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(57) ABSTRACT

Certain aspects of the present disclosure relate to techniques
for multiple-input multiple-output (MIMO) related signaling
in a wireless communication system. In an aspect, a method
for wireless communication is provided which includes
receiving a signal comprising a reference signal (RS). The RS
is associated with a specific pseudo-noise (PN) sequence. The
method further includes performing blind decoding of'the RS
using a plurality of PN sequences and determining, based on
results of the blind decoding, a UE-specific RS pattern from a
plurality of UE-specific RS patterns.
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MIMO RELATED SIGNALING IN WIRELESS
COMMUNICATION

CLAIM OF PRIORITY UNDER 35 U.S.C. §119

[0001] This application is a division of U.S. patent appli-
cation Ser. No. 12/853,071, filed Aug. 9, 2010 and entitled
“MIMO RELATED SIGNALING IN WIRELESS COM-
MUNICATION,” which claims the benefit of U.S. Provi-
sional Patent Application No. 61/234,601, filed Aug. 17,2009
and entitled, “MIMO related signaling in LTE-A,” the disclo-
sures of which are incorporated herein by reference in their
entirety.

BACKGROUND

[0002] 1.Field

[0003] Certain aspects of the present disclosure generally
relate to wireless communications and, more particularly, to a
method for multiple-input multiple-output (MIMO) related
signaling in wireless communication systems.

[0004]

[0005] Wireless communication systems are widely
deployed to provide various types of communication content
such as voice, data, and so on. These systems may be mul-
tiple-access systems capable of supporting communication
with multiple users by sharing the available system resources
(e.g., bandwidth and transmit power). Examples of such mul-
tiple-access systems include Code Division Multiple Access
(CDMA) systems, Time Division Multiple Access (TDMA)
systems, Frequency Division Multiple Access (FDMA) sys-
tems, 3’7 Generation Partnership Project (3GPP) Long Term
Evolution (LTE) systems, Long Term Evolution Advanced
(LTE-A) systems and Orthogonal Frequency Division Mul-
tiple Access (OFDMA) systems.

[0006] Generally, a wireless multiple-access communica-
tion system can simultaneously support communication for
multiple wireless terminals. Each terminal communicates
with one or more base stations via transmissions on the for-
ward and reverse links. The forward link (or downlink) refers
to the communication link from the base stations to the ter-
minals, and the reverse link (or uplink) refers to the commu-
nication link from the terminals to the base stations. This
communication link may be established via a single-input
single-output, multiple-input single-output or a multiple-in-
put multiple-output (MIMO) system.

[0007] A MIMO system employs multiple (N,) transmit
antennas and multiple (N) receive antennas for data trans-
mission. A MIMO channel formed by the N transmit and N
receive antennas may be decomposed into Ny independent
channels, which are also referred to as spatial channels, where
Ng=min{N,, N;}. Each of the N independent channels cor-
responds to a dimension. The MIMO system can provide
improved performance (e.g., higher throughput and/or
greater reliability) if the additional dimensionalities created
by the multiple transmit and receive antennas are utilized.
[0008] A MIMO system supports time division duplex
(TDD) and frequency division duplex (FDD) systems. In a
TDD system, the forward and reverse link transmissions are
on the same frequency region so that the reciprocity principle
allows the estimation of the forward link channel from the
reverse link channel. This enables the access point to extract
transmit beamforming gain on the forward link when mul-
tiple antennas are available at the access point.

2. Background
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SUMMARY

[0009] Certain aspects of the present disclosure provide a
method for wireless communications. The method generally
includes receiving, at a user equipment (UE), a signal com-
prising a reference signal (RS), wherein the RS is associated
with a specific pseudo-noise (PN) sequence, performing
blind decoding of the RS using a plurality of PN sequences,
and determining, based on results of the blind decoding, a
UE-specific RS pattern from a plurality of UE-specific RS
patterns.

[0010] Certain aspects of the present disclosure provide an
apparatus for wireless communications. The apparatus gen-
erally includes means for receiving a signal comprising a
reference signal (RS), wherein the RS is associated with a
specific pseudo-noise (PN) sequence, means for performing
blind decoding of the RS using a plurality of PN sequences,
and means for determining, based on results of the blind
decoding, a user-specific RS pattern from a plurality of user-
specific RS patterns.

[0011] Certain aspects of the present disclosure provide an
apparatus for wireless communications. The apparatus gen-
erally includes a receiver configured to receive a signal com-
prising a reference signal (RS), wherein the RS is associated
with a specific pseudo-noise (PN) sequence, a decoder con-
figured to perform blind decoding of the RS using a plurality
of PN sequences, and a circuit configured to determine, based
on results of the blind decoding, a user-specific RS pattern
from a plurality of user-specific RS patterns.

[0012] Certain aspects of the present disclosure provide a
computer-program product for wireless communications
comprising a computer readable medium having instructions
stored thereon, the instructions being executable by one or
more processors. The instructions generally include instruc-
tions for receiving, at a user equipment (UE), a signal com-
prising a reference signal (RS), wherein the RS is associated
with a specific pseudo-noise (PN) sequence, instructions for
performing blind decoding of the RS using a plurality of PN
sequences, and instructions for determining, based on results
of the blind decoding, a UE-specific RS pattern from a plu-
rality of UE-specific RS patterns.

[0013] Certain aspects of the present disclosure provide an
apparatus for wireless communications. The apparatus gen-
erally includes at least one processor configured to receive a
signal comprising a reference signal (RS), wherein the RS is
associated with a specific pseudo-noise (PN) sequence, per-
form blind decoding of the RS using a plurality of PN
sequences, and determine, based on results of the blind
decoding, a user-specific RS pattern from a plurality of user-
specific RS patterns, and a memory coupled to the at least one
processor.

[0014] Certain aspects of the present disclosure provide a
method for wireless communications. The method generally
includes generating a reference signal (RS) pattern, wherein
the RS pattern comprises a pseudo-noise (PN) sequence spe-
cific for a rank of a user equipment (UE), and transmitting the
RS pattern to the UE.

[0015] Certain aspects of the present disclosure provide an
apparatus for wireless communications. The apparatus gen-
erally includes means for generating a reference signal (RS)
pattern, wherein the RS pattern comprises a pseudo-noise
(PN) sequence specific for a rank of a user equipment (UE),
and transmitting the RS pattern to the UE.

[0016] Certain aspects of the present disclosure provide an
apparatus for wireless communications. The apparatus gen-
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erally includes a circuit configured to generate a reference
signal (RS) pattern, wherein the RS pattern comprises a
pseudo-noise (PN) sequence specific for a rank of a user
equipment (UE), and a transmitter configured to transmit the
RS pattern to the UE.

[0017] Certain aspects of the present disclosure provide a
computer-program product for wireless communications
comprising a computer readable medium having instructions
stored thereon, the instructions being executable by one or
more processors. The instructions generally include instruc-
tions for generating a reference signal (RS) pattern, wherein
the RS pattern comprises a pseudo-noise (PN) sequence spe-
cific for a rank of a user equipment (UE), and instructions for
transmitting the RS pattern to the UE.

[0018] Certain aspects of the present disclosure provide an
apparatus for wireless communications. The apparatus gen-
erally includes at least one processor configured to generate a
reference signal (RS) pattern, wherein the RS pattern com-
prises a pseudo-noise (PN) sequence specific for a rank of a
user equipment (UE), and transmit the RS pattern to the UE,
and a memory coupled to the at least one processor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] So that the manner in which the above-recited fea-
tures of the present disclosure can be understood in detail, a
more particular description, briefly summarized above, may
be had by reference to aspects, some of which are illustrated
in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only certain typical aspects of
this disclosure and are therefore not to be considered limiting
of its scope, for the description may admit to other equally
effective aspects.

[0020] FIG. 1 illustrates an example multiple access wire-
less communication system in accordance with certain
aspects of the present disclosure.

[0021] FIG. 2 illustrates a block diagram of an access point
and a user terminal in accordance with certain aspects of the
present disclosure.

[0022] FIG. 3 illustrates an example system that facilitates
communicating reference signals (RSs) in accordance with
certain aspects of the present disclosure.

[0023] FIG. 4 illustrates example operations that may be
performed at a user equipment (UE) for determining a UE-
specific reference signal (RS) pattern in accordance with
certain aspects of the present disclosure.

[0024] FIG. 4A illustrates example components capable of
performing the operations illustrated in FIG. 4.

[0025] FIG. 5 illustrates example operations that may be
performed at a UE for blind decoding of a UE-specific RS
pattern in accordance with certain aspects of the present dis-
closure.

[0026] FIG. 5A illustrates example components capable of
performing the operations illustrated in FIG. 5.

[0027] FIG. 6 illustrates example operations for generating
an RS pattern that may be performed at an access point in
accordance with certain aspects of the present disclosure.
[0028] FIG. 6A illustrates example components capable of
performing the operations illustrated in FIG. 6.

DETAILED DESCRIPTION

[0029] Various aspects of the disclosure are described more
fully hereinafter with reference to the accompanying draw-
ings. This disclosure may, however, be embodied in many
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different forms and should not be construed as limited to any
specific structure or function presented throughout this dis-
closure. Rather, these aspects are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the disclosure to those skilled in the art. Based on the
teachings herein one skilled in the art should appreciate that
the scope of the disclosure is intended to cover any aspect of
the disclosure disclosed herein, whether implemented inde-
pendently of or combined with any other aspect of the disclo-
sure. For example, an apparatus may be implemented or a
method may be practiced using any number of the aspects set
forth herein. In addition, the scope of the disclosure is
intended to cover such an apparatus or method which is
practiced using other structure, functionality, or structure and
functionality in addition to or other than the various aspects of
the disclosure set forth herein. It should be understood that
any aspect of the disclosure disclosed herein may be embod-
ied by one or more elements of a claim.

[0030] Theword “exemplary” is used herein to mean “serv-
ing as an example, instance, or illustration.” Any aspect
described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other aspects.
[0031] Although particular aspects are described herein,
many variations and permutations of these aspects fall within
the scope of the disclosure. Although some benefits and
advantages of the preferred aspects are mentioned, the scope
of the disclosure is not intended to be limited to particular
benefits, uses, or objectives. Rather, aspects of the disclosure
are intended to be broadly applicable to different wireless
technologies, system configurations, networks, and transmis-
sion protocols, some of which are illustrated by way of
example in the figures and in the following description of the
preferred aspects. The detailed description and drawings are
merely illustrative of the disclosure rather than limiting, the
scope of the disclosure being defined by the appended claims
and equivalents thereof.

An Example Wireless Communication System

[0032] The techniques described herein may be used for
various wireless communication networks such as Code Divi-
sion Multiple Access (CDMA) networks, Time Division Mul-
tiple Access (TDMA) networks, Frequency Division Mul-
tiple Access (FDMA) networks, Orthogonal FDMA
(OFDMA) networks, Single-Carrier FDMA (SC-FDMA)
networks, etc. The terms “networks” and “systems” are often
used interchangeably. A CDMA network may implement a
radio technology such as Universal Terrestrial Radio Access
(UTRA), CDMA2000, etc. UTRA includes Wideband-
CDMA (W-CDMA) and Low Chip Rate (LCR). CDMA2000
covers 1S-2000, IS-95 and I1S-856 standards. A TDMA net-
work may implement a radio technology such as Global Sys-
tem for Mobile Communications (GSM). An OFDMA net-
work may implement a radio technology such as Evolved
UTRA (E-UTRA), IEEE 802.11, IEEE 802.16, IEEE 802.20,
Flash-OFDM®, etc. UTRA, E-UTRA, and GSM are part of
Universal Mobile Telecommunication System (UMTS).
Long Term Evolution (LTE) and Long Term Evolution
Advanced (LTE-A) are an upcoming releases of UMTS that
use E-UTRA. UTRA, E-UTRA, GSM, UMTS, LTE and
LTE-A are described in documents from an organization
named ‘“3rd Generation Partnership Project” (3GPP).
CDMAZ2000 is described in documents from an organization
named “3rd Generation Partnership Project 2” (3GPP2).
CDMAZ2000 is described in documents from an organization
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named “3rd Generation Partnership Project 2” (3GPP2).
These various radio technologies and standards are known in
the art. For clarity, certain aspects of the techniques are
described below for LTE-A, and LTE-A terminology is used
in much of the description below.

[0033] Single carrier frequency division multiple access
(SC-FDMA) is a transmission technique that utilizes single
carrier modulation at a transmitter side and frequency domain
equalization at a receiver side. The SC-FDMA has similar
performance and essentially the same overall complexity as
those of OFDMA system. However, SC-FDMA signal has
lower peak-to-average power ratio (PAPR) because of its
inherent single carrier structure. The SC-FDMA has drawn
great attention, especially in the uplink communications
where lower PAPR greatly benefits the mobile terminal in
terms of transmit power efficiency. It is currently a working
assumption for uplink multiple access scheme in the 3GPP
LTE, LTE-A, and the Evolved UTRA.

[0034] An access point (“AP”) may comprise, be imple-
mented as, or known as Node B, evolved Node B (“eNode
B”), Radio Network Controller (“RNC”), Base Station Con-
troller (“BSC”), Base Transceiver Station (“BTS”), Base Sta-
tion (“BS”), Transceiver Function (“TF”), Radio Router,
Radio Transceiver, Basic Service Set (“BSS”), Extended Ser-
vice Set (“ESS”), Radio Base Station (“RBS”), or some other
terminology.

[0035] An access terminal (“AT”) may comprise, be imple-
mented as, or known as an access terminal, a subscriber
station, a subscriber unit, a mobile station, a remote station, a
remote terminal, a user terminal, a user agent, a user device,
user equipment, a user station, or some other terminology. In
some implementations an access terminal may comprise a
cellular telephone, a cordless telephone, a Session Initiation
Protocol (“SIP”) phone, a wireless local loop (“WLL”) sta-
tion, a personal digital assistant (“PDA”), a handheld device
having wireless connection capability, a Station (“STA”), or
some other suitable processing device connected to a wireless
modem. Accordingly, one or more aspects taught herein may
be incorporated into a phone (e.g., a cellular phone or smart
phone), a computer (e.g., alaptop), a portable communication
device, a portable computing device (e.g., a personal data
assistant), an entertainment device (e.g., a music or video
device, or a satellite radio), a global positioning system
device, or any other suitable device that is configured to
communicate via a wireless or wired medium. In some
aspects the node is a wireless node. Such wireless node may
provide, for example, connectivity for or to a network (e.g., a
wide area network such as the Internet or a cellular network)
via a wired or wireless communication link.

[0036] Referring to FIG. 1, amultiple access wireless com-
munication system according to one aspect is illustrated. An
access point 100 (AP) may include multiple antenna groups,
one group including antennas 104 and 106, another group
including antennas 108 and 110, and an additional group
including antennas 112 and 114. In FIG. 1, only two antennas
are shown for each antenna group, however, more or fewer
antennas may be utilized for each antenna group. Access
terminal 116 (AT) may be in communication with antennas
112 and 114, where antennas 112 and 114 transmit informa-
tion to access terminal 116 over forward link 120 and receive
information from access terminal 116 over reverse link 118.
Access terminal 122 may be in communication with antennas
106 and 108, where antennas 106 and 108 transmit informa-
tion to access terminal 122 over forward link 126 and receive
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information from access terminal 122 over reverse link 124.
Ina FDD system, communication links 118, 120,124 and 126
may use different frequency for communication. For
example, forward link 120 may use a different frequency then
that used by reverse link 118.

[0037] Each group of antennas and/or the area in which
they are designed to communicate is often referred to as a
sector of the access point. In one aspect of the present disclo-
sure each antenna group may be designed to communicate to
access terminals in a sector of the areas covered by access
point 100.

[0038] In communication over forward links 120 and 126,
the transmitting antennas of access point 100 may utilize
beamforming in order to improve the signal-to-noise ratio of
forward links for the different access terminals 116 and 124.
Also, an access point using beamforming to transmit to access
terminals scattered randomly through its coverage causes less
interference to access terminals in neighboring cells than an
access point transmitting through a single antenna to all its
access terminals.

[0039] FIG. 2 illustrates a block diagram of an aspect of a
transmitter system 210 (e.g., access point) and a receiver
system 250 (e.g., access terminal) in a multiple-input mul-
tiple-output (MIMO) system 200. At the transmitter system
210, traffic data for a number of data streams is provided from
a data source 212 to a transmit (TX) data processor 214.
[0040] In one aspect of the present disclosure, each data
stream may be transmitted over a respective transmit antenna.
TX data processor 214 formats, codes, and interleaves the
traffic data for each data stream based on a particular coding
scheme selected for that data stream to provide coded data.
[0041] The coded data for each data stream may be multi-
plexed with pilot data using OFDM techniques. The pilot data
is typically a known data pattern that is processed in a known
manner and may be used at the receiver system to estimate the
channel response. The multiplexed pilot and coded data for
each data stream is then modulated (i.e., symbol mapped)
based on a particular modulation scheme (e.g., BPSK, QSPK,
M-PSK, or M-QAM) selected for that data stream to provide
modulation symbols. The data rate, coding, and modulation
for each data stream may be determined by instructions per-
formed by processor 230.

[0042] The modulation symbols for all data streams are
then provided to a TX MIMO processor 220, which may
further process the modulation symbols (e.g., for OFDM).
TX MIMO processor 220 then provides N, modulation sym-
bol streams to N transmitters (TMTR) 2224 through 222¢. In
certain aspects of the present disclosure, TX MIMO proces-
sor 220 applies beamforming weights to the symbols of the
data streams and to the antenna from which the symbol is
being transmitted.

[0043] Each transmitter 222 receives and processes a
respective symbol stream to provide one or more analog
signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal
suitable for transmission over the MIMO channel N, modu-
lated signals from transmitters 222a through 222¢ are then
transmitted from N, antennas 224a through 224z, respec-
tively.

[0044] At receiver system 250, the transmitted modulated
signals may be received by Ny antennas 252a through 2527
and the received signal from each antenna 252 may be pro-
vided to a respective receiver (RCVR) 254a through 254r.
Each receiver 254 may condition (e.g., filters, amplifies, and
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downconverts) a respective received signal, digitize the con-
ditioned signal to provide samples, and further process the
samples to provide a corresponding “received” symbol
stream.

[0045] An RX data processor 260 then receives and pro-
cesses the N received symbol streams from N, receivers 254
based on a particular receiver processing technique to provide
N “detected” symbol streams. The RX data processor 260
then demodulates, deinterleaves, and decodes each detected
symbol stream to recover the traffic data for the data stream.
The processing by RX data processor 260 may be comple-
mentary to that performed by TX MIMO processor 220 and
TX data processor 214 at transmitter system 210.

[0046] A processor 270 periodically determines which pre-
coding matrix to use. Processor 270 formulates a reverse link
message comprising a matrix index portion and a rank value
portion. The reverse link message may comprise various
types of information regarding the communication link and/
or the received data stream. The reverse link message is then
processed by a TX data processor 238, which also receives
traffic data for a number of data streams from a data source
236, modulated by a modulator 280, conditioned by transmit-
ters (IMTR) 254a through 2547, and transmitted back to
transmitter system 210.

[0047] At transmitter system 210, the modulated signals
from receiver system 250 are received by antennas 224, con-
ditioned by receivers (RCVR) 222, demodulated by a
demodulator 240, and processed by a RX data processor 242
to extract the reserve link message transmitted by the receiver
system 250. Processor 230 then determines which pre-coding
matrix to use for determining the beamforming weights, and
then processes the extracted message.

[0048] Inoneaspect ofthe present disclosure, logical wire-
less communication channels may be classified into control
channels and traffic channels. Logical control channels may
comprise a Broadcast Control Channel (BCCH) which is a
downlink (DL) channel for broadcasting system control
information. A Paging Control Channel (PCCH) is a DL
logical control channel that transfers paging information. A
Multicast Control Channel (MCCH) is a point-to-multipoint
DL logical control channel used for transmitting Multimedia
Broadcast and Multicast Service (MBMS) scheduling and
control information for one or several Multicast Traffic Chan-
nels (MTCHs). Generally, after establishing Radio Resource
Control (RRC) connection, the MCCH may be only used by
user terminals that receive MBMS. A Dedicated Control
Channel (DCCH) is a point-to-point bi-directional logical
control channel that transmits dedicated control information
and it is used by user terminals having an RRC connection.
Logical traffic channels may comprise a Dedicated Traffic
Channel (DTCH) which is a point-to-point bi-directional
channel dedicated to one user terminal for transferring user
information. Furthermore, logical traffic channels may com-
prise a Multicast Traffic Channel (MTCH), which is a point-
to-multipoint DL channel for transmitting traffic data.
[0049] Transport channels may be classified into DL and
UL channels. DL transport channels may comprise a Broad-
cast Channel (BCH), a Downlink Shared Data Channel (DL-
SDCH) and a Paging Channel (PCH). The PCH may be
utilized for supporting power saving at the user terminal (i.e.,
Discontinuous Reception (DRX) cycle may be indicated to
the user terminal by the network), broadcasted over entire cell
and mapped to physical layer (PHY) resources which can be
used for other control/traffic channels. The UL transport
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channels may comprise a Random Access Channel (RACH),
a Request Channel (REQCH), an Uplink Shared Data Chan-
nel (UL-SDCH) and a plurality of PHY channels.

[0050] The PHY channels may comprise a set of DL chan-
nels and UL channels. The DL PHY channels comprise:
Physical Downlink Shared Channel (PDSCH), Physical
Broadcast Channel (PBSH), Physical Multicast Channel
(PMCH), Physical Downlink Control Channel (PDCCH),
Physical Hybrid Automatic Repeat Request Indicator Chan-
nel (PHICH), and Physical Control Format Indicator Channel
(PCFICH).

[0051] The UL PHY Channels comprise: Physical Random
Access Channel (PRACH), Physical Uplink Shared Channel
(PUSCH), and Physical Uplink Control Channel (PUCCH).
[0052] In an aspect, a channel structure is provided that
preserves low PAR (at any given time, the channel is contigu-
ous or uniformly spaced in frequency) properties of a single
carrier waveform.

[0053] In LTE Release-8 wireless communications stan-
dard (or simply “Rel-8”), only rank 1 may be supported for
multi-user multiple-input multiple-output (MU-MIMO)
wireless systems, such as the system illustrated in FIG. 1. A
feedback from a user equipment (UE) (e.g., from the UE 116
or UE 122) may be identical as for a rank 1 single user MIMO
(SU-MIMO) system. A downlink (DL) grant may signal a
precoding vector to the UE, while companion user informa-
tion may not be signaled.

[0054] The DL transmission of cell-specific reference sig-
nal (CRS) is supported by Rel-8. Each UE of the MU-MIMO
system may obtain a precoded channel estimate from the
CRS. The precoding vector may be signaled in a Physical
Downlink Control Channel (PDCCH).

[0055] In LTE-A Release-10, UE-specific reference signal
(RS) may be utilized for demodulation. A different rank may
be potentially associated with different UE-specific RS pat-
terns in order to reduce RS overhead. In the case of SU-
MIMO, a rank signaled in the PDCCH for the UE may
uniquely determine the UE-specific RS pattern. However,
rank information only for a target UE may not be sufficient in
the case of MU-MIMO.

MIMO Signaling in LTE-A

[0056] FIG. 3 illustrates a system 300 that facilitates com-
municating rank dependent user equipment specific reference
signals (UE-specific RSs) in a multi-user multiple-input mul-
tiple-output (MU-MIMO) configuration. The system 300
may comprise an access point 302 that may be a base station,
eNode B, femtocell access point, picocell access point, relay
node, mobile base station, mobile device operating in a peer-
to-peer communications mode, and/or the like, for example,
that provides a wireless device 304 with access to a wireless
network. The wireless device 304 may be a mobile device,
user equipment (UE), portion thereof, or substantially any
device that can receive access to a wireless network.

[0057] The access point 302 may comprise an RS informa-
tion signaling component 306 that may provide parameters
regarding RS transmissions (e.g., over a PDCCH) and an RS
component 308 that may transmit reference signals to one or
more wireless devices. The wireless device 304 may com-
prise an RS information receiving component 310 that may
obtain one or more parameters related to RS transmissions
from the access point, a rank determining component 312 that
may receive a rank related to the wireless device 304, and an
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RS decoding component 314 that may decode one or more
RSs based at least in part on the rank.

[0058] According to an example, as described, UE-specific
demodulation RSs between spatial users may be based on
Code Division Multiplexing (CDM), Frequency Division
Multiplexing (FDM), or on a combination thereof. Simple
spatial separation for RS may suffer from severe channel
estimation loss.

[0059] In one aspect, when UE-specific RSs are based on
the CDM, the access point 302 may multiplex RSs according
to Walsh codes selected for one or more wireless devices, and
the Walsh codes may be linked to each layer relating to rank.
In this case, the RS information signaling component 306
may signal the Walsh codes (and/or the spanned layers)
related to the wireless device 304 over the PDCCH. The RS
component 308 may transmit the RSs multiplexed according
to the Walsh codes. It should be noted that a number of Walsh
codes/spanned layers may indicate the rank of wireless device
304.

[0060] The RS information receiving component 310 may
obtain the Walsh codes (or an indication about a number of
spanned layers) from the access point 302. The rank deter-
mining component 312 may discern the rank of wireless
device 304 based on the number of Walsh codes (or the
number of spanned layers) signaled from the RS information
signaling component 306. The RS decoding component 314
may decode one or more RSs specific to the wireless device
304 based on the rank of wireless device 304. For example,
the RS decoding component 314 may decode the RSs at the
multiple layers based on the rank and using the received
Walsh codes (or indication about spanned layers).

[0061] Inaddition, the wireless device 304 may determine
its specific RS pattern depending on a total rank of all wireless
devices served by the access point 302, if a different pattern is
used for a different rank. In one aspect, the RS information
signaling component 306 may signal over PDCCH the UE-
specific RS pattern to the wireless device 304. The RS infor-
mation receiving component 310 may obtain the RS pattern,
and the RS decoding component 314 may decode the RS
according to the pattern.

[0062] In another aspect, the RS information signaling
component 306 may signal over PDCCH to the wireless
device 304 a total rank of companion UEs (other wireless
devices) or a total rank of all UEs served by the access point
302. The RS information receiving component 310 may
obtain this information, and the RS decoding component 314
may determine the UE-specific RS pattern according to the
information. For example, a logic for matching the UE-spe-
cific RS pattern based on the total rank of companion UEs or
the total rank of all served UEs may be implemented in the
wireless device 304 based on hardcoding, a configuration,
and/or the like. Once the UE-specific RS pattern is deter-
mined, data may be rate-matched around the UE-specific RS
pattern.

[0063] Inanother aspect, where UE-specific RSs are based
on Frequency Division Multiplexing (FDM), the access point
302 may multiplex RSs according to different time and/or
frequency locations within the frequency band and the time/
frequency locations may be linked to each layer relating to a
rank of wireless device. The RS information signaling com-
ponent 306 may signal over PDCCH the spanned layers to the
wireless device 304. The number of spanned layers may
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indicate the rank of wireless device 304. The RS component
308 may transmit the RSs multiplexed according to the time/
frequency RS locations.

[0064] The RS information receiving component 310 may
obtain the indication about spanned layers from the access
point 302. The rank determining component 312 may discern
the rank of the wireless device 304 based on the number of
spanned layers signaled from the RS information signaling
component 306. The RS decoding component 314 may
decode RSs specific to the wireless device 304 based on the
rank.

[0065] Inaddition, the wireless device 304 may determine
its specific RS pattern depending on a total rank of all wireless
devices served by the access point 302, if a different RS
pattern is used for a different rank. In one aspect, the RS
information signaling component 306 may signal over
PDCCH the UE-specific RS pattern to the wireless device
304. The RS information receiving component 310 may
obtain the RS pattern, and the RS decoding component 314
may decode the RS according to the pattern.

[0066] In another aspect, the RS information signaling
component 306 may signal over PDCCH to the wireless
device 304 a total rank of companion UEs (wireless devices)
or a total rank of all UEs served by the access point 302. The
RS information receiving component 310 may obtain this
information, and the RS decoding component 314 may deter-
mine the UE-specific RS pattern according to the informa-
tion. For example, a logic for matching the UE-specific RS
pattern based on the total rank of companion UEs or the total
rank of all served UEs may be implemented in the wireless
device 304 based on hardcoding, a configuration, and/or the
like. Once the UE-specific RS pattern is determined, data may
be rate-matched around the UE-specific RS pattern.

[0067] Though the concepts above are described with
respect to MU-MIMO communications, it is to be appreciated
that the access point 302 may be able to dynamically switch
between MU-MIMO and single user MIMO (SU-MIMO)
modes. Such signaling may be required even with
SU-MIMO. Additionally or alternatively, the RS information
signaling component 306 may signal over PDCCH whether
the wireless device 304 is in SU-MIMO or MU-MIMO mode.
[0068] Ifthe wireless device 304 is in the SU-MIMO mode,
then only rank information may be required to determine a
UE-specific RS pattern. On the other hand, if the wireless
device 304 is in the MU-MIMO mode, then indication about
spanned layers may be required in addition to the UE-specific
RS pattern. The indication about SU-MIMO and MU-MIMO
modes may be signaled to the wireless device 304 by using
different PDCCH format for SU-MIMO and MU-MIMO.
[0069] FIG. 4 illustrates example operations 400 that may
be performed at a UE (e.g., at the wireless device 304) for
determining UE-specific RS pattern in accordance with cer-
tain aspects of the present disclosure. At 402, the UE may
receive a signal associated with a downlink control channel,
wherein the signal may comprise information specific to the
UE. At 404, the UE may select, based on the information, a
UE-specific RS pattern from a plurality of UE-specific RS
patterns. The selected UE-specific RS pattern may indicate
what resources are used for transmission of reference signals
and what resources are used for transmission of data symbols.
[0070] In yet another aspect of the present disclosure, the
RS decoding component 314 may perform blind decoding on
one or more signals from the access point 302 in order to
determine a UE-specific RS pattern. Further, by performing
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blind decoding, the RS decoding component 314 may deter-
mine layers spanned by the wireless device 304 in order to
obtain Walsh codes or time/frequency location of its own
UE-specific RS.

[0071] The RS pattern specific to the wireless device 304
may comprise a pseudo-noise (PN) sequence specific for a
rank of the wireless device. A different RS pattern may com-
prise a different PN sequence, and a different layer may be
associated with a different PN sequence. In addition, a PN
sequence may be related to a Resource Block (RB) index
and/or RB allocations.

[0072] At the wireless device 304, the RS decoding com-
ponent 314 may correlate a received RS with different PN
sequence hypotheses. The largest correlation result may indi-
cate the RS pattern specific to the rank of wireless device.
Further, the RS decoding component 314 may correlate
another received RS with different PN sequence hypotheses,
wherein the other RS may comprise a different PN sequence
for a different layer. The largest correlation result may indi-
cate the layers spanned by the wireless device 304.

[0073] FIG. 5 illustrates example operations 500 that may
be performed at a UE (e.g., the wireless device 304) for blind
decoding of a UE-specific RS pattern in accordance with
certain aspects of the present disclosure. At 502, the UE may
receive a signal comprising a reference signal (RS), wherein
the RS may be associated with a specific PN sequence. At
504, the UE may perform blind decoding of the RS using a
plurality of PN sequences. At 506, the UE may determine,
based on results of the blind decoding, a UE-specific RS
pattern from a plurality of UE-specific RS patterns. Further,
the UE may perform another blind decoding on the received
signal using another plurality of PN sequences. The UE may
determine, based on results of the other blind decoding, a
number of layers spanned by the UE.

[0074] FIG. 6 illustrates example operations 600 that may
be performed atan access point (e.g., the access point 302) for
generating an RS pattern in accordance with certain aspects
of the present disclosure. At 602, the access point may gen-
erate the RS pattern, wherein the RS pattern may comprises a
PN sequence specific for a rank of a UE (e.g., of the wireless
device 304). At 604, the access point may transmit the RS
pattern to the UE. The RS pattern may comprise one or more
PN sequences, and each of the PN sequences may be associ-
ated with a different layer of the UE.

[0075] The various operations of methods described above
may be performed by any suitable means capable of perform-
ing the corresponding functions. The means may include
various hardware and/or software component(s) and/or mod-
ule(s), including, but not limited to a circuit, an application
specific integrate circuit (ASIC), or processor. Generally,
where there are operations illustrated in Figures, those opera-
tions may have corresponding counterpart means-plus-func-
tion components with similar numbering. For example,
operations 400, 500 and 600 illustrated in FIGS. 4, 5 and 6
correspond to components 400A, 500A and 600A illustrated
in FIGS. 4A, 5A and 6A.

[0076] As used herein, the term “determining” encom-
passes a wide variety of actions. For example, “determining”
may include calculating, computing, processing, deriving,
investigating, looking up (e.g., looking up in a table, a data-
base or another data structure), ascertaining and the like.
Also, “determining” may include receiving (e.g., receiving
information), accessing (e.g., accessing data in a memory)
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and the like. Also, “determining” may include resolving,
selecting, choosing, establishing and the like.

[0077] Asusedherein, a phrase referring to “at least one of”
a list of items refers to any combination of those items,
including single members. As an example, “at least one of: a,
b, or ¢” is intended to cover: a, b, ¢, a-b, a-c, b-¢, and a-b-c.
[0078] The various operations of methods described above
may be performed by any suitable means capable of perform-
ing the operations, such as various hardware and/or software
component(s), circuits, and/or module(s). Generally, any
operations illustrated in the Figures may be performed by
corresponding functional means capable of performing the
operations.

[0079] The various illustrative logical blocks, modules and
circuits described in connection with the present disclosure
may be implemented or performed with a general purpose
processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate
array signal (FPGA) or other programmable logic device
(PLD), discrete gate or transistor logic, discrete hardware
components or any combination thereof designed to perform
the functions described herein. A general purpose processor
may be a microprocessor, but in the alternative, the processor
may be any commercially available processor, controller,
microcontroller or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more mMicroprocessors in conjunc-
tion with a DSP core, or any other such configuration.
[0080] The steps of a method or algorithm described in
connection with the present disclosure may be embodied
directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module
may reside in any form of storage medium that is known in the
art. Some examples of storage media that may be used include
random access memory (RAM), read only memory (ROM),
flash memory, EPROM memory, EEPROM memory, regis-
ters, a hard disk, a removable disk, a CD-ROM and so forth.
A software module may comprise a single instruction, or
many instructions, and may be distributed over several dif-
ferent code segments, among different programs, and across
multiple storage media. A storage medium may be coupled to
a processor such that the processor can read information
from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the pro-
Ccessor.

[0081] The methods disclosed herein comprise one or more
steps or actions for achieving the described method. The
method steps and/or actions may be interchanged with one
another without departing from the scope of the claims. In
other words, unless a specific order of steps or actions is
specified, the order and/or use of specific steps and/or actions
may be modified without departing from the scope of the
claims.

[0082] The functions described may be implemented in
hardware, software, firmware or any combination thereof. If
implemented in software, the functions may be stored as one
or more instructions on a computer-readable medium. The
computer-readable medium may be non-transitory computer-
readable medium. A storage media may be any available
media that can be accessed by a computer. By way of
example, and not limitation, such computer-readable media
can comprise RAM, ROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic
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storage devices, or any other medium that can be used to carry
or store desired program code in the form of instructions or
data structures and that can be accessed by a computer. Disk
and disc, as used herein, include compact disc (CD), laser
disc, optical disc, digital versatile disc (DVD), floppy disk
and Blu-ray® disc where disks usually reproduce data mag-
netically, while discs reproduce data optically with lasers.
[0083] Thus, certain aspects may comprise a computer pro-
gram product for performing the operations presented herein.
For example, such a computer program product may com-
prise a computer readable medium having instructions stored
(and/or encoded) thereon, the instructions being executable
by one or more processors to perform the operations
described herein. For certain aspects, the computer program
product may include packaging material.
[0084] Software or instructions may also be transmitted
over a transmission medium. For example, if the software is
transmitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, digital
subscriber line (DSL), or wireless technologies such as infra-
red, radio, and microwave, then the coaxial cable, fiber optic
cable, twisted pair, DSL, or wireless technologies such as
infrared, radio, and microwave are included in the definition
of transmission medium.
[0085] Further, it should be appreciated that modules and/
or other appropriate means for performing the methods and
techniques described herein can be downloaded and/or oth-
erwise obtained by a user terminal and/or base station as
applicable. For example, such a device can be coupled to a
server to facilitate the transfer of means for performing the
methods described herein. Alternatively, various methods
described herein can be provided via storage means (e.g.,
RAM, ROM, a physical storage medium such as a compact
disc (CD) or floppy disk, etc.), such that a user terminal and/or
base station can obtain the various methods upon coupling or
providing the storage means to the device. Moreover, any
other suitable technique for providing the methods and tech-
niques described herein to a device can be utilized.
[0086] Itis to be understood that the claims are not limited
to the precise configuration and components illustrated
above. Various modifications, changes and variations may be
made in the arrangement, operation and details of the meth-
ods and apparatus described above without departing from
the scope of the claims.
[0087] While the foregoing is directed to aspects of the
present disclosure, other and further aspects of the disclosure
may be devised without departing from the basic scope
thereof, and the scope thereofis determined by the claims that
follow.
What is claimed is:
1. A method for wireless communications, comprising:
receiving, at a user equipment (UE), a signal comprising a
reference signal (RS), wherein the RS is associated with
a specific pseudo-noise (PN) sequence;
performing blind decoding of the RS using a plurality of
PN sequences; and
determining, based on results of the blind decoding, a
UE-specific RS pattern from a plurality of UE-specific
RS patterns.
2. The method of claim 1, further comprising:
performing another blind decoding on the received signal
using another plurality of PN sequences; and
determining, based on results of the other blind decoding,
a number of layers spanned by the UE.
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3. An apparatus for wireless communications, comprising:

means for receiving a signal comprising a reference signal
(RS), wherein the RS is associated with a specific
pseudo-noise (PN) sequence;

means for performing blind decoding of the RS using a

plurality of PN sequences; and

means for determining, based on results of the blind decod-

ing, a user-specific RS pattern from a plurality of user-
specific RS patterns.

4. The apparatus of claim 3, further comprising:

means for performing another blind decoding on the

received signal using another plurality of PN sequences;
and

means for determining, based on results of the other blind

decoding, a number of layers spanned by the apparatus.

5. An apparatus for wireless communications, comprising:

a receiver configured to receive a signal comprising a ref-

erence signal (RS), wherein the RS is associated with a
specific pseudo-noise (PN) sequence;

a decoder configured to perform blind decoding of the RS

using a plurality of PN sequences; and

a module configured to determine, based on results of the

blind decoding, a user-specific RS pattern from a plural-
ity of user-specific RS patterns.

6. The apparatus of claim 5, wherein:

the decoder is also configured to perform another blind

decoding on the received signal using another plurality
of PN sequences, and

the module is also configured to determine, based on

results of the other blind decoding, a number of layers
spanned by the apparatus.

7. A non-transitory computer readable medium having
instructions stored thereon, the instructions being executable
by one or more processors and the instructions comprising:

instructions for receiving, at a user equipment (UE), a

signal comprising a reference signal (RS), wherein the
RS is associated with a specific pseudo-noise (PN)
sequence;
instructions for performing blind decoding of the RS using
a plurality of PN sequences; and

instructions for determining, based on results of the blind
decoding, a UE-specific RS pattern from a plurality of
UE-specific RS patterns.

8. The non-transitory computer readable medium of claim
7, wherein the instructions further comprise:

instructions for performing another blind decoding on the

received signal using another plurality of PN sequences;
and

instructions for determining, based on results of the other

blind decoding, a number of layers spanned by the UE.

9. A method for wireless communications, comprising:

generating a reference signal (RS) pattern, wherein the RS

pattern comprises a pseudo-noise (PN) sequence spe-
cific for a rank of a user equipment (UE); and
transmitting the RS pattern to the UE.

10. The method of claim 9, wherein:

the RS pattern comprises one or more PN sequences, and

each of the PN sequences is associated with a different

layer of the UE.

11. An apparatus for wireless communications, compris-
ing:
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means for generating a reference signal (RS) pattern,
wherein the RS pattern comprises a pseudo-noise (PN)
sequence specific for a rank of a user equipment (UE);
and

means for transmitting the RS pattern to the UE.

12. The apparatus of claim 11, wherein:

the RS pattern comprises one or more PN sequences, and

each of the PN sequences is associated with a different
layer of the UE.

13. An apparatus for wireless communications, compris-

ing:

a module configured to generate a reference signal (RS)
pattern, wherein the RS pattern comprises a pseudo-
noise (PN) sequence specific for a rank of a user equip-
ment (UE); and

a transmitter configured to transmit the RS pattern to the
UE.
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14. The apparatus of claim 13, wherein:

the RS pattern comprises one or more PN sequences, and

each of the PN sequences is associated with a different

layer of the UE.

15. A non-transitory computer readable medium having
instructions stored thereon, the instructions being executable
by one or more processors and the instructions comprising:

instructions for generating a reference signal (RS) pattern,

wherein the RS pattern comprises a pseudo-noise (PN)
sequence specific for a rank of a user equipment (UE);
and

instructions for transmitting the RS pattern to the UE.

16. The non-transitory computer readable medium of claim
15, wherein:

the RS pattern comprises one or more PN sequences, and

each of the PN sequences is associated with a different

layer of the UE.



