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DESCRIPTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 61/247,679, filed
October 1, 2009, U.S. Provisional Application No. 61/304,370, filed February 12, 2010, U.S.
Provisional Application No. 61/320,172, filed April 1, 2010, U.S. Provisional Application No.
61/320,494, filed April 2, 2010, U.S. Provisional Application No. 61/329,743, filed April 30,
2010, U.S. Provisional Application No. 61/356,250, filed June 18, 2010, U.S. Provisional
Application No. 61/356,316, filed June 18, 2010, U.S. Provisional Application No. 61/356,449,
filed June 18, 2010, U.S. Provisional Application No. 61/356,281, filed June 18, 2010, and U.S.
Provisional Application No. 61/373,706, filed August 13, 2010.

BACKGROUND

[0002] In order to support higher data rate and spectrum efficiency, the Third Generation
Partnership Project (3GPP) Long Term Evolution (LTE) system has been introduced into 3GPP
Release 8 (R8). (LTE Release 8 may be referred to herein as LTE R8 or R8-LTE.) In LTE,
transmissions on the uplink are performed using Single Carrier Frequency Division Multiple
Access (SC-FDMA). In particular, the SC-FDMA used in the LTE uplink is based on Discrete
Fourier Transform Spread Orthogonal Frequency Division Multiplexing (DFT-S-OFDM)
technology. As used hereafter, the terms SC-FDMA and DFT-S-OFDM are used
interchangeably.

[0003] In LTE, a wireless transmit/receive unit (WTRU), alternatively referred to as a user
equipment (UE), transmits on the uplink using only a limited, contiguous set of assigned sub-
carriers in a Frequency Division Multiple Access (FDMA) arrangement. For example, if the
overall Orthogonal Frequency Division Multiplexing (OFDM) signal or system bandwidth in the
uplink is composed of useful sub-carriers numbered 1 to 100, a first given WTRU may be
assigned to transmit on sub-carriers 1-12, a second WTRU may be assigned to transmit on
sub-carriers 13-24, and so on. While the different WTRUs may each transmit into only a subset
of the available transmission bandwidth, an evolved Node-B (eNodeB) serving the WTRUs may
receive the composite uplink signal across the entire transmission bandwidth.

[0004] LTE Advanced (which includes LTE Release 10 (R10) and may include future releases
such as Release 11, also referred to herein as LTE-A, LTE R10, or R10-LTE) is an
enhancement of the LTE standard that provides a fully-compliant 4G upgrade path for LTE and
3G networks. In LTE-A, carrier aggregation is supported, and, unlike in LTE, multiple
component carriers (CCs) may be assigned to the uplink, downlink, or both. Such carriers may
be asymmetric (a different number of CCs may be assigned to the uplink than the number of
CCs assigned to the downlink.) Note that CCs may also be known as cells, and in this



DK/EP 2484039 T3

disclosure the terms are used interchangeably.

[0005] In both LTE and LTE-A, there is a need to transmit certain associated layer 1/layer 2
(L1/2) uplink control information (UCI) to support the uplink (UL) transmission, downlink (DL)
transmission, scheduling, multiple-input multiple-output (MIMQO), efc. In LTE, if a WTRU has not
been assigned an uplink resource for UL transmission of data (e.g., user data), such as a
Physical UL Shared Channel (PUSCH), then the L1/2 UCI may be transmitted in a UL resource
specially assigned for UL L1/2 control on a physical uplink control channel (PUCCH). What are
needed in the art are systems and methods for transmitting UCI and other control signaling
utilizing the capabilities available in an LTE-A system, including carrier aggregation. The patent
document US2008/165697 discloses encoding, modulating and scrambling/spreading
feedback information including ACK/NACK bits. Regarding the selection of the scrambling
codes, this document discloses using different sequences for different WTRUs and cells. The
3GPP document "Signaling parameters for UL ACK/NACK resources", R1-073616
(XP050107214), discloses scrambling of uplink control information (ACK/NACK) by cyclic-
shifting of the scrambling sequence according to the Cell ID, in order to randomize the inter-
cell interference.

SUMMARY

[0006] The present invention relates to a method and corresponding apparatus for providing
feedback information, according to the accompanying claims. Methods and systems for
transmitting uplink control information (UCI) and other feedback data, in particular HARQ
ACK/NACK, in wireless communications system using carrier aggregation are disclosed. In an
embodiment, a UE may be configured to determine the particular information bits that are to be
transmitted as part of UCI or other feedback data. A UE may also be configured to determine
the particular resources that may be used to transmit feedback when such transmission is to
be performed using PUCCH resources. A UE may also be configured to determine how to
transmit such feedback, for example, by determining the encoding to be used, the appropriate
symbol mapping, the transmission power settings, and other aspects of feedback transmission.

[0007] More specifically, a UE may be configured to determine a codebook size and/or
implement methods of reducing codebook size and/or states used in a codebook. A UE may
also be configured to determine when a PDCCH reception is missed and/or detect a false
positive PDCCH reception. A UE may also be configured to determine the appropriate PUCCH
resources for HARQ ACK/NACK feedback and where within PUCCH that such feedback is to
be located. A UE may also be configured to perform methods of bundling ACK/NACK on
PUCCH. In an embodiment, a UE may be configured to determine static ACK/NACK resources.
In a further embodiment, a UE may be configured to perform PUCCH resource selection using
DL SPS. A UE may also be configured to use multiplexing with PUCCH for UCI and feedback
data. A UE may also be configured to determine PUCCH resources using a CCE index.

[0008] In an embodiment, a UE may be configured to determine channel coding and physical
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resource mapping for feedback, such as HARQ ACK/NACK. A UE may also be configured for
multiplexing feedback data with feedback data from other UEs, and for simultaneously
transmitting SRS with feedback data. In an embodiment, a UE may be configured to use
extended cyclic prefix in transmitting feedback data. A UE may also be configured to account
for unequal robustness when performing channel selection. A UE may be configured to handle
SR in various ways disclosed herein. A UE may also be configured to determine transmit power
when transmitting feedback data using PUCCH. These and additional aspects of the current
disclosure are set forth in more detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The following detailed description of disclosed embodiments is better understood when
read in conjunction with the appended drawings. For the purposes of illustration, there is
shown in the drawings exemplary embodiments; however, the subject matter is not limited to
the specific elements and instrumentalities disclosed. In the drawings:

Figure 1A is a system diagram of an example communications system in which one or more
disclosed embodiments may be implemented.

Figure 1B is a system diagram of an example wireless transmit/receive unit (WTRU) that may
be used within the communications system illustrated in Figure 1A.

Figure 1C is a system diagram of an example radio access network and an example core
network that may be used within the communications system illustrated in Figure 1A.

Figure 2 illustrates a non-limiting exemplary PUCCH configuration that may be used in some
systems and methods for transmitting uplink control data.

Figure 3 illustrates non-limiting exemplary carrier aggregation configurations that may be used
by some methods and systems for transmitting uplink control data.

Figure 4 illustrates a non-limiting exemplary system for generating a PUCCH subframe in
format 1 that may be used in some systems and methods for transmitting uplink control data.

Figure 5 illustrates a non-limiting exemplary system for generating a PUCCH subframe in
format 2 that may be used in some systems and methods for transmitting uplink control data.

Figure 6 is a graphical representation of performance improvements that may be achieved
using one or more embodiments disclosed herein.

Figure 7 illustrates a non-limiting exemplary method for determining a codebook based on
activated CCs according to an embodiment of the present disclosure.

Figure 8 illustrates a non-limiting exemplary method of using a sequence number in an
activation/deactivation command according an embodiment of the present disclosure.
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Figure 9 illustrates a non-limiting exemplary method of combining states according an
embodiment of the present disclosure.

Figure 10 illustrates a non-limiting exemplary method of partially combining or grouping states
according to an embodiment of the present disclosure.

Figure 11 illustrates a non-limiting exemplary method of using state probabilities according an
embodiment of the present disclosure.

Figure 12 illustrates a non-limiting exemplary method of using partitions according an
embodiment of the present disclosure.

Figure 13 illustrates a non-limiting exemplary method of using comparative NACK quantities
according an embodiment of the present disclosure.

Figure 14 illustrates a non-limiting exemplary configuration using time-domain partial bundling
with component carrier multiplexing according an embodiment of the present disclosure.

Figure 15 illustrates a non-limiting exemplary configuration using downlink assignment
indicators according an embodiment of the present disclosure.

Figure 16 illustrates another non-limiting exemplary configuration using downlink assignment
indicators according an embodiment of the present disclosure.

Figure 17 illustrates a non-limiting exemplary configuration using extended downlink indicators
or extended downlink assignment indicators according an embodiment of the present
disclosure.

Figure 18 illustrates a non-limiting exemplary method of selecting a PUCCH allocation method
according an embodiment of the present disclosure.

Figure 19 illustrates a non-limiting exemplary PUCCH configuration that may be used in some
systems and methods for transmitting uplink control data.

Figure 20 illustrates a non-limiting exemplary method of using generating control information
and feeding control information back to a network according an embodiment of the present
disclosure.

Figure 21 illustrates a non-limiting exemplary method encoding PUCCH according to an
embodiment of the present disclosure.

Figure 22 illustrates a non-limiting exemplary control signal mapping according to an
embodiment of the present disclosure.

Figure 23 illustrates a non-limiting exemplary shortened PUCCH structure according to an
embodiment of the present disclosure.

Figure 24 illustrates another non-limiting exemplary shortened PUCCH structure according to
an embodiment of the present disclosure.
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Figure 25 illustrates a non-limiting exemplary feedback transmission structure according to an
embodiment of the present disclosure.

Figure 26 illustrates a non-limiting exemplary feedback transmission structure according to an
embodiment of the present disclosure.

Figure 27 illustrates a non-limiting exemplary PUCCH structure according to an embodiment of
the present disclosure.

Figure 28 illustrates a non-limiting exemplary PUCCH structure according to an embodiment of
the present disclosure.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0010] Figure 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.

[0011] As shown in Figure 1A, the communications system 100 may include wireless
transmit/receive units (WTRUs) 102a, 102b, 102c, 102d, a radio access network (RAN) 104, a
core network 106, a public switched telephone network (PSTN) 108, the Internet 110, and
other networks 112, though it will be appreciated that the disclosed embodiments contemplate
any number of WTRUSs, base stations, networks, and/or network elements. Each of the WTRUs
102a, 102b, 102c, 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.

[0012] 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 WTRUs 102a, 102b, 102¢, 102d to facilitate access
to one or more communication networks, such as the core network 106, 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 eNodeB, a Home Node B, a Home eNodeB, a site
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controller, an access point (AP), a wireless router, and the like. While the base stations 114a,
114b are 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.

[0013] The base station 114a may be part of the RAN 104, which may also include other base
stations and/or network elements (not shown), such as a base station controller (BSC), a radio
network controller (RNC), relay nodes, efc. 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, ie.,
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.

[0014] The base stations 114a, 114b may communicate with one or more of the WTRUs 102a,
102b, 102¢, 102d over an air interface 116, which may be any suitable wireless communication
link (e.g., radio frequency (RF), microwave, infrared (IR), ultraviolet (UV), visible light, efc.).
The air interface 116 may be established using any suitable radio access technology (RAT).

[0015] 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 104
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 116 using wideband CDMA (WCDMA). WCDMA may include communication
protocols such as High-Speed Packet Access (HSPA) and/or Evolved HSPA (HSPA+). HSPA
may include High-Speed Downlink Packet Access (HSDPA) and/or High-Speed Uplink Packet
Access (HSUPA).

[0016] 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 116 using Long Term Evolution (LTE) and/or LTE-
Advanced (LTE-A).

[0017] 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 (WIMAX)), CDMA2000, CDMA2000 IX, CDMA2000 EV-DO, Interim
Standard 2000 (1S-2000), Interim Standard 95 (1S-95), Interim Standard 856 (1S-856), Global
System for Mobile communications (GSM), Enhanced Data rates for GSM Evolution (EDGE),
GSM EDGE (GERAN), and the like.

[0018] The base station 114b in FIG. 1A may be a wireless router, Home Node B, Home
eNodeB, or access point, for example, and may utilize any suitable RAT for facilitating wireless
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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 102c, 102d may utilize a
cellular-based RAT (e.g., WCDMA, CDMA2000, GSM, LTE, LTE-A, efc.) 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.

[0019] The RAN 104 may be in communication with the core network 106, 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, 102c, 102d. For example,
the core network 106 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. 1A, it will be appreciated
that the RAN 104 and/or the core network 106 may be in direct or indirect communication with
other RANs that employ the same RAT as the RAN 104 or a different RAT. For example, in
addition to being connected to the RAN 104, which may be utilizing an E-UTRA radio
technology, the core network 106 may also be in communication with another RAN (not shown)
employing a GSM radio technology.

[0020] The core network 106 may also serve as a gateway for the WTRUs 102a, 102b, 102c,
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 104 or a different RAT.

[0021] Some or all of the WTRUs 102a, 102b, 102c, 102d in the communications system 100
may include multi-mode capabilities, ie., the WTRUs 102a, 102b, 102¢, 102d may include
multiple transceivers for communicating with different wireless networks over different wireless
links. For example, the WTRU 102c 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.

[0022] Figure 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,
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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
subcombination of the foregoing elements while remaining consistent with an embodiment.

[0023] 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.

[0024] 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 116. 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.

[0025] 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 116.

[0026] The transceiver 120 may be configured to modulate the signals that are to be
transmitted by the transmit/receive element 122 and to demodulate the signals that are
received by the transmit/receive element 122. As noted above, the WTRU 102 may have multi-
mode capabilities. Thus, the transceiver 120 may include multiple transceivers for enabling the
WTRU 102 to communicate via multiple RATs, such as UTRA and IEEE 802.11, for example.

[0027] 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
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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).

[0028] 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), efc.), solar cells, fuel cells,
and the like.

[0029] The processor 118 may also be coupled to the GPS chipset 136, which may be
configured to provide location information (e.g., longitude and latitude) regarding the current
location of the WTRU 102. In addition to, or in lieu of, the information from the GPS chipset
136, the WTRU 102 may receive location information over the air interface 116 from a base
station (e.g., base stations 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.

[0030] 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.

[0031] Figure 1C is a system diagram of the RAN 104 and the core network 106 according to
an embodiment. As noted above, the RAN 104 may employ an E-UTRA radio technology to
communicate with the WTRUs 102a, 102b, 102c over the air interface 116. The RAN 104 may
also be in communication with the core network 106.

[0032] The RAN 104 may include eNodeBs 140a, 140b, 140c, though it will be appreciated
that the RAN 104 may include any number of eNodeBs while remaining consistent with an
embodiment. The eNodeBs 140a, 140b, 140¢c may each include one or more transceivers for
communicating with the WTRUs 102a, 102b, 102c over the air interface 116. In one
embodiment, the eNodeBs 140a, 140b, 140c may implement MIMO technology. Thus, the
eNodeB 140a, for example, may use multiple antennas to transmit wireless signals to, and
receive wireless signals from, the WTRU 102a.
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[0033] Each of the eNodeBs 140a, 140b, 140c may be associated with a particular cell (not
shown) and may be configured to handle radio resource management decisions, handover
decisions, scheduling of users in the uplink and/or downlink, and the like. As shown in FIG. 1C,
the eNodeBs 140a, 140b, 140c may communicate with one another over an X2 interface.

[0034] The core network 106 shown in FIG. 1C may include a mobility management gateway
(MME) 142, a serving gateway 144, and a packet data network (PDN) gateway 146. While
each of the foregoing elements are depicted as part of the core network 106, it will be
appreciated that any one of these elements may be owned and/or operated by an entity other
than the core network operator.

[0035] The MME 142 may be connected to each of the eNodeBs 142a, 142b, 142c in the RAN
104 via an S1 interface and may serve as a control node. For example, the MME 142 may be
responsible for authenticating users of the WTRUs 102a, 102b, 102¢, bearer
activation/deactivation, selecting a particular serving gateway during an initial attach of the
WTRUs 102a, 102b, 102c, and the like. The MME 142 may also provide a control plane
function for switching between the RAN 104 and other RANs (not shown) that employ other
radio technologies, such as GSM or WCDMA.

[0036] The serving gateway 144 may be connected to each of the eNode Bs 140a, 140b,
140c in the RAN 104 via the S1 interface. The serving gateway 144 may generally route and
forward user data packets to/from the WTRUs 102a, 102b, 102¢c. The serving gateway 144
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, 102b,
102c, managing and storing contexts of the WTRUs 102a, 102b, 102¢, and the like.

[0037] The serving gateway 144 may also be connected to the PDN gateway 146, 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¢c and IP-
enabled devices.

[0038] The core network 106 may facilitate communications with other networks. For
example, the core network 106 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 106 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 106
and the PSTN 108. In addition, the core network 106 may provide the WTRUs 102a, 102b,
102c¢ with access to the networks 112, which may include other wired or wireless networks that
are owned and/or operated by other service providers.

[0039] In an embodiment, WTRUs (referred to also as "UEs" herein) may transmit their data
(e.g., user data) and in some cases their control information on the physical downlink shared
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channel (PDSCH). The transmission of the PDSCH may be scheduled and controlled by a base
station (e.g., an eNodeB) using a downlink scheduling assignment that may be carried on
physical downlink control channel (PDCCH). As part of the downlink scheduling assignment,
the UE may receive control information on the modulation and coding set (MCS), downlink
resources allocation (i.e., the indices of allocated resource blocks), efc. Then, if a scheduling
assignment is received, the UE may decode its allocated PDSCH resources on the
correspondingly allocated downlink resources.

[0040] In such embodiments, for the uplink (UL) direction, there may also be a need for
certain associated Layer 1/Layer 2 (L1/L2) control signaling (such as ACK/NACK, CQl, PMI, RI,
efc.) to support the UL transmission, DL transmission, scheduling, MIMO, etc. If a UE has not
been assigned an uplink resource for UL data transmission (e.g., a PUSCH) then the L1/L2
uplink control information may be transmitted in a UL resource specially assigned for UL L1/L2
control on the Physical Uplink Control Channel (PUCCH). These PUCCH resources are located
at the edges of the total available cell BW. The control signaling information carried on the
PUCCH may include scheduling requests (SRs), HARQ ACK/NACK transmitted in response to
downlink data packets on the Physical Downlink Shared Channel (PDSCH), and channel quality
information (CQI), and any other type of UCI or feedback data.

[0041] PUCCH may support a variety different formats that may be chosen depending on the
information to be signaled, such as format 1/1a/1b and format 2/2a/2b. PUCCH may be a
shared frequency/time resource reserved for a UE to transmit any necessary control signaling.
Each PUCCH region may be designed such that control signaling transmitted from a large
number of UEs simultaneously with a relatively small number of control signaling bits per UE
may be multiplexed into a single resource block (RB). The total number of RBs available for
PUCCH transmission within a cell may be specified by the higher layer parameter

Ny .

These RBs may then be split and allocated for PUCCH format 1/1a/1b and PUCCH format
2/2a/2b transmissions. In systems where small system bandwidths such as 1.4 MHz are used,
in an embodiment, a mixed format RB that allows PUCCH format 1/1a/1b and format 2/2a/2b
to share the same RB may be implemented. In such an embodiment, the mixed format RB is
configured by the higher layer parameter

Nes

that may specify the number of reserved resources for PUCCH format 1/1a/1b within a mixed
format RB. In some embodiments, there may be no mixed format RB present if

N =0.

With respect to PUCCH format 2/2a/2b, the number of reserved RBs may be configured by a
higher-layer parameter, such as

NO.

The resources used for the transmission of PUCCH format 1/1a/1b and format 2/2a/2b may be

identified by the indices

@B
Rpucen

and

2)
Peyecn
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respectively.

[0042] With respect to PUCCH format 1/1a/1b, the resources may be used for both persistent
and dynamic ACK/NACK signaling. The dynamic format 1/1a/1b resources may be defined for
the support of dynamically-scheduled downlink data transmissions. The number of reserved
resources for persistent HARQ ACK/NACK and/or SR transmissions in uplink may be
configured by a higher-layer parameter, such as

]VIEQCCH7

and the corresponding allocation may be determined through higher layer signaling. Allocation
of the dynamic PUCCH format 1/1a/1b resource may be made implicitly according to the
PDCCH allocation. In an embodiment, there may be a one-to-one mapping between each
dynamic PUCCH format 1/1a/1b resource and the lowest CCE index of the PDCCH
transmission. Implicit allocation of the PUCCH format 1/1a/1b may lower the control signaling
overhead. The implicit mapping for dynamic ACK/NACK resource allocation may be defined as:
nl(:L)TCCH =feep + N {’BCCH

where nccg may be the index of the first CCE used for transmission of the corresponding DCI

assignment and

Nidoon

may be the number of resources reserved for persistent PUCCH Format 1/1a/1b ACK/NACK
signaling.

[0043] Figure 2 illustrates an exemplary PUCCH configuration that may be used in some
embodiments, including those that operate in an LTE R8 environment. RBs 210 may be the
RBs reserved for the PUCCH as configured by

HO
Nig -
Among RBs 210, RBs 220 may be reserved for PUCCH format 2/2a/2b as configured by
ND.
Also among RBs 210, RB 230 may be a mixed RB that may be used for both PUCCH format
1/1a/1b and format 1/2a/2b, as may be configured by
N
Further among RBs 210, RBs 240 may be resources that may be reserved for persistent
PUCCH format 1/1a/1b as configured by
IVI(’I[?CCH'
Also among RBs 210, RBs 250 may be resources reserved for dynamic PUCCH format

1/1a/1b. In an embodiment, for PUCCH format 1/1a/1b the resource index

(1)
Mppeen

may determine the orthogonal sequence index and/or the corresponding value of the cyclic
shift within each RB.

[0044] As noted above, in LTE-A, bandwidth extension, also known as carrier aggregation,
may be used to achieve higher rates of data transmission. Bandwidth extension may allow both
downlink (DL) and uplink (UL) transmission bandwidths to exceed 20 MHz and may allow for
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more flexible usage of the available paired spectrum. For example, whereas LTE R8 may be
limited to operate in symmetrical and paired frequency-division duplexing (FDD) mode, LTE-A
may be configured to operate in asymmetric configurations (e.g., having more component
carriers (CCs) in the downlink than the uplink or vice versa). Three different configurations for
LTE-A carrier aggregation are illustrated in Figure 3. In configuration 310, symmetric carrier
aggregation is illustrated, where there are the same number of component carriers used for
both UL and DL. Configuration 320 illustrates the use of more DL component carriers than UL
component carriers. In the illustrated example, two component carriers for DL are shown and
one for UL. In configuration 330, the opposite scenario is shown, with two component carriers
in used for UL and one for DL. Any other combination and number of component carriers for
UL and DL are contemplated as within the scope of the present disclosure.

[0045] In an embodiment, a UE may be configured to received data over multiple DL CCs or
serving cells, utilizing bandwidth extension, also known as carrier aggregation, to achieve
higher rates of data transmission. Therefore, such a UE may also need to transmit UCI or
other feedback for the several DL CCs via one or more UL CCs. When a UE has user data to
transmit or has otherwise been assigned an UL resource for transmission of data, such as a
Physical UL Shared Channel (PUSCH), then the UE may transmit UCI and feedback data using
the assigned PUSCH. However, when a UE has not been assigned a PUSCH, the UE may be
configured to transmit UCI and/or UL feedback data in a UL resource specially assigned for UL
control on a physical uplink control channel (PUCCH). Present herein are various systems,
means, and methods for determining the UCI and feedback data that may be transmitted,
determining the PUCCH resources to be used to transmit such UCI and feedback data, and
determining how such UCI and feedback data may be transmitted over PUCCH.

[0046] In embodiments that utilize PUCCH transmission methods for transmitting UCI,
including hybrid automatic repeat request (HARQ) acknowledgements (ACK) and negative
acknowledgements (NACK) (referred to as "HARQ ACK/NACK" or simply "ACK/NACK" herein),
either of PUCCH format 1/1a/1b and PUCCH format 2/2a/2b may be used for such
transmissions. While both formats may be used to transmit UCI such as channel quality
information (CQI), precoding matrix indication (PMI), rank indication (RI), ACK/NACK, efc.,
some embodiments may be configured to transmit CQIl, PMI, and Rl using PUCCH format
2/2a/2b and HARQ ACK/NACK using format 1/1a/1b.

[0047] The two formats, PUCCH format 1/1a/1b and PUCCH format 2/2a/2b (which may be
referred to herein as simply "format 1" and "format 2", respectively), may be distinguished by
whether channel coding (e.g., Reed Muller coding) is used or not and whether time domain
spreading is used or not, and the number of demodulation reference signals (DMRS). PUCCH
format 2/2a/2b may use channel coding and no time domain spreading, whereas PUCCH
format 1/1a/1b may use time domain spreading without channel coding. PUCCH format 1, as
illustrated in Figure 4 showing non-limiting exemplary PUCCH structure 400, is different from
PUCCH format 2, as illustrated in Figure 5 showing non-limiting exemplary PUCCH structure
500, in terms of channel coding and DMRS symbols. These figures illustrate one timeslot in a
subframe for a normal cyclic prefix (CP) case. As may be seen in Figure 4, in PUCCH format 1,
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three DMRSs are used (DMRSs 410, 420, and 430) while in PUCCH format 2, as seen in
Figure 5, two DMRSs are used (DMRSs 510 and 520.) Also as may be seen in these figures,
the positions within the subframe of the DMRSs are different in each format. In format 1,
DMRSs 410, 420, and 430 are configured at long blocks (LBs) 3, 4, and 5, respectively, while
in format 2, DMRSs 510 and 520 are configured at LB 1 and LB 5, respectively.

[0048] In an embodiment, HARQ ACK/NACKs may be transmitted in PUCCH. Any combination
of UCI including HARQ ACK/NACK on PUCCH may be used, including HARQ-ACK using
PUCCH format 1a or 1b, HARQ-ACK using PUCCH format 1b with channel selection,
scheduling request (SR) using PUCCH format 1, HARQ-ACK and SR using PUCCH format 1a
or 1b, CQI using PUCCH format 2, and/or CQI and HARQ-ACK using PUCCH format 2a or 2b
for normal cyclic prefix, and PUCCH format 2 for extended cyclic prefix

[0049] In embodiments that employ carrier aggregation (CA) (alternatively referred to as
bandwidth extension herein), a UE may simultaneously transmit over the PUSCH and receive
over the PDSCH of multiple CCs. In some implementations, up to five CCs in the UL and in the
DL may be supported, allowing flexible bandwidth assignments up to 100 MHz. The control
information for the scheduling of PDSCH and PUSCH may be sent on one or more PDCCH(s).
Scheduling may be performed using one PDCCH for a pair of UL and DL carriers. Alternatively,
cross-carrier scheduling may also be supported for a given PDCCH, allowing a network to
provide PDSCH assignments and/or PUSCH grants for transmissions in other CC(s).

[0050] In an embodiment, a primary component carrier (PCC) may be used. APCC may be a
carrier of a UE configured to operate with multiple component carriers for which some
functionality (for example, derivation of security parameters and NAS information) may be
applicable only to that component carrier. The UE may be configured with one or more PCCs
for the downlink (DL PCC). In such embodiments, a carrier that is not a PCC of the UE may be
referred to as a secondary component carrier (SCC).

[0051] The DL PCC may correspond to the CC used by the UE to derive initial security
parameters when initially accessing a system. However, a DL PCC may not be limited to this
function. A DL PCC may also serve as the CC that contains any other parameters or
information for system operation. In an embodiment, a system may be configured such that a
DL PCC cannot be deactivated.

[0052] In carrier aggregation embodiments, multiple ACK/NACKs for multiple DL carriers with
either single or double codewords may be transmitted. Several PUCCH ACK/NACK
transmission methods for HARQ ACK/NACKSs in carrier aggregation may be used. Included
among these are PUCCH Joint Coding where multiple ACK/NACKs may be jointly encoded and
transmitted in PUCCH. Different PUCCH formats may be used to transmit ACK/NACKs such as
PUCCH format 2 as shown in Figure 3 and an alternative format, such as a DFT-S-OFDM
format. Another transmission method may be spreading factor (SF) reduction, where the time
domain orthogonal spreading may be removed (no spreading) or reduced to length two (SF=2)
as opposed to length four (SF = 4). This may enable a UE to carry more ACK/NACK bits using
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a single cyclic shift. Another transmission method may be channel selection (CS), where,
similar to a TDD ACK/NACK multiplexing transmission scheme using PUCCH format 1b.
Another transmission method may be multi-code transmission (NxPUCCH) where multiple
codes may be assigned to a single UE to transmit multiple ACK/NACKSs, as opposed to a single
code. Any, all, or any combination of these methods may be used, and all such embodiments
are contemplated as within the scope of the present disclosure.

[0053] In some LTE and/or LTE-A implementations, simultaneous ACK/NACK on PUCCH
transmission from one UE on multiple UL CCs may not be supported, and a single UE-specific
UL CC may be configured semi-statically for carrying PUCCH ACK/NACK.

[0054] In order to provide ACK/NACK feedback, for example in LTE-A systems, PUCCH joint
coding may be used to transmit multiple HARQ ACK/NACKs. However, PUCCH joint coding
may result in high coding rate and low coding gain. Therefore, a design tradeoff may be
required to balance these effects. In an embodiment, state reduction methods may be used to
address this tradeoff. State reduction methods may reduce the number of states required for
the transmission of ACK/NACK and/or discontinuous transmission data (DTX), and/or may
reduce the number of bits required for the transmission.

[0055] By reducing the size of the ACK/NACK/DTX codebook, fewer bits may need to be
transmitted. This may be accomplished, in an embodiment, by feeding back a codebook index
or indicating "scheduled CCs (or serving cells)" instead of "activated CCs (or serving cells)" or
"configured CCs (or serving cells)", either from a network node (e.g., an eNodeB) to a UE or
from a UE to a network node. Reduced ACK/NACK and DTX states may result in fewer bits for
representing the states. For a given codebook, states may be further reduced by considering
different requirements for primary serving cells and secondary serving cells, state combining,
grouping, bundling, special rules for codebook construction, etc. Thus, state reduction may be
the result of efficient utilization of a codebook rather than designing a specific codebook.

[0056] The embodiments described herein may be used with PUCCH joint coding using
PUCCH format 1/1a/1b, joint coding using PUCCH format 2/2a/2b, and/or joint coding using an
alternative format, such as a block spreading based format or a DFT-S-OFDM-based format.
Set forth below are embodiments for PUCCH joint coding methods and joint coding
performance enhancements. Systems, means, and methods for ACK/NACK/DTX codebook
size reduction and ACK/NACK/DTX state reduction will be disclosed, as well as coding for a
codebook and some codebook designs for HARQ ACK/NACK. The described enhancements to
PUCCH joint coding may provide improved joint coding gain and a lower effective joint coding
rate. The embodiments described herein may also provide efficient ACK/NACK/DTX methods
for signaling and determining when and how the codebook may be applied, efc.

[0057] In an embodiment that may be used for reducing the ACK/NACK/DTX codebook size,
codebook size reduction may be achieved using a signaling-based approach. In such an
embodiment, actual scheduled CCs (k carriers) may be signaled in a downlink. Alternatively, a
codebook index may be signaled in an uplink.
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[0058] In an embodiment, an ACK/NACK/DTX codebook may be determined based on the
actual CCs that are scheduled (k). Alternatively, the ACK/NACK/DTX codebook may be
determined by the last CC whose PDCCH is detected. The actual CCs k that are scheduled
may be signaled to a UE, while the codebook index whose PDCCH is lastly detected may be
signaled to a base station (e.g., an eNodeB.)

[0059] If the codebook is to be determined by actual scheduled CCs k rather than the
activated or configured CCs (M), the total number of states (i.e., codebook size) may be

reduced to 3¥ - 1 states from 3 - 1. For M = 5 and k = 2, the codebook size may be reduced
to 8 from 242. The required number of bits for representing the codebook is thus reduced to 2
bits from 8 bits. The coding rate may be improved to 0.1 from 0.36 accordingly. The
performance improvement up to a couple of dB that may be achievable is illustrated in Figure
6.

[0060] A UE may need to know how many and which CCs are scheduled by a base station
(e.g., an eNodeB) in order to determine the codebook and code-point in the codebook. To
determine the right codebook and code-point may require knowledge of the number of CCs
that are scheduled and the exact CCs are scheduled. Upon determining the number of CCs
being scheduled, the UE may determine the codebook or the codebook size. Upon determining
the exact CCs that are being scheduled (in an embodiment, using the corresponding
PDCCH/PDSCH detection result), the UE may determine the exact code-point in the codebook.

[0061] In an embodiment, this may be accomplished by signaling a bitmap in a dynamic
manner to indicate how many and which CCs are scheduled. This may require a few bits (e.g.,
5 bits bitmap where five CCs are configured or activated.) These bits may be inserted in
downlink control information (DCI) for DL assignment. Alternatively, an order for scheduled
CCs may be used such that once the number of CCs that are scheduled is known, exactly
which CCs are being scheduled may also be known automatically or implicitly. This
embodiment may reduce the number of bits required to be signaled (e.g., 2 bits) to indicate
both how many and exactly which CCs are being scheduled. This embodiment may be
implemented by signaling to a UE from a base station (e.g., an eNodeB) or signaling to a base
station from UE. When signaling to a UE from a base station is used, the signaling may include
the number of CCs that are scheduled to WTRU. When signaling to a base station from a UE is
used, the signaling may include transmitting the codebook index to the base station. Such an
index may be derived based on the last CC whose PDCCH is detected.

[0062] In embodiments where signaling is performed from a base station (e.g., an eNodeB) to
a UE, the codebook may be determined based on the scheduled CCs (rather than the
activated CCs.) Configured or activated CCs may be ranked in order and CCs may be
scheduled based on the order. The order may be based on channel quality, CC index, CC
priority, frequency index, logic channel prioritization (LCP) for CCs, or any other criteria. The
first in order may be designated as the PCC, with the following CCs designated secondary CCs
(e.g., PCC, secondary CC1, CC2, efc.) This ordering may impose some restriction on CC
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scheduling.

[0063] In such embodiments, an indicator in DCI may provide information about scheduled
CCs. In Table 1 below, illustrating an example implementation of such an embodiment
(Example A), 2-bit indicators that can support up to four scheduled CCs are shown. Example A
may provide an ACK/NACK/DTX codebook size as small as 2 (where the minimum codebook is
a 1-bit codebook).

Table 1. Example A - 2-bit indicators for up to four CCs

Number of scheduled CCs (k) Indicator
Only PCC 00
PCC + SCC1 01
PCC + SCC1, SCC2 10
PCC + SCC1, SCC2, SCC3 11

[0064] Table 2 illustrates another example implementation of such an embodiment (Example
B) where a 2-bit indicator that can support up to five scheduled CCs (2 bits) is used. Example B
may provide ACK/NACK/DTX codebook size as small as 8 (where a minimum codebook is a 3-
bit codebook). Note that in other embodiments, more than 2 bits may be used (e.g., 3 bits or
more) to indicate other ranking or combinations of CCs.

Table 2. Example B - 2-bit indicators for up to five CCs

(C;:):)debook size (based on number of scheduled CCs Indicator
Codebook size 2 (PCC + SCC1) 00
Codebook size 3 (PCC + SCC1, SCC2) 01
Codebook size 4 (PCC + SCC1, SCC2, SCC3) 10
Codebook size 5 (PCC + SCC1, SCC2, SCC3, SCC4) {11

[0065] In embodiments where signaling may be performed from a UE to a base station (e.g.,
an eNodeB), the UE may detect the PDCCH for CCs that are activated. The activated or
configured CCs may be ordered as described above. If the last CC whose PDCCH is detected
is CC#j, since CCs may be scheduled in order, those CCs before the last detected CC or CC#/
(ie., CCH#i, i=1, 2, ..., i<j) may also be scheduled in the same subframe. The codebook or

codebook size may be determined based on the number j. The codebook size may be 3-1.

The codebook of the size 3/ - 1 may be selected. The codebook index corresponding to the
selected codebook may be signaled to the base station. The codebook index mapping to
codebook or codebook size may have following property: codebook #1 has one CC, codebook
#2 has 2 CCs, codebook #3 has 3 CCs, ..., codebook #j has j CCs.

[0066] The codebook index j may be signaled to a base station (e.g., an eNodeB). Since the
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base station may know for which CCs it has PDCCH scheduled, it therefore may know which
CCs whose PDCCHs are not detected by a UE when receiving the codebook index fed back
from the UE. Thus the base station may know exactly how to handle the DTX. This may occur
if the last CC is not the "true" last CC because of a PDCCH miss detection by UE, that is, if
CCH#+1, CCHj+2, etc. are also scheduled by the base station but not detected by the UE. In this
case, the base station may know that PDCCH for CC#j+1 is not detected by the UE although it
is scheduled. The base station may know that the UE is in a DTX mode due to the UE having
missed the PDCCH.

[0067] Method 700 in Figure 7 is one exemplary non-limiting method of implementing an
embodiment where a codebook may be determined based on activated CCs. In one such
embodiment, method 700 may be implemented at a UE when the new codebook and
activation/deactivation command are applied. At block 710, a determination may be made as to
whether an activation/deactivation command has been successfully received. In an
embodiment, such a command may be received in subframe n-4. If an activation/deactivation
command has been successfully received at block 710, the UE may determine how many and
which CCs are activated or deactivated, in an embodiment based on the most recently
received command in subframe n-4, at block 720. At block 730, the UE may determine a new
codebook based on the newly activated/deactivated CCs. At block 740, the UE may transmit, in
an embodiment in subframe n, bits in PUCCH for the state containing ACK, NACK and DTX
corresponding to CC receiving activation command, in an embodiment in subframe n-4, using
the previous codebook (i.e., the new codebook is not applied yet).

[0068] At block 750, the UE may apply the activation/deactivation command, in an
embodiment in subframe n+4. At block 760, the UE may apply the new codebook for
ACK/NACK transmission responding to PDSCH received, in an embodiment in subframe n+4.
At block 770, the UE may transmit bits for ACK/INACK/DTX state in PUCCH using new
codebook, in an embodiment in subframe n+8. Note that if, at block 710, it is determined that
an activation/deactivation command has not been successfully received, the UE may wait for
retransmission of such a command at block 780.

[0069] In an embodiment, a sequence indicator or sequence number may be used and
inserted in an activation command to keep the activation/deactivation commands in order when
a sequence of activation/deactivation commands are sent and a detection error occurs which
causes the commands to be received out of order. Method 800 in Figure 8 is an exemplary
non-limiting method of implementing such an embodiment. At block 810, a UE may receive one
of a plurality of activation/deactivation commands. At block 820, the UE may extract a
sequence indicator or sequence number from the activation/deactivation command. At block
830, the UE may determine whether the sequence indicator or sequence number is the
expected or correct number or indicator. In other words, the UE may determine whether the
sequence indicator or sequence number follows the next most recently received sequence
indicator or sequence number. If the sequence indicator or sequence number is not the
expected number or indicator, at block 840, the UE may reorder the activation/deactivation
commands accordingly so that they are processed in the order intended (i.e., in the order
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transmitted by the base station.) At block 850, the UE may process the activation/deactivation
commands in the proper order (i.e., according to the sequence numbers or indicators.) If, at
block 830, the UE determines that the expected sequence number was extracted at block 820,
the activation/deactivation commands may be processed in order at block 850 without any
reordering.

[0070] In an embodiment, systems, methods, and means for reducing the number of
ACK/NACK/DTX states may be used. In a state subspace-based approach, ACK/NACK/DTX
state space may be partitioned into several segments or partitions. Each segment or partition
may contain a smaller number of states upon which the generation of a codebook may be
based. Each segment or partition (which may also be referred to as a "subspace" herein) may
be a codebook. States of each subspace may be represented with a fewer number of bits in
the corresponding state subspace (i.e., each code-point may be represented with a smaller
number of bits.) Partitioning the state space may improve the joint coding gain and/or lower the
effective joint coding rate for PUCCH joint coding. Based on the PDCCH/PDSCH detection
outcome at a UE, an ACK/NACK/DTX state may be generated. The state segment or partition
that contains this generated ACK/NACK/DTX state may be selected. The generated state may
be mapped to a code-point in the corresponding codebook for the segment or partition.

[0071] In order to inform a base station (e.g., an eNodeB) of the state segment or partition the
UE has selected, the UE may be configured to perform a resource-based method. In an
embodiment, two or more PUCCH resources may be configured or reserved either explicitly or
implicitly (e.g., by PDCCH CCE address) corresponding to state segments or partitions. The
UE may generate ACK, NACK, and/or DTX for CCs based on the outcome of the
PDCCH/PDSCH detection. The UE may determine the ACK/NACK/DT X state, encode the state
information bits using the corresponding RM coding for the segment containing this state, and
transmit the encoded bits of this state. The base station may obtain the knowledge of which
state segment or partition has been selected by the UE by detecting which PUCCH resource is
used. This may be based on techniques such as correlation detection or energy detection.
Table 3 provides an example of mapping the PUCCH resource index to a segment or partition.
The base station may decode the received PUCCH using a Reed Muller (RM) code for this

segment.

Table 3. Example PUCCH resource index to segment/partition mapping
PUCCH Resource State subspace
Resource index#x Segment (subspace) A
Resource index#y Segment (subspace) B
Resource index#z Segment (subspace) C

[0072] In an embodiment, a UE may be configured to perform a mask or interleaving pattern
based method. In this embodiment, different masks or interleaving patterns for PUCCH may be
used by a UE for different segment or partition of states. Similarly, a base station (e.g., an
eNodeB) may obtain knowledge of which state segment or partition has been selected by the
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UE by detecting which PUCCH mask or interleaving pattern is used. This may be based on
techniques such as correlation detection. Table 4 provides an example of mapping the PUCCH
mask index or interleaving pattern to a segment or partition.

Table 4. Example PUCCH mask index/interleaving pattern to segment/partition mapping

PUCCH Masking/Interleaving State subspace

Mask#x or interleaving pattern x Segment (subspace) A
Mask#y or interleaving pattern y Segment (subspace) B
Mask#z or interleaving pattern z Segment (subspace) C

[0073] For example, let there be three masks denoted as M1, M2 and M3, where G is an RM
encoder and s is an information bit vector. In this example, x=Gs. If Mj is the mask used at a
transmitter, the received signal is y = Mj*x+n where n is the noise. The receiver may search the
correct mask and the corresponding segment or partition using the following cost function:

ozt = @ misky - MiGsP
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[0074] In an example of such an embodiment, for four CCs it may require 80 states in total
which in turn requires seven bits for representing the states. States may be partitioned into
three subspaces, segments 1, 2, and 3, where each segment contains 26 or 27 states (five
bits). A Reed Muller coding (20, 5) may be used for encoding information bits (for states) in
each segment. The effective coding rate may be reduced or improved to 0.25 from 0.35, thus
the coding gain may be significantly increased. The more subspaces or segments into which
the entire state space is partitioned, the lower the coding rate may be and the better the joint
coding gain may be.

[0075] In an embodiment, systems, methods, and means for combining or grouping
ACK/NACK/DTX states may be used. In order to improve the PUCCH joint coding gain and
lower the effective joint coding rate, ACK/NACK/DTX states may be combined into fewer states
and thus fewer bits may be required to represent the states. For example, a NACK and a DTX
may be combined into a single state identified as "NACK/DTX". The total number of states may

be reduced from 3™ states to 2M states. The corresponding required bits for representing the

states may be reduced from logy(3M) bits to logo(2M) bits. For example, for M=5, the number

of states may be reduced to 32 from 243, the number of bits may be reduced to 5 bits from 8
bits, and the coding rate may be improved to 0.22 from 0.36. Figure 6 illustrates performance
improvements in an exemplary system due to this reduction in the number of states due to
state combining.

[0076] A number of methods and means may be employed for state combining. In an
embodiment, PCC and SCCs may be used. The PCC may have better performance than the
SCC since PCC since it may carry certain "critical" signaling or information. Method 900 of
Figure 9 is an exemplary non-limiting method of implementing such an embodiment. In this
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embodiment, the NACK and DTX states may be distinguished for a PCC, but may not be
distinguished for an SCC. At block 910, a determination may be made as to whether a PDCCH
is detected for a CC. If there is no PDCCH detected for a CC, then at block 920, a
determination may be made as to whether the CC is a PCC or a SCC. If the CC is a PCC, at
block 930 the UE may indicate "DTX" for the CC. If the CC is a SCC, at block 940 the UE may
indicate "NACK/DTX" for the CC.

[0077] If, at block 910, the UE determines that a PDCCH is detected for a CC, at block 950 the
UE may determine whether a PDSCH is received successfully for the CC. If a PDSCH is
successfully received for the CC, at block 960 the UE may indicate "ACK" for the CC. If, at
block 950, the UE determines that a PDSCH has not been successfully received for the CC, at
block 970, the UE may determine whether the CC is a PCC or a SCC. If the CC is a PCC, at
block 980 the UE may indicate "NACK" for the CC. If the CC is a SCC, at block 940 the UE may
indicate "NACK/DTX" for the CC. The UE may then generate the state based on the indicated
ACK, NACK, DTX or NACK/DTX for CCs (which may be scheduled, activated or configured
CCs) and map the generated state to a code-point in the codebook.

[0078] In another embodiment, full combining or grouping for NACK and DTX may be used,
where NACK and DTX are combined. For example, the states {ACK, ACK, NACK} and {ACK,
ACK, DTX} may be combined into a single state (ACK, ACK, NACK/DTX). In this embodiment, if
no PDCCH is detected for a CC, or if a PDCCH is detected for the CC but PDSCH is not
received successfully for the CC, the UE may indicate "NACK/DTX" for the CC. Otherwise, the
UE may indicate "ACK" for the CC.

[0079] In an embodiment partial combining or grouping of states may be used. In such an
embodiment, states may be combined, but such combining may be only applied to a subset of
CCs and not to all CCs. For example, only a third or half of the CCs respective NACK and DTX
indications may be combined. The subset of CCs may be predetermined and/or configurable.
CCs may be divided into two or more subsets, and in embodiment, CCs may be categorized
into the two or more subsets based on certain criteria, such as importance or priority (e.g., a
"high importance" or "high priority" CC set and a "low importance" or "low priority" CC set.)
Partial combining or grouping may mitigate the performance impact due to state combining.

[0080] Method 1000 of Figure 10 is an exemplary non-limiting method of implementing such
an embodiment. At block 1010, a UE may determine whether a PDCCH is detected for a CC. If
no PDCCH is detected, at block 1020 the UE may determine if the CC belongs to a specified or
indicated subset of CCs where the NACK and DTX indications associated with CCs in the
subset are to be combined. If the CC does not belong to a subset where the NACK and DTX
indications associated with CCs in the subset are to be combined, at block 1030 the UE may
indicate "DTX" for the CC. However, if at block 1020 the UE determines that the CC belongs to
a specified or indicated subset of CCs where the NACK and DTX indications associated with
CCs in the subset are to be combined, at block 1040 the UE may indicate "NACK/DTX" for the
CC.
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[0081] If, at block 1010, the UE determines that a PDCCH is detected for a CC, at block 1050
the UE may determine whether a PDSCH has been successfully received for the CC. If a
PDSCH has been successfully received for the CC, at block 1060, the UE may indicate "ACK"
for the CC. If a PDSCH has not been successfully received for the CC, at block 1070 the UE
may determine if the CC belongs to a specified or indicated subset of CCs where the NACK
and DTX indications associated with CCs in the subset are to be combined. If the UE
determines that the CC belongs to such a subset, at block 1040 the UE may indicate
"NACK/DTX" for the CC. If, at block 1070, the UE determines that the CC does not belong to a
specified or indicated subset of CCs where the NACK and DTX indications associated with CCs
in the subset are to be combined, at block 1080 the UE may indicate "NACK" for the CC. The
UE may generate the state based on the indicated ACK, NACK, DTX or NACK/DTX for CCs
(which may be scheduled, activated or configured CCs) and map the generated state to a
code-point in the codebook.

[0082] In an embodiment, state reduction may be accomplished using PDCCH or PDSCH
correlation. In some embodiments, while DCls may be in the same or different CCs, "missing
PDCCH" may be correlated if the DCIs are in the same CC. States may be correlated between
PDCCHs in the same CC. If one DTX is indicated, it may be likely that the other PDCCH is
missed and thus DTX, too. A UE may combine {DTX, X} or {X, DTX} into a same state {DTX,
DTX}, where X is a "don't care" (i.e., may be either ACK or NACK.)

[0083] There may also be a correlation between PDSCHs that may be used. States may be
correlated between PDSCHs in different CCs, for example, CCs that have high correlation
between them. If one ACK is generated for a CC, it is likely one ACK is also generated for the
correlated PDSCH or CC. If one NACK is generated for a CC, it is likely that one NACK is also
generated for the correlated PDSCH or CC. One ACK and one NACK may still occur but with
much lower probability. Therefore a UE may merge {ACK, NACK}, {NACK, ACK} and {NACK,
NACK} into a single state (NACK, NACK) in the codebook without causing significant
degradation.

[0084] In one such embodiment, a UE may determine that there is at least one NACK being
generated for a CC, and may therefore indicate "All NACK". If the UE determines that ACKs are
generated for all CCs, the UE may indicate "All ACK". Otherwise (e.g., where there is at least
one ACK and one DTX but no NACK) the UE may indicate the state containing the ACK and
DTX. Alternatively, the UE may indicate "All DTX".

[0085] In an embodiment, if a PDCCH is detected for a CC, and a NACK is generated for the
CC, the UE may indicate "NACK" for the CC and "NACK" also for the other CCs which are
highly correlated with this CC (e.g., in the same "high correlation” group). Otherwise, if ACKs
are generated for all CCs, the UE may indicate "ACK" for all CCs. If a PDCCH is not detected
for a CC, the UE may indicate a DTX for the CC. The UE may also indicate "DTX" for the CCs
whose PDCCHs are transmitted in the same CC as this CC.

[0086] In some embodiments, CCs may be ranked in order based on channel quality. It may



DK/EP 2484039 T3

be more likely to have NACK instead of DTX for CCs having good channel quality. In an
embodiment, if there is at least one ACK being generated for CCs, a UE may combine NACK
and DTX for those CCs that do not generate ACK and indicate "NACK/DTX" for those CCs. In
this embodiment, if there is no ACK being generated for CCs, the UE may identify the CC that
has the worst channel quality whose PDSCH reception results in a NACK. This CC may be
referred to as a reference CC. The PDCCH reception for the CCs whose channel quality is
worse than reference CC is likely to result in DTX, while the PDSCH reception for the CCs
whose channel quality is better than reference CC is likely to results in NACK. For CCs having
worse channel quality than the reference CC, the UE may indicate DTX for such CCs. For CCs
having better channel quality than the reference CC, the UE may indicate NACK/DTX for such
CCs. A non-limiting exemplary ACK/NACK/DTX codebook (37 states, 6-bit) based on this
embodiment is shown in Table 5.

Table 5. Transmission of ACK/NACK/DTX multiplexing for five component carriers

ACK/NACK/DTX State Bits
ACK, ACK, ACK, ACK, ACK 111110
ACK, ACK, ACK, ACK, NACK/DTX 111100
ACK, ACK, ACK, NACK/DTX, ACK 111010
ACK, ACK, ACK, NACK/DTX, NACK/DTX 111000
ACK, ACK, NACK/DTX, ACK, ACK 110110
ACK, ACK, NACK/DTX, ACK, NACK/DTX 110100
ACK, ACK, NACK/DTX, NACK/DTX, ACK 110010
ACK, ACK, NACK/DTX, NACK/DTX, 110000
NACK/DTX
ACK, NACK/DTX, ACK, ACK, ACK 101110
ACK, NACK/DTX, ACK, ACK, NACK/DTX 101100
ACK, NACK/DTX, ACK, NACK/DTX, ACK 101010
ACK, NACK/DTX, ACK, NACK/DTX, 101000
NACK/DTX
ACK, NACK/DTX, NACK/DTX, ACK, ACK 100110
ACK, NACK/DTX, NACK/DTX, ACK, 100100
NACK/DTX
ACK, NACK/DTX, I\'IA\A(\:CKK/DTX, NACK/DTX, 100010
ACK, NACK/DTX, NACK/DTX, 100000
NACK/DTX,NACK/DTX
NACK/DTX, ACK, ACK, ACK, ACK 011110
NACK/DTX, ACK, ACK, ACK, NACK/DTX 011100
NACK/DTX, ACK, ACK, NACK/DTX, ACK 011010
NACK/DTX, Q%K?[%( NACK/DTX, 011000
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ACK/NACK/DTX State Bits
NACK/DTX, ACK, NACK/DTX, ACK, ACK 010110
NACK/DTX, ACK, NACK/DTX, ACK,
NACK/DTX 010100
NACK/DTX, ACK, NACK/DTX, NACK/DTX, 010010
ACK
NACK/DTX, ACK, NACK/DTX, NACK/DTX, 010000
NACK/DTX
NACK/DTX, NACK/DTX, ACK, ACK, ACK 001110
NACK/DTX, NACK/DTX, ACK, ACK,
NACK/DTX 001100
NACK/DTX, NACK/DTX, ACK, NACK/DTX, 001010
ACK
NACK/DTX, NACK/DTX, ACK, NACK/DTX, 001000
NACK/DTX
NACK/DTX, NACK/DTX, NACK/DTX, ACK, 000110
ACK
NACK/DTX, NACK/DTX, NACK/DTX, ACK, 000100
NACK/DTX
NACK/DTX, NACK/DTX, NACK/DTX, 000010
NACK/DTX, ACK
NACK/DTX, NACK/DTX, NACK/DTX, 000001
NACK/DTX, NACK
NACK/DTX, NACK/DTX, NACK/DTX, 000011
NACK,DTX
NACK/DTX, NACK/DTX, NACK, DTX, DTX 001001
NACK/DTX, NACK, DTX, DTX, DTX 010001
NACK, DTX, DTX, DTX, DTX 100001

[0087] In an embodiment, CCs may be partitioned into two or more partitions, each with fewer
CCs than the total number of CCs. Because the number of states increases exponentially with
the number of CCs, it may be desirable to reduce the number of CCs. By CC partitioning, the
number of states for each partition is significantly smaller due to the decreased number of CCs
in each partition, and therefore fewer bits are required to represent the states in each partition.

[0088] For non-MIMO implementations, each CC has three states, namely ACK, NACK and

DTX. This results in nine states (or 32) for two CCs and 81 states (or 3%) for four CCs. The "All
DTX" state may be {DTX, DTX} for two CCs and {DTX, DTX, DTX, DTX} for four CCs. The "All
DTX" state may be excluded from total states for joint coding because the "All DTX" state may
be implicitly indicated or detected by DTX detection at a receiver and may not need to be
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included for joint coding with other states. If the "All DTX" state is excluded from total states for
joint coding, there remain eight and 80 states for two CCs and four CCs respectively. For four
CCs, it may require seven bits to represent all states. Thus seven bits are transmitted for each
corresponding ACK/NACK/DTX state generated at a UE. For two CCs, it may require three bits
to represent the all states. For two partitions where each has two CCs, only 3+3 bits = 6 bits in
total may be needed to transmit all ACK/NACK/DTX states for both partitions generated at a
UE.

[0089] Carrier partition may be used for joint coding and may transform an exponential
increase in the number of states into a linear increase in number of states. For M CCs, the
total number of states exponentially increases with the increase in M, with the number of states

defined as 3™ - 1. For two CC partitions (one CC partition with y CCs, the other CC partition
with M - y CCs), the total number of states may semi-linearly increase with the increase in M,

with the number of states defined as 3¥ - 1 + 3(MY) - 1, which requires logo(3Y - 1) + logy(3(M-Y)

- 1) bits to represent the states for both partitions. For example, for M = 4 and y = 2, the total

number of states may be reduced to (32 - 1)+(32 - 1) = 16 states or 6(3 + 3) bits from 3% - 1 =
80 states, or seven bits. The effective coding rate may be improved to 0.27 from 0.32 which
results in about 0.8 to 1 dB performance improvement for PUCCH joint coding. Table 6 shows
the number of states before and after partition, as well as the number of bits required to
represent the states used after partition, for several example embodiments.

Table 6. States before and after partition

Number of |Total states before Total states after {Bits for representing
CCs partition partition states
AD_ A =
5 351=242@8bits) |50 DT g
A)_ A)_ =
4 341280 (Tbits)  |\5 2 TN e
A AD_ =
3 313-1 = 26 (5 bits) %1 E"2-1= 4y
2 372-1 = 8 (3 bits) (3M-1)+(3M-1)=4 §2

[0090] In an embodiment, separate encoding of the DTX state of CCs configured for PDCCH
reception may be used. In such embodiments, a UE may encode and transmit certain
information in the PUCCH in a given subframe. Such information may include an indication of
whether at least one DL assignment was detected from the PDCCH of each CC of a set of
CCs, where the set of CCs may include at least one the set of CCs configured for PDCCH
reception and the set of activated CCs configured for PDCCH reception. Such information may
also include either status information (ACK/NACK) pertaining to the set of received transport
blocks or status information (ACK/NACK/DTX) pertaining to a set of transport blocks that
includes transport blocks that may be received in CCs for which downlink assignments can be
signaled from the PDCCH of one of the CCs for which it was indicated that at least one DL
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assignment was detected.

[0091] Status information transmitted may be encoded using any means or method, including
those disclosed herein. For instance, a single bit may be utilized to indicate the state of a pair
of transport blocks of a single MIMO transmission, where the bit is set to '1' (indicating ACK)
when both transport blocks are successfully received, and '0' (indicating NACK) otherwise. In
addition, where no DL assignment has been received on any DL CC, the UE may not transmit
anything on the PUCCH.

[0092] The separate encoding embodiments described above may be especially useful when
a relatively small subset of configured (or activated) DL CCs are configured for PDCCH
reception because the number of bits required for indicating whether DL assignments were
received in these CCs is also small. Such embodiment may rely on the assumption that there
may be a significant correlation between error events where a DL assignment is missed when
these DL assignments are transmitted from the same DL CC. In this case, the probability that
the UE misses a DL assignment but receives another DL assignment is very low when these
DL assignments have been transmitted from the same DL CC, and thus there is very little
penalty in not reporting such events.

[0093] In an embodiment, variable length coding may be used, and state space may be
encoded according to its probability. This may reduce the number of bits to be transmitted. A
guideline that "high probability" states are encoded with fewer bits and "low probability" states
are encoded with more bits may be applied. Entropy encoding or Huffman encoding may be
used to encode the ACK/NACK/DTX states. Entropy encoding and Huffman encoding are
typically used for continuous bit sequences while in many LTE systems PUCCH carries
noncontinuous bit sequences. Without such constraints the encoding for the states may have
more flexibility. As a result the code-point or the bits representing the states may have variable
length. By using entropy encoding or Huffman encoding, the number of bits to be transmitted in
air may be fewer than average. Table 7 illustrates these results with several non-limiting
examples.

Table 7. Bits and probabilities for various states

States Bits Probability Encoding
{A A} 1 0.64 RM (20, 1)
{A N} 0 0.12 RM (20, 1)
{N A} 11 0.12 RM (20, 2)
{A D} 10 0.04 RM (20, 2)
{D A} 01 0.04 RM (20, 2)
{N N} 00 0.0225 RM (20, 2)
{N D} 111 0.0075 RM (20, 3)
{D N} 000 0.0075 RM (20, 3)
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[0094] In an example provided for illustrative purposes only, where two DLs are in use, and
each DL uses only a single codeword, the probability of (CRC=good|PDCCH) or ACK is equal

to 80%, NACK is 15% and DTX is 5%. As seen in Table 7 there are 32 = 9 states: {AA} = 0.64,
{AN}=0.12, {NA} =0.12, {AD} = 0.04, {D A} = 0.04, {N N} = 0.0225, {N D} = 0.0075, {D N} =
0.0075, and {D D} = 0.0025 (not transmit).

[0095] Method 1100 of Figure 11 is an exemplary non-limiting method of implementing an
embodiment. At block 1110, for a CC (that may be limited to a scheduled, activated, or
configured CC), a determination may be made by a UE as to whether a PDCCH is detected for
the CC. If no PDCCH is detected for the CC, the UE may indicate "DTX" for the CC at block
1120. If a PDCCH is detected for the CC, at block 1130 the UE may determine if a PDSCH has
been successfully received for the CC. If a PDSCH has not been successfully received for the
CC, at block 1140 the UE may indicate "NACK" for the CC. If a PDSCH has been successfully
received for the CC, at block 1150 the UE may indicate "ACK" for the CC.

[0096] At block 1160, the UE may generate a state based on the indicated ACK, NACK or DTX
for each CC. In some embodiments, the UE may be configured to generate a state for all CCs.
At block 1165, the UE may determine an occurrence probability for the state. If the state
generated at block 1160 is marked with or otherwise associated with a high occurrence
probability or equivalent category, at block 1170 the UE may map the generated state to a
short length code point in the codebook. If the state generated at block 1160 is associated with
a medium occurrence probability, at block 1180 the UE may map the generated state to a
medium length code point in the codebook. If the state generated at block 1160 is associated
with a low occurrence probability, at block 1190 the UE may map the generated state to a long
length code point in the codebook.

[0097] In other embodiments, unequal error protection may be used. A state space may be
partitioned into two or more partitions and unequal coding may be applied to each partition.
The criteria for determining the partition may be based on the different performance
requirement for states. For example, a NACK error may be more critical than an ACK error.
Probability of NACK to ACK may be more important than the probability of ACK to NACK. The
states containing NACKs may be encoded with a higher coding strength or have fewer
information bits. States may be distinguished by the number of NACKs relative to other states,
and states may be partitioned into several categories based on that distinction. For example,
one category of states may be "NACKs are more numerous than ACKs", and another category
of states may be "ACKs are more numerous than or the same number as NACKs." Stronger
coding may be applied to the first category of states with more NACKs than ACKs and weaker
coding may be applied to the second category of states with more ACKs than NACKs or the
same number of ACKs and NACKs.

[0098] For example, in an embodiment with M = 4 CCs, there may be 80 states in total. 80
states may be partitioned into two partitions, one containing 16 states and the other containing
64 states. This embodiment requires four bits and six bits respectively to support unequal
coding as compared to a codebook using seven bits without unequal coding capability. RM
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coding may be used in such an embodiment, with (20, 4) and (20, 6) being used for partitions
respectively.

[0099] Method 1200 of Figure 12 is an exemplary non-limiting method of implementing such
an embodiment. At block 1210, a UE may determine if a PDCCH is detected for a CC. Note
that in some embodiments, the determination may be limited to a scheduled, activated, or
configured CC. If no PDCCH is detected for the CC, at block 1220 the UE may indicate "DTX"
for the CC. If a PDCCH is detected for the CC, at block 1230, the UE may determine whether a
PDSCH has been successfully received for the CC. If a PDSCH has not been successfully
received for the CC, at block 1240 the UE may indicate "NACK" for the CC. If a PDSCH has
been successfully received for the CC, at block 1250 the UE may indicate "ACK" for the CC.

[0100] At block 1260, the UE may generate a state based on the indicated ACK, NACK or DTX
for the CC. In some embodiments, the UE may be configured to generate a state for all CCs.
At block 1265, the UE may determine if the state generated at block 1260 is associated with a
"high error protection” partition or a "normal error protection” partition. If the generated state is
associated with a "high error protection" partition, at block 1270, the UE may map the
generated state to a code point to which a "strong" channel coding is applied in the codebook.
If the generated state is associated with a "normal error protection” partition, at block 1280, the
UE may map the generated state to a code point to which a "regular" channel coding is applied
in the codebook.

[0101] Method 1300 of Figure 13 is an exemplary non-limiting method of implementing an
embodiment. At block 1310, a UE may determine if a PDCCH is detected for a CC. Note that in
some embodiments, the determination may be limited to a scheduled, activated, or configured
CC. If no PDCCH is detected for the CC, at block 1320 the UE may indicate "DTX" for the CC.
If a PDCCH is detected for the CC, at block 1330, the UE may determine whether a PDSCH
has been successfully received for the CC. If a PDSCH has not been successfully received for
the CC, at block 1340 the UE may indicate "NACK" for the CC. If a PDSCH has been
successfully received for the CC, at block 1350 the UE may indicate "ACK" for the CC.

[0102] At block 1360, the UE may generate a state based on the indicated ACK, NACK or DTX
for the CC. In some embodiments, the UE may be configured to generate a state for all CCs.
At block 1365, the UE may determine whether the generated state has more NACKs than
ACKs. If the generated state has more NACKs than ACKs, at block 1370 the UE may map the
generated state to a "short" code point in the codebook. If the generated state has the same
number of NACKs and ACKs, or more ACKs than NACKs, at block 1380 the UE may map the
generated state to a "long" code point in the codebook. Note that the disclosed unequal coding
methods may be used in combination with any other embodiments disclosed herein, include
state subspace methods.

[0103] In an embodiment, the number of ACK/NACK bits that need to be fed back depends on
DL-UL configuration. In an embodiment, for example in an LTE-A TDD system, the number of
ACK/NACK fed back bits may be dependent on DL-UL configuration as well as the number of
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aggregated component carriers. For example, for a 4DL:1UL subframe configuration and five
carrier aggregation, a UE may feed back 40 ACK/NACK bits (e.g., where implicit DTX and DL
MIMO is used for all five carriers.) There may be at least two ACK/NACK feedback modes in an
embodiment. One such mode may be ACK/NACK multiplexing, and another such mode may
be ACK/NACK bundling. Either or both of these feedback modes may utilize feedback
reduction using spatial-domain and/or time-domain (subframe) bundling. The number of
feedback ACK/NACK bits may be 10 bits in LTE-A embodiments using FDD. Therefore, to
reduce feedback overhead in TDD systems so that overhead is comparable to LTE-A FDD, the
full feedback of ACK/NACK bits may be reduced at the cost of performance degradation in a
TDD system. A feedback mode that may be used with ACK/NACK bundling may be ACK/NACK
multiplexing with partial bundling. Another feedback mode may be full ACK/NACK bundling.

[0104] In an embodiment, a UL indicator may be used. A total number of the detected DL
assignments may be fed back for both ACK/NACK multiplexing with partial bundling and full
bundling. The number of detected DL assignments may use a modulo 4 operation to reduce
the overhead. There may be no need to signal a DL indicator to downlink assignment indicator
(DAI) for ACK/NACK multiplexing with partial bundling or full bundling. The last PDCCH miss
problem that may be found in some legacy systems may be eliminated or solved. In an
embodiment using UL feedback with partial bundling, time-domain (i.e., subframes) partial
bundling may be used first and then CC multiplexing may be performed. Alternatively, or in
addition, frequency-domain (i.e., CC) partial bundling maybe used first then downlink subframe
multiplexing may be performed.

[0105] In an embodiment, time-domain (subframes) partial bundling with CC multiplexing may
be used. In such an embodiment, a UE may monitor (e.g., count) how many ACKs (ie., the
corresponding PDSCH CRC is detected successfully) are detected for each CC. For example,
Figure 14 shows an exemplary non-limiting configuration 1400 with a 4DL:1UL (M = 4)
subframe configuration and a five (N = 5) component carriers aggregation. In this embodiment,
DAl may not be signaled in the DL. For each CC, the UE may count the number of ACKs for all
DL subframes (four downlink subframes are used in the example shown in Figure 14.) The UE
may report {2, 1, 2, 2, 2} ACKs for CC1, CC2, CC3, CC4 and CC5 respectively.

[0106] The total number ACKs or NACKs for all CCs may be multiplexed and jointly encoded.
This may allow for the use of 10 ACK/NACK feedback bits (two bits for each CC, with N =5
CCs.) The total number of ACKs for each CC may be fed back using a modulo 4 operation.
The two feedback bits b(0), b(1) for each CC and their corresponding mapping to multiple
ACK/NACK responses according to an exemplary non-limiting embodiment are shown in Table
8. The two ACK/NACK feedback bits per CC may be jointly encoded and multiplexed. If there is
no ACK detected in a configured CC, a UE may report NACK.

Table 8. Mapping between multiple ACK/NACK responses and b(0), b(1) for CC i

Number of ACKs b(0), b(1)
0 or None (UE detects at least one DL assignment 0,0
is missed)
1 1,1
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Number of ACKs b(0), b(1)

1,0
0, 1
1,1
1,0
0, 1
1,1
1,0
0, 1
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[0107] In an embodiment, frequency-domain (CC) partial bundling with subframe multiplexing
may be used. Similar to the time-domain (subframes) partial bundling with CC multiplexing
embodiment disclosed above, a UE may count the total number of ACKs for all configured CCs
for each DL subframe. As shown in Figure 14, a UE may report {4, 1, 2, 2} ACKs for downlink
subframe 1, subframe 2, subframe 3, and subframe 4, respectively. The total number ACKs for
each DL subframe may be multiplexed and jointly encoded. The total number of ACK/NACK
feedbacks may be equal to two times the number of DL subframes in a TDD configuration. In
this example, eight feedback bits (two bits for each DL subframe and M = 4 downlink
subframes) may be sufficient for ACK/NACK feedback. An example of the two feedback bits
b(0), b(1) for each subframe and their corresponding mapping to multiple ACK/NACK
responses are shown in Table 9.

Table 9. Mapping between multiple ACK/NACK responses and b(0), b(1) for subframe i

Number of ACKs b(0), b(1)
0 or None (UE detect at least one DL 0,0
assignment is missed)
1 1, 1
2 1,0
3 0,1
4 1,1
5 1,0

[0108] In an embodiment, full ACK/NACK bundling may be used. In such an embodiment,
there may be no need to distinguish time-domain bundling or frequency-domain bundling for
full bundling because this implementation of such an embodiment may only report a single
number representing the total number of ACKs for all DL subframes and CCs. Also, a modulo 4
operation may be used on the reported ACKs. Therefore, only two bits may be used for
ACK/NACK feedback. The two feedback bits b(0), b(1) and their corresponding mapping to
multiple ACK/NACK responses are shown in Table 10. For a UE operating in a power-limited
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configuration, the overhead of ACK/NACK feedback may be optimized and service coverage
may be increased or maintained.
Table 10. Mapping between multiple ACK/NACK responses and b(0), b(1)

Number of ACKs b(0), b(1)
0 or None (UE detect at least one DL assignment is 0,0
missed)
1,4,7,10,13, 16, 19 1,1
2,5,8,11,14,17, 20 1,0
3,6,9,12,15,18 0,1

[0109] In an embodiment, a DL indicator or DAl may be used. A two-bitDAI (modulo x or
modulo 4) may be used as an indicator of the total number of scheduled PDCCHs/CCs for
each DL subframe. There may be no need to report a total number of ACKs in UL (ie., no
need for a UL indicator.) This embodiment may be used for ACK/NACK multiplexing with
frequency-domain (CC-domain) partial bundling or full ACK/NACK bundling, for example as
disclosed herein. For embodiments using spatial bundling (e.g., where DL is in MIMO mode),
the maximum number of UL ACK/NACK feedback bits may be nine. Unlike time-domain partial
bundling used in some legacy systems, the last PDCCH miss-detection problem may be
solved. Also, the size of DAl may be compatible with legacy systems. Non-limiting example
values of downlink indicators or DAIls are shown in Table 11.

Table 11. Values of DL indicators or DAls

DL Indicator or DAIMSB, LSB Number of CCs with PDSCH transmission
0,0 1ord
0,1 2
1,0 3
1,1 Oor4

[0110] In an embodiment, two-bitDAls may be signaled in DL and a UE may bundle
ACK/NACKc in the CC-domain to generate one to two bits per DL subframe (CC-domain partial
bundling for each downlink subframe.) The bits of each DL subframe after bundling may be
multiplexed and jointly encoded as UL ACK/NACK feedback bits. Since DAI may be an indicator
of the total number of scheduled DL assignments for each DL subframe, the UE may detect
whether there is PDCCH missed detection or not for each DL subframe. Therefore, the UE
may generate bundled bits in the CC-domain. In the non-limiting example configuration 1500
illustrated in Figure 15, there are two DL assignments that are miss-detected in DL subframe 2
and subframe 4 for CC2 and CC4 respectively. The value of ACK/NACK feedback is 0 (e.g., for
SIMO) or 00 (e.g., for MIMO) for subframes 2 and 4, and the value of ACK/NACK feedback is 1
(e.g., for SIMO) or 11 (e.g., for MIMO) in subframes 1 and 3. Those feedback bits of each DL
subframe may be multiplexed and jointly coded. Hence, there may be no need to report the
total number of ACKs as a UL indicator. If spatial bundling is used for a 9DL:1UL (M = 9)
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configuration in MIMO mode, carrier-domain bundling may be associated with spatial bundling
in order to save more UL ACK/NACK feedback overhead. In this case the maximum number of
UL ACK/NACK feedback bits may be nine. Even in embodiments using a TDD DL-UL
configuration (9DL:1UL), the number of UL ACK/NACK bits may still be less than the 10 bits
supported in LTE-A FDD. Unlike in some legacy TDD time-domain bundling configurations, the
last PDCCH miss detection may be solved because a UE may have the information regarding
how many DL assignments are scheduled in a particular DL subframe.

[0111] In an embodiment, a combination of a DL indicator or a DAl and an a UL indicator may
be used. A DL indicator or DAl may be applied in DL signaling. A DL indicator or DAI may
indicate a total number of scheduled DL assignments by a base stations (e.g., an eNodeB) for
all CCs for each subframe. This may be implemented in a similar manner as the solution
described herein in regard to Table 11. Another example value of DL indicators or DAls is
shown in Table 12. A UL indicator may indicate the total number of ACKs. A UL indicator in this
embodiment may be similar to the UL indicator described above. A UE may save transmit
power when in a mode of full ACK/NACK bundling when full ACK/NACK bundling is being used.
Table 12. Values of DL indicators or DAIs

DL Indicator or DAI MSB, LSB | Number of subframes with PDSCH transmission
0,0 1or5or9
0,1 20r6
1,0 3or7
1,1 Oor4or8

[0112] If a two-bit DL indicator or DAI (modulo 4) is signaled in the DL when a full bundling
mode is in use, a UE may be configured to detect where PDCCHs are miss-detected in each
DL subframe. Upon detecting a missed PDCCH, a UE may signal DTX (i.e., there is no physical
transmission.) In this way, the UE may save transmit power when in full bundling mode. This
may be crucial if the UE is power-limited. In the non-limiting example configuration 1600
illustrated in Figure 16, a UE may have detected at least two missing DL assignments at DL
subframe 2 and 4. The UE may not transmit any ACK/NACK feedback since the base station
(e.g., an eNodeB) may detect a DTX and may retransmit all data when the UE is in full
ACK/NACK bundling mode. Furthermore, this embodiment does not increase the size of the
DAl field, and may be backward compatible legacy systems (e.g., LTE R8) in terms of DCI
format size.

[0113] In an embodiment, two-bit DAl may be reclaimed as carrier indication field (CIF) bits to
reduce signaling overhead. If there is no need to signal DL DAI in DL (or if DAl may not be
used), two-bit DAIs in a DCI format may be reclaimed as CIF bits, and therefore PDCCH
overhead may be reduced.

[0114] In an embodiment, an extended DL indicator or extended DAI may be used. Two parts
of DAl may be used, i.e., DL DAl = (DAI1, DAI2) = (3 bits, 2 bits) or (2 bits, 2 bits) where DAI1
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may be the number of scheduled PDCCH/CCs for each DL subframe and DAI2 is the CC-first
counter across CC/subframe. There may be no need to report the total number of ACKs in UL
(i.e., no need for a UL indicator.) This embodiment may be used for ACK/NACK multiplexing
with frequency-domain (CC-domain) partial bundling or full ACK/NACK bundling. For
implementations using spatial bundling (e.g., DL is in MIMO mode), the maximum number of
UL ACK/NACK feedback bits may be nine. Unlike time-domain partial bundling in some legacy
systems, the last PDCCH miss-detection problem may be solved.

[0115] In an embodiment, there may be two parts in DL DAI design, i.e., DA |= (DAI1, DAI2).
The first part of DAI (i.e., DAI1) may be equal to the DAI as disclosed above, i.e,, an indicator
of the total scheduled PDCCHs/CCs for each DL subframe. Since DAI1 may be an indicator of
the total scheduled PDCCHs/CCs for each DL subframe, it may share the same properties,
such as there may be no need to report a total number of ACKs in UL, enabling ACK/NACK
multiplexing with CC-domain partial bundling or full ACK/NACK bundling, the maximum of UL
ACK/NACK feedback bits may be equal to nine associated with spatial bundling, and the last
PDCCH miss-detection problem may be solved. DAI2 may a sequential counter that counts
CC-domain first as the second part of DAI design. This embodiment may detect a case when
there is only one CC being scheduled in a DL subframe. In the non-limiting example
configuration 1700 illustrated in Figure 17, at DL subframe 2 there may be only one PDCCH
scheduled and the UE may have miss-detected that PDCCH. This may result in the UE not
being aware whether PDCCH is being scheduled at DL subframe 2 or not. DAI2 can
compensate for this issue by the realization of CC-domain counter. In the example shown in
Figure 17, the UE may determine that there is a missed PDCCH detection. Therefore, the UE
may generate the right full bundling state (i.e., NACK) instead of ACK.

[0116] In an embodiment, three parts of DAl may be used, i.e., DL DAI = (DAI1, DAI2, DAI3) =
(3 bits, 2 bits, 2 bits) or (2 bits, 2 bits, 2 bits), where DAI1 may be the number of scheduled DL
assignments, DAI2 may be the CC-first counter across CC/subframe, and DAI3 may be a two
bits counter (e.g., as used in some legacy systems.)

[0117] Note that optimal DL DAI design may be used at the cost of increased overhead.
Hence, a UE may perform ACK/NACK multiplexing with either CC-domain or time-domain
bundling. Also, the last PDCCH miss-detection issue may be solved since DAI1 may present
the number of scheduled DL assignments.

[0118] As set forth in the descriptions of several embodiments above, detecting a PDCCH for
a CC may be desired. It may also be desirable to determine a PDCCH reception status more
granularly. More specifically, it may be useful to detect a missed PDCCH and false positive
detection of a PDCCH. In an embodiment, DL control signals or DCls transmitted by the
network (e.g., from an eNodeB) to a UE may contain an indicator representative of the number
in sequence or count of control messages sent over a predetermined reference time period.
For example, a reference time period may be one subframe. The indicator may be an
increasing counter modulo of a predetermined value. Alternatively, the set of DL control signals
or DCI's that provide such an in-sequence or count indicator to the UE as sent by a base
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station (e.g., an eNodeB) may specifically include all DL assignment DCI's sent during the
reference time period over all configured or activated CCs for that UE.

[0119] In another embodiment, a DL control signal, or DCl's transmitted by the network (e.g.,
from an eNodeB) to a UE, may contain an indicator representative of the total number of
control messages sent over a pre-determined time reference time period. In one such
embodiment, this indicator may be an absolute value in a predetermined range. For example,
this set of DL control messages carrying an indication representative of a total number of DL
assignment messages sent to the UE in that subframe may be any or all occurrence(s) of a UL
grant DCI over a subframe period representative for the set of DL assignment DClIs sent during
the reference time period over all configured or activated CCs for the UE. These embodiments,
the sequence indicator embodiment, and the total number of control message embodiment
may be combined or used independently.

[0120] Note that, as used herein, Downlink Control Information, or "DCI", may refer to a DL
signalling message for transmission control purposes sent by the network and received by a
UE. In the disclosed embodiments, unless otherwise specified, the term "DCI" however used,
without limiting any such embodiments, may refer to a DL signaling message for which a UE is
expected to transmit uplink control information (e.g., HARQ ACK/NACK.) While the present
embodiments include methods to transmit uplink feedback for downlink transmission(s) and
thus mainly refer to a DCI that would typically schedule one or more PDSCH transmission(s),
the applicability of the embodiments described herein is not limited to this specific case. For
example, a DCI received by a UE which DCI signals (de)activation of a configured assignment
such as "SPS release", of a configured grant or of a configured SCell, may also require HARQ
ACK/NACK transmission from the UE.

[0121] Therefore, although not describing such particular embodiments, one skilled in the art
will appreciate that the embodiments disclosed may be equally applicable to any type of DCls
and the corresponding UL control signalling or subset thereof, as well as in case of UL control
messages and DL HARQ feedback on a Physical Hybrid Automatic Repeat Request Indicator
Channel (PHICH). For example, disclosed embodiments may be equally applicable to the case
where a DCI is used to grant PUSCH resources to a UE, and the associated DL HARQ
feedback on PHICH.

[0122] Without limiting any disclosed embodiment, to refer to any DL transmission for which
the UE is expected to transmit HARQ ACK/NACK feedback, the term "DCI and/or PDSCH" may
be used hereafter and shall be understood to at least include any successfully decoded DCI on
a PDCCH that indicates either a PDSCH assignment and/or control information such as
(de)activation of a previously configured DL assignment and/or UL grant, and any PDSCH
transmission for which the UE attempted decoding using a HARQ process.

[0123] When referred to herein, the term "PUCCH resource"” may generally include either the
PUCCH indices (or index), the PUCCH transmission format (or transmission method e.g.,
format 1/1a/1b, format 2/2a/2b, DFT-S-OFDM or format 3), the PUCCH ACK/NACK location
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(e.g., RB, orthogonal sequence index, cyclic shift), the number of HARQ ACK/NACK bits
carried in the format (including bits implicitly derived e.g., using channel selection), also
possibly the use of a scrambling code for the transmission or any of those in combination.

[0124] When referred to herein, the term "dynamic PUCCH allocation method" may refer to a
method by which a UE may determine PUCCH resource to use based on the control signaling
received in the subframe for which HARQ ACK/NACK may be transmitted. An example of such
method is the use of a rule based on the first CCE of the decoded DCI (a reference DCI)
similar to the LTE R8 or LTE R9 PUCCH resource allocation.

[0125] When referred to hereafter, the term "semi-static PUCCH allocation method" may refer
to a method by which a UE may determine the PUCCH resource to use based on, e.g., a semi-
static configuration of the UE. An example of such a method is the LTE R8 or LTE R9 HARQ
ACK/NACK PUCCH allocation for DL SPS transmissions.

[0126] A UE configured or activated to receive on more than one serving cell or CC may
receive at least one DL control signal, or DCI, containing at least one indicator representative
of the number in sequence or count, or total number of control messages. The UE may
determine, based on the indicator field, if the set of decoded DCls is complete, or if one or
more are missing. The UE may take a first action, such as generating and transmitting a HARQ
ACK/NACK signal, if the set of decoded DCls is determined to be complete. The UE may take a
second distinct action, such as transmitting no HARQ ACK/NACK signal, if it determines that
the set of decoded DCls is not complete. For example, the UE may determine that it has
missed at least one PDCCH (or got a false positive) based on a comparison between the
number of successfully decoded DCI(s) in a given sub-frame and a signaled value of the total
number of items for which the UE is expected to send HARQ ACK/NACK feedback for said sub-
frame.

[0127] In an embodiment, considering only PDSCH assignments, a UE may successfully
decode at least one DCI for a PDSCH transmission in a given sub-frame, determine, from a
field of said DCI, a number of PDSCH assignments for said sub-frame. The UE may also
determine, based a comparison of the number of successful DCls with the indicated number of
PDSCH assignment for said sub-frame, whether it has missed a DCI (e.g., whether the number
of successful DCls is less than the indicated number) or has had a false positive (e.g., whether
the number of successful DCIs is higher than the indicated number.) If the number of
successful DCls is the same as the indicated number, the UE may determine that it has
decoded all its DCls for the subframe.

[0128] In an embodiment, any DCI for which the UE is expected to transmit HARQ ACK/NACK
feedback may be considered. For example, the number of successful DCls may include control
signaling for which the UE is expected to transmit HARQ ACK/NACK feedback.

[0129] Upon determining which UCI and/or feedback data to transmit to a base station (e.g.,
an eNodeB) using PUCCH, a UE may determine the particular PUCCH resources to be used to
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transmit such UCI and/or feedback data. In an embodiment, a UE may determine a PUCCH
resource from a set of possible PUCCH resources as well as the number of HARQ ACK/NACK
information bits to transmit. The selected resource may be used, for example, to transmit
HARQ ACK/NACK feedback for at least one DL transmission (e.g., DCI and/or PDSCH) in a
given sub-frame based on at least one, and in an embodiment a combination of any, of several
criteria.

[0130] Included among such criteria are the number of serving cells configured (e.g., by RRC)
and the number of serving cells active in the subframe. Also included among such criteria are
the number of codewords that may be received in the PDSCH of a given serving cell in a single
sub-frame, depending on the configured downlink transmission mode (e.g., spatial
multiplexing, MIMQO) of each serving cell. In such an embodiment, only secondary serving
cell(s), or Scells, activated by Fast (De)Activation Command (FAC) signaling may be included,
in particular FAC signaling which may itself be subject to HARQ ACK/NACK feedback from the
UE to the base station. In an embodiment, secondary cell(s) that may be deactivated implicitly
may be included, i.e., for secondary cell(s) that were not deactivated by FAC signaling. Also
among such criteria are the number of DL assignments received in said subframe, in an
embodiment, including any configured DL assignments, i.e., for Semi-Persistent Scheduling
(SPS) and/or signaled in one or more DCI(s). Also among such criteria is the location (i.e., the
number or index) of the Control Channel Element(s) (CCE(s)) (or, in an embodiment, only the
first CCE) of the decoded DCI corresponding to a DL assignment in said subframe, e.g., at
least one of whether or not the CCE(s) is in a specific search space, such as the one
corresponding to the PCell and whether or not the CCE(s) is in a specific portion of said search
space.

[0131] Further criteria that may be used in an embodiment include a characteristic of the
PDSCH corresponding to a DL assignment in said subframe, e.g., whether the PDSCH
corresponds to a PCell or to an SCell of the UE's configuration and a characteristic of the
successfully decoded DCI (DCI Characteristics, as described further herein) corresponding to
the DL assignment(s) in said subframe, in an embodiment, when the CIF corresponds to a
PCell of the UE's configuration. Further criteria include a configuration (e.g., RRC) indicating
which resource to use, in an embodiment, signaled in one or more DCI(s), and in an
embodiment, a set of PUCCH resources (e.g., indices) to be used for channel selection.

[0132] Also included among such criteria are the number of dedicated PUCCH resources, if
any, configured for the UE (e.g., by RRC), on an embodiment, the number of PUCCH format
1b indices. Further criteria include the number of DCI messages received in said subframe and
for which the UE shall report HARQ ACK/NACK, and the number of HARQ ACK/NACK bits for
each DCI message, in an embodiment, based on some explicit value received in at least one of
the decoded DCI(s), and, in an embodiment, based on an index to a specific PUCCH resource
or set of resources received in at least one of the decoded DCls. Additional criteria that may be
used in an embodiment are whether or not the UE is configured to use bundling for
transmission of HARQ ACK/NACK on PUCCH and whether or not the UE has detected
incorrect PDCCH reception for the subframe.
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[0133] The UE may determine the number of HARQ ACK/NACK information bits to transmit
according to at least one of the above methods, and select the PUCCH ACK/NACK resource
accordingly. The PUCCH resource(s) (i.e., format and index) selected, as well as whether
channel selection is used, may be a function of at least one of the number of configured
serving cells, the number of ACK/NACK information bits to transmit (i.e., based onhigher layer
configuration, the number of successfully decoded DCls and/or PDSCH, and/or the number of
codewords for each PDSCH), whether or not ACK/NACK bundling is used, and if the UE has
detected incorrect PDCCH reception.

[0134] In an embodiment, a semi-static selection method may be used, where the selection is
a function of a UE's configuration and in particular of the number of configured serving cell(s).
In such an embodiment, when the UE is configured for single carrier operation (i.e., the UE is
configured to operate with a single serving cell, i.e., a single UL CC and a single DL CC), the
UE may select a PUCCH resource using any method, including legacy methods. For instance,
where a legacy method is used, the UE may uses the resource index npyccH = Ncce +

N(1)pUCCH, where nccg may be the number of the first CCE used for transmission of the

corresponding DCI (containing a DL assignment or a SPS release) and NM'pccy may

configured by higher layers. A corresponding DCI may be normally received in a previous
subframe according to pre-determined rules, such as subframe n-4 in case of FDD mode,
where n is the subframe when the PUCCH is transmitted. But when the UE is configured for
multicarrier operation (i.e., the UE is configured with at least one UL/DL PCC pair (i.e., a PCell)
and a number N of DL SCC(s), where N = 1 (i.e., at least one SCell)), the UE may use the
same PUCCH ACK/NACK resource supporting transmission of the corresponding HARQ
ACK/NACK information (including consideration of the number of possible codewords for each
DL CCs). In this embodiment, the same PUCCH ACK/NACK resource may be used until the UE
is it reconfigured by the base station (e.g., an eNodeB.)

[0135] In a variation of the disclosed semi-static selection method, a UE configured for
multicarrier operation may perform PUCCH resource selection as described, with the exception
of when HARQ ACK/NACK is transmitted for DL transmissions (i.e., DCI and/or PDSCH) on the
PCell. In that case, in this embodiment the UE may select a PUCCH resource using a legacy
resource selection method or any other method that may be used for the single carrier
operation.

[0136] In an embodiment, a dynamic selection method may be used where the selection is a
function of a UE's configuration and of the number nbits of HARQ ACK/NACK information bits
to transmit in each subframe. Method 1800 of Figure 18 is an exemplary non-limiting method
of implementing such an embodiment. At block 1810, the UE may determine whether it is
configured for single carrier or multicarrier operation. Note that this determination may be
merely operating the UE as configured, ie., in the configured single carrier or multicarrier
mode. If the UE is configured for single carrier operation (i.e., the UE is configured to operate
with a single UL CC and a single DL CC), at block 1820 the may UE select a PUCCH resource
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using a legacy method or any other method that may be used in a single carrier environment.
For example, if DL MIMO is not configured (i.e., nbits = 1), the UE may use PUCCH format 1a,
and if DL MIMO is configured (i.e., nbits = 2), the UE may use PUCCH format 1b.

[0137] In an embodiment, when at block 1810 the UE determines that it is configured for
multicarrier operation, if at block 1830 the UE determines that it is configured to use two DL
CCs and where the UE is configured with exactly one UL/DL PCC pair (i.e., one PCell) and
exactly one DL SCC (SCell), at block 1840 the UE may select a PUCCH resource according to
a legacy method or any other method that may be used in a single carrier environment with
PUCCH format 1b.

[0138] Alternatively, if at block 1810 the UE determines that it is configured for multicarrier
operation (i.e., the UE is configured with (at least) one UL/DL PCC pair (i.e., a primary serving
cell or PCell) and a number N of DL SCC(s), where N 2 1 (i.e., at least one secondary serving
cell or SCell)), or if at block 1830 the UE determines that it is receiving a DCI for DL
assignment (i.e., from a PDSCH transmission) or SPS release only on a single serving cell, at
block 1850 the UE may determine a value of nbits and determine whether nbits fits into one of
several categories. If at block 1850 the UE determines that nbits < m (where m may be some
threshold value or number of HARQ ACK/NACK information, for example configured on a UE
or provided by a base station) at block 1860 the UE may use a dynamic PUCCH allocation
method similar to the legacy method where PUCCH format 1a is used when nbits = 1 and
PUCCH format 1b is used otherwise. With this legacy method the UE may use the resource

index npucch = ncce + MVYpycch where ncce is the number of the first CCE used for

transmission of the corresponding DCI assignment and N(1)pucCH is configured by higher

layers. In an embodiment, this type of PUCCH allocation method may be used only for a
PDSCH transmission on the primary cell, or PCell of the UE's configuration, but not for a
PDSCH transmission on a secondary cell, or Scell.

[0139] If at block 1850 the UE determines that m < nbits < n, (where n may be another
threshold value or number of HARQ ACK/NACK information, for example configured on a UE
or provided by a base station) at block 1870 the UE may use a transmission method based on
channel selection using multiple (ncspucch) PUCCH format 1b resources in order to allocate
PUCCH resources. If at block 1850 the UE determines that nbits = n, at block 1880 the UE may
use a DFT-S-OFDM-based method of PUCCH resource allocation. In some embodiment, a
DFT-S-OFDM-based method may be used by a UE when m = 3, n = 4, and ncspucch = 2, or
when m =3, n =5, and ncspucch =4.

[0140] In an embodiment, a dynamic selection method may be used where the selection may
be a function of the activation state of the CCs of the UE's configuration and of the number
nbits of HARQ ACK/NACK information bits to transmit in each subframe. In such an
embodiment, the UE may select, in a given subframe, a PUCCH resource using a legacy
method, or any other method that may be used in a single carrier environment, if the UE is
configured for single carrier operation or if the UE is configured for multicarrier operation and
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all DL SCCs are in a deactivated state (e.g., if the UE is configured with at least one UL/DL
PCC pair (i.e., a PCell) and a number N of DL SCC(s), where N 21 (i.e., at least one SCell), but
all N DL SCCs are in a deactivated state.) In this embodiment, the UE may otherwise use a
PUCCH ACK/NACK resource supporting transmission of the HARQ ACK/NACK information
(including consideration of the number of possible codewords for each DL CCs) corresponding
to the number of CCs that were active in the subframe for which ACK/NACK feedback is
transmitted on PUCCH.

[0141] In yet another embodiment, a UE may be configured to use dynamic explicit selection
method where the selection is a function of received control signaling. In such an embodiment,
when the UE is configured for single carrier operation, the UE may select a PUCCH resource
using a legacy method or any other method that may be used in a single carrier environment.
For instance, where a legacy method is used, the UE may use the resource index npyccH =

ncee + NWpycen, where nocg may be the number of the first CCE used for transmission of

the corresponding DCI assignment and N(1)pUCCH may be configured by higher layers. When

the UE is configured for multicarrier operation, (i.e., the UE is configured with (at least) one
UL/DL PCC pair (i.e., a primary serving cell or PCell) and a number N of DL SCC(s), where N
21 (i.e., at least one SCell)), the UE may use the PUCCH resource indicated in the control
signaling (e.g., PDCCH DCI or FAC signaling (e.g., using MAC CE)) with an index (ie.,
ACK/NACK Resource indicator (ARI)) to a resource configured by RRC.

[0142] A UE may determine the number of HARQ ACK/NACK information bits to transmit
according to at least one of the above embodiments, and may then determine a location for
PUCCH ACK/NACK, which may also be referred to as a PUCCH index or a PUCCH ACK/NACK
index. In an embodiment, a UE configured to receive at least one downlink control message
(e.g., DCI) in a given time interval (e.g., a subframe) may determine an uplink resource (e.g., a
PUCCH index) for transmission of an uplink signal carrying feedback information (e.g., HARQ
ACK/NACK feedback) using a signaled or a statically configured reference DCI.

[0143] Alternatively, a UE may dynamically determine the location of a PUCCH ACK/NACK
resource by dynamically determining at least one reference DCI. The reference DCI may be a
successfully decoded DCI in a given subframe. The UE may determine the PUCCH ACK/NACK
index from, for example, the first CCE of the reference DCI. The reference DCI may be
dynamically determined based on explicit signaling in a DCI format, e.g., a 1-bit flag indicating
whether or not a DCI is a reference DCI, and/or signaling received from the network and/or
based on a configuration of the UE. For example, the reference DCI may correspond to at
least one of a DCI received in a specific serving cell (e.g., for the PCell of the UE's
configuration), a DCI received for a transmission on the PDSCH of a specific serving cell (e.g.,
for the PDSCH of a PCell of the UE's configuration), and a DCI received for control signaling for
a specific serving cell (e.g., for SPS activation on a PCell of the UE's configuration.)

[0144] In an embodiment, the reference DCI may be dynamically determined based on one or
more characteristic of the successfully decoded DCI (DCI Characteristics), including at least
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one of the RNTI used to decode the DCI, the format of the decoded DCI (e.g., type 1, or type
2, etc.), the location of the CCE(s) of the decoded DCI (for example, in a specific search space
and/or in a specific portion of said search space), the Aggregation Level (AL) of the decoded
DCI, the presence or absence of a carrier indication field (CIF) in the decoded DCI, the value
of a carrier indication field (CIF) in the decoded DCI, the received power level of the decoded
DCI, the received coding gain of the decoded DCI, and the number of repetitions of the
decoded DCI.

[0145] If a UE finds multiple reference DCIs for the same subframe, for example using any of
the means disclosed above, the UE may be configured to mute any ACK/NACK feedback
corresponding to the particular subframe. Alternatively, the UE may be configured to select one
of the multiple reference DCls to use as the reference DCI for the subframe by selecting the
reference DCI randomly from among the multiple reference DClIs, selecting the DCI received
on the PDCCH of a serving cell with a specific index or priority (e.g., CC index/priority, DCI rx),
selecting the DCI corresponding to a PDSCH transmission of a serving cell with a specific index
or priority (e.g., CC index/priority, PDSCH tx), or selecting the DCI received with a specific
characteristic (i.e., using at least one of DCI Characteristics set forth above.)

[0146] If a UE fails to find any reference DCI for a given subframe, the UE may be configured
to implement another embodiment disclosed herein, including muting any ACK/NACK feedback
corresponding to the subframe or transmitting ACK/NACK feedback on a configured PUCCH
resource.

[0147] In any of the embodiments discussed herein, a base station (e.g., an eNodeB) may
transmit on PDCCH one or more DCI formats, each of which may have a higher probability of
being successfully decoded by a UE than other DCI(s) sent in the same sub-frame. The base
station may transmit this DCI in such a manner that the UE identifies it as a reference DCI.
Where the base station transmits the DCI in a manner that would cause the UE to determine
multiple reference DCls, the base station may be configured to make decoding attempts for the
HARQ ACK/NACK feedback from the UE on multiple PUCCH resources in the same subframe,
each corresponding to a reference DCI.

[0148] With the DCI reference embodiments disclosed herein, given, for example, a 1%
probability of a DCI being missed, the ACK/NACK HARQ feedback may be muted relatively
rarely. In these embodiments, the ACK/NACK HARQ feedback may only be muted when the
reference DCI (or all of the reference DCls) is missing in a given subframe, and not when a
DCl that is not used as a reference is missed.

[0149] Robustness may be introduced to a PUCCH resource indication method with the
introduction of redundancy between multiple DCls the UE may receive in the same sub-frame.
In an embodiment, at least some of the information present in a DClI among multiple DCls
associated with a subframe may be present in more than one of the multiple DCls. A UE may
determine a PUCCH ACK/NACK resource based on explicit signaling using one or more of the
disclosed embodiments. A UE may receive a configuration of one or more PUCCH ACK/NACK
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resources (i.e., a set of resource(s)). In addition, a UE may successfully decode at least one
DCI (e.g., for a PDSCH transmission) in a given subframe. In still another embodiment, a UE
may determine, from a field of said DCI, which resource to use based on at least one of an
indication (e.g., an index) to a resource from the set of configured resources, an indication to
determine the resource based on said DCI (e.g., from the first CCE of said DCI), and a
configured priority based on an association between an index of a resource in the set of
resources and at least one of a serving cell (DL CC) on which at least one DCI was
successfully decoded, a serving cell (DL CC) for which a DCI indicated a PDSCH transmission,
and a DCI received with a specific characteristic (for example, at least one of the DCI
Characteristics set forth above.)

[0150] While embodiments disclosed herein may have been described with reference to a
resource within a set of PUCCH ACK/NACK resources or equivalent terms, it should be
understood that such embodiments may also be implemented where multiple sets of PUCCH
ACK/NACK resources are configured and a UE instead determines which set of PUCCH
ACK/NACK resources to use from among the multiple configured sets of PUCCH ACK/NACK
resources, including in embodiments where a UE uses a transmission method such as channel
selection for HARQ ACK/NACK information bits, a transmission method using transmit diversity
with SORTD (spatial orthogonal-resource transmit diversity) or a combination thereof.

[0151] In an index-based allocation embodiment, a UE may not have to rely on one or more
reference DCI(s). In such an embodiment, a base station may be configured to include a 2-bit
field in the DCI format(s) corresponding to control signaling to multiple CCs (either for all CCs,
or a subset of all the CCs). This may be configured by higher layer such as RRC. In this
embodiment, all DCIs corresponding to said CC subset may carry the same value for the 2-bit
field. Thus, regardless of whether one or more of the DCI may be lost, as long as one is
successfully decoded at the UE, the UE may still have the means to transmit feedback. The UE
may interpret the 2-bit field in a successfully decoded DCl is as follows.

[0152] 00: There is only 1 CC being scheduled - use a legacy method for PUCCH resource
allocation (e.g., any other method that may be used in a single carrier environment), i.e.,
based on CCE position of said DCI. Alternatively, this code point may point to another PUCCH
resource configured by higher layers (PUCCH resource #0).

01: There is more than one assignment - use PUCCH resource #1 among set of PUCCH
resources configured by higher layers for multi-CC assignment.

02: There is more than one assignment - use PUCCH resource #2 among set of PUCCH
resources configured by higher layers for multi-CC assignment.

03: There is more than one assignment - Use PUCCH resource #3 among set of PUCCH
resources configured by higher layers for multi-CC assignment.
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[0153] In the above embodiments, the field of the DCI indicating the PUCCH resource to use
may correspond to an already existing field of the DCI format used for DL assignments. In this
case, the UE behavior may be re-defined with respect to the functionality originally associated
with this field. For instance, where the TPC (transmit power control) is reused, the transmission
power adjustment applied by a UE upon reception of at least one DCI containing a DL
assignment may be a function of the code point received for the field, or a subset of the bits
thereof, according to a mapping that may be different from that used in case of single-carrier
operation. Alternatively, or in addition, the transmission power adjustment applied by a UE
upon reception of at least one DCI containing a DL assignment may be a function of at least
one property of the DCI containing the DL assignment, such as (but not limited to) the DL
carrier from which the DCI is decoded, the search space from which the DCI is decoded, or the
DL carrier to which the assignment applies. Alternatively, or in addition, the transmission power
adjustment applied by a UE upon reception of at least one DCI containing a DL assignment
may be a function of the set of code points received from the TPC fields of all or a subset of
DCI containing DL assignments. For example, a certain power adjustment may be applied only
in case all TPC fields from DCI containing DL assignments to a Scell (or any cell) have the
same value. Alternatively, or in addition, the transmission power adjustment applied by a UE
upon reception of at least one DCI containing a DL assignment may be a function of a pre-
determined value that may be set by higher layers, such as 0 dB (i.e., no adjustment.)

[0154] In an embodiment, a subset of code points of the reused TPC field may be reserved
for the purpose of indicating a power adjustment and may not indicate a PUCCH resource. A
UE receiving a DCI with the field set to one of these code points may only apply a power
adjustment according to a mapping that is possibly different from the one used for single-
carrier operation, and may not use the value of the field in the determination of the PUCCH
resource(s) to use. The DCI may also not indicate any DL assignment, i.e., the UE may not
attempt any PDSCH reception upon decoding of such DCI.

[0155] In a non-limiting example of reinterpretation of the TPC field, the TPC field received in
a DCI that contains an assignment for the DL primary carrier (or Pcell) may be interpreted in
the same way as the original TPC field interpretation (for single-carrier operation), while the
TPC field received in a DCI that contains an assignment for the DL secondary carrier (or Scell)
may be reused for indicating a PUCCH resource(s) according to one of the above
embodiments. In addition, one code point of the TPC field of any DCI containing an assignment
for a Scell may represent, in addition to one or more PUCCH resources, a power adjustment of
pre-defined value (such as +3 dB.) The selection of this code point may allow the network to
signal a power increase to a UE with a greater reliability because the command may be
received even if the DCI containing the assignment to the Pcell is lost. The UE may apply the
power adjustment if it receives a DCI containing a DL assignment with the TPC field set to this
specific code point. Alternatively, the UE may apply the power adjustment only if the TPC field
is set to the specific code point for all received DCls containing a DL assignment for a Scell.

[0156] In an embodiment, if a UE transmits HARQ ACK/NACK information bits using a
transmission method such as channel selection, instead of selecting a single resource from a
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single set of semi-statically configured PUCCH resources, the UE may instead select a set of
PUCCH resources from multiple sets of semi-statically configured PUCCH resources to be
used for transmission using channel selection.

[0157] In an embodiment, if a UE transmits HARQ ACK/NACK information using SORTD
transmit diversity, a single resource indication received from a DCI may indicate a pair of
PUCCH resources on which the UE may simultaneously transmit to implement SORTD transmit
diversity. This may be applicable only to the case where the DCI is not received in the primary
carrier (Pcell).

[0158] In an embodiment, if a UE transmits ACK/NACK information using a transmission
method based on channel selection and there are two HARQ ACK/NACK bits to report for a DL
assignment, a single resource indication received from a DCI may indicate two PUCCH
resources where the selection of the resource on which to transmit is determined based on the
HARQ ACK/NACK bits to report according to the channel selection codebook. This may be
applicable only to the case where the DCI is not received in the primary carrier (Pcell).

[0159] In an embodiment, if a UE transmits ACK/NACK information using a transmission
method based on channel selection and SORTD transmit diversity and there are two HARQ
ACK/NACK bits to report for a DL assignment, a single resource indication received from a DCI
may indicate a set of two pairs of PUCCH resources (i.e., a total of 4 resources), on each of
which the UE may simultaneous transmit to implement SORTD transmit diversity, and where
the selection of the pair of PUCCH resources on which to transmit is determined based on the
HARQ ACK/NACK bits to report according to the channel selection codebook. Alternatively,
where the DCI containing such a DL assignment is received in the Pcell, two of the four
required PUCCH resources may be indicated in the DCI and the other two may be implicitly
derived from the starting position of the CCE (control channel element) where the DCI is
decoded. The two resources implicitly derived may or may not belong to a same pair of
resources.

[0160] Successfully decoded DCls containing DL assignments may have the same values for
the field indication regardless of the properties of these DCls. This approach isuseful for
schemes where a single PUCCH resource (or set of PUCCH resources) is needed to transmit
the feedback regardless of the number of HARQ ACK/NACK information bits. In the event that
a UE successfully decodes DCls for which field indication values differ in a given subframe, it
may be that a network error or a false detection has occurred. To handle this situation, in an
embodiment, a UE may perform the actions associated with other embodiment disclosed
herein, such as muting any ACK/NACK feedback corresponding to the subframe or selecting
one DCI for the purpose of interpreting the field indication and determining how to transmit
ACK/NACK on PUCCH by using one of a variety of means. Such means include randomly
selecting any of the DC, selecting the DCI received on the PDCCH of a serving cell (CC) with a
specific index or priority (CC index/priority, DCI rx), selecting the DCI corresponding to a
PDSCH transmission of a serving cell (CC) with a specific index or priority (CC index/priority,
PDSCH tx), selecting the DCI received with a specific characteristic (e.g., at least one of DCI
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Characteristics set forth above), excluding a DCl whose value differs from the value of more
than one other decoded DCI in the same subframe (e.g., in case of false PDCCH detection),
and/or selecting the DCI with an indication field whose value is similar to the one used for the
previous ACK/NACK transmission on PUCCH.

[0161] In an embodiment, the interpretation of the field indicating the PUCCH resource may
be different depending on at least one property of the DCI containing the DL assignment, such
as the DL carrier from which the DCI is decoded or the DL carrier to which the assignment
apply. Utilizing a different interpretation depending on the DL carrier to which the assignment
may apply may be useful where some of the HARQ ACK/NACK feedback is signaled through a
channel selection scheme where multiple PUCCH resources must be indicated to the UE in a
single subframe to build a channel selection codebook depending on the number or HARQ
ACK/NACK feedback bits to transmit or the number of received DL assignments.

[0162] In an embodiment, a UE may determine an incorrect PDCCH reception, either by
determining that a PDCCH has been missed or determining that a false positive has been
detected (i.e., confirmation of receipt of a PDCCH that was not actually received.) If a UE
determines it has neither missed a PDCCH nor decoded a false positive (e.g., the number of
successfully decoded DCI(s) equals the value in each of decoded DCI), it may transmit the
corresponding HARQ ACK/NACK feedback according to the method it normally uses (e.g., any
of the methods described in this document). However, upon determining a missed PDCCH or a
false positive, the UE may be configured to take one or more of several actions.

[0163] In an embodiment, a UE may be configured to perform muting, where the UE may
mute, or otherwise not transmit, any ACK/NACK feedback corresponding to the associated
subframe. Muting may be performed when the UE cannot determine a reference DCI and/or if
the UE does not have a semi-statically allocated PUCCH resource for ACK/NACK transmission.
In such embodiments, the UE may mute feedback for the corresponding subframe. This may
result in the network detecting DTX on PUCCH, which may in turn be interpreted by the
network as an indication that the UE may have incorrectly decoded the PDCCH for the
corresponding subframe.

[0164] In a further embodiment, the UE may perform an LTE R10 allocation where the UE
may transmit ACK/NACK feedback by selecting a semi-statically configured PUCCH resource,
for example, an LTE R10 PUCCH resource configured by RRC. If bundling for ACK/NACK is
configured, the UE may determine that at least one transmission failed (e.g., a missed PDCCH
may imply a missed assignment) and transmit a bundled ACK/NACK value of NACK on the
selected PUCCH resource. In this embodiment, the network may not detect that the UE may
have incorrectly decoded the PDCCH for the corresponding subframe.

[0165] In another embodiment, the UE may perform allocation by transmitting ACK/NACK
feedback by selecting a PUCCH resource according to the legacy or any other method that
may be used in a single carrier environment for dynamic PUCCH allocation (i.e., as a function
of the first CCE of a DCI used as a reference DCI.) If the UE has successfully decoded a DCI
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on the PCell only, then that DCI may be used as the reference DCI. If the successfully decoded
DCl is for a PDSCH transmission (or control signaling, such as SPS) for the PCell (e.g., the DCI
was decoded in the UE-specific search space corresponding to scheduling for the PCell), the
DCI may be used as the reference DCI.

[0166] Alternatively, if bundling for HARQ ACK/NACK on PUCCH is configured, the UE may
determine that at least one transmission has failed (e.g., a missed PDCCH may imply a missed
assignment) and may transmit a bundled ACK/NACK value of NACK on the selected PUCCH
resource. In this embodiment, the network may determine that the UE has incorrectly decoded
the PDCCH for the corresponding subframe based on detecting the resource on which it
receives the PUCCH transmission. This may be similar to embodiments where channel
selection using a dynamic or a semi-static resource may be used to convey one bit of
information.

[0167] In an embodiment, the UE may transmit ACK/NACK feedback by selecting one PUCCH
resource from a set of multiple PUCCH resources, where the transmission implicitly indicates
that at least one PDCCH was incorrectly decoded (e.g., that at least one PDCCH was missed.)
In this embodiment, the UE may use a method based on channel selection, where the
selection of a PUCCH resource from a set of PUCCH resources provides an indication to the
network that the UE missed at least one PDCCH. This embodiment may be used when one or
more set(s) of PUCCH resources are semi-statically configured by the network (e.g., RRC
configuration.) The network may determine that the UE has incorrectly decoded the PDCCH for
the corresponding subframe based on detecting the resource in which it receives the PUCCH
transmission.

[0168] Alternatively, a UE may use a scrambling code where the UE may transmit ACK/NACK
feedback using a specific scrambling code applied to the transmission of HARQ ACK/NACK
information (e.g., on PUSCH, on LTE R8 or LTE R9 PUCCH, or on LTE R10 PUCCH.) The
scrambling code may indicate that at least one PDCCH was incorrectly decoded (e.g., at least
one PDCCH was missed.) This scrambling code may include a set of codes providing a binary
indication of a missed PDCCH. Alternatively, the scrambling code may indicate the DCI(s) that
were successfully decoded (e.g., for which PDSCH and/or for which CC control signaling was
decoded.) This scrambling code may include a set of codes where each code provides a
different code point. In this embodiment, the UE may interpret the different available code
points based on the number of configured DL SCCs in addition to the PCell, the number of
active DL SCCs, and/or the number of PDSCH assignments received in the subframe
corresponding to the HARQ ACK/NACK feedback information. In these scrambling code
embodiments, the network may determine that the UE has incorrectly decoded the PDCCH for
the corresponding subframe based on detecting the scrambling code that was used by the UE
to make the PUCCH transmission.

[0169] In an embodiment, a UE may be configured to perform HARQ ACK/NACK bundling on
PUCCH. If cross-carrier scheduling is not used, then a UE may not always have a reference
DCI for the purpose of selecting the proper PUCCH resource according to legacy or single
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carrier methods (i.e., the UE may not receive a DCI on the PDCCH of the primary serving cell,
PCell, in every subframe for which it is expected to transmit feedback on PUCCH.) If the UE is
configured to use HARQ ACK/NACK bundling, the UE may determine which PUCCH allocation
method to use to determine the PUCCH resource for the transmission of ACK/NACK using
various means.

[0170] In an embodiment, the UE may determine whether cross-carrier scheduling is used in
determining the PUCCH allocation method for transmitting ACK/NACK feedback. In this
embodiment, if cross-carrier scheduling is used, the UE may use a dynamic PUCCH allocation
method based on the DCI with the lowest (or highest) CCE index on the PDCCH used for
cross-carrier scheduling (typically the PCell), the DCI applicable to a transmission (control
signaling) on the PCell (if any), or a combination of these two. In such embodiments, priority
may be given to the DCI of the PCell (when present). If cross-carrier scheduling is not used,
the UE may be configured to use a semi-static PUCCH allocation method. Alternatively, the
semi-static PUCCH allocation method may be used only for feedback related to a subframe in
which DCI(s) and/or PDSCH(s) are only received on one or more SCell(s), while a dynamic
PUCCH allocation method may be used by the UE for any other subframe.

[0171] Alternatively, a UE may determine whether the UE has successfully decoded at least
one DCI on the PDCCH of the PCell and/or whether or not this corresponds to a "DCI and/or
PDSCH" applicable to the PCell in order to determine the PUCCH allocation method for
transmitting ACK/NACK feedback. For example, if the UE can determine a reference DCI on
the PCell, the UE may select the dynamic resource allocation method based on the identified
reference DCI. If the UE receives a DCI and/PDSCH applicable to the PCell (i.e., the DCI was
decoded in the UE-specific search space corresponding to the PCell), the UE may select the
dynamic PUCCH allocation method based on the identified reference DCI.

[0172] In an embodiment, the UE may determine whether the UE has incorrectly decoded at
least one PDCCH in the subframe for which ACK/NACK feedback is transmitted in order to
determine the PUCCH allocation method for transmitting ACK/NACK feedback. A UE may be
configured with ACK/NACK bundling in combination with means for actions taken when the UE
determines a missed PDCCH or false positive (as described above.) The UE may transmit the
ACK/NACK feedback on PUCCH using a resource that can carry at least two bits of information
(e.g., PUCCH format 1b), where a first bit indicates ACK/NACK feedback applicable to a "DCI
and/or PDSCH" applicable to the PCell (i.e., feedback is sent for transmissions on the PCell.)
ACK/NACK for multiple codewords may be bundled in this embodiment if spatial multiplexing is
configured for the PCell. A second bit may indicate the bundled value of the ACK/NACK
feedback for at least one SCell, and in one embodiment, for all transmissions received for
SCells of the UE configuration in the corresponding subframe.

[0173] The UE may be configured to always transmit the ACK/NACK bits on a semi-statically
configured resource. The UE may also, or instead, be configured to transmit the ACK/NACK
bits on a semi-statically configured resource only when the UE has not received a "DCI and/or
PDSCH" applicable to the PCell, regardless of whether or not the UE has detected that it may
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have incorrectly decoded at least one DCI. Otherwise the UE may be configured to use a
dynamic PUCCH allocation method. In still another variation, the UE may transmit the
ACK/NACK feedback on PUCCH by selecting the semi-static PUCCH allocation method if it
does not detect that it incorrectly decoded at least one DCI on a PDCCH (in an embodiment,
only if no "DCI and/or PDSCH" applicable to the PCell was received) and selecting the dynamic
PUCCH allocation method otherwise.

[0174] In embodiments where static PUCCH ACK/NACK resources are used, a UE may be
configured to determine such resources using one or more of several methods. If a simple
extension to LTE R8 or LTE R9 is used (i.e., a resource index is determined from the lowest
numbered CCE of the first DCI decoded by the UE, or determined from the lowest numbered
CCE amongst all DCI decoded by the UE), there may a potential for a collision on the PUCCH
resource. A first UE may receive its first DCl on CCE #N on serving cell 1 while a second UE
may receive its first DCI on CCE #N on a different serving cell. With mapping analogous to
what is done for PUCCH 1/1a/1b where the resource index is given by

Hiteen = Aeeg + N{:%cn:l{,

both UEs may select the same PUCCH resource index since only one UL CC will be used to
carry PUCCH. In the event that a base station (e.g., an eNodeB) scheduled UE DCls to avoid
this conflict, there may remain a possibility of collision in the case of incorrect PDCCH reception
if one of the UEs is not able to determine that a detection has been missed.

[0175] In an embodiment, the offset

AéIUj'CCH

may be specified on a per serving cell basis, effectively partitioning the PUCCH space for type
1 into M subspaces, where M is the number of serving cells. Each subspace may be the same
size, may be scaled appropriately to reflect the transmission bandwidth of each serving cell, or
may be sized based on some other criteria. Upon selecting a particular DCI from which to take
the CCE number to calculate the index, the UE may utilize

MII}ECH

corresponding to the serving cell on which that DCI was received. Alternatively, M may be
considered by the UE to be the number of active serving cells. In such an embodiment, the
number of active serving cells may include DL CCs where at least one of the serving cells has
been explicitly activated using explicit control signaling (e.g., L1/PDCCH DCI, L2/MAC in a
Control Element, or L3/RRC message.)

[0176] In an embodiment, a third PUCCH space may be created, for example, between the
existing PUCCH format 1 and PUCCH format 2 spaces, and UEs configured for carrier
aggregation may utilize this space. As a result, the per-serving cell offset may now be
ng?i%[!l:ﬂ»
distinct from the LTE R9 and LTE R9
1
jH";I{;-T.:;cqu,
and this

3]
NPUCCH
may be used to calculate the resource index.
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[0177] In an embodiment, a UE may be configured to perform PUCCH resource selection with
a configured DL Semi-Persistent Scheduling (SPS). Such configuration may result in a SPS
transmissions in certain subframes, where a SPS transmission is a PDSCH transmission
without a corresponding PDCCH (or DCI) transmission, e.g., in subframe n-4. In a subframe for
which the UE is expected to transmit HARQ ACK/NACK feedback for a configured DL
assignment (i.e., DL SPS), a UE configured for multicarrier operation may determine whether it
should use the ACK/NACK PUCCH resource configured/activated for SPS or the PUCCH
resource corresponding to the dynamic scheduling rules.

[0178] To determine the PUCCH resource to use, in an embodiment the UE may be
configured to select the PUCCH resource according to the dynamic scheduling rules before
selecting the resource configured/activated for the HARQ ACK/NACK feedback for the SPS
transmission. In this embodiment, the UE may be configured with at least one secondary
serving cell, or Scell, in addition to a first primary serving cell, or Pcell, and with at least one DL
SPS assignment. The DL SPS assignment may be configured for the PDSCH of the first
primary cell. In some embodiments, the UE may have one or more states corresponding to
having at least one of the serving cell(s) of the UE activated (i.e., either implicitly, for example
based on timers, or explicitly, for example by FAC) and/or having at least one of the serving
cell(s) of the UE is activated by FAC.

[0179] In such an embodiment, for a given subframe if the UE is expected to transmit HARQ
ACK/NACK feedback for at least one PDSCH transmission corresponding to a configured
assignment (e.g., SPS) and corresponding to a dynamically scheduled assignment in at least
one serving cell, then the UE may be configured to select the PUCCH resource based on the
multiple HARQ ACK/NACK transmission method (i.e., the UE may not use the configured
PUCCH index reserved for a SPS assignment.) Otherwise, the UE may be configured to use
the PUCCH ACK/NACK transmission method applicable to the type of the received PDSCH
transmission. This implies in particular that in case the UE only receives an SPS assignment,
i.e. a PDSCH transmission where there is not a corresponding PDCCH (or DCI) transmission
(in subframe n-4 for FDD) in a primary cell, the UE determines the PUCCH index according to
its higher layer configuration. In an embodiment, for any subframe for which the UE is
configured as described above (i.e., DL SPS with at least one secondary serving cell), the UE
may be configured to select the PUCCH resource based on the multiple ACK/NACK
transmission method (i.e., the UE may not make use of the configured PUCCH index for the
SPS, if any.)

[0180] In an embodiment, a UE may be configured to multiplex HARQ ACK/NACK or DTX and
SR on PUCCH. The UE may be configured with a PUCCH resource for SR. If the transmission
of HARQ ACK/NACK on PUCCH coincides for a given subframe with the transmission of a SR,
the UE may transmit the positive SR indication on the PUCCH resource configured for SR, and
may mute the HARQ ACK/NACK or DTX information (utilizing, for example, PUCCH format 1.)
Alternatively, the UE may transmit M bits (M=1 or M=2) of HARQ ACK/NACK or DTX
information using PUCCH format 1a (M=1 signaled information bit) or PUCCH format 1b (M=2
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signaled information bits.) The signaled information bit(s) may be derived by the UE bundling
ACK/NACK in the spatial domain for each DL carrier. For example, the UE may perform the
logical AND operation for the ACK/NACK of each codeword if spatial multiplexing is configured.
This may result in at most one ACK/NACK bit per serving cell for which at least one "DCI and/or
PDSCH" is applicable. If no assignment is detected for a serving cell, the UE may either set the
corresponding bit to the same value as for NACK, or not assign any bit of the sequence
b(0)...b(N) to report feedback for this carrier. In this embodiment, one of the code points (for
instance, b(0) = b(1) = 0) may be reserved to indicate that the UE detected that at least one DL
assignment has been missed, for example, using one or more embodiments as described
herein. Bundling across carriers may also be used, resulting in a single ACK/NACK bit.

[0181] In an embodiment, the UE may truncate the series of ACK/NACK bits (or bundled
ACK/NACK bits, for example according to the embodiment above) b(0)...b(N) to M bits. In this
embodiment, bits corresponding to DCI and/or PDSCH of SCell(s) may be truncated (in an
embodiment, all such bits.) Alternatively, bits corresponding to DCI(s) decoded on the PDCCH
of a SCell may be truncated (in an embodiment, all such bits.) In an embodiment, bits not
corresponding to the first successfully decoded DCI may be truncated. In a variation of this
embodiment, bits not corresponding to the DCI with the lowest CCE and/or highest aggregation
level may be truncated.

[0182] The M bits of HARQ information may be transmitted by the UE using a unique PUCCH
resource configured for (in an embodiment, positive) SR transmission. Alternatively, or in

addition, the M bits of HARQ information may be transmitted by the UE using one of a set of 2K
PUCCH resources configured for (in an embodiment, positive) SR transmission. The PUCCH

resource may be selected from the set of 2X PUCCH by selecting a first PUCCH resource
when the UE has detected that at least one DL assignment has been missed (e.g., using one
or more embodiments disclosed herein) and a second PUCCH resource when the UE has not
detected that at least one DL assignment has been missed. Alternatively, the PUCCH resource

may be selected from the set of 2X PUCCH by selecting a PUCCH resource based on the
value of K bits ¢(0)...c(K-1) obtained from the reception status (HARQ ACK/NACK and/or DTX)
of a subset of carriers. For example, the values of ¢(0)...c(K-1) may correspond to the HARQ
ACK/NACK information of carriers for which feedback was not transmitted in the b(0)...b(M)
bits.

[0183] In an embodiment, the PUCCH resources to be used may be obtained in a channel
selection method. The total number of PUCCH resources M required to support the channel
selection scheme may be calculated based on at least one of the transmission mode of each
downlink carrier configured for PDSCH reception (equivalently, the number of codewords that
can be received from each downlink carrier), the number of downlink carriers configured for
PDSCH reception, the total number of codewords (C) that may be received from all downlink
carriers configured for PDSCH reception, the total number of codewords that may be received
from all downlink carriers that may eventually configured for PDSCH reception, whether the UE
is configured for full feedback or limited feedback (e.g., bundling) operation, whether feedback
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for a codeword or carrier is the same between NACK and DTX, whether a positive or negative
scheduling request (SR) may be indicated along with the reception status of each
carrier/codeword, and whether the UE may report that it has missed some PDCCH
assignments.

[0184] More specifically, in "full feedback"” embodiments, the UE may have the capability of
reporting ACK or NACK/DTX status for each codeword. Thus, the channel selection scheme
may enable the reporting of at least 2C states. The corresponding number of bits to feedback
may be C. Assuming that B bits may be conveyed by modulating the selected resource (e.g.,
B=2 for PUCCH format 1b), the number of PUCCH resources M may be given by M = 2(C-B).
Table 13 below illustrates some non-limiting examples where B=2.

Table 13. Example codeword and PUCCH resource quantities

Co:figu::tiog"(wMéMn(])e;esa:ls 2 Total number of §Total number of
cogeworcs, codewords PUCCH resources M
codeword)

CC1: MIMO + CC2: MIMO 4 4

CC1: MIMO + CC2: SIMO 3 2

CC1: MIMO + CC2: SIMO + CC3: 4 4

SIMO

CC1: SIMO + CC2: SIMO 2 1

CC1: SIMO + CC2: SIMO + CC3: 3 2

SIMO

CC1; SIMO + CC2: SIMO + CC3: 4 4

SIMO + CC4: SIMO

[0185] It should be noted that a higher (or lower) number of PUCCH resources may be
necessary where the HARQ feedback codebook is designed such that more (less) than 2C
states are reported.

[0186] Once the number of PUCCH resources M is obtained using one of the disclosed

embodiments, the UE may derives MMP PUCCH resources, where MMP may be calculated as
either the umber of downlink carriers for which PDCCH is configured to be received in a
primary DL carrier a fixed value, such as 1 or 0.

[0187] The pth (0 < p <= MMP-1) PUCCH resource (n(Vpyccp p) to use in a given subframe
may be determined based on the number nccg p of the first control channel element (CCE)
used for transmission of the DCI assignment in the primary carrier corresponding to a PDSCH
transmission (or downlink SPS release) in the pth downlink carrier in subframe n-k (k = 4 for
FDD). For instance, n(1)pucCH,p may be set to nccgp + N(1)pUCCH where N(1)pUCCH is

configured by higher layers. Alternatively, the pth PUCCH resource to use in a given subframe
may be determined based on the number nccg p of the first control channel element (CCE)
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used for transmission of the pth detected DCI assignment in the primary carrier corresponding
to a PDSCH transmission (or downlink SPS release) in any downlink carrier in subframe n-k (k
= 4 for FDD), in which case the PUCCH resources may be ordered by resource index
(increasing or decreasing) in the codebook.

[0188] n(1)pucCH,p may not be defined for a certain subframe due to the absence of a

corresponding DCI assignment. The codebook may be designed such that any code point
indicating positive acknowledgment for a codeword received from a given carrier, but not from
codewords received from other carriers, may only be mapped to a PUCCH resource that is
derived from a DCI assignment corresponding to a transmission in this carrier.

[0189] The UE may also derives MEXP PUCCH resources, where MEXP = M - MMP based on
signaling from the physical layer (e.g., from fields in the DCI assignment(s)), the MAC layer,

the RRC layer, or a combination thereof. For instance, MEXP PUCCH resources may be

provided from RRC signaling. Alternatively, an index to a specific subset of MEXP PUCCH
resources may be provided in a DCI assignment, or in an activation/de-activation command
(possibly at MAC layer), while the whole set of possible PUCCH resources may be provided
from the configuration.

[0190] In an embodiment, various solutions may be used to resolve potential user multiplexing
issues for uplink control when using PUCCH channel selection. When UCI is not large enough,
a PUCCH container may be used. For example, for small to medium ACK/NACK payload sizes,
PUCCH channel selection (CS) may be suitable. CS may provide better UE multiplexing gain
due to its flexibility. CS may support up to nine UEs per RB, whereas other schemes may only
support up to five UEs per RB. In some systems, code division multiplexing (CDM)-based user
multiplexing may already be in use for PUCCH. However, there may be issues associated with
UE multiplexing for PUCCH channel selection.

[0191] In some LTE systems, there may be insufficient PUCCH resources for CS user
multiplexing. For example, for four ACK/NACK information bits (e.g., two CCs with MIMOQ), two
PDCCHs may be transmitted, thus two PUCCHs may be assigned to a given user. For CS in
LTE R8, four PUCCHs are needed to indicate four ACK/NACK information bits or 16 states.
Therefore, a method may be desired to assign PUCCHs to support CS user multiplexing.

[0192] In some LTE systems, there may alternatively be over-sufficient PUCCH resources for
user multiplexing. For example for four ACK/NACK information bits (e.g., four CCs with SIMO),
four PDCCHs may be transmitted and thus four PUCCHs may be assigned to a given user. For
CS (enhanced) only two PUCCHs may be needed to indicate four ACK/NACK information bits
or 16 states. Assigning additional PUCCHs may reduce user multiplexing gain and may
increase overhead, and thus may not be resource utilization efficient. Therefore, a method
may be desired to reassign PUCCH resource for enhanced user multiplexing.

[0193] In an embodiment, where there may be insufficient PUCCH resources for CS user
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multiplexing, an offset may be applied to a PDCCH resource to assign or reserve additional
PUCCH resources to support CS user multiplexing. The offset may be with respect to the first
CCE address of the given PDCCH (e.g., DCI.) For example, the first CCE address of the first
PDCCH (e.g., DCI) may be used by a UE to assign or reserve a PUCCH resource (e.g., a first
PUCCH) for a given UE and the offset to the first CCE address of the first PDCCH (e.g., DCI)
may be used by the UE to assign or reserve an additional PUCCH resource (e.g., a third
PUCCH) for the given UE. Similarly, the first CCE address of the second PDCCH may be used
by the UE to assign or reserve a PUCCH resource (e.g., second PUCCH) for the given UE and
the offset to the first CCE address of the second PDCCH may be used by UE to assign or
reserve an additional PUCCH resource (e.g., fourth PUCCH) for the given UE, and so on. The
offset may be of any value and may be configurable by a base station (e.g., an eNodeB)
and/or a network.

[0194] Alternatively, a non-first CCE address (e.g., use the second or third CCE address, efc.)
may be used to assign or reserve additional PUCCH resource for user multiplexing. In this
embodiment, a second CCE address of a PDCCH (e.g., DCI) may be used to indicate, assign
or reserve additional PUCCH resource, such as third and fourth PUCCH resources for UE. For
example, the second CCE address of the first PDCCH (e.g., DCI) may be used by UE to
indicate, assign or reserve the third PUCCH resource and the second CCE address of the
second PDCCH may be used by the UE to indicate, assign or reserve the fourth PUCCH
resource, and so on. In an embodiment, a base station (e.g., an eNodeB) may schedule
PDCCH (e.g., DCI) containing at least two CCEs (i.e., a second CCE may be always scheduled
or available to UE) when additional PUCCH resource needs to be indicated or assigned to UE.
A UE may be configured to fall back to the embodiment above using one or more offsets when
the second CCE in a PDCCH (e.g., DCI) is not available or a PDCCH (e.g., DCI) with two or
more CCEs is not scheduled.

[0195] In embodiments where there are over-sufficient PUCCH resources for user
multiplexing, the PUCCH resources that are not used may be re-assigned to some other UE.
By doing so, additional UEs may be multiplexed at the same time in the same PUCCH resource
or RB and thus UE multiplexing gain may be increased and/or overhead may be reduced. In
such an embodiment, an offset may be applied to PUCCH resource assignments for users.
Such an offset may be used to align PUCCH resources for different users so that multiple
users may share the same PUCCH resource pool, thereby increasing UE multiplexing gain
and/or reduce overhead. In this embodiment, different UEs may use different offset values to
support user multiplexing. Offsets may be configured per UE or per group of UEs on user-
specific or user group-specific basis.

[0196] In this embodiment, each UE (or a group of UEs) may be configured to use a subset of
PUCCH resource pool once PUCCH resource for multiple users is aligned together in the same
resource pool. Either or both the offset (to PUCCH resource) and subset (of PUCCH resource)
may be configurable by a base stations, and either or both may be UE-specific. For example,
PDCCH #1, 2, 3, and 4 may be transmitted for UE #1 and PDCCH #5, 6, 7, and 8 may be
transmitted for UE #2. Originally UE #1 may be assigned by PUCCH resourced #1, 2, 3, and 4,
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which may be referred to as Resource Set 1 or Resource Pool 1. UE #2 may be assigned by
PUCCH resources #5, 6, 7, and 8 which may be referred to as Resource Set 2 or Resource
Pool 2. To efficiently multiplex UEs, PUCCH at UE #1 may be re-routed using offset to
Resource Set 2 or Resource Pool 2 (i.e., PUCCH resources #5, 6, 7, and 8 from Resource Set
1 or Resource Pool 1.) A subset of Resource Set 2 or Resource Pool 2, say PUCCH resources
#5 and 6 may be configured to UE #1 and the other subset of Resource Set 2 or Resource
Pool 2 may be configured to UE #2, as an non-limiting example.

[0197] In another embodiment, a PUCCH resource may be remapped from a PDCCH CCE
address. In such an embodiment, a PUCCH resource from PDCCH CCE address may be
remapped to align the PUCCH resource of UEs to be in the same set or pool for supporting
user multiplexing. In this embodiment, a PDCCH-to-PUCCH mapping rule may be modified to
support CS user multiplexing. Alternatively, an offset may be included in the PDCCH-to-PUCCH
resource mapping function. UEs may use one or more different resource subsets (or partitions)
for user multiplexing, similar to the offset application to PUCCH resource assignments as
described above. In an example embodiment, PDCCH #1, 2, 3, and 4 may be transmitted for
UE #1 and PDCCH #5, 6, 7, and 8 may be transmitted for UE #2. Originally UE #1 may be
mapped to PUCCH resources #1, 2, 3, and 4 and UE #2 may be mapped to PUCCH resources
#5, 6, 7, 8. By re-mapping the PUCCH resources for UEs, UE #2 may be re-mapped to PUCCH
resources #1, 2, 3, and 4 from PUCCH resources # 5, 6, 7, and 8, while UE #1 may still use the
same PUCCH resources #1, 2, 3, and 4. UE #1 may be assigned by PUCCH resource subset
(e.g., PUCCH resources #1 and 2) and UE #2 may be assigned by another PUCCH resource
subset (e.g., PUCCH resources #3 and 4.)

[0198] In an embodiment, when redundant PUCCH resources are available, the redundant
PUCCH resources may be re-assigned to other UEs for increasing user multiplexing gain as
noted above. Alternatively, such redundant PUCCH resources may be used to support uplink
transmission extension or uplink MIMO extension. Redundant PUCCH resources may be used
for supporting spatial orthogonal resource transmission at a UE when spatial orthogonal
resource transmission is configured for such a UE. Alternatively, or in addition, a UE may use
redundant PUCCH resources for supporting spatial orthogonal resource transmit diversity
(SORTD) when SORTD is configured for the UE. Alternatively, or in addition, a UE may use
redundant PUCCH resources for supporting spatial orthogonal resource spatial multiplexing
(SORSM) when SORSM is configured for the UE. Alternatively, or in addition, a UE may use L-
1 redundant PUCCH resources for SORTD (or SORSM, or the like) when SORTD (or SORSM,
or the like) is performed with L transmit antennas for a given UE. For example, when two
transmit antenna SORTD is used, a UE may use one redundant PUCCH resource for
supporting SORTD transmission and operation at the UE.

[0199] Several embodiments will now be described for performing resource mapping for
multiple ACK/NACK UL transmissions in carrier aggregation embodiments. These
embodiments may allow a UE to determine the PUCCH resources that the UE may use to
transmit HARQ ACK/NACK and other UCI and feedback. In an embodiment, using PUCCH
transmission, multiple UL CCs may be used simultaneously for multiple PUCCH transmissions.
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Alternatively, one UL CC may be used for multiple PUCCH transmissions.

[0200] In embodiments where PUCCH is transmitted on a single UL component carrier
(among one or multiple aggregated UL CC(s)), downlink assignments for all serving cells may
be transmitted on a single serving cell. In such an embodiment, for each PDSCH assignment
on any serving cell, there may be a corresponding PDCCH transmission on a pre-specified
serving cell. Thus, the ACK/NACK resource indices may implicitly be associated with the lowest
CCE index of PDCCHs without any complication.

[0201] In an embodiment, downlink assignments for multiple serving cells may be transmitted
on multiple serving cells (i.e., cross-carrier scheduling.) In such an embodiment, if the same
design criterion is followed for PUCCH resource mapping as may be used in LTE RS, the
ACK/NACK resource indices may not be uniquely associated with the CCEs of the PDCCHs in
all the scheduled serving cells. Thus, cross-carrier mapping in LTE R10 may require a solution
to address any possible PUCCH resource index collision. In an embodiment, a different
PUCCH resource offset value

‘/Vgl}CCH

may be signaled for each serving cell. Different serving cells may be distinguished by different
/V;Ll/)'CCH

values allowing a unique CCE-to-ACK/NACK index mapping in a serving cell in a similar way as
that used in LTE R8. In such implementations, since ACK/NACK resources corresponding to all
serving cells would need to be reserved on a UL CC, the PUCCH overhead may be increased.
Also, there may be a need for additional higher layer signaling that is a function of the number
of configured serving cells. Accordingly, for UEs with a large number of aggregated carriers, an

increased overhead on higher layer signaling may occur.

[0202] While the embodiments described herein may provide means for cross-carrier PUCCH
resource allocation/mapping, in some implementations PUCCH may be transmitted on only
one uplink component carrier in an asymmetric CC aggregation, whereas multiple PDCCHs
may be simultaneously transmitted from different downlink CCs. Alternatively, multiple PUCCHs
may be transmitted on multiple uplink component carriers in an asymmetric CC aggregation,
whereas DL carriers that transmit PDCCHs may be more numerous than UL carriers that
transmit PUCCHs. In such embodiments, if multiple PDCCHs are transmitted on the same CCE
index ncce of their corresponding CCs, due to the implicit relationship between the CCE index

and the PUCCH format 1/1a/1b resource index, multiple DCI assignments may point to the

same PUCCH HARQ ACK/NACK resource index

48}
T

which may result in HARQ ACK/NACK resource collisions. Thus, the present disclosure sets
forth some exemplary resource mapping criterion that may be modified/extended according to
the disclosed embodiments to resolve this ambiguity among PUCCH resources.

[0203] In an embodiment, implicit cross-carrier mapping schemes may be used. In LTE-A

FDD environments, when a UE uses PUCCH format 1/1a/1b resource

[4B]
Mpucon
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for transmission of HARQ ACK/NACK, the UE may use one of the following disclosed methods
for a PDSCH transmission indicated by the detection of a corresponding PDCCH, or for a
PDCCH indicating downlink Semi-Persistent Scheduling (SPS) release.

[0204] In such an embodiment, the PUCCH format 1/1a/1b resource may be implicitly
determined based on four parameters, two of which may be LTE R8 parameters in order to
maintain backward compatibility. Of the remaining two parameters, one may be configured by
higher layer signaling and the other one may be determined through the corresponding DCI
assignment. In such an embodiment, when a UE uses PUCCH format 1/1a/1b resource

1)
Heuccw

for transmission of ACK/NACK, the UE may be configured to use the following mapping:

Apeen = Neehece + Nideon T

where nccg may be the index of the first CCE used for transmission of the corresponding DCI
assignment,

Nedeen

may be the number of resources reserved for persistent PUCCH Format 1/1a/1b ACK/NACK
signaling, Ncc may denote the number of component carriers configured by higher layers, and
ng) may be the index of the component carrier used for transmission of the corresponding DCI

assignment.

[0205] The last two parameters described above, Ngc and ng|, may be based on the LTE R10

3GPP standards in which there may be an asymmetric carrier aggregation mode along with a
three-bit control field known as Carrier Indicator (Cl) to be incorporated into the PDCCH DCI
formats. Note that in the case of only one carrier, where Ngc = 1 and ng) = 0, the mapping

formula of this embodiment may reduce to the mapping formula that is specified by LTE R8.

[0206] Figure 19 illustrates exemplary non-limiting PUCCH configuration 1900 that may be
used in an embodiment for an exemplary system with five DL CCs and one UL CC. RBs 1910
represent resources that may be reserved for dynamic PUCCH format 1/1a/1b. Within RBs
1910, resources may be reserved for each components carrier. For example, as illustrated in
Figure 19, RB 1920 may be a resource reserved for CC 0, RB 1921 may be a resource
reserved for CC 1, RB 1922 may be a resource reserved for CC 2, RB 1923 may be a
resource reserved for CC 3, and RB 1924 may be a resource reserved for CC 4.

[0207] In an example implementation of this embodiment, a UE may receive PDSCH
transmissions from five DL carriers in a subframe and may be configured to feedback multiple
ACK/NACKs associated with the different Transport Blocks (TBs) using only one UL component
carrier. The parameter set for this example system may be given as:

VDL_6

Ny =0,
N =12,
NCC=5,

(1) —
NPUCCH =0,
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ncce € {0,1,...,5}. In this embodiment, the PUCCH format 1/1a/1b resource indices

)
Boveen

corresponding to all DCI assignments may be calculated based on the above-described
mapping, as shown in Table 14.

Table 14.
Dynamic PUCCH Format 1/1a/1b resource
”{511)1(‘,0}1
using
nI(’II;CCU = Neefgey + Nl(’gccn ALY
mapping
ncce =0incce = 1{ncce =2 {Ncce =3 {Ncce =4{Ncce =95
Component Carrier 0 5 10 15 20 25
0
Component Carrier
] 1 6 11 16 21 26
Component Carrier ) 7 12 17 22 27
2
Component Carrier 3 8 13 18 23 28
3
Component Carrier 4 9 14 19 24 29
4

[0208] In an embodiment, the following mapping may be used for mapping PDCCH CCE index

to PUCCH form at 1/1a/1b resource

a8}
Hpyocn

for transmission of ACK/NACK:

n1(>lL)ICCH = Nee gouplicce TV IEL}CCH + f(ne)

where Ncg group may denote the number of component carriers for the DL carrier group that
pairs or associates with the UL carrier transmitting PUCCH, nc) may be the index of the
component carrier used for transmission of the corresponding DCI assignment, f(ng|) may be
the mapping function that maps ng) to index for the corresponding DL carrier group, and the

parameters nccg and
AII(’BCCH
may be as defined elsewhere herein, namely nccg may be the index of the first CCE used for
transmission of the corresponding DCI assignment and
NO
PUCCH
may be the number of resources reserved for persistent PUCCH format 1/1a/1b ACK/NACK
signaling.

[0209] In an embodiment, when a UE uses PUCCH format 1/1a/1b resource

)
Receon
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for transmission of ACK/NACK, the UE may use the following mapping:

nl(’lL)TCCH =(Nog =ngg =DXN, +ng XN + 06 + NIEiJ)CCH

where nccg may be the index of the first CCE used for transmission of the corresponding DCI
assignment,

IVI(’BCCH

may be the number of resources reserved for persistent PUCCH format 1/1a/1b ACK/NACK
signaling, Ncc may denote the number of component carriers configured by higher layers, ng

may be the index of the component carrier used for transmission of the corresponding DCI
assignment, and p may be selected from {0, 1, 2, 3, 4} such that Ny, < ncce < Np+q and

N, =mas{o, [ (N2 x (V22 x p—5)i36 ).

‘MI]S];‘
may denote the number of configured downlink RBs and
N

may denote the number of subcarriers within a RB.

[0210] In an example implementation of this embodiment, using the same example
configuration as described above, a UE may receive PDSCH transmissions from five DL
carriers in a subframe and may be configured to feedback multiple ACK/NACKs associated
with the different Transport Blocks (TBs) using only one UL component carrier. The parameter
set for this example system may be the same as the example above:

N;j;“ =6,

NE® =12,
Ncc =5,
o
Npveen =0,
ncce € {0,1,...,5}. In this embodiment, the PUCCH format 1/1a/1b resource indices

{1)
puecH

corresponding to all DCI assignments may be calculated based on the above-described
mapping, as shown in Table 15.

Table 15.
Dynamic PUCCH Format 1/1a/1b resource
1
n’l(’I}CCH
using
Myteen = (Noe = iy = 1)x N, +0 XN +ney + Nileen
mapping
ncce=0i{ncce=1{ncce=2{ncce=3§{nNcce=4i{Ncce =9
Component
Carrier 0 0 5 6 15 16 25
Component 1 7 8 17 18 27
Carrier 1
Component 2 9 10 19 20 29
Carrier 2
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Dynamic PUCCH Format 1/1a/1b resource
1
nl(’LzCCH
using
nEu)'CCH =(Nee =1 —1)x N, +ng XN, | +ney + Nl(’lL)CCH
mapping
ncce=0incce=1{ncce=2{ncce=3{Ncce=4iNcce =9
Component
Carrier 3 3 11 12 21 22 31
Cgmp.onent 4 13 14 23 24 33
arrier 4

[0211] In an embodiment, the Demodulation Reference Signals (DM RS) associated with
transmission of PUCCH may be derived from Zadoff-Chu sequences. These sequences may
then be cyclically shifted and used to multiplex reference signals from different UEs within a cell
(i.e., a CC.) However, the cyclic shift for each DM RS may be a function of both PUCCH format
and the corresponding resource index

nI(’lI}C(,H

Thus, the PUCCH format 1/1a/1b resource indices derived based on the mapping formulae set
forth above may indirectly affect the amount of cyclic shift in each DM RS.

[0212] Note that the above-described mapping formulae may not require additional dedicated
higher-layer signaling, but may instead exploit a higher layer parameter that may be a part of
the system configuration for an LTE R10 system or implementation. In other words, it may be a
valid assumption that the number of CCs would be a part of higher-layer signaling in LTE-A.
Similarly, from a physical layer perspective, cross carrier scheduling through a carrier indicator
control field may be supported through the extension of the legacy or single carrier DCI
formats. Therefore, the mapping formulae set forth above may not need any additional
dedicated physical-layer control signaling.

[0213] In embodiments where there is not a corresponding PDCCH for a PDSCH transmission
in any downlink component carrier, such as downlink Semi-Persistent Scheduling, the value of

1
-
may be determined according to higher layer configuration.

[0214] Presented now are systems, means, and methods for transmitting HARQ feedback
(e.g., ACK/NACK) for multiple carriers over PUCCH. Using carrier aggregation, for example in
LTE-A, an uplink feedback payload may scale linearly with the number of configured/activated
CCs. A single UE-specific UL CC may be configured semi-statically for carrying PUCCH
ACK/NACK, scheduling request (SR), and periodic channel state information (CSI) from a UE.
An ACK/NACK multiplexing scheme based on the DFT-S-OFDM may be used to support large
ACK/NACK payload sizes, but such embodiments may have challenges associated with such a
scheme when they are used for uplink feedback transmissions.
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[0215] In user multiplexing embodiments, based on the DFT-S-OFDM structure, the HARQ
ACK/NACKs and/or CSI from multiple UEs may be multiplexed into a single PUCCH resource
block using orthogonal Code Division Multiplexing (CDM). In such embodiments, it may be
desirable to assure orthogonality among the UEs multiplexed into the single PUCCH RB,
implicitly identify PUCCH resource allocation at each UE, and/or randomize inter-cell and intra-
cell interference.

[0216] In some embodiments that make use of DFT-S-OFDM, 24 quadrature phase-shift
keying (QPSK) symbols may be transmitted, which may be equivalent to 48 encoded bits.
Since the uplink feedback payload size scales with the number of configured/activated CCs, it
may be important to design a variable channel coding scheme that provides a reasonable
coding gain over a range of payload sizes. In some embodiments, the maximum number of the
HARQ ACK/NACK bits that may be transmitted under carrier aggregation may be limited to 10-
12 bits. Thus, the channel encoder may be optimized such that the performance targets
related to the ACK/NACK transmissions at low signal-to-interference ratios (SINRs) can be
achieved. The payload size for CSIl transmissions using carrier aggregation may be in the
range of 20-55 bits, although other sizes, both larger and smaller, are contemplated.
Accordingly, the channel encoder design for the CSI feedback signaling may be configured to
target reliable reception of large payloads.

[0217] The DFT-S-OFDM-based structure may be used to transmit the HARQ ACK/NACK
and/or CSI on a single PUCCH RB. The physical mapping of feedback symbols on the
available resource elements may impact the performance of feedback transmissions. One of
the limitations that may arise related to ACK/NACK mapping is that many current methods
used in the art do not sufficiently exploit frequency diversity. With PUCCH transmissions, there
may be no dimensioning of the corresponding resources with respect to the ACK/NACK and/or
CSI payload. In embodiments set forth herein in more detail, feedback symbols may be
mapped on to the resource elements of a single PUCCH RB such that the frequency diversity
gain is maximized, and ACK/NACK and CSI may be multiplexed on a single RB so that specific
performance targets may be met.

[0218] In an embodiment, the transmission of HARQ ACK/NACK and SRS may be configured
to be in the same subframe. Handling such transmissions by DFT-S-OFDM-based structure
may be accomplished by using a shortened PUCCH transmission in such subframes as may
be done in legacy or single carrier environments, where the last SC-FDMA symbol of the
ACK/NACK may be used for SRS transmission, and the same spreading factor may not be
applied on the data SC-FDMA symbols on both slots within a subframe. Alternatively, where
extended cyclic prefix (CP) with five data SC-FDMA symbols and one DM RS per slot is used,
the structure of DFT-S-OFDM may be different from the normal CP case. An extension of DFT-
S-OFDM based structure to the subframes with extended CP may be implemented as
described herein.

[0219] The current disclosure also describes specific properties of a transmission using
methods based on Channel Selection. In particular, one characteristic that is specific to such



DK/EP 2484039 T3

transmission(s) may be that information bits encoded using Channel Selection (i.e., the b bits
that are conveyed by the detection of a transmission on one of N resources, where N = 2b),
may be more robustly decoded by a receiver than information bit(s) obtained by decoding the
received signal on the PUCCH resource. This may be because the detection of whether or not
a signal on a PUCCH resource is present (i.e., DTX detection) may be more accurate than the
decoding of the information bit(s) in the received signal once a signal is indeed detected.

[0220] In an embodiment, a processing structure for UL feedback may with DFT-S-OFDM
may be used. In such an embodiment, a UE may generate control information and feed such
control information back to the network using method 2000 of Figure 20. At block 2005, control
information, such as UCI, may be generated by the UE. At block 2010, a number of DL CCs
(serving cells) may be determined or obtained, and CRC attachment (in an embodiment, as
described in more detail below) may be performed. In an embodiment, at block 2010 input bits
ap.a4..- aa-1 may be generated for using as input to a channel encoder. At block 2015, channel

coding may be performed using Reed Muller encoding (in an embodiment, as described in
more detail below.) Alternatively, at block 2020 channel encoding may be performed using tail-
biting convolutional encoding (in an embodiment, as described in more detail below.) In either
case (channel coding using RM or tail-biting convolutional encoding), the output generated by
the channel encoder used at block 2015 or block 2020 may be a length 48 bit sequence that
may be denoted by bg,bq, -, ba7, as described in more detail herein.

[0221] At block 2025 rate matching may be performed using any means. At block 2030, the
UE may employ a channel interleaver that may interleave channels at the bit level or the
symbol level, as described in more detail herein. At block 2035, the UE may obtain or
determine one or more cell identities and employ a scrambler to perform scrambling, in an
embodiment, as described in more detail below. At block 2040, modulation may be performed.
At block 2045, sub-carrier slot level hopping may be performed, in an embodiment, as
described herein. In conjunction, a UE may obtain or determine

ny (),

which may be a cell-specific parameter that varies with a sub-carrier number k and a slot
number ng, as described in more detail herein. At block 2050, resource mapping may be

performed, in an embodiment, as described herein. Note that the UE may feedback control
information on PUCCH using any or all of the blocks of method 2000 in combination with the
transmission of PUSCH.

[0222] Note that the activities and functions performed at any of the blocks of method 2000,
and at any of the blocks of any other method described herein, may be performed
independently or in conjunction with any number of the other activities and functions of any
other blocks of method 2000 and/or any number of the other activities and functions of any
other blocks of any other method disclosed herein. The order of performance of such activities
and functions may be any order, and not necessarily the order in which the associated blocks
are presented in Figure 20, any other figure, or as described herein. All such embodiments are
contemplated as within the scope of the present disclosure.
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[0223] In an embodiment, both reference signals and control signals of the UEs assigned to
transmit on the same set of subcarriers may be fully orthogonal. More specifically, the
orthogonality among UEs may be achieved by using a combination of cyclic time shifts of the
same Zadoff-Chu (ZC) base sequence on the DM-RS symbols and the time-domain
orthogonal cover code on the DM-RS symbols. Orthogonality between DMRSs of different UEs
occupying the same set of subcarriers resource block (RB) may be provided by using different
cyclic time shifts of the same ZC base sequence. Orthogonality between DMRSs of different
UEs occupying the same set of subcarriers or RB may also be provided by using different time-
domain orthogonal cover-codes on the DMRSs. The length-2 and length-3 orthogonal block
spreading codes may be based on Walsh-Hadamard codes (see Table 16 below) or discrete
Fourier transform (DFT) codes (see Table 17 below) generated from DFT matrices of different
sizes, and may be used in conjunction with the DFT-S-OFDM based PUCCH formats with 2
and 3 DMRS symbols (i.e., SF=5 and SF=3, respectively).

Table 16. Time-domain spreading sequence indices for DMRS symbols; SF=5

Timed-Domain Spreading code index for RS Walsh-Hadamard code of
symbols Length-2

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

Table 17. Time-domain spreading sequence indices for DMRS symbols; SF=4

Timed-Domain Spreading code index for DFT code of Length-3
DMRS symbols

0 [+1 +1 +1]
1 [+1 l2T3 g4T/3)
2 [+1 l4T3 gi2m/3)

[0224] Regarding the time-domain orthogonal spreading code on the data SC-FDMA symbols,
orthogonality between the UCIs of different UEs occupying the same set of subcarriers or RB
may be provided by using different time-domain orthogonal cover-codes on the data SC-FDMA
symbols. The length-5, length-4, and length-3 orthogonal block spreading codes may be based
on Walsh-Hadamard codes or DFT codes (see Table 18 for an non-limiting example of length-
5) generated from DFT matrix of different sizes, and may be used in conjunction with the DFT-
S-OFDM based PUCCH formats with spreading factors equal to 5, 4 and 3, respectively.

Table 18. Length-5 orthogonal spreading codes

Timed-domain sprg;g:gglgwe index for data DFT code of length-5
5 [+1 +1 +1 +1 +1]
[+1 gI21/5 gi4T/5 gi6T/5
1 ej81T/5]
, [+1 ej4Tr/5 ej81T/5 ej2Tr/5

glom/ 5]
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Timed-domain sprg;gnlgglgode index for data DFT code of length-5
[+1 l6T/5 gi2TT/5 gj8Ti/5

3 i4T1/5
[+1 85 g6T/5 gjdTi/5

4 ei2n/5)

[0225] In an embodiment, for a DFT-S-OFDM based PUCCH transmission with normal CP
and spreading factor of five, the UE may use a different cyclic time-shift of length-12 ZC-based
sequence for frequency-domain spreading for each DM RS symbol within a slot, a length-2
orthogonal block spreading code for DMRS time-domain spreading on the two available
reference SC-FDMA symbols in each slot, and/or a length-5 orthogonal block spreading code
for data time-domain block spreading on the five available data SC-FDMA symbols in each
slot.

[0226] Various methods may be employed to identify resource allocation at a UE. In the case
of semi-persistently scheduled downlink data transmissions on the PDSCH without a
corresponding downlink grant on the PDCCH, and/or dynamically scheduled downlink data
transmissions on the PDSCH indicated by downlink assignment signaling on the PDCCH, a UE
may use the PUCCH ACK/NACK resource index to determine the combination of the cyclic time
shift of the ZC-based sequence, a, and time-domain orthogonal codes assigned to the UE
within a PUCCH region.

[0227] The PUCCH ACK/NACK resource index,

(3)
Rprcch »

which may be used by the UE for transmission of a new PUCCH format (e.g., PUCCH format 3)
could be either semi-statically configured by higher layer signaling or implicitly determined by
the UE based on the index of the first Control Channel Element (CCE) of the downlink control
assignment on the DL PCC. The UE may determine, using information from the identified
PUCCH resource index, the cyclic shift for reference signals or DMRS a(ng,/), the orthogonal

sequence index for block-wise spreading of data signals ng.(ns,k), and the orthogonal
sequence index for reference signals or DMRS mg(ng). Here, ng may be the slot number

within the radio frame, / may be the index of the reference symbol within the slot, and k may be
the index of the subcarrier within the RB on which PUCCH is being transmitted.

[0228] In such an embodiment, the UE may determine the resource index within the two
resource blocks of a subframe to which the PUCCH is mapped according to:

m(n,)= 1% mode

where ¢ may be the number of the DM RS symbols within a slot, and

no(ng,k)=n'(n)

where

Vo N (3) PUCCH
1'(n, ) = Hpeer MO Ny
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with

]\fg’tETCCII

as the spreading factor of the DFT-S-OFDM for data block spreading and "mod" is the modulo
operation. For example, the assigned time-domain orthogonal cover-code can be obtained as
modulo-5 and modulo-3 of the PUCCH resource index for a DFT-S-OFDM based structure with
spreading factor of 5 and 3, respectively. Where the same data block spreading code is used
for both slots within a subframe (i.e., slot level hopping is disabled) and the same data block
spreading code is used for all subcarriers within a slot (i.e., subcarrier-level hopping is
disabled), the index of the time-domain orthogonal cover-code may be identified as:

Ry = nf()]CCH mod N f:CCH

[0229] In these embodiments, by introducing the time domain cover code for the RS symbols
in each slot of the PUCCH in addition to cyclic shifts, another multiplexing dimension may be
created. The examples of the PUCCH resource index allocation used by the UE within a
PUCCH RB in the absence of time-domain cover code for the RS symbols for

are illustrated in Table 19 and Table 20, respectively. In this exemplary embodiment, the time
domain cover code may not be applied on the RS symbols and the UE may derive the cyclic
shift for reference signals on the pth transmit antenna and fth SC-FDMA symbol, ap(ns,l), for

PUCCH format 3 according to:

a,(n,.)=2z-nP (n,D/NE

where

NEB

denotes the number of subcarriers within an RB and

9 (1) = (0 (n, D) + ) () APES Ymod N22

with

n? (n,,1)

as a cell-specific parameter that varies with the symbol number / and the slot number ng and
, n'(n,) if p=0

)= {(ﬂ'(ns )+ p)mod Ni ™ otherwise

and

1 _ (3 rPUCCH
n'(n, )= Ryeer Mod N

for ng mod2 = 0 and by
n'(n,) = [NE (' (n, = 1)+ 1)fmod (N 1)1
for ng mod2 = 1.

[0230] In an embodiment, the UE may identify the orthogonal sequence index ng.(ns) at slot

number ng using the assigned resource index

3)
Mppecn

for transmission of PUCCH format 3 according to:

¢lal
7' (n,)/ A |

n,.(n)=
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n'(ns) = nl(;?TCCH mOd ‘NsliB

for ng mod2 = 0 and by

w(n,) :[Nf(n'(ns -1) Akl)]mod(N:ZB +1)f1
for ng mod2 =1.

[0231] The cyclic shift of the demodulation reference signal on the pth transmit antenna
ap(ns,!) for PUCCH format 3 may be given by:
ap(ns,l):2ﬂ'11£f)('ns,l)/]\/£8

where

2 (n 0y = (1) + 0 n,) Jmod N22

with

, n'(n) it p=0
)= {(n'(ns )+ p)mod N¥®  otherwise
Table 19.
Resource index used by the UE in the absence of cover-code on the DMRS
symbols for
k=2
Cyclic shift Time-domain orthogonal code index for data block
index spreading with SF=5
Noe=0 Noc=1 Noc=2 Noc=3 Noc=4

0 UEO
1
2 UE 1
3
4 UE 2
5
6 UE 3
7
8 UE 4
9
10
11

Table 20.
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Resource index used by the UE in the absence of cover-code on the DMRS
symbols for
Cyclic shift Time-domain orthogonal code index for data block
index spreading with SF=5
Noc=0 Noc=1 Noc=2 Noc=3 Noc=4
0 UEO
1
2
3 UE 1
4
5
6 UE 2
7
8
9 UE 3
10
11

[0232] Note that in the case of

up to four UEs may be multiplexed on the same RB for SF = 5, while in the case of

AT
L FEEE L A

Sakt o

uplto five UEs may be multiplexed on a single RB. However, in embodiments where the
orthogonal cover code may be applied to the reference signals or DMRS, the maximum
number of the UEs that may be multiplexed on the same RB may be upper-bounded by the
spreading factor of the orthogonal block code used for spreading of control information on the
data symbols (i.e., for SF = 5, up to five UEs may always be multiplexed on the same RB
regardless of

s BULLH -
A i i
sisigt

)

[0233] Non-limiting examples of the PUCCH resource index allocation used by a UE within a
PUCCH RB in the case of orthogonal cover code applied to the reference signals or DMRS are
illustrated in Table 21.

Table 21. Resource index used by a UE in the presence of cover-code on the DMRS
symbols
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Cyclic Orti?:j%gnlerzo;ﬁgg e | Time-domain orthogonal code index for
_shift symbols data block spreading with SF=5
index Moc=0 Moc=1 Noc=0 | Ngc=1 | Nge=2 §| Nge=3 | Nyc=4

0 UE O UE O

1

2 UE 3 UE 3

3

4 UE 1 UE 1

5

6 UE 4 UE 4

7

8 UE 2 UE 2

9

10

11

[0234] In an embodiment, the UE determines the physical resource blocks to be used for
transmission of PUCCH format 3 in slot ng as

gJ if (m + n, mod2)mod 2 = 0
Mg = .

Ny —1 —LéJ if (m + n, mod2)mod?2 =1
where
N

demotes the number of UL RBs and the variable m for PUCCH format 3 may be given by

.o PUCCHJ ]
m= LnPUCCH / Neo o ]+ N
where

PUCCH
N SE.0

is the length of the spreading code applied on the first slot and

is a non-negative integer number. Note that when

NKB
offset

is equal to zero, it may imply that the outermost RBs within the PUCCH region are allocated for

PUCCH format 3 transmissions.

[0235] In such an embodiment, in order to achieve backward compatibility with LTE R8, the
RBs assigned for PUCCH format 3 transmissions in LTE R10 and beyond may be a subset of
the RBs allocated for PUCCH format 2 transmissions. In this embodiment, the UL PUCCH
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configuration may be transparent to any LTE R8 UEs and both LTE R8 and LTE R10 UEs may
coexist. However, the LTE R10 UEs may need to be configured by a higher layer regarding the
number of RBs allocated for PUCCH format 3 transmissions. In an embodiment, a system
parameter
N
may be defined that is broadcast. This parameter may be dynamically adjusted depending on
the average number of active LTE R10 UEs that are configured to transmit on PUCCH format
3. Based on this approach the variable m for PUCCH format 2 may given by

m= il N [+ NG
where

,p)
Mpt'con

may be a resource index provided by higher layer for transmission of PUCCH formats 2/2a/2b
on antenna port p. Also note that if

®
]\TRP

was not provided by higher layer (i.e., the UE is not configured to transmit on PUCCH format
3), the UE may assume that
N =0.

[0236] In an exemplary embodiment, both

I’ZG)
PUCCH

and

NS

parameters may be signaled by defining two additional configuration parameters in the IE
PUCCH—Conf/g of LTE R8 as foIIows

[0237] In an embodiment, various methods may be employed to randomize inter-cell and
intra-cell interference. In such embodiments, both inter-cell and intra-cell interference
randomizations for PUCCH transmissions may be achieved through scrambling. Accordingly, in
each subframe in the uplink, the UE may be configured to scramble the control information
encoded bits prior to modulation. The scrambling sequence used may be derived as a function
of the identity of the cell or cell ID, where, in an embodiment using an identity of the cell to
which the UE has an Radio Resource Control (RRC) connection, the UE may scramble the
control information using the PCI of the DL PCC of its multicarrier configuration. The identity of
the cell or cell ID may one or more of the physical cell ID (PCI), from the synchronization signal
of the cell (in an embodiment, the PCI of the DL Primary Component Carrier (PCC) of the UE's
multicarrier configuration), the cell ID (i.e., cellldentity) read on System Information Block type
1 (SIB1) that may uniquely identify a cell in the context of the Public Land Mobile Network
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(PLMN) (in an embodiment, from the SIB1 of the DL PCC of the UE's multicarrier
configuration), and the evolved global cell ID (i.e., EGCI), which may include both the PLMN ID
and the cellldentity.

[0238] In an embodiment, the scrambling sequence used may be derived as a function of at
least one or a combination of the subframe number within a radio frame, the UE identity (for
example, a Radio Network Temporary Identifier (RNTI) of the UE such as the UE's C-RNTI),
and the identity of the UL CC carrying PUCCH or UL primary CC (for example, one or more of
an identity explicitly configured by the network as part of the UE's radio connection
configuration, the absolute radio-frequency channel number (ARFCN) or evolved absolute
radio-frequency channel number (EARFCN) (i.e., the uplink frequency) of the UL CC, and the
value of the Carrier Indication Field (CIF) used for cross carrier scheduling carried by PDCCH,
in an embodiment, the CIF value corresponding to the DL CC (or serving cell) to which said UL
CC is linked.) The scrambling sequence may also be derived as a function of at least one or a
combination of the number/identity of the activated DL CCs or serving cells, the
number/identity of the configured DL CCs or serving cells, and the identity of the DL CCs or
serving cells (for example, at least one of the identity of the DL PCC paired with the UL PCC
which carriers PUCCH and the identity of the DL Secondary Component Carrier (SCC)(s) or
secondary serving cell(s) to which the HARQ ACK/NAK feedback corresponds.)

[0239] In an embodiment, the scrambling sequence used may be derived as a function of at
least one or a combination of the number of DL PDSCH assignments received in the subframe
for which HARQ feedback is being transmitted or reported (in an embodiment only including
the dynamically scheduled PDSCH DL assignments), a value derived as a function of the
PUCCH resource on which the UE transmits the UCI, a value explicitly configured by the
network as part of the UE's radio connection configuration, a value explicitly configured by the
network as part of the UE's DL/UL PCC re-configuration, a value derived from the position(s) of
one or a subset of DL assignment(s) in the PDCCH(s) of one or a subset of serving cells, and
an index provided by higher layer (e.g., via a configuration or activation command.)

[0240] In an embodiment, a cell-specific hopping scheme based on a predetermined hopping
pattern may be used to achieve inter-cell interference randomization for DFT-S-OFDM based
PUCCH transmissions. The hopping may be performed on the sub-carrier level where, for a
given subcarrier in a given slot, the UE may use a different time-domain orthogonal cover
codes for data block spreading. In such an embodiment, the time-domain orthogonal cover
code index on a given subcarrier may be obtained by adding (modulo-
NPUCCH

SE
) a pseudo-random cell-specific offset to the assigned time-domain orthogonal cover code
index. In other words, the UE may determine the resource index within the two resource blocks
of a subframe to which the PUCCH is mapped according to

/

no(n, k) =n2"(n, k) + n‘(ng))mod]\,ré’}yCCH

where

13, )

may be a cell-specific parameter that varies with the subcarrier number k and the slot number
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ng. For example, for a DFT-S-OFDM based structure with spreading factor of 5 and 3, the

time-domain orthogonal cover code index on a given subcarrier in even slots may be obtained
by adding (modulo-5) and (modulo-3) a pseudo-random cell-specific offset to the assigned
time-domain orthogonal cover code index, respectively.

[0241] In an embodiment, parameter

nl(n,, k)

for

]V;;FCCH - 5

may be given by:

n (k) =Y (SN n 45k )2

where c(i) may be the pseudo-random sequence. The pseudo-random sequence generator
may be initialized with

Gt = NICSH

at the beginning of each radio frame. The pseudo-random sequence used for time-domain
orthogonal cover code hopping may be a length-31 Gold sequence generator or any other

length Gold sequence generator.

[0242] In an embodiment, the interference between cells (i.e., CCs) and between UEs may be
randomized through the use of a time-domain cover-code remapping scheme that may be
used by the UE in the second slot according to a predetermined UE-specific or cell-specific
hopping pattern. The hopping-in may be performed on the slot-level where, for a given
subcarrier in each slot, the UE may use a different time-domain orthogonal cover code.
According to an embodiment, a UE may determine the resource index within the two RBs of a
subframe to which the PUCCH is mapped as

n(n., k)= (nogﬂ (n )+ n‘(n‘?))mod Ng

where

n'(n )= ”gccn mod N sPrU o

for even slots (i.e., ng mod2 = 0) and
1) = [N (n, ~ 1)+ 1)]mod( N2 1)1
for odd slots (i.e., ngmod2 = 1.)

[0243] According to an embodiment, the HARQ ACK/NACK information bits and the CSI bits
may be jointly encoded prior to scrambling and modulation and may then be transmitted on
both slots of a PUCCH subframe. The payload sizes for the HARQ ACK/NACK and the CSI
transmissions may be different and the channel coding rate may be variable depending on the
number of activated or configured serving cells and/or transmission modes for which HARQ
feedback or periodic CSl are to be transmitted. The channel encoder may be a block coding-
type scheme such as punctured a (64, k) Reed-Muller (RM) code for a DFT-S-OFDM-based or
similar structure with SF = 5 or punctured (128, k) Reed-Muller code for DFT-S-OFDM based
structure with SF = 3.

[0244] In an example embodiment, where SF = 5, a (48, A) block code that is derived from a
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punctured RM(64, k), or a circular repetition of RM (32,k), may be used where A may be the
payload size of the UCI. The RM code may be designed such that its codewords are a linear
combination of the N basis sequences denoted M; ,, where N may be the maximum number of

PUCCH payload bits. Depending on whether or not DTX is signaled for a serving cell, the value
of N may be between 10 and 12 bits for the maximum number of aggregated CCs (e.g., five
serving cells.) The encoded bit sequence of length 48 at the output of the channel encoder
may be denoted by bg,bq, *,bs7 Where

A-L
bi.' - Zan .Mi,n i= 0‘1"“’47
=0

with ag,aq... aap-1 as the input bits to the channel encoder. Note that both addition and

multiplication operations in the above formula may be performed in the vector-space domain,
ie..
1-1=1,0-1=0,1-0=0,0-0=0,1+1=0,0+1=1,1+0=1,0+0=0.

[0245] In an embodiment, joint coding may also, or instead, be applied across a single slot
rather than across the subframe. According to such an embodiment, the RM (32, k) encoded
sequence may be repeated on both slots for SF = 5 (or a RM (64, k) encoded sequence may
be repeated on both slots for SF = 3.) However, the joint coding across both slots may
maximize the maximum achievable frequency diversity gain for UCI transmissions on PUCCH.

[0246] Alternatively, the HARQ ACK/NACK information bits and the CSI bits may be separately
encoded using a different variable coding rate prior to scrambling and modulation and then
transmitted on both slots of a PUCCH subframe. In such an embodiment, the performance of
various controls signaling at the target levels may be maintained. In other words, the coding
rate adjustment of each individual channel encoder may be made in order to achieve the
desired bit error rate (BER) or block error rate (BLER) operation point for a given control
feedback type given that the payload sizes for the HARQ ACK/NACK and the CSI
transmissions may be different depending on the number of activated or configured serving
cells and/or transmission modes needed to transmit HARQ feedback or periodic CSI.

[0247] In embodiments having small payload sizes (e.g., two bits), the channel encoder may
be a block coding-type scheme, such as simplex code with a circular rate matching into 48 or
96 coded bits depending on the spreading factor used for the DFT-S-OFDM based or similar
structure. Alternatively, the channel encoder may be a tail-biting convolutional code which
generates 48 and 96 coded bits at its output for the DFT-S-OFDM based structures with SF =
5 and SF = 3, respectively.

[0248] In an embodiment, an n-bit Cyclic Redundancy Check (CRC) may be computed based
on control information and attached, or otherwise concatenated, to the feedback information
bits prior to the channel coding for improving error detection. In such an embodiment, the CRC
may be of a variable size that may be adjusted based on the payload size of UCI or the type of
control signaling (e.g., the HARQ ACK/NACK or CSl.) A non-limiting example of the CRC length
is eight bits which may be used to achieve a miss detection rate of 0.4%. The CRC may be
employed to lower the probability of false alarm at a base station (e.g., an eNodeB) and
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therefore the performance target on Pr(DTX->ACK) (i.e., the probability that the UE has not
transmitted any feedback on PUCCH but the base station detects ACK at the receiver) may be
relaxed. The CRC may also be used to indicate the actual payload size used by the UE prior to
encoding and/or the identity or number of the configured or activated serving cells on which the
UE receives the DL assignment. The described CRC embodiment may improve the
performance of a detector in case the UE misses detecting the downlink assignment from the
base station on one or multiple serving cells.

[0249] A non-limiting exemplary PUCCH encoding process 2100 for a DFT-S-OFDM based
PUCCH transmission according to an embodiment is illustrated in Figure 21. At block 2110,
UCI data to be fed back by the UE may be received, in an embodiment at a coding unit. At
block 2120, the entire block of UCI data may be used to calculate CRC parity bits. The UE at
block 2120 may also append the calculated CRC bits to the UCI bits. At block 2130, the CRC
bit sequence may be masked by the identity or number of activated or configured serving cells
on which the UE receives DL assignment. At block 2140, the UE may apply a rate 1/3 tail-biting
convolutional coding on the bits generated at block 2130. At block 2150, rate matching may be
performed on the encoded bits.

[0250] In an embodiment, in order to maximize the achievable frequency diversity gain, a UE
may employ a channel interleaver for UCI transmissions. Such channel interleaving may be
done at the bit level either on the encoded bit sequence or on the scrambled bit sequence
such that bits are written to a rectangular matrix row-by-row and read out column-by-column
(e.g., a 24 by 2 matrix for SF = 5 and a 48 by 2 matrix for SF = 3.) This matrix may assist in
ensuring that adjacent control bits are being mapped across the two slots. Channel interleaving
as disclosed herein may also be applied on the symbol level. In such an embodiment, adjacent
UCI modulated symbols may be mapped first in the time domain across the two slots within a
subframe, and then in the frequency-domain across the subcarriers within each slot. For
example, even QPSK symbols may be transmitted on the even slots and odd QPSK symbols
mapped on the second slot.

[0251] In such an embodiment, symbols (or coded bits) may be multiplexed into the PUCCH
resource from CSI (i.e., CQI, Rl and/or PMI information) and HARQ ACK/NACK information
when separate coding and interleaving is applied on these different types of information. In
order to achieve a better channel coding gain, dimensioning of the corresponding resources
with respect to the ACK/NACK and/or CSI payload may be applied within a single RB.

[0252] In such an embodiment, where only HARQ acknowledgements are transmitted, the
available resources on the PUCCH may be used for ACK/NACK/DTX feedback transmissions.
The mapping rule may be that the HARQ ACK/NACK symbols are first mapped in the time-
domain across the two slots and then across the frequency-domain across the subcarriers.
Alternatively, the symbols may be first mapped in the frequency domain and then mapped in
the time domain.

[0253] In an embodiment, where only channel status reports are transmitted, the available
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resources on the PUCCH may be used for CSI feedback transmissions. The mapping rule may
be such that the channel status report symbols are first mapped in the time-domain across the
two slots and then across the frequency-domain across the subcarriers. Alternatively, the
symbols may be first mapped in the frequency domain and then mapped in the time domain.

[0254] In yet another such embodiment, where HARQ feedback and CSI are multiplexed,
different control signaling may be allocated a different size of physical resource elements. The
size of the reserved resources used for each of ACK/NACK and CSI may be scaled according
to the variable coding rate and the modulation order to be used for a given control signaling.
Accordingly, a UE may use different offsets for the mapping of various controls signaling
information where the offsets are semi-statically configured by higher-layer signaling. Control
information may be mapped in such a way that each of ACK/NACK and CSl is present in both
slots of the subframe.

[0255] In embodiments where HARQ ACK/NACK feedback and CSI are multiplexed into the
same PUCCH resource, various means and methods maybe used to determine the respective
number of symbols used for each type of information. In an embodiment, HARQ ACK/NACK
information may be prioritized over CSI information. In this embodiment, the number of coded
symbols required for HARQ ACK/NACK information, Qan puccH, may be determined. If
QaN_puccH is smaller than the maximum number of symbols available in the PUCCH
Qmax_puccH (in an embodiment, by a minimum margin), the CSI information may be
multiplexed. Otherwise, no multiplexing of HARQ ACK/NACK information and CSI may be
performed and only HARQ ACK/NACK information may be transmitted.

[0256] The mapping between Qan puccH @and Oan puccH (OaN puccH may be the number of
HARQ information bits to be transmitted) may be fixed and provided in a lookup table.
Alternatively, Qan_puccH may be calculated as a function of the number of HARQ information
bits to transmit (Oan puccH), @ proportionality factor (BpyccH, @ parameter that may be
predefined or provided by a higher layer) multiplying the number of HARQ ACK/NACK
information bit to transmit (this factor may adjust the fraction of the PUCCH energy available to
HARQ ACK/NACK information), and/or the maximum number of symbols (Quax puccH)
available for HARQ ACK/NACK information and/or CSI information in a DFT-S-OFDM based
PUCCH transmission. The maximum number of symbols may be different depending on
whether extended or normal prefix is used.

[0257] The number of symbols Qan puccH used for HARQ ACK/NACK information may
correspond to the minimum value between Quax puccH and the quantity Qan puccH =
fOaN_PuccH X BpuccH) where the function f( ) may provide the largest possible number of
symbols for HARQ ACK/NACK information that is smaller than the argument. Alternatively, the
function f( ) may provide the smallest possible number of symbols for HARQ ACK/NACK
information that is larger than the argument. The function f{ ) may ensure that a correct
number of symbols is allocated, given that the granularity of the number of symbols that can be
used in a PUCCH may be larger than one.
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[0258] Once the number of symbols used for HARQ ACK/NACK information (i.e., Qan_puccH)

is determined, this number may be compared to the maximum number of symbols
Qmax_puccH to determine the number of symbols available to CSI, Qcs| puccH- The number

of symbols available to CSI information Qcs| puccH may be the difference between
Qmax_puccH and Qan puccH- There may be a minimum number of symbols available to CSI

information to allow multiplexing between HARQ ACK/NACK information and CSI. If the
minimum number of symbols is not available, the CSI information may be dropped. In addition,
the type of CSI information (as well as the number of DL carriers being reported) included in
available symbols may also be a function of the number of available symbols for CSI. For
instance, if Qcs| puccH is lower than a threshold, only rank information (RI) for a single DL

carrier may be allowed to be included.

[0259] Alternatively, or in addition, the amount of CSI information that may be included may be
determined by a maximum coding rate for CSl information. Such a maximum coding rate may
be dependent on the type of CSI (e.g., the maximum coding rate in case of Rl may be lower
than for other type of CSI given the higher robustness requirement.) For instance, the
maximum number of information bits available for CSI (Ocs| puccH) may be calculated as the

product of a maximum coding rate and a number of available coded bits, rounded down (or up)
to the closest integer or to the closest integer matching a possible number of CSI information
bits. The ratio K between the number of coded bits and the number of symbols may
correspond to the number of bits per modulation symbol divided by the spreading factor SF.
The embodiments described above for multiplexing HARQ ACK/NACK information with CSI
may also be used for the multiplexing of different types of CSI in the same subframe. For
instance, such an embodiment may be used for the multiplexing of RI with CQI/PMI where Rl is
used in place of HARQ ACK/NACK.

[0260] In an embodiment, the placement of symbols in PUCCH for each type of information to
be transmitted may be determined. Non-limiting exemplary control signal mapping 1800 for a
DFT-S-OFDM based PUCCH transmission with SF = 5 according to such an embodiment is
illustrated in Figure 22. As shown in Figure 22, CSI resources 2240 may be placed at the
beginning of RB 2210 and mapped sequentially to the two slots on one subcarrier of slot 0
2220 before continuing on the next subcarrier until all resources allocated for CSI transmission
are filled. HARQ ACK/NACK symbols 2250, on the other hand, may be placed at the end of RB
2210. In other words, CSI 2240 may be frequency multiplexed with HARQ ACK/NACK 2250 on
the PUCCH. Reference symbols 2230 may be configured as shown in Figure 22.

[0261] According to another embodiment, the CSI transmitted on PUCCH may use the same
modulation scheme as the HARQ acknowledgements. Alternatively, CSI and HARQ control
signaling may be done using different modulation schemes. For example, HARQ ACK/NACK
may be modulated using QPSK modulation, but CSI may be modulated using higher order
modulations such as QAM16 or QAM64.
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[0262] Various multiplexing methods may be used. The HARQ ACK/NACK symbols may be
placed at both frequency extremities of the RB. This may be done within each slot, or
alternatively the symbols may be placed at one extremity for the first slot and at the other
extremity for the second slot. Such an arrangement may maximize frequency diversity for the
HARQ ACK/NACK symbols. Alternatively, or in addition, this arrangement may be used for CSI
symbols. In another embodiment, the subcarriers where HARQ ACK/NACK symbols are placed
may be positioned at equal frequency distance from each other. Alternatively, or in addition,
the subcarriers where CSI symbols are placed may be positioned at equal frequency distance.

[0263] When CSI information is multiplexed with HARQ ACK/NACK information according to a
disclosed embodiment, the encoding of the CSI information may be performed using one of
several methods. In an embodiment using puncturing, CSI information may first be encoded
assuming a number of coded bits corresponding to the maximum number of symbols available
for HARQ ACK/NACK information and CSI, Quax_puccH. For instance, the encoding may be

using a Reed-Muller code RM(KxQumax puccH, Ocsi puccH) Where K may be the ratio

between the number of coded bits and the number of symbols. The CSI coded bits may then
be interleaved, modulated, spread, and positioned in all available symbol locations in the
PUCCH. The HARQ ACK/NACK information may also be encoded, interleaved, modulated,
spread, and then positioned into a subset of the symbol locations previously utilized by CSI
information, in effect puncturing the coding of the CSI. The subset of symbols used may be
determined according to one of the embodiments of the previous section.

[0264] In another embodiment, CSI information may be directly encoded assuming a number
of coded bits corresponding to the number of symbols available to CSI (Qcs| puccH)- For

instance, the encoding might be using a Reed-Muller code RM(KxQcs| puccH, Ocsi puccH)

where K may be the ratio between the number of coded bits and the number of symbols. The
CSI coded bits may then be interleaved, modulated, spread, and positioned in symbol locations
identified for CSI information. The HARQ ACK/NACK information may also be encoded,
interleaved, modulated, spread, and then positioned into symbol locations not utilized by CSI
information. The symbol locations for HARQ ACK/NACK information and CSI may be
determined according to an embodiment described herein. In addition, the transmission of CSI
may be prioritized on the codeword with the highest quality metric, for example SINR.

[0265] Using these embodiments, multiple UEs may be scheduled to share the same RB for
their UL feedback transmissions. Sharing the PUCCH resource blocks for both HARQ
ACK/NACK and CSlI transmissions may lead to lower control signaling overhead in the system.

[0266] In an embodiment, a UE may be configured to transmit both PUCCH and SRS in the
same subframe. In such embodiments, a UE may be configured to not transmit SRS whenever
SRS and a PUCCH format (in an embodiment, based on the DFT-S-OFDM or similar
embodiment described herein) happen to coincide in the same subframe. In this embodiment,
the PUCCH transmission may take precedence over the SRS transmission.
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[0267] In another embodiment, a UE may be configured through a higher-layer either to
transmit or drop SRS in case of collision between SRS and a PUCCH format (e.g., a new
format, such as PUCCH format 3) in a same subframe. In this embodiment, if the parameter
Simultaneous-AN-and-SRS provided by higher-layers is False, then the UE may not transmit
SRS and only PUCCH may be transmitted in that subframe. However, if the parameter
Simultaneous-AN-and-SRS provided by higher-layers is True, the UE may use a shortened
PUCCH format in such subframes for transmitting both feedback and SRS. This new shortened
PUCCH format could be used in a cell specific SRS subframe even if the UE does not transmit
SRS in that subframe.

[0268] In a shortened PUCCH format, the feedback information may not be transmitted in the
last symbol in the second slot of the subframe. As a result, the spreading factor applied by the
UE to the time-domain block spreading in the second slot may decrease by one compared to
that of the first slot. Therefore, in the case of DFT-S-OFDM with SF = 5, the UE may use the
length-4 Walsh-Hadmard codes in Table 22 shown below rather than the length-5 DFT basis
spreading codes in the second slot. Note that in this case up to four UEs may simultaneously
be multiplexed on the same RB. Figure 23 illustrates non-limiting exemplary shortened PUCCH
structure 2300 for a DFT-S-OFDM based PUCCH transmission with SF = 5 according to this
embodiment.

Table 22. Block spreading sequence indices for second slot using SRS transmission
and SF=5

Orthogonal block spreading code Walsh-Hadamard code of Length-4
index
0 [+1 +1 +1 +1]
1 [+1-1+1-1]
2 [+1-1-1+1]
3 [+1 +1-1-1]

[0269] In such an embodiment, the UE may determine the index of the block orthogonal code
applied on the data for both of the two slots within a subframe according to:

3 PUCCH
oo =Hyp = Moy MOd Ny

0c,0

where noco and ny: 1 are the indexes of the block spreading codes for slots 0 and 1,

oc;l

respectively, and

PUCCH
]vsp,o

is the length of the spreading code used for the first slot within a subframe (i.e., slot 0.) For

example for a DFT-S-OFDM based PUCCH transmission with SF = 5, we have

PUCCH
Ngo  =3.

Noting that in this case, the base station (e.g., an eNodeB) may make sure that for SRS

subframes it only assigns the

3)
Ppycen

values that satisfy the following criterion in order to avoid any collision among the UEs:

@) PUCCH
pucen MO Ny o 24
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[0270] In an embodiment, a base station may multiplex up to four UEs on the configured SRS
subframes to transmit their feedback on shortened PUCCH format 3 and on the same RB. In
this case, the UE may identify the orthogonal sequence index applied on the data for both of
the two slots within a subframe according to:

oes = (e mod N g™ ymod N ™

Moreover, in such an embodiment, the UE may derive the cyclic shift for reference signals (i.e.,
DMRS), on the pth transmit antenna ap(ns,/) for PUCCH format 3 according to:
ap(ns,l):27[-nif)(ns,l)/z’V'f:B

where

n(n 1) = (nff" (n,, 1)+, (n YAGET )mod NP

with

n'” (n, 1)

as a cell-specific parameter that varies with the symbol number / and the slot number ng and

, J(n’(ns) if p=0

n,(n,)= 1(

n'(n,)+p)mod Nos™  otherwise

n =n

0e,0)

and

n(n )= n,‘ﬁ}cﬂ mod N EESCH
for ng mod2 = 0 and by

7 (n,) = [N (o (n, —1) +1)|mod(N22CF +1)-1
for ng mod2 = 1.

[0271] In an embodiment using DFT-S-OFDM with SF = 3, a UE may use a combination of the
length-3 DFT basis spreading codes and the length-2 Walsh-Hadmard codes shown below in
Table 23 rather than the length-3 DFT basis spreading codes for the second slot. Note that in
this embodiment, up to two UEs may simultaneously be multiplexed on the same RB. Figure 24
illustrates non-limiting exemplary shortened PUCCH structure 2400 for a DFT-S-OFDM based,
or similar, PUCCH transmission with SF = 3 according to this embodiment.

Table 23: Block spreading sequence indices for the second half of the second slot in
the case of SRS with SF=3

Orthogonal block spreading code Walsh-Hadamard code of Length-2
index
0 [+1 +1]
1 [+1-1]

[0272] In an embodiment where extended cyclic prefix (CP) transmission is used, control
feedback information (e.g., HARQ ACK/NACK and/or CSI) may be block spread and
transmitted on the five data SC-FDMA symbols available in each slot. Figure 25 and Figure 26
illustrate non-limiting feedback transmission structures for extended CP according to this
embodiment for a DFT-S-OFDM based or similar structure with SF = 5 (e.g., structure 2500 of
Figure 25) and SF = 3 (e.g., structure 2600 of Figure 26.) More specifically, in the case of
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extended CP, five SC-FDMA symbols (i.e., 0th, 1th, 2th, 4th, 5th symbols) may be used for
ACK/NACK transmission and one RS symbol, which is the 3rd SC-FDMA symbol index within
each slot, may be used for DM-RS transmission. Note that in the case of SF =5, a UE may use
the length-5 DFT basis spreading codes (as the one used for normal CP) for block spreading
of the UCI on the data SC-FDMA symbols, while in the case of SF = 3, the UE may use a
combination of the length-3 DFT basis spreading codes and the length-2 Walsh-Hadmard
codes in Table 23 above for block spreading in both slots. Also note that in the case of
extended CP, the UE multiplexing capacity of the DFT-S-OFDM based structure with SF = 3
may be reduced by one compared to that of normal CP. There may be no time-domain
orthogonal cover code on the MDRS symbols.

[0273] In embodiments where the transmission of both UCI and SRS are configured in the
same subframe with extended CP, a similar approach as the one described previously for
normal CP may be employed for SF = 5. In the case of SF = 3, the shortened PUCCH format
may apply the length-3 DFT basis spreading codes for the first half of the second slot and no
spreading code may be used for the single SC-FDMA symbol in the right hand side of the DM-
RS symbol.

[0274] In an embodiment, methods for the transmission of information bits (e.g., HARQ
ACK/NACK information bits) based on Channel Selection may be used. At least one bit may be
more robustly conveyed by the selection (at the transmitter) and the detection (at the receiver)
of the index or indices on which a transmission is performed. Such embodiments may take into
consideration the robustness properties of the Channel Selection transmission method, for
example when applied to transmission(s) of UCI information on PUCCH.

[0275] In an embodiment, information bit(s) of higher priority may be mapped to the bit(s) with
a more robust encoding. For example, in the case of channel selection, the mapping is made
to one or more bit(s) that are implicitly encoded from the presence/absence of a signal in a
specific transmission resource(s). Such information bits may be HARQ ACK/NACK information
bits corresponding to a downlink transmission (e.g., a DCI format or a PDSCH transmission)
and may be transmitted using multiple PUCCH indices (or resources) corresponding to PUCCH
using, for example, format 1a/b. Additionally, such information bits may also be information
bit(s) corresponding to another type of UCI that may be multiplexed with the HARQ ACK/NACK
feedback such as an SR. The relative priority of information bits may be derived based on at
least one of whether the information bit(s) corresponds to a transmission in a given downlink
CC (for example, a bit may be given higher priority if it corresponds to a transmission in a
PCell, or a bit may be given higher priority if it corresponds to a transmission in a serving cell
associated to a UL CC which may carry UCI on PUSCH and/or PUCCH), the relative priority of
the information bit(s) may provided by the relative priorities for uplink logical channel
prioritization of the UL CCs associated with the corresponding serving cells, and the relative
priority may be derived from the explicit semi-static configuration by RRC of priority order
and/or the implicit semi-static configuration of the SCells.

[0276] In any of these embodiments, the transmission may be a transmission of a DCI
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message on PDCCH (including, for example, a (de)activation indication for a configured UL
grant and/or DL assignment (SPS), a (de)activation indication for SCell, and/or a downlink
assignment), a transmission on PDSCH, or a transmission on a multicast channel. For such
transmissions, a DCl message on PDCCH for SPS or SCell (de)activation and/or a
transmission on PDSCH may be given highest priority.

[0277] In an embodiment, the information bits that are mapped to the bit(s) with a more robust
encoding may be changed from subframe to subframe, in such a way that the reliability of
different types of information is equal in average over time. For instance, the order of HARQ
ACK/NACK information bits prior to mapping to the channel selection scheme may be b0, b1,
b2, ..., bn, where bm might correspond to the HARQ ACK/NACK information pertaining to a
transmission on the mth DL carrier (other interpretations are also contemplated.) To avoid the
situation where the reliability of b0, b1, b2, ..., bn is systematically higher than other bits, the
information bits b0, b1, b2, ..., bn may be reordered (or scrambled) prior to mapping to the
channel selection scheme according to a known rule (i.e., a rule known to both the transmitter
and the receiver), in such a way that the order may be different in successive subframes. The
order may be a function of the system frame number, subframe number, or a combination
thereof. It may also be a function of other parameters such as the physical cell identity. The
scrambling function may be known at both the UE and the network.

[0278] In an embodiment, a UE may be configured to multiplex UCI for PUCCH (in an
embodiment using PUCCH format 2) to carry SR and HARQ ACK/NACK and utilizing PUSCH
(format without data), to carry CSI (e.g., CQIl, PMI, RI.) In some such embodiments, for
example where a UE may be operating in an LTE-A environment, the UE may be configured to
use PUCCH only for LTE compatible case (e.g., where only one CC assigned.) In such
embodiments, the UE may use PUCCH format 2 to carry SR and HARQ ACK/NACK to support
the bandwidth extension (multi carriers) in LTE-A systems. The HARQ ACK/NACKs in LTE-A
may replace CQI/PMI/RI as used in LTE R8. In addition, the SR may be formatted and sent
using any of several embodiments.

[0279] In an embodiment, an SR may be superimposed on the reference signals, for example,
as may be done with HARQ ACK/NACK in LTE-R8. For instance, if an SR is positive, the
reference signals on the 5th and 12th OFDM symbols may be multiplied by -1. lllustrated in
Figure 27 is non-limiting exemplary PUCCH structure 2700 for a DFT-S-OFDM based PUCCH
transmission with SF = 5 that may be used in such an embodiment. This embodiment may be
especially effective in low Doppler scenarios, and may not be effective when using the
extended cyclic prefix mode since there is only a single reference symbol per slot.

[0280] In an embodiment, an example of which is shown in Figure 27, at the UE the HARQ
ACK/NACK information may first be channel coded (in various embodiments, using Reed-
Muller or convolutional code) with input bit sequence

Ao )y Ay gorn @y

and output bit sequence

by bl bbby
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where B' = 20 for PUCCH format 2 or B' = 48 for DFT-S-OFDM based PUCCH structure. The
scheduling request bit may be denoted by

dy .

Each positive SR may be encoded as a binary '0' and each negative SR may be encoded as a
binary '1'. Alternatively, each positive SR may be encoded as a binary '1' and each negative SR
may be encoded as a binary '0". In such embodiments, the output of the channel coding block
may be given by bq,bq,bo,bs,...,bg.1, Wwhere

b, =b],
i=0,..,B'-1and
b, =a,

with B= (B’ + 1).

[0281] The block of encoded bits may be interleaved, scrambled with a UE-specific scrambling
sequence, and modulated resulting in a block of complex-valued modulation symbols

. B
for the ACK/NACK payload. A single BPSK modulation symbol

d(ﬂ )

carrying an SR information bit may be used in the generation of one of the reference-signals
for PUCCH format 2 or DFT-S-OFDM based PUCCH structure.

[0282] In an embodiment, one of the reference symbols may be modulated with an alternative
cyclic shift. In a non-limiting example, a UE may be configured with a pair of orthogonal
sequences, where the two sequences are implicitly determined from the same Control Channel
Element (CCE) of the PDCCH. There may be a one-to-one mapping between one of the
assigned sequences and the positive SR and a one-to-one mapping between the other
assigned sequence and the negative SR. In such an embodiment, the UE may first determine
the resources for concurrent transmission of HARQ-ACK and SR on PUCCH by a resource
index (e.g.,

(48]
Bpuccen

). The UE may then determine the pair of cyclic shifts (e.g., aq,a2) based on the assigned

resource.

[0283] In an embodiment, a UE may jointly code an SR bit with HARQ ACK/NACK at a known
bit position (e.g., the first or last bit) prior to transmission, as illustrated in Figure 28 that shows
non-limiting exemplary PUCCH structure 2800. In this embodiment, at the UE, the uncoded
HARQ-ACK information denoted by

/Y M M

may be multiplexed with the Scheduling Request (SR) bit to yield the sequence
ap,a4,a2,a3,...,84.1, where

a; =a;,

i=0,..,A"-1and

ad,=4a,
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with A = (A" + 1). The sequence ag,aq,a2,as,...,@4.4 maybe channel encoded using a Reed-
Muller or convolutional code to yield the output bit sequence bg,b4,b2,b3,....bg.1 where B = 20

for PUCCH format 2 or B = 48 for DFT-S-OFDM based PUCCH structure. This embodiment
may be especially effective in high Doppler scenarios, and may be used when using the
extended cyclic prefix mode despite there being only a single reference symbol per slot.

[0284] In an embodiment, where joint coding using the Reed-Muller code is used and the
codewords may be a linear combination of the A basis sequences denoted by M; ,, the SR bit
may be spread by the most reliable basis sequence that could maximize the frequency
diversity gain. For example, the basis sequence candidate that could potentially disperse the
SR information coded bit more evenly across the subframe may be the one selected for
encoding of the SR bit. In this embodiment, the encoded bit sequence of length B at the output
of the channel encoder may be given by:

b=a, M,, + ia M., i=0,B-1,

n-0;nem

A non-limiting exemplary basis sequence for RM(20, k) for encoding the SR information bit is
shown below in Table 24.
Table 24. Example basis sequence for RM(20, k) for encoding the SR information bit

i { Mo iMjq{ M2 Mj3{M4qiMjs5;MeiM7i{MgiMoiM;qo;]M11{M12
0 1 1 0 0 0 0 0 0 0 0 1 1 0
1 1 1 1 0 0 0 0 0 0 1 1 1 0
2 1 0 0 1 0 0 1 0 1 1 1 1 1
3 1 0 1 1 0 0 0 0 1 0 1 1 1
4 1 1 1 1 0 0 0 1 0 0 1 1 1
5 1 1 0 0 1 0 1 1 1 0 1 1 1
6 1 0 1 0 1 0 1 0 1 1 1 1 1
7 1 0 0 1 1 0 0 1 1 0 1 1 1
8 1 1 0 1 1 0 0 1 0 1 1 1 1
9 1 0 1 1 1 0 1 0 0 1 1 1 1
10§ 1 0 1 0 0 1 1 1 0 1 1 1 1
11 1 1 1 0 0 1 1 0 1 0 1 1 1
12§ 1 0 0 1 0 1 0 1 1 1 1 1 1
13§ 1 1 0 1 0 1 0 1 0 1 1 1 1
14§ 1 0 0 0 1 1 0 1 0 0 1 0 1
15§ 1 1 0 0 1 1 1 1 0 1 1 0 1
16§ 1 1 1 0 1 1 1 0 0 1 0 1 1
17§ 1 0 0 1 1 1 0 0 1 0 0 1 1
181 1 1 0 1 1 1 1 1 0 0 0 0 0
191§ 1 0 0 0 0 1 1 0 0 0 0 0 0
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I Mo M1 {Mi2 M3 M4iM5iM;giM;7iM;giMjg{Mq9i{M41{M;q2
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[0285] In an embodiment, where a new PUCCH structure may be used (e.g., if introduced in
LTE-A R10) for multiple ACK/NACK transmissions that is based on a PUCCH format 1
structure, a UE may transmit the ACK/NACK responses on its assigned ACK/NACK PUCCH
resource for a negative SR transmission and on its assigned SR PUCCH resource for a
positive SR. In this embodiment the PUCCH format used may be a new PUCCH format.

[0286] In an embodiment, SR bits may puncture the encoded HARQ ACK/NACK sequence. In
such an embodiment, at the UE, the HARQ ACK/NACK information may be channel coded
using a Reed-Muller or convolutional code with input bit sequence

Uyl ULy s Uy eyl

and output bit sequence

By BB

where B' = 20 for PUCCH format 2 or B' = 48 for DFT-S-OFDM based PUCCH structure. The
scheduling request bit may be denoted by

”
dy -
The output of this channel coding block may be denoted by bg,bq,b2,b3,...,bg.1 where
b, =1,
i=0,.,B'-1,&i#jand
b, =ay.

Note that j may be the index of the bit at the output of the channel coding block that is
overwritten by the SR bit. In an embodiment, the puncturing may be performed at the symbol-
level such that the BPSK modulated SR symbol punctures one of the QPSK modulated
ACK/NACK symbols.

[0287] In these embodiments, CSI may be transmitted in a variety of ways. In an embodiment,
if there is no collision between HARQ ACK/NACK and CSI for a subframe, CSI may be
transmitted on PUSCH without data (PUSCH with only CSI), but if there is a collision between
HARQ ACK/NACK and CSI for a subframe, only HARQ ACK/NACK will be transmitted for this
subframe (i.e., no CSI will be transmitted.) Alternatively, both HARQ ACK/NACK and CSI may
be transmitted on PUSCH as described herein. In an embodiment, HARQ ACK/NACK on
PUCCH format 2 and CSI on PUSCH without data may be transmitted simultaneously.

[0288] In an embodiment where there occurs a collision between ACK/NACK and positive SR
in a same subframe, a UE may be configured to drop ACK/NACK and transmit SR. In this
embodiment, the parameter SimultaneousAckNackAndSR provided by higher layers may
determine if a UE is configured to support the concurrent transmission of ACK/NACK and SR.
In this case, an RRC IE (e.g., SchedulingRequestConfig-R10) may be defined to enable
signaling the parameter SimultaneousAckNackAndSR. A non-limiting example of such an ID is

provided below:
SOUASNIBTARY

Sehedul ingRequest Conti
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[0289] In an embodiment, a UE may drop ACK/NACK whenever the HARQ ACK/NACK
payload size exceeds a predetermined value. In this embodiment, the HARQ ACK/NACK
payload size may be a function of configured component carriers and transmission modes.
Thus, UE may implicitly know when to drop ACK/NACK information once it is configured by a
higher layer regarding the number of CCs and transmission mode on each CC.

[0290] In an embodiment, a UE may be configured to determine the transmit power to be
used for a PUCCH transmission. A UE may be configured to control the transmit power for a
PUCCH transmission of ACK/NACK by defining the transmit power as a function of at least one
of the payload (i.e., the format) of the PUCCH transmission (for example, the number
ACK/NACK bits to carry inside said payload and/or the ACK/NACK format used to carry said
payload), the number of codewords per serving cell of the UE's configuration, the number of
codewords per active serving cell of the UE's configuration (in an embodiment only those
serving cells that were activated by FAC), the number of serving cells in the UE's configuration,
and the number of active serving cells of the UE's configuration, in an embodiment only those
serving cells that were activated by FAC.

[0291] In an embodiment, given the definition of a PUCCH format supporting joint coding of
the HARQ ACK/NACKs feedback corresponding to a plurality of (in an embodiment, explicitly
activated) serving cells of the UE configuration, a power control unit at a UE can adjust for the
transmission power used for the PUCCH format using joint coding as a function of the HARQ
ACK/NACK payload to maintain the UL control channel coverage to a close approximation of
the PUCCH format 1a coverage, for example in order to make the coverage independent from
the number of configured (and possibly explicitly activated) serving cells.

[0292] This may be accomplished by defining h(ncqnparg) for transmission of said PUCCH

format using joint coding as follows:

Pao | .
P >
h(”CQI;’ZHARQ): lﬂlogm( 3 J lanARQ—3

0 otherwise
The value '3' in the above formula may be based on the fact that the minimum number of
HARQ ACK/NACK bits for joint coding in the PUCCH format using joint coding is expected to be
three bits. Alternatively, this value may be replaced by a more generalized parameter
NHARQ,min Which may denote the minimum number of HARQ ACK/NACK bits to be coded and

mapped to the PUCCH format using joint coding. Note that the maximum number of HARQ
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ACK/NACK bits does not impact the above formula.

[0293] Although features and elements are described above in particular combinations, one of
ordinary skill in the art will appreciate that each feature or element can 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
are not 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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PATENTIKRAYV

1. Fremgangsmade udfgrt af en tradlgs sende- og modtageenhed, WTRU, for at tilve-
jebringe feedbackinformation pa en behandlingsstruktur, hvilken fremgangsmade omfat-
ter:

at generere et seet af inputbits tilknyttet feedbackinformationen, hvor feed-
backinformationen omfatter en flerhed af bekreeftelses-/negativ bekraeftelses-
ACK/NACK, -bits svarende til en flerhed af komponentbeerere;

at kode seettet af inputbits for at skabe et kodet seet af outputbits;

at scramble det kodede saet af outputbits ved anvendelse af en scramblingse-
kvens for at skabe et seet af scramblede outputbits, hvor scramblingsekven-
sen er afledt som en funktion af mindst én af de fglgende: en identitet af den
dertil knyttede WTRU eller én eller flere celleidentiteter af WTRU’ens multibae-
rerkonfiguration;

at modulere saettet af scramblede outputbits for at skabe en blok af module-
rede symboler;

at anvende en spredningskode p& blokken af modulerede symboler, hvor
spredningskoden er valgt baseret pa et fysisk uplinkkontrolkanal-, PUCCH, -
ressourceindeks, hvor PUCCH-ressourceindekset er semistatistisk konfigureret
ved hjeelp af signalisering af hgjere lag; og

at overfgre blokken af spredte, modulerede symboler svarende til ACK/NACK-
bittene pa en PUCCH.

2. Fremgangsmade ifglge krav 1, hvor spredningen pafgres efter skabelsen af blok-
ken af modulerede symboler.

3. Fremgangsmade ifglge krav 1, hvor saettet af scramblede outputbits moduleres
ved anvendelse af kvadraturfaseskiftsnggling, QPSK, for at skabe blokken af modulerede
symboler.

4. Fremgangsmade ifglge krav 1, hvor spredningskoden omfatter en ortogonal
spredningskode af leengde-5.

5. Fremgangsmade ifglge krav 4, hvor den ortogonale spredningskode af laengde-5
omfatter mindst én af de fglgende: [+1 +1 +1 +1 +1]; [+1 e2V5 ei4/5 gi60/5 @i8n/5]: [+1
el4n/5 gi8n/s ai2n/s ej6r|/5]; [+1 el6n/s @i2r/5 aisn/s ej4n/5]; og [+1 ei8n/s @lbn/s aj4n/s ej2n/5]_

6. Fremgangsmade ifslge krav 4, hvor spredningskoden omfatter en Walsh-
Hadmard-spredningskode af laeengde-4.

7. Fremgangsmade ifglge krav 6, hvor Walsh-Hadmard-spredningskoden af leengde-4
omfatter mindst én af de folgende: [+1 +1 +1 +1]; [+1 -1 +1 -1]; [+1 -1 -1 +1]; og [+1
+1 -1 -1].

8. Fremgangsmade ifglge krav 1, som desuden omfatter at bestemme ressourcer for
behandlingsstrukturen ved anvendelse af PUCCH-ressourceindekset.

9. Fremgangsmade ifglge krav 8, hvor PUCCH-ressourceindekset er et PUCCH-
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ACK/NACK-ressourceindeks.

10. Fremgangsmade ifglge krav 8, hvor bestemmelsen af ressourcer for behandlings-
strukturen omfatter at bestemme fysiske ressourceblokke konfigurerede til at blive an-
vendt til overfgrsel p8 behandlingsstrukturen i en slids.

11. Fremgangsmade ifglge krav 10, hvor slidsen er defineret som ns, og hvor fysiske
ressourceblokke konfigureret til at blive anvendt ved ns er genereret i overensstemelse

med det fglgende:

B’J hvis (m +n, mod2)mod2 =0

Ny —1- L’;J hvis (m + #, mod2)mod2 =1

hvor ng angiver et antal af UL RB'er, m :L”S)TCCH/N;FL;CHJJF fﬁger, og hvor . ;)TLOCCH
er en leengde af spredningskoden anvendt pd en fgrste slids og Nf;m er et ikke-negativt
heltalligt tal.

12. Fremgangsmade ifglge krav 1, hvor seettet af inputbits omfatter en hybrid auto-
matisk gentagelsesforespgrgsel, HARQ, positiv bekraeftelse, ACK, multiplekset med en
planleegningsforespgrgsel.

13. Fremgangsmade ifglge krav 1, som desuden omfatter:

at generere referencesignaler;

at aflede en cyklisk forskydning for referencesignalerne p3 en bestemt
transmissionsantenne; og

at anvende den cykliske forskydning.

14. Fremgangsmade ifalge krav 13, som desuden omfatter at overfgre mindst én af
de fglgende: referencesignalerne, seettet af inputbits, det kodede seaet af outputbits, seettet
af scramblede outputbits og blokken af modulerede symboler ved anvendelse af et udvidet,
cyklisk preefiks, CP.

15. Fremgangsmade ifglge krav 1, som desuden omfatter at anvende en ortogonal
tidsdomeenedeekkode ifglge et forud bestemt springmgnster.

16. Fremgangsmade ifglge krav 1, som desuden omfatter at anvende intensitets-
matchning pa det kodede seet af outputbits.

17. Tradlgs sende- og modtageenhed, WTRU, konfigureret til at tilvejebringe feed-
backinformation p& en behandlingsstruktur, hvilken tradlgs sende- og modtageenhed om-
fatter:

en processor konfigureret til:

at generere et seet af inputbits tilknyttet feedbackinformationen, hvor feed-
backinformationen omfatter en flerhed af bekreeftelses-/negativ bekreeftelses-

ACK/NACK, -bits svarende til en flerhed af komponentbeerere;
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at kode seettet af inputbits for at skabe et kodet saet af outputbits;
at scramble det kodede saet af outputbits ved anvendelse af en scramblingse-
kvens for at skabe et seet af scramblede outputbits, hvor scramblingsekven-
sen er afledt som en funktion af mindst én af de fglgende: en identitet af den
dertil knyttede WTRU eller én eller flere celleidentiteter af WTRU’ens multibae-
rerkonfiguration;
at modulere saettet af scramblede outputbits for at skabe en blok af module-
rede symboler; og
at anvende en spredningskode p& blokken af modulerede symboler, hvor
spredningskoden er valgt baseret pa et fysisk uplinkkontrolkanal-, PUCCH, -
ressourceindeks, hvor PUCCH-ressourceindekset er semistatistisk konfigureret
ved hjeelp af signalisering af hgjere lag; og

en transmitter konfigureret til at overfgre blokken af spredte, modulerede symbo-

ler svarende til ACK/NACK-bittene p8 en PUCCH.

18. Tradlgs sende- og modtageenhed ifslge krav 17, hvor spredningen pafgres efter
skabelsen af blokken af modulerede symboler.

19. Trédlgs sende- og modtageenhed ifglge krav 17, hvor seettet af scramblede out-
putbits moduleres ved anvendelse af kvadraturfaseskiftsnggling, QPSK, for at skabe blok-
ken af modulerede symboler.

20. Trédlgs sende- og modtageenhed ifglge krav 17, hvor spredningskoden omfatter
en ortogonal spredningskode af leengde-5.

21. Tradlgs sende- og modtageenhed ifglge krav 20, hvor den ortogonale spred-
ningskode af leengde-5 omfatter mindst én af de fglgende: [+1 +1 +1 +1 +1]; [+1 &2V
el4n/s aibn/s ej8r|/5]; [+1 el4n/5 ai8n/s gi2n/s ej6r|/5]; [+1 elbn/s @i2n/s a8n/s ej4n/5]; og [+1 ei8n/s aibn/s
el4n/s ej2n/5]_

22 Tridlgs sende- og modtageenhed ifglge krav 20, hvor spredningskoden omfatter
en Walsh-Hadmard-spredningskode af leengde-4.

23. Tradlgs sende- og modtageenhed ifglge krav 22, hvor Walsh-Hadmard-
spredningskoden af la&engde-4 omfatter mindst én af de fglgende: [+1 +1 +1 +1]; [+1 -1
+1-1]; [+1 -1 -1 +1]; og [+1 +1 -1 -1].

24. Tradlgs sende- og modtageenhed ifglge krav 17, hvor processoren desuden er
konfigureret til at bestemme ressourcer for behandlingsstrukturen ved anvendelse af
PUCCH-ressourceindekset.

25. Tradlgs sende- og modtageenhed ifglge krav 24, hvor PUCCH-ressourceindekset
er et PUCCH-ACK/NACK-ressourceindeks.

26. Tradlgs sende- og modtageenhed ifglge krav 24, hvor processoren desuden er
konfigureret til at bestemmme fysiske ressourceblokke konfigurerede til at blive anvendt til
overfarsel pd behandlingsstrukturen i en slids.

27. Tradlgs sende- og modtageenhed ifglge krav 26, hvor slidsen er defineret som ns,
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og hvor fysiske ressourceblokke konfigureret til at blive anvendt ved ns er genereret i

overensstemelse med det fglgende:

YZJ hvis (m +n, mod2)mod2 =0

Nip —1- Y;J hvis (m + n, mod2)mod2 =1

uL o ZL ® / PLCCHJ RE PLCcH
hvor Ves angiver et antal af UL RB’er, " = Mruccu Neo ™ 1+ Nograr og hvor “'sko

NRB
“taiet er et ikke-negativt

er en leengde af spredningskoden anvendt pd en fgrste slids og
heltalligt tal.

28. Tradlgs sende- og modtageenhed ifglge krav 17, hvor seaettet af inputbits omfat-
ter en hybrid automatisk gentagelsesforespgrgsel, HARQ, positiv bekreeftelse, ACK, multi-
plekset med en planlaegningsforespgrgsel.

29. Tradlgs sende- og modtageenhed ifglge krav 17, hvor processoren desuden er
konfigureret til:

at generere referencesignaler konfigureret til at blive overfgrt med mindst
én af de falgende: saettet af inputbits, det kodede saet af outputbits, seettet
af scramblede outputbits og blokken af modulerede symboler pd behand-
lingsstrukturen;

at aflede en cyklisk forskydning for referencesignalerne p3 en bestemt
transmissionsantenne; og

at anvende den cykliske forskydning.

30. Tradlgs sende- og modtageenhed ifslge krav 29, hvor processoren desuden er
konfigureret til: at overfgre mindst én af de falgende: referencesignalerne, og mindst én af
de fglgende: saettet af inputbits, det kodede seet af outputbits, seettet af scramblede out-
putbits og blokken af modulerede symboler ved anvendelse af et udvidet, cyklisk preefiks,
CP.

31. Tradlgs sende- og modtageenhed ifslge krav 17, hvor processoren desuden er
konfigureret til at anvende en ortogonal tidsdomenedaskkode ifglge et forud bestemt
springmgnster.

32. Tradlgs sende- og modtageenhed ifslge krav 17, hvor processoren desuden er

konfigureret til at anvende intensitetsmatchning pa det kodede szt af outputbits.
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