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METHOD AND APPARATUS FOR SENDING FEEDBACK FOR
MULTI-CELL HIGH SPEED DOWNLINK PACKET ACCESS
OPERATIONS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. provisional application
Nos. 61/430,905 filed January 7, 2011, 61/442,052 filed February 11, 2011,
61/480,859 filed April 29, 2011, and 61/522,356 filed August 11, 2011, the

contents of which are hereby incorporated by reference herein.

BACKGROUND

[0002] Wireless technologies continue to evolve to meet the increasing
demand in bandwidth from end users. Recently, as part of the Release 8 of the
Third Generation Partnership Project (3GPP) wideband code division multiple
access (WCDMA) specifications, a new feature allowing simultaneous use of two
high speed downlink packet access (HSDPA) downlink carriers has been
introduced. This new feature improves the bandwidth usage via frequency
diversity and resource pooling. This feature was extended to include the
multiple-input multiple-output (MIMO) function in Release 9 and to four carrier
operations in 3GPP Release 10. For 3GPP Release 11, eight-carrier HSDPA (8C-
HSDPA) has been introduced, which allows up to 8 carriers to operate
simultaneously to achieve a higher downlink throughput.

[0003] The hybrid automatic repeat request (HARQ) acknowledgement
(HARQ-ACK), and the channel quality indication (CQI) (or a precoding control
indication/channel quality indication (PCI/CQI)) to indicate the downlink channel
conditions are transmitted to the network over a high speed dedicated physical
control channel (HS-DPCCH) in the uplink. The structure of the HS-DPCCH 1is
designed to accommodate the need for sending the feedback information via one
uplink for all downlink carriers.

[0004] The introduction of 8 carrier operation poses a challenge to uplink
feedback. If the network 1s transmitting in more than four carriers

simultaneously, a wireless transmit/receive unit (WTRU) needs to be capable of
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acknowledging the data reception for all carriers, and all the data streams if
MIMO 1s configured. Since the MIMO operation may be configured on each
downlink carrier independently, the HS-DPCCH feedback design should be
performed for all possible downlink configurations. Where up to 8 carriers are
allowed to be configured with MIMO, the number of combinations of the positive
acknowledgement (ACK), negative acknowledgement (NACK), and discontinuous
transmission (DTX) states would be 78-1 = 5,764,800 states. The CQI reporting

information 1s also doubled as compared to 4 carrier operation.

SUMMARY
[0005] A wireless transmit/receive unit (WTRU) may generate and send
HARQ-ACK messages and/or CQI or PCI/CQI messages for a plurality of cells via
a plurality of HS-DPCCHs with a spreading factor of 128. Each HARQ-ACK
message may be mapped to two cells and each CQI or PCI/CQI message may be
mapped to one cell. The cells may be remapped to an HARQ-ACK message and a
CQI or PCI/CQI message within an HS-DPCCH on a condition that any cell i1s
activated or deactivated on that HS-DPCCH. A power offset for the HARQ-ACK
message or the CQI or PCI/CQI message on each HS-DPCCH may be determined
independently based on a number of active cells and the MIMO configuration
status on each HS-DPCCH. An HARQ preamble and/or an HARQ postamble
may be transmitted simultaneously on both HS-DPCCHs on a condition that a
condition for transmitting the preamble and/or postamble 1s satisfied on both HS-

DPCCHs.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] A more detailed understanding may be had from the following
description, given by way of example in conjunction with the accompanying
drawings wherein:
[0007] FIG. 1A 1s a system diagram of an example communications system

in which one or more disclosed embodiments may be implemented,;
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[0008] FIG. 1B 1s a system diagram of an example wireless
transmit/receive unit (WTRU) that may be used within the communications
system 1llustrated in FIG. 1A;

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

system 1llustrated in FIG. 1A;

[0010] FIGS. 2-4 show example feedback message formats for an HS-
DPCCH with a spreading factor (SF) of 64;

[0011] FIG. 5 shows an example message format for HS-DPCCHs with an
SF of 128;

[0012] FIG. 6 shows an example physical channel mapping for HARQ-ACK

messages to one HS-DPCCH with SF=64 in accordance with one embodiment;
[0013] FIG. 7 shows an example physical channel mapping for CQI (or
PCI/CQI) messages to one HS-DPCCH with SF=64 in accordance with one
embodiment;

[0014] FIG. 8 shows an example physical channel mapping for HARQ-ACK
messages to two HS-DPCCHs with SF=128 in accordance with one embodiment;
[0015] FIG. 9 shows an example physical channel mapping for CQI (or
PCI/CQI) messages to two HS-DPCCHs with SF=128 in accordance with one
embodiment;

[0016] FIG. 10 shows an example carrier association for one HS-DPCCH
with SF=64, where the CQI reports are transmitted over two sub-frames;
[0017] FIG. 11 shows an example carrier association for two HS-DPCCHs
with SF = 128, where the CQI reports are transmitted over two sub-frames;
[0018] FIG. 12 shows an example message layout format for one HS-
DPCCH with SF of 128 for six cells (6C) without MIMO;

[0019] FIG. 13 shows an example message layout format for one HS-
DPCCH with SF of 128 for three cells (3C) without MIMO;

[0020] FIG. 14 shows an example per-channel carrier association upon

activation/deactivation for two HS-DPCCHs with SF=128;



WO 2012/094639 PCT/US2012/020551

[0021] FIG. 15 shows an example cross-channel carrier association upon
activation/deactivation for two HS-DPCCHs with SF=128; and
[0022] FIG. 16 shows an example HS-DPCCH frame format with SF=128

for 8C-HSDPA 8C/7C special cases.

DETAILED DESCRIPTION

[0023] FIG. 1A 1s 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.

[0024] As shown in FIG. 1A, the communications system 100 may include
wireless transmit/receive units (WTRUs) 102a, 102b, 102¢, 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 i1t will be
appreciated that the disclosed embodiments contemplate any number of WTRUs,
base stations, networks, and/or network elements. Each of the WTRUs 102a,
102b, 102¢, 102d may be any type of device configured to operate and/or
communicate in a wireless environment. By way of example, the WTRUs 102a,
102b, 102¢, 102d may be configured to transmit and/or receive wireless signals
and may include user equipment (UE), a mobile station, a fixed or mobile
subscriber unit, a pager, a cellular telephone, a personal digital assistant (PDA),
a smartphone, a laptop, a netbook, a personal computer, a wireless sensor,

consumer electronics, and the like.
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[0025] 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 eNode B, a Home Node B, a Home eNode B, a site
controller, an access point (AP), a wireless router, and the like. While the base
stations 114a, 114b 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.

[0026] The base station 114a may be part of the RAN 104, which may also
mnclude other base stations and/or network elements (not shown), such as a base
station controller (BSC), a radio network controller (RNC), relay nodes, etc. The
base station 114a and/or the base station 114b may be configured to transmit
and/or receive wireless signals within a particular geographic region, which may
be referred to as a cell (not shown). The cell may further be divided into cell
sectors. For example, the cell associated with the base station 114a may be
divided into three sectors. Thus, in one embodiment, the base station 114a may
mnclude three transceivers, 1.e., one for each sector of the cell. In another
embodiment, the base station 114a may employ multiple-input multiple output
(MIMO) technology and, therefore, may utilize multiple transceivers for each
sector of the cell.

[0027] 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, etc.). The air interface 116 may be
established using any suitable radio access technology (RAT).

[0028] 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
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example, the base station 114a in the RAN 104 and the WTRUs 102a, 102b, 102c
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).

[0029] In another embodiment, the base station 114a and the WTRUs 102a,
102b, 102c 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).

[0030] 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)), CDMAZ2000,
CDMA2000 1X, CDMA2000 EV-DO, Interim Standard 2000 (IS-2000), Interim
Standard 95 (IS-95), Interim Standard 856 (IS-856), Global System for Mobile
communications (GSM), Enhanced Data rates for GSM Evolution (EDGE), GSM
EDGE (GERAN), and the like.

[0031] The base station 114b in FIG. 1A may be a wireless router, Home
Node B, Home eNode B, or access point, for example, and may utilize any
suitable RAT for facilitating wireless connectivity in a localized area, such as a
place of business, a home, a vehicle, a campus, and the like. In one embodiment,
the base station 114b and the WTRUs 102¢, 102d may implement a radio
technology such as IEEE 802.11 to establish a wireless local area network
(WLAN). In another embodiment, the base station 114b and the WTRUs 102c,
102d may implement a radio technology such as IEEE 802.15 to establish a
wireless personal area network (WPAN). In yet another embodiment, the base
station 114b and the WTRUs 102¢, 102d may utilize a cellular-based RAT (e.g.,
WCDMA, CDMA2000, GSM, LTE, LTE-A, etc.) to establish a picocell or
femtocell. As shown in FIG. 1A, the base station 114b may have a direct
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connection to the Internet 110. Thus, the base station 114b may not be required
to access the Internet 110 via the core network 106.

[0032] 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 WIRUs
102a, 102b, 102¢, 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.

[0033] The core network 106 may also serve as a gateway for the WT'RUs
102a, 102b, 102¢, 102d to access the PSTN 108, the Internet 110, and/or other
networks 112. The PSTN 108 may include circuit-switched telephone networks
that provide plain old telephone service (POTS). The Internet 110 may include a
global system of interconnected computer networks and devices that use common
communication protocols, such as the transmission control protocol (TCP), user
datagram protocol (UDP) and the internet protocol (IP) in the TCP/IP internet
protocol suite. The networks 112 may include wired or wireless communications
networks owned and/or operated by other service providers. For example, the
networks 112 may include another core network connected to one or more RANs,
which may employ the same RAT as the RAN 104 or a different RAT.

[0034] Some or all of the WTRUs 102a, 102b, 102c, 102d in the
communications system 100 may include multi-mode capabilities, 1.e., the
WTRUs 102a, 102b, 102¢, 102d may include multiple transceivers for
communicating with different wireless networks over different wireless links.

For example, the WTRU 102c¢ shown in FIG. 1A may be configured to
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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.

[0035] FIG. 1B 1s 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 106, removable memory 132, a
power source 134, a global positioning system (GPS) chipset 136, and other
peripherals 138. It will be appreciated that the WTRU 102 may include any sub-
combination of the foregoing elements while remaining consistent with an
embodiment.

[0036] 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, 1t will
be appreciated that the processor 118 and the transceiver 120 may be integrated
together 1in an electronic package or chip.

[0037] 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
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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.

[0038] In addition, although the transmit/receive element 122 1s 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.

[0039] 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 RATSs, such as UTRA and IEEE 802.11, for example.

[0040] The processor 118 of the WTRU 102 may be coupled to, and may
receive user input data from, the speaker/microphone 124, the keypad 126,
and/or the display/touchpad 128 (e.g., a liquid crystal display (LCD) display unit
or organic light-emitting diode (OLED) display unit). The processor 118 may also
output user data to the speaker/microphone 124, the keypad 126, and/or the
display/touchpad 128. In addition, the processor 118 may access information
from, and store data in, any type of suitable memory, such as the non-removable
memory 106 and/or the removable memory 132. The non-removable memory 106
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).
[0041] 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
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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 (N1Cd), nickel-zinc (NiZn), nickel
metal hydride (N1IMH), lithium-ion (Li-10n), etc.), solar cells, fuel cells, and the
like.

[0042] 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.

[0043] 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.

[0044] FIG. 1C 1s a system diagram of the RAN 104 and the core network
106 according to an embodiment. As noted above, the RAN 104 may employ a
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. As shown in FIG. 1C, the RAN 104 may include Node-Bs 140a,
140b, 140c, which may each include one or more transceivers for communicating

with the WTRUs 102a, 102b, 102¢ over the air interface 116. The Node-Bs 1404,
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140b, 140c may each be associated with a particular cell (not shown) within the
RAN 104. The RAN 104 may also include RNCs 142a, 142b. It will be
appreciated that the RAN 104 may include any number of Node-Bs and RNCs
while remaining consistent with an embodiment.

[0045] As shown in FIG. 1C, the Node-Bs 140a, 140b may be in
communication with the RNC 142a. Additionally, the Node-B 140c may be in
communication with the RNC142b. The Node-Bs 140a, 140b, 140c may
communicate with the respective RNCs 142a, 142b via an Iub interface. The
RNCs 142a, 142b may be in communication with one another via an Iur interface.
Each of the RNCs 142a, 142b may be configured to control the respective Node-
Bs 140a, 140b, 140c to which it 1s connected. In addition, each of the RNCs 142a,
142b may be configured to carry out or support other functionality, such as outer
loop power control, load control, admission control, packet scheduling, handover
control, macrodiversity, security functions, data encryption, and the like.
[0046] The core network 106 shown in FIG. 1C may include a media
gateway (MGW) 144, a mobile switching center (MSC) 146, a serving GPRS
support node (SGSN) 148, and/or a gateway GPRS support node (GGSN) 150.
While each of the foregoing elements 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.

[0047] The RNC 142a in the RAN 104 may be connected to the MSC 146 in
the core network 106 via an IuCS interface. The MSC 146 may be connected to
the MGW 144. The MSC 146 and the MGW 144 may provide the WTRUs 102a,
102b, 102¢ with access to circuit-switched networks, such as the PSTN 108, to
facilitate communications between the WT'RUs 102a, 102b, 102¢ and traditional
land-line communications devices.

[0048] The RNC 142a in the RAN 104 may also be connected to the SGSN
148 in the core network 106 via an IuPS interface. The SGSN 148 may be
connected to the GGSN 150. The SGSN 148 and the GGSN 150 may provide the
WTRUs 102a, 102b, 102¢ with access to packet-switched networks, such as the
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Internet 110, to facilitate communications between and the WTRUs 102a, 102D,
102c and IP-enabled devices.

[0049] As noted above, the core network 106 may also be connected to other
networks 112, which may include other wired or wireless networks that are
owned and/or operated by other service providers.

[0050] Hereafter, the terms “PCI/CQI” and “CQI” may be used
interchangeably, depending on the context, and the terms “cell,” “HS-DSCH cell,”
“frequency,” and “carrier” will be used interchangeably. The HS-DSCH cell may
be a serving HS-DSCH cell or a secondary serving HS-DSCH cell. The terms
“primary serving cell” and “serving HS-DSCH cell” will be used interchangeably,
and the terms “secondary serving cell” and “secondary serving HS-DSCH cell”
will be used interchangeably. The terms “HS-DPCCH1”, “HS-DPCCH” and
“primary HS-DPCCH” may be used interchangeably. The terms “HS-DPCCHZ2”,
“HS-DPCCH?” and “secondary HS-DPCCH” may be used interchangeably. In
MC-HSDPA, Secondary_Cell_Enabled is equal to the number of the configured
secondary serving HS-DSCH cells. When 1t 1s stated that
“Secondary_Cell_Enabled 1s greater than 3,” it may mean 8C-HSDPA.

[0051] The embodiments below will be explained with reference to a case
where a single uplink 1s used for the feedback, and the HARQ-ACK and CQI (or
PCI/CQI) messages are coded and transmitted independently in different time
durations. However, it should be noted that the embodiments are also applicable
to a case where dual or multiple uplinks are used, (e.g., multi-carrier high speed
uplink packet access (HSUPA)). It should also be noted that the embodiments
will be explained with reference to 8C-HSDPA, but the embodiments are
applicable to multi-carrier operations with any number of downlink and uplink
carriers. It should also be noted that the embodiments related to 2 HS-DPCCHs
with SF of 128 for 8C-HSDPA may be applicable to other cases with 2 or more
HS-DPCCHs configured.

[0052] An HS-DPCCH carries HARQ-ACK messages and CQI (or PCI/CQI
in case of MIMO configured) messages. The HS-DPCCH frame structure, when a

WTRU is configured for multiple downlink carrier operations, may be the same
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as the conventional HS-DPCCH frame structure. Each HS-DPCCH sub-frame of
length 2 ms (3%X2560 chips) comprises 3 slots, each of length 2,560 chips.

[0053] In one embodiment, a new HS-DPCCH slot format 1s defined with a
spreading factor (SF) of 64, and one HS-DPCCH with an SF of 64 may be used for
8C-HSDPA. With the SF of 64, the number of available bits of the HS-DPCCH
(assuming the HS-DPCCH uses the same binary phase shift keying (BPSK)
modulation) is doubled per sub-frame as compared to the HS-DPCCH slot format
with SF=128.

[0054] Table 1 shows different HS-DPCCH slot formats. Slot format #2 1s
the HS-DPCCH slot format with SF of 64. Slot format#2 carries 40 bits per slot,
and a total of 120 bits are carried in the HS-DPCCH sub-frame. With slot format
#2, one HS-DPCCH sub-frame may carry four 10-bit HARQ-ACK codewords and
four 20-bit CQI (or PCI/CQI) messages. Slot format #1 carries 20 bits per slot,
and a total of 60 bits are carried in the HS-DPCCH sub-frame. With slot format
#1, one HS-DPCCH sub-frame may carry two 10-bit HARQ-ACK codewords and
two 20-bit CQI (or PCI/CQI) messages.

Slot Channel Channel SF Bits/ Bits/ | Transmitted
Format# | Bit Rate Symbol Subframe | Slot slots per
(kbps) Rate (ksps) Subframe
0 15 15 256 30 10 3
1 30 30 128 60 20 3
2 60 60 64 120 40 3
Table 1
[0055] If more than three secondary serving HS-DSCH cells are configured

(1.e., Secondary_Cell_Enabled > 3), the HS-DPCCH slot format #2 may be used.
If Secondary_Cell_Enabled is 4, 5, 6, or 7 and MIMO 1s not configured in any cell,
the HS-DPCCH slot format #1 may be used. Alternatively, the WTRU may use
the HS-DPCCH slot format #1 whenever it 1s configured (by RRC) with more
than three secondary serving HS-DSCH cells (i.e., Secondary_Cell_Enabled > 3).
[0056] With some exceptions for special cases, the cells are paired and
HARQ-ACK status, (i.e., either positive ACK or negative ACK), for a pair of cells
18-
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are jointly encoded, and the CQI or PCI/CQI 1s independently encoded for each
cell. For 8C-HSDPA, up to 4 jointly encoded HARQ-ACK messages and 8 CQI (or
PCI/CQI) messages may be generated.

[0057] The HARQ-ACK messages and the CQI (or PCI/CQI) messages may
be grouped separately and placed in different time sections in an HS-DPCCH
sub-frame. FIG. 2 shows an example feedback message format in accordance
with one embodiment. The first time slot 202 of the HS-DPCCH sub-frame may
be assigned for the HARQ-ACK messages, which contains 4 encoded HARQ-ACK
messages (1.e., codewords) concatenated in time, and the remaining two time
slots 204, 206 in the HS-DPCCH sub-frame may be allocated to carry the encoded
CQI (or PCI/CQI) messages. Four sets of HARQ-ACK messages and four sets of
CQI (or PCI/CQI) messages are transmitted over an HS-DPCCH sub-frame. The
HARQ-ACK messages and the CQI (or PCI/CQI) messages are concatenated in
time (1.e., time division multiplexed in transmission).

[0058] Alternatively, each half of the sub-frame may include two HARQ-
ACK messages and two CQI (or PCI/CQI) messages, as shown in FIG. 3.
Alternatively, each set of the HARQ-ACK and CQI (or PCI/CQI) feedback
messages may be arranged sequentially, as shown in FIG. 4.

[0059] In FIGS. 2-4, each set of the feedback messages comprises an
HARQ-ACK message and a CQI (or PCI/CQI) message. For example, the first set
of feedback message contains A/N1 of 10 bits and CQI1 (or PCI/CQI1) of 20 bits.
It should be noted that the HARQ-ACK message and the CQI (or PCI/CQI)
message may not necessarily be tied each other in the same set or to a particular
carrier, and the numbering of the feedback message set may not necessarily
indicate the association with a particular carrier throughout the embodiments
below.

[0060] In another embodiment, two HS-DPCCH physical channel(s) with
SF of 128 (i.e., slot format #1) may be used to support the uplink feedback for up
to 8 carriers. The two HS-DPCCHs may use the same or different channelization

codes in the same uplink carrier (e.g., the primary uplink frequency) if single or

dual carrier uplink operation (1.e., SC-HSUPA or DC-HSUPA) 1s supported.
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Therefore, in MC-HSDPA, there may be one HS-DPCCH on each radio link if
Secondary_Cell_Enabled < 4 and two HS-DPCCHs otherwise. If two HS-
DPCCHs are transmitted, they may have same timing. FIG. 5 shows an example
message layout format for the HS-DPCCH with SF of 128, where HS-DPCCH1
and HS-DPCCH2 are the physical channels using the same or separate
channelization codes of SF=128. Each HS-DPCCH may carry two sets of HARQ-
ACK and CQI (or PCI/CQI) messages. On HS-DPCCH1, A/N1 and A/N2 are
carried on a first time slot 502, PCI/CQI1 1s carried on a second time slot 504,
and PCI/CQI2 1s carried on a third time slot 506 . On HS-DPCCHZ2, A/N3 and
A/N4 are carried on a first time slot 502, PCI/CQI3 1is carried on a second time
slot 504, and PCI/CQI4 is carried on a third time slot 506. The two HS-DPCCHs
may be carried on separate uplink carriers if dual (or multi) carrier uplink
operation 1s supported, where there may be one HS-DPCCH on each uplink
frequency.

[0061] If one HS-DPCCH with SF of 64 (1.e., slot format #2) 1s used, the
HS-DPCCH may be mapped to a quadrature (Q) branch when Nmax-dpdach (1.€., the
maximum number of dedicated physical data channel) is configured to O or 1, and
the channelization code may be allocated as shown in Table 2 or 3. Tables 2 and
3 show an example channelization code allocation for HS-DPCCH for different
slot formats. Cehxy means a y-th channelization code in an orthogonal variable

spreading factor (OVSF) code tree with an SF of x.
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Channelization code Chs
Nmax-dpdeh | HS-DPCCH slot HS-DPCCH HS-DPCCH slot
format #0 slot format #1 format #2

0 Cen,256,33 Ceh, 128,16 Ceh,64,8

1 Cen,256.64 Ceh, 128,32 Cen, 64,16
2,4,6 Cen256.1 N/A N/A
3,5 Cen,256,32 N/A N/A

Table 2
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Channelization code Chs
Nmax-dpdech HS-DPCCH HS-DPCCH HS-DPCCH
slot format #0 | slot format#1 | slot format #2

0 Cen,256,33 Cen, 128,16 Ceh,64,9

1 Cen,256.64 Cen, 128,32 Cen,64,17
2,4,6 Cen,256,1 N/A N/A
3,5 Cen,256,32 N/A N/A

Table 3

[0062] Alternatively, the HS-DPCCH with SF of 64 may be mapped to an
in-phase (I) branch when Nmax-dpdeh 18 configured to O or 1, and the channelization
code may be defined as Ceh,64,3.

[0063] If two HS-DPCCHs with SF of 128 (HS-DPCCH1 and HS-DPCCH2)
are used 1in 8C-HSDPA, the two HS-DPCCHs may be mapped to the same or
different I/Q branches. In one embodiment, HS-DPCCH1 and HS-DPCCH2 may
be mapped to Q/I or I/Q branches, respectively, on the same channelization code
by using HS-DPCCH slot format #1 as defined in Table 1. HS-DPCCH1 and HS-
DPCCH2 may be mapped to Q/I branches (i.e., Q/I multiplexed) or I/Q branches
with the same channelization code as follows: when Nmaxdpdch = 0, the
channelization code may be (Ceh, 12816, Cen,128.16), and when Nmax.dpdeh = 1, the
channelization code may be (Ccn, 128,16, Cen,128,16). (Cen,128,x, Cen,128,y) denotes a pair of
channelization codes selected for dual HS-DPCCHs with SF=128 (1.e., HS-
DPCCH slot format #1 in Table 1), where C ch 128 x1s the channelization code used
for HS-DPCCH1 and Ceh,128y 1s the channelization code used for HS-DPCCH2.
Alternatively, HS-DPCCH1 and HS-DPCCH2 may be mapped to Q and I
branches, respectively with the same channelization code as follows: when Npyax-
dpdeh = 0, the channelization code may be (Ceh, 128,16, Cen,128,16), and when Nmax-dpdch =
1, the channelization code may be (Cecn 128,32, Ceh,128.32).

[0064] In another embodiment, HS-DPCCH1 and HS-DPCCH2 may be
mapped to Q/I or I/Q branches on different channelization codes. For example,
when Nmaxdpdeh = 1, HS-DPCCH1 may be mapped to Q branch with

channelization code Ceni2833 (Or Ceni12s,32, Or Cen12s,31 or Cen12s,35) while HS-

DPCCH2 may be mapped to I branch with channelization code Cen12s,16.
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Alternatively, when Nmax-dpach = 1, HS-DPCCH1 may be mapped to I branch with
channelization code Cen, 128,16 while HS-DPCCH2 may be mapped to Q branch with
channelization code Cch 125833

[0065] Alternatively, HS-DPCCH1 and HS-DPCCHZ2 may be mapped to Q
and I branches, respectively, with a pair of the same or different channelization
codes as follows: when Nmax-dpaeh = 0, channelization codes may be (Cch, 128,16,
Ceh,128,16), and when Nmax-apach = 1,channelization codes may be (Cen, 128,35, Cen,128,16),
(Ceh, 128,34, Ceh,128,16), (Ceh,128,33, Cen,128,16), O (Ceh, 128,32, Ceh,128,16).

[0066] Alternatively, HS-DPCCH1 and HS-DPCCH2 may be mapped to I
and Q branches, respectively, with a pair of different channelization codes as
follows: when Nmax-apdech = 0, channelization codes may be (Cen, 128,16, Cen,128,16), and
when Nmax-dpach = 1, channelization codes may be (Cen 128,16, Ceh,128,33).

[0067] In still another embodiment, HS-DPCCH1 and HS-DPCCH2 may be
mapped to the same branch, (e.g., Q branch or I branch), on different
channelization codes. Both HS-DPCCH1 and HS-DPCCH2 may be mapped to
the Q branch with a pair of different channelization codes as follows: when Nmax.
dpdeh = O, channelization codes may be (Cch,12822, Ceh,128,6), (Ceh,128,23, Ceh,128,7), Or
(Ceh,128,29, Cen,128,18), and when Nmax-dpdeh = 1, channelization codes may be (Cen, 12,19,
Cen,128,51) OF (Cen, 128,20, Ceh,128,52).

[0068] Alternatively, both HS-DPCCH1 and HS-DPCCH2 may be mapped
to I branch with a pair of different channelization codes as follows: when Nmyax
dpdech = 0, the pair of channelization codes may be (Ceh, 12824, Cen1288), and when
Nmax-dpach = 1, the pair of channelization codes may be (Ceh, 128,20, Cen,128,4), (Ceh, 1289,
Cen,128.25), (Ceh,128,11, Cen,128,26), 0F (Cen,128,3, Ceh,128,19).

[0069] In 8C-HSDPA, some of the configured cells (i.e., carriers) may be
dynamically activated and deactivated by the network or autonomously activated
and deactivated by the WTRU. When dual channelization codes with SF=128 are
used for the 8C-HSDPA, (.e., (Ccn128x, Cen,128y) are channelization codes used for
HS-DPCCH1 and HS-DPCCHZ2, respectively), if no more than four cells are active
upon activation or deactivation, one HS-DPCCH with SF=128 may be used, and
the channelization code for the HS-DPCCH may be Cehizsx or Ceni2sy.
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Alternatively, the channelization code may be Cecn 12816 when Nmax-dpdeh = 0 and
Cen.128.32 when Nmax dpdch = 1.

[0070] Upon activation or deactivation, if no more than two cells are active
or 3 cells are active but MIMO 1s not configured in any cell, one HS-DPCCH with
SF=256 may be used, and the channelization code for the HS-DPCCH may be
allocated as 1in Table 2, (slot format #0). When 5 cells (5C) or 6 cells (6C) are
active and MIMO is not configured in any cell, one HS-DPCCH with SF=128 may
be used, and the channelization code for the HS-DPCCH may be selected from
one of the embodiments disclosed above.

[0071] FIG. 6 shows an example physical channel mapping for HARQ-ACK
messages to one HS-DPCCH with SF=64 in accordance with one embodiment.
The HARQ-ACK messages (HARQ-ACK1 ~ HARQ-ACK4) are channel coded
(602) (1.e., a 10-bit codeword 1is selected for each HARQ-ACK message from the
codebook) and the codewords are concatenated (604) as follows:

(Wo W) e Wy Wig oo Wigers Wageoo Wig )=
(ackl0 ackl, ...ackly ack2, ack2,...ack2, ack3, ack3, ...ack3, ack4, ack4, ...ack4, )

The concatenated codewords are mapped to physical channel(s) (606) and
transmitted over the air in an ascending order, (or alternatively in a descending
order).
[0072] FIG. 7 shows an example physical channel mapping for CQI (or
PCI/CQI) messages to one HS-DPCCH with SF=64 in accordance with one
embodiment. The CQI messages in non-MIMO (or type A or type B PCI/CQI
messages in MIMO) are channel coded (702), and the channel coded bits are
concatenated (704) as follows:

(By By -ve Bro bag by by by o Dig by .. by )=

(cqil0 cqil,...cqily cqil cqi2,...cqi2,, cqi3, cqi3, ...cqi3,, cqid, cqid, ...cqid,, )

The concatenated bits are mapped to physical channel(s) (706) and transmitted
over the air in an ascending order, (or alternatively in a descending order).

[0073] FIG. 8 shows an example physical channel mapping for HARQ-ACK
messages to two HS-DPCCHs with SF=128 in accordance with one embodiment.

The HS-DPCCHs may operate with four sets of feedback messages as disclosed in
18-
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FIG. 5. FIG. 8 shows mapping of HARQ-ACK3 and HARQ-ACK4 messages to
HS-DPCCH2 only for simplicity, and the same processing may be performed for
HARQ-ACK1 and HARQ-ACK2 messages. The HARQ-ACK messages (HARQ-
ACK3 and HARQ-ACK4 in FIG. 8) are channel coded (802) (1.e., a 10-bit
codeword 1s selected for each HARQ-ACK message from the codebook) and the
codewords are concatenated (804) as follows:

(WO Wy oo Wy Wio W wlg): (ack30 ack3, ..ack3, ack4, ack4, ...ack4, )

The concatenated bits are mapped to physical channel(s) (806) and transmitted
over the air in an ascending order, (or alternatively in a descending order).
[0074] FIG. 9 shows an example physical channel mapping for CQI (or
PCI/CQI) messages to two HS-DPCCHs with SF=128 in accordance with one
embodiment. The HS-DPCCHs may operate with four sets of the feedback
messages as shown in FIG. 5. FIG. 9 shows mapping of CQI3 (or PCI/CQI3) and
CQI4 (or PCI/CQI4) messages to HS-DPCCH2 only for simplicity, and the same
processing may be performed for CQI1 (or PCI/CQI1) and CQI2 (or PCI/CQI2)
messages. The CQI (or PCI/CQI) messages (CQI3 (or PCI/CQI3) and CQI4 (or
PCI/CQI4) in this example) are channel coded (902) and the channel coded bits
are concatenated (904) as follows:

(bo b ... by by b, ... by, )z (cqi30 cqi3, ...cqi3,, cqid, cqi4, ...cqi4,, )

The concatenated bits are mapped to physical channel(s) (906) and transmitted
over the air in an ascending order, (or alternatively in a descending order).
[0075] Embodiments for association between a feedback message (either
HARQ-ACK or CQI (or PCI/CQI) message) and the corresponding downlink HS-
DSCH carriers (or cells) are disclosed hereafter.

[0076] A WTRU is configured by the network via RRC signaling with a
serving HS-DSCH cell and up to seven secondary serving HS-DSCH cells. The
eight downlink serving cells may be grouped by pair. The HARQ-ACK states
(1.e., ACK or NACK states) for each pair of cells are combined to form an HARQ-
ACK message, denoted by HARQ-ACKn, where n=1,2,3,4. Table 4 shows an
example association of the HARQ-ACK messages to the serving cells. Each of the
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HARQ-ACK messages may be placed under two serving cells, representing the
fact that the HARQ-ACK feedbacks for these two cells are combined into the
corresponding HARQ-ACK message.

1st 2nd Jrd 4th bth 6th Tth
Serving | Secondary | Secondary | Secondary | Secondary | Secondary | Secondary | Secondary
HS- Serving Serving Serving Serving Serving Serving Serving
DSCH | HS-DSCH | HS-DSCH | HS-DSCH | HS-DSCH | HS-DSCH | HS-DSCH | HS-DSCH
cell cell cell cell cell cell cell cell
HARQ-ACK1 HARQ-ACK2 HARQ-ACK3 HARQ-ACK4
Table 4
[0077] For CQI reporting, (20,7/10) or (20,5) Reed Muller coding may be

used to encode the CQI (or PCI/CQI) messages, (i.e., the CQI or PCI/CQI values
are mapped to 5, 7, or 10 bits of CQI (or PCI/CQI) messages, and the CQI (or
PCI/CQI) messages are encoded by (20,7/10) or (20,5) coding to 20 bits). The CQI
(or PCI/CQI) information for each cell may be encoded individually and
independently. Therefore, up to 8 CQI (or PCI/CQI) messages are generated for
the cells, which would not fit in one HS-DPCCH sub-frame as it supports
maximum 4 CQI (or PCI/CQI) messages as seen in FIGS. 2-5. Some (e.g., 4) CQI
(or PCI/CQI) messages may be transmitted in a different HS-DPCCH sub-frame,
which will lead to the minimum CQI feedback cycle equal to or greater than two
sub-frames (4 ms). Table 5 shows an example association of serving cells to the
CQI (or PCI/CQI) messages 1n accordance with one embodiment, where the
second PCI/CQI report 1s transmitted in a different sub-frame from the first
PCI/CQI report. The two related HS-DPCCH sub-frames may or may not be

consecutive in time, depending on the CQI feedback cycle or other network
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settings.
1st Serving HS- 2rS1d Sgcondary 4th Sgcondary 6th Sgcondary
PCL/CQI DSCH cell erving HS- Serving HS- Serving HS-
DSCH cell DSCH cell DSCH cell
report PCI/CQI 1 PCI/CQI 2 PCI/CQI 3 PCI/CQI 4
ond 1st Sgcondary 3rd Sgcondary 5th Sgcondary 7th Sgcondary
PCI/CQI Serving HS- Serving HS- Serving HS- Serving HS-
DSCH cell DSCH cell DSCH cell DSCH cell
report PCI/CQI 1 PCI/CQI 2 PCI/CQI 3 PCI/CQI 4
Table 5
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[0078] FIG. 10 shows the carrier association for one HS-DPCCH with
SF=64, where the CQI (or PCI/CQI) reports are transmitted over two sub-frames
1n accordance with the association examples above (Tables 4 and 5). CO refers to
the serving HS-DSCH cell, C1 refers to the first secondary serving HS-DSCH
cell, C2 refers to the second secondary serving HS-DSCH cell, and so on. A/N1
through A/N4 for CO through C8 are transmitted on first time slots 1002, 1008 of
the subframe 1 and subframe 2, and a first CQI (or PCI/CQI) report for cells CO,
C2, C4, and C6 are transmitted on second and third time slots 1004, 1006 of
subframe 1, and a second CQI (or PCI/CQI) report for cells C1, C3, C5, and C7
are transmitted on second and third time slots 1010, 1012 of subframe 2.
[0079] FIG. 11 shows the carrier association for two HS-DPCCHs with SF =
128, where the CQI (or PCI/CQI) reports are transmitted over two sub-frames in
accordance with the association examples above (Tables 4 and 5). A/N1 through
A/N4 for CO through C8 are transmitted on first time slots 1102, 1108 of the
subframe 1 and subframe 2 on HS-DPCCH1 and HS-DPCCHZ2, and a first CQI
(or PCI/CQI) report for cells CO, C2, C4, and C6 are transmitted on second and
third time slots 1104, 1106 of subframe 1 on HS-DPCCH1 and HS-DPCCHZ2, and
a second CQI (or PCI/CQI) report for cells C1, C3, C5, and C7 are transmitted on
second and third time slots 1110, 1112 of subframe 2 on HS-DPCCH1 and HS-
DPCCH2.

[0080] Embodiments for carrier association to the HARQ-ACK messages
upon activation/deactivation of the carriers are disclosed hereafter. Some of the
configured cells may be dynamically activated and deactivated by the network, or
a WTRU may not be configured with all 8 carriers. When a secondary serving
cell 1s not active, there is no HARQ-ACK and CQI (or PCI/CQI) information to be
sent with respect to that inactive secondary serving cell. If secondary serving
cells in a pair associated with a particular HARQ-ACK message are both
deactivated, no transmission of any signal to the air may occur over the
corresponding time interval.

[0081] In case one HS-DPCCH with SF = 64 1s configured, since with SF =
64, four HARQ-ACK messages may be allocated to a time slot (e.g., time slot 202
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as shown in FIG. 2), a non-full-slot transmission may occur if each individual
HARQ-ACK message (i.e., any one of A/N1-A/N4 in FIG. 2) 1s allowed to be
discontinuously transmitted (DTXed), (i.e., the corresponding HARQ-ACK section
of the slot 1s not transmitted).

[0082] In one embodiment, in order to avoid the non-full-slot transmission
for the HARQ-ACK slots when one HS-DPCCH with SF=64 1s configured, the
carrier association to the HARQ-ACK messages may be dynamically updated
depending on the carrier activation/deactivation status. A carrier, (i.e., a serving
cell), may be remapped to a different HARQ-ACK message if activation or
deactivation of a cell(s) occurs. The dynamic carrier association may be
performed in such way that empty HARQ-ACK message slots are made available
as much as possible and after the remapping, the empty HARQ-ACK message
slots may be filled by repeating other HARQ-ACK messages to increase
redundancy and improving transmission reliability.

[0083] Whenever an activation or deactivation of a serving cell (or cells)
occurs, the remaining active serving cells may be reordered, for example,
according to their labels in an ascending or descending order (e.g., the serving
HS-DSCH cell is labeled 0th). The ordered serving cells are grouped by pair. The
last pair is allowed to contain only one serving cell if the number of active cells is
odd. The HARQ-ACK states of each pair of the cells are combined and assigned
to one of the HARQ-ACK messages.

[0084] Repetition of the HARQ-ACK information may be performed
depending on the number of active secondary serving cells. If the number of
active cells 1s 1 or 2 (i.e., Secondary_Cell_Active = 0 or 1), HARQ-ACK1 1s
prepared and repeated across all other three HARQ-ACK messages. If the
number of active cells 1s 3 or 4 (i.e., Secondary_Cell_Active = 2 or 3), HARQ-
ACK1 and HARQ-ACK2 are prepared and may be repeated in HARQ-ACK3 and
HARQ-ACK4, respectively. If the number of active cells 1s 5 or 6 (.e.,
Secondary_Cell_Active = 4 or 5), HARQ-ACK1, HARQ-ACK2, and HARQ-ACK3
are prepared, and one of them 1s repeated in HARQ-ACK4. In this case, HARQ-
ACK1 may be repeated where a serving HS-DSCH cell is supported.
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Alternatively, HARQ-ACK1 to HARQ-ACKS3 may be repeated in a time division
multiplexing (TDM) fashion. Alternatively, one of HARQ-ACK2 or HARQ-ACK3
may be repeated.

[0085] Table 6 shows an example dynamic carrier association in accordance
with one embodiment. Denote CO as the serving HS-DSCH cell, and C1, ..., Cn
(where n=Secondary_Cell_Active) as the active secondary serving HS-DSCH cells
after relabeling according to one of the above reordering and remapping
embodiments. For example, if the first and fourth secondary serving cells remain
active after carrier deactivation, C1 becomes the first secondary serving cell, and

C2 becomes the fourth secondary serving cell.

: HARQ- HARQ- HARQ- HARQ-
Secondary_Cell_Active A CK? ACK% ACK% A CKCZE
0 Co Co Co Co
1 Co/C1 Co/C1 Co/C1 Co/C1
2 Co/C1 C2 Co/C1 C2
3 Co/C1 C2/C3 Co/C1 C2/C3
4 Co/C1 C2/C3 C4 Co/C1
5 Co/C1 C2/C3 C4/C5 Co/C1
6 Co/C1 C2/C3 C4/C5 Ce
7 Co/C1 C2/C3 C4/C5 Coe/C7
Table 6
[0086] Table 7 shows another example of dynamic carrier association. In

this example, more emphasis of reliability is placed on the serving HS-DSCH cell
(CO). Alternatively, any rows in Table 6 and Table 7 may be combined to form a

new table for the carrier association.

HARQ- HARQ- HARQ- HARQ-
Secondary_Cell_Active ACK1 ACK2 ACK3 ACK4
0 CO CO CO CO
1 Co/C1 Co/C1 Co/C1 Co/C1
2 CO C1/C2 CO C1/C2
3 Co/C1 C2/C3 Co/C1 C2/C3
4 CO C1/C2 C3/C4 CO
5 Co/C1 C2/C3 C4/C5 Co/C1
6 CO C1/C2 C3/C4 C5/C6
7 Co/C1 C2/C3 C4/C5 Ce6/C7
Table 7
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[0087] In another embodiment, the configured serving cells may be divided
into two groups and dynamic carrier association may be performed within the
group. For example, the serving cells in the first group are associated or
remapped to HARQ-ACK1 and HARQ-ACK2, and serving cells in the second
group are associated or remapped to HARQ-ACK3 and HARQ-ACK4. If an
HARQ-ACK message in one group 1s empty because there 1s not enough active
serving cells associated with it, the other HARQ-ACK message within the group
may be repeated for that empty HARQ-ACK message. If the entire group i1s
empty, the HARQ-ACK messages of the other group may be repeated in the
HARQ-ACK messages of the empty group.

[0088] Table 8 shows an example dynamic carrier association in accordance
with this embodiment. Denote CO as the primary serving cell (i.e., serving HS-
DSCH cell), C11, C12, ..., Cln, n=1,2,3, as the active secondary cells (i.e.,
secondary HS-DSCH cells) in group 1, and C21, C22, ..., C2m, m=1,2,3,4, as the
active secondary cells in group 2. In Table 8, Seconary_Cell_Activel 1s the

number of the active secondary serving cells i1n group 1 and

Seconary_Cell_Active2 is the number of the active secondary serving cells in

group 2.

Secondary_ | Secondary_ | Secondary_ | HARQ- | HARQ- | HARQ- | HARQ-

Cell_Active | Cell_Activel | Cell_Active2 | ACK1 ACK2 ACK3 ACK4
0 0 0 Co Co Co Co
1 0 1 CO0 CO0 C21 C21
2 0 2 CO CO C21/C22 | C21/C22
3 0 3 CO0 CO0 C21/C22 C23
4 0 4 CO CO C21/C22 | C23/C24
1 1 0 Co/C11 | Co/C11 Cco/C11 | Co/C11
2 1 1 Co/C11 | C0/C11 C21 C21
3 1 2 Co/C11 | Co/C11 | C21/C22 | C21/C22
4 1 3 Co/C11 | C0o/C11 | C21/C22 C23
5 1 4 Co/C11 | Co/C11 | C21/C22 | C23/C24
2 2 0 Co/C11 C12 Co/C11 C12
3 2 1 Co/C11 C12 C21 C21
4 2 2 Co/C11 C12 C21/C22 | C21/C22
5 2 3 Co/C11 C12 C21/C22 C23
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6 2 4 Co/C11 C12 C21/C22 | C23/C24
3 3 0 Co/C11 | C12/C13 | CO/C11 | C12/C13
4 3 1 Co/C11 | C12/C13 C21 C21
5 3 2 C0/C11 | C12/C13 | C21/C22 | C21/C22
6 3 3 Co/C11 | C12/C13 | C21/C22 C23
7 3 4 C0/C11 | C12/C13 | C21/C22 | C23/C24
Table 8
[0089] Table 9 shows another example dynamic carrier association. Inthis

example, HARQ1 and HARQZ2 are allowed for more single carrier configuration.

Alternatively, any rows in Table 8 and Table 9 may be combined to form a new

carrier association table.

Secondary_ | Secondary_

Secondar : Y- | HARQ- | HARQ- | HARQ- | HARQ-

Cell Active Ceu—‘i‘“we Ce“—‘;‘cme ACK? ACKQz ACK% ACK%
0 0 0 o o o o
1 0 1 o o C21 C21
2 0 2 o Co | C21/C22 | C21/C22
3 0 3 o o C21 | C22/C23
4 0 4 o Co | C21/C22 | C23/C24
1 1 0 CO/C11 | CO/C11 | CO/C11 | Co/Clt
2 1 1 C0/C11 | Co/C11 | C21 C21
3 1 2 CO/C11 | CO/C11 | C21/C22 | C21/C22
1 1 3 CO/C11 | CO/C11 | C21 | C22/C23
5 1 1 CO/C11 | CO/C11 | C21/C22 | C23/C24
2 2 0 Co | C11/Clz]| Co/Cil | C12
3 2 1 co | ciu/ciz| C21 C21
1 2 2 CO | C11/C12 | C21/C22 | C21/C22
5 2 3 Co | C11/Clz| C21 | C22/C23
6 2 1 CO | C11/C12 | C21/C22 | C23/C24
3 3 0 CO/C11 | C12/C13 | CO/C11 | C12/C13
1 3 1 CO/C11 | C12/C13| C21 C21
5 3 2 CO/C11 | C12/C13 | C21/C22 | C21/C22
6 3 3 CO/C11 | C12/C13| C21 | C22/C23
7 3 1 CO/C11 | C12/C13 | C21/C22 | C23/C24

Table 9
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[0090] In another embodiment, the carrier association may be made semi-
dynamic by not allowing remapping. When a secondary serving cell is active, its
association to an HARQ-ACK message may not change once it 1s configured by
the network. When all the secondary serving cells assigned to the same HARQ-
ACK message are deactivated, the corresponding HARQ-ACK field may not have
signal to transmit, leading to a non-full-slot transmission. The non-full-slot
transmission may be avoided by repeating transmission of other HARQ-ACK
messages. For example, HARQ-ACK1 (associated with the serving HS-DSCH
cell) may be repeated if there is no HARQ-ACK message associated to any of the
active serving cells because they are either deactivated or not configured.
[0091] In another embodiment, the carrier association may be fixed, and no
remapping and repeating may be performed upon activation/deactivation of the
secondary serving cells. If both cells supported by an HARQ-ACK message are
deactivated or not configured, the non-full-slot transmission may be avoided by
sending a DTX codeword.

[0092] In a case where two HS-DPCCHs with SF of 128 are used, two
HARQ-ACK fields are included in the first time slot of the HS-DPCCH sub-frame
on HS-DPCCH1 and HS-DPCCH2 as shown in FIG. 5. A half-slot transmission
may occur if any individual HARQ-ACK message 1s allowed to be DTXed. In
order to avoid the non-full-slot transmission for HARQ-ACK field when two HS-
DPCCHs with SF = 128 are configured, per-channel remapping and/or repetition
may be performed upon activation/deactivation of any secondary serving HS-
DSCH cell, (i.e., remapping and/or repetition may be independently performed
within each HS-DPCCH, either HS-DPCCH1 or HS-DPCCH2) so that the HARQ-
ACK information associated with the serving HS-DSCH cell, the 1st, 2nd, and 3rd
secondary serving HS-DSCH cells may always be transmitted on HS-DPCCH1
and the HARQ-ACK information associated with the 4th, 5th gth, and 7th
secondary serving HS-DSCH cells may be transmitted on HS-DPCCHZ2 whenever
they needs to be transmitted (i.e., no remapping of HARQ-ACK between two HS-
DPCCHs). More specifically, the secondary HS-DPCCH which is the other HS-
DPCCH not associated with the serving HS-DSCH cell (e.g., HS-DPCCH2 as
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shown in FIG. 11) may follow the remapping and repetition rule upon
activation/deactivation below.

[0093] In a case of 4 active cells in the secondary HS-DPCCH (HS-
DPCCH2), neither remapping nor repeating 1s needed. The two HARQ-ACK
messages (each HARQ-ACK message corresponds to a pair of cells) are encoded
and concatenated into the same slot in a pre-defined order (e.g., in ascending
order or alternatively in descending order with respect to the numbering of active
carriers). For example, HARQ-ACK3 may comprise the HARQ acknowledgement
messages for the pair of the fourth secondary serving HS-DSCH cell and the fifth
secondary serving HS-DSCH cell in that order and HARQ-ACK4 may comprise
the HARQ acknowledgement messages for the pair of the sixth secondary serving
HS-DSCH cell and the seventh secondary serving HS-DSCH cell in that order.
[0094] In a case of 3 activated cells in the secondary HS-DPCCH, HARQ-
ACK messages are transmitted in the same way as the case of 4 activated cells
except a DTX message 1s transmitted in place of the deactivated secondary
serving cell. In this case, carrier association remapping may or may not be
performed and no repeating is needed.

[0095] In a case of 2 activated cells in the secondary HS-DPCCH, the
HARQ-ACK message for a pair of the secondary serving HS-DSCH cells with a
lowest index as indicated by higher layers and the other activated secondary
serving HS-DSCH cell in that order are jointly encoded and repeated to fill the
whole HARQ-ACK slot of the HS-DPCCH subframe.

[0096] In a case of 1 activated cell in the secondary HS-DPCCH, the
HARQ-ACK message for the active cell is jointly coded with DTX and repeated to
fill the whole HARQ-ACK slot of the HS-DPCCH subframe.

[0097] In a case of 0 activated cells in the secondary HS-DPCCH, the whole
HARQ-ACK slot in the HS-DPCCH sub-frame may be DTXed or filled (and
repeated) with a DTX codeword (1.e., D/D). If the WTRU does not detect HS-
SCCH for any of the cells whose HARQ-ACK information is mapped to the same
HS-DPCCH but at least one HS-SCCH 1s detected for a cell whose HARQ-ACK
information is mapped to the other HS-DPCCH, then the WTRU may repeat the
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DTX codeword in the HARQ-ACK field of the HS-DPCCH for which it did not
detect any HS-SCCH transmissions.

[0098] In another embodiment, cross-channel remapping and repetition
may be performed upon activation or deactivation of any serving cell, (i.e., carrier
association remapping and/or repetition may be performed across the two HS-
DPCCHs (HS-DPCCH1 and HS-DPCCHZ2). If the number of active serving cells is
1 (i.e., Secondary_Cell_Active=0), the HARQ-ACK status information for the
serving HS-DSCH cell 1s jointly coded with DTX and repeated to fill the whole
HARQ-ACK slot in HS-DPCCH1 while HS-DPCCH2 is DTXed. If the number of
active serving cells 1s 2 (1.e., Secondary_Cell_Active = 1), the HARQ-ACK status
information for the serving HS-DSCH cell and the active secondary serving HS-
DSCH cell are jointly encoded and repeated to fill the whole HARQ-ACK slot in
HS-DPCCH1 while HS-DPCCH2 1s DTXed. If the number of active serving cells
1s 3 or 4, (le., Secondary_Cell Active = 2 or 3), the HARQ-ACK status
information for the three or four serving cells are remapped and regrouped for
HARQ-ACK1 and HARQ-ACK2, which fill the whole HARQ-ACK slot in HS-
DPCCH1 while HS-DPCCHZ2 1s DTXed. If the number of active serving cells1s 5
or more, (1.e., Secondary_Cell_Active > 3), the HARQ-ACK status information for
the four active cells (including the serving HS-DSCH cell) may be regrouped and
remapped to HARQ-ACK1 and HARQ-ACKZ2, which fill the whole HARQ-ACK
slot in HS-DPCCH1, and the remaining active secondary serving cells may be
remapped to HARQ-ACK3 (and HARQ-ACK4 if necessary), and repeated if
necessary, to fill the HARQ-ACK slot in HS-DPCCH2.

[0099] In a special case where the number of active serving cells 1s three to
six and MIMO 1s not configured in any cell, three cells may be grouped into one
group and the remaining cells may be grouped into another group. The HARQ-
ACK status information in each group (up to 3) may be jointly encoded,
respectively, in accordance with the coding scheme for the 3C without MIMO,
and the two HARQ-ACK codewords may fill the HARQ-ACK slot of one HS-
DPCCH with SF of 128.
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[0100] FIG. 12 shows an example message layout format for one HS-
DPCCH with SF of 128 for 6C without MIMO. A/N1 for CO through C2 and A/N2
for C3 through C5 are transmitted on first time slots 1202, 1208 of the subframe
1 and subframe 2, respectively, and a first CQI report for cells CO and C3 are
transmitted on second and third time slots 1204, 1206 of subframe 1,
respectively, and a second CQI report for cells C1+C2 and C4+C5 are transmitted
on second and third time slots 1210, 1212 of subframe 2, respectively.

[0101] In another special case where the number of active serving cells 1s
three, the active cells are grouped into one group and the HARQ-ACK status
information for the three cells 1s jointly encoded in accordance with the coding
scheme for the 3C without MIMO, and then the codeword is repeated to fill-in the
whole HARQ-ACK slot of one HS-DPCCH with SF of 128.

[0102] FIG. 13 shows an example message layout format for one HS-
DPCCH with SF of 128 for 3C without MIMO. A/N for CO through C21s repeated
on a first time slot 1302, 1308 of the subframe 1 and subframe 2, respectively,
and a first CQI report for CO 1s transmitted (repeated) on second and third time
slots 1304, 1306 of subframe 1, and a second CQI report for C1 and C2 1s
transmitted (repeated) on second and third time slots 1310, 1312 of subframe 2.
[0103] Alternatively, remapping may not be allowed but repeating may be
allowed when 2 HS-DPCCHs with SF of 128 are used. When a secondary serving
cell is active, its association to an HARQ-ACK message may not be changed once
1t 1s configured by the network, and when the secondary serving cells assigned to
the same HARQ-ACK message are deactivated, the non-full-slot transmission
may be avoided by repeating feedback information from other HARQ-ACK
messages.

[0104] Alternatively, no remapping and repeating may be performed upon
activation/deactivation of the secondary serving cells when 2 HS-DPCCHs with
SF of 128 are used. If both cells associated with an HARQ-ACK message are
deactivated or not configured, a non-full-slot transmission may be avoided by

sending a DTX codeword.

-29-



WO 2012/094639 PCT/US2012/020551

[0105] Alternatively, in a case where 4 cells in HS-DPCCH2 are activated
while one or more secondary serving cells in HS-DPCCH1 are deactivated, cross-
channel remapping may not be allowed, and remapping and/or repeating of
HARQ-ACK message may be performed within HS-DPCCH1.

[0106] In another embodiment, the carrier association may be made semi-
dynamic by not allowing remapping but allowing repeating when 2 HS-DPCCHs
with SF of 128 are used. When a secondary serving cell 1s active, its association
to an HARQ-ACK message may not be changed once it is configured by the
network. When the secondary serving cells assigned to the same HARQ-ACK
message are deactivated, the non-full-slot transmission may be avoided by
repeating feedback information from other HARQ-ACK messages. For example,
HARQ-ACK1 may be repeated if an HARQ-ACK2 message 1s not associated to
any of the active serving cells.

[0107] In another embodiment, the carrier association may be fixed, (i.e.,
no remapping and repeating is performed upon activation/deactivation of the
secondary serving cells when 2 HS-DPCCHs with SF of 128 are used). If both
cells associated with an HARQ-ACK message are deactivated or not configured,
the non-full-slot transmission may be avoided by sending a DTX codeword.
[0108] Embodiments for CQI reporting restrictions upon activation and
deactivation of a secondary serving cell(s) are disclosed hereafter.

[0109] When a secondary serving cell(s) is deactivated, a CQI (or PCI/CQI)
report pertaining to the inactive serving cell(s) may not be sent. In addition, a
WTRU may not send a CQI (or PCI/CQI) in some sub-frames following the
network configuration (e.g., a large CQI feedback cycle 1s configured by the
network). In any of these events, a half-slot transmission may occur because the
individual CQI message takes a half time slot interval when one HS-DPCCH
with SF of 64 is configured. In case where one HS-DPCCH with SF =64 1s used,
the following embodiments may be implemented in order to avoid the half-slot
transmissions.

[0110] In one embodiment, a pair of the serving cells corresponding to the

CQI messages reported in the same time slot may be required to report CQIs

-30-



WO 2012/094639 PCT/US2012/020551

simultaneously. In other words, sending only one of the CQI messages in a time
slot may not be allowed. For example, C4 and C6 in FIG. 10 may not be allowed
to be sent alone.

[0111] In a case where some of the secondary serving cells are deactivated
that may result in a half-slot transmission, the CQI messages placed in another
half slot in the same time slot may be repeated to fill the full time slot.
Alternatively, a new CQI DTX codeword may be introduced, which may be a new
CQI value not used for the normal range of CQI value, (e.g., CQI value =0 or CQI
value = 31 for the case without MIMO configured or MIMO configured and
single-stream restriction configured; or CQI value = 15 for case with MIMO
configured and single-stream restriction not configured), to replace the CQI for
the deactivated cell to avoid a half-slot transmission. Alternatively, a half-slot
transmission may be allowed by DTXing the transmission for the deactivated
cell. Alternatively, the active cells may be regrouped and/or remapped so that a
pair of active cells fill in one slot. In a case of an odd number of active cells, one
of the active cells may be repeated, or paired with a CQI DTX codeword, or
DTXed.

[0112] While configured with 2 HS-DPCCHs with SF of 128, upon
activation/deactivation of the secondary serving HS-DSCH cells, the serving cells
may be regrouped, remapped and/or repeated for the CQI (or PCI/CQI) reporting.
[0113] In one embodiment, per-channel repetition may be used for CQI
reporting (i.e., per-channel CQI repetition may be independently performed
within each HS-DPCCH, (either HS-DPCCH1 or HS-DPCCH2)) when 2 HS-
DPCCHs with SF of 128 are configured in 8C-HSDPA so that the CQI
information associated with the serving HS-DSCH cell, the 1st, 2rd, and 3rd
secondary serving HS-DSCH cells may always be transmitted on HS-DPCCH1
and the CQI information associated with the 4th, 5th, 6th, and 7th secondary
serving HS-DSCH cells may be transmitted on HS-DPCCH2 whenever they need
to be transmitted (i.e., no remapping of CQI information between two HS-
DPCCHs). In a case where four cells are active on an HS-DPCCH, CQI or

PCI/CQI messages of two active cells are transmitted in one subframe of the HS-
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DPCCH, and CQI or PCI/CQI messages of the other two active cells are
transmitted 1n another subframe of the HS-DPCCH 1in a pre-defined order. For
example, for HS-DPCCHZ2, the report for the 4th secondary serving HS-DSCH
cell (CQI 3 or PCI/CQI 3) and the 6th secondary serving HS-DSCH cell (CQI 4 or
PCI/CQI 4) are mapped according to FIG. 9, and the report for the 5th secondary
serving HS-DSCH cell (CQI 3 or PCI/CQI 3) and the 7th secondary serving HS-
DSCH cell (CQI 4 or PCI/CQI 4) are mapped according to FIG. 9. When
Secondary_Cell_Active is less than 7 the mapping of the CQI or PCI/CQI reports
may be the same as the case when Secondary_Cell_Active 1s 7 with the following
exceptions.

[0114] In a case where three cells are active on an HS-DPCCH, the HS-
DPCCH physical channel mapping function may map the input bits bk directly to
the physical channel in the corresponding slot of the CQI (or PCI/CQI) field of
that subframe while the other slot of the CQI (or PCI/CQI) field 1s DTXed in the
subframe in which only one active cell is mapped.

[0115] In a case where two cells are active on an HS-DPCCH, the active
cells are remapped within the HS-DPCCH such that a CQI or PCI/CQI message
of one cell 1s transmitted in one subframe of the HS-DPCCH and a CQI or
PCI/CQI message of the other cell 1s transmitted in another subframe of the HS-
DPCCH, wherein each CQI or PCI/CQI message is repeated to fill in the CQI
slots of the corresponding subframe.

[0116] In a case where one cell 1s active on an HS-DPCCH, a CQI or
PCI/CQI message of the active cell may be repeated over the two slots of one HS-
DPCCH subframe. The above physical channel mapping rules upon the
activation/deactivation of secondary serving HS-DSCH cells are applied to both
primary and secondary HS-DPCCHs. Assuming that a serving HS-DSCH cell 1s
associated with HS-DPCCH1, which may be always activated, there 1s a special
case where all secondary serving HS-DSCH cells in HS-DPCCH2 are deactivated,
and thus two CQI (or PCI/CQI) slots of HS-DPCCH2 subframe may be DTXed or
filled by repeating a CQI DTX codeword.
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[0117] In another embodiment, a cross-channel remapping and/or
repetition may be performed for CQI reporting when 2 HS-DPCCHs with SF of
128 are configured in 8C-HSDPA. If the number of active secondary serving cells
1s equal to 0 (1.e., Secondary_Cell_Active = 0), the CQI or PCI/CQI for the serving
HS-DSCH cell may be repeated to fill the two slot CQI or PCI/CQI field in HS-
DPCCH1 sub-frames while HS-DPCCH2 may be DTXed.

[0118] If the number of active secondary serving cells is equal to 1 (i.e.,
Secondary_Cell_Active = 1), the CQI or PCI/CQI for each active cell may be
repeated to fill the two slot CQI or PCI/CQI fields in HS-DPCCH1 sub-frame
while HS-DPCCH2 may be DTXed. In a case where the activated secondary
serving HS-DSCH cell 1s associated with HS-DPCCH2 before
activation/deactivation, the CQI or PCI/CQI for the active secondary serving HS-
DSCH cell may be remapped to two slots of HS-DPCCH1 when HS-DPCCH2 1s
DTXed.

[0119] If the number of active secondary serving cells 1s equal to 2 or 3 (1.e.,
Secondary_Cell_Active = 2 or 3), the CQI or PCI/CQI for the active cells may be
remapped to 4 slots of the first and second CQI or PCI/CQI reports of the two HS-
DPCCH1 sub-frames while HS-DPCCH2 may be DTXed. A first CQI or PCI/CQI
report 1s the four CQI or PCI/CQI messages mapped to a first HS-DPCCH
subframe, and a second CQI or PCI/CQI report is the other four CQI or PCI/CQI
messages mapped to subsequent HS-DPCCH subframe. In FIG. 11, C0O, C2, C4,
and C6 comprise the first CQI or PCI/CQI report, and C1, C3, C5, and C7
comprise the second CQI or PCI/CQI report.

[0120] In a case where the Secondary_Cell_Active = 2, one of 4 slots of two
HS-DPCCH1 sub-frames for the CQI or PCI/CQI reporting may be DTXed or
filled by a CQI DTX codeword.

[0121] If Secondary_Cell_Active > 3, four active cells (including the serving
HS-DSCH cell) may be remapped to the first and second CQI or PCI/CQI reports
carried on HS-DPCCH1, and the remaining active secondary serving HS-DSCH
cells may be remapped to the first and/or second CQI or PCI/CQI reports carried
on HS-DPCCH2 depending on the number of active secondary serving HS-DSCH
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cells. In a case of Secondary_Cell_Active = 4 or 5, the CQI or PCI/CQI for each
active secondary serving HS-DSCH cell remapped to HS-DPCCH2 may be
repeated to fill the two slot CQI or PCI/CQI field in HS-DPCCH2. In a case of
Secondary_Cell_Active = 6, the CQI or PCI/CQI for each active cell may fill in one
slot of HS-DPCCH1 or HS-DPCCHZ2, and the CQI or PCI/CQI for the deactivated
cell may be DTXed or indicated by a CQI DTX codeword in one slot CQI or
PCL/CQI field in HS-DPCCH2.

[0122] Alternatively, in a case that 3-6 active cells are configured without
MIMO, the cells may be remapped to one HS-DPCCH with SF of 128 as shown in
FIG. 12. In a case where three cells are configured without MIMO, the three
cells may be remapped to one group. The HARQ-ACK information for 3C may be
repeated to fill-in all of the HARQ-ACK slots and the CQI may be repeated to fill
in the 2-slot CQI field of the HS-DPCCH as shown in FIG. 13, (i.e., the CQI for
the serving HS-DSCH cell is encoded and repeated in the first CQI report, and
the CQI for the two secondary cells are jointly coded and repeated in the second
CQI report).

[0123] Alternatively, no remapping of the active cells across the two HS-
DPCCHs may be allowed, but the CQI or PCI/CQI for each active cell may be
repeated to fill the two-slot CQI field of either HS-DPCCH1 or HS-DPCCH2 sub-
frames when the number of active cells associated with that HS-DPCCH 1is no
more than 2. The CQI field may be DTXed or a CQI DTX codeword may be filled
in the CQI slot corresponding to the deactivated cell when the number of active
cells associated with that HS-DPCCH 1s more than 2.

[0124] Alternatively, no remapping of the active cells across the two HS-
DPCCHs may be allowed, and the deactivated secondary cell CQI or PCI/CQI
may be DTXed or replaced by a CQI DTX codeword in the corresponding CQI or
PCL/CQI slot of either HS-DPCCH1 or HS-DPCCH2.

[0125] Alternatively, in a case where 4 cells in HS-DPCCH2 are activated
while one or more secondary serving cells in HS-DPCCH1 are deactivated, a

cross-channel remapping may not be allowed over two HS-DPCCH.
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[0126] In another embodiment, the carrier association may be made semi-
dynamic by not allowing remapping but allowing repeating the CQI or PCI/CQI
for each active cell to fill the two-slot CQI field in either HS-DPCCH1 or HS-
DPCCH2 sub-frame when the number of active cells associated with that HS-
DPCCH 1is no more than 2. The CQI slot for the deactivated cell may be DTXed
or a CQI DTX codeword may be filled when the number of active cells associated
with that HS-DPCCH 1is more than 2.

[0127] In another embodiment, the carrier association may be fixed, (i.e.,
no remapping of the active cells across the two HS-DPCCHs 1s allowed), and the
CQI or PCI/CQI for the deactivated secondary cells may not be transmitted (i.e.,
DTXed) or replaced with a CQI DTX codeword in the corresponding CQI or
PCL/CQI slot of either HS-DPCCH1 or HS-DPCCH2.

[0128]
HARQ-ACK field or the PCI/CQI field when different numbers of downlink
carriers are configured. In the tables, CO denotes either the HARQ-ACK or
PCI/CQI field for primary serving cell, C11, C12, ..., Cln, n=1,2,3, denote either
the HARQ-ACK or PCI/CQI field for the secondary cells carried on the first HS-
DPCCH (HS-DPCCH1), and C21, C22, ..., C2m, m=1,2,3,4, denote the secondary

cells carried on the second HS-DPCCHHS-DPCCH2).

Tables 10 and 11 show example carrier associations for either the

Secondary | HARQ- | HARQ- | HARQ- | HARQ-

Cell_Enabled | ACK1 | ACK2 | ACK3 | ACK4
0 CO Co Co Co
1 CO CO c21 C21
2 CO Co | C21/C22 | C21/C22
3 CO Co | C21/C22| (€23
4 CO Co | C21/C22 | C23/C24
1 Co/C11 | CO/C11 | CO/C11 | Co/Cl1l
2 Co/C11 | Co/C11 | C21 C21
3 C0/C11 | CO/C11 | C21/C22 | C21/C22
4 Co/C11 | Co/C11 | C21/C22 | C23
5 C0/C11 | CO/C11 | C21/C22 | C23/C24
2 Co/C11 | C12 | Co/C11 | C12
3 Co/C11 | C12 c21 c21
4 Co/C11 | Cl12 | C21/C22 | C21/C22
5 Co/C11 | C12 | czuce2| C23
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6 Co/C11 C12 C21/C22 | C23/C24
3 Co/C11 | C12/C13 | Co/C11 | C12/C13
4 Co/C11 | C12/C13 C21 C21
5 Co/C11 | C12/C13 | C21/C22 | C21/C22
6 Co/C11 | C12/C13 | C21/C22 C23
7 Co/C11 | C12/C13 | C21/C22 | C23/C24
Table 10
Secondary_ HARQ- | HARQ- | HARQ- | HARQ-
Cell_Enabled ACK1 ACK2 ACK3 ACK4
0 Co Co Co Co
1 Co Co C21 C21
2 Co Co C21/C22 | C21/C22
3 Co Co C21 C22/C23
4 Co Co C21/C22 | C23/C24
1 Co/C11 Co/C11 Co/C11 Co/C11
2 Cco/C11 Co/C11 C21 C21
3 Co/C11 C0/C11 | C21/C22 | C21/C22
4 Co/C11 Co/C11 C21 C22/C23
5 Co/C11 C0/C11 | C21/C22 | C23/C24
2 Co C11/C12 | Co/C11 C12
3 Co C11/C12 C21 C21
4 Co C11/C12 | C21/C22 | C21/C22
5 Co C11/C12 C21 C22/C23
6 Co C11/C12 | C21/C22 | C23/C24
3 Co/C11 | C12/C13 | Co/C11 | C12/C18
4 Co/C11 | C12/C13 C21 C21
5 Co/C11 | C12/C13 | C21/C22 | C21/C22
6 Co/C11 | C12/C13 C21 C22/C23
7 CO/C11 | C12/C13 | C21/C22 | C23/C24
Table 11
[0129] Example 1mplementations of carrier association upon

activation/deactivation are described with reference to FIGS. 14 and 15. FIG. 14
shows an example per-channel carrier association upon activation/deactivation
for two HS-DPCCHs with SF=128. FIG. 15 shows an example cross-channel
carrier assoclation upon activation/deactivation for two HS-DPCCHs with
SF=128. In these examples, four cells are activated upon activation/deactivation

(1.e., Secondary_Cell_Active = 3), which are denoted as C0O, C1, C4 and C5.
-36-



WO 2012/094639 PCT/US2012/020551

[0130] As shown in FIG. 14, when applying per-channel carrier association
for both HARQ-ACK and CQI fields, remapping and repetition are performed
independently within HS-DPCCH1 and HS-DPCCH2. As shown in FIG. 15,
when applying cross-channel carrier association for both HARQ-ACK and CQI
fields, the HARQ-ACK information for the four serving cells (CO, C1, C4, C5) are
regrouped/remapped to the HARQ-ACK1 and HARQ-ACK2, which fill in the
HARQ-ACK slots 1502, 1508 in HS-DPCCH1. Additionally, the CQI or PCI/CQI
for four active cells (CO, C1, C4, C5) are remapped to four slots 1504, 1506, 1510,
1512 of the first and second CQI or PCI/CQI reports of the two HS-DPCCH1 sub-
frames while the secondary HS-DPCCH 1s DTXed.

[0131] Compared to  per-channel carrier association, upon
activation/deactivation for 2 HS-DPCCHs with SF=128 in 8C-HSDPA, cross-
channel carrier association may reduce the cubic metric (CM) value as HS-
DPCCH2 may be DTXed to save power.

[0132] Carrier association upon carrier activation/deactivation or
configuration may be defined by dividing the total active carriers into two groups
with the constraint that no more than 4 carriers belong to any of the groups, and
then mapping all carriers of each group to either HS-DPCCH1 or HS-DPCCHZ2 by
one or any combination of HARQ-ACK and CQI carrier association embodiments
described hereinbefore.

[0133] For example, in a case of 4 active carriers, 2 carriers may be
associated with HS-DPCCH1 and the other 2 carriers may be associated with
HS-DPCCH2 as shown in FIG. 14. Alternatively, 4 carriers may be associated
with HS-DPCCH1 and O carriers may be associated with HS-DPCCH2 (i.e., HS-
DPCCH2 may be DTXed) as shown in FIG. 15. Alternatively, 3 carriers may be
associated with HS-DPCCH1 and 1 carrier may be associated with HS-DPCCH2.
Alternatively, 1 carrier may be associated with HS-DPCCH1 and 3 carriers may
be associated with HS-DPCCH2.

[0134] For another example, in a case of 6 active carriers, 3 carriers may be
associated with HS-DPCCH1 and the other 3 carriers may be associated with
HS-DPCCH2. Alternatively, 4 carriers may be associated with HS-DPCCH1 and
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2 carriers may be associated with HS-DPCCH2. Alternatively, 2 carriers may be
associated with HS-DPCCH1 and 4 carriers may be associated with HS-
DPCCH2.

[0135] Embodiments for a special case of 6C/5C configuration without
MIMO are disclosed hereafter. When six or five serving cells are configured
without MIMO being configured in any cells, the number of the transport blocks
supported by the uplink feedback 1s reduced significantly. For 6C/5C without
MIMO, one HS-DPCCH with SF=128 may be used with the frame format as
shown in FIG. 5§ (HS-DPCCH1 only). One HS-DPCCH with SF=128 may carry
two sets of HARQ-ACK and CQI messages. The slot format 1 as specified in
Table 1 and the corresponding channelization code specified in Table 2 may be
applied to the HS-DPCCH frame format for the 6C case.

[0136] For HARQ-ACK encoding, the configured serving cells may be
divided into two groups. Each group contains three cells (for 5C configuration,
the second group may contain 2 cells). For example, the primary serving cell and
the first and second serving cells may be placed in group 1, and the third to fifth
cells may be placed in group 2.

[0137] The ACK/NACK feedback from all the cells in a group may be jointly
encoded, as shown in Table 12, where A, N, or D stands for ACK, NACK, and
DTX, respectively. For a 5C configuration, a dummy cell is assumed 1in the
second group and has a DTX status corresponding to the location for the last cell.

As a result of encoding, two HARQ-ACK codewords are generated.

A/D/D 1 1 1 1 1 1 1 1 1 1
N/D/D 0 0 0 0 0 0 0 0 0 0
D/A/D 1 1 1 1 1 0 0 0 0 0
D/N/D 0 0 0 0 0 1 1 1 1 1
D/D/A 1 1 0 0 0 1 1 0 0 0
D/D/N 0 0 1 1 1 0 0 1 1 1
A/A/D 1 0 1 0 1 0 1 0 1 0
A/N/D 1 1 0 0 1 1 0 0 1 1
N/A/D 0 0 1 1 0 0 1 1 0 0
N/N/D 0 1 0 1 0 1 0 1 0 1
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A/D/A 1 0 1 1 0 1 1 0 0 1
A/D/N 0 1 0 1 1 0 1 0 0 1
N/D/A 0 0 0 1 1 1 1 0 1 0
N/D/N 1 0 0 1 1 1 0 1 0 0
D/A/A 0 1 1 1 0 1 0 0 1 0
D/A/N 1 0 1 0 0 1 0 1 1 0
D/N/A 0 1 1 0 0 0 1 0 1 1
D/N/N 0 0 0 0 1 0 1 0 1 1
A/A/A 1 1 0 1 0 0 1 1 1 0
A/A/N 0 1 1 0 1 1 1 1 0 0
A/N/A 1 0 0 1 0 0 0 0 1 1
A/N/N 0 0 1 0 1 1 0 0 0 1
N/A/A 1 1 1 0 0 0 0 1 0 1
N/A/N 0 1 0 0 1 0 0 1 1 0
N/N/A 1 0 0 0 1 0 1 1 0 1
N/N/N 1 1 1 1 0 1 0 1 0 0
PRE/POST
|PRE|[0|0|1]0|o|1]0]o]1]o|POST|0]1]0]0]1]0]0]1]0]0]
Table 12
[0138] In Table 12, the D/D/D state 1s not included because it 1s implied by

no transmission over the HS-DPCCH. For 6C/5C configurations, when all the
serving cells in a group have DTX status, a half slot transmission may occur.

[0139] To avoid the half-slot transmission, a DTX codeword may be
introduced in the above table. One of the codewords in Table 13 may be used as
the DTX codeword. Any of the selections will give a minimum distance of 3 to

other codewords in the codebook specified in Table 12, and a minimum distance
of 4 to the key codewords (A/A/A, A/A/N, A/N/A, N/A/A).

codeword 1
codeword 2
codeword 3
codeword 4
codeword 5
codeword 6
codeword 7
codeword 8

[S Fa ) Y U FUI U FEY

HIRIR[O|IOCIO|IO

i (el (el ol (ol el e

HiRIRRIR[O[R|O

OR[RrIR|IO|~IR|[O

Y = =N Y fa N IS Fal [N

ol|looRIRrFR|IOIO
el =l (= il Ll L
QIO+ [OC|IC|IO ||
QOO IR |FR|O

1
Table 13
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[0140] Alternatively, the DTX codeword may be selected from Table 14,
which will provide a minimum distance > 4 to the key codewords (A/A/A, A/A/N,
A/NJ/A, N/A/A) and the number of the codewords that have a distance of 2 to a

selected DTX codeword is reduced.

codeword 1 0 0 0 0 0 1 1 0 0 1
codeword 2 0 0 0 0 1 1 0 1 1 1
codeword 3 0 0 0 1 0 1 1 0 0 0
codeword 4 0 0 1 1 0 1 1 1 1 1
codeword 5 0 0 1 1 1 0 0 0 0 0
codeword 6 0 0 1 1 1 0 1 0 0 1
codeword 7 0 0 1 1 1 1 1 0 1 1
codeword 8 0 1 0 1 1 1 0 1 1 1
codeword 9 0 1 1 1 1 1 0 0 1 1
codeword 10 1 0 0 0 1 1 0 0 0 0
codeword 11 1 0 0 0 1 1 1 0 0 1
codeword 12 1 0 1 0 1 1 1 0 1 1
codeword 13 1 1 0 1 1 1 1 0 0 1
Table 14
[0141] Alternatively, the DTX codeword may be selected from Table 15,

which will provide a minimum distance of 3 to other codewords in the codebook.

codeword 1

codeword 2

codeword 3

codeword 4

codeword 5

codeword 6

codeword 7

codeword 8

codeword 9

codeword 10

codeword 11

codeword 12

codeword 13

codeword 14

HiRRIRR[RIR[OIO|IOC|IC|ICICIO|O

ellolleolieol el el et NN N P (ol [l fa)
RHlRRIR[OCOIOIRIR|IR[R|IOIR|R]|O
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HIOICICIORIFR[CIO|IFRH|IOH[O|IO
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HIR|IOIR[OCICIOCIRIOIR(H|IOCICIO]|R
el Ll (R el ol L (el o ol e el Ll Ll (e

codeword 15
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codeword 16

codeword 17

codeword 18

codeword 19

codeword 20

codeword 21

OlOoRIRrIRkRIOIO

codeword 22

el L e L
el L e L
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il Lol [en R fan ) ey il |l K
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codeword 23 0

Table 15

[0142] Alternatively, the PRE or POST codewords in Table 12 may be used
as the DTX codeword.

[0143] When some of the secondary serving cells are deactivated in 6C/5C
cases, there 1s no need to report the HARQ-ACK information associated with the
mactive cells. The carrier association to the HARQ-ACK messages may be
remapped to improve the transmission reliability or power efficiency of the HS-
DPCCH.
[0144] If all the serving cells in a group are deactivated, a half-slot
transmission may occur. To avoid a half-slot transmission, the serving cells may
be remapped and regrouped once the activation/deactivation of cells occurs. The
ACK/NACK information in a group is then jointly encoded. If one HARQ-ACK
message 1s left empty because of not enough active cells, the other HARQ-ACK
message may be repeated in an HARQ-ACK slot.

[0145]

serving cells as C1,C2, ..., Cn, n=Secondary_Cell_Active. Tables 16 and 17 show

Denote a serving HS-DSCH cell as CO and all active secondary

example carrier association for 6C/5C cases. The rows in Tables 16 and 17 may

be combined in any arrangement to form a new carrier association table.

Secondary_ HARQ- HARQ-
Cell_Active ACK1 ACK2

0 CO CO

1 Co/C1 co/C1

2 C0/C1/C2 C0/C1/C2

3 Co/C1/C2 C3

4 C0/C1/C2 C3/C4

5 C0/C1/C2 C3/C4/C5

Table 16
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Secondary_ HARQ- HARQ-

Cell_Active ACK1 ACK2
0 CO CO
1 Co/C1 C0/C1
2 Co/C1/C2 Co0/C1/C2
3 CO C1/C2/C3
4 Co/C1 C2/C3/C4
5 C0/C1/C2 C3/C4/Cs

Table 17
[0146] Alternatively, the carrier association for the configured secondary

serving cells may remain the same, (i.e., no remapping is performed when
activation/deactivation of cells occurs), but when all the serving cells in the
second group are deactivated, HARQ-ACK1 may be repeated in HARQ-ACK2.
[0147] With the slot format 1 of SF=128 for HS-DPCCH, two CQI messages
are available in a sub-frame as shown in FIG. 11. For CQI reporting in 6C/5C
cases, the CQIs may be paired and/or jointly encoded and then transmitted in a
time division multiplexing (TDM) fashion over different sub-frames. The
minimum CQI feedback cycle may be made equal to 4 ms. Alternatively, the
CQIs for each serving cell may be independently encoded and transmitted in a
TDM fashion, which will result in a longer CQI feedback cycle.

[0148] Alternatively, the number of PCI/CQI messages that need to be
transmitted may be reduced by sending a single PCI/CQI message for each pair
of carriers. This has an effect of reducing the number of PCI/CQI messages by
half. The single message for each pair may include an average PCI/CQI value for
the paired carriers, or one PCI/CQI value and a delta value of the difference
between the two PCI/CQI values, or a jointly coded value.

[0149] The secondary serving cells for the 6C/5C cases may be activated or
deactivated dynamically via L1 signaling, (i.e., high speed shared control channel
(HS-SCCH) order). Multiple secondary serving cells may activated and
deactivated simultaneously by one HS-SCCH order. Table 18 shows an example
activation and deactivation state table for 6C/5C cases. Table 19 shows an

example bit assignment for an HS-SCCH order that is mapped to the activation
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and deactivation states in Table 18. It should be noted that Tables 18 and 19 are

provided as an example, and other forms of the bit assignment are also possible.

Activation Status of Secondary Serving HS-DSCH cells and
Secondary Uplink Frequency
A = Activate; D = De-activate

1st 2nd 3rd 4th 5th
secondary | secondary | secondary | secondary | secondary | secondary
state serving serving serving serving serving uplink
number | cell cell cell cell cell frequency
1 D D D D D D
2 A D D D D D
3 A D D D D A
4 D A D D D D
5 A A D D D D
6 A A D D D A
7 D D A D D D
8 A D A D D D
9 A D A D D A
10 D A A D D D
11 A A A D D D
12 A A A D D A
13 D D D A D D
14 A D D A D D
15 A D D A D A
16 D A D A D D
17 A A D A D D
18 A A D A D A
19 D D A A D D
20 A D A A D D
21 A D A A D A
22 D A A A D D
23 A A A A D D
24 A A A A D A
25 D D D D A D
26 A D D D A D
27 A D D D A A
28 D A D D A D
29 A A D D A D
30 A A D D A A
31 D D A D A D
32 A D A D A D
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33
34
35

36
37

38
39
40
41

42
43
44
45
46

47
48

Table 18
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1 0 1 22
1 1 0 23
1 1 1 24
0 0 0 25
0 0 1 26
0 1 0 27
0 1 1 28
100 1 0 0 29
1 0 1 30
1 1 0 31
1 1 1 32
0 0 0 33
0 0 1 34
0 1 0 35
101 0 1 1 36
1 0 0 37
1 0 1 38
1 1 0 39
1 1 1 40
0 0 0 41
0 0 1 42
0 1 0 43
110 0 1 1 44
1 0 0 45
1 0 1 46
1 1 0 47
1 1 1 48
Table 19
[0150] Another special case 1s the 8 or 7 carriers configuration (8C/7C

cases) without MIMO being configured in any cells. For the special case of 8C-
HSDPA, where no MIMO is configured in any cells, the total number of transport
block to be supported is 8. FIG. 16 shows an example HS-DPCCH frame format
with SF=128 for 8C-HSDPA 8C/7C special cases. The ACK/NACK messages for 4
carriers may be jointly encoded. HARQ-1 and HARQ-2 for four cells (or four cells
and three cells), respectively, are transmitted on a first time slot 1602, and CQI
reports are transmitted on second and third time slots 1604, 1606. A codebook
for the HARQ-ACK feedback for 8 C/7C without MIMO needs to accommodate 80

(34— 1 = 80) composite HARQ-ACK states for four serving cells that are jointly
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encoded, excluding PRE and POST codewords. The composite ACK/NACK states
of the four cells are listed in Table 20.

D/D/D/A | D/A/D/IN | D/IN/A/D | AID/A/A | AJAJA/N | AIN/N/D | N/D/N/A | N/A/N/N
D/D/D/N | D/A/JA/D | D/N/A/A | A/D/A/N | AJ/A/N/D | A/N/N/A | N/D/N/N | N/N/D/D
D/D/A/D | D/A/AJA | D/IN/A/N | A/D/N/D | A/A/N/A | AIN/N/N | N/A/D/D | N/N/D/A
D/D/AJA | D/AJA/N | D/N/N/D | A/D/N/A | AJA/N/N | N/D/D/D | N/A/D/A | N/N/D/N
D/D/A/N | D/A/N/D | D/N/N/A | A/D/N/N | AIN/D/D | N/D/D/A | N/A/D/N | N/N/A/D
D/D/N/D | D/A/N/A | D/N/N/N | A/A/D/D | A/N/D/A | N/D/D/N | N/JA/A/D | N/N/A/A
D/D/N/A | D/A/N/N | A/D/D/D | AJA/D/A | AIN/D/N | N/D/A/D | N/JA/A/A | N/N/A/N
D/D/N/N | D/N/D/D | A/D/D/A | AJA/D/N | A/N/A/D | N/D/AJA | N/A/A/N | N/N/N/D
D/A/D/D | D/IN/D/A | A/D/D/N | A/AJA/D | AIN/AJA | N/D/A/N | NJA/N/D | N/N/N/A
D/A/D/A | DIN/D/N | A/D/A/D | A/AJAJA | A/N/A/N | N/D/N/D | N/A/N/A | N/N/N/N
Table 20

[0151] In order to reduce the number of codewords, some states in Table 20
may be consolidated. In one embodiment, the downlink control signaling
procedure may be modified such that a WTRU 1is informed about the
transmission status from the serving cells, and some of the ACK/NACK states
would never occur. This may be achieved by pairing the two carriers in downlink
physical channels that report the transport block sizes of the HS-DPSCH.
[0152] When both serving cells are transmitting data to a WTRU
configured with the 8C/7C special mode in a sub-frame, a type 3 HS-SCCH may
be used for the control signaling which 1s capable of reporting downlink control
information (such as transport block size, modulation parameters, etc.) to a
WTRU for two data streams. The two sets of control information may be
associated with the downlink transmissions from the two cells. Therefore, only
one HS-SCCH may be sent on either of the carriers. Alternatively, the HS-SCCH
may be sent on both carriers to improve the reliability of reception. When one
cell 1s transmitting data to the WTRU among the pair of cells in a sub-frame,
type 1 HS-SCCH may be transmitted on the carrier that is transmitting the HS-
PDSCH. Thus, if a type 1 HS-SCCH 1is received at the WTRU 1n a sub-frame, it
1implies that the other serving cell in the pair 1s DTXed. With this HS-SCCH
configuration, the ACK/NACK states for the two cells may be reduced as shown
in Table 21.
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D/D->D
D/A and A/D > A
D/N and N/D 2 N

A/A > A/A
AN > A/N
N/A > N/A
N/N - N/N

Table 21

Table 22 shows an example codebook for the 8C/7C special cases

[0153]

after applying the consolidation.
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Table 22
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[0154] The above embodiment may be extended to other cases, such as 7C
with MIMO configured in one serving cell, 6C with MIMO configured in two
serving cells, or 5C with MIMO configured in three serving cells, where the
serving cells configured in MIMO mode do not need to be paired in the HS-SCCH
transmission.

[0155] This embodiment may also be applied to the 6C/5C special cases
described hereinbefore where the ACK/NACK status for non-configured serving
cells are denoted by DTX.

[0156] In another embodiment, the codebook reduction may be achieved by
introducing the concept of restricted downlink transmission. For example, the
configured serving cells may be paired and the HS-PDSCH transmissions may be
allowed at a sub-frame if both serving cells are scheduled for data transmission.
The ACK/NACK encoding as specified in Table 22 may be then applied.

[0157] In another embodiment, a grouped DTX reporting may be
introduced for the paired serving cells as shown in Table 23. The ACK/NACK
encoding as specified in Table 22 may be then applied.

D/D

D/N =>D

N/D

D/A > D/A

A/D > A/D

A/JA > A/A

A/N > A/N

N/A > N/A

N/N - N/N
Table 23

[0158] The amount of the feedback information for 8C-HSDPA may be
reduced by bundling MIMO steams or carriers for a grouped reporting. The
ACK/NACK feedback for the general cases with MIMO configured may be
simplified by grouping ACK/NACK reporting for the primary and secondary
streams. Table 24 shows an example ACK/NACK grouping. With this scheme,
the codebook 1n Table 22 may be used for the 8C general cases as well.
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Actual HARQ-ACK states | Reported HARQ-ACK states
A A
N N
AA A
NA N
AN N
NN N
Table 24
[0159] Alternatively or additionally, the serving cells may be paired for the

grouped HARQ-ACK reporting. For example, the third serving cell and the
seventh serving cell may be paired and the HARQ-ACK states for the two cells
may be grouped as in Table 24 for either the primary stream or the secondary
stream. With this embodiment, the slot format with SF=128 may be used for the
8C general cases.

[0160] A CQI or PCI/CQI may be reported to network in a TDM fashion
with a longer feedback cycle. Alternatively, the CQIs (CQIs/PCls) of a pair of
serving cells may be combined into one set of feedback, for example, by averaging
the two CQls, selecting the worst CQI corresponding to the worst channel or
carrier, or selecting the best CQI corresponding to the best channel or carrier.
[0161] Alternatively, the feedback reported for one cell may be used as the
basis for the feedback reported for one or more other cells. A WTRU may report
the combination of N base CQI(s) and up to N corresponding sets of delta (or
differential) CQI(s) to the network. A base CQI may be the medium, average,
best (i.e., corresponding to the best channel/carrier), or worst of all CQls, and the
delta (or differential) CQI is defined as the difference with respect to the base
CQI. The base CQI may be the average or best CQI of all carriers within one
frequency band, and the delta CQI may be the offset CQI of each carrier within
the frequency band with respect to the base CQI. The base CQI may be the
actual CQI of a specific cell.

[0162] N is an integer value equal to or greater than 1, which may be pre-

defined or signaled by a higher layer depending on the carrier configuration such
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as the number of carriers configured within a frequency band, or MIMO
configuration, carrier activation/deactivation status, or other factors affecting the
feedback CQI payload. For example, if all carriers are configured across two
frequency bands, N may be selected as the total number of bands that all
configured carriers are crossing, (i.e., N=2 in this example).

[0163] The number of delta CQIs may depend on the number of configured
carriers paired with the base CQI, or the number of activated carriers paired
with the base CQI. The pairing of the base CQI and the delta CQI may be pre-
defined or signaled by a higher layer based on predetermined rules.

[0164] The base CQI and the delta CQI may be reported in a frequency
division multiplexing (FDM) fashion. Alternatively, the base CQI and the delta
CQI may be reported in a TDM fashion, (i.e., one base CQI 1s reported in
transmit time interval (T'TI) k, and the delta CQI with respect to the based CQI
1s reported in a subsequent TTI. Alternatively, the base CQI and the delta CQI
may be reported in a mix of FDM and TDM fashion.

[0165] Embodiments for HS-DPCCH power offset setting in 8C-HSDPA are
described hereafter.

[0166] In 8C-HSDPA, different HS-DPCCH slot formats may be used based
on the number of carriers configured or activated at the WTRU. The HARQ-ACK
power offset may be dependent on the number of carriers that have MIMO
configured. The probability of detection error and misdetection for a specific false
alarm target, (e.g., 1% or 10%), may be used as the metric to determine the
HARQ-ACK power offset on a per stream basis denoted as Pe_str, or on a per
codeword basis denoted as Pe_cw, or RLC retransmission probability denoted as
Pr_RLC. The performance target for Pe_str, Pe_cw, and Pr_RLC may be
respectively 1% , 1% and 0.01% when designing the power offset rules for HARQ-
ACK. Given different configurations such as the number of carriers activated
and the number of carriers that have MIMO configured, the maximum power
offset required to maintain the performance target for the codebooks may be

obtained through simulation, and various power offset setting schemes for
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HARQ-ACK field, (.e., HS-DPCCH slots carrying HARQ-ACK), when
Secondary_Cell_Active 1s bigger than 3, (i.e., for 8C-HSDPA), are disclosed below.
[0167]

HARQ-ACK power offset setting may be defined as in Table 25. In general,

For the general case where a spreading factor of 64 1s used, the

higher power offset 1s assumed for almost every case of SF=64 to compensate the
spreading gain loss due to use of a smaller spreading factor. In tables below, the
values for Aack, Anack and Acqr are set by higher layers and are translated to the

quantized amplitude ratios Ans.

Ans equals the quantized amplitude ratio
translated from
Composite HARQ-ACK message(s) sent in
Secondary_ Condition one time slot
Cell_Active contains at | contains at contains both
least one least one ACK and NACK
ACK but no | NACK but or 1s a PRE or 1s
NACK no ACK a POST
MAX( Aack +1
1 + + ’
Aack +1 Anack +1 Anack +1)
Secondary_Cell_En
abled 1s 2 and
MIMO 1s not Aack +1 Anack +1 MAX( Aack +1,
; ) ANack +1)
2 configured in any
cell
Otherwise Axck +2 Axack +2 MAX( Aack +2,
Anack +2)
MAX( Aack +2,
+ +
3 Aack +2 Anack +2 Anack +2)
MAX( Aack +3
4 —+ + ’
Aack +3 Anack +3 Anack +3)
MAX( Aack +3,
+ +
5 Aack +3 Anack +3 Anack +3)
MAX( Aack +3
AACK + + ’
6 ACK 3 Anack +3 Anack +3)
MAX( Aack +3
AACK + + ’
7 ACK 3 Anack +3 Anack +3)
Table 25

[0168] Alternatively, to guarantee the HARQ-ACK performance for all

possible cases including the worst case which requires the most power, the
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HARQ-ACK power offset setting for all cases when Secondary_Cell_Active > 3
with SF=64 may be defined as in Table 26.

Ans equals the quantized amplitude ratio
translated from
Composite HARQ-ACK message(s) sent in one
Secondary_ Condition time slot
Cell_Active contains at | contains at contains both
least one least one ACK and NACK
ACKbutno | NACKbut | orisa PREorisa
NACK no ACK POST
MAX( Aack +1,
+ +
1 Aack +1 Anack +1 Anack +1)
Secondary_Cell
_Enabled 1s 2
and MIMO is Aok +1 Avack+1 | MAX(Aacx+1,
. Axack +1)
2 not configured
in any cell
Otherwise Axck +2 ANacK +2 MAX( Aack +2,
Anack +2)
MAX( Aack +2,
+ +
3 Aack +2 ANack +2 Anack +2)
MAX( Aack +4,
+ +
4 Aack +4 ANack +4 Anack +4)
MAX( Aack +4,
+ +
5 Aack +4 Anack +4 Anack +4)
MAX( Aack +4,
+ +
6 Aack +4 ANack +4 Anack +4)
MAX( Aack +4,
+ +
7 Aack +4 ANack +4 Anack +4)
Table 26
[0169] For the special case of 6C/5C without MIMO when SF=128 1s used,

the HARQ-ACK power offset may be set less conservatively so that the
interference level may be decreased. The power offset may be reduced by 1 as
compared to the corresponding configuration with the general case where SF=64
1s used. For example, the HARQ-ACK power offset setting when
Secondary_Cell_Active = 4 or 5 without MIMO and SF=128 is used may be
defined as in Table 27. For another example, the HARQ-ACK power offset
setting when Secondary_Cell_Active = 4 or 5 without MIMO when SF=128 1s

used may be defined as in Table 28.
-59-



WO 2012/094639

PCT/US2012/020551

Ans equals the quantized amplitude
ratio translated from
Composite HARQ-ACK message(s)
sent 1n one time slot
Secondary_ .. contains :
Cell_Active Condition at least | contains at contains both
one least one ACK and
ACK | NACKbut | NACK orisa
PRE oris a
but no no ACK POST
NACK
Secondary_Cell_Enabled
is 4 and MIMO is not | Aack+2 | Anacx+2 | MAX(Aack +2,
. ; ANACK +2)
4 configured in any cell
Otherwise Arck+3 | Asack +3 MAX( Aack +3,
Anack +3)
Secondary_Cell_Enabled
1s 5 and MIMO 1is not AACK +2 ANACK +2 MAX(Aack +2,
. ; ANACK +2)
5 configured in any cell
Otherwise Arck+3 | Asack +3 MAX( Aack +3,
Anack +3)
Table 27
Ans equals the quantized amplitude ratio
translated from
Composite HARQ-ACK message(s) sent
Secondar 1n one time slot
Cell Actizllg Condition contains contains at contains both
- at least least one ACK and
one ACK NACK but NACK or is a
but no no ACK PRE oris a
NACK POST
Secondary_Cell_Enabled
1s 4 and MIMO 1s not Aack +3 ANack +3 MAX( Aack +3,
) . Anack +3)
4 configured in any cell
Otherwise Axcx +4 Axack +4 MAX( Aack +4,
Anack +4)
Secondary_Cell_Enabled
is5and MIMO is not | Asck+3 | Awacx+3 | MAX(Aack+3,
) . Anack +3)
5 configured in any cell
Otherwise Axcx +4 Axack +4 MAX( Aack +4,
Anack +4)
Table 28
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[0170] Alternatively, the special case of 6C/5C without MIMO (SF=128)
and with MIMO (SF=64) may be treated the same, and the HARQ-ACK power
offset settings for 6C/5C without MIMO (SF=128) may be defined as in Tables 25
or 26.

[0171] It should be noted that the power offset proposed in Table 25
through Table 28 for both general and special case may be jointly specified in a
combined table in various forms.

[0172] Similarly, for the special cases of 8C/7C configuration without
MIMO when SF=128 1s used, the power offset may be reduced by 1 as compared
to the corresponding configuration with the general case where SF=64 1s used.
Alternatively, different HARQ power offset setting from Table 27 and 28 may be
defined to account for the performance of the joint codebook for 4 serving cells in
Table 22.

[0173] In 8C-HSDPA, different HS-DPCCH channel formats are used based
on the number of carriers configured/activated at the WTRU. The CQI power
offset may be dependent on the number of carriers that have MIMO configured.
In a case where an HS-DPCCH CQI transmission is on a per carrier basis in 8C-
HSDPA with a minimum feedback cycle of 4 ms and a different processing gain,
(1.e., SF=128 used for the special case of 6C/5C or 8C/7C configuration without
MIMO and SF=64 for the rest configuration in 8C-HSDPA), the HS-DPCCH
power setting for HS-DPCCH slots carrying CQI is set forth below.

[0174] In 8C-HSDPA, if Secondary_Cell_Active > 3 when SF=64 1s used,
the CQI power offset setting may be defined as in Table 29.

Ans equals the quantized
amplitude ratio translated from

Secondary_Cell_ Condition MIMO i1s MIMO 1s
Active not configured 1n a cell

configured | CQIof | CQI of
in a cell Type A | Type B

Acqr Acqr +1 Acqr

Secondary_Cell_Enabled
1 1s 1 and MIMO 1s not Acqr +1 N/A N/A
configured in any cell
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Otherwise Acqr Acqr+1 Acar
2 (Note 1) Secondary_Cell_Enabled Acqr N/A N/A
2 1s 2 and MIMO 1s not
(Note 2) configured in any cell Acqr+1 N/A N/A
Otherwise Acqr +1 Acqi+2 | Acqr+1

Acqr +1 Acqi+2 | Acqi+1

Acqr +2 Acqi+3 | Acqr+2

Acqr +2 Acqi+3 | Acqr+2

Acqr +2 Acqi+3 | Acqr+2

=3[0V Ot [~ [0 [

Acqr +2 Acqi+3 | Acqr+2

Note 1: When the WTRU transmits a CQI report for the serving HS-DSCH
cell in a subframe.

Note 2: When the WTRU transmits a composite CQI report for 1st and 2nd
secondary serving HS-DSCH cells 1n a subframe.

Table 29
[0175] Alternatively, to conservatively compensate the loss of processing

gain due to SF=64, the CQI power offset setting may be defined as in Table 30.

Ans equals the quantized amplitude
ratio translated from
Secondary_ Condition MIMO is MIMO is configured
Cell_Active not in a cell
configured CQI of CQI of
1n a cell Type A Type B
0 - Acqr Acqr +1 Acqr
Secondary_Cell_Enabled 1s 1
1 and MIMO is not configured Acqr +1 N/A N/A
in any cell
1 Otherwise Acqr Acqr +1 Acqr
Secondary_Cell_Enabled 1s 2 Acqr
2 (note 1) and MIMyO 1s not configured ) N/A N/A
2 (note 2) n any cell Acqr +1 N/A N/A
2 Otherwise Acqr +1 Acqr +2 Acqr +1
3 Acqr +1 Acqr +2 Acqr +1
4 Acqr +3 Acqr +4 Acqr +3
5 Acqr +3 Acqr +4 Acqr +3
6 Acqr +3 Acqr +4 Acqr +3
7 Acqr +3 Acqr +4 Acqr +3

Note 1: When the WTRU transmits a CQI report for the serving HS-DSCH
cell in a subframe.

Note 2: When the WTRU transmits a composite CQI report for first and
second secondary serving HS-DSCH cells in a subframe.

Table 30
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[0176] For the special cases of 6C/5C without MIMO when SF=128 1s used,
depending on layout of CQI for 6C/5C, a WTRU may transmit a CQI report for a
single cell in a slot, or the WTRU may transmit a composite CQI report for a pair
of cells in a subframe or a slot if this pair of cells are laid out with another single
cell into a subframe.

[0177] For example, in a case of 5C, CQIs for the serving HS-DSCH cell
and the first and second secondary serving HS-DSCH cells may be reported in
one subframe (e.g., two of these three cells may be jointly coded and the
composite CQI report for these two cells 1s put into one slot of the subframe, and
the CQI for the third single cell is put into another slot of the subframe). The
third and fourth secondary serving HS-DSCH cells may be jointly coded and the
composite CQI report for these two cells may be put in another subframe (e.g.,
the next subframe if the minimum CQI feedback cycle of 4 ms 1s required).
[0178] For another example, in a case of 6C, two sets of CQIs may be
respectively allocated to two consecutive subframes to maintain a minimum
feedback cycle of 4 ms. Each set of CQIs may correspond to three cells. Within
one subframe, two of three cells may be jointly coded and the composite CQI
report is allocated in one slot of the subframe, and the third cell may be allocated
into another slot of the subframe.

[0179] The CQI power offset setting when Secondary_Cell_Active = 4 or 5
without MIMO and SF=128 may be defined as in Table 31. Alternatively, the
CQI power offset setting when Secondary_Cell_Active = 4 or 5 without MIMO
and SF=128 may be defined as in Table 32. Either example may be used to
replace the rows when Secondary_Cell_Active = 4 and/or 5 in Table 29 or Table
30.
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Ans equals the quantized amplitude
ratio translated from
Secondary_ Condition MIMO i1s MIMO is configured
Cell_Active not n a cell
configured CQI of CQI of
in a cell Type A Type B
4 Secondary_Cell_Enabled Acqr +1
1s 4 and MIMO 1s not
(Note 3) configured in any cell N/A N/A
4
Acqr +1
(Note 4) N/A N/A
4
Acqr +2 N/A N/A
(Note 5)
4 Otherwise Acqr +2 Acqr +3 Acqr +2
5 Secondary_Cell_Enabled Acor +1
is 5 and MIMO is not ot N/A N/A
(Note 4) . )
configured in any cell
5
(Note 5) Acqr +2 N/A N/A
5 Otherwise Acqr +2 Acqr +3 Acqr +2
Note 3: When the WTRU transmits a CQI report for a pair of cells in a
subframe.
Note 4: When the WTRU transmits a CQI report for a single cell in a slot
Note 5: When the WTRU transmits a composite CQI report for a pair of
cells in a slot.

Table 31
Ans equals the quantized
amplitude ratio translated from
Secondary_ Condition MIMO 1s MIMO 1s
Cell_Active not configured in a cell
configured | CQIof | CQI of
in a cell Type A | Type B
4 Secondary_Cell_Enabled 1s 4 Acqr +1
and MIMO is not configured in
(Note 3) any cell N/A N/A
4 Acqr +1 N/A N/A

(Note 4)
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4
Acqr +2 N/A N/A
(Note 5)
4 Otherwise Acqr +3 Acqi+4 | Acqr+3
5 Secondary_Cell_Enabled 1s 5 Acar +1
(Note 4) | 2nd MIMO is not configured in a N/A N/A
any cell
5
Acqr +2 N/A N/A
(Note 5)
5 Otherwise Acqr +3 Acqi+4 | Acqr+3

Note 3: When the WTRU transmits a CQI report for a pair of cells in a
subframe.
Note 4: When the WTRU transmits a CQI report for a single cell in a slot

a slot.

Note 5: When the WTRU transmits a composite CQI report for a pair of cells in

Table 32

[0180] Alternatively, for simplicity, the special case of 6C/5C configuration
without MIMO (SF=128) and with MIMO (SF=64) configured may be treated the
same, and the CQI power offset settings for the case of 6C/5C without MIMO
(SF=128) may be defined as in Table 29 or Table 30.

[0181] When 2 HS-DPCCHs with SF=128 are used, both HS-DPCCH1 and
HS-DPCCH2 may use the same set of Aack, Anack and Acqr signaled from higher
layer. However, the WTRU may independently select the power offset settings for
each HS-DPCCH slot based on the number of active cells mapped on HS-
DPCCH1 and HS-DPCCH2 individually, which may result in the same or
different power offset settings for two HS-DPCCHs. Alternatively, the two HS-
DPCCHs may use different power offset settings. For example, the power offset
for HS-DPCCH2 may be defined with a differential value, A, , (dB), with the

power offset for HS-DPCCH1, where A, , (dB) denotes the power offset
differential value for HS-DPCCHZ2 with respective to HS-DPCCH1. A, ,, may be

defined the same or different values for HARQ-ACK field and PCI/CQI field.

A, , may be the same or different value for different slots within one HS-

-58-



WO 2012/094639 PCT/US2012/020551

DPCCH sub-frame (TTI). A, , may be a pre-defined value or signaled from

higher layers.

[0182] The power offset for each HS-DPCCH may be determined based on
the number of active cells mapped on corresponding HS-DPCCH (1.e., HS-
DPCCH1 or HS-DPCCHZ2) individually and MIMO configuration status. For
example, the power offset settings for 4C-HSDPA may be reused in 8C-HSDPA
by introducing two new terms: Secondary_Cell_Active_1 and
Secondary_Cell_Active_2 that are defined as the number of activated secondary
serving HS-DSCH cells within HS-DPCCH1 and HS-DPCCHZ2, respectively.
Assuming that a serving HS-DSCH cell 1s mapped to HS-DPCCH1, which may
not be deactivated, Secondary_Cell_Active = (Secondary_Cell_Active_1 +
Secondary_Cell_Active_2), and Secondary_Cell_Active may be replaced with
Secondary_Cell_Active_1 for HS-DPCCH1, and Secondary_Cell_Active may be
replaced with (Secondary_Cell_Active_2-1) for HS-DPCCHZ2. Table 33 and Table
34 show an example of CQI power offset setting for HS-DPCCH1 and HS-
DPCCH2 (if not DTXed), respectively. The HARQ-ACK power offsetting for HS-
DPCCH1 and HS-DPCCH2 (if not DTXed) may be obtained similarly.

Ans equals the quantized
amplitude ratio translated from
Secondary_C .. MIMO 1s MIMO 15
i Condition configured in a
ell_Active_1 r}ot cell
c‘;gf;g(ﬁd CQIof | CQIof
Type A | Type B
0 Acqr Acqr +1 Acqr
Secondary_Cell_Enabled 1s
1 1 and MIMO 1s not Acqr+1 N/A N/A
configured in any cell
Otherwise Acqr Acqr +1 Acqr
Z(ote 1) | g0 ondary Cell Enabledis| — ~C% N/A N/A
2 (note 2) 2 apd MIMO 1s not
configured in any cell Acqr+1 N/A N/A
2 Otherwise Acqr +1 Acqr +2 Acqr +1
3 Acqr+1 Acqi+2 | Acqi+l
Note 1: When the WTRU transmits a CQI report for the serving HS-
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DSCH cell in a subframe.
Note 2: When the WTRU transmits a composite CQI report for first and
second secondary serving HS-DSCH cells 1n a subframe.

Table 33
Ans equals the quantized amplitude
(Secondary ratio translated‘ from ‘
_Cell_Activ Condition MIMO 1s not MIMO. 1s configured
e2-1) configured in in a cell
a cell CQI of CQI of
Type A Type B
0 Acqr Acqr +1 Acqr
Secondary_Cell_Enabled 1s
1 1 and MIMO 1is not Acqr+1 N/A N/A
configured in any cell
1 Otherwise Acqr Acqr +1 Acqr
Secondary_Cell_Enabled 1s Acqr
2 (note 1) 2 and MIMO 1is not N/A N/A
2 (note 2) configured 1n any cell Acqr +1 N/A N/A
2 Otherwise Acqr +1 Acqr +2 Acqr +1
3 Acqr +1 Acqr +2 Acqr+1

Note 1: When the WTRU transmits a CQI report for the serving HS-DSCH
cell in a subframe.

Note 2: When the WTRU transmits a composite CQI report for first and
second secondary serving HS-DSCH cells in a subframe.

Table 34

[0183] The PRE/POST codewords are introduced in the HARQ-ACK
codebook for the purpose of reducing the occurrence of false alarms and thus
improve the ACK/NACK detection reliability. When this feature 1s enabled by
the network with HARQ_preamble_mode = 1, the Node B does not have to
distinguish ACK/NACKs from DTX (i.e., no transmission of any signals) for the
sub-frames after PRE and before POST. As the probability of missed detection,
which is directly affected by the false alarm setting, is the dominant source of
ACK/NACK decoding error, the use of the PRE/POST would significantly improve
the ACK/NACK detection performance.

[0184] If one HS-DPCCH with SF=64 (1.e., HS-DPCCH slot format 2) 1s
used in 8C-HSDPA, four HARQ-ACK messages as shown in FIG. 10 are
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introduced in one HARQ-ACK slot in an HS-DPCCH sub-frame. In addition, a
DTX codeword (DCW) 1s included the codebook to avoid non-full-slot
transmissions. Under this assumption, the true DTX, (i.e., transmitting no
signal in the HARQ-ACK slot), occurs if DTX 1s reported on all 4 HARQ-ACK
messages.

[0185] N_acknack_transmit 1s a repetition factor of ACK/NACK.
N_cqi_transmit is a repetition factor of CQI. HARQ_preamble_mode indicates a
status of preamble/postamble transmission. Inter-TTI 1s a set number of periods
that define the time from the beginning of one HS-PDSCH transmission to the
next HS-PDSCH transmission.

[0186] If HARQ_preamble_mode = 1 and the information received on an
HS-SCCH 1s not discarded, the WTRU may transmit an HARQ preamble, (i.e.,
PRE for HS-DPCCH slot format 0, PRE/PRE for HS-DPCCH slot format 1, and
PRE/PRE/PRE/PRE for HS-DPCCH slot format 2), in the slot allocated to HARQ-
ACK in the HS-DPCCH sub-frame n —1, unless an ACK or NACK or any
combination of ACK and NACK is to be transmitted in sub-frame n—1 as a
result of an HS-DSCH transmission earlier than sub-frame n on the HS-PDSCH.
If N_acknack_transmit > 1, the WTRU may transmit an HARQ preamble in the
slot allocated to HARQ-ACK in the HS-DPCCH sub-frame n — 2, unless an ACK
or NACK or any combination of ACK and NACK is to be transmitted in sub-
frame n — 2 as a result of an HS-DSCH transmission earlier than sub-frame n on
the HS-PDSCH.

[0187] The WTRU may transmit the ACK/NACK information received from
MAC-hs or MAC-ehs in the slot allocated to the HARQ-ACK in the corresponding
HS-DPCCH sub-frame. When N_ acknack_transmit is greater than one, the
WTRU may repeat the transmission of the ACK/NACK information over the next
(N_ acknack_transmit-1) consecutive HS-DPCCH sub-frames, in the slots
allocated to the HARQ-ACK, and may not attempt to receive any HS-SCCH in
the HS-SCCH subframes corresponding to the HS-DPCCH sub-frames in which
the ACK/NACK information transmission 1s repeated, nor to receive or decode

transport blocks from the HS-PDSCH in the HS-DSCH sub-frames corresponding
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to the HS-DPCCH sub-frames in which the ACK/NACK information transmission
1s repeated.

[0188] If ACK or NACK or any combination of ACK and NACK 1is
transmitted in HS-DPCCH sub-frame n, and HARQ_preamble_mode = 1 and
WTRU InterTTI < N_acknack_transmit, the WTRU may transmit an HARQ
postamble, (i.e., POST for HS-DPCCH slot format 0, POST/POST for HS-DPCCH
slot format 1, and POST/POST/POST/POST for HS-DPCCH slot format 2), in the
slot allocated to HARQ-ACK in HS-DPCCH subframe n +2%*
N_acknack_transmit — 1, unless ACK or NACK or PRE or PRE/PRE or
PRE/PRE/PRE/PRE or any combination of ACK and NACK is to be transmitted
in this subframe. If N_acknack_transmit > 1, transmit an HARQ postamble
(POST) in the slot allocated to HARQ-ACK in the HS-DPCCH subframe
n + 2*N_acknack_transmit — 2, unless an ACK or NACK or PRE or PRE/PRE or
PRE/PRE/PRE/PRE or any combination of ACK and NACK is to be transmitted
in this subframe.

[0189] The rules specified above in transmitting PRE/POST require
PRE/POST to be sent on all ACK/NACK messages in a subframe. Alternatively,
one or part of the 4 messages may be a PRE/POST codeword, and the rest of
them may be a DTX codeword instead.

[0190] In acase of two SF=128 HS-DPCCHs in 8C-HSDPA, the PRE/POST
maybe independently transmitted on each of the two HS-DPCCHs on a per-
channel basis. If HARQ_preamble_mode = 1 and the information received on an
HS-SCCH 1s not discarded, a WIT'RU may transmit an HARQ preamble, (1.e., PRE
for HS-DPCCH slot format 0, and PRE/PRE for HS-DPCCH slot format 1), in the
slot allocated to HARQ-ACK in HS-DPCCH; sub-frame n — 1, unless an ACK or
NACK or any combination of ACK and NACK 1s to be transmitted in sub-frame
n —1 as a result of an HS-DSCH transmission earlier than sub-frame n on the
HS-PDSCH. If N_acknack_transmit > 1, the WTRU may transmit an HARQ
preamble 1n the slot allocated to HARQ-ACK in HS-DPCCH; sub-frame n — 2,
unless an ACK or NACK or any combination of ACK and NACK 1is to be
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transmitted in sub-frame n — 2 as a result of an HS-DSCH transmission earlier
than sub-frame n on the HS-PDSCH.

[0191] The WTRU may transmit the ACK/NACK information received from
MAC-hs or MAC-ehs in the slot allocated to the HARQ-ACK in the corresponding
HS-DPCCH; sub-frame. When N_ acknack_transmit is greater than one, the
WTRU may repeat the transmission of the ACK/NACK information over the next
(N_ acknack_transmit-1) consecutive HS-DPCCH; sub-frames, in the slots
allocated to the HARQ-ACK and may not attempt to receive any HS-SCCH in
HS-SCCH subframes corresponding to HS-DPCCH; sub-frames in which the
ACK/NACK information transmission 1s repeated, nor to receive or decode
transport blocks from the HS-PDSCH in HS-DSCH sub-frames corresponding to
HS-DPCCH; sub-frames in which the ACK/NACK information transmission is
repeated.

[0192] If ACK or NACK or any combination of ACK and NACK 1is
transmitted in HS-DPCCH; sub-frame n, and HARQ_preamble_mode = 1 and
WTRU InterTTI < N_acknack_transmit, the WTRU may transmit an HARQ
postamble, (1.e., POST for HS-DPCCH slot format 0, and POST/POST for HS-
DPCCH slot format 1), in the slot allocated to HARQ-ACK in HS-DPCCH;
subframe n + 2* N_acknack_transmit — 1, unless ACK or NACK or PRE or
PRE/PRE or any combination of ACK and NACK is to be transmitted in this
subframe. If N_acknack_transmit > 1, the WTRU may transmit an HARQ
postamble (POST) in the slot allocated to HARQ-ACK in HS-DPCCH; subframe
n + 2*N_acknack_transmit — 2, unless an ACK or NACK or PRE or PRE/PRE or
any combination of ACK and NACK 1s to be transmitted in this subframe. DTX
may be used on the HS-DPCCH; in the slot allocated to HARQ-ACK 1in the
corresponding HS-DPCCH subframe unless a HARQ-ACK message 1s to be
transmitted as described above.

[0193] Alternatively, a HARQ preamble and a HARQ postamble may be
transmitted on the two HS-DPCCHs simultaneously if both HS-DPCCHs meet
the requirements defined for a single HS-DPCCH as the independent PRE/POST
transmission described above. As an example of 2xSF128 HS-DPCCHs used in
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8C-HSDPA, if two HS-DPCCHs are active, a HARQ preamble (i.e., PRE/PRE for
HS-DPCCH slot format 1, SF=128) may be sent on both HS-DPCCHes (1.e., each of
HS-DPCCH1 and HS-DPCCHZ2) prior to a transmission and a HARQ postamble
(1.e., POST/POST for HS-DPCCH slot format 1, SF=128) may be sent on both HS-
DPCCHs (1.e., each of HS-DPCCH1 and HS-DPCCH2) subsequent to a
transmission described above. DTX may be used on HS-DPCCH1 and HS-
DPCCH2 in the slot allocated to HARQ-ACK 1in each of the corresponding HS-
DPCCH subframes unless a HARQ-ACK message is to be transmitted as
described above on either of the HS-DPCCHs. If a HARQ-ACK message 1s to be
transmitted on only one of the active HS-DPCCHs, the DTX codeword may be
repeated in the HARQ-ACK field on the other HS-DPCCH in the corresponding
HS-DPCCH subframe.

[0194] Embodiments for reporting in compressed mode gap for multi-
carrier HSDPA are described hereafter.

[0195] During a compressed mode (CM) on the associated dedicated
physical channel (DPCH) or fractional dedicated physical channel (F-DPCH), a
WTRU may neglect HS-SCCH or HS-PDSCH transmissions, if a part of the HS-
SCCH or a part of the corresponding HS-PDSCH overlaps with a downlink
transmission gap on the associated DPCH or F-DPCH. In this case, neither ACK,
nor NACK may be transmitted by the WTRU to respond to the corresponding
downlink transmission. If a part of an HS-DPCCH slot allocated to HARQ-ACK
overlaps with an uplink transmission gap on the associated DPCH, the WTRU
may use DTX on the HS-DPCCH in that HS-DPCCH slot. If, in an HS-DPCCH
sub-frame, a part of a slot allocated for CQI information overlaps with an uplink
transmission gap on the associated DPCH, the WTRU may not transmit that CQI
or composite PCI/CQI information in that sub-frame (if HS-DPCCH slot format 0
1s used) or in that slot if HS-DPCCH slot format 1 1s used). If a CQI report or a
composite PCI/CQI report is scheduled in the current CQI field, and the
corresponding 3-slot reference period wholly or partly overlaps a downlink
transmission gap, the WTRU may use DTX in the current CQI field and in the
CQI fields in the next (IN_cqi_transmit—1) subframes.
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[0196] In a case where two SF=128 HS-DPCCHs are used in 8C-HSDPA,
when two HS-DPCCHs are simultaneously transmitted and timing-aligned, the
above rule may be applied for each or both of the two HS-DPCCHs. If one HS-
DPCCH 1s transmitted upon activation/deactivation, the above rule may be
applied for the transmitted HS-DPCCH.

[0197] With the introduction of dual band dual carrier (DB-DC) HSDPA,
which 1s characterized by a WTRU having two receivers capable of simultaneous
reception in two different bands, DL carriers in a multi-carrier HSDPA system
including the DB-DC HSDPA, 4C-HSDPA, 8C-HSDPA and/or higher number
carrier HSDPA system may be configured in two bands. A subset or none of the
configured carriers/bands may be put into the compressed mode, thus allowing
uninterrupted data transmission on the other carriers/bands when frequency—
band-specific compressed mode (CM) is configured. The above rule 1s defined for
the compressed mode, which 1s per WTRU basis instead of per band. When
introducing the frequency-band-specific CM, there are several issues to be
addressed as follows.

[0198] A first issue with the frequency—band-specific CM 1s how the WTRU
handles the reception of an HS-SCCH and an HS-PDSCH during the frequency—
band-specific CM on the associated DPCH or F-DPCH.

[0199] In on embodiment, the WTRU may handle the reception of an HS-
SCCH and an HS-PDSCH on a per-band basis during the frequency-band-specific
CM on the associated DPCH or F-DPCH. For the band(s) configured with
frequency—band-specific CM on the associated DPCH or F-DPCH, the WTRU may
neglect an HS-SCCH or HS-PDSCH transmission on all carriers within the
band(s), if a part of the HS-SCCH or a part of the corresponding HS-PDSCH
overlaps with a downlink transmission gap on the associated DPCH or F-DPCH.
In this case, neither ACK, nor NACK may be transmitted by the WTRU to
respond to the corresponding downlink transmission. Ifthe related HARQ-ACK
field 1s jointly coded with that of any of the downlink transmission belonging to
the other frequency band, the WTRU may respond with a DTX codeword to the

corresponding downlink transmission. Otherwise, the WTRU may not transmit
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(true DTX). Alternatively, the WTRU may use the codeword in the ACK-NACK
codebook as if the corresponding cells in the band are deactivated. This
embodiment may also be applied to the cases where a single band is configured or
4C-HSDPA 1s configured.

[0200] For the band(s) without being configured with frequency—band-
specific CM on the associated DPCH or F-DPCH, the WTRU may operate as
normal without CM, (i.e., the WTRU may receive an HS-SCCH or HS-PDSCH
transmission on any carriers within the band(s)), if a part of the HS-SCCH or a
part of the corresponding HS-PDSCH overlaps with a downlink transmission gap
on the associated DPCH or F-DPCH. In this case, either ACK, or NACK, or DTX
codeword may be transmitted, or no signal may be transmitted (true DTX), by
the WTRU to respond to the corresponding downlink transmission.

[0201] In another embodiment, regardless of the frequency bands, the
WTRU may neglect the HS-SCCH or HS-PDSCH transmission on any carriers of
all configured bands, if a part of the HS-SCCH or a part of the corresponding HS-
PDSCH overlaps with a downlink transmission gap on the associated DPCH or F-
DPCH. In this case, neither ACK, nor NACK may be transmitted by the WTRU
to respond to the corresponding downlink transmission. The true DTX may be
performed by the WTRU 1n response to all downlink transmissions.

[0202] The second 1ssue with the frequency—band-specific CM 1s how the
WTRU reports CQI or PCI/CQI during the frequency—band-specific CM on the
associated DPCH or F-DPCH.

[0203] In one embodiment, CQI reporting may not be allowed for any of the
HSPDA cells in any configured frequency band when any carrier is in a CM.
Specially, this may simply follow the conventional CM rules and DTX the CQI
reporting. If a CQI report or a composite PCI/CQI report is scheduled in the
current CQI field and the corresponding 3-slot reference period wholly or partly
overlaps a downlink transmission gap, the WT'RU may use DTX in the current
CQI field and in the CQI fields in the next (N_cqi_transmit—1) subframes for all
HSDPA cells regardless whether the frequency band 1s configured with or
without the frequency—band-specific CM.
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[0204] In another embodiment, CQI reporting may be allowed for HSDPA
cells 1n all configured frequency bands. This may be applied when a subset or
none of the configured carriers/band can be put into the CM gap and the primary
carrier 1s not in CM gap. For example, this happens when one or more secondary
carriers 1s configured with a CM gap and the primary carrier (or secondary
carrier associated with the secondary UL carrier if HS-DPCCH i1s carried on the
secondary UL carrier) does not have a CM gap. This embodiment may also be
performed for jointly encoded CQI case.

[0205] If a CQI report or a composite PCI/CQI report 1s scheduled in the
current CQI field, and the corresponding 3-slot reference period wholly or partly
overlaps a downlink transmission gap, the WTRU may report CQI or PCI/CQI in
a way as defined with respect to the third issue disclosed below in the current
CQI field and 1in the CQI fields in the next (IN_cqi_transmit—1) subframes.
[0206] Alternatively, CQI reporting may be allowed for the HSDPA cells in
the band not being configured with the frequency—band-specific CM, and CQI
reporting may not be allowed for the HSDPA cells in the band configured with
the frequency-band-specific CM. This may be feasible for the time-multiplexed
CQI case in MC-HSDPA. For the band(s) configured with frequency—band-
specific CM on the associated DPCH or F-DPCH, if a CQI report or a composite
PCI/CQI report is scheduled in the current CQI field, and the corresponding 3-
slot reference period wholly or partly overlaps a downlink transmission gap, the
WTRU may use DTX in the current CQI field and in the CQI fields in the next
(N_cqi_transmit—1) subframes. For the band(s) not being configured with
frequency—band-specific CM, if a CQI report or a composite PCI/CQI report 1is
scheduled in the current CQI field, and the corresponding 3-slot reference period
wholly or partly overlaps a downlink transmission gap, the WTRU may report
the CQI or PCI/CQI in a way as defined with respect to the third issue disclosed
below in the current CQI field and in the CQI fields in the next (N_cqi_transmit—
1) subframes.

[0207] The third issue with the frequency—band-specific CM is what CQI or
PCI/CQI need to be reported during the frequency-band-specific CM on the
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associated DPCH or F-DPCH. For the band(s) not in the frequency—band-specific
CM, the legacy definition of CQI or PCI/CQI may be reused.

[0208] For the band experiencing a gap upon the configured frequency—
band-specific CM, if there 1s no valid PCI/CQI, the previous (e.g., the last) valid
PCI/CQI may be repeated before the corresponding 3-slot reference period wholly
or partly overlaps a downlink transmission gap.

[0209] Alternatively, a special CQI or PCI/CQI codeword (or value) may be
reported when there 1s no valid CQI or PCI/CQI to report corresponding to the
CM gap. The special CQI codeword may be one or any combination of the
following: a new CQI DTX codeword, an “out-of-range” CQI value with respective
to the normal range of CQI value, (e.g., CQI value = 0 or CQI value = 31 for the
case without MIMO configured or MIMO configured and single-stream restriction
configured, or CQI value = 15 for case with MIMO configured and single-stream
restriction not configured), an agreed upon CQI or PCI/CQI codeword when there
1s no valid CQI or PCI/CQI measurement to report, (e.g., the WTRU may use the
out of range CQI for most cases and/or may use the maximum CQI value for
cases where there 1s no out of range CQI value). Alternatively, it may be DTXed,
(i.e., not reporting CQI or PCI/CQI).

[0210] Alternatively, the CQI and PCI/CQI may be reported as if the
secondary cell 1s deactivated during the CM gap, and the deactivated secondary
cell’s CQI or PCI/CQI 1s not transmitted (i.e., DTXed) during the time the
measurements are interrupted. This embodiment may not use the
remapping/repeating rule when the number of activated carriers is no more than
21n 4C-HSDPA or the cases defined for 8C-HSDPA since CM may not change the
number of activated carriers which is also linked to power offset for HS-DPCCH.
Alternatively, a new remapping/repeating rule and corresponding new power
offset for this case may be defined.

[0211] Embodiments for enhanced dedicated channel (E-DCH) transport
format combination (E-TFC) restriction for SC-HSDPA are described hereafter.
[0212] In 3GPP previous releases, in order to maximize the coverage, a

WTRU may limit the usage of transport format combinations (TFCs) for the
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assigned transport format set if it estimates that a certain TFC and E-TFC would
require more power than a maximum transmit power. E-TFC selection 1s based
on the estimated power left over from TFC selection if a dedicated physical data
channel (DPDCH) 1s present and from HS-DPCCH as follows. If an HS-DPCCH
1s transmitted either partially or totally within the given measurement period,
the WTRU transmit power estimation for a given TFC 1s calculated based on
DPDCH and dedicated physical control channel (DPCCH) gain factors, the
maximum value of the HS-DPCCH gain factor that is used during the
measurement period, and the reference transmit power. The timing of the
measurement period (which is one slot) 1s same as the timing of the dedicated
physical channel (DPCH) slot.

[0213] E-TFC restriction procedure involves determining a normalized
remaining power margin (NRPM) available for the E-TFC selection for the
activated uplink frequency (or frequencies if DC-HSUPA configured). The NRPM
for E-TFC candidate j (NRPM;) is calculated as follows.

[0214] When a WTRU has one activated uplink frequency, NRPM; is

calculated as follows:

NRPM;= (PMax ;- PopccH, target - Popoen- Pus.opccn- Pr-ppecn )/ PopecH, target.

Equation (1)

[0215] PMax; 1s a maximum WTRU transmitter power for E-TFC;.
Porcch(t) represents a slotwise estimate of the current WI'RU DPCCH power at
time t. If at time t the WTRU 1s transmitting a CM frame then PppccH, comp(t) =
Porccn(t) X (Nyitot, ¢/ Nypilot,N); otherwise, PppccH, comp(t) = Poprccu(t). If the WTRU 1s
not transmitting uplink DPCCH during the slot at time t, either due to CM gaps
or when discontinuous uplink DPCCH transmission operation is enabled, the
power may not contribute to the filtered result. Samples of PppccH,comp(t) may be
filtered using a filter period of 3 slotwise estimates of PpprccH,comp(t) when the E-
DCH transmit time interval (TTI) 1s 2 ms or 15 slotwise estimates of

PprccH,comp(t) when the E-DCH TTI 1s 10 ms to give PppccH filered. If the target E-
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DCH TTI for which NRPM; evaluated does not correspond to a CM frame then
PorccH target = PpprocH siltered.  If the target E-DCH TTI for which NRPM; 1s
evaluated corresponds to a CM frame then PppccH,target = PopocH,fittered X (Npitot, N/
Npilot,¢). Npilot.N and Npilor,c are numbers of pilot symbols as defined in 3GPP T'S
25.214.

[0216] Porpce 1s an estimated DPDCH transmit power, based on
PprccH target and the gain factors from the TFC selection that has been made. Pgs.
prccH 18 an estimated HS-DPCCH transmit power based on the maximum HS-
DPCCH gain factor based on PppccH,target and the most recent signaled values of
Aack, Anack and Acqr. If the target E-DCH TTI for which NRPM; is evaluated
corresponds to a CM frame, the modification to the gain factors due to CM 1s
included in the estimate of Prs.opccH. Proppocnj 1s an estimated E-DPCCH
transmit power for E-DCH transport format combination index j (E-TFCI).
[0217] If the WTRU 1s configured in MIM O without DC-HSDPA mode, the
estimated HS-DPCCH transmit power may be based on PppccH targer and the
greatest of (Aack +1), (Anack +1) and (Acqr +1) when CQI of type A 1s to be
transmitted, and the greatest of (Aack +1), (Anack +1) and Acqr when CQI of type
B 1s to be transmitted, where Aack, Anack and Acqr are the most recent signaled
values.

[0218] If the WTRU is configured in DC-HSDPA or DC-HSDPA-MIMO, the
estimated HS-DPCCH transmit power may be based on PppccH targer and the
greatest of (Aack +1), (Anack +1) and (Acqr +1), where Aack, Anack and Acqrare the
most recent signaled values.

[0219] When the WTRU has more than one activated uplink frequency, the
WTRU may estimate the NRPM available for E-TFC selection for the 1-th
activated uplink frequency (where 1= 1 or 2 respectively corresponds to the index
of the primary uplink frequency and the index of the secondary uplink frequency)

based on the following equation for E-TFC candidate j:

NRPM;; = (Panocated, i — PE-DPCCH,) / PDPCCH, target,i Equation (2)
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where Pallocated, i Indicates the power allocated to the i-th uplink frequency by the
WTRU based on the following cases, and Pr.ppcchij represents the estimated E-
DPCCH transmit power for E-TFCI; on the activated uplink frequency 1.
[0220] In a case where a WTRU has more than one activated uplink
frequency and no retransmission 1s required, or where a WTRU has more than
one activated uplink frequency and two retransmissions are required,

Paltocated,1 = P1 +Pron-sa, and

Panocated,2 = P,
where P; represents the maximum remaining allowed power for scheduled

transmissions for the 1-th activated uplink frequency, and Pnon-sc represents

the power pre-allocated for non-scheduled transmissions for the primary uplink

frequency. P;is defined as follows:

P SG

DPCCH, target,i i

Pi - Premainin 8 Equatlon (3)
& Z k PDPCCH,target,kSGk

where Premainings 18 the remaining power for scheduled transmissions once the
power for non-scheduled transmissions has been taken into account, which 1s

defined as follows:

Premaining,s = maX(PMaX - X PDPCCH,target,i - Pas.pPCCH - Pnon-SG, O) Equation (4)

[0221] In a case where a WTRU has more than one activated uplink
frequency and one retransmission is required in one activated uplink frequency,
the WTRU may estimate the NRPM available for E-TFC selection using the
power allocated to the activated uplink frequency for which a retransmission is
required (Palocated,x) and the power allocated to the activated uplink frequency for

which no retransmission is required (Paloceated,y), Which are defined as follows:

Paiocated,y = PMax - Pus.ppccH - %i PppeCH, target.i - PE-DPCCH.x - PE-DPDCH x,
Equation (5)

Paiocated,x = PE-DPCCHx + PE-DPDCH %, Equation (6)
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where PMax represents the maximum WTRU transmitter power. PrprpcHx
represents the estimated E-DPDCH transmit power for the uplink frequency for
which a retransmission is required. The estimate 1s based on PppccH, target,x Where
x denotes the index of the activated uplink frequency on which a retransmission
required and the E-DPDCH gain factor which will be used for the retransmission.
Pr.ppcchx represents the estimated E-DPCCH transmit power for the uplink
frequency for which a retransmission i1s required. The estimate 1s based on
PprccH target,x Where x denotes the index of the activated uplink frequency on
which a retransmission 1s required and the E-DPCCH gain factor which will be
used for the retransmission.

[0222] For both cases above, Pus.prccH represents the estimated HS-
DPCCH transmit power and may be calculated based on the estimated primary
activated frequency DPCCH power, and the greatest of (Aack +1), (Anack +1) and
(Acqr +1) where Aack, Anack and Acqr are the most recent signaled values.
[0223] NRPM; or NRPM ;; may be determined by the maximum power
minus the power of the HS-DPCCH and other channels other than the E-
DPDCH. In 3GPP releases up to R10 4C-HSDPA, it was specified to only take
into account one HS-DPCCH because there is at most one HS-DPCCH on each
radio link if Secondary_Cell_Enabled is less than 4 (i.e., no more than 4 downlink
carriers are configured).

[0224] However, in MC-HSDPA with more than 4 downlink carriers
configured (i.e., Secondary_Cell_Enabled > 3), there may be more than one HS-
DPCCH on each radio link. For example, in 8C-HSDPA, two HS-DPCCHs with
SF of 128 may be configured. Due to the introduction of more than one HS-
DPCCH in MC-HSDPA with M > 4 (i.e., Secondary_Cell_Enabled > 3), E-TFC
restriction procedure needs to be re-defined to accommodate the total power of
multiple HS-DPCCHs. It should be noted that although the embodiments below
are described in the context of 8C-HSDPA or MC-HSDPA, it may be applicable to
other systems where one or more HS-DPCCHs may be used.

[0225] If more than one (K) HS-DPCCH 1s configured in MC-HSDPA (the

gain factors used for different HS-DPCCHs during the measurement period may
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be different or same), the WTRU transmit power estimation for a given TFC may
be calculated differently for the following cases: one case where one HS-DPCCH
1s transmitted either partially or totally within the given measurement period,
and the other case where more than one HS-DPCCHs are transmitted either
partially or totally within the given measurement period.

[0226] If one HS-DPCCH is transmitted either partially or totally within
the given measurement period, the WTRU transmit power estimation for a given
TFC may be calculated based on DPDCH and DPCCH gain factors, the maximum
value of the transmitted HS-DPCCH gain factor that is used during the
measurement period, and the reference transmit power.

[0227] If more than one HS-DPCCH 1is transmitted either partially or
totally within the given measurement period, the WTRU transmit power
estimation for a given TFC may be calculated based on DPDCH and DPCCH gain
factors, the reference transmit power, and a combined HS-DPCCH transmit
power that 1s used during the measurement period. The combined HS-DPCCH
transmit power may be calculated by one or any combination of the following
methods.

[0228] In one embodiment, the WTRU may first individually (or
independently) calculate each HS-DPCCH transmit power as defined above for
the case that one HS-DPCCH 1s transmitted either partially or totally within the
given measurement period. The WTRU then, based on all the estimated HS-
DPCCH transmit power, calculate the combined HS-DPCCH transmit power by
as a sum of all individually estimated HS-DPCCH transmit power, as a
maximum of all individually estimated HS-DPCCH transmit power, as 2 (or any
other number) times of the maximum of all individually estimated HS-DPCCH
transmit power, as 2 (or any other number) times of the minimum of all
individually estimated HS-DPCCH transmit power, or the like.

[0229] In another embodiment, the WTRU may first select a common gain
factor for calculating the combined HS-DPCCH transmit power, and then
calculate the combined transmit power for all K HS-DPCCHs by summing K (or

K times) estimated HS-DPCCH transmit power calculated based on the common
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gain factor and reference power. The common gain factor may be selected based
on a certain criteria such as the maximum of all HS-DPCCH gain factors that are
used during the measurement period, the average of all HS-DPCCH gain factors
that are used during the measurement period, the maximum or average of the
primary HS-DPCCH (.e., HS-DPCCH on which serving HS-DSCH cell 1s
mapped) gain factor that is used during the measurement period, or the
maximum or average of the pre-defined or specified secondary HS-DPCCH (1.e.,
HS-DPCCHzxk on which secondary serving HS-DSCH cell 1s mapped) gain factor
that 1s used during the measurement period.

[0230] In an 8C-HSDPA case where two HS-DPCCHs with SF of 128 are
configured, the WTRU transmit power estimation for a given TFC may be
calculated as follows. If one HS-DPCCH 1s transmitted either partially or totally
within the given measurement period, the WTRU transmit power estimation for
a given TFC may be calculated using DPDCH and DPCCH gain factors, the
maximum value of the HS-DPCCH gain factor that is used during the
measurement period, and the reference transmit power. The timing of the
measurement period is same as the timing of the DPCH slot. If two HS-DPCCHs
are transmitted either partially or totally within the given measurement period,
the WTRU transmit power estimation for a given TFC may be calculated using
DPDCH and DPCCH gain factors, the maximum value of each HS-DPCCH (1.e.,
HS-DPCCH and HS-DPCCHZ2) gain factor that is used during the measurement
period, and the reference transmit power, in one or any combination of the
methods described above. The timing of the measurement period is same as the
timing of the DPCH slot.

[0231] Alternatively, if one or two HS-DPCCHs are transmitted either
partially or totally within the given measurement period, the WTRU transmit
power estimation for a given TFC may be calculated using DPDCH and DPCCH
gain factors, the maximum value of the HS-DPCCH gain factor (or the maximum
values of each HS-DPCCH gain factors if two HS-DPCCHs are configured and
transmitted) that is used during the measurement period, and the reference

transmit power. The timing of the measurement period is same as the timing of
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the DPCH slot. The combined HS-DPCCH transmit power may be implemented
in one or any combination of the methods described above.

[0232] In order to calculate NRPM available for the E-TFC selection, when
more than one HS-DPCCH 1s used in MC-HSDPA with M>4 or 8C-HSDPA, an E-
TFC restriction procedure may be implemented by one or any combination of the
following methods.

[0233] In a first method, instead of changing the above Equations
(Equations (1), (4), and (5)) used in E-TFC restriction procedure, Pus.ppccH may
be defined as the total estimated HS-DPCCH transmit power, determined as the
sum of the estimated HS-DPCCH transmit power for each configured and
transmitted HS-DPCCH (e.g., HS-DPCCH1 and/or HS-DPCCH2). The estimated
HS-DPCCH transmit power for each HS-DPCCH may be calculated based on the
maximum HS-DPCCH gain factor for corresponding HS-DPCCH based on
PprccH target and the most recent signaled values of Aack, Anack and Acqr.

[0234] A first example implementation for MC-HSDPA or 8C-HSDPA 1s
described below.

[0235] When a WTRU has one activated uplink frequency, Pusprccn =
estimated HS-DPCCH transmit power based on the maximum HS-DPCCH gain
factor based on PppccH target and the most recent signaled values of Aack, Axack
and Acqr. If two HS-DPCCHs are transmitted, Pus-ppcch 1s the estimated total
HS-DPCCH transmit power over both HS-DPCCH; and HS-DPCCHz. If the
target E-DCH TTI for which NRPM;is evaluated corresponds to a compressed
mode frame then the modification to the gain factors which occur due to
compressed mode may be included in the estimate of Pus.npccH.

[0236] If the WTRU 1s configured in MIMO without DC-HSDPA mode, then
the estimated HS-DPCCH transmit power may be based on PppccH,targes and the
greatest of (Aack +1), (Anack +1) and (Acqr +1) when CQI of type A 1s to be
transmitted, and the greatest of (Aack +1), (Anack +1) and Acqr when CQI of type
B 1s to be transmitted, where Aack, Anack and Acqr are the most recent signaled

values.

-75-



WO 2012/094639 PCT/US2012/020551

[0237] If the WTRU is configured in DC-HSDPA or DC-HSDPA-MIMO,
then the estimated HS-DPCCH transmit power may be based on PppccH target and
the greatest of (Aack +1), (Anack +1) and (Acqr +1) where Aack, Anack and Acqr are
the most recent signaled values.

[0238] If the WTRU 18 configured n 3C/4C-HSDPA
(Secondary_Cell_Enabled > 1), then the estimated HS-DPCCH transmit power
may be based on PppccHtarget and the greatest of (Aack+2), (Anack+2), and
(Acqi+2), where Aack, Anack and Acqr are the most recent signaled values.
[0239] If the WTRU 1s configured 1 8C-HSDPA (e,
Secondary_Cell_Enabled > 3), then the estimated HS-DPCCH transmit power for
each transmitted HS-DPCCH may be based on PppccH,target and the greatest of
(Aack+2), (Anack+2), and (Acqi+2), where Aack, Anack and Acqr are the most recent
signaled values.

[0240] When the WTRU has more than one activated uplink frequency,
Pus.prccH represents the estimated HS-DPCCH transmit power and may be
calculated based on the estimated primary activated frequency DPCCH power,
and the greatest of (Aack +1), (Anack +1) and (Acqr +1) if Secondary_Cell_Enabled
<2 (or the greatest of (Aack +2), (Anack +2) and (Acqr +2) otherwise) where Aack,
Axack and Acqr are the most recent signaled values.

[0241] As an alternative to the first example implementation, 3C/4C-
HSDPA and 8C-HSDPA cases may be combined together as they use the same
maximum power offset to protect the worst cases while maintaining the existing
definition in case of Secondary_Cell_Enabled < 2 as follows.

[0242] When a WTRU has one activated uplink frequency, if
Secondary_Cell_Enabled > 1, then the estimated HS-DPCCH transmit power for
each transmitted HS-DPCCH may be based on PppccH,target and the greatest of
(Aack+2), (Anack+2), and (Acqr+2), where Aack, Anack and Acqr are the most recent
signaled values.

[0243] When the WTRU has more than one activated uplink frequency,
Pus.prccH represents the estimated HS-DPCCH transmit power and may be

calculated based on the estimated primary activated frequency DPCCH power,
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and the greatest of (Aack +1), (Anack +1) and (Acqr +1) if Secondary_Cell_Enabled
<4 (or the greatest of (Aack +2), (Anack +2) and (Acqr +2) otherwise), where Aack,
Axack and Acqr are the most recent signaled values.

[0244] As another alternative to the first example implementation, 3C-
HSDPA without MIMO configuration may be distinguished from the cases of 3C-
HSDPA with MIMO and 4C-HSDPA as they may use a different maximum power
offset when maintaining other cases as follows.

[0245] When a WTRU has one activated uplink frequency, if the WTRU 1s
configured in 3C-HSDPA (i.e., Secondary_Cell_Enabled = 2) without MIMO, then
the estimated HS-DPCCH transmit power may be based on PppccH,target and the
greatest of (Aack+1), (Anack+1), and (Acqr+1), where Aack, ANack, and Acqrare the
most recent signaled values.

[0246] If the WTRU 1s configured in 3C-HSDPA (Secondary_Cell_Enabled
= 2) with MIMO or 4C-HSDPA (i.e., Secondary_Cell_Enabled = 3), then the
estimated HS-DPCCH transmit power may be based on PppccH,target and the
greatest of (Aack+2), (Anack+2), and (Acqr+2), where Aack, Anack, and Acqrare the
most recent signaled values.

[0247] When the WTRU has more than one activated uplink frequency,
Pus.prccH represents the estimated HS-DPCCH transmit power and may be
calculated based on the estimated primary activated frequency DPCCH power,
and the greatest of (Aack +1), (Anack +1), and (Acqr +1) if Secondary_Cell_Enabled
< 2 (or the greatest of (Aack +1), (Anxack +1), and (Acq +1) if
Secondary_Cell_Enabled = 3 with MIMO configured, or the greatest of (Aack +2),
(Anack +2), and (Acqr +2) otherwise), where Aack, Anack and Acqr are the most
recent signaled values.

[0248] In a second method, when more than one (assuming K>1) HS-
DPCCH 1s configured and transmitted in MC-HSDPA with M>4 or 8C-HSDPA
(1.e., Secondary_Cell_Enabled > 3), a new item -XxPxs.ppccuk may be added to the
above equations to account for the sum of estimated HS-DPCCHxk transmit power
for additional HS-DPCCHs besides the primary HS-DPCCH (.e., legacy HS-
DPCCH) as follows:
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NRPM; = (PMax j - PppccH, target - Poppcr- Prsppech - XkPrs.ppecHK - PE-

prccH,j) PopecH, target, Equation (7)

Premaining,s = max(PMax - XiPppccH,target,i - PHs-DPCCH - 2k PHS-DPCCHK - Phon-sa,
0),

Equation (8)

Panocated,y = PMax - Pus.ppccH - ZkPrs-DPCCHK - X%iPDPCCH, target.i - PE-DPCCH x - PE-

DPDCH x,

Equation (9)

where Pusppecuk represents the estimated HS-DPCCH transmit power with
index k (k=2,3,...K) and 1s calculated based on the maximum HS-DPCCH gain
factor for corresponding HS-DPCCHzxk based on P ppccH,target and the most recent
signaled values of Aack, Anack and Acqr in the same manner as Prs.ppoch.
[0249] One example implementation of the second method in case of 8C-
HSDPA (or when Secondary_Cell_Enabled > 3) where two HS-DPCCHs with SF
of 128 are used 1s described below. When a WTRU has one activated uplink
frequency, NRPM may be defined as follows:

NRPM; = (PMax; - PopccH target - Popocr - Pasppech - Prsppechz - P

prccH,j) PopecH, target, Equation (10)

where Prs.prccn1s defined as above when Secondary_Cell_Enabled < 4.

[0250] Pusprechz 1s an estimated HS-DPCCH2 transmit power based on
the maximum HS-DPCCH2 gain factor based on PppccH,target and the greatest of
(Aack+2), (Anack+2), and (Acqr+2), where Aack, Anack and Acqr are the most recent
signaled values. If the target E-DCH TTI for which NRPM; is evaluated
corresponds to a CM frame then the modification to the gain factors due to CM
may be included in the estimate of Pus.ppcchz.

[0251] When the WTRU has more than one activated uplink frequency, the
WTRU may estimate the NRPM available for E-TFC selection for the 1-th
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activated uplink frequency (where 1 (= 1 or 2) corresponds to the index of the
primary uplink frequency and the index of the secondary uplink frequency) based

on the following equation for E-TFC candidate j:
NRPM ;; = (Panocated, i — PE-DPCCH,j) / PDPCCH, target,i Equation (11)

where Paloeated, i iIndicates the power allocated to the 1-th uplink frequency by the
WTRU based on the following cases.

[0252] In a case where a WTRU has more than one activated uplink
frequency and no retransmission 1s required, or where a WTRU has more than

one activated uplink frequency and two retransmissions are required,

Pallocated,l =P +Pnon-SG, Equation (12)

Pattocated,2 = P, Equation (13)

where P; represents the maximum remaining allowed power for scheduled

transmissions for the 1-th activated uplink frequency defined as follows:

P

P — DPCCH, target, 1SG1

i remalmng s G
: : DPCCH, target,k k

Equation (14)

where Premaining s 18 the remaining power for scheduled transmissions once the
power for non-scheduled transmissions has been taken into account, defined as

follows:

Premammg s— maX(PMaX 2iPprccH Jtarget,i - - Pus.ppccH - Prs-DPcCH2 - Pron- SGs O)

Equation (15)

[0253] In a case where a WTRU has more than one activated uplink
frequency and one retransmission 1s required in one activated uplink frequency,
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the WTRU may estimate the NRPM available for E-TFC selection using the
power allocated to the activated uplink frequency for which a retransmission is
required (Palocated,x) and the power allocated to the activated uplink frequency for

which no retransmission 1s required (Palocated,y), Wwhich are defined as follows:

Paiocatea,y = PMax - Pras.opccH - Prs.DPCCH? - 2ZiPDPCCH targeti - PE-DPCCHx - PE-

DPDCH,x,
Equation (16)
Panocated x = PE-DPCCH x + PE-DPDCH . Equation (17)
[0254] For both cases above, Pusprccr 1s defined as above when

Secondary_Cell_Enabled < 4. Pus.prcch2 represents the estimated HS-DPCCH2
transmit power and may be calculated based on the estimated primary activated
frequency DPCCH power, and the greatest of (Aack + 2), (Axack + 2) and (Acqr +
2), where Aack, Anack and Acqr are the most recent signaled values.

[0255] As an alternative to the second method, the second method may be
changed to include an estimated HS-DPCCH transmit power into the new item -
YxPus.prccuk with index k (k=0, 2, 3, ..., K). More specifically, when more than
one (assuming K>1) HS-DPCCH 1s configured and transmitted in MC-HSDPA
with M>4 or 8C-HSDPA, the NRPM-related equations may be defined to account
for the sum of estimated HS-DPCCHx transmit power for all HS-DPCCHs
including the primary HS-DPCCH (i.e., legacy HS-DPCCH) as follows.

[0256] When a WTRU has one activated uplink frequency, NRPM may be

calculated as follows:

NRPM,; = (PMax; - PopccH,target - Poppen - ZkPus.ppccnk - Pr-ppecn,j)/ Porecn,

target,

Equation (18)

[0257] When a WTRU has more than one activated uplink frequency, the

equations may be amended as follows:
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Premaining,s = maX(PMaX - EiPDPCCH,target,i - XkPHS.-DPCCHK - Pnon-SG, O), Equation (19)

Pattocated,y = PMax - XxPus.precHk - ZiPppecH targeti - PE-DPCCH,x - PE-DPDCH x

Equation (20)

where Pusppecuk represents the estimated HS-DPCCH transmit power with
index k (k=0, 2,3,...K) and 1s calculated based on the maximum HS-DPCCH gain
factor for corresponding HS-DPCCHzxk based on P ppccH,target and the most recent
signalled values of Aack, Axack and Acqr

[0258] Alternatively, E-TFC restriction may defined the estimated HS-
DPCCH transmit based on secondary serving HS-DSCH cells’ activation status
which may be used for both methods above based on RRC configuration.

[0259] Embodiments.

[0260] 1. A method for sending feedback for multi-cell HSDPA
operations.
[0261] 2. The method of embodiment 1 comprising receiving downlink

transmissions from a plurality of cells.

[0262] 3. The method of embodiment 2 comprising generating HARQ-
ACK messages and/or CQI or PCI/CQI messages for the cells.
[0263] 4. The method of embodiment 3 comprising encoding the HARQ-

ACK messages and/or the CQI or PCI/CQI messages.

[0264] 5. The method of embodiment 4 comprising sending the encoded
HARQ-ACK messages and/or the encoded CQI or PCI/CQI messages on a
plurality of HS-DPCCHs with a spreading factor of 128.

[0265] 6. The method of embodiment 5, wherein each HS-DPCCH 1s
configured to carry at least two encoded HARQ-ACK messages and at least two
encoded CQI or PCI/CQI messages in an HS-DPCCH subframe.

[0266] 7. The method as in any one of embodiments 5-6, wherein each
HARQ-ACK message 1s mapped to two cells so that HARQ information for two
cells are jointly encoded, and each CQI or PCI/CQI message 1s mapped to one cell.
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[0267] 8. The method of embodiment 7 wherein the encoded CQI or
PCI/CQI messages of up to four cells are transmitted in a first report and the
encoded CQI or PCI/CQI messages of up to another four cells are transmittedin a
second report over two HS-DPCCH subframes.

[0268] 9. The method as in any one of embodiments 7-8, wherein the
cells are either re-mapped to an HARQ-ACK message and/or a CQI or PCI/CQI
message or the HARQ-ACK message and/or the CQI or PCI/CQI message 1s
repeated within an HS-DPCCH on a condition that any cell is activated or
deactivated on that HS-DPCCH.

[0269] 10. The method as in any one of embodiments 4-9, wherein in
case three cells are active on any one of the HS-DPCCHs, HARQ-ACK
information of two active cells are jointly encoded and HARQ-ACK information of
the other active cell is jointly encoded with DTX.

[0270] 11. The method as in any one of embodiments 4-10, wherein in
case two cells are active on any one of the HS-DPCCHs, HARQ-ACK information
of two active cells are jointly encoded and a resulting codeword 1s repeated to fill
in an HARQ-ACK slot of the HS-DPCCH.

[0271] 12. The method as in any one of embodiments 4-11, wherein in
case one cell is active on any one of the HS-DPCCHs, HARQ-ACK information of
the active cell 1s encoded with a DTX and a resulting codeword is repeated to fill
in an HARQ-ACK slot of the HS-DPCCH.

[0272] 13. The method as in any one of embodiments 4-12, wherein in
case no cell is active on any one of the HS-DPCCHs, an HARQ-ACK slot of the
HS-DPCCH 1s not transmitted or a DTX codeword 1s repeated to fill in the
HARQ-ACK slot of the HS-DPCCH.

[0273] 14. The method as in any one of embodiments 4-13, wherein in
case three cells are active on any one of the HS-DPCCHs, CQI or PCI/CQI
messages of two active cells are carried in the first report, and a CQI or PCI/CQI
message of the other active cell is repeated in the second report.

[0274] 15. The method as in any one of embodiments 4-14, wherein in

case two cells are active on any one of the HS-DPCCHs, a CQI or PCI/CQI

-82-



WO 2012/094639 PCT/US2012/020551

message of one cell is repeated 1n the first report, and a CQI or PCI/CQI message
of the other cell i1s repeated in the second report.

[0275] 16. The method as in any one of embodiments 4-15, wherein in
case one cell 1s active on any one of the HS-DPCCHs, a CQI or PCI/CQI message
of the active cell 1s repeated in the first report and the second report is not
transmitted.

[0276] 17. The method as in any one of embodiments 4-16, wherein in
case no cell 1s active on an HS-DPCCH, CQI or PCI/CQI slots of the HS-DPCCH
1s not transmitted.

[0277] 18. The method as in any one of ¢ embodiments 4-17, wherein a
power offset for the HARQ-ACK message or the CQI or PCI/CQI message on each
HS-DPCCH 1s determined independently based on a number of active secondary
cells and MIMO configuration status on each HS-DPCCH.

[0278] 19. The method as in any one of embodiments 4-18, further
comprising transmitting an HARQ preamble and a postamble simultaneously on
both HS-DPCCHs on a condition that a condition for transmitting the preamble
and postamble 1s satisfied on both HS-DPCCHs.

[0279] 20. A WTRU for sending feedback for multi-cell HSDPA
operations.
[0280] 21. The WTRU of embodiment 20 comprising a transceiver

configured to receive downlink transmissions from a plurality of cells.

[0281] 22. The WTRU of embodiment 21 further comprising a processor
configured to generate HARQ-ACK messages and/or CQI or PCI/CQI messages
for the cells.

[0282] 23. The WTRU of embodiment 22 wherein the processor is
configured to encode the HARQ-ACK messages and/or the CQI or PCI/CQI
messages.

[0283] 24. The WTRU of embodiment 23 wherein the processor is
configured to send the encoded HARQ-ACK messages and/or the encoded CQI or
PCI/CQI messages on a plurality of HS-DPCCHs with a spreading factor of 128.
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[0284] 25. The WTRU of embodiment 24, wherein each HS-DPCCH 1s
configured to carry at least two encoded HARQ-ACK messages and at least two
encoded CQI or PCI/CQI messages in an HS-DPCCH subframe.

[0285] 26. The WTRU of embodiment 25, wherein each HARQ-ACK
message 1s mapped to two cells so that HARQ information for two cells are jointly
encoded, and each CQI or PCI/CQI message 1s mapped to one cell.

[0286] 27. The WTRU as in any one of embodiments 25-26, wherein the
encoded CQI or PCI/CQI messages of up to four cells are transmitted in a first
report and the encoded CQI or PCI/CQI messages of up to another four cells are
transmitted in a second report over two HS-DPCCH subframes.

[0287] 28. The WTRU as in any one of embodiments 25-27, wherein the
processor 1s configured to remap the cells to an HARQ-ACK message and/or a
CQI or PCI/CQI message and/or repeat the HARQ-ACK message and/or the CQI
or PCI/CQI message within an HS-DPCCH on a condition that any cell 1s
activated or deactivated on that HS-DPCCH.

[0288] 29. The WTRU as in any one of embodiments 23-28, wherein in
case three cells are active on any one of the HS-DPCCHs, the processor is
configured to jointly encode HARQ-ACK information of two active cells and
jointly encode HARQ-ACK information of the other active cell with DTX.
[0289] 30. The WTRU as 1n any one of embodiments 23-29, wherein in
case two cells are active on any one of the HS-DPCCHs, the processor is
configured to jointly encode HARQ-ACK information of two active cells and
repeat a resulting codeword to fill in an HARQ-ACK slot of the HS-DPCCH.
[0290] 31. The WTRU as in any one of embodiments 23-30, wherein in
case one cell 1s active on any one of the HS-DPCCHs, the processor 1s configured
to encode HARQ-ACK information of the active cell with DTX and repeat a
resulting codeword to fill in an HARQ-ACK slot of the HS-DPCCH.

[0291] 32. The WTRU as in any one of embodiments 23-31, wherein in
case no cell 1s active on any one of the HS-DPCCHs, the processor is configured to
not transmit an HARQ-ACK slot of the HS-DPCCH or repeat a DTX codeword to
fill in the HARQ-ACK slot of the HS-DPCCH.
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[0292] 33. The WTRU as in any one of embodiments 23-32, wherein in
case three cells are active on any one of the HS-DPCCHs, the processor is
configured to transmit CQI or PCI/CQI messages of two active cells in the first
report, and repeat a CQI or PCI/CQI message of the other active cell in the
second report.

[0293] 34. The WTRU as in any one of embodiments 23-33, wherein in
case two cells are active on any one of the HS-DPCCHs, the processor is
configured to repeat a CQI or PCI/CQI message of one cell in the first report and
repeat a CQI or PCI/CQI message of the other cell in the second report.

[0294] 35. The WTRU as 1n any one of embodiments 23-34, wherein in
case one cell 1s active on any one of the HS-DPCCHs, the processor 1s configured
to repeat a CQI or PCI/CQI message of the active cell in the first report, and not
transmit the second report.

[0295] 36. The WTRU as 1n any one of embodiments 23-35, wherein in
case no cell 1s active on any one of the HS-DPCCHs, the processor is configured to
not transmit a CQI or PCI/CQI slots of the HS-DPCCH.

[0296] 37. The WTRU as in any one of embodiments 22-36, wherein a
power offset for the HARQ-ACK message or the CQI or PCI/CQI message on each
HS-DPCCH 1s determined independently based on a number of active secondary
cells and MIMO configuration status on each HS-DPCCH.

[0297] 38. The WTRU as in any one of embodiments 22-37, wherein the
processor 1s configured to send an HARQ preamble and a postamble
simultaneously on both HS-DPCCHs on a condition that a condition for
transmitting the preamble and postamble 1s satisfied on both HS-DPCCHs.
[0298] 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
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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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CLAIMS

1. A method for sending feedback for multi-cell high speed downlink
packet access (HSDPA) operations, the method comprising:

receiving downlink transmissions from a plurality of cells;

generating hybrid automatic repeat request acknowledgement (HARQ-
ACK) messages and/or channel quality indication (CQI) or precoding control
indication/channel quality indication (PCI/CQI) messages for the cells;

encoding the HARQ-ACK messages and/or the CQI or PCI/CQI messages;
and

sending the encoded HARQ-ACK messages and/or the encoded CQI or
PCI/CQI messages on a plurality of high speed dedicated physical control
channels (HS-DPCCHs) with a spreading factor of 128,

wherein each HS-DPCCH 1s configured to carry at least two encoded
HARQ-ACK messages and at least two encoded CQI or PCI/CQI messages in an
HS-DPCCH subframe,

wherein each HARQ-ACK message 1s mapped to two cells so that HARQ
information for two cells are jointly encoded, and each CQI or PCI/CQI message
1s mapped to one cell, and the encoded CQI or PCI/CQI messages of up to four
cells are transmitted in a first report and the encoded CQI or PCI/CQI messages
of up to another four cells are transmitted in a second report over two HS-
DPCCH subframes,

wherein the cells are re-mapped to an HARQ-ACK message and a CQI or
PCI/CQI message and/or the HARQ-ACK message and/or the CQI or PCI/CQI
message are repeated within an HS-DPCCH on a condition that any cell is

activated or deactivated on that HS-DPCCH.

2. The method of claim 1 wherein in case three cells are active on any

one of the HS-DPCCHs, HARQ-ACK information of two active cells are jointly
encoded and HARQ-ACK information of the other active cell is jointly encoded

with discontinuous transmission (DTX) message.
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3. The method of claim 1 wherein 1n case two cells are active on any
one of the HS-DPCCHs, HARQ-ACK information of two active cells are jointly
encoded and a resulting codeword 1s repeated to fill in an HARQ-ACK slot of the
HS-DPCCH.

4, The method of claim 1 wherein in case one cell 1s active on any one
of the HS-DPCCHs, HARQ-ACK information of the active cell is encoded with a
discontinuous transmission (DTX) message and a resulting codeword is repeated

to fill in an HARQ-ACK slot of the HS-DPCCH.

5. The method of claim 1 wherein in case no cell is active on any one of

the HS-DPCCHs, an HARQ-ACK slot of the HS-DPCCH 1s not transmitted or a
discontinuous transmission (DTX) codeword 1s repeated to fill in the HARQ-ACK
slot of the HS-DPCCH.

6. The method of claim 1 wherein in case three cells are active on any

one of the HS-DPCCHs, CQI or PCI/CQI messages of two active cells are carried
in the first report, and a CQI or PCI/CQI message of the other active cell is

repeated in the second report.

7. The method of claim 1 wherein 1n case two cells are active on any

one of the HS-DPCCHs, a CQI or PCI/CQI message of one cell is repeated in the
first report, and a CQI or PCI/CQI message of the other cell is repeated in the

second report.

8. The method of claim 1 wherein in case one cell is active on any one
of the HS-DPCCHes, a CQI or PCI/CQI message of the active cell is repeated in

the first report and the second report 1s not transmitted.

9. The method of claim 1 wherein in case no cell is active on an HS-

DPCCH, CQI or PCI/CQI slots of the HS-DPCCH 1is not transmitted.
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10. The method of claim 1 wherein a power offset for the HARQ-ACK
message or the CQI or PCI/CQI message on each HS-DPCCH 1s determined
independently based on a number of active secondary cells and multiple-input

multiple-output (MIMO) configuration status on corresponding HS-DPCCH.

11. The method of claim 1 further comprising:

transmitting an HARQ preamble and a postamble simultaneously on both
HS-DPCCHs on a condition that a condition for transmitting the HARQ preamble
and HARQ postamble is satisfied on both HS-DPCCHs.

12. A wireless transmit/receive unit (WTRU) for sending feedback for
multi-cell high speed downlink packet access (HSDPA) operations, the WTRU
comprising:

a transceiver configured to receive downlink transmissions from a
plurality of cells; and

a processor configured to generate hybrid automatic repeat request
acknowledgement (HARQ-ACK) messages and/or channel quality indication
(CQI) or precoding control indication/channel quality indication (PCI/CQI)
messages for the cells, encode the HARQ-ACK messages and/or the CQI or
PCI/CQI messages, and send the encoded HARQ-ACK messages and/or the
encoded CQI or PCI/CQI messages on a plurality of high speed dedicated physical
control channels (HS-DPCCHs) with a spreading factor of 128,

wherein each HS-DPCCH 1s configured to carry at least two encoded
HARQ-ACK messages and at least two encoded CQI or PCI/CQI messages in an
HS-DPCCH subframe,

wherein each HARQ-ACK message 1s mapped to two cells so that HARQ
information for two cells are jointly encoded, and each CQI or PCI/CQI message
1s mapped to one cell, and the encoded CQI or PCI/CQI messages of up to four
cells are transmitted in a first report and the encoded CQI or PCI/CQI messages
of up to another four cells are transmitted in a second report over two HS-

DPCCH subframes,
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wherein the processor 1s configured to remap the cells to an HARQ-ACK
message and a CQI or PCI/CQI message and/or the HARQ-ACK and/or the CQI
to PCI/CQI message 1s repeated within an HS-DPCCH on a condition that any
cell 1s activated or deactivated on that HS-DPCCH.

13. The WTRU of claim 12 wherein in case three cells are active on any
one of the HS-DPCCHs, the processor is configured to jointly encode HARQ-ACK
information of two active cells and jointly encode HARQ-ACK information of the

other active cell with discontinuous transmission (DTX) message.

14. The WTRU of claim 12 wherein in case two cells are active on any
one of the HS-DPCCHs, the processor is configured to jointly encode HARQ-ACK
information of two active cells and repeat a resulting codeword to fill in an

HARQ-ACK slot of the HS-DPCCH.

15. The WTRU of claim 12 wherein in case one cell is active on any one
of the HS-DPCCHs, the processor 1s configured to encode HARQ-ACK
information of the active cell with discontinuous transmission (DTX) message

and repeat a resulting codeword to fill in an HARQ-ACK slot of the HS-DPCCH.

16. The WTRU of claim 12 wherein in case no cell 1s active on any one of
the HS-DPCCHs, the processor is configured to not transmit an HARQ-ACK slot
of the HS-DPCCH or repeat a discontinuous transmission (DTX) codeword to fill
in the HARQ-ACK slot of the HS-DPCCH.

17. The WTRU of claim 12 wherein in case three cells are active on any
one of the HS-DPCCHs, the processor is configured to transmit CQI or PCI/CQI
messages of two active cells in the first report, and repeat a CQI or PCI/CQI

message of the other active cell in the second report.
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18. The WTRU of claim 12 wherein in case two cells are active on any
one of the HS-DPCCHs, the processor is configured to repeat a CQI or PCI/CQI
message of one cell in the first report and repeat a CQI or PCI/CQI message of

the other cell in the second report.

19. The WTRU of claim 12 wherein in case one cell is active on any one
of the HS-DPCCHs, the processor i1s configured to repeat a CQI or PCI/CQI

message of the active cell in the first report, and not transmit the second report.

20. The WTRU of claim 12 wherein in case no cell is active on any one of
the HS-DPCCHs, the processor is configured to not transmit a CQI or PCI/CQI
slots of the HS-DPCCH.

21. The WTRU of claim 12 wherein a power offset for the HARQ-ACK
message or the CQI or PCI/CQI message on each HS-DPCCH 1s determined
independently based on a number of active secondary cells and multiple-input

multiple-output (MIMO) configuration status on corresponding HS-DPCCH.

22. The WTRU of claim 12 wherein the processor is configured to send
an HARQ preamble and a postamble simultaneously on both HS-DPCCHs on a
condition that a condition for transmitting the HARQ preamble and HARQ
postamble 1s satisfied on both HS-DPCCHs.
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