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DESCRIPTION

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. provisional application Nos. 61/389,112 filed October 1, 2010, 61/410,731 filed
November 5, 2010, 61/430,928 filed January 7, 2011, 61/442,064 filed February 11, 2011, 61/480,162 filed April 28, 2011, and
61/523,120 filed August 11, 2011.

BACKGROUND

[0002] Technologies, such as multiple-input multiple-output (MIMO) and transmit diversity, have been developed to enhance the
data throughput on the downlink. Data transmission requirements on the downlink are normally larger than those on the uplink.
Transmit diversity and MIMO are also considered for the uplink, which would provide extended coverage and enhanced data rate
for the uplink such that the peak data rate imbalance between the downlink and the uplink would be reduced.

[0003] With the evolution from single antenna transmissions to dual- or multi-antenna transmissions, additional data throughput
enhancement would be possible. In order to support the dual- or multi- antenna transmissions in the uplink, it would be required to
design a control channel for carrying pilot and other control information on the second transmit antenna. In this respect the
document Qualcom Inc.: "On the benefits of Uplink Closed Loop Transmit Diversity”, 3GPP Draft; R1-104737; 17.08.2010
discloses transmitting a primary and secondary DPGGH, wherein the latter carries pilot symbols.

SUMMARY

[0004] Method and apparatus for transmitting pilot on multiple antennas are disclosed. A wireless transmit/receive unit (WTRU)
may transmit a primary dedicated physical control channel (DPCCH) and at least one secondary DPCCH via multiple antennas
using different channelization codes. The secondary DPCCH may carry only pilot symbols. With spreading factor of 256, the
secondary DPCCH may include ten (10) pilot symbols including four (4) frame synchronization word (FSW) symbols and six (6)
non-FSM symbols. The first eight pilot symbols of the secondary DPCCH may be same as pilot symbols of length eight of the
primary DPCCH. When a compressed mode is configured, the secondary DPCCH may include a same number of pilot bits as the
primary DPCCH in a normal mode and in a compressed mode, respectively. The transmit power of the secondary DPCCH may be
adjusted based on a ratio of a number of pilot symbols in the primary DPCCH and a number of pilot symbols in the secondary
DPCCH. When a required transmit power exceeds a maximum allowed transmit power of the WTRU, power scaling may be applied
equally to the primary DPCCH and the secondary DPCCH.

[0005] For transmission of an enhanced dedicated channel (E-DCH) dedicated physical data channel (E-DPDCH), a normalized
remaining power margin (NRPM) for an E-DCH transport format combination (E-TFC) selection may be performed by taking a
secondary DPCCH transmit power into account. The secondary DPCCH transmit power may be determined based on a primary
DPCCH power target and a gain factor signaled from a higher layer.

[0006] Alternatively, the secondary DPCCH transmit power may be determined based on a primary DPCCH power target, a gain
factor signaled from a higher layer, and a secondary DPCCH discontinuous transmission (DTX) cycle, which is defined as a ratio
between a number of transmitted secondary DPCCH slot and a number of slots of one radio frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] A more detailed understanding may be had from the following description, given by way of example in conjunction with the
accompanying drawings wherein:

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

FIG. 1B is a system diagram of an example wireless transmit/receive unit (WTRU) that may be used within the communications
systemiillustrated in FIG. 1A;
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FIG. 1C is a system diagram of an example radio access network and an example core network that may be used within the
communications system illustrated in FIG. 1A,

FIG. 2 shows an example of a WTRU sending two pilot sequences via two antennas without pre-coding;

FIG. 3 shows an example where a WTRU transmits the second pilot sequence two slots before the subframe boundary;
FIG. 4 shows an example implementation of second DPCCH-specific DTX patterns or cycles;

FIG. 5 shows an example implementation of a single second DPCCH-specific DTX pattern or cycle;

FIG. 6 shows an example transmissions of two E-DCH streams and two DPCCHs with different power setting while the second E-
DCH s transmitted,;

FIG. 7 shows example space time transmit diversity (STTD) encoding of the transmit power control (TPC) command bits;
FIG. 8 shows an alternative for the DPCCH space-time encoding;

FIG. 9 shows an example repetition transmission of TPC command bits;

FIG. 10 shows a DTX of TPC field bits on the second antenna;

FIG. 11 shows an example of the pair-wise orthogonal bit streams;

FIG. 12 shows an example of binary streams with a length 4;

FIG. 13 shows an example pilot transmission in an uplink transmit diversity system,;

FIG. 14 shows utilizing probing pilots;

FIG. 15 shows an example of fixed length probing pattern;

FIG. 16 shows an example non-codebook based closed-loop transmit beamforming scheme;

FIGS. 17(A) and 17(B) show examples of two uplink DPCCH burst patterns with different UE_DTX DRX_Offset;

FIG. 18 shows an example physical random access channel (PRACH) transmission with two transmit antennas in accordance with
this embodiment;

FIG. 19 shows an example transmission of PRACH using antenna switching;

FIG. 20 shows an example PRACH transmission applying beamforming;

FIG. 21 shows an example second DPCCH gating pattern for enhanced phase reference;

FIG. 22 shows an example transmission of the third DPCCH for enhanced phase reference assistance; and

FIG. 23 shows an example implementation of the second DPCCH gating pattern to mitigate phase discontinuity.

DETAILED DESCRIPTION

[0008] FIG. 1A is a diagram of an example communications system 100 in which one or more disclosed embodiments may be
implemented. The communications system 100 may be a multiple access system that provides content, such as voice, data,
video, messaging, broadcast, etc., to multiple wireless users. The communications system 100 may enable multiple wireless users
to access such content through the sharing of system resources, including wireless bandwidth. For example, the communications
systems 100 may employ one or more channel access methods, such as code division multiple access (CDMA), time division
multiple access (TDMA), frequency division multiple access (FDMA), orthogonal FDMA (OFDMA), single-carrier FDMA (SC-
FDMA), and the like.

[0009] As shown in FIG. 1A, the communications system 100 may include wireless transmit/receive units (WTRUs) 102a, 102b,
102c¢, 102d, a radio access network (RAN) 104, a core network 106, a public switched telephone network (PSTN) 108, the Internet
110, and other networks 112, though it will be appreciated that the disclosed embodiments contemplate any number of WTRUs,
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base stations, networks, and/or network elements. Each of the WTRUs 102a, 102b, 102c, 102d may be any type of device
configured to operate and/or communicate in a wireless environment. By way of example, the WTRUs 102a, 102b, 102c, 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.

[0010] 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,
102c, 102d to facilitate access to one or more communication networks, such as the core network 1086, 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.

[0011] The base station 114a may be part of the RAN 104, which may also include other base stations and/or network elements
(not shown), such as a base station controller (BSC), a radio network controller (RNC), relay nodes, etc. The base station 114a
and/or the base station 114b may be configured to transmit and/or receive wireless signals within a particular geographic region,
which may be referred to as a cell (not shown). The cell may further be divided into cell sectors. For example, the cell associated
with the base station 114a may be divided into three sectors. Thus, in one embodiment, the base station 114a may include three
transceivers, i.e., one for each sector of the cell. In another embodiment, the base station 114a may employ multiple-input
multiple output (MIMO) technology and, therefore, may utilize multiple transceivers for each sector of the cell.

[0012] The base stations 114a, 114b may communicate with one or more of the WTRUs 102a, 102b, 102c, 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).

[0013] More specifically, as noted above, the communications system 100 may be a multiple access system and may employ one
or more channel access schemes, such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA, and the like. For example, the base station
114a in the RAN 104 and the WTRUs 102a, 102b, 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).

[0014] 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).

[0015] In other embodiments, the base station 114a and the WTRUs 102a, 102b, 102c may implement radio technologies such
as |[EEE 802.16 (i.e., Worldwide Interoperability for Microwave Access (WiMAX)), CDMA2000, CDMA2000 1X, CDMA2000 EV-DO,
Interim Standard 2000 (IS-2000), Interim Standard 95 (IS-95), Interim Standard 856 (IS-856), Global System for Mobile
communications (GSM), Enhanced Data rates for GSM Evolution (EDGE), GSM EDGE (GERAN), and the like.

[0016] 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 102c, 102d may implement a radio
technology such as IEEE 802.11 to establish a wireless local area network (WLAN). In another embodiment, the base station 114b
and the WTRUs 102c, 102d may implement a radio technology such as IEEE 802.15 to establish a wireless personal area network
(WPAN). In yet another embodiment, the base station 114b and the WTRUs 102c, 102d may utilize a cellular-based RAT (e.g.,
WCDMA, CDMA2000, GSM, LTE, LTE-A, etc.) to establish a picocell or femtocell. As shown in FIG. 1A, the base station 114b may
have a direct connection to the Internet 110. Thus, the base station 114b may not be required to access the Internet 110 via the
core network 106.

[0017] 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 (VolP) services to one or more of the WTRUs 102a, 102b,
102c, 102d. For example, the core network 106 may provide call control, billing services, mobile location-based services, pre-paid
calling, Internet connectivity, video distribution, etc., and/or perform high-level security functions, such as user authentication.
Although not shown in FIG. 1A, it will be appreciated that the RAN 104 and/or the core network 106 may be in direct or indirect
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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 utilizng an E-UTRA radio technology, the core network 106 may also be in
communication with another RAN (not shown) employing a GSM radio technology.

[0018] The core network 106 may also serve as a gateway for the WTRUs 102a, 102b, 102c, 102d to access the PSTN 108, the
Internet 110, and/or other networks 112. The PSTN 108 may include circuit-switched telephone networks that provide plain old
telephone service (POTS). The Internet 110 may include a global system of interconnected computer networks and devices that
use common communication protocols, such as the transmission control protocol (TCP), user datagram protocol (UDP) and the
internet protocol (IP) in the TCP/IP internet protocol suite. The networks 112 may include wired or wireless communications
networks owned and/or operated by other service providers. For example, the networks 112 may include another core network
connected to one or more RANs, which may employ the same RAT as the RAN 104 or a different RAT.

[0019] Some or all of the WTRUs 102a, 102b, 102c, 102d in the communications system 100 may include multi-mode
capabilities, i.e., the WTRUs 102a, 102b, 102c, 102d may include multiple transceivers for communicating with different wireless
networks over different wireless links. For example, the WTRU 102c shown in FIG. 1A may be configured to communicate with the
base station 114a, which may employ a cellular-based radio technology, and with the base station 114b, which may employ an
IEEE 802 radio technology.

[0020] FIG. 1B is a system diagram of an example WTRU 102. As shown in FIG. 1B, the WTRU 102 may include a processor
118, a transceiver 120, a transmit/receive element 122, a speaker/microphone 124, a keypad 126, a display/touchpad 128, non-
removable memory 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 subcombination of the foregoing elements while
remaining consistent with an embodiment.

[0021] The processor 118 may be a general purpose processor, a special purpose processor, a conventional processor, a
digital signal processor (DSP), a plurality of microprocessors, one or more microprocessors in association with a DSP core, a
controller, a microcontroller, Application Specific Integrated Circuits (ASICs), Field Programmable Gate Array (FPGAs) circuits,
any other type of integrated circuit (IC), a state machine, and the like. The processor 118 may perform signal coding, data
processing, power control, input/output processing, and/or any other functionality that enables the WTRU 102 to operate in a
wireless environment. The processor 118 may be coupled to the transceiver 120, which may be coupled to the transmit/receive
element 122. While FIG. 1B depicts the processor 118 and the transceiver 120 as separate components, it will be appreciated
that the processor 118 and the transceiver 120 may be integrated together in an electronic package or chip.

[0022] The transmit/receive element 122 may be configured to transmit signals to, or receive signals from, a base station (e.g.,
the base station 114a) over the air interface 116. For example, in one embodiment, the transmit/receive element 122 may be an
antenna configured to transmit and/or receive RF signals. In another embodiment, the transmit/receive element 122 may be an
emitter/detector configured to transmit and/or receive IR, UV, or visible light signals, for example. In yet another embodiment, the
transmit/receive element 122 may be configured to transmit and receive both RF and light signals. It will be appreciated that the
transmit/receive element 122 may be configured to transmit and/or receive any combination of wireless signals.

[0023] In addition, although the transmit/receive element 122 is depicted in FIG. 1B as a single element, the WTRU 102 may
include any number of transmit/receive elements 122. More specifically, the WTRU 102 may employ MIMO technology. Thus, in
one embodiment, the WTRU 102 may include two or more transmit/receive elements 122 (e.g., multiple antennas) for transmitting
and receiving wireless signals over the air interface 116.

[0024] The transceiver 120 may be configured to modulate the signals that are to be transmitted by the transmit/receive element
122 and to demodulate the signals that are received by the transmit/receive element 122. As noted above, the WTRU 102 may
have multi-mode capabilities. Thus, the transceiver 120 may include multiple transceivers for enabling the WTRU 102 to
communicate via multiple RATs, such as UTRA and IEEE 802.11, for example.

[0025] 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
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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).

[0026] The processor 118 may receive power from the power source 134, and may be configured to distribute and/or control the
power to the other components in the WTRU 102. The power source 134 may be any suitable device for powering the WTRU 102.
For example, the power source 134 may include one or more dry cell batteries (e.g., nickel-cadmium (NiCd), nickel-zZinc (NiZn),
nickel metal hydride (NiMH), lithium-ion (Li-ion), etc.), solar cells, fuel cells, and the like.

[0027] 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.

[0028] 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.

[0029] FIG. 1C is a system diagram of the RAN 104 and the core network 106 according to an embodiment. As noted above, the
RAN 104 may employ 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, 102c over the air
interface 116. The Node-Bs 140a, 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.

[0030] 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 lub interface. The RNCs 142a, 142b may be in communication with one another via an lur interface. Each of
the RNCs 142a, 142b may be configured to control the respective Node-Bs 140a, 140b, 140c to which it is connected. In addition,
each of the RNCs 142a, 142b may be configured to carry out or support other functionality, such as outer loop power control,
load control, admission control, packet scheduling, handover control, macrodiversity, security functions, data encryption, and the
like.

[0031] 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.

[0032] 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, 102c with
access to circuit-switched networks, such as the PSTN 108, to facilitate communications between the WTRUs 102a, 102b, 102c
and traditional land-line communications devices.

[0033] The RNC 142a in the RAN 104 may also be connected to the SGSN 148 in the core network 106 via an luPS interface.
The SGSN 148 may be connected to the GGSN 150. The SGSN 148 and the GGSN 150 may provide the WTRUs 102a, 102b,
102c with access to packet-switched networks, such as the Internet 110, to facilitate communications between and the WTRUs
102a, 102b, 102c and IP-enabled devices.

[0034] As noted above, the core network 106 may also be connected to the networks 112, which may include other wired or
wireless networks that are owned and/or operated by other service providers.

[0035] The embodiments below will be explained with reference to WCDMA by way of example. It should be noted that the
embodiments disclosed below are applicable to any wireless communication systems including, but not limited to, Long Term
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Evolution (LTE), cdma2000, WiMax, etc. It should also be noted that the embodiments will be explained with reference to uplink
dual-stream transmissions with two transmit antennas by way of example, but the embodiments are applicable to more than two
streams of transmissions with more than two transmit antennas.

[0036] Hereafter, the terms "first pilot" and "primary pilot" will be used interchangeably, and "second pilot" and "secondary pilot"
will be used interchangeably. A "pilot sequence"” (or pilot signals or pilot symbols) may refer to a control channel carrying a pilot
sequence, such as a dedicated physical control channel (DPCCH). A DPCCH is used as an example of the pilot channel.
Hereafter, the terms "“first DPCCH," "primary DPCCH," and "DPCCH1" will be used interchangeably, and the terms "second
DPCCH," "secondary DPCCH," "S-DPCCH," and "DPCCH2" will be used interchangeably.

[0037] A WTRU may transmit two (or more) pilot sequences, (i.e., sounding channels or reference signals), via two (or more)
antennas. The pilot sequences may or may not be orthogonal. The first and second pilot sequences may be transmitted on
different antennas, or pre-coded and transmitted via two antennas on different beams. FIG. 2 shows an example of a WTRU 200
sending two pilot sequences via two antennas 208 without pre-coding. The first and second pilot sequences are modulated by
modulation mappers 202, spread by spreading blocks 204, and multiplied with a scrambling code by a scrambling block 206, and
transmitted via two antennas 208, respectively. The pilot sequences, (e.g., DPCCH1 and DPCCH2), may be precoded as shown
in FIG. 16, as an example. In FIG. 16, the first DPCCH and other uplink channels (e.g., E-DPDCH, E-DPCCH, DPDCH, and HS-
DPCCH) are precoded with a vector 1 by a precoding block 1602, and the second DPCCH is precoded with a vector 2 by a
precoding block 1604, which has a phase change with respect to precoding vector 1 applied on the first DPCCH and other uplink
channels.

[0038] When a WTRU is operating in closed loop transmit diversity (CLTD) with a single stream or dual streams (i.e., UL MIMO),
the receiver, (e.g., the NodeB), may estimate the spatial channel with the pilot sequences to demodulate or detect the data
coherently and to determine the best uplink pre-coding weights to be used at the WTRU for the next transmission to the NodeB.

[0039] The WTRU may transmit the second pilot, (e.g., a secondary DPCCH), in at least one of the following cases: (1) when
there is data being transmitted (e.g., on an enhanced dedicated channel (E-DCH)), (2) when there are two data streams being
transmitted, (3) periodically, (4) during compressed mode gaps, (4) with the first pilot, (5) with the first pilot when there are two
data streams, (6) with the first pilot when there is data being transmitted, (7) with the first pilot when there is no data being
transmitted, or (8) periodically in place of the first pilot, (e.g., once every N-th transmission opportunity, alternatively once every
N-th slot, TTI, or the like). In order to reduce the overhead, the secondary pilot may be discontinuously transmitted and/or
transmitted at a lower power compared to the primary pilot.

[0040] In case where the pilot sequences are pre-coded, the second pilot sequence transmitted on a second beam may be
considered an overhead from the data modulation point of view. In order to reduce the overhead, the WTRU may transmit the
second pilot sequence periodically for a fraction of the time. The duty cycle for the second pilot sequence may be configured by
the NodeB or any other network entity. The change of the pre-coding weight may be aligned with an uplink E-DCH subframe (e.g.,
2 ms or 10 ms transmission time interval (TTI)). To account for the delay in transmission and NodeB processing, the second pilot
may be transmitted prior to the subframe boundary. FIG. 3 shows an example where a WTRU transmits the second pilot sequence
(during shaded slots) two slots before the subframe boundary. This allows one slot delay for the NodeB processing and another
slot for transmitting the new pre-coding weight information to the WTRU (assuming a one slot physical layer message).

[0041] The second pilot may be transmitted at a lower rate, (e.g., every N slots, subframes, or frames, etc.), and may be
transmitted in groups of multiple consecutive slots or bursts. The operation parameters for the second pilot, (such as power
offset, timing delay, rate and burst size, etc.), may be configured by the network via RRC signalling or some of these parameters,
(e.g., timing, burst size, etc.), may be configured in the specifications.

[0042] Alternatively, in order to reduce the second DPCCH overhead, the DTX operations of DPCCHs may be controlled on a
per-DPCCH basis. Two UL DTX state variables, UL_DTX Active(1) and UL_DTX Active(2), may be defined and individually
maintained and evaluated for the first and second DPCCHs. The WTRU may control the transmission of the first and second
DPCCHs on a per-DPCCH basis.

[0043] In one example, UL_DTX Active(1) may be set to "False" and UL_DTX_ Active(2) may be set to "True" so that the second
DPCCH is periodically DTXed while the first DPCCH and other channels on the first stream or antenna may be continuously

transmitted.

[0044] In another example, both UL_DTX Active(1) and UL_DTX_ Active(2) are set to "True", but different DPCCH burst patterns
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may be configured for the first and second DPCCHs to discontinuously transmit the second DPCCH while allowing the first DPCCH
transmission.

[0045] An S-DPCCH-specific DTX pattern or cycle may be defined for the S-DPCCH in combination with the semi-static WTRU
antenna configuration. For example, the S-DPCCH-specific DTX pattern or cycle may be linked to the WTRU antenna
configuration status. The WTRU may be configured to operate with more than one S-DPCCH-specific DTX pattern or cycle for the
S-DPCCH, and the activation status of at least one S-DPCCH-specific DTX pattern or cycle may be linked to the antenna
configuration status of the WTRU, (e.g., whether the WTRU is operating in UL CLTD or not, or if the WTRU is configured to
operate with the uplink channel transmitted on one of the two antennas, with the S-DPCCH transmitted on the other antenna).
Table 1 shows example WTRU antenna configuration. Some of the configurations may not be supported. The WTRU may be
configured to use one of the other configuration via an H3-SCCH order or RRC signalling.

Table 1
Config. # §{Name Conventional channels (DPCCH, E-DPCCH, E- S-DPCCH
DPDCH, DPDCH, HS-DPCCH)
1 Normal UL CLTD Primary precoding vector Secondary precoding
operations vector
Switched antenna Physical Antenna 1 Physical Antenna 2
mode Physical Antenna 2 Physical Antenna 1
No Txdiversity Physical Antenna 1 De-activated
antenna 1
5 No Txdiversity Physical Antenna 2 De-activated
antenna 2

[0046] In one implementation, the WTRU may be configured with two S-DPCCH-specific DTX patterns or cycles for the S-DPCCH.
The WTRU may be configured with these S-DPCCH-specific DTX pattern or cycle parameters, for example, via RRC signalling.
One or more of these parameters may be fixed in the specifications.

[0047] The WTRU applies the first (short) S-DPCCH-specific DTX pattern or cycle when it is configured to operate in a normal UL
CLTD mode (i.e., configuration #1 in Table 1). The WTRU may be configured to apply this S-DPCCH-specific DTX pattern
regardless of the conventional DPCCH DTX activation status. The WTRU may then apply the second (long) S-DPCCH-specific
DTX pattern or cycle when it is configured to operate in a "switch antenna" mode with the S-DPCCH sent on the diversity antenna
(e.g., configuration #2 and configuration #3 in Table 1). FIG. 4 shows an example implementation of S-DPCCH-specific DTX
pattern or cycle. In FIG. 4, the WTRU is configured to configuration #1 (i.e., operating in UL CLTD mode) and then configured via
an HS-SCCH order to configuration #2 or #3.

[0048] In another implementation, the WTRU may be configured with a single (long) S-DPCCH-specific DTX pattern or cycle for
the S-DPCCH. The WTRU may apply the (long) DTX pattern when it is configured to a switch antenna mode (i.e., configurations
#2 and #3). When the WTRU is not configured to a switched antenna mode, no S-DPCCH-specific DTX pattern or cycle may be
applied. FIG. 5 shows an example implementation of a single S-DPCCH-specific DTX pattern or cycle. In FIG. 5, the WTRU is
configured to configuration #1 (operating in UL CLTD mode) and then configured via an HS-SCCH order to configuration #2 or
#3.

[0049] In both of the implementations above, the WTRU may be configured with an infinitely long DTX cycle, which would in effect
be equivalent to deactivating the S-DPCCH altogether. Thus, configurations #4 and #5 in Table 1 may become identical as
configurations #2 and #3 with an infinite DTX cycle.

[0050] An additional DTX, for example, linked to the conventional DPCCH CPC DTX mechanism may be applied on top of the S-
DPCCH-specific DTX For example, the WTRU may be configured to transmit the S-DPCCH when the primary DPCCH is also
transmitted.

[0051] The S-DPCCH-specific DTX pattern may be dynamically activated and deactivated via an HS-SCCH order or other
signaling. The activation status of the S-DPCCH-specific DTX pattern or cycle may be linked to the conventional DPCCH DTX
activation status. The S-DPCCH-specific DTX pattern or cycle may be activated/deactivated whenever the conventional DPCCH
DTXis activated/deactivated.
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[0052] In dual-stream operations, the NodeB may use the second pilot to demodulate the data on the second stream. This may
require better channel estimates. In one embodiment, the WTRU may transmit the second pilot continuously when the second
stream is transmitted, at a different (e.g., higher) power setting. FIG. 6 shows an example transmission of two E-DCH streams and
two DPCCHs with different power setting while the second E-DCH is transmitted. In FIG. 6, the second DPCCH is transmitted at a
higher power level (602) when the second E-DCH stream (604) is transmitted.

[0053] The WTRU may transmit the second pilot at a higher power level relative to the normal periodic power level before the
start of the subframe carrying the data on the second stream. The WTRU may transmit the second pilot at a higher power level
after the subframe carrying the data on the second stream is completed. This may allow the NodeB to further improve its channel
estimate for data demodulation.

[0054] The WTRU may transmit the second pilot at a higher power level when the NodeB configures the WTRU to the dual
stream mode. This allows the NodeB to further improve its channel estimate for channel coding. This may be achieved by having
the WTRU transmit the second pilot at a higher power after receiving an indication by the network. Alternatively, the WTRU may
transmit the second pilot at a higher power level periodically.

[0055] The WTRU may transmit the second pilot at a higher power level if the second pilot is sent on a channel which has control
data, (e.g., a DPCCH). If the dual stream operation allows for independent E-DCH transport format combination (E-TFC) selection
to be made on each of the streams, independent control data and independent pilot may be transmitted for each stream. In one
embodiment, the WTRU may transmit two independent DPCCHs (first and second DPCCHs). Alternatively, the WTRU may send
control data for both streams on one DPCCH and an independent pilot sequence on the other DPCCH.

[0056] Alternatively, the WTRU may transmit a separate sounding channel for UL channel rank estimation and/or precoding
weights estimation. The sounding channel may provide a known signal or a set of signals to the NodeB from which it may estimate
the channel rank and optimal precoding. The WTRU may not transmit the sounding channel when dual streams are transmitted.
The sounding channel may be periodically transmitted when dual streams are not transmitted. Alternatively, the sounding channel
may be periodically transmitted regardless of the dual stream transmissions. The sounding channel may be transmitted based on
a trigger event that may be provided by the NodeB.

[0057] The sounding channel may include a configurable set of transmissions that may provide channel and scheduling
information to the NodeB. The transmission on the sounding channel may be transmitted using the available channel precoding
either sequentially or in parallel or in some predetermined combination. For example, the sounding channel may transmit its
predefined signals in sequence using each of the available precoding configurations (or a defined subset of precoding
configurations) for a subframe. The NodeB may then estimate the channel performance for that WTRU in each of the precoding
configuration. If the sounding channel does not contain any control information, the sounding channel may be transmitted at a
lower power level than that of the DPCCH which contains control information. Alternatively, the sounding channel may be
transmitted from each of the available antennas in sequence, for the case where precoding is not applied to the sounding
channel.

[0058] Embodiments for power control upon weight change are disclosed hereafter. When the WTRU changes its precoding
weight, it may impact the NodeB receive power and signal-to-interference ratio (SIR) for that WTRU. If the channel does not
change significantly between the time the NodeB estimates the channel, determines the best precoding weight, signals the
information to the WTRU, and the WTRU applies the new weight, the change in receive power at the NodeB would be positive.
That is, after a change of the pre-coding weight, the SIR with respect to the WTRU would be improved at the NodeB, and the SIR
would be higher than the target SIR at the NodeB, thus creating an excess noise rise and forcing the NodeB to issue a transmit
power control (TPC) down command to the WTRU. To avoid such noise rise overshoots and power control instability, the WTRU
may adjust its transmission power when pre-coding weights are changed, potentially depending on the TPC command received by
all NodeBs in its active set.

[0059] In one embodiment, the WTRU may be configured by the network to reduce the first DPCCH transmission power by a
configured amount, (e.g., 1 dB), when pre-coding weights are changed. The WTRU may reduce (or alternatively hold) the DPCCH
power in the slot where the new pre-coding weights are applied. By reducing the DPCCH power, since it is used as a power
reference for other physical channels, the entire WTRU transmit power would be reduced.

[0060] In another embodiment, the WTRU may override the TPC command. The WTRU may disregard the TPC command for the
slot where a change of precoding weight occurs and apply a TPC "Down" command. Alternatively, the WTRU may hold the power
of the DPCCH by overriding the TPC command.
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[0061] In another embodiment, the WTRU may override the TPC command received from the radio link set (RLS) containing the
serving NodeB to a "Down" command. This would force the WTRU to power down by ATpgc, which is determined by the power

control procedure. Alternatively, for such cases a different value of Atpg than the one used for normal power control may be
configured for the WTRU.

[0062] In another embodiment, the WTRU may reduce or hold the power of the DPCCH in the slots where a pre-coding weights
change occurs if the TPC command issued by the RLS including the serving NodeB was "Up," regardless of the TPC commands
from other RLS.

[0063] In another embodiment, the WTRU may receive a specific power control command as part of the command with the
precoding weights change. This may allow the NodeB to estimate the correct power level for the transmissions from the WTRU
using the new precoding weights and allow the TPC command to either be ignored for the first transmission or allow the TPC
procedure to operate as normal allowing for the TPC command to be compensated for in the specific power control command.

[0064] Embodiments for transmission of pilot and non-pilot fields are explained hereafter. The slot format of the second DPCCH
may or may not be the same as the first DPCCH. With the same DPCCH slot format for both DPCCHs, the NodeB may use the
same channel estimation block and may expect similar quality of channel estimates for both DPCCHs.

[0065] Alternatively, a different DPCCH slot format may be defined for the second DPCCH. For example, since the WTRU may
need to transmit a single TPC command on the uplink DPCCH, a new slot format for the second DPCCH may not have a TPC
field. Alternatively, a new slot format for the second DPCCH may contain only pilot bits.

[0066] The WTRU may be configured with different DPCCH slot formats for the second DPCCH, and the slot format may be
signalled by the network. Table 2 shows example slot formats for the second DPCCH. In Table 2, the slot formats 4*~8 are newly
added to the conventional DPCCH slot formats. The Np1x column indicates the number of DTX bits in the slot format. The DTX
bits may not be consecutive at the end of the slot, and some or all of those DTX bits may appear at the beginning or any place of
the slot, depending on the configuration.

Table 2
Slot Channel Bit { Channel Symbol § SF { Bits/ {Bits/{NgjjotiNTPCiNTFCI{NFBI{NDTY] Transmitted slots
Format { Rate (kbps) Rate (ksps) Frame { Slot per radio frame
#i
0 15 15 256y 150 {10 6 2 2 0i{0 15
0A 15 15 256y 150 {104 5 2 3 00 10-14
0B 15 15 256y 150 {104 4 2 4 00 89
15 15 256y 150 {104 8 2 0 0:0 8-15
2 15 15 256y 150 {10 5 2 2 1 0 15
2A 15 15 256y 150 {10 4 2 3 1 0 10-14
2B 15 15 256y 150 {10 3 2 4 1 0 89
3 15 15 256y 150 {104 7 2 0 1 0 8-15
15 15 256y 150 {104 6 4 0 0i{0 8-15
4* 15 15 256y 150 {10 6 0 0 0% 4 8-15
5 15 15 256y 150 {10§ 7 0 0 0 3 8-15
6 15 15 256y 150 {104 8 0 0 0§ 2 8-15
7 15 15 256y 150 {104 9 0 0 0 1 8-15
8 15 15 256y 150 {104 10§ O 0 00 8-15

[0067] In another embodiment, the WTRU may be configured with a single DPCCH slot format for both first and second DPCCHs,
and the WTRU may apply DTX to the bits in the fields that do not need to be transmitted on the second DPCCH (i.e., "non-
applicable fields"). The set of non-applicable fields may be pre-defined in the specifications, which may include, for example, the
TPC field. Alternatively, the set of non-applicable fields may be defined by higher level signalling when the second DPCCH is
configured.
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[0068] In another embodiment, the WTRU may transmit non-pilot field information on the second DPCCH, (such as TPC,
transport formation combination indicator (TFCI), or feedback information (FBI)).

[0069] Embodiments for transmitting the non-pilot field(s) such as TPC command in a DPCCH transmitted on the second antenna
or beam in operations with a single power control loop are disclosed hereafter.

[0070] In one embodiment, the bits in the non-pilot field such as TPC command bits may be transmitted in a space time transmit
diversity (STTD) fashion. FIG. 7 shows example STTD encoding of the TPC command bits. Two (or more than two) TPC command
bits are STTD encoded and transmitted via two antennas (or beams). When the number of non-pilot bits is odd, the WTRU may
encode one of the pilot bits for STTD encoding.

[0071] Alternatively, the WTRU may derive the entire bit sequence of the second DPCCH by applying a space-time encoder to
the first DPCCH sequence. FIG. 8 shows an alternative for the DPCCH space-time encoding. The bit sequence for DPCCH1 is
processed by a space-time encoder 802 to generate a bit sequence for DPCCH2, (i.e., secondary DPCCH (S-DPCCH)). The
output of the space-time encoder mapped to the second DPCCH may be orthogonal to the bit sequence for the first DPCCH.

[0072] For example, Alamouti STTD encoder may be used for generating orthogonal DPCCH2 sequence. This can be done on
pair of bits over the entire slot. For the ten (10) symbols DPCCH slot, this may be realized by using the bit mapping as shown in
Table 3, where the "-" sign operator reverses the associated bit value.

Table 3
DPCCH1 bg b4 bo bj by bg bg b7 bg Bg
DPCCH2 -bq bo -b3 bo -bs b4 -b7 bg -bg Bg

[0073] Alternatively, the space-time mapping may be applied to a subset of the fields of the first DPCCH.

[0074] In another embodiment, the non-pilot field such as TPC field may be repeatedly transmitted over two antennas/beams.
The same bits are transmitted with equal power from the two antennas/beams. FIG. 9 shows an example repetition transmission of
TPC command bits.

[0075] In another embodiment, the non-pilot field such as TPC filed may be DTXed on the second DPCCH, as shown in FIG. 10.
FIG. 10 shows a DTX of TPC field bits on the second antenna.

[0076] When configured, the TPC field in the DPCCH slot format (see Table 2) may be of size 2 or 4 bits. Since the TPC field
carries the information for a single TPC command (i.e., 1 bit), a specific TPC bit pattern is currently specified for each transmit
power control command as shown in Table 4

Table 4
TPC Bit Pattern T " | g
ransmitter power control comman
Ntpc =2 Ntpc=4 et
Bo b1 bo bq bo b3
0 0 0 0 0 0 0

[0077] In one embodiment, the TPC bit pattern used for carrying the TPC command on the second DPCCH may be modified to
improve detection and channel estimation reliability at the NodeB (e.g., by using the TPC field as extra pilot bits in decision-
directed mode). The TPC bit pattern for the second DPCCH may be orthogonal to the TPC bit pattern for the first DPCCH. This
may be achieved, for example, by reversing half of the TPC bits in the bit patterns. Tables 5-7 show examples of the TPC bit
pattern for the second DPCCH.

Table 5

10
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TPC Bit Pattern Transmitter power control command
Ntpc=2 Ntpc =4
bo b1 bo b1 bo b3
1 0 1 0 1 0
0 1 0 1 0 1 0
Table 6
TPC Bit Pattern Transmitter power control command
Npc =2 Ntpc =4
bo b1 bo b1 bo b3
1 0 1 1 0 0
0 1 0 0 1 1 0
Table 7
TPC Bit Pattern Transmitter power control command
Npc =2 Ntpc =4
bo b1 bo b1 bo b3
0 1 0 1 0
0 0 0 0

[0078] After calculating the value of the upcoming TPC command, the WTRU may apply the conventional TPC bit pattern (as
shown in Table 4) to the TPC field of the first DPCCH and apply the corresponding (e.g., orthogonal) TPC bit pattern (e.g., as
shown in Tables 5-7) to the TPC field of the second DPCCH.

[0079] The S-DPCCH may carry 8 pilot bits each slot and the rest 2 bits may be used for control information signalling. That is,
each S-DPCCH slot may contain 8-bit pilot field and 2-bit non-pilot field before spreading operation. In order to have a reliable
transmission of the 2-bit non-pilot field of the S-DPCCH, the 2-bit non-pilot field may be precoded using the precoding weight
vector applied on the DPCCH while the 8-bit pilot field may be precoded using the precoding weight vector orthogonal to the one
applied on the DPCCH.

[0080] Defined that the primay precoding weight vector to be applied on the DPCCH is w14, the DPCCH gain factor is B¢, and the
associated secondary precoding weight vector orthogonal to w1 is wo. The non-pilot field of the S-DPCCH may be precoded with
w1 and the gain factor of the non-pilot field of the S-DPCCH may be set to B¢, and the pilot field of the S-DPCCH may be
precoded with w2 and the gain factor of the pilot field of the S-DPCCH may be set to yR¢. Alternatively, the non-pilot field of the S-
DPCCH may be precoded with w1 and the gain factor of the non-pilot field of the S-DPCCH may be set to yl¢, and the pilot field
of the S-DPCCH may be precoded with w2 and the gain factor of the pilot field of the S-DPCCH may be set to y¢.

[0081] An uplink DPCCH power control preamble is used for initialization of data transmission on a radio link. The length of the
power control preamble Npcp, is signalled by a higher layer. For WTRUs with two transmit antennas, when Npgp > 0, the uplink

DPCCH power control preamble may be transmitted in any of the following ways.

[0082] In one embodiment, the uplink DPCCH power control preamble may be transmitted on both antennas, one DPCCH on
each antenna. Without loss of generality the first DPCCH may be transmitted on antenna 1 using the legacy pilot bit pattern, and
the second DPCCH may be transmitted on antenna 2 using the pilot bit pattern, that may be orthogonal to the one used in the
first DPCCH, as disclosed above. The transport format combination index (TFCI) field on both DPCCHs, if present, may be filled
with "0" bits. Other non-pilot fields, such as FBI and TPC bits may be transmitted using embodiments as disclosed above.

[0083] In another embodiment, the first DPCCH power control preamble may be transmitted but the second DPCCH power
control preamble may be DT Xed.

[0084] In another embodiment, the first DPCCH power control preamble may be transmitted and the second DPCCH power
control preamble may be DTXed during a first pre-defined time period (e.g., the full length or half length of the preamble length,

11
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or some other defined period), and during the next time period, the second DPCCH power control preamble is transmitted and the
first DPCCH power control preamble may be DTXed (or alternatively both DPCCH power control preambles may be transmitted).
The predefined period maybe defined in the specification or by higher layer signalling.

[0085] Embodiments for power adjustment of the first and second DPCCHs in uplink power control are disclosed hereafter. There
may be one or more than one uplink power control loop established between the WTRU and the NodeB.

[0086] If one power control loop is used, one TPC command is received by the WTRU to control the transmit power of the UL
DPCCHs. Based on the received TPC command over a TPC command combining period, the WTRU derives a single TPC
command, TPC_cmd, by the appropriate power control algorithm, and derives the change in DPCCH power with respect to its
previous value, which is denoted by AppccH (in dB), and adjusts the transmit power of the uplink DPCCHs with a step of AppccH

(in dB) which is given by:
Appccr = Atpe x TPC _emd. Equation (1)

[0087] During the uplink DPCCH power control preamble, the WTRU may derive the change in DPCCH power with respect to its
previous value, which is denoted by AppccH (in dB), and adjust the total transmit power of the uplink DPCCH power control

preamble with a step of AppccH (in dB) as in equation (1). Based on the derived change in uplink DPCCH transmit power,
AppccH, the WTRU may control the transmit power of the first DPCCH and second DPCCH (if it is configured) based on the

combined TPC command by one or any combination of the following embodiments.

[0088] In one embodiment, the WTRU may equally allocate the power to two pilot channels as follows:
Appccrr = Appochz = (Appcen)/2. Equation (2)

[0089] In another embodiment, the WTRU may allocate power inversely proportional to the length of pilot respectively used in the
first and second DPCCHs as follows:

Apreca = Appecrr + Appecre, and Equation (3)

Appecrz = (Npitost / Npitoi2)X(AppccH). Equation (4),

[0090] In another embodiment, before UL synchronization is reached, the WTRU may allocate the total adjustable DPCCH power
among two pilot channels in such a way that increases the first DPCCH power while decreasing the second DPCCH power to
speed up the UL synchronization, (i.e., AppccHe may be smaller than AppccH1). ADPccH2 may be negative. This would be
advantageous in case where UL synchronization primitives at NodeBs are based on the first DPCCH quality or cyclic redundancy
check (CRC) check.

[0091] In another embodiment, the WTRU may adjust the transmit power of the first and second UL DPCCHs with a step of
AppccH and (AppccH *+ AWTRU sec_dpoch_backoff), where AWTRU sec_dpoch_backoff denotes the power offset for the second
DPCCH with respect to the first DPCCH, which may be set by higher layers or pre-defined in specification or dynamically signalled
to the WTRU by the NodeB, (e.g., over a high speed shared control channel (HS-SCCH) order) or any of DL control channels or
some higher layer signalling.

[0092] In another embodiment, the WTRU may use any of the above embodiments by taking antenna imbalance into account
when adjusting the transmit power of first and second DPCCHs. For example, assuming that the first embodiment (i.e., equally
allocate the power change) is used, by taking power imbalance (Pl) between two antennas into account, the DPCCH power offsets
may be calculated as follows:

Aprccu1 = (Appeeu + PI)2, and Equation (5)

Appcenz = (Appocs - PI)/2. Equation (6)

This embodiment may be useful for the case that two DPCCHs are not pre-coded.

[0093] If two UL power control loops are used, two TPC commands are received by the WTRU to individually control the transmit

12
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power of the UL DPCCHs. The conventional uplink power control rules may be reused for the second DPCCH.

[0094] Any of the above embodiments may be used to partition the initial DPCCH power signaled from a high layer used for the
legacy DPCCH into the initial transmit powers for the first DPCCH and the second DPCCH when UL Tx diversity is used for
DPCCH.

[0095] Any of the above embodiments to adjust a transmit power of the first and second DPCCHs or DPCCH power control
preamble may be applied to a physical random access channel (PRACH) which uses UL Tx diversity, for example, to split the
power ramp step, AP, for two preambles on a PRACH, or to split the transmission power offset of the control part of the random

access message with respect to the power of the last transmitted preamble, i.e., Pp-m [dB].

[0096] When the WTRU transmits two DPCCHs to the NodeB, the uplink synchronisation primitives may be estimated based on
the quality of both first and second DPCCHs. Alternatively, the uplink synchronisation primitives may be estimated based on the
quality of the first DPCCH. Alternatively, the uplink synchronisation primitives may be estimated based on the quality of the filtered
first and second DPCCHs.

[0097] For MIMO transmission schemes such as precoding-based MIMO transmission and space time transmit diversity
(STTD)/space time block coding (STBC) at the receiver, the channels from different transmit antennas need to be known or
estimated before symbol detection. This may be performed with the pilot bits which are known both at the transmitter and the
receiver. For multiple transmit antennas, the pilot sequences transmitted from two or multiple antennas may be orthogonal to
each other.

[0098] Tables 8 and 9 show the conventional DPCCH pilot bit patterns for different length of the pilot bits Npjot. The fx columns
(x=1...4) of the pilot bit pattern are defined as frame synchronization word (FSW) which may be used to confirm frame
synchronization. The value of the pilot bit pattern other than FSWs is "1." For a pilot bit pattern in a slot with a given length Npilot,
N is the number of FSWs and N; is the number of non-FSWs. In Tables 8 and 9, there are four different FSW sequences,
identified by f4...14.

Table 8
Npilot =3 Npilot = 4 Npilot =5 Npilot =6

Bit# 0O{1§{24{014{1 2§{3§j0{1§24§{3144i0 1 2 131445
Pattern § f4 § fo | | f1 { fo | f1 §f | f i g | Fq fo | f3 § f4
Slot #0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0
1 0§{04§1 1 0{0¢{1 0 {041 1 0 {1 0 0 1 1 0

2 0§ 1 1 1 0§ 1 1 0§ 1 1 0 {1 1 0 1 1 0 1

3 0 {0431 1 0 {01 0 {0431 0 {041 0 0 1 0{o0

4 1 0§ 1 1 1 0§ 1 1 0§ 1 0 {1 1 1 0 1 0 1

5 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0

6 1 1 1 1 1 1 1 1 1 1 0] 0 1 1 1 1 0 0

7 1 0§ 1 1 1 0§ 1 1 0§ 1 0 {041 1 0 1 0{o0

8 0§ 1 1 1 0§ 1 1 0§ 1 1 1 0 {1 0 1 1 1 0

9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 0§ 1 1 1 0§ 1 1 0 {1 1 0 {1 1 0 1 1 0 1
11 1 0 1 1 1 0 1 1 0 1 1 1 1 1 0 1 1 1
12 1 0 1 1 1 0 1 1 0 1 0 0 1 1 0 1 0 0
13 0 0 1 1 0 0 1 0 0 1 1 1 1 0 0 1 1 1
14 0 {0431 1704§{0 7§ 1 0 {041 1 1 1 0 0 1 1 1

Table 9
Npilot =7 Npilot =8

Bit # 0 1 2 3 4 5 6 0 1 2 3 4 5 6 7
Pattern § | | f | fo {1 | | B 1 5 1 1 1 1 1 H 11 {6 111611114
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Npilot =7 Npilot =8

Bit #
Slot #0
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[0099] Embodiments for a new pilot bit sequence for the second antenna for channel estimation of the multi-dimensional channel
matrix are disclosed hereafter. The new pilot patterns may be designed using the conventional pilot patterns and transforming
them into a new set of pilot patterns (e.g., with the orthogonal properties) to be used on the second antenna/beam. This
approach may be used to derive a new set of pilot sequences maintaining the FSW correlation properties.

[0100] When the number of pilot bits is even, orthogonality may be achieved within one single pilot field in a given slot. The order
in which the FSW and non-FSW vectors are organized may be maintained as the conventional pilot field. To obtain an orthogonal
sequence for even number of pilot bits, a subset (corresponding to the half of the pilot sequence length) of the FSW vectors may
be reversed. Table 10 shows an example pilot sequence generated in this way.

Table 10
Npilot =4 Npilot =6 Npilot =8

Bit # 0 1 2 3 0 1 2 3 4 5{0 1 2 3 4 5 6 7
Pattern | -f1 fo | | -f1 fo | f3 { fy | -f1 | -fo | fq | f4

Slot #0 1 0 0 1 1 0 0 1 0 0 1 0 1 0 1 0 1 1

1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 0 1 1

2 1 1 0 1 1 1 0 1 1 1 1 1 1 0 1 1 1 0

3 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1

4 1 0 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 0

5 1 0 0 1 1 0 0 1 0 0 1 0 1 0 1 0 1 1

6 1 0 0 1 1 0 0 1 1 0 1 0 1 0 1 1 1 1

7 1 0 1 1 1 0 1 1 1 0 1 0 1 1 1 1 1 1

8 1 1 0 1 1 1 0 1 0 0 1 1 1 0 1 0 1 1

9 1 0 0 1 1 0 0 1 0 1 1 0 1 0 1 0 1 0

10 1 1 0 1 1 1 0 1 1 1 1 1 1 0 1 1 1 0

11 1 0 1 1 1 0 1 1 0 1 1 0 1 1 1 0 1 0

12 1 0 1 1 1 0 1 1 1 0 1 0 1 1 1 1 1 1
13 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 0
14 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 0
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0101] In another embodiment, the non-FSW bits may be reversed. Because for Npijot = 4 and Npjiot = 8 exactly half of the
P p

pattern sequences consist of non-FSW bits, this embodiment may be implemented by inverting all the non-FSW bits (from 1 to 0).
For Npilot = 6, 2 out of the 6 bits (for each slot) are non-FSW bits. Thus, in this case, one FSW bit may be inverted to keep the

orthogonality. The resulting example bit patterns are shown in Table 11.

Table 11
Npilot =4 Npilot = 6 Npilot =8

Bit# 0 1 2 3 0 1 2 3 4 5 0 1 2 3 4 5 6 7
Pattern | 4 { fy {1 o1 4] Aififh]dif]ifH | difidihidlf]1if
Sot#0 {0 {1 {1 {o0jo{1{0f{oi{i1i1i{io0f{1{0i1{0i{110i0
1 ojojojioioi{ioi{1{o{1{1i0f{o0joi{ojoi1i{o}o

2 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1

3 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0

4 0 1 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1

5 0 1 1 0 0 1 0 0 1 1 0 1 0 1 0 1 0 0

6 oj1i{i1io0i{ioi{1{0{ojoji1io0i{1ji0f{1{0i{o0{o0}o0

7 o{1{o0{of{oi{1i{1{0{i0{1i0{1{0i0{o0i{o0{o}oO

8 ojo{1{ojojoj{ojoj{1{1io0fojoi1{oi1io}o

9 0 1 1 0 0 1 0 0 1 0 0 1 0 1 0 1 0 1
10 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
11 0 1 0 0 0 1 1 0 1 0 0 1 0 0 0 1 0 1
12 0 1 0 0 0 1 1 0 0 1 0 1 0 0 0 0 0 0
13 ojojojiojiojioi1i{ioi1ioioiojoi{ojoi{1i{o}]1
14 ojojojoiojioi{1{o{1{o0ioi{ojoi{ojoi{1io}]1

[0102] The WTRU and the NodeB may simply invert the appropriate bits, depending on the configuration. This may be done for
both cases where the sequences are generated using binary shift-register circuits and where the sequences are hard-coded in a
table (in which case a single table may be needed if the inverters are properly implemented).

[0103] While for even-numbered Npijot orthogonality may be maintained on a per time slot basis, when Npijjot is odd numbered,

there is 1 bit residue left in the correlation that would destroy the orthogonality. In order to maintain orthogonality for an odd
number of pilot symbols, the orthogonality may be applied across two slots instead of one slot.

[0104] In one embodiment, two pilot patterns may be created for the second pilot (pattern A and B). The WTRU may transmit
pattern A and B alternating in time. Alternatively, the WTRU may transmit pattern A during even slots and pattern B during odd
slots of a radio frame. Example pilot patterns for odd number of pilot symbols that are generated by reversing FSW bits are shown
in Tables 12 and 13.

Table 12
Npilot =3 Npilot =3 Npilot = 5 Npilot =5
A B A B

Bit # 0 1 2 0 1 2 0 1 2 3 4 0 1 2 3 4
Pattern -f1 -fo | -4 fo | -4 -fo | A3 { f4 § T4 -fo | f1fg
Slot #0 0 0 1 0 1 1 0 0 1 0 0 0 0 1 1 0

1 1 1 1 1 0 1 1 1 1 0 0 1 1 1 1 0

2 1 0 1 1 1 1 1 0 1 1 1 1 0 1 0 1

3 1 1 1 1 0 1 1 1 1 1 0 1 1 1 0 0

15
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Npilot =3 Npilot =3 Npilot = 3 Npilot =5
A B A B
Bit # 0 1 2 0 1 2 0 1 2 3 4 0 1 2 3 4
4 0 1 1 0 0 1 0 1 1 1 1 0 1 1 0 1
5 0 0 1 0 1 1 0 0 1 0 0 0 0 1 1 0
6 0 0 1 0 1 1 0 0 1 1 0 0 0 1 0 0
7 0 1 1 0 0 1 0 1 1 1 0 0 1 1 0 0
8 1 0 1 1 1 1 1 0 1 0 0 1 0 1 1 0
9 0 0 1 0 1 1 0 0 1 0 1 0 0 1 1 1
10 1 0 1 1 1 1 1 0 1 1 1 1 0 1 0 1
11 0 1 1 0 0 1 0 1 1 0 1 0 1 1 1 1
12 0 1 1 0 0 1 0 1 1 1 0 0 1 1 0 0
13 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1
14 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1
Table 13
Npilot =7 Npilot =7
A B

Bit # 0 1 2 3 4 5 6 0 1 2 3 4 5 6
Pattern | —f1 —f2 | -f3 —f4 | | —f1 —f2 | —'f3 'f4 |
Slot #0 1 0 0 1 0 0 1 1 0 0 1 0 0 1
1 1 1 1 1 0 0 1 1 1 1 1 0 0 1

2 1 1 0 1 1 1 1 1 1 0 1 1 1 1

3 1 1 1 1 1 0 1 1 1 1 1 1 0 1

4 1 0 1 1 1 1 1 1 0 1 1 1 1 1

5 1 0 0 1 0 0 1 1 0 0 1 0 0 1

6 1 0 0 1 1 0 1 1 0 0 1 1 0 1

7 1 0 1 1 1 0 1 1 0 1 1 1 0 1

8 1 1 0 1 0 0 1 1 1 0 1 0 0 1

9 1 0 0 1 0 1 1 1 0 0 1 0 1 1
10 1 1 0 1 1 1 1 1 1 0 1 1 1 1
11 1 0 1 1 0 1 1 1 0 1 1 0 1 1
12 1 0 1 1 1 0 1 1 0 1 1 1 0 1
13 1 1 1 1 0 1 1 1 1 1 1 0 1 1
14 1 1 1 1 0 1 1 1 1 1 1 0 1 1

[0105] In another embodiment, the orthogonality requirement may be relaxed by introducing the concept of pair-wise
orthogonality, which requires that any of the consecutively paired bits in the two pilot patterns be orthogonal. FIG. 11 shows an
example of the pair-wise orthogonal bit streams.

[0106] Denote the bits from the primary pilot pattern sent to the first antenna as: Cp1(n), n = 0,1,2,..., Npjiot -1. For the
secondary pilot bit pattern that is sent to the second antenna, the pair-wise orthogonality can be achieved by inverting every
other bits of the primary pilot pattern as follows:
Ca(n) forevenn
mfor odd n’

where C represents the operation of inverting the bit. The process may be repeated on the pilot bit pattern for every slot.

Cp(n)= Equation (7)

16
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[0107] By designing the secondary pilot pattern this way, the bit position of the FSW of the new pilot pattern may be the same as
that of conventional pilot pattern, the autocorrelation of the FSWs of the new pilot bit pattern may be no worse than that of the
conventional pilot bit pattern, and the cross-correlation between the FSWs and the non-FSWs and other FSWs of the new pilot bit
pattern may be no worse than that of legacy pilot pattern.

[0108] The same principle may be applied to the cases where the number of pilot bits is even. In combination of both even and
odd number of pilot bits, Table 14 shows example secondary pilot patterns for Npjjot = 3, 4, 5 and 6, and Table 15 shows example

secondary pilot patterns for Npjjot = 7 and 8.

Npilot =3 Npitot = 4 Npitot =5 -

[=NeleNeNeNeNeNoNoNoNoNeoNoNoNol [V
e el e N ey )

e e e e e e N e
o e R e e e e e b e e e e 2 PO
e I e
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Table 15

[0109] In another embodiment, the secondary pilot pattern may be generated with a different inverting pattern (e.g., inverting
even bits) for the pair-wise orthogonality. Tables 16 and 17 show example secondary pilot bit patterns in this way.
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[0110] In another embodiment, the pair-wise orthogonality may be maintained across slot boundaries in a range of entire radio
frame. For example for Npjjot = 3 with inverting odd bits, the secondary pilot bit pattern may be generated as:

Cou(0).C,1 (1), C1(2), C(0),C,,(1,C,(2),C, (). T, (1, C;, (D).,

where the superscript represents the slot number. The example resulting pilot bit patterns are shown in Tables 18 and 19.

Npilot =4

Npilot =3
Bit # ]
Slot #0

1

2

3 0
4 12
5

6

7 0
8 1
10 1
11 0
12 1
13 4]
14 1

N pilot = 5

ORPROROROHOFROFRORO|W

1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

Table 18

Npitot = 6

18

OHOHOROROHRHOKFORO



Bit# |0
Slot#0 | 1
1 0

2 1
3 0
4 1
5 0
6 1
7 0
8 1
9 0
10 1
11 0
12 1
13 0
14 1

N pilot = 7

OrRrORrROROHOHOROHO

Table 19

FOHROROHRORORORO

2
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
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0111] Alternatively, even bits may be inverted instead. For example, when Npjiot = 3, another set of pilot bit pattern may be
b

created as follows:

4

—C—;il (0)5 C;l (l)’ (_:;1 (2), C; (0)9 6:| (1)5 Cz;l (2)’ E;l (0)7 C;l (1)5 6:1 (2)5 .

[0112] The example bit patterns are shown in Tables 20 and 21.

Table 21

| Npitor =3 | Npitot =4 Nyitot = 5 Noi
Bit # 2]0 . 2 0
Slot #0 | o]0 0 0
1 111 1 1
2 o]0 0 0
3 111 1 1
4 0]o0 0 0
5 1]1 1 1
6 010 0 0
7 111 1 1
8 010 0 0
9 111 1 1
10 o]0 0 0
11 111 1 1
12 oJ]o 0 0
13 111 1 1
14 0]0 0 0
Table 20
Npitot =7 Npilot =
Bit# 0 . 60 4 6
Slot#0 | 0 1 0|0 0 0
1 1 0 111 1 1
2 0 1 0]0 0 0
3 1 0 1)1 1 1
4 0 1 olo 0 0
5 1 0 111 1 1
6 0 1 ofo 0 0
7 1 0 11 1 1
8 0 1 o0 0 0
9 1 0 111 1 1
10 0 1 0{0 0 0
11 1 0 1)1 1 1
12 0 1 0|0 0 0
13 1 0 111 1 1
14 0 1 0|0 0 0

19
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[0113] The pair-wise orthogonality may be further generalized to have a bigger orthogonal block size. Any block of L consecutive
bits may be orthogonal between the primary and secondary pilot sequences, where L may be any even number. FIG. 12 shows
an example of binary streams with L=4.

[0114] For example, for L=4, a secondary pilot bit pattern may be generated as follows:
C,(m)if mod (n.4)=00rl

C(n)= : ,n=012,.,N,, ~1 Equation (8)
C,(n) if mod(n4)=20r3

where mod(x,4) presents the modulo 4 operation performed over variable x.
[0115] Different inverting patterns may be used and the orthogonality may be maintained across slot boundaries.

[0116] Channel estimation with the pairwise orthogonal pilots are disclosed hereafter. Without loss generality, an uplink TX
diversity system with 2x1 antenna configuration will be used to illustrate channel estimation from the pilot bit patterns disclosed
above when Npjjot is odd numbered.

[0117] FIG. 13 shows an example pilot transmission in an uplink TX diversity system. The primary and secondary pilots are
separately mapped to symbols by modulation mappers 1302, (e.g., binary phase shift keying (BPSK) symbols), spread by
spreading blocks 1304, and scrambled by scrambling blocks 1306 with scrambling code before sent to the two antennas 1308 for
transmission. In the modulation mapping operation, the pilot bits in a slot may be mapped to BPSK symbols.

[0118] With the pair-wise orthogonality property, the secondary pilot symbols can be expressed as:

Co(m)=(-1)"C (). Equation (9)

[0119] At the receiver side, the received signal is processed by a descrambling block 1322, a rake receiver 1324, and a
dispreading block 1326.

[0120] Concatenating the processing in the TX and RX chains, the signal at the output of the despreader may be written as
follows:

Y(m) =k (m)C, (n)+ B (m)C 5 (n) + a(n) = Iy (m)C,y (n) + B (r)(=1)"C,y (n) + ()

Equation (10)

where h(n) and ha(n) are equivalent channel state information (CSI) for the propagation paths of antenna 1 and 2, respectively.
n(n) is the noise term.

[0121] For odd numbered Np;jjos two sets of averages may be performed when correlating with original pilot symbols to make use
of all the symbols: one over the symbols ranging from 0 to Npjjo+-2, and the other one from 1 to Npjjor-1. The channel estimation
may be resulted from the pair-wise combining as follows:

1 Nptior =2 1 Nopiior =1
b= —— X y()Cn(m) + T—— 2 y(M)Ci(n)
pilot n=0 pilot =1
1 N oot =2
= X (MG +yin + 1)Cun+1))
pilot n=0

1 Npior —2

T Z [(hi(n) + (-1)thz(n)) + (ha(n) + (-1)™*thz(n))] + n’(n)

N

pilot

=hi(n) +n’(n), Equation (11)
where hq(n) is effectively separated from ho(n) and the estimation is unbiased.

[0122] Likewise for ho(n),
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Nt —2 N, -l
N pitat 1 pitot
fa(n) = 2 ym)Cpzn) + T2 Y()Cha(n)
pilor =0 pilot n=l
1 Wit =2
= Y [(ym)Cr(m)] + y(n + 1)Coa(n +1))
Npitor -1 n=0

N piot

2

-1 ((hz(n) + (-1)"h1(n)) + (hz(n) + (-)™h1(n))] + n’(n)

N,

pilot

n=0

-1

=hz(n) + n’(n). Equation (12)

[0123] For a 2x2 MIMO system, the similar operation may be applied to each of the signals received from two receive antennas
to estimate the channel responses of h11(n), h12(n), h21(n), and hoo(n).

[0124] Embodiments for pilot design for the secondary pilot channel, (e.g., S-DPCCH), with a different channelization code are
disclosed hereafter.

[0125] When the S-DPCCH is mapped on a different channelization code than the primary DPCCH (P-DPCCH), the pilot
sequence on the S-DPCCH may not be orthogonal to the pilot sequence on the P-DPCCH. Since the S-DPCCH quality may not be
guaranteed at the NodeB receiver, only pilot symbols may be carried on the S-DPCCH. In such case, the S-DPCCH may carry 10
pilot symbols, regardless of the DPCCH slot format (assuming a spreading factor (SF) of 256).

[0126] Since pilot sequences of 10 symbols are not defined in the current specifications, a new 10 symbol long pilot sequence
need to be defined for the S-DPCCH.

[0127] In one embodiment, the conventional pilot sequence for 8 symbols in Table 9 may be extended by 2 symbols by adding
two non-FSW symbols. The two non-FSW symbols may be placed in any location. For example, the two additional non-FSW
symbols may be added at each end of the sequence, as shown in Table 22. Alternatively, the two additional non-FSW symbols
may be added at the end of the sequence, as shown in Table 23. Alternatively, the two additional non-FSW symbols may be
added in the middle of the sequence, as shown in Table 24.

| Npilot = 10
ST 2 5 1 5 6 7 8
I £ 1T fo I f35 1 f4
1 1t 1 1 1 1 1 0
1 01 0 1 1 1 0
1 0 1 1 1 o0 1 1
1 0 1 0 1 0 1 0O
1 1 1 0 1 0 1 1
1 1 1 1 1 1 1 O
1 1 1 1 1 0 1 O
1 1 1 0 1 0 1 0O
1 0 1 1 1 1 1 0
11 1 1 1 1 1 1
1 0 1.1 1 0 1 1
11 1 0 1t 1 1 1
1 1 1 0 1 0 1 0O
i 01 0 1 1 1 1
11 0 1 0 1 1 1 1
Table 22
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Nopitot = 10
Bit# 0 1 2 3 4 5 6 17
Pattern I £ T fo T f35 T f4
Slot #0 1 1 1 1 1 1 1 0
1 1 0 1 0 1 1 1 O
2 10 1 1 1 0 1 1
3 1 0 1 0 1 0 1 0O
4 11 1 0 1 0 1 1
5 1 1.1 1 1 1 1 0
6 11 1 1 1 0 1 0
7 1 1 1 0 1 0 1 0
8 10 1 1 1 1 1 0
9 11 1 1 1 1 1 1
10 1 0 1 1 1 0. 1 1
11 11 1 0 1 1 1 1
12 1 11 0 1 0 1 O
13 i 0 1 0 1 1 1 1
14 1 0 1 0 1 1 1 1
Table 23
Npilot=10
Bit # 0 1 2 3 7 8 9
Pattern I i I f fa I f4
Slot #0 1 1 1 1 1 1 0
1 1 0 1 0 1 1 0
2 1 0 1 1 o 1 1
3 1 0 1 o 0 1 0
4 11 1 0 0o 1 1
5 1 1 1 1 1 1 0
6 1 1 1 1 0 1 0
7 1 11 o 0 1 0
8 1 0 1 1 1 1 0
9 1 1 1 1 1 1 1
10 1 0 1 1 0 1 1
11 1 1 1 0 1 1 1
12 1 1 1 o0 0 1 0O
13 1 0 1 0 1 1 1
14 1 0 1 o 1 1 1
Table 24

[0128] In another embodiment, the pilot sequence for the S-DPCCH may not make use of the frame synchronization word and a
simple sequence of all 1's or all 0's may be used instead and may be kept constant between slots in a frame. The received SNR
of the S-DPCCH may not directly be controlled by the inner loop power control (ILPC) and thus the NodeB may not make use of
the FSW information in it for synchronization purposes.

[0129] Embodiments for using the second pilot for probing purposes are disclosed hereafter.

[0130] Data demodulation and precoding weight selection at the NodeB may impose different requirements on the channel
estimation. The two pilots may be configured to serve different purposes for the case of single data stream transmission. The
primary pilot carried in the primary DPCCH may be designed for obtaining high quality channel estimation for demodulating the
data, while the pilot carried in the secondary DPCCH may be designed to probe the radio channel condition, for example, for
selection of optimal precoding weight.

[0131] FIG. 14 shows utilizing probing pilots. At the transmitter 1410, a primary DPCCH (and other channels) is processed by the
Tx chain 1412. Gains of the primary DPCCH (and other channels) and the probing pilot are controlled based on the TPC
command from the power control block 1460 in the receiver 1450. The primary DPCCH (and other channels) and the probing pilot
may be precoded by the precoding units 1414, 1416, respectively, and transmitted via antennas 1420. The channel estimation
block 1452 in the receiver 1450 performs channel estimation using the primary pilot for demodulation of data, and performs
channel estimation for precoding weight selection using the probing pilot. The weight selection function 1454 in the receiver 1450
selects an optimal weight vector and sends feedback to the transmitter 1410. The primary DPCCH is precoded by the optimal
precoding weight, Wopt, which is output from the beam forming control function 1418, which is determined by the receiver
according to channel state information obtained based on the probing pilot. The receiver determines the TPC command based on
an SIR estimation estimated by the SIR estimation block 1456 and the power control block 1460 sends the TPC command to the
transmitter 1410, which controls the gain at the transmitter 1410. The probing pilot may be transmitted in time-alternation over
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different precoding weights (or vectors) among all or subset of weights in the precoding codebook.

[0132] The beam forming control function 1418 as shown in the FIG. 14 is to control the precoding operation over the probing
pilot to find the optimal precoding weights. It provides a pre-defined or channel-dependent probing pattern that sweeps through
all the precoding vectors available in the codebook with time division multiplexing (TDM) fashion.

[0133] A codebook with a limited number of entries may be defined for the precoding weights. Let w;, i=1,2,..., Nrepresent the
precoding vectors, where N is the number of available the precoding vectors. For example, wq and wp may have following four

vector values:
w, Uz [ U] [ 2 [ vz
w, | VL) L | s 22
’ 2 2 2 2 . Equation (13)

[0134] The antenna switching may be considered as a special case of the beam forming, where two following precoding vectors
are used:

B

Equation (14)

[0135] In one embodiment, the length of the probing pilot may be fixed. Denote Tj, i=1,2,.., Nas the lengths of probing states
during which the individual precoding vectors are used respectively. Ti, i=1,2,.., N may be set to different values or be identical.
The total duration of one probing cycle, T, is the sum of: T=T4+T2+... Tn. The unit of the time intervals may be time slot,
transmission time interval (TTI), radio frame, or the like. The probing pattern may consist of one or multiple probing cycles as
show in FIG. 15. FIG. 15 shows an example of fixed length probing pattern.

[0136] For example, the fixed length probing pattern may be implemented by switching precoding vectors every TTI for fast
channel conditions. Each probing cycle may take different setting for its own duration T.

[0137] The fixed length probing pattern may be controlled by both the Node B and the WTRU. If the probing pattern is controlled
by the WTRU, it may work autonomously and need to be synchronized with the Node B at the beginning so that the Node B is
aware of which precoding vector is used according to the pre-determined probing pattern. For the synchronization between the
Node B and the WTRU, the WTRU may send a signal to the Node B at L1 level to indicate the beginning of the probing cycle.
Alternatively, the probing pilot may have different modulation patterns for each of the precoding vectors respectively.
Alternatively, the probing pilot may use a different modulation pattern at the beginning of the probing cycle. Alternatively, the
probing pilot may use a different modulation pattern at the end of the probing cycle.

[0138] If the probing pattern is controlled by the NodeB or higher layers, the probing pattern may be preconfigured and a
periodic schedule or trigger may be used to initiate the sending of the pattern. If more control or flexibility is desired, the NodeB or
higher layers may control which weight is sent at any given time. This may be done by signaling the specific weight to be used or
by signaling which one of a set of pre defined probing patterns may be used. As with the case of a single probing pattern, the
transmissions may be periodically scheduled or triggered (on demand).

[0139] In another embodiment, the receiver operation status may be taken into account in deciding whether to switch the
precoding vector for the next probing state. Thus, the duration staying on one particular precoding vector may be variable
depending on whether the required condition is met or not. Factors for triggering a switch include, but are not limited to, channel
estimation quality from the probing pilot, the received power on the probing pilot, the WTRU speed, or the like.

[0140] To separate the primary and secondary DPCCHs, different channelization codes may be used to achieve the
orthogonality between the DPCCHs.

[0141] In another embodiment, a different modulation pattern may be used on the probing pilot (e.g., secondary DPCCH) to

distinguish the precoding vectors in transmission for synchronization purpose. 10 bit pilot patterns may be specified as shown in
Tables 25 and 26.
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[0142] The secondary set of probing pilot in Table 26 is orthogonal to the primary probing pilot set in Table 25, which can be
used to identify the beginning of the probing mode.

[0143] In another embodiment, the probing pilot patterns may not be time slot specific. Instead, the bit patterns may be
associated to different precoding vectors. Tables 27 and 28 show example precoding specific probing pilot patterns with different

number pilot bits.

Npilm: =3

precoding vector

w1
W2
W3
W4

Table 27

Npilot =4
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Npitot = 5 Nbilot = 6 Npitot =
Precodin : 5
Wi 1 1
w2 1 1
w3 1 1
W4 1 1
w5 1 1
W6 1 1
w7 1 1
W8 1 1 1
W9 1 1 1
W10 1 1 1
Wil 1 1 1
W12 1 1 1
W13 1 1 1
W14 1 1 1
W15 1 1 1
wie 1 1 1

" Table 28

[0144] In Table 28, a total of 16 precoding vectors are considered. If actual number of precoding vectors is smaller than 16, any
subset of them may be used, or one precoding vector may be associated with multiple pilot patterns. In case all of the 10 bits in
the second DPCCH are used for the probing pilot, the rest of bit fields not specified in the tables may be set to '1.’

[0145] Although the pilot patterns disclosed above are designed in context of probing pilot, it should be understood that the
concepts may be generalized to other cases.

[0146] If it is not necessary to run the probing pattern every moment, (e.g., in slow fading channel conditions), the probing pilot
may be disabled to reduce the signaling overhead. In such case, the probing pilot may be DTXed or stopped from transmission.
Disabling and enabling the probing pilot may be implemented via new HS-SCCH orders or other specially designed L1 signaling in
downlink.

[0147] The gain control function 1422 in FIG. 14 receives the TPC commands and performs the power control on the primary
DPCCH and the probing pilot. Because the channel estimation quality requirement is not as high for the probing pilot, a smaller
transmit power may be allocated to the probing pilot in order to reduce the signal overhead. To be able to perform the power
control separately, the probing pilot signal may not go through the gain path in the power control loop that is used by the rest of
the physical channels. Instead, the probing pilot signal may have its own gain control. The gain control function 1422 may
generate two gain factors: the gain factor (g) that controls the transmit power of the DPCCH and all other physical channels that
uses the DPCCH as the power reference, and the gain factor (gprop) for the probing pilot. The DPCCH transmit power is adjusted
by the power control procedure as in equation (1). In one embodiment, the gain factor for the probing pilot may be calculated by:
Goron(1) = Aprang (), ' Equation (15)

where Aprop is a power offset signaled by the network and n is a time slot index.

[0148] This gain factor may be dynamic as a TPC command is received on a per time slot basis. If the transmit power is tied up to
the power control loop on a per time slot basis, the fluctuation in the transmit power in probing pilot may impact the fairness of the
precoding weight selection at the Node B receiver because the sweeping of the precoding vector may be conducted on a TDM
basis. In order to alleviate this issue, the gain freeze mechanism may be used.

[0149] The gain freeze operation may be formulated by:

Gprov(n) = Aprobg(na), Equation (16)

such that gprop is kept constant at the value specified at moment ng, rather than following g on every time slot basis. ng may be
the slot index of time slots at the beginning of every probing cycle. Alternatively, ngp may be the slot index of time slots at
beginning of probing pattern. Alternatively, ngp may be the slot index of k-th time slots within every probing cycle, where k may be
an integer value from 1 to N. Alternatively, ng may be the slot index of k-th time slots within every probing pattern, where k may be

an integer value from 1 to the end of the probing pattern.
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[0150] In another embodiment, gprop may be tied up to g with a fixed ratio on a per slot basis. In order to compensate the
variation caused by the power control procedure, the TPC commands may be tracked and recorded, e.g., starting from the
beginning of the probing pattern. A result following adjustment needs to be factored into the decision of the optimum precoding
vector:

A, =Apyex Y TPC(n),i=12,...N, Equation (17)

ngton,
where / is the index of the precoding vectors, n1 is the index of starting time slot of the probing cycle, and n1 is the index of ending

time slot for the precoding vector /. The above offset is calculated in terms of dB in scale.

[0151] Alternatively, the probing pilot may be tied to g and the gain of the probed pre-coded channel may be measured relative
to the current pre-coded channel. Since the significant measurements are when the probing pilot pre-coding is providing better
channel gain than the currently chosen pre-coding, this is true because the NodeB is interested in improving the channel quality.

[0152] Embodiments for non-codebook based probing scheme is disclosed hereafter. FIG. 16 shows an example non-codebook
based closed-loop transmit beamforming scheme. In FIG. 16, DPCCH1 and other uplink channels (e.g., E-DPDCH, E-DPCCH,
DPDCH, and HS-DPCCH) are precoded with a vector 1 by a precoding block 1602, and the probing pilot channel DPCCH2 is
precoded with a vector 2 by a precoding block 1604, which has a phase change with respect to precoding vector 1 applied on
DPCCH1 and other uplink channels. The phase change may be either a positive or a negative value and may vary in a time

alternative fashion. Define precoding vector 1 w1=[wq1 MQ1]Tand precoding vector 2 wo = [wq1 MQQ]Tand wq € {wqo[1 e/A]T w1

®[1 e'jA]T}, where © denotes Kronecker product. The precoded components from the precoding blocks 1602 and 1604 are added
by combiners 1606, 1608 and sent to corresponding antennas.

[0153] Based on the measurements on both DPCCHs, the NodeB may signal the WTRU a new precoding vector to be applied on
DPCCH1, which may be wq,wq ¢[1 e/A]T wq ¢[1 e'jA]T, where w1 denotes the current precoding vector applied on DPCCHT1.
Therefore, in the downlink, the NodeB may use 1-bit three-value signalling (DTX, +1, and -1) to indicate the WTRU for the next
precoding vector to be applied on DPCCHA1, (i.e., no phase change, positive phase change, and negative phase change), with
respect to the current or most recently used precoding vector on DPCCH1. The phase change A may be changed semi-
dynamically and signalled to the WTRU by the NodeB via higher layers.

[0154] Embodiments for operations during compressed mode gaps are disclosed hereafter. Compressed mode gaps are periods
during which the WTRU receiver is re-tuned to a different frequency to perform intra-frequency, inter-frequency, and/or inter-
radio access technology (RAT) measurements. During these gaps, the WTRU may not receive power control or precoding weight
information from the serving NodeB.

[0155] In one embodiment, during the compressed mode gaps, the WTRU may maintain its pre-coding weights, such that upon
resuming the WTRU is in a known state.

[0156] When DTX operations are configured, or when a specific DTX pattern is configured for the second pilot, the WTRU may
not transmit the second pilot for some time after the WTRU resumes from the compressed mode gap. Without the second pilot (or
alternatively without the means for channel sounding), the NodeB may not properly estimate the channel and determine the best
precoding weights to use. In such cases, the WTRU may operate with non-optimal precoding weights, leading to a temporary loss
of performance. To avoid such performance impairment, upon resuming from the compressed mode gap, the WTRU may transmit
the second pilot (or alternatively the sounding channels) for a period of time sufficient for the NodeB to make proper channel
measurement, and then the WTRU listens for the downlink weight update information.

[0157] For a WTRU that is configured in closed-loop transmit diversity (CLTD) mode, when the compressed mode is enabled,
due to the introduction of the second DPCCH, the length of the pilot bit of the second DPCCH with respect to that of the first
DPCCH has an impact on uplink transmit power control. Embodiments for assigning the pilot bit length of the second DPCCH and
corresponding power control procedures are disclosed hereafter.

[0158] In one embodiment, the second DPCCH may be assigned the same length of pilot bits as the first DPCCH. Therefore,
compressed and non-compressed frames in the uplink second DPCCH may have a different number of pilot bits per slot. The
WTRU may derive the second DPCCH power offset

s—dpech
A pilot

in dB as follows:
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s—dpcch
s-dpach _ pilot, prev .
LS 1010810(—N_v,,,mh ), Equation (18)
pilot curr
where
s—dpech
Npilohprev

is the number of the second DPCCH pilot bits in the most recently transmitted slot, and
N.v‘d‘ucch

pilot curr

is the number of the second DPCCH pilot bits in the current slot. In each slot the WTRU may adjust the transmit power of the
second DPCCH as follows:

Ao = Agpe XTPC _cmd + A doech Equation (19)

pilot

[0159] This embodiment may not require signalling a new power ratio between the first DPCCH and the second DPCCH in a
compressed mode. In addition, this power ratio after power control may be maintained as in most cases,
A_v—a'pcch — A

pilot pilot
such that Agpech = As-dpech, Which means no explicit calculation of

s—dpech
A pilor

and Ag gpech may be performed.

[0160] In another embodiment, the second DPCCH may have a fixed length of pilot bits, independent of the compressed mode
configuration. For example, the second DPCCH may use the slot format 8 in Table 2 in both non-compressed mode and
compressed mode. In this case, there is no change of the number of pilot bits of the second DPCCH, i.e.,

s—dpoch _
Apilﬂt =0

and therefore Ag.gpech = ATpc* TPC_cmd. On the other hand, the TPC_cmd may be generated based on the first DPCCH whose
length of the pilot bits may change between a non-compressed mode and a compressed mode. In order to reuse the conventional
power control for non-Tx diversity WTRU in a compressed mode, when a WTRU is operating in a compressed mode the network
may signal a new power ratio of the first DPCCH and the second DPCCH, which may be different from the power ratio when the
WTRU is operating in a non-compressed mode. In this way, the required transmit power on the second DPCCH may be adjusted.
The power ratio of the first DPCCH and the second DPCCH may change after power control but the NodeB may know the change
thus there will be no impact on weight generation at the NodeB receiver.

[0161] In another embodiment, the WTRU may maintain the same ratio of pilot power between the first DPCCH and the second
DPCCH. If, during a compressed mode, the number of pilots on the first DPCCH and the first DPCCH power changes, the WTRU
may apply a power offset to the second DPCCH to maintain the ratio of total second DPCCH pilot power to total first DPCCH pilot
power the same.

[0162] The normal second DPCCH to first DPCCH gain factor may be configured by the network and is calculated as follows:
ﬂsc = ﬂc A.vc 1 Equation (20)

where B¢ is signalled or calculated using the conventional way and Ag¢ is the quantized amplitude ratio for the second DPCCH
signalled by the network. In a non-compressed mode, the WTRU may use this gain factor for the second DPCCH. Assume that the
number of pilot symbols in one slot in a normal mode for the first DPCCH and the second DPCCH are Npjjot and Nsc pifot
respectively, and that in a compressed mode, the number of pilot symbols in one slot in the first DPCCH and the second DPCCH
are

o7
Npilot
and

NC'M

seypiiot *

respectively.

[0163] The number of pilot symbols in the second DPCCH may remain constant regardless of the mode (normal or compressed
mode) such that

NM
sc,pilot — 17 s, pilot "

Alternatively, the number of pilot symbols between the second DPCCH and the first DPCCH may be the same in each mode, that
is Npiiot = Nsc, pilot and
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NCM - NCM

se, pilot se.pilot *

[0164] When the WTRU s in a compressed mode, the gain factor for the second DPCCH
(82

may be calculated as follows:

CM N:c. pilot N ;1’1‘1: .
Bl =B iAo Equation (21)
. N, Npihn

sc, pilot

where ¢, ¢, is calculated in the conventional way.

[0165] If the number of pilots in the second DPCCH does not change when in a compressed mode, the first term in the square
root in equation (21) becomes one and the gain factor for the second DPCCH in a compressed mode may be calculated by the
WTRU as follows:

oo N .
B. :ﬂc,C,jA:c N Equation (22)

pilot

[0166] When the number of pilot symbols between the second DPCCH and first DPCCH are the same in each mode, the WTRU
may calculate the gain factor during the compressed mode as follows:

BM=p .4 Equation (23)

s¢ ,C i et

[0167] Embodiments for discontinuous uplink DPCCH operations for the WTRU configured with two DPCCHs in the uplink multi-
antenna transmission, such as CLTD or MIMO, are disclosed hereafter. With these embodiments, the WTRU power consumption
and overhead from L1 control signaling (i.e., DPCCH) and interference in the uplink would be reduced. The uplink first and
second DPCCH burst patterns and the uplink first and second DPCCH preambles and postambles comprise the DTX operations.

[0168] DTX of DPCCHs may be controlled on an antenna basis. In one embodiment, a single UL DTX state variable,
UL _DTX Active= UL _DTX Active(i), where i=1,2, may be maintained and evaluated for two antennas. The common
UL_DTX Active may be used for the WTRU regardless of the number of DPCCHs configured. In another embodiment, a separate
UL DTX state variable may be maintained and evaluated per antenna. UL_DTX_ Active(i) is the UL DTX state variable for the i-th
antenna which the i-th uplink DPCCH is transmitted from.

[0169] The control of the two DPCCH DTX operations may be performed per-antenna. When UL_DTX Active(i) is TRUE, the
WTRU may not transmit the i-th uplink DPCCH in a slot on an i-th antenna when all of the following conditions are met for that
antenna: (1) there is no HARQ-ACK transmission on an HS-DPCCH overlapping with the i-th uplink DPCCH slot, (2) there is no
CQl transmission on an HS-DPCCH as indicated overlapping with the i-th uplink DPCCH slot, (3) there is no E-DCH transmission
during the i-th uplink DPCCH slot, (4) the slot is in a gap in the i-th uplink DPCCH burst pattern, and (5) the i-th uplink DPCCH
preamble or postamble is not transmitted in the slot.

[0170] Alternatively, the control of the two DPCCH DTX operations may be common across two antennas. When
UL_DTX Active(i) is TRUE for i=1 and 2, the WTRU may transmit neither the first DPCCH nor the second DPCCH when all
conditions (1)-(5) above are met for both antennas.

[0171] DTX of DPCCHs may be controlled on a DPCCH basis. In one embodiment, a single UL DTX state variable,
UL_DTX Active= UL_DTX Active(i), where i=1,2, may be maintained and evaluated for two DPCCHs, (i.e., a common
UL_DTX Active state variable is used for two DPCCHs). In another embodiment, a separate UL DTX state variable is maintained
and evaluated for each DPCCH. UL_DTX_ Active(i) is the UL DTX state variable for the i-th uplink DPCCH.

[0172] The control of the two DPCCH DTX operations may be performed per-DPCCH. When UL_DTX Active(i) is TRUE, the
WTRU may not transmit the i-th uplink DPCCH in a slot on one or two antennas when all the conditions (1)-(5) above are met for

that antenna.

[0173] Alternatively, the control of two DPCCH DTX operations may be common across two DPCCHs. When UL_DTX_Active(i) is
TRUE for i=1 and 2, the WTRU may transmit neither the first DPCCH nor the second DPCCH when all the conditions (1)-(5) above
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are met for both DPCCHs.
[0174] Embodiments for UL first and second DPCCH burst patterns are disclosed hereafter.

[0175] In one embodiment, a common DPCCH burst pattern may be applied to both first and second DPCCHs, (i.e., the second
DPCCH burst pattern is the same as the first DPCCH burst pattern).

[0176] In another embodiment, the first and second DPCCH burst patterns may be independently configured, i.e., the second
DPCCH burst patterns may be the same as, or different from, the first DPCCH burst pattern.

[0177] The following parameters may be configured on a per DPCCH basis to derive the first and second DPCCH burst patterns.
For the i-th UL DPCCH, where i=1,2, UE_DTX cycle_1(i) is the i-th uplink DPCCH burst pattern length in subframes, and
UE_DTX cycle_2(i) is the i-th uplink DPCCH burst pattern length in subframes. Inactivity_Threshold for_UE_DTX cycle_2(i)
defines the number of consecutive E-DCH TTls without an E-DCH transmission, after which the WTRU may move from
UE_DTX cycle_1(i) to UE_DTX cycle_2(i). UE_DPCCH_burst_1(i) determines the i-th uplink DPCCH burst length in subframes,
when UE_DTX cycle_1(i) is applied. UE_DPCCH burst_2(i) determines the i-th uplink DPCCH burst length in subframes, when
UE_DTX cycle_2(i) is applied. UE_DTX DRX Offsef(i) is the i-th uplink DPCCH burst pattern and HS-SCCH reception pattern
offset in subframes.

[0178] In another embodiment, the first and second DPCCH burst patterns may be defined such that the DPCCH bursts in two
DPCCH burst patterns are transmitted in a TDM fashion by configuring different UE_DTX DRX Offset(i) for two DPCCH burst
patterns, where i=1 and 2. This embodiment may be useful for the case that the HS-DPCCH is transmitted with the first DPCCH
burst pattern on the first antenna which may not require the transmission of the second DPCCH burst pattern at the same time. It
may also be useful for antenna switching transmit diversity. FIGS. 15(A) and 15(B) show examples of two uplink DPCCH burst
patterns with different UE_DTX DRX Offset. In FIG. 17(A), the first uplink DPCCH burst pattern for 2 ms E-DCH TTI begins at
CFN=1 with UE_DTX_DRX_ Offset(l) = 6. In FIG. 17(B), the second uplink DPCCH burst pattern for 2 ms E-DCH TTI begins at
CFN=2 with UE_DTX DRX_ Offset(2) = 7.

[0179] When the DPCCH-only transmission, the E-DCH transmission, or the HS-DPCCH transmission is carried on the same
antenna as the i-th uplink DPCCH preamble and postamble, the same configuration may be applied for both first and second
DPCCH preambles and postambles. Alternatively, the parameters for the first and second DPCCH preambles and postambles
may be individually configured. For example, the length of the preamble associated with the UE_DTX cycle 2(i) in slot may be
individually configured on a per-DPCCH basis, (i.e., UE_DTX long_preamble_length(i) may be the same or different for i=1 and
2).

[0180] Embodiments for physical random access channel (PRACH) transmissions are disclosed hereafter.

[0181] When a WTRU is equipped with two transmit antennas, the WTRU may transmit the same bits with equal power from the
two antennas. FIG. 18 shows an example PRACH transmission with two transmit antennas in accordance with this embodiment. In
FIG. 18, the same RACH preambile bits 1802 are transmitted with equal power from the two antennas.

[0182] The slot and frame structure of the message part on the second antenna may be the same as the one on the first
antenna. The message part comprises a data part and a control part (pilot bits and TFCI bits). The same data part bits may be
transmitted with equal power from the two antennas. The repetition transmission may be applied to the TFCI bits of the control
part as well. The pilot bits of the control part transmitted on the second antenna may be the same as the pilot bits transmitted on
the first antenna.

[0183] In another embodiment, the transmission on the second antenna may be DTXed, and the PRACH preamble and message
part may be transmitted on the first antenna.

[0184] In another embodiment, an antenna switching scheme may be applied to PRACH. FIG. 19 shows an example transmission
of PRACH using antenna switching. The PRACH preamble and message part are transmitted on a first antenna on one
transmission, and on a second antenna on the next transmission as shown in FIG. 19.

[0185] In another embodiment, beamforming may be applied to the PRACH transmissions. FIG. 20 shows an example PRACH
transmission applying beamforming. The WTRU transmits the PRACH preamble repeatedly if no acknowledgement is received.
The WTRU applies different beamforming weights to each preamble transmissions. The WTRU may transmit the preambles at the
same power for each weight before ramping the preamble power. In this way, the WTRU may learn both the proper transmission

29



DKI/EP 2622779 T3

power and beamforming weight for the RACH transmission.

[0186] Alternatively, the WTRU may ramp up the preamble transmit power on each preamble transmission regardless of which
weight is used. The ramp step size may be adjusted to provide a better compromise in time to transmission and correct
beamforming weight/power. The order in which the weights (W1, W2, .. Wn) are applied and which weights are transmitted may be
optimized.

[0187] Embodiments for handling maximum power are disclosed hereafter. When the required transmit power exceeds the
maximum allowed transmit power, the WTRU may scale back the transmit power on the uplink physical channels. To reduce the
control channel overhead, the second DPCCH may be DTXed or gated periodically. Hereafter, the power scaling refers to the
power measured before precoding.

[0188] In one embodiment, the conventional power scaling rule may be used if the second DPCCH is not transmitted in the
upcoming slot. If the second DPCCH is transmitted in the upcoming slot, equal scaling may be applied on two DPCCHs before
precoding. In other words, the two DPCCHs are treated as a single or bundled DPCCH from the power scaling perspective when
applying the conventional power scaling rule. In this embodiment, there is no need to signal in the uplink the power ratios between
the two DPCCHs for the NodeB to recover the non-precoded channel for the purpose of weight generation.

[0189] In another embodiment, two DPCCHs may be sequentially scaled down after scaling down data channels. If the total
WTRU transmit power exceeds the maximum allowed value, data channels are scaled down up to an allowed minimum. If the total
WTRU transmit power still exceeds the maximum allowed value, the second DPCCH maybe scaled down up to a minimum value
Bc2min. if the second DPCCH wiill be transmitted in the upcoming slot. If the total WTRU transmit power still exceeds the maximum
allowed value, the total transmit power may be scaled down, (i.e., all physical channels are scaled down equally), until the total
transmit power becomes equal to, or less than, the maximum allowed power.

[0190] In another embodiment, the second DPCCH is first scaled down before scaling down data channels. If the total WTRU
transmit power exceeds the maximum allowed value, the second DPCCH maybe scaled down up to a minimum value B¢2 min if the
second DPCCH will be transmitted in the upcoming slot. If the total WTRU transmit power still exceeds the maximum allowed value,
data channels are then scaled down up to an allowed minimum. If the total WTRU transmit power still exceeds the maximum
allowed value, the total transmit power is scaled down, (i.e., all physical channels are scaled down equally), until the total transmit
power becomes equal to, or less than, the maximum allowed power.

[0191] Bc2min may be a pre-defined or configured by higher layers. The range of Bc2 min may be the same as that of the
minimum reduced E-DPDCH gain factor Bed k reduced,min- Alternatively, the range of Bc2 min may be a new set of enumerated
values. Alternatively, Bcp min may be a fixed value, (e.g., Bcomin = 0, which means a special case of turning off the second
DPCCH).

[0192] In another embodiment, the WTRU may turn off the second DPCCH and autonomously switches back to non-transmit
diversity mode if the required transmit power exceeds the maximum allowed transmit power. If the WTRU is still power limited, the
conventional power scaling may be applied.

[0193] In another embodiment, the CLTD may be deactivated, which may include accordingly turning off the second antenna and
the second DPCCH transmission.

[0194] The amplitude information of channel state information (CSI) may be included in the precoding vector when two transmit
antennas are un-balanced, which is the case for WTRUs where the space for antennas are very limited. Having amplitude
information in the precoding vector may cause unequal transmit power at the two transmit antennas. This may not be a problem
for WTRUs equipped with two full-power power amplifiers (PA), one for each antenna. To save the cost and also the power
consumption of the WTRU, the WTRU may be equipped with one full-power PA for one antenna and one half-power PA for the
other antenna, or two half-power PAs for two antennas. For such WTRUS, special handling may be required as the transmit power
could exceed the maximum allowed power of the half-power PA.

[0195] In the following, define P the maximum allowed power of the half-power PA and Pgthe maximum allowed power of the
full-power PA. Normally, P=2PH. Define P the required transmit power on the antenna equipped with a half-power PA, Pyt the
total required transmit power, and Ppax the total maximum allowed transmit power at the WTRU. In general, Pmax < Pr. The

precoding weight vector includes two parts: the amplitude information and phase information.
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[01986] If Piot > Pmax the WTRU may first perform the maximum power scaling. Otherwise, the following step is performed. If P>
Pr, the WTRU may disregard the amplitude component of the precoding weight vector indicated by the NodeB and apply the
phase component of this precoding weight vector. For example, if the precoding weight vector is denoted as

w=[Nl-a? ae]

where a is the amplitude information and 6 is the phase information, the new precoding weight vector that is to be applied by the
WTRU may just have phase information, i.e.,

w:\/g[l .

The NodeB receiver may differentiate which precoding weight vector was applied at the WTRU by testing two hypothesis. If P <
Pr, the WTRU may follow the precoding weight vector indicated by the NodeB.

[0197] Embodiments for calculating a normalized remaining power margin (NRPM) for E-TFC restriction are disclosed hereafter.

[0198] Due to the introduction of the second DPCCH in a WTRU transmitter, when calculating an NRPM, the power overhead of
the second DPCCH may be taken into account. In addition, since the second DPCCH may be gated, the DPCCH gating cycle may
also be taken into account.

[0199] With the second DPCCH, the NRPM for E-TFC candidate j may be calculated as follows:
NRPM; = (PMax; — Poppc - PopecH1arge. — Popechz — Prs-ppecH - Prppec,)
PUPCCHl,targeL,

Equation (24)
where DPCCH1 is the primary DPCCH that is precoded together with HS-DPCCH, E-DPCCH, DPDCH, and E-DPDCHs, and
DPCCH?Z is the secondary DPCCH.

[0200] If DPCCH?Z is transmitted together with DPCCH1, PppccH2 may be estimated based on PppccHq.target and a gain factor
y signaled from a higher layer. For example, PppccHe may be calculated as follows:

Popcorz= 72X PopccHu target. : Equation (25)

[0201] If gated DPCCH?Z is enabled, the following embodiments may be used to calculate PppccHe. In one embodiment, the
estimated DPCCH2 transmit power PppccH2 may be calculated based on PDpCCH1 target, @ gain factor y signaled from a higher
layer, and the number of slots (N) that is not DTXed within the TTI for the next upcoming transmission. For example, PppccH2
may be calculated as follows:

Porccnz = (N/NTTD) X 72 X PpPCCHL target » Equation (26)

where N1 =3 for 2ms TTI, Np=15 for 10ms TTI.

[0202] In another embodiment, the estimated DPCCH2 transmit power PppccH2 may be calculated based on PppccH1 target, @

gain factor y signaled from a higher layer, and DPCCH2 DTX cycle which is defined as the ratio between the number of
transmitted or non-DTXed DPCCH2 slot Ny and the number of slots Nigme of one radio frame. For example, PppccHe may be

calculated as follows:
Porcenz = (Nex/Nirame) X 7 2 X PppecHu sarget , Equation (27)
wherein Nirgme=15.

[0203] In another embodiment, the estimated DPCCH2 transmit power PppccH2 may be calculated based on PppccHi target,
and a gain factor y signaled from a higher layer. For example, PppgcHz2 may be calculated as follows:

Porccrz= % X Popocin target. Equation (28)

[0204] In another embodiment, the estimated DPCCH2 transmit power PppccH2 may be set to zero.

[0205] Embodiments for UE power headroom (UPH) measurements are disclosed hereafter. Due to the introduction of the
second DPCCH in the uplink closed-loop transmit diversity scheme, the conventional UPH measurement procedure needs to be
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modified.

[0206] In one embodiment, the UPH calculation may take the second DPCCH into account for the slots for which the second
DPCCH is not DTXed. For each activated uplink frequency, the UPH, which is the ratio of the maximum WTRU transmission power
(Pmaxtd and the DPCCH code power, may be calculated as follows:

UPH = Pumaxu/(Pppcen: + Porccnz), Equation (29)

where PppccH1, PDPccHg are the transmitted code power on the DPCCHs before precoding. For the slots where DPCCH? is
DTXed, PppccH2=0.

[0207] In another embodiment, the UPH calculation may take the first DPCCH into account as the NodeB may calculate the true
UPH based on the gain factor y and DPCCH2 DTX cycle for scheduling purpose. The UPH may be calculated as follows:

UPH = Pmax,tx/PppccHi. Equation (30)

[0208] In another embodiment, the UPH calculation may take the second DPCCH into account even for the slots for which the
second DPCCH is DTXed. The UPH may be calculated as follows:
UPH = Pmax,tx/(PDPCCHI + PDPCCHZ) =UPH = Pmax,tx/(( 1+ 72)

Porccry).
Equation (31)

[0209] The reported UPH may be an estimate of the average value of the UPH over a certain period.
[0210] Embodiments for supporting enhanced phase reference operation in HSUPA CLTD and UL MIMO are disclosed hereafter.

[0211] When high data rates are used on the E-DPDCH, the conventional high speed uplink packet access (HSUPA) uplink
system supports enhanced phase reference, such that the E-DPCCH transmit power is boosted. For HSUPA with closed-loop
transmit diversity or MIMO multi-stream operations, an enhanced phase reference may be supported to achieve improved high
data rate phase reference performance.

[0212] For CLTD and MIMO HSUPA, a second pilot, (e.g., second DPCCH), may be transmitted to assist the serving NodeB in
determining the precoding weights to be fed back to the WTRU. The transmit power of the second DPCCH may be boosted in
order to have more accurate channel estimation for precoding vector generation and/or an enhanced phase reference for the
second stream.

[0213] The first DPCCH may be precoded using the same precoding vector as the E-DPDCHs, and the second DPCCH may be
precoded using a different precoding vector. For the multi-stream MIMO case, the second DPCCH may be encoded.

[0214] In order to improve the demodulation performance of an E-DPDCH for high data rate transmissions, the E-DPCCH
transmit power may be boosted in HSUPA CLTD and/or MIMO HSUPA. In this case, the unquantized second DPCCH gain factor
for the i-th E-TFC, Bsgj g may be calculated as follows:

2
ﬂsc,i,uq =y By 1+ (%J s Equation (32)

c

where y is the scaling factor such that the second DPCCH gain factor Bs¢ =y - B¢ when enhanced phase reference is not
enabled, and Bscuq is defined and calculated as in 3GPP TS 25.214. Bg j uqg may be further quantized according to a predefined

quantization table.

[0215] In another embodiment, Bscjug may be calculated based on quantized E-DPCCH gain factor Bg¢ for the i-th E-TFC, as

follows:

2
Brosua =7 BoyfL+ [/;J . Equation (33)

[0216] In another embodiment, Bsc jug may be calculated as follows:
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Bociug =7 B, Equation (34)

where AToTp is signaled by higher layers and is defined in 3GPP TS 25.213, Beq ik is the E-DPDCH gain factor for the i-th E-TFC
on the k-th physical channel, and kmay is the number of physical channels used for the i-th E-TFC.

[0217] In all the above embodiments, the second DPCCH gain factor may be calculated dynamically and may be based on the
data traffic. Alternatively, the boosted second DPCCH gain factor may be set semi-dynamic, for example, as follows:

B = Viaow B> Equation (35)
where ypoost may be signaled via RRC signaling and ypoost > V-

[0218] In another embodiment, the first DPCCH transmit power may be boosted to improve the E-DPDCH demodulation
performance for high data rate transmissions. In this case, the unquantized second DPCCH gain factor for the i-th E-TFC, Bs¢uqg

may be calculated as follows:

Equation (36)

Equation (37)

and then the second DPCCH gain factor may be calculated based on the boosted DPCCH gain factor as follows:
Boe =7 Bepoost - Equation (38)

[0220] In the embodiments described above, the second DPCCH power is boosted to achieve more accurate channel estimates
to improve weight generation performance for CLTD and/or an enhanced phase reference for the second stream for MIMO
operation.

[0221] For CLTD operation, instead of boosting the second DPCCH transmit power, the second DPCCH slots may be transmitted
more frequently in the mode where enhanced phase reference is required than normal mode, given the fact that the CLTD
transmitter structure allows the second DPCCH to be DTXed in certain slots. This may be done by adjusting the second DPCCH
gating pattern. FIG. 21 shows an example second DPCCH gating pattern for enhanced phase reference. In FIG. 21, compared to
the second DPCCH gating pattern for normal phase reference, one additional second DPCCH slot is transmitted on the slot right
before the non-DTXed slot of the second DPCCH gating cycle for normal phase reference. The two second DPCCH slots in one
gating cycle for enhanced phase reference may be both used at the NodeB for weight generation.

[0222] The combination of the enhanced second DPCCH gating pattern and boosting the second DPCCH power may be used.

[0223] In another embodiment, the second DPCCH may use longer pilot bits if enhanced phase reference from the second
DPCCH is needed, and the same second DPCCH transmit power may be used as the normal phase reference. For example, the
second DPCCH may include 6 or 8 pilot bits for normal phase reference, and a second DPCCH with 10-bit pilot may be used for
enhanced phase reference.

[0224] In another embodiment, a third pilot channel DPCCH3 may be transmitted, which is precoded with the same precoding
vector applied to the second DPCCH when enhanced phase reference from the second DPCCH is needed. FIG. 22 shows an
example transmission of the third DPCCH for enhanced phase reference assistance. DPCCH, E-DPDCH, E-DPCCH, DPDCH,
and/or HS-DPCCH are precoded by a precoding block 2202, and S-DPCCH and the third DPCCH (DPCCH3) are precoded by a
precoding block 2204, and each precoded antenna components are added by combiners 2206, 2208 and then sent to the
corresponding antennas.

[0225] The gain factor B¢3 applied to DPCCH3 may be calculated as follows:
Bs=7 P Equation (39)
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[0226] For MIMO operation, the second DPCCH may be transmitted with all second stream E-DPDCH transmissions to provide a
phase reference for detection. For MIMO operation, a second E-DPCCH may be sent on the second stream with the second
stream E-DPDCH as a phase reference for detection. A combination of the second DPCCH and the second E-DPCCH may be
used to improve the second stream phase reference for the E-DPDCH detection by combining the two reference signals. This
combination for improved phase reference may be used if the second DPCCH is transmitted every E-DPDCH transmission or it is
transmitted with a gating pattern as described above for the CLTD case.

[0227] In another embodiment for CLTD where the accuracy of the channel estimation for precoding estimation need not be any
better than that for lower modulation, where boosting is not used, the transmission power of the second DPCCH may be lowered
when the power of the E-DPCCH is boosted to enable better channel phase estimation for higher modulation detection. As the
power of the E-DPCCH is boosted, the quality of the channel estimation for both modulation detection and precoding estimation
would be improved. If the improved channel estimation is not necessary for the network to choose the precoding matrix, the
second DPCCH power may be lowered while maintaining the precoding matrix accuracy. This de-boosting may be achieved by
any of the embodiments described above for the boosting, except that the value chosen for y or yp st Would yield a decrease in

transmission power instead of an increase.

[0228] FIG. 23 shows an example implementation of the second DPCCH gating pattern to mitigate phase discontinuity. The
precoding weight change may cause phase discontinuity of the estimated effective channel to be used by the E-DPDCH
demodulation since filtering on channel estimate over a few slots is needed. To mitigate this phase discontinuity problem,
depending on the PCI feedback cycle and the time when the WTRU applies the PCI, the second DPCCH gating pattern may be
designed such that N successive second DPCCH slots may be present in which the last second DPCCH slot may be the slot when
the WTRU applies a PCl. These N successive second DPCCH slots may be used at the serving NodeB for demodulation as well,
in addition to weight generation. Therefore, the second DPCCH slots power may be boosted to the same as the first DPCCHs.

[0229] Although features and elements are described above in particular combinations, one of ordinary skill in the art will
appreciate that each feature or element can be used alone or in any combination with the other features and elements. In
addition, the methods described herein may be implemented in a computer program, software, or firmware incorporated in a
computer-readable medium for execution by a computer or processor. Examples of computer-readable media include electronic
signals (transmitted over wired or wireless connections) and computer-readable storage media. Examples of computer-readable
storage media include, but are not limited to, a read only memory (ROM), a random access memory (RAM), a register, cache
memory, semiconductor memory devices, magnetic media such as internal hard disks and removable disks, magneto-optical
media, and optical media such as CD-ROM disks, and digital versatile disks (DVDs). A processor in association with software may
be used to implement a radio frequency transceiver for use in a WTRU, UE, terminal, base station, RNC, or any host computer.
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PATENTIKRAYV

Fremgangsmade, der er implementeret i en trdigse sende-/modetageenhed,
WTRU, til at sende pilotsymboler med flere antenner, hvilken fremgangsmade om-
fatter:

at sende en primaer dedikeret fysisk styringskanal, DPCCH, og mindst én sekundaer
DPCCH via flere antenner, der benytter forskellige kanaliseringskoder, hvor den se-
kundaere DPCCH baerer pilotsymboler, og farste otte symboler i den sekundasre
DPCCH er magen til pilotsymboler af laengde otte i den primaere DPCCH,

hvor der, pa betingelse af at en ngdvendig sendestyrke overstiger en maksimalt tii-
ladt sendestyrke for WTRU’en, anvendes styrkeskalering ligeligt tif den primaere
DPCCH og den sekundaere DPCCH saledes, at styrkeforholdet mellem den primaere
DPCCH og den sekundaere DPCCH forbliver det samme efter styrkeskaleringen.
Fremgangsmade ifalge krav 1, hvor et ens totalt pilotenergiforhold bevares mellem
den primaere DPCCH og den sekundare DPCCH, b&de i en normal tilstand ogien
komprimeret tilstand.

Fremgangsmade ifglge krav 1, der yderligere omfatter:

at sende en forbedret dedikeret kanal, E-DCH, dedikeret fysisk datakanal, E-
DPDCH, hvor en normaliseret tilbagevaerende styrkemargin, NRPM, for en E-DCH-
transportformatkombinations, E-TFC, -udvaelgelse udfgres ved at tage en sekundaer
DPCCH-sendestyrke i betragtning.

Fremgangsmade ifglge krav 3, hvor den sekundzere DPCCH-sendestyrke bestem-
mes pa basis af et styrkem@| for den primaere DPCCH og en forstaerkningsfaktor,
der er signaleret fra et hgjere lag.

Fremgangsméde ifglge krav 3, hvor en forstaerkningsfaktor af den sekundzere
DPCCH forstaerkes, pad en betingelse af at E-DCH-data sendes i en sekundzer strgm.
Fremgangsmade ifalge krav >, hvor maengden af forstaerkning af forstaerkningsfak-
toren af den sekundaere DPCCH bestemmes pa basis af en kombination af en E-
DPDCH-forstaerkningsfaktor, en skaleringsfaktor Yooost, der er signaleret af et hgjere
lag, og et trafik-til-pilotstyrkeforhold, som er signaleret af et hgjere lag.
Fremgangsmade ifglge krav 1, hvor den sekundare DPCCH sendes kontinuerligt
ved en anderledes styrkeindstilling, ndr en anden strgm sendes.

Fremgangsmade ifglge krav 1, hvor WTRU’en ikke sender den sekundaere DPCCH i
en abning hvor WTRU’en ikke sender den primaere DPCCH, ndr diskontinuerlig
transmission, DTX, er aktiv.

Tradlgs sende-/modtageenhed, WTRU, til at sende pilotsymboler med flere anten-
ner, hvilken WTRU omfatter:

flere antenner; og

et kredslgb, der er indrettet til at sende en primaer dedikeret fysisk styringskanal,
DPCCH, og mindst én sekundaer DPCCH via flere antenner, som benytter forskellige
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2

kanaliseringskoder, hvor den sekundaere DPCCH beerer pilotsymboler, og fgrste ot-
te symboler i den sekundaere DPCCH er magen til pilotsymboler af lz2engde otte i
den primaere DPCCH,

kredslgbet er yderligere indrettet til, pa en betingelse af at en ngdvendig sende-
styrke overskrider en maksimalt tilladt sendestyrke for WTRU’en, at anvende styr-
keskalering ligeligt til den primaere DPCCH og den sekundaere DPCCH sdledes, at
styrkeforholdet mellem den primare DPCCH og den sekundeere DPCCH forbliver
det samme efter styrkeskaleringen.

WTRU ifglge krav 9, hvor et ens totalt pilotenergiforhold er bevaret mellem den
primaere DPCCH og den sekundaere DPCCH, bdde i en normal tilstand og i en kom-
primeret tilstand.

WTRU ifglge krav 9, hvor kredslgbet er indrettet til at sende en forbedret dedikeret
kanal, E-DCH, dedikeret fysisk datakanal, E-DPDCH, hvor en normaliseret tilbage-
vaerende styrkemargin, NRPM, for en E-DCH-transportformatkombinations, E-TFC, -
udveelgelse er udfgrt ved at tage en sekundaer DPCCH-sendestyrke i betragtning.
WTRU ifglge krav 11, hvor den sekundare DPCCH-sendestyrke er bestemt pd basis
af et styrkemal for den primaere DPCCH og en forstaerkningsfaktor, der er signale-
ret fra et hgjere lag.

WTRU ifglge krav 11, hvor en forstaerkningsfaktor for den sekundaere DPCCH er
forstaerket, pd en betingelse af at E-DCH-data er sendt i en sekundaer strgm.
WTRU ifglge krav 13, hvor mangden af forstaerkning af forsteerkningsfaktoren af
den sekundaere DPCCH er bestemt pa basis af en kombination af en E-DPDCH-
forstaerkningsfaktor, en skaleringsfaktor y,.0s:, der er signaleret af et hgjere lag, og
et trafik-til-pilotstyrkeforhold, som er signaleret af et hgjere lag.

WTRU ifgige krav 9, hvor den sekundaere DPCCH bliver sendt kontinuerligt ved en
forskellig styrkeindstilling, ndr en anden strgm bliver sendt.

WTRU ifgige krav 9, hvor WTRU’en ikke sender den sekundaere DPCCH i en dbning
hvor WTRU’en ikke sender den primaere DPCCH, nar diskontinuerlig transmission,
DTX, er aktiv.
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