number Ny for the subframe
where, in an embodiment, N, may be a positive integer. The UE or WTRU may transmit or
monitor an ePDCCH according to or using an aggregation level associated with the Nay, for
the subframe. For example, if a search space is {1,2,4,8} and Nyy, is 2, the UE or WTRU
may monitor according to {2,4,8,16}.

[0005] Systems, methods, and instrumentalities may further be disclosed herein for
receiving or monitoring ePDCCH or PDSCH. For example, a UE or WTRU may receive a
reference signal. The UE or WTRU may then determine the type of reference signal
received. The UE or WTRU may perform a demodulation of the PDSCH or ePDCCH using
a demodulation timing based on the type. For example, when the reference signal may be a
channel state information reference signal (CSI-RS), a PDSCH demodulation may be
performed using a demodulation reference timing based on a Fast Fourier Transform (FFT)
timing and a channel estimation coefficient associated with the CSI-RS. In additional
embodiments, the ePDCCH or PDSCH may be monitored by identifying a demodulation
reference timing implicitly based on a location of one or more ePDCCH resources where the

UE or WTRU may receive downlink control information (DCI).

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] A more detailed understanding may be had from the following description, given
by way of example in conjunction with the accompanying drawings.

[0007] FIG. 1A depicts a diagram of an example communications system in which one or
more disclosed embodiments may be implemented.

[0008] FIG. 1B depicts a system diagram of an example wireless transmit/receive unit

0.
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(WTRU) that may be used within the communications system illustrated in FIG. 1A.

[0009] FIG. 1C depicts a system diagram of an example radio access network and an
example core network that may be used within the communications system illustrated in FIG.
1A.

[0010] FIG. 1D depicts a system diagram of another example radio access network and
an example core network that may be used within the communications system illustrated in
FIG. 1A.

[0011] FIG. 1E depicts a system diagram of another example radio access network and an
example core network that may be used within the communications system illustrated in FIG.
1A.

[0012] FIG. 2 illustrates an example embodiment of a WTRU or UE-specific precoded
DM-RS.

[0013] FIG. 3 illustrates an example embodiment of a non-precoded cell-specific RS.
[0014] FIG. 4 illustrates an example embodiment of a WTRU or UE-specific DM-RS for
normal CP (e.g., port 5).

[0015] FIGs. 5a-5¢ illustrate example embodiments of a CRS structure based on the
number of antenna ports.

[0016] FIG. 6 illustrates an example embodiment of DM-RS pattern that may support, for
example, eight layers.

[0017] FIG. 7 illustrates an example embodiment of CSI-RS patterns that may be resused
based on the number of ports.

[0018] FIG. 8 illustrates an example embodiment of a positioning architecture.

[0019] FIG. 9 illustrates an example embodiment of a REG definition in a downlink
control channel region with 2Tx CRS.

[0020] FIG. 10 illustrates an example embodiment of a REG definition in a downlink
control channel region with 4Tx CRS.

[0021] FIG. 11 illustrates an example embodiment of PCFICH REG allocation based on
PCIL.

[0022] FIG. 12 illustrates an example embodiment of PCFICH and PHICH REG
allocation based on PCI.

[0023] FIG. 13 illustrates an example embodiment of ePDCCH multiplexing with
PDSCH (e.g., FDM multiplexing).
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[0024] FIG. 14 illustrates an example embodiment of a mapping to a physical resource
block for PUCCH.

[0025] FIG. 15 illustrates an example embodiment of a collision between DM-RS and
PRS.

[0026] FIG. 16 illustrates an example embodiment of ePDCCH resource allocation in a
subframe.

[0027] FIG. 17 illustrates an example embodiment of carrier aggregation with different
TDD UL-DL configuration(s).

[0028] FIG. 18 illustrates an example embodiment of CCE aggregation across multiple
carriers in distributed resource allocation.

[0029] FIG. 19 illustrates an example embodiment of a PRB-pair that may be used for
¢PDCCH transmission based on the number of antenna ports (e.g., ports 7-10 and 7-8
respectively).

[0030] FIG. 20 illustrates an example embodiment of an eCCE-to-EREG mapping in
ePDCCH based on localized and/or distributed allocation.

[0031] FIG. 21 illustrates an example embodiment of an eCCE-to-eREG mapping with
contiguous allocation.

[0032] FIG. 22 illustrates an example embodiment of a block interleaver.

[0033] FIG. 23 illustrates an example embodiment of a hybrid allocation by using a block
interleaver.

[0034] FIG. 24 illustrates an example embodiment of a co-existence of localized and/or
distributed eCCEs.

[0035] FIG. 25 illustrates an example embodiment of an antenna port mapping for eREG
and eCCE.

[0036] FIG. 26 illustrates an example embodiment of a common search space definition

in a legacy PDCCH region in a PCell.

DETAILED DESCRIPTION

[0037] A detailed description of illustrative embodiments may now be described with
reference to the FIGs. However, while the embodiments herein may be described in
connection with exemplary embodiments, they should not be limited thereto and other

embodiments may be used or modifications and additions may be made to the described
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embodiments for performing the same, or similar, functions of the disclosure without
deviating therefrom. In addition, the FIGs. may illustrate call flows that may be exemplary.
It should be understood that other embodiments may be used. The order of the flows may be
varied. Also, flows may be omitted if not implemented and additional flows may be added.
[0038] Systems and/or methods for providing an efficient downlink control channel
design (e.g., an enhanced downlink control channel) in a multi-carrier based wireless network
(e.g., such as the network described in FIGs. 1A-1E) may be disclosed. For example, such
systems and/or methods may provide and/or use localized and/or distributed resource
allocation in multiple carrier system including, for example, distributed resource allocation
across multiple component carriers may be provided. Additionally, PDSCH and/or CSI
feedback processing time relaxation may be provided and/or used in such systems and/or
methods including flexible PDSCH processing time adaptation based on multiple component
carrier reception in combination with ePDCCH and/or flexible CSI reporting time adaptation
based on reporting bandwidth, the number of component carriers, and the like. In an
embodiment, such systems and/or methods may further provide and/or use ePDCCH and/or
legacy uplink control signaling relations including cross-carrier scheduling and/or a new
allocation of an ePDCCH physical and/or logical address (e.g., a CCE index) for the relation
of uplink control channels. TDD specific embodiments for such systems and/or methods may
also be provided and/or used including ePDCCH usage in a special subframe and/or TDD
inter-band. According to an example embodiment, a PDCCH fallback transmission mode
may be provided and/or used for such systems and/or methods where UE or WTRU
behaviors of a PDCCH reception in an ambiguity period with a RRC-configured PDCCH
configuration between legacy PDCCH and ePDCCH.

[0039]  Additionally, such systems and/or methods may provide and/or use a variable
eREG and/or eCCE definition including, for example, a full FDM based eREG definition.
Such systems and/or method may further provide and/or use an eCCE-to-eREG mapping
based on an ePDCCH transmission mode, an interleaver design with a variable eREG and/or
eCCE definition, an adaptive eREG-to-eCCE mapping (e.g., a variable number of eREGs per
eCCE according to a reference signal overhead in a subframe), and the like. In an
embodiment, an antenna port association for eREG and/or eCCE may be provided and/or
used in such systems and/or methods including a location and/or aggregation level based

antenna port mapping and/or a PRG size definition for PRB-bundling. An ePDCCH search
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space design including, for example, a common search space and/or a WTRU or UE-specific
search space, a TBS restriction according to a TA and/or CSI feedback request, and/or a
PUCCH allocation based on an ePDCCH with multiple downlink component carriers may
also be provided and/or used with such systems and/or methods.

[0040]  According to an embodiment, such systems and/or methods may provide and/or
use an antenna port association with a WTRU or UE-specific configuration including
combinations of a RE-position based mapping and/or a WTRU or UE-specific configuration
and/or antenna port mapping rules based on a common search space and WTRU or UE-
specific search space in a distributed transmission. In an embodiment, collision handling
between ePDCCH resources and legacy signals other than PDSCH including rate-matching
and/or puncturing rules may be provided and/or used for such systems and/or methods.
Additionally, adaptive eREG-to-eCCE mapping, a mapping rule based on a subframe
characteristic, and the like may be provided and/or used. In additional embodiments, a TBS
restriction in a TDD mode according to a HARQ-ACK timing may be provided and/or used.
[0041] Such systems and/or methods may further provide and/or use an ePDCCH
resource. For example, multiple ePDCCH resource sets with variable resource sizes per set
may be provided and/or used depending on the system bandwidth including a downlink
control information (DCI) format dependent on ePDCCH candidates, an ePDCCH resource
set dependent on a hashing function, and/or an ePCFICH indication of the number of
ePDCCH resource sets.

[0042] PUCCH (A/N) resource allocation for ePDCCH may also be provided and/or used
(e.g., in such systems and/or methods) including support for MU-MIMO.

[0043] In an embodiment, such systems and/or methods may also provide PRS collision
handling techniques including broadcasting PRS configuration information and/or providing
WTRU or UE behaviors when ePDCCH resources may collide with a PRS.

[0044] Multiple ePDCCH resource sets for a multiple carrier system may further be
provided and/or defined by such systems and/or methods. For example, a DM-RS sequence
may be defined. In such an embodiment, A DM-RS sequence generator (XID) may be
provided, used, and/or defined per ePDCCH set or for each ePDCCH set. Additionally, when
a WTRU or UE may receive a PDSCH associated with an ePDCCH, the same XID received
from ePDCCH may be used for PDSCH demodulation. In additional embodiments, PUCCH

resource allocation with multiple ePDCCH resource sets may be provided and/or used and/or
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a search space definition of localized transmissions including an ePDCCH transmission
specific hash function definition and/or ePDCCH transmission specific eCCE indexing such
as different eCCE indexing according to or based on an aggregation level may be provided
and/or used. eREG-to-eCCE mapping may also be provided and/or used. For example, a
cell-specific eREG-to-eCCE mapping based on the localized and distributed transmissions
may be provided and/or used. In an embodiment, supported transmission modes associated
with ePDCCH may also be provided and/or defined including, for example, a subset of
transmission modes supported by ePDCCH and/or (e.g., according to the transmission
scheme) the supportable ePDCCH type (e.g., localized and distributed) that may be different.
[0045] Additionally, such systems and/or methods may provide ePDCCH a WTRU or
UE-specific search space (e.g., an equation associated therewith) and a hash function . For
example, a search space equation for localized and distributed ePDCCH and/or a hash
function with multiple ePDCCH sets may be provided and/or used

[0046] Such systems and/or methods may further provide an ePDCCH common search
space including an eREG/eCCE definition for the common search space, starting symbol
(e.g., associated therewith), a resource definition/configuration, and/or support for
overlapping resources between UE-specific search space and common search space.

[0047] Systems and methods providing a demodulation reference timing indication may
be disclosed. For example, single demodulation reference timing support and multiple
demodulation reference timing support such as resource specific demodulation reference
timing and an indication of a demodulation reference timing (e.g., a demodulation reference
timing indication) may be provided as described herein.

[0048] FIG. 1A is a diagram of 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, etc., 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.

[0049]  Asshown in FIG. 1A, the communications system 100 may include wireless
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transmit/receive units (WTRUSs) 102a, 102b, 102¢, and/or 102d (which generally or
collectively may be referred to as WTRU 102), a radio access network (RAN) 103/104/105, a
core network 106/107/109, a public switched telephone network (PSTN) 108, the Internet
110, and other networks 112, though it will be appreciated that the disclosed embodiments
contemplate any number of WTRUs, base stations, networks, and/or network elements. Each
of the WTRUs 102a, 102b, 102¢, 102d may be any type of device configured to operate
and/or communicate in a wireless environment. By way of example, the WTRUs 102a,
102b, 102¢, 102d may be configured 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 personal digital assistant (PDA), a smartphone, a laptop, a netbook, a
personal computer, a wireless sensor, consumer electronics, and the like.

[0050] The communications systems 100 may also include a base station 114a and a base
station 114b. Each of the base stations 114a, 114b may be any type of device configured to
wirelessly interface with at least one of the WTRUSs 102a, 102b, 102¢, 102d to facilitate
access to one or more communication networks, such as the core network 106/107/109, the
Internet 110, and/or the networks 112. By way of example, the base stations 114a, 114b may
be a base transceiver station (BTS), a Node-B, an eNode B, a Home Node B, a Home eNode
B, a site controller, an access point (AP), a wireless router, and the like. While the base
stations 114a, 114b may be each depicted as a single element, it will be appreciated that the
base stations 114a, 114b may include any number of interconnected base stations and/or
network elements.

[0051] The base station 114a may be part of the RAN 103/104/105, 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, etc. The base station 114a
and/or the base station 114b may be configured to transmit and/or receive wireless signals
within 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 embodiment, 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.

[0052] The base stations 114a, 114b may communicate with one or more of the WTRUs
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102a, 102b, 102c, 102d over an air interface 115/116/117, which may be any suitable
wireless communication link (e.g., radio frequency (RF), microwave, infrared (IR),
ultraviolet (UV), visible light, etc.). The air interface 115/116/117 may be established using
any suitable radio access technology (RAT).

[0053] More specifically, as noted above, the communications system 100 may be a
multiple access system and may employ one or more channel access schemes, such as
CDMA, TDMA, FDMA, OFDMA, SC-FDMA, and the like. For example, the base station
114a in the RAN 103/104/105 and the WTRUs 102a, 102b, 102¢ may implement a radio
technology such as Universal Mobile Telecommunications System (UMTS) Terrestrial Radio
Access (UTRA), which may establish the air interface 115/116/117 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).

[0054] In another embodiment, the base station 114a and the WTRUs 102a, 102b, 102¢
may implement a radio technology such as Evolved UMTS Terrestrial Radio Access (E-
UTRA), which may establish the air interface 115/116/117 using Long Term Evolution
(LTE) and/or LTE-Advanced (LTE-A).

[0055] In other embodiments, the base station 114a and the WTRUs 102a, 102b, 102¢
may implement radio technologies such as IEEE 802.16 (i.e., Worldwide Interoperability for
Microwave Access (WiIMAX)), CDMA2000, CDMA2000 1X, CDMA2000 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 Evolution
(EDGE), GSM EDGE (GERAN), and the like.

[0056] The base station 114b in FIG. 1A may be a wireless router, Home Node B, Home
eNode B, or access point, for example, and may utilize any suitable RAT for facilitating
wireless connectivity in a localized area, such as a place of business, a home, a vehicle, a
campus, and the like. In one embodiment, the base station 114b 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 114b and the WTRUs 102c,
102d 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 114b and the WTRUs
102¢, 102d may utilize a cellular-based RAT (e.g., WCDMA, CDMA2000, GSM, LTE, LTE-
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A, etc.) to establish a picocell or femtocell. As shown in FIG. 1A, the base station 114b may
have a direct connection to the Internet 110. Thus, the base station 114b may not be required
to access the Internet 110 via the core network 106/107/109.

[0057] The RAN 103/104/105 may be in communication with the core network
106/107/109, which may be any type of network configured to provide voice, data,
applications, and/or voice over internet protocol (VoIP) services to one or more of the
WTRUs 102a, 102b, 102¢, 102d. For example, the core network 106/107/109 may provide
call control, billing services, mobile location-based services, pre-paid calling, Internet
connectivity, video distribution, etc., and/or perform high-level security functions, such as
user authentication. Although not shown in FIG. 14, it will be appreciated that the RAN
103/104/105 and/or the core network 106/107/109 may be in direct or indirect
communication with other RANs that employ the same RAT as the RAN 103/104/105 or a
different RAT. For example, in addition to being connected to the RAN 103/104/105, which
may be utilizing an E-UTRA radio technology, the core network 106/107/109 may also be in
communication with another RAN (not shown) employing a GSM radio technology.

[0058] The core network 106/107/109 may also serve as a gateway for the WTRUs 102a,
102b, 102¢, 102d 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 protocols, such as the transmission
control protocol (TCP), user datagram protocol (UDP) and the internet protocol (IP) in the
TCP/IP internet protocol suite. The networks 112 may include wired or wireless
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 RANs, which
may employ the same RAT as the RAN 103/104/105 or a different RAT.

[0059] Some or all of the WTRUs 102a, 102b, 102¢, 102d in the communications system
100 may include multi-mode capabilities, i.e., the WTRUs 102a, 102b, 102¢, 102d may
include multiple transceivers for communicating with different wireless networks over
different wireless links. For example, the WTRU 102¢ shown in FIG. 1A may be configured
to communicate with the base station 114a, which may employ a cellular-based radio
technology, and with the base station 114b, which may employ an IEEE 802 radio
technology.

-10 -
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[0060] FIG. 1B is a system diagram of an example WTRU 102. As shown in FIG. 1B,
the WTRU 102 may include a processor 118, a transceiver 120, a transmit/receive element
122, a speaker/microphone 124, a keypad 126, a display/touchpad 128, non-removable
memory 130, removable memory 132, a power source 134, a global positioning system
(GPS) chipset 136, and other peripherals 138. It will be appreciated that the WTRU 102 may
include any sub-combination of the foregoing elements while remaining consistent with an
embodiment. Also, embodiments contemplate that the base stations 114a and 114b, and/or
the nodes that base stations 114a and 114b may represent, such as but not limited to
transceiver station (BTS), a Node-B, a site controller, an access point (AP), a home node-B,
an evolved home node-B (eNodeB), a home evolved node-B (HeNB), a home evolved node-
B gateway, and proxy nodes, among others, may include some or all of the elements depicted
in FIG. 1B and described herein.

[0061] The processor 118 may be a general purpose processor, a special purpose
processor, a conventional processor, a digital signal processor (DSP), a plurality of
microprocessors, one or more microprocessors in association with a DSP core, a controller, a
microcontroller, Application Specific Integrated Circuits (ASICs), Field Programmable Gate
Array (FPGAS) circuits, any other type of integrated circuit (IC), a state machine, and the
like. The processor 118 may perform signal coding, data processing, 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 and the transceiver 120 as separate components, it will be appreciated that the processor
118 and the transceiver 120 may be integrated together in an electronic package or chip.
[0062] The transmit/receive element 122 may be configured to transmit signals to, or
receive signals from, a base station (e.g., the base station 114a) over the air interface
115/116/117. For example, in one embodiment, the transmit/receive element 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. It will be appreciated that the transmit/receive element 122 may be configured to

transmit and/or receive any combination of wireless signals.
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[0063] 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 technology. 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
115/116/117.

[0064] The transceiver 120 may be configured to modulate the signals that may be to be
transmitted by the transmit/receive element 122 and to demodulate the signals that may be
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 [EEE
802.11, for example.

[0065] 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/touchpad
128 (e.g., a liquid crystal display (LCD) display unit or organic light-emitting diode (OLED)
display unit). The processor 118 may also output user data to the speaker/microphone 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 removable 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).

[0066] 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 powering 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),
etc.), solar cells, fuel cells, and the like.

[0067] The processor 118 may also be coupled to the GPS chipset 136, which may be
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configured to provide location information (e.g., longitude and latitude) regarding the current
location of the WTRU 102. In addition to, or in licu of, the information from the GPS chipset
136, the WTRU 102 may receive location information over the air interface 115/116/117
from a base station (e.g., base stations 114a, 114b) and/or determine its location based on the
timing of the signals being received from two or more nearby base stations. It will be
appreciated that the WTRU 102 may acquire location information by way of any suitable
location-determination method while remaining consistent with an embodiment.

[0068] 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 headset, 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.

[0069] FIG. 1C is a system diagram of the RAN 103 and the core network 106 according
to an embodiment. As noted above, the RAN 103 may employ a UTRA radio technology to
communicate with the WTRUs 102a, 102b, 102c over the air interface 115. The RAN 103
may also be in communication with the core network 106. As shown in FIG. 1C, the RAN
103 may include Node-Bs 140a, 140b, 140c, which may each include one or more
transceivers for communicating with the WTRUs 102a, 102b, 102¢ over the air interface 115.
The Node-Bs 140a, 140b, 140c may each be associated with a particular cell (not shown)
within the RAN 103. The RAN 103 may also include RNCs 142a, 142b. It will be
appreciated that the RAN 103 may include any number of Node-Bs and RNCs while
remaining consistent with an embodiment.

[0070] As shown in FIG. 1C, the Node-Bs 140a, 140b may be in communication with the
RNC 142a. Additionally, the Node-B 140c may be in communication with the RNC142b.
The Node-Bs 140a, 140b, 140c may communicate with the respective RNCs 142a, 142b via
an [ub interface. The RNCs 142a, 142b may be in communication with one another via an
Tur interface. Each of the RNCs 142a, 142b may be configured to control the respective
Node-Bs 140a, 140b, 140c to which it is connected. In addition, each of the RNCs 142a,

142b may be configured to carry out or support other functionality, such as outer loop power
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control, load control, admission control, packet scheduling, handover control, macrodiversity,
security functions, data encryption, and the like.

[0071] The core network 106 shown in FIG. 1C may include a media gateway (MGW)
144, a mobile switching center (MSC) 146, a serving GPRS support node (SGSN) 148,
and/or a gateway GPRS support node (GGSN) 150. While each of the foregoing elements
may be 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.
[0072] The RNC 142a in the RAN 103 may be connected to the MSC 146 in the core
network 106 via an [uCS interface. The MSC 146 may be connected to the MGW 144. The
MSC 146 and the MGW 144 may provide the WTRUs 102a, 102b, 102¢ with access to
circuit-switched networks, such as the PSTN 108, to facilitate communications between the
WTRUSs 102a, 102b, 102¢ and traditional land-line communications devices.

[0073] The RNC 142a in the RAN 103 may also be connected to the SGSN 148 in the
core network 106 via an IuPS interface. The SGSN 148 may be connected to the GGSN 150.
The SGSN 148 and the GGSN 150 may provide the WTRUs 102a, 102b, 102c with access to
packet-switched networks, such as the Internet 110, to facilitate communications between and
the WTRUs 102a, 102b, 102¢ and IP-enabled devices.

[0074] As noted above, the core network 106 may also be connected to the networks 112,
which may include other wired or wireless networks that may be owned and/or operated by
other service providers.

[0075] FIG. 1D is a system diagram of the RAN 104 and the core network 107 according
to an embodiment. As noted above, the RAN 104 may employ an E-UTRA radio technology
to communicate with the WTRUs 102a, 102b, 102¢ over the air interface 116. The RAN 104
may also be in communication with the core network 107.

[0076] The RAN 104 may include eNode-Bs 160a, 160b, 160c, though it will be
appreciated that the RAN 104 may include any number of eNode-Bs while remaining
congsistent with an embodiment. The eNode-Bs 160a, 160b, 160c may each include one or
more transceivers for communicating with the WTRUSs 102a, 102b, 102¢ over the air
interface 116. In one embodiment, the eNode-Bs 160a, 160b, 160¢ may implement MIMO
technology. Thus, the eNode-B 160a, for example, may use multiple antennas to transmit
wireless signals to, and receive wireless signals from, the WTRU 102a.

[0077] Each of the eNode-Bs 160a, 160b, 160c may be associated with a particular cell
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(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. 1D, the eNode-Bs 160a, 160b, 160c may communicate with one another over
an X2 interface.

[0078] The core network 107 shown in FIG. 1D may include a mobility management
entity (MME) 162, a serving gateway 164, and a packet data network (PDN) gateway 166.
While each of the foregoing elements may be depicted as part of the core network 107, 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.

[0079] The MME 162 may be connected to each of the eNode-Bs 160a, 160b, 160c¢ in the
RAN 104 via an S1 interface and may serve as a control node. For example, the MME 162
may be responsible for authenticating users of the WTRUSs 102a, 102b, 102c, bearer
activation/deactivation, selecting a particular serving gateway during an initial attach of the
WTRUs 102a, 102b, 102c¢, and the like. The MME 162 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.

[0080] The serving gateway 164 may be connected to each of the eNode-Bs 160a, 160b,
160c in the RAN 104 via the S1 interface. The serving gateway 164 may generally route and
forward user data packets to/from the WTRUs 102a, 102b, 102¢. The serving gateway 164
may also perform other functions, such as anchoring user planes during inter-eNode B
handovers, triggering paging when downlink data is available for the WTRUs 102a, 102D,
102¢, managing and storing contexts of the WTRUs 102a, 102b, 102c, and the like.

[0081] The serving gateway 164 may also be connected to the PDN gateway 166, which
may provide the WTRUs 102a, 102b, 102c with access to packet-switched networks, such as
the Internet 110, to facilitate communications between the WTRUs 102a, 102b, 102¢ and IP-
enabled devices.

[0082] The core network 107 may facilitate communications with other networks. For
example, the core network 107 may provide the WTRUs 102a, 102b, 102¢ with access to
circuit-switched networks, such as the PSTN 108, to facilitate communications between the
WTRUs 102a, 102b, 102¢ and traditional land-line communications devices. For example,
the core network 107 may include, or may communicate with, an IP gateway (e.g., an IP

multimedia subsystem (IMS) server) that serves as an interface between the core network 107
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and the PSTN 108. In addition, the core network 107 may provide the WTRUs 102a, 102b,
102¢ with access to the networks 112, which may include other wired or wireless networks
that may be owned and/or operated by other service providers.

[0083] FIG. 1E is a system diagram of the RAN 105 and the core network 109 according
to an embodiment. The RAN 105 may be an access service network (ASN) that employs
IEEE 802.16 radio technology to communicate with the WTRUs 102a, 102b, 102¢ over the
air interface 117. As will be further discussed below, the communication links between the
different functional entities of the WTRUs 102a, 102b, 102¢, the RAN 105, and the core
network 109 may be defined as reference points.

[0084] As shown in FIG. 1E, the RAN 105 may include base stations 180a, 180b, 180c,
and an ASN gateway 182, though it will be appreciated that the RAN 105 may include any
number of base stations and ASN gateways while remaining consistent with an embodiment.
The base stations 180a, 180b, 180c may each be associated with a particular cell (not shown)
in the RAN 105 and may each include one or more transceivers for communicating with the
WTRUSs 102a, 102b, 102¢ over the air interface 117. In one embodiment, the base stations
180a, 180b, 180c may implement MIMO technology. Thus, the base station 180a, for
example, may use multiple antennas to transmit wireless signals to, and receive wireless
signals from, the WTRU 102a. The base stations 180a, 180b, 180c may also provide
mobility management functions, such as handoff triggering, tunnel establishment, radio
resource management, traffic classification, quality of service (QoS) policy enforcement, and
the like. The ASN gateway 182 may serve as a traffic aggregation point and may be
responsible for paging, caching of subscriber profiles, routing to the core network 109, and
the like.

[0085] The air interface 117 between the WTRUs 102a, 102b, 102¢ and the RAN 105
may be defined as an R1 reference point that implements the IEEE 802.16 specification. In
addition, each of the WTRUs 102a, 102b, 102¢c may establish a logical interface (not shown)
with the core network 109. The logical interface between the WTRUs 102a, 102b, 102¢ and
the core network 109 may be defined as an R2 reference point, which may be used for
authentication, authorization, IP host configuration management, and/or mobility
management.

[0086] The communication link between each of the base stations 180a, 180b, 180c may

be defined as an R8 reference point that includes protocols for facilitating WTRU handovers
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and the transfer of data between base stations. The communication link between the base
stations 180a, 180b, 180c and the ASN gateway 182 may be defined as an R6 reference point.
The R6 reference point may include protocols for facilitating mobility management based on
mobility events associated with each of the WTRUs 102a, 102b, 102c.

[0087] As shown in FIG. 1E, the RAN 105 may be connected to the core network 109.
The communication link between the RAN 105 and the core network 109 may defined as an
R3 reference point that includes protocols for facilitating data transfer and mobility
management capabilities, for example. The core network 109 may include a mobile IP home
agent (MIP-HA) 184, an authentication, authorization, accounting (AAA) server 186, and a
gateway 188. While each of the foregoing elements may be depicted as part of the core
network 109, 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.

[0088] The MIP-HA may be responsible for IP address management, and may enable the
WTRUSs 102a, 102b, 102¢ to roam between different ASNs and/or different core networks.
The MIP-HA 184 may provide the WTRUs 102a, 102b, 102c with access to packet-switched
networks, such as the Internet 110, to facilitate communications between the WTRUs 102a,
102b, 102c¢ and IP-enabled devices. The AAA server 186 may be responsible for user
authentication and for supporting user services. The gateway 188 may facilitate interworking
with other networks. For example, the gateway 188 may provide the WTRUs 102a, 102b,
102¢ with access to circuit-switched networks, such as the PSTN 108, to facilitate
communications between the WTRUSs 102a, 102b, 102¢ and traditional land-line
communications devices. In addition, the gateway 188 may provide the WTRUs 102a, 102b,
102¢ with access to the networks 112, which may include other wired or wireless networks
that may be owned and/or operated by other service providers.

[0089] Although not shown in FIG. 1E, it should be appreciated that the RAN 105 may
be connected to other ASNs and the core network 109 may be connected to other core
networks. The communication link between the RAN 105 the other ASNs may be defined as
an R4 reference point, which may include protocols for coordinating the mobility of the
WTRUs 102a, 102b, 102¢ between the RAN 105 and the other ASNs. The communication
link between the core network 109 and the other core networks may be defined as an R5
reference, which may include protocols for facilitating interworking between home core

networks and visited core networks.
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[0090]

transmissions may be provided in a communication system (e.g., a LTE/LTE-Advanced

According to an example embodiment, collaborative and/or multiple antenna

system) such as the communication system 100 described above with respect to FIGs. 1A-1E.
In embodiments, such collaborative transmissions may be provided and/or used such that a
PDSCH transmission for a WTRU or UE (e.g., a LTE-A WTRU or UE) may be dynamically
changed between transmission points without a cell selection/re-selection procedure. A
WTRU or UE-specific RS based downlink control channel transmission may also be
provided and/or used, for example, to enhance PDCCH performance.

[0091]

for various purposes including peak system throughput enhancement, extended cell coverage

Additionally, such multiple antennal transmissions may be provided and/or used

and high Doppler support. For example, single-user multiple-input multiple-output (SU-
MIMO) may be used in such the communication system to increase peak and/or average user
equipment (UE) or WTRU throughput. Additionally, multi-user MIMO may be used in such
a communication system to improve peak and/or average system throughput by exploiting
multi-user diversity gain. Table 1 illustrates example MIMO capabilities that may be used in
a wireless communication system to improve throughput, diversity gain, and the like.

Table 1. Example MIMO Capabilities in a Communication System (e.g., in LTE/LTE-

Advanced)
SU- Up to 4 streams | Up to 4 streams | Up to 8 streams
MIMO
DL MU- Up to 2 users Up to 4 users Up to 4 users
(unitary (non-unitary (non-unitary
MIMO . . .
precoding) precoding) precoding)
SU- 1 strecam 1 stream Up to 4 streams
MIMO P
UL
MU- Up to & users Up to 8 users Up to 8§ users
MIMO ptocu pfost P

[0092]

UE channel environments), up to, for example, nine transmission modes have been employed.

To assist with the MIMO performance (e.g., according to or based on WTRU or
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Such transmission modes may include a transmit diversity mode, an open-loop spatial
multiplexing mode, a closed-loop spatial multiplexing mode, and the like. Additionally,
MIMO link adaption may be used and/or provided. In embodiments, a WTRU or UE may
report channel-state information (CSI) of multiple transmit antenna ports to enable or
facilitate such a MIMO link adaptation.

[0093] For example, a reference signal may be provided and/or used, for example, with
the CSI. In an embodiment, a reference signal may be provided as or classified to a WTRU
or UE-specific reference signal (WTRU or UE-RS) and/or a cell-specific reference signal
(CRS). According to an embodiment, the WTRU or UE-RS may be used for a specific
WTRU or UE such that the RS may be transmitted for the resources allocated to the WTRU
or UE. Additionally, in an embodiment, the CRS may be a cell-specific reference signal that
may be shared by each of the UEs in the cell such that the RS may be transmitted in a
wideband manner.

[0094] According to or based on use, a reference signal (RS) may be, for example,
differentiated to a demodulation reference signal (DM-RS) and/or a channel-state-
information reference signal (CSI-RS). The DM-RS may be used for a particular WTRU or
UE and the RS may be precoded to exploit beamforming gain. In an embodiment, the
WTRU or UE-specific DM-RS may not be shared with other UEs in the cell. As such, the
DM-RS may be transmitted in the time and/or frequency resources allocated for the WTRU
or UE. Additionally, the DM-RS may be limited for use with demodulation.

[0095] FIG. 2 illustrates an example embodiment of providing a WTRU or UE-specific
precoded DM-RS. As shown in FIG. 2, if a precoded DM-RS may be employed, the RS may
be precoded using a precoding used for the data symbol and the number of RS sequences
corresponding to the number of layers K may be transmitted. In an embodiment, K may be
equal to or smaller than physical antenna ports Nt. Additionally, the K streams in FIG. 2
may be allocated for a WTRU or UE or shared with multiple UEs. If multiple UEs may share
the K streams, the co-scheduled UEs may share the same time/frequency resources at the
same time.

[0096]  As described above, a cell-specific reference signal (CRS) may be provided and/or
used. According to an example embodiment, the CRS may be defined for the UEs in a cell
and may be used for demodulation and/or measurement. Additionally, in example

embodiments, the CRS may be shared by UEs. In such an embodiment (e.g., since the CRS
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may be shared by the UEs), non-precoded RS may be used and/or employed, for example, to
keep uniform cell coverage. The precoded RS may have different cell coverage according to
the directions and/or due to a beamforming effect. FIG. 3 shows an example embodiment of
a MIMO transmitter that may be used for a non-precoded CRS transmission as described
herein.

[0097] Additionally, in example embodiments, antenna virtualization may be provided
and/or used. For example, if the number of the physical antenna port and logical antenna port
may be different, antenna virtualization may be used (e.g., with CRS and/or the non-precoded
CRS transmission shown in FIG. 3). RS sequences may also be transmitted for antenna ports
irrespective of the number of streams.

[0098] According to example embodiments, different structures for DM-RS and/or CRS
may be provided and/or used. FIG. 4 shows an example embodiment of a DM-RS (e.g., an
antenna port-5) structure that may be used (e.g., in an LTE system) to support non-codebook
based transmission. In an embodiment, the structure shown in FIG. 4 may be used at an eNB,
for example, where the antenna port-5 may be limited supporting one layer transmission.
Additionally, the antenna port-5 shown in FIG. 4 may be transmitted with a CRS and, as such,
the RS overhead (e.g., in total) may increase.

[0099] FIG. 5 shows an example embodiment of a CRS structure according to or based
on a number of antenna ports. The CRS patterns (e.g., shown in FIG. 5) for each antenna port
may be mutually orthogonal in the time and/or frequency domain. As shown in FIG. 5, R0
and R1 may indicate CRS for antenna port 0 and antenna port 1 respectively. In an
embodiment, to avoid interference between CRS antenna ports, the data REs that may be
located at the RE where a CRS antenna ports may be transmitted may be muted.

[0100] According to example embodiments, a predefined sequence (e.g., a Pseudo-
random (PN), an m-sequence, and the like) may be multiplied with downlink RS that may
minimize inter-cell interference and/or may improve channel estimation accuracy associated
with CRS. The PN sequence may be applied at an OFDM symbol level in a subframe and the
sequence may be defined according to the cell-ID, subframe number, the position of OFDM
symbol, and the like. For example, the number of CRS antenna ports may be two, for
example, in an OFDM symbol that may include a CRS per PRB and the number PRB in a
communication system such as an LTE system may vary from 6 to 110. In such an

embodiment, the total number of CRS for an antenna port in an OFDM symbol that may
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include a RS may be 2xNgp, which may imply that the sequence length may be 2xNgg.
Additionally, in such an embodiment, Ngg may denote the number of RBs corresponding to a
bandwidth and the sequence may be binary or complex. The sequence #(m) may provide the

complex sequence as follows

()—i(1—2- (2 ))+'i(1—2- (2m+1)),m=01,..2N8* — 1
rm—\/7 c(2m ]\/7 c(Z2m ,m=0,1,..2Ngg" —

where NRE* may denote the number of RBs corresponding to a maximum bandwidth in a

communication system such as an LTE system, Ngg* may be 110. Additionally, ¢ may
denote a PN sequence with length-31 and may be defined with a Gold-sequence. If a DM-RS

may be configured, the following equation may be used:

r(m) = %(1 —2-c(2m)) + j%(l —2-c(2m+1)),m=0,1,..,12NF35H — 1
where NEBSCH may denote a number of RBs allocated for a specific WTRU or UE. The
sequence length may vary according to the number RBs allocated for a WTRU or UE.

[0101] In an embodiment, a reference signal (RS) structure may also be provided (e.g., in
3GPP LTE-A). For example, to reduce the overall RS overhead, a DM-RS based downlink
transmission may be used (e.g., in a communication system such as in LTE-A). Additionally,
the CRS-based downlink transmission may transmit RS sequences for the physical antenna
ports. As such, the DM-RS based downlink transmission may reduce the RS overhead
considering that the number of RSs that may be provided or used for DM-RS may be the
same as the number of layers. Additionally, according to an embodiment, the number of
layers may be equal to or smaller than the number of physical antenna ports. FIG. 6 shows an
example embodiment of DM-RS patterns in a PRB for a subframe (e.g., a DM-RS pattern
supporting up to 8 layers) that may be provided and/or used.

[0102] In embodiments, two CDM groups may be used for multiplexing, for example, up
to 4 layers in each CDM group such that up to 8 layers may be multiplexed as a maximum in
this pattern. For CDM multiplexing of each CDM group, 4x4 Walsh spreading may also be
used.

[0103] Additionally, since the DM-RS may be used for demodulation performance (e.g.,
may be limited to being used for demodulation performance), a time and/or frequency sparse
CSI-RS may be provided, for example, for measurements. The CSI-RS may be transmitted
with a duty cycle such as {5, 10, 20, 40, 80} ms in the PDSCH region. In addition, up to 20
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CSI-RS patterns for reuse may be available in a subframe. FIG. 7 illustrates an example
embodiment of CSI-RS patterns for reuse according to the number of ports (e.g., where up to
20 CSI-RS patterns may be reused). In FIG. 7, the same patterns or shading with a
corresponding TX number included therein or associated therewith may represent the same
set of REs for a CSI-RS configuration.

[0104] Observed Time Difference of Arrival (OTDOA) may also be provided and/or
used, for example, for positioning, in a communication system such as an LTE system. For
OTDOA positioning, a WTRU or UE may receive one or more signals from a reference cell
and/or one or more additional cells, for example, neighbor cells, may measure the observed
time differences of arrival of these signals (e.g., between each additional or neighbor cell and
the reference cell), and/or may report such measurements, information or signals to the
network. Based on the locations of the cells, timing differences among them which may be
fixed, and/or other information, the network may derive the WTRU or UE position by a
means such as trilateration or triangulation (e.g., assuming the WTRU or UE may measure at
least three cells) and/or by other methods or techniques that may provide a location and/or
position. The reference cell may be or may not be a serving cell, for example a serving cell
of the WTRU or UE. For example, the reference cell may be the serving cell of the WTRU
or UE if the WTRU or UE may have one serving cell which may, for example, be in the case
of no carrier aggregation (CA). In another example, the reference cell may be a serving cell
such as a primary cell, PCell, which may be, for example, in the case of carrier aggregation.
In an embodiment, the time difference of arrival may be measured based on a known signal.
For example (e.g., for LTE), the WTRU or UE may use the cell-specific reference symbols
(CRS) for such measurements and/or, for a cell that may transmit the positioning reference
signal (PRS), for example, the WTRU or UE may use the PRS. To perform positioning
measurements, the WTRU or UE may receive supporting information or assistance data such
as information associated with the cells and/or signals to be measured. For OTDOA, the
assistance data may include PRS related parameters. In example embodiments, support of
OTDOA by a WTRU or UE may be optional and the use of CRS or PRS for a given cell may
be provided and/or decided by WTRU or UE implementations.

[0105] In an example embodiment, a positing reference signal (PRS) may be transmitted
by the eNB such that the eNB may be aware of or may know its transmission parameters for

cells under its control. For a given cell, PRS may be defined to be provided or included in
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Npgs consecutive downlink subframes for each positioning instance (e.g., a PRS positioning
occasion) where, for example, the first subframe of the Nppg downlink subframes may satisfy
or provide (10xn; +|n, /2|~ Appg)modTpgs =0 . According to an example embodiment, Nprg

may be 1, 2, 4, and/or 6 subframes and the parameters 7prs and Aprs may be the PRS
periodicity and PRS offset respectively. Additionally, the PRS periodicity may be 160, 320,
640, and/or 1280 subframes and the PRS offset may be a value between 0 and the PRS
periodicity minus 1 or one less than the PRS periodicity. The PRS bandwidth (BW) may be
narrowband or wideband such that the PRS BW may occupy a partial BW (e.g., part of the
full or entire BW) of the cell and/or the full BW of the cell. The BW values may include, for
example, 6, 15, 25, 50, 75, and/or 100 resource blocks (RBs). In an embodiment, when the
PRS may occupy a partial BW, the RBs may be in the center of the band or at any other
suitable location within the band. Parameters which may be used for, provided for, defined
for, and/or used to define the PRS (e.g., which may be referred to as PRS information and/or

prs-info) for a cell may include one or more of the following: the number of DL subframes

(e.g., N PRS); a PRS configuration index (e.g., 0 to 4095) that may be used (e.g., in a table or
other suitable structure) to obtain 7prs and Aprs (e.g., the PRS periodicity and offset); the
PRS BW; PRS muting information that may define when PRS occasions may be muted (e.g.,
not transmitted) in the cell; and the like.

[0106] According to an embodiment, PRS positioning occasions may be muted in a cell,
for example, periodically. The PRS muting configuration may be defined by a periodic PRS
muting sequence that may have a periodicity of 2, 4, 8, and/or 16 positioning occasions in
embodiments. The PRS muting information may be provided using a p-bit field for
periodicity p where each bit may correspond to a PRS positioning occasion in each muting
sequence and/or may indicate whether that occasion may be muted or not. When a PRS
positioning occasion may be muted in a cell, PRS may not be transmitted in the Npgg
subframes (e.g.,, any of the Nprg subframes) of the particular occasion in that cell.

[0107] Additionally, when the PRS muting information may be signaled to a WTRU or
UE in the positioning assistance data (e.g., when the PRS muting information may be
included in positing assistance data and signaled therewith), the first bit of the PRS muting
sequence may correspond to the first PRS positioning occasion that may start after the
beginning of the system frame number (SFN) being zero (e.g., SEN=0) where the SFN may
be the SFN of the WTRU’s or UE’s OTDOA reference cell.
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[0108] FIG. 8 illustrates an example embodiment of an architecture that may be used for
positioning. According to an embodiment, the architecture shown in FIG. 8 may be used
with an LTE communication system such as the communication systems 100 shown FIGs.
1A and 1C-1E and may provide positioning for the LTE communication system. As shown
in FIG. 8, positioning of or by a UE or WTRU may be controlled by an Enhanced Serving
Mobile Location Center (E-SMLC). In an example embodiment, the communication
between the WTRU and E-SMLC may be point-to-point and/or transparent to an eNB. The
WTRU or UE may communicate with the E-SMLC using a protocol such as the LTE
Positioning Protocol (LPP) over the control plane or the data plane as shown in FIG 8. Such
a communication (e.g., between the WTRU or UE and E-SMLC) may be encapsulated in
signaling or data between the eNB and the WTRU or UE or between a Secure User Plane
Location (SUPL) Location Platform (SLP) and the WTRU or UE. According to an example
embodiment, the eNB may not see what may be inside the LPP messages. The
communication between the E-SMLC and the WTRU may pass through a Mobility
Management Entity (MME) or a SLP where the MME or SLP may direct the communication
to and/or from the appropriate WTRU and may or may not see the contents of the
communication and may or may not modify the contents and/or the transport of the
communication. Communication may be possible or enabled via the SLP and/or may be via a
SUPL bearer if the WTU or UE may be a SUPL Enabled Terminal (SET).

[0109] Additionally, the information that may pass or be exchanged between the WTRU
or UE and the E-SMLC may include one or more of the capability of the WTRU or UE to
support OTDOA positioning, instructions from the E-SMLC to perform OTDOA
measurements, OTDOA positioning assistance data from the E-SMLC to the WTRU or UE
such as which cells are the reference and/or additional or neighbor cells for OTDOA, and
measurement reports from the WTRU or UE to the E-SMLC. Assistance data or other
exchanged information may include information such as cell ID and/or carrier frequency,
and/or the PRS information for the reference cell and/or the additional or neighbor cells.
Since PRS transmission may be the responsibility of the eNB, the E-SMLC may obtain at
least some of the PRS information from one or more eNBs where communication between an
E-SMLC and an eNB may be via an LPPa interface or protocol.

[0110] According to an example embodiment, one or more transmission modes may be

provided and/or used in the communication system to transmit and/or receive information,
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data, and/or signals. Table 3 illustrates example embodiments of transmission modes for a

communication system (e.g., LTE and/or LTE-Advanced systems) that may be used to

provide information and/or signals disclosed herein. The transmission modes provided in

Table 3 (e.g., except for TM-7, 8, and 9 in one embodiment) may use CRS for both

demodulation and measurement. Additionally, for TM-7 and 8 shown in Table 3, DM-RS

may be used for demodulation and CRS may be used for measurements. According to an

embodiment, for TM-9 shown in Table 3, DM-RS and CSI-RS may be used for

demodulation and measurement, respectively.

Table 3. Transmission modes in LTE/LTE-A

Transmission mode (TM)

Transmission scheme of PDSCH

1

Single-antenna port, port 0

2

Transmit diversity

3

Transmit diversity if the associated rank
indicator may be 1, otherwise large delay CDD

Closed-loop spatial multiplexing

h

Multi-user MIMO

Closed-loop spatial multiplexing with a single
transmission layer

If the number of PBCH antenna ports may be
one, Single-antenna port, port 0; otherwise
Transmit diversity

If the UE may be configured without PMI/RI
reporting: if the number of PBCH antenna ports
may be one, single-antenna port, port 0;
otherwise transmit diversity

If the UE may be configured with PMI/RI
reporting: closed-loop spatial multiplexing

If the UE may be configured without PMI/RI
reporting: if the number of PBCH antenna ports
may be one, single-antenna port, port 0;
otherwise transmit diversity

Closed-loop spatial multiplexing with up to 8
layer transmission, ports 7-14

[0111] According to an example embodiment, channel state information (CSI) feedback

may be provided and used. For example, multiple (e.g., two) types of reporting channels

may be used such as PUCCH and/or PUSCH. The PUCCH reporting channel may provide

CSI feedback while allowing limited feedback overhead. The PUSCH reporting channel may
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allow a large amount of feedback overhead with less reliability. The PUCCH reporting
channel may be used for periodic CSI feedback for coarse link adaptation and/or the PUSCH

reporting may be triggered aperiodically for finer link adaptation.

Table 4. Reporting modes in LTE/LTE-A

Scheduling Mode Periodic CSI reporting channels |Aperiodic CSI reporting
channel

Frequency non-selective [PUCCH

Frequency selective PUCCH PUSCH

[0112] Downlink control channels may also be provided and/or used. The downlink
control channels may occupy the first 1 to 3 OFDM symbol(s) in each subframe according to
the overhead of the control channels. This dynamic resource allocation to handle downlink
control channel overhead may allow efficient downlink resource utilization, which may result
in higher system throughput. Various types of downlink control channels may be transmitted
within the downlink control channel region in each subframe, such as PCFICH (Physical
Control Format Indicator Channel), PHICH (Physical Hybrid-ARQ Indicator Channel),
and/or PDCCH (Physical Downlink Control Channel). The downlink control channel
resource unit may be defined as 4 contiguous REs in the frequency domain called REG
(Resource Elements Group) as illustrated in FIGS. 9 and 10. FIG. 9 illustrates an exemplary
REG definition in downlink control channel region with 2Tx CRS. FIG. 10 illustrates an
exemplary REG definition in downlink control channel region with 4Tx CRS. As shown, if
the CRS may be located in the same OFDM symbol, the REG may be defined in 4 contiguous
REs without CRS.

[0113] In another embodiment, a physical control format indicator channel (PCFICH)
may be provided and/or used as described herein. For example, a PCFICH may be
transmitted in the 0™ OFDM symbol in each subframe and/or indicate the number of OFDM
symbols used for downlink control channel in the subframe. The subframe-level dynamic
downlink control channel resource allocation may be possible by using the PCFICH. A
WTRU or UE may detect CFI (Control Format Indicator) from a PCFICH and the downlink
control channel region may be defined in the subframe according to the CFI value. Table 5

shows a CFI codeword which may be detected from the PCFICH, and Table 6 shows details

-26-



WO 2013/112972

PCT/US2013/023341

of downlink control channel resource allocation according to the CFI value, subframe type,

and system bandwidth. In embodiments, The PCFICH may be skipped if a subframe may be

defined as a non-PDSCH supportable subframe such that a WTRU or UE may not be trying

to detect PCFICH in the subframe.

Table 5. CFI codeword

CFl codeward
CFI " Tigy Bye ooy gy =

1 AL LR L LT L L0 1 11,11, 001,16, 1

2 <10 10,1,10,1.10,1.10,1.10,1.1.0,1.1.0,1.1.0.1.1,0.1.1 0

3 <1.1,0,1,1,0.1,1,0.1,1,0.1,1,0.1,1.0.1, 1.0.1,1.0,1,1.¢.1,1.¢.1, L~

1

{Reserved) 0,0,0,0,0,0,010,0,0,0,0,0.0,0,0,6,0.0.6,0.0.0,0.0,0,0.0,0,0.0,0:
Table 6. Number of OFDM symbols used for PDCCH
Subframe Number of OFDM Number of OFDM
symbols for PDCCH | symbols for PDCCH when
when Ngy >10 Nyy <10

Subframe 1 and 6 for frame structure 1,2 2
type 2
MBSFN subframes on a carrier 1,2 2
supporting PDSCH, configured with 1
or 2 cell-specific antenna ports
MBSFN subframes on a carrier 2 2
supporting PDSCH, configured with 4
cell-specific antenna ports
Subframes on a carrier not supporting 0 0
PDSCH
Non-MBSFN subframes (except 1,2,3 2,3
subframe 6 for frame structure type 2)
configured with positioning reference
signals
All other cases 1,2,3 2,3,4

[0114] In an embodiment, four REGs may be used for PCFICH transmission in the o

OFDM symbol in a subframe and/or the REGs may be uniformly distributed in the whole

system bandwidth to exploit frequency diversity gain. The starting point of PCFICH

transmission may be different according to the physical cell-ID (PCI) as illustrated in the FIG.

11. The frequency shift of PCFICH tied with cell-ID may provide the performance of
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PCFICH detection performance by avoiding PCFICH collision among multiple neighbor cells
while achieving diversity order four from its distributed allocation. Ata WTRU or UE
receiver, a procedure (e.g., a first procedure) for downlink control channel detection may be
decoding PCFICH to figure out the number of OFDM symbols in the subframe. Given that
downlink control resource may be defined by PCFICH, the PCFICH detection error may
result in the loss of a downlink grant, an uplink grant, and/or PHICH reception.

[0115] A physical hybrid-ARQ indicator channel (PHICH) may be provided and/or used,
as described herein. In an embodiment, a PHICH may be used to transmit an ACK or NACK
corresponding to the PUSCH transmitted in an uplink subframe. A PHICH may be
transmitted in a distributed manner across system bandwidth and OFDM symbols within a
downlink control channel. The number of OFDM symbols may be defined as PHICH
duration and configurable via higher layer signaling. The PHICH resource position may vary
according to PHICH duration.

[0116] FIG. 12 shows exemplary PCFICH and PHICH resource allocations (e.g.,
PCFICH and PHICH REGs allocation according to PCI). As shown in the FIG. 12, multiple
PHICH groups may be defined in a cell and a PHICH group may comprise multiple PHICHs
with orthogonal sequences and the PHICH for a WTRU or UE may be defined dynamically

with resource information in an uplink grant such as lowest PRB index (Ip35 g7 "2°*) and
DM-RS cyclic shift (npyps). Two index pairs (PHICH group index: ngg;gg, PHICH
sequence index: n;ff,CH) may indicate the PHICH resource for a specific WTRU or UE. In

the PHICH index pair (nglrﬁgﬁ, n;?{q]CH) each index may be defined as follows:

rou i ToU
ng D _ (Ilowest_mdex Ng D

PHICH — \'PRB_RA + nDMRS)mOd PHICH
noscn = (Iprera o /Nfhien | + nomrs)mod 2NGHIH
where the N ,f’,;fé‘ 15 may imply the number of PHICH groups available in the system and may
be defined as follows:
gy = { o1
! [Ng (NRB /8)]
where Ny may be a 2bit information transmitted via PBCH (Physical Broadcasting Channel)
and the information may be within N, € {1/6,1/2,1,2}.
[0117] Additionally, an orthogonal sequence according to the spreading factor may also

be provided and/or used as illustrated, for example, in Table 7.
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Table 7. Orthogonal sequence according to sequence index and spreading factor.

Sequence index Orthogonal sequence

Nort o Normal cyclic prefix  |[Extended cyclic prefix
NEHICH = 4 NEHICH = 2

0 [+1 +1 +1 +1] [+1 +1]

1 [+1 -1 +1 -1 [+1 -1

2 [+1 +1 -1 —1] [+j +j]

3 [+1 -1 -1 +1] v/ —/]

4 i+ +i 1 |

5 =i+ =il

6 io+i -7 =i |

7 -7 =i+l

[0118] A physical downlink control channel (PDCCH) may be provided and/or used as
described herein. For example, a PDCCH may be defined with one or multiple consecutive
CCE (Control Channel Element) resources in which one CCE may comprise 9 REGs. The
number of available CCE (N¢g) may be defined with Nocg = |Ngge/9] where Ngge may be
the number of REGs not assigned to PCFICH or PHICH. Table 8-1 illustrates exemplary
available PDCCH formats by definition of a number of consecutive CCEs that may be
provided, used, and/or supported. As shown in the Table 8-1, the four PDCCH formats may
be supported and/or the number of CCEs according to the PDCCH format may be different.
The number of CCEs in a PDCCH format may be called an aggregation level.
Table 8-1. Supported PDCCH formats

PDCCH | Number of Number of Number of
format CCEs resource-clement PDCCH bits
groups
0 1 9 72
1 2 18 144
2 4 36 288
3 8 72 576

[0119] In an embodiment, a WTRU or UE may monitor a PDCCH candidate and/or
blindly decode the given number of times (e.g., as shown in the table 8-2). The set of
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PDCCH candidates that may be monitored by a WTRU or UE may be defined as a search

space.

Table 8-2. PDCCH candidates monitored by a WTRU or UE

Search space S;” Number of
; PDCCH
Aggregation level .

Type gg g I v Slze [ln CCES] Candidates M(L)
WTRU 1 6 6

or UE- 2 12 6
specific 4 8 2

P 8 16 2
Common 4 16 4

ommo 8 16 2

[0120] Aggregation levels {1, 2, 4, 8} may be supported in a WTRU or UE-specific
search space and the aggregation levels {4, 8} may be supported in common search space.
The search space s at aggregation level Le (2,48} may be defined by a set of PDCCH
candidates. For each serving cell on which PDCCH may be monitored, the CCEs
corresponding to PDCCH candidate m of the search space s{” may be given by
L-{ (¥ +m"ymod| Necpy /L] | +i

where Y, may be defined as described herein and i=0,--,L—1. For the common search space,
m'=m. Additionally, for the WTRU or UE specific search space and for the serving cell on
which PDCCH may be monitored, if the monitoring WTRU or UE may be configured with
carrier indicator field m' =m+M" .n., where n, may be the carrier indicator field value.
Otherwise, if the monitoring WTRU or UE may not be configured with a carrier indicator
field, m'=m where m=0,---M% -1 and M'® may be the number of PDCCH candidates to
monitor in the given search space. For the common search spaces, Y, may be set to 0 for the
two aggregation levels £ =4 and 7 -g8. For the WTRU or UE-specific search space si* at
aggregation level L , the variable Y, may be defined by Y, =(4-Y,,)modD , where
Yy =ngnm#0, 4=39827, D=65537 and k:Lns /Zj, n, may be the slot number within a radio

frame.
[0121] As described herein PDCCHs may be enhanced (e.g., an ePDCCH may be
provided) by transmitting PDCCHs in a PDSCH region with a WTRU or UE-specific

reference signal such that beamforming gain, frequency domain ICIC, and/or PDCCH
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capacity improvement gain may be achieved and/or improved. FIG. 13 illustrates an
exemplary ePDCCH multiplexing with PDSCH (FDM multiplexing).
[0122] In an example embodiment, PUCCH may be allocated in relation to PDCCH. For

example, the physical resources used for PUCCH may depend on one or more parameters,
such as N$) and/or N, given by higher layers. The variable Ny >0 may denote the
bandwidth in terms of resource blocks that may be available for use by PUCCH formats

2/2a/2b transmission in each slot. The variable A" may denote the number of cyclic shift

used for PUCCH formats 1/1a/1b in a resource block used for a mix of formats 1/1a/1b and

PUCCH
A

2/2a/2b. The value of N may be an integer multiple of A" within the range of {0, 1, ...,

7}, where A5 may be provided by higher layers. In an embodiment, there may be no

mixed resource block present if ¥’ =0. Additionally, there may be (e.g., at most) one

resource block in each slot supporting a mix of formats 1/1a/1b and 2/2a/2b. Resources that

may be used for transmission of PUCCH formats 1/1a/1b, 2/2a/2b and 3 may be represented
. . . Ly 2.5 2) A7RB N(l) RB 1 (3.0)
by the non-negative indices ny2y, nS5try < NONSE + % (NXB_ND -2), and n52 e,

respectively.

[0123] Mapping to physical resources may be provided and/or used, for example, as

described herein. In such embodiments, the block of complex-valued symbols 7)) may be
multiplied with the amplitude scaling factor Bpyccy to conform to a transmit power Poyccy

and/or mapped in sequence starting with z?)(0) to resource elements. PUCCH may use one
resource block in each of the two slots in a subframe. Within the physical resource block
used for transmission, the mapping of =7 (i) two resource elements (k,/) on antenna port p

and not used for transmission of reference signals may be in increasing order of first &, then
! and the slot number, and may start with the first slot in the subframe. The relation between

the index p and the antenna port number p may be defined.

[0124] The physical resource blocks that may be used for transmission of PUCCH in slot

n, may be given by
{—J if (m +n, mod2)mod2 =0

Nk —1—FJ if (m +n, mod2)mod2 =1
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where the variable m may depend on the PUCCH format. For formats 1, 1a and 1b

NR(ZB) if nPIU‘é)CH <c-N, 0 / APUCCH
— (1, p) (1) / \PUCCH @
m=19| n —-c-NJ /A N .
{ pUC CIS,U/CC};}“& J +NQ +{ & w otherwise
Ay 8
/ shift

3 normal cyclic prefix
" |2 extended cyclic prefix

for formats 2, 2a and 2b

m={ni e/ VR
and for format 3

m =/ NS |

[0125] Mapping of modulation symbols for the physical uplink control channel may be
illustrated in FIG. 14. In embodiments of simultaneous transmission of sounding reference
signal and PUCCH format 1, 1a, 1b or 3 when there may be one serving cell configured, a
shortened PUCCH format may be used where the last SC-FDMA symbol in the second slot
of a subframe may be left empty.
[0126] FDD HARQ-ACK procedures and/or methods for a configured serving cell may
be provided. For exmaple, HARQ-ACK transmission on two antenna ports (p €[pg,p;]) may
be supported for PUCCH format 1a/1b. For FDD and one configured serving cell, the
WTRU or UE may use PUCCH resource #{v2). . for transmission of HARQ-ACK in subframe

PUCCH
n for p mapped to antenna port p for PUCCH format 1a/1b as described herein below (e.g.,
where one or more of the following may apply).

[0127] For a PDSCH transmission indicated by the detection of a corresponding PDCCH
in subframe » -4 , or for a PDCCH indicating downlink SPS release in subframe » -4 , the

WTRU or UE may use n'7

— O ;
iy = Heep + Nppee fOr antenna port p, in subframe » where nccg

may be the number of the first CCE (e.g., lowest CCE index used to construct the PDCCH)
used for transmission of the corresponding DCI assignment and/or N{.c;; may configured
by higher layers. For two antenna port transmission the PUCCH resource for antenna port p,
may be given by nGP = neep + 1+ Neo -

[0128] For a PDSCH transmission on the primary cell where there may not be a

corresponding PDCCH detected in subframe » - 4, the value of n{;7),, may be determined
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according to higher layer configuration. For a WTRU or UE configured for two antenna port
transmission, a PUCCH resource value may map to two PUCCH resources with the first
PUCCH resource n{;2,, for antenna port p, and the second PUCCH resource nli2),, for
antenna port p;. Otherwise, the PUCCH resource value may map to a single PUCCH
resource 7). for antenna port py.

[0129] The FDD HARQ-ACK feedback procedures for more than one configured serving
cell may be based on a PUCCH format 1b with channel selection HARQ-ACK procedure or a
PUCCH format 3 HARQ-ACK procedures, for example. HARQ-ACK transmission on two
antenna ports (p €[p,,p,]) may be supported for PUCCH format 3.

[0130] For FDD with two configured serving cells and PUCCH format 1b with channel
selection, the WTRU or UE may transmit 40y on PUCCH resource nin.; selected from 4
PUCCH resources, ny)ccy, Where o< ;<41 and 4€ {234}, HARQ-ACK(j) may denote the
ACK/NACK/DTX response for a transport block or SPS release PDCCH associated with
serving cell ¢, where the transport block and/or serving cell for HARQ-ACK() and 4
PUCCH resources may be given by a table.

[0131] A WTRU or UE configured with a transmission mode that may support up to two
transport blocks on serving cell, ¢, may use the same HARQ-ACK response for the transport
blocks in response to a PDSCH transmission with a single transport block or a PDCCH

indicating downlink SPS release associated with the serving cell c.
[0132]  Additionally, the WTRU or UE may determine the 4« PUCCH resources, ey,
associated with HARQ-ACK(j) where o < j< 41 according to one or more embodiments

described herein (e.g., one or more of the following example embodiments).
[0133] For a PDSCH transmission indicated by the detection of a corresponding PDCCH

in subframe » -4 on the primary cell, or for a PDCCH indicating downlink SPS release in

subframe » -4 on the primary cell, the PUCCH resource may be i ccy; = #ecs + Nyteen » and
for transmission mode that supports up to two transport blocks, the PUCCH resource

Nyvecr, -1 MaY be given by nyleqy ;. = fiees +1+ Niew Where ne; may be the number of the
first CCE used for transmission of the corresponding PDCCH and N{)..; may be configured

by higher layers.
[0134] For a PDSCH transmission on the primary cell where there may not be a
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corresponding PDCCH detected in subframe » - 4, the value of ry.,, may be determined

according to higher layer configuration. For a transmission mode that supports up to two

transport blocks, the PUCCH resource nyey; ;,, may be given by nflcey ;. = iecn, +1.

[0135] For a PDSCH transmission indicated by the detection of a corresponding PDCCH

in subframe » -4 on the secondary cell, the value of nyj. ;, and the value of nyjy ., for

the transmission mode that supports up to two transport blocks may be determined according
to higher layer configuration. The TPC field in the DCI format of the corresponding PDCCH
may be used to determine the PUCCH resource values from one of the resource values (e.g.,
four resource values) configured by higher layers. For a WTRU or UE configured for a
transmission mode that supports up to two transport blocks a PUCCH resource value may

map to multiple (e.g., two) PUCCH resources (n) n ). Otherwise, the PUCCH

(1)
pUCCH, j» TpUccH, j+1

resource value may map to a single PUCCH resource nyjeqy ;-

[0136] Resource allocation in carrier aggregation situations may be provided. For
e¢PDCCH transmission, localized and distributed resource allocations may be implemented
for better support of UEs having different channel conditions in a cell. A localized resource
allocation may allow frequency selective gain so that an eNB scheduler may increase spectral
efficiency by exploiting channel state information of a WTRU or UE experiencing low
Doppler frequency. A distributed resource allocation may provide frequency diversity gain
so that reliable PDCCH transmission performance may be achieved without channel state
information, which may be appropriate for a WTRU or UE suffering from high Doppler
frequency. Currently, ePDCCHs may be designed based on single component carriers such
that the performance may be limited if such designs may be used in multiple carrier network.
[0137] In a system having multiple component carriers, the localized resource allocation
and distributed resource allocation may be optimized for frequency selective scheduling gain
and/or frequency diversity gain. Such ePDCCH designs may be focused on single
component carrier such that the performance may be limited in a multiple carrier system.
[0138] Additionally, a WTRU or UE may provide a HARQ-ACK response in subframe
n+4 when a WTRU or UE receives PDSCH in subframe n. As the PDCCH blind detection
may desire or require some portion of time before starting PDSCH decoding, the PDSCH
processing time may be reduced to less than 4ms. A timing advance may reduce PDSCH

processing time so that a WTRU or UE may finish its decoding processing before n+4, for
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example, assuming a case in which a largest transport block size, highest rank, and/or longest
timing advance may be considered. That is, PDSCH processing time may be further reduced.
Since ePDCCH may be transmitted in a PDSCH region, this may reduce PDSCH processing
time, for example, in a multiple carrier system a maximum transport block size may be
doubled. A similar processing time reduction may be observed for aperiodic CSI reporting.
Aperiodic CSI reporting maybe triggered by a downlink control channel, the CSI feedback
processing time may be reduced by ePDCCH reception and this may become more serious as
the number of component carriers gets larger for CSI reporting at the same time.
Unfortunately, as described, currently the PDSCH processing time and aperiodic CSI
reporting processing time at a WTRU or UE receiver may be tighter due to the use of
ePDCCH instead of legacy PDCCH and currently these issues may be more significant when
carrier aggregation may be used.

[0139] Additionally, an uplink control channel allocation may be provided. For example,
FDD HARQ-ACK feedback procedures may be based on a PUCCH format 1a/1b (e.g., a
dynamically assigned PUCCH format 1a/1b) for one configured serving cell (e.g., in a single
cell operation like Rel-8 or R8). For 2 or more DL serving cells for FDD, PUCCH feedback
may use a PUCCH format 1b (e.g., a dynamically assigned PUCCH format 1b) with channel
selection (e.g., if 2 DL serving cells may be used) or a PUCCH format 3 (e.g., semi statically-
configured PUCCH format 3) in combination with ARI (e.g., if 3 or more configured serving
cell may be used). In TDD (e.g., Rel-10 TDD), single cell operation may be based on
PUCCH format 1 (e.g., dynamically assigned PUCCH format 1) with channel selection.
PUCCH format 1 with channel selection (e.g., if 2 or more DL serving cells may be used)
and/or PUCCH format 3 or PUCCH F3 may be used as a function of the RRC configuration.
[0140] In an embodiment, with a dynamically derived PUCCH resource, such as for the
case of single carrier operation or a DL assignment received on the primary serving cell with
DL carrier aggregation and for a PDSCH transmission indicated by the detection of a
corresponding PDCCH in subframe » -4 on the primary cell, and/or for a PDCCH indicating

downlink SPS release in subframe » - 4 on the primary cell, the PUCCH resource may be

Mydeeny = Mecr + Nigeen » and/or for a transmission mode that supports up to two transport blocks,
the PUCCH resource n{yccy ., may be given by nglccy . = necy +1+ Nyjee; Where 7 may be

the number of the first CCE used for transmission of the corresponding PDCCH and Nccn

may be configured by higher layers. In an embodiment with PUCCH format 3, the PUCCH
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index maybe pre-configured through RRC and/or for a given DL subframe n-4, the
corresponding PUCCH index in UL subframe n may be derived from the ARI carried in the
TPC field of the DL assignment message on the SCell.

[0141] For a single carrier mode of operation, since the structure and/or resource region
of the ePDCCH may be different from that of the legacy PDCCH, a PUCCH resource
allocation mechanism may be specified to be able to allocate PUCCH resources to users or
UEs (or WTRUs) decoding DCI’s using ePDCCH, which may be difficult with multiple
carriers. Additionally, for DL carrier aggregation, a PUCCH resource allocation mechanism
may be used to allow users (or WTRUSs) decoding ePDCCH on at least one of the DL serving
cells to transmit ACK/NACK information corresponding to the DL data transmissions
scheduled on a primary and one or more secondary serving cells.

[0142] Frame Structure 2 TDD support may also be provided. In a TDD system, a
PDSCH may be transmitted in a PDSCH region in a downlink subframe and/or a PDSCH
region (e.g., DWPTS) in a subframe. In DwWPTS (e.g., a Downlink Pilot Time Slot where a
number of OFDM symbols reserved for downlink transmission in a special subframe), the
available number of OFDM symbols for PDSCH transmission may be limited and/or vary
according to the configurations. Since the legacy PDCCH may be transmitted together in the
same subframe, embodiments of ePDCCH transmission may be provided separately.

[0143] If multiple component carriers may be configured with a different DL-UL
subframe configuration in a TDD system, the downlink control channel may not be supported
for a specific downlink subframe in a secondary cell, for example, when cross-carrier
scheduling may be used. This may result in a downlink subframe waste in the secondary cell.
Due to the lack of the number of OFDM symbols in DwPTS and/or variable number of
OFDM symbols for PDSCH transmission, currently the ePDCCH transmission in a subframe
may be needed (e.g., as described herein below) or detailed WTRU or UE behavior may be
defined (e.g., as described herein below) to help avoid an error.

[0144] PDCCH fallback may be provided. For example, as ePDCCH may be supported
with a legacy PDCCH in a network, a WTRU or UE may be configured to a specific PDCCH
type via higher layer signaling. In such an embodiment, there may be an ambiguity period in
which an eNB scheduler may not know whether a WTRU or UE may monitor an RRC
signaled PDCCH type or not. A PDCCH fallback transmission, which may be received by a
WTRU or UE regardless of the configured PDCCH type, may be defined to avoid resource
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waste and/or unexpected WTRU or UE behavior. In such an embodiment, if a WTRU or UE
may be configurable between legacy PDCCH and ePDCCH in a semi-static manner with
higher layer signaling, a WTRU or UE may need to be able to continuously or continually
receive a PDCCH during the configuration process.

[0145] Resource collision may further occur between PRS and ePDCCH. For example,
when ePDCCH is used in a cell, PRS transmitted by the cell may overlap or collide with
certain REs of the ePDCCH transmission. When the PRS BW overlaps the ePDCCH
transmission BW, the PRS transmission may collide with the DM-RS of the ePDCCH
transmission. An example of this collision is shown in FIG. 15. As illustrated in FIG. 15,
the Vshift may equal 0. Such an overlap may result in performance degradation that,
currently, may be too severe for the WTRU or UE to properly decode the ePDCCH. The
eNB may have no knowledge of which WTRUSs or UEs may be aware of the PRS
transmission, since the WTRU’s or UE’s support of OTDOA, performance of related
measurements, and/or knowledge of PRS information may be based on the transparent
communication between the WTRU or UE and the E-SMLC, for example. Additionally,
systems and/or methods may be provided herein for handling and/or for avoiding such
collisions.

[0146]  As described herein, systems and/or methods may be provided to provide an
¢PDCCH that may be used with multiple carriers. For example, a resource definition or
description such as an ePDCCH resource configuration may be provided. In the ePDCCH
resource configuration, a resource element (RE) in a subframe may be used for ePDCCH that
may satisfy one or more of the following: may not collide with downlink antenna ports (e.g.,
reference signal) from 0 to 22 except for antenna ports {4, 5}; may not be occupied by
PCFICH, PHICH, and/or PDCCH; not used for PSS/SSS and/or PBCH; may not be
configured for a muted RE (e.g., zero-power CSI-RS, ABS, null RE); may not be used for
PDSCH; may not be used for PMCH for a configured MBFSN subframe(s); and/or which
may be used for an above purpose, but may be differential by applying mutually orthogonal
patterns to both ePDCCH and non-¢ePDCCH (e.g., as described herein).

[0147] A resource configured for FDD and TDD (e.g., in a single DL Carrier) may also
be provided. For example, a subset of a physical resource block(s) (PRB), which may be
referred to as a PRB-pair or RB, in a subframe may be configured for an ePDCCH
transmission and the ePDCCH resources may be provided to a WTRU or UE by using
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broadcast channel(s) (e.g., MIB, SIB-x) and/or higher layer signalling (e.g., RRC, MAC, and
the like). The subset of PRB may be consecutive PRBs or distributed PRBs. If a system
bandwidth may be SMHz (e.g. where 25 PRBs may be available, Njy*"" = 25), the subset

NEEPCCH of PRBs for ePDCCH may be configured, where NGEPCH < NI*PEFIG. 16
shows an example for ePDCCH multiplexing with PDSCH, where ePDCCH resources may
be allocated in a subframe. The PRB level ePDCCH multiplexing with PDSCH may be used
(e.g., as shown).

[0148] In an embodiment, ePDCCH PRBs may be reserved, for example, to enable
simpler ePDCCH reception and/or reduced blind decoding complexity. Additionally, the
ePDCCH PRBs may be configured in PRB-pair level and may include one or more of the
following. For example, resource allocation types for PDSCH transmission may be used
including resource allocation type 0, which may be a bitmap based indication with resource
block group (RBG) where RBG may be defined according the system bandwidth; resource
allocation type 1, which may be a bitmap based indication with RBG subset; resource
allocation type 2, which may be a contiguous resource allocation (e.g., starting RB number
and/or length may be given); the resource allocation type for ePDCCH resource may be
different according to ePDCCH modes (e.g., distributed and localized transmissions), for
example, resource allocation type 0 may be used for localized transmission and resource
allocation type 1 may be used for distributed allocation; and/or the RBs for localized and
distributed transmission may be overlapped, that is, a PRB-pair may be used for localized and
distributed transmission. Additionally, a per-PRB-pair level bitmap indication may be used
where a bitmap per PRB-level may be provided to indicate the ePDCCH resources that may
use Np prp bits and Npp prp may indicate a number of PRB-pairs in the downlink system. In
embodiments, predefined PRBs may also be used. For example, multiple PRB-pair subsets
may be defined for ePDCCH and/or the subset number may be informed to a WTRU or UE.
Each PRB-pair subset may include one or more numbers of PRB-pairs and the PRB-pairs in a
PRB-pair subset may be mutually orthogonal with another PRB-pair subset. At least one of
PRB-pair subset may be used without configuration. The PRB-pair subset may be used for
common search space, or used for the first PRB-pair subset for WTRU or UE-specific search
space. The subset number may be informed to a WTRU or UE dynamically. For example,
the subset number may be indicated in each subframe in which a WTRU or UE may monitor

or receive ePDCCH. Predefined PRBs may be used for a common search space.
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Configuration based PRBs may be used for a WTRU or UE-specific search space. The
¢PDCCH PRB embodiments described herein may be used per ePDCCH resource set if
multiple ePDCCH resource sets may be configured for a WTRU or UE. The ePDCCH
resource set and ePDCCH region may be used interchangeably.

[0149] According to an example embodiment, a WTRU or UE may have a particular
behavior to monitor ePDCCH based on a given ePDCCH indication. For example, the
ePDCCH resources may be informed to a WTRU or UE via broadcasting channels and/or
RRC signaling. The WTRU or UE may monitor ePDCCH within its search space which may
be in a subset of PRBs configured for ePDCCH. The subset of PRBs may be informed to a
WTRU or UE with dynamic indication in an implicit or explicit manner. For example, an
indication bit may be transmitted in the subframe and/or a DM-RS scrambling sequence may
indicate which subset of PRBs configured for ePDCCH may be used. The ePDCCH
resources may be informed to a WTRU or UE with an ePDCCH resource index (ERI) from a
set of ePDCCH configurations and/or the ERI may be informed via higher layer signaling or
implicitly derived from at least one of following: a subframe index and/or SFN; Cell-ID;
and/or RNTI (e.g., C-RNTIL, P-RNTI, SI-RNTI). A WTRU or UE may be informed regarding
types of ePDCCH resources such as a “system ePDCCH resources” and/or a “WTRU or UE-
specific ePDCCH resources.” WTRU or UE behavior associated with these ePDCCH
resource types may include one or more of the following: a WTRU or UE may receive the
system ePDCCH resource information via a broadcast channel or higher layer signaling. A
WTRU or UE may receive WTRU or UE-specific ePDCCH resource information from
higher layer signaling. The WTRU or UE-specific ePDCCH resource may be the same as
system ePDCCH resources. The WTRU or UE-specific ePDCCH resource may be a subset
of system ePDCCH resources in a time and/or frequency domain. For example, a subset of
PRBs in a subframe and/or a subset of time subframe/frame may be the WTRU or UE-
specific ePDCCH resources. In embodiments, a WTRU or UE may not receive (e.g., may not
assume to receive) PDSCH in a system ePDCCH resource that may not be in the WTRU or
UE-specific ePDCCH resources. A WTRU or UE may receive (e.g., assume to receive)
PDSCH in a system ePDCCH resources that may not be in the WTRU or UE-specific
e¢PDCCH resources. A WTRU or UE may receive (e.g., may assume to receive) PDSCH in a
WTRU or UE-specific ePDCCH resource if ePDCCH may not be transmitted in an ePDCCH
PRB-pair.
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[0150] According to an example embodiment, the ePDCCH PRBs may be configured in
multiple steps, such as long-term and short-term ePDCCH resources. For example, the long-
term ePDCCH resources may be defined in a semi-static manner and/or the short-term
ePDCCH resources may be defined within the long-term ePDCCH resources in a dynamic
manner. Also, the long-term ePDCCH resources, cell-specific ePDCCH resources, semi-
static ePDCCH resources, temporal ePDCCH resources, and/or higher layer configured
ePDCCH resources may be used interchangeably.

[0151] In an embodiment, the long-term ePDCCH resource may be a set of PRB-pairs

within a system bandwidth. The resource allocation type 0, 1, or 2 may be used for indicating

a set of PRB-pairs as a long-term ePDCCH resource. A number of bits (e.g., NpaPr

) may
be used for bitmap based allocation to support flexibility (e.g., full flexibility). The resource
indication for long-term ePDCCH resource may be informed to a WTRU or UE via
broadcasting or higher layer signalling. A WTRU or UE may know or assume that a part of
long-term ePDCCH resources (e.g., PRB-pairs) may be used for PDSCH transmission. Ifa
PDSCH resource allocation may collide with long-term ePDCCH resources while not
colliding with short-term ePDCCH resources, a WTRU or UE may know or assume that
PDSCH may be transmitted in the resources. If a PDSCH resource allocation collides with
both long-term and short-term ePDCCH resources, a WTRU or UE may assume that PDSCH
may not be transmitted in the resource and/or rate-match around the resources.

[0152] The short-term ePDCCH resource may be named as WTRU or UE-specific
ePDCCH resources, dynamic ePDCCH resources, per-subframe ePDCCH resources, and/or
L1 signalling based ePDCCH resources. The short-term ePDCCH resources may be a subset
of long-term ePDCCH resources. The subset of ePDCCH resources may be indicated in each
subframe so that the eNB may change the subset of ePDCCH resources from a subframe to
another.

[0153] The indication for short-term ePDCCH resources may be based on explicit
signalling. The explicit signalling may include one or multiple indication bits transmitted in
the same subframe and/or the location of the indication bits may be fixed. According to an
example embodiment, the fixed location may be the lowest index of the PRB-pairs
configured for long-term ePDCCH resources. The fixed location may be predefined

irrespective of the long-term/short-term ePDCCH resources. For example, the lowest index
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of the PRB-pair in the system bandwidth. The fixed location may be based on distributed
transmission.

[0154] The indication for short-term ePDCCH resources may be based on implicit
signalling. The implicit signalling may be a DM-RS in the PRB-pairs configured as short-
term ePDCCH resources that may be scrambled with a specific scrambling code which may
be known to the eNB and/or the WTRU or UE. Therefore, a WTRU or UE may check the
long-term ePDCCH resources with a specific scrambling code to figure out the short-term
ePDCCH resources. Once the WTRU or UE finishes figuring out (e.g., determining) the
short-term ePDCCH resources, WTRU or UE-specific search space may be defined with the
short-term ePDCCH resources. Therefore, the WTRU or UE may monitors ePDCCHs within
the WTRU or UE-specific search space. The short-term resource may be configured in a
WTRU or UE-specific manner. A WTRU or UE may assume that PDSCH may not be
transmitted in the PRB-pair configured for long-term ePDCCH resources, for example, even
if the PRB-pairs may not be within short-term ePDCCH resources. The short-term resource
may be configured in a cell-specific manner. A WTRU or UE may receive PDSCH in the
PRB-pair configured for long-term ePDCCH resources, for example, if the PRB-pairs may
not be within short-term ePDCCH resources.

[0155] Multiple ePDCCH resource sets may be provided or described herein and/or a
subset of ePDCCH resource sets may be used in a subframe. The number of ePDCCH
resource sets may be configurable by eNB. The number of ePDCCH resource sets may be
fixed irrespective of the system configuration. A subset of ePDCCH resource set may be
configured for a specific WTRU or UE as a WTRU or UE-specific search space. A subset of
ePDCCH resource set for a specific WTRU or UE may be predefined as a function of C-

RNTI and/or subframe number. For example, if N,ppccy subsets of ePDCCH resource sets

may be defined and one of the subsets of ePDCCH resource sets may be configured to a
specific WTRU or UE, the following equation may be used to select which ePDCCH
resource set may be used for the WTRU or UE. A subset of ePDCCH resource sets for a

specific WTRU or UE may be defined as k=ngy;modN,ppecy  Table 8-3 shows an example

of subset configurations when four ePDCCH resource sets may be defined. In the table, ‘v’

may indicate which set may be included in the subset. Additionally, ke =ngygy mod3

used in Table 8-3.

may be

Table 8-3 - An example of multiple subsets of ePDCCH resource sets.
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Subset-k
ePDCCH resource sets (Set-7)
=0 k=1 k=2
Set-0 v v v
Set-1 v - -
Set-2 - v -
Set-3 - - v

[0156] An ePDCCH resource set may include one or more PRB-pairs and/or the number

of PRB-pairs per ePDCCH resource set may be fixed. For example, N,,, PRB-pairs may be
grouped as an ePDCCH resource set, where the N,,, PRB-pairs may be consecutive or

distributed over the system bandwidth.

[0157] Additionally, an ePDCCH resource set may be configured as a localized ePDCCH
resource or a distributed ePDCCH resource. If an ePDCCH resource set may be defined as
localized ePDCCH resource, c¢CCEs within the ePDCCH resource set may be defined as
localized ePDCCH transmission (LeCCE). In one ePDCCH resource set, multiple LeCCEs
may be defined. The REs for a LeCCE may be located within a PRB-pair. If an ePDCCH
resource set may be defined as distributed ePDCCH resource, ecCCEs within the ePDCCH
resource set may be defined as distributed ePDCCH transmission (DeCCE). In an ePDCCH
resource set, multiple DeCCEs may be defined. The REs for a DeCCE may be located over
two or more number of PRB-pair. A DeCCE may include multiple eREGs, where an eREG
may include multiple REs within a PRB-pair. The multiple eREGs for a DeCCE may be
transmitted over multiple PRB-pairs within an ePDCCH resource set. The first ePDCCH
resource set may be predefined as distributed ePDCCH resource and/or the other ePDCCH
resource sets may be configured as one of localized and distributed ePDCCH resource.
[0158] The number of PRB-pairs per ePDCCH resource set may vary according to the

system parameters. For example, the number of PRB-pairs per ePDCCH resource set may be

defined as a function of the system bandwidth or the number of RBs (e.g., Npg) such as

N, =f(NRy). Inthis case, one or more of the following may apply:

DL
N, =f(Ngs) = {N R/ w , where N, may be a fixed number or eNB configured number; the

s

function for the number of PRB-pairs per set may be different according to the ePDCCH

transmissions such as localized and distributed ePDCCH; and/or a lookup table may be

_40 -



WO 2013/112972 PCT/US2013/023341

NmaX,DL

sze 1 sze .
defined for “'s¢ according to Ny~ . The value of “'ser may be different from the Table 8-4

shown below.

Table 8-4 - Number of PRB-pair ( N,,,) according to the system bandwidth.

System Bandwidth ( NV Ir{nBaXDL) Nyer
<10 2
11-26 4
27 - 63 6
64 110 8

[0159] In an embodiment, the fixed value of N, may be used for common search space,
while multiple value of N,,, may be used for WTRU or UE-specific search space. The
multiple value of N,,, for WTRU or UE-specific search space may be changed according to at

least one of the system bandwidth, the subframe number and/or SFN number, and/or a
configured parameter via broadcasting or higher layer signalling,

[0160] Among the multiple ePDCCH resource sets, a subset may also be selected
explicitly (e.g., using one or more indication bit(s)). For example, one or more indication
bit(s) may be transmitted in the PDCCH region in the same subframe. In this embodiment, at
least one of a PCFICH in the PDCCH region or a DCI may be transmitted for indication bit
transmission. The PCFICH in the PDCCH region may be used to indicate how many
ePDCCH resource sets may be used. In this case, the number of OFDM symbols for the
PDCCH may be defined as either following the same number indicated in PCFICH or
configured via higher layer signalling. The DCI may be defined and/or transmitted in a
common search space. The DCI may include at least one of a number of ePDCCH resource
sets and/or a resource allocation index.

[0161] The one or more indication bit(s) may be transmitted in the same or previous
subframe in the PDSCH region. In this case, an indication channel may be transmitted for
indication transmission. The indication channel (e.g., ePCFICH) may be defined and/or
transmitted in a specific location. The location for the indication channel may be a zero-
power CSI-RS or a subset REs of zero-power CSI-RS. If zero-power CSI-RS location may
be used, the subset of ePDCCH resource sets may be valid within the duty cycle. The
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indication channel may be defined in the first ePDCCH resource set. The indication channel

may be transmitted over N,,, PRB-pairs, for example, when N,,, PRB-pairs may be used for

the first ePDCCH resource set. The indication channel may be defined in the fixed location
in the subframe and/or the location may be changed according to the cell-ID and/or subframe
number. The indication channel may be transmitted in the subframe #-1 and/or the indication
information may be applied in the subframe 7.

[0162]  Among the multiple ePDCCH resource sets, a subset may be selected implicitly.
For example, a specific DM-RS scrambling sequence may be used for the subset of ePDCCH
resource sets used for ePDCCH transmission in the subframe. A WTRU or UE may detect
the ePDCCH resource sets used for ePDCCH transmission in the subframe, for example, by
using the sequence scrambled to the DM-RS. Once a WTRU or UE finishes the ePDCCH
resource set detection, the WTRU or UE may figure out the WTRU or UE-specific search
space. The WTRU or UE may start blind detection within the WTRU or UE-specific search
space.

[0163] Multiple ePDCCH resource sets, which may be interchangeably used as ePDCCH
region, ePDCCH PRB set, and/or ePDCCH set, may be implemented. Each ePDCCH
resource set may include a non-overlapped N, PRB-pair where the N,., may have one or
more values. In this embodiment, each ePDCCH resource set may be configured as ePDCCH
localized transmission or ePDCCH distributed transmission. The N, may also, or
alternatively, be configured via higher layer signalling, predefined as a function of system
parameter(s), and/or defined as a combination of system parameters ad higher layer
signalling.

[0164] A K,.; ePDCCH resource set may also be configured for a WTRU or UE where
the K. may have two or more values. In this embodiment, the N, for each ePDCCH
resource set may be used independently when K., ePDCCH resource sets may be configured,
the K.; may be configured via higher layer signalling, the K., may be indicated in
broadcasting channel (e.g., MIB, SIB-x), and/or the K,.; may be different according to the
SFN/subframe index.

[0165] When the N,,, for each ePDCCH resource set may be used independently, one or
more of the following may apply: the N,.; may be larger for localized transmission so that
frequency selective scheduling gain may be increased while the reasonable resource

utilization may be provided; the N,.; may be larger for distributed transmission so that
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frequency diversity gain may be maximized; the N,.; may be defined as a function of the
system bandwidth or other cell-specific parameters for at least one of ePDCCH transmissions
(e.g., localized and distributed transmission), for example, the N,.; may be predefined for
localized transmission according to the system bandwidth while N,,; may be configured for
distributed transmission via higher layer signalling; and/or two N, may be configured such
as Nser 7 and Ny 2 if K. may be larger than 1, and the N, ; may be used for the configured
ePDCCH resource set(s) as a distributed transmission while Ny, > may be used for all
configured ePDCCH resource set(s) as a localized transmission.

[0166] The K,.; ePDCCH resource set may be configured as a single ePDCCH resource
set or multiple ePDCCH resource sets. If a WTRU or UE may be configured with the
multiple ePDCCH resource sets, the WTRU or UE may assume that K., =2. In this
embodiment, if a WTRU or UE may be configured with a single ePDCCH resource set, the
e¢PDCCH resource set may be configured as localized or distributed ePDCCH transmission
and/or the WTRU or UE may assume that the ePDCCH resource set may be configured as
distributed transmission. If a WTRU or UE may be configured with multiple ePDCCH
resource sets, at least one of ePDCCH resource set may be configured as distributed
ePDCCH transmission; an ePDCCH resource set may be defined as primary ePDCCH
resource set and the other ePDCCH resource set may be defined as secondary ePDCCH
resource set; and/or the N, may be different according to the ePDCCH resource set. For
example, the first set may have N,.; =4 and the second set may have N, =2.

[0167] In an embodiment, the ePDCCH resources may be configured and/or defined
differently according to or based on the ePDCCH search space. For example, the ePDCCH
common search space may be configured in a cell-specific manner and the WTRU or UE-
specific search space may be configured in a WTRU or UE-specific manner.

[0168] The ePDCCH common search space resource may be configured via at least one
of the following. In one embodiment, a minimum set of PRB pairs may be configured in a
specific time and/or frequency location in a predefined manner. For example, 4 PRB-pairs or
6 PRB-pairs may be defined as a minimum set of PRB pairs for the common search space
and the center 4 or 6 PRB-pairs in the downlink system bandwidth may be used for common
search space.

[0169] Additionally, in a subframe including PSS/SSS and/or PBCH, the location of

e¢PDCCH common search space may be located next to the center 6 PRB-pairs if the
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downlink system bandwidth may be larger than 6 PRB-pairs. In this embodiment, the 4 or 6
PRB-pairs may be equally divided and located in both sides of center 6 PRB-pairs.

[0170] The PRB pairs for the common search space may also be extended in a WTRU or
UE-specific manner. In this embodiment, the minimum set of PRB pairs may be considered
as the first ePDCCH common search space set and the WTRU or UE-specific common search
space extension may be considered as the second EPDCCH common search space set. As
such, two ePDCCH common search space sets may be configured and one of them may be
configured in a cell-specific manner and the other may be configured in a WTRU or UE-
specific manner. In such an embodiment, a subset of DCI formats that may be monitored in
the common search space may be monitored in a cell-specific common search space and the
others may be monitored in a WTRU or UE-specific common search space. For example,
DCI formats 1A/1B/1C may be monitored in the cell-specific common search space and DCI
formats 3/3A may be monitored in the WTRU or UE-specific common search space.
Additionally, the WTRU or UE-specific common search space may be configured via higher
layer signalling or signalled in a broadcasting channel. Furthermore, in an embodiment, two
common search space resource sets may be configured and the first ePDCCH common search
space resource set may be predefined in a fixed location while the second ePDCCH common
search space resource set may be configured via broadcasting channels such as MIB or SIB-
X.

[0171] The WTRU or UE-specific search space may be configured via at least one of the
following. In an embodiment, a WTRU or UE-specific ePDCCH resource set may be defined
as a set of a number of PRBs. For example, one of the {2, 4, 8} PRBs may be configured for
a WTRU or UE-specific ePDCCH resource set via higher layer signalling. Additionally, a
bitmap may be used to indicate the PRB-pairs configured for common search space. In an
embodiment, up to two WTRU or UE-specific ePDCCH resource sets may be configured per
WTRU or UE and the two WTRU or UE-specific ePDCCH resource sets may be overlapped
partially or fully in PRB pairs.

[0172] Furthermore, the PRB pairs for a WTRU or UE-specific search space and the PRB
pairs for a common search space may be overlapped. In this embodiment, one or more of
following may apply. The second ePDCCH common search space resource set may be
overlapped with a WTRU or UE-specific ePDCCH resource set where, for example, the

second ePDCCH common search space set may be either a WTRU or UE-specific common
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search space or a cell-specific common search space. Iftwo ePDCCH common search space
resource sets may be configured, the two EPDCCH common search space resource sets may
be fully or partially overlapped with each other.

[0173] Embodiments may be described herein for resource configuration for TDD in the
embodiment of a single DL carrier. In frame structure 2, several UL-DL subframe
configurations and associated HARQ-ACK and UL/DL grant may be defined, for example, in
order to fully utilize UL/DL resources. Table 9 shows an exemplary UL-DL subframe
configuration that may allow various uplink downlink traffic asymmetries according to the

network environments.

Table 9- UL-DL subframe configuration

Uplink-downlink Downlink-to-Uplink Subframe number
configuration Switch-point periodicity | 0 |1 |2 |3 |4 [5|6 |7 (89
0 5 ms D|S|U|U|U|D|S|JU|U|U
1 5 ms DIS|U|JU[D|D[S|J]U|JU|D
2 5 ms DIS|U|/D[D|D[S|JU|D|D
3 10 ms D|(S|U|JU|U|D[D|D|D|D
4 10 ms D|(S|U|JU|[D|D[D|D|D|D
5 10 ms D|S|U|D|D[D|D|[D|D|D
6 5 ms D|S|UJU|JU|D|S]JUJU|D

[0174] In Table 9, ‘D’ and ‘U’ denote downlink subframe and uplink subframe,
respectively. ‘S’ denotes special subframe that may be used when the subframe configuration
may be changed from downlink to uplink, e.g., as a guard time so that a WTRU or UE may
prepare to transmit signals. The special subframe may comprise DwPTS, UpPTS, and GP
where DwPTS and UpPTS periods may be a number of OFDM symbols for downlink and
uplink transmissions, respectively. The rest of the times except for DWPTS and UpPTS may

be considered as GP. Table 10 shows example special subframe configurations.

Table 10 - Configuration of special subframe in normal CP (lengths of DwPTS/GP/UpPTS)
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Special subframe Normal cyclic prefix in downlink
configuration DwPTS UpPTS
# of DL OFDM # of SC-FDMA Normal cyclic
symbols symbols prefix
in uplink

0 3 6592-T,
1 9 19760-T,
2 10 219527, 1 21927,
3 1 24144T,
4 12 26336 T,
5 3 6592-T,
6 9 19760-T,

2 4384.T,
7 10 219521,
8 11 24144T,

[0175] Since an ePDCCH may be transmitted based on antenna ports 7~10, the ePDCCH
may not be transmitted in a special subframe configuration. In such a case, a WTRU or UE
behavior for PDCCH reception may be provided as described herein. For example, a WTRU
or UE may assume that the ePDCCH may be limited to transmission in a normal downlink
subframe. A WTRU or UE may assume that downlink control channel may be transmitted
via legacy PDCCH in a special subframe irrespective of the PDCCH configuration. A
WTRU or UE may assume to receive ePDCCH targeting special subframe # in downlink
subframe #n-k where k£ may be defined according to the UL-DL subframe configuration and %
may be defined as the downlink subframe closest to the subframe #. If a WTRU or UE may
be configured to receive ePDCCH, the WTRU or UE may skip blind decoding of ePDCCH in
the special subframe. ePDCCH and legacy PDCCH reception may be configurable, for
example, as shown in the exemplary TDD UL-DL subframe configuration in Table 11 where

‘E’ and ‘L’ denote ePDCCH and legacy PDCCH, respectively.

Table 11 - legacy PDCCH (L)-ePDCCH (E) subframe configuration

- 48 -



WO 2013/112972 PCT/US2013/023341

Legacy PDCCH-ePDCCH Downlink-to-Uplink Subframe number

configuration Switch-point periodicity | 0 | 1 (2|3 |4 |56 (7 [8]9
0 5 ms E|L]|-]- E[L]| -
1 5 ms E|E -|E|E -
2 5 ms E|L -|E|JE]|L - | E
3 5 ms E|E -|E|E|E - |E
4 5 ms E|L E|E[E|L E|E
5 5 ms E|E E|E|[E|[E|-|E|E
6 10 ms E|L -|-|E|JE[E]|E|E
7 10 ms E|E -|E|E|E|[E|E
8 10 ms E|L E|E|E|[E]|E|E
9 10 ms E|E E|E|E[E]|E|E
10 10 ms E|L E|E[E|[E|E]|E|E
11 10 ms E|E E|E|[E|[E|E]|E|E
12 5 ms E|L -|-|E|JL[-]-]E
13 5 ms E|E]|-|- E|E E
14 Reserved
15 Reserved

[0176] A WTRU or UE may assume that ePDCCH may or may not be transmitted and/or
monitored in a specific special subframe based on one or more of the following. In a
downlink normal cyclic prefix (CP) case, ePDCCH may be transmitted and/or monitored in
the special subframe configuration {1, 2, 3, 4, 6, 7, 8} in Table 10 (e.g., and may not be
transmitted and/or monitored in configurations 0 and 5, for example, for such TDD and/or
downlink normal CP). The special subframe configuration in which ePDCCH may be
transmitted may be predefined as other than {1, 2, 3, 4, 6, 7, 8}. For example, ePDCCH may
be transmitted and/or monitored in a DWPTS comprising more than m OFDM symbols,
where m may be 3, 8, 9, or 10. Additionally, if a special subframe configuration O or 5 may
be used in a cell, a WTRU or UE behavior for PDCCH reception may be defined in one or
more of the following ways: a WTRU or UE may assume that ePDCCH may not be
transmitted and/or monitored in a special subframe (e.g., 0 or 5 which may not be included in
the special subframe configuration {1, 2, 3, 4, 6, 7, 8} described above), otherwise, a WTRU
or UE may monitor ePDCCH in a special subframe; a WTRU or UE may assume that
e¢PDCCH targeting the special subframe n may be transmitted in subframe n-k, where k may
be defined as the downlink subframe closest to the subframe n; a WTRU or UE may assume
that PDCCH may be transmitted via legacy PDCCH in the special subframes; and/or a
WTRU or UE may follow the configuration of ePDCCH and legacy PDCCH which may be
predefined. If a special subframe configuration other than 0 and 5 may be used in a cell, a
WTRU or UE may assume that ePDCCH may be transmitted in DwPTS. There may be a
special subframe in which DwPTS may be equal to or longer than Np,prs [OFDM symbol].
The Npwprs may be configured by higher layers. The Np,prs may be fixed as 9 (e.g., which
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may be equivalent to 19760 * T for normal CP and 20480 - T for extended CP).

[0177] If multiple component carriers may be configured in TDD mode, each component
carrier may have a different UL-DL subframe configuration. For example, PCell and SCell
may be configured with UL-DL configuration 1 and 2, respectively, as shown in the FIG. 17.
FIG. 17 illustrates an example embodiment of carrier aggregation with different TDD UL-DL
configuration. In such a case, a downlink subframe for PCell may not be available in
subframes 3 and 8, although a WTRU or UE may expect to receive PDSCH in SCell, which
may result in scheduling restriction if cross carrier scheduling may be activated since a
WTRU or UE may receive PDCCH in PCell. At least one of WTRU or UE behaviors
described herein may be used when a cross carrier scheduling may be activated, which may
resolve such issues. For example, a WTRU or UE may assume that the PDCCH may be
transmitted in SCell if a normal downlink subframe may not be available in PCell in an SCell
downlink subframe. A WTRU or UE may monitor ePDCCH in SCell for PDCCH reception
regardless of the PDCCH configuration. A WTRU or UE may monitor the legacy PDCCH if
the WTRU or UE may be configured to receive the legacy PDCCH in PCell. A WTRU or
UE may monitor the legacy PDCCH or ePDCCH according to a subframe with a predefined
PDCCH reception configuration. A WTRU or UE may assume that the PDCCH may be
transmitted in SCell if a normal downlink subframe or special subframe may not available in
PCell in an SCell downlink subframe. A WTRU or UE may continue to monitor PDCCH in
a special subframe if the special subframe configuration may not be 0 or 5. If a special
subframe configuration O or 5 may be used, a WTRU or UE may assume that PDCCH may
be transmitted in SCell. If multiple SCells may be configured, the SCell locating lowest
frequency may be considered as PCell for PDCCH reception.

[0178] Resource allocation (e.g., ePDCCH resource allocation) in a multiple carrier
system (e.g. in multiple DL carriers) may be disclosed, provided, and/or used. In a multiple
carrier system, the resources for ePDCCH may be defined in a PDSCH region and the
ePDCCH resources may be multiplexed with PDSCH in an FDM manner. The ePDCCH

resource may be configured in one or more of the following ways.

[0179] ePDCCH resources may be limited to configuration in the Primary cell (PCell) if
cross-carrier scheduling may be activated. In such a case, a WTRU or UE may assume that
an ePDCCH may be limited to transmission in PCell and the WTRU or UE may limit

monitoring for ePDCCH reception to Pcell. ePDCCH resources may not be allowed in a
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Secondary cell (SCell). Additionally, ePDCCH resources in SCell may be considered as
muted RBs from a WTRU or UE perspective such that the WTRU or UE rate-matches the
RBs if a PDSCH may be scheduled in the RBs.

[0180] Additionally, ePDCCH resources may be configured in a single cell if cross-
carrier scheduling may be activated. The cell (e.g., component carrier) that has ePDCCH
resources may be configured by higher layer signalling. The cell (e.g., component carrier)
that has ePDCCH resources may be predefined. For example, a broadcast channel (e.g., SIB-
x) may indicate the cell. The component carrier that has the ePDCCH may be fixed or
changed according to subframe and/or radio frame. Ifthe component carrier having the
ePDCCH may be changed, a WTRU or UE may implicitly derive which component carrier
has the ePDCCH in a specific subframe and/or radio frame by using an SFN number.

[0181] ePDCCH resources may be defined in a subset of component carriers which may
be equal to or smaller than the configured component carriers for a specific WTRU or UE.
The subset of component carriers may be configured by higher layers. Additionally, the
subset of component carriers may be predefined including, for example, component carrier
number and center frequency. The subset of component carriers may also be dynamically
changed from a subframe to another. The subset pattern may be predefined and/or tied with
an SFN number.

[0182] In an embodiment, ePDCCH and legacy PDCCH may be configured at the same
time. In such an embodiment, a subset of component carriers may be configured for
e¢PDCCH while the other component carriers may be configured for legacy PDCCH.
Therefore, a WTRU or UE may monitor the ePDCCH in the component carriers configured
for ePDCCH and the legacy PDCCH in the other component carriers.

[0183] An ePDCCH frequency diversity mode may be interchangeably defined and may
not be limited to ePDCCH distributed transmission, ePDCCH frequency diversity scheme,
ePDCCH distributed mode, and/or Mode-1. For an ePDCCH frequency diversity mode (e.g.,
distributed mode, Mode-1, etc.), the resources for an ePDCCH may be distributed across
system frequency bandwidth to achieve frequency diversity gain. The ePDCCH resource for
frequency diversity mode may be configured as described herein. For example, enhanced
Control Channel Elements (¢CCEs) and/or enhanced Resource Group Elements (¢eREGs) may
be distributed to multiple downlink carriers (e.g., DL cells), where an ePDCCH may be
transmitted by using {1, 2, 4, or 8} ¢CCEs and an ¢CCE may comprise N,ggss. The size-N
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may be predefined. If a cross carrier scheduling may be activated, an ePDCCH may be
distributed over the PCell, and an ePDCCH may be otherwise distributed across multiple
component carriers (e.g., DL carrier). For eCCE aggregation, a WTRU or UE may aggregate
eCCEs across multiple component carriers (e.g., DL carrier), as shown in FIG. 18 for
instance. FIG. 18 illustrates an exemplary eCCE aggregation across multiple carriers in
distributed resource allocation. For eCCE-to-eREG mapping, eREGs may be distributed
across multiple carriers. ePDCCH Mode-1 may be configured within center SMHz (e.g., 25
PRBs) bandwidth.

[0184] The ePDCCH frequency selective mode may be interchangeably defined and not
limited to ePDCCH localized transmission, ePDCCH frequency selective scheme, ePDCCH
localized mode, and/or Mode-2. For ePDCCH frequency selective mode (e.g., localized
mode, Mode-2, and the like), the resources for an ePDCCH may be located in one or two RBs
according to the eCCE aggregation level to achieve frequency selection gain. The ePDCCH
resource for frequency selective mode may be configured as described herein. For example,
¢CCEs may be located within the same PRB-pairs if multiple e€CCEs may be aggregated.
eREGs located within a same PRB-pair and/or neighbor PRB-pairs may be aggregated to
form an eCCE. ¢ePDCCH Mode-2 may be configured within center SMHz (e.g., 25 PRBs)
bandwidth.

[0185] In a multiple component carrier system, the ePDCCH Mode-1 (e.g., ePDCCH
frequency diversity mode) and/or the ePDCCH Mode-2 (e.g., ePDCCH frequency selective
mode) may be configured as described herein. For example, a WTRU or UE may monitor
¢PDCCH Mode-2 in PCell and ePDCCH Mode-1 in other configured cells if cross-carrier
scheduling may not be activated. A WTRU or UE may monitor ePDCCH Mode-1 and/or
e¢PDCCH Mode-2 in PCell if cross-carrier scheduling may be activated. A subset of
¢PDCCH Mode-1 and/or ePDCCH Mode-2 resources may be defined as ePDCCH Mode-3
which may span to multiple PRBs in center frequency bandwidth.

[0186] An ePDCCH resource set may be defined within a cell such that the N, PRB-
pairs for an ePDCCH resource set may be located within a cell. For example, the K.,
e¢PDCCH resource sets may also be located within a cell. As such, Ny, and/or K., may be
defined per cell when multiple component carriers may be used. The cell may also be
interchangeably used as component carrier, PCell, or SCell. In this case, at least one set

among K, in the PCell may be defined as ePDCCH distributed transmission and/or K., may
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be defined as ePDCCH localized transmission or ePDCCH distributed transmission in an
SCell.

[0187] Additionally, an ePDCCH resource set may be defined over multiple component
carriers so that the N, PRB-pairs for an ePDCCH resource set may be located over multiple
component carriers. In this case, when an ePDCCH resource set may be configured as
distributed transmission, the N,.; PRB-pairs for an ePDCCH resource set may be located over
multiple component carriers; and/or if an ePDCCH resource set may be configured as
localized transmission, the N;.; PRB-pairs for the ePDCCH resource set may be located in the
same cell.

[0188] An enhanced resource element group (eREG) may also be provided as described
herein. A minimum resource unit for ePDCCH may be defined and/or called eREG
(enhanced Resource Element Group). An eREG may be formed with a fixed number of REs.
An eREG that may be formed with a variable number of REs where the number of REs may
be different according to at least one of following factors: an eREG number; subframe
number and/or subframe type (e.g., MBSFN subframe), CSI-RS configuration including zero-
power CSI-RS; a PRS configuration; an existence of SSS/PSS and PBCH; and/or the like.
An eREG may be formed with available REs in a given time/frequency resource grid such as
NxM REs in PDSCH region not including one or more (e.g., each of or a subset) of
following: zero-power CSI-RS and non-zero-power CSI-RS, SSS/PSS and/or PBCH, PRS,
DM-RS, CRS, ePHICH, ePCFICH, and/or the like.

[0189] A time and/or frequency resource grid in PDSCH region (NxM REs) for eREG
may be provided and defined in at least one of following manners: N and M indicates
frequency and time RE granularity, respectively; N may be a fixed number between 1 and 12
(in an embodiment an exemplary fixed number for N may be one or two); N may be
configurable by Broadcasting (e.g., MIB or SIB-x) and/or RRC configuration; N may be
different in a subframe for localized transmission (ePDCCH Mode-1) and distributed
transmission (ePDCCH Mode-2) (e.g., a small number of N may be used for distributed
transmission (Ngis) and/or a large number of N maybe used for localized transmission (Njocar)
where Nioeal > Nist); M may be defined as 14-Nppccy in normal CP and 12- Nppecy in
extended CP, where Nppccy may denote a number of OFDM symbols used for legacy
PDCCH and indicated by PCFICH in the subframe; M maybe be defined as fixed number,
such as 11 in normal CP and 9 in extended CP; M may be configurable by broadcasting (e.g.,
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MIB or SIB-x) and/or RRC configuration; M may be different in a subframe for localized
transmission (ePDCCH Mode-1) and distributed transmission (¢ePDCCH Mode-2) (e.g., a
small number of M may be used for distributed transmission (Mgs) and a large number of M
may be used for localized transmission (Mjoca) Where Miocal > Migt).

[0190] In an embodiment, an eREG may be formed with a fixed or variable number of
REGs where REG may be defined as four contiguous REs in PDSCH region not used for
other purposes, but for ePDCCH as disclosed herein. For example, one eREG may include
nine REGs, and by doing so, an eREG may be similar to a CCE (e.g., which may simplify the
standardization evolution of terminology from PDCCH used).

[0191] FIG. 19 shows an example embodiment of an eREG definition. For example,
FIG. 19 illustrates a PRB-pair that may be used for ePDCCH transmission according to the
number of antenna ports (e.g., ports 7-10 in left portion of FIG. 19 and port 7-8 in right
portion of FIG. 19). As shown in FIG. 19, N=1 and M=11 may be used in a subframe not
including CSI-RS and PSS/SSS. An eREG may span to both slots in a PRB-pair and the
number of REs for eREGs may be different according to the eREG number due to the CRS
and DM-RS. For example, the eREG #n may include 3REs while eREG #n+2 may include
11 REs (e.g., as shown in the left portion of FIG. 19) according to the existence of DM-RS
and CRS. Also, fully FDM based eREG multiplexing may be used in order to utilize the
power for unused eREGs flexibly. As an example, if eREG #n+7 may not be used the power
may be reused to boost up eREG n+2 power.

[0192] In an embodiment, an eREG resource may be defined in an interleaved manner to
randomize the RE location so that the channel estimation performance may be equalized
regardless of the eREG number. Therefore, a WTRU or UE may receive an eREG based on
the virtual eREG to physical eREG mapping rule.

[0193] A fixed number of eREG may be defined per PRB-pair configured as an ePDCCH
resource. For example, 16 eREGs may be defined per PRB-pair, irrespective of the
configuration of reference signal, subframe type, CP length, etc. The eREG may be defined
in an interlaced manner so that the REs except in a PRB-pair may be cyclically allocated for
the eREG 0~15 in a frequency first manner. When 16 eREGs may be available per PRB-pair,
16 x Ny; e(REGs may be available for an ePDCCH resource set having N,.; PRB-pairs.
[0194] In an embodiment, eREG subset blocking may be used so that a subset of eREGs

in an ePDCCH resource set may be blocked and not used to form an eCCE. This may enable
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improved or better inter-cell interference coordination, since non-overlapped eREGs may be
used between neighbor cells.

[0195] For the eREG subset blocking, a subset of eREGs among 16 x N;.; may be
indicated via higher layer signalling and the subset may not be counted as an eREG.
Therefore, physical eREGs and virtual eREGs may be defined. The virtual eREGs may be
used to form an eCCE. Therefore, the number of physical eREGs may be equal to or smaller
than that of virtual eREGs. The subset of eREGs may be predefined as a form of eCCE,
PRB-pair, and/or ePDCCH resource set. Thus, the indication may be based on the eCCE
number, PRB-pair number, and/or ePDCCH resource set number. The subset of eREGs may
be predefined as a table so that an index may correspond to a subset of e(REGs. A bitmap
may be used to indicate the subset of eREG which may be blocked.

[0196] The subset of eREGs for blocking may be defined as a function of one or more
system parameters such as PCI, SFN number, and/or subframe number. In this embodiment,
two or more subsets of eREGs may be predefined with indexes and/or the index of each
subset may be configured as a function of at least one of system parameters. For example,
four subsets may be defined with modulo Jg, for the eREG #n so that Jg,, subsets may be
defined. If J,=4, the subsets may be defined as: index-0: subset0 = {¢REGs satisfying that n
mod 4 = 0}; index-1: subset] = {eREGs satisfying that n mod 4 = 1}; index-2: subset2 =
{eREGs satisfying that n mod 4 = 2}; and/or index-3: subset3 = {eREGs satisfying that n
mod 4=3}. When the subset of eREGs for blocking may be defined as a function of one or
more system parameters, the subset index may be implicitly indicated by at least one of the
system parameters. For example, the subset index may be defined by modulo operation of
cell-ID (e.g., index-i where i/ may be defined as Cell-ID mod 4).

[0197] The starting symbol of the ePDCCH may be configured as follows (e.g.,
according to or based on the ePDCCH search spaces). For example, in an embodiment, the
starting symbol of the WTRU or UE-specific search space may be configured or defined
according to the associated common search space. The associated common search space may
imply the common search space monitored in a subframe together with the WTRU or UE-
specific search space from a WTRU or UE. Additionally, there may be different types (e.g.,
two types) of associated common search spaces including, for example, a PDCCH common
search space and an ePDCCH common search space.

[0198] According to an example embodiment, if a PDCCH common search space may be
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monitored in a subframe with ePDCCH WTRU or UE-specific search space, one or more of
the following may apply and/or may be used or provided. The ePDCCH WTRU or UE-
specific search space starting symbol may be configured according to the transmission mode
configured for a WTRU or UE. For example, ifa WTRU or UE may be configured with a
legacy transmission mode (e.g., TM 1~9), the WTRU or UE may follow or use the CIF in
PCFICH to figure out or determine the starting symbol for ePDCCH regardless of the DCI
format. If the configured transmission mode may be a different transmission mode (e.g., TM-
10 (a CoMP transmission mode)), a WTRU or UE may be informed and/or may receive via
higher layer the ePDCCH starting symbol regardless of the DCI format. In an embodiment,
the ePDCCH starting symbol may be dependent on the DCI format such that if DCI format
2D may be used, the WTRU or UE may follow or use the higher layer configured ePDCCH
starting symbol, otherwise the WTRU or UE may follow or use the CIF in PCFICH.

[0199] Additionally, according to an example embodiment, if an ePDCCH common
search space may be monitored in a subframe with an ePDCCH WTRU or UE-specific search
space, one or more of following may apply and/or may be provided and/or used. For
example, the ePDCCH WTRU or UE-specific search space starting symbol may be the same
as the starting symbol for the ePDCCH common search space. Furthermore, the ePDCCH
WTRU or UE-specific search space starting symbol may be configured as a function of CFI
value in PCFICH and ePDCCH common search space starting symbol. The ePDCCH
WTRU or UE-specific search space starting symbol may be independently configured via
higher layer signalling irrespective of the ePDCCH common search space starting symbol.
Additionally, in an embodiment, the ePDCCH WTRU or UE-specific search space starting
symbol may be configured according to the transmission mode configured for a WTRU or
UE. For example, based on the transmission mode and/or DCI format, a WTRU or UE may
assume the same starting symbol of ePDCCH common search space or may follow or use the
starting symbol value configured by higher layer signalling. In particular, according to an
embodiment, if a WTRU or UE may be configured with a legacy transmission mode (e.g.,
TM1~9), the starting symbol for the WTRU or UE-specific search space may be the same as
the starting symbol of the ePDCCH common search space in the subframe and if a WTRU or
UE may be configured with another transmission mode (e.g., TM10 (a CoMP transmission
mode)), the WTRU or UE may follow or use the starting symbol value configured via higher

layer signalling.
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[0200] The starting symbol of the ePDCCH common search space may further be
configured or defined based on at least one of the following. According to an example
embodiment, a WTRU or UE may implicitly detect the starting symbol of the ePDCCH
common search space by decoding the PCFICH in each subframe. Additionally, a fixed
starting symbol may be predefined by assuming that Npg..o OFDM symbols may be occupied
for the legacy PDCCH. As such, the starting symbol for ePDCCH common search space
may be Npgeeh +1. The number of OFDM symbols for PDCCH may also include Npgeeh = 0.
In a specific carrier type (e.g., a new carrier type in which CRS may not be transmitted in one
or more subframes, for example, may not be transmitted in a subframe except for a subframe
including PSS/SSS), a WTRU or UE may assume that the number of OFDM symbols for
PDCCH may be Npgeeh = 0. In such an embodiment, the common search space starting
symbol may be broadcasted in PBCH or SIB-x such that the starting symbol indicated in a
broadcasting channel may be used for ePDCCH candidate demodulation in the ePDCCH
common search space.

[0201] An enhanced control channel element (¢CCE) may be described herein.
Assuming for a given subframe i, an eCCE comprising a number of eREGs may be:

N grpes (D), and, for each eREG j, the number of available REs is Kzg(i, ), the total number

Negigs (1)
NeCCEs (l) = Z KRES (Z> ])
of available REs for one eCCE may be: A .

[0202] A first category may be considered where the number of available REs for j™
eREG (e.g., Kzgs(i, j)) may vary due to some REs for other purposes such as reference
signals, PDCCH, PSS/SSS, and the like and may result in changing the effective coding rate.
One or more embodiments described herein may be used, for example, to keep a similar
effective coding rate for a given DCI payload.

[0203] For example, the number of Noppes may be fixed (e.g., Nerggs = 4 ) per eCCE, so
that the starting point of eCCEs may be easily determined (e.g., the starting points of eCCEs
may be the same). Since a fixed number of Nz per eCCE may be used, the available REs
may be changed. To increase the coverage with the fixed N,zggs number per eCCE, one or
more of the following may be used and/or applied. For example, transmission power per
¢CCE may be defined as a function of the available number of REs, where the reference

number of REs per eCCE may be N, ¢g. For example, if N,-cz = 36 and the available
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number of REs may be Kz, = 18 for a specific eCCE, the additional transmission power

added from the original transmission power may be defined as Poccg[dB] = 10log4, I\I]:}:E :

From predefined power boosting rules, a WTRU or UE may assume the power ratio between
the reference signal and ePDCCH REs for its demodulation process. The fixed number of
N,gegs may be separately defined according to the ePDCCH transmission type and/or search
space type. For example, Noppes = 3 may be used for localized transmission and Negggs = 4
may be used for distributed transmission. A smaller N zz.s may be used for localized
transmission since beamforming gain and/or frequency selective scheduling may be achieved
for localized transmission. A distributed transmission may rely on frequency diversity gain
with channel coding. A different value of Noppss may be used for a common search space
and WTRU or UE-specific search space. For example, N gz = 6 may be used for a
common scarch space and N gges = 4 may be used for a WTRU or UE-specific search space.
The eCCE aggregation levels within ePDCCH search space may vary according to subframe,
where the aggregation levels may be implicitly derived from the reference signal
configuration for a specific subframe. The aggregation levels may be defined as a function of
a positive integer number N,;. For example, a seach space for a WTRU or UE may be
defined as Ny - {1,2,4,8}. If N,;, = 2 in a specific subframe, a WTRU or UE may need to
monitor ePDCCH with the aggregation levels 2,e. g., {1,2,4,8} = {2,4,8,16}. N,;, may be
configured by a higher layer according to a subframe or defined implicitly according to the
configuration of the subframe including reference signal, broadcast channels, and/or
synchronization signals. N,; may be signalled in the legacy PDCCH (e.g., if it may be
configured) or unused DCI bits carried on ePDCCH.

[0204] A variable number of N,pz¢s per eCCE may be used, for example, to keep a
similar effective coding rate. Since the ePDCCH decoding candidate may be based on the
¢CCE level, the available number of REs for an eCCE may be changed if a different number
of Noppes may be mapped. If a larger number of Nppqs may be mapped per eCCE, the
effective coding rate may be lower so that channel coding gain may be increased as a result.
That is, a larger number of N, ppqs may be mapped if the available number of REs gets
smaller per eCCE in a specific subframe due to the puncturing of ePDCCH REs. The
variable number of N ggss may be defined as described herein. For example, N ggss may be
configured by an eNB and may be informed to a WTRU or UE via a broadcasting channel(s)

and/or higher layer signal(s). N.gpges may be configured independently per subframe with a
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duty cycle. For example, 10ms and 40ms duty cycles may be used. Two or more number of
Npres may be defined and one of them may be selected according to the CSI-RS and ZP-
CSI-RS configuration. In an example, NJsz.s and N1,z may be predefined and one of
them may be selected in the following manner: Nxgqs may be used if no CSI-RS and ZP-
CSI-RS may be configured; and N pzss may be used if CSI-RS and/or ZP-CSI-RS may be
configured.

[0205] Since the number of REs for eREGs may be variable, the number of REs for
¢CCE could be also variable. An eCCE may be defined differently according to ePDCCH
transmission mode (i.e., distributed transmission and localized transmission). For example,
Neregs = 4 may be used for localized transmission and Nggrggs = 2 may be used for
distributed transmission. In an embodiment, the Nogggs may be configurable by eNB via
broadcasting (MIB or SIB-x) and/or higher layer signalling.

[0206] In another embodiment, the Noggcs may be different according to the subframe as
described herein. The N gggs value may be changed if a subframe includes CSI-RS and/or
zero-power CSI-RS. For example, Nogrggs = 4 may be used in the subframe not including
CSI-RS and/or zero-power CSI-RS and Nggrggs = 6 may be used in the subframe including
CSI-RS and/or zero-power CSI-RS. The Nerres value may be different according to the
reference signal overhead including zero-power CSI-RS such that the Nogges value may
become larger if reference signal overhead goes higher. For example, Negggs = 4, if
reference signal overhead may be less than 15% within PDSCH region in a subframe;
Neregs = 5, if reference signal overhead may be between 15% and 20% within PDSCH
region in a subframe; Nerggs = 6, if reference signal overhead may be between 20% and
30% within PDSCH region in a subframe; Negggs = 5, if reference signal overhead may be
larger than 30% within PDSCH region in a subframe, the reference signal overhead may be
defined as “number of PDSCH REs/number of reference signals,” and the like. In an
embodiment, the eREG and eCCE may be the same in a specific ePDCCH transmission mode
such as localized transmission of ePDCCH.

[0207]  Another category may be considered where the number of Nopg¢¢ (i) may be fixed
per eCCE, for example, so that the starting point of eCCEs may be the same. To maintain an
effective coding rate for a DCI payload, the number of available REs for a jth eREG (e.g.,
Kres (1,j)) may be fixed for each eREG by transmitting ePDCCH on those REs for other
purposes such as reference signals, PDCCH, and/or PSS/SSS, and applying special pre-
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coding or mutual orthogonal patterns to both ePDCCH and non-ePDCCH. At the receiver
side after de-precoding by the WTRU or UE, ePDCCH may be separated and the similar
effective coding rate for a given DCI payload may be maintained.

[0208] When assuming the number of N ggss(i) may vary per eCCE, to maintain the
similar effective coding rate for a given DCI payload, instead of making the number of
available REs for j" eREG (e.g., Krgs(i,j)) to be fixed for part of eREGs, e.g., as described
above, at the receiver side (e.g., after de-precoding by the WTRU or UE) ePDCCH may be
separated and the similar effective coding rate for a DCI payload may be maintained. The
number of eREGs used to for transmitting ePDCCH and non-ePDCCH may adapt so that

Negges (1)
NeCCEs (Z) = Z KRES (lﬁ .])
=1 may be kept for each CCE.

[0209] Additionally, eCCE definition may be different according to ePDCCH search
spaces. In such an embodiment, the cCCE may be defined respectively for the WTRU or
UE-specific search space and the common search space in following manner. For example,
an ¢CCE definition for a WTRU or UE-specific search space may satisfy one or more of
following properties. 16 eREGs may be defined per PRB-pair irrespective of the CP-length
and subframe type. 4 or 8 eREGs may be grouped to form an eCCE according to the CP-
length and subframe type. 4 eREGs may be grouped to form an eCCE for a normal CP with a
normal subframe and/or a normal CP with special subframe configurations {3, 4, 8}. In an
embodiment, 8 eREGs may be grouped to form an eCCE in for a normal CP with special
subframe configurations {2, 6, 7, 9}, an extended CP with normal subframe, and/or an
extended CP with special subframe configurations {1, 2, 3, 5, 6}. Furthermore, 4 or 8
eREGs may be grouped to form an eCCE according to the CP-length, subframe type and/or
common scarch space type. For example, in such an embodiment, if a WTRU or UE may
monitor a PDCCH common search space in a subframe, the number of eREGs per eCCE for
a WTRU or UE-specific search space may be 8 while the number of eREGs per eCCE for a
WTRU or UE specific search space may be 4 if an ePDCCH common search space may be
monitored together with ePDCCH WTRU or UE-specific search space.

[0210] Additionally, an eCCE definition for common search space may satisfy one or
more of following properties. In an embodiment, 16 eREGs may be defined per PRB-pair
irrespective of the CP-length and subframe type. 4 or 8 eREGs may also be grouped as the
same the WTRU or UE-specific search space. Furthermore, 4 or 8 eREGs may be grouped to
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form an eCCE according to the number of available REs (e.g., n.ppccr). In such an
embodiment, the number of available REs may be counted in each subframe within a PRB-
pair that may not include PSS/SSS and/or PBCH. Additionally, if #.ppccy may be smaller
than a threshold predefined (e.g., 104), 8 eREGs may be grouped to form an eCCE, otherwise
4 eREGs may be used and/or grouped together.

[0211] Resource mapping may be provided, which may include eREG-to-eCCE mapping.
For example, an eCCE may be formed with one or more eREGs and the group of eREGs may
be differently formed according to the ePDCCH transmission modes (e.g., ePDCCH Mode-1
and ePDCCH Mode-2).

[0212] FIG. 20 illustrates an example embodiment of eCCE-to-eREG mapping in
e¢PDCCH according to localized and distributed allocation (e.g., if port-7 and port-8 may be
used). For example, the eREG may be defined as shown in FIG. 20 where N=1 and M=14-
Nepccy may be used. The eREG number may also be defined as at least one of following:
increasing order from lowest frequency within ePDCCH PRBs (0~N,,: (k) — 1), where
N¢oe (k) may denote the number of eREGs in a subframe k and Nyy; = Nogp X Mpge and the
Mg may denote the number eREGs in a PRB-pair and Mgg; = 12 as shown in FIG. 20;
decreasing order from lowest frequency within ePDCCH PRBs (0~N,,; (k) — 1); random
number generation within (0~N,,.(k) — 1) and virtual eREG and physical eREG mapping
may be defined; eREG number may be (f,r) where f and r may denote subcarrier index
within a PRB-pair and ePDCCH PRB number respectively, the eREG #13 may be expressed
as eREG (1, 1), the range of f may be 0~11, or may be 0O~Negg — 1, and eREG# =r1-12 +
f.

[0213] For eCCE-to-eREG mapping in shared PRB, at least one of the following methods
(e.g., contiguous allocation (Mapping-1), interleaved allocation (Mapping-2), hybrid
allocation (Mapping-3), and/or the like) may be used. In contiguous allocation (Mapping-1),
Nerggs contiguous eREGs may be aggregated for eCCE definition, therefore the eCCE
numbers may be allocated as eCCE #n = eREGs# {n * Nogggs) ---» (0 + 1) * Nepggs — 1}. For
example, if Negggs = 4 and n = 0, the eCCE #0 = eREGs# {0,1,2,3}. In such an

embodiment, the total number of eCCEs (Mgccg) may be defined as Mgccg = lNN&J FIG.

eREGs

21 shows such an example (e.g., FIG. 21 illustrates an example embodiment of eCCE-to-
¢REG mapping with contiguous allocation).

[0214] In an interleaved allocation (e.g., Mapping-2), Nerggs interleaved eREGs may be
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aggregated for eCCE definition, therefore the eCCE numbers may be allocated as eCCE #n =
eREGs# {m(n - Nepggs), -, T((n + 1) * Neggas — 1)} where T(+) denotes interleaved
sequence from 0 to Moccg — 1. The interleaved sequence m(*) may be generated

by Nerggs X Meccg block interleaver. If Nogpgs = 4 and Mgccg = 9, 4 X 9 block
interleaver may be defined as shown in the FIG. 22 (e.g., FIG. 22 illustrates an example of a
block interleaver). In the block interleaver, the interleaved sequence may be generated by
writing a sequence in row first and read in column first. As such, the interleaved sequence
from block interleaver illustrated in FIG. 22 may be

n=0918,27,1,10,19,28, ...,8,17,26,35, which may be expressed as (n) = (n -

Mgccg)modN,, + l%] ,n=0,..., Ny — 1. The interleaved sequence () may be

generated by length-Ny,, random sequence where the random sequence may be predefined
and both WTRU or UE and eNB may know the sequence. A column permutation may be
used, e.g., in order to further randomize the permutation sequence.

[0215] In hybrid allocation (Mapping-3), a subset of contiguous sequences may be
reserved for localized transmission and the other eREGs may be used for distributed
allocation. For example, a subset of columns in a block interleaver may be reserved for
localized transmission, as shown in FIG. 23 (e.g., FIG. 23 illustrates hybrid allocation by
using block interleaver), where eCCE# {4, 5, 6, 7} may be used for localized transmission
and the other eCCEs may be distributed allocation. To generate localized eCCEs, N.rzas
contiguous eCCEs may be used. From this operation, N,.zees contiguous distributed
allocation based eCCEs may become localized N zzss €CCEs. To generate both localized and
distributed eCCEs, an eNB may define M,y distributed eCCEs, and reserve N.gegs
contiguous or closed eCCEs for localized eCCEs. A column permutation may be used for
distributed allocation part to further randomize the permutation sequence. From the hybrid
allocation shown in FIG. 23, the ¢CCEs may be defined as shown in FIG. 24. FIG. 24
illustrates an example embodiment of a co-existence of localized and distributed eCCEs.
[0216] For eCCE-to-eREG mapping in separate PRB, eREGs may be independently
defined for localized and distributed transmissions. For example, LeREGs (localized eREGs)
may be defined from 0~N-1, DeREGs (distributed eREGs) may be defined from 0~K-1, and
for LeREGs, contiguous allocation (e.g., Mapping-1) may be used and/or interlcaved
allocation (e.g., Mapping-2) may be used for DeREGs. For eCCE-to-eREG mapping in
separate PRB, eREG may be defined for the limited case of distributed transmission and
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¢CCE may become a minimum resource unit for localized transmission.

[0217] The eCCE-to-eREG configuration may be at least one of following: the eCCE
allocation (e.g., Mapping-1, Mapping-2, or Mapping-3) may be predefined, the mapping
method may be different according to the subframe index and/or SFN, the mapping method
may be configurable by higher layer signalling, the mapping method may be different
according to the ePDCCH PRB-pairs, and/or the like. According to an example embodiment,
if Nogp may be available for ePDCCH transmission, a subset of N.grg may use the Mapping-
1 and other ePDCCH PRB-pairs (e.g., the rest of ePDCCH PRB-pairs) may use the Mapping-
2. In this embodiment, N.grg may be be separately defined for each mapping method.

[0218] If 16 eREGs may be available per PRB-pair and one eCCE may be defined by
grouping of four eREGs, 4 eCCEs may be defined per PRB-pair for ePDCCH localized
transmission since the eCCE may be defined within a PRB-pair for localized transmission. In
an embodiment, among 16 eREGs, consecutive 4 eREGs may be grouped to form a localized
e¢CCE. The eCCE-to-eREG mapping rule may be the same in each PRB-pair configured as
ePDCCH resource. The consecutive 4 eREGs within a PRB pair with the same starting
points irrespective of the cell may be used. For example, the eREG-to-eCCE mapping rule
may be the following for each cell: eCCE(n) = {eREG(k), eREG(k+1), eREG(k+2),
eREG(k+3)}; eCCE(nt1) = {eREG(k+4), eREG(k+5), eREG(k+6), eREG(k+7)}; eCCE(n+2)
= {eREG(k+8), eREG(k+9), eREG(k+10), eREG(k+11)}; and/or eCCE(n+3) =
{eREG(k+12), eREG(k+13), eREG(k+14), eREG(k+15)}. The consecutive 4 eREGs within
a PRB pair with different starting points may be used. The starting point of the eREG may be
defined as a configuration via higher layer signaling or a function of at least one of the
system parameters such as physical cell ID and subframe/SFN number. In the following
example, the offset may be configured via higher layer signaling or defined as a function of at
least one of the system parameters. In an example, eCCE(n) = {¢cREG((k+it+offset)mod16),
i=0,1,2,3}; eCCE(n+1) = {eREG((k+4+itoffset)mod16), i=0,1,2,3}; eCCE(n+2) =
{eREG((k+8+i+offset)mod16), i=0,1,2,3}; and/or eCCE(n+3) =
{eREG((k+12+itoffset)mod16), i=0,1,2,3}.

[0219] Additionally, in an embodiment, among 16 eREGs, mutually exclusive 4 eREGs
may be grouped to form an eCCE so that 4 eCCEs may be defined per PRB-pair and each
¢CCE may include mutually exclusive 4 eREGs. The mutually exclusive 4 eREGs may be

selected by using one or more embodiments described herein to form an eCCE. For example,
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an interleaved mapping may be used for eREG-to-eCCE mapping. eREG-to-eCCE mapping
may be based on block interleaver (e.g., interlaced mapping). The followings may be
examples of the eREG-to-eCCE mapping: eCCE(n) = {¢cREG(k), eREG(k+4), eREG(k+8),
eREG(k+12)}; eCCE(nt1) = {¢REG(k+1), eREG(k+5), eREG(k+9), eREG(k+13)};
eCCE(nt2) = {eREG(k+2), eREG(k+6), eREG(k+10), eREG(k+14)}; and/or eCCE(n+3) =
{eREG(k+3), eREG(k+7), eREG(k+11), eREG(k+15)}. An interleaved mapping may be
used for eREG-to-eCCE mapping based on random interleaver. The interleaved sequence
may be predefined or configured via higher layer signaling. If the interleaved sequence per
¢CCE in a PRB-pair may be defined as m;={0,4,8,12}, m,={1,5,9,13}, 1:={2,6,10,14}, and
n4={3,7,11,15}, where m;, j=0,1,2,3 may be used to form eCCE (n+j), eCCE(n+j) =
{eREG(k+m;(1)), eREG(k+mj(2)), e(REG(k+mi(3)), e(REG(k+nj(4))}. The interleaved sequence
may be defined as a function of at least one of system parameters, including a physical cell
1D, a subframe, and/or an SFN number.

[0220] Antenna port mapping may also be provided and/or used. For example, the
antenna ports {7, 8, 9, 10} or a subset of them may be used for ePDCCH transmission and the
antenna ports {107, 108, 109, 110} may be used interchangeably with the antenna ports {7, 8,
9, 10} as the time and/or frequency location with orthogonal cover code may be the same. In
an embodiment, since the antenna ports 7~10 may be used for eREG and/or eCCE
demodulation, the antenna port mapping may be defined according to the eREG/eCCE
locations. FIG. 25 illustrates an example embodiment of antenna port mapping for
eREG/eCCE. As shown in FIG. 25, the eREG/eCCE may be mapped onto antenna ports.
FIG. 25 also shows that the number of antenna ports available may be different according to
the configuration.

[0221] The available number of antenna ports (Np,p) may be defined as described herein.
The Npore may be semi-statically configured for the subframes and the ePDCCH PRB-pairs.
Therefore, a WTRU or UE may assume that ePDCCH may not be transmitted in the RE

position for the antenna ports within Ny For example, if Npore = 4, 24 RE positions in a
PRB-pair in FIG. 25 may be reserved and ePDCCH may not be transmitted in those RE
positions. If Npoe = 2 then 12 RE positions may be reserved and ePDCCH may be be
transmitted in the RE positions for Port-9 and Port-10. The Ny may be predefined as four

so that a WTRU or UE may assume that ePDCCH may not be transmitted in the RE positions
for four antenna ports. The N may be different according to the ePDCCH PRB-pair
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number. For example, Nporc = 2 may be used in the ePDCCH PRB #0 and Ny, = 4 may
be used in the ePDCCH PRB #1. The Npor may be configured differently according to the
¢PDCCH PRB-pair with ePDCCH transmission mode. If ePDCCH PRB # {0, 1, 2} may be
used for localized transmission, the Npore = 4 may be used for those ePDCCH PRBs and
Nport = 2 may be used for the ePDCCH PRBs for distributed transmission or vice versa.
The Ny may also be separately configurable for each ePDCCH PRB-pair and/or ePDCCH
transmission mode.

[0222] Additionally, an antenna port may be allocated for e(REG/eCCE based on or
according to at least one of following. A WTRU or UE may assume that an eREGs/eCCE
associated with the WTRU or UE in a “same PRB-pair” may be transmitted on the same
antenna port. For example, if eREGs/eCCEs # {n, n+1, n+2, n+3} may be used for a WTRU
or UE, the WTRU or UE may assume that the eREGs may be transmitted in one antenna port
(e.g., Port-7). The antenna port may be semi-statically configured via higher layer signalling.
In such an embodiment, the antenna port may be the same for the WTRU or UE across each
of the ePDCCH PRB-pairs. The antenna port may be defined as the lowest eREG/eCCE
index in the same PRB-pair. For example, if eREGs/eCCEs # {n, n+3, n+6, n+9} may be
used for a WTRU or UE, the antenna port for e(REG/eCCE # {n} may be used for other
¢REGs/eCCEs. The antenna port may be defined as a function of C-RNTI. For example,
modulo-4 or 2 of the C-RNTI may indicate the allocated antenna port for the WTRU or UE.
The antenna port may be the same for the WTRU or UE across the e PDCCH PRB-pairs in
such an embodiment. If the modulo-4 operation may be used, a WTRU or UE may assume
that one of the antenna ports 7~10 may be used for the WTRU or UE, otherwise one of the
antenna ports 7~8 may be used. The antenna port may be defined as a function of C-RNTI
with a CDM group and the CDM group may be configured by higher layer. For example, a
WTRU or UE may be configured by higher layer to monitor ePDCCH within a CDM group 2
in which Port-9 and Port-10 may be available and the C-RNTI for the WTRU or UE may
indicate to use Port-9 after modulo-2 operation. As such, the C-RNTI may indicate which
orthogonal cover code may be used between [+1 +1] and [+1 -1] within a CDM group and an
eNB may choose a CDM group. The antenna port may be defined as a function of C-RNTI
and PRB-pair index. For example, modulo 4 or 2 of (C-RNTI + PRB index) may indicate the
allocated antenna port for the WTRU or UE.

[0223] A WTRU or UE may assume that eREGs/eCCEs associated with the WTRU or
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UE in a “precoding resource granularity (PRG)” may be transmitted on the same antenna
port. For example, if a WTRU or UE demodulates multiple eREGs in a PRG the WTRU or
UE may assume that the same antenna port may be used for the eREGs in the PRG. The
WTRU or UE may assume that the same precoder may be used for the antenna port within
PRG. The PRG size may be different according to the system bandwidth. Table 12 shows an
example embodiment of the PRG size for ePDCCH.

Table 12. PRG size for ePDCCH

System Bandwidth (N PRG size (P")
<10 1
11 - 26 2
27 — 63 3
64 —110 2

[0224] The PRB size may be 1 for system bandwidth candidate and a WTRU or UE may
assume that each of the antenna ports in the PRB size use the same precoder, for example,
such that the channels across antenna ports may be interpolated. For example, if antenna
ports 7 and 9 within a PRG size may be used for ePDCCH demodulation at a WTRU or UE
receiver, the WTRU or UE may assume that antenna ports 7 and 9 may be transmitted in the
same virtual antenna port so that the estimated channels from port 7 and 9 may be
interpolated. The antenna port may be defined as a lowest e(REG/eCCE index within a PRG.
For example, if eREGs/eCCEs # {n, n+8, n+16, n+24} may be used for a WTRU or UE, the
antenna port for e(REG/eCCE # {n} may be used for other e(REGs/eCCEs. The antenna port
may further be defined as a function of C-RNTI. For example, modulo 4 or 2 of the C-RNTI
may indicate the allocated antenna port for the WTRU or UE. In an embodiment, the antenna
port may be the same for the WTRU or UE across ePDCCH PRB-pairs in this case as well.
Additionally, the antenna port may be defined as a function of C-RNTTI and PRG index. For
example, modulo 4 or 2 of (C-RNTI + PRG index) may indicate the allocated antenna port
for the WTRU or UE.

[0225] A WTRU or UE may also assume that eREGs/eCCEs associated with the WTRU
or UE in a same PRB-pair may be transmitted on different antenna ports and the antenna

ports for each eREG/eCCE may be defined based on or according to at least one of following
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methods herein. For example, an eREG/eCCE location may be one-to-one mapped onto an
antenna port according to the available number of antenna ports. If four antenna ports may
be available in the PRB-pair, the eREGs #{n, n+1, nt+2} may be mapped onto Port-7, cREGs
# {n+3, n+4, n+5} may be mapped onto Port-8, eREGs # {n+6, n+7, n+8} may be mapped
onto Port-9, and the rest may be mapped on to Port-10. If two ports may be available, eEREGs
# {n, n+1, n+2, .., n+5} may be mapped on to Port-7 and the other eREGs may be mapped on
to Port-8. The associated antenna port number may be defined according to the eREG/eCCE
location and aggregation level for a WTRU or UE. For example, eREGs # {n, n+1, n+2}
may be mapped onto Port-7 and eREGs # {n+3, n+4, n+5} may be mapped onto Port-8 if
three REGs may be demodulated together. If eREGs #{n, n+1, n+2, n+3, n+4, n+5} may be
demodulated together, the Port-7 may be used and Port-8 may not be the antenna port for
eREGs {n+3, n+4, n+5} (e.g., anymore). An eREG/eCCE location may be one-to-one
mapped onto an antenna port according to the available number of antenna ports. The
association rule between eREG/eCCE and antenna ports may be configured by an eNB. For
example, if four antenna ports may be available in the PRB-pair, the eREGs/eCCE #{n, nt+1,
n+2} may be mapped onto Port-7, and eREGs/eCCE # {n+3, n+4, n+5} may be mapped onto
Port-8 for a WTRU or UE. For another WTRU or UE, the eREG/eCCE #{n, n+1, n+2} may
be mapped onto Port-8, and eREG/eCCE # {n+3, n+4, n+6} may be mapped onto Port-7.
[0226] The association rule may be configured according to at least one of following
embodiments. For example, an eNB may configure the association rule via WTRU or UE-
specific higher layer signaling. The association rule may be configured as a function of
RNTI (e.g., C-RNTI) so that a WTRU or UE may implicitly obtain the association rule. In
such a case, there may be a different association rule according to RNTI type, e.g., even for a
single WTRU or UE. In an example, a DCI associated with a C-RNTI may use association
rule 1 and another DCI associated with an SPS-RNTI may use association rule 2. A modulo
operation may be used to define an association rule such that the number of an association
rule (e.g., n_association) may be used for a modulo operation as a function of RNTI. The
association rule for a DCI associated with a specific RNTI may be defined as association rule
number = (RNTI) modulo n_association. The association rule may be configured as a
function of RNTI in combination with other parameters, which may include one or more of a
Cell-ID, subframe number, and/or SFN. The association rule may also be fixed for a

common search space and configurable for a WTRU or UE-specific search space.
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[0227] In an embodiment, a WTRU or UE may assume that a single antenna port
configured via higher layer signaling may be associated with each eREG/eCCE in localized
transmission. A predefined one-to-one mapping between eREG/eCCE to antenna port may
be used for distributed transmission.

[0228] Resource element (RE) mapping (e.g., puncturing and/or rate-matching) may be
provided and/or used as described herein. For example, modulated symbols of a DCI after
channel coding may be mapped onto ePDCCH REs. Since the ePDCCH REs may be located
in an RE location, the mapping rule may be defined in a coding chain perspective. In a
coding chain aspect, RE mapping rules may include puncturing and/or rate-matching, as
disclosed herein. Puncturing and/or rate-matching may be provided as follows.

[0229] Coded bits (¢, ..., c) may be an output of a channel encoder with a DCI payload
as an input, where the channel encoder may be a channel code, such as a turbo code,
convolutional code, reed-muller code, etc. The coded bits may include a CRC attachment,
for example, 16bits masked with RNTI. Modulated symbols (x4, ..., x;,) may be an output of
a mapper such that the coded bits may be modulated to a modulation scheme such as BPSK,
QPSK, 16QAM, 64QAM, and the like. According to the modulation scheme, the modulated
symbol sequence M may be equal to or smaller than N. In RE mapping, the modulated
symbols x4, ..., xp; may be mapped to ePDCCH REs, for example, in a frequency first or time
first manner where puncturing may imply or may provide that if a RE in ePDCCH may be
occupied for another signal, the modulated symbol for the RE may not be transmitted. For
example, if x, k < M may be mapped on a specific ePDCCH RE according to the mapping
rule and the ePDCCH RE may be occupied for another purpose, x; may not be transmitted
and the next mapping may be started from x; ;. Rate-matching may imply or may provide
that the next mapping to the available RE not used for another purpose may be started from
Xy in the same situation. As an example, if there may be six modulated symbols

{x1, X5, X3, X4, X5, X¢ } to be transmitted and the ePDCCH REs for x;, and x, may be occupied
for other purpose, {x;, x5, x5, xg} may be transmitted if a puncturing scheme may be used and
{x1, x5, X3, x4} may be transmitted if rate-matching may be used.

[0230] Since the puncturing scheme may lose systematic bits if a convolutional and/or
turbo code may be used, the decoding performance, in an embodiment, may be worse than a
rate-matching scheme if coding rate may be high. Puncturing may provide robustness if the

occupied REs information may not be synched between eNB and the WTRU or UE. Channel
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decoding may fail if occupied RE information may not be synched between eNB and WTRU
or UE for a rate-matching scheme. The puncturing and rate-matching rules based on a
purpose of occupied RE may be provided and/or used.

[0231] In an embodiment, the rate-matching scheme may be used for the REs occupied
and configured in cell-specific or group-specific manner and the puncturing scheme may be
used for the REs occupied and configured in WTRU or UE-specific manner. In an example
for rate-matching, the REs may be occupied by PDCCH (or PDCCH region), CRS (cell-
specific reference signal), ePDCCH DM-RS, PRS, PSS/SSS (primary synchronization
signal/secondary synchronization signal), and/or PBCH. For puncturing, the REs may be
occupied by CSI-RS, zero-power CSI-RS. In an example for rate-matching, the REs may be
occupied by CRS, PRS, PSS/SSS, and/or PBCH. For puncturing, the REs may be occupied
by ePDCCH DM-RS, CSI-RS, and/or zero-power CSI-RS.

[0232] The rate-matching and puncturing rules may be defined according to the search
space. For example, common search space may use puncturing scheme and WTRU or UE-
specific search space may use rate-matching scheme so that the common search space may
become more robust to the error of occupied RE information, and vice-versa. In an example
for rate-matching, each RE may be occupied by other signals in WTRU or UE-specific search
space. For puncturing, each RE may be occupied by other signals in common search space.
Additionally, in an example for rate-matching, each RE may be occupied by other signals in
common search space. For puncturing, each RE may be occupied by other signals in WTRU
or UE-specific search space.

[0233] According to an example embodiment, the rate-matching and puncturing rules
may be defined according to the ePDCCH transmission scheme or technique such as
localized and/or distributed transmission. For example, rate-matching may apply for each RE
occupied by other signals in the eCCEs for localized transmission and puncturing may apply
for each RE occupied by other signals in the eCCEs for distributed transmission, or vice-
versa.

[0234] The rate-matching and puncturing rules may also be defined according to semi-
static signals and dynamic signals. In an example for rate-matching, the REs may be
occupied by fixed cell-specific signals including CRS, PSS/SSS, and/or PBCH. For
puncturing, the REs may be occupied by semi-static or dynamic configuration including

PDCCH, CSI-RS, DM-RS, and/or PRS. In an example for rate-matching, the REs may be
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occupied by semi-static or dynamic configuration including PDCCH, CSI-RS, DM-RS,
and/or PRS. For puncturing, the REs may be occupied by fixed cell-specific signals
including CRS, PSS/SSS, and/or PBCH.

[0235] In an embodiment, the rate-matching and puncturing rules may also be defined
according to the ePDCCH search spaces. For example, the rate-matching and puncturing
rules may be defined differently if the search space may be a WTRU or UE-specific search
space or common search space (e.g., different rate-matching and/or puncturing rules may be
applied for a WTRU or UE-specific search space than for a common search space). For the
WTRU or UE-specific search space, the REs may be configured as ePDCCH WTRU or UE-
specific search space resources where the REs that may collide with PDCCH, CSI-RS, zero-
power CSI-RS, and DM-RS may be rate-matched around.

[0236] For the common search space, one or more of the followings may apply. For
example (e.g., for the REs configured as ePDCCH common search space resources), the REs
located in the CRS position may be rate-matched around. In such an embodiment, the
number of CRS port may be fixed as four irrespective of the number of CRS port detected in
PBCH. As such, a WTRU or UE may assume that the REs located in the CRS ports 0-3 may
be rate-matched around when demodulating ePDCCH common search space. Additionally,
in such an embodiment, a WTRU or UE may follow and/or use the number of CRS ports
detected in PBCH for rate-matching of the REs located in the CRS ports.

[0237] Additionally, for the common search space where the REs may be configured as
ePDCCH common search space resources, the REs located in the CSI-RS and zero-power
CSI-RS may be punctured. As such, if a WTRU or UE may be configured with CSI-RS
and/or zero-power CSI-RS, the REs in those locations may be punctured.

[0238] In an example embodiment, for the common search space and the PDCCH, if a
WTRU or UE may monitor a PDCCH common search space together with an ePDCCH
common search space, the WTRU or UE may rate-match around for the REs located in the
PDCCH locations. Otherwise, the WTRU or UE may rate-match around for the REs located
in the OFDM symbols below the ePDCCH common search space starting symbols.

[0239] According to an embodiment, a search space design may be provided and/or used
as described herein. For example, a search space for a single DL carrier may be disclosed. A
WTRU or UE may monitor ePDCCHs via blind decoding such that multiple blind decoding

attempts may be used per subframe. The candidates for blind decoding attempts from a
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WTRU or UE point of view may be hereafter called a search space. At least one of two types
of search space may be defined for ePDCCH, such as WTRU or UE-specific search space
(USS) and common search space (CSS). The common scarch space in ePDCCH may carry
DClIs related to a group of UEs and/or the UEs in a cell such as broadcasting/multi-casting,
paging, group power control, etc. The WTRU or UE-specific search space may carry DCls
for unicast traffic for uplink and/or downlink.

[0240] From a WTRU or UE perspective, there may be at least two search spaces and the
location for search spaces may be defined using at least one of following configurations. In a
configuration (e.g., configuration 1), both USS and CSS may be provided or used in legacy
PDCCH and a WTRU or UE may monitor USS and CSS. In such a configuration, a WTRU
or UE may monitor USS and/or CSS in the legacy PDCCH region. This configuration may
be the same as, or similar to, the Release 8 PDCCH configuration. In an additional
configuration (e.g., configuration 2), both USS and CSS may be provided or used in
¢PDCCH and a WTRU or UE may monitor USS and CSS (e.g., a WTRU or UE may monitor
USS and/or CSS in the ePDCCH region). In yet another configuration (e.g., configuration 3),
USS in legacy PDCCH may be provided or used and CSS in ePDCCH may be provided or
used (e.g., a WTRU or UE may monitor CSS in legacy PDCCH region and/or USS in
ePDCCH region). Additionally, in a configuration (e.g., configuration 4), USS in ePDCCH
may be provided or used and CSS in legacy PDCCH may be provided or used where, for
example, a WTRU or UE may monitor CSS in a legacy PDCCH region and USS in an
ePDCCH region. Additionally (e.g., in configuration 4), the CSS may be shared with legacy
UEs. In this case, the CCEs from 0 to 15 may be used as CSS in a legacy PDCCH region. In
configuration 4, the CSS may be defined differently. For example, the CCEs from 16 to 31 in
legacy PDCCH may be used as CSS for the WTRU or UE configured with ePDCCH for USS.
In another example configuration (e.g., configuration 5), USS in ePDCCH may be provided
or used and CSS may be split into legacy PDCCH and ePDCCH. According to an additional
configuration (e.g., configuration 6), USS may be split into legacy PDCCH and ePDCCH and
CSS in ePDCCH may be provided or used. Also, in a configuration (e.g., configuration 7),
both USS and CSS may be split into legacy PDCCH and ePDCCH. In configuration 8, USS
may be split into legacy PDCCH and ePDCCH, and CSS in legacy PDCCH may be provided
or used.

[0241] The search space configuration may be defined based on or according to at least
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one of following. A single configuration may be predefined and the details of configuration
information may be broadcasted in MIB and/or SIB-X. A configuration may be predefined
such that a WTRU or UE may receive the configuration in broadcasting information at least
one of MIB or SIBs. A configuration may be RRC-configured such that a WTRU or UE may
be requested to change the search space according to the RRC signalling. A configuration
may also be changed according to the SFN and/or subframe number such that a WTRU or UE
may implicitly know the configuration in each subframe (e.g., the per subframe configuration
information may be informed by broadcasting or RRC signalling and/or the per subframe
configuration information may be predefined (e.g., subframe # 0 and # 5)).

[0242]  An eCCE aggregation level may be defined as the same as legacy PDCCH such
that the aggregation levels {1, 2, 4, 8} may defined and the number of blind decoding
attempts in total may be 44 without uplink multi-antenna transmission (e.g., DCI format 4).
The number of REs for an eCCE may be variable unlike CCE in legacy PDCCH, the coding
rate for ePDCCH according to the aggregation level may vary, thus resulting in ePDCCH
coverage variation.

[0243]  Additional aggregation levels may be added to the previous aggregation levels {1,
2,4, 8} for ePDCCH for finer ePDCCH link adaptation as shown in the Table 13. For
WTRU or UE-specific search space, the aggregation levels {3, 5, 6, 7} may be added, and

{6} may be added for common search space for example.

Table 13 ePDCCH candidates monitored by a WTRU or UE.

(L) Number of ePDCCH
Search space S candidates
Type Aggregation level L Size [in ¢CCEs] M®
1 6 6
2 12 6
WTRU or
UE-specific |;

Common

8 16 2
*Either WTRU or UE-specific search space or Common search space may be defined for ePDCCH

[0244] Although the number of aggregation levels may be increased, the number of blind

decoding attempts may be kept as before in order not to increase WTRU or UE receiver
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complexity. To keep the number of blind decoding attempts, a subset of aggregation levels

may be monitored in a subframe.

Table 14. multiple subsets of ePDCCH candidates monitored by a WTRU or UE.

Search space S/EL) Number of ePDCCH candidates

MD
T A tion level Size [in eCCE
pe ggregation level [ ize [in o sl Subset 1 Subset 2 Subset 3 Subset 4
1 6 6 6
2 12 6 6 6

WTRU or
UE-specific

Common

[0245] Additionally, a WTRU or UE may monitor a subset of aggregation levels
according to the subset of ePDCCH candidates shown in the Table 14. The subset for
ePDCCH monitoring may be configured based on or according to at least one of followings:
the subset of ePDCCH aggregation level may be configured by broadcasting and/or higher
layer signalling; reference signal overhead within ePDCCH resource may implicitly
configure the subset; the subset may be configured differently according to the ePDCCH
transmission mode (e.g., Mode-1 and Mode-2); the subset may be configured differently
according to the ePDCCH PRB number; and/or the like.
[0246] The number of ePDCCH candidates per aggregation level may be different
according to DCI format, ePDCCH resource set, and/or subframe. For example, if
aggregation level 1 may be more frequently used for DCI format 0/1A, the larger number of
¢PDCCH candidates for aggregation level 1 may be used as compared with that for
aggregation level 2. The larger number of ePDCCH candidates may be used for DCI format
2C as compared with that for aggregation level 1.
[0247] Table 14-1 shows an example of DCI format dependent ePDCCH candidate set in
which the number of ePDCCH candidates according to the aggregation level may be different
if different DCI format may be used.

Table 14-1 - DCI format dependent ePDCCH candidate set
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Search space S]EL) Number of ePDCCH candidates
MY
Type Aggregation level L Size [in eCCEs] Dl format /1A DCI format 2C

1 6 8 4

WTRU or 2 12 4 8
UE-specific 4 8 2 2
8 16 2 2

4 16 4 4

Common 3 T 2 2

[0248] A WTRU or UE may attempt to decode 8 ePDCCH candidates with aggregation
level-1 when the WTRU or UE may monitor DCI format 0/1A. If the WTRU or UE may
monitor DCI format 2C, the WTRU or UE may attempt to decode 4 ePDCCH candidates.
[0249] The number of ePDCCH candidates in each aggregation level may be different
according to the DCI format in the WTRU or UE-specific search space. Additionally, in an
embodiment, the common search space may have the same number of ePDCCH candidates in
cach aggregation level, irrespective of the DCI format, for example.

[0250] The number of ePDCCH candidates according to the aggregation levels {1, 2, 4, 8}
may be configured via broadcasting and/or higher layer signalling. In a cell, the ePDCCH
candidates may be configured as {6, 6, 2, 2} (e.g., the same with legacy PDCCH), while
another cell may configure {2, 10, 2, 2} as the ePDCCH candidates, for example. The
ePDCCH candidates for aggregation levels may be configured independently according to the
DCI format, or a group of DCI formats. To reduce the signalling overhead, multiple sets of
¢PDCCH candidates for aggregation levels may be defined with indication bits, as illustrated

in Table 14-2 for example.

Table 14-2 - ePDCCH candidates for aggregation levels.

Search space S]EL) Number of ePDCCH candidates
M(L)
o Regrceation fevel £ Set 0 (00) Set 1 (01) Set 2 (10) Set3 (11)

L 8 4 8 16

WTRU or 2 4 3 3 5

UE-specitic 4 ) ) 0 5
4
Common S

[0251] In embodiments, among the sets for ePDCCH candidates, one or more set(s) may
have the same number of ePDCCH candidates as legacy PDCCH, such as {6, 6, 2, 2} for

WTRU or UE-specific search space and/or {4, 2} for common search space, for example.
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One or more of the sets may have no ePDCCH candidates for common search space. In this
case, a WTRU or UE may monitor PDCCH candidates as a common search space. One or
more of the sets may include a subset of aggregation level that may not have the candidate.
For example, {8, 8, 0, 0} may be used so that aggregation level 4 and 8 may not be supported
in the search space in this case. The total number of blind decoding attempts may be kept the
same.

[0252] ¢PDCCH candidate definitions may also be provided and/or used as described
herein. A WTRU or UE may be configured to monitor ePDCCH in common and/or WTRU
or UE-specific search space. In an embodiment, the ePDCCH candidates the WTRU or UE
may monitor in a subframe may be defined according to the ePDCCH transmission type.
[0253] The ePDCCH candidates for WTRU or UE-specific search space may be defined

as follows for ePDCCH localized and/or distributed transmissions, where Ncp,, may

denote the total eCCE number that may be available for ePDCCH resource set p. The WTRU

or UE-specific search space S;L,g for ePDCCH resource set p may be defined as
L- {(Yp,k +m’)mod\_NeCCE,p’k/LJ}+i where i=0,-,L-1 , m':m+M1(7L) ‘ne o, and
m:O,-‘-,M;L) —1. The M{” may denote the number of ePDCCH candidates for the
aggregation level L in ePDCCH resource set p. Y, , which may be a hashing function for
ePDCCH resource set p, may be defined by Y,, =(4-Y, ,)modD where Y, | =ngypy 20,
A=39827, D=65537and k=|n,/2].

[0254] Additionally, the ePDCCH candidates for localized ePDCCH resource sets may
be defined with an offset value (Kype) to distribute ePDCCH candidates over multiple PRB
pairs as much as possible. The same ePDCCH WTRU or UE-specific search space equation

may be used for both localized and distributed ePDCCH. In this embodiment, as an example,

the WTRU or UE specific search space S¢) for the ePDCCH resource set p configured with

localized ePDCCH may be defined as L-{(Y +m'+ K 5, ,)mod \_NCCCE,!,’,{/LJ}H. The

p.k
Kopserp for ePDCCH resource set p, may be configured via higher layer signalling in a WTRU
or UE-specific manner. The K., may be defined as a function of at least one of the
following parameters: the aggregation level (L); ePDCCH candidate index (m'); the number

of total available eCCE N g ; and/or the number of ePDCCH resource sets K.
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[0255] In another example, the offset according to the ePDCCH candidate number and

aggregation level may be expressed as L - {(Yp’k + Ky, (m")) mod \_NCCCE, i/ LJ }+i where the

offSet (Koferp) may be defined as a function of the ePDCCH candidate number ( m’).
Example embodiments of the definitions of Kype.p, may be as follows. In such example

embodiments (e.g., example equations), 7' and m may be used interchangeably.

r

N
[0256] According to an example embodiment, K, ,(m')= {me—ccfka may be used if
’ L-MY

multiple ePDCCH resource sets may be used. In such an embodiment, the offsets for

“N, eCCE k,p

ePDCCH resource set p may be defined as K4, , (m,):{m L. MD
M

J where N,ccz;, and

M P may be ePDCCH resource set specific.

]
m - NeCCE,p,k

[0257] In another example embodiment, K oer,p (m"= T
Mp

J + A e, , May be used

where the A ;. may denote an offset value for ePDCCH resource set p. For example, the
first ePDCCH resource set may have a zero offSet value (i.e. A, o =0) and the second
ePDCCH resource set may have a predefined value (e.g., A, =3). In additional
embodiments, the A ., , for the second set may be defined at least one of following: the
A e, My be configured via higher layer signalling, A, , may be implicitly configured as

a function of aggregation level and/or the number of PRBs configured for the ePDCCH

resource set (i.e. the number of €CCEs N, ,), and/or the A, may be configured as a

function of subframe number and/or aggregation level.
[0258] In another example, the offset (e.g., according to the ePDCCH candidate number

and aggregation level) may be expressed as L- {(Yp’k +K oy, (M) +A ., )mod \_NeCCE,p,k / LJ }+z’
where the offset(K ., ,) may be defined as a function of the ePDCCH candidate number. In

r
m'- N, eCCE,p.k

(L)
L-M§

. Additionally, the

this embodiment, the offset may be defined as K 4, ,(m") :{

ePDCCH resource set specific offset value A, may be defined as at least one of following:
the A, o =0 for the first ePDCCH resource set and A, ., =4 for the second ePDCCH

resource set where the 4 may be a predefined positive integer number (e.g., 1=3) , the
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A e, May be configured via higher layer signalling, the A, may be implicitly

configured as a function of aggregation level and the number of PRBs configured for the

ePDCCH resource set, and/or the A, , may be configured as a function of subframe number

and/or aggregation level.

‘N
[0259]  According to an additional example, K, , (m'):qu—”J + D o,y e MAY

be used (e.g., for the offset may be defined) where the @, , may be an offset value for a
cross-carrier scheduling and n.; may be carrier indicator field value. The @, , may have a

different number according to the ePDCCH resource set and in that case @, may be

m:- NeCCE,p,k

L-M® + (Doﬁ”set : nC[J may be used. The
j2

replaced by @, ,. Furthermore, K ., , (m'):{

® s (€.g., in such an embodiment) may be defined at least one of following: @, may be a
predefined value and n; may be carrier indicator field value, @, may be configured via
higher layer signalling, @, may be implicitly configured as a function of an aggregation
level and the number of PRBs configured for the ePDCCH resource set, @, may be

configured as a function of subframe number, carrier indicator value and/or aggregation level,

and/or @, may be defined as M” where " may be a number of the ¢ePDCCH

offset
candidates for the aggregation level L in ePDCCH resource set p.

m-N, eCCE, p,k

[0260] In another example, K 4, , (m'):{ T D
p

‘+ (Doﬂm “Hep + Aoﬁrse,’p may be used

where the @, may be an offset value for a cross-carrier scheduling, A, , may be an

offset for EPDCCH resource set p, and 1n, may be carrier indicator field value.
. m- N,
Alternatively, Kgﬂse,,p(m'):{ + D s 'nchJerffsex,p may be used. The D s and

A erp (€.8., in such an embodiment) may be defined as least one of the following: @,
may be a predefined value and A, , may be configured as a function of an ePDCCH

resource set index, @, may be a predefined value and A, , may be configured as a
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function of an aggregation level, carrier indicator value and/or aggregation levels, and/or both

D, and A, may be configured by higher layer signalling

[0261] In another example, the K,y may be predefined as a table. The table 14-3 shows
an example of the definition of offset value according to the aggregation level. The exact
offset value may be different. The exact offset value may be changed according to the

system configuration and/or ePDCCH resource set configuration.

Table 14-3 K, according to the aggregation levels.

ml
0 1 2 3 4
Aggregation 1 0 3 16 24 32
level: L
2 0 8 16 24 32
4 0 4 8 - -
8 0 4 8 - -

[0262] Alternatively, a hash function may not be used for localized ePDCCH
transmission and the ePDCCH candidates for the localized ePDCCH resource set may be

defined with at least one of the following properties: the WTRU or UE-specific search space

s may be defined as L-{(T+m')m0d|_NeCCEk/LJ}+i where i=0,---,L-1, m' =m+M"P .n,,,

and m=0,---,M"” —1; T may be defined as fixed value in a predefined manner or configured
via higher layer signalling in a WTRU or UE-specific manner; and/or 7 may be defined as a
function of WTRU or UE-ID. For example, 7 = #RNTI |

[0263] A search space may include multiple ePDCCH resource sets. The multiple
ePDCCH resource set may have a number of PRB-pairs that may be used and/or the number
may be fixed regardless of the system bandwidth, cell-ID, and/or subframe number or
variable according to system bandwidth, cell-ID, and/or subframe number. The same number
of eCCEs may be available in ePDCCH resource sets. The number of eCCEs available in
ePDCCH resource set may be fixed regardless of the system bandwidth, cell-ID, and/or
subframe number. The number of eCCEs available in ePDCCH resource set may be variable
according to the system bandwidth, cell-ID, and/or subframe number. The number of eCCEs

available in ePDCCH resource set may be tied to the number of PRB-pairs for the ePDCCH
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resource set such as integer multiples of the number of PRB-pairs for the ePDCCH resource
set. (e.g., 2 or 4 eCCEs per PRB pair may be used with 2 x the number of PRB-pair.). Additionally, the
number of eCCEs available in ¢ePDCCH resource set may be changed according to the
configuration.

[0264] In another embodiment, the available number of eCCE may be different according
to ePDCCH resource sets. For example, the number of eCCE in an ePDCCH resource set
may be defined as a function of the number of PRB-pairs configured for the ePDCCH
resource set (e.g., Ney) and at least one of system configurations including CP length,
subframe type, duplex mode (TDD or FDD), and/or carrier type (e.g., legacy carrier or other
carrier type). In this case, given that the same N, number and CP-length may be used for an
ePDCCH resource set, the larger number of available e¢CCEs may be defined in a non-legacy
carrier type as compared with that for legacy carrier where the non-legacy carrier type may
imply that a carrier not having legacy downlink control channels and CRS in the downlink
subframes (e.g., PDCCH, PHICH, and PCFICH).

[0265] A subset of ePDCCH resource sets among the multiple ePDCCH resource sets or
configured ePDCCH resource sets may be used for a WTRU or UE-specific search space.
For example, if K, =3 ePDCCH resource sets may be defined, two ePDCCH resource sets

(e.g., set 1 and 2) may be used as an ePDCCH resource for a specific WTRU or UE. The

multiple ePDCCH resource sets may have at least one of the following properties

[0266] According to an example embodiment, Kt ePDCCH resource sets may be
defined and each ePDCCH resource set may include a same number of eCCEs (e.g., 16
eCCEs). The number of eCCEs may be fixed or variable according to the system
parameter(s). The eCCE index may be defined from 0 to the total number of eCCEs in the
given number of ePDCCH resource sets. For example, if three ePDCCH resource sets may
be defined (e.g., K, =3) and each ePDCCH resource set may include 16 eCCEs, the eCCE
index may be defined as (eCCE#0, ..., eCCE#15) for the first ePDCCH resource set, and
(eCCE#16, ..., eCCE #31) and (eCCE#32, ..., eCCE#47) for the second and the third
ePDCCH resource set, respectively. The total number of eCCEs N, may be K, K.ccp

where K,z may denote the number of e¢CCEs in an ePDCCH resource set,

Noccp =Ko - Koccp. The total number of eCCEs in a subframe & may be indicated by N.ccgy .

set

In an embodiment, the WTRU or UE-specific search space $” may be defined as
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L-{(Yk +m’)m0d|_NeCCEk/LJ}+i, where =0 L—1, m=m+M®P .ny , and m=0,--,MP -1,

Y may be defined by T = Ye)modD ©ypore Ya=renm#0 39007 p_gss37 and

k=[n,/2]

[0267] The ¢CCE index may also be defined per ePDCCH resource set. For example, if
three ePDCCH sets may be defined (e.g., K., =3) and each ePDCCH resource set includes

16 eCCEs, the eCCE index may be defined as (eCCE#O, ..., eCCE#K ccr—1) for the first,

second, and/or third ePDCCH resource sets. A WTRU or UE-specific search space may be

defined per ePDCCH resource set and the N.ccgr =K.ccgr. In this case, one or more of the

following may apply. For example, the WTRU or UE specific search space may be defined
per ePDCCH resource sets. The ePDCCH candidates for an aggregation level may be split to
two or more number of ePDCCH resource sets. The ePDCCH resource sets may be used for
the WTRU or UE-specific search spaces. A subset of ePDCCH resource sets may be used for
a specific WTRU or UE-specific search space. In an embodiment, The subset may be
different according to the spyyy.

[0268] Table 14-4 shows an example that two ePDCCH resource sets (e.g., n=0 and 1)
may be used for a WTRU or UE-specific search space and the ePDCCH candidates may be
split to two ePDCCH resource sets evenly.

Table 14-4 - ePDCCH candidates for aggregation levels

Number of ePDCCH candid:
Search space SIELn) umber of e CL)C candidates
A e
Type Aggregation level L
n=0 n=1
1 3 3
WTRU or 2 3 3
UE-specific 4 1 ;
8 1 T

[0269] The WTRU or UE specific search space s{") for the ePDCCH resource set p may

be defined as L- {(YM + m')modLNeCCE,p,k /LJ }+z’ or
L- { (Y, 5 + K pjer,, (m"))mod \_NeCCE,p’k / LJ }+ i. The Y,, may be defined per ePDCCH resource

sets and may have a different number according to the ePDCCH resource set index p in the
same subframe. The 4 may be defined with a different number according to the ePDCCH

resource set index. In example embodiments, ¥, , may be defined as a function of ngyyy,
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subframe number, and/or the ePDCCH resource set index p. Additionally, ¥,, may be
defined by v, , =(4,-Y,, )mod D, where Y, | =npyy #0, D=65537 and k=|n,/2]. 4,
may be defined as a prime number and when 4,_, =39827, the 0-th set may be the first
ePDCCH resource set. 4,,p >0 may be a prime number smaller or larger than 39827. For

example, 4, ,=39827 and 4, , = 39829 .

[0270] Additionally, ¥,, may be definedby Y,, =(4-Y,,; + A4, ,)modD where the
A ier,, May be an offset for ePDCCH resource set p. In such an embodiment, the A ., , may

be defined as at least one of following: a higher layer configured value; a predefined number

may be used for the ePDCCH resource set specific offset, for example, the A ., ., =0 and
the A, ., =4 where A may be a predefined number (e.g., 3) and/or the offset may be

randomly generated (e.g., the A ., ., =0 and/or the A, =4 where A may be generated

as a function of a subframe number and/or a WTRU or UE-ID (e.g., C-RNTI)) and/or the
offset may be defined as a function of one or more of the following: an ePDCCH resource
type (e.g., distributed or localized), the number of PRBs, an aggregation level, an ePDCCH
candidate number, and/or a number of eCCEs.

[0271] According to an example embodiment, ¥,, may also be defined by

Y, =(4, Y, +A,, ) modDwhere the A ., may be an ePDCCH resource set specific

offset.

[0272] The WTRU or UE-specific search space may be defined over multiple ePDCCH
resource sets and the location of ePDCCH candidates for blind detection may be defined as a
function of ePDCCH resource set number and eCCE number.

[0273] Additionally, an eCCE index may be defined per one or more ePDCCH resource
set(s), and associated ePDCCH resource sets may be different according to the ePDCCH
transmission type and/or eCCE aggregation levels. In this case, one or more of followings
may be applied. For example, eCCE index may be defined per ePDCCH resource set in at
least one of following cases: low eCCE aggregation level may be used, such as 1 and/or 2;
and/or ePDCCH resource set may be configured as a distributed transmission. eCCE index
may be defined over two or more configured ePDCCH resource sets in at least one of

following cases: high eCCE aggregation level may be used, for example, 8 or higher; and/or
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¢PDCCH resource set may be configured as a localized transmission. One or more subsets of
the ePDCCH resource sets may be indicated from an indication channel (e.g., enhanced
PCFICH) in each subframe.

[0274] For multiple ePDCCH resource sets, each ePDCCH resource set may be
independently configured as either localized or distributed transmission. If multiple
e¢PDCCH resource sets may be configured for a WTRU or UE, a subset of the configured
ePDCCH resource sets may be configured to a localized transmission, and the rest of
ePDCCH resource sets may be configured for the distributed transmission: the ePDCCH
candidates may be defined in a different manner for localized and distributed ePDCCH
resource sets; a different hash function may be used for localized and distributed ePDCCH
resource sets; and/or K., ePDCCH resource sets may be defined and each ePDCCH resource
set may have a different number of eCCEs (e.g., 16 eCCEs for the primary set and 32 eCCEs
for the secondary set).

[0275] When the ePDCCH candidates may be defined in a different manner for localized
and distributed ePDCCH resource sets one or more of the following may apply and/or may be
used: a hash function (¥;) may be used for distributed ePDCCH resource set; an offset value
K¢ may be used for localized ePDCCH resource set; and ePDCCH resource set dependent
hash function may be used for distributed ePDCCH resource sets. When a different hash
function may be used for localized and distributed ePDCCH resource sets, the legacy hash
function may be used for distributed ePDCCH resource set while another hash function may
be defined for localized ePDCCH resource set.

[0276] Embodiments for antenna port mapping based on search spaces may also be
provided and/or used as described herein. For example, the same, or similar, ePDCCH
candidates in WTRU or UE-specific search space may have a different antenna port and/or
scrambling ID whereas a common search space may have the same antenna ports and/or
scrambling ID. In such embodiments, if a WTRU or UE-specific search space may be
defined as {eCCE#n, ..., eCCE#n+k}, a WTRU or UE behavior to monitor ePDCCH may
include one or more of the following. An antenna port for an eCCE within WTRU or UE-
specific search space may be configured in a WTRU or UE-specific manner. For example, a
WTRU or UE may demodulate eCCE#n with antenna port-7 and another WTRU or UE may
demodulate the eCCE#n with antenna port-8. The antenna configuration may be informed to

a WTRU or UE via higher layer signaling or may be implicitly derived from the RNTI. An

-2 -



WO 2013/112972 PCT/US2013/023341

antenna port for an ¢CCE within a WTRU or UE-specific search space may be blindly
decoded within a WTRU or UE-specific search space. For example, a WTRU or UE-specific
search space may include an eCCE#n with antenna port-7 and eCCE#n with antenna port-9.
The WTRU or UE may also demodulate (e.g., repeatedly demodulate) the same resource
(eCCE#n) with antenna port-7 and antenna port-9.
[0277] According to additional embodiments, a DM-RS scrambling sequence may be
provided and/or used. For example, for the demodulation of the ePDCCH, antenna ports {7,
8,9, 10} may be used for the channel estimation, equivalently {107, 108, 109, 110} may be
used. In this case, the DM-RS sequence for the antenna ports may be defined as:

r(m) = %(1 -2 -c(2m)) +j717(1 —2-c(2m+ 1)),m =

{ 0,1, ...,12N§§X'DL — 1 for normal CP
0,1,...,16NFa*PL — 1 for extended CP’

where the sequence initialization c;,,;; may be defined as
Cinie = (Ins/2] + 1) - (2np "M + 1) - 2 + nggp"™ ",

where (nEY DCCH nEE},’fCH) and (Xip, ngcip) may be used interchangeably. For the cjp;

definition, one or more of followings may apply: a different scrambling sequence may be
used for the same ePDCCH resource and/or a single scrambling sequence may be used for the

ePDCCH resources in a cell.

[0278] In an embodiment, a different scrambling sequence may be used for the same
e¢PDCCH resource (e.g., PRB-pairs) according to the WTRU or UE and/or blind decoding
attempt, for example, so that a multi-user multiplexing gain may be increased. As an
example, a WTRU or UE may demodulate eCCE#n with a scrambling sequence and another
WTRU or UE may demodulate eCCE#n with another scrambling sequence where the
scrambling sequence may be associated with a demodulation reference signal (e.g., an
antenna port). As another example, a WTRU or UE may demodulate eCCE#n with
scrambling sequence A and B. The scrambling sequence candidates may be defined as
follows: the scrambling sequence candidates may be defined with ngcjp and/or Xyp; the
scrambling sequence candidates may be defined as {ngcp = 0, ngcjp = 1}; and/or
scrambling sequence candidates may be defined as {(X;, nscip = 0), (X3, ngcp = 0),

(X1, ngep = 1), (X5, ngerp = 1)} where X4 and X, may be a different number defined within

the range of O~ number of cell ID.
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[0279] A single scrambling sequence may also be used for the ePDCCH resources in a
cell so that a cell specific parameter may be used for X;p and a fixed number may be used for
ngcrp. The X;p may be defined as the physical cell ID or configured by higher layer
signaling. The ngcp may be fixed as either O or 1.

[0280] If multiple ePDCCH resource sets may be defined, the scrambling sequence may
be used per ePDCCH resource set or across ePDCCH resource sets. For example, the
scrambling sequence may be defined per ePDCCH resource set. Additionally, the X;p may
be defined per ePDCCH resource set so that multiple scrambling sequence may be used
without a dynamic indication. In such an embodiment, when ePDCCH resource sets may be
configured, the associated X;p for each ePDCCH resource set may also be configured. In this
case, the ngcp may be fixed as either 0 or 1. Two X;p may be configured via higher layer
and each ePDCCH resource set may use one of the X;p according to the configuration. A
fixed predefined X;p may be used for ePDCCH candidates in common search space so that a
WTRU or UE may demodulate ePDCCH candidates within common search space. Higher
layer configured X p may be used for ePDCCH candidates in WTRU or UE-specific search
space and the X;p may be different according to the ePDCCH resource set or the same for the
e¢PDCCH resource sets. If two or more of X;p may be used with multiple ePDCCH resource
sets, a PDSCH associated with an ePDCCH may be received in the subframe in at least one
of following manner: a WTRU or UE may use the same X;p used in the associated ePDCCH
for PDSCH demodulation; and/or regardless of the Xip used in the associated ePDCCH, a
WTRU or UE may use the X;p indicated by ngcjp in the associated DCI. If ngep = 0, then
X, may be used. Otherwise, X, may be used. If the WTRU or UE may use the same X;p
used in the associated ePDCCH for PDSCH demodulation, the scrambling sequence may be
aligned between PDSCH and the associated ePDCCH such that the collaborative multi-point
transmission (CoMP) operation may be applied for ePDCCH.

[0281] The use of X;p may be dependent on the configured transmission mode for
PDSCH. For example, if a WTRU or UE may be configured with non-CoMP operation, a
single X;p may be used for the ePDCCH resource sets, and the X;p may be defined as
physical cell ID. However, ifa WTRU or UE may be configured with CoMP operation, two
or more X;p may be used and each of the ePDCCH resource sets may be configured with an
Xip independently. As such, X;p may or may not be the same for ePDCCH resource sets.

[0282] In an additional embodiment, the DM-RS sequence may be defined differently
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according to or based on the ePDCCH search spaces. For example, according to the ePDCCH
search space, one or more of following may apply and/or may be used and/or provided. In an
embodiment, a WTRU or UE-specific DM-RS sequence may be configured for the WTRU or
UE-specific search space and cell-specific DM-RS sequence may be used for the common
search space. The sequence initialization c¢;,;; for a WTRU or UE-specific search space may
be defined as cip;; = (Ing/2] + 1) - (2nEFPCCH + 1) - 216 4 REERCCH \where nEPPCCH may

be configured via higher layer per ePDCCH resource set and n'SS&%CCH may be a fixed number

(e.g.,0, 1, 0r2). For the ePDCCH common search space, nky P¢“H may be defined as a

function of the physical cell-ID and nEEEC ! may be a fixed number (e.g., 0, 1, or 2). For

example, nEPPCCH may be or may be equal to the physical cell ID.

[0283] In another embodiment, both a WTRU or UE-specific search space and common
search space may be configured with either a WTRU or UE-specific DM-RS sequence or a
cell-specific DM-RS sequence.

[0284] Additionally, in an embodiment, if multiple (e.g., two) ePDCCH resource sets
may be configured for the ePDCCH WTRU or UE-specific search space and an (e.g., one)
ePDCCH resource set may be used for the ePDCCH common search space, one or more of
following may apply and/or may be used and/or provided. For example, the sequence
initialization c;,;; for a WTRU or UE-specific search space may be defined in a WTRU or
UE-specific manner for each ePDCCH resource sets if the ePDCCH WTRU or UE-specific
resources may not be overlapped with ePDCCH common search space resources. In such an
embodiment, the sequence initialization c;,;; for a WTRU or UE-specific search space may
be defined as cipir = (Ins/2] + 1) - (2nfEPH + 1) - 216 + nEERH where nfi "““H may
be configured via the higher layer per ePDCCH resource set and nE&%CCH may be a fixed
number (e.g., 0, 1, or 2).

[0285] For an ePDCCH WTRU or UE-specific search space resource set that may be
fully and/or partially overlapped with an ePDCCH common search space resource, the
sequence initialization c;,;; for a WTRU or UE-specific search space may be defined as the
same as the ePDCCH common search space DM-RS sequence initialization. In such an
embodiment, if the ePDCCH common search may use a cell-specific DM-RS sequence, the
WTRU or UE-specific DM-RS sequence for the ePDCCH resource set overlapped with

common search space may use the cell-specific DM-RS sequence. Additionally, in such an

embodiment, the sequence initialization c¢;,;; for a WTRU or UE-specific search space if the
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WTRU or UE-specific search space may not be overlapped with ePDCCH common search
space may be defined as ¢ = (Ing/2] + 1) - (2nfFPCCH + 1) - 216 + nEEDCCH where

nky DCCH may be configured via higher layer per ePDCCH resource set and nEEH)CCH may be a
fixed number (e.g., 0, 1, or 2).

[0286] Additionally, in an example embodiment, the sequence initialization c;,;; for a
WTRU or UE-specific search space if the WTRU or UE-specific search space may be
overlapped with ePDCCH common search space may be defined as ¢;;; = (Ing/2] + 1) -
(2nfFPCCH 4+ 1) - 216 4 nEEPCCH where nfEPCCH may be defined as a function of the

physical cell-ID and nEERCCH may be a fixed number (e.g., 0, 1, or 2). For example, nhy P¢CH

may be or may be equal to the physical cell ID.

[0287] Search space design (e.g., in CA or for multiple DL carriers) may be provided as
described herein. For example, a search space associated with multiple DL carriers may be
implemented. In ePDCCH resources, a common search space and WTRU or UE-specific
search space may be defined. The search spaces may be defined in a multiple carrier system
in one or more of the following ways.

[0288] A common search space may be limited to being defined in PCell and/or WTRU
or UE-specific search spaces may be defined in multiple component carriers. A WTRU or
UE may limit monitoring of a common search space to PCell and WTRU or UE-specific
search space in a corresponding PCell/SCell. In common search space, a carrier indication
field (CIF) may indicate the corresponding component carrier in DCI format. The component
carer in which ePDCCH may be received in a WTRU or UE-specific search space may be
considered as a corresponding component carrier. FIG. 26 illustrates an exemplary common
search space definition, which may be limited to legacy PDCCH region in PCell, for
example. A WTRU or UE-specific search space that may be defined in PCell and common
search spaces may be defined in multiple component carriers.

[0289] Common scarch space may also be defined in PCell and a WTRU or UE-specific
search space may be defined in at least one of SCells. The common search space may be
defined in legacy PDCCH in PCell and/or a WTRU or UE-specific search space may be
defined in ePDCCH in at least one of SCells.

[0290] In an embodiment, a PCell may be independently defined for legacy PDCCH
and/or ePDCCH. In this case, if there may be Cell-0, Cell-1, and Cell-2, Cell-0 may be
configured as PCell for legacy PDCCH and/or Cell-2 may be configured as PCell for
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ePDCCH. PCell for ePDCCH may be defined with an offset for the PCell of legacy PDCCH.
[0291] Both WTRU or UE-specific search space and common search space may be
limited to being defined in PCell. Additionally, both WTRU or UE-specific search space and
common search space may be defined in multiple component carriers.

[0292] According to an example embodiment, two ePDCCH modes may be defined
and/or used such as ePDCCH frequency diversity mode (e.g., ePDCCH Mode-1) and
e¢PDCCH frequency selective mode (e.g., ePDCCH Mode-2), for example. Additionally, the
ePDCCH Mode-1 may achieve frequency diversity gain so that a common search space may
be limited to being defined by ePDCCH Mode-1.

[0293] In embodiments, a WTRU or UE-specific search space may be defined in one or
more of the following ways. A WTRU or UE-specific search space may be defined by cither
¢PDCCH Mode-1 or ePDCCH Mode-2. An ePDCCH mode for a WTRU or UE-specific
search space may be configured by RRC signalling so that a WTRU or UE may limit its
monitoring to either ecPDCCH Mode-1 or ePDCCH Mode-2 according to the configuration.
Additionally, an ePDCCH Mode for WTRU or UE-specific search space may be configured
according to SFN so that a WTRU or UE may know which ePDCCH Mode may be defined
in the subframe from the SFN number. In another example embodiment, an ePDCCH Mode
for WTRU or UE-specific search space may be configured according to component carrier.
For example, ePDCCH Mode-1 may be configured in PCell and ePDCCH Mode-2 may be
configured for Secondary cell (SCell). The WTRU or UE may monitor an ePDCCH in PCell
with ePDCCH Mode-1 and ePDCCH Mode-2 for SCell. The ePDCCH Mode for each
component carrier may be configured by higher layer signalling,

[0294] Furthermore, ePDCCH Mode-1 and ePDCCH Mode-2 may be defined in the same
subframe. For blind decoding, a WTRU or UE may decode half in ePDCCH Mode-1 and
another half in ePDCCH Mode-2. The portion of the ePDCCH Mode that the WTRU or UE
may blindly decode may be different according to subframe and/or configured by eNB.

Table 15 shows an example where Ml(L) and MZ(L) may denote a number of ePDCCH
candidates for ePDCCH Mode-1 and Mode-2, respectively. A WTRU or UE may monitor
one ePDCCH Mode configured by an eNB via higher layer signalling.

Table 15: ePDCCH candidates monitored by a WTRU or UE.
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Search space S{” Number of
ePDCCH candidates
i (L €3]

Type Aggregazlon level Size [in CCEs] M; M,

WTRU L 6 3 3

- UE 2 12 3 3

s0 eciﬁ_c 4 8 1 1

P 8 16 1 1
C 4 16 4
ommon 8 16 2

[0295] If cross-carrier scheduling may be activated, PDCCH may be limited to
transmitting in PCell such that a WTRU or UE may monitor PCell in the limited case to
receive PDCCHs. As ePDCCH may be defined, a WTRU or UE behaviour may be defined
in one or more of the following ways when cross-carrier scheduling may be activated.
Legacy PDCCH and/or ePDCCH may be limited to being transmitted in PCell according to
the PDCCH configuration. If an eNB may configure legacy PDCCH for a WTRU or UE, the
WTRU or UE may be limited to monitoring legacy PDCCH in PCell. Otherwise, the WTRU
or UE may monitor ePDCCH in PCell. A WTRU or UE may assume that each PDCCH may
be transmitted in PCell.

[0296] Additionally, a PCell may be defined independently for legacy PDCCH and
ePDCCH such as PCell_pdcch and PCell_epdcch where PCell_pdcch and PCell_epdcch
denote the PCell for legacy PDCCH and ePDCCH respectively. A WTRU or UE may
monitor PCell _epdcch for the set of component carriers configured for ePDCCH and
PCell_pdcch for the other component carriers configured for legacy PDCCH. The
PCell_pdcch and PCell ePDCCH may be the same component carrier.

[0297] Interference randomization may also be provided and/or used as disclosed herein.
For example, a frequency location of ePDCCH may be changed from one subframe to
another to randomize interference between ePDCCHs from multiple cells.

[0298] For such an interference randomization, a WTRU or UE may use various
behaviours. For example, WTRU or UE behaviour to monitor e(PDCCH may be defined as
follows. If cross-carrier scheduling may be activated, a WTRU or UE may monitor ePDCCH
in a specific cell in subframe and the index specific cell may be implicitly derived from SFN
number and/or radio frame. If cross-carrier scheduling may not be activated, a WTRU or UE

may monitor ePDCCH in each of the configured component carriers; however, the ePDCCH
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resource may be changed from one subframe to another within a cell according to a SFN
number and/or radio frame.

[0299] According to an example embodiment, WTRU or UE receiver processing may be
used and/or provided. For example, a PDSCH decoding processing time relaxation may be
provided. In such an embodiment, FDD (e.g., with a frame structure 1) and/or TDD (e.g.,
with a frame structure 2) may be provided and/or used. For example, a TBS may be defined
by the (Itgs, Nprg) (€.g., as shown in section 7.1.7.2.1 of 3GPP TS 36.213 “Physical Layer
Procedures”, V10.1.0, 2011-03) and the transport block size may get larger as the number of
(Irgs, Npgrp) becomes larger where 0 < Ipgs < 26 and 1< Nppg < 110. Since ePDCCH
may be transmitted in the PDSCH region, a WTRU or UE receiver may lose decoding
processing time for HARQ-ACK transmission which may be used to be transmitted in the
uplink subframe n + 4 upon receive PDSCH in the downlink subframe n. A timing advance
( Tr4) may reduce PDSCH decoding processing time as it may transmit uplink signal T4
ecarlier where 0 < Tp, < 0.67 [ms]. Since larger transport block size may use more PDSCH
processing time, the larger TBS may be restricted in the case that T4 value may be relatively
large and ePDCCH may be used. TBS restriction may be used according to one or more of
the following.

[0300] In an example method, TBS restriction may be used as follows (e.g., according to
one or more of the following). For example, ITX and NM3X may be defined if IM&X < Irpg
and NJEX < Npgg where the IM2X and NM2% may denote the maximum number for TBS
index and number of PRBs restricted. As such, a WTRU or UE may assume that a TBS
larger than (1}, NM2X) may not be transmitted for the WTRU or UE. The I¥2X and NM&%
may be defined in a WTRU or UE-specific manner as a function WTRU or UE-specific
timing advance value ( Trp). The maximum TBS (NY2¥) may also be expressed as Nyex =
A(IFEX NMaX) where A may be a TBS table.

[0301] Additionally, the 12X, NMaX may be defined as a function of timing advance
value with at least one of following equations: M3 = |Irgs X (1 —y* Tra)] or [Itgs X

(1 =7y Tra)], where the y may be weighting factor; and/or NY&X = | Nprg X (1 — &+ Tra)l
or [ Npgg X (1 — &8+ Tra| where the § may be weighting factor.

[0302] The 132X, NM3 may further be defined as a function of a timing advance value

with at least one of following equations: ¥ = Ipgs — |y * Tral or Itgs — [y * Tral, where

the y may be weighting factor; and/or NM&% = Nppg — |8 Tral or Nprg — [8 © Tral, where
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the 6 may be weighting factor.

[0303] In embodiments, the NY2X may be defined as a function of the timing advance
value with at least one of following equations: NM&X = |Npgs X (1 — €+ Tra)| or [Nygg X
(1 — €+ Tra)l, where Nygg may denote the largest TBS size without restriction and € may be
a weighting factor; and/or N¥2X = Npgs — l€ Tral or Nygs — [e+ Tral.

[0304] The weighting factors y, §, € that may be used as shown above may have
following characteristics: the weighting factors may be changed according to WTRU or UE
class/category and/or the weighting factors may be different according to transmission mode.
Additionally, a maximum TBS NY2X may be defined as a function of T, and WTRU or UE
class/category. For example, for WTRU or UE category-1, TBS restriction may not be used
irrespective of the timing advance value.

[0305] In another example methods, a H-ARQ timing may be implemented (e.g., to allow
additional decoding processing time). In a H-ARQ operation, a WTRU or UE may be
requested to transmit HARQ-ACK in subframe n+k if the WTRU or UE may have received
PDSCH in subframe #. In such an embodiment, £ may be set to 4 in a FDD system and £
may be predefined in a TDD system based on, for example, the UL-DL configuration and/or
subframe number. Additionally, in such an embodiment, WTRU or UE behavior may be
defined as follows (e.g., when a WTRU or UE may have received ePDCCH and a
corresponding PDSCH in subframe 7). A WTRU or UE may transmit HARQ-ACK in
subframe #+/. In such an embodiment, the variable / may be set to £ if a single component
carrier may be activated. Additionally, the variable / may be set to a positive integer number
larger than 4 if multiple component carriers may be activated. The variable / may also be
configured to a number within a set of candidates, for example, {4, 6, 8, 10}, via higher layer
signaling when multiple component carriers may activated. If a single component carrier
may be activated, / may be set to £.

[0306] In an additional example method, an ePDCCH and a corresponding PDSCH may
be transmitted in a different subframe such that a WTRU or UE may monitor ePDCCH in
subframe #-7 and may expect to receive a corresponding PDSCH in subframe #. In this case,
a WTRU or UE behavior for a HARQ-ACK transmission may include one or more of the
following.

[0307] For example, the variable / may be either ‘0’ or a positive integer and may be

configured by higher layer signaling. In an embodiment, the variable i may be set to ‘1’ in an
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FDD system. A WTRU or UE may transmit HARQ-ACK in subframe #-k irrespective of the
subframe number for ePDCCH reception. The ePDCCH may be limited to transmission in
subframe #-7 in the case where multiple component carriers may be activated. Otherwise,
ePDCCH and the corresponding PDSCH may be transmitted in the same subframe.

[0308] The ePDCCH may also be transmitted in subframe #-7 if a timing advance (Tra)
for the WTRU or UE may be larger than a threshold (o). For Tta> a, a WTRU or UE may
expect to receive a corresponding PDSCH in subframe #» when the WTRU or UE may receive
ePDCCH in subframe n-i. For Tta <o, a WTRU or UE may receive (e.g., may expect to
receive) the ePDCCH and a corresponding PDSCH in the same subframe (e.g., o = 0.17ms).
[0309] Additionally, the ePDCCH may be transmitted in subframe #-7 if the number of
available downlink PRBs (e.g., associated with the system bandwidth) may be larger than the
Nprg. The Nprg may be a threshold and, in an example embodiment, Nprg=50. The
e¢PDCCH may further be transmitted in subframe #-7 for category 5 UEs.

[0310] One or more combinations of the above-disclosed embodiments may also be
implemented. For example, the ePDCCH may be transmitted in subframe #-i if multiple
component carriers may be activated and timing advance (Tta) for the WTRU or UE may be
larger than threshold. The ePDCCH may be transmitted in subframe #-7 if the timing advance
(Tta) for the WTRU or UE may be larger than threshold and the WTRU or UE category may
be 5. The ePDCCH may be transmitted in subframe #-7 if the timing advance (Tt,) for the
WTRU or UE may be larger than threshold and the number of available downlink PRBs (e.g.,
the system bandwidth) may be larger than Npgg.

[0311] TDD (e.g., frame structure 2) implementations may also be provided and/or used
as described herein. For example, in TDD, the HARQ-ACK timing may be defined
according to or based on a UL-DL configuration and/or subframe number, for example, since
the uplink subframe may not be available in n+4 once a WTRU or UE may receive a PDSCH
in subframe n. Table 16 shows example embodiments of HARQ-ACK timing relations by
defining k such that a WTRU or UE may transmit HARQ-ACK in uplink subframe n+k upon

detection of a PDSCH in downlink subframe n.

Table 16. k for TDD configurations 0-6

Subframe n
TDD UL-DL
configuration The WTRU or UE may upon detection of a PDSCH in downlink subframe n transmit HARQ-ACK response in UL
subframe nt+k
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0 1 2 3 4 5 6 7 8 9
0 4 6
1 7 6
2 7 6
3 4 11
4 12 11
5 12 11
6 7 7

[0312] In an embodiment, the TBS restriction may apply to the subframe with k, which
may be equal to or less than K where the K value may be predefined or configurable by
higher layer signaling. As an example, if K may equal to 4, the TBS restriction may be
applied for subframes 0 and 5 in UL-DL configuration 0 in Table 16 and it may be applied
for subframe 4 in UL-DL configuration 1. In another example, if K may be equal to 5, the
TBS restriction may be applied in one or more of the following subframes: Subframe {0, 5}
in configuration 0; Subframe {4, 9} in configuration 1; Subframe {3, 8} in configuration 2;
Subframe {0} in configuration 3; Subframe {8, 9} in configuration 4; Subframe {7, 8} in
configuration 5; and/or Subframe {9} in configuration 6.

[0313] According to an additional embodiment, the TBS restriction may applied to the
subframe in which the HARQ-ACK timing may be larger than K and a WTRU or UE may
have Tta > 0. Furthermore, from a WTRU or UE PDSCH decoding procedure perspective, a
WTRU or UE may assume that the largest TBS restriction may not be applied if HARQ-ACK
timing k may be larger than K (e.g., 4) in a subframe. As such, different WTRU or UE
behaviors may be defined. For example, if a WTRU or UE may receive a TBS within a
restricted TBS in the subframe where the HARQ-ACK timing k may be equal to or smaller
than K, the WTRU or UE may assume that such a reception may be an error and may report
DTX or NACK in the subframe n+k. If a WTRU or UE may receive a TBS within a
restricted TBS in the subframe where the HARQ-ACK timing k maybe larger than K, the
WTRU or UE may start to decode the PDSCH and report HARQ-ACK in the subframe n+k.
For TDD and FDD, the TBS restriction may apply in the downlink subframe if a WTRU or
UE may report HARQ-ACK 4ms after reception of PDSCH in the subframe.

[0314] Embodiments may be described herein for feedback processing time relaxation

(e.g., using FDD (e.g., Frame Structure 1) and TDD (e.g., Frame Structure 2)). As described
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above, aperiodic CSI feedback may be provided and/or used. If aperiodic CSI reporting may
be triggered in the downlink subframe n, a WTRU or UE may report CSI in the uplink
subframe n+4. Since CSI calculation may use additional processing time, when aperiodic
CSI reporting may be triggered by ePDCCH in a downlink subframe n, a WTRU or UE
behavior may include at least one of following.

[0315] A WTRU or UE may drop CSI feedback if a PDSCH may be transmitted for the
WTRU or UE in the same subframe. In this case, the dropping condition may be further
restricted with at least one of following: the TBS for the PDSCH in the subframe n being
larger than a predefined threshold; the aperiodic CSI feedback mode using subband CQI
and/or rank; the timing advance T, being larger than a predefined threshold; the CSI-RS
associated with the aperiodic CSI feedback being transmitted in the same subframe; the
system bandwidth Nppg being larger than a predefined threshold (e.g., 50); and/or the like.
[0316] In an embodiment, a WTRU or UE may not assume that aperiodic CSI reporting
may triggered in the subframe n via ePDCCH if a PDSCH may be transmitted in the same
subframe. Such a condition may be further restricted with at least one of following: the TBS
for the PDSCH in the subframe n being larger than a predefined threshold; the aperiodic CSI
feedback mode using subband CQI and/or rank; the timing advance Ty being larger than a
predefined threshold; the CSI-RS associated with the aperiodic CSI feedback being
transmitted in the same subframe; the system bandwidth Npgg being larger than a predefined
threshold (e.g., 50); and/or the like.

[0317] Additionally, if a CSI request field in DCI format 0 and 4 may trigger aperiodic
CSI reporting in subframe », a WTRU or UE may feedback CSI in subframe #+4 in an FDD
system. This WTRU or UE behavior may be provided, in an embodiment, if a WTRU or UE
may receive a legacy PDCCH.

[0318] According to example embodiments, if a WTRU or UE may receive ePDCCH for
aperiodic CSI reporting in a multiple carrier system, the WTRU or UE behavior may include
one or more of the following. A WTRU or UE may report CSI feedback in subframe n+;
where: j may be set to 4 if a single component carrier may be activated; j may be set to 5
regardless of the number of configured component carriers (cells); j may be configured by
higher layers and j may be used when multiple component carriers may be configured; j may
be defined according to the cell such thatj may be set to 4 for PCell and j may be set to 5 for
SCell and the reporting time for PCell and SCells may be separated in the time domain;
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and/or j may be set to larger than 4 when a WTRU or UE may be configured according to at
least one of: a timing advance (Tta) for the WTRU or UE that may be larger than a threshold,
aperiodic reporting triggering bits that may indicate to report CSI for multiple component
carriers, and/or if a configured PUSCH reporting mode may be based on subband precoding
matrix indicator (PMI) reporting.

[0319] As such, WTRU or UE processing (e.g., WTRU or UE decoding processing) time
relaxation in multiple carriers may be provided as described herein. In such embodiments, a
timing relations for HARQ-ACK transmission and/or aperiodic CSI feedback may be
redefined when ePDCCH may be used, for example, in a multiple carrier system.
Additionally, PDSCH decoding processing may be provided.

[0320] Uplink control channel allocation with ePDCCH may further be described herein.
For example, PUCCH resource mapping for a single DL carrier may be provided. In such an
embodiment, PUCCH resources corresponding to DL assignment messages received in an
ePDCCH may be configured as a function of RRC signaling that may be indicated to one or
more WTRU(s) or UEs.

[0321] When ePDCCH reception may be enabled or configured fora WTRU or UE, at
least one or a set of candidate PUCCH resources may be assigned or indicated to a WTRU or
UE. The PUCCH resources may be indicated or signaled to one or more WTRU or UE using
per-WTRU specific signaling or per-UE specific signaling, or they may be indicated or
signaled to WTRUs or UEs in a cell-specific manner. A WTRU or UE following reception of
a DL assignment message on ePDCCH in a DL subframe may determine the corresponding
PUCCH resource in an UL subframe as a function of the allowed or pre-configured PUCCH
resources.

[0322] In another embodiment, the assigned ePDCCH resources may correspond to a set
of pre-determined or configured PUCCH resources. A WTRU or UE receiving an
assignment of ePDCCH resources for decoding of DL control information may obtain a
corresponding PUCCH resource or a set of allowable PUCCH resources as a function of a
pre-determined mapping relationship or table. For example, the WTRU or UE may transmit
the PUCCH resource on an assigned single PUCCH resource, or in case that more than one
PUCCH resources may be configured, assigned, or indicated, it may transmit the PUCCH on
a resource selected from a set where the determination of the specific PUCCH resource may

be subject to at least one second determining parameter such as a signaled value part of that
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DCI (e.g., ARI in TPC field for Release 10), or one or more values that may be derived as a
function of a transmission setting like the DL assignment message mapping to the ePDCCH
resources (e.g., value associated with antenna port number for DMRS for MU-MIMO). For a
small or well-dimensioned number of WTRUSs or UEs decoding an ePDCCH, explicit
configuration of corresponding PUCCH resources may be under control of the network and
may provide flexibility to pool PUCCH resources while avoiding the introduction of protocol
handling in conjunction with legacy WTRU’s decoding a PDCCH.

[0323] Additionally, PUCCH resources corresponding to DL assignment messages
received in an ePDCCH may be derived through a dynamic resource allocation mechanism
technique as a function of one or more transmission setting(s) of at least one DL signal
received through an ePDCCH. PUCCH resources that may be derived using a CCE index
ncce on PDCCH may be extended to by CCE number definitions for ePDCCH transmissions.
In such an embodiment, PUCCH resource collision between legacy PDCCH and ePDCCH
may be avoided while re-using similar PUCCH resource allocation principles, such as when
legacy WTRUs or UEs and ePDCCH WTRUSs or UE may be supported on a serving cell, for
example.

[0324] PUCCH resource allocation with a single ePDCCH resource set may also be
provided and/or used. For example, PUCCH resources for a single ePDCCH set may be
defined as described herein. In an embodiment, if either eCCE and/or eREG units in an

ePDCCH may be defined similar to a legacy PDCCH, the corresponding PUCCH resource

PDCCH
N,

may be defined or derived as n%,lﬁ%oéH =feccg Y Necg  + NI(,{}CCH, for antenna port p0, and

the PUCCH resource for antenna port pl may be derived by
n%,IUpCl():H =yccp + Né’(’?g s NI(,BCCH where 7.y may be the number of the first CCE (e.g.,

lowest eCCE index) used for transmission of the corresponding PDCCH in the region of

ePDCCH, Nz "may be the total number of CCEs in the control region for the legacy

PDCCH, and N

suce May be configured by higher layers. In this case, one or more of the

following may be applied. Nies'may be computed dynamically based on the detection of

PCFICH (e.g., the detection of the number of OFDM symbols) and the system bandwidth.

Neoe™ may be set to a predefined offset value, for example, the largest CCE number of the

largest system bandwidth, and may be combined with N such that
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N SD)UCCH =N, ;i}CCH +N ggEC A may be Conﬁgured by higher layers. N, él[?UCCH =N 1(’8CCH +N, ggbq A

may be configured by higher layer signalling such that the resource allocation may be based

Lp0) _ () Lph) @ ;
on Apficen = Hecck + Nepucer and Apieen = Meccr + Nepyee+1. In this case, at least one

(1)
of following may be applied: Nbvecn may be configured by higher layers and/or commonly

PDCCH
used for PDCCH and ePDCCH (e.g., in this case Nece may be configured by higher

o)
layer); and/or Nepvcen may be configured by higher layer signalling without a separate

PDCCH
indication of ~ ' CCE

[0325] Additionally, in an embodiment, the PUCCH resource may be independent of
feccp such that n$2o)y= NG ocn and Ny may be configurable by higher layers. For a

transmission mode that may support one or more (e.g., up to two) antenna ports, the PUCCH

resource nb2),; may be given by n&P = NG o +1. Ifa WTRU or UE may be configured

with MU-MIMO transmission, another determining parameter #,g; may be used for the

corresponding PUCCH resource, for example, in addition to 7.ccg as follows:

1L,p0) _ PDCCH )
npticen =Meccp t Necg  + Npuceg+ . for antenna port p0 and

R = Hocop + Neog 41+ NS+ ay for antenna port pl. In such an embodiment, 7y

may be determined as at least one of following: a parameter that may be associated with an
antenna port for UE-specific DMRS; a parameter similar to ART (ACK/NACK Resource
Indicator) configured by high layer signalling; and/or a predetermined parameter.

[0326] In another example, PUCCH resources corresponding to DL assignments that may
be received in an ePDCCH may be derived as a function of a CCE number. For example, a
first or pre-determined CCE or equivalent mapping unit in an ordered sequence may be
obtained from decoding a DL assignment message that may be mapped in a time and/or
frequency resource grid.

[0327] Additionally, the sequence of mapping units such as eCCEs or eREGs that may be
chosen to dynamically derive or determine the PUCCH resource selection in the WTRU or
UE decoding ePDCCH may or may not be in a relationship with the CCE sequence and
starting CCE indices that may be used in conjunction with dynamic PUCCH resource
allocation used when decoding PDCCH. A WTRU or UE decoding ePDCCH determining its

PUCCH resource may compute the UL transmission setting both from a first dynamically
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computed transmission setting such as a starting (¢)CCE or equivalent and one or more pre-
configured or signalled parameters as described herein.

[0328] According to an example embodiment, PUCCH resources that may be used in
conjunction with PDCCH (e.g., if present) and ePDCCH may be segmented or aggregated for
WTRUEs assigned to decode one of these by the network. In a setup, PUCCH resources may
be pooled, for example, UL RBs for a legacy WTRU’s or UE’s decoding of PDCCH and a
WTRU’s or UE’s decoding of ePDCCH. In some additional embodiments (e.g., when trying
to achieve spatial multiplexing gains), segregated UL resources may be chosen for a WTRU’s
decoding of legacy PDCCH versus those that may decode ePDCCH.

[0329] In the foregoing examples, when introducing (¢)CCE and/or (¢)REG units, groups
or units of REs may not imply or know that they may be the same as the CCEs that include 9
REGs or REGs that include 4 REs used on a PDCCH. Additionally, an ordered sequence of
mapping units corresponding to the time and/or frequency resource allocation for one or more
ePDCCH(s) may be equivalent in the described embodiments. In an embodiment, PUCCH
resources for a WTRU’s or UE’s decoding of at least one ePDCCH and which may be
configured to receive more than one DL serving cell may be derived through RRC signalling
to one or more WTRUS or UEs.

[0330] Embodiments may also be described herein for PUCCH resource allocation with
multiple ePDCCH resource sets. For example, if either eCCE or eREG units in an ePDCCH
set may be defined similarly to a legacy PDCCH, the corresponding PUCCH resources for a

. 1,p0 PDCCH S 1
UE may be derived as 7157w = N + N e(eCCEfoffgeft) + NP ecq, for antenna port p0 and/or the

PUCCH resource for antenna port pl may be derived by
1,p1
nSE) =N Ne(é};gfg;;jm +1+ N{Dey where 7., may be the number of the first eCCE

(e.g., the lowest eCCE index that may be used to construct the PDCCH) that may be used for

transmission of the corresponding PDCCH in the region of an ePDCCH set configured for a

UE, N&PCCHS may be the PUCCH resource offset for an ePDCCH set, and/or Nipcy may

eCCE_Offset

be configured by higher layers. In this embodiment, one or more of following may apply:

N (€PDCCH_Set)
CCE Offet  may be computed dynamically based on the detection of PCFICH (e.g., the

N\ (cPDCCH Se )
detection of the number of OFDM symbols) and the system bandwidth; = €CCEOffset  may

be set to a predefined offset value, for example, the largest CCE number of the largest system
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PDCCH_S¢
bandwidth, and/or be combined with Nij.cy so that N, PUCCH— PUCCH+ ggCE Offse )may

0 N(ePDCCH )

_ ar(h
Nepveen = Npucen+ Neccr ofise

be configured by higher layers; and/or may be configured

by higher layer signalling, resulting resource allocation may be based on

n%,lUCO(%H = Nyeep + N cpuccy and nPUC%H = ocp + NS PUCCH+1 In this last embodiment, at

1)
least one of following may be applied: Npucen may be configured by higher layers and/or
used for PDCCH and ePDCCH (e.g., in this case N, (Z%%Cglffsiet) may be configured by higher

€))
layers); Nerveen may be configured by higher layer signalling without a separate indication

NPDCCH N(l) . .
of "CCE  rand/or ' ePUCCH may be configured per set independently, which may be defined

(1),ePDCCH_Set
as~ ePUCCH

[0331]  Multiple N$)&oq Where k=0,1,....K-1 may also be configured and/or indicated

via dynamic signalling. For example, the PUCCH resource allocation based on ePDCCH

may be defined as ”1(>UCCH Nccpt N<PUCCH In this case, one or more of followings may

apply. The k may be indicated dynamically by a DCI associated with PDSCH transmission
in the subframe. For example, a bit field may indicate the value of k so that a UE may derive
the PUCCH resource. Additionally, ARI in a DCI may be reused to indicate k. A
Scrambling ID (e.g., nSCID) for the DCI may also implicitly indicate k. The K may be the
same as the number of ePDCCH resource sets that may be configured and/or each k may be
one-to-one mapped with the configured ePDCCH resource set. The K may also be defined as

2 or 4 and/or, if a single ePDCCH resource set may be configured, K=1.
0332 In an alternative or additional embodiment, N &PDCCH S0 may be combined with
eCCE Offset

NDeer Where, for example, NP ccn=NStcen+ Neos 1, and N C(QJCCH may be signalled

dynamically and/or configured semi-statically or by higher layers. If a WTRU or UE may be

configured with a MU-MIMO transmission, another (e.g., second) determining parameter

my may be used for the corresponding PUCCH resource in addition to 7..cp as follows:
aLpo) _ (ePDCCH._Ser) 1)

Myvecn = Mecce + Necer oper . + NéUCCH+ My for antenna port p0 and

”gupclsz =Nyeep + NQ(ZPCZECS;S 5“) +1+ NI(,BCCH +n,,,, for antenna port pl where ny;, may be

determined as at least one of following: parameter associated with antenna port for UE-
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specific DMRS; parameter similar to ARI configured by high layer signalling; and/or
parameter predetermined.

[0333] PUCCH resource mapping for multiple DL carriers may also be provided and/or
used as described herein. For example, when ePDCCH reception may be enabled or
configured fora WTRU or UE and a WTRU or UE may be configured to receive more than
one DL serving cell, the PUCCH resource corresponding to a first DL assignment message
received on a first ePDCCH may be derived by the WTRU or UE as a function of a second
DL assignment message received on a second DL control channel.

[0334] Additionally, in an embodiment, a WTRU or UE may decode a legacy PDCCH on
a Primary (DL) serving cell while decoding ePDCCH on a Secondary (DL) serving cell. The
PUCCH resource to be used may be determined by the WTRU or UE as a function of the DL
assignment message received on the Primary serving cell. In the case of 2 DL serving cells,
the derived PUCCH format 1 with channel selection resources may be obtained from the DL
assignment message on the Primary Cell. In the case of PUCCH format 3, the WTRU or UE
may select a PUCCH resource from the set of pre-configured RRC signalled parameters
through use of a signalled resource selector, e.g., ARI carried in the DL assignment message
on (¢)PDCCH on a Secondary serving cell.

[0335] The WTRU or UE may also decode ePDCCH on both the Primary and a
Secondary serving cell. In such an embodiment, the PUCCH resource to be used may be
determined by the WTRU or UE as a function of a first ePDCCH, and may be used to
transmit UL control information like A/N corresponding to one or more received DL
assignments on these ePDCCHs. In the case of 2 DL serving cells, the derived PUCCH
format 1 with channel selection resources may be obtained from the DL assignment message
on the Primary Cell.

[0336] Embodiments may also be described herein for PUCCH resource allocation with a
single ePDCCH resource set. For example, if eCCE and/or eREG units in an ePDCCH may
be defined similar to a legacy PDCCH, the corresponding PUCCH resource may be defined

or derived as n{cc; =ecor + Nécs - +Npteen » and for a transmission mode that supports up

to two transport blocks, the PUCCH resource nfccy ., may be defined or derived by
PDCCH

nidcci =Mecce +Negs o +1+ Nijecn Where neccpmay be the number of the first eCCE (e.g.,

the lowest eCCE index used to construct the PDCCH) used for transmission of the
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corresponding PDCCH in the region of ePDCCH, Ngos< 'may be the total number of CCEs in

the control region for the legacy PDCCH and ~ ()

PUCCH

may be configured by higher layers.

PDCCH
N,

s may be computed dynamically based on the detection of PCFICH (e.g., the detection
of the number of OFDM symbols) and the system bandwidth. N may be set to a
predefined offset value, for example the largest CCE number of the largest system
bandwidth, and may be combined with Niey S0 that N3 = Nvees + Neas ' may be
configured by higher layers.

[0337] In embodiment, the PUCCH resource may be independent of #7.ccp such that

necr; = Naveer and Nyeqy may be configurable by higher layers. For a transmission mode

that supports up to two transport blocks, the PUCCH resource nycc;; ., may be given by

nl(’%CCH,jH =N e(l[’{JCCH +1.
[0338] Additionally, if a WTRU or UE may be configured with MU-MIMO transmission,

the corresponding PUCCH resources may be derived as

1 PDCCH 1 .. .
”%%ccm = noccp+ Neos 4+ NSO ecw+ g, and for transmission mode that supports multiple

(e.g., up to two) transport blocks, the PUCCH resource 75 ccq ;-1 may be derived by

1 -PDCCH 1 n .
nﬁ,%CCHj 1 =Neccpt Necg +1+N§[}CCH+nMU where "™UY may be determined as at least one of

following: a parameter that may be associated with antenna port for UE-specific DMRS; a
parameter that may be similar to ARI configured by high layer signaling; a parameter that
may be similar to ARI carried in TPC field of the DL assignment message on (¢)PDCCH on a
secondary serving cell (e.g., as for Rel-10); and/or a predetermined parameter.

[0339] In PUCCH resource allocation with multiple ePDCCH resource sets, the PUCCH
resources for multiple ePDCCH sets may be defined as follows. If either eCCE or eREG
units in an ePDCCH set may be defined similarly to a legacy PDCCH, the corresponding

. 1 CCH_S 1
PUCCH resources for a UE may be derived as nf(,[)]CCHj =Neeep + N, ‘EZPC%O%“”) + N, I(DI}CCH: and
for transmission mode that supports up to two transport blocks, the PUCCH resource

1 . 0 . (ePDCCH_Set) (1)
n%I)JCCHZjH may be derived by Ppjccpa = Meccs + N, eCCE Ofser T 1+ Npyeen where rigccp may

be the number of the first eCCE (e.g., the lowest eCCE index used to construct the PDCCH)
used for transmission of the corresponding PDCCH in the region of an ePDCCH set
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configured for a UE, Nty o™ may be the PUCCH resource offset for an ePDCCH set,

V7 (PDCCH.Set

and N{Jccy may be configured by higher layers. ¢CCE. Offset

may be signalled dynamically

or configured semi-statically. NP5 may be combined with Nipecy » i€

NDcen = NDocu+ NEESH  and N\ e may be signalled dynamically, or configured semi-

statically or by higher layers. If a WTRU or UE may be configured with a MU-MIMO
transmission, the corresponding PUCCH resources may be derived as

1 PDCCH S 1 -
nél)JCCHj =Noep+ NEZCEi Oﬁgeft) + NI(,&CCH +1,,;, and for transmission mode that supports up

to two transport blocks, the PUCCH resource n%)cx s+ may be derived by

”SI)JCCHJH =Neecp + N, éé@%ﬁ%ﬁm +1+ N, I(’SCCH +1,, where "™U may be determined as at
least one of following: a parameter associated with antenna port for UE-specific DMRS; a
parameter similar to ARI configured by high layer signaling; a parameter similar to ARI
carried in TPC field of the DL assignment message on (¢)PDCCH on a Secondary serving
cell (e.g., as for Rel-10); and/or a predetermined parameter.

[0340] In the case of PUCCH format 3, the WTRU or UE may select a PUCCH resource
from the set of pre-configured RRC signalled parameters through use of a signalled resource
selector, for example, an ARI carried in the DL assignment message on (¢)PDCCH via a
Secondary serving cell.

[0341] Based on the foregoing, in the single carrier case for the use of explicitly
configured, or implicitly derived PUCCH resources, or both of them in a combination,
PUCCH format 3 may be used for the case of multiple DL serving cells, e.g., carrier
aggregation with a Primary DL serving cell and at least one Secondary cell.

[0342] A PDSCH transmission mode associated with ePDCCH may further be provided
and/or used described herein. For example, for a PDSCH transmission, several transmission
modes may be available in a system to support various channel/system environments such as
closed-loop spatial multiplexing mode, open-loop spatial multiplexing mode, transmit
diversity, and/or single antenna port mode. The transmission mode may be configured via
higher layer signaling, for example, so that an eNB scheduler may choose an adequate
transmission mode for PDSCH transmission. Table 3 shows the transmission modes
supported in LTE/LTE-A. The transmission modes using antenna port 7~10 for the PDSCH
demodulation may use the ePDCCH. If a WTRU or UE may be configured with a specific

- 101 -



WO 2013/112972 PCT/US2013/023341

transmission mode, such as transmission mode 2, which may use CRS for the PDSCH
demodulation, the WTRU or UE may monitor legacy PDCCH for the PDSCH reception. Ifa
WTRU or UE may be configured to monitor ePDCCH while the configured transmission
mode for PDSCH may be 2 (e.g., transmit diversity mode), the WTRU or UE may monitor
legacy PDCCH to receive DCI associated with PDSCH in the subframes. Ifa WTRU or UE
may be configured to monitor ePDCCH while the configured transmission mode for PDSCH
may be 9, the WTRU or UE may monitor ePDCCH to receive DCI in WTRU or UE-specific
search space in the subframes configured for ePDCCH reception.

[0343] Additionally, ePDCCH may be used irrespective of the transmission mode
configured for PDSCH transmission. For example, the transmission modes or CQI reporting
modes configured for the WTRU or UE may be implicitly tied with a type of ePDCCH
transmission. According to the configured transmission mode, the supportable ePDCCH
transmission type may be different. For example, if a WTRU or UE may be configured with
open-loop transmission modes such as transmit diversity (e.g., TM mode-2) or open-loop
spatial multiplexing mode (e.g., TM mode-3), the WTRU or UE may assume that ePDCCH
resource sets configured for the WTRU or UE may be used as distributed transmission. The
open-loop transmission modes for PDSCH may be associated with ePDCCH distributed
transmission. The closed transmission modes for PDSCH may be associated with ePDCCH
localized transmission. According to the configured CQI reporting modes, the supportable
ePDCCH transmission type may be different. For example, if a WTRU or UE may be
configured with a reporting mode which uses PMI and CQI report, the WTRU or UE may
assume that the ePDCCH resource sets configured for the WTRU or UE may be used as
localized transmission. If a WTRU or UE may be configured with wideband CQI reporting
in PUSCH reporting mode, the WTRU or UE may assume that the ePDCCH resource sets
configured for the WTRU or UE may be for distributed transmission. Otherwise, the WTRU
or UE may assume that the ePDCCH resource sets configured for the WTRU or UE may be
for localized transmission or both. If a WTRU or UE may be configured for CoMP
transmission mode, the WTRU or UE may also assume that the ePDCCH resource sets
configured for the WTRU or UE may be defined as localized transmission.

[0344] Systems and/or methods may be provided herein for ePDCCH reception. For
example, a WTRU or UE may be configured with ePDCCH or legacy PDCCH and the
WTRU or UE behavior to receive the ePDCCH may be as follows. A WTRU or UE may
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receive ePDCCH configuration information in broadcast information. For example, MIB or
SIBs may include an ePDCCH configuration so that a WTRU or UE may know the ePDCCH
resources before RACH procedures. To receive broadcast information such as SIBs, a
WTRU or UE may decode SI-RNTTI in legacy PDCCH. A WTRU or UE may be configured
to receive legacy PDCCH and/or ePDCCH during RACH procedures. For contention-based
RACH procedures, a WTRU or UE may receive PDCCH configuration information in either
msg2 or msg4, which may be transmitted from an eNB. For non-contention-based RACH
procedures, a WTRU or UE may receive PDCCH configuration information in
handover/mobility information or msg2 which may be transmitted from eNB. When a
WTRU or UE may be configured to a specific PDCCH type, the WTRU or UE may blind
decode DClIs in the configured PDCCH region (e.g., legacy PDCCH or ePDCCH). When a
WTRU or UE may be configured to a specific PDCCH type, the WTRU or UE may blind
decode a common search space in a legacy PDCCH region and a WTRU or UE-specific
search space in an ePDCCH region.

[0345] In embodiments, systems and/or methods for PDCCH fallback transmission may
also be disclosed. For example, as an ePDCCH may be defined additionally on top of a
legacy PDCCH, an eNB may configure a legacy PDCCH or ePDCCH in a WTRU or UE-
specific manner to utilize PDCCH resources. If the PDCCH resources may be configured by
higher layer signaling, there may be an ambiguity period in which the eNB may not know
whether the WTRU or UE may be monitoring the legacy PDCCH or the ePDCCH. In order
for the WTRU or UE to receive the PDCCH regardless of the PDCCH configuration, at least
one of following can be used.

[0346] An eNB may transmit both a legacy PDCCH and an ePDCCH in the same
subframe for ambiguity periods and may be detect which PDCCH resource the WTRU or UE
may be monitoring for from DTX of HARQ-ACK. A PUCCH resource for the legacy
PDCCH and the ePDCCH may be defined independently.

[0347] A common search space may be defined in the legacy PDCCH, and a fallback
transmission mode (e.g., DCI format 1A) may be used for ambiguity periods. The PDCCH
resource configuration may indicate the legacy PDCCH or the ePDCCH regarding the
WTRU or UE-specific search space. For example, in an embodiment, a fall-back PDCCH
resource may be defined in a broadcast channel. A common search space may be defined in

legacy PDCCH or ePDCCH via a broadcast channel (e.g., SIB-x) and the common search
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space may not be changed according to the PDCCH configuration.

[0348]  Additionally, the PDCCH type may be configured by legacy PDCCH or ePDCCH
with an activation timer. If a WTRU or UE monitors the legacy PDCCH, a triggering
PDCCH based on the legacy PDCCH may be used to inform a WTRU or UE to monitor the
ePDCCH from subframe n+x when the triggering PDCCH may be received in subframe n
where x may be predefined or configured. If a WTRU or UE monitors the ePDCCH, a
triggering ePDCCH based on the ePDCCH may be used to inform a WTRU or UE to monitor
the legacy PDCCH from subframe n+x when the triggering ePDCCH may be received in
subframe n, where x may be predefined or configured.

[0349] A MAC CE with activation and/or deactivation command may be used to
configure PDCCH type according to an embodiment. For example, an activation and/or
deactivation command may be transmitted with a timer such as x so that if a WTRU or UE
receives MAC CE in subframe n, the command may be activated and/or deactivated in
subframe n+x where x may be predefined or configured.

[0350] According to example embodiments, if multiple component carriers may be
configured, at least one of following may be used to handle ambiguity periods. For example,
a common search space may be defined in the legacy PDCCH of a Pcell and cross-carrier
scheduling may be activated. Additionally, cross-carrier scheduling may be activated for
common search space and available in a legacy PDCCH region. A WTRU or UE-specific
search space may also be defined in a legacy PDCCH and/or an ePDCCH (e.g., with or
without cross-carrier scheduling).

[0351] Embodiments may also be described herein for handling of or avoiding collision
with other signals. ePDCCH RBs may be the same as RBs in which ePDCCH candidate(s)
may be located. Although described in the case of collision between ePDCCH and PRS, the
described embodiments may apply for other cases, for example, if ePDCCH resources may
collide with other signals including other reference signals, or broadcasting channels.
Although described for handling of or avoiding collision with other signals, the described
embodiments may apply for other cases, for example, to restrict or otherwise limit ePDCCH
to or from certain resource elements (REs), RBs, or subframes for any reason.

[0352] WTRU or UE reception of PRS information may be provided and/or used in an
embodiment. For example, the WTRU or UE may receive PRS information for a cell for a

reason other than positioning such as for a cell for which it may read ePDCCH or for which it
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may be configured for ePDCCH. The WTRU or UE may receive this information from the
eNB, for example, via RRC signalling which may be dedicated or broadcast signalling. The
WTRU or UE may receive this information included with an ePDCCH configuration which
may be received in dedicated or broadcast signalling. The certain cell for which, and/or from
which, the WTRU or UE may receive this information may be a serving cell of the WTRU or
UE, such as a primary serving cell (PCell) or a secondary serving cell (SCell), for example.
The WTRU or UE may also receive this information for a neighbor cell, as part of mobility
information, or as part of configuration related to a handover to another serving cell.

[0353] In an example embodiment, the information the WTRU or UE may receive for a
given cell may include one or more of the subframes the PRS may be transmitted in, a PRS
configuration index, a number of DL subframes, a BW for PRS transmission, PRS muting
information, a PRS period, a PRS offset, a PRS muting period, a PRS muting sequence (e.g.,
which PRS occasions may be muted in each PRS muting period), and/or an indication as to
whether or not the cell transmits PRS. For the PRS muting sequence, which may be included
as part of the PRS muting information, if a p-bit field may be used to represent a muting
sequence with a period p, the first bit of the field may correspond to the first PRS positioning
occasion that may start after the beginning of SFN=0 of the cell for which the PRS muting
sequence may be received by the WTRU or UE.

[0354] eNB scheduling may be used or performed in an embodiment. For example, the
eNB may schedule and/or transmit ePDCCH in such a way as to avoid collision of ePDCCH
RBs and PRS RBs or to reduce the impact of the collision. In subframes in which the eNB
may transmit PRS in a given cell, the eNB may not schedule or may not transmit ePDCCH in
any RBs of that cell. In subframes in which the eNB may transmit PRS in a given cell, the
eNB may not schedule or may not transmit ePDCCH in RBs that overlap the PRS BW in that
cell, for example, in RBs that may collide with PRS RBs in that cell. The eNB may configure
ePDCCH in a given cell in such a way that it may not collide with PRS in subframes in which
the eNB may transmit PRS in that cell. This may be applicable for the case in which the PRS
BW may not be the full DL BW of the cell, for example.

[0355] Whether or not an eNB may schedule or transmit ePDCCH in certain subframes
or certain RBs may be based on whether, or how much, the ePDCCH DM-RS REs may
collide with PRS REs. For example, if in a given subframe in which the eNB may transmit

PRS, one or more ePDCCH RBs may collide with PRS RBs, then one or more of the
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following may apply: the eNB may transmit ePDCCH in that subframe or in the colliding
RBs if in the colliding RBs, the ePDCCH DM-RS REs may not collide with PRS REs; the
eNB may not transmit ePDCCH in that subframe or in the colliding RBs if in the colliding
RBs, at least one ePDCCH DM-RS RE may collide with a PRS RE; the eNB may not
transmit ePDCCH in that subframe or in the colliding RBs if in the colliding RBs, certain
ePDCCH DM-RS REs collide with PRS REs; the eNB may not transmit ePDCCH in that
subframe or in the colliding RBs if in the colliding RBs, at least a certain number of ePDCCH
DM-RS REs collide with PRS REs; the eNB may not transmit ePDCCH in that subframe or
in the colliding RBs if due to the collision of ePDCCH REs and PRS REs in the colliding
RBs certain or at least a certain number of antenna ports become unavailable for use in those
RBs which may be due to the collision of one or more ePDCCH REs and PRS REs; and/or
the like.

[0356] Embodiments may be described herein for WTRU or UE reception of ePDCCH,
for example, for collision handling. The WTRU may determine whether or not to monitor or
attempt to decode ePDCCH candidates in certain subframes or RBs of a cell based on at least
one or more PRS parameters or transmission characteristics for that cell. The WTRU or UE
may take into account the subframes in which the PRS may be transmitted. For example, in
subframes in which PRS may be transmitted, the WTRU or UE may monitor or attempt to
decode PDCCH candidate(s) in those subframes and may not (or may be permitted to not)
monitor or attempt to decode ePDCCH candidate(s) in those subframes.

[0357] In an embodiment, the WTRU or UE may take into account the subframes and the
RBs in which ePDCCH and/or PRS may be transmitted. For example, in subframes in which
PRS may be transmitted, the WTRU or UE may not (or may be permitted to not) monitor or
attempt to decode ePDCCH candidate(s) in those subframes if the ePDCCH candidate(s) may
be located in RBs that may collide with PRS RBs. In subframes in which PRS may be
transmitted, the WTRU or UE may not (or may be permitted to not) perform one or more of
the following: monitor or attempt to decode ePDCCH candidate(s) in those subframes if at
least one of the ePDCCH candidates may be located in RBs that may collide with PRS RBs;
monitor or attempt to decode ePDCCH candidate(s) in those subframes if more than a certain
number of ePDCCH candidate(s) may be located in RBs that may collide with PRS RBs;
monitor or attempt to decode ePDCCH candidate(s) in those subframes if the ePDCCH

candidate(s) (e.g., each or all of them) in those subframes may be located in RBs that may
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collide with PRS RBs; monitor or attempt to decode ePDCCH candidate(s) located in RBs
that may collide with PRS RBs; and/or the like. In subframes in which PRS may be
transmitted, the WTRU may (or may be required to) monitor or attempt to decode one or
more of the following: ePDCCH candidate(s) located in RBs that may not collide with PRS
RBs in that cell and/or certain (e.g., each or all) ePDCCH candidates if no ePDCCH
candidate(s) may be located in RBs that may collide with PRS RBs (e.g., if there may not be
overlap between the RBs in which the ePDCCH candidate(s) may be located and the PRS
BW).

[0358] Additionally, the WTRU or UE may take into account the subframes and the REs
in which PRS may be transmitted and may take into account whether, or how much, the PRS
REs may collide with ePDCCH DM-RS REs, for example. In subframes in which PRS may
be transmitted, the WTRU or UE may (or may be required to) monitor or attempt to decode
ePDCCH candidate(s) located in RBs that may collide with PRS RBs if, in the colliding RBs,
none of the ePDCCH DM-RS REs may collide with PRS REs; and/or may not (or may be
permitted to not) monitor or attempt to decode ePDCCH candidate(s) located in RBs that may
collide with PRS RBs if, in the colliding RBs, at least one ePDCCH DM-RS RE may collide
with a PRS RE; and/or may not (or may be permitted to not) monitor or attempt to decode
ePDCCH candidate(s) located in RBs that may collide with PRS RBs if, in the colliding RBs,
certain cPDCCH DM-RS REs may collide with PRS REs; and/or may not (or may be
permitted to not) monitor or attempt to decode ePDCCH candidate(s) located in RBs that may
collide with PRS RBs if, in the colliding RBs, at least a certain number of ePDCCH DM-RS
REs may collide with PRS REs; and/or may not (or may be permitted to not) monitor or
attempt to decode ePDCCH candidate(s) located in RBs that may collide with PRS RBs if, in
the colliding RBs, certain or at least a certain number of antenna ports may become
unavailable for use in those RBs which may be due to the collision of one or more ePDCCH
REs and PRS REs; and/or the like.

[0359] In subframes in which PRS may be transmitted in a given cell, the WTRU or UE
may determine which ePDCCH candidate(s) it may (or may be required to) or may not (or
may be permitted to not) monitor or attempt to decode based on at least one of the physical

layer cell ID, the value of the PRS v, value which may be defined as v,,; = Ng5' mod6,

where N5 may be the physical layer cell identity, or the cyclic prefix (CP length) of the

subframe or cell, for example, that may be normal or extended. One or more of these
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parameters may be used by the WTRU to determine the location of the PRS REs which the
WTRU or UE may use to determine which ePDCCH DM-RS REs may collide with PRS
REs.

[0360] In subframes in which PRS may be transmitted in a given cell, the WTRU or UE
may determine which ePDCCH candidate(s) it may(or may be required to) or may not (or
may be permitted to not) monitor or attempt to decode based on at least the number of
antenna ports configured for ePDCCH in that cell. If the antenna ports may be restricted in
certain subframes, the WTRU may use the ports after the restriction instead of the configured
ports in those subframes for the determination. For example, antenna ports {7, 8, 9, 10} may
be used in regular subframes while antenna ports {7, 8} or {9, 10} may be used in certain
subframes.

[0361] In another embodiment, a search space fallback may be implemented or used. For
example, for WTRUs configured for ePDCCH, PDCCH may include common search space.
In certain subframes such as subframes in which PRS may be transmitted, PDCCH may
include a WTRU or UE-specific search space for WTRUs or UEs configured for ePDCCH.
If in a subframe a WTRU or UE configured for ePDCCH may not (or may be permitted to
not) monitor or attempt to decode ePDCCH candidate(s), for example in accordance with one
of the solutions described herein, the WTRU or UE may (or may be required to) monitor or
attempt to decode common search space and/or WTRU or UE-specific search space in the
PDCCH region.

[0362] For example, a WTRU or UE configured for ePDCCH may fall back to monitor or
attempt to decode PDCCH candidate(s) which may be defined within a WTRU or UE-
specific search space in a PDCCH region. Fall back may be provided or used in subframes in
which PRS may be transmitted in a cell and/or may be based on at least one of PRS
information (e.g.,, one or more of the information items described herein), PRS transmission
parameters, physical layer cell ID, CP length in the cell or subframe (e.g., normal or
extended), number of antenna ports configured for ePDCCH transmission, antenna port
restrictions, and/or the like.

[0363] Certain subframes may be configured as fallback subframes. The eNB may
provide such a configuration to the WTRU or UE. According to example embodiments, such
a configuration may be received by the WTRU or UE from the eNB via broadcast or
dedicated signaling such as RRC signaling.
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[0364] In subframes which may be configured as fallback subframes, a WTRU or UE
configured for ePDCCH may not (or may be permitted to not) monitor or attempt to decode
ePDCCH candidate(s). In subframes which may be configured as fallback subframes, for a
certain WTRU or UE, such as a WTRU or UE configured for ePDCCH, WTRU or UE-
specific search space for the WTRU or UE may be defined in a PDCCH region. In subframes
such as these subframes, the WTRU or UE may (or may be required to) monitor or attempt to
decode PDCCH candidate(s), such as common search space PDCCH candidates and/or
WTRU or UE-specific search space PDCCH candidates, in a PDCCH region. In subframes
which may not be configured as fallback subframes, a certain WTRU or UE, such as a
WTRU or UE configured for ePDCCH, may (or may be required to) monitor or attempt to
decode ePDCCH candidates in a PDSCH region. The fallback subframe may be configured
with at least one of a period, an offset, a number of subframes consecutively configured (e.g.,
number of consecutive DL subframes), and/or other parameters.

[0365] Additionally, configuration of ePDCCH subframes or ePDCCH monitoring
subframes may be equivalent to configuration of fallback subframes where ¢ePDCCH
subframes or ePDCCH monitoring subframes may be treated in an opposite manner from
fallback subframes. For example, the WTRU or UE and/or eNB may treat subframes which
may not be configured as ePDCCH subframes or ePDCCH monitoring subframes in the
manner described herein for subframes which may be configured as fallback subframes. The
WTRU or UE and/or the eNB may treat subframes which may be configured as ePDCCH
subframes or ePDCCH monitoring subframes in the manner described herein for subframes
which may not be configured as fallback subframes.

[0366] Embodiments may be described herein for handling PRS REs. In subframes in
which PRS may be transmitted, for ePDCCH candidate(s) which may be located in RBs that
the WTRU or UE may attempt to decode, the WTRU or UE may assume that for the REs
which may contain data (e.g., REs which may not contain CRS or DM-RS or CSI-RS),
ePDCCH may not be transmitted in REs that may collide with PRS REs. The WTRU or UE
may assume that ePDCCH REs are rate-matched around for those REs accordingly and/or are
punctured in those REs.

[0367] A WTRU or UE may have and/or gain knowledge of PRS parameters and/or
transmission characteristics from information provided to it and may use such information for

collision handling. For example, the WTRU or UE may gain knowledge from the E-SMLC
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(e.g., via LPP signaling) or from the eNB (e.g., by RRC signaling). The parameters may
include any one or more of those described herein, as well as others.

[0368] From these and/or other parameters, the WTRU or UE may determine in which
subframes and/or in which RBs of those subframes PRS may be transmitted in a given cell.
The WTRU or UE may or may not take into account PRS muting when determining in which
subframes of a cell PRS may be transmitted.

[0369] When determining whether DM-RS REs, for example ePDCCH DM-RS REs,
may collide with PRS REs in an RB of a given cell, the WTRU or UE may use one or more
of the CP length for a subframe or the cell, the number of antenna ports configured for

ePDCCH transmission, the cell’s physical cell ID, and the PRS v, value which may be
derived from the cell’s physical cell ID, for example vy,; = N55' mod6 .

[0370] Additionally, for example, for collision handling, location or antenna port
mapping may be used for DM-RS REs according to an example embodiment. The eNB may
change the placement of the DM-RS REs in RBs in which ePDCCH candidate(s) may be
located in subframes of a cell in which PRS may be transmitted. In subframes in which the
eNB may transmit PRS in a given cell, the eNB may change the placement of DM-RS REs,
such as ePDCCH DM-RS REs to avoid collision with PRS REs. The eNB may change the
placement of the DM-RS REs, such as ePDCCH DM-RS REs if at least one DM-RS RE may
otherwise collide with a PRS RE. The eNB may change the placement of the DM-RS REs,
such as ePDCCH DM-RS REs, that may otherwise collide with PRS REs.

[0371] The certain DM-RS REs whose placement may be moved may include: one or
more (e.g., which may include all) DM-RS REs that may otherwise collide with PRS REs,
one or more (e.g., which may include all) DM-RS REs that have the same carrier frequency
as DM-RS REs that may collide with PRS REs if they were not moved, and/or one or more
(e.g., which may include all) DM-RS REs in an adjacent carrier frequency to DM-RS REs
that if not moved may collide with PRS REs (e.g., if DM-RS REs in frequency X would
collide with PRS REs, DM-RS REs in an adjacent frequency to X may be moved).

[0372] In subframes in which PRS may be transmitted, the interpretation of antenna ports
by the eNB with respect to DM-RS such as ePDCCH DM-RS may be modified. The

interpretation may be a function of at least one or more of the physical cell ID of the cell, the

PRS vy, of the cell, the CP length (e.g., for the cell, the subframe, or normal subframe),

and/or the number of antenna ports configured for ePDCCH transmission.
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[0373] The placement change may be in frequency, such as an increase or decrease in
frequency for example. The placement change may or may not include a change in symbol.
The placement change may be a function of at least one or more of the physical cell ID of the

cell, the PRS v,;; of the cell, the CP length (e.g., for the cell, the subframe, or normal

subframe), and/or the number of antenna ports configured for ePDCCH transmission.

[0374] In a cell in which the eNB may transmit PRS, the eNB may change the placement
of DM-RS REs, such as ePDCCH DM-RS REs, in certain subframes to avoid or reduce
collision with PRS REs in the subframes in which the eNB may transmit PRS. The certain
subframes may include subframes in which the eNB may transmit PRS and/or may not
transmit PRS, for example, the certain subframes may include all subframes. The eNB may
change the placement as described above. In this cell (e.g., the cell in which the eNB may
transmit PRS), the interpretation of antenna ports by the eNB with respect to DM-RS, such as
¢PDCCH DM-RS, may be modified in certain subframes to align with a desired modification
in the subframes in which the eNB may transmit PRS. The certain subframes may include
subframes in which the eNB may transmit PRS and/or may not transmit PRS, for example,
the certain subframes may include all subframes.

[0375] In a cell in which the eNB may or may not transmit PRS, the eNB may change the
placement of DM-RS REs, such as ePDCCH DM-RS REs, in the subframes based on where
the PRS may be placed if the cell were to transmit PRS. The eNB may change the placement,
as described herein. In this cell (e.g., the cell in which the eNB may or may not transmit
PRS), the interpretation of antenna ports by the eNB with respect to DM-RS, such as
ePDCCH DM-RS, may be modified in the subframes to align with what would be the desired
modification if the cell were to transmit PRS.

[0376] The eNB may move the DM-RS REs, or modify the antenna port interpretation, in
one or more of the ways described for ePDCCH DM-RS REs in a given subframe. The eNB
may move the DM-RS REs, or modify the antenna port interpretation, for PDSCH granted by
¢PDCCH in that subframe in the same, or similar, way, for example.

[0377] In subframes in which PRS may be transmitted, the WTRU or UE may monitor or
attempt to decode ePDCCH candidate(s) using a modified DM-RS pattern (e.g., which may
be different from the DM-RS pattern which may be used for ePDCCH in subframes in which
PRS may not be transmitted). In these subframes (e.g., subframes in which PRS may be

transmitted), the interpretation of antenna ports by the WTRU or UE with respect to DM-RS
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such as ePDCCH DM-RS may be modified. The interpretation may be a function of at least
one or more of the physical cell ID of the cell, the PRS vg,;; of the cell, the CP length (e.g.,

for the cell, the subframe, or normal subframe), and/or the number of antenna ports
configured for ePDCCH transmission.

[0378] In one or more subframes (e.g., which may include all subframes) of a cell which
may transmit PRS, the WTRU or UE may monitor or attempt to decode ePDCCH
candidate(s) using a modified DM-RS pattern (e.g., which may be different from the DM-RS
pattern which may be used for ePDCCH in a cell that may not transmit PRS). In these
subframes (e.g., one or more, which may include all, subframes of a cell which may transmit
PRS), the interpretation of antenna ports by the WTRU or UE with respect to DM-RS such as
ePDCCH DM-RS may be modified. The interpretation may be a function of at least one or

more of the physical cell ID of the cell, the PRS vy, of the cell, and/or the number of

antenna ports configured for ePDCCH transmission.
[0379] The modified DM-RS pattern and/or the antenna port interpretation may be a
function of one or more of the location of the PRS RBs, the location of the PRS REs, the

physical layer cell ID of the cell, the PRS v, of the cell, the CP length (e.g., for the cell, the

subframe, or normal subframe), and/or the number of antenna ports configured for ePDCCH
transmission.

[0380] According to an embodiment, the WTRU or UE may use a modified DM-RS
pattern or antenna port interpretation for decoding PDSCH such as a PDSCH granted by
ePDCCH that may use a modified DM-RS pattern or antenna interpretation. For example,
the WTRU may use a modified DM-RS pattern such as the same, or similar, pattern used for
ePDCCH DM-RS, for decoding PDSCH granted by the ePDCCH in the subframes in which
ePDCCH uses a modified DM-RS pattern. In another example, the WTRU may use a
modified antenna port interpretation, such as the same, or similar, interpretation used for
ePDCCH DM-RS, for PDSCH granted by the ePDCCH in the subframes in which ePDCCH
uses a modified antenna port interpretation.

[0381] Additionally, for example, for collision handling, embodiments may be described
for antenna port restrictions for DM-RS REs. For example, the eNB may impose antenna
port restrictions in RBs in which ePDCCH candidate(s) may be located in subframes of a cell
in which PRS may be transmitted. In subframes in which the eNB may transmit PRS in a

given cell, the eNB may restrict the usage of certain antenna ports for ePDCCH and/or
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PDSCH. Such restriction may be based on at least one of the physical layer cell ID of the
cell, the PRS vg,; of the cell, the CP length (e.g., for the cell, the subframe, or normal

subframe), and/or the number of antenna ports configured for ePDCCH transmission. As an
example, if antenna ports 7, 8, 9, and 10 may be configured for ePDCCH transmission, a
restriction to limit to ports 7 and 8 or ports 9 and 10 may be imposed in subframes in which

PRS may be transmitted and this restriction may be based on at least one of the physical layer

cell ID of the cell, the PRS vg,4, and/or the CP length (e.g., for the cell, the subframe, or

normal subframe).

[0382] In subframes in which PRS may be transmitted, the WTRU or UE may monitor or
attempt to decode ePDCCH candidate(s) using a restricted set of antenna ports. The WTRU
or UE may use a restricted set of antenna ports such as the same, or similar, restricted set of
antenna ports used for ePDCCH, for PDSCH granted by the ePDCCH in the subframes in
which ePDCCH uses a restricted set of antenna ports. When a restricted set of antenna ports
may be used, that restricted set may replace the configured or other antenna port set, for
example in any of the solutions or embodiments described herein.

[0383] A different ePDCCH configuration may be implemented for certain subframes,
such as PRS subframes (e.g., for collision handling). In such an embodiment, for a cell, there
may be a different configuration for ePDCCH for use in subframes in which PRS may be
transmitted than for ePDCCH for use in subframes in which PRS may not be transmitted. In
subframes in which PRS may be transmitted, the WTRU or UE may monitor or attempt to
decode ePDCCH candidate(s) in accordance with the configuration for those subframes. The
WTRU or UE may receive the ePDCCH configuration for the subframes in which PRS may
be transmitted from the eNB via dedicated or broadcast signaling, which may be RRC
signaling for example. The WTRU or UE may receive one or more ePDCCH configurations
and may receive instructions, for example from the eNB, as to which configuration to use and
when. For example, the instruction may indicate in which subframes (e.g., subframes in
which PRS may or may not be transmitted) or under what circumstances to use a certain
configuration.

[0384] In subframes in which PRS may be transmitted, PRS may also be overridden (e.g.,
for collision handling). For example, REs, such as ePDCCH REs for example, may override
PRS REs. Override of a first signal over a second signal may prevent transmission of the

second signal, while transmission of the first signal may be enabled. For example, RE1 may
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override RE2, upon which RE1, or the signal in RE1, may be transmitted and RE2, or the
signal in RE2, may not be transmitted.

[0385] In subframes in which PRS may be transmitted, an RE may (e.g., in the case of
collision with a PRS RE) override the PRS RE. For example, such an override may occur
when one or more of the following may occur or be true: the RE may be an ePDCCH DM-RS
RE such as any ePDCCH DM-RS RE; the RE may be a certain ePDCCH DM-RS RE, for
example an ePDCCH DM-RS RE corresponding to a certain antenna; the RE may be an
ePDCCH DM-RS RE (e.g., any ePDCCH DM-RS RE) in ePDCCH common search space;
the RE may be an RE in ePDCCH common search space such as any RE in ePDCCH
common search space; and/or the like.

[0386] If an RE, such as an ePDCCH RE or an ePDCCH DM-RS RE for example, may
override a PRS RE, a collision between the RE and the PRS RE may be removed or avoided
(e.g., since the PRS RE or the signal in the PRS RE may not be transmitted). If a collision
between an RE and a PRS RE may be removed or avoided, for example by override, the
WTRU may determine that there may be no collision between the RE and the PRS RE.
Based on this determination, the WTRU may make various decisions, such as whether or not
to monitor or attempt to decode ePDCCH candidate(s) or ePDCCH candidates which may be
located in RBs or REs in subframes in which PRS may be transmitted in a cell.

[0387] Blind decoding (e.g., optimization thereof) may be performed (e.g., for collision
handling). For example, based on the configured ePDCCH resources, the WTRU or UE may
perform a number of blind decodes, which may be referred to as the full set of blind decodes.
In an example, when some of the ePDCCH candidate(s) may be located in RBs which may
collide with PRS RBs in subframes in which PRS may be transmitted in a cell, the WTRU or
UE may monitor or attempt to decode a subset of the configured RBs in which ePDCCH
candidates may be located. In such scenarios, the WTRU or UE may perform one or more of
the following: use the full set of blind decodes in the subset of RBs (e.g., to recover the
overall decodes for the subframe) and/or use a set of blind decodes in the subset of RBs
which may be greater than or equal to the set for these RBs as part of the full configuration
and less than or equal to the full set for the full configuration. For example, if the full set of
RBs corresponds to N blind decodes and a partial set corresponds to M of those N, when
attempting to decode the partial set (or only the partial set), the WTRU or UE may use W
blind decodes where /¥ may be N or M < W <N.
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[0388] Additionally, in embodiments (e.g., for collision handling), the eNB may have or
gain knowledge of WTRU or UE positioning capabilities and/or of which WTRUs or UEs
may know about PRS transmission and/or PRS parameters. For example, the eNB may
receive information from the E-SMLC or another network entity regarding WTRU or UE
positioning capabilities and/or regarding which WTRUs or UEs may have knowledge of PRS
transmission and/or PRS parameters in one or more cells. The eNB may request and/or
receive this and/or other information via the LPPa interface or protocol, for example. For a
given or certain WTRU or UE (or WTRUs or UEs), this information may include one or
more of whether the WTRU(s) or UE(s) may have the capability to support OTDOA, whether
PRS information has been provided to the WTRU(s) or UE(s) (e.g., by the E-SMLC or other
network entity, for example, as part of positioning assistance data), whether the PRS
information may have been provided for a certain cell or cells (e.g., such as cells under the
control of the eNB which may be a serving cell or cells of the WTRU(s) or UE(s)), for which
cell or cells such information may have been provided to the WTRU(s) or UE(s), and/or
whether PRS information may have been successfully received by the WTRU(s) or UE(s),
and/or the like. The PRS information may include one or more of the PRS transmission
subframes, BW, RBs, REs, muting information, and/or any other information related to PRS
(e.g., PRS information described herein or parameters from which the enumerated
information may be determined).

[0389] The E-SMLC and/or another network entity may know whether the PRS
information has been successfully received by a WTRU or UE based on receiving an
acknowledgement (ACK) or other indication from the WTRU or UE in response to successful
receipt of this information, which may have been provided by the E-SMLC or other network
entity. If there is no ACK or other indication from a WTRU or UE in response to the E-
SMLC or other network entity providing PRS information, the E-SMLC or other network
entity’s knowledge of WTRU or UE awareness of PRS information may be unreliable.

[0390] The WTRU or UE may also handle PRS information from one or more sources
(e.g., for collision handling). For example, the WTRU or UE may receive PRS information
for a cell from at least one source such as the E-SMLC, the eNB controlling the cell
transmission of PRS, another cell, or another network entity. The WTRU or UE may handle

the PRS information it receives as described herein.
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[0391] Knowledge of a cell’s PRS transmission information by a WTRU or UE may be
stale or unreliable, for example, if that information may have been received from the E-
SMLC or a network entity other than the eNB that may be controlling or that may have
knowledge of the PRS transmission. For example, although the eNB may inform the E-
SMLC or other network entity when PRS transmission parameters for one or more cells
changes, if the WTRU or UE receives PRS information for a cell and PRS information
changes, for example, some time later, the PRS information known to the WTRU or UE may
be incorrect. This information may be incorrect until the eNB informs the E-SMLC or other
network entity of the change and/or the E-SMLC or other network entity informs the WTRU
or UE.

[0392] The WTRU or UE may use (or may only use) PRS information it may receive
from an eNB, for example for determining how to handle ePDCCH in a cell, or in PRS
subframes of a cell, which may transmit PRS. The eNB may be the eNB responsible for the
PRS transmission in the cell, or another eNB which may provide configuration to the WTRU
or UE for that cell (e.g., as part of information provided in signaling related to handover).
The WTRU or UE may not use (or may not be permitted to use) PRS information it may
receive from another source, such as the E-SMLC or another network entity, for example, to
determine how to handle ePDCCH in a cell, or in PRS subframes of a cell, which may
transmit PRS. This may be provided (or beneficial) when the eNB may not be aware of
which WTRUs or UEs may have acquired PRS information from another source, such as the
E-SMLC or other network entity. The WTRU or UE behavior may be unknown to, or
unpredictable by, the eNB if the WTRU or UE were to use the information received from the
other source. The eNB may send different PRS information to the WTRU or UE than what
may be sent to the WTRU or UE by the E-SMLC or other network entity to achieve a certain
behavior.

[0393] The WTRU or UE may use PRS information it may receive from the E-SMLC or
other network entity, for example to determine how to handle ePDCCH in a cell, or in PRS
subframes of a cell, which may transmit PRS. If the WTRU or UE may receive PRS
information for a given cell from multiple sources the WTRU or UE may expect the
information from the multiple sources to be the same and behavior may be undefined if they
may not be. The WTRU or UE may consider PRS information for a given cell received from

an eNB to override PRS information it may have previously received from a source (e.g., any
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source), for example, for the purpose of ePDCCH handling. The WTRU or UE may consider
PRS information for a given cell received from any source to override PRS information it
may have previously received from a source (e.g., any source), for example, for the purpose
of ePDCCH handling.

[0394] Furthermore (e.g., for collision handling), embodiments may be described for
handling ePHICH collision with PRS. In subframes in which PRS may be transmitted, one or
more of the following may apply: if ePHICH may collide with PRS, ePHICH may override
PRS; if DM-RS REs for ePHICH may collide with PRS REs, DM-RS REs for ePHICH may
override PRS REs; and/or if ePHICH REs may collide with PRS REs, ePHICH REs may be
rate-matched around the PRS REs. The WTRU or UE may take this into account when
monitoring or attempting to decode ePHICH.

[0395] One or more of the embodiments described herein for handling ePDCCH or
ePDCCH and PRS may be applied for handling ePHICH or ePHICH and PRS. For example,
a WTRU configured for at least one of ePDCCH or ePHICH may fallback to monitoring or
attempting to decode PHICH and/or may not monitor or attempt to decode ePHICH in
subframes in which fallback may be configured, in subframes in which ePDCCH or ePDCCH
monitoring or ePHICH or ePHICH monitoring may have not been configured, in subframes
in which PRS may be transmitted, or in subframes in which the collision or possibility of
collision with PRS in those subframes warrants such behavior in accordance with one or
more embodiments described herein.

[0396] Quasi-collocated antenna ports may also be provided and/or used according to an
embodiment. For example, the demodulation of certain downlink channels such as PDSCH
in certain transmission modes may need the WTRU or UE to estimate the channel from
reference signals such as WTRU or UE-specific reference signals (e.g., transmitted over
antenna ports 7 to 14). As part of such a procedure, the WTRU or UE may perform fine time
and/or frequency synchronization to these reference signals as well as an estimation of certain
properties related to the large-scale characteristics of the propagation channel.

[0397] In an embodiment, such a procedure may normally be facilitated by an assumption
that another reference signal that may be measured on a regular basis such as the cell-specific
reference signal may share the same timing (e.g., and some other properties) as the WTRU or
UE-specific reference signal. Such an assumption may be valid if these signals may be

physically transmitted from the same set of antennas. On the other hand, in embodiments
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with geographically distributed antennas the assumption may not be valid as the WTRU or
UE-specific reference signal (e.g., and the associated downlink channel) may be transmitted
from a different point than the cell-specific reference signal. As such, the WTRU or UE may
be informed via a reference signal (e.g., CSI-RS) that may share the same timing and/or other
characteristics as a reference signal used for demodulation. The corresponding antenna ports
(e.g., two antenna ports) may then be “quasi-collocated” such that the WTRU or UE may
assume that large-scale properties of the signal received from the first antenna port may be
inferred from the signal received from another antenna port. The “large-scale properties” may
include one or more of the following: delay spread; Doppler spread; frequency shift; average
received power; received timing; and the like. As described herein, an ePDCCH may be
demodulated using these reference signals that may be transmitted on antenna ports such as
antenna ports 7-10. To exploit the potential capacity benefit of an ePDCCH as well as area
splitting gains, the ePDCCH may also be transmitted from a transmission point of a cell. To
transmit the ePDCCH from a transmission point of cell, user devices UEs may need to use
and/or know one or more reference signals such as a CSI-RS that may be quasi-collocated
with an antenna port used for the demodulation of the ePDCCH. Unfortunately, the use and
knowledge of such reference symbols that may be quasi-collocated with an antenna port that
may be used for the demodulation of the ePDCCH may be difficult as downlink control
information that may be potentially signaled tends to be available after the ePDCCH may be
decoded.

[0398]  As such, systems and/or methods for providing a demodulation a reference timing
indication may be disclosed herein. For example, a single demodulation reference timing
may be provided and/or used. In such an embodiment (e.g., a first embodiment), the WTRU
or UE may assume, identify, or determine that at least one quasi-collocated antenna port may
be a pre-defined antenna port (e.g., at least one of ports 0-3 on which cell-specific reference
signals may be transmitted) and/or at least one antenna port configured by higher layers (e.g.,
at least one of ports 15-23 of one configuration of CSI-RS reference signal). The network
may transmit the ePDCCH to the WTRU or UE over the same transmission point
corresponding to the pre-defined or pre-configured quasi-collocated antenna port. The
network may also transmit the ePDCCH over a different transmission point if it may know
that the large-scale properties of a reference signal transmitted from this point may be

sufficiently similar to not impact demodulation performance. For example, in an
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embodiment, if antenna port 0 (CRS) may be defined to be a quasi-collocated antenna port
and if the CRS may be transmitted from nodes (including a high power node and low power
nodes), the network may transmit ePDCCH from a certain low-power node if it knows that
the received timing of a reference signal transmitted from that low-power node may be
sufficiently close to that of the CRS.

[0399] To enable such an embodiment, the WTRU or UE may estimate at least one
property of at least one reference signal such as CSI-RS that may be known by the network to
be transmitted from a given transmission point. The property that may be measured may
include at least one of the following: received timing, average received power, frequency
shift, Doppler spread, delay spread, and the like.

[0400] At least one of the above properties may be relative to the same property for
another pre-defined or configured reference signal. For example, the WTRU or UE may
estimate the difference in received timing between the concerned reference signal and a cell-
specific reference signal (CRS). In another example, the WTRU or UE may estimate the
ratio (in dB) between the averages received power of the concerned reference signal and the
CRS.

[0401] In an embodiment, to calculate the estimate, the WTRU or UE may perform
averaging over more than one antenna port over which the concerned reference signal(s) may
be transmitted. The WTRU or UE may also perform averaging over multiple subframes and
multiple resource blocks (e.g., in a frequency domain). A new measurement type may also be
defined for each of the above-mentioned properties.

[0402] The WTRU or UE may report the measurement result for the at least one property
to the network using RRC message (e.g., a measurement report) or lower layer signaling
(e.g., a MAC control element or physical layer signaling). Using these results, the network
may determine if transmission from a certain point may be feasible based on or taking into
account what antenna port (or reference signal) the WTRU or UE assumes, identifies, or
determines to be quasi-collocated with the antenna port utilized for demodulation. For
example, if the difference in timing with a CRS that the WTRU or UE may assume, identify,
or determine to be quasi-collocated may too large, the network may transmit using the same
transmission point(s) as those used for CRS (e.g., at the expense of a loss or splitting gain).
[0403] Additionally, in an embodiment, the WTRU or UE may trigger the transmission of
the measurement result(s) periodically. Alternatively, the WTRU or UE may trigger the
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transmission of the results when at least one of the following events may occur. The WTRU
or UE may trigger the transmission when the difference of the property between the reference
signals becomes higher or lower than a threshold. For example, the WTRU or UE may
trigger transmission of the report if the received timing difference between a certain
configured CSI-RS and the CRS may become higher than a threshold. The WTRU or UE
may also trigger the transmission when an absolute value of the property of the reference
signals becomes higher or lower than a threshold. For example, the WTRU or UE may
trigger transmission of the report if the measured delay spread may become higher than a
threshold. Such events and associated parameters or thresholds may be configured as part of
a measurement reporting configuration (e.g., reportConfig).

[0404] The network may also estimate whether some large-scale properties may be
similar or not (e.g., if the received timing may similar) by measuring uplink transmissions
from the WTRU or UE such as SRS, PUCCH, PUSCH or PRACH, and the like in different
reception points coinciding with transmission points potentially used for downlink
transmissions.

[0405] Multiple demodulation reference timing may be provided and/or used. In such an
embodiment (e.g., a second embodiment), to receive ePDCCH and/or PDSCH based on a
WTRU or UE-specific reference signal (e.g., antenna port 7~14), at least one of following
reference signals may be used to indicate the demodulation reference timing for a WTRU or
UE: CSI-RS, CRS, PRS, and the like.

[0406] If a WTRU or UE may be provided or informed about a demodulation reference
timing with a reference signal, a WTRU or UE demodulation process including FFT timing
and channel estimation filter coefficient may follow the reference signals. For example, if
there may be two CSI-RS configured for a WTRU or UE such as CSI-RS; and CSI-RS; and
the WTRU or UE may report CSI for both CSI-RS configurations, FFT timing and fine time
and/or frequency synchronization for PDSCH demodulation may follow one of two CSI-RS
configurations according to the demodulation reference timing indication.

[0407] Alternatively, if a WTRU or UE informed about the demodulation reference
timing with a reference signal, the PDSCH demodulation procedure may be different
according to the type of reference signal based on one or more of the following.

[0408] If a CSI may be used for reference timing, the FFT timing and channel estimation

filter coefficient for the CSI-RS may be used for PDSCH demodulation. For example, a
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WTRU or UE may assume, identify, or determine that the PDSCH and/or WTRU or UE-
specific demodulation RS (e.g., antenna ports 7~14) may be transmitted from the same quasi-
collocated antenna ports. As such, if a WTRU or UE may be configured to monitor ePDCCH
(e.g., for each PRB set), the WTRU or UE may assume, identify, or determine that a first set
of antenna ports (e.g., 15 — 22) may be associated with or correspond to the CSI-RS
information and/or may identify a mapping for the PDSCH and other antenna ports (e.g., 7-
14 or other ports) may be quasi co-located with respect to parameters such as Doppler shift,
Doppler spread, average delay, delay spread, and the like as described above.

[0409] If a CRS may be used for reference timing, the FFT timing and channel estimation
filter coefficients for the CRS may be used for PDSCH demodulation. Alternatively, a time
and/or frequency offset for the CRS may be provided for PDSCH demodulation. If a WTRU
or UE may be informed about the offsets, the WTRU or UE may apply the offsets from the
CRS. In example embodiments, at least one of following offsets may be provided: FFT
timing offset (AFFT), time offset (AT), frequency offset (AF), and the like.

[0410] If a PRS may be used for reference timing, the similar WTRU or UE behavior as
either CSI-RS or CRS may be applied in such an embodiment.

[0411] In an embodiment, the demodulation reference timing may be informed to a
WTRU or UE in implicit or explicit manner. Also, a single demodulation reference for a
given time window (e.g., a subframe or radio frame) may be applied or multiple
demodulation reference may be used.

[0412]  An implicit demodulation reference timing indication may be provided and/or
used. In such an embodiment (e.g., a first solution), the demodulation reference timing may
be tied with ePDCCH and/or PDCCH resources and may be implicitly informed to a WTRU
or UE. Since a DCI should be received to demodulate PDSCH, the demodulation timing
reference may be inferred from the location of ePDCCH and/or PDCCH resources where a
WTRU or UE may receive the DCI. At least one of following methods may be used to
implement an ePDCCH and/or PDCCH resource based indication.

[0413] In one embodiment, a WTRU or UE-specific search space may be split to two or
more number of subsets and each subset may be tied with a specific demodulation timing
reference. For example, within a WTRU or UE-specific search space, the total blind
decoding attempts 2Nyjing may be split to two subsets (subset; and subset,) and each subset

may include exclusive Nyjing blind decoding attempts where each subset may be tied with a
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different demodulation timing reference. For example, subset; may be tied with CSI-RS; and
subset, may be tied with CSI-RS,. As such, in an embodiment, if a WTRU or UE may
receive a DCI for PDSCH in the subset;, the WTRU or UE may assume, identifier, or
determine that the PDSCH may be transmitted in the same transmission point with CSI-RS;.
[0414] Additionally, as described herein, for an ePDCCH WTRU or UE-specific search
space, the search space subset may be tied with the demodulation timing reference. Therefore,
when a WTRU or UE may perform blind decoding for ePDCCH, the WTRU or UE may
assume, identify, or determine that the subset; and subset, may be transmitted from the same
transmission point with CSI-RS; and CSI-RS; respectively. In another embodiment, as
described herein, if a WTRU or UE may receive a DCI via ePDCCH, the WTRU or UE may
assume, identify, or determine that the corresponding PDSCH may be transmitted from the
same transmission point with ePDCCH. Furthermore, for an ePDCCH common search space
(e.g., as described herein), a WTRU or UE may assume, identify, or determine that the
¢PDCCH may be transmitted from the same transmission point with CRS.

[0415] As such, in embodiments, if the WTRU or UE may be configured to monitor
ePDCCH (e.g., for each PRB set), the WTRU or UE may use a parameter set indicated by a
higher layer parameter such as CSI-RS for determining mapping information and/or antenna
port quasi co-location (e.g., ePDCCH).

[0416] According to another embodiment (e.g., a second solution), the demodulation
antenna ports may be tied with demodulation timing reference. If antenna ports 7~10 may be
available for ePDCCH and/or PDSCH demodulation, multiple pairs of quasi-collocated ports
may be pre-defined. For example, a WTRU or UE may assume, identify, or determine that
the antenna ports {7, 8} and {9, 10} may be quasi-collocated, where the quasi-collocated pair
{7, 8} and {9, 10} may be tied with CSI-RS; and CSI-RS,, respectively. In such an
embodiment, a WTRU or UE may also assume, identify, or determine that the demodulation
timing reference for antenna port-7 may be the same as antenna port-8. Alternatively,
scrambling ID (ngcip) may be also tied with demodulation timing reference assuming that
multiple ngcip may be used. If ngcp=0 and ngcp=1 may be used, a WTRU or UE may assume,
identify, or determine that ngcip=0 may be tied with CSI-RS; and ngcip=1 may be tied with
CSI-RS; for example. According to another alternative, the ngcip may be tied with antenna
ports. For example, ngcip=0 may be used for antenna ports {7, 8} and ngcip=1 may be used

for antenna ports {9, 10}. As such, a WTRU or UE may assume, identify, or determine that
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ngcp=0 may be used when the WTRU or UE may demodulate signals based on antenna ports
{7, 8}, and ngcip=1 may be used when the WTRU or UE may demodulate signals based on
antenna port {9, 10}. The antenna ports to nscp mapping may be configured at Ieast one of
following: the antenna port to ngcip mapping may be predefined where, in such an
embodiment, the quasi-collocated antenna ports may have the same ngcip; the antenna port to
ngcp mapping may be configured by broadcasting channels or higher layer signalling; and
the like.

[0417] The scrambling sequence may be initialized by

Co = (1 /2]+1)- (2NE +1)-2° + ey

where in ¢y, N¥p may be higher layer configurable value or predefined value as physical cell
ID.

[0418] In another embodiment (e.g., a third solution), downlink resources may be tied
with demodulation timing reference. In such an embodiment, according to the downlink
resource position for E-PDSCH and/or PDSCH, a WTRU or UE may infer the demodulation
reference timing. The downlink position may include at least one of following: a subset of
downlink subframe(s) and/or PRBs that may be configured to use a specific demodulation
reference time. Optionally, the reference time may be used for the demodulation of antenna
ports 7~14. Otherwise, CRS may be used as the reference timing.

[0419] In yet another embodiment (e.g., a forth solution), the demodulation reference
timing may be defined with a time relation with CSI-RS and CSI feedback. The WTRU or
UE behaviors in such an embodiment may be defined by at least one of the following. A
WTRU or UE may assume, identify, or determine that the PDSCH may be transmitted from
the transmission point with CSI-RSy if the latest CSI-RS WTRU or UE received may be the
CSI-RSk. In such an embodiment, a subframe offset may be additionally be defined such that
a WTRU or UE may assume, identify, or determine the demodulation reference timing may
be changed after the number of offset subframe.

[0420] Additionally, a WTRU or UE may assume, identify, or determine that the PDSCH
may be transmitted from the transmission point with CSI-RSy if the latest CSI feedback
WTRU or UE report may be based on the CSI-RSy, where the latest CSI feedback may be at
least one of following: aperiodic CSI reporting; periodic CSI reporting with PMI/CQI where
if the latest CSI reporting type was RI, the demodulation reference timing may be kept
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unchanged; periodic CSI reporting with PMI/CQI/RI; the offset subframe that may be applied
such that the demodulation reference timing may be changed after the number of offset
subframe; and the like.

[0421] An implicit indication of PDSCH demodulation information may also be provided
and/or used as described herein. For example, as described herein, methods or procedures
may be used to determine, for example, PDSCH demodulation information that may be used
by the WTRU or UE upon decoding PDSCH in a subframe. The PDSCH demodulation
information may include one or more of the following. For example, the PDSCH
demodulation information may include a reference signal (e.g., or antenna port) that may be
assumed as quasi-collocated to reference signals (e.g., or antenna ports) that may be used for
PDSCH demodulation (e.g., including an index to a non-zero-power CSI-RS resource). The
PDSCH demodulation information may also include at least one parameter that may be used
to determine a location of resource elements (RE) on which PDSCH may be transmitted, or
on which PDSCH may not be transmitted (e.g., for rate matching purposes), such as one or
more of the following: at least one parameter indicating the location of CRS ports on which
PDSCH may not be transmitted (e.g., a number of CRS ports, a CRS frequency shift); a
MBSFN configuration; at least one parameter indicating the location of zero-power CSI-RS
on which PDSCH may not be transmitted such as a configuration of zero-power CSI-RS; an
indication of the PDSCH starting symbol; at least one parameter indicating the location of a
non-zero-power CSI-RS on which PDSCH may not be transmitted; at least one parameter
indicating the location of resource elements that may be used for interference measurement
resources; and the like. Additionally, the PDSCH demodulation information may further
include a scrambling identity that may be used to determine a demodulation reference signal
[0422] In one example embodiment (e.g., an example method), the WTRU or UE may
determine PDSCH demodulation information based on the identity of a reference signal (e.g.,
such as CRS or CSI-RS) that may be assumed as quasi-collocated to the reference signal that
may be used for demodulating the ePDCCH including the assignment (e.g., control
information) for this PDSCH. In such an embodiment (e.g., method), the network may use
the same transmission point for the ePDCCH and the PDSCH that may be signalled by the
same ePDCCH. Additionally, since some of the PDSCH demodulation information may be
tied (e.g., often closely tied) to the used transmission point, such information may be derived

implicitly from the reference signal that may be assumed to be quasi-collocated.
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[0423] For example, if the WTRU or UE may determine that a certain non-zero-power
CSI-RS resource may be collocated to the reference signal that may be used for the ePDCCH,
the WTRU or UE may assume that the same non-zero-power CSI-RS resource may
correspond to a reference signal collocated to the reference signals that may be used for
demodulating the PDSCH. Additionally, the index of this non-zero-power CSI-RS resource
may indicate (e.g., possibly in combination with another indication of the downlink control
information) a set of parameters that may determine PDSCH demodulation information that
may be configured by higher layers.

[0424] In another embodiment (e.g., example method), the WTRU or UE may determine
PDSCH demodulation information based on, for example, a property (e.g., another property)
of the ePDCCH including the downlink control information that may be applicable to this
PDSCH such as a search space, or ePDCCH set in which ePDCCH may have been decoded,
the aggregation level, whether the corresponding ePDCCH set may be distributed or
localized, and the like.

[0425] In example embodiments, the use of one or more of the above embodiments or
methods may be conditioned on at least one of the following: an indication from higher layers
that PDSCH demodulation information may be obtained using the method; an indication from
the downlink control information applicable to this PDSCH (e.g., the method may be applied
if one of a specific subset of values of a new or existing field may be received and for other
values of this field, the WTRU or UE may obtain the PDSCH demodulation information
based on the value of the field); a RRC configuration, for example, based on the configured
DCI format, the configured transmission mode (e.g., may be applicable to TM10), the
configured behavior for determining ePDCCH collocation reference signal (e.g., the method
may apply if ePDCCH quasi-collocated reference signal may be obtained based on the
ePDCCH set in which ePDCCH may be decoded, whether the non-zero-power CSI-RS
resources configured for each ePDCCH set for the purpose of determining quasi-collocation
may be different; and the like.

[0426] An explicit demodulation reference timing indication may be provided and/or
used. In such an embodiment (e.g., a first solution), the demodulation reference timing may
be indicated or included in a DCI for PDSCH. For example, indication bit(s) may be
explicitly located in a DCIL. As such, a WTRU or UE may be informed which demodulation

reference timing may be used for corresponding PDSCH demodulation. Alternatively, the
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demodulation reference timing may be informed to a WTRU or UE via higher layer
signalling (e.g.,, RRC, MAC control element, and the like).

[0427] In another such embodiment (e.g., a second solution), the demodulation reference
timing may be indicated via a specific ePDCCH and/or PDCCH such that the demodulation
reference timing may be changed from a subframe to another in a WTRU or UE-specific
manner. In such an embodiment, the ePDCCH and/or PDCCH may be use at least one of
following: an ePDCCH and/or PDCCH may trigger one of the demodulation reference
timings and the triggered demodulation reference timing may be valid for a time window
where the time window may be pre-defined or configured by higher layer signalling; an
ePDCCH and/or PDCCH may trigger one of the demodulation reference timings and it may
be valid unless a different demodulation reference timing may be triggered; an ePDCCH
and/or PDCCH may be used for activation/de-activation to indicate the demodulation
reference timing.

[0428] WTRU or UE blind decoding attempts for multiple demodulation reference timing
may also be provided and/or used according to example embodiments. For example, without
demodulation reference timing information, a WTRU or UE may blindly attempt multiple
demodulation reference timing at the receiver. In such an embodiment, a WTRU or UE may
demodulate ePDCCH and/or PDSCH with each possible demodulation reference timing
candidate. For example, if two CSI-RS may be configured for a WTRU or UE and the
WTRU or UE may report CSIs for both CSI-RS configurations, the WTRU or UE may
demodulate ePDCCH and/or PDSCH with both CSI-RS configurations.

[0429] Although the terms UE or WTRU may be used herein, it may and should be
understood that the use of such terms may be used interchangeably and, as such, may not be
distinguishable. Additionally, for the enhanced physical downlink control channel described
herein, ePDCCH, EPDCCH, and/or ePDCCH may be used interchangeably.

[0430] Although the terms legacy PDCCH or PDCCH may be used herein to indicate the
Rel-8/9/10 PDCCH resources, it may and should be understood that the use of such terms
may be used interchangeably and, as such, may not be distinguishable. Additionally, PDCCH
and DCI may be used interchangeably as a meaning of downlink control information
transmitted from to eNB to a WTRU or UE.

[0431] Furthermore, although features and elements may be described above in particular

combinations, one of ordinary skill in the art will appreciate that each feature or element can
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be used alone or in any combination with the other features and elements. In addition, the
methods described herein may be implemented in a computer program, software, or firmware
incorporated 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 may not be limited to, a read only memory (ROM), a
random access memory (RAM), a register, cache memory, semiconductor memory devices,
magnetic media such as internal hard disks and removable disks, magneto-optical media, and
optical media such as CD-ROM disks, and digital versatile disks (DVDs). A processor in
association with software may be used to implement a radio frequency transceiver for use in a

WTRU, UE, terminal, base station, RNC, or any host computer.
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What is claimed:

1. A method for providing enhanced physical downlink control channel (ePDCCH) in a
multiple carrier communication system, the method comprising:
receiving, at a wireless transmit and receive unit (WTRU), a configuration for
monitoring an ePDCCH resource;
configuring the WTRU to monitor the ePDCCH resource on a subframe based
on the configuration; and

monitoring, at the WTRU, the ePDCCH resource on the subframe.

2. The method of claim 1, wherein, for at least one of time-division duplex (TDD) or
normal downlink cyclic prefix (CP), the subframe is not a special subframe associated

with a particular special subframe configuration.

3. The method of claim 2, wherein the particular special subframe configuration comprises

at least one of: a special subframe configuration 0 or a special configuration 5.

4. The method of claim 1, wherein the configuration is received via higher layer
signalling.
5. The method of claim 4, wherein the configuration further comprises one or more

physical resource block (PRB) sets to monitor on the ePDCCH resource.

6. The method of claim 5, wherein the one or more physical resource block (PRB) sets

comprise a set of enhanced control channel elements (eCCEs).

7. The method of claim 6, wherein each of the eCCEs comprises enhanced resource
element groups (eREGS).
3. The method of claim 7, wherein the number of eREGs per CCE is based on a cyclic

prefix (CP) and the subframe.

- 128 -



WO 2013/112972 PCT/US2013/023341

10.

11.

12.

13.

14.

15.

The method of claim 8, wherein the number of eREGs comprises four when the CP
comprises a normal CP and the subframe comprises a normal subframe or a special

subframe associated with a special subframe configuration of 3, 4, and 8.

The method of claim 8, wherein the number of eREGs comprises eight when the CP
comprises a normal CP and the subframe comprises a special subframe associated
with a special subframe configuration of 1, 2, 6, 7, and 9 or when the CP comprises an
extended CP and the subframe comprises a special subframe associated with a special

subframe configuration of 1, 2, 3, 5, and 6.

The method of claim 6, wherein the set of eCCEs may be numbered from 0 to

Necop pi ~1 where Necce is the number of eCCEs in a particular PRB set 7 of the

one or more PRBs sets associated with the subframe denoted by # .

The method of claim 4, wherein the ePDCCH resource monitored on the subframe
based on the configuration signalled by the higher layers comprises a UE-specific

search space.

The method of claim 12, further comprising monitoring, at the WTRU, a PDCCH
resource on a subframe not configured for monitoring the ePDCCH resource based on

the configuration.

The method of claim 13, wherein the PDCCH resource monitored comprises a

common search Space.

The method of claim 1, further comprising demodulating the ePDCCH resource using
an antenna port for a channel estimation, wherein a DM-RS scrambling sequence for
the antenna ports is configured to be initialized by ¢;,;r = (Ing/2] + 1) -

(2nEPPCCH 4 1) - 216 4 nEERCCH wherein nEEP¢His configured by UE-specific

higher layer signalling.
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16. The method of claim 1, wherein candidates for the ePDCCH resource of the subframe
is selected based on a hashing function, wherein the hashing function is different for

each ePDCCH resource.

17. A wireless transmit and receive unit (WTRU) configured to:
derive an aggregation level associated with one or more enhanced control channel
elements (eCCEs) for a subframe associated with an aggregation level number Ny, for the
subframe, wherein Nyy, is a positive integer; and
transmit an ePDCCH using the aggregation level associated with the Nap, for the

subframe.

18. The WTRU of claim 17, wherein the aggregation level for the subframe is different

than an aggregation level for another subframe.

19.  The WTRU of claim 17, wherein the aggregation level is derived as Ny, - {1, 2, 4, 8}.

20. The WTRU of claim 17, wherein Ny equals two and the aggregation level comprises
{2,4,8,16}.

21. The WTRU of claim 17, wherein Naj equals one and the aggregation level comprises
{1,2,4,8}

22. The WTRU of claim 17, wherein the aggregation level for the subframe is different

than an aggregation level for another subframe.

23. The WTRU of claim 17, wherein the number of eCCEs available to the EPDCCH is

from 0 to Ny.cp —1where N, depends on one or more of the following: the type

of ePDCCH, the subframe, a subframe configuration, a number of resource elements
(REs) in a physical resource block (PRB) associated with the ePDCCH, or a cyclic
prefix (CP).
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24,

25.

26.

27.

28.

29.

The WTRU of claim 17, wherein Ny is signalled to the WTRU via at least one of:

higher layer signalling or one or more downlink control information (DCI) bits.

A method for receiving or monitoring an enhanced physical downlink control channel
(ePDCCH) or a physical downlink shared channel (PDSCH), the method comprising:
receiving, at a wireless transmit and receive unit (WTRU), a reference symbol;
determining, at the WTRU, a type associated with the reference signal; and
performing, via the WTRU, a PDSCH demodulation when the reference signal
is a channel state information reference signal (CSI-RS) using a demodulation
reference timing based on a Fast Fourier Transform (FFT) timing and a channel

estimation coefficient associated with the CSI-RS.

The method of claim 25, wherein the PDSCH and a UE-specific demodulation
reference signal (RS) associated with the CSI-RS may be transmitted from the same

quasi-collocated antenna ports.

A method for receiving or monitoring an enhanced physical downlink control channel
(ePDCCH) or a physical downlink shared channel (PDSCH), the method comprising:
identifying a demodulation reference timing implicitly based on a location of
one or more ePDCCH resources where a wireless transmit and receive unit (WTRU)
receives downlink control information (DCI); and
performing demodulation of the ePDCCH or the PDSCH based on the

demodulation reference timing.

The method of claim 27, wherein identifying a demodulation reference timing
implicitly based on a location of one or more ePDCCH resources where a wireless
transmit and receive unit (WTRU) receives downlink control information (DCI)
comprises splitting a UE-specific search space into at least two subsets, wherein each

subset is tied to a specific demodulation timing reference for demodulation.

The method of claim 28, wherein splitting the UE-specific search space into at least
two subsets comprises splitting a total number of blind decoding attempts into a first

subset and a second subset, wherein each of the first and second subsets is tied to a
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different demodulation timing reference, and wherein the different demodulation
timing references may be associated with different channel state information reference

signals (CSI-RSs).
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