WO 2013/025486 PCT/US2012/050301

METHOD AND APPARATUS FOR
MULTIPLE-INPUT MULTIPLE-OUTPUT OPERATION

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. provisional application
No. 61/5622,934 filed August 12, 2011, the contents of which 1s hereby

incorporated by reference herein.

BACKGROUND

[0002] The closed-loop precoding scheme in Long Term Evolution Advanced
(LTE-A) 1s extended to support configuration with up to 8 transmit antennas in
the downlink using a wireless transmit/receive unit (WTRU)-specific reference
signal to improve data coverage. Since the WTRU-specific demodulation
reference signal (DM RS) is precoded in the same way as the data, a non-
codebook based precoding may be applied.

[0003] The orthogonality among the DM RS ports in the LTE Release 10 1s
achieved using a combination of code division multiplexing (CDM) and frequency
division multiplexing (FDM). FIG. 17 shows a conventional WTRU-specific
reference signal pattern for antenna ports 7, 8, 9, and 10 for normal cyclic prefix.
Total 12 resource elements (REs) are used per layer for each subframe. Two
CDM groups occupy different subcarriers in a frequency domain. In LTE Release
10, antenna ports 7, 8, 11, and 13 belong to CDM group 1, and antenna ports 9,
10, 12, and 14 belong to CDM group 2. For rank-1 to rank-4, a length-2
orthogonal cover code (OCC) is applied on two adjacent REs in each slot while for
rank-5 to rank-8, a length-4 OCC 1s applied on two groups of consecutive REs in
the subframe.

[0004] A WTRU receives information regarding the assigned DM RS
antenna port(s), the scrambling identity, and the number of layers through
downlink control information, (e.g., a 3-bit field in DCI format 2C as specified in

Table 1). nscip 1s the scrambling 1identity for antenna ports 7 and 8.
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One Codeword: Two Codewords:
Codeword O enabled, Codeword O enabled,
Codeword 1 disabled Codeword 1 enabled

Value Message Value Message
2 3 layers, ports 7-9
3 4 layers, ports 7-10
4 2 layers, ports 7-8 4 5 layers, ports 7-11
5) 3 layers, ports 7-9 5) 6 layers, ports 7-12
6 4 layers, ports 7-10 6 7 layers, ports 7-13
7 Reserved 7 8 layers, ports 7-14
Table 1
[0005] In LTE Release 10, for multi-user multiple-input multiple-output

(MU-MIMO) operation, up to four layers can be simultaneously scheduled on the
same frequency-time resources. This 1s accomplished through multiplexing of
layers on two orthogonal DM RS antenna ports (antenna ports 7 and 8) with two

scrambling sequences, nscip={0,1} (the shaded rows in Table 1).

SUMMARY
[0006] A method and apparatus for multiple-input multiple-output (MIMO)
transmissions are disclosed. A wireless transmit/receive unit (WTRU) receives a
downlink transmission from an eNodeB including a plurality of spatial layers
transmitted to a plurality of WTRUs paired for multi-user MIMO. The WTRU
decodes the downlink transmission based on a WTRU-specific reference signal.
WTRU-specific reference signals for the plurality of WI'RUs may be multiplexed
into the downlink transmission such that WTRU-specific reference signals for
different sub-group of antenna ports are multiplexed onto different subcarriers in
a frequency domain and the WTRU-specific reference signals of the same sub-
group of antennas ports are applied with an orthogonal cover code in a time
domain. The resource elements used for transmission of the WTRU-specific

reference signals on antenna ports in one sub-group may be muted on antenna

2.
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ports in another sub-group. The WTRU may decode the downlink transmission
assuming that no data is transmitted to the WTRU on the muted resource
elements.

[0007] Four antenna ports with two scrambling sequences may be used to
support up to eight (8) spatial layers. A bandwidth assigned for the WTRU may
be different from a bandwidth assigned for a WTRU paired for multi-user MIMO.
In this case, information regarding the largest bandwidth among WTRUs paired
for multi-user MIMO may be provided to the WTRU.

[0008] In another embodiment, a WTRU may transmit the uplink
demodulation reference signal without precoding.

[0009] In another embodiment, the number of resource blocks allocated for
the uplink demodulation reference signal may be greater than the number of
resource blocks allocated for the payload.

[0010] In another embodiment, the uplink demodulation reference signals

from a plurality of WTRUs may be multiplexed in a frequency domain.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] A more detailed understanding may be had from the following
description, given by way of example in conjunction with the accompanying
drawings wherein:
[0012] FIG. 1A 1s a system diagram of an example communications system
in which one or more disclosed embodiments may be implemented;
[0013] FIG. 1B 1s a system diagram of an example wireless
transmit/receive unit (WTRU) that may be used within the communications
system 1llustrated in FIG. 1A;
[0014] FIG. 1C 1s a system diagram of an example radio access network
and an example core network that may be used within the communications
system 1llustrated in FIG. 1A;
[0015] FIG. 2 shows an example of splitting WT'RUs into two code division
multiplexing (CDM) groups;
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[0016] FIG. 3 shows an example for demodulation reference signal (DM RS)
muting for MU-MIMO operation up to 8 layers;

[0017] FIG. 4 shows an example DM RS of two WTRUs with different
number of resources blocks multiplexed with a repetition factor (RPF) of 2;
[0018] FIG. 5 shows an example DM RS of three WTRUs with the same
number of resource blocks multiplexed with a RPF of 3;

[0019] FIGS. 6A and 6B show an example of employing the relative
frequency shifts to the DM RS;

[0020] FIG. 7A shows resource allocation of DM RS in MU-MIMO users in
accordance with conventional method;

[0021] FIG. 7B shows an example resource allocation of DM RS in MU-
MIMO users 1n accordance with one embodiment;

[0022] FIG. 8 shows an example resource allocation for the DM RS and the
physical uplink shared channel (PUSCH) payload in accordance with one

embodiment;

[0023] FIG. 9 shows a conventional uplink DM RS structure for a PUSCH;
[0024] FIG. 10 shows an example for the DM RS structure for a PUSCH
defined as a combination of the legacy DM RS and the additional DM RS;
[0025] FIG. 11 shows an example uplink (UL) DM RS structure with the
length-4 OCC mapping;

[0026] FIG. 12 shows an example UL DM RS structure with interlaced
allocation of the additional DM RS;

[0027] FIGS. 13A and 13B show two example DM RS patterns in
accordance with one embodiment;

[0028] FIGS. 14A and 14B show different patterns of DM RS with a
different shift in frequency domain, respectively;

[0029] FIG. 15 shows an example of length-4 OCC mapping for the DM RS;
[0030] FIG. 16 shows an example uplink control information (UCI)

multiplexing according to their priorities; and
[0031] FIG. 17 shows a conventional WTRU-specific reference signal

pattern for antenna ports 7, 8, 9, and 10 for normal cyclic prefix.

-4-
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DETAILED DESCRIPTION

[0032] FIG. 1A 1s a diagram of an example communications system 100 in
which one or more disclosed embodiments may be implemented. The
communications system 100 may be a multiple access system that provides
content, such as voice, data, video, messaging, broadcast, etc., to multiple
wireless users. The communications system 100 may enable multiple wireless
users to access such content through the sharing of system resources, including
wireless bandwidth. For example, the communications systems 100 may employ
one or more channel access methods, such as code division multiple access
(CDMA), time division multiple access (TDMA), frequency division multiple
access (FDMA), orthogonal FDMA (OFDMA), single-carrier FDMA (SC-FDMA),
and the like.

[0033] As shown in FIG. 1A, the communications system 100 may include
wireless transmit/receive units (WTRUs) 102a, 102b, 102¢, 102d, a radio access
network (RAN) 104, a core network 106, a public switched telephone network
(PSTN) 108, the Internet 110, and other networks 112, though it will be
appreciated that the disclosed embodiments contemplate any number of WTRUs,
base stations, networks, and/or network elements. Each of the WTRUs 102a,
102b, 102¢, 102d may be any type of device configured to operate and/or
communicate in a wireless environment. By way of example, the WTRUs 102a,
102b, 102¢, 102d may be configured to transmit and/or receive wireless signals
and may include user equipment (UE), a mobile station, a fixed or mobile
subscriber unit, a pager, a cellular telephone, a personal digital assistant (PDA),
a smartphone, a laptop, a netbook, a personal computer, a wireless sensor,
consumer electronics, and the like.

[0034] 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
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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.

[0035] 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
mnclude three transceivers, 1.e., one for each sector of the cell. In another
embodiment, the base station 114a may employ multiple-input multiple output
(MIMO) technology and, therefore, may utilize multiple transceivers for each
sector of the cell.

[0036] The base stations 114a, 114b may communicate with one or more of
the WTRUs 102a, 102b, 102¢, 102d over an air interface 116, which may be any
suitable wireless communication link (e.g., radio frequency (RF), microwave,
infrared (IR), ultraviolet (UV), visible light, etc.). The air interface 116 may be
established using any suitable radio access technology (RAT).

[0037] 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 1n 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
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Evolved HSPA (HSPA+). HSPA may include High-Speed Downlink Packet
Access (HSDPA) and/or High-Speed Uplink Packet Access (HSUPA).

[0038] 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).

[0039] In other embodiments, the base station 114a and the WTRUs 102a,
102b, 102¢ may implement radio technologies such as IEEE 802.16 (i.e.,
Worldwide Interoperability for Microwave Access (WiMAX)), CDMAZ2000,
CDMA2000 1X, CDMA2000 EV-DO, Interim Standard 2000 (IS-2000), Interim
Standard 95 (IS-95), Interim Standard 856 (IS-856), Global System for Mobile
communications (GSM), Enhanced Data rates for GSM Evolution (EDGE), GSM
EDGE (GERAN), and the like.

[0040] The base station 114b in FIG. 1A may be a wireless router, Home
Node B, Home eNode B, or access point, for example, and may utilize any
suitable RAT for facilitating wireless connectivity in a localized area, such as a
place of business, a home, a vehicle, a campus, and the like. In one embodiment,
the base station 114b and the WTRUs 102¢, 102d may implement a radio
technology such as IEEE 802.11 to establish a wireless local area network
(WLAN). In another embodiment, the base station 114b and the WTRUs 102¢,
102d may implement a radio technology such as IEEE 802.15 to establish a
wireless personal area network (WPAN). In yet another embodiment, the base
station 114b and the WTRUs 102¢, 102d may utilize a cellular-based RAT (e.g.,
WCDMA, CDMA2000, GSM, LTE, LTE-A, etc.) to establish a picocell or
femtocell. As shown in FIG. 1A, the base station 114b may have a direct
connection to the Internet 110. Thus, the base station 114b may not be required
to access the Internet 110 via the core network 106.

[0041] The RAN 104 may be in communication with the core network 106,
which may be any type of network configured to provide voice, data, applications,
and/or voice over internet protocol (VoIP) services to one or more of the WIRUs

102a, 102b, 102¢c, 102d. For example, the core network 106 may provide call
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control, billing services, mobile location-based services, pre-paid calling, Internet
connectivity, video distribution, etc., and/or perform high-level security functions,
such as user authentication. Although not shown in FIG. 1A, it will be
appreciated that the RAN 104 and/or the core network 106 may be in direct or
indirect communication with other RANs that employ the same RAT as the RAN
104 or a different RAT. For example, in addition to being connected to the RAN
104, which may be utilizing an E-UTRA radio technology, the core network 106
may also be in communication with another RAN (not shown) employing a GSM
radio technology.

[0042] The core network 106 may also serve as a gateway for the WT'RUs
102a, 102b, 102¢, 102d to access the PSTN 108, the Internet 110, and/or other
networks 112. The PSTN 108 may include circuit-switched telephone networks
that provide plain old telephone service (POTS). The Internet 110 may include a
global system of interconnected computer networks and devices that use common
communication protocols, such as the transmission control protocol (TCP), user
datagram protocol (UDP) and the internet protocol (IP) in the TCP/IP internet
protocol suite. The networks 112 may include wired or wireless communications
networks owned and/or operated by other service providers. For example, the
networks 112 may include another core network connected to one or more RANS,
which may employ the same RAT as the RAN 104 or a different RAT.

[0043] 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, 102¢, 102d may include multiple transceivers for
communicating with different wireless networks over different wireless links.
For example, the WTRU 102c¢ shown in FIG. 1A may be configured to
communicate with the base station 114a, which may employ a cellular-based
radio technology, and with the base station 114b, which may employ an IEEE 802
radio technology.

[0044] FIG. 1B 1s a system diagram of an example WTRU 102. As shown
in FIG. 1B, the WTRU 102 may include a processor 118, a transceiver 120, a

transmit/receive element 122, a speaker/microphone 124, a keypad 126, a
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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.

[0045] The processor 118 may be a general purpose processor, a special
purpose processor, a conventional processor, a digital signal processor (DSP), a
plurality of microprocessors, one or more microprocessors in association with a
DSP core, a controller, a microcontroller, Application Specific Integrated Circuits
(ASICs), Field Programmable Gate Array (FPGAs) circuits, any other type of
integrated circuit (IC), a state machine, and the like. The processor 118 may
perform signal coding, data processing, power control, input/output processing,
and/or any other functionality that enables the WTRU 102 to operate in a
wireless environment. The processor 118 may be coupled to the transceiver 120,
which may be coupled to the transmit/receive element 122. While FIG. 1B
depicts the processor 118 and the transceiver 120 as separate components, 1t will
be appreciated that the processor 118 and the transceiver 120 may be integrated
together in an electronic package or chip.

[0046] 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.

[0047] In addition, although the transmit/receive element 122 1s depicted in
FIG. 1B as a single element, the WTRU 102 may include any number of
transmit/receive elements 122. More specifically, the WTRU 102 may employ
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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.

[0048] The transceiver 120 may be configured to modulate the signals that
are to be transmitted by the transmit/receive element 122 and to demodulate the
signals that are received by the transmit/receive element 122. As noted above,
the WTRU 102 may have multi-mode capabilities. Thus, the transceiver 120 may
include multiple transceivers for enabling the WTRU 102 to communicate via
multiple RATSs, such as UTRA and IEEE 802.11, for example.

[0049] The processor 118 of the WTRU 102 may be coupled to, and may
recelve user input data from, the speaker/microphone 124, the keypad 126,
and/or the display/touchpad 128 (e.g., a liquid crystal display (LCD) display unit
or organic light-emitting diode (OLED) display unit). The processor 118 may also
output user data to the speaker/microphone 124, the keypad 126, and/or the
display/touchpad 128. In addition, the processor 118 may access information
from, and store data in, any type of suitable memory, such as the non-removable
memory 106 and/or the removable memory 132. The non-removable memory 106
may include random-access memory (RAM), read-only memory (ROM), a hard
disk, or any other type of memory storage device. The removable memory 132
may include a subscriber identity module (SIM) card, a memory stick, a secure
digital (SD) memory card, and the like. In other embodiments, the processor 118
may access information from, and store data in, memory that is not physically
located on the WTRU 102, such as on a server or a home computer (not shown).
[0050] 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 (N1Cd), nickel-zinc (N1Zn), nickel
metal hydride (NiMH), lithium-ion (Li-10n), etc.), solar cells, fuel cells, and the
like.
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[0051] 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.

[0052] 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.

[0053] FIG. 1C1s a system diagram of the RAN 104 and the core network
106 according to an embodiment. As noted above, the RAN 104 may employ an
E-UTRA radio technology to communicate with the WTRUs 102a, 102b, 102c over
the air interface 116. The RAN 104 may also be in communication with the core
network 106.

[0054] The RAN 104 may include eNode-Bs 140a, 140b, 140c, though 1t will
be appreciated that the RAN 104 may include any number of eNode-Bs while
remaining consistent with an embodiment. The eNode-Bs 140a, 140b, 140c may
each include one or more transceivers for communicating with the WTRUs 102a,
102b, 102¢ over the air interface 116. In one embodiment, the eNode-Bs 140a,
140b, 140c may implement MIMO technology. Thus, the eNode-B 140a, for
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example, may use multiple antennas to transmit wireless signals to, and receive
wireless signals from, the WTRU 102a.

[0055] Each of the eNode-Bs 140a, 140b, 140c may be associated with a
particular cell (not shown) and may be configured to handle radio resource
management decisions, handover decisions, scheduling of users in the uplink
and/or downlink, and the like. As shown 1n FIG. 1C, the eNode-Bs 140a, 140b,
140c may communicate with one another over an X2 interface.

[0056] The core network 106 shown in FIG. 1C may include a mobility
management gateway (MME) 142, a serving gateway 144, and a packet data
network (PDN) gateway 146. While each of the foregoing elements are depicted
as part of the core network 106, it will be appreciated that any one of these
elements may be owned and/or operated by an entity other than the core network
operator.

[0057] The MME 142 may be connected to each of the eNode-Bs 142a, 142b,
142c¢ 1n the RAN 104 via an S1 interface and may serve as a control node. For
example, the MME 142 may be responsible for authenticating users of the
WTRUs 102a, 102b, 102¢c, bearer activation/deactivation, selecting a particular
serving gateway during an initial attach of the WTRUs 102a, 102b, 102¢, and the
like. The MME 142 may also provide a control plane function for switching
between the RAN 104 and other RANs (not shown) that employ other radio
technologies, such as GSM or WCDMA.

[0058] The serving gateway 144 may be connected to each of the eNode Bs
140a, 140b, 140c in the RAN 104 via the S1 interface. The serving gateway 144
may generally route and forward user data packets to/from the WTRUs 102a,
102b, 102c. The serving gateway 144 may also perform other functions, such as
anchoring user planes during inter-eNode B handovers, triggering paging when
downlink data 1s available for the WTRUs 102a, 102b, 102¢, managing and
storing contexts of the WTRUs 102a, 102b, 102c, and the like.

[0059] The serving gateway 144 may also be connected to the PDN gateway
146, which may provide the WTRUs 102a, 102b, 102c with access to packet-
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switched networks, such as the Internet 110, to facilitate communications
between the WTRUs 102a, 102b, 102¢ and IP-enabled devices.

[0060] The core network 106 may facilitate communications with other
networks. For example, the core network 106 may provide the WTRUs 102a,
102b, 102¢ with access to circuit-switched networks, such as the PSTN 108, to
facilitate communications between the WTRUs 102a, 102b, 102¢ and traditional
land-line communications devices. For example, the core network 106 may
include, or may communicate with, an IP gateway (e.g., an IP multimedia
subsystem (IMS) server) that serves as an interface between the core network
106 and the PSTN 108. In addition, the core network 106 may provide the
WTRUs 102a, 102b, 102c with access to the networks 112, which may include
other wired or wireless networks that are owned and/or operated by other service
providers.

[0061] Embodiments for downlink DM RS enhancements for MU-MIMO
are disclosed hereafter.

[0062] MIMO implementations such as those with a macro-node with low
power remote radio heads (RRH) may support more WTRUs within their
respective coverage area. However, in case of MU-MIMO in LTE Release 10,
which uses antenna ports 7 and 8 with two scrambling sequences, up to four
layers may be co-scheduled on the same frequency-time resources (i.e., resource
blocks). Out of these four layers two layers are fully orthogonal but the other two
layers are quasi-orthogonal due to the use of the two scrambling sequences. This
results in loss of orthogonality among the WTRUs which in turn adversely
1mpacts system throughput.

[0063] In one embodiment, in order to improve orthogonality among the
layers and increase the number of layers for MU-MIMO operation, a new set of
DM RS ports may be defined for MU-MIMO operation. For example, the MU-
MIMO operation may be performed using DM RS antennas ports 7, 8, 9, and 10,
(1.e., both CDM group 1 (antenna ports 7 and 8) and CDM group 2 (antenna ports
9 and 10) may be used for MU-MIMO operation). With this embodiment, up to
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eight layers may be simultaneously co-scheduled for MU-MIMO operation with
two scrambling sequences.

[0064] The eNodeB scheduler (or any other network node) may split the
WTRUs for MU-MIMO operation into multiple (e.g., two) groups based on their
spatial correlation, and assign each group of WT'RUs to a different CDM group
(1.e., the antenna ports that are multiplexed onto the same frequency resource
using OCCs). The eNodeB may inform the WTRUs in each group their assigned
DM RS CDM group either semi-statically or dynamically using layer 3, 2, or 1
signaling. FIG. 2 shows an example of splitting WTRUs into two CDM groups.
In this example, WTRU 202 and WTRU 204 are grouped together and assigned to
CDM group 1, and WTRU 206 and WTRU 208 are grouped together and assigned
to CDM group 2 based on their spatial correlation.

[0065] A WTRU may be configured through a higher layer message or
downlink control information (e.g., DCI Format 2C) regarding the assigned DM
RS port(s). Table 2 shows an example for indicating the antenna port(s), the
scrambling 1identity (nscip), and the number of layers for MU-MIMO operations in
CDM group 2 using 3 bits in DCI format 2C. The WTRU decodes its downlink
assignment and then identifies the assigned antenna ports, the scrambling
identity, and the number of layers using the 3-bit field in its assignment as

specified 1n Table 1 or Table 2.
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One Codeword: Two Codewords:
Codeword O enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

Value Message Value Message

2 3 layers, ports 7-9
3 4 layers, ports 7-10
4 2 layers, ports 7-8 4 5 layers, ports 7-11
5) 3 layers, ports 7-9 5) 6 layers, ports 7-12
6 4 layers, ports 7-10 6 7 layers, ports 7-13
7 Reserved 7 8 layers, ports 7-14
Table 2
[0066] In one embodiment, in order to improve orthogonality among co-

scheduled WTRUs within a CDM group and facilitate channel estimation at the
WTRUSs, DM RS muting may be employed. FIG. 3 shows an example for DM RS
muting for MU-MIMO operation up to 8 layers. As shown in FIG. 3, the resource
elements used for transmission of WTRU-specific reference signals on antenna
ports in CDM group 1 may not be used for any transmissions on antenna ports in
CDM group 2, and vice versa.

[0067] In this embodiment, the WTRU may assume that rate matching of
data 1s performed around the resource elements allocated for DM RS ports for the
MU-MIMO (e.g., antenna ports 7, 8, 9, and 10), even though the WTRU employs
the assigned DM RS ports within one CDM group for channel estimation (e.g.,
either DM RS ports {7,8} or {9, 10}). The WTRU may decode the downlink
transmission assuming that no data i1s transmitted to the WTRU on the muted
resource elements. In this embodiment, in case an antenna port p 1s used

(pe{7.89,10}), the WI'RU may not assume that the other antenna ports in the set

{7,8,9,10} are not associated with transmission of PDSCH to another WTRU.
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[0068] In LTE Release 10, in order to maintain orthogonality among co-
scheduled WTRUs for MU-MIMO, the transmission bandwidth of those WTRUs
paired for MU-MIMO operation is identical when the same DM RS port 1s used
for both WTRUs. Inother words, unequal DL resource allocation for MU-MIMO
operation for more than two WTRUs 1s not possible in LTE Release 10. This
reduces scheduling flexibility which in turn negatively impacts the achievable
cell throughput.

[0069] In one embodiment, the MU-MIMO operation may be performed
with unequal bandwidths, (i.e., resources of unequal bandwidth may be allocated
to the WTRUs paired for MU-MIMO). In order to enhance MU-MIMO operation,
the largest transmission bandwidth among those WTRUs paired for MU-MIMO
operation may be signaled to all co-scheduled WTRUs within the same CDM
group. The WTRU may use this information to generate the scrambling sequence
applied on the DM RS, improve the interference measurement based on the
knowledge of the MU-MIMO co-scheduled interferer, calculate the channel state
information (CSI) feedback by taking into account the interference caused by the
MU-MIMO co-scheduled WTRU, enhance channel estimation using the DM RS
information of the MU-MIMO co-scheduled interferer, and the like.

[0070] Ne*™ denotes the bandwidth in physical resource blocks of the

corresponding PDSCH transmission expressed in the number of RBs. Assuming
K WTRUs are co-scheduled for MU-MIMO operation, the WTRU may be
provided, either through high layer signaling or downlink control information
(DCI), with an additional parameter N> for the largest bandwidth among
the WTRUs paired for MU-MIMO, which may be derived by the following:

Max{NIszCH Nggy e N§§~§§H} Niny " denotes the total number of allocated

physical resource blocks to the k-th co-scheduled WTRU for the MU-MIMO
operation.

[0071] Support for MU-MIMO operation with unequal bandwidth allocation
requires separation of the DM RS of the WTRUs paired for MU-MIMO. In case
the WTRUs are assigned the same DM RS port, in order to maintain the
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orthogonality among the co-scheduled layers, the scrambling function on the
WTRU-specific reference signal may be disabled for MU-MIMO operation with
unequal bandwidth allocation. Disabling the scrambling for the WTRU-specific
reference signals may be done by higher layer or any other signaling in a WTRU-
specific manner.

[0072] Since MU-MIMO operation may not be used for cell edge WTRUs,
the inter-cell interference due to the absence of scrambling may not be the
limiting factor for the performance of the co-scheduled MU-MIMO WTRUs. In
case of severe inter-cell interference, the location of WTRU-specific reference
signal resource elements may be shifted in a cell-specific manner in the frequency
or time domain. For example, in case the antenna ports used for transmission of
WTRU-specific reference signals to one WTRU belong to the set S, where
S :{7,8,1 1,13} or S= {9,10,12,14}, the resource elements for transmission of the

WTRU-specific reference signals may be shifted in the frequency domain

according to v, = N5 mod4, where N3 is the physical layer cell identity.

[0073] Embodiments for enhancing the uplink DM RS are disclosed
hereafter.
[0074] In LTE-A, the uplink DM RS sequences are derived from Zadoff-Chu

(ZC) or computer-generated sequences. They have excellent auto-correlation
properties and near-constant amplitude in the time and frequency domain. Cyclic
shifts of a DM RS sequence are mutually orthogonal, and well-tailored for
multiplexing. In LTE Release 8, cyclically shifted DM RS sequences are
employed to support MU-MIMO when multiple WTRUs are co-scheduled with
equal bandwidth allocation. Inter-cell interference is further randomized by
employing sequence group hopping (SGH) within a cell to change the base
sequence for the DM RS every slot. This randomizes the cross-correlation with
the DM RS of the interferers from neighboring cells and enables inter-cell
interference mitigation. However, due to the cross-correlation effects, LTE
Release 8 may not support MU-MIMO with flexible resource allocations wherein

unequal lengths of DM RS sequences may be multiplexed.
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[0075] LTE-A Release 10 introduces a provision to facilitate flexible
scheduling for MU-MIMO. SGH may be disabled for some WTRUs in a WTRU-
specific manner to make the DM RS sequences identical in the two slots of a
subframe and then an orthogonal cover code (OCC) of length-2 may be applied
across the DM RS symbols within a subframe. This scheme increases the
multiplexing capacity of the resources by a factor of 2. With SGH disabled, MU-
MIMO WTRUSs with different OCCs have orthogonality on the DM RS regardless
of their bandwidth allocations. However, disabling SGH increases inter-cell
interference from a neighboring cell WTRU.

[0076] In one embodiment, the uplink DM RS of the WITRUs may be
multiplexed in a frequency domain. If the WTRUs are assigned different
frequency offsets, their DM RS’s are orthogonal and may be multiplexed. The
multiplexing may be between intra-cell WTRUs and/or inter-cell WTRUs. If the
constant amplitude zero autocorrelation (CAZAC) properties of the DM RS need
to be preserved, the DM RS sequence may be derived from the conventional LTE
Release 8/10 sequences (referred to as “base sequence” hereafter) by uniformly
up-sampling an appropriate base sequence with a suitable repetition factor
(RPF). The LTE Release 8/10 bases sequences are all multiples of 12.

[0077] FIG. 4 shows an example DM RS of two WTRUs with different
number of resources blocks (1 and 2 RBs in this example) multiplexed with a RPF
of 2. FIG. 5 shows an example DM RS of three WTRUs with the same number of
resource blocks (3 RBs in this example) multiplexed with a RPF of 3.

[0078] The WTRU may derive the base sequence length from its RB
allocation and the RPF. If the number of allocated resource blocks (N) 1s an
integer multiple of the RPF, the WTRU may up-sample the base sequence of
length 12N/RPF to derive the DM RS sequence. For example, for RPF =2 and an
allocation of 10 RBs, the WTRU may derive its DM RS sequence by up-sampling
by a factor of 2 a base sequence of length 60 (= 12x5/2).

[0079] If the number of allocated RBs (N) 1s not an integer multiple of the
RPF, the DM RS may be derived by either cyclically extending or truncating an
up-sampled base sequence closest in length to 12N/RPF, or cyclically extending or
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truncating an up-sampled base sequence of length equal to the closest prime
number. Currently, in LTE-A, the length of the base sequence for DM RS is a
multiple of 12. This embodiment will relax the requirement and allow more
flexible allocations of DM RS lengths.

[0080] The frequency multiplexing scheme reduces the number of REs for
the UL DM RS. This introduces a loss of power compared to LTE Release 10. In
order to compensate, the WTRU may transmit the DM RS with more power. For
example, for RPF =2, a WTRU may double the amplitude (power boost of 6 dB) of
its DM RS signal while keeping its payload at a nominal power level.

[0081] The RPF on the DM RS and the WTRU frequency offsets may be
fixed or configurable and may be based on the WTRU ID, the cell ID, or both.
The frequency offset for a WTRU may change every slot or every subframe. The
frequency offset pattern may be based on the WTRU ID, the cell ID, or both.
[0082] The WTRUs may be flexibly assigned to operate in the frequency
division multiplexed mode in accordance with the embodiment above or the LTE
Release 10 mode (1.e., DM RS without frequency division multiplexing), for
example, through higher layer signaling or L1 signaling.

[0083] When SGH 1s disabled and WTRUs are multiplexed through the
OCCs, an inter-cell WTRU with the same OCC may cause a high level of
interference. The interference may be mitigated by introducing different relative
frequency shifts (A) to the DM RS sequences of an interfering WTRU(s).

[0084] FIG. 6B shows an example of employing the relative frequency shifts
(A =2) to the DM RS. In the LTE Release 10 scheme, as shown in FIG. 6A, the
DM RS sequence in the second slot of a subframe 1s 1dentical as SGH 1s disabled.
An OCC of either [1 1] or [1 -1] may be applied to the sequences in two slots of
the subframe.

[0085] In accordance with the embodiment, a relative shift of A 1s
introduced in the DM RS sequences between the two slots in a subframe as
shown in FIG. 6B. In FIG. 6B, the DM RS in the second slot of the subframe 1s

the same as that in the first slot except for a cyclic shift of 2.
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[0086] If the relative shift (A) is different between the interfering WTRUs,
the energy in interference may not be added coherently and as a consequence the
interference may be reduced. The relative shift (A) may change across subframes
and may be derived from the WTRU ID and/or the cell ID. The network may
implement this embodiment to all WTRUs in a cell or a subset of WTRUs.
[0087] In LTE Release 10, the DM RS OCCs are derived from the cyclic
shift field (cyclicShift) in uplink-related DCI format. In one embodiment, the
OCC may be derived as a function of time (e.g., the OCC may change across
subframes). Alternatively or additionally, the OCC may be derived based on the
WTRU ID and/or the cell ID. This will randomize the interferers across the
layers for the WTRU.

[0088] When MU-MIMO WTRUs have different resource allocations, their
DM RS sequences are of different lengths and consequently have poor cross-
correlation properties. In accordance with one embodiment, the MU-MIMO
WTRUs may have different resource allocations of payload (e.g., PUSCH + uplink
control information (UCI)) but they may be assigned DM RS sequences of length
corresponding to the larger resource allocation. Differences in the cyclic shifts of
the sequences of the WTRUs may ensure orthogonality. In this case, the DM RS
may be used for sounding. In accordance with this embodiment, SGH may not be
disabled, thereby providing more robustness to inter-cell interference. FIG. 7A
shows resource allocation of DM RS in MU-MIMO users in accordance with
conventional method. FIG. 7B shows an example resource allocation of DM RS in
MU-MIMO users 1n accordance with this embodiment. In FIG. 7A, the DM RS
712, 714 for different WTRUs with different amount of resource allocation are
from different base sequences of different length and are not orthogonal. In FIG.
7B, the DM RS 722, 724 for different WTRUs with different amount of resource
allocation are from the same base sequence of the same length with different
cyclic shits and are orthogonal.

[0089] Embodiments for using DM RS for sounding are disclosed hereafter.
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[0090] In LTE-A, the sounding resource signal (SRS) is used to enable
channel sounding at the eNodeB. Channel sounding is performed to estimate a
precoding matrix indicator (PMI) and a rank, and to perform frequency selective
scheduling (FSS), etc. In LTE Release 8, when a WTRU 1s scheduled for
sounding, it transmits the SRS in the last SC-FDMA symbol of a subframe using
its assigned resources (periodicity, transmission comb, transmission bandwidth,
cyclic shift, etc.). In LTE Release 8, which supports a single layer per WI'RU and
a single single-input multiple-output (SIMO) transmission mode, the DM RS may
be used for channel sounding in addition to channel estimation for demodulating
the payload. In other words, the DM RS may play the role of the SRS.

[0091] However, LTE Release 10 limits the role of DM RS in sounding. LTE
Release 10 supports multi-layer transmission modes wherein a DM RS resource
1s applied to each layer, not per transmit antenna. Consequently, the DM RS can
be used to sound the composite channel at the receiver (pre-coded channel), not
the individual channels (for every transmit-receive antenna pair) whose
knowledge is a pre-requisite for meaningful layer 1 feedback. Currently, the
individual channels may not be derived from the composite channel estimates.
[0092] In one embodiment, a non-precoded DM RS may be used on the UL
so that every transmit-receive link may be estimated by the eNodeB. A DM RS
resource may be allocated for every transmit antenna. When the number of
antennas 1s greater than the number of transmitted layers, more DM RS
resources would be used than does in LTE Release 10. A non-precoded DM RS
may be configured by semi-static signaling (e.g., RRC signaling) or by a dynamic
indication (e.g., a modified DCI format 4).

[0093] Conventionally, the number of physical resource blocks (PRBs)
allocated for the DM RS is the same as that allocated for the payload (e.g.,
PUSCH payload). In one embodiment, if the DM RS-based sounding is
performed, the DM RS allocation may be independent of the allocation for the
payload. FIG. 8 shows an example resource allocation for the DM RS and the
PUSCH payload in accordance with one embodiment. In FIG. 8, the DM RS (the
middle SC-FDMA symbol 802) has a larger bandwidth than the payload (the
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remaining SC-FDMA symbols 804). The resource allocation for the DM RS may
be indicated via higher layer signaling (e.g., RRC) or layer 1 or 2 signaling when
the WTRU 1s scheduled for sounding. In a special case, a DM RS may be
scheduled for sounding without PUSCH allocation.

[0094] The number of required resources may increase with non-precoded
DM RS. In one embodiment, more DM RS sequences may be configured for a cell
by assigning an additional cell ID(s) (N:') to the cell. N:'is a physical layer cell
identity. For example, the network may assign an additional set of DM RS

sequences to the cells by providing an offset § to the N'. Each cell may have
DM RS resources corresponding to both its Nii' and N:'+5. The DM RS

sequences generated from the two cell IDs may be orthogonalized by using OCCs

across the two slots within the subframe with SGH disabled.

[0095] The above embodiment may be used to interleave the DM RS
resources in both SU-MIMO and MU-MIMO when sounding with DM RS.
[0096] The WTRU may use time division multiplexing of its DM RS

resource across the time slots within a subframe. For example, the WTRU may
allocate a resource to a first antenna in slot 1 of a subframe and no resource to a
second antenna in the same slot, while the WTRU may allocate a resource to the
second antenna in slot 2 and no resource to the first antenna in slot 2.

[0097] In another embodiment, precoded DM RS may be used for sounding
and the individual channels may be computed from the composite pre-coded
channels at the receiver (e.g., eNodeB). If different PMIs are used in successive
transmissions within the coherence time of the channel, the receiver may
compute the individual channels for sounding from its estimates of the composite
channels. A WTRU may be configured to transmit different PMIs successively
for sounding purposes. The sequence of PMIs used by the WTRU may be
configured by the higher layers or it may be derived from the WTRU ID, the cell
ID, or the like. In TDD, the channels may be estimated based on reciprocity. In
FDD, statistics such as channel correlation on the DL may be used with
reciprocity on the UL.
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[0098] FIG. 9 shows a conventional uplink DM RS structure for a PUSCH.
The DM RS allocation 1s TDM-based with a cyclic shift. Due to the TDM-based
DM RS structure, the channel estimation accuracy may be degraded as a Doppler
frequency becomes higher and/or a modulation order becomes higher. In addition,
the DM RS SC-FDMA symbol 1s located in the middle of the slot, thus requiring
extrapolation to obtain channel status information for the SC-FDMA symbols in
the subframe boundary. This may lead demodulation performance degradation in
high mobility case and higher modulation order.

[0099] Table 3 shows cyclic shift allocation and OCC mapping for uplink
DM RS. In this case, up to four layers may be multiplexed with a different cyclic
shift and an OCC and this may help to keep the orthogonality between layers or

multiple users.

Cyclic Shift(a) 0CC(w)
Signaling bit

=0 =1 =2 A=3 =0 -1 =2 =3

000 0 6 9 3 [+1 +1] [+1 +1] [+1-1] [+1-1]

001 6 0 3 9 [+1 -1] [+1 -1] [+1 +1] [+1 +1]

010 3 9 6 0 [+1 -1] [+1 -1] [+1 +1] [+1 +1]

011 4 10 7 1 [+1 +1] [+1 +1] [+1 +1] [+1 +1]

100 2 8 5 11 [+1 +1] [+1 +1] [+1 +1] [+1 +1]

101 8 2 11 5 [+1 -1] [+1 -1] [+1 -1] [+1 -1]

110 10 4 1 7 [+1 -1] [+1 -1] [+1 -1] [+1 -1]

111 9 3 0 6 [+1 +1] [+1 +1] [+1 -1] [+1 -1]

Table 3

[0100] In order to keep the orthogonality with legacy WTRUs (i.e., LTE

Releases 8, 9, and 10) for multi-user MIMO, the DM RS pattern and multiplexing
may be maintained as in the previous LTE Releases. Given this restriction, an
additional DM RS may be added on top of the legacy DM RS in order to improve
the channel estimation accuracy, (e.g., under the high Doppler frequency). FIG.
10 shows an example for the DM RS structure for a PUSCH which 1s defined as a
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combination of the legacy DM RS 1002 and the additional DM RS 1004. The
same cyclic shifts and OCCs may be used for the additional DM RS 1004.
[0101] In another embodiment, a length-4 OCC may be used over the
legacy DM RS 1002 and the additional DM RS 1004 instead of a length-2 OCC to
increase the number of orthogonal reference signals for better support of multi-
user MIMO and uplink cooperative multipoint transmission (CoMP). Although
the length-4 OCC 1s used, the backward compatibility may be maintained as far
as the same OCC 1s used for legacy DM RS 1002. FIG. 11 shows an example UL
DM RS structure with the length-4 OCC mapping. Since the length-2 OCC 1s a
subset of the length-4 OCC, the subset 1s used for the legacy DM RS to keep the
backward compatibility.

[0102] Table 4 shows an example length-4 OCC mapping while keeping the
legacy DM-RS length-2 OCC mapping as in the previous LTE Releases. Since the
additional DM RS 1004 1s not orthogonal with the legacy WTRU when co-
scheduled in the same time and frequency resources, the length-4 OCC may not

be used with the legacy WTRU for multi-user MIMO transmission.

Signaling | OCC(w) for legacy DM RS OCC(w) for additional DM RS

bit A=0 [A=1 [A=2 [A=3 [A=0 |A=1 [A=2 [A=3
000 [+1 +1] [[+1 +1]|[+1 -1] |[+1 -1] [+ +1]([-1 -1] |[+1-1] |[-1 +1]
001 [+1-1] [[+1 -1] |[+1 +1]|[+1 +1]|[+]2 -1] |[-1 +1] |[+21 +1]|[-1 -1]
010 [+1-1] [[+1 -1] |[+1 +1]|[+1 +1]|[+]2 -1] |[-1 +1] |[+21 +1]|[-1 -1]
011  |[+1 +1]|[+1 +1]|[+1 +1]|[+1 +1] | [+1 +1]|[-1 -1] |[+1+1]([-1 -1]
100 [[+1 +1]|[+1 +1]|[+1 +1]|[+1 +1]|[+1 +1]|[-1 -1] |[+1+1]|[-1 -1]
101 [+1-1] [[+1-1] |[+1-1] |[+1 -1 {[+2 -1] ([-1 +1] | [+ -1] |[-1 +1]
110 [+1-1] [[+1-1] |[+1-1] |[+1 -1 {[+2 -1] ([-1 +1] | [+ -1] |[-1 +1]
111 [+1 +1] [[+1 +1]|[+1 -1] |[+1 -1] [+ +1]([-1 -1] |[+1-1] |[-1 +1]

Table 4

[0103] Since the legacy DM RS structure is kept, the legacy WTRU
performance for multi-user MIMO may be kept as well. On the other hand, a
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WTRU wusing the DM RS pattern of FIG. 10 may have different channel
estimation accuracy according to the DM RS type. For instance, the channel
estimation from the legacy DM RS may be better than that from the additional
DM RS since the additional DM RS is not orthogonal with the PUSCH symbol for
other co-scheduled WTRU. In this case, the eNodeB may allocate higher power
for the additional DM RS and the power difference between the legacy DM RS
and the additional DM RS may be informed to a WTRU, for example, by higher
layer signaling.

[0104] Due to the introduction of the additional DM RS, the reference
signal overhead becomes doubled as compared to the previous LTE Releases. This
may lead to WTRU throughput performance loss. In order to lower the reference
signal overhead, interlaced allocation for the additional DM RS may be used as
shown in FIG. 12.

[0105] It should be noted that even though FIGS. 10-12 show that the
additional DM RS is located in the first SC-FDMA symbol in each slot, the time
location of the additional DM RS may be changed to other SC-FDMA symbol in
each slot (e.g., the sixth or seventh SC-FDMA symbol). In addition, the additional
DM RS position may vary in each slot.

[0106] In another embodiment, the DM RS pattern may designed
differently. FIGS. 13A and 13B show two example DM RS patterns in accordance
with one embodiment. As shown in FIGS. 13A and 13B as an example, in order
to keep the same DM RS overhead as the legacy DM RS pattern, the pattern of
DM RS 1302 interlaced in frequency domain may be used for 4 SC-FDMA
symbols.

[0107] FIGS. 14A and 14B show different patterns of DM RS 1402 with a
different shift (n-shift = 0 or 1 in this example) in frequency domain, respectively.
The data REs in the SC-FDMA symbols containing the DM RS 1402 may be
muted as shown in FIGS. 14A and 14B. The muting may be used as a default or
configured by higher layer signaling. By using the n-shift with muting, the DM
RS capacity may be increased (e.g., doubled) so that a larger number of WTRUs
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may be co-scheduled with orthogonal DM RS. In addition, orthogonality between
multiple WTRUs located in different cell may be supported.

[0108] Since the DM RS 1s allocated with an interlaced pattern in an SC-
FDMA symbol, the available number of cyclic shift of the base sequence of the
DM RS may be reduced under the same channel delay spread. The number of
orthogonal DM RS ports may be increased by using length-4 OCC mapping. FIG.
15 shows an example of length-4 OCC mapping for the DM RS 1502. The layer
may be indicated by cyclic shift in combination with OCC.

[0109] The DM RS resource may be allocated dynamically via a PDCCH.
Three parameters (cyclic shift, OCC, and n-shift) may be used to allocate the DM

RS resources. Table 5 shows an example of the DMRS resource mapping.

Signaling Cyeclic shift and n-shift (a,p) 0CC
bit A=0 | A=1 | A=2 | A=3 A=0 A=1 A=2 A=3
000 0,00 6,00 [(9,1) [(3,1) |[+1+1+1+1]|[+1+1+1+1] |[+1 +1 +1 +1]|[+1 +1 +1 +1]
001 6,00 0,00 [3,D |G, 1) |[[+1+1-1-1] |[+1+1-1-1] |[+1+1-1-1] |[+1+1-1-1]
010 3,00 19,0 |6, (0,1 |[[+1-1+1-1] |[+1-1+1-1] |[+1-1+1-1] |[+1-1+1-1]
011 4,0 10,0 |(7,D |, 1) |[[+1-1-1+1] |[+1-1-1+41] |[+1-1-1+1] |[+1-1-1+1]
100 2,0 (8,0 [((B,D (A1, 1) [[t1+1+1+1]|[+1 +1 +1 +1] |[+1 +1 +1 +1] |[+1 +1 +1 +1]
101 &0 2,0 |11,D) |6, 1) |[+1+41-1-1] |[+14+1-1-1] |[+1+1-1-1] |[+1+41-1-1]
110 (10,0) |4,00 |1, 1) ((7,1) |[+1-1+1-1] |[+1-1+1-1] |[+1-1+1-1] |[+1-1+1-1]
111 9,00 3,0 (O, (6,1 |[[+1-1-1+1] |[+1-1-1+1] |[+1-1-1+1] |[+1-1-1+1]
Table 5
[0110] Among the three parameters for the DM RS allocation, a subset of

the three parameters may be used in the system. Alternatively, a subset of the

parameters (e.g., cyclic shift and OCC) may be indicated by a PDCCH and other

parameters (e.g., n-shift) may be indicated by higher layer signaling.
If a WTRU needs to transmit a PUCCH and a PUSCH in the same

[0111]

subframe, uplink control information (UCI) on the PUCCH may be piggybacked
on the PUSCH 1in order not to increase cubic metric (CM) for the SC-FDMA

2028764-1
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transmission. The UCI includes hybrid automatic repeat request (HARQ)
positive acknowledgement/negative acknowledgement (ACK/NACK), channel
quality indicator (CQI), precoding matrix indicator (PMI), and rank indicator
(RI). Among the UCIs, the HARQ ACK/NACK may have the highest priority so
that it may be multiplexed in the time/frequency resources that may provide
higher channel estimation accuracy. The RI may have a second highest priority
since the misdetection of RI may lead misinterpretation of CQI/PMI information.
The PMI/CQI may be multiplex with the same manner as in previous releases.
The UCIs may be multiplexed according to their priorities. FIG. 16 shows an

example UCI multiplexing according to their priorities.

[0112] Embodiments.
[0113] 1. A method for MIMO transmissions.
[0114] 2. The method of embodiment 1 comprising a WIRU receiving a

downlink transmission from an eNodeB, wherein the downlink transmission
includes a plurality of spatial layers transmitted to a plurality of WTRUs paired
for multi-user MIMO.

[0115] 3. The method of embodiment 2 comprising the WTRU decoding
the downlink transmission based on a corresponding WTRU-specific reference
signal.

[0116] 4, The method of embodiment 3 wherein WTRU-specific

reference signals for the plurality of WTRUSs are multiplexed into the downlink
transmission such that WTRU-specific reference signals for different sub-group of
antenna ports are multiplexed onto different subcarriers in a frequency domain
and the WTRU-specific reference signals of the same sub-group of antennas ports
are applied with an orthogonal cover code in a time domain.

[0117] 5. The method as in any one of embodiments 3-4, wherein
resource elements used for transmission of the WT'RU-specific reference signals
on antenna ports in one sub-group are muted on antenna ports in another sub-

group.
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[0118] 6. The method of embodiment 5, wherein the WTRU decodes the
downlink transmission assuming that no data is transmitted to the WTRU on the
muted resource elements.

[0119] 7. The method as 1n any one of embodiments 2-6, wherein four
antenna ports are used to support up to eight (8) layers.

[0120] 8. The method as in any one of embodiments 2-7, wherein the
WTRUs are paired for multi-user MIMO based on spatial correlation among the
WTRUs.

[0121] 9. The method as in any one of embodiments 2-8, wherein a
bandwidth assigned for the WTRU is different from a bandwidth assigned for a
WTRU paired for multi-user MIMO.

[0122] 10. The method of embodiment 9 wherein the WTRU receives
information regarding a largest bandwidth among WTRUs paired for multi-user
MIMO.

[0123] 11. The method as in any one of embodiments 9-10, wherein the
WTRU does not apply a scrambling sequence to the WTRU-specific reference
signal on a condition that a bandwidth assigned to a paired WTRU for multi-user
MIMO 1is different.

[0124] 12. The method of embodiment 1 comprising a WTRU generating
a demodulation reference signal.

[0125] 13. The method of embodiment 12, comprising the WTRU
performing precoding on payload for spatial multiplexing.

[0126] 14. The method of embodiment 13 comprising the WTRU
transmitting the demodulation reference signal and the payload on allocated
time-frequency resources.

[0127] 15. The method of embodiment 14, wherein the demodulation
reference signal is transmitted without precoding for spatial multiplexing.
[0128] 16. The method as in any one of embodiments 13-15, wherein a
number of resource blocks allocated for the demodulation reference signal 1s

greater than a number of resource blocks allocated for the payload.
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[0129] 17. The method as in any one of embodiments 13-16, further
comprising the WTRU applying an orthogonal cover code to the demodulation
reference signal over two slots 1n a subframe.

[0130] 18.  The method of embodiment 1 comprising a WTRU generating
a demodulation reference signal.

[0131] 19. The method of embodiment 18 comprising the WTRU
transmitting the demodulation reference signal and payload on allocated time-
frequency resources.

[0132] 20. The method of embodiment 19, wherein a number of resource
blocks allocated for the demodulation reference signal is greater than a number
of resource blocks allocated for the payload.

[0133] 21.  The method as in any one of embodiments 19-20, wherein the
number of resource blocks allocated for the demodulation reference signal 1s same
as a largest number of resource blocks allocated for a WTRU paired for multi-
user MIMO.

[0134] 22. A WTRU comprising a receiver configured to receive a
downlink transmission from an eNodeB.

[0135] 23. The WTRU of embodiment 22, wherein the downlink
transmission includes a plurality of spatial layers transmitted to a plurality of
WTRUs paired for multi-user MIMO.

[0136] 24. The WTRU as in any one of embodiments 22-23, comprising a
processor configured to decode the downlink transmission based on a
corresponding WTRU-specific reference signal.

[0137] 25. The WTRU of embodiment 24, wherein WTRU-specific
reference signals for the plurality of WTRUs are multiplexed into the downlink
transmission such that WTRU-specific reference signals for different sub-group of
antenna ports are multiplexed onto different subcarriers in a frequency domain
and the WTRU-specific reference signals of the same sub-group of antennas ports
are applied with an orthogonal cover code in a time domain.

[0138] 26. The WTRU as in any one of embodiments 24-25, wherein

resource elements used for transmission of the WTRU-specific reference signals
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on antenna ports in one sub-group are muted on antenna ports in another sub-
group.

[0139] 27. The WTRU as in any one of embodiments 24-26, wherein the
processor 1s configured to decode the downlink transmission assuming that no
data 1s transmitted to the WTRU on the muted resource elements.

[0140] 28. The WTRU as in any one of embodiments 23-27, wherein four
antenna ports are used to support up to eight (8) spatial layers.

[0141] 29. The WTRU as in any one of embodiments 23-28, wherein the
WTRUs are paired for multi-user MIMO based on spatial correlation among the
WTRUs.

[0142] 30. The WTRU as in any one of embodiments 23-29, wherein a
bandwidth assigned for the WTRU is different from a bandwidth assigned for a
WTRU paired for multi-user MIMO.

[0143] 31. The WTRU of embodiment 30, wherein the processor is
configured to receive information regarding a largest bandwidth among WTRUs
paired for multi-user MIMO.

[0144] 32. The WTRU as in any one of embodiments 30-31, wherein the
processor 1s configured to not apply a scrambling sequence to the WTRU-specific
reference signal on a condition that a bandwidth assigned to a paired WTRU for
multi-user MIMO is different.

[0145] 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
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removable disks, magneto-optical media, and optical media such as CD-ROM
disks, and digital versatile disks (DVDs). A processor in association with
software may be used to implement a radio frequency transceiver for use in a

WTRU, UE, terminal, base station, RNC, or any host computer.

* * *
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CLAIMS

1. A  method for multiple-input multiple-output (MIMO)
transmissions, the method comprising:

a wireless transmit/receive unit (WTRU) receiving a downlink
transmission from an eNodeB, wherein the downlink transmission includes a
plurality of spatial layers transmitted to a plurality of WTRUs for multi-user
MIMO and at least one of the plurality of spatial layers is transmitted to at
least two WTRUs; and

the WTRU decoding the downlink transmission based on a corresponding
WTRU-specific reference signal,

wherein WTRU-specific reference signals for the plurality of WTRUs are
multiplexed into the downlink transmission such that WTRU-specific reference
signals for different sub-groups of antenna ports are multiplexed onto different
subcarriers in a frequency domain and the WT'RU-specific reference signals of
the same sub-group of antennas ports are applied with an orthogonal cover code
1n a time domain, and

wherein resource elements used for transmission of the WTRU-specific
reference signals on antenna ports in one sub-group are muted using rate

matching on antenna ports in another sub-group.

2. The method of claim 1 wherein the WTRU decodes the downlink
transmission assuming that no data is transmitted to the WTRU on the muted

resource elements.

3. The method of claim 1 wherein four antenna ports are used to

support up to eight (8) layers.

4. The method of claim 1 wherein the WTRUs are paired for multi-
user MIMO based on spatial correlation among the WTRUs.
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5. The method of claim 1 wherein a bandwidth assigned for the
WTRU is different from a bandwidth assigned for another WTRU for multi-user
MIMO.

6. The method of claim 5 wherein the WTRU receives information
regarding a largest bandwidth among the plurality of WTRUs for multi-user
MIMO.

7. The method of claim 6 wherein the WTRU does not apply a
scrambling sequence to the WTRU-specific reference signal on a condition that

a bandwidth assigned to another WTRU for multi-user MIMO is different.

8. A wireless transmit/receive unit (WTRU) comprising:

a receiver configured to receive a downlink transmission from an
eNodeB, wherein the downlink transmission includes a plurality of spatial
layers transmitted to a plurality of WTRUs for multi-user MIMO and at least
one of the plurality of spatial layers is transmitted to at least two WTRUs; and

a processor configured to decode the downlink transmission based on a
corresponding WTRU-specific reference signal,

wherein WTRU-specific reference signals for the plurality of WT'RUs are
multiplexed into the downlink transmission such that WTRU-specific reference
signals for different sub-groups of antenna ports are multiplexed onto different
subcarriers in a frequency domain and the WT'RU-specific reference signals of
the same sub-group of antennas ports are applied with an orthogonal cover code
in a time domain, and

wherein resource elements used for transmission of the WTRU-specific
reference signals on antenna ports in one sub-group are muted using rate

matching on antenna ports in another sub-group.
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9. The WTRU of claim 8 wherein the processor is configured to
decode the downlink transmission assuming that no data is transmitted to the

WTRU on the muted resource elements.

10. The WTRU of claim 8 wherein four antenna ports are used to

support up to eight (8) spatial layers.

11. The WTRU of claim 8 wherein the WTRUs are paired for multi-
user MIMO based on spatial correlation among the WTRUs.

12. The WTRU of claim 8 wherein a bandwidth assigned for the
WTRU is different from a bandwidth assigned for another WTRU for multi-user
MIMO.

13. The WTRU of claim 12 wherein the processor is configured to
receive information regarding a largest bandwidth among the plurality of

WTRUs for multi-user MIMO.

14. The WTRU of claim 13 wherein the processor is configured to not
apply a scrambling sequence to the WTRU-specific reference signal on a
condition that a bandwidth assigned to another WTRU for multi-user MIMO is
different.
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