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UPLINK TRANSMIT ANTENNA SELECTION IN CARRIER AGGREGATION

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Patent
Applications Serial No. 61/445,485 filed on February 22, 2011, which is incorporated

herein by reference in its entirety.
TECHNICAL FIELD

[0002] Aspects of the present disclosure relate generally to wireless
communication systems, and more particularly, to uplink transmit antenna selection in

carrier aggregation.
BACKGROUND

[0003] Wireless communication networks are widely deployed to provide
various communication services such as voice, video, packet data, messaging, broadcast,
etc. These wireless networks may be multiple-access networks capable of supporting
multiple users by sharing the available network resources. Examples of such multiple-
access networks include Code Division Multiple Access (CDMA) networks, Time
Division Multiple Access (TDMA) networks, Frequency Division Multiple Access
(FDMA) networks, Orthogonal FDMA (OFDMA) networks, and Single-Carrier FDMA
(SC-FDMA) networks.

[0004] A wireless communication network may include a number of base
stations that can support communication for a number of user equipments (UEs). A UE
may communicate with a base station via the downlink and uplink. The downlink (or
forward link) refers to the communication link from the base station‘to the UE, and the
uplink (or reverse link) refers to the communication link from the UE to the base station.

[0005] LTE-Advanced may use spectrum in 20 Mhz bandwidths allocated
in a carrier aggregation of up to a total of 100 Mhz (5 component carriers) used for
transmission in each direction. Generally, less traffic is transmitted on the uplink than

the downlink, so the uplink spectrum allocation may be smaller than the downlink
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allocation. For example, if 20 Mhz is assigned to the uplink, the downlink may be
assigned 100 Mhz. These asymmetric FDD assignments will conserve spectrum and are
a good fit for the typically asymmetric bandwidth utilization by broadband subscribers.
[0006] In LTE Rel-8/9, uplink (UL) transmit antenna selection (TAS) is
supported in which a UE uses one of a plurality of antennas at a given time. Also, LTE-

Advanced Rel-10 supports UL multiple-input multiple-output (MIMO).
SUMMARY

[0007] Representative aspects of the present disclosure are directed to a
wireless communication scheme that takes advantage of the UL TAS features supported
by LTE Rel-8/9 and the MIMO features supported in LTE-Advanced Rel-10. According
to one aspect, the scheme operates through a combination of open-loop and closed-loop
configurations, where the UE selects one or more antenna ports for uplink transmissions
based on 1) antenna select triggers or assignments received from a base station, and 2)
one or more determinations made by the UE.

[0008] In one aspect of the present disclosure, UL TAS is performed
where the UE assigns its antenna ports to one or more component carriers in response to
various antenna selection assignments received from one or more base stations. The UE
receives the various antenna selection assignments, identifies an inconsistency among the
received assignments, and resolves the inconsistency to select an appropriate or optimal
antenna port for one or more component carriers.

[0009] In another aspect of the present disclosure, assignment of UL TAS
by an associated base station is enabled according to the capabilities of the UE. A UE
transmits an indication of its capability for transmission antenna switching per
component carrier in the UE’s carrier aggregation. In response, a base station may
transmit control information that includes a transmission antenna selection for the UE
based at least in part on the indication of the UE capability.

[0010] In another aspect of the present disclosure, UL TAS may be
enabled in different formats, depending on the configuration of component carriers
comprising the UE’s carrier aggregation. If the UE’s component carriers comprising its
carrier aggregation are continuous or adjacent to one another and a single power

amplifier (PA) is utilized by the UE, then UL TAS may be configured in the same
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manner for all component carriers in the carrier aggregation. On the other hand, if the
component carriers comprising the UE’s carrier aggregation are non-continuous, i.e.,
separated from one another in frequency, and use different PAs for different component
carriers, then UL TAS may be configured for component carriers in the carrier
aggregation independently.

[0011] In another aspect of the present disclosure, a method of wireless
communication includes transmitting, from a base station, first control information to a
user equipment (UE) wherein the first control information includes instructions for
configuring the UE with closed-loop transmit antenna selection on one of a plurality of
component carriers. The method also includes transmitting, from the base station,
second control information to the UE wherein the second control information includes
instructions for configuring the UE with open-loop transmit antenna selection on at least
one other of the plurality of the component carriers.

[0012] In another aspect of the present disclosure, an apparatus
configured for wireless communication includes means for transmitting, from a base
station, first control information to a user equipment (UE) wherein the first control
information includes instructions for configuring the UE with closed-loop transmit
antenna selection on one of a plurality of component carriers. The apparatus also
includes means for transmitting, from the base station, second control information to the
UE wherein the second control information includes instructions for configuring the UE
with open-loop transmit antenna selection on at least one other of the plurality of the
component carriers.

[0013] In another aspect of the present disclosure, a computer program
product for wireless communication in a wireless network includes a non-transitory
computer-readable medium having program code recorded thereon. The program code
includes code to transmit, from a base station, first control information to a user
equipment (UE) wherein the first control information includes instructions for
configuring the UE with closed-loop transmit antenna selection on one of a plurality of
component carriers. The program code also includes code to transmit, from the base
station, second control information to the UE wherein the second control information
includes instructions for configuring the UE with open-loop transmit antenna selection

on at least one other of the plurality of the component carriers.
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[0014] In another aspect of the present disclosure, an apparatus
configured for wireless communication includes at least one processor and a memory
coupled to the processor. The processor is configured to transmit, from a base station,
first control information to a user equipment (UE) wherein the first control information
includes instructions for configuring the UE with closed-loop transmit antenna selection
on one of a plurality of component carriers. The processor is also configured to transmit,
from the base station, second control information to the UE wherein the second control
information includes instructions for configuring the UE with open-loop transmit
antenna selection on at least one other of the plurality of the component carriers.

[0015] In another aspect of the present disclosure, a method of wireless
communication includes receiving, at a user equipment (UE), first control information
wherein the first control information includes instructions for configuring the UE with
closed-loop transmit antenna selection on one of a plurality of component carriers. The
method also includes receiving, at the UE, second control information wherein the
second control information includes instructions for configuring the UE with open-loop
transmit antenna selection on at least one other of the plurality of the component carriers.

[0016] In another aspect of the present disclosure, an apparatus
configured for wireless communication includes means for receiving, at a user
equipment (UE), first control information wherein the first control information includes
instructions for configuring the UE with closed-loop transmit antenna selection on one of
a plurality of component carriers. The apparatus also includes means for receiving, at the
UE, second control information wherein the second control information includes
instructions for configuring the UE with open-loop transmit antenna selection on at least
one other of the plurality of the component carriers.

[0017] In another aspect of the present disclosure, a computer program
product for wireless communication in a wireless network includes a non-transitory
computer-readable medium having program code recorded thereon. The program code
includes code to receive, at a user equipment (UE), first control information wherein the
first control information includes instructions for configuring the UE with closed-loop
transmit antenna selection on one of a plurality of component carriers. The program
code also includes program code to receive, at the UE, second control information

wherein the second control information includes instructions for configuring the UE with
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open-loop transmit antenna selection on at least one other of the plurality of the
component carriers.

[0018] In another aspect of the present disclosure, an apparatus
configured for wireless communication includes at least one processor and a memory
coupled to the processor. The processor is configured to receive, at a user equipment
(UE), first control] information wherein the first control information includes instructions
for configuring the UE with closed-loop transmit antenna selection on one of a plurality
of component carriers. The processor is also configured to and receive, at the UE,
second control information wherein the second control information includes instructions
for configuring the UE with open-loop transmit antenna selection on at least one other of
the plurality of the component carriers.

[0019] In another aspect of the present disclosure, a method of wireless
communication includes generating, at a user equipment (UE) configured for carrier
aggregation, an indication of the UE’s capability for transmission antenna switching per
component carrier in the carrier aggregation. The method also includes transmitting the
indication to a base station.

[0020] In another aspect of the present disclosure, an apparatus
configured for wireless communication includes means for generating, at a user
equipment (UE) configured for carrier aggregation, an indication of the UE’s capability
for transmission antenna switching per component carrier in the carrier aggregation.
The apparatus also includes means for transmitting the indication to a base station.

[0021] In another aspect of the present disclosure, a computer program
product for wireless communication in a wireless network includes a non-transitory
computer-readable medium having program code recorded thereon. The program code
includes code to generate, at a user equipment (UE) configured for carrier aggregation,
an indication of the UE’s capability for transmission antenna switching per component
carrier in the carrier aggregation. The program code includes code to transmit the
indication to a base station.

[0022] In another aspect of the present disclosure, an apparatus
configured for wireless communication includes at least one processor and a memory
coupled to the at least one processor. The processor is configured to generate, at a user

equipment (UE) configured for carrier aggregation, an indication of the UE’s capability
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for transmission antenna switching per component carrier in the carrier aggregation. The
processor is configured to transmit the indication to a base station.

[0023] In another aspect of the present disclosure, a method for wireless
communication includes receiving, at a base station, an indication of a user equipment
(UE) capability for antenna switching per component carrier in a carrier aggregation The
method also includes determining, at the base station, a transmission antenna selection
for the UE based, at least in part, on the indication of the UE capability.

[0024] In another aspect of the present disclosure, an apparatus
configured for wireless communication includes means for receiving, at a base station,
an indication of a user equipment (UE) capability for antenna switching per component
carrier in a carrier aggregation. The apparatus also includes means for determining, at
the base station, a transmission antenna selection for the UE based, at least in part, on the
indication of the UE capability.

[0025] In another aspect of the present disclosure, a computer program
product for wireless communication in a wireless network includes a non-transitory
computer-readable medium having program code recorded thereon. The program code
includes code to receive, at a base station, an indication of a user equipment (UE)
capability for antenna switching per component carrier in a carrier aggregation. The
program code also includes code to determine, at the base station, a transmission antenna
selection for the UE based, at least in part, on the indication of the UE capability.

[0026] In another aspect of the present disclosure, an apparatus
configured for wireless communication includes at least one processor and a memory
coupled to the processor. The processor is configured to receive, at a base station, an
indication of a user equipment (UE) capability for antenna switching per component
carrier in a carrier aggregation. The processor is also configured to determine, at the
base station, a transmission antenna selection for the UE based, at least in part, on the
indication of the UE capability.

[0027] In another aspect of the present disclosure, a method of wireless
communication includes receiving, at a user equipment (UE), a plurality of antenna
selection assignments from at least one base station. The method also includes
evaluating the received plurality of antenna selection assignments for an inconsistency.

The method further includes, in respond to finding the inconsistency, determining, at the
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UE, antenna selection for uplink transmissions on at least one of a plurality of
component carriers.

[0028] In another aspect of the present disclosure, an apparatus
configured for wireless communication includes means for receiving, at a user
equipment (UE), a plurality of antenna selection assignments from at least one base
station. The apparatus also includes means for evaluating the received plurality of
antenna selection assignments for an inconsistency. The apparatus further includes
means for determining, at the UE, antenna selection for uplink transmissions on at least
one of a plurality of component carriers in response to finding the inconsistency.

[0029] In another aspect of the present disclosure, a computer program
product for wireless communication in a wireless network includes a non-transitory
computer-readable medium having program code recorded thereon. The program code
includes code to receive, at a user equipment (UE), a plurality of antenna selection
assignments from at least one base station. The program code also includes code to
evaluate the received plurality of antenna selection assignments for an inconsistency.
The program code further includes code to, in response to finding the inconsistency,
determine, at the UE, antenna selection for uplink transmissions on at least one of a
plurality of component carriers.

[0030] In another aspect of the present disclosure, an apparatus
configured for wireless communication includes at least one processor and a memory
coupled to the at least one processor. The processor is configured to receive, at a user
equipment (UE), a plurality of antenna selection assignments from at least one base
station. The processor is also configured to evaluate the received plurality of antenna
selection assignments for an inconsistency. The processor is further configured to, in
response to finding the inconsistency, determine, at the UE, antenna selection for uplink
transmissions on at least one of a plurality of component carriers.

[0031] Various other aspects and features of the disclosure are described

in further detail below.
BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 1s a block diagram illustrating an example of a

telecommunications system,;
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[0033] FIG. 2 is a block diagram illustrating a carrier aggregation (CA)
configuration;
[0034] FIG. 3 is a block diagram illustrating a design of a base

station/eNB and a UE configured according to one aspect of the present disclosure;

[0035] FIG. 4 is a block diagram illustrating an apparatus for wireless
communication according to one aspect of the present disclosure.

[0036] FIG. 5 is a functional block diagram illustrating example blocks
executed to implement one aspect of the present disclosure.

[0037] FIG. 6 is a block diagram representation of a wireless
communication apparatus configured according to one aspect of the present disclosure.

[0038] FIG. 7 is a functional block diagram illustrating example blocks
executed to implement one aspect of the present disclosure.

[0039] FIG. 8 is a block diagram representation of a wireless
communication apparatus configured according to one aspect of the present disclosure.

[0040] FIG. 9 is a functional block diagram illustrating example blocks
executed to implement one aspect of the present disclosure.

[0041] FIG. 10 is a block diagram representation of a wireless
communication apparatus configured according to one aspect of the present disclosure.

[0042] FIG. 11 is a block diagram illustrating example blocks executed to
implement one aspect of the present disclosure; and.

[0043] FIG. 12 is a block diagram illustrating a single power amplifier

design for a UE according to one aspect of the present disclosure.
DETAILED DESCRIPTION

[0044] The detailed description set forth below, in connection with the
appended drawings, is intended as a description of various configurations and is not
intended to represent the only configurations in which the concepts described herein may
be practiced. The detailed description includes specific details for the purpose of
providing a thorough understanding of the various concepts. However, it will be
apparent to those skilled in the art that these concepts may be practiced without these
specific details. In some instances, well-known structures and components are shown in

block diagram form in order to avoid obscuring such concepts.
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[0045] The techniques described herein may be used for various wireless
communication networks such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other networks. The terms “network” and “system” 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 (WCDMA) and
other variants of CDMA. c¢dma2000 covers IS-2000, IS-95 and IS-856 standards. A
TDMA network may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA network may implement a radio technology such
as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-Fi),
IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDMA, etc. UTRA and E-UTRA are
part of Universal Mobile Telecommunication System (UMTS). 3GPP Long Term
Evolution (LTE) and LTE-Advanced (LTE-A) are new releases of UMTS that use E-
UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM are described in documents
from an organization named “3rd Generation Partnership Project” (3GPP). cdma2000
and UMB are described in documents from an organization named “3rd Generation
Partnership Project 2” (3GPP2). The techniques described herein may be used for the
wireless networks and radio technologies mentioned above as well as other wireless
networks and radio technologies. For clarity, certain aspects of the techniques are
described below for LTE, and LTE terminology is used in much of the description
below.

[0046] FIG. 1 shows a wireless communication network 100, which may
be an LTE network. The wireless network 100 may include a number of evolved Node
Bs (eNBs) 110 and other network entities. An eNB may be a station that communicates
with the UEs and may also be referred to as a base station, a Node B, an access point,
etc. Each eNB 110 may provide communication coverage for a particular geographic
area. In 3GPP, the term “cell” can refer to a coverage area of an eNB and/or an eNB
subsystem serving this coverage area, depending on the context in which the term is
used.

[0047] An eNB may provide communication coverage for a macro cell, a
pico cell, a femto cell, and/or other types of cell. A macro cell may cover a relatively
large geographic area (e.g., several kilometers in radius) and may allow unrestricted

access by UEs with service subscription. A pico cell may cover a relatively small
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geographic area and may allow unrestricted access by UEs with service subscription. A
femto cell may cover a relatively small geographic area (e.g., a home) and may allow
restricted access by UEs having association with the femto cell (e.g., UEs in a Closed
Subscriber Group (CSG), UEs for users in the home, etc.). An eNB for a macro cell may
be referred to as a macro eNB. An eNB for a pico cell may be referred to as a pico eNB.
An eNB for a femto cell may be referred to as a femto eNB or a home eNB. In the
example shown in FIG. 1, the eNBs 110a, 110b and 110c may be macro eNBs for the
macro cells 102a, 102b and 102c, respectively. The eNB 110x may be a pico eNB for a
pico cell 102x. The eNBs 110y and 110z may be femto eNBs for the femto cells 102y
and 102z, respectively. An eNB may support one or multiple (e.g., three) cells.

[0048] The wireless network 100 may also include relay stations. A relay
station is a station that receives a transmission of data and/or other information from an
upstream station (e.g., an eNB or a UE) and sends a transmission of the data and/or other
information to a downstream station (e.g., a UE or an eNB). A relay station may also be
a UE that relays transmissions for other UEs. In the example shown in FIG. 1, a relay
station 110r may communicate with the eNB 110a and a UE 120r in order to facilitate
chmu_nication between the eNB 110a and the UE 120r. A relay station may also be
referred to as a relay eNB, a relay, etc.

[0049] The wireless network 100 may be a heterogeneous network that
includes eNBs of different types, e.g., macro eNBs, pico eNBs, femto eNBs, relays, etc.
These different types of eNBs may have different transmit power levels, different
coverage areas, and different impact on interference in the wireless network 100. For
example, macro eNBs may have a high transmit power level (e.g., 20 Watts) whereas
pico eNBs, femto eNBs and relays may have a lower transmit power level (e.g., 1 Watt).

[0050] The wireless network 100 may support synchronous or
asynchronous operation. For synchronous operation, the eNBs may have aligned frame
timing, where transmissions from different eNBs may be aligned in time. For
asynchronous operation, the eNBs may have different frame timing, and transmissions
from different eNBs may not be aligned in time. The techniques described herein may
be used for both synchronous and asynchronous operation.

[0051] The UEs 120 may be dispersed throughout the wireless network

100, and each UE may be stationary or mobile. A UE may also be referred to as a
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terminal, a mobile station, a subscriber unit, a station, etc. A UE may be a cellular
phone, a personal digital assistant (PDA), a wireless modem, a wireless communication
device, a handheld device, a laptop computer, a cordless phone, a wireless local loop
(WLL) station, etc. A UE may be able to communicate with macro eNBs, pico eNBs,
femto eNBs, relays, etc. In FIG. 1, a solid line with double arrows indicates desired
transmissions between a UE and a serving eNB, which is an eNB designated to serve the
UE on the downlink and/or uplink. A dashed line with double arrows indicates
interfering transmissions between a UE and an eNB.

[0052] LTE utilizes orthogonal frequency division multiplexing (OFDM)
on the downlink and single-carrier frequency division multiplexing (SC-FDM) on the
uplink. OFDM and SC-FDM partition the system bandwidth into multiple (K)
orthogonal subcarriers, which are also commonly referred to as tones, bins, etc. Each
subcarrier may be modulated with data. In general, modulation symbols are sent in the
frequency domain with OFDM and in the time domain with SC-FDM. The spacing
between adjacent subcarriers may be fixed, and the total number of subcarriers (K) may
be dependent on the system bandwidth. For example, K may be equal to 128, 256, 512,
1024 or 2048 for system bandwidth of 1.4, 3, 5, 10 or 20 megahertz (MHz), respectively.
The system bandwidth may also be partitioned into subbands. For example, a subband
may cover 1.08 MHz, and there may be 1, 2, 4, 8 or 16 subbands for system bandwidth
of 1.4,3,5, 10 or 20 MHz, respectively.

[0053] LTE-Advanced uses spectrum in 20 Mhz bandwidths allocated in
a carrier aggregation of up to a total of 100 Mhz (5 component carriers) used for
transmission in each direction. Generally, less traffic is transmitted on the uplink than
the downlink, so the uplink spectrum allocation may be smaller than the downlink
allocation. For example, if 20 Mhz is assigned to the uplink, the downlink may be
assigned 100 Mhz. These asymmetric FDD assignments will conserve spectrum and are
a good fit for the typically asymmetric bandwidth utilization by broadband subscribers.

[0054] For the LTE-Advanced mobile systems, two types of carrier
aggregation (CA) methods have been proposed, continuous CA and non-continuous CA.
Non-continuous CA occurs when multiple available component carriers are separated
along the frequency band. On the other hand, continuous CA occurs when multiple

available component carriers are adjacent to each other. Continuous component carriers
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positioned within the same frequency band may be referred to as intra-band component
carriers. However, when a UE’s component carriers are spaced across more than one
frequency band, e.g., where non-continuous component carriers in the UE’s aggregation
are within different bands, the component carriers may be referred to as inter-band
component carriers. Both non-continuous and continuous CA aggregate multiple
LTE/component carriers to serve a single unit of LTE Advanced UE.

[0055] FIG. 2 shows a block diagram of a carrier aggregation (CA)
system 200. The CA system 200 may include multiple component carriers (CCs). For
example, in LTE-Advanced a UE may be configured with multiple CCs. One CC (e.g.,
CC1) may be desighated as a primary component carrier (PCC) while the other CCs
(e.g., CC2, CC3, etc.) may be designated as secondary component carriers (SCCs). The
PCC may be semi-statically configured by higher layers on a per UE basis. In FIG. 2,
the CA system 200 may include a downlink (DL) PCC and two DL SCCs. The CA
system 200 may further include an uplink (UL) PCC and two UL SCCs. The UL PCC
may carry PUCCH and PUSCH. The UL SCCs may carry only PUSCH. It is
understood that the CA system 200 may have more than three CCs. When ACK/NACK,
Channel Quality Indicator (CQI), and scheduling request (SR) signals are transmitted on
PUCCH, they may be on the UL PCC. Accordingly, the UL SCC does not carry
PUCCH for a given UE. There may be up to 5:1 DL to UL CC mapping. For example,
one UL CC may need to support ACK/NACK transmission on PUCCH for up to 5 DL
CCs.

[0056] FIG. 3 shows a block diagram of a design of a base station/eNB
110 and a UE 120, which may be one of the base stations/eNBs and one of the UEs in
FIG. 1. For arestricted association scenario, the base station 110 may be the macro eNB
110c in FIG. 1, and the UE 120 may be the UE 120y. The base station 110 may also be a
base station of some other type. The base station 110 may be equipped with antennas
334a through 334t, and the UE 120 may be equipped with antennas 3352a through
3352r.

[0057] At the base station 110, a transmit processor 3320 may receive
data from a data source 3312 and contro] information from a controller/processor 3340.
The processor 3320 may process (e.g., encode and symbol map) the data and control

information to obtain data symbols and control symbols, respectively. The processor
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3320 may also generate reference symbols, e.g., for the PSS, SSS, and cell-specific
reference signal. A transmit (TX) multiple-input multiple-output (MIMO) processor 330
may perform spatial processing (e.g., precoding) on the data symbols, the control

. symbols, and/or the reference symbols, if applicable, and may provide output symbol
streams to the modulators (MODs) 332a through 332t. Each modulator 332 may process
a respective outpuf symbol stream (e.g., for OFDM, etc.) to obtain an output sample
stream. Each modulator 332 may further process (e.g., convert to analog, amplify, filter,
and upconvert) the output sample stream to obtain a downlink signal. Downlink signals
from modulators 332a through 332t may be transmitted via the antennas 334a through
334t, respectively.

[0058] At the UE 120, the antennas 352a through 352r may receive the
downlink signals from the base station 110 and may provide received signals to the
demodulators (DEMODs) 354a through 354r, respectively. Each demodulator 3354 may
condition (e.g., filter, amplify, downconvert, and digitize) a respective received signal to
obtain input samples. Each demodulator 354 may further process the input samples (e.g.,
for OFDM, etc.) to obtain received symbols. A MIMO detector 356 may obtain received
symbols from all the demodulators 354a through 354r, perform MIMO detection on the
received symbols if applicable, and provide detected symbols. A receive processor 3358
may process (e.g., demodulate, deinterleave, and decode) the detected symbols, provide
decoded data for the UE 120 to a data sink 3360, and provide decoded control
information to a controller/processor 3380.

[0059] On the uplink, at the UE 120, a transmit processor 364 may
receive and process data (e.g., for the PUSCH) from a data source 362 and control
information (e.g., for the PUCCH) from the controller/processor 380. The processor 364
may also generate reference symbols for a reference signal. The symbols from the
transmit processor 364 may be precoded by a TX MIMO processor 3366 if applicable,
further processed by the demodulators 354a through 354r (e.g., for SC-FDM, etc.), and
transmitted to the base station 110. At the base station 110, the uplink signals from the
UE 120 may be received by the antennas 334, processed by the modulators 332, detected
by a MIMO detector 336 if applicable, and further processed by a receive processor 338
to obtain decoded data and control information sent by the UE 120. The processor 338
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may provide the decoded data to a data sink 339 and the decoded control information to
the controller/processor 340.

\ [0060] The controllers/processors 340 and 380 may direct the operation at
the base station 110 and the UE 120, respectively. The processor 340 and/or other
processors and modules at the base station 110 may perform or direct the execution of
various processes for the techniques described herein. The processor 380 and/or other
processors and modules at the UE 120 may also perform or direct the execution of
processes for the techniques described herein. The memories 342 and 382 may store
data and program codes for the base station 110 and the UE 120, respectively. A
scheduler 344 may schedule UEs for data transmission on the downlink and/or uplink.

[0061] In one configuration, the UE 120 for wireless communication
includes means for detecting interference from an interfering base station during a
connection mode of the UE, means for selecting a yielded resource of the interfering
base station, means for obtaining an error rate of a physical downlink control channel on
the yielded resource, and means, executable in response to the error rate exceeding a
predetermined level, for declaring a radio link failure. In one aspect, the aforementioned
means may be the processor(s), the controller/processor 380, the memory 382, the
receive processor 358, the MIMO detector 356, the demodulators 354a, and the antennas
352a configured to perform the functions recited by the aforementioned means. In
another aspect, the aforementioned means may be a module or any apparatus configured
to perform the functions recited by the aforementioned means.

[0062] Multiple RF receiving units and multiple fast Fourier transformers
(FFTs) may be deployed with non-continuous CA in LTE-Advanced UE because the
carriers are separated along the frequency band. As non-continuous CA supports data
transmissions over multiple separated carriers across a large frequency range,
propagation path loss, Doppler shift and other radio channel characteristics may vary
significantly at different frequency bands.

[0063] In LTE and LTE-Advanced, sounding reference signal (SRS)
transmission is supported. SRS may be designed as a wide-band sounding signal to
facilitate uplink (UL) frequency-selective scheduling, as well as other purposes such as
UL power control, time tracking, etc. In time division duplexing (TDD), SRS can also

be used for downlink (DL) scheduling via exploitation of channel reciprocity. In
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general, SRS is targeted for the serving cell and linked to physical uplink shared channel
(PUSCH) power control.

[0064] Each cell may have cell-specific SRS transmission instances (up to
every UL subframe) and cell-specific SRS transmission bandwidth. Typically, it is
expected that cell-specific SRS bandwidth covers most of the uplink system bandwidth,
excluding the physical uplink control channel (PUCCH) region. Each UE in a given cell
can be configured with UE-specific SRS transmission instances (within cell-specific SRS
transmission instances) and UE-specific SRS transmission bandwidth, which can be as
small as 4 resource blocks (RBs). Generally, SRS is transmitted in the last symbol of an
uplink (UL) subframe, or one of the last two symbols in a special subframe in TDD
systems.

[0065] In LTE Rel-8/9, periodic SRS is supported via RRC configuration.
A UE may also be configured by RRC for a one-shot SRS transmission. In LTE Rel-10,
aperiodic SRS (A-SRS) is supported. A-SRS may be a one-shot transmission. Further,
support for multi-shot A-SRS may be possible. A-SRS may be triggered by a physical
downlink control channel (PDCCH) in UL grants (e.g., DCI format 0/4) or some DL
grants (e.g., DCI format 1A). Under CA, a UE may be configured for A-SRS
transmissions in one CC or multiple CCs in the uplink.

[0066] In Rel-8/9, UL transmit antenna selection (TAS) is supported, in
which a UE may select one of its multiple antennas at a given time. UL TAS may be
configured by higher layers (e.g., via RRC configuration). If closed-loop UE TAS is
enabled, the selected transmit antenna may be indicated via different scrambling of the
PDCCH cyclic redundancy check (CRC). If open-loop UE TAS is enabled, the transmit
antenna is to be selected by the UE and may not be specified in the standard. For SRS, if
antenna selection is enabled for a UE supporting TAS, SRS can be transmitted from
either antenna alternating in time.

[0067] According to the present disclosure, a wireless communication
scheme is described that takes advantage of the UL TAS features supported by LTE Rel-
8/9 and the MIMO features supported in LTE-Advanced Rel-10. Such a communication
scheme enables steps performed by the base station and the UE to provide consistent UL
TAS signaling under a range of conditions. As will be better appreciated from the

discussion that follows, representative aspects of the present disclosure are directed to
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wireless communication schemes that enable consistent UL TAS signaling for a UE
configured for MIMO communication.

[0068] According to some aspects of the present disclosure, the scheme
operates through a combination of open-loop and closed-loop configurations, where the
UE selects one or more antenna ports for uplink transmissions based on 1) antenna select
triggers or assignments received from a base station, and 2) one or more determinations
made by the UE. For one or more of the component carriers, the UE is configured for
closed-loop TAS, where UL TAS for designated component carriers is controlled
according to control information from an associated base station included in the PDCCH,
such as, e.g., DCI information in UL grants. The designated carrier(s) may be, for
example, a primary component carrier. On the remaining component carriers (e.g.,
secondary component carriers), the UE is configured with open-loop TAS. For
component carriers where open-loop TAS is enabled, antenna ports are selected
according to determinations made by the UE. The UE may follow various combinations
of closed-loop and open-loop UL TAS on some or all the remaining carrier components,
according to desired operating standards or configurations. For example, if the UE is
capable of switching antennas independently, the UE may select another antenna when
appropriate according to its determination. However, if the UE is not capable of such
independent antenna switching, then the UE may follow the same antenna selection
designated in the close-loop assignment. Utilizing a combination of open-loop and
closed-loop UL TAS as described above reduces some UL signaling requirements at the
UE.

[0069] According to another aspect, UL TAS is performed where the UE
assigns its antenna ports to one or more component carriers in response to various
antenna port triggers, which may be perceived at the UE as antenna selection
assignments. Taken further, the UE receives the various antenna selection assignments,
identifies at least one inconsistency among the received assignments, and resolves the
inconsistencies to select an appropriate or optimal antenna port for one or more
component carriers. A UE may perform various steps to ensure optimal antenna
selection for uplink transmissions. In some cases, the UE may treat inconsistent antenna
selection assignments received from the base station as an etror event. The UE simply

discards the inconstant assignments and performs antenna selection without regard to the



WO 2012/116091 PCT/US2012/026161
17

inconsistent assignments. In other cases, the UE performs antenna selection according to
a determined scheme or priority. The scheme or priority may be stored at the UE or may
be received as instructions from the base station. By way of example, the UE may
reserve certain antenna ports for certain component carriers and/or assign certain
antennas to certain component carriers by treating the component carriers preferentially.

[0070] According to another aspect, assignment of UL TAS by an
associated base station is enabled according to the capabilities of the UE. A UE
transmits an indication of its capability for transmission antenna switching per
component carrier in the UE’s carrier aggregation. In response, a base station may
transmit control information that includes a transmission antenna selection for the UE
based at least in part on the indication of the UE capability.

[0071] According to other aspects, UL TAS may be enabled in different
formats, depending on the configuration of component carriers comprising the UE’s
carrier aggregation. If the UE’s component carriers comprising its carrier aggregation
are continuous or adjacent to one another and a single power amplifier (PA) is utilized by
the UE, then UL TAS may be configured in the same manner for all component carriers
in the carrier aggregation. As such, if the UE switches an antenna utilized to transmit
one component carrier, then the UE will also switch antennas for every other component
carrier comprising the aggregation. On the other hand, if the component carriers
comprising the UE’s carrier aggregation are non-continuous, i.e., separated from one
another in frequency, and use different PAs for different component carriers, then UL
TAS may be configured for component carriers in the carrier aggregation independently.
As such, the UE may switch an antenna utilized to transmit one or more component
carriers without being required to do so for remaining carriers. As discussed above,
continuous component carriers positioned within the same frequency band may be
referred to as intra-band component carriers, while component carriers in the UE’s
aggregation within different bands may be referred to as inter-band component carriers.

[0072] FIG. 4 is a block diagram illustrating some aspects of an apparatus
according to the present disclosure. Apparatus 400 for wireless communication (e.g.,
one or more components or portions of UE 120) is configured for carrier aggregation
transmissions on multiple component carriers. Apparatus 400 includes modules 402,

404, 406, and 408 that cooperate to provide operations as described herein with respect
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to UEs. Each of modules 402, 404, 406, and 408 may comprise software, program code,
or other logic (e.g., application specific integrated circuit (ASIC), field programmable
gate array (FPGA), etc.), as may be operable upon or executed using a processor 401 to
provide the functions described below.

[0073] Module 402 operates to obtain the capability of apparatus 400 to
switch antennas among component carriers utilized by apparatus 400 for uplink
transmissions. A UE’s capability to switch antennas among component carriers may
include the UE’s ability to switch antennas for a subset or combination of component
carriers at a given time rather than switching antennas for all component carriers
simultaneously. The UE’s capability may be further defined in terms of the type of
component carriers utilized by the UE for uplink transmission. That is, according to
some aspects, a UE may switch antennas for all component carriers where those
component carriers are continuous. On the other hand, it may be preferred for a UE to
switch antennas among only a portion or combination of component carriers where those
component carriers are non-continuous.

[0074] The UE antenna switching capability described above may be
predetermined and stored in the UE (e.g., in module 402) during the manufacture of
apparatus 400, received as instructions from other network components, or based on
other criteria. For example, the UE’s capability may be based on various operational
parameters, whereby information regarding the UE’s capabilities with respect to these
various operational parameters is stored in the UE at manufacture. By way of example,
the UE’s capability may be operationally-defined where, e.g., the UE supports operation
on multiple bands and has separate antenna ports for operating bands or groups of
operating bands. The UE may have two MIMO antenna ports for bands below 1GHz
and separately two other MIMO antenna ports for bands above 1GHz. In the case where
the UE utilizes non-continuous bands, the UE may switch only a subset of its available
antennas among the available component carriers, and thus it is possible that the UE may
switch antennas in a subset of the operating bands but not in the remainder of the
operating bands. The determination regarding the UE’s capability may thus be
dependent on how its carrier components in a carrier aggregation are positioned with
respect to one another. Further, information relating to the UE’s capability may be

received by apparatus 400 from other components within the wireless communication
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network (e.g., base station 110). The antenna switching capability information, in such
aspects, may be received on a periodic or aperiodic basis.

[0075] Module 404 operates to generate an indication of the capability of
apparatus 400 for transmission antenna switching per component carrier. The generated
indication may comprise an indicator, such as an indicator bit, that corresponds to the
UE’s capability to switch antennas per component carrier. For example, an indicator bit
corresponding to the UE’s capability to switch antennas among a subset of component
carriers may be set to 1 to indicate that feature is provided by the UE. On the other hand,
that bit may be set to 0 to indicate the UE is not capable of that function.

[0076] Module 406 operates to transmit the indication generated by
module 404 to a station in communication with apparatus 400 (e.g., base station 110).
According to one aspect, module 406 causes apparatus 400 to transmit the indication on
a periodic basis to ensure that communication between the UE and base station is
maintained and optimized over time. Additionally or alternatively, module 406 may
cause apparatus 400 to transmit the indication aperiodically, perhaps upon the occurrence
of an event or condition, such as handover, loss of power, loss of signal, and the like.
Providing such periodic and/or aperiodic transmission of the indicator helps ensure that
communications between the apparatus (e.g., UE 120) and other station (e.g. base station
110) are optimized over changing conditions.

[0077] Module 408 operates to receive control information that includes
transmission antenna selection for the UE. According to an aspect, the transmission
antenna selection information received from the base station is based upon the indication
of the UE’s capability transmitted through operation of module 406. The received
antenna selection may take on different forms where, e.g., the antenna selection may
include instructions for independent antenna selection per component carrier. With the
above in mind, such an instruction may be suitable where the UE transmits on
component carriers that are separated among different frequency bands, i.e., according to
an inter-band carrier aggregation configuration. On the other hand, the antenna selection
may include instructions for simultaneous antenna switching for all aggregated
component carriers. Such an instruction may be suitable where the UE transmits on
component carriers within the same frequency band, i.e., according to an intra-band

carrier aggregation configuration.
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[0078] FIG. 5 is a functional block diagram 500 illustrating example
blocks executed, such as by operation of apparatus 400, to implement one aspect of the
present disclosure. At block 502, the UE’s antenna switching capability is obtained. As
noted above, this capability information may be predetermined, in which case the UE
may obtain the information from memory. In additional aspects, the UE may determine
its antenna switching capabilities on an ad hoc basis. An indication of the UE’s
capability is generated at block 504. The indication of the UE’s capability is then
transmitted to the base station at block 506. At block 508, the UE receives control
information that includes a transmission antenna selection for the UE based on the
indication transmitted at block 506. For example, the UE may receive an antenna
selection assignment contained within a downlink control information (DCI) message
from the base station.

[0079] FIG. 6 is a block diagram illustrating apparatus 600 for wireless
communication. Apparatus 600 may include one or more components or portions of
base station 110. Apparatus 600 also includes modules 602, 604, 606, and 608 that that
are executed to provide operation as described herein with respect to base stations. Each
of modules 602, 604, 606, and 608 may comprise software, program code, or other logic
(e.g., ASIC, FPGA, etc.), as may be operable upon or executed by processor 601 to
provide the functions described below.

[0080] Module 602 operates to receive an uplink communication from a
UE comprising an indication of the UE’s capability for antenna switching per component
carrier in a carrier aggregation. For example, module 602 when executed by processor
601, controls the components of apparatus 600 including antennas, demodulators (not
shown), and the like. Signals received from a base station are received and decoded
through execution of module 602 to extract the indication of UE antenna switching
capability.

[0081] Module 604 operates under control of processor 601 of apparatus
600 to determine the nature of the indication received in the UE’s uplink communication.
Module 604 may, for example, compare the indication received against a table of
information stored in the memory of apparatus 600 that associates the indicated
capability with a particular transmission antenna selection. Module 604 further operates

to determine transmission antenna selection for the UE based on the indication received
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from the UE. For example, operation of module 604 would cause apparatus 600 to select
a particular transmission antenna selection associated with the antenna switching
capabilities identified for the UE through the received indication.

[0082] Module 606 operates to determine what control information to
transmit to the UE. The control information may dictate transmission antenna selection
for the UE. For example, the base station may transmit control information that includes
instructions for independent antenna switching per component carrier in a carrier
aggregation utilized by the UE. According to one aspect, such instructions may be
transmitted where the UE transmits on component carriers that are spaced among
different frequency bands, ie., according to an inter-band carrier aggregation
configuration. On the other hand, the base station may transmit control information that
includes instructions for simultaneous antenna switching for all component carriers in a
carrier aggregation utilized by the UE. According to another aspect, such instructions
may be transmitted where the UE transmits on component carriers that are spaced within
the same frequency band, ie., according to an intra-band carrier aggregation
configuration. The control information described above may be included in a DCI
message.

[0083] Module 608 operates to transmit, from the base station, a
downlink communication to the UE including the control information that identifies the
transmission antenna selection. For example, the base station may transmit a DCI
message which accommodates the UE’s inability to switch antennas independently
among different component carriers. Alternatively, the base station may transmit a DCI
message which relies upon the UE’s ability to switch antennas independently among
different component carriers.

[0084] FIG. 7 is a functional block diagram 700 illustrating example
blocks executed to implement one aspect of the present disclosure. At block 702, an
uplink communication is received from the UE. At block 704, the base station decodes
an indication in the uplink communication that identifies the UE’s capability to switch
antennas among component carriers. As such, the base station determines what antenna
switching capability the UE has through the received uplink communication. In
response, at block 706, upon determining the UE’s antenna switching capability, the base

station selects control information designating an antenna selection for the UE in view of
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the reported antenna switching capability. For example, where the base station receives
an indication that the UE is capable of switching antennas independently among carrier
components in a carrier aggregation, the base station may transmit control information
which optimizes the UE’s capability. At block 708, the base station transmits the control
information to the UE, thereby providing an antenna selection to the UE based on the
UE’s reported antenna switching capabilities.

[0085] FIG. 8 is a block diagram illustrating further aspects of an
apparatus according to the present disclosure.  Apparatus 800 for wireless
communication (e.g., one or more components or portions of UE 120) is configured for
carrier aggregation transmissions on multiple component carriers. Apparatus 800
includes modules 802, 804, 806, and 808 that cooperate to provide operations as
described herein with respect to UEs. Each of modules 802, 804, 806, and 808 may
comprise software, program code, or other logic (e.g., application specific integrated
circuit (ASIC), field programmable gate array (FPGA), etc.), as may be operable upon or
executed using processor 801 to provide the functions described below.

[0086] Module 802 operates to receive various antenna selection
assignments from one or more base stations (e.g., such as one or more of base stations
110). The antenna selection assignments signal or trigger the UE to select particular
antenna ports to use for transmitting over one or more component carriers in a UE’s
carrier aggregation.

[0087] Module 804 operates to evaluate the various antenna triggers or
selection assignments to determine whether those triggers or assignments are
inconsistent with one another. In this case, an inconsistency may occur when 1) one or
more selection assignments indicate use of one antenna port on one or more component
carriers in the carrier aggregation while other selection assignments indicate use of other
antenna ports for the same component carriers, and/or 2) one selection assignment
indicates use of an antenna for component carriers that cannot be accommodated by the
given antenna port at a given time. That is, the antenna selection assignments may call
for the assignment of the same antenna port for divergent or otherwise incompatible
component carriers in the carrier aggregation such that the assignment cannot be
accommodated by the UE. In that case, the antenna selection assignments can be

categorized as inconsistent.
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[0088] Module 806 operates to determine an appropriate antenna
selection for uplink transmissions on at least one of the component carriers utilized by
the UE. This determination may be made in response to the inconsistency determination
made by module 804. Where there are no inconsistent assignments, the UE simply
selects the assigned antenna port.

[0089] According to an aspect, an antenna selection may be performed
among inconsistent assignments by simply ignoring inconsistent antenna selection
assignments. In that case, the inconsistent selection assignments may be treated as an
error event and discarded. The UE ignores the discarded error event and proceeds to
make an antenna selection without regard to the discarded assignments. Where, for
example, the antenna selection assignments are included in the PDCCH, the UE discards
the received PDCCH.

[0090] According to another aspect, the UE may identify an antenna port
as appropriate or optimal by identifying a majority of triggers or assignments among the
received assignments. In that case, the antenna port indicated in the majority of UL TAS
triggers is selected. For example, there may be three TAS assignments with two TAS
assignments indicating selection of transmit antenna 1 and one TAS assignments
indicating selection transmit antenna 2. In this scenario, the UE would use antenna 1 for
the UL transmissions because it had more TAS assignments.

[0091] Further, the UE may select an antenna port for one or more
component carriers according to a determined priority. The UE may be configured to
prioritize certain component carriers where, for example, primary component carriers
may be given priority or treated preferentially such that they are assigned first or
assigned to an antenna port that is determined to be optimal (e.g., operating with high
SINR or the like). After the primary component carrier is assigned, secondary
component carriers may be assigned according to further prioritization and/or according
to a predetermined scheme. Also, certain antenna ports may be reserved for assignment
only to component carriers assigned a higher priority (again, e.g., a primary component
carrier).

[0092] According to yet another aspect, the UE may resolve antenna
selection assignments received from the base station to achieve certain criteria. For

example, the UE may follow rules to achieve a pattern dictated by the lowest repetition
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rate SRS. That is, there is an implicit sequence or pattern for SRS transmissions. For
example, SRS1 may have a periodicity of 10 ms and may be transmitted on a first
component carrier. SRS2 may have a periodicity of 20 ms and may be transmitted on a
second component carrier. The UE may follow the antenna pattern dictated by SRS2
which is 1, 2, 1, 2...with a periodicity of 20 ms, where ‘1’ represents antenna 1, and 2’
represents antenna 2 of the UE. As such, the antenna pattern for SRS11is 1,2, 2,1, 1, 2,
2, 1...with a periodicity of 10 ms (instead of 1, 2, 1, 2, 1, 2, 1, 2...). Thus, the same
antenna is used when SRS1 and SRS2 are transmitted at the same time on the first
component carrier and the second component carrier, respectively.

[0093] Also, in another aspect of the present disclosure, the UE may
proceed according to fixed rules, where certain antenna ports are always utilized first for
particular component carriers (e.g. always use port 0). By way of further example, in the
context of periodic SRS, if the same antenna port is required, configuration of periodic
SRS of all component carriers should be consistent, such that these simultaneous SRS
transmissions use the same port in the corresponding subframes.

[0094] FIG. 9 is a functional block diagram 900 illustrating example
blocks executed to implement one aspect of the present disclosure. At block 902,
various antenna selection assignments from one or more base stations are received. At
block 904, the various antenna selection assignments are evaluated to determine whether
they are inconsistent with one another. For example, an inconsistent selection
assignment may arise when one assignment indicates use of one antenna port on one or
more component carriers while another selection assignment indicates use of other
antenna ports for the same component carriers, and/or when one selection assignment
indicates use of an antenna for component carriers that cannot be accommodated by the
given antenna port at a given time. An appropriate antenna selection for uplink
transmissions on at least one of the component carriers utilized by the UE is determined
at block 906.

[0095] FIG. 10 is a block diagram illustrating apparatus 1000 for wireless
communication. Apparatus 1000 may include one or more components or portions of
base station 110. Apparatus 1000 also includes modules 1002, 1004, 1006, and 1008
that that are executed to provide operation as described herein with respect to base

stations. Each of modules 1002, 1004, 1006, and 1008 may comprise software, program
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code, or other logic (e.g., ASIC, FPGA, etc.), as may be operable upon or executed by
processor 1001 to provide the functions described below.

[0096] Module 1002 operates to transmit first and second control
information to a UE. The first control information includes instructions for configuring
the user equipment with closed-loop transmit antenna selection on one of a plurality of
component carriers, and the second control information includes instructions for
configuring the UE with open-loop transmit antenna selection on at least one other of the
plurality of the component carriers. Module 1004 operates to receive uplink
transmissions from a UE such as, for example, an indication of the UE’s capability for
transmission antenna switching per component carrier.

[0097] FIG. 11 is a functional block diagram 1100 illustrating
example blocks executed to implement one aspect of the present disclosure. The various
blocks of functional block diagram 1100 may be performed by a base station.

[0098] Module 1102 operates to transmit configuration information to a
UE for configuring the UE for closed-loop transmit antenna selection on one of the
component carriers in the carrier aggregation. According to one aspect, this is achieved
by transmitting first control information to the UE wherein the first control information
includes instructions for configuring the user equipment with closed-loop transmit
antenna selection on one of a plurality of component carriers.

[0099] Module 1104 operates to transmit configuration information to the
UE configuring the UE for open-loop transmit antenna selection on other component
carriers of the carrier aggregation. According to another aspect, this is achieved by
transmitting second control information to the UE wherein the second control
information includes instructions for configuring the UE with open-loop transmit
antenna selection on at least one other of the component carriers.

[00100] When a single power amplifier (PA) is used for two or more
component carriers, and TAS is enabled, using the same antenna port for all component
carriers at a given time may generally be preferred. FIG. 12 illustrates a block diagram
1200 of a single PA 1202 utilized for two component carriers (CC1 and CC2) in a UE
that has TAS also enabled. As mentioned above, if the UE’s component carriers
comprising its carrier aggregation are continuous or adjacent to one another and a single

PA is used by the UE for all of its component carriers, then UL TAS may be configured
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in the same manner for all component carriers in the carrier aggregation. Accordingly, in
utilizing single PA 1202, if PUSCH 1204 and 1206 are to be transmitted on two or more
component carriers in an intra-band carrier aggregation, their transmission should be
made using the same antenna port, e.g., TX port 1208. Additionally, if SRS are to be
transmitted simultaneously on two or more component carriers in an intra-band carrier
aggregation, e.g., SRS CC3 1210 and SRS CC4 1212, their transmission should also be
made using the same antenna port, e.g., TX port 1214 of PA 1202.

[00101] Those of skill in the art would understand that information and
signals may be represented using any of a variety of different technologies and
techniques. For example, data, instructions, commands, information, signals, bits,
symbols, and chips that may be referenced throughout the above description may be
represented by voltages, currents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.

[00102] Those of skill would further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application, but such implementation
decisions should not be interpreted as causing a departure from the scope of the present
disclosure.

[00103] The various illustrative logical blocks, modules, and circuits
described in connection with the disclosure herein 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 (FPGA) or other
programmable logic device, 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 conventional processor, controller, microcontroller, or state
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machine. A processor may also be implemented as a combination of computing devices,
€.g., a combination of a DSP and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any other such configuration.

[00104] The steps of a method or algorithm described in connection with
the disclosure herein 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 RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. An exemplary storage medium is coupled to the 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 processor. The processor
and the storage medium may reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the storage medium may reside as discrete
components in a user terminal.

[00105] In one or more exemplary designs, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium
that facilitates transfer of a computer program from one place to another. A storage
media may be any available media that can be accessed by a general purpose or special
purpose 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 storage devices, or any other medium that can
be used to carry or store desired program code means in the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer, or
a general-purpose or special-purpose processor. Also, disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy
disk and blu-ray disc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the above should also be included

within the scope of computer-readable media.
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[00106] The previous description of the disclosure is provided to enable
any person skilled in the art to make or use the disclosure. Various modifications to the
disclosure will be readily apparent to those skilled in the art, and the generic principles
defined herein may be applied to other variations without departing from the spirit or
scope of the disclosure. Thus, the disclosure is not intended to be limited to the
examples and designs described herein but is to be accorded the widest scope consistent

with the principles and novel features disclosed herein.
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CLAIMS

1. A method of wireless communication, comprising:

transmitting, from a base station, first control information to a user equipment
(UE) wherein the first control information includes instructions for configuring the UE
with closed-loop transmit antenna selection on one of a plurality of component carriers;
and

transmitting, from the base station, second control information to the UE wherein
the second control information includes instructions for configuring the UE with open-
loop transmit antenna selection on at least one other of the plurality of the component

carriers.

2. The method of claim 1, wherein the one of the plurality of component carriers

includes a primary component carrier.

3. The method of claim 2, wherein the at least one other of the plurality of

component carriers includes a secondary component carrier.

4, The method of claim 1, further including receiving, at the base station, an
indication of the UE’s capability for transmission antenna switching per component

carrier in a carrier aggregation.

5. An apparatus configured for wireless communication, comprising:

means for transmitting, from a base station, first control information to a user
equipment (UE) wherein the first control information includes instructions for
configuring the UE with closed-loop transmit antenna selection on one of a plurality of
component carriers; and

means for transmitting, from the base station, second control information to the
UE wherein the second control information includes instructions for configuring the UE
with open-loop transmit antenna selection on at least one other of the plurality of the

component carriers.

6. The apparatus of claim 5, wherein the one of the plurality of component carriers

includes a primary component carrier.
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7. The apparatus of claim 6, wherein the at least one other of the plurality of

component carriers includes a secondary component carrier.

8. The apparatus of claim 5, further including means for receiving, at the base
station, an indication of the UE’s capability for transmission antenna switching per

component carrier in a carrier aggregation.

9. A computer program product for wireless communications in a wireless network,
comprising:

a non-transttory computer-readable medium having program code recorded
thereon, the program code including:

program code to transmit, from a base station, first control information to a user
equipment (UE) wherein the first control information includes instructions for
configuring the UE with closed-loop transmit antenna selection on one of a plurality of
component carriers; and

program code to transmit, from the base station, second control information to the
UE wherein the second control information includes instructions for configuring the UE
with open-loop transmit antenna selection on at least one other of the plurality of the

component carriers.

10. An apparatus configured for wireless communication, the apparatus comprising:
at least one processor; and
a memory coupled to the at least one processor, wherein the at least one processor
is configured to:
transmit, from a base station, first control information to a user equipment
(UE) wherein the first control information includes instructions for configuring the UE
with closed-loop transmit antenna selection on one of a plurality of component carriers;
and
transmit, from the base station, second control information to the UE
wherein the second control information includes instructions for configuring the UE with
open-loop transmit antenna selection on at least one other of the plurality of the

component carriers.
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11. A method of wireless communication, comprising:

receiving, at a user equipment (UE), first control information wherein the first
control information includes instructions for configuring the UE with closed-loop
transmit antenna selection on one of a plurality of component carriers; and

receiving, at the UE, second control information wherein the second control
information includes instructions for configuring the UE with open-loop transmit

antenna selection on at least one other of the plurality of the component carriers.

12. The method of claim 11, wherein the one of the plurality of component carriers

includes a primary component carrier.

13.  The method of claim 12, wherein the at least one other of the plurality of

component carriers includes a secondary component carrier.

14. The method of claim 11, further including transmitting, from the UE, an
indication of the UE’s capability for transmission antenna switching per component

carrier in a carrier aggregation.

15.  An apparatus configured for wireless communication, comprising:

means for receiving, at a user equipment (UE), first control information wherein
the first control information includes instructions for configuring the UE with closed-
loop transmit antenna selection on one of a plurality of component carriers; and

means for receiving, at the UE, second control information wherein the second
control information includes instructions for configuring the UE with open-loop transmit

antenna selection on at least one other of the plurality of the component carriers.

16.  The apparatus of claim 15, wherein the one of the plurality of component carriers

includes a primary component carrier.

17.  The apparatus of claim 16, wherein the at least one other of the plurality of

component carriers includes a secondary component carrier.

18.  The apparatus of claim 15, further including means for transmitting, from the UE,
an indication of the UE’s capability for transmission antenna switching per component

carrier in a carrier aggregation.
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19. A computer program product for wireless communications in a wireless network,
comprising;:

a non-transitory computer-readable medium having program code recorded
thereon, the program code including:

program code to receive, at a user equipment (UE), first control information
wherein the first control information includes instructions for configuring the UE with
closed-loop transmit antenna selection on one of a plurality of component carriers; and

program code to receive, at the UE, second control information wherein the
second control information includes instructions for configuring the UE with open-loop

transmit antenna selection on at least one other of the plurality of the component carriers.

20. An apparatus configured for wireless communication, the apparatus comprising:
at least one processor; and
a memory coupled to the at least one processor, wherein the at least one processor
is configured to:
receive, at a user equipment (UE), first control information wherein the
first control information includes instructions for configuring the UE with closed-loop
transmit antenna selection on one of a plurality of component carriers; and
receive, at the UE, second control information wherein the second control
information includes instructions for configuring the UE with open-loop transmit

antenna selection on at least one other of the plurality of the component carriers.

21. A method of wireless communication, comprising:

generating, at a user equipment (UE) configured for carrier aggregation, an
indication of the UE’s capability for transmission antenna switching per component
carrier in the carrier aggregation; and

transmitting the indication to a base station.

22, The method of claim 21, further including:
receiving, at the UE, control information from the base station, wherein the
control information includes a transmission antenna selection for the UE based at least in

part on the indication of the UE’s capability.
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23. The method of claim 21, wherein the transmission antenna selection includes

independent antenna selection per component carrier.

24. The method of claim 23, wherein the carrier aggregation includes an inter-band

carrier aggregation configuration.

25. The method of claim 22, wherein the transmission antenna selection includes

simultaneous antenna switching for all component carriers in the carrier aggregation.

26. The method of claim 25, wherein the carrier aggregation includes an intra-band

carrier aggregation configuration.

27. An apparatus configured for wireless communication, comprising:

means for generating, at a user equipment (UE) configured for carrier
aggregation, an indication of the UE’s capability for transmission antenna switching per
component carrier in the carrier aggregation; and

means for transmitting the indication to a base station.

28. The apparatus of claim 27, further including:
means for receiving, at the UE, control information from the base station,
wherein the control information includes a transmission antenna selection for the UE

based at least in part on the indication of the UE’s capability .

29.  The apparatus of claim 27, wherein the transmission antenna selection includes

independent antenna selection per component carrier.

30. The apparatus of claim 29, wherein the carrier aggregation includes an inter-band

carrier aggregation configuration.

31. The apparatus of claim 28, wherein the transmission antenna selection includes

simultaneous antenna switching for all component carriers in the carrier aggregation.

32.  The apparatus of claim 31, wherein the carrier aggregation includes an intra-band

carrier aggregation configuration.
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33. A computer program product for wireless communications in a wireless network,
comprising:

a non-transitory computer-readable medium having program code recorded
thereon, the program code including:

program code to generate, at a user equipment (UE) configured for carrier
aggregation, an indication of the UE’s capability for transmission antenna switching per
component carrier in the carrier aggregation; and

program code to transmit the indication to a base station.

34.  An apparatus configured for wireless communication, the apparatus comprising:
at least one processor; and
a memory coupled to the at least one processor, wherein the at least one processor
is configured to:
generate, at a user equipment (UE) configured for carrier aggregation, an
indication of the UE’s capability for transmission antenna switching per component
carrier in the carrier aggregation; and

transmit the indication to a base station.

35. A method for wireless communications, comprising:

receiving, at a base station, an indication of a user equipment (UE) capability for
antenna switching per component carrier in carrier aggregation; and

determining, at the base station, a transmission antenna selection for the UE

based, at least in part, on the indication of the UE capability.

36.  The method of claim 35, further including:
transmitting, from the base station, control information including the transmission

antenna selection for the UE, based at least in part on the indication of the UE capability.

37. The method of claim 36, wherein the transmission antenna selection includes

independent antenna switching per component carrier in the carrier aggregation.

38.  The method of claim 37, wherein the carrier aggregation includes an inter-band

carrier aggregation configuration.
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39. The method of claim 36, wherein the transmission antenna selection includes

simultaneous antenna switching for all component carriers in the carrier aggregation.

40.  The method of claim 39, wherein the carrier aggregation includes an intra-band

carrier aggregation configuration.

41.  An apparatus configured for wireless communication, comprising:
means for receiving, at a base station, an indication of a user equipment (UE)
capability for antenna switching per component carrier in carrier aggregation; and
means for determining, at the base station, a transmission antenna selection for

the UE based, at least in part, on the indication of the UE capability.

42.  The apparatus of claim 41, further including:
means for transmitting, from the base station, control information including the
transmission antenna selection for the UE, based at least in part on the indication of the

UE capability.

43.  The apparatus of claim 42, wherein the transmission antenna selection includes

independent antenna switching per component carrier in the carrier aggregation.

44.  The apparatus of claim 43 wherein the carrier aggregation includes an inter-band

carrier aggregation configuration.

45.  The apparatus of claim 42, wherein the transmission antenna selection includes

simultaneous antenna switching for all component carriers in the carrier aggregation.

46.  The apparatus of claim 41, wherein the carrier aggregation includes an intra-band

carrier aggregation configuration.
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47. A computer program product for wireless communications in a wireless network,
comprising:

a non-transitory computer-readable medium having program code recorded
thereon, the program code including:

program code to receive, at a base station, an indication of a user equipment (UE)
capability for antenna switching per component carrier in carrier aggregation; and

program code to determine, at the base station, a transmission antenna selection

for the UE based, at least in part, on the indication of the UE capability.

48.  An apparatus configured for wireless communication, the apparatus comprising;
at least one processor; and
a memory coupled to the at least one processor, wherein the at least one processor
is configured to:
receive, at a base station, an indication of a user equipment (UE)
capability for antenna switching per component carrier in carrier aggregation; and
determine, at the base station, a transmission antenna selection for the UE

based, at least in part, on the indication of the UE capability.

49. A method of wireless communication, comprising:

receiving, at a user equipment (UE), a plurality of antenna selection assignments
from at least one base station;

evaluating the received plurality of antenna selection assignments for an
inconsistency; and

in response to finding the inconsistency, determining, at the UE, antenna

selection for uplink transmissions on at least one of a plurality of component carriers.

50.  The method of claim 49, wherein the determining includes ignoring all antenna

selection assignments and not performing uplink transmission.

51. The method of claim 49, wherein the determining includes performing uplink
transmission with antenna selection different from the received plurality of the antenna

selection assignments on at least one of the component carriers.
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52.  The method of claim 49, wherein the determining includes ignoring inconsistent

ones of the plurality of antenna selection assignments.

53.  The method of claim 49, wherein the determining includes:
determining an antenna port identified in a majority of the plurality of antenna
selection assignments; and

selecting the determined antenna port for the uplink transmissions.

54.  The method of claim 49, wherein the determining includes selecting an antenna

port associated with a priority component carrier of the plurality of component carriers.

55.  The method of claim 49, wherein the determining includes selecting a

predetermined antenna port.

56.  An apparatus configured for wireless communication, comprising:

means for receiving, at a user equipment (UE), a plurality of antenna selection
assignments from at least one base station;

means for evaluating the received plurality of antenna selection assignments for
an inconsistency; and

means for determining, at the UE, antenna selection for uplink transmissions on

at least one of a plurality of component carriers in response to finding the inconsistency.

57.  The apparatus of claim 56, wherein the means for determining includes means for

ignoring all antenna selection assignments and not performing uplink transmission.

58.  The apparatus of claim 56, wherein the means for determining includes means for
performing uplink transmission with antenna selection different from the received

plurality of the antenna selection assignments on at least one of the component carriers.

59.  The apparatus of claim 56, wherein the means for determining includes means for

ignoring inconsistent ones of the plurality of antenna selection assignments.

60.  The apparatus of claim 56, wherein the means for determining includes:
means for determining an antenna port identified in a majority of the plurality of
antenna selection assignments; and

means for selecting the determined antenna port for the uplink transmissions.
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61.  The apparatus of claim 56, wherein the means for determining includes means for
selecting an antenna port associated with a priority component carrier of the plurality of

component carriers.

62.  The apparatus of claim 56, wherein the means for determining includes means for

selecting a predetermined antenna port.

63. A computer program product for wireless communications in a wireless network,
comprising:

a non-transitory computer-readable medium having program code recorded
thereon, the program code including:

program code to receive, at a user equipment (UE), a plurality of antenna
selection assignments from at least one base station;

program code to evaluate the received plurality of antenna selection assignments
for an inconsistency; and

in response to finding the inconsistency, program code to determine, at the UE,
antenna selection for uplink transmissions on at least one of a plurality of component

carriers.

64. An apparatus configured for wireless communication, the apparatus comprising:
at least one processor; and
a memory coupled to the at least one processor, wherein the at least one processor
is configured to:
receive, at a user equipment (UE), a plurality of antenna selection
assignments from at least one base station;
evaluate the received plurality of antenna selection assignments for an
inconsistency; and
in response to finding the inconsistency, determine, at the UE, antenna

selection for uplink transmissions on at least one of a plurality of component carriers.
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restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

m No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ US2012/ 026161

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-3, 5-7, 9-13, 15-17, 19, 20

Signalling from the base station to the user equipment
closed-loop and open-loop antenna selection configuration
for primary and secondary component carrier, respectively.

2. claims: 4, 8, 14, 18, 21-48

User equipment transmit antenna switching using independent
antenna selection and simultaneous antenna switching and

different component carriers.
Signaling of respective UE capabilities.

3. claims: 49-64

Inconsistency detection between UE capabilities and

assignments by the base station.
UE behaviour on detection of inconsistencies.
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