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Description
Title of Invention: METHOD AND SYSTEM FOR

TRANSMITTING CHANNEL STATE INFORMATION IN

WIRELESS COMMUNICATION SYSTEMS
Technical Field

The present application relates generally to wireless communications and, more
specifically, to a method and system for transmitting channel state information in

wireless communication systems.

Background Art
In 3¢ Generation Partnership Project Long Term Evolution (3GPP LTE), Orthogonal
Frequency Division Multiplexing (OFDM) is adopted as a downlink (DL) transmission

scheme.
Disclosure of Invention

Technical Problem

A base station is provided. The base station includes a transmit path circuitry
configured to transmit an uplink grant in a downlink control information (DCI) format
to a subscriber station. The base station also includes a receive path circuitry
configured to receive only uplink control information (UCI) on a physical uplink
shared channel (PUSCH) from the subscriber station when the uplink grant includes a
modulation and coding scheme (MCS) of an enabled transport block (TB) with a value
of 29, or a redundancy version of the PUSCH is 1; a channel state information (CSI)
request field with a non-zero value; and a total number of physical resource blocks
allocated for the subscriber station, Npgp, with a value less than or equal to a threshold
number of physical resource blocks, Terp. Trrs is based at least partly upon one of a
total number of CSI information bits to be transmitted on the PUSCH, N, and a
number of downlink component carriers (DL CCs) reported in a current CSI reporting,
Necs.

A method of operating a base station is provided. The method includes transmitting
an uplink grant in a downlink control information (DCI) format to a subscriber station.
The method also includes receiving only uplink control information (UCI) on a
physical uplink shared channel (PUSCH) from the subscriber station when the uplink
grant includes a modulation and coding scheme (MCS) of an enabled transport block
(TB) with a value of 29, or a redundancy version of the PUSCH with a value of 1; a
channel state information (CSI) request field with a non-zero value; and a total number

of physical resource blocks allocated for the subscriber station, Npgg, with a value less
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than or equal to a threshold number of physical resource blocks, Tpgg. Terp 1S based at
least partly upon one of a total number of CSI information bits to be transmitted on the
PUSCH, N, and a number of downlink component carriers (DL CCs) reported in a
current CSI reporting, Nc.

A subscriber station is provided. The subscriber station includes a receive path
circuitry configured to receive an uplink grant in a downlink control information (DCI)
format from a base station. The subscriber station also includes a transmit path
circuitry configured to transmit only uplink control information (UCI) on a physical
uplink shared channel (PUSCH) to the base station when the uplink grant includes a
modulation and coding scheme (MCS) of an enabled transport block (TB) with a value
of 29, or a redundancy version of the PUSCH with a value of 1; a channel state in-
formation (CSI) request field with a non-zero value; and a total number of physical
resource blocks allocated for the subscriber station, , with a value less than or equal to
a threshold number of physical resource blocks, Terp. Terp 1S based at least partly upon
one of a total number of CSI information bits to be transmitted on the PUSCH, Nl
and a number of downlink component carriers (DL CCs) reported in a current CSI
reporting, Nccs.

A method of operating a subscriber station, the method includes receiving an uplink
grant in a downlink control information (DCI) format from a base station. The method
also includes transmitting only uplink control information (UCI) on a physical uplink
shared channel (PUSCH) to the base station when the uplink grant includes a
modulation and coding scheme (MCS) of an enabled transport block (TB) with a value
of 29, or a redundancy version of the PUSCH with a value of 1; a channel state in-
formation (CSI) request field with a non-zero value; and a total number of physical
resource blocks allocated for the subscriber station, Negp, with a value less than or
equal to a threshold number of physical resource blocks, Tprp. Tprp is based at least
partly upon one of a total number of CSI information bits to be transmitted on the
PUSCH, N, and a number of downlink component carriers (DL CCs) reported in a
current CSI reporting, Nc.

Before undertaking the DETAILED DESCRIPTION OF THE INVENTION below,
it may be advantageous to set forth definitions of certain words and phrases used
throughout this patent document: the terms “include” and “comprise,” as well as
derivatives thereof, mean inclusion without limitation; the term “or,” is inclusive,
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
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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 locally or remotely. Definitions for certain words
and phrases 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.

Brief Description of Drawings

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 ac-
companying drawings, in which like reference numerals represent like parts:

FIGURE 1 illustrates an exemplary wireless network that transmits messages in the
uplink according to the principles of this disclosure;

FIGURE 2 is a high-level diagram of an orthogonal frequency division multiple
access (OFDMA) transmitter according to one embodiment of this disclosure;

FIGURE 3 is a high-level diagram of an OFDMA receiver according to one em-
bodiment of this disclosure;

FIGURE 4 illustrates a diagram of a base station in communication with a plurality
of mobile stations according to an embodiment of this disclosure;

FIGURE 5 illustrates a spatial division multiple access (SDMA) scheme according to
an embodiment of this disclosure;

FIGURE 6 illustrates a method of operating a base station according to an em-
bodiment of this disclosure; and

FIGURE 7 illustrates a method of operating a subscriber station according to an em-
bodiment of this disclosure.

Best Mode for Carrying out the Invention

FIGURES 1 through 7, 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 communication
system.

With regard to the following description, it is noted that the LTE terms “node B”,
“enhanced node B, and “eNodeB” are other terms for “base station” used below.
Also, the LTE term “user equipment” or “UE” is another term for “subscriber station”
used below.

FIGURE 1 illustrates exemplary wireless network 100, which transmits messages
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according to the principles of the present disclosure. In the illustrated embodiment,
wireless network 100 includes base station (BS) 101, base station (BS) 102, base
station (BS) 103, and other similar base stations (not shown).

Base station 101 is in communication with Internet 130 or a similar IP-based network
(not shown).

Base station 102 provides wireless broadband access to Internet 130 to a first
plurality of subscriber stations within coverage area 120 of base station 102. The first
plurality of subscriber stations includes subscriber station 111, which may be located
in a small business (SB), subscriber station 112, which may be located in an enterprise
(E), subscriber station 113, which may be located in a WiFi hotspot (HS), subscriber
station 114, which may be located in a first residence (R), subscriber station 115,
which may be located in a second residence (R), and subscriber station 116, which may
be a mobile device (M), such as a cell phone, a wireless laptop, a wireless PDA, or the
like.

Base station 103 provides wireless broadband access to Internet 130 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 an exemplary embodiment, base stations 101-103 may communicate
with each other and with subscriber stations 111-116 using OFDM or OFDMA
techniques.

While only six subscriber stations are depicted in FIGURE 1, it is understood that
wireless network 100 may provide wireless broadband access to additional subscriber
stations. It is noted that subscriber station 115 and subscriber station 116 are located on
the edges 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.

Subscriber stations 111-116 may access voice, data, video, video conferencing, and/
or other broadband services via Internet 130. 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 assistant, notebook,
handheld device, or other wireless-enabled device. Subscriber stations 114 and 115
may be, for example, a wireless-enabled personal computer (PC), a laptop computer, a
gateway, or another device.

FIGURE 2 is a high-level diagram of an orthogonal frequency division multiple
access (OFDMA) transmit path 200. FIGURE 3 is a high-level diagram of an or-
thogonal frequency division multiple access (OFDMA) receive path 300. In FIGURES
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2 and 3, the OFDMA transmit path 200 is implemented in base station (BS) 102 and
the OFDMA receive path 300 is implemented in subscriber station (SS) 116 for the
purposes of illustration and explanation only. However, it will be understood by those
skilled in the art that the OFDMA receive path 300 may also be implemented in BS
102 and the OFDMA transmit path 200 may be implemented in SS 116.

The transmit path 200 in BS 102 comprises a channel coding and modulation block
205, a serial-to-parallel (S-to-P) block 210, a Size N Inverse Fast Fourier Transform
(IFFT) block 215, a parallel-to-serial (P-to-S) block 220, an add cyclic prefix block
225, and an up-converter (UC) 230.

The receive path 300 in SS 116 comprises a down-converter (DC) 255, a remove
cyclic prefix block 260, a serial-to-parallel (S-to-P) block 265, a Size N Fast Fourier
Transform (FFT) block 270, a parallel-to-serial (P-to-S) block 275, and a channel
decoding and demodulation block 280.

At least some of the components in FIGURES 2 and 3 may be implemented in
software while other components may be implemented by configurable hardware or a
mixture of software and configurable hardware. In particular, it is noted that the FFT
blocks and the IFFT blocks described in the present disclosure document may be im-
plemented as configurable software algorithms, where the value of Size N may be
modified according to the implementation.

Furthermore, although the present disclosure is directed to an embodiment that im-
plements 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
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, respectively. 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, etc.), 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, etc.).

In BS 102, channel coding and modulation block 205 receives a set of information
bits, applies coding (e.g., Turbo coding) and modulates (e.g., QPSK, QAM) the input
bits to produce a sequence of frequency-domain modulation symbols. Serial-to-parallel
block 210 converts (i.e., 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 (i.e., 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
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inserts a cyclic prefix to the time-domain signal. Finally, up-converter 230 modulates
(i.e., 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
conversion to RF frequency.

The transmitted RF signal arrives at SS 116 after passing through the wireless
channel and reverse operations performed at BS 102. Down-converter 255 down-
converts the received signal to baseband frequency and remove cyclic prefix block 260
removes 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 signals. Parallel-to-serial block 275 converts the parallel frequency-
domain signals to a sequence of modulated data symbols. Channel decoding and de-
modulation block 280 demodulates and then decodes the modulated symbols to
recover the original input data stream.

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 implement 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 transmitting in the uplink to base stations
101-103 and may implement a receive path corresponding to the architecture for
receiving in the downlink from base stations 101-103.

The total bandwidth in an OFDM system is divided into narrowband frequency units
called subcarriers. The number of subcarriers is equal to the FFT/IFFT size N used in
the system. In general, the number of subcarriers used for data is less than N because
some subcarriers at the edge of the frequency spectrum are reserved as guard sub-
carriers. In general, no information is transmitted on guard subcarriers.

The transmitted signal in each downlink (DL) slot of a resource block is described by

a resource grid of a7 2= pr&& subcarriers and pr 22 OFDM symbols. The quantity
RE 5o sprads
7oz depends on the downlink transmission bandwidth configured in the cell and
RR
fulfill wwin, DL oI max 0L Wh inor and Ay max.DZ gre th llest
WS proinDl oo pp DI o pyeeseDI, WHere ppainDIand prma are the smalles

and largest downlink bandwidth, respectively, supported. In some embodiments, sub-
carriers are considered the smallest elements that are capable of being modulated.

In case of multi-antenna transmission, there is one resource grid defined per antenna
port.

Each element in the resource grid for antenna port P is called a resource element

(RE) and is uniquely identified by the index pair (k,1) in a slot where
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F=0,. NN and ; — D’""Nifrab- 1 are the indices in the frequency and

time domains, respectively. Resource element (k,1) on antenna port P corresponds to

the complex value , ¢~ If there is no risk for confusion or no particular antenna port
kT

is specified, the index P may be dropped.

In LTE, DL reference signals (RSs) are used for two purposes. First, UEs measure
channel quality information (CQI), rank information (RI) and precoder matrix in-
formation (PMI) using DL RSs. Second, each UE demodulates the DL transmission
signal intended for itself using the DL RSs. In addition, DL RSs are divided into three
categories: cell-specific RSs, multi-media broadcast over a single frequency network
(MBSFN) RSs, and UE-specific RSs or dedicated RSs (DRSs).

Cell-specific reference signals (or common reference signals: CRSs) are transmitted
in all downlink subframes in a cell supporting non-MBSFN transmission. If a subframe
is used for transmission with MBSEN, only the first a few (0, 1 or 2) OFDM symbols
in a subframe can be used for transmission of cell-specific reference symbols. The
notation R is used to denote a resource element used for reference signal transmission
on antenna port P.

UE-specific reference signals (or dedicated RS: DRS) are supported for single-
antenna-port transmission on the Physical Downlink Shared Channel (PDSCH) and are
transmitted on antenna port 5. The UE is informed by higher layers whether the UE-
specific reference signal is present and is a valid phase reference for PDSCH de-
modulation or not. UE-specific reference signals are transmitted only on the resource
blocks upon which the corresponding PDSCH is mapped.

The time resources of an LTE system are partitioned into 10 msec frames, and each
frame is further partitioned into 10 subframes of one msec duration each. A subframe
is divided into two time slots, each of which spans 0.5 msec. A subframe is partitioned
in the frequency domain into multiple resource blocks (RBs), where an RB is
composed of 12 subcarriers.

FIGURE 4 illustrates a diagram 400 of a base station 420 in communication with a
plurality of mobile stations 402, 404, 406, and 408 according to an embodiment of this
disclosure.

As shown in FIGURE 4, base station 420 simultaneously communicates with
multiple of mobile stations through the use of multiple antenna beams, each antenna
beam is formed toward its intended mobile station at the same time and same
frequency. Base station 420 and mobile stations 402, 404, 406, and 408 are employing
multiple antennas for transmission and reception of radio wave signals. The radio wave
signals can be Orthogonal Frequency Division Multiplexing (OFDM) signals.

In this embodiment, base station 420 performs simultaneous beamforming through a
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plurality of transmitters to each mobile station. For instance, base station 420 transmits
data to mobile station 402 through a beamformed signal 410, data to mobile station
404 through a beamformed signal 412, data to mobile station 406 through a
beamformed signal 414, and data to mobile station 408 through a beamformed signal
416. In some embodiments of this disclosure, base station 420 is capable of simul-
taneously beamforming to the mobile stations 402, 404, 406, and 408. In some em-
bodiments, each beamformed signal is formed toward its intended mobile station at the
same time and the same frequency. For the purpose of clarity, the communication from
a base station to a mobile station may also be referred to as downlink communication,
and the communication from a mobile station to a base station may be referred to as
uplink communication.

Base station 420 and mobile stations 402, 404, 406, and 408 employ multiple
antennas for transmitting and receiving wireless signals. It is understood that the
wireless signals may be radio wave signals, and the wireless signals may use any
transmission scheme known to one skilled in the art, including an Orthogonal
Frequency Division Multiplexing (OFDM) transmission scheme.

Mobile stations 402, 404, 406, and 408 may be any device that is capable receiving
wireless signals. Examples of mobile stations 402, 404, 406, and 408 include, but are
not limited to, a personal data assistant (PDA), laptop, mobile telephone, handheld
device, or any other device that is capable of receiving the beamformed transmissions.

The use of multiple transmit antennas and multiple receive antennas at both a base
station and a single mobile station to improve the capacity and reliability of a wireless
communication channel is known as a Single User Multiple Input Multiple Output
(SU-MIMO) system. A MIMO system promises linear increase in capacity with K
where K is the minimum of number of transmit (M) and receive antennas (N) (i.e., K =
min(M,N)). A MIMO system can be implemented with the schemes of spatial mul-
tiplexing, a transmit/receive beamforming, or transmit/receive diversity.

As an extension of SU-MIMO, multi-user MIMO (MU-MIMO) is a communication
scenario where a base station with multiple transmit antennas can simultaneously com-
municate with multiple mobile stations through the use of multi-user beamforming
schemes such as Spatial Division Multiple Access (SDMA) to improve the capacity
and reliability of a wireless communication channel.

FIGURE 5 illustrates a SDMA scheme according to an embodiment of this
disclosure.

As shown in FIGURE 5, base station 420 is equipped with 8 transmit antennas while
mobile stations 402, 404, 406, and 408 are each equipped two antennas. In this
example, base station 420 has eight transmit antennas. Each of the transmit antennas
transmits one of beamformed signals 410, 502, 504, 412, 414, 506, 416, and 508. In
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this example, mobile station 402 receives beamformed transmissions 410 and 502,
mobile station 404 receives beamformed transmissions 504 and 412, mobile station
406 receives beamformed transmissions 506 and 414, and mobile station 408 receives
beamformed transmissions 508 and 416.

Since base station 420 has eight transmit antenna beams (each antenna beams one
stream of data streams), eight streams of beamformed data can be formed at base
station 420. Each mobile station can potentially receive up to 2 streams (beams) of data
in this example. If each of the mobile stations 402, 404, 406, and 408 was limited to
receive only a single stream (beam) of data, instead of multiple streams simul-
taneously, this would be multi-user beamforming (i.e., MU-BF).

In 3GPP LTE Release 8/9, a UE may transmit up to one CW in a subframe.
According to R1-106540, “Way Forward On Aperiodic CSI Triggering,” November
2010, which is hereby incorporated by reference into the present application as if fully
set forth herein, in order to determine the modulation order, redundancy version and
transport block (TB) size for the physical uplink shared channel (PUSCH), the UE
first:

- reads the “modulation and coding scheme and redundancy version” field (Iycs),

- checks the “CQI request” bit,

- computes the total number of allocated physical resource blocks (PRBs) (Npgs)
based on the procedure defined in Section 8.1 of R1-106557, Change Request for
3GPP Technical Specification No. 36.213, December 2010, which is hereby in-
corporated by reference into the present application as if fully set forth herein, and

- computes the number of coded symbols for the control information.

For 0<Iycs<28, the modulation order (Q,,) is determined as follows:

- if the UE is capable of supporting 64QAM in the PUSCH and has not been
configured by higher layers to transmit only QPSK and 16QAM, the modulation order
is given by Q;71 in Table 8.6.1-1;

- if the UE is not capable of supporting 64QAM in the PUSCH or has been
configured by higher layers to transmit only QPSK and 16QAM, Q’ is first read from
gL

Table 8.6.1-1, and the modulation order is set to 0,, = min(4,0, ) ;and

- if the parameter ttiBundling provided by higher layers is set to TRUE, then the
resource allocation size is restricted to Npgp<3 and the modulation order is set to Q,, =
2.

For 29<Iycs<31, if Iyes=29, the “CQI request” bit field in an uplink DCI format is set
to trigger a report and Npgp<4, the modulation order is set to Q,=2. Otherwise, the

modulation order is determined from the downlink control information (DCI)
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transported in the latest physical downlink control channel (PDCCH) with DCI format
0 for the same transport block using 0<I;-s<28. If there is no PDCCH with DCI
format O for the same transport block using 0<I;cs<28, the modulation order is de-
termined from:

- the most recent semi-persistent scheduling assignment PDCCH when the initial
PUSCH for the same transport block is semi-persistently scheduled, or

- the random access response grant for the same transport block when the PUSCH is
initiated by the random access response grant.

The UE uses Iycs and Table 8.6.1-1 to determine the redundancy version (1vig,) to use
in the physical uplink shared channel.

In Release 8/9, when the information elements (IEs) in DCI format O satisfy the
following sets of conditions, there is no transport block (TB) for the uplink shared
channel (UL-SCH) and only the uplink control information (UCI) will be transmitted
by the UE where the UCI coded bits are modulated by QPSK (Q,=2):

IMCS = 29,

CQI request =1, and

NPRBS4-

In Release 10 LTE-Advanced, UL MIMO SM is introduced and a new DCI format,
DCI format 4, was defined in R1-106556, Change Request for 3GPP Technical Speci-
fication No. 36.212, December 2010, which is hereby incorporated by reference into
the present application as if fully set forth herein.

DCI format 4 is used for the scheduling of the PUSCH in one UL cell with multi-
antenna port transmission mode.

The DL cell from which the PUSCH assignments for a given UL cell originate is
configured by higher layers.

The following information is transmitted by the DCI format 4:

- Carrier indicator - O or 3 bits. This field is only present if configured by higher
layers for the recipient UE. The mapping from a carrier indicator value to a cell is UE
specific and configured by higher layers.

- Resource block assignment and hopping resource allocation -

UL
lc)g{UNRB /P41 }
4

resource blocks as indicated in section 7.1.6 of R1-106557, Change Request for 3GPP
Technical Specification No. 36.213, December 2010.

For single-cluster allocation, the

bits, where the value of P depends on the number of DL.

least sig-

Ulogzrfv,%}%mf%"g +U/2ﬂ j
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nificant bits (LSBs) provide the resource allocation in the UL subframe as defined in
section 8.1 of R1-106557, Change Request for 3GPP Technical Specification No.
36.213, December 2010.

For multi-cluster allocation, all the bits in the field provide the resource allocation in
the UL subframe as defined in R1-106557, Change Request for 3GPP Technical Speci-
fication No. 36.213, December 2010.

- TPC command for scheduled PUSCH.

- Cyclic shift for demodulation reference signals (DM RS) and orthogonal cover code
(OCC) index ? 3 bits as defined in section 5.5.2.1.1 of R1-106556, Change Request for
3GPP Technical Specification No. 36.212, December 2010, which is hereby in-
corporated by reference into the present application as if fully set forth herein.

- UL index - 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of R1-106557,
Change Request for 3GPP Technical Specification No. 36.213, December 2010. This
field is present only for Time-division duplex (TDD) operation with uplink-downlink
configuration 0.

- Downlink Assignment Index (DAI) - 2 bits as defined in section 7.3 of R1-106557,
Change Request for 3GPP Technical Specification No. 36.213, December 2010. This
field is present only for TDD operation with uplink-downlink configurations 1-6.

- CQI request - 1 or 2 bits as defined in section 7.2.1 of R1-106557, Change Request
for 3GPP Technical Specification No. 36.213, December 2010. The 2-bit field only
applies to UEs that are configured with more than one DL cell.

- SRS request - 2 bits as defined in R1-106557, Change Request for 3GPP Technical
Specification No. 36.213, December 2010.

- Multi-cluster flag - 1 bit as defined in R1-106557, Change Request for 3GPP
Technical Specification No. 36.213, December 2010.

In addition, for transport block 1:

- Modulation and coding scheme - 5 bits as defined in section 7.1.7 of R1-106557,
Change Request for 3GPP Technical Specification No. 36.213, December 2010.

- New data indicator - 1 bit.

In addition, for transport block 2:

- Modulation and coding scheme ? 5 bits as defined in section 7.1.7 of R1-106557,
Change Request for 3GPP Technical Specification No. 36.213, December 2010.

- New data indicator - 1 bit.

Precoding information and number of layers: number of bits as specified in Table
5.3.3.1.8-1. Bit field as shown in Table 5.3.3.1.8-2 and Table 5.3.3.1.8- 3. If both
transport blocks are enabled, transport block 1 is mapped to codeword 0, and transport
block 2 is mapped to codeword 1. In the case in which one of the transport blocks is

disabled, the transport block to codeword mapping is specified according to Table
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[89] If the number of information bits in format 4 belongs to one of the sizes in Table
5.3.3.1.2-1, one zero bit is appended to format 4.

[90] In DCI format 4, a transport block is disabled if either the combination of Iycg =0
and Npgp > 1 or the combination of Iy;cs = 28 and Npgp = 1 is signaled. Otherwise, the
transport block is enabled.

[91] In embodiments of this disclosure, with regard to aperiodic channel state information
(CSI) request signaling:

[92] if carrier aggregation is configured, the aperiodic CSI request field contains 2 bits (1
bit is added to the DCI format in the UE-specific search space):

[93] - “00” state indicates no CSI is triggered,

[94] - “01” state indicates trigger for the downlink component carrier (DL CC) that is
SIB2-linked to the uplink component carrier (UL CC) transmitting the CSI report,

[95] - “10” meaning is configured by radio resource control (RRC), and

[96] - “11” meaning is configured by RRC.

[97] For the common search space:

[98] - “0” state indicates no CSI is triggered, and

[99] - “1” meaning is configured by RRC.

[100] The RRC can configure any combination of up to 5 component carriers.

[101] In embodiments of this disclosure, UCI-only reporting (or CQI-only reporting) on a
PUSCH implies that a UE maps only UCI on the PUSCH. At the same time, the UE
does not map any data transport block on the PUSCH. The UCI includes aperiodic
CSI, rank information (RI), and Hybrid Automatic Repeat Request acknowledgement
(HARQ-ACK) signaling.

[102] In the below embodiments, the term TB disabling/enabling is used. In R1-106557,
Change Request for 3GPP Technical Specification No. 36.213, December 2010, for
example, TB disabling/enabled is defined as follows: “In DCI format 4, a transport
block is disabled if either the combination of I;cs = O and Npgg > 1 or the combination
of Iycs = 28 and Npgp = 1 is signaled. Otherwise, the transport block is enabled.” In the
case of UCI-only transmission, even if one TB is enabled on the PUSCH, no TBs are
transmitted on the PUSCH and only UCI is transmitted.

[103] In embodiments of this disclosure, when a UE receives a DCI format 4 scheduling a
PUSCH, the UE determines UCI-only reporting if the following set of conditions are
satisfied:

[104] - the transmission rank is equal to 1;

[105] - the modulation and coding scheme (MCS) of an enabled TB is 29, or the RV
(redundancy version) is one;

[106] - the CSI request field is non-zero. If carrier aggregation is configured, this implies
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that CSI request field is 01, 10 or 11. If carrier aggregation is not configured, this
implies that CSI request field is 1; and

- the Npgp, i.€., the number of physical resource blocks (PRBs) allocated for the UE,
is less than or equal to 4.

In Release 8 or 9, the CSI coded bits in a UCI only reporting is modulated only with
a QPSK modulation scheme.

In particular embodiments, the UE determines that the transmission rank is one
according to the following:

- if the UE is configured to transmit up to 2 layers (or on 2 antenna ports) on the
PUSCH, the UE determines that the transmission rank is one if only one TB is
disabled; and

- if the UE is configured to transmit up to 4 layers (or on 4 antenna ports) on the
PUSCH, the UE determines that the transmission rank is one if only one TB is
disabled. At the same time, the precoder information field is one of 0, 1, 2, ..., 23.

In the case of carrier aggregation, the number of CSI bits to be reported in the
PUSCH is determined by the CSI request bit field. As an example, it is assumed that
the UE is configured with 5 component carriers (CCs), or 5 serving cells, indexed by
cell O (or the primary cell), cell 1, ..., cell 4. It is further assumed that the states in the
2-bit CSI request field indicate CSI reporting methods as in Table 1 below.

Table 1

[Table 1]
Table 1
Aperiodic CSl request field CS]I reporting method
00 No CS81 s triggered
01 CST reporting is triggered for the DL CC that is SIB2-linked to the UL CC transinitting the CST report,
10 CSIreporting is triggered for DL CC 0 and DL CC 1 {or cells 0 and 1).
11 CSI reporting i3 triggered for all configured DL CCs (or ceils), ie. cell 0,1,2, 3, 4.

It is noted that the CSI reporting methods indicated by aperiodic CSI request field
values 10 and 11 are configured by an RRC signaling. In this embodiment, when the
aperiodic CSI request field value is 11, the UE has to report for all 5 DL CCs. As the
number of CSI bits to be sent in the UCI-only reporting can be up to five times larger
with carrier aggregation than without carrier aggregation, a method of ensuring a
reliable transmission of the CSI is provided in this disclosure.

One method of ensuring the reliability of the CSI transmission when carrier ag-
gregation is configured is to use a higher modulation for the CSI. When 16QAM is
used for modulating the CSI bits, the coding rate for the CSI will be reduced to half of
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the coding rate when QPSK is used for modulating CSI bits. For indicating a
modulation format of the CSI in the CQI only reporting in DCI format 4, a few em-
bodiments are provided below. In the embodiments below, it is assumed that only one
TB is disabled. A disabled TB index is denoted by i, where 1 = either 1 or 2. The
enabled TB index becomes 3-i. For example, if TB 1 is disabled, then TB (3-1), i.e. TB
2, 1s enabled.

In some embodiments, the new data indicator (NDI) bit of a disabled TB is used to

indicate a modulation format of CSI. For example,

NDI of the disabled TB (NDI;) | Modulation order of the CSI 0, inthe UCT-only reporting

0 2 (QPSK)
1 4 (16QAM)

In DCI format 4, when only one TB is enabled, the NDI bit of a disabled TB does not
convey any information. Hence, the NDI bit of a disabled TB can be used for other
purposes, like indicating a modulation format of CSI.

In some embodiments, MCS 31 (or RV 3) is used to indicate 16QAM. For example,
the MCS of the CSI in the UCI-only reporting is determined as follows:

MCS field of the enabled TB (MCS3.;) | Modulation order of the CSI Oy, inthe UCI only reporting

29 2 (QPSK)
31 4 (16QAM)

In a physical hybrid ARQ indicator channel (PHICH) triggered retransmission, RVs
are used in the order of RV0, RV2 (MCS 30), RV3 (MCS 31), RV1 (MCS 29) in
HARQ transmission rounds. This implies that RV1 will be used the least and RV3 will
be used the second least. Therefore, using MCS 31 (or RV3) to indicate a UCI only
request transmission is subject to fewer scheduling restrictions than the other MCS.

In some embodiments, the modulation format of the CSI is determined by at least
one of the payload size and the number of DL CCs reported by the current CSI
reporting.

The coding rate of the CSI is dependent on the number of CSI information bits to be
transmitted in at most 4 RBs (as determined by the CSI-only reporting condition) and a
modulation format. When the number of CSI bits is small enough, even QPSK can
provide a sufficiently low coding rate to ensure a reliable transmission. On the other
hand, when the number of CSI bits is large, I16QAM will be needed to keep the coding
rate low.

Therefore, in some embodiments, a threshold number, Ty, of total CSI information
bits is used to determine the modulation format for the CSI in the UCI-only reporting.

If the total CSI information bits to be transmitted in the current UCI-only reporting is
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greater than or equal to Ty, then 16QAM is used. Otherwise, QPSK is used.

Total number of CS1 information bits to be transmitied on the PUSCH, Ny | Modulation order of the CSI Oy in the UCH only reporting
¥ Nt < Thiss 2 (QPSK)
If Nigrat Z Thits 4 (16QAM)

Note that the total number of CSI bits in the UCI only transmission is determined by
both the number of DL CCs reported by the CSI report and the CSI feedback modes in
the DL CCs currently being reported.

For example, it is assumed that the 2-bit CSI reporting field is RRC configured so
that the states in the 2-bit CSI reporting field indicate the CSI reporting methods as in
Table 1. It is further assumed that the PUSCH feedback modes are configured for DL
CCs 0 and 1 so that the number of CSI information bits to feedback for the DL. CCs 0
and 1 are NO =48 and N1 = 72, respectively. If the 2-bit CSI reporting field has a state
“10”, then the total number of CSI information bits to transmit on the PUSCH is Ntotal
= 48+72 = 120. If it is further assumed that the threshold number of bits Ty;, = 100,
then the modulation format for CSI will be 16QAM according to this embodiment. If
an UL grant triggers an aperiodic CSI reporting on the PUSCH in the UL CC 0 which
is SIB-linked with the DL. CC 0 and the 2-bit CSI reporting field in the UL grant has a
state “01”, then the UE would transmit a CSI report for the DL CC 0. Furthermore, as
the number of CSI information bits is NO = 48 < Ty, = 100 for the DL CC 0, the UE
would use QPSK modulation for the CSI.

In some embodiments, a threshold number, e.g. Tcc,, of the number of DL CCs
reported by the current UCI only reporting is used to determine the modulation format
for the CSI in the UCI-only reporting. If the number of DL CCs reported in the current
UClI-only reporting is greater than or equal to Tcc,, then 16QAM is used. Otherwise,
QPSK is used.

Number of DL CCs reported on the PUSCH, Ne | Modulation order of the CSI O,; n the UCI only reporting

I Nees<Toes 2 (QPSK)

I Nees 2 Tees 4 (16QAM)

For example, it is assumed that the 2-bit CSI reporting field is RRC configured so
that the states in the 2-bit CSI reporting field indicates CSI reporting methods as in
Table 1. It is further assumed that Tcc, = 3. If the 2-bit CSI reporting field has a state
“01” (which indicates that the UE should report for 2 DL CCs, i.e., cells 0 and 1), then
the modulation format for the CSI will be QPSK according to this embodiment. If the
2-bit CSI reporting field has a state “11” (which indicates that the UE should report for
5 DL CCs), then the modulation format for the CSI will be 16QAM according to this
embodiment. If an UL grant triggers an aperiodic CSI reporting on the PUSCH in the



16

WO 2011/152673 PCT/KR2011/004051

[131]
[132]

[133]
[134]

[135]

[136]
[137]
[138]

[139]

[140]

[141]

[142]

[143]

UL CC 0 which is SIB-linked with the DL CC 0O and the 2-bit CSI reporting field in the
UL grant has a state “01”, then the UE would transmit a CSI report for the DL CC 0.
Furthermore, as the number of DL CCs reported in the current UCI-only reporting (N
ccs = 1) s less than T, = 3, the UE would use QPSK modulation for the CSI.

In some embodiments, the modulation format of the CSI is RRC configured.

In some embodiments, the modulation format of the CSI is determined by a disabled
TB index.

For example, if the TB1 is disabled, then QPSK is used. Otherwise, 16QAM is used.

Disabled TB index Modulation erder of the CSL (y,; in the UCI only reporting
1 2 (QPSK)
2 4 (16QAM)

In some embodiments of this disclosure, when a UE receives a DCI format 4
scheduling a PUSCH, the UE determines UCI-only reporting if the following set of
conditions are satisfied:

- the transmission rank is equal to 1;

- the MCS of an enabled TB is 29, or the RV (redundancy version) is one;

- the CSI request field is non-zero. If carrier aggregation is configured, this implies
that CSI request field is 01, 10 or 11. If carrier aggregation is not configured, this
implies that CSI request field is 1; and

- the Npgs, i.€., the number of PRBs allocated for the UE, is less than or equal to the
threshold number of PRBs, i.e., Tprp.

In some embodiments, the UE determines that the transmission rank is one according
to the following:

- if the UE is configured to transmit up to 2 layers (or on 2 antenna ports) on
PUSCH, the UE determines that the transmission rank is one if only one TB is
disabled; and

- if the UE is configured to transmit up to 4 layers (or on 4 antenna ports) on
PUSCH, the UE determines that the transmission rank is one if only one TB is disabled
and at the same time the precoder information field is one of 0, 1, 2, ..., 23.

As the threshold number of PRBs, i.e., Tygp, indicating the UCI-only reporting is
increased, the CSI coding rate can be decreased, which will be useful to ensure a
reliable transmission of the CSI in the case of carrier aggregation. When Tpgp = 8, the
maximum coding rate for the CSI will be reduced to half of the maximum coding rate
when Tpgpg = 4. For indicating the threshold number of PRBs, i.e., the Tpgg, in the CQI
only reporting in DCI format 4, this disclosure provides the embodiments below. In the
embodiments below, assuming that only one TB is disabled, a disabled TB index is

denoted by 1, where i = either 1 or 2. The enabled TB index becomes 3-i. For example,
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if TB 1 is disabled, TB (3-1), i.e., TB 2 is enabled.
In some embodiments, the NDI bit of a disabled TB is used to indicate the threshold

number of PRBs, i.e., the Tpgp. For example:

NDI1 of the disabled TB (NDI;} | Threshold number of PRBs, Tppp

0 4
1 8

In some embodiments, MCS 31 (or RV 3) is used to indicate Tprg = 8. For example,
the threshold number of PRBs, Tygg, in the UCI-only reporting is determined as

follows:

MCS field of the enabled TB (MCS5_;) | Threshold number of PRBs, Tppgp
29 4
31 8

In some embodiments, the threshold number of PRBs, Tpgp, is determined by at least
one of the payload size and the number of DL CCs reported in the current CSI
reporting.

In some embodiments, a threshold number, e.g. Ty, of total CSI information bits is
used to determine the threshold number of PRBs, Tpgg, in the UCI-only reporting. If
the total CSI information bits to be transmitted in the current UCI-only reporting is less
than Ty, then Tprp = 4. Otherwise, Terp is greater than 4. In one example, if the total
CSI information bits to be transmitted in the current UCI-only reporting is less than T

bitss then TPRB = 4. OthCI'WiSC, TPRB = 8‘

Total number of CSI information bits to be transmitted on the PUSCH, Ny, | Threshold number of PRBs, Tpgp

I Nyoai < Thits 4

If Nioiar = This 8

In another example, if the total CSI information bits to be transmitted in the current

UClI-only reporting is less than Ty, then Tprg = 4. Otherwise, Tpgp = 20.

Tetal number of CSI information bits to be transmitted on the PUSCH, Ny, | Threshold number of PRBs, Tpgp

M Neoeai < Thits 4

I Niorar = Thits 20

In some embodiments, a threshold number, e.g., Tcc,, of the number of DL CCs
reported in the current UCI only reporting is used to determine the threshold number of
PRBs, Tegs, in the UCI-only reporting. If the number of DL CCs reported in the current
UCl-only reporting is less than T, then Tpgp = 4. Otherwise, Tpgp 1s greater than 4. In
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one example, if the number of DL CCs reported in the current UCI-only reporting is

less than Tcc,, then Tprp = 4. Otherwise, Tprp = 8. In particular embodiments, T is 2.

Number of DL CCs reported on the PUSCH, N, | Threshold number of PRBs, Tprp

If Noes < Tacs 4

If Nees = Tees 8

In another example, if the number of DL. CCs reported in the current UCI-only
reporting is less than Tcc,, then Tpgp = 4. Otherwise, Tpgp = 20. In particular em-

bodiments, T, is 2.

Number of DL CCs reported on the PUSCH, Ny | Threshold number of PRBs, Trrpr

If Neos < Tees 4

Ny Ty 20

In some embodiments, the threshold number of PRBs, Tpgg, is RRC configured.

In some embodiments, the threshold number of PRBs, Tpgs, is determined by a
disabled TB index as indicated by the table below.

For example, if TB1 is disabled, then QPSK is used. Otherwise, 16QAM is used.

Disabled TB index Threshold number of PRBs, Tppp
4
2 8

In some embodiments of this disclosure, when a UE receives a DCI format 4
scheduling a PUSCH, the UE determines UCI-only reporting if the following set of
conditions are satisfied:

- the transmission rank is equal to 1;

- the MCS of an enabled TB is 29, or RV (redundancy version) is one;

- the CSI request field is non-zero. If carrier aggregation is configured, this implies
that CSI request field is 01, 10 or 11. If carrier aggregation is not configured, this
implies that CSI request field is 1; and

- the Npgp, i.e., the number of PRBs allocated for the UE, is less than or equal to Tpgg.

In this embodiment, the modulation format used for CSI modulation can be de-
termined by any of the embodiments provided in this disclosure, and the T can be
determined by any of the embodiments provided in this disclosure.

In one example, CSI modulation format is indicated by the NDI bit of the disabled
TB, while the Tpgp is determined by a disabled TB index as shown in the following
tables:
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NDI of the disabled TB (NDI;) | Modulation order of the CSI 0, in the UCI-only reporting

0 2 (QPSK)
I 4 (16QAM)
Disabled TB index Threshold number of PRBs, Tppp
1 4
2 8

In another example, the CSI modulation format and the Terp are jointly indicated by

one codepoint, e.g., the NDI of a disabled TB, as shown in the following tables:

NDI of the disabled TB (NDI;3 | Modulation order of the CSI 0O, in the UCI-only reporting | Threshold number of PRBs, Trrg
0 2 (QPSK) 4
1 4 (16QAM) 8

In some embodiments of this disclosure, when a UE is receiving a DCI format 0/0A
scheduling a PUSCH, the UE determines UCI-only reporting if the following set of
conditions are satisfied:

- the MCS is 29, or RV (redundancy version) is one;

- the CSI request field is non-zero. If carrier aggregation is configured and the DCI is
transmitted in a UE-specific search space, this implies that CSI request field is 01, 10
or 11. If carrier aggregation is not configured or if the DCI is transmitted in a cell-
specific search space, this implies that CSI request field is 1; and

- the Npgp, i.e., the number of PRBs allocated for the UE, is less than or equal to Tpgg.

- In some embodiments of this disclosure, when a UE is receiving a DCI format 4
scheduling a PUSCH, the UE determines UCI-only reporting if the following set of
conditions are satisfied:

- the transmission rank is equal to 1;

- the CSI request field is non-zero. If carrier aggregation is configured, this implies
that CSI request field is 01, 10 or 11. If carrier aggregation is not configured, this
implies that CSI request field is 1; and

- the NDI bit of the disabled TB is 1.

In DCI format 4, when only one CW is enabled, the NDI bit of a disabled TB does
not convey any information. Hence, the NDI bit of a disabled TB can be used for other
purposes, such as indicating the UCI-only transmission. In a sense, this method is a
simpler method than the other embodiments, as the number of conditions to be met for
determining a UCI-only transmission is smaller. Another benefit is that the UCI-only
transmission is no longer limited within a PUSCH with a small number of RB al-
location (e.g., up to 4 RBs).

Assuming that only one TB is disabled, a disabled TB index is denoted by i, where i
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= either 1 or 2. The enabled TB index becomes 3-i.

The UE determines that the transmission rank is one according to the following:

- if the UE is configured to transmit up to 2 layers (or on 2 antenna ports) on the
PUSCH, the UE determines that the transmission rank is one if only one TB is
disabled; and

- if the UE is configured to transmit up to 4 layers (or on 4 antenna ports) on
PUSCH, the UE determines that the transmission rank is one if only one TB is disabled
and at the same time the precoder information field is one of 0, 1, 2, ..., 23.

To indicate the modulation format of the CSI in the UCI-only transmission, any of
the embodiments provided in this disclosure may be used. Furthermore, the em-
bodiments described below may be used to indicate the modulation format.

The MCS field of the enabled TB indicates a modulation format for the CSI in the
UClI-only transmission.

In one example, the modulation order of the CSI is determined as in the following
table:

MCS field of the enabled TB (MCS5.;) | Modulation order of the CSl (), in the UCI only reporting

0 2 (QPSK)
1 4 (160Q0AM)
2 through 31 Reserved

In another example, the modulation order of the CSI is determined by the modulation
order indicated by the MCS field to Table 8.6.1-1 in R1-106557, Change Request for
3GPP Technical Specification No. 36.213, December 2010. In other words, the

modulation order of the CSI is determined as in the following table:

MCS field of the enabled TB (MCS3.;) | Modulation order of the CSI Oy, in the UCT only reporting

0 through 10 2 (QPSK)
11 through 20 4 (16QAM)
21 through 31 Reserved

In another example, one bit of the 5-bit MCS field of the enabled TB indicates the
modulation order. If the most significant bit (MSB) of the 5-bit MCS field of the

enabled TB is used for indicating the modulation order, the following table is used:

MSB of the 5-bit MCS field of the enabled TB (MCS3.) Modulation order of the CSI Qm in the UCI only reporting
0 2 {(QPSK)
1 4 (16QAM)

Furthermore, the MCS field of the enabled TB may be used to jointly indicate the
UCI contents to be reported in the current UCI-only reporting and the modulation
format. Here, UCI contents include the number and the identities of the DL CCs (or
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serving cells) reported in the current UCI-only reporting, how many HARQ-ACK bits

and how many RI bits should be piggybacked in the current UCI-only reporting, and so

on.

In one example, the MCS field of the enabled TB indicates the UCI contents and the

modulation order as in the following:

MCS field of the Modulation order of the CSI (J,,
UCT centents
enabled TB (MC33.) in the UCI only reporting
0 2 (QPSK) €SI reporting is triggered for the DL CC that is SIB2-linked te
the UL CC transmitting the CSI report.
1 2 (QPSK) CSI reporting is triggered for all configured DL CCs.
) 4 (160AM) CSI reporting is triggered for the_ DL CC that is SIB2-linked
to the UL CC transmitting the CSI report.
3 4 (16QAM) CST reporting is triggered for all configured DL CCs.
4 through 31 Reserved Reserved

In another example, one bit of the 5-bit MCS field of the enabled TB indicates the
modulation order, while another bit of the 5-bit MCS field of the enabled TB indicates
the UCI contents. If the MSB of the 5-bit MCS field of the enabled TB is used for in-
dicating the modulation order and the 2nd MSB of the 5-bit MCS field of the enabled

TB is used for indicating the UCI contents,

order indication is used:

the following table for the modulation

MSB cof the 5-bit MCS field of the enabled TB (MCS3./)

Modulation order of the CS1 (4, in the UCI only reporting

0

2 (QPSK)

1

4 (16QAM)

and the following table for indicating the

UCI contents:

2" MSB of the 5-bil MCS field of the enabled TB (MCS3_;)

UCI contents

0

CSI reporting is triggered for the DL CC that is SIB2-linked to
the UL CC transmitting the CSI report.

1

CS8I reporting is triggered for all configured DL CCs.

In some embodiments of this disclosure, when a UE is receiving a DCI format 4
scheduling a PUSCH, the UE determines UCI-only reporting if the following set of

conditions are satisfied:

- the transmission rank is equal to 1;

- the CSI request field is non-zero. If carrier aggregation is configured, this implies

that CSI request field is 01, 10 or 11. If carrier aggregation is not configured, this

implies that CSI request field is 1;

- the NDI bit of the disabled TB is 1; and

- the Nygp, i.e., the number of PRBs allocated for the UE, is less than or equal to Tpgg.
In DCI format 4, when only one CW is enabled, the NDI bit of a disabled TB does

not convey any information. Hence, the NDI bit of a disabled TB can be used for other

purposes, like indicating the UCI-only transmission. In a sense, this method is a
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simpler method than the other embodiments, as the number of conditions to be met for
finding out a UCI-only transmission is smaller. Another benefit is that the UCI-only
transmission is no longer limited within a PUSCH with a small number of RB al-
location (e.g., up to 4 RBs).

Assuming that only one TB is disabled, a disabled TB index is denoted by i, where i
=either 1 or 2. The enabled TB index becomes 3-i. In this embodiment, the NDI of the

disabled TB will indicate a state as in the following table:

NDI of the disabled TB (NDI,) State indicated
0 Single-TB transmission
1 UCI-only transmission

In some embodiments, the UE determines that the transmission rank is one according
to the following:

- if the UE is configured to transmit up to 2 layers (or on 2 antenna ports) on the
PUSCH, the UE determines that the transmission rank is one if only one TB is
disabled; and

- if the UE is configured to transmit up to 4 layers (or on 4 antenna ports) on the
PUSCH, the UE determines that the transmission rank is one if only one TB is disabled
and at the same time the precoder information field is one of 0, 1, 2, ..., 23.

To indicate the modulation format of the CSI in the UCI-only transmission, any of
the above described embodiments may be used.

Furthermore, the MCS field of the enabled TB may be used to jointly indicate the
UCI contents reported in the current UCI-only reporting, the modulation format and
the threshold number of PRBs, i.e., Tprs. Here, the UCI contents include the number
and the identities of the DL CCs (or serving cells) to be reported in the current UCI-
only reporting, how many HARQ-ACK bits and how many RI bits should be pig-
gybacked in the current UCI-only reporting, and so on.

In one example, the MCS field of the enabled TB indicates UCI contents as in the

following:
MCS field ofthe Modulation order of the CS1 O Threshold number
" =i ) . UCI contents
enabled TB (MCS3.) in the UCT enly reporting of PRBs. Tppg

o 2 (QPSK) 4 CS1reporting is triggered for the DI CC that is SIB2-linked
to the UL CC wransnutting the CSI report.

1 2{OPSK) 4 CSI reporting is triggered for all configured DL CCs.

2 4 (16QAM) 4 CSl reporting is triggered for the DL CC that 15 S1B2-linked
o the L CC rangmitting the TSI report.

3 41060QAM) 4 CS1reporting is triggerad for all configured DL CCs,

4 2 (OPSK) g CS1 reporting is triggered [or the DL CC that is SIB2-linked
to the UL CC transmitting the CSI report.

5 2{OPSK) 5 CSI reporting 1s triggered for all configured DL CCs.

6 4 (16QAM) 8 CSlI reporting is triggered for the DL CC that is S1B2-linked
to the UL CC transmitting the TSI report.

7 4 (leQAaM) ) CS1 reporting is triggered for all configured DL CCs.

8 through 31 reserved reserved reserved
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In another example, one bit of the 5-bit MCS field of the enabled TB indicates the
modulation order, while another bit of the 5-bit MCS field of the enabled TB indicates
the UCI contents and a still other bit of the 5-bit MCS field of the enabled TB indicates
the threshold number of PRBs Tpgg. If the MSB of the 5-bit MCS field of the enabled
TB is used for indicating the modulation order, the 2nd MSB of the 5-bit MCS field of
the enabled TB is used for indicating the UCI contents, and the 3rd MSB of the 5-bit
MCS field of the enabled TB is used for indicating threshold number of PRBs Tygs,

then the following table is used for the modulation order indication:

MSB of the 5-bit MCS field of the enabled TB (MC Modulation order of the CSI Oy, in the UCI only repor
S3-1) ting
0 2 (QPSK)
1 4 (16QAM)

the following table for indicating the UCI contents:

2" MSB of the 5-bit MCS UCI contents
field of the enabled TB (MC55_5)
0 CSI reporting is triggered for the DL CC that is SIB2-linked
to the UL CC transmitting the CSl report.
1 CST reporting is triggered for all configured DL CCs.

and the following table for indicating the threshold number of PRBs Tpgp:

3 MSB of the 5-bit MCS field of the enabled TB (MC Threshold number of PRBs, 7
531 PRB
] 4
1 8

In some embodiments of this disclosure, when a UE receives a DCI format 4
scheduling a PUSCH, the UE determines UCI-only reporting if the following set of
conditions are satisfied:

- both TBs are disabled; and

- the CSI request field is non-zero. If carrier aggregation is configured, this implies
that CSI request field is 01, 10 or 11. If carrier aggregation is not configured, this
implies that CSI request field is 1.

In this embodiment, one CW (e.g., CWO0) is enabled to carry UCI on the enabled CW
even if both TBs are disabled. Hence, the UE reads a column for one enabled CW in
the transmitted precoding matrix indicator (TPMI) tables 5.3.3.1.8-2 and 5.3.3.1.8-3 in
R1-106557, Change Request for 3GPP Technical Specification No. 36.213, December
2010, for example, to determine a TPMI from the precoder information field.

The modulation format used for CSI modulation can be determined by any of the em-
bodiments provided in this disclosure, and the Tyrp can be determined by any of the

embodiments provided in this disclosure.



24

WO 2011/152673 PCT/KR2011/004051

[225] Furthermore, as both TBs are disabled, both NDI bits do not convey any information.
Hence, one NDI bit can be used to indicate the CSI modulation format.

[226] In one example, NDI1 indicate the CSI modulation format as follows:

[227] NDI of the TB1 (NDI;) Modulation order of the CSI Qm in the UCI only reporting

0 2 (QPSK)
1 4 (16QAM)

[228] In some embodiments of this disclosure, when a UE receives a DCI format 4
scheduling a PUSCH, the UE determines UCI-only reporting if the following set of
conditions are satisfied:

[229] - both TBs are disabled;

[230] - the transmission rank is one; and

[231] - the CSI request field is non-zero. If carrier aggregation is configured, this implies
that CSI request field is 01, 10 or 11. If carrier aggregation is not configured, this
implies that CSI request field is 1.

[232] In this embodiment, one CW (e.g., CWO0) is enabled to carry UCI on the enabled CW
even if both TBs are disabled. Hence, the UE reads a column for one enabled CW in
the transmitted precoding matrix indicator (TPMI) tables 5.3.3.1.8-2 and 5.3.3.1.8-3 in
R1-106557, Change Request for 3GPP Technical Specification No. 36.213, December
2010, for example, to determine a TPMI from the precoder information field.

[233] In some embodiments of this disclosure, the UE determines that the transmission
rank is one according to the following:

[234] - if the UE is configured to transmit up to 2 layers (or on 2 antenna ports) on the
PUSCH, the UE determines that the transmission rank is one if only one TB is
disabled; and

[235] - if the UE is configured to transmit up to 4 layers (or on 4 antenna ports) on the
PUSCH, the UE determines that the transmission rank is one if only one TB is disabled
and at the same time the precoder information field is one of 0, 1, 2, ..., 23.

[236] In some embodiments of this disclosure, when a UE receives a DCI format 4
scheduling a PUSCH, the UE determines UCI-only reporting if the following set of
conditions are satisfied:

[237] - both TBs are disabled;

[238] - the CSI request field is non-zero. If carrier aggregation is configured, this implies
that CSI request field is 01, 10 or 11. If carrier aggregation is not configured, this
implies that CSI request field is 1; and

[239] - the Nygp, i.e., the number of PRBs allocated for the UE, is less than or equal to Tpgg.

[240] In this embodiment, one CW (e.g., CWO0) is enabled to carry UCI on the enabled CW

even if both TBs are disabled. Hence, the UE reads a column for one enabled CW in
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[241]
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the transmitted precoding matrix indicator (TPMI) tables 5.3.3.1.8-2 and 5.3.3.1.8-3 in
R1-106557, Change Request for 3GPP Technical Specification No. 36.213, December
2010, for example, to determine a TPMI from the precoder information field.

The modulation format used for the CSI modulation can be determined by any of the
embodiments provided in this disclosure, and the Tyrp can be determined by any of the
embodiments provided in this disclosure.

Furthermore, as both TBs are disabled, both NDI bits do not convey any information.
Hence, one NDI bit can be used to indicate the CSI modulation format, while the other
NDI bit can be used to indicate the threshold number of RBs.

In one example, NDI1 indicates the CSI modulation format as follows:

NDI of the disabled TB {NDIy) | Modulation order of the CS1 (2,;; inthe UCI only reporting

0 2 (QPSK)
1 4 (16QAM)

At the same time, NDI2 indicates the threshold number of PRBs as follows:

Threshold number of PRBs, ¥
NDI of the disabled TB (NDI»)

PRE
0 4
1 g

In some embodiments of this disclosure, when a UE is receives a DCI format 4
scheduling a PUSCH, the UE determines UCI-only reporting if the following set of
conditions are satisfied:

- TB1 is disabled and the transmission rank is equal to 1;

- the MCS of TB2 (i.e., the MCS of the enabled TB) is 29, or the RV (redundancy
version) is one;

- the CSI request field is non-zero. If carrier aggregation is configured, this implies
that CSI request field is 01, 10 or 11. If carrier aggregation is not configured, this
implies that CSI request field is 1; and

- the Nygp, i.€., the number of PRBs allocated for the UE, is less than or equal to 4.

In some embodiments, the UE determines that the transmission rank is one according
to the following:

- if the UE is configured to transmit up to 2 layers (or on 2 antenna ports) on the
PUSCH, the UE determines that the transmission rank is one if only one TB is
disabled; and

- if the UE is configured to transmit up to 4 layers (or on 4 antenna ports) on the
PUSCH, the UE determines that the transmission rank is one, if only one TB is
disabled and at the same time the precoder information field is one of 0, 1, 2, ..., 23.

The modulation format used for the CSI modulation can be determined by any of the
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embodiments provided in this disclosure, and the Tprp can be determined by of the em-
bodiments provided in this disclosure.

In embodiments of this disclosure, when a UE receives a DCI format 4 scheduling a
PUSCH, the UE determines UCI-only reporting if the following set of conditions are
satisfied:

- TB2 is disabled and the transmission rank is equal to 1;

- the MCS of TB1 (i.e., MCS of the enabled TB) is 29, or RV (redundancy version) is
one;

- the CSI request field is non-zero. If carrier aggregation is configured, this implies
that CSI request field is 01, 10 or 11. If carrier aggregation is not configured, this
implies that CSI request field is 1; and

the Npgg, i.e., the number of PRBs allocated for the UE, is less than or equal to 4.

In some embodiments, the UE determines that the transmission rank is one according
to the following:

- if the UE is configured to transmit up to 2 layers (or on 2 antenna ports) on the
PUSCH, the UE determines that the transmission rank is one if only one TB is
disabled; and

- if the UE is configured to transmit up to 4 layers (or on 4 antenna ports) on the
PUSCH, the UE determines that the transmission rank is one if only one TB is disabled
and at the same time the precoder information field is one of 0, 1, 2, ..., 23.

The modulation format used for the CSI modulation can be determined by any of the
embodiments provided in this disclosure, and the Tprp can be determined by any of the
embodiments provided in this disclosure.

In some embodiments of this disclosure, the modulation format of the CSI in UCI-
only transmission is determined by which DCI format triggers a UCI only
transmission. For example, when DCI format 0/0A triggers UCI-only transmission,
QPSK is used for the modulation format of the UCI. When DCI format 4 triggers UCI-
only transmission, 16QAM is used for the modulation format of UCI as shown in the

following table:

DCI format triggering a UCI only transmission | Modulation order of the CSI (3, in the UCI only reporting

DI format 0/0A (SIMO DCI format) 2 (QPSK)
DCI format 4 (MIMO DCI format) 4 (160QAM)

In some embodiments of this disclosure, CQI/PMI is mapped/allocated onto a subset
of the Ns layers being transmitted on the uplink in a MIMO uplink subframe. The size
of the subset, Ns, could be less than or equal to the total number of layers, which is
denoted by N.

This subset of layers could be implicitly inferred by the UE according to (1) the
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number of codewords; (2) the codeword to layer mapping structure; and (3) the
codeword that uses highest initial-transmission MCS value. For example, if N =4 and
layers 1,2 are used for codeword 1 transmission while layers 3,4 are used for codeword
2 transmission, and if the MCS used for TB1 in the TB1’s initial transmission,

Fn , is greater than the MCS used for TB2’s initial transmission, j(2) ,
DI rmtial ACS, initial

then the UE can decide to transmit UL control information (UCI) on layers 1 and 2,
which correspond to the layers with the better initial MCS.

In some embodiments, the initial-transmission MCSs (1) and ;7 (2 for
ACS initial AFCE initial

the two TBs (CWs) are determined according to the following procedure:
- The UE reads the MCS1 Sés in DCI OB. If TB1 is to be transmitted for the first

time, i.e.,if 7¢l1 =g, then the UE sets the initial-transmission MCS for TB1,
pilrany

(11 — 71, Otherwise, i.e., if 7 (1) then the UE det i the initial-
;Mc&m_n_d I Otherwise, i.e., i 1) _>00, then e UE determines the initia
transmission MCS for TB1, f ;}és o from the DCI transported in the latest PDCCH

LIRIFLa

for TB1 using I;}és<29.
The UE reads the MCS2 ¢ ﬁés in DCI OB. If TB2 is to be transmitted for the first

time, i.€., g Sés<29, then the UE sets the initial-transmission MCS for TB2,

73 — 7 @ . Otherwise, i.e.,if 7 (2) - g, then the UE determines the initial-
MTE initial ACE ALTE—
transmission MCS for TB2, ; ﬁés L from the DCI transported in the latest PDCCH
LiRIEL

for TB2 using 7 ﬁés<29.

Therefore, for one CW transmission, the UCI is mapped onto the layers of that CW.
For two CWs transmission with different MCS values indicated by the UL grant, the
UCI is mapped onto the layers of the CW with the higher initial MCS value.

In addition, for the case of two codewords having the same the same MCS, the
following approaches are provided:

Method 1: the UE always maps the UCI on CWO0 (codeword0, or the first codeword),
which is mapped to either layer O or layers 0 and 1, according to the CW to layer
mapping table, and transmission rank.

Method 2: the UE always maps the UCI on CW1 (codeword]1, or the second
codeword).

Method 3: the UE maps the UCI on CW1 (the second codeword) for the case of rank
3 (3 layers) transmission, and maps UCI on CWO for other rank transmissions. The

reason for the special treatment for rank 3 is that in rank3, CWO0 is mapped to layer0,
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and CW1 is mapped to layers 1 and 2. Therefore, it may be better to map UCI to the
CW with 2-layer transmission since this provides more resources for UCI transmission.

In this disclosure, for ease of description, CQI-only request signaling methods using
one example design of a UL MIMO SM DCI format, namely DCI format 0B, are
described. However, one of ordinary skill in the art would recognize that the signaling
methods provided in this disclosure can be applied to other designs of DCI format 0B
as well without departing from the scope or spirit of this disclosure.

When a CQI-only request is signaled to a UE, the UE does not transmit TB for the
UL-SCH in a CW that will carry CQI/PMI, and the UE transmits only UCI (without
UL data) in the CW.

DCI format OB includes the following IEs:

- PMI/RI - 1 bit for 2-Tx UE, and 5 bits for 4-Tx UE,

- NDII - 1 bit,

- MCSI1 IE for CWO0, Ii}és - 5 bits,

- NDI2 - 1 bit, and
- MCS2 IE for CW1, 7 (2) -5 bits.
AACE

In Rel-10 LTE-A, the number of CQI/PMI information bits to be transmitted in a
subframe can be significantly larger than that of Rel-8/9 LTE, when carrier ag-
gregation and enhanced MIMO CQI/PMI feedback are considered. To increase
spectral efficiency of UCI-only transmissions, two options can be considered.

Option 1: Allow higher-order modulations for UCI-only transmissions.

Option 2: Allow multi-CW transmissions for UCI-only transmissions.

In some embodiments of this disclosure, CQI-only request in LTE-A is indicated to a
UE when IEs in DCI OB intended for the UE satisfy the following three conditions:

Condition 1: At least one MCS IE is 29 (i.e., either r b —=290r ﬁés — 29 o0r

both 75 = 3= 29)

Condition 2: CQI request = 1, and

Condition 3: Npgp < Tpgs.

The number of information bits carried in a CQI report can depend on the number of
DL CCs reported by the CQI report. Hence, the threshold number of the PRBs, Tygs,
indicating the CQI-only report may need to be adapted according to the number of DL
CCs. In addition, a number of coded bits in a CQI only report depend on a modulation
order and a number of layers used for the CQI-only report.

In some embodiments of this disclosure, the threshold number of the PRBs, Tpgg, in
Condition 3 is defined as a function of at least one of a number of DL CCs reported by

a CQI report, Np;cc, @ modulation order Qm € {2,4,6,} and a number of layers on
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which a CQI report is transmitted, Lcqr. Some examples are listed below:

TPRB = 4NDLCC/ (Qm/ 2)/ LCQIa

Ters = 4Nprcc,

Terp = 4Nprcc/(Qn/2), and

TPRB = 4NDLCC/ LCQI-

In some embodiments of this disclosure, when a UE receives a DCI OB indicating 1
CW transmission in a subframe with CQI request = 1, CQI/PMI is transmitted in the
first CW, CWO. On the other hand, when a UE receives a DCI 0B indicating 2 CW
transmission in a subframe with CQI request = 1, a UE needs to identify a CW to
transmit CQI. The following describes methods of indicating a CW to transmit CQI to
a UE in case of 2 CW transmissions.

When a UE receives a DCI 0B indicating a 2 CW (TB) transmission in a subframe
and CQI request = 1 in the DCI 0B, the UE transmits CQI/PMI in one of the CW,
according to the method below.

First, the UE determines the initial-transmission MCS Ll(():s ) and j g%s , for
LIHIFTE LJEREFLE

the two TBs (CWs) according to the procedure described in embodiment 1:

If Npgp > Tpgp, then a CW to carry CQI/PMI is determined by comparing the two
MCSs used for the initial transmission of the two TBs (or the two CWs). When the two
MCSs are different, a CW having a higher initial-transmission MCS carries the CQI/
PMI. When the two MCSs are the same, CWO carries the CQI/PMI. This operation can
be done at the UE as in the following:

- Considering the case where TB1 is transmitted in CWO0 and TB2 is transmitted in

CWl1,if r E}i’j omr@ then CQI/PMI is transmitted in CWO. If
o Srmtial NAC drmal
7 <7 @ , then CQI/PMI is transmitted in CW1.

AFCE initial AACE initial

- Considering the case where TB1 is transmitted in CW1 and TB2 is transmitted in

CWO. If ;) 7@ , then CQI/PMI is transmitted in CWO. If
ACS initial — * MCS,initial
7 ~7® , then CQI/PMI is transmitted in CW1.

AFCE initial AFCE initial
If Nprp < Tegp, then a CW to carry CQI/PMI is determined depending on whether at

least one of yciy and 7 (2) is 29 or not.
Fik g e AFCE
If neither y (1) or y(2) is 29, then CQI/PMI is transmitted in a CW with a higher
ALCE AFCE

initial-transmission MCS.

- Considering the case where TB1 is transmitted in CWO0 and TB2 is transmitted in

CW1,if y ~ 7@ , then the CQI/PMI is transmitted in CWO. If
AFCSinitial — & MUCS,initial
7 =7 @ , then the CQI/PMI is transmitted in CW1.

AFCE initial AFCE initial
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[307] - Considering the case where TB1 is transmitted in CW1 and TB2 is transmitted in
CWO, if 5@ 7@ , then the CQI/PMI is transmitted in CWO. If
ACS initial =+ MCS,initial
7 ~7® , then the CQI/PMI is transmitted in CW1.

ArCE initial AFCE initial

[308] If either 7 ﬁés or y ﬁés is 29, then the CQI/PMI is transmitted in a CW having

MCS IE index 29.
[309] - Considering the case where TB1 is transmitted in CW0 and TB2 is transmitted in
CW1,if ;és —ogand j ﬁ%s — ng, then the CQI/PMI is transmitted in CWO. If

(1) (2) _ i i i .
1) =29 and 7 &) =29 then the CQI/PMI is transmitted in CW1

[310] - Considering the case where TB1 is transmitted in CW1 and TB2 is transmitted in
CW2,if ; i}és —»ogand f ﬁés = 29, then the CQI/PMI is transmitted in CW1. If

(1) 2) _ i itted i _
7 =29 and 5 ) =29 then the CQI/PMI is transmitted in CW0

[311] If both ; ;}és and 7 ﬁés are 29, then a few options for carrying CQI/PMI are

provided by this disclosure.

[312] Option 1: CQI/PMI is transmitted in one fixed CW, e.g., CWOQ. In the other CW not
carrying CQI/PMI, a UL data (or a TB) is transmitted with a redundancy version (RV)
= 1 with a MCS IE index 29.

[313] Option 2: CQI/PMI is transmitted in both CWs, where CQI/PMI information bits are
separately encoded and mapped for the two CWs.

[314] Option 3: CQI/PMI is transmitted in both CWs, where CQI/PMI modulation symbols
are split into the layers of the two CWs.

[315] It is possible to have a higher layer configuration to switch between these three
options for mappings. In the following embodiments, for ease of description, Option 1
immediately above is used as an example to illustrate how this modulation format is
indicated by DCI format OB.

[316] In some embodiments of this disclosure, when a UE receives a DCI OB indicating a
CQI-only request, i.e., when Conditions 1, 2 and 3 are satisfied (Npgp < Tpgg, CQI
request = 1, and at least one MCS index is 29), the modulation order of the CQI/PMI is
determined by the CSI IE of the DCI format. If the CSI value belongs to subset 1, one
modulation order is indicated. If the CIS value belongs to subset 2, another modulation
order is indicated for Option 1 immediately above, for example, as shown in the table

below:

317
[ ] CSI value belonging to Modulation order of the CQI/PMI O,

Subset 1 {e.g., {0,1,2.3}) 2
Subset 2 (e.o., {4,5,6.7}) 4
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In one embodiment of this disclosure, when a UE receives a DCI OB indicating a
CQI-only request, i.e., when Conditions 1, 2 and 3 are satisfied (Npgp < Tpgg, CQI
request = 1, and at least one MCS index is 29), the modulation order of the CQI/PMI is
determined by the following rules:

- If DCI format OB indicates that only 1TB (CW) is enabled (although no data TB is
transmitted, and only UCI is transmitted in this CW), the NDI bit of the enabled TB is
used to indicate the modulation format of CQI/PMI.

- Otherwise, if DCI format OB indicates both TBs (CWs) are enabled (although no
data TB is transmitted in one of the CWs, and only UCI is transmitted in this CW),
then an additional rule is applied:

- If only one TB’s MCS index is equal to 29, then the NDI of this TB is used to
indicate the modulation format.

- If both TB’s MCS indices are equal to 29, then two options exist. In Option 1, the
NDI of the 1st TB is always used to indicate modulation format of CQI/PMI. In Option
2, the NDI of the 2nd TB is always used to indicate the modulation format of CQI/
PML.

Once the NDI bit is specified by the above rule, the mapping from NDI bit to the

modulation order for Option 1, for example, is shown in the table below:

NDI Modulation order of the CQI/PMI (B,
0 2
1 4

The expected behavior of the above embodiment is further described below.

An embodiment where TB1 is transmitted in CW0 and TB2 is transmitted in CW1 is
considered.

If CQI/PMI is to be transmitted by CWO, NDI1 (NDI of TB1) indicates the

modulation order as shown below:

NDI1 Modulation order of the CQI/PMI O,
0 2
[ 4

If CQI/PMI is to be transmitted by CW1, NDI2 (NDI of TB2) indicates the

modulation order as shown below:

NDI2 Modulation order of the CQI/PMI O,
0 2
I 4

An embodiment where TB1 is transmitted in CW1 and TB2 is transmitted in CWO (if
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swap bit is applicable) is considered.

If CQI/PMI is to be transmitted by CWO0, NDI2 indicates the modulation order.

If CQI/PMI is to be transmitted by CW 1, NDII indicates the modulation order.

In addition, if the UE receives a DCI format O or an UL DCI format that can indicate
on TB (variation of format 0), then in the case of CQI-only transmission, this
disclosure provides two options of determining the modulation order:

Option 1: always use QPSK, and

Option 2: use the NDI bit to indicate the modulation format, similar to the method
proposed above for format 0B.

In some embodiments of this disclosure, when a UE receives a DCI OB indicating a
CQI-only request, i.e., when Conditions 1, 2 and 3 are satisfied (Npgp < Tpgg, CQI
request = 1, and at least one MCS index is 29), the modulation order of the CQI/PMI is
jointly determined by the CSI IE of the DCI format and the one selected NDI bit. An

example table is as follows:

CST value belonging to NDI Modulation order of the CQL/PMI O,
0 2
Subset 1 {e.g., {0,1,2.3}}
1 4
0 2
Subset 2 {e.g., {4,5,6,7}) : g

In addition to the conditions discussed above for indicating CQI-only request, further
embodiments are provided by this disclosure.

In one embodiment of this disclosure, CQI-only request in LTE-A is indicated to a
UE when IEs in DCI OB intended for the UE satisfy the following three conditions
(assuming CQI is always transmitted on CW 0):

Condition 1: If the MCS associated with CWO is 29,

- this MCS can be associated with either TB1 or TB2 in the case in which 1 TB (CW)
is enabled, and

- this MCS is associated with TB1 in the case in which 2 TBs (2 CWs) are enabled
assuming no swap bit. Otherwise, both TBs are possible.

Condition 2: CQI request = 1.

Condition 3: Npgp < Terg.

In some embodiments of this disclosure, CQI-only request in LTE-A is indicated to a
UE when IEs in DCI OB intended for the UE satisfy the following three conditions:

Condition 1: If only 1 TB (CW) is enabled, the MCS associated with CWO is 29. If 2
TBs (CWs) are enabled, the MCS associated with CW1 is 29.

Condition 2: CQI request = 1,

Condition 3: Npgg < Terp.

FIGURE 6 illustrates a method 600 of operating a base station according to an em-
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bodiment of this disclosure.

As shown in FIGURE 6, method 600 includes transmitting an uplink grant in a
downlink control information (DCI) format to a subscriber station (block 601). Method
600 also includes receiving only uplink control information (UCI) on a physical uplink
shared channel (PUSCH) from the subscriber station when the uplink grant includes a
modulation and coding scheme (MCS) of an enabled transport block (TB) with a value
of 29, or a redundancy version of the PUSCH with a value of 1; a channel state in-
formation (CSI) request field with a non-zero value; and a total number of physical
resource blocks allocated for the subscriber station, Npgp, with a value less than or
equal to a threshold number of physical resource blocks, Tprp. Tprs is based at least
partly upon one of a total number of CSI information bits to be transmitted on the
PUSCH, N, and a number of downlink component carriers (DL CCs) reported in a
current CSI reporting, Ncc, (block 603).

In some embodiments, when the DCI format is DCI format 4, the uplink grant further
includes a transmission rank of the UCI information with a value of 1 when receiving
only UCI on the PUSCH from the subscriber station.

FIGURE 7 illustrates a method 700 of operating a subscriber station according to an
embodiment of this disclosure.

As shown in FIGURE 7, method 700 includes receiving an uplink grant in a
downlink control information (DCI) format 4 from a base station (block 701). Method
700 also includes transmitting only uplink control information (UCI) on a physical
uplink shared channel (PUSCH) to the base station when the uplink grant includes a
modulation and coding scheme (MCS) of an enabled transport block (TB) with a value
of 29, or a redundancy version of the PUSCH with a value of 1; a channel state in-
formation (CSI) request field with a non-zero value; and a total number of physical
resource blocks allocated for the subscriber station, Npgp, with a value less than or
equal to a threshold number of physical resource blocks, Tprp. Tprs is based at least
partly upon one of a total number of CSI information bits to be transmitted on the
PUSCH, N, and a number of downlink component carriers (DL CCs) reported in a
current CSI reporting, Ncc, (block 703).

In some embodiments, when the DCI format is DCI format 4, the uplink grant further
includes a transmission rank of the UCI information with a value of 1 when
transmitting only UCI on the PUSCH from the subscriber station.

Although the present disclosure has been described 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.
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Claims

A base station comprising:

a transmit path circuitry configured to transmit an uplink grant in a
downlink control information (DCI) format to a subscriber station; and
a receive path circuitry configured to receive only uplink control in-
formation (UCI) on a physical uplink shared channel (PUSCH) from
the subscriber station when the uplink grant includes:

a modulation and coding scheme (MCS) of an enabled transport block
(TB) with a value of 29, or a redundancy version of the PUSCH with a
value of 1;

a channel state information (CSI) request field with a non-zero value;
and

a total number of physical resource blocks allocated for the subscriber
station, Npgp, with a value less than or equal to a threshold number of
physical resource blocks, Tpgp,

wherein Trgp 1s based at least partly upon one of a total number of CSI
information bits to be transmitted on the PUSCH, N,..;, and a number
of downlink component carriers (DL CCs) reported in a current CSI
reporting, Necs.

A method of operating a base station, the method comprising:
transmitting an uplink grant in a downlink control information (DCI)
format to a subscriber station; and

receiving only uplink control information (UCI) on a physical uplink
shared channel (PUSCH) from the subscriber station when the uplink
grant includes:

a modulation and coding scheme (MCS) of an enabled transport block
(TB) with a value of 29, or a redundancy version of the PUSCH with a
value of 1;

a channel state information (CSI) request field with a non-zero value;
and

a total number of physical resource blocks allocated for the subscriber
station, Npgp, with a value less than or equal to a threshold number of
physical resource blocks, Tpgp,

wherein Trgp 1s based at least partly upon one of a total number of CSI
information bits to be transmitted on the PUSCH, N,..;, and a number
of downlink component carriers (DL CCs) reported in a current CSI

reporting, Necs.
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A subscriber station comprising:

a receive path circuitry configured to receive an uplink grant in a
downlink control information (DCI) format from a base station; and

a transmit path circuitry configured to transmit only uplink control in-
formation (UCI) on a physical uplink shared channel (PUSCH) to the
base station when the uplink grant includes:

a modulation and coding scheme (MCS) of an enabled transport block
(TB) with a value of 29, or a redundancy version of the PUSCH with a
value of 1;

a channel state information (CSI) request field with a non-zero value;
and

a total number of physical resource blocks allocated for the subscriber
station, Npgp, with a value less than or equal to a threshold number of
physical resource blocks, Tegp,

wherein Tpgp 1s based at least partly upon one of a total number of CSI
information bits to be transmitted on the PUSCH, N, and a number
of downlink component carriers (DL CCs) reported in a current CSI
reporting, Necs.

A method of operating a subscriber station, the method comprising:
receiving an uplink grant in a downlink control information (DCI)
format from a base station; and

transmitting only uplink control information (UCI) on a physical uplink
shared channel (PUSCH) to the base station when the uplink grant
includes:

a modulation and coding scheme (MCS) of an enabled transport block
(TB) with a value of 29, or a redundancy version of the PUSCH with a
value of 1;

a channel state information (CSI) request field with a non-zero value;
and

a total number of physical resource blocks allocated for the subscriber
station, Npgp, with a value less than or equal to a threshold number of
physical resource blocks, Tprp, wherein Ty is based at least partly
upon one of a total number of CSI information bits to be transmitted on
the PUSCH, N1, and a number of downlink component carriers (DL
CCs) reported in a current CSI reporting, Necs.

The base station in accordance with Claim 1, the method in accordance
with Claim 2, the subscriber station in accordance with Claim 3 or the

method in accordance with Claim 4, wherein if Ny, is greater than or
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equal to a threshold number of total CSI information bits, Ty, then T
pre 1S equal to 4, and

wherein if N, is less than Ty, then Tpgp is greater than 4.

The base station in accordance with Claim 1, the method in accordance
with Claim 2, the subscriber station in accordance with Claim 3 or the
method in accordance with Claim 4, wherein if N, is greater than or
equal to a threshold number of total CSI information bits, Ty, then T
pre 1S equal to 4, and

wherein if N, 1S less than Ty, then Tegp is 20.

The base station in accordance with Claim 1, the method in accordance
with Claim 2, the subscriber station in accordance with Claim 3 or the
method in accordance with Claim 4, wherein if N, is greater than or
equal to 2, then Tpyp is equal to 4, and

wherein if N, is less than 2, then Tergp is greater than 4.

The base station in accordance with Claim 1, the method in accordance
with Claim 2, the subscriber station in accordance with Claim 3 or the
method in accordance with Claim 4, wherein if N is greater than or
equal to 2, then Tpgp is equal to 4, and

wherein if N¢c is less than 2, then Tpgp is 20.

The base station in accordance with Claim 1, the method in accordance
with Claim 2, the subscriber station in accordance with Claim 3 or the
method in accordance with Claim 4, wherein the DCI format is DCI
format 0.

The base station in accordance with Claim 1, wherein when the DCI
format is DCI format 4, the receive path circuitry is configured to
receive only UCI on the PUSCH from the subscriber station when the
uplink grant further includes a transmission rank of the UCI in-
formation with a value of 1.

The method in accordance with Claim 2, wherein when the DCI format
is DCI format 4, the uplink grant further includes a transmission rank of
the UCI information with a value of 1 when receiving only UCI on the
PUSCH from the subscriber station.

The subscriber station in accordance with Claim 3, wherein when the
DCI format is DCI format 4, the transmit path circuitry is configured to
transmit only UCI on the PUSCH to the base station when the uplink
grant further includes a transmission rank of the UCI information with
a value of 1.

The method in accordance with Claim 4, wherein when the DCI format
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is DCI format 4, the uplink grant further includes a transmission rank of
the UCI information with a value of 1 when transmitting only UCI on
the PUSCH to the base station.
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[Fig. 6]

/ 600

//-601

Transmit an uplink grant in a downlink control information
(DCI) format to a subscriber station.

T

603
//,

Receive only uplink control information (UCI) on a physical
uplink shared channel (PUSCH) from a subscriber station when
the uplink grant includes a modulation and coding scheme (MCS)
of an enabled transport block (TB) with a value of 29, or a
redundancy version of the PUSCH with a value of 1; a channel
state information (CSI) request field with a non-zero wvalue;
and a total number of physical resource blocks allocated for
the subscriber station, NPRB, with a value less than or equal
to a threshold number of physical resource blocks, TPRB. TPRB

is based at least partly upon one of a total number of CSI
information bits to be i{ransmitted on the PUSCH, Ntotal, and a
number of downlink component carriers (DL CCs) reporied in a

current CSI reporting, NCCs.
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[Fig. 7]

'/ 700

/,—701

Receive an uplink grant in a downlink control information (DCI)
format to a subscriber station.

703

-

Transmit only uplink control information (UCI) on a physical
uplink shared channel (PUSCH) from a subscriber station when
the uplink grant includes a modulation and coding scheme ({MCS)
of an enabled transport block (TB) with a value of 29, or a
redundancy version of the PUSCH with a value of 1; a channel
state information (CSI) request field with a non-zero value;
and a total number of physical resource blocks allocated for
the subscriber station, NPRB, with a value less than or equal
to a threshold number of physical resource blocks, TPRB. TPRB
is based at least partly upon one of a total number of CSI
information bits to be transmitted on the PUSCH, Ntotal, and a
number of downlink component carriers (DL CCs) reported in a
current CSI reporting, NCCs.
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