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Description

Technical Field

[0001] The present application relates generally to
wireless communications systems and, more specifical-
ly, to a method and apparatus for Channel Quality Indi-
cator (CQI) indicator reports with carrier aggregation.

Background Art

[0002] Modern communications demand higher data
rates and performance. Multiple input, multiple output
(MIMO) antenna systems, also known as multiple-ele-
ment antenna (MEA) systems, achieve greater spectral
efficiency for allocated radio frequency (RF) channel
bandwidths by utilizing space or antenna diversity at both
the transmitter and the receiver, or in other cases, the
transceiver.
[0003] In MIMO systems, each of a plurality of data
streams is individually mapped and modulated before
being precoded and transmitted by different physical an-
tennas or effective antennas. The combined data
streams are then received at multiple antennas of a re-
ceiver. At the receiver, each data stream is separated
and extracted from the combined signal. This process is
generally performed using a minimum mean squared er-
ror (MMSE) or MMSE-successive interference cancella-
tion (SIC) algorithm.

Disclosure of Invention

Technical Problem

[0004] In 3rd Generation Partnership Project(3GPP)
Long Term Evolution (LTE) systems, the base station
transmits a Downlink(DL) grant to a subscriber stationin
a Physical Downlink Control Channel(PDCCH). Some
frames later, the subscriber station transmits an Acknowl-
edgement (ACK) or Negative Acknowledgement (NACK)
to the base station.

Solution to Problem

[0005] A mobile station for communicating via an uplink
transmission with at least one base station is provided in
independent claim 1.
[0006] HUAWEI: "PUCCH design for carrier aggrega-
tion", 3GPP DRAFT; R1-090813, 2009-02-03, discloses
Physical Uplink Control Channel (PUCCH) designs for
carrier aggregation for LTE-Advanced, wherein when
transmitting CQI reports, CQIs corresponding to different
downlink component carriers can be transmitted with dif-
ferent CQI periodic reporting cycles.
[0007] QUALCOMM EUROPE: "HS-DPCCH design
framework for MC-HSDPA", 3GPP DRAFT; R1-090034,
2009-01-07, discloses different High Speed-Dedicated
Physical Control Channel (HS-DPCCH) configurations

for Multi Carrier-High Speed Downlink Packet Access
(MC-HSDPA), wherein existing CQI designs can be re-
used based on a minimum CQI feedback cycle value.
[0008] SAMSUNG: "DL RS Designs for Higher Order
MIMO", 3GPP DRAFT; R1-090619, 2009-02-03, disclos-
es a reference signal design for LTE-Advanced, focusing
on the utilization of the antenna ports.
[0009] A method for communicating via a plurality of
downlink component carriers and at least one uplink com-
ponent carrier to at least one base station is provided in
independent claim 7.
[0010] Before undertaking the DETAILED DESCRIP-
TION OF THE INVENTION below, it may be advanta-
geous to set forth definitions of certain words and phrases
used throughout this patent document: the terms "in-
clude" and "comprise," as well as derivatives thereof,
mean inclusion without limitation; the term "or," is inclu-
sive, meaning and/or; the phrases "associated with" and
"associated therewith," as well as derivatives thereof,
may mean to include, be included within, interconnect
with, contain, be contained within, connect to or with,
couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or
with, have, have a property of, or the like; and the term
"controller" means any device, system or part thereof that
controls at least one operation, such a device may be
implemented in hardware, firmware or software, or some
combination of at least two of the same. It should be
noted that the functionality associated with any particular
controller may be centralized or distributed, whether lo-
cally or remotely. Definitions for certain words and phras-
es are provided throughout this patent document, those
of ordinary skill in the art should understand that in many,
if not most instances, such definitions apply to prior, as
well as future uses of such defined words and phrases.

Advantageous Effects of Invention

[0011] The present application can be provided a mo-
bile station for communicating via an uplink transmission
with at least one base station in a Multiple Input Multiple
Output wireless network.

Brief Description of Drawings

[0012] For a more complete understanding of the
present disclosure and its advantages, reference is now
made to the following description taken in conjunction
with the accompanying drawings, in which like reference
numerals represent like parts:

FIGURE 1 illustrates an Orthogonal Frequency Di-
vision Multiple Access (OFDMA) wireless network
that is capable of decoding data streams according
to one embodiment of the present disclosure;
FIGURE 2 is a high-level diagram of an OFDMA
transmitter according to one embodiment of the
present disclosure;
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FIGURE 3 illustrates Physical Uplink Control Chan-
nel CQI reporting in carrier aggregation according to
embodiments of the present disclosure;
FIGURE 4 illustrates Staggered CQI Reporting ac-
cording to embodiments of the present disclosure;
FIGURE 5 illustrates hopped CQI Reporting accord-
ing to embodiments of the present disclosure;
FIGURE 6 illustrates Mixed CQI Reporting according
to embodiments of the present disclosure;
FIGURE 7 illustrates Asymmetric Carrier Aggrega-
tion (CA) CQI Reporting according to embodiments
of the present disclosure;
FIGURE 8 illustrates Asymmetric Carrier Aggrega-
tion (CA) offset CQI Reporting according to embod-
iments of the present disclosure;
FIGURES 9 and 10 illustrate Asymmetric CA
PUCCH CQI Reporting using one or more antennas
according to embodiments of the present disclosure;
FIGURE 11 illustrates subframes for sending
PUCCH Resources through UL CCCs according to
embodiments of the present disclosure;
FIGURE 12 illustrates UE-Specific power control
fields according to embodiments of the present dis-
closure;
FIGURE 13 illustrates a Carrier Specific common
command according to embodiments of the present
disclosure; and
FIGURE 14 illustrates an exemplary wireless mobile
station according to embodiments of the present dis-
closure.

Mode for the Invention

[0013] FIGURES 1 through 14, discussed below, and
the various embodiments used to describe the principles
of the present disclosure in this patent document are by
way of illustration only and should not be construed in
any way to limit the scope of the disclosure. Those skilled
in the art will understand that the principles of the present
disclosure may be implemented in any suitably arranged
wireless communications network The invention is de-
fined and limited only by the scope of appended claims
1-8. In what follows, any reference to embodiments not
falling within the scope of said claims are to be interpreted
as examples useful for understanding the invention. In
particular, the embodiments corresponding to figures
9-13 are not according to the invention and are present
for illustration purposes only.
[0014] With regard to the following description, it is not-
ed that the 3GPP Long Term Evolution (LTE) term "node
B" is another term for "base station" used below. Also,
the LTE term "user equipment" or "UE" is another term
for "subscriber station" (or "SS") used below.
[0015] FIGURE 1 illustrates exemplary wireless net-
work 100 that is capable of decoding data streams ac-
cording to one embodiment of the present disclosure. In
the illustrated embodiment, wireless network 100 in-
cludes base station (BS) 101, base station (BS) 102, and

base station (BS) 103. Base station 101 communicates
with base station 102 and base station 103. Base station
101 also communicates with Internet protocol (IP) net-
work 130, such as the Internet, a proprietary IP network,
or other data network.
[0016] Base station 102 provides wireless broadband
access to network 130, via base station 101, to a first
plurality of subscriber stations within coverage area 120
of base station 102. The first plurality of subscriber sta-
tions includes subscriber station (SS) 111, subscriber
station (SS) 112, subscriber station (SS) 113, subscriber
station (SS) 114, subscriber station (SS) 115 and sub-
scriber station (SS) 116. Subscriber station (SS) may be
any wireless communication device, such as, but not lim-
ited to, a mobile phone, mobile PDA and any mobile sta-
tion (MS). In an exemplary embodiment, SS 111 may be
located in a small business (SB), SS 112 may be located
in an enterprise (E), SS 113 may be located in a WiFi
hotspot (HS), SS 114 may be located in a first residence,
SS 115 may be located in a second residence, and SS
116 may be a mobile (M) device.
[0017] Base station 103 provides wireless broadband
access to network 130, via base station 101, to a second
plurality of subscriber stations within coverage area 125
of base station 103. The second plurality of subscriber
stations includes subscriber station 115 and subscriber
station 116. In alternate embodiments, base stations 102
and 103 may be connected directly to the Internet by
means of a wired broadband connection, such as an op-
tical fiber, DSL, cable or T1/E1 line, rather than indirectly
through base station 101.
[0018] In other embodiments, base station 101 may be
in communication with either fewer or more base stations.
Furthermore, while only six subscriber stations are
shown in FIGURE 1, it is understood that wireless net-
work 100 may provide wireless broadband access to
more than six subscriber stations. It is noted that sub-
scriber station 115 and subscriber station 116 are on the
edge of both coverage area 120 and coverage area 125.
Subscriber station 115 and subscriber station 116 each
communicate with both base station 102 and base station
103 and may be said to be operating in handoff mode,
as known to those of skill in the art.
[0019] In an exemplary embodiment, base stations
101-103 may communicate with each other and with sub-
scriber stations 111-116 using an IEEE-802.16 wireless
metropolitan area network standard, such as, for exam-
ple, an IEEE-802.16e standard. In another embodiment,
however, a different wireless protocol may be employed,
such as, for example, a HIPERMAN wireless metropoli-
tan area network standard. Base station 101 may com-
municate through direct line-of-sight or non-line-of-sight
with base station 102 and base station 103, depending
on the technology used for the wireless backhaul. Base
station 102 and base station 103 may each communicate
through non-line-of-sight with subscriber stations
111-116 using OFDM and/or OFDMA techniques.
[0020] Base station 102 may provide a T1 level service
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to subscriber station 112 associated with the enterprise
and a fractional T1 level service to subscriber station 111
associated with the small business. Base station 102 may
provide wireless backhaul for subscriber station 113 as-
sociated with the WiFi hotspot, which may be located in
an airport, cafe, hotel, or college campus. Base station
102 may provide digital subscriber line (DSL) level serv-
ice to subscriber stations 114, 115 and 116.
[0021] Subscriber stations 111-116 may use the
broadband access to network 130 to access voice, data,
video, video teleconferencing, and/or other broadband
services. In an exemplary embodiment, one or more of
subscriber stations 111-116 may be associated with an
access point (AP) of a WiFi WLAN. Subscriber station
116 may be any of a number of mobile devices, including
a wireless-enabled laptop computer, personal data as-
sistant, notebook, handheld device, or other wireless-
enabled device. Subscriber stations 114 and 115 may
be, for example, a wireless-enabled personal computer,
a laptop computer, a gateway, or another device.
[0022] Dotted lines show the approximate extents of
coverage areas 120 and 125, which are shown as ap-
proximately circular for the purposes of illustration and
explanation only. It should be clearly understood that the
coverage areas associated with base stations, for exam-
ple, coverage areas 120 and 125, may have other
shapes, including irregular shapes, depending upon the
configuration of the base stations and variations in the
radio environment associated with natural and man-
made obstructions.
[0023] Also, the coverage areas associated with base
stations are not constant over time and may be dynamic
(expanding or contracting or changing shape) based on
changing transmission power levels of the base station
and/or the subscriber stations, weather conditions, and
other factors. In an embodiment, the radius of the cov-
erage areas of the base stations, for example, coverage
areas 120 and 125 of base stations 102 and 103, may
extend in the range from less than 2 kilometers to about
fifty kilometers from the base stations.
[0024] As is well known in the art, a base station, such
as base station 101, 102, or 103, may employ directional
antennas to support a plurality of sectors within the cov-
erage area. In FIGURE 1, base stations 102 and 103 are
depicted approximately in the center of coverage areas
120 and 125, respectively. In other embodiments, the
use of directional antennas may locate the base station
near the edge of the coverage area, for example, at the
point of a cone-shaped or pear-shaped coverage area.
[0025] The connection to network 130 from base sta-
tion 101 may comprise a broadband connection, for ex-
ample, a fiber optic line, to servers located in a central
office or another operating company point-of-presence.
The servers may provide communication to an Internet
gateway for internet protocol-based communications and
to a public switched telephone network gateway for
voice-based communications. In the case of voice-based
communications in the form of voice-over-IP (VoIP), the

traffic may be forwarded directly to the Internet gateway
instead of the PSTN gateway. The servers, Internet gate-
way, and public switched telephone network gateway are
not shown in FIGURE 1. In another embodiment, the con-
nection to network 130 may be provided by different net-
work nodes and equipment.
[0026] In accordance with an embodiment of the
present disclosure, one or more of base stations 101-103
and/or one or more of subscriber stations 111-116 com-
prises a receiver that is operable to decode a plurality of
data streams received as a combined data stream from
a plurality of transmit antennas using an MMSE-SIC al-
gorithm. As described in more detail below, the receiver
is operable to determine a decoding order for the data
streams based on a decoding prediction metric for each
data stream that is calculated based on a strength-related
characteristic of the data stream. Thus, in general, the
receiver is able to decode the strongest data stream first,
followed by the next strongest data stream, and so on.
As a result, the decoding performance of the receiver is
improved as compared to a receiver that decodes
streams in a random or pre-determined order without be-
ing as complex as a receiver that searches all possible
decoding orders to find the optimum order.
[0027] FIGURE 2 is a high-level diagram of an orthog-
onal frequency division multiple access (OFDMA) trans-
mit path. In (a) of FIGURE 2 and (b) of FIGURE 2, the
OFDMA transmit path is implemented in base station
(BS) 102 and the OFDMA receive path is implemented
in subscriber station (SS) 116 for the purposes of illus-
tration and explanation only. However, it will be under-
stood by those skilled in the art that the OFDMA receive
path may also be implemented in BS 102 and the OFDMA
transmit path may be implemented in SS 116.
[0028] The transmit path in BS 102 comprises channel
coding and modulation block 205, serial-to-parallel (S-
to-P) block 210, Size N Inverse Fast Fourier Transform
(IFFT) block 215, parallel-to-serial (P-to-S) block 220,
add cyclic prefix block 225, up-converter (UC) 230. The
receive path in SS 116 comprises down-converter (DC)
255, remove cyclic prefix block 260, serial-to-parallel (S-
to-P) block 265, Size N Fast Fourier Transform (FFT)
block 270, parallel-to-serial (P-to-S) block 275, channel
decoding and demodulation block 280.
[0029] At least some of the components in FIGURE 2
may be implemented in software while other components
may be implemented by configurable hardware or a mix-
ture of software and configurable hardware. In particular,
it is noted that the FFT blocks and the IFFT blocks de-
scribed in this disclosure document may be implemented
as configurable software algorithms, where the value of
Size N may be modified according to the implementation.
[0030] Furthermore, although this disclosure is direct-
ed to an embodiment that implements the Fast Fourier
Transform and the Inverse Fast Fourier Transform, this
is by way of illustration only and should not be construed
to limit the scope of the disclosure. It will be appreciated
that in an alternate embodiment of the disclosure, the

5 6 



EP 2 406 897 B1

5

5

10

15

20

25

30

35

40

45

50

55

Fast Fourier Transform functions and the Inverse Fast
Fourier Transform functions may easily be replaced by
Discrete Fourier Transform (DFT) functions and Inverse
Discrete Fourier Transform (IDFT) functions, respective-
ly. It will be appreciated that for DFT and IDFT functions,
the value of the N variable may be any integer number
(i.e., 1, 2, 3, 4, and so forth), while for FFT and IFFT
functions, the value of the N variable may be any integer
number that is a power of two (i.e., 1, 2, 4, 8, 16, and so
forth).
[0031] In BS 102, channel coding and modulation block
205 receives a set of information bits, applies coding
(such as Turbo coding) and modulates (such as QPSK
and QAM) the input bits to produce a sequence of fre-
quency-domain modulation symbols. Serial-to-parallel
block 210 converts (that is de-multiplexes) the serial
modulated symbols to parallel data to produce N parallel
symbol streams where N is the IFFT/FFT size used in
BS 102 and SS 116. Size N IFFT block 215 then performs
an IFFT operation on the N parallel symbol streams to
produce time-domain output signals. Parallel-to-serial
block 220 converts (that is multiplexes) the parallel time-
domain output symbols from Size N IFFT block 215 to
produce a serial time-domain signal. Add cyclic prefix
block 225 then inserts a cyclic prefix to the time-domain
signal. Finally, up-converter 230 modulates (that is up-
converts) the output of add cyclic prefix block 225 to RF
frequency for transmission via a wireless channel. The
signal may also be filtered at baseband before conver-
sion to RF frequency.
[0032] The transmitted RF signal arrives at SS 116 af-
ter passing through the wireless channel and reverse op-
erations to those at BS 102 are performed. Down-con-
verter 255 down-converts the received signal to base-
band frequency and remove cyclic prefix block 260 re-
moves the cyclic prefix to produce the serial time-domain
baseband signal. Serial-to-parallel block 265 converts
the time-domain baseband signal to parallel time domain
signals. Size N FFT block 270 then performs an FFT
algorithm to produce N parallel frequency-domain sig-
nals. Parallel-to-serial block 275 converts the parallel fre-
quency-domain signals to a sequence of modulated data
symbols. Channel decoding and demodulation block 280
demodulates and then decodes the modulated symbols
to recover the original input data stream.
[0033] Each of base stations 101-103 may implement
a transmit path that is analogous to transmitting in the
downlink to subscriber stations 111-116 and may imple-
ment a receive path that is analogous to receiving in the
uplink from subscriber stations 111-116. Similarly, each
one of subscriber stations 111-116 may implement a
transmit path corresponding to the architecture for trans-
mitting in the uplink to base stations 101-103 and may
implement a receive path corresponding to the architec-
ture for receiving in the downlink from base stations
101-103.
[0034] The present disclosure describes methods and
systems to convey information relating to base station

configuration to subscriber stations and, more specifical-
ly, to relaying base station antenna configuration to sub-
scriber stations. This information can be conveyed
through a plurality of methods, including placing antenna
configuration into a quadrature-phase shift keying
(QPSK) constellation (such as n-quadrature amplitude
modulation (QAM) signal, wherein n is 2^x) and placing
antenna configuration into the error correction data (such
as cyclic redundancy check (CRC) data). By encoding
antenna information into either the QPSK constellation
or the error correction data, the base stations 101-103
can convey base stations 101-103 antenna configuration
without having to separately transmit antenna configura-
tion. These systems and methods allow for the reduction
of overhead while ensuring reliable communication be-
tween base stations 101-103 and a plurality of subscriber
stations.
[0035] In some embodiments disclosed herein, data is
transmitted using QAM. QAM is a modulation scheme
which conveys data by modulating the amplitude of two
carrier waves. These two waves are referred to as quad-
rature carriers, and are generally out of phase with each
other by 90 degrees. QAM may be represented by a con-
stellation that comprises 2^x points, where x is an integer
greater than 1. In the embodiments discussed herein,
the constellations discussed will be four point constella-
tions (4-QAM). In a 4-QAM constellation a 2 dimensional
graph is represented with one point in each quadrant of
the 2 dimensional graph. However, it is explicitly under-
stood that the innovations discussed herein may be used
with any modulation scheme with any number of points
in the constellation. It is further understood that with con-
stellations with more than four points additional informa-
tion (such as reference power signal) relating to the con-
figuration of the base stations 101-103 may be conveyed
consistent with the disclosed systems and methods.
[0036] It is understood that the transmitter within base
stations 101-103 performs a plurality of functions prior to
actually transmitting data. In the 4-QAM embodiment,
QAM modulated symbols are serial-to-parallel converted
and input to an inverse fast Fourier transform (IFFT). At
the output of the IFFT, N time-domain samples are ob-
tained. In the disclosed embodiments, N refers to the
IFFT/ fast Fourier transform (FFT) size used by the
OFDM system. The signal after IFFT is parallel-to-serial
converted and a cyclic prefix (CP) is added to the signal
sequence. The resulting sequence of samples is referred
to as an OFDM symbol.
[0037] At the receiver within the subscriber station, this
process is reversed, and the cyclic prefix is first removed.
Then the signal is serial-to-parallel converted before be-
ing fed into the FFT. The output of the FFT is parallel-to-
serial converted, and the resulting QAM modulation sym-
bols are input to the QAM demodulator.
[0038] The total bandwidth in an OFDM system is di-
vided into narrowband frequency units called subcarri-
ers. The number of subcarriers is equal to the FFT/IFFT
size N used in the system. In general, the number of

7 8 



EP 2 406 897 B1

6

5

10

15

20

25

30

35

40

45

50

55

subcarriers used for data is less than N because some
subcarriers at the edge of the frequency spectrum are
reserved as guard subcarriers. In general, no information
is transmitted on guard subcarriers.
[0039] In order to perform successful communication
between subscriber stations, such as SS 116, and base
stations, such as BS 102, SS 116 report CQI (channel
quality index) related to downlink transmission. In 3GPP
TS 36.213 v8.5.0, "E-UTRA, Physical Layer Proce-
dures", Dec 2008, the CQI reporting for DL transmission
is defined to be carried either aperiodically in PUSCH or
periodically in PUCCH.
[0040] SS 116 can be semi-statically configured by
higher layers to periodically feed back different CQI, PMI,
and RI on the PUCCH using the reporting modes given
in 3GPP TS 36.213 v8.5.0, Table 7.2.2-1.
[0041] In R1-084316 "Summary of email discussion on
support for wider bandwidth", Nokia, RAN1#55, Prague,
Czech Republic, Nov. 2008, carrier aggregation is uti-
lized to support higher bandwidth in LTE-Advanced sys-
tems. In LTE-Advanced system, spectral bandwidth will
be in general much higher than the maximum configura-
tion of the current LTE system. Therefore, multiple com-
ponent carriers with each following the current LTE nu-
merology can be aggregated together.
[0042] A SS terminal, such as SS 116, can simultane-
ously receive or transmit one or multiple component car-
riers depending on its capabilities. For example, when
SS 116 is an LTE-Advanced terminal with reception
and/or transmission capabilities for carrier aggregation,
SS 116 can simultaneously receive and/or transmit on
multiple component carriers. Additionally, when SS 116
is an LTE Rel-8 terminal, SS 116 can receive and transmit
on a single component carrier only, provided that the
structure of the component carrier follows the Rel-8 spec-
ifications.
[0043] Additionally, in LTE, since there is only one UL
component carrier (CCC), there is no ambiguity in terms
of which power control command is related to which UL
CCC. Accordingly, in 3GPP TS 36.212 v 8.5.0, "E-UTRA,
Multiplexing and Channel coding", Dec 2008, the DCI
format 0 is defined for uplink scheduling assignment (SA)
of PUSCH.
[0044] FIGURE 3 illustrates Physical Uplink Control
Channel CQI reporting in carrier aggregation according
to embodiments of the present disclosure. The embodi-
ment of the PUCCH CQI reporting 300 illustrated in FIG-
URE 3 is for illustration only and other embodiments
could be used without departing from the scope of this
disclosure.
[0045] In some embodiments, SS 116 can pair-up the
UL and DL in order to report PUCCH CQI’s in each UL
CCC. SS 116 can report the PUCCH CQI’s such that
each UL CCC reports CQI’s only for its associated DL
CCC. For example, SS 116 can report PUCCH CQI’s
305, 310 via a first uplink component carrier (UL CCC1)
315 and a second uplink component carrier (UL CCC2)
320. The CQI report on each CCC 315, 320 is transmitted

at the same periodicity (P1=P2=4) and without a timing
offset between the transmissions of the two UL CCC’s
315, 320. The first CQI report 305 includes CQI 325 for
a first downlink component carrier (DL CCC1). The sec-
ond CQI report 310 includes CQI 330 for a second down-
link component carrier (DL CCC2). The PUCCH CQI re-
port for each DL CCC can be a rank report, wideband
CQI report or subband CQI report.
[0046] FIGURE 4 illustrates Staggered CQI Reporting
according to embodiments of the present disclosure. The
embodiment of the Staggered CQI reporting 400 shown
in FIGURE 4 is for illustration only. Other embodiments
could be used without departing from the scope of this
disclosure.
[0047] In some embodiments, SS 116 performs
PUCCH CQI reporting using a timing offset to stagger
the PUCCH CQI’s 305, 310. As described herein above
with respect to FIGURE 3, each UL CCC 315, 320 reports
PUCCH CQI for its associated DL CCC. However, SS
116 inserts a timing offset between the CQI report in UL
CCC1 315 and UL CCC2 320. For example, the first
PUCCH CQI 305 is transmitted in a first subframe 405
of UL CCC1 315. Additionally, the second PUCCH CQI
310 is transmitted in a second subframe 410 of UL CCC2
320. Accordingly, SS 116 staggers PUCCH CQI’s 305,
315 to avoid transmitting in both UL CCCs 315, 320 at
the same time. Using the Staggered (timing offset) CQI
Reporting 400, SS 116 saves battery power since a lower
Peak-To-Average Ration (PAPR) is achieved at SS 116.
Therefore, SS 116 is able to improve coverage in the
uplink.
[0048] In order to avoid transmitting multiple PUCCH
CQI’s 305, 310 within the same uplink subframe, the fol-
lowing conditions are first met:
[0049] 1) If the minimum periodicity among all UL CCC
reports is "P", then the periodicity of CQI reports on other
CCCs is N 3 P, wherein "N" is a positive integer number;
and
[0050] 2) The timing offset (O) between CQI reports
on different CCCs is less than or equal to P-1 subframes
(0≤(P-1)).
[0051] FIGURE 5 illustrates Hopped CQI Reporting ac-
cording to embodiments of the present disclosure. The
embodiment of the Hopped CQI reporting 500 shown in
FIGURE 5 is for illustration only. Other embodiments
could be used without departing from the scope of this
disclosure.
[0052] In some embodiments, SS 116 performs
PUCCH CQI reporting using different UL CCCs. Unlike
where each UL CCC 315, 320 reports PUCCH CQI for
its associated DL CCC as described herein above with
respect to FIGURE 3, the PUCCH CQI’s 305, 310 hop
on different UL CCCs 315, 320. That is, the first PUCCH
CQI 305 report for DL CCC1 can be transmitted on UL
CCC1 305 first, then hops to UL CCC2 320, and then
hops back to UL CCC1 305 again. For example, initially,
the first PUCCH CQI 305 is transmitted in UL CCC1 315
and the second PUCCH CQI 310 is transmitted in the UL
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CCC2 320. Thereafter, such as in the fifth subframe 505,
the second PUCCH CQI 310 is transmitted in UL CCC1
315 and the first PUCCH CQI 305 is transmitted in UL
CCC2 320. Further, such as in the ninth subframe 510,
the first PUCCH CQI 305 is transmitted in UL CCC1 315
and the second PUCCH CQI 310 is transmitted in UL
CCC2 320. Accordingly, SS 116 hops PUCCH CQI’s 305,
315 among the UL CCCs 315, 320 to provide maximum
diversity for the PUCCH CQI’s 305, 310. SS 116 further
mitigates the possibility of continued loss of PUCCH CQI
305, 310 on a given CCC 315, 320 due to reasons, such
as power control error, strong interference, and the like,
that may exist on one of the UL CCC’s 315, 320.
[0053] FIGURE 6 illustrates Mixed CQI Reporting ac-
cording to embodiments of the present disclosure. The
embodiment of the Mixed CQI reporting 600 shown in
FIGURE 6 is for illustration only. Other embodiments
could be used without departing from the scope of this
disclosure.
[0054] In some embodiments, SS 116 performs
Hopped PUCCH CQI reporting using a timing offset to
stagger the PUCCH CQI’s 305, 310. As described herein
above with respect to FIGURE 5, each UL CCC 315, 320
hops between UL CCCs 315, 320. However, SS 116 in-
serts a timing offset between the CQI report in UL CCC1
315 and UL CCC2 320. The timing offset can be config-
ured such that the PUCCH CQI in UL CCC2 320: lags
the PUCCH CQI in UL CCC1 315; leads the PUCCH CQI
in UL CCC1 315; or a combination of leading and lagging
(as illustrated in FIGURE 6) the PUCCH CQI in UL CCC1
315. For example, the first PUCCH CQI 305 is transmitted
in a first subframe 405 of UL CCC1 315. Additionally, the
second PUCCH CQI 310 is transmitted in a second sub-
frame 410 of UL CCC2 320. Thereafter, the first PUCCH
CQI 305 is transmitted in a fifth subframe 605 of UL CCC2
320 and the second PUCCH CQI 310 is transmitted in a
sixth subframe 610 of UL CCC1 315. Further, the first
PUCCH CQI 305 is transmitted in a ninth subframe 615
of UL CCC1 315 and the second PUCCH CQI 310 is
transmitted in a tenth subframe 620 of UL CCC2 320,
and so forth.
[0055] Accordingly, SS 116 staggers PUCCH CQI’s
305, 315 to avoid transmitting in both UL CCCs 315, 320
at the same time. Using the Mixed (Hopped and Stag-
gered) CQI Reporting 600, SS 116 can achieve maxi-
mum diversity for the PUCCH CQI report while maintain-
ing the single carrier property of the UL transmission.
[0056] FIGURE 7 illustrates Asymmetric Carrier Ag-
gregation (CA) CQI Reporting according to embodiments
of the present disclosure. The embodiment of the CA CQI
reporting 700 shown in FIGURE 7 is for illustration only.
Other embodiments could be used without departing
from the scope of this disclosure.
[0057] In some embodiments, a number of uplink com-
ponent carriers (UL CCCs) used for PUCCH CQI report-
ing is less than the number of downlink component car-
riers (DL CCCs) that require a report. SS 116, therefore,
can combine and transmit multiple PUCCH CQI’s using

fewer UL CCCs than DL CCCs. For example, SS 116
can combine PUCCH CQI 305 for DL CCC1 and PUCCH
CQI 310 into a PUCCH CQI report 705 for DL CCC2 for
transmission in the same subframes, referred herein as
a CQI reporting subframe 710. The CQI reporting sub-
frame 705 includes a first slot 715 and a second slot 720.
SS 116 can multiplex PUCCH CQI’s 305, 310 using a
different cyclic shift and/or resource block number within
the CQI reporting subframe 705. Therefore, the PUCCH
CQI 705, transmitted over UL CCC1 315, can carry two
different resources, such as both PUCCH CQI’s 305,
310, in the same time slot.
[0058] FIGURE 8 illustrates Asymmetric Carrier Ag-
gregation (CA) offset CQI Reporting according to em-
bodiments of the present disclosure. The embodiment of
the CA offset CQI reporting 800 shown in FIGURE 8 is
for illustration only. Other embodiments could be used
without departing from the scope of this disclosure.
[0059] In some embodiments, SS 116 performs Asym-
metric CA PUCCH CQI reporting using a timing offset to
stagger the PUCCH CQI’s 305, 310. As described herein
above with respect to FIGURE 7, when the number of
uplink component carriers is less than the number of
downlink component carriers, SS 116 can combine and
transmit multiple PUCCH CQI’s using fewer UL CCCs
than DL CCCs (such as in the example when SS 116
transmits PUCCH CQI’s 305, 310 using a UL CCC1 310).
SS 116, however, also can insert a timing offset between
the PUCCH CQI’s 305, 310 in UL CCC1 315. For exam-
ple, the first PUCCH CQI 305 is transmitted in a first sub-
frame 405. Additionally, the second PUCCH CQI 310 is
transmitted in a second subframe 410. Accordingly, SS
116 staggers PUCCH CQI’s 305, 315 to avoid transmit-
ting in both PUCCH CQI’s 305, 310 at the same time.
Using the Staggered (timing offset) CQI Reporting 800,
SS 116 saves battery power since a lower Peak-To-Av-
erage Ration (PAPR) is achieved at SS 116. Therefore,
SS 116 is able to improve coverage in the uplink.
[0060] FIGURES 9 and 10 illustrate Asymmetric CA
PUCCH CQI Reporting using one or more antennas ac-
cording to embodiments of the present disclosure. The
embodiments shown in FIGURES 9 and 10 are for illus-
tration only. Other embodiments could be used without
departing from the scope of this disclosure.
[0061] In some embodiments, illustrated in FIGURE 9,
SS 116 uses only one antenna, ANT1 905, for transmis-
sion in the uplink. The transmission on each UL CCC
315, 320 can be either PUCCH control or PUSCH data.
SS 116 can use one of two alternative transmission
modes 910, 915 in Carrier Aggregation. The selection of
these two alternative transmission modes 910, 915 can
be signaled semi-statically by higher layer signaling in
either a UE-Specific manner with Radio Resource Con-
trol (RRC) signaling or in a cell-specific manner via a
broadcast channel.
[0062] In a first alternative mode 910, SS 116 uses
ANT1 905 for transmitting in any number of UL CCC’s
315, 320 at a time, up to the maximum number of CCCs
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configured for SS 116 at the time. For example, SS 116
performs an uplink transmission 920 in all the subframes
in UL CCC1 315 and some of the subframes in UL CCC2
320. SS 116 may not transmit in at least one subframe
925 in UL CCC2 320. The first alternative mode 910 is
suitable when the CCC’s 315, 320 are on contiguous
frequency bands, or when SS 116 includes a power am-
plifier (PA) corresponding to each CCC (even in the when
the CCC’s 315, 320 are on non-contiguous frequency
bands).
[0063] In a second alternative mode 915, SS 116 uses
ANT1 905 for transmitting on one CCC within a given
subframe. For example, SS 116 performs an uplink trans-
mission 920 in the first two subframes in UL CCC1 315
and in the third subframe in UL CCC2 320. SS 116 does
not transmit in the third subframe 935 in UL CCC1 315
or in the first and second subframes 940, 945 in UL CCC2
320. The second alternative mode 915 is suitable when
SS 116 includes only one PA available for transmission,
and especially when the CCC’s 315, 320 are on non-
contiguous frequency bands).
[0064] In some embodiments, illustrated in FIGURE
10, SS 116 uses more than one antenna, such as ANT1
905 and ANT2 1005, for transmission in the uplink. The
transmission on each UL CCC 315, 320 can be either
PUCCH control or PUSCH data. SS 116 can use one of
three alternative transmission modes 1010, 1015, 1020
in Carrier Aggregation. The selection of these three al-
ternative transmission modes 1010, 1015, 1020 can be
signaled semi-statically by higher layer signaling in either
a UE-Specific manner with Radio Resource Control
(RRC) signaling or in a cell-specific manner via a broad-
cast channel. Alternatively, SS 116 can be semi-statically
switched between a first alternative mode 1010 and the
second and third alternative modes 1015, 1020 using
higher-layer signaling, while allowing dynamical switch-
ing between transmission modes a second and third al-
ternative mode 1015, 1020.
[0065] In the first alternative mode 1010, SS 116 uses
ANT1 905 and ANT2 1005 for transmitting in any number
of UL CCC’s 315, 320 at a time, up to the maximum
number of CCCs configured for SS 116 at the time. For
example, SS 116 performs an uplink transmission 1025
in all the subframes in UL CCC1 315 and some of the
subframes in UL CCC2 320. SS 116 may not transmit
1030 in at least one subframe in UL CCC2 320. The trans-
mission scheme in each CCC 315, 320 can be either
transmit diversity, beamforming or spatial multiplexing.
The first alternative mode 1010 is suitable when the
CCC’s 315, 320 are on contiguous frequency bands, or
when SS 116 includes a power amplifier (PA) corre-
sponding to each CCC (even in the when the CCC’s 315,
320 are on non-contiguous frequency bands).
[0066] In a second alternative mode 1015, SS 116 us-
es ANT1 905 and ANT2 1005 for transmitting on one
CCC within a given subframe. For example, SS 116 per-
forms an uplink transmission 1025 in the first subframe
in UL CCC1 315, in the second subframe in UL CCC2

320, and in the third subframe in UL CCC1 315. SS 116
does not transmit 1030 in UL CCC1 315 in the second
subframe and in UL CCC2 320 in the first and the third
subframes. The transmission scheme in each CCC can
be either transmit diversity, beamforming or spatial mul-
tiplexing. The second alternative mode 1015 is suitable
when SS 116 includes only one PA available for trans-
mission, and especially when the CCC’s 315, 320 are on
non-contiguous frequency bands).
[0067] In a third alternative mode 1020, SS 116 uses
ANT1 905 and ANT2 1005 for transmitting on different
antennas within a given subframe. Each CCC is associ-
ated with a subset of antennas and UL transmission in
this UL CCC can only be carried out by this subset of
antennas. Further, each antenna, ANT1 905 and ANT2
1005, is only associated with one CCC, that is, these
subsets of antennas do not overlap. For example, SS
116 performs an uplink transmission 1035 in the first and
third subframes in UL CCC1 315 using ANT1 905. Addi-
tionally, SS 116 performs an uplink transmission 1040 in
the second subframe in UL CCC2 320 using ANT2 1005.
SS 116 does not transmit 1030 in UL CCC1 315 in the
second subframe and in UL CCC2 320 in the third sub-
frame. The transmission scheme in each CCC can be
either transmit diversity, beamforming or spatial multi-
plexing. The second alternative mode 1015 is suitable
when SS 116 includes only one PA available for trans-
mission, and especially when the CCC’s 315, 320 are on
non-contiguous frequency bands). Further, unlike the
second alternative mode 1015 wherein for each antenna
its PA may work on different CCCs (and different fre-
quency band in non-contiguous case) in different sub-
frames; in the third alternative mode 1020, the PA for
each antenna is always transmitting in only one CCC.
[0068] In some embodiments, the component carriers
are bundled together and the payload is enlarged for a
single carrier. The channel quality indices are jointly en-
coded across multiple DL component carriers. The jointly
encoded CQIs are transmitted over multiple UL PUCCH
resources. The number of UL PUCCH resources is the
same as that of DL component carriers. For example,
the joint encoding of CQI across multiple DL component
carriers can be realized through Equation 1:

where K is the number of DL component carriers over
which the CQIs are jointly encoded. For example, in the
following code: (20, 10) the "20" represents the encoded
bits and the "10" is the information payload. When K=2
then the code becomes (40,10). Accordingly, the K
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PUCCH resources can be sent through one UL compo-
nent carrier or multiple UL component carriers as illus-
trated in FIGURE 11.
[0069] FIGURE 11 illustrates subframes for sending
PUCCH Resources through UL CCCs according to em-
bodiments of the present disclosure. The embodiments
shown in FIGURE 11 is for illustration only. Other em-
bodiments could be used without departing from the
scope of this disclosure.
[0070] In the examples shown in FIGURE 11, two DL
component carriers (therefore, two PUCCH resources)
are transmitted via three alternatives transmission
modes.
[0071] In the example illustrated in (a) of FIGURE 11,
SS 116 includes only one transmit antenna, such as
ANT1 905 in FIUGRE 9, and transmits two PUCCH re-
sources 1105, 1110 through two UL CCCs, such as UL
CCC1 315 and UL CCC2 320. Further, similar approach-
es as described in FIGURE 9 can be used. Similarly,
when SS 116 includes multiple transmit antennas, such
as ANT1 905 and ANT2 1005 in FIGURE 10, and trans-
mits two PUCCH resources 1105, 1110 through two UL
CCCs 315, 320. Further, similar approaches as de-
scribed in FIGURE 10 can be used.
[0072] In the example illustrated in (b) of FIGURE 11,
SS 116 includes multiple transmit antennas, such as
ANT1 905 and ANT2 1005, and transmits two PUCCH
resources 1105, 1110 through UL CCC1 315. The two
PUCCH resources 1105, 1110 can be sent through dif-
ferent antennas, ANT1 905 and ANT2 1005. For exam-
ple, PUCCH Resource1 1105 can be transmitted on
ANT1 905 and PUCCH Resource2 1110 can be trans-
mitted on ANT2 1005. Furthermore, PUCCH resources
1105, 1110 can hop on different transmit antennas. For
example, the PUCCH resource1 1105 will be transmitted
on UL ANT1 905 first, then hop to UL ANT2 1005, then
back to UL ANT1 905 again.
[0073] In the example illustrated in (c) of FIGURE 11,
SS 116 applies a timing offset as described hereinabove.
SS 116 transmits two PUCCH resources 1105, 1110 over
UL CCC1 315 through two subframes. Similar approach-
es as described with respect to FIGURE 8.
[0074] FIGURE 12 illustrates UE-Specific power con-
trol fields according to embodiments of the present dis-
closure. The embodiments shown in FIGURE 12 are for
illustration only and other embodiments could be used
without departing from the scope of this disclosure.
[0075] Power Control (PC) bits can be provided in the
UL SA grant (DCI format 0 in LTE) in one of two different
ways. Each PC filed could be two bits wide as in LTE
Rel-8, 3GPP TS 36.212 v. 8.5.0, "E-UTRA, Multiplexing
and Channel Coding, Dec. 2008, or have other bit-widths.
[0076] In the first alternative illustrated in (a) of FIG-
URE 12, only one power control (PC) field 1205 exists in
the UL SA 1210. This PC field 1205 is applied to all CCCs,
such as CCC1 1215 and CCC2 1220, in the UL. The first
alternative is suitable for the case where CCCs 1215,
1220 are on contiguous frequency bands and the inter-

ference patterns in these CCCs are not vastly different.
[0077] In the second alternative illustrated in (b) of FIG-
URE, multiple PC fields 1225, 1230 exists in the UL SA
1240. There is a first PC field 1225 for CCC1 1215 and
a second PC field 1230 for CCC2 1220 in the UL trans-
mission. The second alternative is suitable for the case
where CCCs are on non-contiguous frequency bands, or
on contiguous frequency bands but with large variation
in interference pattern. It is clear that the overall size of
the UL SA will grow with number of UL CCCs.
[0078] FIGURE 13 illustrates a Carrier Specific com-
mon command according to embodiments of the present
disclosure. The embodiment shown in FIGURE 13 is for
illustration only. Other embodiments could be used with-
out departing from the scope of this disclosure.
[0079] In some embodiments, each subscriber station
is associated with one common command for a group
carrier (that is, carrier specific). A DCI format 3/3A con-
tains the following fields in addition to the CRC bits: trans-
mit power control (TPC) command number 1, TPC com-
mand number 2, ...., TPC command number N.
[0080] In Rel-8 LTE, each TPC command is associated
with a given subscriber station (that is with a give UE),
and the association is defined in higher layer by the pa-
rameter "tpc-Index". Further, format 3 provides two bits
for each TPC command while format 3A provides one bit
for each TPC command.
[0081] In LTE-Advanced systems with carrier aggre-
gation, the same fields remain in the DCI formats 3/3A,
but with the following changes.
[0082] Each TPC command can be assigned to either
one CCC for a given subscriber station, or all CCCs for
a given subscriber station.
[0083] Within the same DCI format 3/3A, some TPC
commands can be assigned to only one CCC in a sub-
scriber station with multiple CCCs, while other TPC com-
mands can be assigned to all CCCs for another subscrib-
er station with multiple UL CCCs.
[0084] The index to the TPC command is provided by
the higher layers for each subscriber station and each
CCC.
[0085] An example is shown in FIGURE 13 to illustrate
how the TPC commands 1301, 1302, 1303, 1304 in DCI
formats 3/3A are assigned to different subscriber sta-
tions. In the example illustrates in FIGURE 13, at least
two subscriber stations, such as SS 115 and SS 116,
each include two CCCs. The first and second TPCs,
TPC1 1301 and TPC2 1302 are assigned to SS 115 such
that TPC1 1301 is assigned to CCC1 1305 of SS 115
and TPC2 1302 is assigned to CCC2 1310 of SS 115.
Additionally, one TPC, TPC3 1303, is assigned to SS
116 such that TPC3 1303 is assigned to CCC1 1315 and
CCC2 1320 of SS 116. The fourth TPC, TPC4 1304, can
be assigned to a CCC 1325 another subscriber station,
such as SS 114.
[0086] FIGURE 14 illustrates an exemplary wireless
mobile station according to embodiments of the present
disclosure. The embodiment of wireless subscriber sta-
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tion 116 illustrated in FIGURE 14 is for illustration only.
Other embodiments could be used without departing
from the scope of this disclosure.
[0087] Wireless subscriber station 116 comprises an-
tenna 1405, radio frequency (RF) transceiver 1410,
transmit (TX) processing circuitry 1415, microphone
1420, and receive (RX) processing circuitry 1425. SS
116 also comprises speaker 1430, main processor 1440,
input/output (I/O) interface (IF) 1445, keypad 1450, dis-
play 1455, and memory 1460. Memory 1460 further com-
prises basic operating system (OS) program 1461.
[0088] Radio frequency (RF) transceiver 1410 re-
ceives from antenna 1405 an incoming RF signal trans-
mitted by a base station of wireless network 100. Antenna
1405 can comprise a number (Nt) of antenna 1405 (e.g.,
SS 116 includes Nt antenna 1405). Radio frequency (RF)
transceiver 1410 down-converts the incoming RF signal
to produce an intermediate frequency (IF) or a baseband
signal. The IF or baseband signal is sent to receiver (RX)
processing circuitry 1425 that produces a processed
baseband signal by filtering, decoding, and/or digitizing
the baseband or IF signal. Receiver (RX) processing cir-
cuitry 1425 transmits the processed baseband signal to
speaker 1430 (that is, voice data) or to main processor
1440 for further processing (such as web browsing).
[0089] Transmitter (TX) processing circuitry 1415 re-
ceives analog or digital voice data from microphone 1420
or other outgoing baseband data (such as web data, e-
mail, interactive video game data) from main processor
1440. Transmitter (TX) processing circuitry 1415 en-
codes, multiplexes, and/or digitizes the outgoing base-
band data to produce a processed baseband or IF signal.
Radio frequency (RF) transceiver 1410 receives the out-
going processed baseband or IF signal from transmitter
(TX) processing circuitry 1415. Radio frequency (RF)
transceiver 1410 up-converts the baseband or IF signal
to a radio frequency (RF) signal that is transmitted via
antenna 1405.
[0090] In some embodiments of the present disclo-
sure, main processor 1440 is a microprocessor or micro-
controller. Memory 1460 is coupled to main processor
1440. According to some embodiments of the present
disclosure, part of memory 1460 comprises a random
access memory (RAM) and another part of memory 1460
comprises a Flash memory, which acts as a read-only
memory (ROM).
[0091] Main processor 1440 executes basic operating
system (OS) program 1461 stored in memory 1460 in
order to control the overall operation of wireless subscrib-
er station 116 such as one or more of the functions dis-
closed herein including CQI reporting with carrier aggre-
gation. In one such operation, main processor 1440 con-
trols the reception of forward channel signals and the
transmission of reverse channel signals by radio frequen-
cy (RF) transceiver 1410, receiver (RX) processing cir-
cuitry 1425, and transmitter (TX) processing circuitry
1415, in accordance with well-known principles.
[0092] Main processor 1440 is capable of executing

other processes and programs resident in memory 1460.
Main processor 1440 can move data into or out of mem-
ory 1460, as required by an executing process. Main
processor 1440 is also coupled to I/O interface 1445. I/O
interface 1445 provides subscriber station 116 with the
ability to connect to other devices such as laptop com-
puters and handheld computers. I/O interface 1445 is the
communication path between these accessories and
main controller 1440.
[0093] Main processor 1440 is also coupled to keypad
1450 and display unit 1455. The operator of subscriber
station 116 uses keypad 1450 to enter data into subscrib-
er station 116. Display 1455 may be a liquid crystal dis-
play capable of rendering text and/or at least limited
graphics from web sites. Alternate embodiments may use
other types of displays.
[0094] Although the present disclosure has been de-
scribed with an exemplary embodiment, various changes
and modifications may be suggested to one skilled in the
art. It is intended that the present disclosure encompass
such changes and modifications as fall within the scope
of the appended claims.

Claims

1. A mobile station (111, 112, 113, 114, 115, 116) for
transmitting data in a communication system, the
mobile station comprising:

at least one transmit antenna (1405); and
a transmitter (1415) configured to communicate
with at least one base station(101, 102, 103) us-
ing a plurality of downlink component carriers
and at least one uplink component carrier, and
a controller configured to control the transmitter
to transmit at least one periodic Physical Uplink
Control Channel, PUCCH, channel quality in-
dex, CQI, report for a downlink component car-
rier in the at least one uplink component carrier,
and the transmitter to transmit, if a number of
uplink component carriers is less than a number
of downlink component carriers, the CQI reports
corresponding to a subset of the plurality of
downlink component carriers by transmitting at
least two CQI reports corresponding to the sub-
set of the plurality of downlink component carri-
ers over one uplink component carrier,
wherein the controller is further configured to
control the transmitter to transmit a first PUCCH
CQI report for a first downlink component carrier
over a first uplink component carrier in a first
subframe and over a second uplink component
carrier in a second subframe subsequent to the
first subframe .

2. The mobile station of claim 1, wherein a period for
the at least one PUCCH CQI report is the same for
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all uplink component carriers.

3. The mobile station of claim 1, wherein if a number
of uplink component carriers equals a number of
downlink component carriers, the transmitter is con-
figured to transmit a PUCCH CQI report for each
uplink component carrier carrying a CQI correspond-
ing to a respective downlink component carrier.

4. The mobile station as set forth in claim 3, wherein
the transmitter is configured to insert a timing offset
into the at least one PUCCH CQI report comprising
a first CQI transmitted in a different subframe than
a second CQI.

5. The mobile station of claim 4 , wherein when a min-
imum period among all PUCCH CQI reports is P, a
period of the at least one PUCCH CQI report is N*P,
where N is an integer, and wherein the timing offset
varies from 0 to P-1.

6. The mobile station of Claim 1, wherein the transmit-
ter is configured to insert a timing offset into the at
least one PUCCH CQI report comprising a first
PUCCH CQI transmitted in a different subframe than
a second PUCCH CQI for a second downlink com-
ponent carrier.

7. A method for transmitting data by a mobile station
(111, 112, 113, 114, 115, 116) in a communication
system, the method comprising:

communicating with at least one base station
using a plurality of downlink component carriers
and at least one uplink component carrier;
transmitting, to the at least one base station
(101, 102, 103), at least one periodic Physical
Uplink Control Channel, PUCCH, channel qual-
ity index, CQI, report for a downlink component
carrier in at least one uplink component carrier,
and
wherein, if a number of uplink component carri-
ers is less than a number of downlink component
carriers, the mobile station transmits CQI re-
ports corresponding to a subset of the plurality
of downlink component carriers by transmitting
at least two CQI reports corresponding to the
subset of the plurality of downlink component
carriers over one uplink component carrier;
the method further comprising transmitting a first
PUCCH CQI report for a first downlink compo-
nent carrier over a first uplink component carrier
in a first subframe and over a second uplink com-
ponent carrier in a second subframe subsequent
to the first subframe.

8. The method of claim 7, further comprising performing
operations of the mobile station according to one of

claims 2 to 6.

Patentansprüche

1. Mobile Station (111, 112, 113, 114, 115, 116) zum
Übertragen von Daten in einem Kommunikations-
system, wobei die mobile Station Folgendes um-
fasst:

mindestens eine Sendeantenne (1405); und
einen Sender (1415), der konfiguriert ist, um mit
mindestens einer Basisstation (101, 102, 103)
unter Verwenden mehrerer Downlink-Kompo-
nententräger und mindestens eines Uplink-
Komponententrägers zu kommunizieren, und
eine Steuerung, die konfiguriert ist, um den Sen-
der zum Übertragen von mindestens einem pe-
riodischen physikalischen Uplink-Steuerka-
nal(PUCCH)-Kanalqualitätsindex(CQI)-Bericht
für einen Downlink-Komponententräger in dem
mindestens einen Uplink-Komponententräger
zu steuern, und wenn eine Anzahl von Uplink-
Komponententrägern kleiner als eine Anzahl
von Downlink-Komponententrägern ist, den
Sender zum Übertragen der CQI-Berichte zu
steuern, die einer Teilmenge der mehreren
Downlink-Komponententräger entsprechen,
durch Übertragen von mindestens zwei CQI-Be-
richten, die der Teilmenge der mehreren Down-
link-Komponententräger entsprechen, über ei-
nen Uplink-Komponententräger,
wobei die Steuerung ferner konfiguriert ist, um
den Sender zum Übertragen eines ersten
PUCCH-CQI-Berichts für einen ersten Down-
link-Komponententräger über einen ersten
Uplink-Komponententräger in einem ersten
Teilrahmen und über einen zweiten Uplink-
Komponententräger in einem zweiten Teilrah-
men nach dem ersten Teilrahmen zu steuern.

2. Mobile Station nach Anspruch 1, wobei ein Zeitraum
für den mindestens einen PUCCH-CQI-Bericht für
alle Uplink-Komponententräger gleich ist.

3. Mobile Station nach Anspruch 1, wobei, wenn eine
Anzahl von Uplink-Komponententrägern gleich ei-
ner Anzahl von Downlink-Komponententrägern ist,
der Sender konfiguriert ist, um einen PUCCH-CQI-
Bericht für jeden Uplink-Komponententräger zu
übertragen, der einen CQI trägt, der einem betref-
fenden Downlink-Komponententräger entspricht.

4. Mobile Station nach Anspruch 3, wobei der Sender
konfiguriert ist, um einen Zeitversatz in den mindes-
tens einen PUCCH-CQI-Bericht einzufügen, der Fol-
gendes umfasst
einen ersten CQI, der in einem anderen Teilrahmen
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als ein zweiter CQI übertragen wird.

5. Mobile Station nach Anspruch 4,
wobei, wenn ein Mindestzeitraum unter allen
PUCCH-CQI-Berichten P ist, ein Zeitraum des min-
destens einen PUCCH-CQI-Berichts N*P ist, wobei
N eine ganze Zahl ist und wobei der Zeitversatz von
0 bis P-1 variiert.

6. Mobile Station nach Anspruch 1, wobei der Sender
konfiguriert ist, um einen Zeitversatz in den mindes-
tens einen PUCCH-CQI-Bericht einzufügen, der ei-
nen ersten PUCCH-CQI umfasst, der in einem an-
deren Teilrahmen als ein zweiter PUCCH-CQI für
einen zweiten Downlink-Komponententräger über-
tragen wird.

7. Verfahren zum Übertragen von Daten durch eine
mobile Station (111, 112, 113, 114, 115, 116) in ei-
nem Kommunikationssystem, wobei das Verfahren
Folgendes umfasst:

Kommunizieren mit mindestens einer Basissta-
tion unter Verwenden mehrerer Downlink-Kom-
ponententräger und mindestens eines Uplink-
Komponententrägers;
Übertragen an die mindestens eine Basisstation
(101, 102, 103) von mindestens einem periodi-
schen physikalischen Uplink-Steuerka-
nal(PUCCH)-Kanalqualitätsindex(CQI)-Bericht
für einen Downlink-Komponententräger in min-
destens einem Uplink-Komponententräger, und
wobei, wenn eine Anzahl von Uplink-Kompo-
nententrägern kleiner als eine Anzahl von
Downlink-Komponententrägern ist, die mobile
Station CQI-Berichte überträgt, die einer Teil-
menge der mehreren
Downlink-Komponententräger entsprechen,
durch Übertragen von mindestens zwei CQI-Be-
richten, die der Teilmenge der mehreren
Downlink-Komponententräger entsprechen,
über einen Uplink-Komponententräger;
wobei das Verfahren ferner das Übertragen ei-
nes ersten PUCCH-CQI-Berichts für einen ers-
ten Downlink-Komponententräger über einen
ersten Uplink-Komponententräger in einem ers-
ten Teilrahmen und über einen zweiten Uplink-
Komponententräger in einem zweiten Teilrah-
men nach dem ersten Teilrahmen umfasst.

8. Verfahren nach Anspruch 7, welches ferner das Aus-
führen von Operationen der mobilen Station nach
einem der Ansprüche 2 bis 6 umfasst.

Revendications

1. Station mobile (111, 112, 113, 114, 115, 116) pour

transmettre des données dans un système de com-
munication, la station mobile comprenant :

au moins une antenne de transmission (1405) ;
et
un émetteur (1415) configuré pour communi-
quer avec au moins une station de base (101,
102, 103) en utilisant une pluralité de porteuses
de composant de liaison descendante et au
moins une porteuse de composant de liaison
montante, et
un contrôleur configuré pour commander l’émet-
teur pour transmettre au moins un rapport pé-
riodique d’indice de qualité de canal, CQI, de
canal de commande de liaison montante physi-
que, PUCCH, pour une porteuse de composant
de liaison descendante dans l’au moins une por-
teuse de composant de liaison montante, et
l’émetteur pour transmettre, si un nombre de
porteuses de composant de liaison montante
est inférieur à un nombre de porteuses de com-
posant de liaison descendante, les rapports de
CQI correspondant à un sous-ensemble de la
pluralité de porteuses de composant de liaison
descendante en transmettant au moins deux
rapports de CQI correspondant au sous-ensem-
ble de la pluralité de porteuses de composant
de liaison descendante sur une porteuse de
composant de liaison montante,
où le contrôleur est configuré en outre pour com-
mander l’émetteur pour transmettre un premier
rapport de CQI de PUCCH pour une première
porteuse de composant de liaison descendante
sur une première porteuse de composant de
liaison montante dans une première sous-trame
et sur une deuxième porteuse de composant de
liaison montante dans une deuxième sous-tra-
me après la première sous-trame.

2. Station mobile selon la revendication 1, où une pé-
riode pour l’au moins un rapport de CQI de PUCCH
est la même pour toutes les porteuses de composant
de liaison montante.

3. Station mobile selon la revendication 1, où si un nom-
bre de porteuses de composant de liaison montante
est égal à un nombre de porteuses de composant
de liaison descendante, l’émetteur est configuré
pour transmettre un rapport de CQI de PUCCH pour
chaque porteuse de composant de liaison montante
portant un CQI correspondant à une porteuse de
composant de liaison descendante respective.

4. Station mobile selon la revendication 3, où l’émetteur
est configuré pour insérer un décalage de synchro-
nisation dans l’au moins un rapport de CQI de
PUCCH comprenant un premier CQI transmis dans
une sous-trame différente de celle d’un deuxième
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CQI.

5. Station mobile selon la revendication 4,
où, lorsqu’une période minimale parmi tous les rap-
ports de CQI de PUCCH est P, une période de l’au
moins un rapport de CQI de PUCCH est N*P, où N
est un nombre entier, et où le décalage de synchro-
nisation varie de 0 à P-1.

6. Station mobile selon la revendication 1, où l’émetteur
est configuré pour insérer un décalage de synchro-
nisation dans l’au moins un rapport de CQI de
PUCCH comprenant un premier CQI de PUCCH
transmis dans une sous-trame différente de celle
d’un deuxième CQI de PUCCH pour une deuxième
porteuse de composant de liaison descendante.

7. Procédé de transmission de données par une station
mobile (111, 112, 113, 114, 115, 116) dans un sys-
tème de communication, le procédé comprenant :

communiquer avec au moins une station de ba-
se en utilisant une pluralité de porteuses de
composant de liaison descendante et au moins
une porteuse de composant de liaison
montante ;
transmettre, à l’au moins une station de base
(101, 102, 103), au moins un rapport périodique
d’indice de qualité de canal, CQI, de canal de
commande de liaison montante physique,
PUCCH, pour une porteuse de composant de
liaison descendante dans au moins une porteu-
se de composant de liaison montante, et
où, si un nombre de porteuses de composant
de liaison montante est inférieur à un nombre
de porteuses de composant de liaison descen-
dante, la station mobile transmet des rapports
de CQI correspondant à un sous-ensemble de
la pluralité de porteuses de composant de
liaison descendante en transmettant au moins
deux rapports de CQI correspondant au sous-
ensemble de la pluralité de porteuses de com-
posant de liaison descendante sur une porteuse
de composant de liaison montante ;
le procédé comprenant en outre la transmission
d’un premier rapport de CQI de PUCCH pour
une première porteuse de composant de liaison
descendante sur une première porteuse de
composant de liaison montante dans une pre-
mière sous-trame et sur une deuxième porteuse
de composant de liaison montante dans une
deuxième sous-trame après la première sous-
trame.

8. Procédé selon la revendication 7, comprenant en
outre la mise en œuvre d’opérations de la station
mobile selon l’une des revendications 2 à 6.
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