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SYSTEMS AND METHODS FOR HSDPA MULTI-USER MIMO OPERATION

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
61/320,487, filed April 2, 2010, the contents of which are hereby incorporated by reference

herein.

BACKGROUND

[0002] High-Speed Downlink Packet Access (HSDPA) is an enhanced 3G (third
generation) mobile telephony communications protocol in the High-Speed Packet Access
(HSPA) family, which may be referred to as 3.5G, 3G+ or turbo 3G. HSPA allows Universal
Mobile Telecommunications System (UMTS) networks to support increased data transfer speeds
and data capacity. Further increased data rates can be achieved using Multiple Input and
Multiple Output (MIMO) technologies where multiple antennas are used at both the transmitter
and the receiver of data. MIMO may be implemented in two forms: multi-user MIMO (MU-
MIMO) and single-user MIMO (SU-MIMO). Beyond HSPA, MIMO may be used with 4G (or
near-4G) systems, including Long Term Evolution (LTE) and LTE-Advanced networks.

[0003] SU-MIMO is a point-to-point multiple antenna connection between one mobile
device (also referred to as user equipment (UE)), and one base station. SU-MIMO has been
adopted in HSDPA Release 7. MU-MIMO enables multiple UEs to communicate with a single
base station using the same frequency-domain, code-domain, and time-domain resources. In
both forms of MIMO, spatial multiplexing may be used to transmit independent and separately
encoded data signals (streams) from each of multiple transmit antennas, thus increasing the
bandwidth available in a particular space. The maximum number of streams that may be
transmitted in parallel between a UE and a base station will be limited to the least number of
antennas configured on either the base station or the UE.

[0004] To fully take advantage of spatial multiplexing in SU-MIMO, spatial signatures
of ecach antenna must be de-correlated. This process requires rich multipath propagation that
typically cannot be guaranteed for outdoor communication systems such as cellular systems.
Thus, SU-MIMO gain is highly dependent on the geographical location of a UE. A UE in a
location where MIMO channel matrixes are highly correlated will enjoy less of the spatial
multiplexing gain than if the MIMO channel matrixes were not highly correlated. On the other

hand, in MU-MIMO, the de-correlation between signatures of different UEs occurs naturally due
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to the fact that the separation between the UEs is typically large relative to the wavelength.
Therefore, MU-MIMO has the potential to provide greater data throughput than SU-MIMO.

SUMMARY

[0005] Embodiments disclosed herein include methods and systems for enabling MU-
MIMO functions on a UE. In one embodiment, a precoder codebook with precoding matrices
may be generated to assist in improving system throughput. Three bit precoding information
may be transmitted to a UE using existing specifications designed for two bit precoding
information by reinterpreting fields described in such specifications as set forth herein. Channel
state information may be provided to a base station by a UE using several feedback mechanisms,
including reporting channel state information as if the UE is operating in SU-MIMO mode and
reporting a best channel quality indicator with various forms of precoding control information.

[0006] Methods and systems are also provided for determining on a UE the current
MIMO transmission mode. In some embodiments, MU-MIMO parameters may be signaled to a
UE using implicit dynamic signaling that allows a UE to determine the MIMO transmission
mode based on evaluating physical channel information. A UE may also use explicit dynamic
signaling, where specific MIMO transmission mode data is encoded into a control channel
transmission. Semi-dynamic signaling may also be used which allows a UE to determine the
MIMO transmission mode via data received from higher layers.

[0007] In an embodiment, a wireless transmit and receive unit (WTRU) may be
configured or may execute a method to provide feedback to a network device by operating in
multi-user multiple input and multiple output (MU-MIMO) mode, receiving a plurality of data
streams from a Node B, determining a single-user multiple input and multiple output (SU-
MIMO) channel quality indicator (CQI) and precoding control information (PCI), determining a
multiple-user multiple input and multiple output (MU-MIMO) CQI and PCI, and transmitting the
SU-MIMO CQI and PCI and the MU-MIMO CQI and PCI on a high speed dedicated physical
control channel (HS-DPCCH). The WTRU may transmit the SU-MIMO CQI and PCI for each
of the plurality of data streams to the Node B. The SU-MIMO CQI and PCI for each of the
plurality of data streams may be transmitted in a HS-DPCCH subframe, which may, in an
embodiment, also includes a hybrid automatic repeat request acknowledgement (HARQ-ACK).
An alternate MU-MIMO PCI may also be determined, and the MU-MIMO PCU may be
determined using an assumption that an interfering stream is associated with the alternate MU-

MIMO PCI. These and other embodiments are set forth in more detail herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1A is a system diagram of an example communications system in which
one or more disclosed embodiments may be implemented.

[0009] Figure 1B is a system diagram of an example wireless transmit/receive unit
(WTRU) that may be used within the communications system illustrated in Figure 1A.

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

[0011] Figure 2 illustrates a non-limiting example HSDPA MU-MIMO transmitter
structure.

[0012] Figure 3 illustrates a non-limiting example method of determining a means for
signaling precoding information.

[0013] Figure 4 illustrates a non-limiting example method of determining a means for
feeding back channel state information.

[0014] Figure 5 illustrates a non-limiting example method of determining a means for
feeding back channel state information.

[0015] Figure 6 illustrates a non-limiting example HS-DPCCH frame structure as
implemented in one embodiment.

[0016] Figure 7 illustrates another non-limiting example HS-DPCCH frame structure as
implemented in one embodiment.

[0017] Figure 8 illustrates another non-limiting example HS-DPCCH frame structure as
implemented in one embodiment.

[0018] Figure 9 illustrates non-limiting example HS-DPCCH PCI/CQI report patterns.

[0019] Figure 10 illustrates a non-limiting example method of implicitly determining a

MIMO mode.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0020] Figure 1A is a diagram of an example communications system 100 in which one
or more disclosed embodiments may be implemented. The communications system 100 may be
a multiple access system that provides content, such as voice, data, video, messaging, broadcast,
efc., 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
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(TDMA), frequency division multiple access (FDMA), orthogonal FDMA (OFDMA), single-
carrier FDMA (SC-FDMA), and the like.

[0021] As shown in Figure 1A, the communications system 100 may include wireless
transmit/receive units (WTRUSs) 102a, 102b, 102¢, 102d, a radio access network (RAN) 104, a
core network 106, a public switched telephone network (PSTN) 108, the Internet 110, and other
networks 112, though it will be appreciated that the disclosed embodiments contemplate any
number of WTRUS, base stations, networks, and/or network elements. Each of the WTRUSs
102a, 102b, 102¢, 102d may be any type of device configured to operate and/or communicate in
a wireless environment. By way of example, the WTRUs 102a, 102b, 102¢, 102d may be
configured to transmit and/or receive wireless signals and may include user equipment (UE), a
mobile station, a fixed or mobile subscriber unit, a pager, a cellular telephone, a personal digital
assistant (PDA), a smartphone, a laptop, a netbook, a personal computer, a wireless sensor,
consumer electronics, and the like.

[0022] The communications systems 100 may also include a base station 114a and a
base station 114b. Each of the base stations 114a, 114b may be any type of device configured to
wirelessly interface with at least one of the WTRUs 102a, 102b, 102¢, 102d to facilitate access to
one¢ or more communication networks, such as the core network 106, the Internet 110, and/or the
networks 112. By way of example, the base stations 114a, 114b may be a base transceiver
station (BTS), a Node B, an eNodeB, a Home Node B, a Home eNodeB, a site 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.

[0023] 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 cach 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.

[0024] The base stations 114a, 114b may communicate with one or more of the

WTRUSs 102a, 102b, 102¢, 102d over an air interface 116, which may be any suitable wireless
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communication link (e.g., radio frequency (RF), microwave, infrared (IR), ultraviolet (UV),
visible light, efc.). The air interface 116 may be established using any suitable radio access
technology (RAT).

[0025] More specifically, as noted above, the communications system 100 may be a
multiple access system and may employ one or more channel access schemes, such as CDMA,
TDMA, FDMA, OFDMA, SC-FDMA, and the like. For example, the base station 114a in the
RAN 104 and the WTRUs 102a, 102b, 102¢ may implement a radio technology such as
Universal Mobile Telecommunications System (UMTS) Terrestrial Radio Access (UTRA),
which may establish the air interface 116 using wideband CDMA (WCDMA). WCDMA may
include communication protocols such as High-Speed Packet Access (HSPA) and/or Evolved
HSPA (HSPA+). HSPA may include High-Speed Downlink Packet Access (HSDPA) and/or
High-Speed Uplink Packet Access (HSUPA).

[0026] In another embodiment, the base station 114a and the WTRUs 102a, 102b, 102¢
may implement a radio technology such as Evolved UMTS Terrestrial Radio Access (E-UTRA),
which may establish the air interface 116 using Long Term Evolution (LTE) and/or LTE-
Advanced (LTE-A).

[0027] In other embodiments, the base station 114a and the WTRUSs 102a, 102b, 102¢
may implement radio technologies such as IEEE 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.

[0028] The base station 114b in Figure 1A may be a wireless router, Home NodeB,
Home eNodeB, or access point, for example, and may utilize any suitable RAT for facilitating
wireless connectivity in a localized area, such as a place of business, a home, a vehicle, a
campus, and the like. In one embodiment, the base station 114b and the WTRUs 102¢, 102d
may implement a radio technology such as IEEE 802.11 to establish a wireless local area
network (WLAN). In another embodiment, the base station 114b and the WTRUs 102¢, 102d
may implement a radio technology such as IEEE 802.15 to establish a wireless personal arca
network (WPAN). In yet another embodiment, the base station 114b and the WTRUSs 102c,
102d may utilize a cellular-based RAT (e.g., WCDMA, CDMA2000, GSM, LTE, LTE-A, efc.)
to establish a picocell or femtocell. As shown in FIG. 1A, the base station 114b may have a
direct connection to the Internet 110. Thus, the base station 114b may not be required to access

the Internet 110 via the core network 106.
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[0029] The RAN 104 may be in communication with the core network 106, which may
be any type of network configured to provide voice, data, applications, and/or voice over internet
protocol (VoIP) services to one or more of the WTRUSs 102a, 102b, 102¢, 102d. For example,
the core network 106 may provide call control, billing services, mobile location-based services,
pre-paid calling, Internet connectivity, video distribution, efc., and/or perform high-level security
functions, such as user authentication. Although not shown in Figure 1A, it will be appreciated
that the RAN 104 and/or the core network 106 may be in direct or indirect communication with
other RANS that employ the same RAT as the RAN 104 or a different RAT. For example, in
addition to being connected to the RAN 104, which may be utilizing an E-UTRA radio
technology, the core network 106 may also be in communication with another RAN (not shown)
employing a GSM radio technology.

[0030] The core network 106 may also serve as a gateway for the WTRUSs 102a, 102b,
102¢, 102d to access the PSTN 108, the Internet 110, and/or other networks 112. The PSTN 108
may include circuit-switched telephone networks that provide plain old telephone service
(POTS). The Internet 110 may include a global system of interconnected computer networks
and devices that use common communication protocols, such as the transmission control
protocol (TCP), user datagram protocol (UDP) and the internet protocol (IP) in the TCP/IP
internet protocol suite. The networks 112 may include wired or wireless communications
networks owned and/or operated by other service providers. For example, the networks 112 may
include another core network connected to one or more RANs, which may employ the same
RAT as the RAN 104 or a different RAT.

[0031] Some or all of the WTRUSs 102a, 102b, 102¢, 102d in the communications
system 100 may include multi-mode capabilities, i.e., the WTRUs 102a, 102b, 102¢, 102d may
include multiple transceivers for communicating with different wireless networks over different
wireless links. For example, the WTRU 102¢ shown in Figure 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.

[0032] Figure 1B is a system diagram of an example WTRU 102. As shown in Figure
1B, the WTRU 102 may include a processor 118, a transceiver 120, a transmit/receive element
122, a speaker/microphone 124, a keypad 126, a display/touchpad 128, non-removable memory
130, removable memory 132, a power source 134, a global positioning system (GPS) chipset
136, and other peripherals 138. It will be appreciated that the WTRU 102 may include any sub-

combination of the foregoing elements while remaining consistent with an embodiment.
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[0033] 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 Figure 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.

[0034] 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.

[0035] In addition, although the transmit/receive element 122 is depicted in Figure 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.

[0036] 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.

[0037] 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
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from, and store data in, any type of suitable memory, such as the non-removable memory 130
and/or the removable memory 132. The non-removable memory 130 may include random-
access memory (RAM), read-only memory (ROM), a hard disk, or any other type of memory
storage device. The removable memory 132 may include a subscriber identity module (SIM)
card, a memory stick, a secure digital (SD) memory card, and the like. In other embodiments,
the processor 118 may access information from, and store data in, memory that is not physically
located on the WTRU 102, such as on a server or a home computer (not shown).

[0038] The processor 118 may receive power from the power source 134, and may be
configured to distribute and/or control the power to the other components in the WTRU 102.
The power source 134 may be any suitable device for powering the WTRU 102. For example,
the power source 134 may include one or more dry cell batteries (e.g., nickel-cadmium (NiCd),
nickel-zinc (NiZn), nickel metal hydride (NiMH), lithium-ion (Li-ion), efc.), solar cells, fuel
cells, and the like.

[0039] 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.

[0040] 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.

[0041] Figure 1C is a system diagram of the RAN 104 and the core network 106
according to an embodiment. As noted above, the RAN 104 may employ a UTRA radio
technology to communicate with the WTRUSs 102a, 102b, 102¢ over the air interface 116. The
RAN 104 may also be in communication with the core network 106. As shown in Figure 1C, the
RAN 104 may include NodeBs 140a, 140b, 140c, which may each include one or more

transceivers for communicating with the WTRUs 102a, 102b, 102¢ over the air interface 116.
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The NodeBs 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 NodeBs and RNCs while remaining consistent with an
embodiment.

[0042] As shown in Figure 1C, the NodeBs 140a, 140b may be in communication with
the RNC 142a. Additionally, the NodeB 140c may be in communication with the RNC142b.
The NodeBs 140a, 140b, 140¢ may communicate with the respective RNCs 142a, 142b via an
Iub interface. The RNCs 142a, 142b may be in communication with one another via an lur
interface. Each of the RNCs 142a, 142b may be configured to control the respective NodeBs
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.

[0043] The core network 106 shown in Figure 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.

[0044] The RNC 142a in the RAN 104 may be connected to the MSC 146 in the core
network 106 via an TuCS interface. The MSC 146 may be connected to the MGW 144. The
MSC 146 and the MGW 144 may provide the WTRUs 102a, 102b, 102¢ with access to circuit-
switched networks, such as the PSTN 108, to facilitate communications between the WTRUSs
102a, 102b, 102¢ and traditional land-line communications devices.

[0045] The RNC 142a in the RAN 104 may also be connected to the SGSN 148 in the
core network 106 via an [uPS interface. The SGSN 148 may be connected to the GGSN 150.
The SGSN 148 and the GGSN 150 may provide the WTRUs 102a, 102b, 102¢ with access to
packet-switched networks, such as the Internet 110, to facilitate communications between and
the WTRUs 102a, 102b, 102¢ and IP-cnabled devices.

[0046] 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.

[0047] Figure 2 illustrates a non-limiting example HSDPA MU-MIMO transmitter
structure. As can be seen in this figure, each stream generated is intended for a different user.

For example, the illustrated primary stream is intended for UE1, while the illustrated secondary
-9-
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stream is intended for UE2. The primary stream may include primary transport block 210 that
may provided via High-Speed Downlink Shared Channel (HS-DSCH) and undergo transport
channel (TrCH) processing 212. The secondary stream may include secondary transport block
220 that may provided via HS-DSCH and undergo TrCH processing 222. Both streams may be
spread and/or scrambled 230 and multiplexed, combined, and/or processed in any other way
before transmission via multiple antennas, such as antenna 241 and 242 shown in Figure 2. In an
embodiment, a common pilot channel (CPICH) may be transmitted with each of the streams.
Note that one or more weight information messages may be determined from the uplink 250 and
generated 260 for the processing of either or both the primary and secondary streams.

[0048] Utilizing MU-MIMO techniques may enhance performance beyond that offered
by SU-MIMO by taking advantage of the increased geographical separation between multiple
UEs with MIMO operation by enabling additional spatial separation. For example, rather than
two streams belonging to the same user as in SU-MIMO transmission, in MU-MIMO each
stream may belong to a different user.

[0049] MU-MIMO may require more accurate channel state information at a base
station than SU-MIMO. Set forth herein are systems and methods that provide means to feed
back channel state information to a base station in the MU-MIMO context while maintaining
reasonable feedback signaling overhead so that the gain achieved by MU-MIMO is diminished
as little as possible due to the increased overhead. Also set forth herein are downlink and uplink
control channel designs that supports MU-MIMO. Uplink signaling as disclosed may be flexible
enough so that a base station can schedule a UE in either SU-MIMO or MU-MIMO mode.
Downlink signaling may include the capability to notify a UE of the mode of an upcoming High-
Speed Physical Downlink Shared Channel (HS-PDSCH) subframe so that the UE may apply
appropriate signal processing techniques at the receiver.

[0050] In an embodiment, UEs may be paired together so that a base station (e.g., a
NodeB, access point, efc.) may transmit data for several UEs over a single transmission time
interval (TTI). This may be accomplished using spatial multiplexing techniques, such as space-
division multiple access (SDMA) or MU-MIMO. New precoding vectors may be used, in an
embodiment, in addition to those already specified in current standards, such as HSDPA Release
7. A set of such precoding vectors may be referred to as a precoder codebook. Precoding
vectors may be used to determine the independent and appropriate weighting for each transmit
antenna of a base station when the transmit antennas are emitting the multiple streams. By using

the vectors described herein, system throughput may be improved and potentially maximized.
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[0051] A codebook design of the present disclosure may be modeled on that of HSDPA
Release 7, where downlink MIMO was introduced. A goal in creating a precoder codebook may
be to minimize the precoding index signaling overhead and the size of the precoder codebook.

Therefore, certain restrictions may be placed on the precoding matrix

g T

w=["
Y ey owy
Wy =Wy = 1 B E{}- +j 1o e ol }
Wy =wy=— 2 — . ) o
where W2 Wy = -Wy and z 2 2 2} . With such restrictions,

only signaling of ¥z may be required, and a base station and a UE may only need to save four
scalar elements. Even with such restrictions enforced, there may be essentially unlimited
matrices that may be generated. Because so many matrices are available, it may be possible to
determine precoding matrices that maintain maximum system performance.

[0052] An HSDPA Release 7 matrix, for example, for may be generated based on the

following unitary matrix
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[0053] An additional bit, for a total of three bits, may be used to identify the index of
w3, which may effectively be the precoding control information (PCI). Precoding information
may be transmitted via both downlink (referred to as precoding weight information (PWI)) using
a High Speed Shared Control Channel (HS-SCCH) type 3, and uplink (referred to as PCI) using
a High Speed Dedicated Physical Control Channel (HS-DPCCH). Because legacy signaling
designs were for two-bit PCI (that may be used to index up to four different precoding vectors or
matrices), in an embodiment HS-SCCH type 3 and HS-DPCCH for PWI and PCI are still used
for MU-MIMO in order to minimize the impact on existing specification, but certain fields
carried by these channels may be reinterpreted.

[0054] For example, in an embodiment three-bit PWI information may be signaled on a
downlink and received by the WTRU. In an example, the conventional HS-SCCH type 3 may be
used by jointly re-interpreting the X7 bit field, the xn bit field, and the X,wip bit field of HS-
SCCH type 3 part I. In another embodiment, a new HS-SCCH type may be defined carrying a
larger PWI field (e.g., 3 bits instead of 2). The conventional coding for the HS-SCCH type 3
part I may be modified to support the larger PWI field, for example, by changing the rate
matching algorithm to apply additional puncturing. A WTRU operating in a mode requiring the
larger PWI field may be configured to use the new HS-SCCH type.

[0055] In an example embodiment, three-bit PCI information may be signaled from a
UE to a base station using HS-DPCCH by reusing and re-interpreting a type A channel quality
indicator/precoding control information (CQI/PCI) report, which may be ten bits. In such an
embodiment, two three-bit PCIs and one four-bit best CQI may be reported, or one three-bit PCI
and one four- or five-bit best CQI may be reported. In an embodiment, a seven-bit type B
CQI/PCI report may be reused with one three-bit PCI and one four-bit best CQI.

[0056] Non-limiting method 300 of Figure 3 illustrates an example method of
transmitting precoding information on either an uplink or a downlink according to the present
disclosure. Note that the blocks of method 300 may be executed in any order or combination,
and may be executed in conjunction with additional activities and functions not listed. Each of
the blocks of method 300 may also be executed individually without the execution of any other
block, and any subset of the blocks of method 300 may be executed without executing any
blocks not included in such a subset. All such embodiments are contemplated as within the
scope of the present disclosure.

[0057] At Dblock 310, three-bit precoding information may be generated, such as the

three-bit PCI and PWI described herein. At block 320, the correct branch of method 300 may be
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chosen based on whether the signaling is to take place on the uplink or downlink. If the
precoding information is to be transmitting in the downlink (e.g., by a base station or node B), at
block 330, the precoding information is transmitted as the Xccs7 bit field, the xps bit field, and the
Xpwipb Dit field of HS-SCCH type 3 part 1.

[0058] If the signaling is to be performing using the uplink (e.g., by a WTRU or UE), at
block 340 it may be determined whether to use a type A CQI/PCI report or a type B CQI/PCI
report to assist in signaling precoding information. If a type A CQI/PCI report is to be used, at
block 350 a type A report may be reinterpreted to report two three-bit PCls and one four-bit best
CQI. Alternatively, at block 350 a type A report may be reinterpreted to report one three-bit PCI
and one four- or five-bit best CQI.

[0059] If, at block 340, it is determined that the uplink precoding information signaling
is to be performed using a type B CQI/PCI report, at block 360 a seven-bit type B report may be
reinterpreted to report one three-bit PCI one four-bit best CQL

[0060] An important function of MIMO systems, including MU-MIMO, is the
transmission of channel state information (CSI) from a UE to a base station and the
implementation of such transmissions. Requirements for CSI feedback may vary depending on
the MIMO operation mode (e.g., SU-MIMO or MU-MIMO). Presented herein are feedback
methods and systems that are suitable for HSDPA multi-antenna systems and the signaling
design that may be used to support the disclose feedback mechanism.

[0061] In some embodiments, in order to reduce the PCI signaling overhead, a
restriction may be enforced that a precoding vector of a particular UE be orthogonal to another
precoding vector of an interfering UE. Another requirement that may be enforced is that a
unique mapping between the two vectors exists so that knowledge of one vector may be used to
derive the other vector. Alternatively, it may be beneficial for a transmitter to adapt to the CSI as
much as possible. In such implementations, using non-unitary and/or non-orthogonal precoding
matrices may provide better performance, especially when the granularity of CSI quantization is
high.

[0062] When a UE is configured to determine a CQI/PCI for MU-MIMO, the UE may
also be configured to assume that for each candidate precoding weight the data targeted to a
different UE (e.g., an interfering stream) is being sent using a different pre-coding weight. In
such an embodiment, the UE may be configured to assume that the interfering stream is sent on a
precoding weight determined as a function of the candidate precoding weight based on a fixed
rule, on an the orthogonal pre-coding weight, on a different and pre-fined pre-coding weight, or

on a precoding weight that leads to the largest interference (worst-case scenario). Alternatively,
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or in addition, a UE may assume that all the appropriate channelization codes are being used for
the interfering stream. In another alternative, a UE may be configured to instead, or in addition,
assume that a certain power offset may be associated with the interfering stream. Such a power
offset may be fixed in a specification, signaled by the network via radio resource control (RRC)
signaling, or signaled on a more dynamic basis using layer 1 and/or layer 2 signaling.

[0063] The UE may also be configured to calculate an alternate PCI or an alternate
PCI/CQI for MU-MIMO. This alternate PCI or PCI/CQI may be used by an eNodeB to
determine the best combination of weights to use for MU-MIMO transmission. The alternate
PCI may be determined by the UE to be the worst PCI for data transmission, or to be the
preferred PCI for the NodeB on which to transmit the interfering stream. In such an
embodiment, the UE may be configured to calculate the worst PCI, that is the PCI resulting in
the lowest signal quality (for that UE) and, in an embodiment, the associated CQI. Alternatively,
the UE may be configured to calculate the PCI that leads to the lowest inter-stream interference
when the interfering stream is transmitted on it, and, in an embodiment, an associated CQI. The
UE may be configured to use a different reporting table for the alternate PCI and CQI. In
calculating the best PCI/CQI, the UE may be configured to assume that the interfering stream is
sent on the alternate PCI reported. Alternatively, or in addition, a UE may assume that all the
appropriate channelization codes are being used for the interfering stream. In another
alternative, a UE may be configured to instead, or in addition, assume that a certain power offset
may be associated with the interfering stream.

[0064] In embodiments that utilize a unitary precoding matrix, for example the
orthogonal matrices described above, various feedback mechanisms may be used. In an
embodiment, a UE may feed back CQI/PCI to a base station as if the UE operated in SU-MIMO
mode, i.e., the UE may calculate and report CQI/PCI as legacy SU-MIMO UEs. Note this may
also be applicable to transmit antenna array (TxAA) capable or configured UEs.

[0065] Alternatively, in an embodiment that utilizes a unitary precoding matrix, a UE
may be configured to calculate and feed back a single one best CQI and the corresponding PCI
based on the short-term CSI as if the UE operated in SU-MIMO with a single stream. In such
embodiments, the UE may calculate a long-term channel covariance matrix (e.g., this long-term
channel covariance matrix may be obtained by averaging short-term CSI over a certain period of
time) and may feed back the long term channel covariance matrix index. Such a channel
covariance matrix may be pre-quantized to a few matrices that may be known by both the UE

and the base station. Here, “short term” may refer to the conventional PCI calculation (i.e.,
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based on a subframe averaging) whereas the long term averaging may be carried out over a full
frame, or even several frames.

[0066] In yet another embodiment that utilizes a unitary precoding matrix, a UE may be
configured to feed back a single one best CQI and the corresponding PCI as if the UE operated in
MU-MIMO mode.

[0067] In another embodiment that utilizes a unitary precoding matrix, a UE may be
configured to feed back a one best CQI, the corresponding PCI, and an alternate PCI.

Optionally, the UE may feed back the alternate PCI with the corresponding CQI as if the UE
operated in MU-MIMO mode.

[0068] Figure 4 illustrates non-limiting example method 400 of utilizing a unitary
precoding matrix to feed back CSI according to some embodiments. Note that the blocks of
method 400 may be executed in any order or combination, and may be executed in conjunction
with additional activities and functions not listed. Each of the blocks of method 400 may also be
executed individually without the execution of any other block, and any subset of the blocks of
method 400 may be executed without executing any blocks not included in such a subset. All
such embodiments are contemplated as within the scope of the present disclosure.

[0069] AtDblock 410, a UE may generate channel state information (CSI). At block
420, a determination may be made as to the method or means of feeding back the generated
CQUPCI. If it is determined at block 420 to feed back CQI/PCI as if the UE operated in SU-
MIMO mode, at block 430 the UE may calculate and report CQI/PCI as one or more legacy UEs.

[0070] Ifitis determined at block 420 to feed back CQI/PCI as if the UE operated in
SU-MIMO mode using a single stream, at block 440 the UE may feed back a single one best
CQI and the corresponding PCI based on the short-term CSI. At block 440, the UE may
calculate a long-term channel covariance matrix (i.e., short-term CSI averaged over a certain
period of time) and may feed back the long term channel covariance matrix index. The channel
covariance matrix may be pre-quantized to a few matrices that may be known by both the UE
and the base station. Note that “short term” may refer to the conventional PCI calculation (i.e.,
based on a subframe averaging) whereas the long term averaging may be carried out over a full
frame, or even several frames.

[0071] Ifitis determined at block 420 to feed back CQI/PCI as if the UE operated in
MU-MIMO mode, at block 450 the UE may feed back a single one best CQI and the
corresponding PCI. Optionally the UE may also feed back at the same time an alternate (worst)

PCI and optionally the corresponding CQI .
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[0072] In embodiments where it is desired that a transmitter adapt to the CSI as much
as possible, there is no requirement that a precoding vector has to be paired with its orthogonal
companion for MU-MIMO. In these general precoding matrix implementations, a UE may be
configured to feed back a single one best CQI and the corresponding PCI based on the short-term
CSI as if the UE operated in SU-MIMO with a single stream. Additionally, the UE may
calculate a long-term channel covariance matrix (i.e., short-term CSI averaged over a certain
period of time) and may feed back the long-term channel matrix index to the base station.

[0073] Alternatively, a UE may feed back one best CQI and the corresponding PCI
based on the short-term CSI as if the UE operated in SU-MIMO with single stream case, and the
UE may also feed back the PCI that corresponds to the worst CQI. TxAA capable UEs may feed
back only the best CQI and its associated PCI.

[0074] In other general precoding matrix implementations, a UE may feed back a single
one best CQI and the corresponding PCI as if the UE operated in MU-MIMO mode. A UE may
feed back one best CQI and the corresponding PCI as if the UE operated in MU-MIMO mode
while at the same time feeding back a PCI that corresponds to the worst CQI.

[0075] In another general precoding matrix implementations, a UE may feed back
CQUPCI as if the UE operated in SU-MIMO mode by calculating and reporting CQI/PCI as
legacy SU-MIMO UEs.

[0076] Figure 5 illustrates non-limiting example method 500 of utilizing a general
precoding matrix to feed back CSI according to some embodiments. Note that the blocks of
method 500 may be executed in any order or combination, and may be executed in conjunction
with additional activities and functions not listed. Each of the blocks of method 500 may also be
executed individually without the execution of any other block, and any subset of the blocks of
method 500 may be executed without executing any blocks not included in such a subset. All
such embodiments are contemplated as within the scope of the present disclosure.

[0077] Atblock 510, a UE may generate channel state information. At block 520, a
determination may be made as to the method or means of feeding back CQI/PCI. If it is
determined at block 520 to feed back CQI/PCI as if the UE operated in SU-MIMO mode with a
single stream, at block 530 the UE may feed back a single one best CQI and the corresponding
PCI based on the short-term CSI. At block 532, the UE may also calculate a long-term channel
covariance matrix (i.e., short-term CSI averaged over a certain period of time) and may feed
back the long-term channel matrix index. Alternatively, at block 534 the UE may also feed back
the PCI that corresponds to the worst CQI. Note that TxAA capable UEs may feed back only the

best CQI and its associated PCI.
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[0078] Ifitis determined at block 520 to feed back CQI/PCI as if the UE operated in
SU-MIMO mode, at block 540 the UE may calculate and report CQI/PCI as legacy SU-MIMO
UE(s).

[0079] Ifitis determined at block 520 to feed back CQI/PCI as if the UE operated in
MU-MIMO mode, at block 550 the UE may calculate and feed back a single one best CQI and
the corresponding PCI. At block 555, the UE may also feed back a PCI that corresponds to the
worst CQI at the same time it feeds back the single one best CQI and the corresponding PCI.

[0080] In implementing the present subject matter, a feedback signaling design as
disclosed herein may be used. In an embodiment, an HS-DPCCH channel structure may be used
for MU-MIMO operation and PCI/CQI feedback report cycles. As described herein, feedback
could take one of several forms: one short-term PCI and one CQI, two short-term PCls (best and
worst) and one CQI (best), one short-term PCI and one long-term PCI and one CQI (short-term
based). In any of these cases, there may not be enough bits left in HS-DPCCH to accommodate
the control information that may be needed for MU-MIMO operation. Disclosed herein are
several embodiments that may effectively increase the available bits.

[0081] In an embodiment, a spreading factor reduction and time multiplexing of
CQUPCI reports may be used. Where time multiplexing is implemented, interleaving may be
performed between two CQI/PCI subframes. While the following embodiments may also be
applicable to other implementations, it assumed for illustrative purposes that all the feedback
information can be fit into two slots of one HS-DPCCH subframe.

[0082] In embodiments where feedback consists of one short-term PCI and one CQI a
Type A (two bits of PCI information and eight bits of CQI for a total of ten bits before channel
coding) CQI/PCI report may be used. Alternatively, a Type B (two bits of PCI information and
five bits of CQI for a total of seven bits before channel coding) CQI/PCI report may be used.
The choice of which CQI/PCI report to use for feedback that consists of one short-term PCI and
one CQI may depend on the PCI-field length and CQI field length of the available reports.

[0083] In embodiments where feedback consists of two short-term PCIs (best and
worst) and one CQI (best), a Type A report via reinterpretation of the legacy PCI/CQI fields may
be used. In an embodiment, an example of which is illustrated in Figure 6, the best PCI, the
worst PCI, and the CQI may be multiplexed together, jointly encoded, and mapped to last two
slots 620 of HS-DPCCH subframe 600. The best and worst PCIs and CQI may then be jointly
coded, for example using the conventional Reed-Muller code. Hybrid automatic repeat request

acknowledgement (HARQ ACK) may be mapped to first slot 610 of HS-DPCCH subframe 600.
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[0084] In embodiments where feedback consists of one short-term PCI, one long-term
PCI, and one CQI (short-term based), a Type A may also be used to carry such information as
shown in Figure 7. In an embodiment, HARQ-ACK may be in first time slot 710 of subframe
700. The short-term PCI, long-term PCI, and CQI may multiplexed together, jointly coded, and
mapped to last two time slots 720 of HS-DPCCH subframe 700. The encoding may be
performed using, for example, the conventional Reed-Muller code.

[0085] In embodiments where feedback consists of two short-term PCIs (best and
worst) and two CQIs (best and worst, short-term based), an example of which is illustrated in
Figure 8, the UE may multiplex, jointly encode and map to last two slots 820 of one HS-DPCCH
subframe 801 the best PCI and corresponding CQI using for example a conventional means.
HARQ-ACK may be mapped to first slot 810 of subframe 801. Similarly, the UE may
multiplex, jointly encode and map to last two slots 840 of one HS-DPCCH subframe 802 the
worst PCI and corresponding CQI using for example conventional means. HARQ-ACK may be
mapped to first slot 830 of subframe 802. The two different PCI/CQI reports may be transmitted
in time-alternation, possibly configured with different reporting rates.

[0086] In many implementations, it is important that a base station has high scheduling
flexibility. In order to provide such flexibility, a UE may be required to report PCI/CQI back to
base station by taking into account various MIMO operation modes. In an embodiment, a UE
may be configured to report the PCI/CQI for SU-MIMO single stream (Type B reporting), SU-
MIMO dual stream (Type A reporting), and MU-MIMO in a time multiplexing fashion. In one
method of such time multiplexing, a cycle of M CQI reports is used. Every cycle, a UE may
transmit N1 Type A reports, N2 Type B reports, and N3=M-N1-N2 MU-MIMO type reports.

[0087] Examples of different reporting patterns, such as patterns P1, P2, and P3, are
shown in Figure 9. The reporting cycle or pattern parameters M, N1, N2 shown in Figure 9 may
be configured by the network via RRC signaling. N3 may be derived using N3=M-N1-N2 as
described above. The CQI reporting pattern may also depend on other parameters such as the
connection frame number (CFN) and any potential time offsets configured by the network. This
may allow synchronization so that the base station may be aware of the type of CQI/PCI report
being transmitted by every UE.

[0088] In an embodiment, a UE may be aware of when MU-MIMO is being used on a
same TTI on which it is scheduled, and thus may be aware of the presence of an interfering
stream. This knowledge may be used to improve the UE receiver performance. Moreover, if a
UE is aware of the presence of an interfering stream, additional transmission parameters may be

transmitted to the UE to improve performance. Such parameters may include, but are not
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restricted to, a MU-MIMO transmission mode indicating the presence of interfering stream (i.e.,
the same channelization codes on different pre-coding weights), a power offset (absolute or
relative) of the interfering stream, a modulation scheme of the interfering stream (e.g., QPSK,
16QAM, 64QAM), precoding weight information (PWI) for the interfering stream, or a transport
block size of the interfering stream.

[0089] Parameters, such as a parameter indicating that an incoming HS-PDSCH data
stream is transmitted in SU-MIMO or MU-MIMO transmission mode, may be transmitted to a
UE using dynamic signaling and/or semi-dynamic signaling. Dynamic signaling may
implemented implicitly or explicitly.

[0090] In implicit dynamic signaling embodiments, the HS-SCCH type-3 physical
channel may be reused to signal UE MIMO related control information, such as SU-MIMO and
MU-MIMO control information. Relying on the differences of the MU-MIMO and SU-MIMO
precoded channel, the UE can blindly detect the MIMO operating mode. Once MU-MIMO
mode is detected, the information transmitted over HS-SCCH can be reinterpreted as the
information for demodulation and/or decoding MU-MIMO transmissions.

[0091] For example, a UE may be configured to perform non-limiting example method
1000 shown in Figure 10 in order to implicitly determine a MIMO mode. Note that the blocks of
method 1000 may be executed in any order or combination, and may be executed in conjunction
with additional activities and functions not listed. Each of the blocks of method 1000 may also
be executed individually without the execution of any other block, and any subset of the blocks
of method 1000 may be executed without executing any blocks not included in such a subset.
All such embodiments are contemplated as within the scope of the present disclosure.

[0092] Atblock 1010, a UE may read and decode part I (“xccs” field, “xms” field and
“Xpwipb ~ field) of an HS-SCCH type 3 physical channel. At block 1015, the UE may determine
the number of transport blocks indicated by the mapping of the x..s and x fields. If the
mapping of the “xn,s” and “x.¢” fields indicates the number of transport blocks is one, the UE
may determine that this is a single stream SU-MIMO transmission. The UE may then proceed
with operating as in legacy or regular single stream SU-MIMO operation at block 1020.

[0093] If, at block 1015, the UE determines that the mapping of the “xp” and “Xccs”
fields indicates the number of transport blocks is two, the mode may be either dual stream SU-
MIMO transmission or MU-MIMO transmission. In this case, at block 1025 the UE may read
the “Xpwiph ” for the primary PWI and the secondary PWI may then be derived based on the
primary PWI (or signaled explicitly). At block 1030, in combination with the estimated channel

matrix H and a threshold, the UE may make a decision as to whether the transmission is in SU-
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MIMO or MU-MIMO mode. For example, if HE} denotes the 2x2 MIMO channel matrix of the
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or =% , then the UE may
decide that the transmission is in MU-MIMO mode. Otherwise, the UE may determine that the
transmission is in SU-MIMO mode. Note that the threshold value “:x may be signaled by the
higher layers and may depend on interfering stream information.

[0094] If the UE determines at block 1030 that this is a dual-stream SU-MIMO
transmission, at block 1035 the UE may operate as in legacy or regular single stream SU-MIMO
operation. If the UE determines at block 1030 that this is a MU-MIMO transmission, at block
1040 the UE may implement MU-MIMO receiver signal processing to read HS-SCCH for MU-
MIMO signaling information by reinterpreting the legacy field mapping.

[0095] As noted herein, in an embodiment, the mapping of xm field for SU-MIMO may
be reinterpreted once the MU-MIMO mode is detected. For example, the X field can be
mapped to nine different states in SU-MIMO operation. However, once the MU-MIMO mode is
detected, six states may be sufficient and there may be three unused mappings or states that may
be available for MU-MIMO signaling needs. For example, SU-MIMO x,s mapping Table 1 may
be reinterpreted as shown in Table 2, where 111, 011, 001, 101 with Xccs7=000, 110, and 010
may be used to carry not only the modulation scheme for MU-MIMO operation but also other
MU-MIMO signaling if needed. Such other signaling may include the transmit power offset
between two streams and/or users, information about the other UE, extended codebook PWI, etc.
In other words, the field mapping of HS-SCCH type 3 may have different interpretations
depending on the detected MIMO mode.
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xms,1, xms,2, Modulation for Modulation for | Number of transport
xms,3 primary secondary blocks
transport block | transport block
111 16QAM 16QAM 2
110 16QAM QPSK 2
101 64QAM Indicated by Indicated by xccs,7
Xces,7
100 16QAM n/a 1
011 QPSK QPSK 2
010 64QAM 64QAM 2
001 64QAM 16QAM 2
000 QPSK n/a 1

Table 1: SU-MIMO mapping of X5

xms,1, xms,2, Modulation for Modulation for Number of
xms,3 primary secondary transport blocks in
transport block transport block case of SU-MIMO
111 16QAM MU-MIMO info. 2
110 16QAM MU-MIMO info. 2
101 64QAM xccs,7=1 1
101 QPSK Xces,7=0 2
MU-MIMO info.
100 16QAM n/a 1
011 QPSK MU-MIMO info 2
010 64QAM MU-MIMO info. 2
001 64QAM MU-MIMO info. 2
000 QPSK n/a 1

Table 2: Mapping of x,,. if MU-MIMO mode detected

[0096] In explicit dynamic signaling embodiments, the MU-MIMO transmission mode
may be explicitly signaled to a UE on a dynamic basis, for example, each time the UE is
scheduled to receive High Speed Downlink Shared Channel (HS-DSCH) data. In an
embodiment, the MU-MIMO transmission mode information may be included in the control
channel preceding the associated data transmission. In UMTS, this information may be included
in the HS-SCCH. There are several ways to include such information in the HS-SCCH.

[0097] In an embodiment, an extra information bit may be added in HS-SCCH (e.g.,
xyu-mmvo 1n the first part of a new HS-SCCH type). When this extra information bit is set to ‘17,
it may indicate to a UE the presence of a MU-MIMO transmission and thus an interfering stream
transmitted on the orthogonal pre-coding weights.

[0098] Alternatively, extra information may be carried using the existing HS-SCCH
type 3. In an embodiment this may be accomplished by using the x.s7 bit to jointly code with
states 111, 011, and 010 to indicate the MIMO mode and the modulation scheme. An example

of such a mapping is shown in Table 3.
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xms,1, xms,2, Modulation for Modulation for Number of transport
xms,3 primary secondary blocks in case of
transport block transport block in SU-MIMO
SU-MIMO or
MIMO mode
indication
111 16QAM xccs,7=1, 16QAM; 2
xccs,7=0, MU-
MIMO mode
110 16QAM QPSK 2
101 64QAM Indicated by xccs,7 | Indicated by xccs,7
100 16QAM n/a 1
011 QPSK xccs,7=1, QPSK; 2
xccs,7=0, MU-
MIMO mode
010 64QAM xccs,7=1, 64QAM; 2
xccs,7=0, MU-
MIMO mode
001 64QAM 16QAM 2
000 QPSK n/a 1

Table 3: Mapping of x,,s

[0099]

stream on a dynamic basis by using a special or reserved value of an existing field in the existing

In an embodiment, the network may indicate the presence of an interfering

HS-SCCH type 3. For example, the network may transmit an HS-SCCH type 3 indicating the
presence of two transport blocks and use a reserved or special value for one or more of the fields
associated with the secondary transport block. For example, the network may use the transport-
block size information for the secondary transport block (Xpssp, 7, Xsbsst, 2, --+» Xepssh.s) OF the
redundancy and constellation version for the secondary transport block. Upon detection of this
reserved or special value, the UE may determine that the transmission is a MU-MIMO
transmission and that the secondary transport block is dedicated to a different UE.

[0100]

and the UE may only act on it in this way when it is configured to do so. For example, a UE

This special combination or reserved value may be fixed in the specifications

supporting this feature may be configured by the network via RRC signalling to operate in such a
way (e.g., in MU-MIMO mode). The configuration message may also carry the configuration
information on the special or reserved combination that indicates MU-MIMO transmission. In
some alternatives, this special combination may correspond to one of the transport block sizes

that may not be used by the network due to poor turbo coding performance.
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[0101] In semi-dynamic signaling embodiments, the MIMO transmission mode may be
signaled via higher layer (e.g., via RRC signaling) and therefore before decoding the HS-SCCH
type 3 physical channel, the UE may already be aware of the MIMO mode in which it is
operating. Thus, when configured in MU-MIMO mode, the UE may receive a single transport
block at a time while a second transport block dedicated to a different UE may be present on the
interfering stream.

[0102] In an embodiment of semi-dynamic signaling, HS-SCCH order may be used,
which may enable layer 1 signaling that typically involves less delay and thus may be more
practical from the network scheduling standpoint. In this embodiment, a new order type may be
introduced and one bit of order may be designed to indicate whether the followed reception of
HS-DSCH data is in MU-MIMO mode (i.e., to activate/deactivate the MU-MIMO mode.) For
example, Xogt,1, Xodt,2, and Xodr,3 may be set to ‘100’ to signal that this is an MU-MIMO order, and
if Xra1=1, the UE may be configured to receive one transport block of data from the MU-MIMO
transmission. Otherwise, the UE may be configured to operate in legacy mode. In embodiments
where there are not sufficient bits in the existing HS-SCCH order design, a new mapping that
identifies the HS-SCCH order message from others may be introduced. For example, the special
mapping that may be applied for an MU-MIMO HS-SCCH order may be Xcs 7, Xces.2, -er Xees, 7
Xms,; May be set to ‘111000107, X 1, Xips 2, ..., Xwss may be set to ‘1111017, Xpp 1, Xnap, 2 Xnap 3,
Xrv,1, Xm,2, Xpv,3 MAY be St 10 Xord 1, Xord2, Xord 3, Xord4» Xord 5 Xord,s» ad X,,q 1 may be reserved.

[0103] Note that the CCS bits ‘1110001° may correspond to an unused CCS
configuration. Other unused configurations could also be used instead (e.g.: values 113 to 119 in
decimal could be appropriate values).

[0104] In some MU-MIMO mode implementation, the HS-SCCH type 3 channel may
be reused to carry MU-MIMO related control or parameter information. In such embodiments,
since only one transport block may be indicated to the UE on the HS-SCCH at a time, a number
of existing fields and bit combinations may be re-used to indicate additional MU-MIMO related
information or parameters (e.g., power offset, PWI of the interfering stream, etc). A number of
methods of carrying specific MU-MIMO related information or parameters may be used in
accordance with the present disclosure, and these methods may be used in any order or
combination.

[0105] In the HS-SCCH type 3, the three x,, bits may indicate the modulation and
number of transport blocks present in the associated HS-PDSCH. A UE configured in a MU-
MIMO mode may only receive a single transport block at a time, thus only three of the eight

possible combinations with the three bits are needed. The unused states may be re-interpreted to
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provide additional information such as the PWI of the interfering stream. Because the interfering
stream may not be transmitted using the same precoding weight as the primary stream for a
particular UE, for the case where there are N precoding weights in total, the base station may
only need to signal one of N-1 precoding weight for the interfering stream. This may provide the
base station with the flexibility to not always use the orthogonal weights for the interfering
stream. For example, in the case of UMTS Release 7, N=4 and signaling for up to three different
PWI indices may be used.

[0106] In an embodiment, MU-MIMO related information or parameters may be
provided to a UE by transmitting an interfering PWI offset index, or PWl¢. The UE may
determine the index of the interfering precoding weight, PWliy,r, by adding the offset to the
PWI for the primary transport block (or stream) (signaled in the conventional HS-SCCH type 3),

and then applying a modulo-4 operation:

PWIimerf: mOd(PWI+PWIOff, 4)

[0107] Table 4 illustrates an example of mapping for the modulation and number of
transport block bit field (X.,s) where, in addition to the modulation scheme for the primary
stream, the precoding weight indication offset for the interfering stream may also provided. Note
that due to the lack of signaling space, the 64QAM entry may be restricted to only two PWlgr
indices. This restriction may be arbitrary, as in this example, and may be applied to a different

modulation scheme (e.g., a different row in the table).

Xms | Modulation scheme | PWlq
of primary stream
000 | QPSK 1
001 | QPSK 2
010 | QPSK 3
011 | 16QAM 1
100 | 16QAM 2
101 | 16QAM 3
110 | 64QAM 1
111 | 64QAM 2

Table 4: X, new mapping
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[0108] For example, the restriction may also be applicable to the QPSK instead. Table
5 illustrates an example where due to the lack of signaling space, the 64QAM entry may be

restricted to only two PWloff indices.

Xms | Modulation scheme | PWlos
of primary stream
000 | QPSK 1
001 | QPSK 2
010 | 16QAM 1
011 | 16QAM 2
100 | 16QAM 3
101 | 64QAM 1
110 | 64QAM 2
111 | 64QAM 3

Table 5: X,s alternate new mapping

[0109] In an embodiment, the six bits of the transport block size information for the
secondary transport block (X,ss) and the two bits from the redundancy and constellation version
for the secondary transport block fields (X,vs) may also indicate additional information about the
interfering stream. For example, the two bits of X5, may indicate the modulation scheme of the

interfering stream. Table 6 shows an example mapping of the X, bits.

Xisvb | Modulation scheme of interfering stream
00 QPSK

01 16QAM

10 64QAM

11 Reserved

Table 6: X, Nnew mapping

[0110] Similarly, the six bits from the Xss may be used to signal the power offset of
the interfering stream compared to the stream dedicated to a UE. A subset of the six bits may be
mapped to a range spanning, for example, between -10 and +10dB in steps of 1dB.

[0111] In an embodiment, the two bits from the X, may indicate the modulation
scheme of the interfering stream (e.g., using the mapping shown in Table 5) whereas the other
four bits may indicate the power offset of the interfering stream. Such a power offset may be
determined via a table lookup where elements of an index numbered, for example, from 0 to 15,

map to distinct power offset values. Table 7 illustrates an example of such a mapping.
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Sighaled power offset index | Power offset value (in dB)
0 -12
1 -9
2 -6
3 -4
4 -3
5 -1
6 0

7 1

8 3
9 4
10 6
11 9
12 12
13 15
14 17
15 20

Table 7: Power offset table mapping

[0112] Upon reception of this information, a UE may use the signaled parameters to
improve its reception by implementing interference cancellation techniques. In the above
methods, when referring to carrying new information in existing fields, the bit fields may be
reinterpreted and the provided encoding in the existing specifications may remain the same.

[0113] 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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What is claimed is:

1. A method of providing feedback from a wireless transmit and receive unit (WTRU) to a
network device, the method comprising:
operating in multi-user multiple input and multiple output (MU-MIMO) mode;
receiving a plurality of data streams from a Node B;
determining a single-user multiple input and multiple output (SU-MIMO) channel
quality indicator (CQI) and precoding control information (PCI);
determining a multiple-user multiple input and multiple output (MU-MIMO) CQI
and PCI; and
transmitting the SU-MIMO CQI and PCI and the MU-MIMO CQI and PCI on a
high speed dedicated physical control channel (HS-DPCCH).

2. The method of claim 1, wherein the SU-MIMO CQI and PCI and the MU-MIMO CQI
and PCI are transmitted in a HS-DPCCH subframe.

3. The method of claim 2, wherein the HS-DPCCH subframe comprises a hybrid automatic
repeat request acknowledgement (HARQ-ACK).

4. The method of claim 1, wherein the WTRU is configured with a plurality of receive

antennas.
5. The method of claim 1, wherein determining the MU-MIMO CQI and PCI comprises
determining the MU-MIMO CQI and PCI based on an assumption that an interfering stream is

transmitted using a precoding weight.

6. The method of claim 5, wherein the precoding weight is determined as a function of a

candidate precoding weight based on a rule.

7. The method of claim 5, wherein the precoding weight is orthogonal to a candidate

precoding weight.
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8. The method of claim 1, further comprising determining a MU-MIMO alternate PCI that

indicates a preferred precoding weight for an interfering stream.

9. The method of claim 8, further comprising determining an alternate CQI that corresponds

to the MU-MIMO alternate PCI.

10.  The method of claim 8, wherein determining the MU-MIMO PCI comprises determining
the MU-MIMO PCI based on an assumption that the interfering stream is transmitted on the
MU-MIMO alternate PCI.

11. A wireless transmit and receive unit (WTRU) configured to transmit feedback to a
network device, comprising:
a processor configured to:
operate the WTRU in multi-user multiple input and multiple output (MU-
MIMO) mode, and
determine a single-user multiple input and multiple output (SU-MIMO)
channel quality indicator (CQI) and precoding control information (PCI),
determine a multiple-user multiple input and multiple output (MU-MIMO)
CQI and PCI; and
a transceiver configured to:
receive the plurality of data streams from a Node B, and
transmit the SU-MIMO CQI and PCI and the MU-MIMO CQI and PCI on
a high speed dedicated physical control channel (HS-DPCCH).

12. The WTRU of claim 11, wherein the transceiver transmits the SU-MIMO CQI and PCI
and the MU-MIMO CQI and PCI in a HS-DPCCH subframe.

13.  The WTRU of claim 12, wherein the HS-DPCCH subframe comprises a hybrid automatic
repeat request acknowledgement (HARQ-ACK).

14.  The WTRU of claim 11, wherein the transceiver is further configured with a plurality of

receive antennas.
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15. The WTRU of claim 11, wherein the processor is further configured to determine the
MU-MIMO CQI and PCI based on an assumption that an interfering stream is transmitted using

a precoding weight.

16. The WTRU of claim 15, wherein the processor is further configured to determine the

precoding weight as a function of a candidate precoding weight based on a rule.

17.  The WTRU of claim 15, wherein the precoding weight is orthogonal to a candidate
precoding weight.

18.  The WTRU of claim 11, wherein the processor is further configured to determine a MU-

MIMO alternate PCI that indicates a preferred precoding weight for an interfering stream.

19.  The WTRU of claim 18, wherein the processor is further configured to determine an
alternate CQI that corresponds to the MU-MIMO alternate PCI.

20.  The WTRU of claim 18, wherein the processor is further configured to determine MU-

MIMO PCI based on an assumption that the interfering stream is transmitted on the MU-MIMO

alternate PCI.
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